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PEAT DEPOSITS OF MAINE

By Epsox S. Bastin and Cuaries A. Davis.

PREFACE..

It is the purpose of this report to present an estimate of the ex-
tent and value of the more accessible peat deposits of Maine and
to direct attention to their economic importance as an undeveloped
source of fuel supply and as raw material for various other uses.
The more general portions of the report are based upon an ex-
tended inquiry that.is being conducted by the United States Geo-
logical Survey into the peat deposits of the United States.

The field studies of the Maine bogs were made principally by
E. S. Bastin, of the United States Geological Survey, the expenses
being shared equally by the Federal Survey and the Maine State
Survey Commission. Iield work extended over a period of about
one and a half months in the summer of 1906. Because of the brief
time available for the work and the undeveloped state of most of
the deposits, it was considered best to investigate only those bogs
whose character or situation was most favorable for future com-
mercial development, especial attention being paid to bogs near the
larger cities and convenient to transportation lines. The general
floral characters of the bogs were noted, but the field work was di-
rected principally to determining the approximate size of the bogs,
the depths of peat in their different portions, and its general physical
characters. Field examinations of a few of the Maine bogs were
made by C. A. Davis during the summers of 1907 and 1908, princi-
pally for the purpose of determining what plants had been most
active in the formation of the fresh-water and salt-water peats.

The locality descriptions and the summary for the State are by
Mr. Bastin. The sections on the origin and uses of peat were pre-
pared by Professor Davis and all determinations of fuel values were
made under the auspices of the United States Geological Survey, as
a part of more general investigations of the fuels of the United

States. '
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Acknowledgments are due to Dr. Dana W. Fellows, of the Port-
land Society of Natural History, for the determination of most of
the species of living plants collected from the Maine bogs, and to
Dr. P. L. Ricker, of the United States Department of Agriculture,
for the determination of some others. Mr. Edward B. Chamberlain,
of New York City, kindly identified a number of the mosses collected.

FUEL IN NEW ENGLAND.

In the days of the early settlement of the New England States the
country was heavily covered by forests, and wood for fuel and
other purposes was abundant and cheap; it was used lavishly and as
if it were drawn from an inexhaustible supply, as it was often said
to be. . '

No natural resource, however, is actually inexhaustible, and as the
country became more thickly populated the forests gave place to
farms, and new and increasing demands arose for wood of all sorts.
With the depletion of the supply it became an expensive fuel even
with improved forms of heating appliances, and except in remote
regions it was replaced to a large degree by coal, a substance of
higher fuel value, which, because of its greater compactness, was more
easily transported from the regions where it was mined to the points
where it was needed for consumption. The limited supplies, and more
especially the limited areas of production of coal, and the necessity
of long hauls by rail to the consumers, have led of late to a steady
advancement in prices. The coal trade has become so carefully organ-
ized that competition has become practically eliminated, but at the
same time the increasing demand for fuel for industrial purposes
indicates that present prices are unlikely to be lowered, even if com-
petition among producers is again restored by legislation.

The problem of cheaper fuel, ever before the manufacturer and the
householder, became even more prominent than usual during the
strike of the coal miners of the anthracite region in the winter of
1902-3, when the whole country was brought face to face with the
fact that it was almost entirely dependent on these miners and their
employers for a great part of its fuel supply. At that time attention
was called by various writers familiar with conditions in the countries
of northern Europe to the fact that those countries, possessing a more
severe climate than ours, were using great quantities of peat for-fuel,
and that peat was known to be very abundant in the northern part of
the United States but, except in rare instances and in the crudest way,
had never been prepared for use. Public interest was at once aroused,
and during the next few months many experimental and speculative
plants were established to convert peat into fuel. Unfortunately
many of these attempts were financially unsuccessful, and as the
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strike was soon over and coal was again to be had at reasonable prices,
and very little peat fuel was put on the market at any price, interest
in peat waned, so that at the present time the public is apparently
almost indifferent to it. In the few places where it can be purchased,
however, it finds a ready sale and is thoroughly satisfactory for all.
domestic uses.

NATURE OF¥ PEAT. -

Peat is vegetable matter in a partly decomposed and more or less
disintegrated condition; it is.the dark-colored or nearly black soil
found in bogs and swamps, commonly known as muck, although tech-
nically a distinction is usually made between peat and muck, the latter
name being restricted to those forms of swamp deposits which are im-
pure and contain too much mineral matter to burn freely. When dry,
peat may be very fibrous and light-colored, or compact and structure-
less and dark brown or black. It is usually somewhat lighter in color
when dry than when freshly dug. In the wet condition it contains, as
a rule, from 80 to 90 per cent or more of water.

GENERAL CONDITIONS OF PEAT FORMATION.

Except in very moist and foggy climates, peat is formed only in wet
places, either where the ground is saturated -with- water most of the
time, or where it is permanently covered by it, as in ponds and wet
~ swamps. Such situations furnish the two natural conditions most es-
sential to peat formation—(1) restricted access of air and (2) abun-
dance of water. Restricted access of air impedes the growth of decay-
producing organisms that flourish only with an ample air supply.
Abundance of water is essential to profuse plant growth, but, as-
shown below, too much is detrimental or even prohibitive.

CONDITIONS FAVORING PLANT DECAY.

Plant decay is accomplished largely through the agency of fungi
and air-requiring bacteria, which enter into and break down the tis-
sues, the process of decay involving a decrease in bulk, a darkening in
color, the liberation of certain gaseous constituents, and many complex
chemical changes. Both moisture and air are essential to this process.
That moisture is required in the decay of vegetable matter is shown
by the durability and freedom from decay of the wooden structures
and utensils in every-day use; it is only when these are exposed to
moisture for the greater part of the time that the wood rots through
the activities of the rot-producing types of plants. That free access
of air is essential to plant decay is demonstrated by the peat bogs
themselves, in many of which occur accumulations 20 or 30 feet deep
of only partly decayed plant remains. In ordinary moist woodlands,
on the contrary, where there is an abundance of both moisture and air,
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the accumulating plant remains soon decay, even wood quickly losing
its structure and becoming a part of the soil.

CONDITIONS OF GRO'\VTH OF. PEAT-FORMING PLANTS.
GENERAL OUTLINE,

From the above statements it is apparent that the role of water in
peat formation is primarily that of a preservative of the vegetable
matter, which, because of its protection, is able to form accumulations
of very considerable thickness, and which continues to accumulate as
long as the water covers it sufficiently to exclude the air to the neces-
sary degree. It would seem at first thought, therefore, that extensive
beds of peat would form in very deep water in lakes and ponds. Here,
however, another factor must be taken into account, namely, the con-
ditions of growth of the plants from which peat is formed. This is a
complicated matter, involving consideration of the many relationships
of plants to their environment and to each other. The most important
principles involved are the following: All plants capable of sustain-
ing themselves without the intervention of others—that is, living
neither on other growing plants nor on the dead remains of other
plants—require light, air, moisture, heat, and certain kinds of gaseous
and dissolved mineral matter, as food. The requirements of each
plant type for some or all of these essentials are different, but every
green plant, from the lowest to the highest, must have all of them in
some degree. On the other hand, too much of certain minerals, of
water, air, light, or heat, acts injuriously on or entirely prevents the
growth of many species. For each one there is a definite combination
of conditions which favors its growth, and any wide departure from
this combination will be prohibitive.

As an abundance of water is an essential to peat formation, and
as peat is formed generally by the remains of plants which have died
where they grew, it is of first importance in a consideration of the
methods of peat accumulation to learn the kinds of plants which
require or will tolerate an excess of water, either in the soil in which
they grow or entirely surrounding them. As has already been
pointed out, peat may form either in open lakes or ponds or in damp
depressions or flat areas where no standing water exists. The plant
types concerned in peat formation under these two sets of conditions
are in the main different and will be separately discussed.

PLANTS CONCERNED IN FORMATION OF PEAT IN LAKES AND PONDS.

Among the lower orders of plants (those which propagate by means
of spores instead of seeds) the algee, certain mosses, and a few other
scattered types grow entirely submerged in the water, either floating
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near or at the surface or attached to the bottom in relatively shallow
water. These plants may become important peat producers.

In the fresh-water alge the plant body 1s without differentiation
into root, stem, and leaves, but consists of one or more cells, which
perform the functions of all these organs. The most common and
casily recognized of these plants are the bright-green “ pond scums ”
which are so often found floating on still water during the summer.
Many species of these plants are so minute as to be nearly or quite
invisible to the unaided eye, but they sometimes occur in such num-
bers, especially in northern and mountain lakes, as to give a distinct
green color to the water and by their death and partial decay to form
very considerable deposits of soft structureless peat; they may also
constitute an important part of peat formed in lakes and ponds where
remains of the larger and more complex seed plants are also abundant
and mask the algal material by their coarser structures.

Mud Lake, near Pushaw Lake (see fig. 13), north of Bangor, 1s
such a body of water, and when visited by the writers its waters were
teeming with some species of minute green floating plant organisms,
too small to be easily distinguished by the naked eye but readily made
out with a hand lens, and giving the water, if seen in the proper light,
a distinct greenish tint. In the bottom of this lake and below the
turf about its borders was a considerable deposit of yellowish, fine-
grained structureless peat, which on examination proved to be made
up of the remains of similar minute alge. In northern Michigan
there are several lakes that are nearly filled by the remains of such
minute plants. In these lakes are forming beds of soft, light-colored
peat, which differs so much from ordinary peat as to be easily distin-
guished by its fineness of grain and peculiarly soft, cheesy consistency.
The importance of the mosses in peat formation will be discussed
later.

The seed plants, or ﬁowerlng plants, as they are often called, are
much more complicated in structure than the algwe” and are corrve-
spondingly more exacting in their requirements. With few excep-
tions they grow attached to the soil by their roots, a fact that imposes
limitations of various sorts upon them in respect to the kinds of
places in which they may grow. Because of these limitations most
seed plants inhabit the land exclusively, only a few of them being
able to live in water. There are, however, two well-marked groups
of aquatic seed plants— (1) those which live wholly submerged, except
for their flowers, which are usually sent to the surface, and (2) those
a part or all of whose leaves reach the surface and either float upon
it or rise above it. As they are attached to the bottom by their roots,
each of these types is limited as to the depth of water in which it can
grow by the distance to which sufficient light and heat can penetrate
to enable the young plants to develop from the seed or by other means
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of propagation. The exact depth at which this is possible varies
according to the clearness of the water, but rarely exceeds 15 to 18
feet, and very few species can establish themselves at such depths.
As the shore is approached the number of individuals and species
increases, and as each species has its restrictions as to the depth of
water in which it will grow it is apparent that where the slope and
character of the bottom are uniform the plants will arrange them-
selves around the depression in rings or zones the width of which will:
depend primarily on the angle of slope of the bottom.

The plants establishing themselves in deepest water have long, thin
leaves which are entirely submerged; in slightly shallower water
grow plants like the pond lilies, whose leaves rise to the surface and
float upon it. These plants, because their leaves cut off the light
below them to a considerable extent, monopolize the space which they
occupy and prevent the plants with submerged leaves from domi-
nating, and thus form a well-marked zone, to which they give char-
acter. The pond lilies grow well in rather shallow water, but not in
shade, so that on the shoreward side they are limited to a certain
degree by the depth at which those plants can grow whose stems and
leaves rise above the surface of the water and can exert a shading in-
fluence: The bulrushes and some water-loving sedges and grasses,
with other types, like the pickerel weed, are e\amples of such shade-
producing plants that commonly 1nvmde shallow water along the
margins of ponds and lakes. The lake bulrush, the plant of this type
most tolerant of water, may grow in water 5 feet deep, or slightly
more, and the shading of the pond lilies may begin where the water
is of this depth. Thence shoreward the light is cut off from above
by a constantly increasing number of plants, which crowd into the
shallows and may completely occupy the bottom with strong, wide-
spreading underground stems and numerous roots that gradually
form a dense, thick mat, or turf. Finally this turf may become so
strong as to build out a floating platform from the firmer bottom
and gradually cover the entire open water. Each individual of the
groups of aquatic seed plants described above contributes something
to the accumulation beneath the water, and each also becomes loaded
with algse and with floating matter brought to it by currents and
waves. At the end of its cycle of growth these qccretlons sink with
its remains to the bottom.

In time, by the aggregation of dead plants, the bottom where these
forms have established themselves is built up, thus enabling the shore-
ward forms to move farther out and crowd lakeward the aquatic
plants that were previously in possession of the space. In the latter
stages of this plant invasion appear the turf-forming sedges, which
cover the material formed by the growth and decay of the other
aquatic types, adding to it their own remains as generation after gen-



GROWTH OF PlEAT-FORMTNG PLANYS. ' 13

eration develops and dies, until, the process having been repeated
again and again, the pond becomes a marsh, the water being entirely
filled or covered by the peaty remains of the plants.

Peat that accumulates in lakes, ponds, or other depressions con-
stantly filled with water is formed, then, by aquatic plants, including
the minute algee, which build-up a deposit from the bottom and
around the sides of the depression, principally within the zone where
the water is less than 15 feet in depth. As the deposit is extended
into the deeper parts of the basin and the bottom is built up suffi-
ciently to pelmlt the growth of aquatic seed plants, these “establish
themselves in zones characterized by (1) ‘the pondweeds, Potamoge-
ton, next to the deepest water; (2) shoreward of this the pond lilies,
both white and yellow, Castalia and Nymphaa; (3) the lake bulrush,
Scirpus; and (4) the amphibious sedges, Carex, Eleocharis, etc., but
especially the turf-forming slender sedge, Carez filiformis, or species
of similar habits. It must be pointed out, however, that any or all of
the zones of these aquatic plants may be absent, for no apparent
reason, from the whole or parts of lakes where they might be ex-
pected to occur, and that but few ponds in a given locality or region
will show exactly the same species or the same abundance of indi-
viduals of the types present. Where the plant zones are adequately
represented, however, the relative order is invariable, if the bottom
has a normal slope not interrupted by shallows or deep holes.

The conditions of plant growth where the sedges have formed a
floating mat of turf do not change much until the mat is given sta-
bility and a permanent position with regard to the water level by
grounding or by becoming so thick that it no longer rises and falls
with the water. It is always sufliciently buoyant, however, to prevent
its sinking far, and even when very old and firm, with large trees
growing upon its surface, it is rarely more than 4 or 5 feet thick,
and is sharply differentiated in structure from the remains of the
true aquatic plants below it. In its younger parts the mat is thinner
and less compact, often less than 18 or 20 inches thick, and may have
only clear water beneath it. Upon the surface of this mat, atter it
has become stable, other plants appear, also arranging themselves in
zones according to their ability to endure water about their roots.

