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which no trace can be found by a.cientific pro�pccting, no 
flume is built in the gulch, but the water allowed to take 
itd own ,·ourBt'. On its way down the m'luntain Bide, it CUtB 
out a huge trough frow 20 to 50 feet wide; and if the opera
tion i:3 proBecuted with vigor and plenty of caBh. the bed rock is 
reached and Bwc�pt clean from top to bottom, and a huge 
delta of mud, �OCKS and clay left in the valley below. The 
water iB then shut off, and the owneril of the boom examine 
the clean rock and elaim all the veins exposed. 

------------.. � .. �.-----�-------

SANITARY NOTES--SEWERAGE AND SEWAGE. 
It iB no exaggeration to Bay that the problem of the con

version of the el[crem�ntal wade of townB and people and 
the rflfuse of factorieB into useful materials iB now engaging 
as much or the attention of intelligent minds throughout the 
world as any Bocial que�tion. The English preBB i� burdened 
with publicationB on thiB general Bubject. ChemhtB, farm
er�, political economitlts, el'gineerB, and phYBicianB are all at 
worle upon it. Costly experimentB are being constantly 
made to teBt the worth of the various PrJPOBed plans. Stock 
co:npanieB are formed, whose busineBB iB first to make money 
for themBelveB at any rate, and, Becondly, to bem·fit the reBt 
of the world by thHir ventureB. From all this excitement we 
ought to derive much uBeful information, and, from the 
experience ;,ained in foreign countrieB, gather knowledge 
which may be turned to practical account in Bolving a pr'lb
lem which, in the natural courBe of the country'B growth. 
must eventually b3 forced upon us. In briefly considering 
tbe I ubjl ct, we draw for our factB upon the rt'cent report of 
the State Board of Health of MassachuBettB, and premiBe by 
explaining what is meant by the words 

"SEWER," "SEWERAGE," AND "SEWAGE." 

The hBt two arc often confounded; b�t they Bignify quite 
different thing�. A sewer iB an unddground paBBage for the 
conveyance of water, filth and fluid,or half fluid, refuBe emp
tied into it from the Bmallor drainB from houBe�, factorieB, 
and BtreetB. S31J)8raoe is a system of Bewers or subterranean 
conduits, and the worU refers only to theBe workB or con· 
struction�, while 8M)a'oe iB the material which is or may be 
conveyed in BewerB. PUlllic health rt'quireB that the foul 
flnidB, half Bolid" and solids, reBulting from human excretion 
from the wasttl of food, from wUBhing, and from the refuse 
of v.triouB manufactureB, Bhall be cithpr Bpeedily removed 
from among the living, or that the character of theBe mate· 
rialB Bhall be BO changed that they will not undeqo decay. 
We have therefore to consider, firtst, the primary meanB of 
getting rid of this noxiouB waBte; and Becond, how to utilize 
itB valuable propertieB after we lUlve provided for itB re
moval. For merely diBposing of human refuBe, there are 
two principal BystemB to which we Bhall allude. The firBt 
iB the 

DRY EARTH SYSTEM. 

Abundant experience has Bhown, and in tbeBe columns we 
have repeatedly explained the fact, that earth (not gravel 
or Band). when carufully dried BO thnt it lias 10Bt all cohe
rence or BtickineBB, and haB become a powder, posBeBBeB the 
power of absorbing and reducing to an inodoI:ouB form the 
excretionB of the human body, provided it be applied in 
qU!lntitieB BO aB to completely cover and abBorb 11.1\ fluidity 
thereof. The masB may be removed at convenient timtB and 
seasons and uBed immediately aB a fertilizer for land, or it 
m'ly be dried and employed many timeB without giving off 
any offenBive odor. Similarly, dl'y ash of hard c�al or 
anthracite may b;J uBed inBtead of earth_ 

In densely populated cities and townB tbere are difficultieB 
inberf'nt in ttis FYdwm which will render it .. general UBIl 
impracticable. If it i" intendlld to ab;orb both the Bolid and 
fluid excretionB of the human body (and the latter contain 
far more fertilizing material than the former), four or five 
pounds of dry earth mUBt be BII pplied daily for each indi
vidual. TllU .. , in a city of 100,000 people, 250 tuns must be 
brought in every day from the BurrouLding country, and a 
Bomewhat larger amount ."Jarried eut. And this must be 
divided among some 10,000 different houBeB. eacb of which 
LlU"t be carefully provided for. At the present high price of 
labor, it is evident that, financially, Buch op�rationB are out 
of the queBtion. The caBe, however, id altogether different 
with country houBeB with land from which the f'arth may bt· 
taken and to which it may bo profitably returned. Here the 
wells will be protected from fouling, the �tench of unsightly 
outhouBeB prevented, and the annoyance occasioned by frllst 
obviated. In prisonB and large eBtabliBhments where 1abor 
is cheap, and possibly in boarding IIChool$, the Bystem may 
also biJ advantageouBly applied. Without 1 roceeding fur· 
ther into a Bubj�ct which we have already fully treate.d both 
in theory and pfd.ctically, by illustrating and describing the 
many excellent inventionB which have bem introduced for 
its application, we pro'ceed to the p.econd Bystematic method 
of diBpoBing of human excretion known as the. 

