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India Office,
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Honourable The Governor in
Fort St. George.

a. 1. I have given instructions for the
»n, through the Stores Department, of 70
{he accompanying Report, by Captain
_the drainage of Memphis, in the United
LInerica. * '

Lucs‘cﬁ‘{dlat your Excellency will cause the
meagures to be taken for the circulation
ies of this Report to the best advantage.

i

3

_: 1 have the honour to be,

i - Sir,

,,fYour most obedient humble Servant,
(Signed) HARTINGTON.

2126,
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In conseguence of the numercus cases ¥ A"tioned in the Sanitary Reports for India
in which it {’xppi);).l'ed ’(Dlhibtl {ff)ngmz_cal :gytems for drainage are urgently required in
that conntry, I w03 led, whilst in the Unied States last anutumn, to investigate the
thob con%s e have boen adopted aidfemphis (Zennessec), whore the conditions
of the fown app cared to present some sHBiAt to those of many Indian towns, viz.,
the absence of sanitary precavtions in 4y face of a high temperature, and a long

e
<

pcriod of dry weather, dwring the sumer months; combined with a low finanecial
condition of the n}unlmpaht}’- ] ) _
This labtor consideration vendered it imperative that the arrangements which were

L 1. - 8 < ’
adopted ab Memphis should be largely cabrolled by considerations of cconomy. So
P»cscnt limited cxpericnee goes,;ﬁg;:economical methods adopted have proved

far as 1he

efficient. . . o L
‘The maii objeet of furnishing an aecoub of these works is to afford usciul matter

for the consideration of engineers engaged 1 Indian sewerage works, and not with any
yiew of s‘uggestlpg Lh:.Lt ”.Dhe-systcm adapies;in Mecemphis shiould be blindly followed.

The city of Moplphls is situated in Iaﬁt,tﬁ 35° 9’ N., longitude 90° W.

It stands on fthe eastern side of the Masissippi river, to the south of ifs junction
Wolf river. The older part of thetwn stands next the river, upon a bluff or
unded by a streain called Baye: Stayoso, tributary to Woll river. The
 the town, .behiud, this bluff,’ g on lower ground, intersected by several
streans, which have their origin in spring”of pure cood water in the country, and
which flow ’ini‘,o, the mam h:'Ly su above meitioned ; and tlhus the ground on which the
Lown atands 13 tavourably situated as regailg.surface drainage.

During the short period (litile ovor ‘WMEa century) of Her existence, the eity of
Memphis has becn the theatra of no K than twenty-two epidemie visitations of
disoasc,-——snmll-pox, cholera, ‘yollow faver: dgnguc, erysipeias, puerperal fever. Her
annual dcath-rate, ever during non.epific years, has ravely fallen below 35 per
cent., 35 in the 1,000—something more it double the attainable standard of modern
cities. : '

The fown bad been subjeeted to visitas
the beginning of 1875 the city was bauis
1 of the State, county, and city"fi

with
picige DO
rnnmindcr U

of yellow fever in 1867 and 1873. At
t. 1ts taxable wealth available fov the
rernment, which before the Civil War was

Qll,]ﬁl)()': - ! | :
estimated ot £28,000,000, had been reduod to about £12,000,000. The population had
mcunwhllc doublcd.1 f

’\Y\ RN RS 'lfl'v" Tt 4:1‘_." _‘f,'\"t}"nm f\‘? 1"':(‘]] 1‘)}‘1’\1‘79‘:1‘(}(‘ nn fﬂ 4_]10 ]‘\:;;\a‘{ing Out nf

in the coiton fields of (e adjoining
flocked to the city, where at least one
ivery poor, and either as pelty thicves or
.indvstrious few of their own colour, but
| h.oroducers, those who consume
ng, aud live without tho'Jésg vegard for the oh-ligi!'ﬁ‘)l}s_ of good citizen-
a small army. The debt a;rounted to

Lh@ Givil War, had boen productive
States, avt sacted by the excitement it %
third of them Wore added to the rank
worihiless paupers depredated pai"'ﬂ}*’- -
for-the most part upon the thrifty whitem L%

without labouri . ‘
ship, were wereased Lo the proportions;
£5,500,000.  'The summer of 1878 was infakely hot.

A case of yellow fever was reported’ ave occurred at New Orleans on the 13th
of July 1573, Al ike beginning of Augnst there were indications, in New Orloans
that the epidemic was likely to be & very nggravated form.  The population of
Memphis became seriously alarmed, anfi ‘dodgantine was established round Memphis
in the beginning ol August. L

On ihe 9th August yellow fever was¥
The first case of yellow fever occur
99 cases on the 15th and 33 on the 16
was hetween 40,000 and 50,000 inha

then fook alarm and left the town.

rog8, L 211k

to have broken out at Grenada (Miss.).
phis on the 14th August. There were
b population of Memphis at that time
“Yore than one half of this population



The medical estimate puts the total
at 19,_000 aud the total sick at 17,0
one third of the whole population. Me
have resided in the city many years an
?lpldegl(;(' it was to visit every ward ev
han 20,000 persons in the ecity, i so that X C e mor
fever, and of the 6,000 whites 4,204 diedg D per cent, of the whole n of the
the whites. Not more than 200 white:h mped"ti,()' 1 whole mlm}m of

' ‘over i : e fever, and most of these
had suffered from yellow fever 1n previat Mics, ol these

The sanitary condition of the city ®
public sewers, and the refuse and filth'v
while nol a small portion found its
these during a prolonged dry season
foulest odours. =

Some years ago many of the streetss.
very much decayed, and readily absorbe
rotten wooden gutters, and in course
it that the periodical flushings of rax
strect surtaces were then the constant &
the inhabitants in the city limits could’
and excreta of the community.

There was no organized scavenger s§
garbage could be daily carted away. ‘.
decaying upon the surface. The Bayou:
receptacle of the contents of privies
sufficient current, owingtoa want of wat
any rain for several woeks. ’I:‘lxe ca;
parts of the city(,land poc()ils ":1]:\1]01151}1]1% t
were stacnant and covere with a ﬂ Pility, emittiy i ! :
cellars of the houses in the leading thordh ~were alt;ggﬂt [(rllt{:}dly.cﬂluv.m. Tho
manufactured noxious gases which stol odfnd. mad i vics, in which were

e the night air : TS
pOison. . - ght air an almost killing
The privy pits in Memphis are SO dee
rests the great clay bank known as the
Through this sand the water of th
in many places the gradual advance of
rise of the excreta, which, when the
the sob-  carly days of Memphis, pri ite
1n the early days ol MeDIPT = F3A0lls or pits wer
made decp enozlgh):co reach this sand, a8 eans of dlspznl;lll;go:v‘i?ﬁ tzlmdl- :;)rn yeté
the night-soiler. s 1 labour o

" hich remained during the epidemic
tl:‘s were 5,150, a little less than
\ Howard Visiting Corps,” who
ell, and whose business durine the
that at no time were there ;’uom

A : ri;lg ilr?tghe extreme. There were no
o the outtecess]_muls and private vaults,
.{;?a.ndm Qi the public streets, and

putrescent, and emitted the

avgl(}e ‘ﬁlt\}: ;Vood pavement ; this had
he Stre((alt 1(l filth that flowed over the
abterl fsa' l)ccamc so permeated with
., isonuig iled tu'ch‘.mlsc .them. The

o subs-oﬂ(’xhalﬂtum.s, wh}ch none of
‘ was recking with the offal

‘a‘ggcgfﬁfll;t.by which the ashes and
ividing them}'ls of forty _years were
_Glosets unt;’ and which was the
the fact th;t‘f ﬂﬂugglsh and without

animal. - there had bq:n .scarcely
¢ shut were decaying in many
ments of the several bridges

its way at ev i

N ery great rise, so that
) sxpel m:y be actually gauged by the
: Wwn after the water through

There is an old city ordinance stil @tion which was .
instance, it says, whenever a privy va &4 d within three ;é}:go%efﬁzhg;f acg(:lf;
must be emptied. The result In man] ’ that o nly enough of the sae
evade the law, although many of{tl}e . ( B0 to 00 fiot o n out 1o
Another plon has & ot iusovlod | » ey-combing” ; that 'is, & new pit is

one. QOwing to such a disregard of

dug Dby the old one, so close that tl;g :
his, i which had accumulated

Joanliness there were privy pits and.
(éizcgreta, and even kitchen off?:l., for f17%,
A general idea of the Zonaiaon of the
of a detailed eZafnation of one of
Board oy fealth. S
¢ This block contsins 202 houses, tg)
There were 65 cellars. In 37 of these thir
54 of the cellars were damp or wet; the
jvy vaults; in other casecs stagnant, wel
ﬁgm-s; in some cases disused cisterns-tes
of which 32 are in cellars, 48 in the oihe
48 adjoin houses, and the remainder are }§
from living rooms; 23 houses are witho!
one. Of the total number less than 40

evils were deep vaults, full or nearly

be gathered from the descripti
».‘wg buildings made by the Natli)oiloali
ge age of which was about oar

wds little or no prevision for w'«:x??ilgz;l‘;ls.
“some cases soaked with leakace {1.0];;
@ inches deep, was standing on the
foul water. There v cre 184 ﬁv{es
f the houses with vaults he'neath;

the occupants using a neighbouring
‘sanitary condition. The prevailing
~and broken vaults, allowing the

s, at distances of from 8 to 40 feet’

e
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conls into the gro‘}md; «.ulapﬁd;ﬁs)} ‘3peds, rotten floors and seats, old hogs-
1eads sunk into the ground 501"‘ vaults, &g».?,: 7o

