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PART IIL

ECONOMICS OF PEAT.

MISCELLANEOUS USES OF PEAT.

Introductery: Peat is a substance of sach common and abundant oc-
curvence in the regiong where it is found at all, and varies so much in
texture and purity that it is not remarkable that it should be put to a
variety of uses for which its composition, structure and other properties
mwake it more or less perfectly fitted, especially in countries where other
forms of raw materials ave scarce and expensive, and where there is an
abundance of various types of peat.

Uses in Agriculturc: Loug before it was considered as a source of
manufactured material, however, it was used as a soil upon which to
egrow crops, and in a number of other ways by the farmers, and methods
of improving “swamp,” “marsh,” “moor,” “fen” and “muck” lands have
been important problems in agriculture from earvly times. Some geolo-
giste, and others, make a technical distinction between muck and peat,
applying the name peat only to nearly pure deposits of vegetable matter,
while the name muck is given to those which have a considerable ad-
mixture of mineral matter in the form of mud or other finely divided
rock débris, but among the farmers of Michigan and adjoining regions
no such distinction is made and all classes of soil, from pure peat, to that
with much mineral matter inixed with it, are called muck.

Importance of Muck Scoils in Mickigan Agriculture: Swamp lands,
largely covered by peat and muck, are estimated according to Towar!
to form one seventh of the entire arvea of Michigan, and since they are
quite uniformly spread over the agricultural regions of the state, so that
most farms of 100 acres or more have some part of their surface of this
type of soil, it is apparent that they furnish a problem of some magni-
tude.

In the early days of farming in the state, these areas were considered
.worthless and were left in a wild and much neglected condition, as many
still are, but as the higher and dryer lands have become less productive,
and through improved conditions, drainage of swamps has become possi-
ble, the muck soils have attracted more and more of the attention of pro-
gressive farmers, and from being considered nearly worthless, and entirely

WTowar, J. D., Loc. cit.
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unproductive, they are now recognized as valuable and highly productive
tvpes of soil for many crops, and it is as farm land, perhaps, that peat
will yield the largest returns. In spite of this fact, however, there are
still great areas of such land in Michigan in a wild condition, which
if they could be reclaimed, would add largely to the total wealth of the
state, and to the individual resources of the owners.

Difiiculties in Growing Crops in Muck Soils: It is apparent that
there must be some reasons why swamp lands are neglected to such an ex-
tent, and these appear, when it is learned that in many cases there are
serious difficulties encountered in securing paying crops from soils of this
type, after they have been made ready for cultivation.

The causes of these difficulties naturally group themselves under the
following heads:

(1) Those due to situation.

(2) Those due to the nature of the soil itself.

(8) Those due to impurities in the soil.

(4) Those due to unwise choice of crops.

Under (1) the following must be considered:

(a). The swamp is such because it lies in a situation where the
ground water level rises nearly to, quite to, or above the sarface of the
ground, which causes the soil to be excessively wet.

(b). Swamps are usnally located in depressions, and as cold air
flows down hill just as water does, it accumulates over the swamps and
causes unseasonable frosts during cool nights in the summer time.

(2) Peculiarities of the muck which give trouble are:

(a). The retention of vegetable structure, which gives it great power
to take up and hold water, as is shown by the following table quoted by
Carpenter' from Schubler, which gives the amount of water absorbed
and retained without dripping by 100 pounds of the following soils:

Ponnds of water Per eent of evapo-
retained. ration in 4 hours.
Quartz sand ............ 25 88.4
Lime sand.............. 29 75.9
Clay soil................ 40 52.0
Heavy clay.............. 61 34.9
Muck .........coout. 181 25.5
Coarse peat .......377 to 519

The muck holds more then seven times as much as the sand and three
times as much as the heavy clay.

(b). This water-holding property of muck makes it cold under ordi-
nary moist conditions, since before the soil can be warmed the water
which it holds must be warmed also.

(¢). On the other hand, when dry, muck heats up very quickly, and
radiates its acquired heat more rapidly than any other soil, making it
very warm during the day and cold at night.

(d). When it has become thoroughly dried out, peat is often powdery,
and very porous, and the dried particles become to a considerable de-
gree, impervious to water, so that in dry times it does not readily be-

1Carpenter, R. C., Report Mich. Bd. of Agriculture, Lansing, 1886, p. 158.
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come wet after it has once dried oui. This property taken in connec-
tion with (¢) makes it especially havd fo deal with in times of drought.

{e). As has been pointed out in another place (page 214) peat may
seem quite moist, and yet, because the wafer it contains is held in the
remains of plant cells and tissnes of which it is made, this is not avail-
able for absorption by the roots of growing plants.

{f). Because of its loose structure and lack of firmmness and com-
pactness when dry, it does not give good root hold to erops which grow
tatl.

(g). Because it is 8o wet duving the fall and spring, when freezing
and thawing are going on, crop planis wintered upon this fype of soil
are very liable to injury from frost “heaving.”

{h). While very rich in plant foods, muck soiis have some of the most
important of these so combined with other substances that they are not
readily avaiiable to the growing plants.

In this connection attention should be called to the work of the
European bog and swamp culture societies and the excellent work which
they have done and arve doing in bringing large areas of unpro-
ductive moors and swamps into such condition that crops of some kinds
can be raised on them. Since, however, Iluropean eonditions of climate,
of land holding, of labor, of crop production, and of markets arve unlike
ours, the methods used there can only be used in a general way heve, but
the thoroughness of the investigation of these societies, their wide scope
and the excellent results make it seem that the work done by them should
be followed in this country by that of similar organizations among land
owners and farmers.

{3) The impurities injurious to crops which accumulate in peaty
soils are of two classes, as follows:

{a). Organic acids.

(b). Mineral salts. ~

{a). It is a matter of common observation that muck soils are
frequently so sour that they cannot be used for certain crops. This is due,
in part, at least, to the presence of organic acids which are formed during
the decomposition of the plant remains of which the muck is eomposed.
The sourness seems o be due chiefly to humous acids, but ulmic acid is
present in the browner types of peat and it is probable that tannic and
other organic acids occur in small quantities. As all of these com-
pounds are poisonous to a greater or less extent, it is evident that their
presence is undesirable and may be harmful to particular plants.

(b). Of the mineral salts which vceur in peat, and which are com-
mon in Michigan, ferrous sulphate or sulphate of iron, seers to be the
most injurious to crop plants and somectimes makes the soil entirely use-
less. This is most often found in peat formed around springs and upon
springy slopes, and the iron is doubtless derived from the water of the
springs in which it exists as the earbonate.

Another soluble salt which is poisonous to crops is magnesinm car-
bonate, probably derived from the soil below the peat and brought to
the surface by capillary action, during the process of cultivation. This
substance gives an alkaline reaction to the soil in which it is present, and
is more likely to appear in injuricus quantities after the soil has been
cultivated for some time.

(4) TFrom the consideration given above, it is cvident that swamp
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muck as a type of soil is not adapted to all kinds of creps, and moreover,
all deposits cannot be treated alike, if satisfactory results are to be
obtained from them after thev are prepaved for use. It must be re-
membered therefore, that it is often necessary for the owner of a picce of
such land to make a special study of its possgibilities and peenlinvities
before he can realize its full value and productivity.

In a large number of cases, for some vears after reclamation, the sur-
face of swamp land will be ecouarse textured and loose, beeause of the
imperfect decomposition of the upper layvers of the deposit, which adds
to the dif 1(x1lt\ of utilizing it to the best advantage, and it ls probabie
that grass for hav or pasturage will generally give the most satisfactory
restulits during the period while the surface is settling and becoming
compacted and the coarse material broken down into that suffic dently fine
for best agrienltural use.

4../(3[./10123 Used in Reclabming Swamp Lands: 1t is not the place here
to go into the details ()f the methods of preparing swamyp lands for profit-
able agrienlture, but a statement of one essential may not be out of place.
This is effectual and wm];l(*!e drainage, no simple matter, it is true, but
without this, all authorities agree and experience shows that nothing
watistactory can be done. : ‘

Such soils should never be set on fire to improve their texture or com-
position. This point is enforced very strougly by the reply of the late
Dr R. . Kedzie to a question as to the d(]Vl“‘lblth of this practice,
put to himn at a Farmers’ Institute in which he said in his emphatic
way, “You might as well burn down your barn in ovder to sell the ashes.”

Of the many papers contained in the reports of the Michigan Board of
Agriculture, discussing wmethods of handling this kind of soils and of
ﬁttmn ‘rhom for farming dnd also giving results of actual experiments
upon them in various parts of the state, the following are especially to be
cited :

Carpenter, R. (.: The Lmprovement of Muck Swamps.
Report Mich. Board of Agriculture 1886, p. 154.
Rowe, W. A.: Treatment of Peaty Soils after Drainage. 1886, p. 175.
Kedzie, . C.: Management of Swamps.
julletin 115, Mich., Agricultural Bxp. Station.
Also in Report Mich. Bd. of Agric. 1895, p. 371,
Crozier, A. A.: Wheat on Muck Land.
Bulletin 141, Mich. Agricultural IXxp. Station.
Also, in I_w,pmt of Mich. Bd. of Agric. 1897, p. 284,
Towar, J. D.: Mueck Experiments.
Balletin 181, Mich. Mgricultural IExp. Station.
Also, in Report Mich. Bd. of Agrie. 1940, p. 275.
Towar, J. D.: DBeet Lxperiments on Muck Land.
Bulletin 179, Mich. Agricultwral xp. Station.
Also, in Report Mich. Bd. of Agric. 1900, p. 235.

Many other veferences may be found by consulting the index to the
Reports from 1849-1888.

In Holland, large areas of bog, after the peat has been used for fuel,
are diked and drained, and make excellent farming lands, which sup-
port a considerable population.
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Peut as a Pertilizer: Next in lmportance, so far as agriculiure is
concerned, to its use as a soil upon which to grow crops, peat has a well-
recognized value as a fertilizer for other k ndq of soil, particularly for
those which are deficient in organic matter. When used for this pur-
pose, it is either applied divectly to the soil 1o Le enriched, or after
composting it with stable or barn-yard manure. a ver ¥ d(*sn‘d le prac-
tice for which its great absorbent !JU‘\\ e especially fits If used with-
out compaosting, it should be well rotted and in cond 1T.<m such that it
crumbles readily when it is air dey, nut in the form of hard lumps or
stringy clods, aud in order to veduee the couvser kinds to this (-011(7'5—
tion, it should be piled in heaps and left exposed to the weather for :
year or longer, until it loses its fibrous character and breaks down mto
the finer grained, morve frinble condition. The same exposure to the
air and weather should be given the black, wet and sticky peat which
is found in bogs below the water level, for if it is taken to the bog and
put upon the ficlds in lamps, it dries into hard masses and clods,
which arve very difficult to break up when once they have dried
hardened, and are of no benefit whatever to the iand.  Tf. however,
material is thrown ounf upon the surface of the bog in heaps and al-
lowed to drain and dry and to be exposed to freezing and thawing
throngh the winter, it becomes thoroughly disintegrated and powdery,
and then may be used with good effect. The drying out upon the bog
also makes the handling the materiad =0 mueh the cheaper, since the
peat loses a large part of the water which it has in the bog, offen
amounting tq more than 93% of the weight of {he whole load, the
handling and hauling of which is in large part, waste work. If a
block of this black sticky peat is taken hnm the bog and measured and
weighed before it has u(‘( ome dry, and then after, the imporiance of
ﬂus way of treating it will become apparent. .

If used as material for composting, peat is mixed in alternate lavers
with about equal bulk of stable orv havn- vard manure, to which may be
added weeds, straw, or any kind of undecomposed vegetable or animal
matter, piled in heaps. The fermentation of the manure induces chen-
ical changes in the pelf also, and these changes make available to crops
the nlfmoen which is present in the peat in an unusable form, as well
as other \d]lldbl(’, constituents.

The peat also absorbs and holds a (()nxulor ible part of the ammonia
which is set free in the processes of dee ompom ion, and which would
otherwise escape info the air and be lo%t Because (\f its power to take
up and hold lguids, it prevents leaching of the more easily soluble
solids, some of which ave very valuable plam foods, and holds them in
such a jeanner that they ave saved to be used by the crops. If used in
this way a load of dry peat may well be rated, as it often is, as valuable
as a load of stable manure.

The following analyses of the Michigan ecelery soils show how rich
the peaty types of soil are in nitrogen and in other essential elements
for the growth of crop plants. In these soils, which ave low-grade p(*‘
the amount of mineral matter. as shown by the sand and silieates
much larger than in pure peats. but as they arve from typical ]ocallhe.&
where extensive use is made of the muck soils, they serve for illustration
here.?

and
this

1Bulletin 99, Mich. Agricultural Exp. Station, Lansing, 1893, p. 12, ,
38



294 MICHIGAN SURVEY, 1906.

Walamazoo Celery Roil, from Kalamazoo, Mich.

Parts per 100.

Sand and silicates ... P 19.16
ATUIINA oo e e s R 140
Oxide of IPON . o e 3.94
T e e e 6.09
Magnesin . ... L1
POtash . e e e 34
1016 12 N PV 38
Sulphuric acid ... o o o 1.31
Phosphoric acld ... 0 i e .88
Marbonic acid .. e e 1.95
Organic matter containing 2.53 nitrogen......... 63.76
Water ... ... e 6.51

Grand FHaven Celery Soil, from Grand Haven, Mwh

Parts per 100.

Sand and silicates ... .. e e e e 24.09
Alaming ... . oo e e e 1.71
Oxide of iron ........... e N 3.52
Lime .......... e e e 2.02
Magnesia ...... e e 62
Potash ... e e .20
1% 7 2 WP 33
Sulphuric acid ....... e e e 1.04
Phosphoric aeid ............ 69
Carbonic acid . e e e R 1.05
Organic matter contalnmfr 2.32 nitrogen...... o 61.73
Water .......... e e e 10.85

Newherry Celery Soil, from Newberry, Luce Co., Michigan.
Parts per 100.

Sand and silicates ....... e e 24.56
Alamina .......... e 2.21
Oxide of iron ....... e s e 1.30
Lime ........... e S e 418
Magnesia ......... e R 5
Potash .......... e e 42
Soda ............ e e e A0
Sulphuric acid .......... P kv
Phosphoric acid ........ e R 46
Carbonic acid . ...t e . 1.10
Organic matter containing 1.75 nitrogen. . ... e 63.75
Water ....... R e e e e T.31

Tn a discussion before the Michigan Horticultural Society, Dr. B. C.
Kedzie," than whom we have no higher authority in agric ultaral chem-
istry in this eountry, said in I’@"“al‘d to use ot muck for Pompmhlw:

S

t Kedzie, R. C., Report Mich, State Hort. Soc., 1883, p. 168.
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“Barn-yvard manure composted with equal volume of powdery piuek,
by placing these materinls in alternate layers. then shoveling it all
over once, in the spring, a month before it goes to the garden or field,
witl give donble the volume of the manure scarcely inferior to well
cotted harn-vard manwre.  Sueh composting is not a process of dita-
don bnt o sabstantial addition of mamwwnial matter. Muek contains
nearly the same quantity of combined nitrogen (29 as well-votted
manuvre, but this nitrogen is in the inert or inaective form. By com-
pogition with baru-yard manure. the active fermentation of the snimal
zed matter induces fermentation of the muck and some of the nitrogen
i= made active.”

Stable and Bara-yard Litter:  Peat may not only be used as conmpost-
ing material {o excellent advantage, but also it hag extensive use in
Zurope, aud a morve limited one in this country, (1) as stabie ltter
and bedding for horses and stock, and (2) it is drawn into barn-ynrds
and used theve as an absorbent and deodovizer. (1) For bedding and
stable litter, the best kind of material secis to be the coarse. top lavers
of the peat bogs, including the conyse mosses and grass-like plants which
often make up the suvface covering.  In some cases diy, powdery peat is
used, especially where a deodorizer is wanted. but the ideal material
for bedding is the Sphagnum mess litter. This is very Heght in weight
and frow nearly white to fight brown in color, when dry, absorbs iarge
quantities of moisture in proportion to its bulk, and forms a springy
fayer, which is not surpassed by any other matevial nsed for the pur-
pose.  Aside from these qualities, it is a powerful deodorizer, and a dis-
infectant of sonie value, and accumulates and holds, to @ marked degiee,
the nitrogenous materials of the manure, most of which arve cntively
wasted in ordinary practice. This material should be especially valuable
for use in cities, and for bedding in dairy barns where odovs, all Linds
of germs, and dirt of all sorls, should be reduced to the smallest DOs-
sible quantity, il the clesnliness and healthfulness, and consequently
the valune of the product and the health of the stock, and that of the
patrons, are to be regarded. Tt could also be used by lumber companies
fer bedding horses at the camps in winter.

This form of litter is already in nse in some of the large cities along
the coast, being so highly valued that if is mmported from Itnrope, and
there seems no reason why large quantities of it should not be used in
Michigan, where it is an abuadant natural product, now almost erntirely
unused, or even wantouly wasied by periodical burning., At the present
writing, a single establishment has put this material upon the market
in a few places in limited amounts. This is the plant of the Bancroft
Peat Tuel and Cement Company, Lt'd., located at Bancroft.

As It appears upon ihe market, the material i compressed in a
dried state into bales, which makes it easy to handle and ship.  The
peat, usually the top layers, because too fibrous and coarse for other
uses, and the mosses and finer vegetation growing upon them, may be
prepaved for litter in any disinfegrator or fiber picker, o1 even in a
eorn shredder. With a hand machine, such as se made in several nlaces
in Germany, by Martin of Offenberg, or Paul Reuss, Artem, Germany,
two men can prepare several tons of peat litter in a day. With a shred-
ding machine or mill for grinding up furfy peat, and combined with a
sifting machine to get rid of the fine dust and divt, the air-dried peat
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of the coavse types could rapidly be reduced to a nseful product. which,
after thorongh drying, may be baled like straw. In developing such
machinery or adapting the ovdinary form machinery to these uases, it
wmust be borne in mind that the bog is soft and that proper foundation
of piles or stone work must e provided if the wmaehinery is heavy and
is to be placed upon the peat bog; in some of the German peat prosses,
Lowever, the construction is snch that noe special hase ov sapport is re-
quired and such devices as ave necessary can peinaps be developed beie,
to suit wpecial rases.

In developing large plants for this purpose, it is probable that some
form of drver might be needed to give cpportunity (o run them during
prolonged wet weather ov during the winter.  In Euvope, wany types
of dryers have been patented for the drying of peat for various puor-
poses, some of which are manufactured to order, amd sowe are on the
market continuously, OF these the votary types seem {o he most in
favor as doing the work quickly and with econcmy. In drying ihe
peat for this, as well as for other uses, it is well to remember that it
is not necessary to get rid of all the moisture, but siinply to reduce the
fiber to the aiv-dry condition. containing from 13 to 20 per cent of
moisture.  If reduced lower than this, the cost is greater in proportion
and the expense is wasted, since the material immediately takes up
from the air sufficient moistare to give it the amount given above. In
this country, because of the high cost of labor, most of the work of
handling the peat for this as well as other purposes, must be done by
machinery, and before attempling to develop the industry and- to estab-
lisk it upon a paving basis, no more profitable step can be taken than
to thoronghly study the practice and machinery which have been de-
veloped in Germany and other countries of urepe, where the matter
has been under investigation aud has long passed the experimental
stages of development; after which the markets in this coantry need
to be studied, to see whether they will take the manufactared prodoet
in quantitics which will swwarwant the erection of a plant. 1t may be
said in passing, that some vears ago an aliempt was made in New
Brunswick, where large deposits of nearly puwre Sphagnum are found,
to use these for the purposes uuder discussion, which rvesulted unsalis-
tactorily, because of the cost of production of the Hinished product, and
the limited demand in the available mavkets, which, in this case, conld
be more cheaply supplied from FHurope. The fine residne left after c¢lean-
ing the peat for coarse litter may be used for fuel or sanitary purposes.

(2)  The same kinds of peat which are used for stable litter, may
often be used in the barn-yard with excellent results, acting both as a
deodovizer und as an absorbent and saving much valuable fertilizing
material. For this use the peat should be taken from the upper layers
of the beds and should be well dried out before drawing. After the
surface vegetation is vemoved from the bed to be used in this way, it
may be plowed with shallow fuirrows in order to loogsen up the fibrous
peat. and then, after harrowing, ihe material may be turned over by a
hay tedder, until thoroughly dry. The dry material may then be raked
up and stacked, and it will keep dry for a long time, since only the
outer lavers of the stack will be wet even daring prolonged rains, ov
it may be compressed and baled in a hay press, and stored under cover.

Dry powdery peat is also recommended for use in harn-yvards and
aets in much the same way as the coarser forms.
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Peat as o Disinfectant for Farm Use: In many cases in isolated
dwellings, the matter of sewage. cesspools and other receptacies of a
similar nature, is a difficult ene to handie. because of the cost of proper
construction. and often, also, of wmaterials for disinfeeting thein. The
vesults of negleet are often the pollution of the water supply and many
forms of hacterial or germ disease, the breeding of flies and mosquitoes
and vavious other annoyances and positive dangers,

Dry. powdered peat, such as the sereenings from cleaned peat fiber,
or ordinavy fine peat, either slightly charred. ov in the ordinary air-dry
state, mixed with 1% of powdered copperas {ferrous snlphate), is a very
cheap and quite efficient disinfeetant and deodorizer for all sueh places
and makes the best material known for earth closets, urinals and vaults,
being Tight in weight, cheap, odorless itself, vory absorbent of loth
liguids and gases, and antfiseptic, and is much more lasting in its effects
and morve easily handled than sand or dry earth, lime or ashes. After
such use ix made of i, it has Ligh fertilizing value. cither used directly
or composted.  dMany efticient forms of peat closets, urinals, ete., are
advertised by the Knropean manufacturers of sneh articles.

Peat as Stock Food: At fivst thought, this would seem: to be an
impossible use for peat, but in various paris of surope, especially in
the regions where beet sugar is made, the molasses is fed to stoek and
sheep, and among other materials which have been used to take up the
molasses, are peat powder and cleaned fibrous peat, which give the
molasses body and make it possible for it to be eaten readily by the
aninuds ta which it is fed. This is not its only function, however, for
it has been demonstrated, hy actual analyses, that the peat hasg a cer-
tain food value and that part of it is assimilated by the animal eating
it, moreover this mixture keeps well and does not ferment so readily as
does the molasses alone. While such 2 mixture is not now known to be in
use in this country, there is no reason why in Michigan some of the
lighter colored peats should not be tried with success for this purpose,
in the vicinity of the beet sugar factories, where the molasses may be
had at a nominal cost.

For this purpose, also, it would be possible to use the finer refuse, or
peat mull, from cleaning the coarser kinds of peat to make peat fiber
and litter, if there was not too much actual dirf of indigestible kinds
mixed with it, as would rarely be the case.

Peat as a Deodovizer and Disinfectant in Towns and Cities.

As has been pointed out in the previous section, peat is a good, cheap,
and effective deodorizer and disinfectant. In 1880, according to Mac-
farlane® Dr. Ludwig Mappe in Braunschweig, first called the attention
of the public to the value of peat litter, or “moss litter,” as a deodorizer
and absorbent for use in towns and cities, and a gradually increasing use
for this material has since grown up. Its use as a public health measure
has been adopted in several towns in Germany and in C'ongleton, Chesh-
ire, England. Tt has also Dbeen used for years in Canada, at Caledonia
Springs, to deodorize hmman refuse. The material is excellent for use in
all places such as public urinals, stables, outhouses and slaughterhouses,
where easily decomposed, noxious smelling compounds, whether liquid,
or partly solid, accumulate to become the source of annoyance, or ac-

L Macfarlane, Th. Bulletin 97, Lab, Inland Rev. Dept., Ottawa, Can., 1504, p. 33.
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tual danger to public health. One pavt by weight of the peat litter wili
desdorize and dry at least six parts of mixed cxereta, giving a perfectiy
odorless and inoffensive product, which has a relatively high value, as
compared with stable manure, when used as a fertilizer for all agii-
cultural crops except those which, like eelery, lettuee, and other vege-
tables eaten raw, for which it should never be used.

in Montreal, carefully conducted experiments on a large scale by Dr.
Laberge, using moss litter produced in Welland county, Out., show
that 100 pounds of the litter dried and deodorized eight times as muech
exerela from the ordinary privy pits of that city, rendering it entirely
free from odor, so much so that a sample of the product was kept in his
office for a considerable time without attracting attention by any odor.

There are many towns in Michigan where sewer systems of the or-
dinary type are lacking, or are practically impossible, and where the
pubic health is continually menaced by existing conditions. In most of |
these, the general use of peat litter by the people and by the public
officinls would do away with many of the danger spots, which are now
the breeding places of discase germg, flies, and vermin, and from which
epidemics either have already oviginated or may develop at any time.
Tor the use of these towns, local supplies of peat could easily be utilized.
the product gathered and compressed under confract by the local health

authorities, if no one else could be found to attend to the matter. A
short period of compulsory use, would result, in most cases in the vol-
untary adoption of the method, just as the establishment of a systemi
of sewers often results in the general connection with them, of resi-
dences along the lines, although compulsory connection at times has to
be enforeced.

Use in Hospitals: A form of antiseptic and exceedingly absorbent
dressing for wounds made from peat has been prepared and used in BEu-
rope, where its absorptive power was found to be greater than that of cot-
ton, and even when saturated with blood, showed no signs of decompo-
sition even when not attended to for several days. DPeat dressing was
reported to be used by the Japanese surgeons during the Japan-Russian
war, but no description of the preparation or use has been found. Cer-
tainly however, dried, properly prepared Sphagnum peat, or the dry
moss, is a clean, very absorbent material and is said to be nearly or
quite sterile, i. e., free from bacteria of any sort. Tn actual practice.
however, since no chances should be taken where wounds are coneerned.
the material should be thoroughly steamed before use, thus insuring
the sterilization. In a cotton preducing country, it is probably true
that a long time will pass before sterilized absorbent cotton will be
superceded by peat dressing. A much more practical, and more valu-
able use for the coarse kinds of peat litter, properly sorted, for hospitals,
ig its utilization in the manufacture of mattresses and bedding. Here it
has the advantages given above, viz.: it is very absorbent, a deodorizer
and disinfectant, is practically sterile and more than all else, for this
use, it has the advantage of being cheap, so that it may be renewed
often. In addition it may be said, it is light in weight, is springy, if
properly cured, and makes a better bed than most of the materials
now in use for mattress making. The best type of peat for this purpose

1 Macfarlane op. cit. p. 35.
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would be the superficial layers of either sedge or moss peat, the latter
probably being the kind to be preferred. Where the material has been
tried in Ilurope it is reported to be exceedingly satisfactory, and it is to
be hoped that wherever beds are needed that have to be changed fre-
quently, this material will be given a fair and impartial trial.

Destructive Distillation of Peat.

Like all other forms of fuel. which are of vegetable origin, peat is
capable of being decomposed into a series of simpler chemiecal compounds
when heated in closed receptacles away from the air. Wood and bi-
tuminons coal are treated in this way on a very extensive scale, the
main products sought being charcoal, from the wood, and coke, or, in cer-
tain cases, gas for illuminating and heating, or power, from the coal
The general process, known as destructive distillation, consists of heati-
ing the substances of organic origin in heaps or mounds, covered with
earth, or some form of vessel or structure, which is so arranged that air
is entirely excluded, or is allowed to enter only to a very limited extent,
while means of exit are provided for the gaseous products of the decom-
position brought about by the heat, either directly to the outside air
or through tubes, so that the escaping vapors may be cooled, condensed
and saved, since some of them have commercial value. The familiar
charcoal kiln, a dome-shaped brick structure in which wood is stacked
and a fire started in the stacks, to be controlled by carefully regulated
draught openings at the bottom, while the gases escape into the air at
the top, is a crude form of apparatus in which wood is converted into
charcoal, the gases and other volatile matters being allowed to go to
waste, except the heavy wood tar, which usually condenses on the inside
of the kiln. More elaborately and scientifically built charcoal kilns
are constructed of iron, and are heated from the outside, the gases lib-
erated being conducted through properiy built flues, so that they may be
saved by condensation and used. If the gases from wood distillation
are saved, the lightest ones cannot readily be condensed into liquids, but
as gases they take fire readily and burn with great heat, and may be used
for illumination, heating or for generating power in gas engines. In
good practice, in wood and coal distillation, these gases are used either
to heat the kilns, or retorts, or are burned under boilers to generate
steam for engines used about the plant, as they are in the best processes
in coking peat abroad. With these gases comes a series of sub-
stances which are liquids at ordinary temperatures, chief of which, are
water, various organic acids, wood alcohol, creosote and tar. In the
same way that wood yields charcoal and these other substances, for
which thousands of cords of wood involving the stripping of hundreds
of acres of woodlands annually in Michigan alone, peat may be used as a
source of practically the same series, and, in many cases, to quite as good
advantage. This is by far the most rational and scientific way of prepar-
ing peat for use as fuel when it is to be transported for some distance
from the bog, especially if the by-products are saved.

Peat Coke and By-Products: The coke made from peat is jet black,
firm and hard, has the fibrous or columnar structure of coke made from
coal, and like it, rings slightly when struck. It is as free from sulphur and
phosphorus as charcoal, all of the sulphur being contained in the ash as
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sulphates and has a thermal value of about 7,000 units (from 6,776 to
7.800 calories). With less prolonged heating, substances less hard and
firn, similar to charcoal in efficiency, are obtained by the destructive
distillation of peat,

In Germany, where peat coke is said to have been used in fhe smelt-
ing works at Freyburg as early as 1360, and where many mnsuecessful
attempts have been made since that time to develop a commercially sue-
cessful product, the inventions of Ziegler and others have carried the
process of coking peat bevond the experimental stages, and it is now
reported by careful stadents of the subject, to be manufactured on a pay-
ing basis; such of the coke as is on the market sells readily at from
$9.50 to $12.00 per ton, and is used for copper refining, smelting foundry
iron and for other metal working processes, but the industry is still in
too undeveloped a condition to furnish the coke for use in Dblast fur-
naces, althengh it is in every way as desirable for this purpose as the best
wood charcoal.

A sample of peat coke from Germany, made by the Ziegler process,
was recently examined by the writer. It was jet black in colov, as hard
and as firm as a good grade of hardwood chiarcoal, or possibly even firmer
than this, and showed the character of the peat from which it was made
so well that it was possible to determine this to be of coarse fexture,
chiefly remains of shrubby plants. Apparently the peat had not been
ground or in any way treated, except to cut it from the deposit and dry
it, before it was coked. The material appeared to have been originally
like that of the uppermost layers of peat in thousands of acres of Michi-
gan swamps of a grade most of which would have to be rejected in the
manufacture of briquetted peat fuel, and it would appear that a more
compact and finer grained peaf, coked to the same degree as this sample,
would vield even a better grade of coke. :

The makers of this peat coke report that it stands the pressare ex-
erted in blast furnaces better thun c¢harcoal, not erushing in an 80-foot
blast furnace, and equally as well as coke produced from coal. Whether
this statement applies to the charcoal produced in Burope from the
softer woods or to that made in this country, as in Michigan, where the
sound and largest logs of the finest birch and maple timber ave still
cut up and converted into charconl, does not appear. The cost of
production is less than that of charcoal and the actual cost is given in
another place (page 500).

1f such fuel can be made from an inferior grade of peat, at as low ¢
cost as quoted, there would seem to be no good reason why the remain-
ing forest lands of the state, and especially of the Northern PPeninsula,
should be stripped to make charcoal for use in smelting iron, while
quite as near at hand to the iron mines as the forests are large deposits
of good peat entirely unutilized. such utilization of peat would leave the
vast quantities of timber now converted into charcoal, to serve as the
pasis for other industries.

1t may also be used anywhere and for any purpose where an efficient,
smokeless fuel is required, or in industries where gsuch fuel is necessary
In domestic use it may be used in base-burner heating stoves, kitchen
stoves and in other places where charcoal is now used, but will probably
pever successfully compete with anthracite for general use.

Besides the coke, there are obtained as secondary products, in this
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method of prepuring peat, gas, which is used {o earey on the process of
coking after this i once \r wrted, tar, and lighter hqums which vield va-
rious products on proper treatment, and which neavly if not quite, pay
for the cosi of the whole operation.