“ Among the earliest of these are certain herbaceous plants, which
establish themselves, even while the mat is still floating, upon drift
accumulations at about high-water mark, or on slight elevations due
_to the shove of e\pftndmo ice in winter, forming Jshnds among the
sedge vegetation. ‘The fact that such plants are found only upon
these slight elevations above the general surface of the mat indi-
cates plainly that they are less tolerant of water than the sedges.

‘Following closely the advance of these herbs, which ave chiefly
annuals, and therefore able to establish themselves quickly, certain
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shrubs of the heath and willow families will generally make their
appearance on drier and firmer parts of the mat. The most common
of the pioneer heath plants are the Cuassandra, or leather leaf, An-
dromeda, and Rhodora. By sending out long underground stems,
from which aerial leafy branches rise at short intervals, these shrubs
are able to cover considerable areas quickly with a dense growth.
Other shrubs appear at about the same time, together with the cran-
berries and herbs of a number of species and the so-called “ peat
moss,” Sphagnum. Sphagnum is the coarse grayish-green, reddish,
or whitish moss so common in bogs and swamps; its plants keep
on growing at the top while they die below, and individual plants
may be found which have made a growth of more than a foot before
the lower part of the stem is lost in the disintegrating mass below.
As the sphagnum plants approach the limit to which they can grow
above water level they make very slow growth and appear stunted,
and may finally die or be overgrown by other mosses or by well-
known “ reindeer moss,” a lichen.’

This association of plants, especially the moss, builds up the sur-
face of the deposit rapidly, and by so doing increases the thickness
of the peat. If, however, the water level remains constant, the

-amount of upbuilding is limited to the distance to which the water
will rise through the accumulation and supply the growing plants
at the surface with sufficient moisture.

On considering the effects of the invasion of the shrubs into the

_areas where only the sedges have previously grown, it will at once
be apparent that a factor in plant growth, not previously important
to the plants of the sedge mat, then becomes operative, for the shrubs
reach a greater height than the sedges and other herbs and are thus
able to deprive the latter of so much light that they can no longer
maintain themselves, and gradually die out. The same law operates
when the trees appear, for they grow taller than the shrubs, cast a
heavy shade, and thus destroy many of the shrubs. Not uncommonly,
in the North, the sedges are absent from the margins of the open
water of lakes, and the floating mat is made up of the underground
stems and roots of shrubs, especially Cassandra and Andromeda.
In such places sphagnum is sometimes found growing close up to
the water’s edge, being supported by the unright stems of the shrubs
at a suitable height above the water to enable it to grow. Peat
deposits formed in the above manner in bodies of standing water may
be termed filled-basin deposits, or lake fillings.
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PLANTS CONCERNED IN FORMATION OF PEAT IN MOIST
DEPRESSIONS.

Peat may be formed on moist, flat, or even sloping surfaces, in de-
pressions not occupied by standing water, provided it is possible for
the plant remains to be constantly saturated by water, which is
necessary to preserve the vegetable matter from the decay-producing
organisms. In such areas, however, the plants chiefly concerned
in the formation of the peat are quite different from those which fill
lakes and ponds. Of the groups which have been mentioned, only
those which grow on the wet shore or the sedge mat, or still higher
above the water, ave likely to establish themselves. The plants most
likely to appear first on such a surface are of the rush, grass, or sedge
. type—herbs with long slender stems and leaves and with wide-spread-
ing, tough underground stems and long roots. These very soon
form a turf, which, with the accumulation of dead stems and leaves,
tends to hold back the water of the rainfall and prevent it from drain-
ing away even as freely as it did before, and which at the same time,
by shading the soil and protecting it from winds, permits another
portion of water which otherwise would be evaporated to remain in
the soil or on its surface. The first effect of these causes is to make
the water level rise and remain permanently higher. This, in turn,
reacts upon the plants and kills off those most sensitive to water,
which gives the plants just adapted to the situation a chance to spread
over the whole area. Ultimately such a tract is covered by a growth
made up of a large number of individuals of few kinds, which go on
building up, generation after generation, as long as the water level
Jkeeps pace with the peat accumulation.

Regions of heavy rainfall and humid atmosphere are most favor-
able for the development of peat on flat surfaces; in those parts
of the earth where the rainfall is not large and which are subject
to periods of drought or of hot dry winds, peat never forms on such
surfaces or on sloping areas, except where a continuous supply of
water comes from springs or similar sources.

If the surface of the ground water does not keep pace with the
upward movement of the vegetable deposit, other types of plants, such
as the shrubs and trees, take possession of the area, after which the
peat may be composed to considerable extent of the remains of woody
plants. If at the outset the soil is not too wet, it is even possible for
the initial vegetation to be characterized by woody species, and for
the growth of the peat to be due, in large part, to such plants.

Again, if the combination of soil, water level, and climate are favor-
able, the vegetation from the start may consist of sphagnum moss
and the plants which grow with it, chiefly sedges, shrubs of the heath
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family, and certain coniferous trees. In Maine the climatic condi-
tions seem especially suitable to this association of plants, and in the
course of the investigation on which this paper is based a very
considerable percentage of the peat deposits were found to be formed
entirely by the sphagnum-heath group of plants. It.is evident that
no body of standing water existed at such localities, but that the
ground-water level has risen with the growth of the peat. As may
be seen by referring to the description of the individual bogs, some of
the peat formed by such growth was more than 20 feet deep.

It is apparent that where these great accumulations of peat start
on a level surface they could not develop unless the surface were of
wide extent and the drainage exceedingly poor; on the other hand,
the accumulation might begin on the floor of a valley, and as the .
growing plants impeded the outflow of water, the sides of the valley,
as well as the floor, might be invaded by the peat-forming plants.

If for any reason the peat is built up faster than the water level
rises in it the vegetation may change and be replaced by a type
suited to the changed conditions, and such variation will be recorded
by difference in the structure of the peat, as will also a change from
dry to wet conditions. From these statements it may be deduced
that peat deposits of uniform structure will be formed only where
the conditions are such that for long periods the same kinds of
plants have been able to grow from generation to generation.

Peat deposits formed in the manner described above may be
called built-up deposits or moist-depression fillings.

RELATION BETWEEN THE TWO TYPES OF PEAT DEPOSITS.

" There are, then, two types of peat bogs—the filled basin, in which
most of the material has been gathered below a permanent water
level, and the built-up plain, on which the water level may be prac-
tically always below the surface of the peat, but in which it rises,
either steadily or periodically, as the remains of plants collect. The
peat developed in filled basins is uniform in structure below the
original water level, whereas that of the built-up deposits may be
irregularly stratified. As a rule it is not probable that peat will be
formed more than 3 or 4 feet above the top of the zone of saturation
or ground-water level.

Of the two types of deposit, the built-up bogs are the more likely
to furnish peat which will be of fairly uniform character from top
to bottom, but individual bogs of this type may be very shallow; or,
while the peat may be of the same character throughout, it may also
be filled with stumps and logs from the bottom up, because trees may
form an important element of the vegetation from the beginning.
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In filled bogs the upper 3 to 5 feet of the peat is nearly always of
different structure and composition from that below.

When a depression is once filled and the surface of the peat rises
above the water, if climatic conditions are favorable, the accumula-
tion may continue exactly as in a built-up bog; in fact, in Maine and
in other moist regions the composite type is common, the structure
of the peat showing that the deepest part of the bog was laid down
under water, but that after a time, the depression having been filled,
the peat still continued to form on the flat, poorly drained surface
thus developed, as if it had originally been a moist depression.

VARIABLE CHARACTER OF PEAT DEPOSITS.

The evidence gathered from this study of the origin of peat makes
it apparent that the material may be variable in character, not only
in deposits in different parts of the country, but in the same region
and even in the same bog. Closely adjacent bogs may be different
in origin, structure, chemical composition, and other properties.
“Moreover, it is the exception that the beds of one bog are uniform in
these particulars, and as deep deposits are cut through from top to
bottom the material will be normally seen to be different in origin
at different depths.

PRESENT FLORAS OF PEAT BOGS.

From the foregoing discussion of the origin of peat it will be
apparent that the vegetation growing to-day on the surface of a
peat bog gives no certain indication of the types of plants from
which the peat has developed. The correspondence is likely to be
closest,in built-up bogs, but in filled lakes and ponds it is rather the
exception when the growing plants are the same as those which have
formed most of the peat. Stated in other terms, the origin, tex-
ture, quality, and depth of the peat can not be certainly determined
by the kinds of plants now growing on the surface of a peat bog.
In general the heavily forested portions of the bogs are the oldest
parts and the peat in them is usually more thor oucrhly decayed than
that in the more open portions, and thus has a somewhat higher fuel
value. The development of these pon;lons of the bogs, howevel,
entails cutting the timber and removing many roots and fallen
trees. As a rule the only sure method of lea.rning the quality of the
peat is by carefully digging out samples from various depths below
the surface; and before final plans are made for utilizing a deposit
for any special purpose it should be carefully tested by methods
similar to those described on pages 60-61.

T0782—Bull, 376—09——2
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By far the greater number of peat bogs examined in Maine now
possess a typical heath flora consisting principally of several species
of Sphagnum and Hypnum mosses, members of the heath family,
and small black spruces and tamaracks. Of these the mosses are
now the chief peat producers, though the plants of the heath family
are also important.

Among the mosses Sphagnum is by far the most abundant, though
several species of Hypnum also occur, and in many of the bogs,
especially those which have been burned over, Polytrichum com-
mune L. is abundant. In the northern part of the Great Sidney bog
the last-named species is the only moss present in any abundance.

The most abundant plants of the heath family on the moss bogs
are the small cranberry (Vaccindum oxycoccns I., n. n. Oxycoccus
ozycoccus (1..) MacM.), the large cranberry (V. macrocarpon Ait.,
n. n. Qaycoceus macrocarpus (Ait.) Pers.), the sheep laurel (K almia
angustifolic 1..), the Labrador tea (Ledum latifolium Ait., n. n. L.
granlandicum (Bder.), Rhodore canadensis L., and the leather leaf
(Cassandra calyculata Don., n. n. Chamwdaphne calyculata (IL..)
Moeench.). Plants of this family present on only a few of the heaths
are Andromeda polifolia L., the creeping wintergreen (Gaultheria
procumbens 1..), and E'mpetrum nigrum L. The last was observed
only on a few bogs in Washington County, growing abundantly
among the moss plants in certain parts of the bogs.

The lichen Cladonic rangiferine is abundant among the moss plants
on many of the heaths, and is an import‘mt agent of plant decay.
The pitcher plant (Sarracenia purpurea 1..) is another 1nh‘1b1tant of
nearly all the moss heaths.

Grasses and sedges are moderately abundant on most of the heaths.
A grass belonging to the genus Poa is abundant in scattered tufts
6 inches to a foot across on the Great Sidney and many other bogs.
The grasslike 7r7iglochin maritima L. and the sedge Rhynchospora
alba Vahl. are about equally abundant on the Vassqlboro bog. The
cotton grass (Kriophorum wirginicum 1.) occurs in scattered tufts
on many of the heaths.

The commonest bog trees are the black spruce (Picea nigra Link)
and the American larch or tamarack (Larix americana Michx.).
These are in general about equally abundant. Their profusion on
individual bov‘s varies greatly, some heaths being very open while on
others the growth is very close. The growth ot spruces and larches
is usually heavier near the borders than in the central portions of the
bogs, and here too the gray birch (Betula populifolia Ait.) is abun-
dant on many bogs. A few bogs which are open over most of their
extent are very heavily forested near their borders. This is especially
true of the Martin Stream bog (locality 25¢), of the Etna bog (local-

a Numbcu refer to localities marked on the map, 'L I (in pocket).
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ity 85), and of the bogs near Hermon Center (localities 37 and 38).
Maples, yellow birches (Betula lutea Michx.), gray birches, cedars,
spruces, black ash, and occasional white pines are the trees commonly
found, and some of these may attain diameters of 1 to 1§ feet, though
growing upon 10 to 15 feet of peat. The speckled or hoary alder
(dlnus sp.) is usually abundant. The bottle sedge, Carex wtriculata
Boott., is abundant in the forested parts of the bog just west of Her-
mon Center. Among the lycopods found ave Lycopodivm annotinum
L. and L. clavatum L., and among the ferns Onoclew sensibilis L., the
sensitive fern. The moss Dicranum bergeri Bland. occurs sparingly

on the bog south of No Name Pond (near Lewiston). On the bog be- -
tween Hermon Center and North Bangor the mosses 7'huidium delica-
tulum (L.) Mitt. and Brachythecium rutabulum (L.) B. and S., were

found growing about the roots of the cedars. The winterberry (/lex
verticillata var. temuifolia) also occurs here, and is conspicuous in the
fall because of its bright-red berries. The mosses Hylocomium tri-
quetrum (1.) B. and S. and Hyprmum schreberd (Willd.) De Not. oc-
cur rarely.

Certain bogs like those near Greene station (locality 10 p.) and
near Etna (locality 35 p.) have suffered a change of flora because the
water level has been artificially raised by damming. On the Greene
bog the sedge Dulichium spathaceum Pers. (n. n. D. arundinacewm
(I.) Britt.) and the wool grass (Eriophorum cyperinum L., n. n.
Scirpus cyperinus (L.) Kunth.) are abundant. The marsh shield
fern (Aspidium thelypteris Schwartz, n.n. Dryopteris thelypteris (L.)
A. Gray) and the flowering fern (Osmunda regalis 1.) ave present in
considerable numbers. Among the angiosperms the following spe-
cies were collected: The sweet gale (M/yrica gale L.), the red-osier

. dogwood (Cornus stolonifera Michx.), the common meadow sweet
(Spireca salicifolic L.) and the button bush (Cephalanthus occiden-
talis 1..). On the Etna bog the blue joint grass (Calamagrostis cana-
densis Beauv.) is the most abundant species.

SALT MARSHES.
ORIGIN. -

Along the Maine coast, especially in the region southwest of Port-
land, are numerous broad expanses of salt marsh, in which are found
beds of peat of considerable thickness, the origin of which merits
brief discussion. These marshes may be characterized as poorly
drained plains or very shallow basins which are daily or at frequent
intervals overflowed by salt water. This flooding introduces a new
and unfavorable factor into the environment of plants growing on
such an area, since salt in excess in soil or water is fatally poisonous
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to most seed plants. The flora of the salt marshes is therefore re-
stricted. to plants that are able to tolerate the excess of salt water or
that require salt in quantities. The number of such plants for the
region is small, so that the flora of salt marshes is monotonous, being
made up of great numbers of individuals of very few kinds.