« Of the yards, 80 worc filthy and unc};% e, containing more or less decomposing
oreanic nmttcrg,j;:;)ai«:ed w}ﬂ:‘:} sta;blfflh%m’w 00z¢ and *f::ncu'z gnattcr. 18 of the
yards wew farly .gQOds _Jb”l‘é BTiICR, pave. :ax_ld d_m»l,urzd. with brick gutiers. The
. onlively surface. 64 ilouml'gad brick drains, of which 24 were in

conteris 10

g WS o g
g}.{(l)lti ?:i»nditinn, and 40 foud, ]"Yt’]<‘511,_ nd C‘h kod up where they run under the nouses
From the rear 1o the s:breet fft{tﬁcfr:a in fn:ﬂ 'f‘ he draivage of the remaining 135 lots
was cither by d irt gullies oF li;-u to the naturly glope of the grouad.”

e wrdor-supply of thjf:‘inWH Wwas 10w vl:a;}sfa«,:tor;;. It was partly derived from
cistorns i the houses; ‘}_"b}i'_vl-—yl 1}'@“}} 1{“%‘¢*aut~watcr resCrVOLT, aud pactly pumped
from Wolf rver, and deliverea ‘) pipes th}‘ gh hydrants. The cisteins were for the
Luilt it €@ tars, and us a rule witlin from 8 to 20 fect of the privy vaults.
ated that eight b of fon were Jervious to water.  The soil is of a porous
character and soepage 100_1"1:{{‘:‘“"11:;' Zoig 9spccizd]y in wee weather.  Owing to
{Liis seepag: the vaulis and e1sters are brougt in commuaicalion. So wamistakeably
is this ihe ease in MLy (fil‘;\til'liﬁa rhat the xise or fall in the cistern ivom stepage
0(};1;1‘i~ ‘hat ill thC P”V-V '\“?"' t_ . . . o .

(wine to the areal d(}]}t ' 0,1 these privy vailts and the mid winters, the temperature
ialls low enoust to M—‘ff‘goy animal ke (anbmalenlc) I swumer the tem-
peratuic cannot be hlgh_ CHOUZIL IN these vauls to create very rapid changes.

\a oxamination of j,/l\m E""i“l"v‘l‘-?!lplﬂ_y was‘made in 1879 by the National Board of
Tealth. There _“’Gl‘fi .) jﬁfi"éljﬂ cxamnined, ¢ which 36 werc from sunk c.xstm_ns, one
from the round mnlg ot 101:(.‘.1?(_311': five from vejls, one from El mwood Creck, six from
W Olf Tiver: :111}1' one ‘rmWn Mississipp? vver. )

0f the 30 cisteruy, 10 werce in sound constion, and 26 leaked. The waters they

o classified as follows 1—

most p:u’t
It was estim

never

. oy 1
contained WLy 2
e e — T e o e e e e
. Tad from Bad from
Good. Fair. foulness of | iufiltration
{ : Cistern. of Scwage.
| -
| AN : |
. Ten cound cisterns - - . .7 | 3 _ _
D opwenty-six leaky cisterns S 3 o 10
\ .
! -
" B 6 2 10
i e o J—

e

. _,’—/'— Kl ]
These 36 Were Lolieved fo be above thepverage of Memphis cisterns, as nine ol

1 to the publie seiools, while ™y more than a dozen of the samples were

then helonged ‘ .
qont, in Dy nspeetorss the others having het furnished from the residences of gentle-
rarn Who attach importace 16 ﬂf,‘j ‘water-sthply of their houscholds, and endeavour
{0 keeyp their cisterns u good U(Wgttum,

Thus sample fromt the tank or rain-water resrvoir was good. :

O the wells Tot werc organically pure and one exc?edil}gly impure, the lust
e Cone b b thli ]*)'rl'(’k i}nmg .Of th",Well may a‘,lmlt of sewage infiltration as
poadily s one the wbp,q; \’ajll of a cister. ;In somc of the pwre wells the ot
of carthy and sahno}nntters was such as t0 €gse a doubt as to their wholesomeness.
Of {he runains waters that from the creek ng Elmwood Cemetery was very tmpure.
A sample feom the mouth of Wolf river, tiken, after recent rains, Was excecdingly
mpure 4 saple from fhe sume rver furnghed by the city supply before rain was
also exceediug‘.y Lnpure: Ifl} ree Saml.)k?s;.\fr‘iu Wolf river, as ?torul in cisterns when
ghe viver was 1oV and free from turbidityydere of good quality. One sample from
Wolt river o0 Pm'(’)d of ! al flow, wi s ed through 2 ch{.)‘rco?x} filter proved
exceedingly pure- ‘x)ne sample of Mississtig sver water, faken after the rains oved
a poiit halt, to UL a}mve the Ipouth‘of,;:“ ﬁ’“rwer, P{‘Oved a fair watcer, being bat
lightly iu ferior to that deliveved in Wash g, 08 the city supply- ‘

Adter the cosston of the fever I 1875, Nl 1 derwent considerable purification.
The streets were cleansed, the houses ventils #'and exposed to the cold of the winter,
4 aptificial means ©  lind.

“wonld have comn pared favourably with

¢ disirfection were a8
an! rance the eity thus cleans
i;ee from fover; but the privy-pits and
1d water-supply remained.

et

'

T r—r

m,, outside appet Ly cleaqfy
' cities north and south of it which W

1ts, the impure sewers and polluted subfigy
’ ¢ 1879 there was a {resi:

———
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was voporied on the 9th of July. The |
10 Aueust, < 4

The et imated population of Memphis: the commencement of s epidemic ol
1579 seenrdine to the reports of COIffl Ga:meron, Supm"inwmium\ of  Crrnpis, wWas
28,190, The wreater part of this pOpul! gﬂz: 24«_,‘3()5)”»:_«\:;& were then poved ont
e campe, situated within 5 to 10 o p b‘fthe ey, and the popaintion of the cily
itsc1f was thus reduced to 13,600, of 3 BE-about two tii1is wore hla-ks. Tronipy
and active depopulation appears to have vented a reyetition o o ey +lemie fike that
of 1878. L
'l‘lsl.é following ar> the cases rep()rted‘m;dtha deaths ; —

did not become sprdemie il ahout the

s e ——— o

wh—y
x4

i ‘ ; { 'te. Coh-'ur\}d_ 3 .I‘U:A“. [
! . N e b i, —_— :
s ‘_ . 5 - . il I

i Cases - - . .. 853 676 {730 i
N } |

l Deaths - - - 379 106 » . ;

g e
During 1his cpidemic the Nutional“B’m-‘d' of Health » ..,
upor: Mamphis. . s
The followine are the chief recommendsions they moge .. _

coasurvey and eoport

1. The sy<iematie opening up and chilng throughout, Phe swintor f orere homse
within the city limits, the thorough expéUr® 10 sun apg ;. m.""“ et ol e
Voddine, elotlung, earpets, upholstered fu{utm, &e., the destenctis ‘”\" \tn v ‘-l')\]';r. .
articie suspertod of being infected by expoute to yellow furop Qurine il -tr ’1"\_‘, (T\;
1879, and of aii accurnulations of rags,ppﬁi“stock, and seegn . 'S‘wl “‘:"]" ”l\ g
usual contents of junk shops and second“,.]?j&{i_shores_ foand elothine, the

9 The ghsolnte destruetion of about .5{0‘51\_&01"{‘1@(! houscy and
as uniit for ocenpgney. and infected be oyt the possibility of pe o bundy
of a still lm-gerﬁﬁmhmz psruhng al ‘a?Q | necessmy t gy g1, . i‘<»r“i.\.::]l;i;:‘3[1
occupation ; and .H"\L pussige of an 9 W?e mrhid(yhf: the f!lf"\l!‘\‘,(‘I‘(‘:":{i()llil.uf
buildings unprovided with proper mam&o subventilating, and othor . sotasy
requirements. T
2. A radical change i the v-r‘lf.er-supp‘."_qnvolvlpg the otal handomm.. it ool
existing wells, and smany of the undeﬁmund cisterns, g ‘i\‘n“c ;;"')S\:vi‘huf':"r“ wi‘
Misuissippi river water for the water 'of,Wolf river, nysy supplicd b lm(i
works. A\ sovontera

4. An equally radical change in tl%e;'dj,;msal of exeremonts) and other yofnce. and
domostic and manufacturing wastes, thig to e 1)0511{1 at onen by muut».-};n} Jish l;(\c‘i {1 lrr
and filling with dry clean carth all exisfird -Privy vaalts S T Gt FECUINLS,

groups of hoildines
reycvitiog :

T30

. 7 ‘ » a0 substitutine tiwrefore
soric cheap and convenient form of dry-earh ¢loset. utirg theveft
5. Whe complete sewerage and subgail d#hAge of the towy,

€. The reclamation of Bayou Gayosp aé #e tributaries By the aerisition of the
ground on either side for a sufficient spagsto.Prevent fouling o ()0 ;(Entﬁix;éd waters,
and the erectinn of a dam, with suttabl ¥alves and o steam pump, to keep 1hic
Mississippi rives feom flowing up intoihﬁ‘"’%"?‘ i high water, which: at present is a
potent source of soil saturation. BN

S .
As regards the streets, the Board remasled that with the exeeption of thuse devoted
ro heavy traffie. it was advisable thab all'Streets should be construeted of Paducaly
gravel, lnid on n pi-perly shaped “road‘bediafter‘ subsoil drains had been est

alilished
and that <2 zuticre and curbs should bol:ﬁd@ of conerete.  And they rdded it oo

}”’13"305 ];0;9‘(}55;1&,5 greater natural advanta ‘than the city of IVT"’W?}aln's for
removal of excrement, garbage, &e., to

[

bl N
T ory
an aee,

S0 _e'that healﬂffulness SCOPRCTSSATY 1 oon
mercial prosperity ; and that by carryiy pout the above recon mendationd :».;as"‘ ,1\]{'
availing itself fully of what was then Lagiges the causes of discase in exen and
the methods of avoiding or destroying 18 canscs, Memphis wight <oon Vecopy,. one
of the Lcalthiest cities in the valley of thulg} FBsissippi. ' one
The municipal authorities set- to work g mediately after the epidemie of 1579, to
remove the sources of impurity pointed gigghy the National Bowd o/ ieatr,
They ohtained plans for the drainagg: 1 the town. but those drawu up

you the
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6 Inch Pipe Sewers .. .
Other Sewers.

