syslem consists of twenty setiling tanks,
bhaving a capucity of from twelve w fOleen
hundred gallons of Julee each, wgether with
proper exhaust and live steam heators, lim:
Ing tanks, eto.

For flltering the scum from the settling
tanks there are twelve prosses, each hav
ing five bundred square feet of fiteriug
surfuoce,

Evaporation System. The evaporator is a
quadruple effect, having a capacity of Ar
teen hundred tons of julee per twenty-four
hours, reducing It seventy-five per cent in
volume,

Vacuum Pans. There are three vacuum
pans, each of twenty-five tons capacity, or
one large pan, of fifty tons capacity, amd
one pan of twenty-five tons capacity, one of
the pans being used for the low grade pro.
duct, These pans, together with thelr equip-
ment of syrup and molasses tanks, are
located on the third or upper foor of the
factory bullding.

Crystallizers. For the further trentment
of the sugar, after It leaves the vacunin
pans, there I8 a battery of twenty crysial
lgers, cuch being of sufMiclent eapaelly (o
hald the contents of the twenty-five ton pan
These are placed on the second floor, imme
dintely below the vacuum pans,

Centrifugals. For drying the sugar, after
delivery from the crystallizers, there are
twenty contrifugals, ench fortytwo inches
in dismeter These centrifugals, which
may be elther belt, water or  eleetrieally
driven, as may be preferred, with thelr
equipment of mixers, conveyors, dryers, ele
vators, bagging bins, ete, are placed be
tween the ground floor and the second floor
of the factory bullding,

Condensers. For condensing the vapors
from the pans and evaporators, all of which
are operated under m vacuum, and for the
removal of the uncondensable gasos, a oen
tral condensing plant |s Installed, which
conslsts of a condenser for each of the pans
and evaporators, and an auxilinry econden:
ser from which the ocentral condenser
vacuum pump takes Its suction.

Electrical Equipment. For auxiliary pow-
er throughout the factory, for running cune
unloaders, revolving cane knlves, driving
the erystallizers, conveyors, elevators and
muachine shop apparatos, and for lghtiog
the factory, an electrical plant of one hun-
dred and ffty kilowatts is Installed,

Water Supply. The necessary water sup-
My will approximate five milllon gallons per
twenty-four hours, and can be supplied
either by gravity or by a pumping system.

Sugar Chemist's Laboratory. A complete
sugar chemist's laboratory is Installed, with
all the necessary apparitus, for a thorough
chemical control throughout the different
processes of manufacture,

Machine Shop. There Is a complete mo-
chine shop, equipped with Iathes, drills,
planers, pipe cutters, eto, and the necessary
band tools, so thut ordinary repualrs may be
expeditionsly made,

Pumps and Piping. In connection with
the above machinery there Is a complete
equipment of pumps and pipe lnes, through-
out the bullding, for handling the Julee,
syrup, molasses, water service, boller feed,
ete.

Building. All of this machinery is con.
tained In a steel frame, corrugated iron
bullding, of specially heavy construction

The baolling house I three storles In
helght, the clarification department two
stories, and the milling and boller house
department one story.

In the mill room a heavy crane spans the
full width of the bullding, and has a traverse
of the extreme length of sume, so that the
heavy mill rollers may be readily bandled
for adjustment and repalr.

Cost., The cost of a factory of the above
dimensions would be about $650,000.

Other sugar appuratus has developed
along the same lines as the extraction mua-
chinery. The Weston Centrifugnl, Invented
by D. W, Weston In Honolulu, was frst used
In 18562 at Makawao, It was run by man
power, and the first machine was such a
curlosity that throngs of Hawallans came
to wateh Its operntion, and it Is stated that
schoul boys would come every sfternoon
and run the muachine til night without pay.
and would dispute thelr turn ot running It

Viery muny lmprovements have boon made
in the centrifugul sinee that time, but the
original ldea hus remained the same,

Hydraulle attachment to the mills was
adopted at the time of the Groller mills
thereby very largely Incrensing the extrae
tlon. Vacuum pans were Introduced In 1863
with double and triple offects in 1878 and
mudd presses came in geperally about 1886,

Cultivation.

Improved methods of oultivation followed
band in bhand with improved sugoar mochin-
ary. Very early attention was given to the
planting of the best seed, and there was
muoch discusslon in the sarly meetings of
the Planters’ Labor and Supply Company
us to the relative values of seed from plant
cane, from ratoon cane or from the tops of
elther plant or ratoon,

A great deal of attention was given to the
best varieties of cane to plant, Climate and
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roll conditions varied so much In different
localities, oF even upon the same planta-
tion, that & variety of cane which might do
well at a low elevation would give a small
yield at a higher elevation, and so while
Lahaina cane was the favorite eane for
many years, and stll remalns wo, In favor-
wd Jocalitles, other varleties were tried and
nre yei belng tried and experimented with,

should be added to render the best service,
constituted a subject of equal Importance
Examining Soiis.