The few types found in this habitat are distributed over the sur-
face in associations which show an increase in simplicity directly
proportional to the length of time in the growing season during
which they are exposed to tidal overflow. The dominant types of
plants on salt marshes of this region are grasses, sedges, and rushes,
Spartina, a genus of grasses, furnishing the most common and char-
-acteristic species. Of these, the salt-meadow grass (Spartina juncea
ElL, n. n. 8. patens (Ait.) Muhl.), covers the surface of the marshes,
at about high-tide level, over great areas and seems to be the chief
species concerned in the formation of such peat as is developed.
Associated with this plant, but usually occupying slightly higher
regions of the marshes, is the black grass (Juncus gerardi Lois.) and
less commonly the seaside sedge (Carex maritima Miller), the salt-
marsh bulrush (Scirpus maritimus Torr., n. n. 8. robustus Pursh, and
related species), the slender glasswort ( Salzcorma herbacea L. ), and
other less abundant or conspicuous species. . :

Tt has been shown that in the filled-basin type of fresh-water bogs
the deposit is not homogeneous from bottom to top, but is made up
at different depths of the remains of somewhat different associations
of plants adapted to progressively less and less moist conditions as
the deposit was built up to the water surface and above it. In a simi-
lar way the normal salt marsh might be expected to show from bottom
to top a progressive change in its plant remains, the plants adapted
to stand frequent inundations of salt water having been replaced as
the peat became higher by plants which could stmnd only occasional
ﬂOOdlIlO'S, and finally by a fresh-water bog flora.

It is significant that the actual studies made in the salt’ marshes
of Mame failed to reveal any such progressive change from salt-
marsh to fresh-marsh conditions, the peat being either of fresh-water
origin below a relatively thin stratum of salt-water peat, or else
made up entirely of plants similar to those growing on the marshes
to-day at about high-tide level. Spartina patens and its common
associates, types which never grow-where the marsh is long sub-
merged, were the plants most frequently found.

It has been assumed by some observers that the deposits of fresh-
water peat now buried beneath salt-water peat were formed in bays
or inlets cut off from the ocean by barrier beaches of sand or gravel,
and thus converted into fresh-water ponds, in which peat developed.
Later, according to this explanation, some change in wave or current
action caused the barriers to be at least partly removed, the sea was
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- again admitted, and salt peat was deposited above the fresh-water
peat. This explanation, however, is not satisfactory because the

~ salt peat above the fresh and also that which is not associated with
fresh-water peat are frequently of great thickness, though formed
throughout of the remains of plants that will not live even a few
inches below the level at which they now grow. It would be im-
possible for them under ordinary circumstances to build up the 3.
feet or more of material made up wholly of their remains which
is found in many marshes. .

The explanation which best accounts for the observed character
of these deposits involves the slow subsidence (probably not faster
than a foot in a century) of a coast characterized by scattered fresh-
water bogs, and the conversion of these and other low-lying tracts
near the sea into salt marshes. The peat developed at about the
rate at which the coast sank and thus furnishes a rough measure
of the extent of recent subsidence and its rate. The fresh-water de-
posits in some places have below them peat which is clearly of salt-
marsh origin, indicating a slight uplift of the coast previous to the
subsidence, which is still in progress.

ECONOMIC VALUE.

As pointed out above, the peat that is to be found in salt marshes
1s of two distinet types, differing in origin and in potential fuel value.
One type has been formed by the ordinary peat-making plants above
sea level and has since been buried by salt-water deposits; the other
type is entirely of salt-marsh origin. DBuried beds of fresh-water
peat, if easily accessible, could be made into fuel of some value.
Where they are near railroads, as most of them are, they might well
be tested on a practical scale, the chief difficulty in working them
being to keep out the tidal waters and to dispose of the strippings of
salt-marsh turf lying above them. Some of the buried beds, as that
along the Kittery and York Beach Electric Railroad at Brave Boat
Harbor, contain included pine and hardwood stumps and logs, but if
the peat were consumed in a gas producer, these could easily be
utilized.

Most of the peat that has been formed wholly by the growth of
salt-marsh plants is too full of the fine silt and mud which have been
deposited by the tides to have much fuel value, and it is probable
that it will never be made into. a marketable fuel product. It is
possible, however, that the deposits in some areas of salt marsh
about the heads of tidal creeks may be sufficiently free from mineral
matter to permit their profitable use. The few analyses of salt-marsh
peat made ave included in the table on page 119 (Nos. 67-69).
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THE USES OF PEAT.
INTRODUCTION.

Many factors must receive careful consideration before any deposit
of peat can be successfully exploited on a commercial scale in spite
of the obvious facts that properly prepared peat is a good and ef-
ficient fuel and that it may be used successfully as the basis for a
number of manufacturing industries. Without doubt the failure
to consider some or all of these factors in their interrelations accounts
for most of the marked lack of success of the attempts to use peat
in this country. In the cases of the sort which have come to the
writers’ notice the unfavorable outcome of the venture was. not due
to causes inherent in the material itself, or the product from it, but
to easily preventable errors, of which the most common was failure
to take advantage of the great store of experimental and business data
accumulated in Europe during the last century.

So many mistakes have been made in selecting sites for building,
in the laying out and construction of plants, in choosing processes
of manufacture, and even in testing deposits to be worked that it
will be helpful to prospective investors and others to preface this dis-
cussion by a short statement of the elementary economic principles
underlying the establishment and development of such a business,
and in this way to point out some dangers which may beset the path
of the inexperienced.

FACTORS INFLUENCING- THE SUCCESSFUL UTILIZATION OF A
PEAT DEPOSIT.

LOCATION.

It has already been made apparent that the location of peat deposits
is considered of paramount importance, as the bogs investigated were
selected in the parts of the State which are most thickly populated
and easily accessible. Of two deposits, one of which is'to be selected
for experimental development, the one more favorably -sitnated for
procuring a reasonable supply of labor, a market, and cheap trans-
portation along routes already established should be chosen, if the
quantity and quality of the material are such as to merit use at all,
even though the rejected deposit be of greater size. The reasons for
this preference are obvious when it is considered that the selling price
of the product of the plant to be éstablished must, of necessity, be
low, and the margin of profit so small that, at least during the early
-days of the life of the plant, it should bear no unnecessary charges
due to poor location, which in turn will bring high price of labor,
added cost of transportation, and increased expense of maintenance.
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TRANSPORTATION FACILULTES.

No peat deposit should be considered available for the commercial
_ production of peat for fuel that is not sufficiently near an established
railroad to insure a spur track by which direct connection may be
established between the plant and probable markets, or else it should
be located close to navigable water. TPeat fuel is so bulky that the
cost of carting it for any distance is prohibitive; accordingly, none
but water or railroad transportation should be considered.

MARKET.

Of more importance than any other factor is the market. Nor-
mally this must be created, for peat is an unknown material in the
markets of Maine, and people are unfamiliar with its qualities and
use. The production of an unsalable commodity can not be made
profitable.  Hence it is essential to locate where a market may
easily be created, and as cities and towns are the centers of fuel con-
sumption, it follows that any peat-fuel factory should be so located
that some town of considerable size may be developed as a market;
if more than one town can be easily reached it will be even better.

The creation of an adequate market then becomes a matter of skill-
ful production and of advertising, but it is doubtful whether any
considerable amount of peat fuel will be used in the first five years
after it appears on a given market, and it would probably be a large
estimate to make that, at the end of that time, 10 per cent of the entire
fuel used in the area tributary to the proposed plant would be peat.

On the other hand, it must be considered that, as in all new indus-
tries, there must be a period of development of the plant during
which the production of the finished material is slow and expensive.
This should be coincident with the creation of a market and in most
plants doubtless will be, so that by the time the fuel can be made in
a satisfactory manner and at a profitable rate it can be marketed.
The radius of the territory that a peat-fuel plant may expect to reach
depends somewhat on the abundance and price of other types of fuel
and on the conservatism of consumers, but it is doubtful if it will
exceed 50 miles for many years to come.

It should be remembered that the markets must be sought and
developed, as with other new products, as to whatever extent it is
used, peat fuel must displace more familiar and quite satisfactory
material, and must meet, therefore, certain and positive opposition
from the closely organized producers of and dealers in these materials.
To procure a market, the peat product must be advertised, demon- -
strated, and proved to be what it really is, and the fairer and more
honest this presentation is the more satisfactory will be the financial
returns from the effort.
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QUANTITY AND FUEL VALUE OF THE PEAT.

The quantity of peat in the deposit and its fuel value are next in
importance to the market. On the quantity of peat to be dug must
be based the size of the plant, the investment of funds used in devel-
~ oping it, and the estimate of the life of the investment. On the fuel
value of the peat must be based the reputation of the product and
hence much of the profit of the enterprise after it is established.

As shown on pages 61-62, the quantity of peat in a deposit may
readily be calculated, with enough accuracy for practical purposes,
by obtaining its average depth and its area, and assuming that it will
yield at least 200 tons of dry machine-made fuel per acre for each
foot in depth. A concrete example may be cited to show how small
an area may be considered profitable. In Sweden a gas plant, costing
some thousands of dollars, has been built on a bog covering about
35 acres and having an average depth of 5 feet. The life of the plant
is estimated at thirty years, and the quantity of fuel available, because
of the thoroughly decomposed condition of the peat, at 44,500 tons, or
about 330 tons per acre for each foot deep. It is evident, then, that
it is unnecessary to look for deposits of large area or of great depth
to get returns which will justify commercial exploitation, if the
plans of the investor are not too ambitious, because the production of
1,000 or 1,500 tons of peat fuel per year will supply a considerable
population with all of that class of fuel that it will use, and it might
be some years before so large an amount would be produced by the
plant or absorbed by the local markets.

The fuel value of different grades of peat and some of the factors
affecting it are discussed elsewhere, but aside from this, the peat
should have such physical properties that it will be easy to manu-
facture it into salable and transportable form. If the peat is to
be converted successfully into machine peat for shipment, it should
not be excessively fibrous or woody, but these qualities do not injure
its value for local use.

PRELIMINARY TESTING- OF PEAT AND PEAT MACHINERY.

Some of the most notable failures in the use of peat in this coun-
try have come from too great optimism in regard to its possibilities
for some one definite use or process. The successful utilization of
this material is not a matter of seeing only its good qualities. When
it is to be used as the raw material for any manufacturing enterprise,
its defects, the difficulties and cost of handling, the presence of the
great amount of water which always occurs in it, and other features
of similar character must. be taken into account, and the more special
the use the more carefully the scrutiny and tests must be conducted.
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Factory tests should be made on not less than ton lots, and as
much larger as possible, with the machinery which it is planned to
install in the final operations. The samples chosen should be no
‘better than the average and should be collected with care to include
material from several parts of the deposit and from depths as great
as can be reached with ordinary tools for digging. The cost of such
tests may seem excessive, but in the end the results attained, whether
satisfactory or not, are justified, especially so if the material thus
tested proves unsatisfactory. In two cases already in the history of.
peat development in this country have investments of about $100,000
been made, only to find that the product contemplated could not be
made from the peat selected with the machinery installed, so that
it could be sold in the open market at a profit; and other smaller
failures could easily be cited. These failures arve due chiefly to

insufficient testing.
CONTAMINATION LEADING TO HIGH ASH CONTENT.

In the preliminary examination of bogs to be utilized for fuel it
must be remembered that high ash content injures the quality to a
considerable extent by reducing the heating value. The ‘mineral
matter in peat deposits is brought in by the water in which the peat
has been formed and that which reaches the bog in the form of over-
flow from streams, rain rills, springs, or the wave wash from exposed
lake shores.

It is well, always, to look with suspicion on peat which dries gray,
or with white and red spots in it, or which is gritty when tested be-
tween the teeth, as such peat generally runs high in ash. It will
generally be found that peat from the flood plain of a stream subject
to sudden freshets, or from the deltas of streams in lakes, or from
terraces watered by springs, or from salt marshes will be more or
less contaminated by mineral matter, and hence have its fuel value
and salability reduced by high ash content. The peat formed in
ponds without noticeable inlets may also be high in ash from the
presence of plants which segregate in their tissues or on their vege-
tative organs the dissolved minerals brought in by springs and
deposit them with other débris on the bottom at the end of the grow-
ing period. Lime, silica,-and iron are thus taken from the water
of lakes and deposited as ash-forming constituents in the peat.

The effects of wave action and current action on sandy or muddy
shores of lakes must be taken into account, as it is often a source of
deleterious matter, and bogs located where they receive such wash
should be examined with unusual care before exploitation.
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PROSPECTING AND ESTIMATING BOGS.

Peat deposits of large extent and large average depth are not

common, and when found they may be unfavorably located for de-
velopment, except as sources of power or gas production. Such bogs
need little careful prospecting, as the quantity of peat is so large that
a few hundreds or thonsands of tons will make no lll’lpOI‘t‘lllt dlffer
ence in the value of the deposit when developed. It is well in ex-
ploiting even such deposits, however, to have the depth and quality
determined by a careful survey over that part to be utilized, in order
that a sufficient supply of raw material may be assured.
- With bogs of small area the need for more careful testing is greater
and the probable expense less. Such a deposit should be carefully
surveyed to determine its approximate area, and lines should then
be laid out across it at definite distances apart, on which test holes
should be dug of suflicient depth and size to show the character of
the peat for several feet from the surface. The test holes should be
regularly spaced and in final testing should be dug with a shovel
where possible.

In preliminary testing, and for procuring samples for chemical
analysis, the sampling tool described on page 61 may be used to
advantage, as with it the depth and the general character of the
peat at any depth can be accurately determmed. The labor and
time consumed in testing by this tool is slight when compared with
that required in digging, but only the latter process can furnish
the large samples whlch should be used in final tests.

In small bogs, filling lake basins and other depressions below the
water level, there will probably be a substratum of very watery ma-
terial below the firm upper layers. In testing such deposits, there-
fore, the extent and character of this substratum must be accurately
determined, as it may be so extensive as to render wor king the bog
unploﬁtable.

DRAINAGE.

