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THE 

SANITATION OF BOMBAY. 

To E. C. K. OLLIVANT, Esq., C.S., C.I.E., 
Municipai CommiBi'ioner, Bombay. 

BYCULLA CLUB, BOMBAY, 

SIR,- 13th March, 1890. 

I have the honour to report to you that I have PoiD,lI 

examined the condition of the exioting sewers and surface OODSldeled. 

water system of drainage of the city of Bombay. I have 
also tead the documentary evidence that has been sub-
mitted to me in the form of reports to and proceedings of 
the Municipality; the evidence offered to various com
missions; and the reports and opinions of engineers, 
doctors, and others who' have prepared schemes or made 
suggestions from time to time for the sanitary improve-
ment of Bombay. 

Knowing something of what has transpired in the past, 
and what is the present condition of the sanitary works 
of your city, I have deemed it expedient to dismiss from 
my mind all divergent opinions that have been set before nivergent 
the Municipality from time to time, and to commence my opinions. 

investigations just as if nothing had been done in the shape 
of sanitary work in this district; using only the evidence 
of actual facts which have been clearly proved,.or which 
aTe supported by overwhelming evidence to guide me, in 
conjunction with the information I have been able to 
procure for myself while visiting the locality. 

A. very complete investigation into the climatic con- C\imalio 

ditions of this place has been rendered necessary as having oondiliona.' 

B 
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2 TBII SANITATION OF BOMBAY. 

a direct bearing on the nature of the sanitary works it 
may be necessary to construct, and also lIB influencing 
every mode of sewage disposal. 

A large part of the Island of Bombay being below the 
level of high-water mark of the sea, the various questions 
affecting the rise and fall of the tide, the direction of sea 
and tidal currents, have all had to be most carefully con
sidered. 

Climatic C(l1/ditUms.-The first consideration affecting 
t.he health of the inhabitants of any place is that of climate. 
In the case of Bombay, it is extremely fortunate that you 
possess the observatory at Colaba, where for a long series 
of years various meteorological data have been observed 
and recorded; and I cannot speak too highly of the value 
of such observations, and can only hope they may be long 
continued under the distinguished guidance of Charles 
Chambers, Esq., F.R.S., &c. By reference to the pub
lished records of the Colaba Observatory, augmented by 
the lIBSistance of Mr. Chambers to bring the observation. 
up to a recent date, I first directed my attentiot) to the 
subject of the rainfall, in order, if poBBible, to determine 
what was the rate of fall, the quantity falling, and the 
frequency of the rainfall. With reference to the fan of 
rain, it should be observed there are probably no two 
spots in Bombay or elsewhere that will give identically at 
all times the same amount of rain. As a rule, rain 
increases with the elevation of the ground above tl,e 
level of the sea; it has also a tendency in some places 
to increase as we go northward, or into colder parts of 
the country. The amount of rain collectable in a rain
gauge diminishes with its elevation above the II111"face of 
the ground, and as the Newman's rain-gauge at Colaba 
(the records from which I shall use) is 4, feet 6 inches 
above the gronnd, the actoal amount of rain reaching the 
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ground at that place will be somewhat greater than 
is shown by the records from that gauge. That rain does 
fluctuate in various parts of Bombay may be taken from 
the fact that the average rainfall at· Bycuila . for 47 Raiuf.n at; 

•• Bycnlla and 
years (1843 to 1889), as publIshed m the Bombay Golaba 

Directory, was 78' 25 inches; while the average rainfall compared. 

recorded at Colaba Observatory in the same years was 
70'97 inches. The average rainfall of Bombay will be 
in excess of the record given at Colaba, and this must 
be borne in mind in making provision for the disposal of 

. the rainfall. 
From observations carried on at Colaba, and published o~. inch of 

for the years 1847 to 1870, it is probable that if these :':;E:rhonr 
observations were carried on for a sufficiently long period expectecl. . 

they would show tbat the average amount of rain that 
may be expected to . fall· in anyone hour of the day 
would be identical, and would be about one inch. The 
knowledge of this fact will have a most important 
bearing on the subject of the surface drainage of the 
district. 

The following figures, which are given for the sake of ~l.ba 
reference, show the annual rainfall at Colaba :_ r.mf.u. 

Inohaa 
55'24 
62'71 
54'12 
78'93 
76'00 
75'86 

1848 
1844 
1845 
1846 ., 
1847 
1848 
1849 
1850 
1851 ., 
1~52 
1858 .. 
1854 " 
1855 
1856 
1867 
1858 

•• 114'89 
60'25 
96'07 
69'27 
62'60 
811-14 
41'18 
65'92 
51'27 
62'45 

Inoh ... 
1869 77'16 
1860 62'16 
1861 76'91 
1862 ., 78'68 
1868 .. 77'68 
1864 .. 45'57 
1865 77'85 
1866 " 78'44 
1867 6\1'80 
1868 611-12 
1869 91'66 
1870 66:21 
1871 .. 40'58 
1872 .. 76'48 
1878 .. 69'70 
1874 82'18 

Incbes. 

,. 78'29 
.. 46'70 
.. 64'78 
.. 106'13 

1875 
1876 
1877 
1878 
1879 
.1880 " 
1881 
1882 
1888 
1884 
1885 
1886 
1887 .. 
1888 
1889 

61'40 
67'94 
73'04 
69'28 
90'18 
75'44 
67'91 
99'74 
94'95 
57'82 
67'84 

Av ..... ge •• 70'97 
B 2 
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Hoorlyand The amount of rain that falls in the shortest time i. 
daily boovy 

also a matter of the greatest importance, in deeigning falla of Jain. 

engineering works for dealing with flood waters. The 
following figures give the greatest registered fall of rain 
at Colaha Observatory as recorded in one hour, and in one 
day, and the date of the fall. 

Da,&~ly =r;. Da~~~ily 
Daily 

Rai.,.n. 
IDch8l. Inch .. 

12/6/1847 .. .. 4'22 11/6/1847 .. " 12'54 
14/6/1848 .. .. ll-lIO 14/6/1848 .. .. 8'14 

17/7/1849 1'89 2517/1849 .. .. 6'85 

13/6/1850 1'70 17/7/1800 .. 4'61 
l4,f7/1851 .. 1·90 25/8/1851 .. 6'51 

21/6/1852 .. .. 1'96 22/6/1852 7'09 

9/6/1853 2'85 18/6/1853 9'89 

14/6/1854 .. .. 1'42 14/6/1854 5'55 
. 26/6/1855 .. .. 1'84 20/6/1855 .. 4-79 

9/6/1856 1-71 9/6/1856 .. .. 10'28 

1/8/1857 1'12 1/8/1857 .. 5-27 

917/1858 .. I-50 11/9/1858 .. 6-15 

1617/1859 2'16 12/6/1859 8'20 

1617/1860 1-91 13/6/1860 .. 7-31 

l4,f7/1861 2'02 18/8/1861 6'08 

9/9/1862 .. 3'00 21/6/1862 6'16 

2417/1863 1'84 2417/1863 8·l4, 

27/8/1854 1'07 21>/6/1864 3'56 

l4,/8/1865 .. 1-05 217/1865 7'86 

2/8/1866 2-62 1117/1866 7-63 

517/1867 1'93 1617/1867 .. 5'41 

1617/1868 1'00 9/8/1868 •• 10'23 
1217/1869 1'11 27/6/1869 .. 15'31 

13/10/1870 1'~ 18/6/1870 4-71 

31/8/1871 1'88 81/8/1871 4-64 

12/9/1872 4'18 12/9/1872 .. 9'23 
1873. No tecord. 24/8/1873 6-23 
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Dale of Hourly. 
Hourly Dale of Daily 

Daily 
Rainfall. RainfalL 

Bainfall lnches. RaiDfa11. lnoh ... 