The amount of coke yielded from a given weight of peat ranges from
3% to 453%, in vound numbers about 14, but varying with the com-
pactuess of the original material and the Ivngt and 1ntensi1‘y of heating,
the highest vield being obfained, and the best coke, from artificially com-
pacted peat. TIf heated a shorter thne, peat charcoal, much less compact
and mere friable, is obtained.

According to German figures zmd prices, a netric ton. nearly equal-
ing the Imw, {on of 2240 pounds. of dried peat, costing for all charges
of digging. handling, drying and delivery to the kiln, $1.19, vields the fol-
lowing returns:

Value
Substances. Amount. (U. 8. currency).
Peat coke ... . ... .. .. T77.6 Tbs. )
Tar ..o 88.2
Wood alcohol .......... .. 3.2
Lime acetate............. 13.2
Ammonium sulphate... ... 88

besides gas in excess of the amount required to dry and coke the peat,
which may he mhm,m‘d to be worth for the pur poses for which it is used,
af least 25% of the value of the coke. No other fuel than this gas is used
in drying and coking the peat after the process is started.

Another writer gives as the results of factory tests the products from
one ton of peat, as follows:

Peat coke. ... .. ... . . . 700 1bs.

Tar watev. ... ... .. . . .. 800

Tar .o 80

Gas ... e 420 (6,650 cu. ft.)

The tar water \wlded

Acetic acid ... .. 12 Ibs.

Wood aleohol ... .. B 12

Ammoniam sulphate ... ... ... .08

The Ziegler process, which seems to be the most successful of those
in use in the peat-producing parts of (GGermany and Russia, is contin-
nous. and, as poinfed out below, self-sustaining.

The facts regarding this process are largely compiled from data most
kindly furnished by Dr. Otto Zwingenberger, the representative in
America of the company controlling the Ziegler patents and manufac-
turning the machinery for making coke from peat by this method.

The first plant using the process was erected in Oldenburg in 1897,
and after careful examination by an expert employed for the purpose
by the Prussian State Department of Trade, on his recommendation, this
process was adopted for the utilization of extensive peat bogs owned by
the Prussian government.

39
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A second plant was built in 1901 in Redkino, for the Russian govern-
ment. This plant rans 8 fmrnaces, cach manufacturing 5.000 tons of peat
coke per year.

The latest plant io be built s that at Benerberg. Houth Bavaria
where the South Bavarian Coke Works and Manufactory of Chendeal
Products Joint Stock Company of Munich, which now controls the
Ziegler patents, has its headgnaviers.  This new plant has fowr fur-
naces and is equipped for recovering the by-products from the tar and
far water saved from the distillation of the peat. and went into
operation in 1906. The process used by these establishments consists
in carbonizing the dried “machine” or compressed peat in closed retorts
heated by burning under them the gases liberated from the peat by the
heat. The peat is cut from the bogs, compacted, and molded into square
blocks by ordinary peat machines coming out as “machinepeat.” It
has, at this stage, from S0% to 90% of moisture and is allowed fto
dry in the open air until it contains only about 5% or G0%. After
this preliminary drying, it is removed fo drying chambers, heated by
the waste heat from the retorts and burning gases from the furnaces,
and is passed slowly through these and comes out with from 20%. to
25% of water. From these dryers it is carried to the top of the iron
retorts of special form by endless belts, and at regular times is nlaced
in these air-tight, vertical receptacles. In fhis thorough drving to the
point of crispuness, at no expense for fuel, so that it is rapidly earbon-
ized when placed in the retorts, secis to lie the chief secret of suceess
in the recent proecess as compared with older ones, for when the peat
was placed wet iu the kilns, the water was only driven off with great
waste of time, heat, and of fuel, so great that there was no margin of
profit in the operation. The economy of the Ziegler method of drying
the peat, first in the air, and later by waste heat, generated by the com-
bustion of what would be otherwise waste gases, is apparent when com-
pared with processes which nsed sepavate drying ehambers, heated in-
dependently by the use of costly fuel and allowed the combustible gapes
and othier valuable, volatile, but condensible vapors, from the retorts
to escape into the air, and be wasted

The condensible gases are not wasted by this system, but aye con-
ducted through proper cooling apparatus and then redistilled by the
ase of excess of heat, generated by the process of coking, into a nmn-
ber of conuncrcially valuable products.

These vary in quantity, according to the thoroughness of the coking,
and the quality of the peat, that with high ash content, giving a smalier
per cent of volatile matter than that with low; the coking is carried
farther with peats with a small per cent of ash than with those with
a large per cent, the resulting products being sold -as No. 1 peat coke—
that most completely coked, and No. 2 peat coke or “half coke.”

No. 1 peat coke is somewhat harder than the half coke, and the latter
burns somewhat more freely and with a more neticeable flame, and it
is not so well adapted to metallurgical processes as No. 1 peat coke.
The peats with high per cent of ash, since this is mineral matter and
does not volatilize when heated, give a larger per cent of coke, which,
however, does not give good heating rvesults, as the ash will not burn.

The proportionate amounts of the varions products obtained by coking
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1006 parts of air-dry. 209 to 23% moisture, machine-peat. are shown in
the following table:

Nao. 1 Peat coke. No. 2 Peat coke.
Peat coke ... 35.0 per cent. +5.0-50.0 per cent.
Tarv . ..o : 2.0
Tar water. .. ... ... ... .. 38.0
Gases. ... ... . 15.0

Carrying the processes farther to make byv-produets by redistillation:
J = ! R S J )

No. 1 Peat coke 33.0 per cent is untreated.
Tar.. ... ... 4

5 0 properiy treated vields 2.0 per cent of light oil.?
0.7 “  heavyoil.®
0.3 ¢ DParaffin,
1.3 ¢ Thenolates.

Tar water. ..., 40.5 per cent will give...... ... 0.2 “ “  Asphaltum.

0.34 “  “ Wood aleohol.
0.31 ¢ ¢ Ammonium.
‘ Sulphate
0.50 ““ ¢ Acetate of
Lime.

Gages... .22.0 per cent not condensible, but burned under boilers and dryers.

The per cents of ash and of tar obtained vary according to the quality
of the peat used. The coke may be increased in quality by using bri-
quetted peat. This also gives the coke somewhat greater density.

Products from the tar, and the far itself, are of considerable value
as preservatives of wood used for railroad ties, posts, poles, and tim-
bevs for all struetural purposes, both when applied as paints externally,
or when forced into the wood as impregnating substances. The hydro-
carbons of the oils ave of the aromatic series, and from them a series
of useful chemieal compounds ean be obtained.

In regard to the cost of predncing peat coke, Dr. Zwingenberger HAVS
“Its price is cheaper than that of charcoal; by saving the by-products,
the cost of one ton of peat eoke is about $2.00 to $2.15 in running the
smallest type of Zicgler plant, containing four ovens, taking in con-
siderafion the high wages paid in America, and including depreciation,
etc. In a larger plant of about 20 ovens, the value of the by-products
will nearly pay all the expenses and give the coke free.”

Peat coke being cooled in closed veceptacles to prevent its taking
fire, does not contain water, since after cooling it is not absorbent, while
charcoal sometimes takes up considerable water.

In Germany peat coke iz used successfully in several places, among
which may be mentioned the Krupp-Gruson Works, where it is used in
the form of a powder for hardening armor plates, and the Bleymueller
Works at Bleyberg, near Schmalkalden, in a blast furnace. Sicmens and
Halske, Berlin, have found it an excellent raw material for the prodne-
tion of a high grade of calcium carbide.

In Russia, as noted elsewhere, peat coke is heing used on the govern-
ment railways as fuel for locomotives.

18p. Gr. 0.835. May be used for lighting.
28p. Gr. 6.838. May be used for lubricating oil,
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The capacity of each furnace, or retorf, as at first constructed, was
about 11,663 pounds of coke, 12333 pounds of tar water, 1.333 pounds
of tay, and 7,000 pounds of gas (110,850 ca. ft.) from 33,333 pounds of
alv-dry peat (209% to 25% of moisture) in 24 hours. At the Imperial
Russian Frons Peat Factory, at Redkino. each of the eight reforts
cokes from 24 to 30 tens of machinepeat having 25% of water in 24
hours, a larger output than the above gquoted figures show.

The cost of a four-oven plant, for making peat coke by this process,
with all necessary machinery for cutting, drying and handling the peat,
and the apparatus for making the hy-prodicts from the waste liquors,
was given in 1903 to be $95,200. Such a plant was extimated to handle
15,000 tous of dry peat per vear, from which products could be made,
which would sell at the wholesale market prices of that time, in Ger-
many, for about $117,500, nearly one-half of which, after deducting
all expenses for the cost of peat, handling, labor and wear of nlani,
repairs, ete., should be profit.

Another set of figures obtained from Ifon. J. M. Longyear, who had
them from J. .J. Till, gives the following as the cost of a peat coking
plant, German process:

Two peat coke ovens, capacity 30 tons aiv-dvy peat,
each vielding 19 tong of No. 1 coke or 13.5 tons

of No. 2 coke per (24 hours) day...... e 20,000
Drying and other machinery ..............o..nn. 8,000

Appavatus for distilling tar water............... 7,000

Total ... o it e e . $35,000

A plant of 10 ovens, with a capacity of about 100 tons of No. 1 coke
per day can be had for $175,000, and the estimated cost of a second
plant after the first is constructed is 25% less than this.

So far as known there are no peat coke plants in this country which
are producing the material in such quantities that it is sold in the open
market.

Peat coke was algo made in Norway for several years by the use of
electrically heated rvetorts, the electricity being generated by water
power, the plant using the Jebsen proccss, which produces a dense, very
compact coke, showing the structore of the peat, having a specific grav-
ity of 0.3 in broken condition. Its heating value is about that reported
for that made by the Ziegler process. It is reported that it barns well,
and gives but little soot and ash, and clinker is small in quantity and
does not clog the fire as does that of ordinary coal and of lignite.

This process involves the partial dvying and pressing the peatl into
blocks 30 inches long, by 3 inches square on the ends. The blocks ave
turned out at the rate of 2,500 per hour and loaded on specially designed
carriages with shelves, which are then run into the cool end of a drying
tunnel, which is heated by the waste gases from the retorts. At the
entrance end, the temperature is about 50° C., while at the exit end, it
is from 90° to 100° €., the air being driven through the tunnels by
electric fans. Irom the drying tunnel, the peat is taken to the retorts,
which are vertical and are about 6 feet high by 3 feet in diameter, each
with a cover above, and a discharging hole below, and each is also pro-
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vided with pipes for the escape of the gas and with a pressure gauge.
After charging with the dry blocks, the top cover is ciamped down and
the current tuined on and the peat is earbonized. When the heating is
completed, the retort is allowed fo cocl to 1307 €., after which the coke
is discharged directly into ¢ars on tracks below the retorts. The aver-
age vield of air-dried peat by this process was given as:

Peat coke .o
AT
B WOt CT e e
GAas o e e

The coke was said to find ready sale in near-by towns, and the plant
had been running three years when described in 1902, but was closed
Iater for lack of financial support.

Analyses of peat coke made by the Jebsen proeess, reported by the
Royal Norwegian Iigh School in Christiania gave the following as the
average cotuposition:

Carbon oL T6.91%
Hydrogen .. . 4.64
OXVEeIL ..o 815
Nitrogen ............... e 1.73
Sulphor oo 0.70
Ash 3.00
Molsture ... . 4.82
100.60%

Another electric process has been deviged in Ingland, but so far as
known, it had not passed beyond the experimental stages.

FPeat Gas: Beeause of the undecomposed condition of the vegetable
matter of peat and the large amount of volatile matter which it con-
tains, it is vot remarkable that it should have been used often, in an
experimental way, as a source of gas for various puvposes, but in
uorthern Iturope, especially in Sweden, the use of the gas for heating
and lighting has gone beyond the experimental stages and has reached
the stage of commercial stccess.

In considering the methods of making peat coke just described, the
value of the gases developed in the destructive distillation of the peat
has been dwelt upon at lengtl. This gas is reported by those who have
used it to be a better illuminant than coal gas, to be more easily pro-
duced, with simpler apparatus, to be more easily purified than coal gas,
and that the yield per ton of the dried material is greater. This last
statement is probably true, because of the less complete decomposition
of the peat as compared with coal, which makes it relatively high in
gases. On the other hand it musgt be remembered that the peat, with
90% of water, has to be dried by some process before gas can be made
from it, and that it is only by using the least expensive process to aec-
complish this that peat gas can be made economically upon a commercial
basis.

The quantity of gas obtained in Sweden from a metric ton (2,204
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Ibg.) of peat having 8.6%, or more, of ash and high hydroscopic moisture
content is given by Dal as 2,520 cu. meters or SB000 cu. ft. This gas,
however, is morve than half its volmme Nitrogen. as shown by the ac-
companying analysis:

Per cent of volume.

O, o e 6.9
CO .
CH, R 0.5
61 P 1.4
15 SR O .8

N e e e 337

Better grades of peat yield a larger volume of fuel gases. The amount
of gas vielded by Lnghsh cannel coals per ton, is m(h(- ited in the fol-

10W:ng table:

Newcastle cannel ......... e 0,883 cu. ff.
Wigan cannel ... ... . .o i ]O?S.m
Boghead cannel ........... e 13,334

while a ton of peat by the Ziegler process only gives 6,650 eu. ft., whiech,
considering that the peat has 20 to 25% of 1woisture at the start
and costs, at the bog, a little less than o third as much as the coal,
really gives the peat the advantage, especially since the peat coke
will command a much lhigher price than-gas coke, on account of its
freedom from sulphur and other objectionabie matter.

The great efficiency of gas engines of the oxgﬂosivo fypes, the rapid
inerease in size and the very material increase in the use of these, in
many places where steam engines have, until recently, held the entire
field, opens up an important field for the use of easily ignited gases;
this has resulted in a demand for cheap and efficlent gas gencrating
machines, which will furnich gas at a lower price than it is fornished
by the large private or public companies which manufacture coal gas,
or which can be used where no publie plants are in uge. This demand
has been met by a large number of gas generators of sm 111 gize, designed
to be used in connection with gas engines, to utilize poor 01“1(1@% of
coal, some of which are very successful, and it would seem that speeial
forms of these could be developed, in which the gas could be generated
from air-dried peat, and thus work up an important field of use for
this fuel. By those who have experimented with it in this direction,
peat gas is said to be particularly adapted for use in gas engines, and
the only phases of development lacking are the proper forms of genera-
tor for making the gas and an assured and constant supply of pre]mred
peat which consumers can get as needed.

In still another way may peat gas be utilized on a large seale. as
suggested in another place. That is by building large gas gencrating
plants, with proper equipment for utilizing all gaseous by-products, at
the margin of large peat bogs and piping the gas 10 centers of consump-
tion. This Wovld yeduce the cost of manufacture by doing away with
the transportation charges on the crude fuel. (md would be no more
difficult to bring about than piping oil or natural gas long distances.
That peat gas is being considered as a possible cheap fuel fmd is likely
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1o be utilized before long. is indicated by the recent {June. 1906) news-
paper notice of a project for the establishment of a plant for produc-
ing the gas near Ogdensburg. N. Y., and utilizing it in the manufacture
of steel.  In developing this, as well as otier phases of utilization of
peat, a thorough investigation of iuropean experiments and established
plants is recommended. It is werth noting here that there are larvge
guantities of peat near the Lake NMaperior iren mines, which might be
utilized in the production of charcoal iron and for furnishing power
either steam. compressed air. gas or electric for developing and operat-
ing the mines.

Paper Pulp, Paper and Cardboard.

One of the more recent uses to which certain grades of peat have been
put, is the manufacture of paper pulp and various grades of paper.
This is of inteves{ in this region because of the establishment of a
plant in Michigan, near Capae, lor fhe purpose of making peat into,
paper, which, in this ease, is veported to be used for building purposes.

The chief advantage in the use of peat for paper stock is its cheap-
ness of material, particularly as the prices of other sorts of material
and especially wood pulp are constantly increasing, as the wood supply
becomes more and more depleted. In one of the processes for making
paper from peat, the Zschoerner process, the peat is placed in a disin-
tegrator, where it is treated with alkalies in dilute solation and at low
temperature, but high pressure, until some of the vegetable and earthy
matters arve extracted from the fibrous material. This fiber is then
oxidized, bleached and washed to further clean it, and again subjected
to cold, dilute alkali solution under high pressure to get rid of the re-
mainder of the soluble mineral matter, after which it is thoroughly
washed, when it is ready for use. This bleached material may be used
by itself, or mixed with other paper stock fo make nearly any grade
of paper in ordinary use, as the fiber thus obtained is strong and durable.
In making the coarser grades of paper and pulp board, less care is
taken to cleanse the fiber of all coloving and foreign matter.

The type of peat best adapted to this use is undoubtedly that made
by grasses and sedges, since these plants furnish the most fibrous ma-
terial in stems, leaves and root-stocks. In prospecting peat deposits
for this use, care should be taken to find the depth and amount of
fibrous layers and to avoid the filled lake basins, unless of large extent,
as usually these have only a shallow, surface layer of material suitable
for the purpose, while thinner, built-up deposits, may have practically
the entire depth of more or less coarse, poorly decomposed, fibrous peat.
These will be found in shallow basins and on terraces, and may. at
present, be covered by tree or shrubby growth, or by moss. Aoss peaf,
despite many statements to the contrary, contains no strong fibers what-
ever, except those produced by other plants, such as the sedges, which
may grow with the moss as associates.

There were already in operation, in 1809, in FEurope, several factories
which produced large quantities of all kinds of paper, with peat as
the source of most of the fiber. and these were reported as paying in-
stitutions. On the other hand, there arve serions drawbacks to the
economical use of peat in paper making, which may be summed up as
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follows: It is difficult to get rid of the dirt and waste: the peat is
uneven in structure and in texture and offten lacks sufficient of the
stronger fibers, so that much other material has to be mixed with the
peat stock to make paper sufficiently strong even for wrapping paper.
so that if is reported that theve is little peat paper on the Bwropean mar-
kets which is more than 759% peat; the peat pulp cannot be bleached to
whiteness, so that only brown papers can be made, except in rave in-
stances, hence the principal product of the Iluropesn industry has heen
wrapping paper.

Pasteboard made of 409% of peat fiber and 60% of wood shavings is :
standard product, both in Germany and in Sweden, and is «aid to be
cheaper, lighter, stronger, and better than pasteboard made in the or-
dinary way.

Aside from the factories veported in Germany peat paper has been
made in England, Ireland and Austria, as well as in the northern Euro-
pean countries, but with what financial success is not reported.

The plant of the American Peat and Fuel Company at Capac in this
state, was leased in 1905 for fwo wvears, and has since been sold, to
the Pilgrim Paper Company of New York, organized for the purpose
of manutacturing and selling card-board, bill-board, feather-hoawd.
paper, and other products from peat under Austrian patents. The ma-
terials in the extensive bog owwved by the company, had been earetully
tested in the home factory of the company’s process at Admont, Ans-
tria, and later at Capue, and produced highly satisfactory results, and
the company is convinced that the processes have passed the experi-
mental stage, and ave confident of the success of their enterprise, for
which the Capac peat bog is peculiarly adapted, having heen built up,
by suecessive elevation of water level, from the bottom, and henee has
much coarse material at various depths.

Rimilar to a heavy paper, is the material known as “Heloxyle,” made
by compressing and hardening peat fiber, by a special process, into
sheets, tiles and blocks for various building purposes. The sheets arve
used for lining walls, floors and other parts of buildings, or as tlooring.
The material is about as light avd firmi as good cork and is as im-
pervious to moisture, as well as a good non-conductor of sound, heat,
and vibration; when impregnated with some mineral substances, it is
nearly fire-proof, all of which properties make it very desirable for
use in dwellings and buildings, where protection is desived against
noise and jar. It is one of the cheapest of all building materials in
sermany and is easily nailed or glued, takes paint well, is light, clean
and easy to handle, and hence is very desirable as a structural material.
Other types of sheathing and builders’ paper are discussed below.

Worven Fabrics from [Peat.

By a course of treatment which separatfes and cleanses the fibrous parts
of peat, and renders them pliable, they have been made into fabrics of
rarions kinds, so that coats, hats, carpets, rugs, mattings and blankets
have been manufactured from them and have proven quite durable.
The most successful use of these fabrics Las been in the form of blankets
and other coverings for horses and cattle and for this use they are said
to excel in warmth, durability, absorbent power and cleanliness,

i #n o
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Lacking Material.

Peat litter has iong been used. when properly cleaned. as packing
material in shipping various breakable articles and those which perish
casily. such as bulbs, fruir and living plants, by freight.  For these
parposes, the upper layvers of moss peat sre most desirable, and consider-
able quantities of this material ave nsed yearly by flevists and nursery-
men. where they ean readily get it. No industry has been developed, but
a small business to sapply the demand of the flovists and nursery-men of
the state and surrounding region. might be built up by someosue to whom
a 1oss covered bog of sufficient extent was accessible, The moss would best
be compressed and baled for this purpose.  Peat might also be used to
pack fruits and vegetables to keep them fresh for winter use, as this
material has many advantages over sand, the material generally used
for the purpose. It is also suggested that it would be a desirable sub-
stance in which to pack eggs to preserve them.

Roofing and Sheathing Papers.

As has been mentioned, the extensive peat bog near Capace has been
sold to a company which proposes to manufacture, among other prod-
uets, 2 kind of builders” paper from the peat. The coarse-fibered neat is
well adapted to this use, ax well as the making of such material as
“Heloxyle” mentioned above as a valuable building matevial. Coarse,
felfed material should also be easily made from the cleansed fiber,
which would be an excellent non-conductor of heat for sheathing build-
ings.  The paper thus prepaved could also be rendered waterproof by
soaking it in tar obtained by distillation of peat. The coarser, more
fibrous parts of moss peat conld be used, as is the marvine plant known as
“Eel Grass,” which is spread in a thin fayer beiween sheets of heavy
paper and held in place by stitching threugh the paper. This material is
used in the better classes of buildings, for sheathing paper.

Non-Conducting Paclking Waterial.

Still another use has been made of both the fibrous peats and the
finer grained, powdery types, as non-conducting fifling or packing. This
material is an excellent non-conductor of heat and sound, and has been
used as such in Kurope. The moss types make light, inodorous, sanitary
and effective packing for use between the walls in refrigerators, ice
houses, for packing ice, and to put between the walls of dwelling
houses, and between floors and partitions to deaden sound. The same
material would also be exceptionally valuable in the construction of the
so-called caloric cookers. If used in connection with some mineral
substances, which would reduce its inflammability, it would make very
desirable felted covering for steam pipes. and could in any case be used
to protect those buried in the grownd from loss of heat, and also water
pipes to keep them from freezing., for which use the cheapness and the
durability as well as the povosity of the material would make it o8pe-
cially desirable.
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Paving and Building Blocks.

Blocks of material for special uses made from peat, by special proe-
esses. besides the one mentioned as “Heloxyle)” have been made in
lavrger or smaller gquantities from time to time, among which may be
mentioned imitation terra cofta building material and paving blocks.
The latter were as firm and hard as wood and were impregnated and
covered with tar made also from peat. If a preper binding material
could be found, there seems no reason why a very serviceable and dur-
able, noiseless paving block for residence streeis could not be made
from some of the more compact peats, and one that would be cheap
as well.

Peat as ¢ Source of Flectrical Energy.

As shown in another chapter it has been proposed by 2 Iluropean
engineer to establish near, or at, large peat bogs, electric power plants,
at which the peat can be used for fuel in the air dry condition, without
hriguetting, thus saving not oniy the cost of transporting the fuel, but
other costs as well. The power thus generated can be transported consid-
erable distances without great loss, as is well known, and if the plan
were adopted generally would result in many hogs being utilized, which
cannot now be considered, since they are remote from means of {rauns-
portation. No such plan as the one proposed has yet been put in op-
eration, but, as indicated elsewhere, it secins worth trying in ecertain
parts of Michigan, where large areas of peat are within reaching dis-

tance for the transmission of electricity, of good sized towns and cities.

Peat Dye.

Tt is well known that water flowing from peat bogs is much browner
fhan that which flows only through or over mineral soil, and that such
water gives a well marked and quite durable stain to white substances
coming into contact with it. Advantage has been taken of this fact to
extract the coloring matter from peat, and by proper treatment, a
rich brown dve has been obtained which is reported to be very pleas-
ing and exceptionally durable and unchanging.

The Use of Peat in the Intensive Production of Nitrates.

In the Ixperiment Station Record, XVIIIL, 5. (Jan., 1907) is an
abstract of a recent paper by Muntz and Laine, published in Compt.
Rend. Acad. Seci., in which experiments are reported which promise
to give new and added importance to the peat deposits of the world,
since the authors show that these deposits may be made factors in
the production of nitrates. The nitrates are among the most expensive
and most important of the constituents of fertilizers, being of limited
natural occurrence, and having very important commercial uses aside
from the demand for agricultural purposes.

The experiments reported show that “when a 0.75 per cent solution
of Ammenium sulphate is passed over a peat bed impregnated with
nitrifying organisms, it becomes charged with nitrates to the exfent of
0.82 per cent. This can be inereased to 4.17 per cent by adding a fur-
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her quantity of Ammoniwm sulphate to {he solution and again sub-
ecting it to the nitrifyving action, the operation being repeated 5 times,
Fhe most suitable temperatave for the reaction is 307 (. (367 ),
and the fuel necessary for mainfaining this temperatare i afforded
by the air-dried peat. Turiher the nitvogen contained in ithe peat,
which amonnts to 2 to 3 per cent. can be obtained in the form of Am-
monia to the extent of 1.79 fo 1.612 per cent by distilling the peat in
sitperheated steam, the other products of the distillation  {(hydro-car-
bons, water-gas, tar, ete.), forming the fnel requirved for the operation.

“Ireat, therefore, is singnlauly well adapted for the intensive produe-
tion of nitrates, since it forms an execellent medium for the growth of
the organisms, supplies the fuels necessary for the various operations,
and finally  supplies the amwonia requived for the production of
nitrates.”

The immense consumption of chemical fertilizers in this state, the
very considerable manufacture of these in JMichigan from imported
nitrates and the great extent of the peat deposits throughout the state,
suggest the importance of investigating this method of intensive produc-
tion of nitrates from peat to determine whether it is not applicable,
npon a comiercial basis, to American conditions. The great develop-
ment of chemical mannfacture based on the salt deposits of Michigan.
in the not distant fature, may be equaled by a similar development
hased upon the peatf deposits, to the great advantage of all agrienltural
interests, of the chemical manvfactuving industry, and of the promoters

Wi,

;
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as well,
, TIE TUSK OF PEAT AS FUEL,

Historical: The use of peat as fuel in Germany goes back bevond the
historical period into the time of {he semi-savage stage of the early
tribes, and Pliny, the Roman naturalist, teils us that the Tentons on the
borders of the North Sea dried and burned “mud,” or, as we would call
ionow, peat.  In Ireland, Great Britain, Russia, Seandinavia, parts of
France and the Nethevlands, there has not been a time within the his-
torical period, when the use of peat for fuel has unot been a general
practice among the common people, whe «till cat it from the bog in
the form of long rough bricks or “sods,” drain and dry it on the surface
of the bog in the sun and wind and stack it, much as the American
farmer piles his cut wood.

In Ireland and parts of Germany and Holland the use of peat is well
nigh nniversal among the poorer people, and in other countries of
Lurope it is extensively wused for cooking and other domestic purposes.
This is due to several causes, among which the searcity and high prices
of wood and coal, and the great abundance of peat bogs and the lavge
aggregate area covered by them in the countries of Nowthern Iurope,
Germany alone having an area of about 11,000 square miles of peat
moors, while Great Britain has more than 3,000,000 acres and Treland
an equal extent, or about one-seventh of its entire area covered by bogs.
The most widespread use for domestic purposes was probably in the
18th century, alter the forvests weve so depleted, that wood was no
longer easily obtainable by the common people, and before coal had
come into use.

While this general use of peat by the people for domestic purposes
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has gone on century after century, there was little attempt to increase
its efficiency as fuel. or to improve the methods of gathering it, ex-
cept sowe simple atfempts at compacting the coarser (ypes by kneading
with the feet, grinding in small wills ete. until within a hundred vears
or so when various forms of machinery were infrodneed to assist in cut-
ting the peat and getting it onf from the bogs more guickly and less Ia-
“boriously than by entting it out by hand with a narrow spade or slane,
as it is ealled, and which ix still the moxt common and perhaps the
most efficient tool for the purpose.

Much later, after the need for cheap and abmdant fuel for use in gen-
erating steam for manufacturing purposes began to he felt. as the
prices of wood and coal advanced, machines began to be built in Germany
and other parts of Kurope where peat was abundant, for the purposes
of increasing the output, of reducing the bulk of the finished product,
and at the same time of making it more clean to handle, more easy to
transport and more efficient as fuel.

A pioneer in the invention of machinery and processes foy making
compressed peat in Novthern Zurope, seems to have been Mre. ¢ Helitick-
evsen of Rixdorf near Berlin. His first two machines were of verti-
cal construction and were built in 1839, for a steam peat-compressing
plant near Riga, Russia, where they worked satisfactorily for mwany
vears, tnrning out daily about 80,000 pieces of wet, compressed peat,
which, after drying, were used as smokeless fuel in a large cloth factory
at that place. Rince that time, many improvements have been made by
this and other manufacturers, both in the tvpes of machinery and meth-
ods of work. to trv to improve and cheapen the produet, and to gsubatitute
antomatic machines for hand labor, until a very satisfactory product
in the form of compressed peat blocks and efficient machines for making
them, are the results.

A much more recent development and one which seems to he con-
gidered by all experts in the question of tuel, pevhaps the most important
advance vet made in the utilization of peat, as it is the most scien-
tific and theovetically ecorrect, is the working out of good processes
for coking peat and converting it into a compact, hard and very efficient
and desirable fuel. This kind of process for the purpose has beet: sought
for many vears and seems now to have been found, as is pointed out in
another place (p. 301) and the matter needs no further elaboration here.

Another recently used method of increasing the efficiency of peat
for fuel, has been brought about by the development of machinery for
econverting other fuels, such as coal glack and other waste of coal mines,
lignite, ete., into brigneties. The process consists of compressing the fuel,
either with or withont a binding material, in specially built presses,
capable of exerting great jpressure, which shape it into evlindrical,
rounded or prismatic briquettes of great firmmess and hardness. In
some of {hese processes the peat is mixed with ofher combustibies, in
others, it is briquetted withont mixture.

Parallel with the development of these processes in Germany, have
gone similar ones in England, Russia, Norway, Sweden, Austria and the
Netherlands, but Germany has led the way. and it is there that the
most modern and scientific methods and machinery for the manufacture
of peat into efticient fuel have been worked out. In fact, there has
been much labor and a great-amonut of capital used up in various
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unstecessful processes of Tiandling peat in Germany. aud no better
step could be taken by the wounld-be inventor of new and especially
desivable processes of converting peat info fiest rate, cheap fuel, than
to make a thorough study of the history of German inventions and ex-
periments in this divection. for it would doubtless save hin much time
and trouble as well as mueh woney and disappointment. '

Use in JLwerica:  In Awmevica, with its great stores of fuel, in the
form of wood, and the various types of coal, widely distributed, cheap
and abandant, the history of the use of peal is very hiief. It was used
in parts of New England by eavly settlers from peat-using stocks, and in
the region of Cape Cod and the adjacent islands in Massachusetts.
where the oviginal forests were poor and soon destroyed, the use of peat,
taken from the numerous bogs of the region. has, according to Shalert
been general and continues wntil the present time. In other parts
of New England, its use was digcontinued years ago. In the latter part
of the 19th century some peat fuel was manufactured at Texington,
Mass., by T. I Leavitt, but no general use of it has been made in any
part of the country, except this, so far as is known, and it was not until
the great coal minery’ strike of the winter of 1902-03 created a widespread
interest in the possibility of utilizing the extensive deposits of various
kinds of peat known to exist in the novrthern parts of the United States,
that the public took wuch notice of it

Use in Canada:  In Canada, the history is slightly different. though
similar. There, the deposits are nove extensive, than in most parts of the
United States, are easily accessible and the land was settled fron the
more northern parts of INurope, and especially from Scotland, Treland and
Gerwiany, by people who were nsed to gathering and using peat for frel,
These facts, taken in conneection with remoteness from coal supplies, un-
doubtedly led to a more extensive and earlier nuse of peat for fuel than
in this country, so that in the early sixties, there was a small ontput of
machine-made peat, and a little Iater, carbonized pressed peat. was
placed on the market and tested by manufactuvers and railroads. This
was followed by a slow development of brigquetting machinery, until sey-
eral plants were established to make peat briquettes, none of which were
successful in getting a good product from the process used, that of air
drying, grinding and pressing the peat, aund after a season or two of
attempts, were abandoned. The next series of attempts were made in
the dirvection of pressing the peat after it had been dried by artificial
heat, and in 1902 several establishments in Ontario were operating, and
with more or less suceess, were supplying local markets with briquettes
made by modifications of this process. The whole development, in-
cluding descriptions of bogs. processes and machinery is fully described
in Bulletin No. 5, of the Ontario Burean of Mines, and in a later veport
by tlie same bureau.?