According to the practice in Europe, where hand digging is the com-
mon means of excavating raw peat, the bog is czu'efully drained be-
fore work is begun. Aside from the greater convenience in digging
which this operation insures, the chfunmg frees the peat of a- con-
siderable amount of water, although owing to its peculiar water-
holding properties not as much as would at first be supposed is
carried off in this way. By reference to the table showing the per-
centage of water in peat relative to its weight (p. 37) it will be
seen that a reduction of the water in peat from 90 to 80 per cent
means a reduction of 50 per cent in the weight; hence the matter of
drainage is important, if economy in handling is sought.
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~ If excavating is to be done by machinery, however, it may be
~unnecessary or undesirable to plan for drainage, as the peat may be
dug from dredges or by suction pumps and transported to the grind-
ing machines by scows. If drainage is to be undertaken, the bog
should be surveyed and levels taken to find the fall of the land and
the distance and fall to the nearest main watercourse. :

An important relation of the type of peat deposit, as indicated by
structure, to the possibilities of draining should be pointed out here.
Those bogs whose structure is uniform, or of such a character as to
indicate that the peat has been built up by plants growing slightly
above the water level, as that level has risen, can be drained to the
bottom, or as far down as this structure is maintained. Conversely,
those deposits which have been formed by the filling of depressions
* below the water level can not be readily drained except by expensive
cutting through the lip of the basin containing the bog. Such deposits
should be worked without draining, as the attempt to drain below a
very few feet will usually not be successful. It is also necessary to
avoid cutting ditches from the margin of a bog of the latter type to
open water in its center without very careful leveling across the sur-
face, for not uncommonly the water level in the pond is somewhat
higher than the marginal area of the bog and the water will flow from
the pond, not into it. '

In general it is yet to be demonstrated in this country that drainage
of bogs preliminary to working them for peat is necessary or will be
feasible under existing economic conditions. If drainage is under-
taken, excavation should, if possible, begin at the lowest part, or out-
let end, of the area and proceed toward the higher parts. This will
make the drainage relatively simple and will reduce it to the lowest
possible amount, at the same time preventing drying out of the part
of the tract not operated, and thus reducing to a minimum the chance
of loss by fire.

CHARACTER OF THE PLANT.

The character of the plant will in large measure be determined by
the size of the projected operations, by the process of preparation
adopted, and by the available capital.

If machine peat is to be produced, the permanent buildings need
not be more extensive than those of a sawmill, and may consist of a
shed for protecting the boiler, engine, and grinding machinery and
the storage bins. The type of construction should be the cheapest and
simplest consistent with durability for the expected life of the plant,
and as this material will usually be produced only during the sum-
mer, no provision against cold weather will be necessary. Many
European plants for making peat fuel of this class are without per-
manent buildings of any kind, the machinery being all movable and
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housed temporarily at points on the surface of the bog as near as
possible to the openings where excavating is being done, and the num-
ber of such units being increased as the necessity for them grows.

If briquetted peat is to be produced, the buildings will have to be
somewhat more durable and extensive, but need not be of expensive
construction. The buildings for a coking plant would require still
more outlay for housing the greatly increased bulk of apparatus, espe-
cially if the by-products are to be utilized, and the same may be said
of the buildings required for a plant utilizing the peat for gas. Even
here, however, the expense of the construction can be reduced by exer-
cising care to develop the simplest buildings which can be used for
the purpose intended.

LOCATION AND PLAN OF THE PLANT.

The main structures of the plant should be so located with refer-
ence to the workable part of the deposit that the raw, wet peat, as
it comes from the bog, will have to be transported the shortest pos-
sible average distance to the grinding and drying sheds. For this
reason the center of the bog would be the ideal site for the factory,
if it were to be permanently located; or a movable plant in the
vicinity of the main openings would be still better. Practically, in
most cases, it will not be possible to place the machinery on the bog,
and the next best site will be on its margin, as close by as firm ground
can be found to give the buildings and machinery a secure founda-
tion, and at such a point that the hauls necessary to get the freshly
dug peat to the buildings will average as short as poss1f)le during
the whole life of the plant—that is, somewhere near midway of the
margin on one of the long sides of the deposit, although the selection
of the site may be affected by some other consideration, such as
proximity to railroads or other transportation lines, or to a town, or
to favorable drying grounds.

The laying out of the plant, the location of machinery in the build-
ings, and the placing of the drying grounds in relation to the build-
ings must all be carefully considered, to reduce the processes so far
as possible to an automatic arrangement requiring the least possible
amount of attention and labor. Every point where machines can
replace human labor should be considered and, if possible, the
machinery installed.

It must be remembered constantly that in peat-fuel production the
problem is how to get from a ton of wet peat, as it comes from the
bog, the approximately 225 pounds of salable material which it con-
tains so cheaply that the cost of digging, tlanspmtln preparing
it for sale, and selling it will not exceed the price that can be
obtained for the prepared material in open market. It is evident
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that the omission of any expenditures which can be avoided in the
course of proper preparation will aid, by so much, the solution of
this problem. It seems to follow also that the simpler and fewer
the processes of preparation by which salable material can be put on
the market the more likely the manufacture is to prove profitable.

WORKING CAPITAL AND CAPITALIZATION.

It is probable that no factor has been more fatal to successful
development of peat industries in this country than failure to pro-
vide working capital. Apparently investors have been so sanguine
of success that they have thought it necessary only to plan to make
peat fuel and assemble a portion of the plant, after which the
industry would establish itself and immediately give sufficiently large
profits to pay dividends and go on with the manufacture indefinitely.
These anticipations not having been realized, the investors have
refused to advance further funds, long before the plant has passed
through its experimental stage and reached that of commercial pro-
duction. If, however, a sufficiently large part of the funds avail-
able at the outset had been reserved to develop the business, as is
generally done in other industries, the amounts necessary to- extend
the plant, after its success was demonstrated, would have been avail-
able. '

The amount of capital required will vary according to the process
of manufacture adopted, the quantity of product to be manufactured,
and other factors not requiring discussion here. In general, it may
be said that large capitalization is not required nor desirable in peat
enterprises, but that the more simple methods of manufacture can
be established at small outlay as compared with those requiring
heavier machinery, more handling, and stronger construction of
buildings. Attention should also be called to the much larger paid-in
capital required to develop a plant to the self-supporting stage with
machinery specially designed for some new process of treating peat,
than would be needed to do the same work with machinery that has
been already thoroughly tested in actual manufacture of the product
it is expected to make.

CHOICE OF MACHINERY.

As already indicated, the choice of machinery will depend largely
on the product desired. The chief concern of the purchasing agent
should be to thoroughly inform himself regarding the progress of
peat utilization in Europe, where peat has been used for centuries as
fuel, and where, for the last hundred years, keen, well-trained minds
have been at work studying the possibilities of the material and the
ways in which it may most economically and satisfactorily be treated
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to make salable products. With this accumulation of experimental
and practical knowledge embodied in machinery already in successful
operation, it is inadvisable to adopt new and untried machines, or so-
called secret processes. In fact, the invention and development of
new machinery should not be attempted until European literature,
especially German and Swedish, relating to the subject has been care-
fully examined, for in this will be found the record of a great number -
of processes and machines that have been tried and proved to be fail-
ures. After this examination, if the inventor is still sanguine that
his plan has merit, he should embody it in machinery on an experi- -
mental scale to try its actual efficiency, but until this trial has actually
been made and the value of the machinery demonstrated, it should
never be made the basis of a commercial plant from which immediate
returns are required. ) '
PEAT AS FUEL.

INTRODUCTION.

Peat has never been used extensively in America for fuel, although
for many years experimental peat-fuel manufactories have been built
in various parts of Canada, operated for a time, and closed indefi-
nitely. A few have continued operations for a number of years, and
there are now at least two such plants that ave considered by their
owners to be beyond the experimental stage of development, although
still unable to reach the maximum production for which their market
calls. ‘

In the United States a large number of attempts have been made
to manufacture peat fuel, of which but a few have had enough capi-
tal to carry the plans beyond the construction or early experimental
stages. Of those that have had a fair trial, the nearest approach
to success seems to have been attained by plants designed to produce
machine peat, but none even of this type have yet reached the stage
where the maximum output of finished product is assured. -

In all of this experimental work the causes of failure have been
those already discussed, and are not directly traceable to causes
inherent in the peat itself. Stated in another way, some of these at-
tempts have failed to become productive because too little capital was
provided, others because they were provided with machinery that was
not thoroughly tested before installation, others because they were
managed by inexperienced men, and still others from lack of trans-
portation facilities or of market.

Unlike coal and other fuels on the market, peat requires special
treatment, including drying, before it can be used as fuel. As it
comes from the bog it contains from 85 to 95 per cent of water—
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namely, a short ton of wet peat rarely contains more than 300 pounds of -
dry peat and may have as little as 100 pounds. In the wet condition
it is entirely noncombustible, and the various processes by which it is
prepared for use or market consist principally in methods for ridding
it of water quickly and cheaply and for increasing its fuel efficiency
and transportability. The following brief discussion considers these
methods in the order of their simplicity.

CUT PEAT.

The simplest and most ancient form of preparation of peat for fuel,
and that still in use in Ireland and many other parts of Europe where
peat is used for domestic purposes, is to cut it from the bog in the
form of blocks. This is done with some special form of spade, the
type in use in many parts of Europe being made by welding a narrow,
sharp lug at right angles to the point of the blade of a long, narrow
spade; this is called in England a slane. As fast as cut, the blocks
are laid on the cleared surface of the bog, near by the opening, and
after a few turnings become partially dry, after which they are loosely
stacked for fur thu- drying and storage.

This form of peat fuel is entirvely dependent on the structure of
the peat for its texture, compactness, and efficiency, and as it can be
cut only from the drained parts of peat beds, it is usually bulky, is
easily broken and crumbled, and burns freely, but with considerable
waste. On the other hand, the cost of production is small, and little
equipment is required besides sheds for storing and possibly for dry-
ing the finished product The cost of making cut peat ready for the
m(ukgt in Europe varies, according to a recent writer, from about 50

cents to as much as $1.75 per ton of air-dried peat. These consider-
able differences are apparently caused by the different methods used
and the efficiency and price of labor.

So far as can be judged, this form of peat tuel is not adapted for
use in the American market because of its inefficiency and its bulki-
ness, but it could be produced by individual owners of small deposits
for home consumption, where other fuels are high in price. The
darker, thoronghly decomposed types of peat make better cut fuel
than the lighter brown, more fibrous kinds found near the surface in
many deposits. The cost of production of cut peat, inclnding dig-
ging, drying, and stacking, under American conditions of labor, etc.,
should not exceed the European higher limit just quoted, after the
force employed has been trained to the work.

a Nystrom, I, Teat and lignite; their manufacture in Iurope: Canada, Dept. Mines,
Ottawa, 1908.
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MACHINE PEAT.

As the need arose for a fuel better than cut peat, in a more durable
and transportable form, efforts were made to improve the texture and
other qualities by treatment which rendered the material more com-
pact. The earliest and the simplest process to be used consisted in
adding water to the peat as dug, thoroughly kneading it by the
trampling of men or animals, and turning the resulting pulp into
molds to dry. This process is still in use in parts of northern Europe.

The name machine peat is given to all forms of the product made.
by grinding, mixing, or macerating the wet peat as it comes from the
beds, so that it becomes less fibrous. In the process the included
coarse material is broken up, and probably also some of the cellular
structure of the peat is destroyed. Certain colloidal or gluelike sub-
stances are released or developed during the grinding, which act to
cement the mass, and, as they are insoluble in water when dry, render
the whole mass more or less waterproof.

A distinction is sometimes made between the product obtained by
grinding peat to which sufficient water has been added to reduce the
whole to a watery pulp, and drying the resulting slurry, or semifluid
mass, in molds laid on the ground, and that made by macerating the
peat about as it is dug, or with a slight admixture of water, and
forming it into bricks of any desired size by cutting up the long
prism of thoroughly ground peat as it issues from the orifice of the
grinding machine. The bricks resulting from the latter method are
sufficiently firm to retain their form when they come from the machine
and are dried by exposure to the air on covered racks or on the ground
without cover.

The production of peat fuel on any considerable scale by the crude
process first mentioned is evidently not adapted to American condi-
tions, as it involves the use of much manual labor in molding the
peat and in handling it on the drying grounds. Abroad this process
seems to be generally confined to small and isolated plants and to be
displaced in the larger ones by the machine process, the product of
which is sometimes also called condensed, machine-formed, or pressed
peat. The last name is something of a misnomer, however, for only
enough pressure is exerted upon the peat by the machinery to force
it from the outlet in a stiff, pasty condition. In the United States
the term “wet process” has been applied to distinguish it from
briqueting, in which the peat is dried artificially before shaping it by
pressure. A A

So far as indicated by present knowledge, based on many entirely
trustworthy reports, the machine process is the only successful method

. of making fuel for general purposes from peat now in use in Europe,
and for that reason it merits a somewhat full discussion here, espe-
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cially as it is generally applicable to all types of peat and requires
but a relatively small outlay of capital to establish a well- equlpped
* plant and but little experience to run it.

The essential part of such a plant is the peat machine, of which
many patterns are now on the market. Some excellent models of
these have been designed and are built to order in the United States.
In its simplest form, the peat machine is very similar to the clay
“pug mill ” of the brickmaker, and both brick and tile mills have
been used in this country with peat of certain types for making peat
fuel. The specially designed peat machine, however, consists of a
vertical or horizontal cast-iron body, with a hopper attached above
it, in which revolve one or two knife-armed shafts; these are pro-
vided also with spirally arranged flanges for moving the peat for-
ward to the grinding knives and advancing it to the outlet after
grinding. In some machines the edges of the screw flanges are sharp
and work against knives set ﬁrmly in the cast-iron walls of the body
of the machine; others have both fixed and revolving knives combined
with screw flanges. '

The main object of the whole construction is to thoroughly cut up,
crush, and grind all the constituents of all types of peat into a homo-
geneous, pasty mass, without clogging or breaking the machine. The
machine that will make uniformly compact, tough bricks from any
type of peat, but especially from fibrous material, rapidly and con-

“tinuously, without excessive consumption of power, is the one best

adapted to Maine peats. The most successful peat machines are of
very heavy construction and have adjustable knives, so that any kind
of peat can be ground, and all parts subject to clogging and wear
are easily accessible. The heavy construction is necessary because
of the stumps and other woody matter, as well as stones, often found
in peat beds.

Machines of foreign make may be had of all sizes and capacities,
from those which can be run by a single horse and with the help of

" a few men have a capacity of 3 tons or more of air-dried fuel per

working day, up to those which require a considerable force of men,
powerful engines, and auxiliary machinery for excavating and
handling the product, and have an estimated capacity of 50 tons or
more of finished material per day of ten hours. (See Pl II.)

For detailed description of the types of machines of this class
made by many European manufacturers and reports as to their effi-
ciency, the reader is referred to the excellent accounts by Nystrom ¢
and to the catalogues of American and Durope'm manufacturers of
peat machinery.

e Nystrom, E., op. cit., pp. 57 et seq.
70782—Bull. 376—09
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In addition to the peat machine, the equipment for making pressed
peat consists of small cars, tracks, and other machinery for moving

the product to the drying grounds and storage sheds, and, at most

plants, to carry the raw peat from the bog to the peat machine.

The larger sizes of peat machines are usually provided with some -

form of mechanical elevator, which takes the peat to the hopper from
the car, or from the top of the bog, or possibly from the bottom of the
excavation, the arrangement being dependent on the location of the
machine relative to the excavations. ’

The machine itself may be mounted directly on rails or on a movable
platform by the side of the excavation, and follow the digging, thus
saving the expense of moving the wet peat to some fixed point of
grinding. In case this plan is adopted, the cleared part of the bog
may be used for a drying ground, and only the dry material need be
taken from the bog, a plan which saves the cost of transporting the
large amount of water contained in the wet peat, at all stages of
manufacture.