1874. No record. 21/7/1874 .. 4'48 

30/8/1875 .. 1'85 5/9/1875· , . 8'14 

26/7/1876 1'40 27/7/1876 .. 7'59 

19/6/1877 .. 8'39 19/6/1877 .. 14'60 

3/7/1878 .. 1'89 3/7/1878 .. .. 5'55 

24/6/1879 2'14 30/7/1879 .. 8'78 

2/7/1830 2'69 2/7/1880 .. 8'20 

3/8/1881 1'70 8/8/1881 • , 11'30 

3/6/1882 2'55 3/6/1882 .. 1q'18 

9/7/1883 1'75 13/7/1883 .. 6'85 

13/7/1884 2'17 13/7/1884 .. 7'87 

15/8/1885 8'18 15/8/1885 .. .. 10'29 

18/6/1886 2'84 18/6/1886 .. •• 16'10 

317/1887 2'17 10/9/1887 .. 7'84 

11/9/1888 2'52 14/7/1888 .. 4'66 

18/7/1889 1'21 8/7/1889 4'04 

Average 2'01 Average 7'65 

The average of the heavy hourly rainfall is 2' 01 Average. 

inches, and the average of all the greatest daily rainfalls ~?O::IL.:'':: 
is 7'65 inches. The greatest horal fall was 4'22 inches, 
and the greatest diurnal fall recorded was 16' 10 inches. 
Rain falls at Colaba, on an average of 47 years, 103 days 
every year. The largest rainfall recorded in anyone Montbly 

month was 52'75 inches, in July 1828. The largest raiDfa11. 

quantity of rain that fell in anyone year was recorded 
at Byculla in 1878, when 123'10 inches fell .. The least 
amount of rain falling in anyone year, according to the 
Byculla record, was 35 '10 inches, in 1855. 

The following figures represent the number of days Rainy daya 

when rain may be expecte4 to fall in each month of =lh.ledeaoh 

the year, and nearly also the yearly percentage of the 
total rainy. days, from observations by Mr. Charles 
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Chambers at Colaba Observatory during 28 years, 184.7-
187(. 

Jan1lB17 0'2 July .. .. 27'3 
February 0'1 August 25'8 
March •. 0'1 September .. 19'0 
April 0'3 Ootober 4'3 
lIIBy 1'9 November 1'1 
June 21'4 December 0'3 

The following figures, taken from the Byculla obscrva
tions, show what an enormous difference may occur in 
the monthly rainfall at the monsoon period . 

May 
June 
July 

August 

W.1IeoI. 
.. 4'04 in 1879 

•• 49'15 " 1827 

.. 52'75 " 1828 

.. 89'11 " 1865 
September •• 29' 65 " 1849 
October __ 10-72 " 1883 

November.. 1'87" 1878 

. Dry ... 

None fur maDY yoors. 

5'70 in 18S5 . 
4'27 in 1885. 

8'15 " 1855 • 
8'38 " 1889. 
None in many yea ... 

DiUo. 

In order to ascertain if the rainfall is on the increase 
or decline, I have taken the records of the decades back
wards from the end of last year, with the following 
resolt. Byculla record from Bombay Directory:-

Inebee. Inebee. 
1880-9 80'52 1840-9 75'61 
1870-9 81'08 1880-9 72'81 
1860-9 82'69 1825-9 (5 y ...... ) 88'64 
1850-9 66-60 

The last decade is in excess of the general average of 
the 65 years'record (77'76 ~ches), but it will be observed 
it is less than the two preceding decades and the apparent 
increase in the rainfall will not account for the increase 
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of certain diseases in Bombay, which are known to be 
influenced by dampness, and to which reference will 
hereafter be made. 

I .have had abstracted from the Colaba records, the 
number of days in ten years, from 1878 to 1887, when 
the rainfall amounted to the quantities stated below :-

Und~ \ tml I Iml Ilma\2m4 4mB SInch .. 
ODd Year. t Inch Inch per Inch per Inch.. Inch .. Inches upwards per Day. Day.. Day. per Day. per Day. per Day. per Day. . . . ------r-

1878 36 16 23 20 14 4. 

1879 66 20 1" 16 6 

1880 . 68 12 9 7 8 3 1 
1881 64 17 13 8 9 1 1 
1882, 58 13 18 7 6 2 1 

1883 69 14 16 11 9 6 
1884 50 26 18 5 8 3 
1885 61 22 13 11 3 2 1 
1886 55 19 14 10 4 7 1 

Quantities of 
rain f&l1ing, 

In Mr. R. Aitken's Report of 1866, a table similar to Aitken'. 

the last is given for a period of ten years, 1857 to 1866, Bepcrt,l866. 

and the averages recorded are placed below the averages 
. of the later period. The more recent observations tend 

to emphasize the importance of dealing with the rain that 
falls at Bombay, in such a manner as to prevent the 
flooding of the low-lying districts, especially those below 
the level of the high water spring tides. 

The rate at whi<:h rain falls is even greater than Rateoff&1l 
exceeds the 
figures given. 
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8 THE SANITATION OF BOMBAY. 

shown by the figures before given, for often eXI'.essive 
rates of fall may last less than an hour, and which, if they 
had continued would have greatly exceeded the horal 
rates given. It is the intensity of the rate of falling rain 
that it is most important to observe, so that adequate 
provision may be made in the si708 of all rainfall conduits, 
which must carry away excessive rainfall without 
inconvenience to the inhabitants of the district. 

It should also be borne in mind that the increase in 
building, and paved and macadamised surfaces within 
the city, will tend to increase the quantity of rain which 
will flow off the surface. 

Having regard to the excessive rainfalls that occur in 
limited periods in this district, above all things it is essen
tial that the rain, as far as possible, shall be preserved in 
all its natural purity and be conducted, by itself, to the 
nearest natural outlet; and that, under no circumstances, 
shall rain be permitted to mingle with the sewage and 
other polluted waters of the district; and that all channels 
by which rain flows away in the monsoon period shall, at 
all times, be preserved and carefully guarded against 
pollution of every kind. 

Now we may consider what becomes of the rain that 
falls on Bombay. It is certain a large portion may at 
times flow off the surface; a further portion sinks into 
the ground, and during the monsoon period, replenishes 
the ground water; a further portion is used up by 
vegetation, which, in the rainy season in such climates 
becomes prolific; and a further portion is again 
evaporated.. 

ne only experiments on direct evaporation which 
have been made in India, to which I have accesII at the 
present time, are the result of three years, 1851 to 1853, at 
Colaba Observatory. Unrortunately, these experiments 
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were made with a form of evaporator then in vogUe, which 
gave results very much in excess of what evaporation 
really is. The average evaporation in these three years, 
taken as described, was 89 . 5 inches per-annum, while the 
rainfall for the same three years averaged 82' 5 inches per 
annum. Of course, there are places where the evapora-
tion exceeds the rainfall, hut Bombay, on the average, is 
not one of them. There are years in Bombay when the 
evaporation has exceeded the rainfall, and which are di~ meot of. 