Prvate Drains.
Flush Tar/os .
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""O
N\
crdipary systems of town SCWCrage:
I“ “w” Ban kgt condition in Whl(}“
o sideration. Under these clg'cumsf ;
susiibary engmeer, P
of the town of N
wown e v ter alome 3 161.‘7 exeludin,
SN eeesary to Twnish convey
e e tuned from anciher souree.t v
SRS T e he proposed was ostimated.i0 cost abour 50,0007, only.
,;“,<V41 nte ir.chidf_:r,‘;, u{:i‘[{ on 1}{1thq__édst- o & SeWerage system, butalse other sal'litary
. H\ ﬂw laving jf about "?‘;’ miles of su}bsoﬂ_ dram'ag;_e, /au:_i also the re‘celamah,on.of
e bacu by shafting out ihe high V:'&(‘Bif' of the Mississippi by meens of a dam with
ey yalves, aud @ steam purap to puwp out the bayou during the per:od when the
:w‘ Ol the viver \:ﬁw hl:h 1 - PR o
e aeoompanying piAr suows the zerenl arrangement of the seners. (See map.)
The TOW svsto ]“~ an ogﬂ:ex, th‘rm}g}t a ]avrc;(f iron pipe draining the county
it whiel delivers into Wolf yiver. . T is outlct is to be used permancntly only
'}',fi_,,’,-n‘,_,. i stages of the river, whcn._‘f; Mback water ir t}m long lgexjmanent main
) l‘n”mo eIt Lability to deposit.  The jggrmancnt maimn discharges helow low water
s into th@®Mississipt river, at the fool of Winchester
P Street, 8Bfh of the mouth of Wolf viver. Its lower
rnd is.ofSast-iron pipe, with lead jeints, and so much
of it as g made in high and dry ground is of brick.
Tts diameer is 20 inches. The flow can be turned at
pleasurerinto the jail sewer or into the permanent
main By gwinging section of pipe or switch working
in a brigkchamber. (See skefch, Fig.1.) The 20-
inch briekfmain continues as [ar up as Jackson Streei;
here ift:i. forked to receive a 12-inch vitrified pipe
main ranjipg along the cast side of the bayou, and a
15-incf%§ued pipe main west of the bayou.
The, s#¥engion of these mains beyond Gayoso Siveet,
and a fhr ‘sub-main Dbranches are of smaller pipe.
There at4man-holes along these main lines, by which

1 Waring, of Newport (Rhode Island),
hat, under the special circumstances of
the sewers should he constructed for
gface and subsoil drainage, the amount of
g such solid matter as enters the sewers

SR

e well kown
fhe nonfiguration

St

P

their. 4§ may be inspeeted. These two mains
(12-inéh§nd 15-inch) coustitule the outlet channels

hole area of the city, the lateral sewers
%1 courses oblique to the direction of the
flow, soghat the discharge of cach lateral, having

considg®ile velocity froim its rapid descent, will in-
creasg rdher than relard the velocity of the current
in thé %in, which it was necessary to lay with a

pornnaratively slicht fall, that of the 1¥:&

ihe Interal sewers are almost invarig}
cwye ac the outlets for more than

h pipe being only 2 inches in 100 feot.

e : gpoxlswd feet in length, they are increased
3 R 1 e . S :
fo 4o fur s the oonformation of the g
U een Izid in the alleys and ng

they pave ! ‘ l ne i,he streets, th}ls affording _dircct commu}li_
_ation with the hacks ‘("1' houses, ang, awding the neeessity f0£ carrying house drains
e e buildings, the plumbing# apgighces of houses '?t Mewmphis being almost

.+ the rear. In some cases tiglots do not vun through to the alley, and to
aeeomInodait M0HsUS Y sitnated subordinte sewers hm}*o‘been laid in the streets, these
being, wher: only 01 0% two houses ars tsbe accommodated, only 4inches in diameter.

Phe cewers were Jald on an averaggbout 6} fect below the surface; as but few
.Mars, this depth wes genply sufficient. In some cases, as at stroet
apimsiyizs, whore the sewer came So neatthe surface as to endanger the crushing in of

the vitdified pipe sower ab times m,‘_eﬁﬁa.ev ,ﬁy«;xxud is very soft, a few lengths of iron

iy

aniversaliy

buitiiags had

' at all likely that at any future time a
¢ is built in with the sewer, its mouth
i now standing, in order to protect the
srkmen, to avoid the necessity for digging
i costly to the householder, a fow-inch

S o woad R
1*1} , K v X . {
Wi ey point along cach line wfx

povan may e puilt, an oblique jungﬁ
by fenpon Hy closed. Wherever:

: jury at the llands of carell
oyl to make the conneck

eyt Teonit
it ﬂlf’, speet,
_(‘,

GO2S,

8- Jnches in diamcter. 11 rare cases, where

o

gl



i,
branch is carried up to the lot line &Y pat; threc foet, helow (he surfuee o the
‘ground, which in that climaie ix 2 suffipl BB to protoel honse druins. as thrve »
Little frost. By this arrangement r, o making his oo e
the public sewer connection at the i property. Tt bos been b cnstow
- heretofore to make the councction hebv 0 drain and he sewes Dy a b"""“““],‘
piece of the same diameter as the houge ring the sewes whov s hotiom o
below its top. The house conuection’ in Memplis oo Dinnel shapods
* the top and bottom lines heing tangend! prmference of the wover, so i the
house drainage is delivered at the 3 #oof the flow -0 woeor, with @
tendency to increase its veloeity, Crentilation of the sow v reaches 13
very top.

The lateral sewers hive no man-holof
with the susface of the street, cxcept af
there is a fresh air inlet, which may
sewer. This fresh air inlet has a conum
a large and very open grating, heneat i
dirt from falling nto the sewer, this; WGt it0 norecop i at 1o sides fraw

Fic. 2, which it may Y temov. ¢ (sce ketoh. Do 2 This
FRESH At IKLET. sloping plate Gf Wy be lified to o vecuirn! position to
: ' give a clear wer below. Ao Dom the ﬁ..CSh
air inlets indiy ¥ & current [or v tiairan 18 @
fundamental g e ordivinee pepuln i £ heust eot
nections that ey o, of whatever eharac: o > h":
continued with vening trap, by a pip Y L
inches in diamSER above the top of tiw s o7
conuected.  Ag@a tion is crmpuisosy . capd s 1E S
made a misde " “have al loast e wecorechoset f':i:'
every occupied §§ the worl v ¢ ocupieicl Hre Wi
be not less tha 68e foir-inch ventilafins pipes for
the 40 miles.of the city, Leing an averaoe of 08¢
ventilaior for e« of sewer.
The rain-wag ﬁéw o the surface of Lae eroana OF
from the roofs ot adwitted to t! - sowers.  They
serve sololy foi

‘ )\ of the wastr wus of houses

. manufacturing establishments, stables, B2 1O Circunnstinces s {he pipe cOUT

% necting a house of any size with the. to he more than {va mches BY
. dJamet.er.v This is amply large for . ¥o establislhiments b exampios
& gauging of the flow of the muin sev 58 Union Hotel in Sarrogy v the

" height of the season, at the hour wh £hought that the tavwest vt
of water was being discharged, and ore 1,300 inpuros in the ot
showed a stream barely sufficient to fil

les, or <oy oneoshoation J0any sort
aear the fower cad or el v
he inspectio  of the working of the
the supfae o f - v throagh

. . . NI oy 0t
g j)luu_‘,()l e is 1:‘;1. T Pr Ve 'f

éo T ; agd ov: half inches o dunower. A
;.. rigid adherence to this limit of fourini exclusion of matte, izt 7€
% clog the six-inch sewer, and throws

ot
-

By of cxelnding rubbish or cTeast
prenience from hus neglect.