Use in Jlichigan: In Michigan, since it was, to a lavrge extent settled
as was Canada, by people from the countries of Northern urope, it is
probable that there was some use of peat by individuals, especially in the
ierman and Hollander settlements, but the great amount of wood, and
its cheapuess for fuel, together with the immeunse quantities of waste

I 8haler, N, 8. Peat Deposits. 16th Ann. Rep., U, 8. G. 8., Part 1V, 1894-3, p. 300.
2 Report of the Bureau of Mines, 1903, Torouto, Out., 1903.
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mill wood, and dvift, or fleod wood frowm the streams on which Iwmn-
bering. or river driving operations, were being conducted, in the orter
davs, and later, the development of the Michigan coal fields. and the
close proximity to those of Ohic. all tended to make the use of peat mun-
necessary, and it was only a short time ago, that the possibilities of utiliz-
ing the great areas of peat in the state, atiracted general attention. The
past five vears, however, have seen a marked change in the attitude of eap-
italisis, owners of bogs and the eitizens of the state in this matter and «
widespread interest, due partiyv to the rising price of wood and coal, and
partly fo the constant discussion of the value of peat fuel in the public
prints, as well as the effects of the coal famine already referred to, has
been aroused and there ave few of the citizens of the state who wounld
not now be glad of the opportunity to test the new fuel, if it could be
had. Within the period nawmed, there hag been an attempt on the part
of capitalists {o meet this demand for peat fuel and a considerabie
wumber of plants have been built in the vavious parts ot the Southern
Peninsula and have put oul small quantities of finished product, which
have found a ready arkef, and at present writing it appears possible
that hefore long a flonrishing industry based upon the utilization of this
great natural resource of stored fuel may be built up. Michigan has
abundant and good peat deposits. and all that is needed® to make them
useful is honest, intelligent, cavefully planned exploitation.

Deseriptive.

Teconse of its diversified ovigin and the very different condi-

tions to which individual deposits have been subjected, peat is en-
tively Jacking in uniformity of structure, is of very unequal fuel value,
nd varies gveatly in texture and color, not only in different bogs, but
in parts of the same bog. These peculiarities are discussed at length
elsewhere and are due to differences in the age of the deposits, in the form
of basin in which they lie, the kinds of impurvities present, the amonnt
of oxidation and decomposition, the kind of plants from which the peat
is formed, and other more or loss Important factovs.

The ehief kinds, as discusged by most writers, are given as those wiieh
are light brown in eolor, coaise in texture, and low in specific gravity;
those which are dark brown in color, dense and fine grained in texture
and comparatively heavy; and those which are intermediate in charac-
ters. To these should be added the light colored and very fine grained
types, which have been described as formed by the algwe in the bogs of
Northern Michigan (p. 247) and there are all sorts of intergradations
between these various forms. In Alichigan, in the deposits of the lake
basin type, it is not infrequent to have the light colored, coarse type.
end abruptly, and pass without gradations into the dark colored, compact
variety, while in other cases the deposit may pass gradually from oue
kind to the other. It is therefore very difficult to secure a product from
peat which shall have uniformity of structure, of cohesiveness or of fvel
value, and impossible to do so unless artificial means are employed to
insure this.

These physical characters have to be considered when the problem of
preparation for market is being worked out, whether for individual bogs,
or for general application, especially since all of the methods now in

a
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use, depend, more or less, upon comypression and molding into some form
of rather small blocks. which must take and hold their shape readily,
and not disintegrste too casily when handied or burned.

It is manifest that the coarser types, or those of coarse and fine ma-
terial mixed, will retain morve woisture and air and be slower about
drying, than the others and will thus be less satisfactory for making
briquettes without some freatment before they are compressed. Such
treatment of the coarser kinds is usually given in the form of grinding or
kneading, or often a combination of the two, by the use of mills and
toothed and smooth rollers. This freatment breaks up the coarse frag-
ments, works out a large part of the included gases and air, and some
of the water held by the varvious constituents, thus making the whole mass
uniform in texture and reducing the bulk; for some processes of prepu-
ration, the finely divided kinds do not need such preliminary treatment
so much as coarser ones, but in practice, it is usual to give all the same
preparation in order that any coarse material mixed in with the fine
may be broken up. In making machine-compressed blocks, the finer
grained types of plastic peats need very little grinding or kneading, for
they are homogencous and compact already, but the coarser varieties need
a good deal of preliminary treatment before they make a satisfactory
product by such process.

In Southern Michigan, and less frequently north, there are quite exten-
sive areas of the dark colored, often nearly black peat, which is sufficiently
plastic s¢ that it can be molded when wet, and which holds its form when
dry. 1In the dry state it becemes almost as black and hard as coal; such
material would not be greatly improved by being pressed through a mill,
but would have to be crushed, if it were first dried and then pressed into
briquettes.

The lighter colored and coarser types would need thorough grind-
ing anid much working over, before being put to any use, and it is often
difficnlt to make them sufficiently plastic and eshesive to form good
blocks even when they are molded wet. Certain components of this kind
of peat, notably the grass and sedge leaves, may be sufficiently abundant
and so poorly decomposed that thev clog the rolls of the grinding
mills and cause much trouble in handling. When ground, dried, and
formed into briquettes by pressure, peats of this kind are full of irreguiar
flat particies of sedge leaves, which arrange themselves with their long
axes at rvight angles to the length of the block and thus develop cleavace
planes in the briquettes, which canse them to exfolinte when burned,
thus reducing the efficiency of the fuel, and to split away readily when
handled, hence they do not bear transportation well.

Prospecting Methods.

In the first examination of marshes, swamps, or bogs, for peat, at-
tention should be given to the following matters and notes should be
made regarding them: (1) The exact location by Township, Range and
Sections; (2) The distance from the nearest transportation lines; (3)
The approximate area of the surface of the peaty tract and character of
the surrounding lands; (4) The kind of plant growth on the surface of
the area, whether grasses, (or sedges), shrubs and mosses, or trees. If
the latter, the kinds and size. If the trees have been cleared off or burned
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off, this should be noted, with the kinds taken off, if this can be
determined. (5) The possibilities of drainage, streams through the
bog or near by. It should be remembered fhiat as peat is drained, the
surfnee slopes in the direction of the main ditches, so that a cervtain
amonnt of fall can be made by drvaining. (46) The depth of the surface
favers to good peat, and of the whole depoesit, should be tested in a few
places, for even if of large extent, a very shallow bog is not worth much
for fuel purposes. (7) The amount of decomposition of the Tower layvers
below the surface litter. and its eolor and plasticity should be noted.
Tt is usnally true that the deeper parts of the bed ave formed from dif-
ferent plants than are the top layers. These facts should be noted vegard-
ing every bog or marsh visited, whether any other work is done upon them
or not. It is highly important also, in the more thovough preliminary
investigation of a peat deposit, to find out, not only about the depth and
extent of the beds and their purity, and the heating gnalities of the peat,
but to consider also the plasticity, the mechanical texture, the degree of
decomposition, and the uniformity of the various beds at different depths
helow the surface. To do this thoronghly is no simple matter. and is
often expensive, but the expense is slight compared with that caused by
too hastily making the assumption that a peat deposit is available for use
and establishing a plant upon i, and then finding that a marketable
product cannot profitably be made from the peat.

Tools for Prospecting: In making the first prospecting examination
of a deposit, the nsual tool which is used is a long iron rod made of gas
pipe, cut into convenient lengths, and provided with ordinary couplings,
or unions, for screwing these together. 'The size of the pipes is a muatter
of some importance, since if too lavge it is very heavy to carry, and if too
amuall it beuds and breaks easily wheve the threads for the couplings ave
cat. Probably for practical work nothing smaller than 4 inch pipe
should be used, except for light reconnaisance work, in which but few
tests have to be made. For convenience in carrying, the lengths of pipe
ought not to be greater than four feet, and in order that the couplings
shall not work loose too easily, it is well to have each one pinuned to one
end of a length of pipe, so that the pipe and not the coupling will nnscrew.
The threads in the pipe should always be c¢ut carvefully and fit the coup-
lings as perfectly as possible, and yet be neither too tight nor too loose. It
cut slightly tapering they seem to work best, as they then hold firmly
when screwed into place, but are easily released when it is necessary to
take them apart. A pair of pipe wrenches, preferably the “alligator” pat-
tern, should be taken into the field at all tines, in case the sections of pipe
get serewed together too tightly to be taken apart by the hands alone.
In most cases, unless the beds are to be worked to an unusual depth, a
pipe sounder of five four-foot sections will be sufficiently long for all
practical purposes, since in actual practice abroad, the peat is rarely
taken from a wet bog, such as most of the Michigan bogs are, from &
depth of more than 10 feet.

Final Sampling: For taking samples from various depths, many de-
vices have been used, one of the most common being a two-inch auger,
which, if of the open spiral type,.like an earth auger, is quite satisfactory
if bored down into solid peat, and a clean hole made. If simply pushed
down, turned around a few times to clean the pod, and then draw up, it is
likely not to bring up a satisfactory sample; in fact, little dependence
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can be placed upon getting a clean sample by such a method, from even a
few feet below the surface, and the auger is not recommended unless
used carefully, in compact, solid deposits; of course in the nearly liquid
types of deposit no samples can be taken by an auger.

Another form of sampling apparatus which has been used with good
results is made by splitting a length of one or one and one-half inch
pipe. and spreading it so that a narrow, longitudinal opening is made
nearly the entire length. One edge of this is sharpened by filing it and
raised above the other so that the cross section is something like the ac-
companying figure (Fig. 18). This is pushed down to the desired depth

MARL SAMPLER
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Fia. 18. Hunt Marl or Peat sampler,

and then turned several times until the sharp edge has cut off enough
of the surrounding peal to show its character. A removable pointed
plug should be put in the lower end of this sampler to keep it from filling
with peat as it is pushed down into the beds, unless a hole has been
previously bored down about to the depth from which the sample is to
be taken. If steel tubing is used for this form of sampler, it will be
lighter and more easily sharpened and kept sharp than is the common
wrought iron tubing which is ordinarily used.

A sampler for taking small, pure samples from any depth, was used
by the writer, and consisted of a short cylinder into which fitted a metal
plunger, which, when pulled out a definite distance, locked automatic-
ally: in use, the cylinder was screwed on to the end of a gas pipe sound-
ing rod and pushed into the peat the required distance, less the length
of the cylinder. The rod was then drawn up until the catch-lock was
heard to click and then pushed down the length of the cylinder, or a
little more, in order to insure completely filling it. The sample thus
obtained was free from all outside impurities.

Importance of Thoroughly Proving a Deposit: In making the tests
for the final proving up of a bog, before preparing to exploit it, holes
should be dug at regular intervals, to such a depth as will insure cut-
ting through to the deeper layers of the deposit, from which large sam-
ples of material should be taken and worked up by the process it is

41
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proposed to use in developing the bog. The holes should be dug in
parallel lines equally distant from each other and if marked ditferences
are found in certain consecutive Loles, which are considered of sufficient
importance to warrant it, intermediate test holes should be made. For
making such tests, some prospectors use a common, long-handled spade,
others a post-hole digger or auger, and still others use a peat spade or
slane, but the important thing is to have the testing at this stage done
thoroughly and to such depth that there is no doubt as to the good
quality and large quantity of the deeper layers of peat, which are fre-
quently the only ones which are of value in the preparation of fuel for
commercial use.

Factors Affecting the Commercial Value of Peal Deposits.

In considering the possibility of developing a deposit of peat, by con-
structing a plant, certain other matters than those mentioned above,
have to be taken into dccount, as it is often upon such preliminaries that
the financial success of the contemplated investment will depend.

Market and Transportetion: Of primary importance is a good and
steady market for the product, after it is ready to sell. With a standard
article, well known and with large use, the location of the place of manu-
facture is not of great importance, since buyers will seek it to supply
their needs. With a little known and practically unused commodity,
however, competing with others of equal value which have been in use
a long time and in which there is not only a closely organized trade and
an iron-clad agreement between producers, who may also be favored in
the matter of transportation, but also a close orgunization of retailers to
control the prices and markets, the matter of an immediate and near-by
market is not to be overlooked. The nearness or remoteness of market,
is the more important, also, because of the bulkiness of all forms of
peat fuel, and the ease with which it disintegrates when subjected to
moisture, or to rough handling, so that it can be sold at less cost and
in better condition near the place of production than it can if shipped
long distances; moreover the loss from handling is much less after
short shipments than after long ones. It would, therefore, seem prob-
able that it would be unwise to attempt, in the beginning, before the
peat fuel is well established, to exploit bogs which are far from some
large town, and which are not on or near some well developed railroad
line, which will give assurance of good freight rates and a sufficient
number of box cars for the shipment of the finished product.

Area and Depth: The area and depth of the deposit is also a matter
of importance, the area probably of more importance than the depth,
gince, according to Europcan practice, the deposits are rarely worked
below 10 or 12 feet in depth, although there seems to be no reason why,
with dredges or even pumps, the peat from the deep deposits should
not be used, if it has the proper texture and composition. The state-
ment has been made that about 200 tons of finished peat fuel can be
made from an acre of peat of average density, for every foot in depth,
or, as is frequently stated, 200 tons to the acre foot. With this in
mind, it is easy to calculate the amount of fuel which can be made from
a bog of any size and depth, and whether it will pay to develop it. In
this eonnection it is well to remember that the upper foot or more of
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the peat is often of no value for manufacturing into salable fuel, but
most of it may be used in running the plant, with no other preparation
than cutting it from the bog and drying it by exposure to wind and sun.

Physical Condition of the Peat: The importance of the physical con-
dition of the peat in given bogs has been mentioned. This will depend
largely upon the way in which it has been developed. If in a basin
which had filled largely from top and sides. the peat will consist of a
well defined top stratum from one to several feet thick of more or less
fibrous and coarse, light-colored material, which has below it a deeper
mass of darker, homogeneous, plastic peat. often very soft and full of
water, but of generally good fuel value and easily handled by properly
adapted machinery.

On the other hand, if the basin has been filled by stages of growth, from
the bottom, the peat is likely to be coarse and fine alternately, or made
up of mostly coarse, partly disintegrated material, and may have beds
containing stumps and logs at intervals from bottom to top, which will
make it difficult to work by the usual types of machines for cutting peat.
In making estimates of the amount of peat contained in deep bogs, care:
must be taken not to overestimate this, for it has been shown by the ex-
perience of prospectors, and of railroads® crossing such deposits, that
they are not infrequently not solid, but have only a relatively thin covering
of dense peat, from 4 to 6 feet thick, formed of closely interwoven stems
and roots of various plants, including trees, on the surface, below which
is a body of water, of considerable size which contains no peat or only
suspended fragments of vegetable matter. Below this water may be more
peat, but so far below the surface as to be useless. Such a condition is
not revealed by testing with an auger, as the pod of the auger is filled
with peat from the surface coverings as it is drawn up, unless very care-
ful borings are made.

Deep Bogs with Thin Stratum of Peat with Water or Marl Below: An-
other matter of similar nature is the frequent presence of marl, several
feet below the surface of seemingly deep peat beds. In one case, in
which prospecting was done by the writer, in a bog which had been
looked over for marl, and none found, and which was supposed, from
auger tests, to be made up of solid peat, the peat was only 8 or 9 feet
deep with good marl below. In another place the peat was said to be
10 or 12 feet deep by the owner who had often sounded it, and was
found to be about 4 feet deep and the rest marl. The cause of the dis-
crepancies was the replacement, in the auger, of the marl by peat as the
tool was drawn through the latter, which apparently is a frequent oe-
currence in the use of the auger.

Sampling for Other Purposes Than Fuel: T1f the bog is being examined
for peat for other purposes than for fuel making, such as paper or pulp
stock, or for litter manufacture, similar precautions should be taken to
see that there is an abundance of the proper kind of peat for the uses
which are to be made of it. The best type of bog for these uses would
be the one built up from the bottom wiih numerous layers of sedge and
grass remains.

Chemical Composition and Ash: These should be determined by the
chemist, together with the fuel value, before final arrangements are made

18ee Part I, p. 154,
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for putting in a plaut. The best way to fest the fuel value, however, is
to make actual working tests, under a boiler, in which samples of the
fuel are used, made up in the machines to be used in the proposed plant,
from the peat taken from the test holes made in the finul prospecting.
Such tests are expensive, but can be made very satisfactory, as they show
the real efficiency of the fuel better than the ordinary chemical analyses
and calorimeter tests. If the fuel does good work in these practical tests
there will be little question about the amount of ash present.

Possibilitics of Drainage: These are usually considered of impor-
tance, and sometimes excellent bogs have been left unutilized, because
they were not capable of heing effectively drained. In Sweden, however,
peat fuel has been satisfactorily and very cheaply made upon floating
establishments of small capacity, and there seems no reason why the
peat should not be excavated from the wet bogs, without draining them,
by the use of scows and dredges just as ditches are cut through marshes.
In recent practice in Germany, indeed, the peat is sent to the mill from
the bog by floating it in a liquid form through ghallow trenches, which
have an artificial fall, into a storage basin, hence the more nearly the
peat approaches the fluid condition when taken from the bog, and can
still be handled, the better it is for the purpose, so that drainage is not
an essential, or even a desirable thing, especially if some such system of
transportation is used.

Character of the Surface Growth: A bog which has been cleared, is
more desirable than one covered with a dense growth of small trees and
bushes, and one free from stumps has that much advantage over that
from which a heavy growth of timber has been cleared, but the matter
of clearing up the surface is a relatively small one, since it can be done
a little at a time, and need not be hurried, after a sufficient area has
been cleared for actual work. From what has been said in the discus-
sion of the development of peat deposits, it is evident that the surface
vegetation, except in very shailow deposits of no commercial value, in-
dicates nothing as to the origin of the peat, or its physical condition,
or its fuel value, for the plants present may only recently have estab-
lished themselves, and the only thing which they indicate is the position
of the water level with regard to the surface of the peat.

Acidity: Some types of peat, notably the brown ones, are said to
become nearly impervious to water after they are once thoroughly dried
out, because the organic acids which they contain are colloidal, or glue-
like, in form, and when they dry. they become ingoluble, so that the
acid, brown peats may make a slightly stronger and more resistant
pressed block fuel than the black ones, but it is doubtful if in practice
the difference would be of importance and it can be of no importance
where briquetting after drying is resorted to, since the cementing effect
of the acid is slight.

Sources of Contamination Producing High Ash Content.

Importance of Ash: The ash content has to be considered, be-
cause, if it is high, the fuel value of the final product from the bog must
be reduced, and by so much the cost of handling increased, since the ash
constituents are mineral impurities which do not burn, and in consider-
ing the availability of a peat deposit, for fuel manufacture, the possible
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sources from which mineral matter may get into the bog to increase the
normal ash content, should be taken into account, of which the follow-
ing are worthy of notice:

Flooding by Strewms: A chief sowrce of such matter is flooding by
streams, which bring silts, muds and even sands into the basins through
which they flow and deposit them, or leave them upon the part of their
flood plaing which they overflow. Strefims flowing through a cleared
and cultivated country are much more likely to have floods and carry
abundant sediment, than these which flow through forest covered
regions, Peat deposits along such streams. especially in the river
swamps, oxbow lakes and bavous, and in their deltas in lakes, are
usually so filled with the various forms of sediment that they have
little if any fuel value.

Flooding by Rain Wash: Flooding by rain wash from higher ground,
is a form of contamination to which many otherwise good deposits of
peat have been subjected to in Michigan since the hillsides have been
cleared and cultivated, and it is no uncommon thing to see sand and
gravel piled several feet deep upon the surface of the margin of a peat
bog, while the water of the adjoining marsh is colored a deep brown by
the finer matter which has been carried in suspension and has not yet
settled. Where such wash has been going on for any length of time, the
ash content of the superficial layers of the bog is very high, hence if it
is found that a bog is subject to flooding from high ground during heavy
rains, the peat should be studied to ascertain how deep the silt has
affected it, and if there is any means of checking the wash, since this
may reduce the value of the bog after exploitation begins.

Spring aend Terrace Bogs: Certain classes of peat deposits, notably
those on terraces of streams, and on slopes, are formed by the outflow
of springs. These are particularly likely to be high in mineral matter,
for the water which is constantly flowing through and over them, has
considerable dissolved mineral matter in it, which may be precipitated
in contact with the air, especially after the excess of the gas, carbon
dioxide, which most spring waters contain. has passed off into the air.
Such mineral matters are calcium carbonate, calcium sulphate, or gyp-
sum  (in some regions), iron compounds and sometimes other mineral
matters. The calcinm carbonate is the most common of these substances
and is generally precipitated by a plant, Chara, which grows in the
shallow water of the spring outlets and often forms a considerable
part of the deposit in which its remains can be felt as granular, gritty,
particles scattered through it. Sometimes one of the mosses also forms
deposits which are more stony in their character and of large size, one
in Seville Tp., Gratiot county, covering an area of several acres. The
iron precipitates first appear as a thin, oily-looking scum on the sur-
face of the water standing in small holes and along the spring outlets,
and later as a veddish, rusty-appearing sediment of hydrous iron oxide,
“bog iron.” farther along the stream, as thin, rusty streaks in the peat,
or sometimes below it, in masses.

Not infrequently, when bogs of this sort are burned, the iron which
was in the peat appears as a dark brown or even deep red deposit of
ochre. The mineral matter of such bogs is also added to by the shells
of mollusks, chiefly land snails, which are usually very abundant in
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them, and may be seen Iving on the surface or buried in the peat. When
to these internal sources of mineral matter is added the liability of
flooding from the higher lands around, to which this type of bog is
especially liable, it is evident that it is not usually worth while to con-
sider spring-formed deposits of peat, of the terrace and mound types,
as sources of fuel supply. in the region under discussion, even where
they have good-sized aveas, which is not, however, frequently the case.

Stiore Wash in Lakes: In some larger lakes, and occasionally in
small ones, there may be extensive bogs along parts of the shore, while
other parts have sand, gravel or even marl exposures. During times of
storm and high water, the waves and shore currents may carry a good
deal of finer, silty matter to the bogs and in this way make the peat
impure. “Vhere it is found that after storms or strong winds, the
marshes, under which the peat lies, are covered with muddy water, the
top lavers will be found to have an abnormaliy large amount of ash.
Such bogs are frequently not so situated that they can be used profit-
ably, even when they ave extensive enough to be considered as worthy,
of exploitation; if, in any case, they are examined for this purpose,
the question of the amount of ash in the lower layers of the peat should
be given more than ordinary attention,

Mineral Matter From the Wuter of Lakes and Streams: This is
of two kinds, that held in solution and that carried by the water,
in the form of fine sand, silt or clay in suspension during floods
or in less amount at other times, or washed directly from the high lands
to the bogs. There is a considerable quantity of the suspended matter,
which is so very fine that it remains suspended for a long time and
eventually may become entangled by water plants, and upon their de-
cay, become a part of the peat, or it may settle slowly to the bottom
with fine vegetable matter and be incorporated into it. In order to be-
come convinced of the importance of this factor, one has only to ex-
amine the washings from some of the floating aquatics with finely
divided leaves, from even a small pond, under the low power of a com-
pound miscroscope, for they will be found to consist quite largely of
small angular particles of mineral matter, often silica.

Dissolved Mineral Matter: The mineral matter held in solution in
the water, is a more constant, and, on the whole, a more im-
portant source of impurity to the vegetable matter which makes peat;
in fact, it is the source of all mineral, or ash constituents, except those
mentioned above, for the plants get all of their mineral matter from
the soil waters, and build it into their tissunes. Aside from that which
is used in this way by all plants, there is a considerable amount which
is precipitated in one way or another by the water plants, which goes
to increase the amount of ash in accumulations of their remains.

Precipitation by Plants: Two distinct types of plants. the seed-
bearing and the Alge, precipitate caleium carbonate in consider-
able amonnt upon the outside of their leaves and stems, or, in
the case of the lower Algsme, over the entire plant. Where the higher
plants are most numerous, the amount of the mineral matter accumulated
is small in comparison with the amount of vegetable matter formed,
but where the Algae, Chara and lower types, ave the dominant vegetable
forms, the amount of mineral matter is often so large that marl, and
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not peat. is formed. Where there is any considerable gnantity of Cal-
cim-secreting Alge growing in the deoper parts of the lake or bhodx
of water {even slmllow spring outlets an inch or less deep are not fiee
from these plants, as pointed out above), the ash content of the result-
ing peat is certain to be high. It may be worthy of note here, that
Chara. the important lime- qef“retlno plant, not 1*1f1'equent1x grows in
shallow wafer among the bulrushes and sedges and contributes consider-
able mineral matter to the resulting seﬂemblo débris and its presence
in such places may often account for tue presence of more mineral mat-
ter than conld otherwise be casily explained.

Another type of Alge, the Diatoms, secrete silica in the form
of delicate tmmpamnt shells, and while these plants are very minute,
their number is sometimes so enormous that their shells have made de-
posits of cousiderable economic 1mp0rtanee in various parts of the earth.
These plants are always present in the water of peat bogs, and their
silicious shells nndoubted]v add an appreciable amount to the ash of
most types of peat.

An additional source of precipitation of dissolved mineral matter
from the water of bogs, lakes, springs, and streams are certain fila-
mentous Algee which form local deposits of lime and iron in bogs and
swamps, and at times this becomes sufficiently general to serlouslv affect
the quality of the peat.

The chief contributors to the ash of the coarser types of peat, are
sedges and grasses, which, in the course of their growth, secrete con-
siderable quantltles of s1hca in the cell walls of stems dnd leaves. This
silica is then a normal constituent of peat, and is to be expected where
the plan‘m mentioned have had any considerable part, as is generally the
case, in building up the deposit.

Another group of plants, representatives of which are sometimes
found either growing on the surface of bogs, or in the water along their
margins. in ]arfre quanhtles, has silicious cell walls. This is the Horsn-
tail family, the Kquisetacewx, the surviving remnant of the Giant Cala-
mites of tlle Carboniferous Age, which grew in similar situations, and
by their growth and decay helped to form coal.

Relation of Deposits of Peat to the Bottom.

In relatively shallow peat beds, it is sometfimes a matter of some
importance to determine the quality of the underlying stratum of min-
eral matter, as this may, in some cases, affect the lower strata of the
bog. rendering them impure, or make it difficnlt to harvest them.

In the bouthorn Peninsula of Michigan, ordinary till or houlder clay
is a common type of material found below bogs. This never is found
above the bottom of the peat, hence never 1nterfereq with working the
bog to the bottom.

Where clay forms the substratum, however, as it often does, the lower
layers of peat are usunally impreg 1mted with it, and it is apparent that
at the time the peat was laid down, conditions were such that consider-
able mud was being held in suspension from time to time in the water
of the depression in which the bog grew up and was deposited with the
peat. The clay content of the peat may continue to be excessive for a
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foot or more above the bottom, so this amount of material has to be
left in the bog in utilizing it for fuel manufacture.

In the Northern Peninsula, many of the shallower bogs have been
built up over sand, and in such cases there seemed to be no intergrading
between the sand and peat. Indeed, it is not easy to see how sand
could be mixed with the peat by ordinary water action, since the force
of current which would carry the sand would wash the vegetable mat-
ter all away. In some cases there were thin layers of clay between sand
and peat, but the amount of this material was small and its effect upon
the peat did not seem to extend above the bottom to a greater distance
than an inch or two.

When, as has been mentioned above, marl lies below the peat deposit,
from the origin of the two substances, there is likely to be a zone of
some thickness in which they will be mixed so intimately that the
peat will be of no use for fuel. Such a zone will show the presence of
the marl by its grayish color when dry, and the large per cent of ash
which even the darker peat leaves when burned. This zone of mixed
material may vary in depth from a few inches to two feet or more, but
usually it is quite narrow, although where present it must always be
taken into account.

Bog iron is sometimes found at the bottom, a short distance below
peat beds, but rarely in them, except as indicated above. It usually
forms a hard pan, or, frequently, irregular masses, when it is at the
bottom of a bog, and may, in some cases, render it difficult to use ma-
chines for cutting out the lower layers of the bog.

Summary.

Color: 'The type of peal which would be called a good commercial
peat for fuel use, that is, one which could be readily handled by some
one of the processes now in use, and make a desirable type of product, at
a price which would not prohibit its manufacture, should have a color,
when wet, which varies from medium to dark, rich brown, or to nearly,
or quite black; the deeper layers of peat are frequently darker than
those at or mear the surface; in a few, probably rare, types however,
the color may be much lighter. When dry, good peat may vary in
color from medium light to dark brown of the richer shades or to black.
That which shows much straw color when dry, should be looked upon
with more or less suspicion, as should those kinds which are of light
brown shades when wet, although the degree of decomposition and struc-
ture should be considered in connection with color.

Those samples which show much chalky matter when dry, or have a
rusty color runming through them in streaks, or are generally rusty
when dry, are probably impregnated with lime and iron and will run
high in ash. If the dry peat shows grayish, either in streaks or gen-
erally, it is likely to be rich in sediments and unusable for fuel.

Weight: Good average peat, when air dry, contains from 15 to 25
per cent of water, and weighs, without compression, about 12 pounds or
more per cubic foot as cut from the bog. Those types which ave davker
and more compact than the average are heavier, while the ones which
are of light color usually weigh less. A very heavy sample which has not
been compressed, should be rejected as certain to contain too much ash,
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while a very light one is liable to yield a finished product that will be so
bulky as to be at a disadvantage in the markets, because of high freight
rates, and the amount of storage room which it requires, as compared
with other fuels, for it must be borne in mind that peat fuel, unless in
the form of coke, must be stored under cover, and since its bulk is eight
times that of coal of the same heating capacity, it can readily be seen
that the very light weight kinds, will be at a disadvantage, as they may
require 15 to 18 times as much space as coal which will give the same
amount of heat.

Terture: The importance of considering the texture and coarseness
of peat must already be apparent from what has been written, regard-
ing the matter. In general, the coarser peats are lighter in color and in
weight than those of finer texture, which is in part due to the greater
age. and more complete decomposition of the latter, and in part, to the
different species of plants from which they were derived and different
conditions under which they have been formed. With fineness of tex-
ture goes greater plasticity, which is desirable to a degree, in peat {o be
used for fuel manufacture.

While peat of the coarser types will usually give a fuel that burns
readily, with a good degree of heat and with a minimum of ash, it
vields a more bulky fuel, it is likely to break up quickly on burning, it
needs much more preparation before manufacture, is more difficult to
dry and keep dry, is harder to compress, and is almost certain to produce
edSl]V broken briquettes. On the other hand, the plastic, black peats
are lufrher in ash, are more difficult to burn, and arve harder when dry,
reg 1(111n0“ nearly the consistency of soft coal which makes the com-
pressed blooks durable but not unreasonably hard to crush, if briquet-
ting, after drying, is resorted to.

Relation of Ash to Commercial Value.

In considering this matter, it is assumed that no peat having over
20 or at most 25 per cent of ash would yield heat enough, so that it
would find a continued market, but when the ash of the dark colored
peats, which are highest in ash, is below 15 per cent, it would usually
find buyers, if it burned well, as the ordinary consumer will not be
over particular regarding the per cent of ash in the fuel lhe buys, as
is shown by readiness with which all kinds of coal and wood are.pur-
chased. The apparent amount of ash from peat fuel is very small. be-
cause of the large bulk of the fuel and the small bulk and freedom
from ‘cinders and clinkers of the ash, which makes it seem that the
absolute per cent is small also.  If, as is frequently done in Northern
Lurope, a body of peat is utilized for generating steam to run a single
factory, using it in lieu of other fuel brought from a distance, the
various precauntions regarding ash and quality, texture and other char-
acteristics may be waived, since, in such a case, proximity to the fac-
tory and quantity of material, are of more importance than quality.
There is no difficulty in generating steam quickly and in any quantity,
by using air-dried cut peat, even of rather poor quality, and with a
small cutting and compressing plant, the efficiency of the fuel maxy be
readily increased, so that at a small cost per ton, an excellent product,
and a good substitute for coal or wood can be obtained from the im-
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mediate vicinity of the factory. That such individual plants, making
a few tons of peat fuel per day, from the namerous small bogs scat-
tered through Michigan, are not in existence, is evidence either that the
owners of small factories are sufficiently prosperous, so that they do
not need to practice small economies, or that they are not yet fully aware
of all of the resources which may be exploited to their advantage.