, .. evaporation 
tinctly marked by grave consequences to publIc health ex~ing lb. 

which in variably follow such a climatic condition i rainfa1l. 

unsanitary districts. I oonnot give a better instance in 
recent times than the year 1877, which was preceded 
by a year the rainfall of which was very much less than 
the evaporation, when a death rate of 52 per thousand 
was recorded in Bombay, or a rate double that of some 
recent years. 

In the time of heavy falls of rain in Bombay, the 
amount of evaporation is very small. The Colaba obser
vations exemplify this, for in the month of July 1851, the 
rainfall was 47'02 inches while the evaporation was but 
3' 07 inches. Dealing with the daily heavy rains of the 
monsoon period, evaporation would not diminish them hy 
0'10 inches, and may be discarded. The amount of evapo- InBaenee ot 
ration that goes on in a place like Bombay has a material e.aporalion. 

bearing on the health of the district. In the case of impure 
waterR, whether of the ground or exposed on the surface, 
it is the pure water that is carried away by evaporation, 
leaving behind a liquid gradually, but certainly, increasing 
in foulness, and in the case of ground water it is further 
liable to pollution from the filth that accumulates in the 
ground with a degree of intensity depending on the length 
of the period over which evaporation exceeds the rainfall. 

The probable annual amount of evaporation in a place =: ~r 
8Y8porat.um. 
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like BombBY, from a land surface charged with water in 
the subsoil, covered at times with luxuriant vegetation, 
and IlUrrounded by watl.>r, I ha\"e determined by calcula
tions based upon the temperature, the drynel!B of the air, 
and the velocity of the wind, would be about 62 inches 
per annum. The average amount of vapour suspended 
in the air of Bombay, which is the result of evaporation, 
would, if all collected as water, represent a column 10·6 
inches high. This vapour is largely taken up from tht'l 
sea that surrounds Bombay, and the effect of its presence 
is to modify and check the drying effects the air would 
ot.herwise have on the land, and it, consequently, becomes 
a sanitary agent exercising a potential influence for good. 

CoDde.aatioD. Condensation.-In addition to rainfall, the ground in 
warm countries receives a certain amount of moisture 
from the atmosphere, depending upon the difference of 
temperature between the earth and the air. From ex
periments which I have been conducting elsewhere, it 
would appear that whenever the ground is colder than 
the atmosphere, an amount of condensation takes place, 
but when the atmosphere is colder than the ground, as at 
night, the ground paris with its moistnre, and this moist 
air probably becomes the vehicle for conveying exhalations 
of a malarious character, and hence the importance of 
freeing the ground from every BOnrce of pollution. 

Percolaiioa. Percoloiion and Underground Water.-Of the rain that 
falls in Bombay a large part at once flows off the surface 
of the district, but a part sinks into the ground and forma 
more or less the underground waters of this district. 
Some of the rocks of this district are impermeable to 
water, but even these rocks are fiSBUred and not infre
qnently underlaid with porous bedding, and it is not 
unusual to find wells and tanks sunk into such strata 
yielding water. In districts covered with permeable 
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strata, the volume of water that is retained in the.ground 
depends upon the litilographical character of· the strata, 
its elevation, and mass. Porous strata in such a dis- Porou .. tr"ta 

'h '11' . moderato trict as this tend to moderate floods, as- t ey WI ,retain doods. 

a portion of the rainfall as in a reservoir, and subsequently 
part with it more slowly than if it had flowed off the 
surface of the ground, direct to the streams. As a rule, 
the amount of water that is lost in the ground after it 
has once entered it, forms, in many geological formations 
of a porous nature, a large percentage of the whole rain-
fall, and less rain passes by percolation into the ground 
with every additional foot of depth. 

The amount of rain percolating through the ground in Amount. of 

h· db' d . 1 b peroolatlon. t IS case an ecomlng groun water, can, In t Ie a sence 
of observation, be arrived at by inference, and probably 
would never exceed on the average 9 inches in depth, 
during the rainy season. The rate of percolation is also 
influenced by the rate of the rainfall, and will be greatest 
in the heaviest rains. Subsoil waters rise in the ground SubsoU'water. 

abruptly, and decline slowly, and the water in the ground 
exists in two forms, as the water which is met with in 
sinking into the ground, usually called the free water, and 
the other form of water in ground is found diffused in 
the strata above the free water, where it is held by the 
capillarity of the Boil, and it would be difficult to find any 
soil that is entirely free from moisture. When the rainy 
period commences, the first effect of the rain where the 
soil is not cracked is to saturate that part of the ground 
above the free waters, and when this has been accom-
plished, the rain then drives out the water held by cl\pil-
larity, and each increment of rain percolating, displaces 
a portion of such water, which then becomes free water in 
the subsoil; and in proportion to the ra'in percolating after 
I!3turation' has been reached, so the free waters increase, 
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and with the.increase of their volume, the rate of discharge 
of these waters from the ground also increases. All 
ground water may move from considerable distances, it 
may affect the health of the inhabitants of large areas, 
for this water is, as a rule, always moving from the 
highest to the lowest parts of a district. In districts in 
which the soil cracks in drying under high tempera
ture and the inOuence of drought, both rain and impure 
waters may be carried at once from the surface into the 
ground water. The discharge of underground water by 
its natural outlets is subject to considerable fluctuation, 
and such waters in the low portions of this district will 
fQrm part of the flood water for which it will be necessary 
to provide the means of removal. 

Rain performs a very important office in washing the 
soil and freeing it from impurities; but in Bombay, the 
rain percolating is, 1Jnfortunately, constantly augmented 
by impure waters flowing in open and permeable channels, 
which, more or le88, ramify the city in all directions, and 
which renders the soil upon which the dty stands impure, 
damp, and unwholesome, and is constantly polluting the 
underground streams of water, which, in consequence, 
carry a burqen of disease and death into many parts of 
this city. From some observations that have been made 
for my information by your engineering staff, under 
Mr. Walton's directions, it has been found that all those 

_ parts of Bombay which are tbe most unhealthy are, 
without exception, those into which, in addition to their 
own impure waters, the polluted underground waters 
flowing from other districts circulate; and, probably 
the most unhealthy district of Bombay is that of Kama
tipura. The underground waters move from every 
direction towards this place, and are actually used up in 
it; in fact, the ground waters in this particular district 
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were found at tbe time of my inspection to be absolutely 
lower tban the sills of the lowest sluice; and some feet 
lower than the ordinary channels by which such waters 
could escape to the sea. 