MLk, having n capacity of ahout
ger the surface of the grv'tmd, but

-7+ v upon the householder, as he alone witf
. At the head of each sewer thore
1%;20831%11; ’1mns tank is built of
" . pove the level of the head of the seWE 1 by of s . S waier
“#rom the 3e ) U by a constant streary of wilk
-v_gtﬁmiéﬁ%l:dp@illw}?va’t?r-supply, ba Tl R1it cnce in 12 10 2t hours. T4 18
- Bow, 18 -dure to b;eld s sutomatio siphugy W #g. 8), which, liowever slight the
ey ,f-ha ‘ ‘brought into opersl Xk is fillec to the top of its outlet
H"’ e whels amount of water in, “ o
40 seconds), and

) eharged rapidly (in from 35 to
s bstance, of whatever character,

at to carry betore it overy

The fAus stream. ascordii S Licv  heen eapahle of admitting.
more thn b Mmo’f;??gu SRR i e mgﬂcu?hiﬁ. fills tho sewer
“the. fall «of ‘t,hg,m{v t. At a m . Bnes must, of courag, depend on

i Pe t whem themﬁaml fow is iy , Muple to wash ol Glth forward Lo 2
v “end of ite own sk ow ;sahlﬂ . pat.’ Each tank Las oniy the dead

T T O i) s o S ¥ tho den
it the use of nny e 2k

grench the tiles W ¢ Yoid and

1923

W

i " carrying forward togd
important effect of carrying

‘ Mﬂét’, at least once in 24 hours, all organic
matter which, if allowed to remain &

er time, would enter into a dangerous

P

decomposition, for cven in a 6-inch
and other solid substances toward
has not yet a,ccuml_ﬂated sufficient; i
works such deposits are rendered gmp
consequence is subs_tantlally preve .
Some of the details of the congg
Ordinarily pipe

is a tendency to deposit fecal matter
.of the sewers where the regular flow

them forward. Tn the Memphis
g the production of sewer-gas as a

¢ sowers are different from those in
‘the lower end of the drain upward,

common use. V Pipe See 3 b Towar © drain upward
ater accumulating in thgfenct i i off by the sewers as they .
%)utthizt :; ait;zpossible to make s tight jou the pipe isrequired to carry water

;- t hardens. 'Pheng toc’ with Mhe, small diameter hers used, absolute
before the ooy i ng' of ‘each lino was begun at its

t 3 1 T lm qrtant",‘ » . %
cleanliness is verf /P - e s6lutely. This twas effected

i effort being nx ! : 1 ) X
%?p: Z;SI‘;(]%;I?V:;Y subsoil draind ie ed on in egtmeotion with the sowerage. Agri-
cultural tiles, varying fron 13 . it viaber, 4 prevent the loose filli
.le of the sewers. The jeints were. corered with paper,io prevent the loose 1illing
tom stopping the joint. In very'wekso' i was yevessary o lay these tiles in advance
fmmhe sewers by diggitig 8 narrow jreih helow the, grade of the sewer. Tuto this
of the totel xith boardd to prevent their being disturbed
Lile laying the pipes. These  subsoil jrains Mﬁﬁrﬁﬁ@d with an outlet into the
wis v ¢ e 3 o o e HFe . . :":
hayou. ‘ ;

N . ; o aoh
il 200 : : L
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‘the pipe; then a spirit level was'p

drain, Ev y joint was firm and withe

the edge of the side walk at cach sidé'of’8

g : nerally very good and firm, in many
places in grading the streets and alleys aiibayous and dopressions have been filled.
In sueh places the hottom is as had as pos,q’i'éﬂé. In sever! instances the lower part
of the. treneh was actually dug with buckets 88d in one cnse the man laying the pipes
sank in the slush wuntil his knee was dow 40 the level of the flow line of the pipe.
The method devised to get over the diffic H¥ was to support each pipe on two piles,
termed “ saddle piles,” reade of hoards eie ;gpcl’l::s wide, zharpened at the lower end,
and long enough to i?e into iy ground. These saddle piles
arc cut out at the ® a half civele, fitting the outside of the
SADDLE PILES pipe_ (See sketch; 4:} '

- Thesc piles were d @ firmly unril the bottom of the half
circle was exactly at- &:proper erade, and the pipes were sup-
ported upon them. 2 » the wmount of water wis ~o great
NN as to interfcre with tting of the cement, the trench was

) . dug out considerably pw the gmdo line, the juints 5;‘:111(1?‘;;”
hlgh and dry until firmly set. After thez ‘was finished and the subsoil drain
laid underneath the main sewer and’ g W to ite outle! in the bayou, all the
wet places referred to hecame speedily M e °
It is a frequent objection to pipe ghat slicht projections of cement at the
Joints act, by catching lint, rags, &ec., a# leus for an obstpuction. To prevent
such‘ asperities the joints of these sews een Injd, in all cases, with gaskin, a
small rope of oakum being crowded lar Lefore the cement is put on. It
is found in practice that the collars | it vitrified pipes are generally so lavge
itilllld so irregular that tl_le bore of the: t make » continuou: cone nirie tube,
& b which fatertoaet it s ool o oo ey making at cach Joint
flow. To remedy this difficulty therd 4 sised aaﬂ‘fl bl ‘(hc;’sm()oﬂl.n(‘ss S
the pipe, hasing Theed india-ruly),l o ‘ o inorrl adJ_u:‘?o_r, to be inserted in
the turning of a screw these bearing ' ﬁ ?ﬁ-mlarv the Joint to be made. By
o, Turnitg of 2 i g iy against the inner eircum-
i ((ie Od the lplpe, and they hold the, bﬂqlutel3 concentric until the gaskin
b A P e R et e b et

0 aTTilg 10 -y Dt of the third joint shall he taken
up by the gaskin of the second with bing the ce he first. Thi
arrangement has been found in pradf rkbperfo (i(l ment Of- tlc; :S . 1 15
absolutely concentric conduit. : ' Uy well aud to seaure 4

Great care was necessary in maintai
account of the very small natural inclj
attainable ; for nearly half the leng
six hundred, above that it is one -
in three hundred. In order to lay
in the bottom of the trenches at st
the flow line.  The pipe layer was.
to reach from stake to stake; this s
end as would represent the fall for
end in the pipe it was desired t

Althouzh the natural soil of Memphi

Fic. 4.

®.8rade while layiug the pipes. On
je" eb.B,you but very slight erades were
t side main th. grade is one foot in
aundred, and still further up one foot
refully to this grade, stakes were set
feet, and driven to the grade of
ith a straight edge of sufficient length
Was jJust so much wider at the lower
and was used by placing the narrow
ot _thqr end-on the nearcst stake below
Bzralght edge, and if not found to be
e s0,
PIPCs is laid absolutely true to grade;
. E the continuity of the whole system
i ertain piece of very bad ground, made

W~

level, the pipe was raised or lowered.

It is believed that the whole syste:
that the pipes are absolutely concentr
is mathematically exact. An examinaf
by opening the trench, showed that ¢

‘ gpove referred to had perfornied thoeir
work perfestly, and that the tile drai ‘ p Wir

d the ground completely under the
g8 and the work completely satisfactom:

0 Tuuning continwously, . >
ceracd, the natural wetnes

. O 58 of
from the filling in of ol hayoue mclﬁ

the soil was, therefore, ﬂlonght to be

The outlet of the tile drain showed a s#h
So far as the healthfulness of Mem}
of the soil, and the springy conditjgn
Swamps, was very detrimental. Th
as lmportant as the building of sewe
1t ‘has been mentioned that thisésol
agricultural drain tiles, delivering, R
‘bayou. But as the sewers arc betwdbt
- complete draining of the subsoi

B L e e

» but Leyond i into the
jid four bundred feet, apart—toc far for
BS—a tile drain has been Inid under
et l‘ezz;d)‘.}g from the river toward the
at time the result i satisfactory.

i

bayou. - From the experience gained“ftt')’-

“the main sewWers,

[ ?

-

of the drainage and seweruge, 1¢;uding labour, material, enginecering, and

has been about $137,000, oz;@szt 28,0000.  The average cost per foot of

the 6.inch sewers for pi_pes, _hﬂuso cg)nnetl’bn ._lgrancb.es, (htcluyg, laying, and back
not including engineering m;d inspetion, 18 estimaied at 60 pcnts_.

o these works, the improveaent of Bayou Gayoso is being proceeded

The cost
incidentals,

filling,

I'n addition ,
with. isad indine cully though the heart of the city, and serves ae

Bayou Gayoso is a deep wilding gully P gn i L tho cily, and s rves as
the outlel for a watershed of about five *ousand acres. Iu nany par's its shores
wore lined with privies, whgsi :("onf'onts flor :d down 1ts s.1dcs, an(‘l it was a convenient
receptacle for ail mauner, of iiith from the ouses along its course. It also reccived a
aumber of drains, bringing water-closet ad other ,re’fslrs? from houses sometimes at a
considerable distance from 1t. A}l these things lom-cled' it a tou! open sewaor, of
a most objc::‘cionab]c character. These eils have heen removed by the sewerage

“011311{11, < addition to this, it served as a chi mel for the pfznetra’tion of t}le flood waters
of the Mississippi quite up te the heart of ke town.  This flood water had no percep-
Gible Hony, and it stood ab such a height as b lead to the complete saturation or over-
Honsine of wide areas of occupicd ground. Many houses near it ave built on piles, and
daring the months of high water nearly ewery yearfh_{ ¥ wcre‘cutn-?ly underlaid by a
eronor o losS depth of foul, wm,,ag;rm'nt,,As,mm-qo‘veircuﬂ\7u{’cr. 'lhe_distmct so attfceted
was notoriously the worst, in its sunitary cadition, '-')i‘bhﬂ ?Vh‘)le city. .