Parmelee! divides the peat tested by him into three classes, (1) high
grade peat, ash ranging between 0 and 10 per cent, (2) medium grade
peat. ash 10 to 15 per cent and (3) low grade peat, ash 15 to 25 per
cent. The lowest ash reported in this series is 5.04 per cent of the
weight of the peat after it had been dried in an oven at 105° C. until
the weight was constant and the number of heat units obtained from
this sample was 5,876 calories. The heating value diminished as the
ash content increased, in these tests, as would be expected, but not regu-
larly, a sample with 8.34 per cent ash developed 5,521 calories,
while another with 6.24 per cent ash developed only 5,098 calories, a
less amount than another with 14.26 per cent ash which was reported
as baving a heating value of 5,193 calories. Still another sample with
16.44 per cent ash had a lLeating value of 5117 calorics. In general the
low grade peats ran below 4,500 calories, the medium grade peats below
5,000 calories, and the high grade peats between 5,000 and 5,900 calories,
only a small number, however, going above 5,500 calories. These tests
were all made with peat dried in an oven at 105° C. until the weight
was constant, hence give higher heating values, than would be obtained
with air-dry samples, as the author notes, and also for the same rea-
son, higher ash percentages. The same lack of definite relationship be-
tween heating value and ash content is shown in the discussion of Al-
len’s analyses of Michigan peat below.

Location and Extent of Peat Beds in Michigan.

As has been stated in the part of this work dealing with the North-
ern Peninsula, the greatest continuous area of peat in the state lies
along an extensive tract of flat country in the eastern end of that pen-
insuln. In the Southern Peninsula,? there are no areas comparable
with this in extent, and relatively few covering more than a few hun-
dred acres. Of these, tlhie most extensive lie in river valleys and are
hence likely to be shallow, and more or less affected by gilt which has
been brought into the valleys from the hills or by overflow from springs
and streams. Of the smaller areas of bog and swamp, there are many
in the morainal, or hilly, region north of Detroit, in Oakland county,
and extending across the state east and west as well as northward. If
- one takes a map of the state and examines it for regions where lakes
are most numerous, then visits these, he will, in such regions, find bogs
and swamps filled with more or less extensive beds of peat, since the
lakes indicate an abundance of undrained or partly drained depres-
sions. and, in these, bogs have grown up, as shown by the parts of this
report deseribing the development of peaty formations. The original

1 Parmelee, C. W, & McCourt, W, E. A report on the peat deposits_of Northern New Jersey.
Ann. Report of the State Geologist of N. J, for 1905, p. 261, Trenton, N, J., 1906.
-"24ee also Winchell, A., Peat in Michigan, Leavitt’s Peat Journal 1, 1, Boston, 1867.
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distribution of swamps. containing more or less peat, in Michigan, is
shown by the maps, (Plates XVI and XVII).

These deposits range in depth from a few feet, to as much as 60 to
70, though more often only to 25 or 30 feet, and from a few acres to a
series of connected basins, which may cover many hundreds of acres,
aund in which the depth of the peat may more than compensate for the
relatively small area. In some of these basins, however, the peat is
shallow, being underlaid by marl a short distance below the surface.
On some of the broad, flat divides and especially in the valleys lying
in the morainal region of the state, there are excellent deposits of peat
of good depth and quality, some of which have been brought under cul-
tivation, however, and are not available for exploitation for fuel, or
other purposes.

There is no question in the minds of those who have investigated the
matter, or of that of the writer, that there is an abundance of excellent
peat for all the uses to which the material has been put, to be found
in Michigan and that good deposits for the manufacture of fuel, on
any reasonable scale, are to be had near enough to the large towns, so
that a good market can be built up as soon as the product is made
upon such a basis, that it can be profitably sold in competition with
moderate priced, or cheap, wood and coal.

For those types of peat which can not be made into transportable
fuel, special forms of utilization could be devised, such as those sug-
gested by Adolf Dal in an article in the London Iingineering Magazine,
November, 1902. Tle recominends that the peat of large deposits be
turned into electric energy at the beds, and conveyed to.the manufac-
turing centers in that form, rather than try to transport it in fuel
form. There is also the possibility of distilling it, and piping the re-
sulting gases long distances, for use in gas engines and for heating and
lighting purposes. Tt seems probable that such methods of exploita-
tion would be quite as satisfactory, and more simple than any
method for counverting the peat into a portable fuel, except possibly
into peat coke, which would be done in any case, if the gas were the
object of the utilization.

The Compesition of Michigan Peai as Shown by Analyses.

The following analyses, a few of the many which have been made by
various chemists, and others, who have investigated the suitability of
our peat deposits for fuel,' show that these compare favorably with
similar deposits in other parts of the country and of ILurope.

Analyses by J. R. Allen.

The following report of analyses of peat from three counties in South-
ern, and one in Northern Michigan, was kindly furnished the Geological
Survey for this report by Prof. John R. Allen, of the TIingineering De-
partment of the University of Michigan.

Prof. Allen makes the following explanatory statements of the methods
used by him in testing the peat samples.

“The analyses, the results of which follow, were made solely for com-

18ee also Geol. Surv, of Mich.. Vol. VIII, Pt. 2, Coal of Mich., p. 119,
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mercial purposes, without any thought of publication. They are, there-
fore, not as complete as they would have been had the original inten-
tion been to publish them.

Before being tested, the peats were thoroughly dried at a tempera-
ture of about 160° F. The reason for drying at such a low temperature
was that it had been found that peat loses a part of its volatile matter
when dried at a temperature exceeding 200° F. Tests were made with
a Parr calorimeter. The instrument used was a special one of large
size, to accommodate the large bulk of peat that it was necessary to
use in order to have sufficient weight to give accurate results, but other-
wise it was the standard Parr® calorimeter.

The chemical analysis of the peat was made in the ordinary manner
with a platinum crucible. The crucible was filled with the peat, covered
with a platinum cover, weighed and heated until the volatile matter was
driven off. Then the crucible and residue were weighed and this weight
subtracted from the original weight of the erucible and peat, which
gave the weight of the volatile matter. The cover was then removed
and the remaining material heated for about 24 hours over a gas flame
until all the fixed carbon was driven off. The crucible and contents
were then weighed and the result subtracted from the previous weight,
the difference being the fixed carbon. The crucible was then cleaned
of the residue and weighed, and this weight subtracted from the
previous results; this gave the weight of ash. 'As the tests were made
only for commercial purposes, no peats containing over 20% of ash
were fully tested. Peats with over 20% of ash were considered unsuit-
able for commercial purposes. -

The results of the tests are given in the following table:”

g Per cent o
= . Per cent Per cent ol b B.T. U’s
;i:, County. ash. fixed earbon. :r?}:ttélre per Ib. Remarks.
1 10,600 { Peat very fibrous in appearance.
2 10,000
3 . 8,250 | Very fine structure.
4 . 9,550
5 9.0 | $,000
6 3.2 . 8,600
7 8.8 R 8,200 | Dense black color.
8 | Jackson. 5.15 30.0 64.7 9,700 { Very light peat.
9 1 Jackson. 5.8 25.0 69.8 10,280 | Very light peat.
10 i Jackson. 7.6 31.0 61.3 8,400
11 | Jackson. 10.3 29.4 G0.5 8,750
12 | Jackson. 10.1 30.8 58.8 9,100
18 | Washtens 7.7 30.9 61.5 8,000 | Dark reddish color.
14 | Washtenaw 10.1 23.6 (6.2 8,200
15 | Washtenaw.. 10.2 26.7 63.2 8,600
16 | Washtenaw,..... 1.8 30.3 68.0 9,500 | Fibrous structure.
17 | Washtenaw 1.3 29.8 68.5 10,300 | Fibrous strueture.
18 | Washtenaw 2.0 28.0 70.0 10,100 | Fibrous structure.
19 | Washtenaw............. 18.8 26.3 55.2 7,550 | Celery farm land,
i

The per cent of ash plus the per cent of fixed carbon will give the
per cent of coke obtainable from any sample.

b 1For description and figures of the Parr calotimeter, see Geol. Surv. of Mich., Vol. VIII, Pt. 2,
Coal of Mich., pp. 73-76.
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On making a comparative study of these analyses, it becomes evident
that the ash content of the 18 samples in which it was determined, is
low. since in only one of these does it rise above eleven per cent of the
total weight of the dried peat. It is difficult to compare these results
with those which Parmelee obtained from work on the New Jersey
peats, and which have been cited in another place, since those were
based upon tests of peat which had been heated to 1053° C. or 221° F., be-
fore weighing, this temperature involving some loss of volatile matter,
as pointed out above, and therefore higher ash in the final statement
of analysis, but it is fair to assume that all except one would fall well
within the two classes of high and medium grade which are made by
that author.

Considered by themselves, Prof. Allen’s figures show, as do others
also, that heating value does not vary regularly according to any except
very considerable variations in the ash content, and that there is no
close and definite relation between the heating value and any of the
elements reported here. Thus, if these analyses be arranged in order of
their heating valne, the highest first, and compared with another ar-
rangement in which the lowest in ash is placed first, No. 1 in heating
value is No. 7 in ash content. The relations are still farther shown in
the following table, made up by arranging the analyses in order of each
of the elements of analysis reported, all except the ash from high to
low per cent, and the ash from low to high per cent:

Table of Comparative Values of Peat Samples Given Above to Show the Lack of Relationship
Between Heating Value as Expressed in B. T. U. and Other Factors Reported.

Order when Order when Order when
Order for arranged arranged arranged
Original heating according to according to according to
number. value, per cent per cent per cent of Remarks,
. T. U of ash of fixed carbon | volatile matter
present. present. present.
1 1 A P B Only ash and B. T. U. reported.
17 2 1 6 3
9 3 9 13 2
18 4 3 9 1
2 [ 2 P DS P Only B. T. T. reported.
8 6 8 5 8
4 7 S Only ash and B. T. T. reported.
16 8 2 4 5
12 9 14 3 14
13 10 11 2 1
11 11 17 7 13
15 12 16 11 10
6 13 4 8 4
10 14 10 1 12
3 15 6 | Only ash and B. T. T, reported.
7 16 12 14 8
14 17 15 15 7
18 13 10 9
19 19 19 12 15

In a general way the table shows that the higher calorific values are
obtained from the peats lowest in ash, and where the ash is present in
large quantity, the heating value is reduced, but as stated above, with-
in the range of ash for high grade, commercially valuable peats, this
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relation is not demonstrable, and a sample with only three per cent of
ash mayv yield less heat units than one having 9 or 10 per cent. In
like manmner it can readily be seen that the other components usually
determined in peat analyses have little demonstrable connection. within
limits, with the heating value.

Tor explanation of these irregularities it seems probable that it will
be necessary to consider the type of plants which predominated in the
plant associations from whose remains the peat has been built up. the
degree of decomposition, the general conditions under which the plant
remains were converted into peat, and other minor factors, which. taken
together, make the problem one difficult of solution, especially as many
minor accidental causes may affect changes in the ash content, and
complicate the problem in other ways. It is evident algo, from what
has been shown regarding the varying origin the different strata of the
gsame bed of peat, the type of plant remains will vary, generally, from
laver to layer. from the top down to a considerable distance and that
it would be often impossible to determine quantitatively the different
species of plants present in the peats, even when it would be easy to
tell what ones were present. The peat which contained much of the
remains of the resinous coniferous trees would have a high heating
value, and should be low in ash if mineral matter from other sources
than the plant débris were not present.

Tt is not likely then, that peat, lacking as it does homogeneity of
structure, composition and origin, can ever be depended upon to give
uniform heating tests, even when the samples are collected from the
same bed, and with considerable care, but in spite of this fact it will
usually be advantageous to thoroughly sample and test all beds which
are to be commercially exploited before any development is attempted,
since in this way only will it be possible to determine the quality of the
peat.

The analyses given above indicate that Michigan peat may run very
low in ash and that it has a calorific value quite equal to the best grades
of peat found in other parts of this country and of Europe, as examina-
tion and comparison of the records of analyses will show.

Analyses by A. N. Clark.

s

Samples collected near Ludington by A. N. Clark, Alma.

, Per cent ’ Per cent Per cent Heating
Sample No. H0. sand. dry peat. value.
1,3, 5and 7. 86.5 \ 1.6 11.9 B.T.U.
.................................. 87.0 3.0 10.0
2 90.0 2.0 8.0
Bt e et e £ S 0 O I 8,633

No. 6 was the only one tested to determine the heating value and
was dried in an oven at 105° C. until the weight was constant, before
testing. The heating value of this sample is about that of good hard
wood with no treatment except thorough drying.

Tn the series of four samples from a large bog in Sanilac county,
given below, there is a greater divergence in the ash and water con-
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tent of the various samples. It is an interesting fact that Nos. 1 and
2 are from the same hele, No. 1 from about 5 feet below the surface,
and No. 2 about 10 feet. No. 3 is also from about 2 feet helow the
surface, and No. 4 about 5 feet from another hole about 300 yards from
the one from which Nos. 1 and 2 were taken.

Analyses by J. N. Courtney.

! Per cent
q | Per cent HyO at | Per cent -]

Sample No. | oy 2 combuystible

! 106°C. ash, matter,
_—
83.82 .88 15.30
75.26 3.56 21.18
86.94 0.58 12.48
81.34 2.86 15.80

The saine series of samples was also dried at 106° C. and the. car-
bon, ash, and calorific value determined as follows:

Per cent carbon Sy . Heating

Sample No. in peat dried T eésgent Hﬁf‘%;ﬁ,;ﬁéue value in

at 106°C. N - : B.T. U.
L 47.35 5.70 3,826 5,866
e 32.10 21.10 2,594 4,655
2 35.60 4.45 2,876 5,162
A 30.00 13.00 2,424 4,350

These analyses are instructive, in that they add to the evidence show-
ing that the heating value of peat high in ash may be greater than that
with a much lower ash content, and they also indicate that in some
bogs the peat from lower strata may have less water than that from
nearer the surface; they also give ample testimony as to the high qual-
ity of Michigan peat as fuel.

A further idea of the average quality of Michigan peat is given by
the analyses for the Chelsea company by W. H. Allen, cited on page
119 of the veport on coal (Mich. Geol. Surv., Volume VIII, Part 2), the
average of which is as follows:

Moisture and volatile combustible................. 59.192
Fixed carbon ........ ... o i 31.006
L | 9.802

100.000

The annual report of the State Board of Geological Survey for 1902
{p. 15) also contains the average result of 10 analyses by Prof. Delos Fall,
of the MacMillan Laboratory at Albion, as follows:

Moisture and volatile combustible. ................. 64.935
Fixed carbon .............0 28.843
Ash T.9.222

103.000
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Mr. Waterbury. in connection with the Haslert Park sink hole, al-
ready veferred to, had the following three analyses made at the Agri-
cultural College:!

Sample No. 1.

Taken south of hole and one foot from surface.

QMoISture L ..ooe e 8.92 per cent

‘Organic matter ......... ..o 79.06 ¢ ©

Mineral matter ...... ..o 12.007 ¢« ¢
Total o eer e 99937 «

Sample No. 2.

Taken 100 feet south of hole in crust, from ground exposed by a tree
which had been blown over.

MOISTUTE « v et e ie i ieriane e 10. per cent

.Organic matter ........ O S0. “ oo«

Mineral matter ........ oo 10. “ oo
413577 R 1060. “oou

Sample No. 3.

Taken from water at north side of hole.

MOISTUTE + ot i i e is e 10.57 per cent

Organic matter ...........ccooonennenns 8374 0“0«

Mineral matter .......ooieiiieiiiiiann 5.601 ¢«
TOtAL v et ie i 100.001 « ¢

The percentage of ash in the Allen, Fall and Waterbury analyses is
fairly constant.

Fuel Value of Peat.

Raw peat as it exists in the bog is made up of from 85 to 90% or even
95% of water, 8 to 13% of combustible matter, and about 2% of min-
eral matter or ash. Tt is evident that such material will not bhurn,
until some of the water is dried or drained from it. TIf weighed when
cut from the bog the heavier and denser qualities may weigh as much
as 100 or 125 pounds to the cubic foot, but it allowed to lie on the sur-
face of the ground a few days the water will be reduced to about one-
half its former quantity and a still farther exposure to sun and wind
reduces it to from 15 to 25%. where it remains stationary, or gains and
loses slightly, according to the amount of moisture present in the air
which surrounds it. In this air-dried condition, it will have about
one-half its formeér volume, and will weigh from 12 to 40, or even 60
pounds per cubic foot.

1 The Michigan Engineer, 1903, p. 39.
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If set on fire, in the air-dried condition, the lighter and more spongy
kinds of peat take fire at about 200° C. and burn briskly, with a red,
smoky flame, and give off a characteristic, strong, pungent odor, due
to the destructive vaporization of the imperfectly carbonized organic
matter. The denser, more compact kinds do not take fire so readily,
burn more slowly and in some cases require a higher temperature to
start the combustion. The ash of peat is light and powdery and small
in bulk. compared with that of the original blocks, and when the sur-
face of the fire is covered with ash, or the draft is reduced to the mini-
mum, the fire is able to maintain itself indefinitely in a smouldering
condition, as long as the supply of fuel lasts, it is said because the peat
contains a quantity of oxygen in composition, in excess of that pos-
sessed by other fuels, and some of which becomes available to support
combustion, when the material is decomposed by heat. For the same
reason, peat fuels do not require as much draft as other fuels.

Compared With Other Fuels: Tn crude peat the heating power is small
as compared with coal, only about one-half as much, or more exactly the
ratio is given as varying from 1:1.6 to 1:1.8, or from 5-8 to 5-9; and it
requires for the same evaporating effect from 8 to 18 times as much
bulk of crude air-dried peat as of coal, hence large storage room and
good-sized fire-boxes are required for the fuel in this form and it is
for this reason and also to increase its efficiency, and give it staying
power, that various processes of compression, ete., have been devised,
In spite of ity disadvantages in the more bulky forms, either of the air-
dried, hand-cut blocks, or of {he compressed blocks, it is reported by
those who have used it to be a very satisfactory fuel for all domestic
uses, that it is easily kindled, burns freely, gives a rapidly developed
and strong heat, is light and easy to handle, and very clean, and with
it the fire is easily regulated, for any purpose. Tor heating-stoves if is
also well liked, giving out a gentle but sufficient heat. In burning it,
its value and the amount of satisfaction it gives, is said to lie as much
in the way it is handled and the form of stove used, as in the fuel.
In Europe, where it is extensively used, very few special forms of stoves
have been devised for the use of peat fuel, but it probably should be
burned in smaller quantities, in less draft and with narrower grate
openings than are used with coal and the fire should be tended more
often. For open fires in grates, it is said to be a good fuel, and, by
sonie. to be superior to wood. The smoke from open peat fires is said to
be beneficial in cases of throat and lung diseases.

When used for the generation of steam under the boilers the manufac-
turing establishments, power and lighting plants, however, the efficiency
of this fuel, in comparison with others which are to be found in the
market. is at once questioned, and if it is found that the same money in-
vested in any other fuel will produce as much or more steam, or more
heat units, than peat, or can insure a more easily obtained and certain
supply, or even one liked better by the men who handle it, the probabili-
ties are much in favor, in most cases, of the other fuels being given the
preference and the use. The makers of peat fuel, then, have to produce
a fuel that is cheaper, better and more convenient than those already
in the market, and must insure a sufficient supply the year round, if
they expect it to be generally nsed for the generation of power, as it

43
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must be to make large investments in peat fuel factories profitable.
Considering now the heating power of peat fuel of various types, it
is well to inspect carefully the following table' in which its theoretical
value is compared with that of other, commonly used, and easily ob-
tained fuels. The quantity of-fuel taken in each case is one pound:

B.T.U.
Wood ... R 5,760
Ordinary air-dried peat ...........coooviiiionn 6,840
Pressed peat ........ivrie i 7,290
Bituminous ool .. .oover i 11,000
Ordinary gas coke ... .o it 12,060
Peat COKe .. ivtr i e 12,676
Semi-bituminous coal ....... . i i 13,000
Peat briquettes ...........ceeeiniiiiiiineennn 13,330
Chareoal ...t e e 13,804
ADthracite . ...ttt i 14,600

The B. T. U. (British Thermal Unit), is the amount of heat required
to raise a pound of water from 50° to 51° F. (Tait). The French unit,
or calory, is the amount of heat required to raise a kilogram of water
from 0° C. to 1° C. and is occasionally used in quotations in this
paper. The relation between the two units is such that Calories may
be changed into British Thermal Units by multiplying the quantity to
be converted by 9 and dividing by 5. From this table it seems that peat
either air-dried or pressed into blocks, is theoretically a more efficient
fuel than wood and not so good as good bitnminous coal or coke.

It must be remembered, however, that both ash and moisture affect
the heating value of peat, as shown by the table given below, cited by
Parmelee,? from Hausding’s Handbuch der Torfgewinnung.?

Calories.
Dry peat without ash...... ... oot 6,500
Dry peat with 4% ash........ ..o 6,300
Dry peat with 12% ash. .. ... ... 5,800
Dry peat with 30% ash...... ...t 4,500
The same peat with 25% water............. .. ... 4,700
The same peat with 30% water................... 4100
The same peat with 50% water................... 2,700
The same peat with 0% water and 15% ash...... 5,500
The same peat with 25% water and 0% ash...... 4,700
The same peat with 30% water and 10% ash...... 3,700

As the reports regarding the calorific value of fuels, including peat,
are made from tests upon samples as free from moisture as it is possible
to get them, the value of the fuel in actual working tests is usually con-
siderably less than that indicated by the laboratory determinations.
This must always be true of all forms of peat fuel, except peat coke and
in certain types of seared briquettes.

1 See also the table in Mich. Geol, Surv. VIII, Pt. 2, p. 118,

2 Parmelee, C. W. A report on the peat deposits of Northern New Jersey. Ann. Report of the
State Geologist of N, J., 1905, p. 237.

3 Hausding. Handbuch der Torfgewinnung und Torfverwertung, 2nd Ed. Paul Parey, Berlin, 1904,
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Pressing the peat increases its heating power somewhat, and coking
it about doubles its value as a heating agent. but does not bring it up
to the standard of the best anthracite, a‘thouﬂ“h it makes it ftpproach it,
since tests reported by various authors give fhe calorific value of ‘rhe
best grades of Scranton (Pa.) anthracite, as 13,805 B. T. U., and bri-
quetting is even more efficient, since the heating value of peat briquettes
ranges from 9,000 to 12.000 or even to 14,600 B. T. U., thus equalling
anthracite as a heat producer.

Aside from the evidences of actual heating power, admirers and others
who have used peat fuels for generating steam in boilers, state that it
gives a quick and lasting heat, raising steam in about one-half the
time taken for coal, that it is nearly smokeless, forms no ash of any
consequence, makes no clinkers whatever, or cinders, is entirely con-
sumed in the fire-box, none dropping into the ash-pit, makes no soot,
does mnot corrode the grate bars., fire-boxes or boilers, because of 1ts
freedom from sulphur, does not clog up the flues with any form of de-
posit, and that it is the most easily handled of all fuel. Farther, in
burning under a boiler, the volatile hydro-carbons of peat are not driven
off in a black smoke, as with bituminous coals, but burn above the bed
of fuel, thus makm«r a quick, hot, fire, which raises steam rapidly, and
the temperature is afterwards maintained by the slower combustion of
the fixed carbons. The facts that it Wnltes so readily, burns up so
completely and gives a high temperatur without producma cinders,
sparks, soot, cllnkers, and but a very little smoke, tend to increase its
actual efﬁmency, and while 01’d1narv coal is capable of giving more
heat, pound for pound, when usual forms are taken into Cons1derat10n,
it c]oas the flues with ash and soot, covers the boiler with a Lonstantly
increasing film of rust, destroys grate bars, is not all burned, and in
other ways decreases 1tq capacity for O'eneratlng steam, so that much of
its theoretical superiority is lost, and even if these things were not so,
when the comfort and convenience of the public are taken into account,
and the defacement and damage to property by soft coal smoke, the
smokeless feature of peat combustion is alone worth some sacrifice of
heating power. As to cost of production, (hg peat, occurring as it does, at,
or ]ust below, the surface of the ground, is mined with less danger and
much more cheaply than it is posmble to mine coal, and if it needed no
further preparation than digging, could be produced for a very small
sum per ton. In the form of air-dried, slightly compressed blocks, an
acceptable and quite efficient form of peat fuel, it can be produced at
from 75 cents to $1.25, or $1.50, per ton, and with automatic machinery,
on a large scale, probably for legs even than the lower figures, where some
of the more highly decomposed, plastic types of peat are used.

But it has been pointed out above that the heating value of this
product is only about 1:1.6 to 1:1.8 that of coal, and that the bulk is
rarely less than eight times as great as coal of the same heating power,
and may be, for the lighter kinds of peat. much more. These are dis-
advantages, and in the several ways alrcady discussed, but two tons of
peat, prepared in this way, will produce more heat than a ton of coal,
so that the chief problems involved in introducing it for general use,
are the cost of transportation, and of storage under cover, since in this
form it can not be long exposed to the weather. The first of these prob-
lems is solved where cheap transportation can be depended upon, or



336 MICHIGAN SURVEY, 1906.

by using the peat near the bogs from which it is taken, and the second is
readily dealt with in most cases, after consumers have learned the value
of peat fuel.

As Affected by Methods of Preparation: Peat ig, however, most
easilv handled, and gives results most nearly in accord with
those obtained from the use of an equal weight of the best
coal, when pressed dry into the form of small, compact briquettes, either
alone, or with some other fuel, such as coal-slack, sawdust or some
binding material, and it is to put it into this form, or one even more
compact, clieaply, quickly and satisfactorily, that the energies of ex-
perts in dealing with this difficult matter, Lave been bent for many
years. The chief problem involved, seems to be to find some way in
which peat taken from the bog may be quickly and efficiently deprived
of the water which is in it, and compressed rapidly. cheaply and con-
tinuously into briquettes, so that a constant production of the finished
product can be insured, on a scale sufficiently large to warrant the
maintenance of a plant involving, perhaps, the expenditure of a hun-
dred thousand dollars or more, for establishment and equipment, for
while smaller units may be built, the cost of running these is apparently
disproportionately great, and the returns reduced by that amount. The
great obstacle to success in these efforts is found in the fact that the
real problem, as stated in simplest terms, is how to recover from a
mixture of 85 to 90 per cent of water and 10 to 15 per cent of peat, this
small portion of the latter substance, which, when received in a dry
state. and burned, will only give heat enough to dry the water from
one-third as much more. It is evident that such a problem is not easily
solved if the fuel has to be all dried out by artificial means. It is
undoubtedly a vital objection which can be urged against all systems
of artificially drying peat, that they use three times as many heat units
as the resulting fuel will produce, and therein lies the chief reason why
such processes have not, in the Jong run, proved profitable, even where
a large amount of waste fuel, in the form of peat refuse, has been avail-
able. The cost of drying, figured in tons of peat, is three tons of dry
peat, or its heating equivalent, for every ton of dry peat produced, and
after it is dried, to this must be added, to determine the selling price, the
cost of digging, taking to the drying machinery, the removal from this
to the presses, the operating and maintenance of these, the interest on
capital and the charges for storing and selling.

Questions naturally arise at this point, as to why the water is not
pressed out, thrown out by the use of centrifugal machines, or even
filtered out. As to. these questions, it may be said that very many at-
tempts have been made to press the water from peat, the most exhaustive
and complete of which, were conducted with great care and at large
expense under the auspices of the German government. These were on
a factory scale and resulted in practically total failure. Peat contain-
ing about 80% of water was given a pressure of more than two tons
per square inch and when taken from the press still contained over
63% of water. In a report to the government of Norway upon some of
the German experiments, which he had followed with care, J. G. Thau-
low pronounced them to be complete failures, as it was shown by them
that it was difficult to reduce the water to even 66% by pressure alone,
and to get even this vesult required such a great outlay of capital, and
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such high remaining costs that the expense was all out of proportion
to the output. Similar results reported from Canada on the use of
hydraulic presses, and from other experiments, are not to be doubted
and it is evident that pressure will not expel the water from peat.

Almost the same results have been obtained from attempts to drive
the water from peat by the use of centrifuges. and it becomes evident
that some internal cause for this behavior must be sought. This was
pointed out in the first part of this report (p. 161), namely, that the
water in the peat is largely held in the walls and cavities of the cells
and vessels of the partly broken-down plant tissues, from which it
can neither be squeezed by pressure, nor thrown by whirling, and no
amount of contriving machinery is likely to make it possible to do this.

A recent process devised in England, it is claimed, breaks down, to
a certain extent, the plant tissues in peat by electrical action, the mass
under treatment being at the same time heated by the passage of the
current, so that the water liberated is evaporated, but, when it is known
that one unit of electricity, cannot develop more than 3,410 heat units,
and that about 3 pounds of coal are required to generate this, it is
difficult to see how such a method can successfully compete with
evaporation by direct heating. If the coal, or other fuel used for the
generation of electricity in the above process, were burned directly
to heat the peat mass, it would produce more than 10 times as many
heat units than are obtained by converting its energy into steam, then
to electricity and back again to heat by the resistance offered to the
current by the wet peat.

Still another, and apparently a perfectly feasible device for getting
rid of the excess of water in peat has recently been described by a
writer in Engineering.! By the method there discussed the excess of
water from peat containing about 95 per cent of water, in which condi-
tion it reaches the factory through ditches from the dredging machines,
is allowed to drain down to about 80 per cent and then is fed directly
into the boiler where the water is evaporated and the steam pressure
raised until sufficiently high to run engines and pumps and furnish heat
to dryers, etc. The peat obtained in the dry state as the result of the
evaporation is briquetted and used under the boilers. If peat with a
less amount of water than the 80 per cent is used in the boilers, an ex-
cess of the amount of dry fuel required to run them is obtained, and may
be briquetted and sold, but with this less fluid peat, the amount of
energy used to work the feed-pump and briquetting machine for the
boiler is greater, and with very dry peat may be about 30 per cent of the
whole energy produced by the bhoiler. Tt is evident, therefore that only a
relatively small amount of peat briquettes in excess of the needs of the
boiler could be obtained by the use of the peat Dboiler, but large plants
for the manufacture of peat fuel, or any form of peat product, could
use this type of boiler for the production of fuel as well as steam,
for driving the engines and other equipment requiring steam, instead of
using the old type of boiler, and drying the fuel by some more ex-
pensive or time-consuming process.

After all this experimentation, it has been concluded by the most
careful engineers working on the subject, that the most feasible way

1 Utilization of peat on a large scale. Ingineering, May 12, 1905,
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to dry the water from peat is by evaporation, using artificial heat, but
as has been pointed out, this is too expensive to be practicable for the
results obtained, and the processes or freatments which are proving
most successful, are those which provide large covered spaces upon
which great quantities of peat. after it has been ground and kneaded
and slightly compressed into blocks, can be exposed to drying winds
out of the reach of rain, until the amount of moisture is reduced to a
satisfactory minimum; after which it is farther dried out artificially
and sold in this form, or ground and compressed into briquettes.

Many forms of drying apparatus have been devised and patented, and
some are regularly manufactured for use in artificially drying peat,
and the last stages of the drying can be done in these cheaply, quickly,
and very satisfactorily.

