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ing Despatch from the Most Honorable the MARQUIS OF
GTON, Secretary of State for India, to His Excellency the
the Governor in Couneil, Fort St. George, dated India Office,
Tth October 1881, No. 25 (Statistics and Commerce) :—

' ;:;;:guctions for the transnﬁuli)on, through the Stores Department,
f the accompanying report Captain Galton, on the drainage of
B s ot e B i "

that your Excellency will cause the necessary measures to be taken
on of the copies of this report to the best advantage.

Excrosure.

(Tennessee), in the United States of America, by Captain Douglas Galton, dated
April 1881.

ce of the numerous cases mentioned in the Sanitary Reports for India in which
economical systems for drainage are urgently required in that country, I was
last autumn, to investigate the arrangements which have been
where the conditions of the town appeared to present some
those of many Indian towns, viz., the absence of sanitary precautions in the face of
~ and a long period of dry weather, during the summer months; combined
ncial condition of the Municipality.
1: consideration rendered it imperative that the arrangements which were adopted at
should be largely controlled by considerations of economy. So far as the present limited
oes. the economical methods adopted have proved efficient.
object of furnishing an account of these works is to afford useful matter for the
» EWN engaged in Indian sewerage works, and not with any view of suggest-
s in Memphis should be blindly followed.
of Memphis is sitnated in latitude 35° 9 N., longitude 90° W.
anéls on the eastern side of the Mississippi river, to the south of its junction with Wolf
e older part of the town stands next the river, upon a bluff or ridge bounded by a
sam od Bayou Gayoso, tributary to Wolf river. The remairder of the town, behind this
' is on lower ground, intersected by several streams, which have their origin in springs of
‘ water in the country, and which flow into the main bayou above mentioned ; and
ground on which the town stands is favorably situated as regards surface drainage.
Juring the short period (little over half a century) of her existence, the city of Memphis
been the theatre of no less than twenty-two epidemic visitations of disease—small-pox,
o yellow fever, dengue, erysipelas, puerperal fever. Her annual death-rate, éven during
“non-epidemic years, h rarely fallen below 35 per cent., 35 in the 1,000—something more than
double the attainable standard of modern cities.
 The town had been subjected to visitations of yellow fever in 1867 and 1873. At the
rinning of 1878 the city was bankrupt. Tts taxable wealth available for the support of the
county, and city government, which beforethe Civil War was estimated at $28,000,000,
' leguoed to about $12,000,000. The population had meanwhile doubled.
rroes. who, under the system of slavery which prevailed up to the breaking out of the
Jar, had been productive laborers in the cotton felds of the adjoining States, attracted
excitement it affords, focked to the city, where at least one-third of them were added to
ranks of the very poor, and either as petty thieves or worthless paupers depredated partly
upon the industrious few of their own color, but for the most part upon the thrifty whites.
Thus the nﬁn—Produeers. those who consume without laboring, and live without the least regard
bligations of good citizenship, were increased to the proportions of a small army. The
~ debt amounted to §5,500,000. The summer of 1878 was intensely hot.
A case of yellow fever was reported to have occurred at New Orleans on the 13th of Jaly
1878, At the beginning of August there were indications, in New Orleans, that the epidemic
: tobe of a very aggravated form. The population of Memphis became seriously
: “und quarantine was established round Memphis in the beginning of August.
~ Onthe9th A yellow fever was reported to have broken out at Grenada {Miss.). The
 first case of yellow fever ocourred at Memphis on the 14th August. There were twenty two cases
 on the 15th and thirty-three on the 16th. The population of Memphis at that time was between
40,000 and 50,000 inhabitants. More than one-half of this population then took alarm and left

‘bmediml.estimate puts the total population which remained during the epidemic at
119,600 and the total sick at 17,600. The deaths were 5,150, a little less than Qne-thxrd of the
whole population. Members of the “ Howard Visiting Corps,” who have resided in the city
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e grea depth of these privy vaults and the mild winters, the temperature never
to destroy animal life (animalcule). In summer the temperail:)g cannot be
e vaults to create very rapid oh-lf‘u
n of the water-supply was made in 1879 by the National Board of Health.
ro fift m examined, of which thirty-six were from sunk cisterns, one from the round
five from wells, one from Eh.nwoo& Creek, six from Wolf river, and one from

hoim, ten woro n sound oondition and twenty-six leaked. The waters
D w OLIOWS (—

Bad from | Bad from |
Good. | Fair. |foulness of | infiltration
Cistern. |of Sewage.