In perusing the papers placed before me, I find that Dr. Cook. 

attention has been directed by Dr. Cook to the increase of Iocr .... of 

phthisis going on in Bombay, and ascribing it to the b~:::'~.iO 
bringing in of additional water supplies, witboutadequate 
provision being made for the removal of such waters 
after use, and which, consequently, tended to produce a 
state of dampness in the soil, which condition favours 
the development of this class of disease. Probably this 
supposition may be true, but it must be observed that 
underground water channels, if left unobstructed, would 
carry ,away such additional water without incOnvenience, 
but it appears to me that the most important channels Dy 
which the underground water ought to escape have been 
so blocked as to raise the whole level of these waters in Level of 

the lowest parts of the district. Underground water obeys ~~d~ wslor 

exactly the same law as water flowing, on the surface, and 
I find that Major Tulloch, R.E., in his reports distinctly Hoj .. 

pointed out to the authorities that the raising of the low ToIloob. 

grounds about Bombay would raise the level of the floods 
over the island. What was then pointed out with 
reference to sulface water is equally applicable to the 
underground waters, and it appears curious that with the 
filling up of the flats with kachra, which would have the Elfeet of 

sr f' . h b'l I 1 ( 1 f1l1iogopflot .. euect 0 ralsmg t e su SOl water- eve as water a ways 
stands higher in the ground than in the open channels by 
which it escapes) there was an enormous a.nd sudden 
increase in deaths from diseases of the respiratory organs. In ....... in 

It may only be a coincidence, but I find that so great had ~;:tZ:,.m 
been the progress made in filling up these flats in 1880 as -
to require it. reconsideration of the surface drainage project, 
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and at this time the deaths from respiratory diseases 
increased from 1974 in 1880 to 3799· in 1881, and 
have gone on increasing from the latter year up to the 
present tirne.t It should be clearly understood that 
the filling up of low damp ground does not get rid of 
suhsoil water, hut only tends to conceal and raise it, and 
that consequently precautions should always be taken 
for effectually draining all such grounds before they are 
filled up. 

The presence of the existing flood-water reservoir (which 
might be more appropriately called a sewage reservoir) 
in which the waters are now kept up to a level of 84'0 
on T.H.D., is, I am hound to inform you, a very serious 
interference with the discharge of subsoil water, and even 
of the surface waters of the adjacent lands. Before there 
was a rel!ervoir, the waters could escape for eight months 
every year at the level of 73' 64, which is the level of 
the old siJ1s of Love Grove sluice. Now, the surface and 
ground waters outside the reservoir did at the period of 
my inspection stand at 79' 0 on T.H.D.; the level of the 
sills.at Warli sluice is 78'63, and at this level and 
distance from Love Grove could not provide an efficient 
outfall for the lands at Love Grove and those between 
that point and the popnlous part o( the city. Having 
regard to the position of these swampy lands in 
reference to the prevailing winds, it is of the utmost 
importance to the health of the whole district that low 
and effident drainage ontlets should be forthwith provided, 
80 as to properly drain all the low lands of Bombay. I 
find that this matter baa not escaped the o'beervation of 
your Medical Officer of Health, Surgeon-Major T. S. 
Weir, who has distinctly reported to the anthorities of 
Bombay that if they succeed in taking away moisture, 

• Dos DOt include phthisis. t Yi4k Table, p. 39. 
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they will remove one factor in the prouuction of malaria; 
and he has further informed me that-the most unhealthy Unh .. lthy 

period in Bombay is immediately after the rains commence, r;:~t;~ 
or the period' coincident with the washing out of the 
ground of the accumulated filth into the subsoil water, 
and when the further effect of the rain percolating into 
the ground is to drive the impure ground air out of the 
ground into the habitations of tbe people. 

Wind.-The direction, velocity, and frequency of the Wind. 

winds blowing must receive the fuUest consideration. I 
have abstracted from the observations at Colaba tbe velo
city.and relative frequency of the wind for fifteen years, 
1873 to 1887, and the following table_gives the result. 

Dil'{'ction of the 

I 
Average Daily I A .orago Frequency. Wind. Velocity of Wind. 

mUes doyo 
N. .. .. .. 12'4 25'7 
N.N.E. .. .. 7'6 18'0 
N.E. .. .. 12'8 23'5 
E.N.E. .. .. 12·8 19'6 
E. .. .. .. 4'0 8'8 
E.S.E. .. ... 4''7 8'9 
S.E. .. .. 4'0 5'3 
S.S.E. .. .. 6'6 6'6 
S. .. .. .. 6'6 6'8 
S.S.W. .. .. 6'9 8'2 
S.W. oo oo 11'2 14'0 
W.S.W.oo oo 51'2 84'6 
W ••.• oo oo 43'8 50'5 
W.N.Woo. oo 80:0 42'9 
N.W. oo oo 41'7 52'2 
N.N.W ••• oo 84'4 401 

Totals .. 290'2 865'2 

Direction, 
velocity, and 
frequency of 
wind. 
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The wind, on the average, blows over Bombay 290' 2 
miles per day, or over 12 miles per hour, and with such an 
ever-moving current of air Bombay ought to be healthy, 
but even this wind, instead of conveying increased vigour 
and life to the inhabitants, may become a BOurce of evil. 
By putting the velocity and frequency of the wind into a 
diagram, or forming a wind-rose, the inHuence of direc
tion is at once discernible to the eye. In the wind-rose 
for Bombay, as shown below, the full line represents the 

frequency of the wind, while the dotted line represents 
the proportionate velocity of the wind, both on the 
average for fifteen years. The enormous preponderance 
of winds having a westerly component is at once seen; 
and by reference to the figures, and neglecting direct 
north and south observations, it will be found that with 
regard to frequency 72 -78 per cent. of all the winds have 
a westerly component, and but 27'22 per cent. have an 
easterly component; with regard to the velocity or the 
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volume of the winds that blow over Bombay, 80' 64 per 
ceJ;l.t. have a westerly component, and but 19' 36 per cent. 
have an easterly component. The pronounced direCtion 
and volume of the winds at Bombay show how important ::\dn;,:ido 
it is that the western lands and sea should be kept free free from 

from pollution, so that the fresh winds of heaven that pollutioB. 

blow with such preponderance from the Arabian Sea shall 
reach the city in all their pristine purity. 

I must also point out what appears from the Admiralty 
publications, that the winds at some periods of the year IoJIuen .. of 

1 . fl h d' . f W' d WUldon_ great y 10 uence t e lrectlon 0 sea currents. 10 S cunonts. 

with a northerly component tend to produce southerly 
sea currents, while those with a southerly component 
produce northerly sea currents. It will be seen from 
the result of the observations, that there is a very con
siaerable preponderance of winds having a northerly Windowith 

• northerly 
component. The followlOg figures show not onJy the oompoucnt. 

frequency by percentage of the whole of the winds, but 
also the proportionate volume of such winds. 

Winds having a northerly ocmponont 
Winds having B &outherly ocmponent 
Dire.t eBBt wind. . • • • 
Direct we.t winds • • • • 

FreqneuO)'. 

60'78 
22'97 
2'41 

18'84 

100'00 

Velocity. 

52·27 
81'43 
1'88 

14'92 

100'00 

A careful study of the direction of the winds will show, Points fo. 

beyond all doubt, that so far as Bombay is concerned, if it ::~of 
is to get the greatest advantage from its sanitary works, it 
must dispose of its sewage neither on the west nor on the 
north of the city, and that all liability of polluting either 
the earth or sea should, if possible, be most carefully 
avoided in those directions. 

o 
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;,~ :::::::. The wind is a very important factor to consider ill 
connection with the ventilation of the sewers, causing 
currents of air to traverse the sewers in various directions, 
and, consequently, provision should be made for prevent,. 
ing, as far as possible, all direct currents of air, or rather 
wind, passing through the sewers. 