One property which peat possesses, in common with other matter of
vegetable origin, is its power to rapidly take up moisture from the air,
after it has been thoroughly dried (to 2 or 3 per cent of moisture, until
it will have almost as much water as it had in the normal air-dry condi-
tion, 15 to 20 per cent, about as soon as it is cold. ‘

This is shown in the following table, which is the result of a series
of tests made in 1904 upon peat of several different types, by L. Kirsch-
praun, at that time analyst for the Michigan Geological Survey:

Sample wet, . oA Moisture,
No. Peat. o, Dried. Wt dried. per cent.
1 [ Jackson hOg vevvvvverii e 5.0036 100=110° .7339 85.33
2§ Jackson bog .oeiiiiiiii 5.1971 | over H. 804 L7709 85.17
31 Jackson bog ... 5.1447 150°0 C L7213 85.98
4 | Capac Peat Co..ovvvrenin e 4.7013 100=110° 5173 88.99
51 Capac Peat Couvvvnnvnn oo 4.7350 | over Ho 80,4 . 5081 89.25
6 Capac Peat Co....ooovveiii 5.9224 150° C. 5418 90.86
Wt. after . y 26 ~ >
. " pCoL2 r.C 36 p.C 48 P. C. 72
No. Exposure. h“l‘frs gain, . hours. gain, hours. gain. hours. gain. | *hours.
1 | Sat. Atm. 34°C...... J S Y i78i G.20 | oveeni]orennen .7832 6.73]........
%2 | Sat. Atm. 19=26°C........ ... f bo8817 0 1489 |l 9127 | 18.92 | .8848
3 | Openair.... 8099 1 12,28 | 8296 | 15.01 8163 1 1817 Loovideeni e
4| Sat. Atm. 34°C. ..o I .5399 4.3 e L5409 4.56 |........
*5 | Sat. Atm. 19= P RO AN | 8606 10,33 [oveedoiinnns (5740 | 12,96 | .5605
6 | Open air 5521 7.4+ 3977 10.32 5814 %, S P O
i

# Per cent gain 72 his., No. 2, 14.77.
No. 5, 10.33.

Nos. 3 and 6 were exposed during a rain storm between 12 and 24
hours.

The Jackson specimens were very dark colored, fine grained and com-
pact; those from Capac bog, dark brown and of rather coarse texture.
The gain in moisture at the end of 24 hours in all of these specimens
was sufficient to make a considerable change in the heating value of the
samples, and shows the inadvisability of carrying the process of driv-
ing off the moisture below 15 or even 20%, except possibly from very
black, finely divided types, which show experimentally that they only
absorb a limited amount of water after they are once dried thoroughly.
The same analyst tested the moisture content of a sample briquette
made at the Capac factory., which was veported, when made, to contain
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but 3 per cent of moisture. It has been kept in a dry room constantly
from the time of making until analyzed, but was reported as follows:

Capac briquette, moisture, 14.75 per cent.

Because of this property, it will be seen that it is not necessary to
¢o to the expense of completely drying the peat to be made into bri-
quettes. unless the process is one in which the dry peat runs directly
from dryer to briquetting machine, and in which the briquettes are
coated with a layer of tar at the time they are formed, for if the dried
peat in uncompressed form is exposed to moist air while in storage bins,
it will almost immediately absorb water from the air to the extent of
10 or 15 per cent. If, on the other hand, peat after complete drying, is
compressed immediately, without water-proofing, and the briquettes thus
formed are allowed to stand in the air for a time, it will be found,
upon analysis, that moisture has been taken up by them from the air,
just as it was by the uncompressed peat. That is, even briquetted peat
is hygroscopic, actively taking moisture from the air, so that it is use-
less to dry it much below the air-dried condition of the peat, since in
the end it produces no appreciable good results, and entails expense
for drying which is relatively high when compared with that of reduec-
ing to the air-dry state. It may also give the retailer a marked ad-
vantage in handling freshly briquetted peat, in that it enables him to
buy the product with a low moisture content and sell it after it has
taken up 8 or 10, or more, per cent of water, although this may not
more than compensate for shrinkage due to breaking and crumbling of
the briquettes in. handling.

It is apparent, from what has been said of the peculiarities of peat,
that the manufacture into briquettes in large quantities and in such a
way as to produce a steady output throughout the year, is not as simple
a matter as it would seem at first thought, and while there are in Rus-
sia and other European countries numbers of large factories which do
produce them, and which seem able to do so with a satisfactory margin
of profit, the questions relating to entirely satisfactory processes are
not yet settled, and new and improved methods of production are con-
Stant]v being proposed Russia is reporfed as producing annually 4,000,-
000 tons of peat briquettes, and as receiving $938,000 for leases of pedt
deposits. Germany produces more than 2/000 000 tons, and Holland
and Sweden each more than a million tons of this type of fuel each year.

Assuming, then, that peat can profitably be made into briquettes,
there are two types which can bhe made from pure peat, besides those
in which other combustible material is mixed with the peat before com-
pression. The two types in somewhat common use are cold-pressed
briquette and the seared briquette. In the first, the peat is dried,
ground, and then compressed by hydraulic or other heavy pressure,
since no cementing material is used, in a specially constructed molding
press. into blocks of a given size and shape, which will be easy to
handle and burn. These blocks, which may be cylindrical, egg-shaped
or prismatic, with, or without, rounded corners, are not covered with
any moisture-proof substance, but have a slightly polished surface due
to the pressure of the mold, and, when wet, absorb moisture readily
and swell up to the original bulk of peat and disintegrate if allowed
to remain moist, as well as break down rapidly when burned, thus, in
part, defeating the purpose of molding it. They are also liable to show

L ]
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cleavage planes when examined closely, where the larger fragments of
the coarse peat have arranged themselves at right angles with the direc-
tion in which the compressing force is applied, and it is quite casy to
break them apart along these planes so that they must be handled some-
what carefully, and be transported and stored so that they will not
get wet or very moist.

On the other hand, they form a good heating and steam- ploduung
fuel, which burns 1ap1d13 without qmol\e, and has a high calorific
value, having lost considerable of its volatile matter by heating. in the
processes of preparation and briquetting. It is for the production
of this type of briquettes from peat, that several companies have built
plants in Michigan.

In the second type, the “seared” briquette, the peat is first pressed
into hard, dense, blocks by the presses, after having been put through
ahout the same treatment as in the cold pressed method, and then the
blocks are heated sufficiently to free some of the tar and tar oils, which
appear at the surface and form an impelvious coating, preventing the
absorption of moisture. This covering, also, gives a dark smooth, oily
or varnished appearance to the block and make it dense in texture on
the outside. Not only this, but the varnish of tar has a certain cement-
ing power to make the block resistant, and also brings the most easily
ignited part of the block in contact with the fire. It is said that the
briquettes of this type are slightly less rich in volatile matter than
the cold pressed forms, but that they have nearly "the heating value
of hard coal and do not crumble in the fire as do the other types of
blocks. These may be used for any purpose where hard coal or any
smokeless, very efficient fuel is required, as they burn readily in grates,
heating-stoves, and furnaces, kitchen ranges, and steam boilers, giving
a flame somewhat like that of wood, and a strong heat from the time
the fire is kindled, while, because of the density of the blocks they hold
their shape until consumed. In all forms of briquettes the combustion
is 80 complete that none of the free carbon or unconsumed gases escape
into the open air, so this form of fuel has a considerable economic ad-
vantage over either soft or hard coal. A large plant at Whitewater,
Wisconsin, and a smaller one at Bancroft, Michigan (closed), have
been established for the manufacture of this type of briquettes.

So much has been said in other parts of this paper regarding peat
coke and peat gas that little need be said here. :

The following analyses published by the Prussian Board of Trade
and Agriculture, show the ultimate composition of Peat Coke I of the
Ziegler process as compared with charcoal.

Peat Coke 1. Charcoal.
Carbon ................ 87.8% — 86.0% ‘ 87.6%
Hydrogen .............. 2.0% — 1.9% ‘ 31%
Nitrogen ............... 1.3% — 1.3% 04%
Sulphur ....... ... ..., 0.3% — 03% 0.3%
Oxygen ................ 55% — 52% 4.7%
Ash ... ... ... ..l 32% — 3.0% 0.9%
Water ..........ooo... 0.0% — 0.43%: 3.0%
Fuel Value —7,800 calories Fuel value=—T7,800 calories

14,800 B. T. U. 14,500 B. T. T.

@
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Analysis of Peat Coke I1.

(According to the Royal Chemical and Technical Experimental Station
in Berlin.)

Carbon ... L .73.89%
Hydrogen ...... ... 0 . . . . 3.59
NItrogen ...t e 1.49
Oxygen ........... e e e e e 14.52
Sulphur ... 0.20
Ash 2.50
Moisture at 105° C.................co..ou.. .. e 3.80

Fuel value, 6,700 calories
12,450 B. T. U.

The fuel value of the coke is high, as is shown in the comparative table
given above, and it differs from the other forms of peat fuel in having
little volatile matter, this having been driven off by the process of dis-
tillation. This gives to coke the characteristics of charcoal in its com-
bustion and it burns with little flame and no smoke, and when once
thoroughly started, with intense heat, the temperature reached through
its combustion being higher than that obtained by using any grade of
coal. For this reason it might, as Hess has suggested, be useful in
cement-burning rotaries. It ig a clean, free-burning, smokeless fuel,
easily handled, has small ash content, contains no substances which will
injure boilers or furnaces, and, under forced draft, will give a very high
temperature. It is especially adapted to all metallurgical processes
where ordinary coke and charcoal are now used. But for its cost and
scarcity, there is no fuel more satisfactory.

The quality of peat which yields the best coke is that rather low in
ash, which will easily compact itself into a firm, dense block, after it
has been ground and worked into a plastic condition.

It is reported that, in Russia and Northern Germany, peat coke is
used to some extent for firing locomotives, and that it is so satisfactory
in that use, that the Russian government is now making and storing it
for emergency uses upon important railway lines. At present this form
of peat fuel cannot be expected to compete, on a large scale, with coal
in this country, but it could be used wherever charcoal is used, and, as
has been suggested, it might find extensive use in metallurgical opera-
tions, especially in blast furnaces, for the manufacture of charcoal iron
as a substitute for charcoal prepared from wood.

It thus becomes apparent that the preparation of peat for fuel in
such form that it is easily transported, and approximately equals in
heat-giving power the efficiency of the other fuels with which it must
be compared, and with which it must compete, is no simple matter; that
with each increase in compactness, portability and calorific power, an
additional treatment must be given it, requiring more complicated and
expensive machinery than the processes giving the less compact forms.
In these more extended and elaborate forms of treatment, if they are
to return a profit, the processes must be largely automatic and con-
tinuous, doing away with human labor as much as possible and depend-
ing largely upon well-planned and carefully placed machinery, which

44
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must be capable of handling, grading, and preparing large amounts of
heterogeneous crude material, rapidly and cheaply and of turning it into
the maximum amount of marketable and efficient fuel. If this can not
be done. then it is better to hold to the simpler forms of machinery which
are easier to operate, and very much less expensive to buy, and with
these. to make a smaller amount of the compressed, air-dry fuel, and
supply small and perhaps purely local markets, with a fair margin of
profit and success.

As Affected by Cost of Preparation: The cost of preparing peat fuel
for market is, of course, governed somewhat by the extent to which the
preparation is carried, but in the more elaborate methods the cost is
increased by the necessary charges for maintenance of the expensive
plant, as well as for the more numerous operations, so that while cut
peat, air dried, may be produced for less than 50 cents per ton, the cost
of producing a ton of peat coke, having about double the number. of
heat units, is 5 or 6 times as much, $2.50 or $3.00 per ton, at the German
mill. to which must be added the cost of selling, transportation and
handling. The cost of preparing the briquetted peat is given by various
writers as ranging from 1 to 2, or even 3, dollars per ton, and prob-
ably would exceed the latter figure in many cases where errors were made
in planning the plant. It should also be considered, that the situation,
and especially the mechanical condition of the peat, affect the cost of
production, and it is only the best adapted and most uniform beds
which can be made to produce a uniform and satisfactory product. It
is probably true that it will be found, when all things essential are taken
into account, that the cost of making briquettes of peat which will
stand transportation and other tests satisfactorily. will not be below
$2.00 per ton at the factory, and that this cost will be much exceeded in
very many if not the majority of cases.

Conclusions: It may algo be well to call attention in this place to
statements frequently made by advocates of the simpler methods of
treatment of peat, that compressed peat is the only form in which the
material has continuously and successfully been placed upon the markets
abroad, and that while the briquetted form is made and sold, that it is
not a commercially suceessful article even in the best Iluropean markets,
as vet. These statements are in part, at least, substantiated upon a re-
port on peat utilization in other European countries to the Norwegian
government made in 1903, and quoted by the U. 8. Consul-General® to
Norway in a report to the home government, in which it is stated that
“«Common hand or machine made peat is acknowledged to be the most
promising article.” .

So much of the literature relating to this question is of the nature
of advertising, or booming matter, that it is not easy to be certain as
to all of the statements which are to be found in print, even in places
where reliable statements would usually be found, hence the apparent
contradictions appearing in this summary.

1 Bordewich, Henry, Special Consular Reports, Volume XXVI, p. 119, Washington, 1903.
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MACHINERY IFOR THE PREPARATION OF PEAT FULEL AND PEAT LITTER.

In previous sections of this paper, various stages of the development
of the manufacture of peat fuel have been discussed, and the underly-
ing causes which have brought about the extended experiments have been
briefly considered, and in this section a short account of some types of
machinery for the gathering and preparation of peat for fuel and other
uses will be given, and in addition, the names of a few manufacturers of
similar types from whom illustrations, catalogs and other information
relating to their machines may be obtained. It is not intended to make
this a descriptive catalog, but simply to show how the machinery for the
preparation of peat for fuel has grown in complexity and efficiency as
the experimental work of inventors and investigators has gone on.

The Slayne or Slane as Used in Different Countries.

The earliest tool used in preparing peat for fuel, and one still in use,

even where machinery has been introduced to perform the same work, is
the slayne (Plate XXIX), or slane, a modified spade, with a blade nearly
or quite two feet long and from 4 to 6 inches wide with a projection or
flange 4 inches long and 5 inches broad, at right angles to the blade, hav-
ing a sharp edge, which cuts the side of the block. This tool may be made
wholly of iron or steel, o1 of wood, with steel ¢utting edges. The surface
of the peat is first stripped of plants and the coarse and partly decom-
posed plant débris making up the top layers, which are unsuitable for
manufacture, by the use of ordinary tools used in clearing land, and
straight ditches, with perpendicular s.ldes, are dug for dralnaﬂe When
the usable peat is exposed, the workman cuts into 1t with his slane, tears
a block of it off from below and lays it out on the surface. The blocks may
be 5 or 6 inches square on the ends and from 15 to 18 inches, or even
~more. long. Such blocks will weigh, as cut out, from 12 to 25 pounds
apiece, according to the amount of water present, and the degree of de-
composition of the peat, and a skilled man, used to the work, is said
to be able to cut sufficient material to keep two teams busy drawing it
away, since he only cuts the peat and places it on the surface of the bog
beside the trench from which it is taken, the loading being done by help-
ers. In South Germany the workman stands upon the surface of the
peat bed, which is from two to four yards broad, and makes vertical cuts,
while in Middle and Northern Germany, the horizontal cut is more
commonly used. In these regions, one workman cuts or marks out the
blocks. with perpendicular strokes, beginning at the outside edge of the
cleared space, and a second one cuts them off the bottom with hom/ontal
strokes, using a specially constructed spade, and lifts the blocks up
and lays them to one side, on the ground, to dry.

In Ireland, it is said, that the vortlml cut is generally used, the
blocks being lifted by the cutter to the side of the trench made in dig-
ging them, whence the) are removed after they have somewhat dried, or
they are taken green to a more favorable spot, a good workman keeping
two helpers busy moving the blocks, or sods.

The only preparation given hand-cut peat is to dry it by exposure to
sun and air, generally upon the surface of the bog, but since rain causes
the freshly cut blocks to break down quite readily, they are sometimes
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protected by rough shelters for a time, the blocks being frequently turned
over to insure thorough drying on all sides. After the blocks have been
dried for a time the surface is much less readily penetrated by water,
than when they are first cut, and they may then be exposed to the
weather with little or no damage.

In parts of Europe, in extensive hand cutting of peat, the workmen
are employed in gangs of five, one who clears the surface of disintegrated
and worthless peat, two cutters, who cut and lift the blocks from the
trenches, and a loader, who picks up the blocks left by the cutters and
piles them upon wheelbarrows, and the man who wheels the loaded bar-
rows to the drying ground, usunally the cleared surface of the bog on one
side of the trench, which is smoothed up for the purpose. The peat is
turned from the wheelbarrows onto this space and left to drain and dry
for a time, after which it is taken away and piled up in rows, each row
being allowed to dry, in part, before another one is placed on top of it.
Usually the blocks are left here to dry for about a month, during
which time the water content is reduced about one-half, and then are
piled up in store houses, or in large stacks, to be more fully dried.
The stacks are usually built up on the higher parts of the bogs them-
selves and after the blocks are thoroughly air dry, they are carted
away to storage.

In the bogs where the peat is too wet, and soft, or too uneven, and ir-
regular in structure, to permit of its being cut into blocks, it is either
lifted in nets or dredges, as in Holland, and parts of Germany, or dug
up in small blocks, which, after being drained, somewhat, are trampled
under foot until ground up and rendered even in structure, and then
cut into pieces and pressed into molds with the hands like brick clay.
Peat treated in this way, is more compact, and therefore better fuel, than
ordinary cut peat.

Machinery for Malking Cut Peat.

Machinery for cutting peat from the bogs was one of the earliest forms
of improvement which was made in the process of making peat fuel, and
it is stated that a machine for this purpose was invented in France, as
_ early as the middle of the 18th century,.and not much later, machines
were in use for cutting peat in Germany, to a limited extent.

A typical peat cutting machine, used at the present time in various
parts of Germany, and extensively advertised, is the Brosowsky ma-
chine (Fig. 19) made at Jasenitz. which was first introduced in 1843,
since which time it has been much improved, and of which the manu-
facturers claim they have sold over 8,000. By its use, peat can be cut
and raised from a depth of 20 feet, or more, below the surface whether
covered by water or not, hence wet bogs need not be drained, but may be
cleared of peat without trouble, or those which have been worked as far
as possible with hand labor, may be still further worked by this machine.
The essential part of the machine is the cutting apparatus, which con-
sists of a set of three knives, forming a box open at top, bottom, and
one end. This three-sided knife is fastened to the back of a wrought iron
bar. by means of which the knife is forced into the peat. The bar is op-
erated by a rocking pinion, and a shaft and crank. By turning the
crank, the cutting apparatus is moved up and down, and with the
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weight of the knife as it is lowered, the cutter may be forced into soft
peat as much as 36 feet, but it should be noted that the machine can only
be used at the side of the hole where the peat has been taken out.

Fic 19. Machine for cutting Peat.

As the cutter has three sides of the block of peat to cut, on the side
where the bar is fastened, there is fixed a sharp, flat knife, the purpose
of which is to cut off the form or prism of peat made by the downward
passage of the large three-sided knife. This cross-cutting knife is pro-
vided with two chains which pass over two cylindrical rollers, and by
means of two levers, may be turned backwards or forwards. When
the cutting apparatus is drawn up by means of the rocking pinion,
this knife at the base holds the column of peat in place, since it forms the
bottomn of the box, and there are guides to prevent the column from
falling over, which it might easily do, as it has a height of 3 to 6 yards,
and base of 24 by 28 inches. After one block of peat has been taken out,
the cutting apparatus is moved its own breadth sidewise on a frame. This
frame is of such width, that 4 cuts may be made side by side before the
machine has to be moved back the width of the knife. "To aid in the back-
ward movement, one side of the three-cornered frame supporting the ap-
paratus is fitted with two small wheels which fit into a groove in the
supporting timber and lie underneath it. By means of a projecting
level, the machine is started upon the two wheels and is then moved back
by another level which fits into holes in the underiying beam. The
price of these patent machines varies according to the depth to which the
cutter can be forced, from about $110.00 for 2 yards, to $145.00 f. o. b.,
for 6 yards.

Two men can cut about 3,000 cubic feet of peat with one of these
machines in 10 hours, and with two helpers can produce from 10,000 to
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12,000 blocks R inches long and about 5 inches square at the end, in-
cluding the arrangement of these in rows upon the drying floor.

Another cutting machine which is in somewhat general use in LEurope
is that made by C. Muller of Dominion, in Pomerania. which is recom-
mended for use under water and is also said to be capable of digging
deeper than other similar machines. This cuts and lifts the peat in a
cylindrical form from 2 to 6 yards high, according to the thickness of
the layer.” Tt is so arranged that four columns of peat can be cut with-
out moving the machine. When the cutting cvlinder is pushed down to
the desired depth into the peat, the column is cut off by a knife, operated
by levers, and this knife also holds the peat in the cylinder by forming
a bottom for the cutting tube. As the cylinder with the column of peat
is raised by one man, a second workman, with a spade, cuts the col-
umn into pieces of uniform length, and lays them on a car, by which they
arve carried to the drying floor, after which they are cut into smaller
blocks and arranged for drying.

A third peat cutting machine is that made by Karl Weitzmann at
Greifnagn, which cuts the peat to a depth of four feet into rectangular
columns, which are then drawn to the surface and divided into cubical
blocks as before.

Another German machine of similar type is that of R. Dolberg of Ro-
stock, Germany, German patent 43106, but, while it is an efficient ma-
chine, it is not necessary to describe it here.

Of digging machines, which simply dig the peat from the bogs from
a greater or less depth from the surface, and convey it by mechanical
means to carts, cars or presses, and which are usually considered as
essential parts of the outfit necessary to make compressed peat on any
but the smallest scale, may be had in a variety of forms, to be run by
man, horse or steam power, at prices ranging from less than $50.00 to
several hundreds. They do not cut the peat into large blocks of regular
size, but are constructed for the purpose of removing the material rapidly
from the bog and giving a constant and sufficient supply to the presses
or other machines used with them, at small expense. These diggers ac-
cording to claims of the makers, may be used down to depths of 25 feet,
or more, below the surface, and are operated by a series of Archimedian
screws, or may consist of an endless chain of small shovel-shaped buckets,
each of which takes a small load of peat as it rises and carries it to the
top of the elevator and drops it, much as the buckets of a grain elevator

work.
Machines for Making Pressed or Condensed Peat.

Tt has so frequently been pointed out that cut peat is bulky and fragile,
as well as indifferent fuel, and that its efficiency and other desirable
qualities are improved by compression, that it need not be discussed
again here. The simplest process to improve the quality is compression or
condensation, the latter being the better term, since very little actunal
compression is used by the machines producing this sort of fuel. As the
result of the treatment by the more improved types of machines, about
one-third of the bulk of the peat is lost, and when dry, it becomes hard,
firm, nearly waterproof and is increased in efficiency as fuel.

Mention has already been made of the treatment of soft, or very coarse
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peat, by which it was shaped in small molds by hand pressure, and the
earliest methods of machine compression were not much more elaborate
than this, since the early forms of press were simple rectangular boxes,
with a close fitted piston, which could be pushed down into the hox by
screws or levers, holes being provided for the water liberated by the
pressure, to run off. Compressed peat was made in Saxony, as early as
1820.

Later machines show development along many lines, but in addition
to mere compression, most of them grind, or roll, the peat and sub-
ject it to a kneading process to break up the vegetable structure of the
plant remains in it, in order to make it easy to get rid of the air and
water which may be entangled in the cavities of these structures. Some
of these machines have combined rolling, cutting, and filtering through
coarse cloth, as the Mannhardt and Koch press, described by Percy' as
follows:

“The principal feature of this press consists in the use of a pair of large
horizontal rolls covered with cloth to serve as a filter. On the cir-
cumference of the roll, ribs of hoop iron are fixed obliquely about one
inch apart, which support drilled iron plates surrounded by an endless
band of cloth. The wet peat is torn to pieces and put in two hoppers,
one over each roll, whence it is drawn by rake rollers; but in its course
to the large rolls it passes through a series of three small rolls, fixed
above each large roll, whereby it is deprived of most of its water. There
are thus two streams of peat descending from the two hoppers and pass-
ing, first through a pair of small rolls, then through a pair of spiked
rolls and lastly through the two large rolls by which the remaining
water is pressed through the remaining filter-cloth into the interior of
these rolls. The peat now forms a compact sheet which is conveyed to a
knife-like apparatus, which divides it transversely, and then to circular
cutters, which divide it longitudinally into blocks of the required
dimensions. The peat is thus freed from water to such an extent that
its further dessication may be effected in favorable weather, in the
course of a few days, under covered, airy sheds, or in unfavorable
weather, by artificial heat in suitable apparatus.”

The same writer describes a number of other forms of presses, some of
which are still in use, having been improved from time to time up to the
present. A good peat-pressing machine must be simply and strongly
built, must run easily and without requiring excessive repairs and should
be built so that it can be moved from place to place readily. It must do
its work quickly, grind and mix the peat thoroughly and deliver the
blocks well formed and of uniform hardness, which, however, need not
be very great. The peat should be easily fed to it and the completed
blocks readily removed to the driers.

There are machines meeting all these requirements now manufactured
in Germany, in this country, and in Canada.

One of the most generally used machines of this kind in Europe, is that
made by C. Schlickeysen of Rixdorf, near Berlin, which has been men-
tioned already. This machine first appeared about 1860 and has been con-
stantly improved until the present time. A late pattern has an exca-
vating machine which cuts the peat from the bogs, when not too full of

! Percy, John, Metallurgy: Refractory materials and fuels, p. 231, London, 1875.
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logs, stones, etc., and delivers it by means of a long, sloping helt-and-
bucket elevator, into a eylinder, in the axis of which a shaft revolves,
carry strong, projecting blades, which have cutting edges and which
are arranged spirally, so that they force the peat along. The blades
are nearlv but not quite, in a true spiral, so that they aot unequally on
the peat, thus grinding, cutting and mixing if, the more perfectly.
There are no projections or blades on the inner surface of the cylinder
and the finely divided and condensed peat pulp is finally forced out by a
horizontal screw, in the form of a continuous flexible, prismatic, block, 3
by 4 inches in section, at the tail of the machine, where it is received on
boards 3 feet in length, which, as soon as filled, are loaded onto small
cars and run out to the drying grounds, where the blocks are laid out in
rows and cut with a knife into bricks, 10 inches long, and left to dry.
They lose in ordinary weather one-half their water contenf in a period of
two weeks, after which, they may be quite proﬁtab]v dried artificially.
or be left for a longer time exposed to the air. By the use of this type of
machine, the peat is reduced one-third in bulk, so that a machine han-
dling 21 cubic vards of raw peat per hour, delivers only 14 cubic yvards
of condensed peat in the form of bricks, or blocks, 10 inches long, by 3
by 4 inches in section, and weighing when dry, from 214 to about 4
tons, in which condmon it is 0ood fuel hard ‘md tough and easily kept
dry. A plant of this kind 1ncludes bemdeq the ,e\cavator, elevator and
grinding press, a 10-horsepower portable engine, which uses peat vef-
use for fuel, and cars and tracks for removing the blocks from ma-
chine to dryer, ete. Since the whole.plant is portable, it may be placed
on the further side of the bog to be worked and moved backward as the
peat is taken out. The cost of such a plant complete, is about $5,000,
ready to operate and its operation when used without machine or digger,
takes 19 men including the engineer and fireman.

Horsepower peat machines for compressing peat are manufactured
by a number of European makers, among which is that made by R. Dol-
bem. which requires to run 1t, a good stout horse, 6 men, and a boy to
lead the horse. The machine is placed about 8 yards from the Cdf’P of
ihe peat bed, with the opening to the press turned toward the bog, so
that it may easﬂy be reached. In operating this machine the horse is
hitched to a traction beam about 18 feet long and 4 inches square at
the smallest end, and if the ground is soft a board or plank track must
be laid, or broad shoes, such as are used in gathering marsh hay, fitted to
the horse’s feet. The peat is dug by hand and thrown into irregular piles,
from 25 to 50 feet broad, according as the peat is deep or shallow.
The digging requires one man, and a second wheels the peat to the ma-
chine, which is fed by a third, who is general foreman and especially has
to see that the horse keeps up a uniform gait. A roller is fastened under
the mouth piece, in the same direction with it, to receive the finished peat
as it comes from the orifice of the machine, hence the roller must be
more or less inclined according to the consistency of the peat, so that
the manufactured blocks may 11e1ther choke tlie machine nor be torn
apart; the rollers must be demted high enougl so that the peat table
1ollmg on them stands about 4 inches from the mouth-piece.

The boards on which the condensed peat is received, are placed on
the rollers and the peat block is cut into bricks with a knife as it comes
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out. As fast as the boards are full, they are lifted into a cart, and
when the cart is loaded, it is driven off to the drying ground by two
other workmen, who unload and arrange the blocks upon the ground.
In this work, two-wheeled carts, taking about 16 boards of 10 blocks
each, and running on board tracks, are used. The wheels of the cart
are s0 placed that the weight of the peat balances the load and makes
the work of pushing them easy.

The machine itself, consists of a revolving, spiral cutter and is en-
closed in a stout, iron casing, with a hopper-like opening at one side
near one end, and the opening for the condensed peat at the other. If, at
any time, the spiral, or the mouth piece is stopped by pieces of undecom-
posed wood, sods, stringy material, or too dry peat, it can be cleaned
through openings in the side of the casing, provided for this purpose,
or the mold and mouth-piece may be opened and the cause of the trouble
quickly found and removed.

If the horse is to work the machine easily and satisfactorily, the
peat should be put into the machine so wet, that when the blocks are cut
off at the tail of the machine, they will be only- sufficiently solid to hold
their shape on the board. This is contrary to the belief of inexpert work-
ers, who think that the peat should come from the machine dense and
solid, but a much larger and more satisfactory output can be obtained by
working the peat wet, and the drying goes on about as rapidly, since the
grinding and kneading increases the capacity for drying and contraction
so that in 2 weeks of good drying weather, the bricks can be piled.

With the horsepower machine, the chief points to look out for are that
the horse keeps going steadily and that each man keeps up with his spe-
cial part of the work and the duty of the man who feeds the machine, and
who is also foreman, should be to see that the horse keeps an even gait.
If this is dome the quality of peat blocks produced is uniform and each
set of men has to be prompt in bringing up the raw material and in tak-
ing away the finished blocks. Where this is done, and especially where
the work is paid for by the thousand it is not hard to get a production of
from 14,000 to 16,000 bricks per day with a single horsepower machine.
When in use, and peat has to be brought more than 75 steps, the machine
should be moved to a new spot nearer the supply.

In the Heinen horsepower machines made by A. Heinen, Varel, 01d-
enburg, Germany, the essential parts are a vertical cylinder firmly at-
tached to a timber base, in which is the grinder and condensing appa-
ratus turned by a long beam at the top. At one side of the cylinder near
the bottom is the delivery spout, so that boards for the reception of the
finished product ecan run in it. The peat bricks made by this machine are
about the size-of those made by the others and are handled in much the
same way. The manufacturer estimates from 8,000 to 10,000 peat bricks
per day with one horse, as the capacity of this machine.

Another manufacturer of machines for making condensed peat, is
Weitzmann, who makes a machine which may be either used by horse
or steam power, and which is said to work all kinds of peat without
difficulty. This consists of a horizontal cylinder, somewhat larger at
one end, where the hopper is placed, than at the other, or outlet, end.
On top of this smaller part, is a short transverse cylinder of about the
same diameter. In the long cylinder is a long axis turned by a fly wheel

45
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geared at right angles with it, upon which is bolted a series of powerful
steel blades arranged spirally, so as to give a forward motion to peat
while cutting it and in the upper cylinder is a deeply corrugated roller,
the depressions of which fit over the blades of the cutting apparatus, and
materially aid in reducing the peat to a finely divided state. The pulp
is pressed forward to the tail of the machine and out through a pipe,
where, as in other machines, the block is received on a moving table and.
cut up, and taken away to be dried.

Peat presses are also made by G. Traskatis, Lyck, Fast Prussia, and
Stutzke Brothers, Lauenberg, Prussia. Of American made machines
which make condensed peat, the best knewn, and longest used is the Lea-
vitt Peat Machine (Plate XXXI), invented by T. H. Leavitt, recently
deceased, who became interested in peat fuel manufacture about 1865.
This is a machine operated by steam power, in which it is designed to
break down the vegetable tissues and cells in the peat, liberate the air
and water contained in these, and thus render the material plastic, so
that it will become compact and hard when dried after slight compres-
sion. The machine may be considered in two parts, the condenser, and
the molding mill, which are separate but connected by a belt conveyor,
and which together occupy a space 6 x 10 feet on the floor and 10 feet
high, exclusive of the engine and boiler.