o jnpro coment consists of a dam for ecluding tie flood water of t}}‘e river, a low
val‘vcli outlet for the remolval. of the 1natura stream aurmg 10“'75'5386‘5 of the river, a
o pamy o discharge the natural strean during hlgi‘l stages, and large ﬂgod-gates
S }mr"” the water of heavy storms at al seasous. The pump to be used is a most
fff) ‘-‘L‘?E ;mi ingenious dovice Lo foreing wter forward against a head, while allowing
SLDIpL patural flow at ordinary siages of the river. This pump (the invention of
‘B‘lfle}jj‘;iz Van Salverda) bas been largey used in ielland for more than thirty
yoars, of the seweraze will .ufficet lain genoradly the system which t

his acecount ¢ 2 e ge o will sulliceto 'GXP =) y y 1_38
heen adopted 5 it is foo receit to enable a leczldcd; opinion to be expressed upon its
porman: it STCCCSS but s0 far ay experienee goes it has proved cffectual. 1t presents
several novel features W hich 1equire to be tisted by further experience before they could
1o recomended for general adoption, For instance, it may be quest_lc‘med whether the
modc of supporting the pipes on collar pilss in crossing deposits of silt or soft ground
will permanently securc a Suﬂmlently durzble foundat on for retaining the pipes at a
true grade; it is alleged thai, when the soil under the pipes so laid has been ex-
amined after a few months, it has been found to b.e pczifectv]y §oun.d, but_untll further
experience lias been acquired by the lapse of time, it remains a question Wl'lebher a
hetter foundation and the use of iron pipes would not have been preferable in these
positions. It may also be observed that it would have been desirable that the main
sewers should have been frue in line and in gradient, with man-holes provided with
mos cable nud ventilating covers at eac_h clange of direction, and fU}' the an sewor
e been amply venulatecl according to the most recent English practice. The
ample flashirg arrangements for the small drains seem to be worthy of approval, and
;h(;rt‘- ~ould be little ground for objectior to the dircct communication which exists
li,etl\\;«f , the hoase Grains and the sewers, j:))-z which the house drains become ventilators
fop the own drains, so lung as ample veatilation as above mentioned is provided for
: and so long as the sewers are kept thoroughly free from deposit, but

H R 1o, 18 3 EYEY% Y p -
furthier ()X})C]’i.’\']lc‘);“v'lll show whother ajgeedom trom deposit, has been thoroughly

secwred. L e, ¥ .
N Th; wator-supply of the town has been; ithproved by obtaining water from & pure
souree. ) L  uffer fr

Whilst it is to be hoped tliat Memplis may not again suller from such severe

d in late years, there must remain for some time a serious
ground for apprehension owing fo the large extent of subsoil po].luﬁon of the site of
the city.  Because although the old cesspits have been cleaned out anq filled with
[eesi: carth, yot ihere pocessarily must st 1 be present in the .subsoﬂ‘ a,l large amount of
the pollued matter which has been grad ally accumulating in the subsoil for so many

yEars.

opidemies » have ocCWTC
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India Office,
London, 27th October 1881,

Statisties anld Lonaerce,

No.

— - L3

T His Excellency T3 Honourable The Governor in
Counc:. Fort St. George.

pra. 1. I have giyon instructions for the
{ransmi 101 through the Stores Department, of 70
~__ copies f the accompanying Report, by Captam

IS Calton 0 the drainage of Memphis, in the U nited

States Americd.

9 ] equest that your Excellency will cause the
- y measures to be taken for the circulation

3; ct(ffg ‘:pics of this Report te the best advantage.

T bave the honour to be,
Sir,
Y our most obedient humble Servant,
(Signed) HARTINGTON,

e

1, 1 2146,



phis (Tenfessee), in the United States of
Amjerica.

v

Drainage of Mem

- In consequence of tge nltmi%rous: ca»SﬁgPlenﬁo?ed in the Sanitary Reports tor India
in which it appearcd ¢ at ecouomical _%xsfgms for drainage ave wgently required id
Pnited States last autumn, to in vestiznte the

Jed, whilst in the .Un
becn adopted at- Memphis (Dennessee), where the ronditions

that country, I was i€

arrancements which have ed at
gred to present some similarity to those of many Indian towus, viz.;:

of the town appe L e
ihe absenee of sanitary precnut].(ms in the face of a wigh temperature, wad a lois
period of dry weathers 2
condition of the muniCIPﬂhty'
Thic Iatier consideration rendered it
adopt #1 ab Memphis _s_hOU]d be largely %0
prcscnt limited expericnce g 08¢

during the sumgmer months ; combined with a low {inancial

b

perative that the arangements which ware
nirolled by considerations of cconorviy,  XO
he cconomical methods adopted have 1 roved

o

far as the
efficient. g SR
e main object of furnishing an agcgint of these works is to afford tsefl matior
. . . i B P . 1 t ;
for the c()llSl(l(‘l'Qf'l()‘l of engieers enga ' Inqmn f~t}§¥ eragc.worl«,a, an not wity oy
view of suggesting that the system adoptrd in Memphis shoithi Le blindiy followed

- . L T s 1R ° g S Gl VY T

Phe eity of Memphis i8 situated in ] e35 9 N., longitude 907 V.

It stands on 3 ] heMisaissippt river, to the south of its Junclion
with W olf river. The older pust of » b ’gtown stands next the river, wpon a hlall or
ridee pounded by 2 strean called Bah: L QGayoso, iribufary to Wolf river. The
pemaiinlet of the town, belm}d‘ rhis biufl )s on lower ground, irtersceted by several

{heir origin in sprEAgS of pure good watey in the eouatry, and
tioned ; aad thus the ground on which the

sireams, W Wich have the |
main hayou above neb
ards surface drainage.

which flow into the .
town stanas is 1 ably Slt‘,”}ted a8§ PeJur
Durine the short period (little ov%ﬁglf a century) of her existence, the city of
Memphis has heen fhe theatre of noieﬁs than twenty-two epidemie visitations of
cholera, vellow fetery dengue, erysipelas, puerperal fever. Her
even during non.'e’jiﬂgmic years, has varely fallen helmv/ 35 per
something moreﬁth@n double the attainable standard of modern

%

d to msi,?ﬁsns of yellew fever in 1867 and 1873, At
wﬁn‘upt. its taxable wealth available for the

the castern side of the:

gunual death rate,
cent., 30 in the 1,000—
eitics.

The fown had heen suhieete
the b«'f_:i"mi_ng of 187% the city was

qpport of the State, county, and city‘;g’bvemmenf, wvhich Tefore the Civil War was
estinted

ot 828,000,000, had been reduggd to about £12,000,000. The pcpu iation had

meanwhile doubled. k. )
Newaroes, o, wnder the sysi‘:-em.of sLyery which prevailed up to the breaking ont of
the Civl War, had been px"«,)auctwe' <,fl,:,{f)ourers in the cotton Gulds of the adjoining
States, atracted bY the C.\:cuoymnt it ggp;ds, flocked to the city, where at least e
thied of them were added to the ranksig the very poor, and either as jetty thieves or
worthless paupers depredated I.)zu."tly upgthe industrious few of their own colouar, bukb
{or the most part gpon the thrifty whitey: ‘I‘hus the non-producers, those who consume
without lahouring and 1ive without thakast regard for the obligations of good citizen-
ship, wos ; d to the ]);c\port1(g§ of a small azmy. The debt amounted o
5,500,000 The qummer of 1878 was ntensely Lot. )

A ease of yellow fever Was _reportqgito.have occuarred at New Orleans on the 13th
of July 1878, At the be.gm‘.ulr.}g of “fpgust ,them were indications, 1o New Orleans,
that the epide v likely fo be ¢ & very gggramfcd form. The population of
Memphis became seriously alarmed, &ﬁt:. quarantine Was ostabtished round Memphis

in the beginning of August- { N .
On the 9th August yollow fover wasreported to have hroken out at Grenada (Miss.).
The first case of yellow feyer occurre. at ,'M_emphis on .the 14th August, There wers
99, caces on the 16th and 33 on the 164. The population of Momphis at that time

,000 inhabxints. More than one half of this population

was between 40,000 and 50 :
then took alarul an Joft the town. .-
7oA

svg8, L cillh

mic Was




i which romdmo ! during the epidemie
deaths were 5,150, 2 little lcbs than
the “IIU t.\l\l“‘hp " \Ol”kay W\ (8]

l

The medical ostitaate puts the totalq
at 19,600 and the total sick at 17,600,
cne third of the whole populntion. Moy
have rostded in the (*MV nmm yerrs : ,gt wall, aud whose s N
(:pulwm i owas Lo visil every wo wd every» §ay that at no e vore 4:_[1.‘,:" -
thao "‘”"") pocsons v ihe eity, i so Sand that, of thees, fully 13000 were
Negroes, loaving O 1y (),\)0‘} white people e 14, om \n cog, DR G T o

T !]1\{" :1’“‘

fm(\r 'nJ 0‘( the G, 000 W ud‘s 4,201 died, tadie 70 per ceni o e owhole rahe of
the vhites. Not rore han 200 white Pk Ton Fover, and oSt ol fhese
had suitercd from yelunw ‘al:v«;r in previoud Shl ’