WATER CARRIAGE SYSTEM. 

ThiB iB by the underground drainB and sewers which all 
compactly built townB are obliged to have in order to gP.t 
rid of the surface water fa!ling aB rain, and also for drainagtl 
of the Boil. With these Bewers, b� meanB of water closets, 
baths, etc., the interior of d weIlingB are brought into cloBe 
c�nnection. ConBequently, whatever gaBes are contained in 
theBe underground pasBageB Beek to diffuBe themBelveB 
through the buildingB. TheBe gaseB are dangerouB to health, 
though what the specially noxious element in them is, no one 
can define. 

The Bensible properties of sewer air are quite remarkable. 
It iB by no meanB footid, aB many people suppoBe, neither iB 
it pungent or ammoniacal. It iB rather n('gative in charac. 
ter, faint in odor, mawkiBh, smelling perhaps, more like 
soap than any other familiar substanCb. This air frequent. 
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ly eBcapeB into hou8e�, diffuBing a virulent poiBon and carry
ing with it the Beeds of disease; it iB subject to pressure 
trom Budden influx of water in rainBtorms, and in Sf'a board 
towns by the action of the tide. It is alw caused to liBe 
from the difference of temperature of the houBe and sewer; 
and unleBB the joiningB of thtl Boil pipes are pHfect, and 
have not become !eaky tllrongb contraction and expansion, 
it iB forced out and quickly FpreadB through the dwelling. 
Defective trapB and Billlilar imperf<ctionB in the plumbing 
also form free ventB. For these r�aBonB, it iB best to give 
the whole draiuge plan .,f the house the freeBt pOBsible 
communbation with the outer air at a p)int so elevated that 
the sewer gaBes cannot fail to bo diffused and got rid of. Tb is 
can readily be done, while building, by carrying the Boil 
pipe, made of iron, at full Bize, through the roof, and leav· 
ing it open lIke a chimney. By thid arrangement all stag
nal ion iB prevented; the contentB of the house drainB are 
conBtantly exposed to tbe oxidizlJllg and purifying intiuence 
of currents of air; wben rain c4lnductorB are filled with 
'Nater, there iB Btill free eBcape for the sewer gaBeB; and the 
water trapB throughout the houBe are relieved from preBsure 
both of the pent up Bewer air on the one Bide, and of BUC
tion or atmoBpheric presBure on the other. In the houBe9 
already built, a lead pipe UIB,y be readily cp.rried from the 
higheBt point of the Boil pipe directly through the roof; 
but the larger the pipe and the st/aighter itB courBe, the 
better. 

THE TREATMENT AND VALUE OF SEW.\GE. 

EX'(>eriencH having Bhown that the bet<t method of getting 
rid of t'xcr"tal and other matters iB by the water carriage 
I'YBtem, the queBtion ariHeB what Bhall be done with the 
Bewage. As we hAve above intimated, many and variouB 
planB have been propoBed, from which the conclusion may 
b" JUBtly reacbed that the purification of Bewage iB a p08Bi
bility to an extent that it may be diBcharged into running 
Btreams without vitiating the water to any extent other than 
to unfit it for drinking purposeB. The writer of the report 
before us quaUfieB thiB vitl'V, however, with the opinion thaw 
no procesB haB yet been proposed which, l:nleBB in excep 
tiOl:al caBeB, renderB the purification an operation of real 
profit, although it m:ty be conduct!'d BO that there Bhall be 
Bome pecuniary return. Before entt-ring upon the deBcrip
tion of Bome of the principal plans, it may not be amiss to 
add a word as to the value of tlliB waste material The 
value of the annual voidingB of an average individual i�, by 
competent authority, eBtim9.ted at from $1.61 to $2.01. The 
yalue aSBigned to .. av('rage" sewage by tIle EngliBh R.iverB 
Pollution CommiBsion iB per 100 tunB $!. 10, or about 4 centB 
per tun. Then sewage of London, for example, iB estimated 
to amount to 260,000.000 tunB annually, which, conBidered 
aB worth only two centB a tun, aggregates $5.000,000; that of 
New York would be worth cloBe up'ln $2,000,000. 