Temperature.-The mean temperature of the air of 
Bombay, as recorded at Oolaba Observatory, on the 

BaDge or average of 42 years, is 79'13°; the range of tem-
temperature. 

perature in that period has varied from 100' 20 as an 
extreme maximum to 53' 3° as an extreme minimum, or 
46' 9°. Temperature has an important bearing on the 
rate at which decomposition takes place in sewage. 
At about the extreme minimum temperature observed 
here, and at all temperatures below it, sewage can be 
preserved fresh for an indefinite period; but at all 
temperatures above the minimum temperature observed 
here the rate of decomposition is considerably ac

celerated, until the temperature reaches a point near 
boiling, when it then exercises a preservative influence 

Tempemtlll'8 on sewage. Temperature has also some, although 
~:. venti. slight, influence on the ventilation of sewers; it has 

also a very potent influence on all materials used in 
the construction of sanitary works; even an earthenware 

Allention of pipe sewer is susceptible of alteration in length to a very 
leogthof 
pi_ considerable extent by changes of temperature, and sewers 

subject to considerable range of temperature are very 
difficult to maintain in a watertight condition. Sewers 
are subject to changes of temperature from the changes of 
temperature of the air, the ground, and the sewage. 
From observations made at Colaba on the temperature of 

GIOIIDd the ground. it appears that the range of temperature of 
_-.e. the ground is very small, and is a very favourable con

. dition under which sewers may be constructed and main-
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tained watertight. The following figures give the range of 
the mean monthly temperature of the ground at Colaba :-. 

Mean Mean R'.gQ of 
Depth. P.riod of Observation. Maximum Minimum Monthly 

Monthly Monthly Temperature. Temperature. Temperature. 

m('hes . . . 
20 1878 to 1887 87'5 74'4 111-1 

60 1878 " 1887 86'7 80'0 6''1 

132 1879 " 1887 84'9 80'9 4'0 

144 1851 " 1854 84'3 81'5 11'8 -
The temperature of the water supply of a district of T.mperaturo 

• of water 
course mfluences· the temperature of the sewage; as a oupply. 

rule, the temperature of the water supply of a town in 
the mains is the temperature of the ground at the 
depth at which the mains are laid. On three occa-
sions I have taken the temperature of the sewage at 
Love Gr~ve pumping station, and found it was-

1/2/1890, at 7.80 .1..11. 

8/2/1890, at 7.45 A.II. 

18/2/1890, at 6.20 P.II. 

The temperature of the sewage was also taken by me 
in the sewers of Bombay, and the figures are given at 
pp. 96 and 97. 

The temperature of the sewage of Bombay at the present lnft ..... of 

time is likely to be considerably augmented by reason of the BUU'II&YL 

pernicioua system of permitting it to be exposed in open 
channels to the sun's rays before it is admitted into the 
underground sewers, which exposure increases the liability 
to decomposition of the sewage, and renders the sewage 
very offensive when it reaches the sewers. No time shonld 
be lost in at once abolishing all open channels for sewage OpenohauuBio 

• should be 
and conveJlng the whole of the sewage by proper drains lIoboli.ohed. 

o 2 
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to the sewers, for it must not be forgotten that sewage is 
a dangerous article to play with, especially in a hot 
country, the inhabitants· of which are susceptible to a 
variety of intestinal and other disorders capable of being 
transmitted by sewage. 

Area of District.-I find from the last census returns, 
which bave been so admirably compiled, and which give 
a vast amount of very useful information, that the total 
area of Bombay is 14,231 acres. In the census return the 
area has been divided into a number of separate districts, 
for the purpose of arriving at the relative number of 
persons inhabiting each part- of the city, and such infor
mation is absolutely requisite in grading the size of every 
sewer and branch sewer within tlle district. For the 
purpose of disposing of the rainfall and underground 
water, it is equally essential to know what is the area of 
each separate part of the watel'!!hed. With the assistance 
of your engineering staff, the disposition of the surface 
area of the· whole district has been ascertained to be as 
follows:-

Aer .. 
Area at preseni chaining by ftrions onUeta } 7 362 

direct to the .... • • • • • • • • • • ' 
Area draining or to be drained to Love Gr .... e 3,240 
Area draining to Warli •• •• •• 2,308 
Area draining to Dharari •• •• •• 1,321 

Total ...... of distriei ., 

Of the area draining to Love Grove 1232 acres are 
located above the highest water level of the sea, and the 
surface water could be conveyed direct to the sea. Of the 
area draining to Warli, 797 acres are above the highest 
water level of the sea; and of the area draining to Dharavi, 
419 acres are above the highest water level of the sea, and 

• The .... of the disUie& is gi1'eD in greater o1etail at p. 89. 
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in both these cases the rainfall from these areas could be 
conveyed by gravitation direct into the sea; so that in 
the whole district more than one-third of it is high land 
which, at present, pours its Hood waters into the low-level 
district, and occasionally floods it to a much greater 
extent than would be the case if the surface water was 
diverted direct to the sea from this large area of high 
land. -

Geology oj District.-The geology of this district when Geology. 

looked at from a sanitary point of view, is far more impor-
tant from its hydro-geological character than from the 
nature ·of its geological formation. It will be observed 
from a careful study of the health statistics of Bombay, 
that the porous formations, like littoral concrete and alIu-
viaI.and marine deposits, and even the impermeable trap 
formation, are more or less healthy according to elevation Inlln.~ .. of 