To the equipment mentioned must generally be added, under Ameri-
can conditions, some form of power digging machinery suitable for
excavating as much peat per day as the machine can properly grind.
Failure to do this involves the necessity of having a large force of
men digging peat, as it is estimated that practically ten times the
weight of material produced must be dug; that is, 500 tons for an
average production of 50 tons per day. If such provision is not made,”
the producing portion of the plant will be idle part of the time.

Sufficient drying ground and storage room must also be laid out and

made ready for any contingency, or else again the plant will be idle
at times when everything else is favorable for production.

The requirements for making the ordinary machine type of fuel
from peat are, therefore, (1) a deposit of good peat; (2) some form
of peat machine; (3) machinery for digging the peat; (4) adequate
ground space and pallets, or short wooden boards, on which to dry
the peat, and enough room for storage; (5) tramways and cars, or
mechanical carriers of some description, for transporting the peat to
“and from the grinding plant, the drying grounds, and the storage
bins. The cost of this outfit, exclusive of the land, naturally will
vary widely according to the estimated productive capacity of the
plant, the number and quality of the buildings erected, and the
amount and kind of accessory machinery provided. The-cost for a
5-ton plant will be not far from $1,000; one which will produce from
50 to 60 tons of finished peat fuel per day will probably cost from
$8,000 to $10,000, if economy is used in laying out and constructing
the buildings. To this must be added the cost of the land and the
working capital. Such a plant can have its capacity increased at any
time by adding the essential machinery. It is doubtful if it is wise

.

o
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to purchase a peat machine of more than 20 to 30 tons daily capacity
for a newly established plant, as for a long time there will be some
difficulty in keeping a larger one running at full capacity and still
more difficulty in selling the product. It is far more easy to make
a success of a small, thoroughly equipped plant, turning out a satis-
factory product, than of one that has only a highly efficient peat
machine of large capacity to which the plant is expected to grow
at some time in the future, the accessories being at first insufficient.
- The cost of production of machine peat is generally estimated,
optimisticall’y, at not over $1 per ton of air-dried fuel. This estimate .
is doubtless fair, if only the cost of labor is taken into account, as
in Europe the lmbox cost, generally falls below 75 cents per ton; but

. when loading, managerial, interest, maintenance, and amortization

charges and fhe cost of the peat are properly apportioned the cost will
be found to exceed $1.50 and, unless unusual skill in management is
shown, will probably qpproach closely to $2 per ton.

At present it 1s impossible to forecast prices at which pe'lt can be
sold in the United States in open market. The little which has been
made has been eagerly sought at high prices and more has been
demanded after it has been tried, apparently largely as a matter of
curiosity. It can hardly be expected that these prices will be main-
tained in competition with coal, and it is doubtful if a price above
$3 per ton, for large lots, can be obtained; but if the production is
large enough, this price would allow a tempting profit on the invest-
ment. If the producer is so situated that he can sell at retail, he can
command a somewhat better price per ton than the wholesale buyer
will pay, but he must meet the cost of delivery.

An objection often made to this method of preparing peat is that
production must be confined to the season of no frosts, as freezing
prevents the wet machine peat from properly compacting and drying
hard ; moreover, rainy or very humid weather checks operations en-
tirely, because the peat will not dry out of doors in such weather.
These conditions necessitate the suspension of work altogether during
the winter and give irregular employment to the force and plant at
all seasons; they also reduce the theoretical output. The same objec-
tions are valid, however, in many other successfully conducted indus-
tries, some of which require much larger capital for equipment. They
therefore seem no certain bar to success in this new industry, which
will have a season of production of more than one hundred days, pos-
sibly extending from the middle of April to the middle of September
or first of October, even in eastern Maine.

Artificial drying by some simple and direct method: after the
bricks have been formed is the ideal sought by many inventors to
replace the uncertainties and limitations which the present system
of air drying imposes upon production, but no one has yet been able
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to overcome the fact that it takes more heat to dry a ton of wet peat
as it comes from the bog or the peat machine than can be obtained
from the fuel which the process yields. To this cost must be added
" all the charges of producing the material which is dried. Moreover,
during the drying process the bricks crack and check, seriously im-
pairing their value. It seems possible, however, that by utilizing
waste heat in very efficient driers peat from which a considerable
amount of water has already escaped may be dried sufficiently by
artificial treatment to be stored, and that the limit of the season of
production may be thus extended. Aside from the peculiar properties
of the peat, the cost of the additional treatment and handling, as well
as of extra equipment, must be taken into account, as these must be
paid for by the material recovered.

It is evident, therefore, that the problem is a complicated one, and
can be attacked only by trained and experienced men if it is to be
brought to a successful issue. Successful artificial drying in any
event will be accomplished only by utilizing what would otherwise
be waste heat and fuel.

BRIQUETTED PEAT. 4

In Europe, where lignite and poor grades of coal have long been
successfully briquetted and sold in large quantities, the attempt to
briquet peat was made early in the development of the briquetting
industry. In this form peat makes an efficient and easily transported
fuel, and one that commands a ready sale at good prices for domestic
uses because of its cleanliness, ease of haidling, and other good quali-
ties. '

The briquets are of uniform size and of cylindricak ovoid, pris-
matic, or other shape. Generally, although not invariably, they
burn more slowly than peat prepared by the processes previously
described. ; '

In preparing the peat for briquetting, cut peat or pressed peat is
air dried to about 40 or 50 per cent of moisture, then ground and
screened and artificially dried to about 15 per cent of moisture; it is
 then conveyed to the briquetting press or stored.  An improved
method of air drying is in use near London, Ontario, where, instead
of digging, grinding, and pulverizing the peat, as is generally done
* in Europe, the surface of the cleared bog is very lightly harrowed,
and after an hour or more of exposure to the sun and wind the air-
dried dust is collected by a special machine, constructed on the prin-
ciple of the exhaust carpet cleaners and operated electrically from
a track laid on the surface of the bog. As only the dry dust is picked
up by the collector, the material reaches the storage bins with not
more than 30 per cent of moisture. It is afterward pulverized still
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finer and dried to about 15 per cent of moisture in its passage to the
briquetting press.
All forms of air drying out of doors are open to the objections that

have already been stated, and more attempts have been made to

produce driers for the production of peat briquets than can be re-
corded here. Nearly every principle applicable to the construction
of machinery of this type has been tried, and as yet none has been
found able to meet the need satisfactorily, so that the peat can be
dug, ground, dried, pulverized, and briquetted without the interven-
tion of a period of exposure to the air and the sun’s heat. This has
been the aim of all manufacturers of peat fuel, and especially of
inventors, since the briquetting press was introduced, but whether
they have tried driers alone or combinations of presses for squeezing
out part of the water with driers of almost every conceivable type,
using direct heat, steam heat, or electric devices, they have all been
discarded after a time, because of the cost of maintenance as com-

. pared with the value of the output—namely, they have failed to pay

operating expenses and a profit. This failure may be attributed
beyond any doubt to the small value of the product and the small
quantity of salable material obtained as compared with the raw peat

" treated, as shown in the table below.

Weight of water removed at 10 per cent stages from 1 ton of peat as excavated
from the bog (90 per cent water) in drying to 10 per cent of water.

Weight of | Weight of

Percent.- water material Total
ageof |Drypeat] Water removed | obtained | weight of
water | content | content for each [ foreach water
in the [(pounds).! (pounds). |10 per cent|10 per cent|evaporated
peat. reduction | reduction | (pounds).

(pounds). | (pounds).

90 200 1,80  |eeeei.ienn- 2,000 feieaiiieen
80 200 800 1,000 1,000 1,000

70 200 466, 7 333.3 666. 7 1,333.8
60 200 300 166.7 600 1,600

50 200 200 100 400 1,600

40 200 133.3 66.7 333.3 1,666.7
30 200 85.7 47.6 285.7 1,714.3
20 200 50 35.7 250 1,750

10 200 22.2 27.8 222.2 1,777.8

The cost of briquetting plants is six to ten times greater than that
of plants of the types previously mentioned, probably involving a
minimum expenditure of not less than $50,000 for the complete
equipment, with buildings, necessary driers, engines, digging and
other appliances, and a single briquetting press with a capacity of
about 50 tons in twenty-four hours. This unit is mentioned because
it is apparently as small as has been considered practicable for com-
mercial purposes. The estimate is based on the quotations of Ger-
man manufacturers of tried machinery and is likely to be exceeded
in actual construction; it certainly will be if untried processes are
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adopted and newly invented machinery is installed. The greatly
increased cost of the plant over that required for the manufacture of
machine peat is easily understood in view of the heavier and more
complicated machinery and the much greater amount of it, together
with the larger and more powerful boilers and engines required,
all of which entail heavier and more substantial construction of
buildings.

In 1903 F. H. Mason,* then United States consul-general in Berlin,
pubhshed the followmg estimate of the cost of a peat- buquettlng
plant equipped with European machinery, for artificial drying, with
an estimated output of 50 tons of briquets a day:

Estimated cost of 50-ton peat-briquetting plant.

Buildings $14, 280

Machinery _____ 17,850
Steam engine and fixtures__._________ e 3,570
Tramways —_._________ U 3,570

39, 270

Later estimates increase rather than diminish this sum, and it is
doubtful if, when duties, higher price of labor, and other necessary
charges are added, such a plant could be constructed in this country
within the estimate first given.

If, however, the system of drying the peat on the bog is adopted,
a certain undetermined deduction may be made, as a part of the dry-
ing machinery will not be needed. It may be said also that by in-
creasing the surface from which air-dried material is collected and the
number of collectors, a sufficient amount of peat dust may be gathered
and stored to supply the briquetting press during unfavorable
weather and even through the winter. If this is done, weather-
proof storage houses of large capacity and of durable construction
will have to be added to the equipment.

It is apparent also that if the price of production given for ma-
chine peat is a just approximation, that for briquetted peat at least
must be increased by the interest charges on the greater investment
required and by the maintenance and other expenses of running the
more complicated and powerful machinery. Besides this, the added
cost of artificial drying and of grinding and briquetting must be
taken into account. It will hardly be possible, therefore, to make
peat briquets with any machinery now on the European market for
less than $3 per ton, and ‘even this is hardly feasible except under
very favorable conditions. What can be done with American ma-
chinery now in the process of development remains to be seen. The
Canadian processes mentioned above have not yet reached the stage

¢ Special Consular Repts., vol. 26, 1903, p. 81.
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where their inventors consider them fully perfected, although they
are in operation on a factory scale; no figures relative to them can-
be quoted.

The fuel efficiency of briquetted peat should be at least one-third
greater than that of machine peat of the same origin to warrant the
added cost of production given above. Actually the increase in effi-
ciency as given by Nystrom is only about 15 per cent. It is therefore
apparent from business considerations that the increased cost of
plant and the more complicated machinery and processes necessary
to make peat briquets are not justified, especially when the cost of
production is more likely to be 50 per cent greater that it is to be
33 per cent. Peat is somewhat more transportable in the form of
briquets than in any other form because it is less bulky, and it might
have somewhat greater sale on this account, but not in proportion to
the increase in cost of manufacture.

Electric processes of preparing peat for briquetting have been
announced at various times and extensivly advertised. They have
been based on the supposition that the cell structure of the plant
remaining in the peat would be destroyed by the passage of electric
. currents, after which the water could be removed by pressure. None
of these processes has been commercially successful and the theory
on which they are based is of very doubtful value, as there is no
* evidence that the cellular structure will be in any way affected by
the passage of the electric currents used.

The wet carbonizing process for preparing peat for briquetting,
developed during the last five years by M. Ekenberg, of London,
England, has a much greater value than any other from both theo-
retical and practical points of view. The process, as its name indi-
cates, involves heating the wet peat under pressure to sufficiently
high temperatures to carbonize or coke it. It consists essentially
of superheating the peat, mixed with water in closed retorts, to a
temperature slightly above 300° F. (150° to 155° C.), equivalent to
a pressure of about 80 to 85 pounds to the square inch. Peat sub-
jected to this treatment loses its structure and becomes amorphous,
blackened, and so changed that the greater part of the water can
be pressed from it. After the water has been removed the residue
is artificially dried and briquetted. The briquets are very solid,
are nonabsorbent, and in appearance and weight resemble coal. No
considerable amounts of gases are given off during the carbonizing
process.

The cost of a plant built on this system and with a daily capacity
of about 100 tons of briquets is estimated to be somewhat more than
$160,000, exclusive of the bog; and the price at which the briquets,
which have a fuel value about equal to that of bituminous coal, can
be produced, is about $2.25 per ton.
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PEAT POWDER.

Peat in the form of fine powder, burned under a blast in a specially
constructed burner, makes a very efficient fuel. The process of
preparation is simple. The peat is cut or dug from the bog, and
after being left on the surface through the winter to disintegrate, is
gathered in a partially air-dried condition, dried artificially, and
then pulverized. The resulting powder is dark colored, nonab-
sorbent, and very nearly as heavy as coal.

In firing with peat powder no smoke is developed, because the
supply of air can be adjusted so that combustion is complete and
rapid. The firing can be so regulated and controlled by the engine,
after proper connections are made, that it becomes almost or quite
automatic. In fact, peat used in this way burns and yields results
like a gas. This is especially illustrated by the ease with which the
temperature of the flame is regulated, and by the possibility of get-
ting oxidizing and reducing flames at will by changing the quantity
of air supplied to the flame.

The temperatures obtained and held by properly built peat-powder
burners are sufficient to melt glass, iron, steel, and other metals,
and the use of peat fuel of this type for burning brick, lime, and
Portland cement should be widely extended in regions where peat
is abundant. The collector which takes the peat from the bog in |
the form of air-dried powder should have special application to this
product for fuel purposes, if it has sufficient capacity to warrant
its use. With it the cost of gathering, completing the drying, and
pulverizing should not exceed $2 per ton for the product ready for
the market, and the cost of a well-equipped plant will be much less
than for one intended for any type of briquetting.

PEAT COKE AND CHARCOAL.