The condenser has a revolving cutter or “ripper” consisting of a series
of spirally arranged knives on a small shaft just below the hopper,
where it receives the crude peat and cuts and tears it to pieces. From
the ripper, the peat enters a series of three pairs of cast iron rolls,
each three feet long, with the lower roll of the first pair heavily cor-
rugated to help move the material along. These rollers perform a rub-
bing or grinding process which is brought about by a different rate of
rotation for each roller of each pair. The upper roller of the first pair
makes 40 revolutions, to 20 of the lowetr; the upper one of the second
pair 90, while the lower one makes only 40, while in the third pair, the
upper one revolves 180 times while the lower one turns 60 times. After
passing through these rolls, the peat, finely divided, and deprived of most
of the air which it originally contained, has shrunk in bulk from 30 to
50 per cent, and has about the same amount of water it had to start
with. It is then in a pasty condition, and is received by the belt con-
veyor, which is enclosed in a wooden casing, and carried to the hopper of
the molding machine. This is an upright cylinder supported upon a
heavy cast iron base nearly five feet high; below the upright part is the
molder, or press proper, consisting of two horizontal revolving cylinders,
which are similar to the molds of brick making machines. Below this is
a table made up of boards supported by a belt carrier, which receives the
peat bricks as they come from the machine. The wupright cylinder con-
tains a series of semi-circular shelves, arranged alternately on opposite
sides of the chamber, and each with a series of radial slots one-half inch
wide. A central shaft, carries, just above the shelves, a corresponding
set of two-armed sweeps and a less number of single-armed ones. The
former rubs the peat against the shelves and the latter help to press it
down into the pockets of the molding cylinders, from which it is forced
by plungers onto the boards of the table below in the form of blocks or
bricks, 4 by 8 by 21 inches. The capacity of the machine is 108 blocks
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per minute, or about 65,000 per 10 hour day, which, after drying,
amounts to about 40 tons of good hard fuel. The blocks taken from the
machine may be conveyed to the drying grounds or sheds by any conve-
nient way. and may be spread out in rows or piled in racks, and left to
be dried by the wind and air. The wet blocks commonly weigh about
3%% pounds, contain 80 cubic inches, and have a surface of about a square
foot. The blocks shrink as they dry, and get to be nearly as hard as
stone and impervious to water, the dryving taking from four days to 2
weeks; according to the weather, when they are ready for the market. A
plant using this machine is in operation at Orlando, Florida, where it
makes all the fuel used by the Orlando Water and Light Company
which develops 500 horsepower. The capacity of the peat molding
machine can be increased by increasing the speed, trial runs showing
that it can produce as much as 400 tons per day without difficulty. The
cost of putting up a plant equipped with this machine is figured at
$5,000, divided as follows:

Machine ... ... . ... . $1,500
One engine and boiler, 12 horsepower.............. 1,500
Shafting, belting and fixtures.................... 500
Roughly constructed building..................... 1,000
Incidentals ........ ... ... ... . ... ... 500

Total............ $5,000

The cost of labor is also a very important item, which must be taken
into account in considering the possibilities of manufacture of peat fuel.
With this machine using 100 tons of crude peat per day, four men will
be required to cut the peat from the bog and load it on cars; a boy with
a single horse, and two cars running on a tramway, can handle the trans-
portation to the mill.. One man is needed to feed the mill, one to put
molds into the mill, two to take the molds from the mill, a bov, one
horse and three trucks to transfer the molds to the drying ground, two
men on the drying ground to empty the molds, a boy to take the nolds
as they come back from the drying ground and put them in the proper
place, and engineer and superintendent. There will also be needed two
or three men and a boy, with a horse, to care for the dry fuel and house
it at the proper time. The men and horses should be hired for less
than $40 per day, and except in very wet weather, should produce an
average of 25 tons or more of fuel per day. The air drying makes the
production somewhat uncertain, as in very wet or cold weather, evapo-
ration of the water from the bricks is slow and uncertain, unless there
are covered drying sheds provided, which will increase the cost of the
plant somewhat. It is supposed that all steam for operating the plant
will be generated by the use of waste material from the bog. The
product from such a plant should sell at from $3.00 to $4.00 per ton,
where hard coal is sold at about $6.00 per ton, and for more where it
is higher. By increasing the number of machines the cost of production
could be lowered materially by substituting mechanical devices for some
of the hand labor.

There are numbers of other condensing and compressing machines
upon the market abroad, a single maker sometimes advertising a half
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dozen types, ranging, in power required, from 1 to 50 or more horse-
power, in productive capacity, from 5 to 50 or 60 tons of condensed peat
per day, in price from $300 to $1,500, and in the number of men required
to run them, from 7 to 25. All of the German makers mentioned above
advertise some form of press for making condensed peat.

An estimate, given by Julinus Bordollo, 38 Kingsbridge Ave., New
York, agent for several of the large European makers of peat fuel ma-
chinery, for a plant having a daily capacity ot 40 tons of condensed
peat, is as follows:

1 peat press, latest design, with double breakers

and mixers, mounted on wooden frame.......... $1,200

) To be 1 chain elevator, 30 feet long, complete with rollers
imported and SHOVELS « oo oe et e 950

from 2 appliances with axles and wheels for moving press
Germany. ANA @NZINE .\t ee ettt 700
1 cutting table ........ .. i 100
100 feet of rails ... oot 250

6 iron cars for transporting the peat to drying

GPOUNAS  + o vvaenin e o e e e 300
18 horse-power engine ........... ... 1,500
Belting, boards, and sundries ...........c.oones 100
F. O. B. New York.......oooviini s $5,100

This estimate does not include the cost of buildings and installation
of plant, but these need not be large, since the press and engine are
portable and can be sheltered by a very small structure. A

The cost of production per day, with this plant, is estimated as fol-

lows:

FIRR L0y ) 1171 N N $5 00
1 enEINEET . ..ottt 5 00
8 JADOTEES .+ oo v vt e et et e aann e 12 00
B BOYS v eeee e 5 00
Office and selling exXpenses. .. ........cooeroroe . 10 00
Boiler fed by refuse peat and waste from bog...... ......
Total expense for 40 tons peat fuel........... $37 00
Or cost per ton ............ U T 9214

A rather low estimate, at the present prices of labor, and should be ad-
justed for each locality where a plant is to be established.

Machinery for Drying and Briguetting Peat:

The advantages and disadvantages of drying peat by artificial means
have alveady been dwelt upon at some length, in a previous section, and
no further space need be devoted to the matter here, except to again en-
force the statement, that no form of drier can take raw peat from the
bog, and dry it by artificial heat, cven to the air dry condition, except
at a loss, unless the heat thus used is waste from some other industry
or process. It must also be remembered that where the peat is dried
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at high temperatures. it loses some of its volatile matter, which, by so
much, may reduce its value as fuel for certain purposes.

Barly attempts at drving peat made use of chambers, in which the
peat was placed and subjected to drafts of heated air or other gases,
sometimes forced into the bottom and semetimes at the top of the dry-
ing chamber, or kiln, by the use of exhaust fans.

Of different type is the Schonomen dryer. in which the raw peat is
sifted, in order to extract from it the fibers, the non-fibrous part pass-
ing into a vat of heated water, where it is thoroughly mixed into a fluid
mass or “slurry.” From this vat it is pumped by slurry pumps, into
a so-called chamber filter-press. As soon as the chambers are full, the
slurry pumps are changed about so that they pump air instead of slurry
into the filter chamber, and a high air pressure is produced, which can
be raised to 20 atmospheres, 300 pounds per square inch. The com-
pressed air drives out all the overlying water and about one-half of the
original water contained in the peat, through the bottom of the cham-
ber. The cakes of peat formed in the press, fall out when the chamber
is opened, and are broken up and transported to drying ovens heated
by steam, where the partly drv peat is quickly and thoroughly dried.
The steam drying ovens can be heated by waste steam from the briquet-
ting machine, which is used in connection with this process. :

The Stabler process feeds the peat through rollers until it is crushed
and ground very fine, after which it falls on a heating plate and is
pushed forward by workmen to the farther end of the same plate, where
it falls between rollers which grind it still more, and it is then conducted
on intermediate heating plates back to the starting point. This process
is repeated until the peat is sufficiently dry.

By the Stauber method. the peat is dried in the open air for a time,
then dumped into convevor pits to be conveved to the condensing ap-
paratus. The latter is a band of wire gauze of large mesh, which passes
under two rollers. These press the peat against the gauze and the free
water is pressed out. At the end of the gaure band, which is 5 feet
wide and 15 feet long, an endless chain, provided with scrapers, causes
the compressed peat to fall upon a kind of sieve shaker, which separates
the larger pieces, the proportion of which should be as small as possible,
and these are sent to be treated again by the rollers. The fibers and
undecomposed vegetable matter which stick to the wire gauze are cleaned
off by a revolving brush which runs below it. From the shaker, the
finer peat iz taken by a vertical conveyor, and is broken into small
pieces in a special mechanism, as it passes along to the drying oven.
This is a metal drum. 5 feet in diameter and 25 feet long, placed hori-
zontally on vollers. The c¢ylinder is rotated, and a spiral stirrer inside
of it is used to push the peat forward, as it is dried by coming in contact
with hot gases from a furnace. The cylinder is driven by a 50 horse-
power engine, and the dried peat, after removal from the dryer, is
crushed and briquetted. By this process, a ton of raw peat is reduced
to about 14 ton, containing about 100 pounds of water after it leaves the
dryer, and is ready for the briquette press. Mention should be made
of the tunnel type of drying chambers such as are used in drying brick
in some of the modern brick plants. Selwid and Lange have patented
such a chamber in Germany, patent number 22,223 and a similar de-
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vice was used at the Jebsen peat coke plant in Norway. At the latter
place the air-dry blocks of peat, loaded on cars, provided with racks
of shelves, were run into the cool end of the tunnel and subjected to a
gradually rising temperature, until they reached the warm end, where
they are heated slightly above 100° C. The heat. in this case, was sup-
plied by waste gases from the coking ovens, the dry, warm air being
drawn through the tunnels by fans driven by electricity.

The Cooley dryer, recently patented in the United States, consists of
a series of broad, shallow, galvanized iron pans, arranged one above the
other in steps, in such a way that they can be given a rapid vibratory,
shaking motion: The series is divided into two parts connected by a
chain elevator and eacir is enclosed in a chamber, the first of which is
heated by steam pipes and the second by hot air from a furnace pro-
vided for the purpose, and which burns the refuse material from the
crude peat. The peat, air dried, or even wet from the bog, is ground
by passing through toothed rollers, then elevated by a belt conveyor to
the top of the first dryer where the coarse matter is screened outf, the
fine falling on to the top pan of the dryer, from which it is shaken to
the one below, and so on, to the bottom one of the series, from which
it is elevated to the top of the second set of pans and again passed
down, this time subjected to a higher temperature, after which it
emerges, with less than 3 per cent of moisture, in the form of a fine
powder, and is conveyed either to the briquetting machine, or to storage
bins. The whole process by this system of drying takes less than an
hour, if the peat is air dry, and but little longer when wetter than this.

Machines for Briquetting: The great development of the manufacture
of various kinds of fuel into briquettes has led to the invention of many
forms of presses in Northern Europe, where coal slack and washings,
lignite, or brown coal, coke, sawdust and peat, either pure or mixed
with each other, or with petroleum refuse, pitch, tars and other binding
material, are all made into briquettes by the use of pressure and heat.
‘When the question of using peat for fuel in this country was raised a
few vears ago, the highly finished, regularly formed, compact and ex-
ceedingly neat, as well as efficient peat briquette, attracted the eye, as
well as appealed to the imagination of those who decided to make an
investment in the new fuel, and, as a result, most of the plants for the
manufacture of peat fuel in America are briquetting plants, using, in
gsome cases, foreign made presses and in others, specially invented
machines. '

It has already been stated that two kinds of Driguettes are made from
peat, the cold-pressed and the “seared.” It may also be said that sev-
eral types of presses are used for making the first kind of briquettes,
of which the open and closed mold systems are the most important. The
first of these gives large production, is easy to work and keep in order,
and is simple in construction, while tire second permits the use of higher
pressure, hence gives a more compact product.

The open mold system has, as its basis, a tube, open at both ends,
into one end of which, a piston fits, the other end being left open, and
whose cross section is that of the finished briquette. The resistance pro-
duced by the friction of the peat in passing through the mold gives
sufficient pressure to make compact briquettes. In practice, when a
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proper amount of material has been put into the mold, the piston
descends and compresses it, then more material is put in between the
piston and this briquette, the piston moves forward and forms a new
briquette, and at the same time forces the finished one from the open
end of the pipe. By this system, in practice no very great pressure can
be used, as the amount developed is dependent upon the length of the tube
and the friction of the finished briquettes against its walls. For when a
long tube is used and the resulting high pressure, due to increased fric-
tion is obtained, excessive wear, due to heating and strain, causes rapid
deterioration of the machinery. To give increased resistance, with short
tubes so that higher pressure can be used, the tube is sometimes
made to taper from the piston to the lower end. The machines in which
the open mold type of press is used generally have the molds arranged
in pairs, so that continuous motion may be obtained. This is reported
to be the favorite form of briquette press in France and Germany and
many modifications of it have been patented and manufactured.

The Dickson press used in the manufacture of peat briquettes at the
Welland, Ontario, bog, is of this type, and, according to Carter;* in this
press, for a mold or tube 214, inches in diameter, a length of one foot
will give a frictional resistance equal to a pressure of 8 tons per square
ineh on the piston. By the use of this type of mold, with the highest
practicable friction, heat may be developed sufficient to liberate tar from
the peat and give the briquettes a waterproof covering.

The closed-mold system is capable of many variations, but in one of
the simpler forms, consists of a revolving table containing holes the shape
of the briquette, but deeper than its smaller diameter. In opera-
tion, the holes properly filled, are passed in turn under a powerful
hydraulic press by the revolution of the table, and the briquettes thus
formed are then immediately thrown from the mold automatically.

In another form, the material is compressed simultaneously by two
pistons forming the top and bottom of the molds, and in still another
the molds are formed by depressions in rolls or wheels, which revolve
either vertically, horizontally, or in a more or less inclined position.
Where rollers are used, the product is frequently in the form of balls
or egg-shaped masses, which are known as “boulets,” or bullets, in
France, where various types of coal waste are commonly sold in this
form.

The Dobson press, used at the Beaverton works at Beaverton, Ontario,
is of the closed mold type, the bottom of the mold being formed by a
block of metal, and the molds are arranged in groups of 8 under each of
the two compressing pistons which work reciprocally, and each time the
piston is raised, the mold cylinders turn one-eighth around. With each
down stroke the piston forms a briquette on top of one which has been
made by a former stroke of the same mold, thus compressing it a second
time to make it as compact as possible. The power used with this
press is furnished by a steam engine and the mold cylinders make about
50 revolutions per minute, making about double that number of finished
briquettes.

The cost of briquetting machinery is higher than that for making con-
densed or cold compressed peat, and ranges in average price from $10,-
000 or less, for plants of small capacity, 25 tons or less per day, to

1Carter, W. E. H., Peat Fuel, Its Manufacture and Use, pp. 23-25, Ontario Bureau of Mines
Bulletin No. 5, Toronto, 1903.
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$30,000 or more, for those having a possible output of 200 tons per day;
these estimates are based on European figures and do not usually in-
clude the cost of buildings and many minor sundries.

In an estimate made in 1902 and furnished Mr. F. H. Mason.! U. 8.
Consul General at Berlin. by the company controlling the Staunber
process of drying and briquetting peat, the following quotatlons are
made for a pl‘\nt with a capacity for putting out 50 tons of briquettes
per day:

Buildings ....... .. . e $14,280
Machinery ... ... . i 17,850
Steam engine and fixtures........... PP 3,570
Tram-ways and cars, ete ........................ 3,570

Total ... ... i $39,270

When it is remembered that a plant for producing cold compressed
or condensed peat, air dried, with a capacity of 40 tons of finished fuel
per day, may be had for about 1-7 of this sum, it is not remarkable
that the statement is frequently made, that in Iurope the cold com-
pressed peat is much more largely made and used than the briquetted
type, but it is also to be borne in mind that large peat briquette fac-
tories have been in operation in Germany and other parts of LEurope
for some years, and have been apparently successful, especially in Rus-
sia, and it is probable, that where the conditions are favorable in this
country, peat briquettes can be made on a large scale and sold with
profit, especially when the plant and equipment are properly planned,
and economically and scientifically managed. It must be considered,
however, that it is likely to be the case that for a long time to come
the demand for peat fuel will not be from the large consumers, except
in regions remote from the coal fields, but from those who use only
small supplies, mainly for domestic purposes, and that this demand is
relatively small, hence there is no reason for the development of large
plants at the present time.

It may be said regarding this matter, however, that existing plants,
wherever they have been buﬂt in this Coun‘rr\, Lave had orders tor more
fuel than the) have been able to make, and if they could have filled
them would have been able to build up a still larger demand, since
customers have expressed themselves as pleased with the qualities of
the briquettes as fuel. Whether the same results would not have been
obtained with a well-prepared article of condensed peat, made at much
less cost, is still an unanswered question.

Machines for the preparation of seared briquettes are of the nature
of molding machines of the roller pattern, in which the rolis are heated
suiﬁ(*lenﬂv either to simply liberate a part of the tar of the peat, or,
in some processes which have been patented, to liberate most of the vola-
tile matter, and form a coke, or carbonized briquette. The former has
passed beyond the experimental stage, as noted in another place, but
so far as has been found out at present writing, the latter process is
not yet fully perfected.

There are so many manufacturers of machinery for briquetting various

1Mason, F. H., Special Consular Raports, Vol. XXVI, p. 81, Washington, 1903.
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fuels and other substances, that no attempt is made her to give a list
of them, but it may be said that in a publication® of the State Depart-
ment, at Washington, already mentioned, the names of some of the
principal European makers of such machinery are given, together with
much other valuable information relating to the manufacture and use
of briquettes. J. C. Bordollo & Co., whose address is given below, are the
American representatives of some of the prominent European manufac-
turers and can be consulted where immediate information is required,
and are prepared to furnish various articles on peat.

Methods of Coking Peat.

Processes for coking peat have already been quite fully discussed, and
the cost of plants for this purpose mentioned. But little special ma-
chinery for the actual operation of coking has been required, since this
is performed in some kind of kiln, or closed retort, similar to that
used for making coke or charcoal, although several types of closed kilns
of the retort tvpe have heen patented, but for rendering the preliminary
operations of digging, grinding and molding, drying and conveying to
the kilns, automatie, and as cheap as possible, several patented ma-
chines have been developed, as well as those for recovering by-products
from waste. Of somewhat different nature from others, is the patented
coking process covered by U. 8. patent No. 732,097 and controlled by
F. C. Rockwell, Hartford, Conn. In this process, the standard kilns
are 32 feet long, 3 feet 9 inches wide, and 5 feet high, each costing about
$1,000, and having an estimated capacity of 6 or 8 tons of coke in 24
hours, the product costing, according to published figures, not to ex-
ceed $3.00 per ton at the mill. Not less than four of these kilns should
be used for a single plant, and a larger number can be cared for by one
man. In using these kilns, the peat has to be molded and dried before
coking, as it does in other processes, and no special devices are men-
tioned for these purposes, in the description of the process.

Machinery for the Manufacture of Peat Litter.

¢

A considerable development of special machines for the manufacture
of peat litter and peat mull, or peat dust, has been made by the European
manufacturers of peat working machinery., Those manufactured by A.
Heinen, Varel, Germany, are of excellent patterns and construetion,
ranging from a small hand machine, which has a daily output of about 4
tons of litter, to one having a capacity of about 20 tons and requiring
an engine of 6 or 8 horsepower to run it. These machines consist
of toothed rollers, of large diameter, the teeth being long and more or less
curved, to shred up the coarse material in the peat. The shredded mass
in the hand power machine passes directly from the shredder to a hori-
zontal, revolving, cylindrical sieve, where the finer parts are screened
out, after which the coarse stuff may be baled, either by hand, or power
balers, made by the same makers.

Peat mull is the name given to finely ground peat, prepared and used
in Europe for various purposes, especially as an absorbent and disinfect-

1 63}3riquettes as Fuel in Foreign Countries, Consular Reports, Volume XXVI, Washington, D. C.
903.
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ant. This substance is prepared in upright grinders run by power, or
even by hand. The material falls upon a sieve which sorts it, the finer
parts falling into a receptacle and the coarser retained upon the sieve.
The capacity of these machines is from 5 to 15 tons per day of coarse and
about one-half as much of fine mull per day.

In a properly arranged plant for the manufacture of these products,
the dried peat would be dumped from the barrows or cars which bring
it from the drying ground, into the shredding machine, from which both
fine and coarse material could be elevated to a properly placed screen
hopper, so that the finer parts of it could be sent by chute to a mulling
mill, while the coarse material passes on to a revolving cylindrical sieve
which still further cleanses and sorts it, the finer parts going to the
muller and the coarse to a baler placed below. The fine material could
pass from the mulling machine directly to the packing machine. Such
a plant should not be expensive and could be run in connection with
an establishment for making peat fuel, fo utilize the fibrous top layers
of the bog, these being plowed up and dried just as hay is, by exposure
to sun and wind. See Plate 31.

Hand machines for making peat litter are also advertised by Martin,
of Ofenberg, by Paul Reuss, of Artern, Saxony, and by the Iron Works
of Luneberg, and it is probable that Dolberg and otber makers also
produce some forms of these machines. It is probable that a corn shred-
der, with somewhat stronger knives than usual would answer very well

to shred the less woody forms of peat for small consumers.

Devices for Carrying Peat from Bog to Factory.

Devices for conveying the peat to the factory have been numerous, but
mostly simple. In more extensive plants portable tramways of light
rails ave laid on the surface of the bog on which cars of small size are
run, by man, or horse power, or infrequently by electric trolley. The
latter could well be used where a lighting plant was used, or where
electric power for any other purpose is developed, and would prove,
in the end, economical and more efficient than other forms of motive
power in use. In small plants, the peat is wheeled by hand in barrows,
or in small carts, drawn by a single horse, where the surface of the bog
is not too soft. Both of these are expensive methods, even for a small
plant, for the loads which can be drawn are light and progress is slow.
In a few cases, it has been reported that the peat has been dredged
from in and around bodies of water and placed on flat boats, which are
poled or rowed to the factory, but much time would be consumed in this
way in most cases, and a more satisfactory way, if scows were used,
would be to tow them, when loaded, by a small steam or gasoline motor
tug boat.

Tn one case it was reported that the peat, in slurry form, was piped
a considerable distance to the factory. A recently recommended method*
is that the peat, in liquid form, be removed from the bog to a large set-
tling or receiving basin, through trenches cut in the bog and given suf-
ficient artificial fall to insure the flowage of the peat. This plan is feas-

ible, provided that the water is present in sufficient quantities to mix

1 Bordollo, J., Peat Fuel Production. The Engineer, May 15, 1906, p. 335.
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with the peat, but in many Michigan bogs it would have to be pumped
into the ditches, and mixed with the peat, to make the latter substance
fluid enough to flow.

It is apparent from statements made in this and preceding sections
of this report, that the study of this interesting natural resource has gone
much farther in the countries of Northern Europe than it has in
America, and especially has the investigation of the commercial possi-
bilities of peat, and the development of compact, handy, and durable
machines for the manufacture of the various products to be derived from
it, gone far beyond the experimental stages. It is, therefore, not necessary
for manufacturers or inventors to begin at the beginning to develop ma-
chines or processes of utilizing peat, since, in the great majority of cases,
they would probably only repeat the errors of those who have gone over
the same ground abroad. At the present time it would be a great sav-
ing of time and money to study the latest and most improved products
of the most progressive foreign manufacturers, especially those of Ger-
many, and the recently prepared reports of investigations into the possi-
bilities of peat utilization, issued in the technical journals or in
form of manuals and popular guides, and in the proceedings of
the Furopean peat culture societies, before deciding upon invent-
ing new machinery, or new processes of preparing peat for fuel,
or for other purposes, for in many cases, most in fact, it would be found
that the projected plan had already been tried, and if a practicable one,
had long ago been embodied in a machine, and perhaps abandoned for
a better one. As was recently stated, there is no such thing as a really
secret process for making peat fuel, since all the secrets of the sub-
stance were long ago discovered and made known, and the sooner in-
vestors and inventors realize this, the sooner there will be in the United
States a well developed industry based upon the peat deposits which
are so widespread and extensive within the nation’s boundaries.

Peat Factories and Peat Prospects in Michigan, Established or Projected.

There are several plants for the manufacture of peat fuel established
in the Southern Peninsula, some of which have, within the year (1906),
produced some peat, but none, so far as known, are yet runnhing on full
time, or are producing peat fuel in quantities. The plants of the Ameri-
can Peat and Fuel Company, near Capac, was, as noted elsewhere, leased
after a trial of 30 days, and later sold, to a company which took over
the property to manufactare paper and other products from the peat,
which seemed especially adapted for this purpose, being rich in fibrous
sedge and grass remains below the top layer.—The Pilgrim Paper Co.
of N. Y. and Capac.

The Peat and Fuel Company was to make briquetted peat, using the
Cooley dryer, and a specially constructed press. The briquettes made
were of sufticient density, and of a light brown color, but were easily
split and quite brittle, so that they did not stand handling well. This
seemed, in part at least, due to the coarseness and lack of cohesiveness
of the peat, but as it was compressed into briquettes without any pre-
liminary ireatment except drying, it is possible that this might have
been remedied. The Capac bog is described in Part I of this report.

The National Peat Fuel Co., of Chelsea, has a good deposit of peat on
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the border of the town, and near the Michigan Central R. R. The
building is a substantial but small brick structure, and small openings
have been made in the surface of the bog and some peat-has been taken
out by hand, but no great amount of fuel has been made. The plant is
equipped with a press for making briquettes developed by the owners.
The plant was, at last accounts, closed down indefinitely.

The Bancroft Peat Fuel and Cement Co., Ltd.. Bancroft. This plant
was equipped for making briquettes after the system in use at White-
water, Wisconsin, to manufacture seared briquettes. The peat was dug
from the bog with a steam digger and it was reported that the surface
material was used for litter. The plant was operated a part of the sum-
mer of 1905, but no report was obtained of the actual output of fuel.
The bog on which it is located is reported as having an area of 700 acres
and has been partly cleared, ditched and drained, the draining, as usual,
causing some settling of the surface.

The Michigan Peat Co., Eaton Rapids, are reported as having a plant
equipped for making briquettes, using a patented English system in
which the peat is electrically treated before briquetting, to hasten the
process of drying.

The following companies have established factories for making con-
densed, or cold compressed air-dry peat fuel:

The Michigan Peat and Marl Co., Grand Rapids, equipped with a
Heinen press. .

The Wolverine Peat Co., Vicksburg, equipped with a Dolberg press.

Carl (+. Kleinstiick, Kalamazoo, is reported by local newspapers to
have manufactured some pressed peat fuel for local consumption, but
no details of his equipment have been obtained.

A company called the Van Buren Peat Co., Gobleville, has been organ-
ized, and is planning development of bogs in that vicinity.

A plant is reported as-in operation in Mecosta county near Big
Rapids, but no information relative to its equipment has been obtained.

Beds of peat of considerable extent. which have at some time been the
basis of prospective plants, or for the organization of companies for their
utilizatian, are reported at or near the following places:

Kalamazoo, large extent.

Three Rivers, large bogs, 2 miles distant.

Minden Tp., Sanilac county, near Croswell, 6,000 acres.

Quanicassee.

Summerfield township, Clare county, 100 acres in one body. 6 to 12 feet
deep. (Harrison the nearest town.)

Hanover, 40 acres.

Decatur, 100 acres, 6 to 8 feet deep.

Bass River, 100 acres, 6 feet deep.

Morenci, 200 acres or more.

The latter bogs are all too small for large establishments but would
supply fuel for local consumption, for many years, provided the peat is
of average density and fuel value, since each acre would furnish from 150
to 200 tons of dry fuel for each foot in depth, after the surface material
has been passed through.
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Conclusion,

It is probable, as has been intimated elsewhere, that the best way in
which quick and sure returns may be realized from peat bogs. is by
developing them with the idea of supplying small local markets, rather
than attempting to compete with the better known and more widely
used fuels on a large scale. Where the former course is taken, a rela-
tively small bog, a small investment, and a local market, with a limited
requirement in quantity, should make a combination which should be sat-
isfactory to the owner and investor, who could then afford to give his
customers a fair price, which should run considerably below that paid
for ordinary fuels and still give good profit. When the numerous bogs
of Michigan are thus utilized, as many of them will be, before many
years, the peat fuel industry will be placed upon a proper footing.
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Herb-Sphagnum association. . .. ... ...t it s 264
Herbaceous vegetation. ... ......... ... ... 194, 212, 214, 216, 228, 230, 230, 241, 249, 257, 264, 267
Herbs, in relation to peat development..........c..ccovioinnnrees 142, 144, 147, 158, 232
Hermansville, DOZs TNEAT. ... .. ..o e NN 101, 212, 214
Heteranthera dubia, Water PIANt. ... ... or e 129
Hill, E. J., FEIETENCE. ¢\ oo et nn et e aas s s et 175
J. J., cost estimate of peat coking plant...... ..o 304
Hills, north and south side, forests OMl...... ... .ooien vt 261, 262
HAPPUTUS, WALEr DPIAILE. . ..ouin sttt e e e et s e e e cn s 128
History of peat as fUEl.... .. ooenton v nn e 311
Hoary Willow....... TR 195, 202, 210, 212, 285
See Salix candida.
Hobart Station, DOZ TEAT... . ...\ vere e e 159, 164
Hobart, White Cedar growing on peat deposit..............ovoevrvrrrvnraes 122
HONANA, TNOOFS QML ..ttt e et ee e e me e s e 115
peat FUEl II.... oottt 105, 311, 339
peat land largely utilized iN...........ooooieiieen e 110
Holmes, J. A., TEfETEICE. .. .. ...\t eee s s e n st 175
HOISEOIIL, THOOTS HHL. .o o ottt et e e e as e ae e e s s s s st s 115
FHOP HOIMIDOATI .« .« .ot c et ae et aseeae s 261
Horned BladderWort. ..o . oo oot a et 242, 243, 281
Hornwort family, Water SDECIES..... ... .vonnrur e 128
Horsepower peat MAChINeS... ... .. ..ot vrraneane i 348
DSOS 2 1 U O 224, 323
Horton, R. ., TEfETENCE. ..o\ oottt it e e s e s s s 175
Hospitals, USe Of PORE ITh....o. ot ottt s et 298
Houghton, Peat DOZS MEAT... .. . ..o.wueue et 240"
Sphagnum growth NEAT. .. ... .....vhmmeer ot 275
COUNLY, SWAMP AFEAS....v. v v enr e ann s csnne s et e 277
Hubbard, B., Beaver daIS... ... ...oevenunree et 167,175
FIUCKIEDEITY . . oo oo oottt e e 142, 245, 251, 255, 257, 283
Hudson’s Bay, Peat TIUSKeZ . ... .o o vnre e rsiamanen e 111
Humus acid, Muck 1and. ... ..ot 291
Hunt, R. W., marl or peat SamPler.........ovveernnatrrr s e 317
Huron county, PIants Q.. .. ....ooer e onunureaan e e 162
glacial drainage valleys in.......... L S 119
L 2 e X 124
Huron Mountains, list of Plants frOMl.. ... o..uerrrir e 285 286
260

peat bogs iN... ... e
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Huron river, cut off channels in valley of....... .. ... .. . i 118
morainal dall BCTOSS. . .vvutt ittt e i it et e 117
Yuron river, slope bogs in valley Of ... ... e 120
Hydrophytic vegetation. .. ... . . i e e 151
Hypericum Canadense, see Canadian St. John’s-wort.
Hypnum, fluitans, relation to peat formation.......... 124, 125, 126, 134, 138, 159, 203, 210,
215, 216, 218, 229, 231, 251, 267
I
Jlex verticillata. .. ... .. i e e e 142, 147, 149, 163, 165, 285
See Winterberry.
Tlicoides MUCTONALA . . . . ... i ittt ettt ettt i e 147-149, 163, 165, 283
See Mountain Holly.
TJHinois, SUNSHITIE 1L, ... .. i it it e et et et et e 113
Imlay City, glacial drainage valley . ... ...ttt e e e e e 119
Impatiens biflora.... .. . o e s 140, 143, 285
Impurities, Peaty SOIlS. ... ... e e e e e s 291
Independence Lake, peat deposits at..... ot e 136
Indian Pipe. . ... e e 147, 239, 267, 283
Indian Rice, water plant. .. ... .. e 129
Indiana, SUNSHINE QT oo i e e e et e e 113
Ingalls Station, Hayward Jake DeaT........ o ittt e e e e 195
Ingham county, lakes, sedge Mats Oll... ...ttt inin it er i cn it iniaans 152
Intermediate Lake, barrier formed lake.. .. ... ... . . i 117
Intermittent TaKeS. ... e e e e e e 116
Ireland, mountain bogs, formation of.......... ... ... i i 125
peat deposits Of. ... i e e e e 110, 111
peat fuel used extensively In....... ... ... i e 311
peat paper made I, ... ... .t e e e e 308
TriS VTS COIOT. . e e e 144
See Larger Blue Flag.
TrOn, DO . . e e e s 254, 321, 324
Iron county, plant studies fn. ... .. . i i i i e e e e e 184
Iron industry, possible use of peat coke In........ ... .. . ..t 278
Iron Mountain, Badwater Lake Near.... ... .. .ttt ittt 224
Lake ANtOIBE Tl€AT. . . ittt ittt ittt e e e e 219
B39 R 2cY R ToT - VT 5 o O 237
sand, above peat bed at Marquette... .. ... ... .. . i i 254
O WO . oot e e e e e e 188, 283
Isabella county, lakes Im... ... . i i i i i e s 117, 122, 123, 152
Littlefield lake 1. ... i i e e e 117
Island Jake ..o e e e s 248
I ST ) P 249
CIslands’’ Of BTees 11 DOBS. ..t v i i e e e e 201, 249
Isle Royale, Sedge zones around 1akes ON....... ..o ans 270
Isoetes sp., see Quillwort.
J.
Jack pine...... ... ... ... 189, 190, 192, 193, 221, 222, 233, 236, 245, 248, 250, 251, 257, 261, 283
Jackson bog, tests of peat from 338
county, peat analyses.......... ... i 328
James Bay, peat muskeg................ 111
township, marsh land............. 109
Jebsen Process, Peat CORB. ... i i i i i e e 304
Jefferson, M. 8. W, Tefererice. .. ..ot ittt e et e i e 175
Joe-Pye Weed. . (.. i e e e et e 140, 144, 211, 219, 228, 284
JONNSon, 8. W, TelO eI, . it ittt ittt et et et e e e e 175
Jukes-Brown, A. J., formation of peat................ .. ..... R 125,175

Juncoides, see Wood-rush.
Juncus effusus, see Soft Rush.
sp., see Rush.
tenuis, see Slender Rush.