geolOgical 
of the ground, and contain water in their subsoil. What str.to on 

• • • health. 
has already been saId 1D regard to percolation and ground 
water may be still further emphasised by the study of 
the geology of the district, and the relative rates 4)f 
mortality on these different geological formations which 
have from time to time been placed before the authorities 
~~~~~&W~ ~_ 

PhyKical Outline of District.-It has already been Phy.ical 
. . outlmeof 

mentioned that part of Bombay hes at a lower level than Bomb.y. 

high-:water mark of the sea, and, as a natural consequence, 
special means are necessary for successfully dealing with 
its sewerage and drainage. The Island of Bombay appears, 
at no distant date, to have been.a group of islands which 
are now joined partly by the exclusion of the sea and 
partly by the artificial raising of intervening low ground. 
If the sea should again gain admission into the island at 
high water, Mahim and Warli would each become separate 
islands, and Parel and Matongali would be joined· to 
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Bombay by a narrow isthmus. The importance or 
excluding the sea is obvious, and the solidity of the 
structures necessary for this purpose must always receive 
careful attention. 

The Island of Bombay is formed by two parallel ranges 
of hills, which give a basin-shaped formation to all the 
island north of the esplanade, and this surface configura
tion points to another factor that must be considered, and 
that is in time of heavy rain, as the bottom of the basin 
is below high-water of the sea, and even, in some parti
cular tides, below the low-water mark, therefOl:e it is 

• obvious that a considerable accumulation of rain may 
occur in the bottom of this basin at certain periods. It is 
absolutely essential that every means sbould be adopted 
in such a district to prevent flooding. There are large 
inhabited districts in England and elsewhere that are 
located Lelow the high-water mark of the sea, and which 
have been successfully dealt with, and the principles that 
are weH established in the drainage of these low countries 
nlust be the g~verning principle to be observed at 
Bombay. The first rule in snch cases is that all flood 
waters from high lands, or lands above high-water mark 
of the sea, shall have such waters intercepted from flowing 
on to the low lands by being conveyed in the shortest or 
most convenient channels direct to the sea. The second 
rule, also of primary importance, is that to drain low 
Jands successfully, the low-water level of the sea shall be 
brought the greatest possible distance inland. 

Now, in the case of Bombay, on the eastern side of 
the island you have Navroji Hill, Bhandarwada Hill, and 
Gorapdev Hill rising from an elevation.of 30 feet to over 
100 feet above high-water mark, and the western slopes 
of these hills pour down their flood waters into the 
bottom of the low-lying basin, and on the western side of 
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the island you have Malabar Hill, Khambala Hill, and 
Warli Hill, rising from an elevation of 40 feet to 160 feet 
above high-water mark; and the eastern slopes of these 
hills shed their waters into the bottom of ·the basin. 
Such an arrangement, I need not'!!ay, adds enormously 
to the floods of the district, and it would be !l great relief 
to all these low lands if one-third of all the flood waters On":third of 

could be diverted direct to the sea; this could be easily :::;b; ..... 
done by the constl'Uction of proper works for this p.urpose. removed. 

It appears to me, after a perusal of the original 
reports on the surface,water scheme, that your executive 
engineer, Mr. Rienzi Walton, was so much interfered with Interferen ... 

b . . d' "d h 1. .. I la'd withe.eoulive y engmeerIng a vice ouere , t at t e pnnClp as I engineer, 

down in the report of 8th March, 18.75, have been departed R. Wallo ... 

from. In that report it was intended to deal with the 
high lands separately,and, according to the same report it 
was also proposed to constl'Uct channels in the low lands, 
by which the floods could have been rapidly discharged. 

In the scheme of surface-water drainage, so far as it Flood wa\en 

has been carried out, the flood water from the high land., :::v~~-:d into 
instead of being conveyed direct to the sea, is conveyed low level. 

direct into the low-level district, and high and low lands 
. are linked together to the great detriment of the low 

parts of the di~trict, for it can make Ii ttle difference to 
these low districts that the floods instead of flowing on 
them on one side, back up on to them on another side. 

In my opinion, it is essential that the two rules to be Rule. 10 be 

observed for the drainage of all low lands, or lands below oboerved. 

high-water mark of the sea, sho~ld be strictly enforced in 
this district. 

It is also necessary to look at Bombay with reference Geographieal 

to its geographical position, and the formation of its coast- C:~.Of 
line as affecting the sea and tidal currents. By reference 
to tbe Admiralty charts of the west coast of Hindostan, it 



CoasHin •• 

24 THE SANITATION OF DOIIDAY. 

will be seen that the Island of Bombay is recessed within 
the general coast-line and is completely land· locked on 
the north and east sides. The general coast-line· runs 
from N.N.W. to S.S.E., but the western shore of Bombay 
projects outwards at- an angle beyond the general coast
line. and the coast-line of that part of the Island of 
Bombay extending from the north as far south as Malabar 
Point, has a coast-line running from N.N.E. to S.S.W. as 
shown in the sketch below. 

Tidal Observation&.-In the case of Bombay, the subjects 
of the disposal of surface water, subsoil water, and sewage 
cannot be considered unless we are in possession of accu
rate observations upon the level, length of period of the 
rise and fall, and the range of the tides. It is also 
important that the direction of the sea and tidal currents 
should be determined. 

It appears to me. that owing to a grave error in the 
study of the tides and tidal flow, very erroneous con-
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elusions have been drawn which have had a very material 
influence on the selection of the present point of outfall 
for the discharge of the sewage of Bombay, and which is 
not the point of outfall that should ha.ve been selected, 
had it been desired to get rid of tbe sewage and sewage 
influences once and for ever. With reference to the level 
of the tides, there is published every year in the very Tide IAbl •• 

useful tide tables for Bombay, by Lieut.-Colonel ~. W. for Bombay. 

Rogers, R.E., and E. Roberts, Esq.,. F.R.A.S., F.S.S., 
a table giving information on this point, from which the 
foIIowing figures have been abstracted :'- . 

High water, extraordinary spring tide. 
., ordinary " 

Mean high water •• • • • • • • 
High water, ordinary neap tides .• 
Highest low water.. .. .. 
Mean sea level .• • • • • 
Low water, ordinary neap tide. 
Mean low water • • • • • • 
Low water, ordinary spring tid •••• 
Mean lowest water, ordinary .pring tide. •• 
Low water, extreme spring tides •• • • • • 

Feet. 
T.H.D. 

88'42 
86'25 
84'50 
83'25 
81'00 
80'16 
77'25 
76'00 
74'25 
72'00 
71'16 

Height of 
. tides . 

The extreme range of the foregoing figures is 17' 26 feet. Range of 

The following figures give the greatest and least range tide .. 

of the tide as observed at Colaba Observatory between 
the years 1846 and 1861. 

Year. 
Greate.t Range Least Range 

of Tide. _ of Tide. 
Foet. Feet. 

1846 16'1 2'4 
1847 15'1 2'0 
184.8 16'4 1'9 
1849 15'8 2'11 
1850 15'8 11'4 
1851 15'9 8'1 
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Year. G",:~:Uga Leut RaD,' 
or'fide. 

Feel. Feel. 
1852 .. 16'9 \l'8 
1853 14'4 ~'4 

1854 14'0 \l'0 
1855 .. 15'9 \l-7 
1856 16'\l I-I 

r857 10'6 1'0 
1858 8'8 0'8 
1859 7-0 1-3 
1860 15-8 \l'0 
1861 .. .. .. 15-4 1'0 

Higheolalld The observations for the years 1857 to 1859 should be 
)oweot.tid .. at - . d -' ., b b - h h CoIaba . reJecte , as It IS apparent .rom teo servatlOns t at t e 

Diurnal 
80_or 
&ideo. 

tide-recording instrument was out of order in those years. 
Assuming that the zero of the Colaba tide-gauge was 
81- 21 on Town Rail datum, then the highest tide recorded 
at Colaba rose to 90'41 on T.R.D., and the lowest 
recorded tide fell to 69' 81 on the same datum. The 
observations from the Apollo Bunder tide-gauge, which 
have heen kindly supplied by Charles Wood, Esq., show 