The sanitary o™ finn of the cily wag# Car o girooi. Fhere Were an

vered into cosscos A ]
the CUtiers of 1he

patronseil,

plﬂ; ‘o sowers, and the vofuse el ith we
while not a @y =< qiop found its w
these {‘w‘vm' o preonged dry s2ason bea
foulest ol ) i
S VEIES n':;-;, m:‘;ﬂ- the streets-
o
vory much do eayed, @ veadily alw)rbed ;
p b WOOHUTL gutters, and in course D
it ulldt the i)@l’i()dimﬂ fushings of rain!
strect surinces We s then | the eonst ik 804

the inhabiranis o in :1‘“ ity limits s could

anil excerefn of the comna iy

tpaved witl: v ool vereorn L
@f ‘the ! Ligoi ;"’,‘ " “i:;: RIFICRER AN

8 the strecrs hocnas =2 periig e Wi
~utterly full .i ' e-ffr'mx ~then. The
1SOLL s cociun TS which wone
Fhe subsoil v o ke ShG

There we . no r)mw '“(1 SeLVERGer Y ,any means toowlich te oo and
garnage coukl be daily eored away. “accumulal’ ‘.’. R T SO
decnying npoit the stl,nl,t:.? The Tayo 0 31’6'1411@ the o oy o e w

of the (m‘s nie of privies .8
o

roceytacte o —closets, was oaggish pod woied

suﬂiuv doC ary aod, eving Lonowai of w the fact that thew h‘u\ \.\ gy neaenty
any “n tor several \\H‘\\\. The carcawss aad antulals were dee {\m' L Sy
P'“'J‘“ of the e Yo and l““”“ whicl: had ‘ PO 4t t.lu‘ abutments of the sev
OTe & mvn it and coveret ¢ . Ut ;

won ¢ nd covered with a seumof , eitting o deadly (‘ﬂh... Jhe
cellars 0i ”li houses in the leading thord vere also ..N bies, i wiieh wore
manufaetuared noxious gases which stoles ade the nig'it air an alimost klileg
I)O‘\l')h ;
The privy pits in ,~L‘mph\~ are so d(\a
rests the are “\‘f clay bank known as the

“y;ﬁ ach the sand substratumon wlich
Blulls.

’H)rouuh this sand the water of ¢ b its way at every gior RO N
in may places the U‘xa\ivm advanes of ppi may be m*m}"\ o
rice of rhe exeeba w Lich, when the . “#vp drawn allor TN L e

thv soil.

bit T', woeanty days o AT -'*“Y)MS, PrIVY-TYS ) d *I)i'.,s WOre proe e
izt - deep enongh o porely £l s paLs of di.i:z,;f-v Coaa .‘
the r\..<_;?‘."-w>llu .‘ 22 ~ ' Lot

Nhere is an old ety PEee “tlll iﬂ-a}‘iﬁtiﬂp V"‘" SR ey Fo
instonec, it says, whenever o privy vastt I lled sttt e T e
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eoptonts tovsnak in o the ground; ;
hew s sunk into the frround for v),uli,s,
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"y, soake d with stable 3,3

Zgontaining more or less decomposing
ad ooze and fzecal matter. 48 of the
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drainnge wasd niirely curface. G4 Ty e brick drains, of which 24 were in
goodd eandition, ‘m«l 40 foul, broken, -andg o up where ch run under the houses
From thie veus to the street 8 cutters i 1% Phe ch'amag,&, of the ,mm“m"‘w 135 lots
was oithar hy dirt gullies Ur Teft to the na ‘ fope of the ground.

Tie walers ‘Ulpl r ol the lown was Il 3 ?aiaFtO”:’ It’ Was Ilﬂtrvly derived from
cisterss in the houses, lm‘ly from a lavg m-fmter resevvoir, and partly pi: aped
frori W oh mvet, and deliverad by pipes gh hydra ants. 9 The cisterns were for the
st part built i cellars, mm as a nle .from 8 to 20 fo et of the privy vaults.
1t was esti imaind that bm‘lt out of ton wers fous 10 w:m 'The soil is of a porous
charactor and gecpage 1s C(mmmtly goir ,especva u web V"eatncr Owing to
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(‘qul o thnt lpm'n‘. ’;u t{ oo N i wint e |
wing 1o theg gréat dopth of theso Pﬁyy o “and the mild winters, the temy perature
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s, one irom Klmwood Creelk, six from

D \("(\\ (_l)

pera Fare | t
0T

‘Tl 'X'H.Hn"l o1
Tlealth “ipnere were B0 walors examing
aredlult. :

feom the rornd {ank or rese vyoir, five;
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' 2 cisterns, 10 were in soum
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and 26 leaked. The waters they

f the

(’onotﬂl‘ pd iy ],(, (1 L\wl{l(‘(u as fallows:;

T I Rad from Bad from
i & : Fair. foulness of | indiltration
‘ a X ] P o ot Cistern. of Scwagc_
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| rpen sound cisterns - . 3 —_— —
' Tweuty-siX leaky cistcros - 3 9 10
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These 306 wore nolieved to L above
them i_dnmrul to the public schools, whi
gent in Dy nspes tors, tne ofliors haviag
mer. woio atts e importance to the Wbl
to keep thein @ isterns in goud conditions S
The - ampie from the tank or roin-Ava
()1‘ ihe wells four wore orgamca]ly
showic: that 2 leak in the hrick lining
ro"u"' e OLe {he brick wall of a ¢I¥
of earthy L saline matters was such as,

Of {he raunivgd waiers that from the.
A sample from the mouth of Wolf rivesy]
from the same mver fu

AP a,gc of Memphis cistorns, as nine ol
yoore than a dozen of the samples were
whished from the residences of gentle-
‘of their households, aund endeavour

» was good.
‘d one cxceedingly impure, the last
pell may admit of sewage infilvration as
% sowe of the pure wells the amount
a doubt as to their wholesomeness.
. Elmwood Cemetery was Vuy impure.
. after recent raius, wa excecdingly
As mqﬁc 10 fed by the city supply bbf'ore‘ rain was
alen exccolingly impure. Three sam Wolf river, us stored i cisterns wlen
ihe river wus h,\» and free from turbu}, gpe of good 1\1@1&} One sammple from
Wolf river, i period of normal flow, @eﬁﬂ’"@ssed through a charcoal filter proved
exeoedingly 1’“'” One sample of Mlsw ipiver water, mken after the rains from
a point 2o e ahove the moutl ‘{‘ ‘river, proved a fair water, being but
slightly inferior te that dclivered in Wa s the city supply. o
Arter the eossation of the fever in 1815 vunderwent umsulcmble 'p'n urification.
The <! ,,C( ds WOTC Clcrlnb(\d the houses veRH »a,t}d_ exposed to {le cold of the winter,
wifie ml ineans of ax-»n‘fcutmn wors #f gied.
and ¢ gwould have compared favourably with

To ourside aj ppearance ¢ he city thus elejascy
th and south of it which¥ boee from fevers but the privy-pits and

v Cﬂ‘ 5 nor CosLY
Oﬂ“?' e fipure sCwers and polluted stipsp Zand Water-su*)plv remained.
vane ney of 1879 there wus a aatbreak of yellow fever. The first case
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was veported on the Oth of July. Thed
10th August. |
The estimated population of Memplﬁf
C wordino 0P de nf Wi Q \ _
§271.1{‘,'Oacc<rit‘}dln;, to the reports of Colopl Cameron, Superintendent of Camps, was
55,400, e greates part of this populagign, viz., 24,200 persons, were then moved out
”%C]fc“tn{lm‘,l smmuv‘d W nhm‘ 510 10 milgs of the city, und the population of the city
sl t?%\tdms ltﬁ(lti(“t‘d to 12,600, of w.deh about lwo thirds were blacks. Prenmipt
s ::gn(, epopulation appears to havésprevented a repetition of an cpidemic like that
‘ N » N ‘ T ‘ )
The following arc the cases repocted apif the deaths : —

Colvured. Total

e o e =

Durimie this epi i \ Tatio £ »
. i rhl? cpidemie the ¢ Natio: f Hleallh” made a survey and report
upon Memphis, k. v

e a - . . "
i fotlowing ave the chicl recommes ¥-they made :—

} e s:‘vR!'(‘«]”:iatic Opening up and
within the -ty limits, the thorough 1
bedding. etothing, carpets, upholste'r_ed‘“
article su=pected of being infected by
1879, and of all accumulations of “rag
usual contents of junk shops and se@

9. The absolute destructios of abo
as unfit for accupancey, ard intrcted be
of o <HH lapoer namier, p(sud_mg_
pecupation 1 and the passage of an
huildings  swaprovided with  proper
requirements. :

3 A wmuical change in the water sujy
existing wells, and many of the ug
Wississippi river water for the wate]
works. :

4. An equally radical change in
domestic and manufasturing wastes,
and filling with dry clean earth all
some cheap and convenient form of &

5. The complete sewerage and subs

6. The reclamation of Bayou Gayo
sround on eitber side for a sufficient
and the ercction of a dam, with &
WMississippi river from flowing up in
l;ote‘nf cource of soil saturation. ‘

ughout the inter of every house
to sun and air of all fextile fabrics,
&c., the destruetion by firc of cvery
Ao yellow fever during ¢ither 1878 or
wstock, and sccond-hand clothing, the

ed houses and groups of buildings
W‘*’lhty of renovation ; thevacation
ecessary to fit themn for healthful
forbidding the future crection of
subyentilation and other sanitary

'leipg the toial abandonment of all
~cisterns, and the gubsiitution of
river, now supplied by the water-

#l of excremental and other refuse, and
vegun at ouce by eraptying, disinfecting,
pravy vaults, and substituting therefore

tributaries hy the acquisition of the
nt fouling of the contained waters,
s and a steam pump; to keep the
high water, which at preseut is a