THE LIME PROCESS 

conBiBtB in mixing tIle Be wage with a certain proportion of 
milk or cream of lime, agitating the mixture violently and 
then allowing it to subBide. There settleB from the mixture 
a copiouB precipitate of a highly putreBcil,le mud, while the 
liquid floWB off in a tolerably clear condition. AB far as 
purifying the Bewage iB concerned, the proceBS iB a failure. 
The BUBpended matter; removed are alBo found to contain 
only about one tenth of the valuable conBtituents: so that.,aB 
a manure. the product iB of no �pecial merit. 'fhe drying 
of the m11d iB a very offenBive operation. Practised in 
Eng'and, the manure only brought lB. per tun, and sold 
By:.arin�ly. 'fhiB Sl1lD waB about one third its COBt of pro
duction. 

IlLYTH'S PROCESS 

conBists in attempts to recover the ammonia from the sew
age. Superphosphate of lime and a salt of magnesia are 
added. under the Bupposition that an inBoluble phoBpbate of 
magnesia and ammonia will be thrown down. Unfortu
nately, however, thiB compound iB only insoluble in the 
pesence of an exceBB of ammonia; and, moreover, analYBes 
Bhow that a third part of the phosphoric acid added is left in 
the Bolution, proving absolute I06S. The EngliBh Sewage 
CommisBion consider thiB the worBt and mOBt costly plan 
yet propoBed. 

nOLDEN'S PROCESS 

iB a patented operation, ann consiBtB in mixing the sewage 
with BulpllAte of iron, lime, and coal dUBt. It not only fails 
to remove the putreBcible organic matterB in Bolution, but 
actually augmentB their quantity. An an91ysis of .he air 
dried mud showed tIle preBflnce of only 'S per cent phos
phoric acid, '004 per cent ammoniB, and 0'555 per cent of 
organic nit,rogen; BO that, as a manure, it iB practically 
worthle�s. 

nothing. The manure iB of cllurse valuable on account of 
the proportion of the phosphate used in itB manufacture; but 
it iB hardly probable that it could b", made the Bource of ex
tended profit. 

MORFIT'S PROCESS 

replaceB the natural phosphate of alumina by a new arti· 
ficial material, which iB in fact a waBte product. at present., 
being the" mother water" as eliminated by the processeB of 
the inventor for the precipitation of pnre phoBphateB of Iillle 
from hydrochloric BolutionB of mineral phosphateB of lime. 
In hiB recent work on chemical f"rtilizeril, Dr, Morfit lIayB 
that the precipitate forms a Buperior special manure for clay 
BoilB, and devoteB an entire chapter to detailed descriptions 
of methodB foritB utilization. 
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The Large'" Railroad Shops In tbe '" orJd. 
Located in CheBI,ire, one of the midland counties of En

gland, and Bituated on the London and North \V..,Btern Rail
way, some five BixthB of the di�tance between tile metropo
liB and Liverpool, is Crewe, a Bmall and in.ignific'll,t town 
by itBelf, but a city of no me;lll importance when conBidered 
in connection with the vaBt workB which it containB. The 
eBtahli�hment which BupportB, and, in fact. forms the town, 
the population and extent of which iB about half that of 
Worcest .. r, MMB, , waB originally laid down by George Bnd 
R'b�rt Stephenson, and is known as the Crewe WorkB, 01', 
as it would btl termed in thiB country, the shop�, of the Lon· 
dun and North WeB tern RailwllY. liflre no lesB than six 
thoulland hands are employed, building 01' rebuilding tIle two 
thouBand 10comotiveB used upon th B longl'st of English rail
ways, or working upon the two hundred and twenty engines 
which,it iB calcull\t ... d, are alwaYB at the workB for repairs. 