O oL 267
0T 7)o o P 263, 266, 285
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JUnIperus COMIMUIES. ..ot i e 142
nana, see Low Juniper.
VI gINIama. . . L. o e e e s 151
X.
Kalamazoo Celery Soil, analyses Of. .. ...t e 294
glacial drainage valley NEaAT. ... ... .. .. i i e 119
peat fuel made at.... ... .. e 360
Kalmia glatiCa. ... .o e e 148, 163, 283
See Pale Laurel.
Kearney, T. H., Teference..... ... ..ot i e e 175
Kedzie, R. C., on use of muck for composting............... .. . ... .. . i, 294
T O OICE. .t s e e e 175, 292
Kettle-hole bogs near VUICAN .. ..ot i m e e e 217
Kettle-hole 1lake S0Uth Of NOTWAY . . ..ottt ittt it e e e i e 219
Keweenaw Peninsula, lakes and bogs of..... ... ... . e 240
Kidney-leaved Violet.. . ... ... e e e 202, 285
King FerN..ooo ottt it e N e e e 248, 282
Kirschbraun, L., Peat BestS. . oo vt i et iv e e 338
Kleinstuck, C. G., peat fuel made by 360
Koller, T., moors...........covvvu... 115
peat formation.. . ... . . e e 126
B30 = 1 LT 175
Koss, White Pinte FOTest Mear..... ... .ot i it eans 189
White Pine Forest near, Plate XVIEI .. ... ... . . v i i 101
Kummel, H. B., Teference. ..ot i e e e 175
L.
Laberge, Dr., moss litter used for deodorizer by.......... ... ... . i i 298
Labrador Tea.............. 164, 194, 195, 199, 202, 203, 210, 212, 214, 222, 223, 227, 228,
230-237, 239, 241, 245, 247, 248, 250-252, 256-258, 262-264, 266, 274, 283
BT (o b T T I 230, 283
Lake Antoine, early stages of filling shown by......c. it i 219221
Sphagnum DOZ MeaT. . . ...ttt ittt s e st s 221
Bulrush............... 130, 139, 196, 197, 201, 202, 210, 211, 218, 220, 234, 238, 243, 245, 282
margin at Nathan, Plate X XI.. ..ottt iiieiat i ioanraeneanasenn
Mary, Spruce-Shrub-Sedge bog near, Plate XXVII........ ..o iii i,

Michigan, islands, floral succession in bogs of
peat formation near, Manistique

plant distribution near, in Menominee county

near Badwater Lake, Plate XXIV...................

near Menominee river................c. . i,

near Winona Mine......... ... oot
Orion, White Cedar, peat deposit....................
partly filled..... ... ... .. .

St. Clair, water plants of . . ... ... ... ... . o,
Superior, bogs and marshes near.....................
buried peat on shore of....................

peat formation near shore of at Marquette..

Lakeland, Dasiphora fruticosa at...................c.vonnn
marsh land around............. .. il

sedge marshes, peat, deposit near................

tamarack swamps near............ e

Lakes between Newberry and Grand Marais................
Lakes around Crystal Falls............... ... .. i
deep, Mmear Stager... ...ttt i

at Deer Park Life Saving Station....................

on Keweenaw Peninsula............... ... ... ..o
manner of filling........ ..ot

near Marquette..... ..ot iein it it ie i

near Sagola.... ... i e
northern and southern, comparison of filling..........

near Crystal Falls....... ..o,

inT. 49 N,, R. 29, 30 W..ooo oot iaens
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Lance-leaved White Violet.... ... ... ..o 255, 285
Land Surface, peat deposits classified acCOrding 0........vuur o seee e, 115
plant distribution.... ... i 188
Lane, A. C., clted. . oo 105, 112, 176, 184
Lansing, heath swamps, peat deposits NeaT........... ..ot 124
Large Cranberry..... ...t 142, 199, 202, 218, 236, 257, 282
Toothed ASDen...... .. ... . . . 197, 281
Larger Blue Flag. . . ... it 211, 218, 219, 281
Larix laricina, see TamaraCk.............u ot urer s, 109, 140, 149, 284
Late GOlden-tod. .. ... .. . e 219, 282
Lathyrus palustris, see Marsh Pea.
YLeavitt, T. H., acknowledgments..... e et e e e e e e e e 176, 361
Leavitt peat machinery, Plate XXXI..... ... ... 0ttt 101, 313, 350
LeConte, J., PeAt DOZS...ou it 110, 176
Ledum Greenlandicum, see Labrador Tea.
Lemna trisulea... .. ... 140
Leptorchis Loesellil... . ... o 143
Lesquereux, L., peat formation........... ... ... .. ... ... . 126, 176
Lesser Bladderwort..... ... i 216
Lesser Duckweed ... ... ... . 206
Panicled Sedge............. ... ... . ... . 230, 284
Leverett, Frank, acknowledgments.. ... ... ... ..ot 185
TEIETEIICO. ..ottt e 176, 186, 246
Lexington, Mass., peat fuel made at.......... ... .. uuiuu 313
FACheNIS. L 266, 268
Light, a factor in the growth of Plants.............. .. .t 165, 170
Lime acetate, peat coke, by-Product... ... ........uu o 301
Limnodorum tuberosum, see Calopogon.
Limnorchis dilata, see Tall White Bog Orchis.
hyperborea, see Tall Green Orchis and Tall Leafy Green Orchis.
Lincolnshire, peat formation............. ... ... . . o 126
Linnea Americana, see Twin-flower.
TASt™ Of PIAIES. ..ottt 281-286
Little Hemlock river, 1ake MEAt....... ...ttt 231
Prickly Sedge.... ... ..o 195, 236, 267, 284
Traverse Bay, precipitation around................ ... .. i 112
Littlefield Lake, peat deposits on marl, at. ... .........oureer o 117,123
Liverwort, peat fOrmation............... .. ... i 134
Livingston, B. E., Teference................. . oot 160, 176
Livingston county, Aronia arbutifolia in............ .. .. .. . . ... .. . . . .. 163
lakes, sedge mats In.... ... . ... .. 152
Spruce, peat Aeposits iN........... ... . 123
Lobelia DOrtmanna...........ouii 128, 285
See Water Lobelia,
Locality, types of, examined in Northern Peminsula..............oooroon i, 188
Location of Peat beds in Michigan............ ... uuuiiiieeennin. [ 326
Locomotives, peat coke as fuel for in Russia... .. P 341
Loire river, peat bogs along, in France..................... o et 111
Long Lake... ... 137
LOng Sedge. .o 264
Long’s Lake, Genesee county 151
Longyear, J. M., cost peat coking plant................... ..o iiiueie i, 304
Lonicera oblongifolia......... ... . . 159, 283
Low Black BIUebeITY. ... ... 223, 227, 250, 266, 281
Low Blueberry............coovuuuuin. .. 234, 236, 237, 245, 250, 251, 255, 258, 262, 264, 266, 281
JUDEDET ..o v e 265, 285
RaspherTy ... ... 212, 284
Luce county, analyses of peat fTOM............ ... ... it 328
Ludington, analyses of Deat frOM.u.e. . ittt e 330
Lung diseases, peat smoke beneficial In.............. . 0 333
Lycopodium inundatum, see Bog Club-moss.
Lycopus AMeriCanus...... ... ...ttt e e 144, 283
See Cut-leaved Water Hoar-hound.
LyCOPUS CUMMIUINS. . ..ottt ettt ettt e e e e e e e e e s 140

sp., see Bugleweed.
Lyndon township, morainal 1ake In...........u.iiuinin oot e 116
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MacFarlane, T., TEIETOICE. . .. .ottt ittt i e 176
McLeod’s Lake, flora of 247

Machinery, peat

Leavitt peat, Plate NX XTI, ... . i 101
for making peat HELer. ... ... ... i 343, 357
Mackinac Island, TamaraCk ODl.... .. .. ....oeeeuiuennenonaneesee et s PPN 164
McKone, W. J., Geological Survey Board........ ... oo 95
Macleod, River, beaver dams Of. ... ...ttt in i 168
MacMillan, C., formation of Sphagnum atolls..........c..ooieiiviiii i 151,176
Magellan Sedge. ... o..v vt e 206, 212, 230, 241, 248, 284
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peat formation among sand dUnNEs NEAT............ooviii e
peat SEUAIES Ab.... ottt
IMATIIA-EEASS . .+« v v v e et e e e et et e e e e e
Mannhardt and Koch press, peat machine...... ... ..o i
Mansfield, conifer bog near, Plate XIX. .. ... .. i
Mansfield Mine, peat deposit lowered. ... .. ... o i i
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CUTEVET SWAIND . . .ttt e et e e
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Marsh, AefiNed. . ...ttt e s s 109
MATIZOLA. . . et ee e et e e 206, 230
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St. JORn'S-WoOrt. ... e 140, 218, 229, 231, 234, 264, 265, 284, 286
Shield fern........... 140, 141, 142, 157, 158, 195, 196, 197, 203, 205-208, 210-213,
’ 220, 228, 230, 231, 282
[ R P  1cr=1)J A R 211, 216, 284
P T AT TR T I I 265, 266
White VIolet. . ..ot it i it 141, 143, 195, 206, 207, 213, 230, 285
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Marshes, ecological SEUAY .. ..o nu ettt 183
Martin of Ofenburg, hand machines, peat litter.......... ..o 358
Mary Lake, Mature DOZS DEAT. ...\ .vuevrnrmtoeramnunetese s s et 236, 237
Mason, F. H., estimates, peat briquettes.............oviiiiiiiiiiiii 356
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Massachusetts, peat deposits in
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Mattison Lake, marl, Chara..
Mattresses, Peat LLET. ... ..o vt r ot e
MABUTE DOB .ttt ettt e a e e

Mature bogs near Mary Lake
Maumee Lobe, MOTAINE QAIMI.. ... o\ttt inetetm et ea et e s
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Menominee, plant distribution Near.......... ... it
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Menominee county, plant studies in.................... ... .. .. .. ... 184
river, Lake Near............... ... .. 219
peat deposit. . ... .. . 195
river, pine forests along................. .. . 189
Sphagnum growth of in........ ... ... .. . .. 275
Mentha Canadensis, see Wild Mint.
Menyanthes trifoliata....... ... ... .. ... ... .. . . .. 141, 143, 147, 281
See Buckbean. ‘
Merryman’s Lake............ . .. 203, 204, 210-212
lake mear, Fig. 11.........o.o oo 101, 211
Metallurgical processes, peat coke fOT.......................ooiiiiii 341
Method of development, classification of peat according to.......... ... . . 120
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Michigan Peat and Marl COMDANY............coouiurnrnae 360
Michigan Peat COMPANY.............uuunrnen e 360
Michigan, peat fuel in 313
Michigan, Physical feaiures 114
Michigan State Board of Agriculture Reports, reference 177
Mills, W. M., peat formation at Eagle Lake, Ind.... ... ... ... .. . . 128, 177
Mimulus ringens, see Monkey Flower.
Minden township, Sanilac county, peat bogs in.................. .. . ... i 360
Mineral matter, peat........... ... 291, 322
Minnesota, peat DOg............ . 110
Mitella nuda, see Small Bishop's-cap.
Moisture, condensation of............. ... . . ... . 214, 268
Molasses,  stock foOd............ ... ... .. . . . TN 297
Monkey FIOWeT........ . . 219, 283
Monotropa uniflora... ........... . 147, 149, 283
See Indian Pipe.
Montcalm county, Cassandra.................ouirinnne 163
Chara, marl......... o 131
Spiraea tOMeNtOSA. .. ... oo 164
Montreal, peat litter experiments at...................... .o 298
MOOT. .. 109
Moors, Schimper.. .. ... . .. 115
Morainal lakes. .. ... o 116, 117
MOTaINeS. . . ..o 190
Morenci, peat DOZS DOAT...... ... ivu it 360
Morgan, L. H., PefeTenCe. ... ... oottt 177
Moss bogs, peat deposit. . ......... ... 121, 124
Moss. . ... 158, 199, 207, 208, 215, 256, 266, 268, 276
Mountain Ash..... .. .. 232, 250, 264, 281
See American Mountain Ash
Holly................................ 147, 223, 234, 236, 245, 248, 250, 258, 266, 283
Maple.. . ..o 230, 274, 283
Mouse-ear Chickweed 285
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290
289
290
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124
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123
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123
Mud Sedge....141, 199, 207, 217, 218, 222, 229, 230, 236, 237, 241, 242, 251, 252, 235, 257, 271, 272
Muller, C., peat cutting machine described............... .. .. .. ... . . .. . . 346
Munising, peat swamps southeast of............ ... ... .. . 276
Muntz and Laine. . ........ .. 310
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Myrtle-leaved Willow. .. .......... ... ... .. ... ... 196, 197, 217, 228, 236, 251, 252, 257, 285

49



382 INDEX.

Naias flexilis, see Slender Naias.

Najidaceae, WALET DLATIL. .. .o\ttt et o
Nathan, filled lake near, Plate XXI, XXII and..

Peat BOg, DONA TEAT. ... . cvir s et en b ie ettt
National Peat Fuel Company, Chelsea. ., ........ovueiiviininatiteriniirain s
Naumbergia thyrsiflora, see Tufted Loosestrife.

Negaunee, Beaver dam, Plate XIV and Y e e e e e e s
Nerved Manna-grasS. .. .cove v errercaecnsnoosincns
Netherlands, peat fUel 1M, .. ... onotiint et e
New Brunswick, sphagnum for stable bedding from.............ccovivirirnceiner 296
England peat fuel in 313
TEADIEAES ETl. e et v v e et e e e e et e e
Hampshire, Spiraea tomentose, habitats in....... ..o 164
Jersey, peat Beds IM......ooui it on i i 329
York, Deat DOBS Of.. .. vciuuiivtar et s 110
Py ¢ T 1 WA I I 113
Newberry celery soil, analysis Of.. .. ..o o i 294
Great Swamp THear..........cc.oon- R 246, 248
peat studies in vICINIty Ofcc.o.. oot 186
Neweastle Cannel CORL, EBS... .« v vunnnrerrecrmananarsensee s sunarr e e 306
Nich-e-waugh Lake, Chara, Marl.........oeeuiieraninn e e 131, 132
BTy L 1T Y - R R 142
Nillson, N. H., ecological factors according B0..........c.ovoimniirmrrrirmrenreens 160
Nitrates, peat in production Of............ooiieiiininiirn e AP 310
Non-conducting packing material.. ... ..ot . 309
North Carolina, peat DOZS ll.... ..o e 111
North side of hills, Woodland . ... .....ouveiir it e 261, 262
Northern and Southern lakes, comparison of filliNg...........vvviniiiiiii i 269
Michigan, plants, general distribution of......... ... 188
Peninsula, climbing bogs In.. ... ... i 120, 264
peat bogs, formation, character, distribution. .. .......... . o oo 181
Sphagnum and peat formation..............ocoooeiiiiiiiens 274
TWALET SEAT-WOTD. ot v s vt ee e cnen e et s oo oo s i e e s e 256, 284
Northfield township, PONA IN.ees . on v nr ot 151
Norway and Jack Pine fOresb........covroerneniarent o iu e 192
Norway, lake south of.............cvvuv . FE 219
manufacture and use of peat coke Ft s S 304
T 0 Y B R R R R 110
Pine.......... 189, 190, 217, 218, 221, 222, 224, 226, 227, 233, 234, 236, 245, 247
251, 253, 257, 262, 266, 283
NUPHAT, WALET LLY.. . oot er oot et ot s e 132, 137
Nurserymen, peat packing matenal D05 A 309
Nymphaea advena. ... ... v.eeee e ororireenenaee e 130, 132, 133, 139, 283
0. !
Oakland county, 1aKes Of .. ... v e iverereeenus e anens AP 133
sedge Mats arOUN. . oottt ittt e e 152
peat Deds IM. ...t 326
White Cedar, on peat deposits Of.... ... ...hoiiiiiiies 122
OCCUTTEICE OF DEAD.. . .t o e ev e te et e e e n e a e i e s e s st 108
Ogdensburg, N. Y., peat gas plant Projected . ... ..ottt 307
Oil fTOM tar, DEAL COKE. ... v v invn e ame et e et e s 303

Onoclea sensibilis
Ontario, manufacture and use of peat briquettes in

Ontonagon county, swamp areas 1 WA R IR
Open mold system, briquetting Peab............covrivirirr e
OPhioZIOSSUI VULBALUIN . 4us s v s v ee e e et e e m s s s
Organic acids, present in muck DT 4 Vs O L
Original vegetation, map, Plate b: 474 1 O
Orlando, Fla., peat plant operating at.............ooovviiirrrnnnnend N
Ortonville, SIoPe DOZS MEAT.... ..o ovvr e et e
OSINUINAR CIMIAIIIOTACA . « .« « « e e v e e ee e e e s b s e s s s s s st
See Cinnamon Fern.
TEEALIS v o o v e vt

See King Fern.
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Ostrya, Virginica, see Ironwood.
Oxalis stricta.... ... 285
HOX-DOW DASIIS. L 117
Oxford, peat SeCtiON MeAT...........uuuiutiiiit ittt 166
OXYCOCCUS MACTOCATPUS. .t e v v e et atae s ee et e es et e e e e 149, 282
See Large Cranberry.
OXFCOCCUS. ettt ettt ettt e et e et e 146-148, 282
See Small Cranberry.
P.
Packing material, use of peat Htter fOr ... .......o.ouieiininnne e 309
Pale Corydalis.. ... i 266, 285
Laurel.................... 148, 194, 199, 200, 217, 222, 223, 225, 226-228, 232, 235,
236, 238, 239, 241, 242, 247-250, 256-258, 283
Panicled Cornel...... ... . 142
Panicularia Americana, see Tall Manna-grass.
AUItams. ... e 129, 282
See Floating Manna-grass.
TIOTVALA. ot e e e e 143, 282
See Nerved Manna-grass.
Panicum. ... .o 255, 285

Paper pulp, peat

Paving blocks from Peat...........u.iuiniiiii i
Pearly Everlasting. . .. ... o

formation, character, distribution of..
Huron Mountains

COKE. . e

surface plants in relation t0............uuuuverriinnnn., 166, 187
deposits, area and depth, necessity of determining.............. ..o ... 318
classified. ... o 115
commercial value of........ ... . 318
depth, degree of decomposition, eXtent................ouvrrenrunno ... 183, 187
relation of to plants on the SUITACE.... ..ot et i, 128
description Of.. ... i 108
destructive distillation of........ ... .. .. ... 299
disinfectant, farm USe Of... ... ... ..ttt 296, 297
distribution and abundance of..................ooiieiiii 276
QY. 310
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near Manistique... .. . ot 254
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fuel, heating POWEr Of ... ... .. . o i 332, 334
machinery for preparation of 343

PLate XX oottt et e e e 101
= T ; 307
geographical distribution of.... ... ... i 110
litter, fertilizer for agricultural CrOPS.... . ... ...t 298

Peat litter, machinery for preparation of .. ... .. ... .. .iiiiie 343, 357
MEthods Of WOLK OIl.. . . oo u ottt e et 187
MISCEllANEOUS USES OF . . .\ oot ittt 289

COPOAE TIOSSES vttt e e et e e e e e 159

Peat mull 357
muskeg, JAMes Bay. . ...ttt 111
OCCUITEICE Of. ..t o ot ot ettt e et e e e 108
PADET DUIP FLOITL. oottt oot e v e e e e m e e 280, 307
physical condition of, factors determining.................ooiiir e 319
plant, estimate 0f COSE Of.. ... ... o it 352
prospects, MICRIBAIL. ... .. ... ottt 359
relation Of £0 DOLEOIMI. . v\ ot ittt e 323

to water plants and SeAZe..... ... ..o 152
SAmMPIETS, FiZ. 18. e\ttt 101
sticeession of PLAnts UPOML IMBE. . ..ot vv e 158
7 S S 338
USE A1 HOSDILAIS. . . oottt et 298
water COMEEIL Of. . oo ottt 161, 336, 338
WOVEN £ADTICS TTOIML. .. ot ettt et e 308

Peltandra VITZIMECA. .v . oo vt oo e 139, 141

Pembing, DEAVEr GaANIS. .. .eee .t vt et ee e 168

Pennington, L. H., TEfETENCE. .. ... ..\t vue it e 177

Pennsylvamia SEAZE. . .« ovnr e 255, 284

Percy, John, Mannhardt and KOCH DIeSS......c..vnvnee i 347

Pere Marquette R. R., DOgs alOng.... . ..o vt 154

Perry, heath swamps, peat deposits MEAI.... ... ....ohivrver e 124

Peshekeme river, climbing bogs near....... 264

SWAITIDS THBAT. . . ¢« v e oot oo e n e e na s a s 262

Pettee, B. F., TOIOTOICE. . o0ttt i e 177

Pettit, R. H., DEAVEr TIOAUOW. . .uunaer ot e an o e ot ettt cn 101

Pennsylvania, peat DOZS Ill..... ..ottt 110

Phenolates, fTOM PEAt COKE. . ... ... titauranr e e 303

Philadelphia. FIEa-DAME. ... ...\t oe vt et 219, 282

Phleum pratense, see Timothy.

Phragmites DRFAGIIILES . . ... o vt 129, 132, 282

See Tall Reed-grass.
Physical condition of peat, factors CONLIOILNE. . oot e 319
features, MICHIZAN ... . ..\ e 114
Picen DIEVIFOlA. . o ot ove v e e e 142, 146, 149, 284
See Black Spruce.
Canadensis, see White Spruce.
Mariana, see Spruce and Black Spruce.

PIEKETEl- WO ..o o ot et e e e 130, 139, 195, 283

PAGWEEA. .o oottt LRI 286

Pieters, A. J., TEIETOIICE. oo ottt n et 129, 177

Pilgrim Paper €o., PEAL DADET ... oo .ottt 308

PUIL CREITY . o« o oo oot e e e e e e e 189, 197, 282

See Wild Red Cherry.

PRI, o o o oo e e e e 190, 247, 252, 253, 261, 265
“jgland’’ Lake Antoine, Plate XXIIT.. .. ... ... vvian e 101, 220
Lake, barrier-formed 1aKe. . ... ... o 117
T I 188

TRHVEE, QAL . oov et et 118
119



INDEX, : 385

Page
Pinus divaricata, see Jack Pine. '
resinosa, see Norway Pine.
strobus, see White Pine.
PP WO Tt . . o e e e 242, 283
Pitcher plant....... ... ... ... . .... 143, 199-203, 207, 217, 218, 222, 225, 226, 228-230,
232, 234-239, 241, 242, 247-249, 263, 264, 283
Plant growth, cycle of.. ... e 166
BOCIB IS . . o o e 184, 186, 265
in relation to soil and topography. ... ... . e 180
tissues, breaking UD Of ... ... ... . e e 337
Plants, distribution of ... ... e 184
general distribution, northern Michigan.... ... ... ... ... . . ... ... . . 188
It Of. . 281-286
occurrence, range and distribution of........ ... ... . ... 184
peat fOrmMation. .. . . 172, 187
precipitation of mineral matter by, in peat......... ... .. .. ... o, 322
relation of 10 peat depPosits. ... oo e 128
succession of upon peat after gtounding of sedge mat............................ 158
surface, no indication of character of peat deposit........ ... ... ... ... ... ... . 166
Poa compressa, see Wire grass.
pratense, see Blue grass.
Podostemon, Water DPLANb...... ..o uu ittt e e 128
Poison Sumach. ... ... .. . 142, 144, 157
Poles, preservative for. ... .. e 303
Polygala pauciflora, see Fringed Polygala.
Polygonum Conelvulus, see Black Bindweed.
emersum, see Swamp Persicaria.
Hartwrightii, see Hartwright’s Persicara,
hydropiper, see Common Smart-weed.
Polypodium vulgare, see Common Polypody.
POly e UIN . . . . e 124, 149, 283
See Hair-cap moss.
Pond TALY ZOTE. . . . 269
Pond, R. H., Teference. ... . .. ottt i e et e e e 177
water plant groWth... ... ... .. e 132
Pondweed.................. 129, 215, 216, 220, 224, 225, 234, 238, 241, 247, 248, 251, 256, 269, 283
Pontederia cordata..... ... ..ttt e e 130, 139, 283
See Pickerel Weed.
Poplars.......... .. oo, 147, 150, 156, 166, 189, 190, 192, 197, 215, 233, 234, 238, 252
Populus balsamifera, see Balsam Poplar.
tremuloides. .. ... 149, 150, 156, 281
See Aspen, American Aspen.
Porcupine Sedge. . .. ... . e e 195, 216, 238, 284
Portage Canal, section of buried peat near, Fig. 15..... ... .. .. . i, 101
Posts, tar from peat preservative foT ..... .. ... .. ... e 303
Potamogeton. . ... ... 129, 131134, 137, 139, 208, 283
See Pondweeds.
Potamogeton natans, see Common Floating Pondweed.
Potato, amount of water required growing inm peat........ .. ... . ... i 161
Potentilla Monspellensis. ..o o ..ottt s 144, 285
Praivie Willow. ... o 236, 245
Precipitation of mineral matter by plants.... ... ... . . e 322
in Michigan. ... ... 112
Preparation, cost of, peat fuel..... ... ... . e 342
methods of peat..... ... . e 336
Preservatives of wWoOd. . ... e 303
Presque Isle Park, peat formation near........ ... .. ... . ... . . . 251
Pressed peat, machines for making. ... ... ... .. . 346
Pressing peat, effect on heating power of.... ... .. .. .. . . . . 335
Pressure, as means of extracting water from peat....... ... ... . . i i 337
Prickly Sedge. ... e 142, 207, 225, 230, 242
Production, oSt Of ... .. e e e 352
Proserpinaca, wWater Dlalt.....oo. oottt i e e 128
Prospecting methods, peat.. ... ... .. e e 315
necessity of careful... ... .. .. ... e 277

Prospects, peat, Michigan... . .. ... . . . . . e 359



386 INDEX.

) Page
Prunus Pennsylvanica, see Wild Red and Pin Cherry.
pumila, see Dwarf Sand Cherry.
Virginica, see Choke Cherry.
Pteridiuma qUILNUIML. . .. oo i i i e e e 150, 281
See Common Brake.
Purple-leaved Willow-herb. . ... . i 231, 267, 286
B o) Lot o R N 144
Purplish Meadow-RUE. ... ..ottt it ittt e 144, 219, 283
PUTS’S Bl U D e vt v vttt et vt et e ettt et e 216, 282
Pyrola uliginosa, see Bog Wintergreen.
Q.
Quercus coccinea, see Scarlet Oak.
TIIACTOCATD s « + 2o e v o v s s s s e mn e s e ettt e ot ne s e e st e e 156
03 200 4 Lo o L3-S g PN 156
BT - PPN 156, 283
See Red Oak.
QUILIWOT ot e et et i et e e et e et e e e e e e 265, 286
R.
Railroad ties, PreSerVativeS.vr. . ottt it i i i i e e 303
Railroads, peat deposits. .. ...ttt e e 154
Rain wash, 00ding of DOZS DY.. . ..o i e 321
Raising of peat deposit 138
&0 611 o D) 13T 128
Pennsylvanicus, see Bristly Crowfoot.
Purshii, see Pursh’s Buttercup.
Razoumofskya pusilla, see Small Mistletoe.
Reclamation of beaver POMA. ... ..ottt ittt ittt 264
swamp land.............. ... e e e e e e e e 292
=6 A 67 £ o 151
CREITY (SE6 PrUIES) .. vuntt vttt iee et iat e ie s et ae et ia et eaenaa e s 189
1 (032 = < O 267, 285
Maple............. 142, 147, 156, 166, 192, 193, 241, 261, 262, 266, 283
[0 7= < 156, 261, 283
Osier Dogwood. . ...t e 142, 144, 195, 211, 212, 224, 283
3 Y 1 R TPEY 206, 230, 284
oY I S R 267, 286
Red-berried BlAer. .. ottt ittt et e et i e e e e 266, 285
Redkino, peat coke made ab.... ..ottt i e 302, 304
Reed grass, Water DIAIb. . ... veveue ittt etr i ea i eiaae i aaeaasas 129, 196, 245
Reed, H. 8., T OTOICE. cee. .\ttt ettt ettt e e s et e e 177
WatET PLANtS.. .o i P 129
Reindeer Lichen..........c.cuinriiriiiininnanaanan 200, 212, 213, 230, 232, 258, 264, 267, 275
Rennie, J., Deat fOIMAION.. .. ..ottt it e 125
Reuss, Paul, hand machines, peat Litter........... ... 358
Rhamnus alnifolia, see BuckthoIn.. ... ...t i e 281
B2 SN E00) o1 Y=< 2 157
RIUS VeI . . o vt ottt et i et eeaas e et e et ne e aia e 142, 144, 147, 157
Ribes prostratum, see field Currant.
Ries, chemical composition of peat..........cooiiiiiiiiiiiie i 108
H., peat deposits of New YOrk..... oo ineiiii i eiiieninin o, 110, 127, 137
B ) 24T YA 177
River-bank Sedge. . ... ccivriiiii ittt e e 195, 211, 212, 218-220, 222, 238, 284
RAVEL-H00Ged 1aKE. . ittt et ittt e n et ettt e e 231
Riverdale, White Cedar, peat deposit....... ... 122
B 702 Ol o o PR s 188, 282
Rock island, peat covered.. .. ... v e 264
BB ettt ettt et e e e et e 151
tarn, peat formation in........ ... il i i 116, 133, 136
o S T = L 285
TIdZe tyDe, fOTESh..u. ottt e e e 189
surface, peat Deds Ol .. .ot i ittt e it e e 215
Rockwell, F. C., coking peat.............. P 357
Roofing paper made from DEAb..... ..o unriurrtr el n i 309



INDEX. 387

Page
Roripa Americana, water Plant... ... . ittt i i e e 128
palustris, see Yellow Water-cress.
B oL O ) ¢ T 142, 144, 157
Roscommon county, PIAnts M. .. ... ittt i ittt 162, 163, 164
lakes, SEAEE IMALS. . vuu ettt ene e aetie st na ey 152
[ € 42 =4 ¢ U o« P 167
Rough Cinquefoil..... .ot i ir et i ittt e 144, 267, 285
1S 60D < T N 264
Round-leaved Sundew...........cciviirriranennenns 206, 218, 222, 225, 229, 230, 234, 264, 284
Rowe, W. A,, reference................ N 292
Rubus Americanus, see Low Raspberry, Dwarf Raspberry.
nigrobaccus, see Tall Blackberry.
S T gOSUS. ..t et e i e 144, 147, 284
See Red Raspberry.
Rugs made fTOm DeaAb. .. .o vttt it ittt it ittt ittt i e 308
Rumex acetosella, see Sheep Sorrel.
B E3 5 07 2 e T 143, 282
Runkel FaKe, DOB DOAT. . iivut ittt it i it iaiaaeea s anasasneneneneasnaneasossseans 231
B 2] 255, 256, 284
7 o R T 140
marshes, peat deposit................ ... e et e e s 121, 124
Russell, I. C., acknowledgments. ... .. .ueeine i ineiniiiieninerarinaroanenteneanoesss 184
peat bog studies with...... .. . i i e 183
177

b(=3 8] (<3 5 T T T R R

S.
Saginaw Bay, east side, ponds Mmear....... ... i i i e 117
Take Bulrush.. .. ...ttt i it e i 130
MAarShes. . ..o e e i e s 134
peat bog studies. 183
County, marsh land in. 109
‘‘prairies’’...... 124
TIVEL, QAINL BCT0SS et i u e et ae e e e n oot tsae s asanesoasannsnoenneeaienscaannnnsas 118
Sagittaria, water Plant... ... ... .t i i i e i e 129
latifolia, see Broad-leaved Arrow-head.
Ba801a, LAKES NOAT. . .ttt ettt it an sttt asasnssnonnassoeassnaraeosnasnncoearrnesenns 227
St. Clair county, Peat ANalySeS. v v et e et ennossreesanensaraearoaee s oo aeson 328
B e e 1<) 7 S 120
LTS =R 1Y 1 124
St. Louis, mMOraine Qaml. .o vvu 'y ir it int et et iaeasanensarae e 117
BT LR 145, 162
ST 0] 1. R R 144, 285
See Bebb’s Willow.
7= La 5 1o - P 164
lucida, see Shining Willow.
myrtilloides... .o e O PN 164, 285
See Myrtle-leaved Willow.
0= Y0 S 156
sericea, see Silky Willow.
Salts, mineral, MUCK 1and... ... .. ittt ittt i i i e 201
Sambucus pubens, see Red-berried Elder.
Sampler for peat prospecting, Robt. Hunt & Co....oovinniiiieiii i 317
Sampling final, Peat dePOSItS. . ...\ vttt ettt e e " 316
other purposes than fuel.... ... . . i i i 319
San Joaquin, “‘tule” lands aloBg the. ... ..ottt i e 110
SaNA DELOW DAL ... o ittt ittt et it me it et e e e 324
dunes, peat examination AmMONE... ... ...ttt iiiieiaeattnentonernarinnaeens 188
POnds, Fig. 17 . i i i e e s 101
TN 1 a o) F- b T o Yo g R R R 237
188

Sand plains, peat examination ON.... ... ...t i



388 INDEX.

Page
Sandy 10am. .. 161
moraines, peat examination amONZ.... ... ... ... vttt 188
SOIL W oottt e e e e e 161
Sanilac county, peat analyses. ... ... ... e 330, 331
DAL DO .ot e e 360
SaTTaCEIIA. .. . L e 143, 146, 149
DUTDUTCR . v ittt et et e e e e e e e e e et e e e s 143, 149, 283
See Pitcher plant.