A step further in the process of increasing the fuel value of peat
and of rendering it more transportable is to convert it into coke or
charcoal. It is said that charcoal was made from peat for use in
the iron industry in Europe at a very early date. During the last
half century or more repeated attempts have been made to produce
from peat a material which would be comparable with hard-wood
charcoal or coke in hardness and other properties. The experiment-
ing has passed from the old method of coking in heaps covered with
earth and sods, through a series of stages with artificial ovens of a
number of types, to the use of closed retorts that are heated from the
outside. In these retorts the gases are, so far as possible, condensed
and redistilled and in this way a number of valuable by-products
are recovered. These substances are practically identical with
those obtained from the destructive distillation of wood in charcoal
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making by modern methods. They consist of () methyl or wood
alcohol, ammonia or ammonia sulphate, and acetic acid or acetate
of lime, which are obtained by treating the tar water or lighter dis-
tillates; and (&) illuminating oils, lubricating oils, paraffin wax, .
phenol (creosote oil and. carbolic acid), and asphalt, which are ob-
tained from the tar. The noncondensable gases are combustible and
may be used in heating the retorts and in running the engines which
furnish the motive power of the plant.

The most fully developed and most successful of the processes
of coking peat, and apparently the only one which has reached the
commercial stage, is that devised by Dr. Martin Ziegler and repre-
sented in Europe by three large and successful plants, two of which
are operated in Germany and one in Russia. By this method the
.peat is dug and formed into bricks by peat machines and air dried
exactly as if it were to be sold as machine peat. The peat bricks are
then stacked in vertical cast-iron retorts with fire-brick lining, pro-
vided with air-tight openings for removing the finished coke and
recharging with peat, and with flues for the escape of the gases
formed. - The retorts are surrounded by a double fire-brick wall,
with flue spaces between, through which the combustion gases pass;
these gases are further used by conducting them to driers, where
the peat is dried before introducing it into the ovens.

At the beginning of the process fires are started in fire boxes at the
base of the retorts, but when the cooking is well under way the lighter
and uncondensable gases are conducted to the fire boxes, and furnish
all the heat needed. The condensable gases are drawn by fans to
the special recovery plant and there redistilled, a part of the neces-
sary heat coming from that of the combustion gases, and a part being
waste heat from the cooking retorts. As fast as a charge is suffi-
ciently coked it is drawn off at the bottom into air-tight receivers
in which the coke cools. At about the same time a fresh quantity of
peat is put into the top of the retort through box openings provided
for the purpose, thus making the process continuous.

The products of this treatment are peat coke and peat half coke,
the latter not so thoroughly coked as the former, so that not all of
the heavy volatiles are driven off. The peat coke is black, heavy,
and hard, gives a metallic note when struck, is as strong as good
charcoal, and is adapted to all the uses of charcoal, especially to the
smelting and refining of metals. The half coke is less dense, and
burns with a long, clear flame, making excellent fuel for use under
boilers and for steam production generally.

For making peat coke of good quality the peat should be thor-
oughly ground and dried, and should be low in ash and other im-
purities. For the half coke poorer grades of peat with considerable
ash may be used.
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The amount of coke obtainable from peat of good quality by
the Ziegler process is from 30 to 33 per cent, and of peat half coke
(or peat coke No. 2) from 45 to 50 per cent of the weight of the dry
. peat used. A considerable portion of the remainder is recoverable
as by-products, which are, it is claimed, sufficiently valuable to pay
a considerable part, if not all, of the entire cost of production, leav-
ing the peat coke as profit. ‘ '

The coking plants are built on the unit system, a single retort, or,
better, two retorts, constituting a unit, with the accessory mechan-
ism and recovery plant. The cost of a unit with two retorts is about
$50,000, and in it about 50 tons of air-dried peat could be coked daily,
with a resulting product of 16} tons of coke, or nearly 23 tons of peat
half coke. The cost of production and of the recovery of by-products
for the unit with one or two retorts is high compared with that for.
a larger number, as about the same general equipment, supervision,
and number of men are necessary in either plant.

The cost of production of peat coke, including digging, machining
and drying the peat, expenses of maintenance, etc., under conditions
existing in America, is estimated to be from $3 to $3.50 per ton for
small plants, and considerably less for large ones, if the by-products
are recovered and sold at current market prices. The selling price of
peat coke will probably vary according to the locality, the purpose
for which it is to be used, the quality, etc., but it should approach
that of charcoal of good quality, namely, from $6 to $12 or more per
ton, as peat coke can replace charcoal in all its uses. In Europe it
has been found to be especially valuable in the production of charcoal
iron and in refining other metals. Peat charcoal in powdered form is
also used in hardening steel and in the manufacture of calcium
carbide. As a fuel it is reported to be and in all respects should be
equal to hard-wood charcoal.

As yet no attempt to manufacture peat coke by the Ziegler process
has been made in the United States. A few small ovens have been
erected for making peat charcoal on an experimental scale, but so
far as has appeared these ovens have not been sufficiently well
equipped to get beyond an early stage of experimentation, and it is
not known how the material will be received by consumers in this
country. It will be essential, therefore, before a large plant is con-
structed, to have at least tentative contracts for the various possible
products, for the large expenditure of capital required could hardly
be justified on purely speculative grounds.

The rapid depletion of the supplies of wood for making charcoal
should soon make the introduction of as good a product as the best
peat coke no uncertainty, and after a single plant has demonstrated
its value, others will doubtless be constructed in favorable places.
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GAS TFROM PEAT.

‘When peat is heated in a closed retort, or away from the air, large
volumes of gas are given off. This gas is inflammable, burning with
a bright flame, which develops much heat. In fact, its production
produces the long, bright flames which characterize a peat fire when
the fuel is thoroughly air dried.

The gas from any fuel—charcoal, coal, coke, wood, or peat—is
generated on a commercial scale in some form of gas producer, com-
monly a vertical, hollow furnace, with a grate at the bottom and an
~air-tight device for supplying fuel at the top, so that it may be
operated continuously. Gas producers for the development of illu-
minating gas are not here considered, as those in which “power
gas,” for use in internal-combustion gas engines, and fuel gas are
made are of more special interest in this discussion.

An old type of power-gas producer still in general use is known
as the “suction producer,” and supplies gas directly to the engine,
which develops its charge and draws it from the producer as needed
by the suction of its own piston stroke. Producers of this kind are
restricted to the use of anthracite, charcoal, and other fuels without
bituminous matter, as the tars and similar substances from bitu-
minous fuels would be carried over into the engine as gases and,
condensing there, would clog up the valves and other working parts.

A second type is the pressure producer, which is so constructed
that steam and air blasts cause the gas to be produced from the fuel
under slight pressure. It can thus be stored under pressure in a
suitable container until used, and as its production does not depend
on the suction stroke of the engine, it can be cleansed on its way to
the container before it is supplied to the engine. Gas producers of
this kind, therefore, are adapted to the use of bituminous coal, lig-
nite, and peat, and when used with such materials are provided with
special attachments for cleansing the gas of ash and the condensable
volatile matter, the gas being forced through these attachmentsasitis
sent to the container. This type of producer was designed for large
plants and, until recently, was run chiefly on anthracite.

A third form of power-gas producer is the downdraft type, in
which the tarry products of distillation of the fuel are converted into
permanent gases. This type seems to have been most satisfactory for
use with peat abroad. The hot gases containing the volatilized tars
and similar materials are drawn by exhaust fans from the top of the
producer through the fuel bed, where the hydrocarbons are decom-
posed 1n contact with the hot carbon into simple, permanent gases,
which are then cleansed and supplied to the engines.

. Gas producers for using peat as a source of power gas have been
made by several European manufacturers of gas engines. They have

S
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been for several years in successful operation in Sweden and Ger-
many, and new plants are yearly added to the list.

The producer gas obtained from peat is large in quantity, as much
as 48,000 cubic feet per ton of water-free peat substance, having a
heat value of 152 British thermal units per cubic foot, being reported.

The calorific value of producer gas from peat varies considerably,
as does that of producer gas from coal and other fuels, the variations
depending on the quality of peat used, the amount of air and steam
introduced into the producer, and the type of producer used. Ny-
strom gives the results of carefully conducted European tests to
determme the calorific value of producer gas from peat, as follows:

Calorific value of producer gas from peat.

B.t.u
per cu. ft.

From a Koerting gas producer at Skabersjo, Sweden, specially
constructed for using peat. Average of ten analyses made
by testing commission. Peat used had 32 per cent moisture. 132
From a Luther gas producer, built for usmg peat at Ofenfabrik

Koefner, Nymphenburg_.______ ___ ___ 114
From a Mond producer of the type used for bituminous coal
at Stockton, England (Caro’s report) . __________________ 145

From a Mond producer at Winnington, England (Caro’s report) 152

In this country very few records of experiments with peat in gas
producers have been published. Of these experiments the two made
in 1905 and 1906 at the fuel-testing plant of the United States Geo-
logical survey ? at St. Louis, Mo., are of importance chiefly because
they were made in a large pressure producer constructed for anthra-
cite coal and not for bituminous fuels. As in one of these experi-
ments the amount of peat used was too small for a full-test run, they
must be considered as incomplete. In the first test the gas obtained
was made from air-dried machine peat from a point near Halifax,
Mass., and its average calorific value was 166 British thermal units
per cubic foot. The second test was one of fifty hours’ duration,
using air-dried machine peat obtained near Orlando, Fla., the average
calorific value of the gas being 175 British thermal units per cubic
foot. These values are about the same as those of the producer gas
obtained from bituminous coal in tests made at the St. Louis testing
plant during the same year, in the same gas producer, and by the
same corps of testing engineers.

e Nystrom, Ii.,, Peat and lignite; their manufacture in Europe: Canada. Dept. Mines,
Ottawa, 1908, p. 227.
5 Bull. U. 8., Geol. Survey No. 290, 1906.
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Calorific value of producer gas from bitwminous coal.

B. t. u.

per cu. ft.
Indiana coal, average___________________________________. 147
Kentucky coal, average_______ .o 164
Illinois coal, average_____ . ____ . ___________ 143
Ohio coal _ . 157
Pennsylvania coal ____________________________________. 142
Virginia coal - _ . _________ e 157
North Dakota lignite___ _ o~ 161

In the 50 tests from which the foregoing figures were obtained the
gas in only five showed a greater calorific value than that of the
Massachusetts peat; and that of the Florida peat was surpassed in
but one test on coal, and that only by a single British thermal unit.

These comparisons show that the two samples of American peat
and the foreign peats referred to above were as good fuel for the gas
producer as the coals used in the tests cited. It should also be noted
that while air-dried machine peat was used in the producer tests at
the fuel-testing plant, it is quite possible to use peat with 30 to 40
per cent of moisture, and in the form of lumps of any size and shape,
as dug from the bog, for manufacturing producer gas.

Another significant feature of the tests cited above is the fact that
the single full-test run made with peat as fuel in the gas producer
gave a greater horsepower than that obtained from the best of the
coal used in the boiler tests. The same result was obtained in the
shorter run on Massachusetts peat. Too much stress must not be
laid on a single experimental run, but it seems safe to conclude that
the value of peat as a fuel is greatly increased when it is converted
into power gas in a gas producer, and that in the tests cited, under
rigid conditions, the peat, with a fuel-value ratio to bituminous coal
of 1:1.8, gave more power when gasified and used in a gas engine
than an equal weight of coal used as fuel under a steam boiler. Ap-
parently, therefore, the ideal way in which to use peat fuel for power
purposes is to convert it into producer gas and use it in the gas engine,
and that this can be 'successfully done has been demonstrated by a
number of commercial operations abroad.

The cost of installing a plant with gas producers and gas engines
is as yet somewhat greater than that of equipping with steam boilers
and engines of the same horsepower, but these differences are decreas-
ing. On the other hand, the cost of operating and maintaining the
producer plant is about one-half that of the steam plant,® because a.
smaller amount of fuel, of much poorer quality, and a smaller firing
force are required. ' ' >

The weight of dry peat required per electrical horsepower per
hour, as shown by the available records of experiments, averages
from 2 to 3 pounds, and the gas obtained from the producer may be

¢ Bull, U. 8, Geol. Survey No. 316, 1907, p. 457.
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somewhat richer in hydrogen and lower in nitrogen than that from
coal, although the hydrogen content would naturally depend on the
degree to which the free hydrogen developed was consumed in the
producer.

The principle governing the use of peat in gas producers as a source
of power gas for use in gas engines may be applied to the production
of fuel gas, in which form the energy of the peat may be economically
and satisfactorily converted into heat units for firing steam boilers,
ceramic kilns (brick, tile, pottery, etc.), lime and cement kilns, metal-
lurgical furnaces, forges, foundries, and steel, muffle, glass, ore-
roasting, and similar furnaces.¢

Peat fuel in proper form is especially valuable for metallurgical
work, being as a rule much lower in sulphur than coal or coke. Peat
that has been subjected to salt or brackish water, however, seems to
be an exception to this rule and may contain considerable sulphur,
some of which appears in the gases produced from it.

The producer in which peat is to be converted into producer gas for
any of the purposes indicated above must be designed to meet the
peculiar requirements of the fuel, and to care for the considerable
amounts of tar and other condensable matter that will be liberated as
the gasification proceeds. The form of the kilns or furnaces in
which the gas is to be burned and the method of firing them will
also have to conform to the requirements of a gaseous fuel, and men
will doubtless have to be specially trained to get the best practical
results. In general, the attempt to develop plants for utilizing gas
as fuel should be left to trained experts in gas firing and to concerns
with large capital, because much experimental work usually needs
to be done before such processes and the plants using them attain
anything like their theoretical efficiency in actual practice. It may
be said, however, that in individual plants nearly all the uses sug-
gested as possible for producer gas as fuel have been tried on a com-

mercial scale, either in Europe or in the United States, in some cases
‘with marked success, and there seems no doubt that peat gas can

be produced for any of these purposes very cheaply with a properly
designed and well-constructed producer.

CONCLUSIONS.

But little has been said in this discussion relative to the value of
peat as compared with coal and wood. In this country the records
of practical tests for comparison are few, although the analyses which
accompany this report (p. 114) give the number of heat units found
for a considerable number of small samples of Maine peat. Peat

e Wyer, S. E., Producer gas and gas producers, New York, 1907,



THE USES OF PEAT. 47

has a theoretical heating value ranging from five-eighths to five-
ninths of that of bituminous coal. It may be said, however, that the
range of British thermal units in any considerable number of coal
samples from different fields, or from different mines in the same
field, is rather large. Thus in the tests made at the fuel-testing
plant at St. Louis ¢ the thermal value in a variety of bituminous coals
from the eastern and central coal fields of the United States ranged
from 9,360 British thermal units per pound for the poorest reported
to 14,674 British thermal units for the best. Most of the coals of this
class tested gave more than 12,000 British thermal units per pound,
while the few samples of lignite tested had a range from 6.739 to
7,603 British thermal units per pound. :

Under test conditions in Europe, in comparison with steam coal
of good quality, peat when fired under boilers has been found to have
about the ratio stated above—namely, a ton of good peat is worth
about five-ninths of a ton of good coal. Under the usual methods of
firing, however, there is likely to be a greater loss of heat units from
the coal than from the peat, especmlly if the latter is in the form of
air-dried machine peat. The peat does not clinker or give off any
volatile matter in the form of black smoke. It burns up completely,
leaving only a powdery, light ash, which is small in bulk compared
with thfe original fuel. It makes a good fuel bed in the furnace, and
burns with a long, bright, clear ﬂame without smoke or sulphurous
gases, so that neither flues, gr‘ltes, nor boiler plates are corroded or
clogged. In burning peat it is of advantage not to stir the fire,
which causes the fuel to break up and drop through the grate, or to
give it too much draft, for then it burns with too great intensity.