When the Hawalinn Sugar Planters’ Auso.
clation estalilished its Experiment Statlon
In 1865 there began n systemntle examina.
tion of solls both on the plantations and
in the laboratories, together with the col
lection of data ns to rainfall and tempera

Mill of the Wailuku Sugar Company at Walluku, Maui.
Modern Sugar MIlL.

Agri al Imp ts.

lproved agricultural lmplements have
been brought Into use, steam plows were
first introduced about 1880 or 1882, and
varlous kinds and makes of cultivators and
horse-plows came Into use, The Invest-
ment of the plantations in agricultural im-
plements, most of which come from the
United Suates, reaches a very large sum,
and the op-keep and replacement of such
appllances s 4 continual expense.

For many years the principal method of
trunsporting sugur cane from the flelds to
the mill was by ox-cart or mule teams, As
lnte s 1882 there were only elght plants.
tions that used steam rallways for trans-
portation, Recent information of the
mileage of steam railways on plantations
is not available, but in 1905 there was a
total of 534 miles of per track
by the plantations, 88 | tives and 7796
cars, The investment in ralls and rolling
stock is thus very considerable.

Muny lubor saving devices for use In cul-
tivation and harvesting have come into gen-
eril use, but nothing has yet been Invented
which will mechanically harvest the cane,
Cane londers are In use on some planta-
tions, but they do not greatly reduce the
cost of the operation,

Fertilizers. One of the most important
factors in the matter of Increase of yleld
due to lmproved cultivation, is the use of
fertilizgers. Fertilizers were first used on the
plantations here ln 1879 In the Hilo dis.
triet it beenme apparent that the solls were
not ylelding ns well as they had, and in that
year various samples of soll at Onomes were
sent to New York and analyzed, and fert)-
lizers composed largely of sulphate of lime
were recommended. From this the question
of fertilizer grew, With the Intensive agri
oulture practiced in these (slands in the
cultivation ol sugar eane, and where rota-
tion of erops Is not followed, It became a
very important problem. Owing to the wide
diversity of climate and soil conditions
which characterize the sugar lands of the

A Type of the

ture, which has been the busls of much of
the fertilizing that has been done since
that time, It s due o & very great
measure to these Investigations of the con-
ditions of each plantation that the fertliz-
ers used o one distriet are so different
from those used In snother district, and that
there ls a constant tendewncy toward high
grade fertilizers which are specially pre
pared for the plantations where they are to
be applied. -

The amount of fertilizer sold in Hawall
has increased tremendously, ne the follow.
ing table will show. The custom bouse re-
ports from the year 1880 to 1888 show the
following lmports:

Year. Pounds. Tons. Value.

1886 ..... 2,060,089 1,026 § 30.048.92
1886 ..... 2,747062 1,374 36,162,850
1887 ..... 4,140,307 2,070 5230876
1888 . .... 5,076,271 2,088 100,879.2¢

The sales of fertilizers for the past four
Years by the two fertiiizer companies operat-
Ing in Honolulu have been us follows:

1904 . ..l vessssanes  §1,732,470.00
188 + cornprrersnnnmannanen 1,974,235.00
108 . voiee AR WA 2,300,023,00
T o cenwseniias 2,383,195.00

Authentie flgures of the amount sold to
the plantations by fertilizer companies in
Bun Franclsco are not to be obtalned, but
closely estimated at about $70,000 per an
num.  In addition to this, one sugar agency
imports approximately $100,000 worth of
nitrate of soda per annum,

Great Irrigation Systems Developed.

Irrigation: Irrigation by Mountain
Streams. When the growing of sugar cune
Was first started on these islunds the plant.
ings were mude on the windward side of the
Islunds to take advantage of the ralnfall
and It was not untll some years after the
Inception of the Industry that It became
evident that the rainfall was not regular
enough, excepling In some few places, to
produce the best results In cane culture,

Territorial Public Schoolhouse at Lawail, Kaual.—The Kalaheo Homestead
Bchool.

country it became munifest that the subject
of fertilization was one which must be work-
ol out Io lurge measure for each Individual
plantation. Not oply must the needs of the
crap be tuken loto consideration and welgh-
ed with relation to the quantity of plant
foods stored up In the soll, but the form In
which the varlous (fertilizer Ingredients

and hence the first attempls ot frrigation
were wecomplished by damming up the
streams and leading the water out by
means of diteches to the head of the eultivat-
ed lands.