These thirty-six were believed to be above the average of Memphis cisterns, as nine of them
ged to the public schools, while not more than a dozen of tge samples were sent in by
s, the others having been furnished from the residences of gentlemen who attach import-

" the water-supply of their households, and endeavor to keep their cisterns in good

The sample from the tank or rain-water reservoir was
Of the wells four were organically pure, and one ingly impure, the last showing that
: the brick lining of the well may admit of sewage infiltration as readily as one in the
‘of a cistern. In some of the pure wells the amount of earthy and saline matters was
to cause a doubt as to their wholesomeness. ~Of the running waters, that from the creek at
_ Cemetery was very impure. A sample from the mouth of Wolf river, taken after
cent rains, was exceedingly impure. A sample from the same river furnished by the city
ply before rain was also exceedingly impure. Three samples from Wolf river, as stored in
when the river was low and free from turbidity, were of good quality. One sample from
ri Yenod of normal flow, when passed through a charcoal filter proved exceedingly
Wp e of Mississippi river-water, taken after the rains from a point half a mile above
_ olf river, proved a fair water, being but slightly inferior to that delivered in
- Washir nsthedtymliﬁly.
©  After the cessation of the fever in 1878 the city underwent considerable purification. The
~ streets were cleansed, the houses ventilated and exposed to the cold of the winter, and artificial
means of disinfection were also applied.
1 w&e appearance the city thus cleansed would have compared fayorably with other
cities » and south of it which were free from fever ; but the privy pits and vaults, the impure
sewers and polluted subsoil and water-supply remained.
Tn the summer of 1879 there was a fresh outbreak of yellow fever. The first case was
reported on the 9th of July. The disease did not become epidemic till about the 10th August.
"he estimated gopu]ation of Memphis at the commencement of this epidemic of 1879, according
- to the re of Colonel Cameron, Superintendent of Camps, was 38,400. The greater part of
~ this on, viz., 24,800 persons, were then moved out into camps, situated within five to ten
miles of the city, and the population of the city itself was thus reduced to 13,600, of which
about two-thirds were blacks. Prompt and active depopulation appears to have prevented a
of an epidemic like that of 1878.
2 owing are the cases reported and the deaths : —
‘White. Colored. Total.
KW v S 853 679 1,632
Dbl L. .. &Em . 106 485

ﬁlilerpndammthe « National Board of Health” made a survey and report upon

are the chief recommendations they made :— )
¢ opening up and chilling throughout the winter of every house within
thorough expognm to sun and air of all textile fabrics, bedding, clothing,
| furniture, &o., the destruction by fire of every article suspected of being
 to yellow fever during either 1878 or 1879, and of all accumulations of rags,
second-hand clothing, the usual contents of junk shops and second-hand stores.
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two mains (twelve-inch and gfteen-inch) constitute the outlet channels for
the city, the lateral sewers entering on courses oblique to the direction of
dis of each lateral, having considerable velocity from its rapid descent,
her than retard the velocity of the eurrent in the main, which it was necessary
erly slight fall, that of ;the gfteen-inch pipe being only two inches in 100

‘gewers are almost invariably six inches in diameter. In rare cases, where they
> outlet for more than 3,000 feet in le they are increased to eight inches,
- as the conformation of the &round and the division of property would admit, they have
in the alleys and not in the streets, thus affording direct communication with the
ses, and avoiding the necessity for carrying house drains under the buildings, the
of houses at Memphis being almost universally at the rear. In some cases
to the alley, and to & odate houses so situated subordinate
i streets, these being, where only one or two houses are to be accom-
ur inches in diameter. =1
sewers were laid on an average about 6% foet below the surface ; as but few buildings
rs, this depth was amply sufficient. In scme cases, as at street crossings, where the sewer
, near the surface as to endanger the crushing in of the vitrified pipe sewer at times when
] is very soft, a fow lengths of iron pipe were used.
1 ,.yuzhgo'mt'glong_ each line where it is at all likely that at any future time a house may
an oblique junction piece is built in with the sewer, its mouth being temporarily closed.
ver a house is now standing, in order to protect the sewer from .injury at the hands of
s workmen, to avoid the mecessity for digging up the street, and to make the connection
tlv to the householder, a four-inch branch is carried up to the lot line at a depth of three
- the surface of the ground, which in that climate is a sufficient depth to protect honse
 as there i little frost. By this arrangement the householder, in making his connection,
the public sewer connection at the limit of his own property. It has been the custom here-
tofore to make the conneetion between the house drain and the sewer by a branch piece of the
same diameter as the house drain, entering the sewer above its bottom and below its top. The
house-connection branches used in Memphis are funnel-shaped, the top and bottom lines being
m‘ o;o the circumference of the sewer, so that the house drainage is delivered at the very
: : 4
the