As domestic fuel peat is.clean, can be made to burn slowly or rap-
idly, as desired, by regulating the drafts, is very easily handled, and
is so efficient that it commands a ready sale at good prices to all who
have had opportunity to try it. It would seem, therefore, that there
is a good field for its introduction and use in Maine, both for domes-
tic and manufacturing purposes. In the districts covered by this re-
port there are many small peat bogs, which, although too small for
exploitation on a large scale, could be made to furnish fuel to a single
small factory, or to a community for a long time. The principal
points to be borne in mind in such exploitation dre that the simplest
equipment that is well designed to produce the desired quantity of a
salable form of fuel is the one most likely to be successful, and that
every added process of handling adds many times to the first cost
of equipment and to the difficulties of producing an article which can
be sold for sufficient to pay the cost of preparation.

¢ Bull. U. 8. Geol. Survey No. 316, 1907, pp. 443445,



48 PEAT DEPOSITS OF MAINE.

Tt also seems probable, from present knowledge, that large peat de-
posits will be most efficiently and satisfactorily utilized by converting
the peat into producer gas and using the gas for power to run gas
engines, which, in turn, may be employed for manufacturing or for
the generation of electricity. The production of gas may have added
value where the form of the producer is such that at least the am-
monia generated by gasifying the peat may be saved and sold as a by-
> product. This process, however, may not be feasible in small plants,

for the installation and cost of maintenance is higher in proportion
for small than for large units. For all plants requiring the use of
more than 150 horsepower the use of producer gas, to be furnished
. from peat fuel, should be taken under serious consideration where
peat beds are available.

It seems apparent, from consideration of its present status and of
the long-established use of other and more familiar types of fuel,
that peat will be somewhat slowly accepted as an auxiliary fuel, and
that it is hardly probable that any large quantity will be demanded
by any industry for some time to come. It is especially adapted for
burning bricks, lime, and Portland cement, when used in the form
of powder or machine peat, and for general power purposes and
various metallurgical processes, when properly fired in the form of
gas or coke. Its greatest use, however, will probably be in domestic
consumption for heating and cooking, and from this source will ap-
parently come the most steady and extensive demand after a supply
can be had.

PEAT AS RAW MATERIAL FOR OTHER THAN FUEL MANUFACTURE.

INTRODUCTION.

The great quantities of partly decomposed vegetable matter in the
peat beds of Europe, much of it with a fibrous structure, and the low
cost at which it could be had have made these deposits for many years
the subject of investigation to determine whether they could not be
made into products that would replace those made from more ex-
pensive materials. It must be remembered that in the countries of
‘northern Europe, where these experiments have been made, raw
materials of vegetable origin of most sorts are scarce and bring a
much higher price than similar materials in this country; hence the
incentive to find substitutes is greater than with us. In the United
States potentially valuable products are lavishly used, or go to waste
because they have no commercial value and no use has been found for
them ; and it may be said that better material than peat. for some of its
proposed uses is at present wasted i n large quantltles in or near the
peat-bearing parts of the country.
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CHEMICAL BY-PRODUCTS. ‘

In discussing the production of peat coke in the preceding chapter,
the possibility of obtaining a variety of chemical substances of com-
mercial value was mentioned., These materials are actually made on
a commercial scale in Europe, by condensing and redistilling the
heavier gaseous products given off during the coking of peat. In
this country the same compounds are obtained as-by-products of
charcoal making and also to some extent recovered from coal-coking
plants and illuminating-gas producers.

The recovery of chemical by-products from the destructive dis-
tillation of any fuel requires a carefully planned recovery plant,
especially designed to handle automatically large quantities of liquids
in which the percentage of salable material is very small, with the
greatest possible economy of power and heat units. In addition, the
cost of the supervision and skilled labor necessary for operating such
recovery plants is considerably greater than it is for making less
complicated products. TFor these reasons the manufacture of acetic
acid and acetates, wood alcohol, formaldehyde, ammonia and its
compounds, phenol and creosote compounds, and the products that
can be derived from the tarry residues from peat distillation, such as
illuminating and heavy oils, paraffin wax, and asphaltum, can be
profitably undertaken only at large plants, properly designed and
constructed, sufficiently capitalized, and carefully, skillfully, and
economically managed. There seems to be no question whatever, from
the reports published, that at such plants all the chemical compounds
which have -been mentioned can be profitably made from peat, and
~ that there is a market for many of them in large and increasing
quantities. ‘ '

It is significant, that several plants erected in connection with large
lumbering operations for utilizing the waste wood in wood distilla-
tion and making the lighter compounds mentioned above hidve not
been successfully operated. The reasons for failure have been, not
that the products were not in demand at good prices nor that there
was any inherent difficulty in any of the processes, but that, so far as
could be learned, the margin of profit was so small and the expenses
of maintenance so great that the owners have preferred to close the
plants and waste the materials which they had attempted to save
or convert to other uses.

\.
ALCOHOL.

Recently there has been a revival of interest in a process by which
ethyl or “ grain ” alcohol can be obtained from peat. It has long been
known that cellulose could be broken down into sugar by proper
chemical treatment, after which the sugar could be converted into

70782—Bull. 376—09——4
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°

alcohol by fermentation induced by yeasts, as in the ordinary produc-
tion of alcohol from the commonly used cereals and fruits. The re-
vival of this process has been reported from Denmark, Sweden, and
France, where experimental factories have been established to test a
-newly discovered yeast, and from these factories have come the reports
that alcohol can be made from the coarser and less decomposed types
of peat at a total cost of 45 to 50 cents per gallon. The process, how-
ever, is apparently still in an experimental stage, and may never conie
into practical use in this country, where apples and other fruits rich
in sugar, as well as sugary waste of many kinds, are allowed to decay
in large quantities, though for a much smaller cost than would be
involved in using peat for this purpose they might be converted into
fuel alcohol.

AMMONIUM COMPOUNDS.

A process has been devised by A. Frank and N. Caro, of Char-
lottenberg, Germany,* for obtaining, as a by-product incidental to the
development of producer gas from peat, a large part of the combined
nitrogen of the peat, amounting in many cases to more than 2 per
cent of its dry weight, in the form of ammonium sulphate. In this
process the peat has to be superheated, under pressure, with an excess
of steam, which decomposes the nitrogenous compounds of the peat.
The steam and gases from the producer are conducted through pipes
to a large vertical receiver filled with some porous material. This is
kept wet with dilute sulphuric acid sprayed into the receiver at the
top, while the hot gases are drawn through it from bottom to top. In
the passage of these gases the free ammonia is brought into intimate
contact with the sulphuric acid and converted into ammonium sul-
phate. The dilute solution is drawn off at the bottom from time to
time and concentrated by evaporation, after which it may be filtered
and further purified by crystallization.

Ammonium sulphate is in rapidly increasing demand because of its
high value as a constituent of the best fertilizers, and the cost of
equipping a plant of sufficient size to manufacture it profitably from
peat on a commercial scale is the chief factor to be:considered by
those contemplating its production. By substituting other acids for
~sulphuric acid in the combining chamber other compounds of am-
monia may be obtained, but probably the sulphate is the most cheaply
prepared. '

NITRATES.

It has been reported, also from Europe, that nitrates of commercial
value, and possibly in commercial quantities, may be obtained by
sprinkling a properly constructed culture bed of peat with a dilute

@ Nystrom, ., Peat and lignite; their manufacture and uses in Europe: Canada. Dept.
Mines, Ottawa, 1908, pp. 226-227.
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solution (0.75 per cent) of ammonium sulphate and inoculating the
peat with cultures of nitrifying organisms.. By repeating the applica-
tion of ammonium sulphate five times the amount of nitrates de-
veloped amounts to more than 4 per cent. This may be washed from
the bed and purified. The peat may then be used for fuel or for dis-
tillation. Whether this process is adapted to the commercial pro- .
duction of nitrates on a large scale is not yet demonstrated, but it
presents possibilities of great importance in view of the rare occur-
rence and meager supplies of these salts, so vitally important in
agriculture. : :
PAPER.

" Peat which contains much fibrous matter has been manufactured
into paper, chiefly in a single factory established for the purpose at
Capac, Mich. The machinery for this purpose was primarily invented
in Europe, but has been brought to perfection in this plant, which is
reported by the owners to be the only one in the world. The product
thus far manufactured is cardboard of dark color but good quality,
suitable for making boxes and similar purposes. The raw material
can be bleached, but apparently the coloring matter of the peat is so
durable as to render bleaching too expensive as a commercial practice.

The chief objections to using peat as paper stock can be briefly
stated as follows: There is .much waste material, including mineral
matter, which must be handled and eliminated. Peat is usually
uneven in structure and texture, and the fibrous matter present is
small in quantity, was originally poor in texture, and has been
weakened by subsequent decay. On this account the peat fiber often
has to be enriched with wood pulp or other paper stock to produce
even poor grades of paper. It is difficult to bleach, so that only coarse
paper and cardboard can be manufactured. Most types of peat con-
tain very little fiber and are too thoroughly decayed for use as paper
stock. _

It is probable that less than 10 per cent of the peat deposits of
Maine are suitable for paper making. Probably the only kind of
bog which should be considered suitable for this purpose is one which
has been built up from the bottom by successive layers of grasslike
plants to a considerable depth and over a large area. The bogs with
a thin stratum, 3 to 4 feet in thickness, of mossy, fibrous, or woody
peat at the top and structureless material below would be of small if
any value for paper making; nor would those of small area be avail-
able, as the cost of equipping a paper mill is large. -

Paper and pasteboard made from mixtures of varying amounts of
peat fiber and wood pulp have been produced from time to time in
several countries in Europe, but generally the manufacture has not
been continued beyond the experimental stages, because of the high
cost of reducing the peat fiber to a condition suitable for use.
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WOVEN FABRICS.

The stronger fibers from the more fibrous kinds of peat may be
separated and cleansed from the surrounding material, and, after
treatment which renders them pliable, they may be woven into fabrics.
The most succéssful experimental use for this kind of cloth has been
as blankets for horses and other live stock.

It has been recently reported from Europe, also, that the fiber
obtained from the remains of the sedges which frequently grow in
moss bogs is collected by hand from the material as it is run through
disintegrating machinery for making a fiber that is used in adulterat-
ing silk threads and fabrics, a purpose for which it is in growing
demand. : ‘

ARTIFICIAL WOOD..

Closely resembling heavy paper is a material called “heloxyl,”
made by compressing fibrous types of peat and hardening the result-
ing material by special treatment into sheets, blocks, and other forms
for structural purposes. The material is light, compact, waterproof,
and a nonconductor of sound, vibrations, and heat, and could be made
fireproof by the introduction of mineral matter; it is also readily
glued, nailed, and painted, and because of these properties, as well
as its strength and lightness, makes good finishing material.

Artificial wood, made by mixing fibrous peat with certain mineral
cements and compressing it, has also been made in a small way in
Germany. The material can be molded into any desired form, is non-
combustible, does not absorb water, and is so tough and hard that
it is said to make good and durable pavmg blocks and flooring, as
well as a desirable substitute for wood in most of its or dlnarv uses.

MA'I'I‘RESSES AND SANITARY APPLIANCES.

Moss peat and ‘material which has been selected and cleansed of
sticks and other coarse matter may be made into mattresses and
dressing for wounds. The absorbent, deodorizing, and antiseptic
properties of peat make it good material for these uses. The mat-
tresses are said to be especially valuable for hospitals, for they are
light in weight, resilient, soft, inodorous, and very cheap, so that
they can be renewed at small cost.

The material used for dressing wounds needs more thorough
preparation than that intended for mattresses, as it must be freed
from all dirt and woody matter, and 1t is doubtful on the whole, if
it possesses sufficient superiority to substances now in general use
for the same purpose to warrant the attempt to introduce it.
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MOSS LITTER AND MULL.

A much more general use for the more fibrous kinds of peat in
Europe is for bedding for stock, and in the form of powder or mull,
for various absorbent and deodorizing uses.

Moss or peat litter is hardly to be classed as a manufactured prod-
uct, as the common processes of preparing it consist chiefly of gather- -
ing the peat in a partly dried condition, tearing it up by the use of
simple machinery, and after passing it through rotary screens to
separate the finer material or mull from the coarser, drying it arti-
ficially, and packing it in bales. This material is capable of -
absorbing much larger amounts of moisture in proportion to its
weight than any other substance in general use for stock bedding. It
is a good deodorizer and almost entirely prevents the decomposition
of the nitrogenous and other organic substances in the manure. In
addition, it is reported to be springy and durable and to keep the
feet of the animals which stand on it in perfectly healthy condition.

At the present time considerable litter of this sort is imported
from Holland and other countries of northern and western Europe,
amounting in 1905 to more than 8,000 tons. It has been made for
several years past at a single plant at Garrett, Ind., and the demand
for the product of this plant is rapidly increasing.

In 1895 an attempt was made to establish an industry of this sort
in New Brunswick, not far from the eastern boundary of Maine, but
unfortunately the plant was burned when near completion, and only
recently has it been possible to plan for rebuilding. It is reported
that the plant will be fully equipped and ready for operation in 1909.

Many of the peat bogs of Maine are favorably situated for manu-
facturing this material and the peat is admirably adapted for the use,
to judge from the imported product, which is composed chiefly of
poorly decomposed sphagnum moss and other herbaceous plants and
is of a light-brown color when dry. The cost of equipping and estab-
lishing a plant for making moss litter is not large, as compared with
that of the more complicated fuel-making plants, the machinery being
inexpensive and of considerably lighter construction. For larger
plants some form of efficient artificial drier should be provided to
complete the drying of the peat after it is dried as much as possible
on the surface of the bog. It will be entirely unnecessary to reduce
the moisture below 15 to 18 per cent, however, before baling, as when
dried below this point the peat will rapidly take up moisture until it
contains as much as it can absorb from the air—from 15 to 25 per
cent, according to the relative humidity of the air in the locality.

The litter after preparation is shipped in highly compressed, bur-
lap-covered bales and brings a good price in the markets, generally
much better than could be obtained for the fuel resulting from the
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same expenditure of time and the preparation of the same weight of
peat.

Peat litter should not only have a large use in mty stables, but
ought to be used in dairy barns, where its deodorizing, absorbent, and
disinfecting properties would make it much more valuable than any
other material now commonly used for the purpose.