One of the most striking features In con
nection with frrigation and the conserva
tion of mountaln water is the extraordinary

productiveness of gome of the lsland wute:
sheds. The Walhee shed on Muaul, with an
aren of about four square miles, ylelds »
daily minimum fow of 17.000,000 gallons
and the Olokele shed on Kaual, with an
nren of about elght squure miles, yields a
minimum Aow of 40000000 gallons, and »
moean flow of 70000000 gullons in 24 hours
Each of these watersheds s purtionlarly
and favorably situated for precipitation with
brush covered stecp slopes and with slmost
dally rainfall,

Nearly all the Hawallan streams respond
very qulekly to ralnfall, eising nod falling
quite steadily, while those with a good
dense  brush covered watershed hold the
volume In streams almost constantly above
noeertaln minlmum,

The first diteh for the leclgation of eane
wirg dug at Lihoae, Kaunl, st 4 cost of abont
T.000 in the year 1857  There were no en
gineering diMienitien, The resulta were dis
appointing at Arst, doe (o the ignorance §i
upplying the water, but later experience
mude Lihne on eof the Dest paying sogar
ploutations in the slands,

The Hamakua Diteh. In 1870, umder the
inftiutive of H. P, Baldwin and 8. T. Alex
wndder, a company was formed to bring wa-
ter from the windward slopes of Haleakiln
to the Haiku. Pain and Grove Ranch plan
tatlons, The ditch wis 17 miles long, with
u dally enpacity of upwards of forty million
gallons It nvolved crossiog  precipitons
gorges up to 460 feet In depth, inverted
syphon riveted plpes of a dismeter of forty
inches being used,

The Hawalian Commercial Diteh. The
next “big ditch” to be dug was into the
same toreftory, but below the Humakun
diteh, It was financed by Claus Spreckels
and enginecred by H, SBchussler; was thirty
miles long, with a dally eapacity of Afty
million gallons, digscharging at a head of
260 feet, In 1800 this diteh was intereepted
near It bhead and supplomented by the
Lowrle diteh. This diteh bhas a dally capac-
ity of sixty million gallons, and delivers
witer onto the cane flelds ot an elovation
of 460 Teet.

The Walhee Ditch. Severnl years loter
the Hawallan Commerclal Company bullt a
diteh from Walthee to its cane flelds, rench.
Ing almost to Maalaea Bay, about ten milvs,
from which an average dally flow of 35,000
000 gallons Is obtalned,

The Makawell Ditch. No further develop-
ment in diteh bullding took place until the
establishment of the Makawell plantation
In 1880, This ditch was over fourteen
miles long, including 7,040 feet of 40-nch
riveted steel syphon pipe; 1,013 feet of tun-
nels; 14618 feet of flume five feet wide by
forty inches deep, and delivers &5,000,000
gallons per day at an elevation of 4560 feet.

Ditching After Annexation. With the ex.
ception of a short diteh from Muaunawill to
Walmanalo, with a dally eapncity of 4,000,
000, there was little diteh construction un-
til after annexation in the summer ol 1898,

The Olokele Ditch, The Hawallnn Sugar
Company (Maknwell) added the Olokele
diteh to 1ts water supply in 190204, This
diteh is thirteen miles long, through an in-
acoeasible congeries of gorges and precl-
plces, of which elght miles conslste of tun
nels, seven feet high and seven feot wide.
It has o dally capacity of 60,000,000 gallons.

The Koolau Diteh. In 1903 the Hawallan
Commerclal Company and the Maul Agri
cultural Company combined to extend their
old diteh through Koolnu and Into the Na.
hiko district, This region ls one of the best
watersheds In the lelands, but Is such a
tangled mass of deep gorges that it had
been previously deemed unavallable for
economic use. The same engineering toae-
ties were ndopted, however, that had proved
80 wuccessful at Olokele, Although the
diteh Is only ten miles long It crosses 388
valleys, requiring that number of tunnels
through the dividing ridges, the shortest
belng 300 feet and the longest 2,710 feet
long. The total tunnel length Is seven und
one-half miles. The tunnels are seven feet
high and eight feet wide The ditch has a
dally eapacity of 86,000,000 gallons

Extension of Hamakua Diteh. Colneldent-
Iy with the eonstruction of the Koolau diteh
the Hamokua ditch was extended to meet
It and the old diteh enlarged, to 0 capacity
af 60000000 gallons per day, The total
length of the diteh, from Nahiku to Kihel Is
Afty miles

The Henokohau Ditch. In 1902 the Pio
neer M Co. construeted a diteh from Hono
kohau throngh Kusnapall, Maul, a distanee
of thirteen and a half miles, of which three
and a half miles s tunnedng. 1t has 0 dafly
capacity of 30000000 gallons. This plan.
tation has also made o number of small
ditches and done much tunneling for water
in the adjncent valleys, with great success,
one 26800-foot tunnel, at an elevation of
2,600 feot, having produced a dally flow of
o milllon gallons,

The Kohala Diteh. The Kobala Diteh
Company, an (ndependent water company.
has completed a diteh from the Kohula
mountaing  through the Kohala distriet,
furnishing water to the several existing
plantations, with expectation of Irrigating
n large additfonal dry area toward Mahuko
ns. The first section of this diteh, about
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