the flow of the sewer, with a tendency to increase its velocity, whilst the ventilation of
‘sewer reaches its very top.
3] The lateral sewers have no man-holes or lamp-holes, or sommunication of any sort with the
 gurface of the street, except at one point near the lower end of each, where there is a fresh air
inlet, which may also serve for the mspection of the working of the sewer. This fresh air inlet
“has a communication with the surface of the ground through a large and very open grating,
beneath which a slanting plate of iron is placed to prevent dirt from falling into the sewer, this
) _ late throws it into & receptacle at the side, from which it may
Fia, 2 easily removed (see cketch, Fig. 2). This sloping plate CD
FREN MR I need only be lifted to & vertical position to give a clear view of
the sewer below. Aside from the fresh air inlets indicated to
supply 2 current for ventilation, it is a fundamental principle of
the ordinance regulating house connections that every connection,
of whatever character, chall be continued without an intervening
trap, by a pipe fully four inchesin diameter to and above the
top of the house 80 connected. As house connection is compul-
gory, and as it is made & misdemeanour not to have at least one
water-closet for every occupied house, when the work is completed
there will be not less than 7,000 of these four-inch ventilating
pipes for the forty miles of sewers of the city, being an average
of one ventilator for every thirty feet of sewer.

The rain-water, either from the surface of the ground or
from the roofs of houses, 15 not admitted to the sewers. They
serve solely for the removal of the waste water of houses, manu-
facturing ostablishments, stables, &o. Under no circumstances
is the pipe connecting a house of any size with the sewer allowed
to be more than four inches in diameter. This is amply large

o for the most extensive establishments. For example, a gauging
of the flow of the main sewer of the Grand Union Hotel in Saratoga in the heiihy of the season,
at the hour when the proprietor thought that the largest amount of water was being discharged,
and when there were 1,300 inmates in the hotel, showed a stream barely sufficient to il a pipe
23 inches in diameter.- A rigid adherence to this limit of four inches Insures the exclusion of

~ matter, enough to clo%‘the six-inch sewer, and throws the responsibility of excluding rubbish or

grease upon the householder, as he alone will suffer inconvenience from his neglect.
" At the head of each sewer there is built & fush-tank, having a capacity of about 112 gallons.

"This tank is built of mason work under the surface of the ground, but above the level of the head

:
%
f'
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oy to deposit fmcal matter and other golid substances toward the upper ends of the
o Togy ﬂov:l has }:ot yet accumulated sufficient volume to sweep them forward.
 WOr, 8 such deposits are rendered im; ible, and the producti f sewer-gs

» is substantially prevented. e £ sy S g

details of the construction of these sewers are different from those in common
inaril; sewers are laid from the lower end of the drain upward, so that water
in the trench is carried off by the sewers as they are laid. But it is impossible to
joint when the pipe is required to carry water before the cement hardens. Then,
small diameter here used, absolute cleanliness is very important. Therefore the
of each line was begun at its upper end, every effort being made to exclude soil-water
ssolutely. This was effected by a system of subgoil drainage carried on in connection with
the sewerage. tural tiles, varying from 1} to 3 inches diameter, were laid in the trenches
by the side of the sewers. The joints were covered with paper, to prevent the loose filling from
ping the joint. In very wet soil it was necessary to lay these tiles in advance of the sewers
digging a narrow trench below the grade of the sewer. Into this trench the tiles were laid
and covered with boards to prevent their being disturbed while laying the pipes. These subsoil

drains were provided with an outlet into the bayou.

Wgh the natural soil of Memphis is generally very good and firm, in many places in
2 '.the streets and alleys old bayous and depressions have been filled. In such places the
tom is as bad as possible. In several instances the lower part of the trench was actually dug

- mth buckets, and in one case the man laying the pipes sank in the slush until his knee was
~ down to the level of the flow line of the pipe. The method devised to get over the difficulty
- was to support each pipe on two piles, termed * saddle piles,” made of boards eight inches wide,

sharpened at the lower end, and long enough to drive into firm ground.
These saddle piles are cut out at the top to a half circle, fitting the
outside of the pipe. (See sketeh, Fig. 4.)

These piles were driven firmly until the bottom of the half circle
was exactly at the proper grade, and the pipes were supported upon
them. Where the amount of water was so great as to interfere with
the setting of the cement, the trench was dug out considerably below
the grade line, the joints standing high and dry until firmly set. After

- the sewer was finished and the subsoil drain laid underneath the main
sewer and extended to its outlet in the bayou, all the wet places referred to became speedily
1t is a frequent objection to pipe-sewers that slight projections of cement at the joints act,

e 4.