The mull, consisting of the finer parts of the peat screened out
from the litter, is much used in those European countries where it is
produced as an absorbent and wherever a cheap deodorizer is desired.
It is very satisfactory for use in place of more expensive chemical
" substances for outhouses, earth closets, cesspools, and similar sani-
tary structures, where comprehenswe sewer systems have not been
constructed.

On the whole, these products, simple as they are and requiring no.
large outlay of capital, present the greatest possibilities for paying
investment to owners of peat deposits in Maine, because they are
easily and cheaply made, the peat is generally adapted to their manu-,
facture, and they are already on the market and favorably known to
many dealers and consumers.

PACKING MATERIAL.

~ Peat prepared in about the same way as the moss litter is largely
used in Ilurope for packing fragile and perishable articles, and there
seems no reason why it can not be used for the same purposes in this
country, where much more expensive substances are now employed.
Tts use might be extended to include the packing of eggs and fruits
for cold storage. The antiseptic power of the peat should add to its
value for this purpose, although an exhaustive series of carefully

planned experiments with the proposed packing material, in various
forms and with varying water content, is needed before any con-
siderable investment is made to produce it on a commercial scale. It
is successfully used instead of sawdust for packing ice.

FERTILIZER FILLER.

The most extensive and successful use of peat as the base of a
commercial product sold in large quantities in the open market in
this country is as a “filler,” or adulterant, in artificial fertilizers.
This filler should not be regarded, however, as a harmful adulterant,
but rather as a diluent, or in some cases perhaps as a necessary con-
stituent of the mixture into which it is introduced, as it improves the
whole, both mechanically and chemically. It also permits the use of
many kinds of waste animal matter, rich in valuable nitrogenous com-
pounds, which could not be used otherwise, because they absorb water
from the air, give off offensive odors, and soon decay, their nitrog-
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enous contents being dissipated as gases, especially ammonia. The
advocates of its use claim that peat prevents the loss of nitrogen by
checking the decomposition of organic compounds and by absorbing
free ammonia, if this is developed ; and that it also adds to the soil a
small amount of organic matter, the slow decomposition of which
furnishes plant food and increases water-holding capacity.

On the othier hand, the peat adds to the fertilizer analysis a certain
amount of nitrogen which is said not to be immediately available for
plants, and, as nitrogen is the most costly constituent of all ferti-
lizers, most agricultural chemists object to this featurc. Recent ex-
periments seem to show, however, that at least one-third of the
nitrogen in peat is immediately available for plants.

The processes of preparation of peat filler are even simpler than
those for peat litter. The peat is dug or plowed up, allowed to drain
and become as nearly air dry as may be, after which it is dried artifi-
cially to a low moisture content, often in a rotary drier, ground into
powder, and shipped in bags. ' The grinding may be done before
the artificial drying and it is reported that in some plants suction
collectors, mentioned above (p. 36), have been used very satisfactorily
in gathering the peat from the properly prepared surface of the bog.
The blacker, more highly. decomposed peats are most in demand for
this ugse, because they generally contain a larger percentage of nitro-
gen than others. It is probable that the peat may be improved in
this respect by plowing it and allowing it to remain exposed to the
air for a year, or at least through the winter.

The cost of fully equipping a plant for making peat into fertilizer
filler is probably not less than that for making machine peat, but
because of the established market a good product, of sufficient weight
and of high nitrogen content, commands a ready sale at considerably
higher prices than the machine peat would bring as fuel.

CONCLUSIONS.

Peat is available for any of the uses cited in this discussion and
some others which have not been considered here, but it can hardly
be classed.as a satisfactory raw material for making the more com-

‘plicated products, under the usual conditions existing in Maine,

where other and established substances are already to be had in any
desired quantity and at satisfactory prices. Moreover, these prod-
ucts can be obtained from peat only by large investment of capital,
and as a rule they can not be manufactured before the plant has
passed through a long experimental period, which must be properly
provided for by a considerable fund established for this purpose.
The simpler products—peat litter, mull, mattresses, packing ma-
terial, and fertilizer filler—have a much greater chance of being

M
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quickly made profitable, for some of them are already on the market
and present uses for which the peat is especially adapted. Moreover,
the processes of preparation are simple; a moderate expenditure will
fully equip a plant for their manufacture with tested machinery; and
"it is unnecessary to provide for a long experimental development.

It is apparent, therefore, that the more fibrous kinds of peat, which
are abundant in Maine, may be put to a number of profitable uses
besides making them into fuel, and that the black, plastic types have
other possibilities.

PEAT IN AGRICULTURE.

INTRODUCTION.

The utilization of peat in agriculture is very important in a State
having such large areas of peat and swamp land as Maine. It
can be fully discussed only after a large number of practical ex-
periments, on a large scale, have been made, to determine the
availability of this sort of land, under the existing climate, for
various kinds of corps. In Europe these matters have been made the
subjects of most careful and exhaustive study by trained specialists,
generally working under the auspices of a society made up of farm-
ers, landholders, and others who are interested, and aided by definite
government appropriations. The work is carried on systematically
at suitably located experiment stations, where tests of all kinds are
made. Nothing of this sort has been attempted in the United States
except at a few of the agricultural experiment stations.

fel

SOIL FOR CROPS.

In the natural condition peat is too wet to be worked, and before
any crop plant can be made to grow upon it the surface must be
cleared and the water level lowered by effective ditching and drain-
ing. In general, after this has been accomplished, the surface layers
of the peat are found to be coarse in texture and often full of partly
decayed stumps, roots, and other woody débris, which must be re-
moved. The coarse-textured peat dries out very readily and affords
but a small amount of plant food, so that after a short time, or dur-
ing unfavorable seasons, crops fail to grow upon it. Often swamps
are cleared, drained, and cultivated for a brief period at considerable
expense and-then abandoned because they are, as a rule, unproductive.

Aside from the coarseness and consequent poverty in moisture and
plant food of peat soils, an important cause of failure seems to be
the attempt to grow crops which are not adapted to them. Extended
observation in various parts of the country where peat soils are
common apparently indicates that after one or two crops have been
taken from newly cleared peat land grass is most likely to yield good
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crops for a number of years, until the surface layers are blackened
and disintegrated into a fine-grained, homogeneous mass. Crops of
various kinds may then be raised, but these should be such as can
stand cold nights and early frosts without injury and will not be
greatly harmed by drought. Some truck crops, such as celery, cab-
bage, and other vegetables, seem especially to ’hrlve on well-black-
ened peat, and often yield large returns.

Peat soils generally need mineral fertilizers, as they contain little
available mineral matter, and barnyard manure is often very effective
in adding to their productiveness, both because it adds material
which is lacking to the peat and because, apparently, it hastens the
decomposition of the peat by introducing the fung1 and bacteria
that cause decay. °

In some parts of the country peat soils are among the most pro-
ductive of all, yielding large crops year after year with no more care
than is required to obtain inferior production from other kinds of
soil. In such places, however, the peat is of the thoroughly decom-
posed black type, and it seems generally true that the brown, fibrous
kinds, such as are common in Maine, are not very fertile until they
have been cultivated or, after draining, exposed to the weathering
agents for some years.

FERTILIZER.

Muck, or peat, has been employed for a long time by the farmers of
Maine as an auxiliary fertilizing material, either by applying it di-
rectly to the land or by using it in connection with other fertilizers, es-
pecially in composts with barnyard or stable manure. This practice is
justified by the composition of the peat, which in many places contains
from 2 to 3 per cent of combined nitrogen, besides other organic mat-
ter, and, when properly applied, adds to the humus and hence to the
water-holding power of the soil.

To get the best results from peat for these purposes it should be dug
and left on the bog for a time to dry out and disintegrate thoroughly.
This not only gets rid of the water, but renders the peat more absorb-
ent and in better form to be mixed with the soil. It also renders the
nitrogenous matter more immediately available for the use of the
growing crops. If dug wet and spread over the land in this condition,
the peat may dry into hard, tough lamps that are of no more value to
the land than stones or blocks of wood. Aside from this, it must be
remembered that a ton of peat as it is taken wet from the bog contains
only about 225 pounds of usable material, and that in this quantity"
there is not enough fertilizing substance to justify the labor of get-
ting it. On the other hand, the dry material which may be obtained
" by digging out the peat in the fall and letting it lie on the bog until
the next fall will yield excellent returns, especially if it is properly -
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composted .with coarse manure before applying it to the land. The
composting should be done in the ordinary way, by stacking the peat
in thin layers, alternating with layers of stable refuse to a depth of
several feet, and allowing the heap to stand for several months, turn-
ing over the whole at least once during the time.

ABSORBENT AND DISINFECTANT.

The air-dried peat may be used to even better advantage as an ab-
sorbent of the valuable nitrogenous liquids of stables and barnyards,
which are ordinarily allowed to go to waste. For this purpose the
dried peat needs simply to be piled up under cover until used, when it
may be spread over the barnyard in layers, as needed. If used in the
stables, 1t will not only act as an absorbent of liquids, but, as it checks
decomposition and absorbs gases, it will be a more or less effective
deodorizer.

Dry, powdery peat may also be used for all the purposes for which
peat mull is recommended above, and is greatly superior for most of
them to lime, ashes, or the more expensive chemical compounds used
for deodorizers and disinfectants. It is nearly an ideal material for
use in earth closets and in other receptacles for moist, waste organic
matter, and its value to every farm dweller for these and similar uses
is far in excess of the cost of gathering and preparation.

BEDDING FOR STOCK.

Dry peat, if free from sticks and hard lumps, may be successfully
“used for bedding for all sorts of live stock, equaling for this purpose
the more carefully prepared peat or moss litter, all of whose proper-
ties it possesses. When used for bedding, the thoroughly dried peat
'should be packed firmly on the floor of the stalls, or standing room,
to a depth of 3 inches or more. If well prepared and kept clean, such
a bed will last without renewal for several months, furnishing an
elastic and spongy standing room and bed, which absorbs and keeps
down the usual odors of the stable to a marked degree. Wet peat
should not be used for this purpose.

PROTECTION FOR UNDERGROUND AND EXPOSED WATER PIPES.

As dry, fibrous peat is a good nonconductor of heat, it may be used
satisfactorily to cover water pipes to protect them from freezing.
. Peat is probably superior for this purpose to straw and similar mate-
rials commonly used, being more durable and, if properly dried, more
absorbent, so that it would not lose its protective properties so quickly
when laid down in a wet place. The only preparation needed is dry-
ing, and it is evident that the tough, spongelike turf, or uppermost
layers of moss peat, would be especially desirable for this use, as
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they afford large air spaces between the fibers and thus give better
protection than more compact material. Such peat should also be
good packing for insulation between the walls of refrlgerators, ice
houses, and similar structures.

STOCK XOOD.

In Europe peat mull and peat fiber, prepared from moss and sedge
peat, have been used as the bases for the preparation of certain kinds
of condimental stock foods. The chief ingredient in these prepara-
tions, besides the peat, is the uncrystallizable residue or molasses from
beet-sugar factories. This molasses has a certain food value, but
is- difficult to feed because of its stickiness and liquid condition,
and the peat is added to obviate these difficulties. Actual analyses
by reputable agricultural chemists show that this material has a two-
fold use—it is eagerly eaten by the cattle, and thus stimulates them
to eat more than they otherwise would of fattening food, and the
peat itself adds a small amount of proteid substance to the food.

It must be said, however, that the weight of evidence gathered by
the agricultural experiment stations in the United States seems to
show that stock foods of this type are to be considered as more in the
nature of condiments, or stimulants, than as true foods, and otten
do not give returns sufficient to warrant their unse.

PACKING MATERIAL.

Air-dried peat could also be used to advantage for packing eggs,
fruit, and vegetables for storage in bins, pits, cellars, or other recep-
tacles. Its nonconducting properties would keep an even termpera-
ture and prevent freezing and the shrinkage due to evaporation,
while any water given off would be absorbed. Perishable articles
packed in this material would not be absolutely protected from
decay, for this is caused by microscopic plants, the germs of which
are generally introduced before the articles are packed. Uninfected
fruit, however, would not be spoiled by contact with that already

inocunlated, as is. often the case in the usual methods of packing,

because peat is sufficiently antiseptic to prevent the growth of the
rot-producing fungi through it, and the reproductive bodies could not
pass from point to point as they do through air spaces.

PEAT ASHES.

A question is often raised as to the value of peat ashes. In general,
it may be said that they are not nearly so valuable as those obcained
from wood, as they contain a disproportionately large percentage of
silica and a very small amount of phosphoric acid and potash. The
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silica probably comes from fine, silty sediments in the water in which
the peat was formed ; it has practically no value in plant growth, and
is the most abundant constituent of most soils. The small proportion
of other mineral constituents in peat ash is probably tu be attributed
to the lack of the remains of woody plants, inasmuch as the mosses
and other herbaceous plants, which are the chief peat formers, usually
accumulate less mineral matter in their cell walls than the shrubs and
trees.

Therefore, although at times it may be advisable to burn over the
surface of peat beds to remove, quickly and cheaply the surface cover-
ing of vegetation, it is a great mistake to burn the peat for the sake
of getting the ashes, which are almost worthless for agricultural pur-
poses, compared with the high value of the peat itself for any of the
uses which have been mentioned in this discussion.

CONCLUSIONS.

Peat Jand may be profitably cultivated if the right crops are chosen,
and if the peat is sufficiently drained, fertilized, and decomposed.
Many peat swamps in Maine are, however, of a type which it would
hardly pay to try to cultivate, as the peat is very poorly decomposed
and would be a long time in reaching the state where it would be safe
to use it for most crops.

On the other hand, even poorly decomposed peat may be very profit-
ably used in many ways on the farm to increase the fertility of the
land and incidentally to add indirectly to its productiveness, by con-
serving and preserving other more salable articles, or by absolutely
saving valuable waste matter which could not otherwise be kept.

METHODS OF TESTING MAINE BOGS.

The methods and tools used in testing for peat during the field work
covered by this report were very simple. In fixing the location of
borings, distances were usually determined by pacing and bearings
were taken with a Brunton pocket transit. The boring was done with
an ordinaly ship auger attached to 21 feet of %-inch gas pipe. The
pipe was in 3-foot lengths which could be connected by couplings.
- This facilitated handling the auger a and pelmltted depths to be easily
estimated by simply counting the number of lengths of pipe used.
One foot of similar pipe attached at its middle point to a T-coupling
served as a handle. A picture of the auger is shown in Plate III, B.
It was found that by means of this auger peat samples could be col-
lected from any desired depth up to 21 feet, the peat only rarely
being too fluid to cling to the auger. The ship auger possesses an
advantage over augers of the ordinary type in that<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>