almost analogous results to those furnished by the Colaba 
observations. It should also be noted that at Bombay 
there is a very considerable diurnal fluctuation in the 
level of the tides, for from September to March the tides 
nearest midnight are the high~ while from March to 
September, which covers the monsoon period, the tides 
nearest to noon are the highest, and this difference in the 
morning and afternoon tides in the months of January, 
June, July, and December often exceeds three feet. 

The following figures I have worked out from the 
Colaba tidal observations, and they give the height' of the 
highest high water and the highest low water, reduced 
to the T H.D. during the monsoon period_ 



Year. 

1846 

1847 
1848 
1849 

1850 
1851 
1852 

1853 
1854 
1855 
1856 
1860 

1861 
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May. June. July. Augusi. September. 

B.W.I L.W.IH.W.I L.W. H.W. L.W.IH. W., L. W. L.W. H.W. 

88'01'79'4190'41
1
80'7190'41 80' 91189 '61 81'11189 '2181'01 

88'31180'71187'01
1
79'1188'41 80'4188'61 80'4188'8180'21 

88 '41
1
78 '21188' 71179' 31187' 51 79'5187·81 79'4187'1179'51 

88'11
1
79'01188'7179'0189'51 79'5188'81 79'9187'9179'71 

86'41178'5187'3177'7188'11 78'9187'61 78'8187'5178'91 

.. .. " .. .. .. 87'81 79'01 87'31 79'21 

89'61 79'01 88'21 78'21 87'01 78'81 .. .. 86'81 78'51 

.. .. 88'81 80'01 89'11 79'81 88'61 HO'21 87'91 80'71 

.. .. 88'21 79'51 90'01 81'21 87'31 79'01 87'01 80'31 

86'11 77'91 .. .. 88'51 79'91 88'21 80'01 87'01 80'51 

86·71 78'91 .. .. 85'71 79'81 84'91 79'61 84'91 79'31 
. 87'61 78'81 86'61 78'91 87'11 80'01 .. .. .. .. 
87'S1 78'21 87'11,80'01 87'11

1

81'01 86'81 79'81 86'71 78 ,ill 

Nor&-The blaok epaceo .... imperfect or mis8\og recorda. 

Beightol 
JU"h and low 
water. 

The above figures clearly show that in the monsoon Accumulation 
. d h h' hI of water on perlO you may expect suc a 19 ow water that an aeou- low lands, 

mulation of the land water on the surface of the low level 
district must follow, unless sufficient storage is provided 
at a level sufficiently low to prevent flooding, or the water 
is at such times pumped out'by mechanical means. , 
. The length of period of a tide, or the time of the rise Time ofri.oe 

and fall of a tide on an average of a large number of tides, ti~'!.':·ll of 

is about equal, or the rise and fall are each 6 hours 12l 
minutes; but occasionally the length of the period of the' 
rise may be prolonged by the influence of the wind, or the 
time of ebb may be quickened or retarded from the same 
cause, and these exceptional conditions must be studied 
in reterence to the time available for the discharge of 
either flood waters or sewage into the sea. Having ab-
stracted from the records of the tidal observations taken 
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at Colaba during one year (1854) the time in which the 
tides rise and fall, the following figures give the extreme 
time of rise and fall of the tides in each month of that 
year. 

Mont.h. I 
I j I 

Longest Period Shortest Period Longest Period Shorte.1 Period 
of Rise. j of Rioe. I 0/ Fall. j or Fall. 

h. m. h. m. h. m. h. m. 
January •• .. 7 40 4 55 7 0 5 85 
Feb1'1l&l')' •• .. 7 50 4 15 7 15 5 40 

March .. " 7 53 4 80 6 50 5 15 
April .. .. 7 10 4 45 7 20 5 40 
May •• .. .. 7 40 4 16 7 15 5 5 
lnne .. .. .. 7 25 4 45 7 80 4. 55 
July .. .. .. 8 15 4. 15 7 25 5 5 
August .. .. 7 15 4 15 6 55 5 15 
September .. 8 50 3 25 7 85 5 30 
October .. .. 7 50 4. 25 7 20 5 " November .. 7 30 3 40 7 0 5 35 
December .. 8 30 4. 10 7 20 5 10 

From the foregoing figures it will be seen that th~re 
is less fluctuation on the ebb than the flood tide, and that 
it is a very rare occurrence for the tide to eLb for less 
than five hours. 

It has been pointed out in the published Colaba 
reports by Mr. Chambers that, in all probability, increasing 
barometric pressure decreases. the mean level of the sea; 
it is obvious, if this is the case, as the barometer is lowest 
in the monsoon period, that there is a tendency to get at 
that period a higher mean sea-Ievel, which may amount 
to as much as one foot as compared with more favourable 
periods of the year. 

The level of the tides clearly shows tha! there are 
times when the sea-Ievel at low water is actually higher 
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than the surface of the lowest lands in the district, and, 
as has been already pointed out, provision must be made 
at such times for the storage of flood waters or their, 
being otherwise dealt with, or the inevitable consequence 
must be the flooding of the low parts of the island. For
tunately there are two tides every day, and, owing to the 
diurnal differences in the rise of the tides, both tides at 
low water cannot be equally high, so that on one tide every 
day there is a chance of discharging flood waters down to 
a low level if sufficient provision is made for that purpose, 

Probably the most important factor that is required Time tide 

to be known in reference to the tides is the actual period t!~~, .. rtain 

of time when the tide is at or below a certain level, and 
this period further governs the discharging capacity of all 
outletS into the sea, A table has been compiled, under my 
instructions, in the executive engineer's office from the 
records of the tide at Apollo Bunder for the months of 
June, July, and August 1889, from which the following 
figures have been taken: • - ' 

"Level of 
Tide. 

T.R,D, 

88 

86 

84 

82 

80 

78 

77 

76 

74 

, . I Sborlaat Time TidelA verage Time Ibe Tide LODgest Penod Tide below the slated Level below tho alated Level 
below the stated ~l'el on Fall and Bise of on Fall and Rise of 

on Fall and Btse. Tide. Tide. 

boun houra hours 
12'41 12'41 12'41 

12'41 9'74 12'86 

12'41 7'85 11'16 

12'41 6,29 8,26 

7'85 Nil 6'90 
6'04 Nil 8'89 
6'51 Nil 2'79 
4'92 Nil 1'84, 

8·61 Nil O'Sl 

• The detail. are given at pp, 82-88, 
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The directions of the sea currents in the n~ighbourhood 
of an important harbour like Bombay have not escaped 
attention, and for the guidance of mariners have been 
recorded in the' Pilot of the West Coast of Hindostan,' 
while the directions of the tidal currents are sbown on 
the charts of the harbour published in 1863, and on the 
most recent Admiralty charts corrected up to the present 
year. With reference to the sea currents, which depend 
entirely upon the monsoon, I had better quote the 
published documents:-

.. The Malabar coast is indeed without anything to 
call a current in the north-east monsoon, except after 
February, when the wind takes a north-west character, 
and then there is a drain of the lee-current southwards, 
especially off Mount Dilly, increasing in March and .A pril, 
when the north-westers blow stronger." 

"In May variable winds take the place of nort.h
westers, and there is little or no current along the west 
coast; but when the wind veers to the southward and 
blows fresh, it brings with it a current setting northward." 

The "current setting up the coast in the Gulf of 
Cambay in the months of May and June, whenever the 
wind veers to the southward, and at the commencement 
of the south-west monsoon; but it is believed that the 
occasions are rare indeed when the current obliterates 
the ebb stream of Cambay Gull. Southerly winds doubt
less produce a current which tends to increase the strength 
of the flood stream and prolong its duration; but, one 
week after the rains have commenced, there is such a 
body of water in the freshets in many of the rivers of 
North Konkan and Surat, that the coast current must 
then Lave a strong southerly tendency." 

"In July, when the rains have swelled the rivers, 
producing great outsets, its strength is much increased; 
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and then, d~lring the. period of ebb tide off Bombay, 
that is to say. for seven or eight hours at a time, 'the 
navigator must reckon on a southerly current of at least 
2 knots an hour, extending 10 miles off"shore." 

"Throughout the south-west monsoon the strongest South·west 

regular current of any time of the year is experienced mOQ.600D. 

setting southwards; below Bombay it averages about one 
mile per hour." 

This southerly current continues along the coast from Southerly 

Cochin to Comorin "during September and the early .. rrenls. 

part of October; for the rainy season in Malabar is not 
considered over till the full moon.in the latter month, and 
the fresh waters of all the west coast rivers flow towards 
the southern extreme of the peniusnla. The set is with 