As vegard: ihe streets, the Board '
to heavy traffic, it was advisable t
gravel, laid on & properly shaped road
ond that the gutiers and cwbs should 1
places possesscd greater notural adv
removal of excrenient, garbage, &c.,
nereial prosperity ; and that by catf
gvailing 1tsell fully of what was then ' g
the mcthods of avoiding or destroyin@p
of the healthiest cities in the valley ol* ¥

The municipal authorities set to wi
TEMmove the sources of impurity I)r)in ¢

They obtained plans for the draic '

b with the exception of those devoted
st should be constructed of Paduealy

-of concrete. And they added that fow
fan the city of Memphis for drai .
hat healthfulness so necessary | HAge,
CESSATY 10 come-
, the above recommendations and b
‘the causes of discase in excess ancyi
auses, Memphis micht soon becon;n,r one
SS1[Yp1.
wiiately after the epidemic of 1879, t0
] ¢the Naticnal Board of Health.
e town, but those drawn up upon the



(i imayy systems of town SCWOrage,
In he bankenpt condition In v =
~onsideration.  1nder these eircuras:
the well known sanitary engineer, p
‘E.; :8}"{""!1?'1“0” of the town of |
£ae "‘”1"\‘_,7‘“’ - Sors AT AR 3
gora e wvaier rlome, Hg-(ﬂ} {'Xl'ludlng
water tecessar; o furnish conveys
. 2o g A]u(.(md ‘fr‘(aﬂ:; aunﬁhel’ SOH‘P(}@;
being intreince L eed was esti
Thi eyetem he pmpas$r > n}ta :
This - 1mate ietnded not O“IYIL
. CELARAS B RARTS " r H .
work ¢ the }aymg G abOUf;: 40 ml.es
TR B i nt the hig
'h,. havou b'\" Shutting 0
MO Ry e and a steam pump to
nroper valvos, ana a ,k}ﬁcrh '
fevel of the river wns ‘iov- ',.}-nws th
The accompanying piam st et
The new system has an outle
sl woliel delivers into Wolf riv
jail, which delivers ¢ the river, whe
during hivh stages o6 Tho o

o abilicy to deposit.
would cause a labilii; p fato

ed to cost from 300,0007. to 600,000¢.
found itself, sxpense was o material
Waring, of Newport (Rhode Island),
nder the special circumstances of
‘sewers should be constructed for
o and subsoil drainage, the amount of
hsolid matter as enters the sewers

ybont 50,0004 only.

ewerage system, hut also ofher sanitary
.drainage, and also the reclamation of
bhe Mississippi by means of « Jam with
he. bayou during the period wheis the

ngement ol the sewers. (See map.)

arge iron pipe draining the county
et is to bo used permancutly only
water in the long permanent main
nt main dischirges below low water
&sipi river, at the foot of Winchester

Fre. 1. the mouth of Wolf river. Tts lower
sWiTCH n pipe, with lead joints, and so Hl}l(‘)h
Al SEWEP e in high and dry ground is of brick.

20 inches. The flow can be turned at
e jail sewer or into the permanent
ing section of pipe or switch working
iher.  (See sketeh, Fig. 1.) The 920-
‘vontinues as far up as Jackson Street;
| to receive a 12-inch vilrified pipe
ong the east side of the hayou, and a
. pipe main west of the bayou.

1, of these mains beyond Gayoso Sireet.
Bh-main branches are of smaller pipe.
sholes along these main lines, by which
may be inspected. These two maing
G-inch) constitute the outlet channels
area of the ecity, the lateral sewers
mrses oblique to the direction of the
e discharge of each lateral, having
ocity from its rapid descent, will in-
n retard the velocity of the current
hich it was necessary to lay with g
e being only 2 inches iv 100 feet.

es in diameter. In rare cases, where
jusand feet in length, they are increased

in
somparalively slight fall, that of ¢
’ The lateral sewers are almost in

{hev SCEYC 45 the outlets for more tl
A, Jv » .

g & inches. . e
0 %’ s the eonformation of the
&\O f,’t,! W

they have Deen laid in the alleys an
ney i 1, the Lacks of houses, an
cation with the Lacs r Tambin
nader ‘he huildingss, e plan g
aniversaily at the roar Ii‘ S(tmclie Gﬂ;
aocomnmdni(—: houses so sliuated subog '
ot e only one of two houses 4
being, where 0014 v
" PP T L'U.d on o an &
The scwers Wer this depth
builidings had ccllars, B8 € xg)e‘ "
crossings, where the neWe‘rt‘-“z. ‘SQ,, ﬁ .
the viteified pipe sewer b UINes whey
1pe wore usod. , .
PIRE wvery point along each line vl
howse nay he built, an Obh%‘rlg 3}1“09
beine temporarily closed. erever
o injury at the hands of ca

W Trom i !
5 ctreet, and to make the coan

the division of property would admit,
‘streets, thus affording direct communi.
he neecssity fo- carrying house drains
of houses at Memphis being almost
do not run through to the alley, and to
§prs have been laid in the streets, these
mmodated, only 4inches in diameter,

" 4 fect below the surface; as but few

¢ sufficient. Jn some cases, as at street
urface as to endanger the crushing in of

ground is very soft, a few lengths of iron
i fé at all likely ibat at any future time g
g is built in with the sewer, its mouth
snow standing, in order to protect the
men, to avoid the necessity for digging
ap ihe costly to the householder, a fowrinch

HOZH.
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branch is carvied up to the lot line,
ground, which in that climate is a s§4
little frost By fhis zzrmngementfﬂig
the pablic sewer eonueetion at the Hins
heretofore to make the conneetion b
piece of the sans dicmeter as the h
below its top. The house connee
the top and botiom tines heing tan
house «drainage is delivered at the
tendency to incrcase its veloeity,
very top. 2

The lateral sewers have no wan
with the surface of the stroet, exeeg
there is a fresh air indet, which mag
sewer. This fresh wiv inlet has a o
a large anl very open grating, benea
dirt from falling inio the sewer, thid

i 1o protect house drains,. as therc is
r, in making his connection, finds
g property. Tt has been the custom
drain and the sewer by a branch
g the sewer above its bottoni and
in Memphis are funncl shaped,
Hinference of the sewer, so that the
the flow of the sewer, with a
ilation of the sewer reaches its

 inspection of the working of the
the surface of the zrovnd throush
BRI plate of iron is placed to prevent
Y to a recoptacle at tlie side, frina

vog (sce sketeli. Fig. 2). This

Fis, 2, which it . i s ,
FRESH mie g * sloping Pl be lified to a vertical position io
give a cle ver below,  Aside fiom the frosh

aiv inlets i 2 current for ventiation, it i3 a

bordinance regulating house con-
1, of whatever character, shail he
mng trap, by a pipe fuwlly four
bove the top of the bhouse so
Blon is compulsory, and as it is
“have at least one walor-closet for
pe. work is completed there will

four-inch ventilating pipes for

fundamentsi
nections thall
continued
inches in
connected, ~J§
made a misd;

every occupyd
be not les&s

the 40 milog RIS City, being an average of one
ventilator foria AR wer,

The rain-SARNEEERSCWER the surface of the ground or
from the it admitted to the sewers. They

Oof the waste water of houses,
"0 circumstances is the pipe con-
280 be more than four inclies in
establishments. For example,
& Union Hotel in Saratoga in the
\hought that the larg: st amount
re 1,800 inmates in the Lotel,

scrve sole
manufacturing establishments, st
necting a honse of any size with
diameter. This is amply large f
a gauging of {he flow of the main
height of the scason, at the hour wh
of water was being discharged, an
showed a stream harely sufficient to
rigid adherence to this limit of four
cloe the six-inch scwer, and throw
upon the houscholder, as he alone-

At the head of each sewer the
112 gallons. This tank is built of¢
above the level of the head of the sé¥
from the public water-sapply, barfa
furnished wiih Iield’s antomatic siphod
flow, is sure to be brought into opersy
pipe; the whole amount of water i
40 seconds), and rushes down the se
substance, of whatever character, the &

The flushing streain, according &y’
more than half full 900 fecl from thet
the fall of the sewcr. At a fall of
point where the natural flow is able to
end of its own sewer to flush. L

1t is thus immaterial whether all 1
. This flush tank is one of the ecssog
~ i the use of any sewors not roceiviagd
+Aside from this means of assurBi¥SE
 secumulate fo a dangerous extent; fiig

’ ,

_ f excluding rubbish or- grease
i eicuce frow his neglect. .
6 i M, having a capacity of about
i Y. the surface of the groxmd, but
-by a constant stream of water
omge in 12 to 24 hours. It is
.3), which; however slight the
filled to the top of its outiet
h id rapidly (in from 35 to
sufficient to earry before it oyery
-have been capable of admitiin..
s made in Memphis, fills {he seyor
distance nust, of eourse, depeng on
PIC to wash all Glth f'Jl'\Vﬂl‘d to a

0 off at once or wrngularly, <
he combination ; indced without’
1 bo extremely nusafe, o
of obstructions before they ean:
flush-tauk has the further vory