Sartwell’s Bedge. .. e e e 141, 203, 211, 284
Sault Ste. Marie, peat swamps west Of. ... ... . 276

Saxifraga Pennsylvanica, see Swamp Saxifrage. ’
Saxony, compressed peat made iN........ ... . . .. 347
Scandinavia, peat fUEL I, .. .. . i 311
Scarlet Oak. ... . 189, 192, 207, 233, 283
SCheuchzeria . . . ... . e e 218, 235-237, 242, 257, 284
PAlUSEIIS. . . e 145, 149, 284
Schimper, A. F. W., plant geography ... ... .. ... e 115
B3 (=3 (=Y 0 162 O 178
XETOD Y EeS. e 160
Schlikeysen, C., peat machinery of. .. .. ... . . e 312, 347
SChonomEN dIFer.. ... e e 353
Schroeter, C., TEETEIICE. . . .. .. .. . . it i e 175
Scirpus Americana, Water Dlamb...... ... . 133

atrovirens, see Dark-green Bulrush.

cyperinus, see Wool-grass.
130-133, 282

lacustris, see Lake Bulrush .. ... .o i
subterminalis, see Water Club-rush.
Scotland, mountain bogs, formation of..... ... . .. .. .. L 125
DAL DOES. . oo e 111
Scott, B. W., peat formation.... ... ... ... 127
TEIBTRIICE. o o ot ottt e et e e e et e e e 178
Scutellaria galericulata, see Marsh Skull-cap.
Seared briquettes manufactured from peabt....... ... .. ... i i e 340
Section Of Peat. . ... . ... 201, 225, 239, 244, 252
Sphagnum island, Vestaburg...... ... i i 166
5 6 <72 /2PN 157
Sedge........... . o . 208, 216, 227, 228, 230, 234, 238, 243, 250, 252, 255-258, 271, 274, 275
Sedge and Cat-tail zone......................... e e e 269
bog near Clara Lake...... ... .. i e 233
islands, near ManistiQue. .. ... ...ttt i 256
marsh, Plate X X . ... e 101
marshes and bogs, peat deposits.......... 121, 124, 145, 203, 207, 229, 236, 245, 247, 251
mat............ ... 137--140, 147, 152, 153, 158, 159, 206, 208, 211, 219, 220, 221, 247, 271
succession of plants upon peat after grounding of :
Sedge-Sweet Gale ZOMe. .. ... ... .. e e
Sedge, relation to peat formation........ ... ...
SedBE ZOTME. . . .\ e e
"Seed Plants IN WATET. ... ...ttt e e
succession Of.. .. ... e
Seeds, birds transporting. ... ... ... e
AISPersal O . .. e s
Selwid and Lange, drying chambers invented Dy........ .. oo
SenSitive FeITl. . .. o e e s 141, 219, 282
Seville township, Gratict county, stony deposits by mMosS....... ... oo 321
Shade, growth of plants in..... ... .. . i 165
Shading Of Plalts. . ..o i e 130
Shaler, N. 8., area of peat formation.......... ... ... i i 110
bog, section of, FIg. 2. . ... . s 101, 127
eI g DO . o e e 120
filling Of JaKeS. ... . o e 137
peat TOrmation. .. ... 114, 126, 178, 313
peat el .o e 178
Shallow depressions, formation of peat in.... ... ... ... . i 131
water, PIants Of ... . e 141
Shannon river, Peat DOZ OIl . vttt et e e oo e 111

Sheathed COttOn-grass.............cueueeien.nn. 149, 199-201, 214, 222, 223, 228, 232, 241, 248



INDEX. 389

Page
Sheathing paper from Deat...............oo.uiiuie i . 309
Sheep SOTTel. ... ... 214, 267, 284, 286
Sheet PAPEr. . ... 308
Sherzer, W. H., reference.............. ... .. i e 178
Shining WIHIOWS. ..o 211, 285
Shore wash in lakes, effect ON Deat...................ooooueor 322
Showy Ladies’ SHPDEI.............. .. oo 203, 210, 212, 213, 283
Shrub zone........... . 145, 146, 160, 196 -
Shrub-Sphagnum zone................... ... . ... ... . . . . .. ... ...218, 221, 222, 242, 263, 272
Shrubby Cinquefoll ... ... . . . 144, 212, 282
Shrubs... ..o 157, 165, 275
Sibbaldiopsis tridentata, see Three-toothed Cinquefoil.
Silica as Impurity In Deat.............. .. 323
Silicious bottoms, peat formation on.................... ... ... . 125
SIKy COTNel......... i 212
Willow. ..o 218, 285
Silver Lake, Yellow Pond Lily absent from......................oo oo 134
Silver Sedge...... oo 150
Sister Lakes, LAINS.......... .. o 116
Skunk Cabbage.......... . .. 143, 144
Slane (Slayne) Plate XXIX . o.ooooio i 101, 343
Slender Cotton-grass..................... P 207, 212, 236, 237, 242, 248, 282
Nalas. oo 248, 283
Rush.. .o 219, 267, 284
Sedge. ... .. 141, 196, 197, 207, 210, 212, 217-220, 225, 226, 228, 229, 233, 234, 236,
238, 242, 243, 245, 248, 249, 251, 252, 257, 263, 265, 269, 271-273, 284
Small Bedstraw. . ... 142, 216, 265, 285
Bishov’s Cap....... ... ... 206, 07, 213, 230, 281
Bur-reed...... ..o 255, 282
Cranberry.......... ........ 199, 202, 203, 206, 207, 212, 217, 218, 222, 223, 225, 228,
230, 232, 234-239, 241, 242, 257, 258, 204, 282
GOOSE-BIaSS. . . ... 206, 282
MistletOe. ... 199,232, 283
St Johm's-wort.... ..o 266
SDIKETUSIL. ..o o 243
Smaller Bladderwort. . ... o 206, 281
Smaller Bur-Marigold............ . 231, 282
Smokeless character of peat fuel.............. ... ... ... ... ... .. . .. 335
Smooth Goldenrod. . ... ... 264
Smyth, B. B., reference. ... 178
Sneeze-weed. ... ... 219, 284
Soft-leaved Sedge................. . ... 142, 202, 206, 212, 284
Soft Maple...... o 193
Rush................ L 218, 284
Soil in relation to plant socleties................... oo 190
peat fOrMAation... ... ... . .. 170
Solanum DULCAMAra. .. ... ..o 142
Solidago Canadensis................. ..o 144

serotina, see Late (Golden-rod.
Sorbus Americana, see Mountain Ash and American Mountain Ash.

Sourness, of muck land 291
South America, peat in 110
South side of hills, forests on, in Huron Mountains................ e ....281, 262
Southern and Northern lakes, comparison of filling.......... .. o 269
Southern DOgs........o o 274
Peninsula, aquatic plants of........... ... ... . .. ... 269

Plants in. ... o 219

SPargamiUml.......oo oo 129, 282
eurycarpum, water plant................ ... L 129

minimum, see Smaller Bur-reed.
simplex angustifolium, see Submerged Bur-reed.

Spathyema foetida.............. ... ..o i 143, 144
Species, important in peat formation............. .. ... ... ... ... ... .. ... 274
list of scientific and common names .. ................. ... .. .. ... ... 281

50



390 INDEX.

Page
L3Sy T (101 T R 143-284
atolls, formation of I MIDNL. s vuvuunnrnon i ir e 151
bog near Lake Antoine. 221
island, section of........
TIOSS DOES . . o et ittt e
in relation to peat formation......... ... it 127, 134, 135, 157
L £0 030 1T T R 163
Vestaburg, Plate XIIL.....coouuunrenrimuuiniraaanireiiniie et 101
D7 ¢ V=T R 164
Sphagnum-Cassandra zone.... FR R T 147, 149
Sphagnum-Cassandra- Andromeda BT = T I 220
Sphagnum-Heath ASSOCIAtION. ...\ uvutuiiiiiiia i 232
SphagnuIN-SHATUD ZOIIE.. . . .\t uere e et sne e ettt et 226
SDIKE-TUSH . ¢ 1ttt e ittt v ae e i e e e 243, 265, 271, 286
Spinulose Fern..........coooiiiieinnnns R 267
Spiraea salicifolia, see Meadow Sweet.
[0 5 7e) ¢ Lo -1 T R R 164
SPOtEEd COWDAME .t v . vttt ittt e e a et a st as s 282
TOUCH-TIENOb. o v v v ov i e nnn oieieseennansnsoenaracas b 140, 143
Spring bog near Camp LaKe. ... .oute ettt 230
DOZS, DOAL .. o\ e veeste e ranaaaenaesn g e 321
o3 uT o1 T R R R R LS 231
Spruce....... ... 142, 145, 149, 166, 169, 193-195, 202, 206, 211, 220, 226, 228, 230, 232, 234,
237, 241, 246, 247, 250, 251, 261, 262, 266, 273
See also different species.
SpPruce HOg at BALSAIML..eu vt vent e et i e s aa ettt 232, 233
Spruce Pine.. R O 261
swamps peat 135 1 7 R 121, 123
Spruce-Shrub-Sedge bog near Lake Mary, Plate XXVII....ioeiiniiieniiniiieanns 101
Spruce-Tamarack ASSOCIALION. ... .. vvvu ettt . 250
Spruce-Tamarack-Sphagnum Association..
Spurred GeNtIall. ... ...t trer et e
Stable and Barn-yard HLer.... ... cuueutverr et i
Stabler process, AIYINE DEAb... o ueeviue i inteanean ot o
Stachys aspera, see Hedge Nettle.
Stager, eep 1aKES TLBAT. .. .. ..o\ vr vt ieer et aan et it 234
L i Loy 2 AP T 206, 212, 284
Stauber process, Arying DEBL... ... vuv et it oo 353
Steironema ciliatum, see Fringed Loosestrife. .
Stemless Ladies’ Slipper........... ieea e e 147, 239, 283
St0CK TOOA, DOAL.« . v e iirr e e r it 297
F T T 0 =) < W AR R 243
Streams, flooding by, peat deposits BT EE D B o3 R R R R R 321
peat examination of along 188
Structure, peat deposits.............. 95
SHUATE'S TAKB o eenee s e tee e e e e e eam e ia e a et 247
Stutzke Brothers, DEat DUESSES. ... s e ouss e anaceeaueeiasanaree s monsaareceneesere- 350
SUDIMETZEd BUT-TEEA . 1.\« ot v eetaiee it en e em e e s e s 241, 282
Succession of plants after grounding of mat...........ciiiiiir i 158
SEEA PLAIES. et e s aeee e v ie e 133
SUGAT MADIE. 1.ttt v et e e 240
Sulphate Of ITOIM, DEBL. .. .o\t er ittt 291
SUIPRUT, POAL. «u e v e v et e e e e an et e m ettt 335
Summelﬁeld £OWNShID, PEAL DOBS e v v vttt it 360
TR T T (o P R R R R 199
Sunshine, MICHIZAI. ...t vutt ettt et et s s 113
Surface growth, peat, character of...........oooeneiiinne O PP 320
plants, peat deposit........ ...t e e 166
vegetation and Deab.........veue it 96
classification of peat deposits............ R I 121
e n 1 T T 119
BIUEDEITY « vt v e et eeaiae s it e e e et 147, 148
BT it Vs P AR R R 109
distribution, map of, Plates XVI and b4 72 § S 101
HONEYSUCKI. « o v vvvie e et 159, 194, 195, 202, 212, 283

FLOTSELAIL. o o v oot et e e i e e



Page

Swamp Inland dune region.............. ... ... o o 116
land, areas Of.. ... ... ... . 105

. reclamation of....... ... ... .. L N 292
area in Michigan........... ... .. ... 289
Loosestrife....... ... ... .. 130, 139, 204-208, 270, 273, 283
Milkweed. ... ... o 144, 211, 219, 283
Persicaria. .. ... 196, 220, 224, 283
Rose. . o 142, 144
BaxifTage. . ... 203, 206, 213, 230, 284
Thistle. . ..o 211, 284

Sweet FErN. . ... ..o 163, 189, 197, 223, 227, 233, 237, 282
Flag. o ...224, 243, 284
Gale............ ..o, 159, 195, 196, 201, 202, 224, 227, 230, 231, 234, 243, 245,

248, 251, 255, 257, 263-266, 269, 274, 284

White Violet..........oo i 202, 265, 286

Wild Violet.... ... o 285

Sweet-scented Water Lily........o.ooii ot 226, 285
T.

Tall Blackberry ... ... 233, 236, 264, 281
COttOn-grass. ... ...c.vieinueenein . 142, 203, 207, 217, 218, 226, 235, 256, 282
Green Orchis ; 207, 212, 283 .
Leafy Green Orchis 141, 230, 283
ManNa-GFASS. oot vttt e e, 233, 282
Reed Grass....... ... 196, 282
White Bog Orchis 228, 230, 283

Tamarack......109, 130, 140-150, 156, 159, 164-166, 169, 189, 191-197, 199, 201, 264, 266, 284

Tamarack-Alder association................. T e 245

Tamarack-Black SDIUCE ZONE.............c..oiuiuiinnu e 235

Tamarack-Sedge association............. .. ... ... o 203

Tamarack-Spruce-Cedar SWamD. . .....vvere e 204, 212, 215,.219, 223, 227, 228, 231

Tamarack SWamMDS. . ...... it 121, 122, 163

Tannic acid, in muck 1and..........oooo i 291

Tar covering, peat DIIQUEtTES... ... ... oot e 339

peat coke by-ProduCtS. . ..........uuint e 301, 303, 305

TaMNS. . 116

Tarr, R. 8., peat fOrmation....... ..o e 127

Temperature, MiChIZaN. .. ......uuu. ittt e e 112, 113

Terrace DOZS, DEAL. ... ....ou ittt 321

TOSES, POAL. . .ottt 338

Tetragonanthus deflexus, see Spurred Gentian.

Texture, peat deDOSIIS. .uvvee ottt it 325

Thalictrum DUTPULBSCENS. .ot o\ttt et e e e et e e 144, 283
See Purplish Meadow-Rue.

Thanlaw, J. G., WaleT Il DPeBb....i.. oyttt et e 336
Three Rivers, peat bogs MEAT......... ... ..o e 360
Three-leaved Sedge...... ... 284

Solomon’s Seal..143, 200, 202, 210, 213, 214, 223, 228, 230, 232, 235, 239, 241, 248, 284
Three-seeded Sedge.......................... 142, 150, 200, 206, 214, 232, 236, 241, 248, 258, 267
Three-toothed CINQUeSOIl... ... . ... . . e e 245, 282



392 INDEX.

Page
Thuja occidentalis, see Arbor Vitae, Cedar, White Cedar.

THIES, DAL DADEI. ..o\ttt et e e 308
Tilia Americana, see Basswood.

Till below peat 323
plain........ A 119
Timber land, forestry L 184
LT E Yo 11 AR o 286
Tissues, plant, breaking up of 337
Tobico Lake, barrier formed lake....................... 117
Tools for prospecting peat deposits... .. ... ... ..o 316
Topography in relation to plant societies 190
plant distribution............... 188
Torch Lake, barrier formed................. 117
Touch-me-not......A.......,...,.H....H......,...,.......,...H........4...A,....,231,285
Towar, J. D., swamp lands in Michigan......... ... . .. 178, 289, 292
Trailing Arbutus. ......... ... i 223, 227, 237, 2453, 250, 251, 255, 258, 266, 281
Transeal, E. N., TEIETOIICE. .. ..\ttt it e 178
Transition type, mature bog societies............ ... ... ..o D 257
Transportation, peat dePosits..... ... o 318
Traskatis, G., DAL DPIESSES... .« .ot vttt h et e ettt s 350
Triadeum Virginianum. .. ... ... ... . i e 140, 284, 286
See Marsh 8t. John's-wort.
Trientalis Americana, see Starflower.
Trifolium pratense, see Red Clover.
repens, see ‘White Clover.
Triglochin palustris, see Marsh Arrow-grass.
Trout Lake Junction, beaver dalis...............ote oo 169
675 P T T I 249
Junction, peat SEAIES..... . ooov ittt 186
Tsuga Canadensis, see Hemlock.
Tufted LOOSESETII® ... ittt et e e e e 206, 283
Tule lands, California............... 110
Tunnel type drying chambers, peat.. 353
TUrf-DUldIng t¥Pe, SEAZES.. . . o oottt e 271
Tuscola county, Dasiphora frutiCosa... ... .o 162
Caylussacia resinosa 162
MArsht LA, . o .ottt e 109
LE =1 1« 1= LA R A 124
Tussock Sedge..... ... .. i 284
oo ) WA R 201
Twin Falls, bogs near... ... ... v o 226
TWIN-HOWET . . oo e e 195, 202, 206, 210, 212, 213, 227, 230, 236, 251, 285
Two-storied White Pine and hardwood forest..... ...t 192
Type Of ALIIZ. .« oottt ettt e 270
Types of locality examined, peat 188
SWAIIDS AN DOBS. cuv v ittt e 262
Typha, latifolia........ .. . i 168
See Cattail.
U.
Ulmic acid, muck Tand. .. .. ... i 291
TIMUS AIMETICAIIA . o . o ot oo et et oo e e e e e 142, 147, 156, 282

See White Elm.
racemosa, see Rock Elm.
05 YRy o 128
Unifolium Canadense. . 143, 150, 283
See Wild- Lily-of-the- Valley.

U. 8. CONSULAL TEDPOTES. o\ vt e e e vt ee e e e e e s s e 179
Department of Agriculture, Bureau Of SOIIS. .o o s 178
swamp Land. ... ... 111

Upper Peninsula, map of original vegetation, Plate XVIT....... .. ... 101

Upright Yellow Woo0d SOITel... . ... oo 219, 285

Utilization of peat on a large scale, Teference..... ... ... e 179



INDEX. 393

Page
Utricularia, water plants.......... ... ... . .. . 128, 129, 132, 133, 137
cornuta, see Horned Bladderwort.
intermedia........ ... L 129, 140, 281
See Flat-leaved Bladderwort.
minor, see Smaller Bladderwort.
purpurea, water Dlant...... . ... .. 129
VUIATIS. . 129, 132, 2381
See Greater Bladderwort.
V.
Vaccinium Canadense. ........... .. . ... 148, 162, 281
See Canada Blueberry.
corymbosum. . ........ .. ... ..., R 123, 147-149. 163
nigrum, see Low Black Blueberry.
PennsylvamiCuml. .. .. ..ot 148, 162, 281
See Low Blueberry.
Vagnera trifolia... ... ... ... 143, 147, 284
See Three-leaved Solomon’s Seal.
Valeriana uliginosa, see Swamp Valerian.
Valley bog near Granite BIuff.... ... ... ... . ... . . . . 223
Valley DOgs. ..o * 193
DOTEOII. L . oo 189
Value, commercial, peat deposits. .. ... ..., ... .ttt 318
Van Buren Peat COMPANY..... ... ...ttt e 360
Vassar, moraine dam... ... ... e 117
Vegetable matter, agents of decomposition.............. ... . .. 106
chemical composition....... ... ... ... .. ... .. ... ... e 105
Vegetables, peat packing for.. . ... ... . ... . . . 309
Vegetation, character of...... ... ... ... 96
original, map of, Plate: XVII. .. ... . . . 101
Verbena hastata. . ... ... .. 144, 285
See Blue Vervain.
Vestaburg, heath swamp, peat deposib............ . ... .. ... . . ... . 124
Plate XTI, Peat.......o oot e e 101
Sphagnum island, section........ ... ... .. ... i 166
Viburnum cassinoides, see White-rod.
Vicksburg, Wolverine Peat COMDANY..... .. ...ttt 360
Viola alsophila...... ... 140, 141, 143
blanda, see Sweet Wild Violet.
Labradorcia, see Dog Violet.
lanceolata, see Lance-leaved Violet.
I.e Conteana, see Marsh Violet.
renifolia, see Kidney-leaved Violet.
Virginia Cotton-grass........................ 149, 218, 222, 226, 232, 237, 241, 248, 249, 264, 282
Chain-fernl.. .. ... . 147
Peat DOZS. ... 110
Vulean, DOZS THeAT. ... ... ... 217
w.
Waldsteinia fragarioides, see Barren Strawberry.
Warrington, R., Teference..... ... ... .. e 161, 179
Wash, shore, in lakes.. ... . .. 322
Washtenaw county, peat analysSes................ ...t 328
Aronia arbutifolia. .. ........ .. ... ... 163
lakes, sedge mats........ ... ... 152
Spruce, peat deposit... ... ... ... 123
Water ATUINL. ... ..o e 206
Club-TUSh. L e 199, 282
COMBONL. .. 290, 336—338
Lily family. . . ... 129
Lobelia. .. ... 265, 285
PETSICARIIA. . . . oo 196
PlANtain, . 129

plants, relation to peat... ... ... . 129, 152



394 INDEX.
Page
TV ater SOUZE. o ottt e e e s 196, 284
Shield. . e e e 197, 237, 246, 285
[S17:0 ae'70) o AN S 206, 284
Water-milfoil family........... ... ... oot e e e e e 128, 211
Waterbury, L. E., sink hole on Grand Trunk R. R...... ... . oot 154
Peat analySeS. .. . e e 332
Wayne county, Deaver GaIlS. ... ... touttuuuruniann oot et 167
Webster township, SedZe Mab. . .. ...t e e 139
Weight of peat deposits 324
Weitzmann, K., machinery for making condensed peat.............. .. .. i 346, 349
Weld, L. G., TEIETOICE. tvvuin e e ittt ettt ettt 179
Welland county, Ontario, moss Hbter......oo i 298
West Branch, SWaIND. ... .ot vttt ettt ittt ta et ettt 109
Wexford county, Andromeda Polifolia......... ..o 164
JlCiOdes TNUCTOMALA. v vt v vttt e e ee e e et a oty 163
1akes, SEAZE MALS..eu et e it e 152
White Cedar, peat deposib.......c.ovuiiii it 122
Wheeler, W. H., Lincolnshire peat formation.......... ... ..ot 126
DY =% =y o (L= T 179
White ASh. ..o e e e e e e 147, 224
Beaked-RUSH « . oo vt i i e 199, 222, 225, 237, 242, 264
Birch.. ..., 189, 190, 192, 193, 196, 218, 252, 258, 261, 262, 264, 266, 281
Cedar........ ..oy 122, 189, 193, 195, 206, 210, 212, 243, 247, 262-264, 281, 282
See Cedar.

L8] 102~ P T R 267, 285
4 9o PP 142, 156, 188, 189, 192, 196, 261, 282

Pine.............. 190-192, 195, 202, 218, 221, 222, 224, 226, 227, 234, 241, 242, 247,
249, 250, 257, 261, 262, 264, 266, 283
forest near Koss, Plate XVIIL . .oo i 101
R 4 LTS R R 192
Pond Lily.....ovvie i 130, 133, 195, 197, 220, 225, 234, 237, 248, 283
[ 0 - R 188-192, 261, 284
WIthe-10d. . . i e e e e 247-250, 256-258, 285
Whitewater, Wisconsin, seared briquettes made.......... ..ot 340
Whitford, H. N., flora succession Of.. . ... ... i 159
ON SWaMDP SOCIEHIES. . . .\ v vttt e e 128

on xerophytes
reference...... ..

WHItIMOTe LaKe. . ..ottt e e
Wigan cannel CORL, BAS... .. ....uuuunuin et tteenerer e e it
WildCalla Lily. ... ... e
Lily-of-the-Valley . . .. ..o ot i e es
1 51 ¢ R R
[0 < T R
B 037 o F A N I
Bt I 115 o A R R
BT 03 =1 2 R R
SarsaPaATilla. . ..ot i
TR d aY<3 o oy O e R 267
Willow .......... 147, 150, 159, 164, 166, 168, 195, 197, 210, 211, 212, 215, 216, 218-220, 224, 233, 243
SWamDp, Deat AeDOSIE. et vt e e e e 121, 123
Winchell, A., climate of Michigan .
peat FOrmMation.......... i e s
Wind, peat formation, effect Ol.......... .. c.touruiinni i
Winged CUAWeed. ... ... ittt e
Winona mine, bogs and 1ake Tear... ...t 240, 241
B =S oY) O 147, 224, 248, 256, 266, 285
A" AN 1A= =0 ¥ =) o S 212, 213, 223, 227, 239, 245, 250, 251, 258, 266, 285
BT TR e R R IR 266, 285
WISCONSIN, PEAL DO, .ottt ettt e 110
Wisconsin, sUnshine. ... ... i 113
Wisner township, marsh l1and......... .. i iinit i 109
“Witches” Drooms™ oo v iei e S 199, 232
Wolverine Peat Company...... T I R R R 360

Wood alcohol, peat coke Dy-DrodUuCt... ... .. o i 301, 303



Page

Wo0d @8 fUEL. . ..o e e e 278
Preservatives Of. . . .. . 303

W OOA-TUS R et e e 285
Woodwardia Virginica. .. .. ... ... 147, 150
Woody plants, TamarTaCk ZOIE. .. ...t it vttt e e e cn et e et e e e 142
R0 1) B <o & Y- OO OO 218, 219, 228, 236, 248, 252, 255, 256, 265, 285
Woven fabrics from peat. . ... ... i e e 308

X.

10 =) (o) 08 4 P PO 160, 164
Xerophytic adaptations. . .cooo. v e e e 161, 214, 237
Y.

Yellow Birch.................... [ 156, 188-193, 196, 240-242, 261, 274, 281
Pond Lily........ 130, 132-134, 140, 167, 195, 197, 199, 211, 212, 218, 220, 221, 224—

230, 233-235, 237, 238, 241, 243, 245-248, 251, 265, 283

=T T = 212, 284
2 3 s T OO 219, 265, 285, 286
Ypsilanti, Huron river “cut off 7 @b ...ttt ettt e 118

Z.

ZiegleT, PEAL COKE. .ttt it ettt it ettt et e et e e e e e e 300
Zizania aquatica, water Dlant.. ... ... ... .. 129
"ZSCNCEITIET DTOCESS, POAL DADET .1t te s v et e et ettt et et e e e et tte e e e et e 307
Zwingenberger, O., Ziegler DPeat COKE...uvu 't ottt ettt e e e 301, 303




	REPORT OF THE STATE BOARD OF GEOLOGICAL SURVEY OF MICHIGAN FOR THE YEAR 1906 (Cont'd)
	CONTENTS (Cont'd)
	PEAT, ESSAYS ON ITS ORIGIN, USES AND DISTRIBUTION IN MICHIGAN, BY C. A. DAVIS (Cont'd)
	CONTENTS (Cont'd)
	PART III.  ECONOMICS OF PEAT.
	MISCELLANEOUS USES OF PEAT.
	Introductory
	Uses in agriculture
	Importance of muck soils in MIchigan agriculture
	Difficulties in growing crops on muck or peat soils
	Methods used in reclaiming swamp lands
	Peat as a fertilizer
	Stable or barnyard litter on farms
	Peat as a disinfectant for farm use
	Peat as stock food

	Peat as a deodorizer and disinfectant in towns and cities
	Destructive distillation of peat
	Peat coke and by-products
	Peat gas

	Paper pulp, paper and cardboard
	Woven fabrics from peat
	Packing material
	Roofing and sheathing paper
	Non-conducting packing material
	Paving and building blocks
	As a source of electricity
	Peat dye

	PEAT AS FUEL.
	Historical development of the peat fuel industry in Europe
	In America
	In the United States
	In Canada
	In Michigan

	Methods of prospecting
	Prospecting tools
	Final sampling
	Importance of thoroughly proving a deposit

	Factors affecting commercial value of deposits
	Market and transportation
	Area and depth
	Physical condition
	Deep bogs with thin stratum of peat with water or marl below
	Sampling for other purposes than fuel
	Chemical composition and ash
	Possibilities of draining
	Character of the surface growth
	Acidity

	Sources of contamination producing high ash content
	Importance of ash
	Flooding by streams
	Flooding by rain wash
	Spring and terrace bogs
	Shore wash in lakes
	Mineral matter from water
	In suspension
	In solution
	Precipitation by plants
	(1) Higher plants.  (2) Algae




	Relation of deposits of peat to the bottom
	Summary
	Color
	Weight
	Texture
	Relation of ash to commercial value

	Location and extent of peat beds in Michigan
	Fuel value of peat
	Compared with other fuels
	As affected by methods of preparation
	As affected by cost of preparation
	Conclusions


	MACHINERY FOR THE PREPARATION OF PEAT FUELS AND PEAT LITTER.
	The slayne or slane as used in different countries
	Machinery for making cut peat
	Machines for compressing or condensing peat
	Machinery for drying and briquetting peat
	Methods of coking peat
	Machinery for the preparation of peat litter
	Devices for carrying peat from bogs to factory
	Peat factories and peat prospects in Michigan
	Conclusions and acknowledgments



	INDEX
	LIST OF ILLUSTRATIONS (Cont'd)
	PLATES
	XXIX.  A peat bog, an old time slane, and an Ames slane
	XXX.  Peat fuel
	XXXI.  Leavitt peat machinery

	FIGURES
	18.  Peat samplers
	19.  Peat cutter after Brosowsky
	20.  Plans and section of peat factory