A curreBpond ... nt of the Boston JOJJ.1·nal of Comme'l'ce has 
recently visited thiB great factory, and, from the graphic let
ter which he writes, we extract tbe following inter�sting par
ticularB: He saYB that a most extraordinary Yariety of es� 
pecial toolB is employed, among ol,hers AeV. ril.l teBting ma
chineB for trying the Btrt'ngth of materihls ufed. Samples 
of ev .. ry variety of material, and especially the boiler iron 
and steel, are BU bn:itt ed to theBe machille�. For .he proving of 
the iron for axl,,!!, there waB a litlle machine in wllich a Bllm: 
pIe was eubmittcld to a rapid BerieB of torsional Btrains till i� 
broke, the number of the8e, reglRtered by a counter, being 
an index of the character of the iron. As an illuBtration of 
the attention to the Bmaller details of expenBe, a duaning 
machine waB running in the braBB Bhop�, consit:lting of an 
endl'.Bs belt Btuclded with BmaU lLagnetB, which , pasBing 
through the maBB of filingB in an inclined tlOugh, thorougl,ly 
clean"d them of all fragments of iron. A large number of 
milling machineB were in UBe fer smaller work, especially 
such as finiBhing the headB of nutB and boltB, and many Bmall 
bench Bhaping anI! Elotting macllineB were running BB muny 
as 160 BtrokeB per minute; engaged i'1 a similar work, by 
using cheap labor (boYB of twelve), the latt .. r could compete 
with the former. Among other larger machineB was one for 
grinding large plane surfaces, Buch as base and framp plates 
and Bide plateB of tenderB, instead of planing them, the work 
moving in a trough containing water, and the whole arrange
ment being quite on the plan of a Danidls phner. Much 
smaller Hat work waB finiBhed by grinding in macliineB ar
ranged to produce a Itlvel Burface by self-operating o.tta�h
mpntB.  

PerhapB the most remarkable thing in this part of the 
works was the huge lathe room, more than two hundred feet 
long. and filled with a double row of driving wheel latheB. 
Many of thp.se were of eight feet Bwing, and 0; the lleaviest 
deBcription, carrying bur cutt�rB at onCt'. A r.-markable 
macllinf', nt'ar thesf', was a milling tool for milling out the 
inBide clankB. All the engines have inBide connection�, the 
axles are forged Bolid and milled, inBtead of being turned 
out. The 0utter of thi:! machine was four f.'et in diameter 
and about fiVe! inches fall. There were llere many other pe
culiar tools, such as a maclline milling two ke�' ways, exact
ly at right angles, at once, in the two ends of a 10co11,otivf\ 
axle. Also a wheel rimming machine,fnd another for slotting 
out in a proper curved form, the inside rimB of locomotive 
wheelR between the �pokts. 

A new proceBB for making steel tires is here employed. 
The steel iB cast in the form of truncated cone�, tbe smaller 
end to form the outside of the tire. While tltill hot it i:l in
troduc ... d �o the horizontal Bteam hammerB. These consiBt of 
a couple of enormOUB maSBeB of iron, each running on a lit· 
tIe tracll., and moved back and forth, by m'O'ans of piston and 
rod, by a large Bteam cylinder behind each, the Bteam valves 
of each of which cylinderB are operated by a common :e,ver. 
By paBsing through two RetB of theBe hammer�, the steel is 
thoroughly workpd up, and leavell thpm in the form of a 

THE ABC PROCESS thick diBk. Carried from these, it pa5ses to an upright ham-
we fully deBcribed in a recent iBBue of our journal. It de.· mer, with a Bharp conical end to the �trikiug part. This 
rives it, name from itB eBsential ingredients, alum, blood, Boon forceR a. hole through the disk. whkh, being turned 
clay, and cllarcoal, which are mixed with water and run into round and round, and over and over. becomes a thick ling. 
the Bewage in a continuouB Btream. The good reBults obtained Again heated, it goes to another llammer. TlIiB hammer has 
by its UBe we have already fully detailed. a very lleavy anVil, with a peculiar slope to one side, from 

THE PHOSPHATE PROCESS 
which projects a Btiff horn. Upon tlJi:3 horn the :i-iu� is 
hung. The face of the striking part is form�d to the slopt' 

iB founded on the fact i.hat certain mineral phoBphateB, "'pe- of the rim and Hange of the wheel, and aB the worl,men ma
cially those containing alumina, when in iI. bydrated or nipulate the wheel under i�B blow�, slipping oneportionnfter 
freBhly precipitated Btate, eagerly combine with the organic another of the rim up to receive the strok!', the wllOle tire 
matter contained b the Bewage, it being sufficient merc'ly to gradually expandB to the requiBite diameter, and is rendy to 
agitate them in the most fretid Bewage to deprive it of all its be turned on the inBide and dri\'en on to itB wheel. 
odor and color, even if tinctorial Bubstances of great intenBity These details were notIced in but a Bmall portion of the 
be preBent in the Bolution at the same time; while the phos- vaBt factory, but Berye to give an idea of the completeneBII 
phate of magnesia combh,eB with the ammonia contained in and magnitude of itB construction and fittings. 
the sewage, and precipitateB it alBu in the state of the double ......... --------

phoBphate of tmmonia and magneBia. The process delaYB 
putrefaction in tlle effiuent water. but the amount of ammo· 
nia carried down by the precipitate iB found to be practically 
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