AR

:0ve half inches in diameter. A -
Xxolusion of matier, enough to

f it. Each tank has only the dead

t, at least once in 24 hours, all organic

it effect nf carrying forward |
‘time, would enter into a dangecrous

naperta M .
muatter which, if allowed to remaig
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_WATER PIBR
FOR. RUPPLY,
et
decomposition, for even in a 6-inch; ! ﬁ re 1s a tendency to deposit facal matter
hstances toward thes rends of the sewers where the regular flow

and other sohid su W
has not vet acenniulated sufficient voRg
works ~ueh deposits ave rendered -imsp |
LONSEAUENee s substant lany preventeg;
Some of the details of the construe
common use. Orilinarily pipe sewerss
s0 that water accumulating in the tre g
But it is impossible to make a tight
before the cement hardens. Then;
cleanliniess is very important. Therd§
npper end, every effort being made to3
hy a system of subsoil drainage cafilg
cultural tiles, varying from 1} to 3
side of the sewers. The joints wergs
from stopping the joint. In very web;
of the sewers by digging a narrow:,
rrench the tiles were laid and covery
while laying the pipes. These subptisgp

bayou. .
602K, . Y

0. 3weep them forward. In the Memphis
le, and the production of scwer-gas as a

of these sewers are different from those in
4 from the lower end of the drain upward,
y -carried off by the sewers as they are laid.
f- when the pipe is required to carry water
fth- the small diameter here used, absolute
ghe laying of each line was begun at its
da soil-water absolutely. This was effected
in connection with the sewernge. Agri-
fameter, were laid in the trenches by ‘the
~with paper, to prevent the loose filline
s necessary to lay these tiles in advance
_;b.;QlOW the grade of the sewer. Into this
with, boards to prevent their being disturbed

pains were provided with an outlet into the




Y very cood and firm, in mauyv
apd depressions have been filled,
several insiances the Jower part
One case the man laying the pipes
devel of the flow line of the pipe.
810 support cach pipe on two piles,
wide, sharpened at the Iower end,
0 firm gronnd  These saddle piles
£ civcle, it+i iz ihe outside of the
ly until (ho bottom of the half
> grad», and the pipes were sup-
1€ amourt of water was so great
8. of the cement, the trench was
grade line, the joints standine
8 finished and the subsoil drain
is outlet in the bayou, all the

Although the natural soil of Me
Places in grading the streets and s
In such places the hottom is as bad
of the trench was actually dug with b
sank in the slush nntil his knee ws
The method devised 1o get over the:
termed “ saddle piles,” made of hoar

i * and long enou;
Fro. 4. are cut out at tha
SADDLE PILES pipe.  (Sec sketg
: These piles wend
circle was exacet
ported upon thex
as to interfere
dug out conside
high and dry nntil fGrmly set.  After
laid underneath the nain sewer and
wet places referred to became speedil
~ It is a frequent objection to pi
Joints act, by catehing lint, rags, &e.,.
such asperities the joints of these sew
small rope of oakumn heing crowded
is found in practice that the collars clgy
and so irresular that the bore of the py
the spigot end ol the pipe usnally dro
a hwmp which interferes with the conpy
flow, To remedy this difliculty the
the pipe, having three indiu-rubber
the turning of a screw these bearing
ference of the pipe, and they hold the:4i
is wedged in place, this joint heing cafig
by its gaskin, so that any jarring In -t
up by the gaskin of tbe second wi
arrangement has been found in p
absolutely concentric conduit. )

Great care was necessary in main
account of the very small natural inc
attainable ; for nearly half the len
six hiundred, above that it 1s one’
in three hundred. In order to lay . b
in the DLottom of the trenches at StANSEENEE 2
the flow line. The pipe layer was
to reach from stake to stake; this s
end as would represent the fall for:
end in the pipe it was desired to 't
the pipe; then a spirit level was p
level, the pipe was raised or lower

It is believed that the whole systen
that the pipes are absolutely concent
1s mathematically exact. An examing
by opening the trench, showed that:
work perfectly, and that the tile draif
drain,  Every joint was firm and withes
The outlet of the tile drain showed a

8o far as the healthfulness of Men
of the soil, and the s ringy conditio

Swamps, was very detrimental. The
- a8 important as the building of sew:

It hos been mentioned that this

agricultural drain tiles, delivering, i

bﬂYOll-. But as the sewers are . bet
‘2 complete draining of the subso}

the edge of the side walk at each sif
bayon.” From the experience gatng

ght projections of cement at the
ff}l' an obstruction.  To prevent
B 1aid, in all cases, with gaskin, 2
-before the cement is put on. It
tified pipes are generally so large
Take a continnons conconiric tub,
at of line, making at cach joint
fall 2ud with the smothuess of the
. an “ adjnstor,” to be inserted in
g over the joint to be made. By
* firmly arainst the inner circuni-
eolutely concentric until the gaskin
Beter the next one has heen secured
1% of the third joint shall be taken
the cement of the first. This
perfectly well and to sceure an

de¢ while laying the pipes. On
bayou hut very s?ighf vrades were
Side main the grade is one foot in
dred, and still further up one foot
¥ to this grade, stakes were set
feet, and driven to the grade of
straight edge of sufticient length
Just so mueh wider at the lower

is laid absolutely true to grade;
o continuity of the whole system
2 piece of very bad ground, nade
» referred to had performicd their
the ground completely under {he
gnd the work completely satisfactory.
‘fuuning continuously.

erned, the natural wetness of much
fror the filling in of old bayous and
the soil was, therefore, thouzht to be

as becn accomplished by the use of
n sewer, but beyond it into the
hundred fect apart—too far for
a tile drain has been laid under
leading from the river ¢ the
time the result is sauisfactory-

.Mt r

.

’
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H 1}46; .
I T g labour, material, engincering, and
The cost of the drainage and sewerage | 98,0000 The average cost per foot ol
pacidentals, has been about §137,000, of 4p. brauches, ditching, laying, and back

the 6-inch sewers for pipes, housé com 8y, is estimated at 60 cents.
“sut of Bayou Gayoso is being proceeded

wd

filling, not including engiucering and in®
In addition to these works, the improy
witl:. 718k the heart of the city, and serves as
Bayon Gayoso is a deep winding gully usand acres. in many parls its shores
th~ outlet for a watershed of about five . down iis sides, aud it was a convenient
were lined with privies, witose contents Aowses along its course. Tt also reeeived a
veerptacle for all manner o filth frora the other refuse from houses sometimes at o
nwmber of draius, bringing water-closet hings rendered it a foul open sewer, ot
considerable distauce ivom it All ther)s have been wmoved by the sewerage
a most objectivnable chavacter. These
works. " 4ol for the penetration of the flood waicrs
But, in addition to this, it served as a e town. This flood water Lad ne percep-
of the Mississippl quite up o the heart of51cad to the complete saturation or over-
tible flow, and it stood at such a height agpfany houses near it are built on jilcs, and
Hoxing of wide aress of ocoupicd ground pry year they were entirely underlaid by a
duriug the monbbs of hizh water nearly ip.govered water. The district so affected
greater or less depth of foul, stagnant, sdindition; of the whole city. |
was notoriously the worst, in its sanitarygagtuding the flood water of the river, a low
The improvement consists of a dafy fake¥iream during low stages of the river, a
vulved ouatlet for the vemoval of theiﬁ ¥ durine bigh stages, and large flood-gates
steam prunp to diseharge the raturaly asons. The pump to be used is a most
to discharge the waler of heavy sion forward against a head, while allowing
simple and ingenious device for forg % pjver. 'Lhis pump (the invention of
a free matwal flow at ordinary st #sed in TTolland for more than thirty
Mr. Fijuje Van #alverda) has bee ¢
: plain generally the system which has
‘is_zd opinion to be expressed upon its
ges it has proved cifectual. 1t presents
by further experience before they could
gtance, it may be questioned whether the
- ¢rossing deposits of silt or soft ground

o

yoars.

This acerant of the sewerage will
Been adepted ; it is too vecent 1o en&
pertasuent suceess, but so fag as exp

several novel features which require

he recommended for 2eneral adoption; Y&

mode of supporting the pipes on coll {g foundation for retaining the pipes ata

will permarently secure s sufficientl . sJunder the pipes so laid has been ex-
i “perfectly sound, but until further

true grade; it is alleged that, whe
amined aftee a few wonths, it has b

10> | & s t‘.v\ - 44 Y
expericnee has been acquired by the 1

1 1o be pe i
£ -time. it remains a question whether a
sould fiot have been preferable in these
hetter foundation and the use of irog pj; 2 1d have been desirable that the main
positiors. Lt may also be observed fhat g 1, gradient, with man-holes provided with
sewcrs should have been true in ling an \ow of .dircction, and for the main sewer
wovenbic and veutilating covers at epch ‘ the most recent Tnglish practice. The
to have been amply ventilated accorging s seema Lo be worthy of approval, and
amplo fiushing arrangements for the synaf %5 the dircect communication which exists
there wonld be little ground for objechion whichythe house drains become ventilators
between the house diains aad the sew, =’ as above mentioned is provided for
3 t thoroughly free from deposit, but

from deposit has been thoroughly

V7

for the town drains, 80 long as amkﬂ T

the main sewers, and 86 loug ac thesowss &()m

furthor expericuee will show wiwilier ; P

seewnd. i diffpgoved by obtaining water from a pure
‘The water-supply of {he town has ba‘r;; ' ‘ ‘

7 Ay not again suifer from such severe
it remain for some time a serious
tont of subsoil pollution of the site of
cve heen cleaned ont and filled with
*oresent in the subsoil a large amownt of
gocumuiating in the subsoil for so many

sOurce,
Whilst i, is to be happd that Mendr

cpidemies as have occurred fn laie yearg;
ground for apprchcnsion owing to the 14
the eity.  Ieeause althougl the old veé
fresh eaxthy, yet there necessarily rmust st
thie polluted matter which has been gmgi

o
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