" eaDDLE PILES

by catching lint, rags, &c., as the nucleus for an obstruction. To prevent such asperities the

joints of these sewers have been laid, in all cases, with gaskin, a small rope of oakum being

 erowded into the collar before the cement is put on. 1t is found in practice that the collars or

sockets of vitrified pipes are generally so large and so irregular that the bore of the pipe does
not make a continuous concentric tube, the spigot end of the pipe usually dropping a little out
of line, making at each joint a hump which interferes with the continuity of the fall and with
the smoothness of the flow. To remedy this difficulty there was devised an “ adjustor,” to be
inserted in the pipe, having three India-rubber bearings lapping over the joint to be made. By
the tun%of a screw these bearings are brought firmly against the inner circumference of the
pipe, and they hold the two pipes absolutely concentric until the gaskin is wedged in place,
this joint being cemented only after the next one has been secured by its gaskin, so that any
carring in the adjustment of the third joint shall be taken up by the gaskin of the second
without disturbing the cement of the first. This arrangement has been found in practice to
work perfectly well and to secure an absolutely concentric conduit.

Great care was mnecessary in maintaining a true grade while laying the pipes. On account
of the very small natural inclination of the bayou but very slight grades were attainable ; for
nearly half the length of the west side main the grade is one foof in six hundred, above that it
is one foot in five hundred, and still further up one foot in three hundred. In order to lay the

. sewers carefully to this grade, stakes were set in the bottom of the trenches at stations every

12} feet, and driven to the grade of the flow line. The pipe-layer was furnished with a straight
edge of sufficient length to Teach from stake to stake; this straight edge was just so much wider
at the lower end as would represent the fall for its length, and was used by placing the narrow
end in the pipe it was desired to test, and the other end on the nearest stake below the pipe ;
then a spirit-fevel was placed on the straight edge, and if not found to be level, the pipe was

raised or lowered until it became so.

Tt is believed that the whole system of sewer pipes is laid absolutely true to grade ; that the
pipes are absolutely concentric, and that the continuity of the whole system is mathematically
xact. An examination of a certain piece of very bad ground, made by opening the trench,
showed that the piles above referred to had performed their work perfectly, and that the tile

" drains had dried the ground completely under the drain. Every joint was firm and without
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‘Reap—tho following letter from Deputy Surgeon-General M. C. FURNELL, w0,

F.R.C.S., Sanitary Commissioner for Madras, to the Chief Secretary to Govern-
ment, dated Madras, 23rd December 1881, No. 3472 :—

I have the honor to forward, herewith, for the information of Government, my
Inspection Notes of the towns in Coimbatore, Salem, Malabar, and South Canara
Districts.

2. Copy of the notes have been forwarded to the several Presidents concerned.

Rean—the following letter from Deputy Surgeon-General M. C. FURNELL, m.p.,

F.R.C.S., Sanitary Commissioner for Madras, to the Chief Secretary to Govern-
ment, dated Madras, 9th February 1882, No. 119:—

1 have the honor, with reference to Order of Government, dated 27th January
1882, No. 111, touching Tirupati, to forward the accompanying notes from informa-
tion which has reached me.

9. Tt will be seen that in a good number of cases cholera broke out amongst
pilgrims returning from Tirupati and was by them disseminated in their native places.

3 When I first became aware of this I was on tour in the Western Coast, but
I at once wrote to, and ordered, the Deputy Sanitary Commissioner, Dr. Price, who was
in Madras, to proceed to Tirupati and report on the state of things.

4. He visited Lower Tirupati, which he reported to be clean and free from any
cholera, but he was unable, he informed me, to visit Upper Tirupati. I have not his
letter by me, but speaking from memory I fancy he said he was not permitted to
ascend the hill. He is away on tour justnow, but I have addressed him on the
subject.

5. As the Surgeon-General points out, we were aware cholera was steadily
making its way down from Bombay and the North-West and all the precautions

yossible had been taken. Early in September I visited Raichoor, the ‘station up the
ine where the first case occurred, inspected the wells, filters, and camping grounds,

- and addressed the Railway authorities on the subject. During September the Presi-

dency remained so free from cholera it scemed probable we should escape, when this
sudden outbreak and spread from Tirupati shattered our hopes. g

6. T am confident, from all I have heard, that the Hospital Assistant’s account

~of what takes place in the Upper Hill is not exaggerated. The other large religious
~ {estivals throughout the Presidency have during late years, owing, it is presumed, to
~ stringent sanitary regulations, passed over without any epidemic, and it is reasonable

to suppose the same precautions taken here would meet with the equally happy
results.
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