the direction of the coast; the influence of the river ebbs, 
in general, not extending seaward as far off as a vessel 
should in prudence navigate along this Seaboard, except-
ing off Bombay." 

The direction of the ilea currents points distinctly to POBitiOD for 

a position south of Bombay as the most appropriate for a outfall. 

sea outfall. 
With reference to the tidal currents, ''I'he West Coast Direction of 

Pilot' says that the tidal wave strikes Western Hindostan tidalounouls. 

from the west at right angles to the mean direction of 
the shore-line, or somewhere from about W.S.W. -'" 
toE.N.E. 

It will probably be right for me now to direct your Float ""peri. 

attention to the tidal float observations made in conuection menta, 1866. 

with Mr. Russell Aitken's drainage project of 1866. The ob-
servations were made by Mr. Jugannath Sadasewjee, C.E., J.Bodoaewj .... 

with whom I have ha.d an interview, and learnt, what 
appears from the observations, that iliey were taken with 
a float which obeyed the direction of the wind more readily 

. than the tidal current. I have had II-ccess to the chart 
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on which a number of the observations are recorded, and 
every one of these observations agrees with the modern 

InBuen .. of charts as to the direction of the tidal currents. By 
f'onn of Boat. 

reference to these early observations it will be seen that, 
without exception, the floats were more subject to wind 
force and the direction of the wind than to the tidal action, 
a circumstance almost entirely due to the form of float used, 
which, I have been informed, consisted of a barrel floating 
on the surface, carrying a flagstaff and flag. By referring 
to the observations it will be seen that the speed at 

Fl08ta which the floats travelled was always greatest out of the 
inBuenoed by 
wind. harboor when the wind was down the harbour, such as 

N.W. and N.W.N. winds; on' the other hand, the rate 
of speed of the float out of the harbour was always the 
slowest when the wind was up the harbour, or S.E. and 

Poroeofwind, E.S.E. The force of the wind also materially affected 
li!:- on the rate of travel of these floats: with a wind force of 

1 to 21, when the wind was N. and N.W., the floats had 
a rate of travel of about half a mile per hour out of the 
harbour; but a wind in the same direction having a 
force of 13! to 16!, gave a rate of travel of 21 miles 
per hour. With S.E., E.S.E., and E. winds, varying in 
force from 8 to 10!, the velocity was from one-fifth to 
one-third of a mile per hour out of the harbour; and 
with S.W. and W.S.W. winds the rate of travel out of 
the harbour was from one-eighth to one-sixth of a mile 
per hour. The element of wind must not be entirely 
ignored in the case of a sewage outfall, as there are 
certain substances discharged from sewers that will float 
for a time on the surface of the water; and as such 
substances are liable to be driven' on shore by the wind, 
it becomes very important to select a point of outfall 
the least likely to be influenced by the -direction of the 
prevailing winds. 
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I must now draw·your attention to the evidence given Mr. Oorke. 

on pages 52 to 55 of the Report of the Commis~on of 
1877, by Mr. Corke, first assistant to the master attendant; 
also of Mr. Jolley, second assistant to the·master attendant, Mr. JoU"" •. 

pages 55 to 58, confirmed as this evidence is by Sir Henry Sir Hemy 

. Morland on page 66 of the same report. The evidence Morland. 

of Mr. Corke practically come~ to this, that at the extreme 
end of the South-west Prongs, in 36 feet of water at 
spring tide, at the commencement of the flood, the set" is Tidal 

• . currents. 
E.S.E. ,; as the tide covers the rocks It falls to 
east ~ j and northward~. At three-quarter flood 
the set is N.E. /. At the South-east Prongs, at the 
beginning of the ebb, the set is W. +-, and by N. to 
W.N.W. towards Back Bay .......... till it extends 2! to 3! 
miles, .and then sets W.S.W • ..,r and goes out to sea, 
where the set is S.W.· /' as long as the tide lasts, and 
goes right out to sea,. never returning into the harbour'. . 

Mr. Jolley's evidence was to the effect that just clear South-we.t 

of the South-east Prongs the tides from the rivers and IDODIOOIL 

harbour meet, causing a commotion, in the south-west
monsoon till the stronger tide carries the other away with 
it westerly, The stronger the freshes the more westerly 
the set. In strong freshes after heavy rain he had seen 
the set W.S.W. ~ .at a point from the inner llght-ship.· 
At the Prongs, at flood tide, the set is E. _ ; at half 
flood E.N.E. ~; and would tend to N.E. /. The ebb 
tide runs more westerly than the flood tide. 

It appears that at one time it was the opinion of a Poiuteor 
L'c d . f h M .. I' ha'f dis.hnrgeof lormer a Vlser 0 t. e UDlClpa tty ttl sewage was .... age. 

discharged just inside the mouth of the harbour, at all 
states of the tide, it would be carried out to sea, and that 
. even on flood tide the sewage would be carried out and not 
iuto the harbour. I must say that the float experime&ts 

• This ship haa been removed. 

D 
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that were made certainly do not corroborate this vie\v, 
and 8\J a piece of further evidence I may draw attention to 

Dr. Blaney. that of Dr. Blaney before the Commission of 1877, who 
said that he was an eye-witness of some of the float 
experiments (Report 1877, p. 76). and that" the floats 
which should have gone out with the flood came back, 
and with the ebb they went out." . 

AOOOJd .. to 'So far as I can find any record, all persons who are 
direction of. • • fi • d d 
tidal cunenl& ill' a posltIon to orm a correct JU gment are agree upon 

the direction of the movement of the tides, and it is there
fore with profound regret that I have to draw your 
attention to a report made in January 1868, not by any 
of your officers, but which report has been referred to 
and quoted over and over again against certain points 
being selected for a sea outfall for the sewage of Bombay. 

Erroneous The conclusions that have been drawn from this report 
repori on tidal ha' . d be h' f corrente.· ve, ill my JU gment, en t e malO cause 0 your 

Municipality not' having hitherto solved the problem of 
the effectual disposal of the sewage o£ Bombay. It does 

. not appear to have occurred to any person, so fur as I can 
glean from the papers submitted to me, that this report 
was absolutely inaccurate, and that the currents that do 
occur are the very opposite of those 80 clearly set forth in 
the report, and the report in this respect is either the result 
of a serious mistake or of imperfect or incomplete or false 
information having been laid before its distinguished 
author. It will be. seen from paragraph 12 of that 
report that the conclusions drawn from the float experi
ments conducted by Mr. Jugannath Sadasewjee, C.E., 
are distinctly stated to be that" the' flood tide has a flow 
towards the sea, and they seem to indicate at the same 
time that the ebb tide would carry the sewage back ioto 
the harbour." And again, it is stated in the paragraph 
in the report before quoted, that .. the only legitimate 
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conclusion which may be drawn' from the experiments 
already made is, that if sewage is discharged at any point 
on the harbour sid,e of Bombay, it will, during each tide 
in the montbs of February, March, April, and May, be 
brought back into the harbour by the ebb tide." 

Upon such an opinion the most suitable position for a Soitablepoint 
• • • of outfall 

sea outfall has, ill my Judgment, been condemned ill con- rejected, 

sequence of a very serious error in the report before 
referred to. How such an error can have escaped detec-
tion is inexplicable, for what person knowing. Bombay 
could be brought to believe that the flood tide flows 
towards the sea instead of from it, and the ebb tide flows 
from the sea instead of flowing towards the sea; or, 
in other words, who can believe that Bombay ''harbour. 
~mpj;ies itself on flood tide and refills on ebb tide? ~~, my ~port & 

mind the \Vhol_~ thin£is a..rni.stake:; the full lines showing mlSlake. 

tIie-direction of the floats as laid down on the chart 
have been taken to read for flood tides, as would usually 
be 'the case, but unfortunately in this caae they repre-
sent ebb tides, while the dotted lines in this case represent 
flood tides, or the opposite of the usual practice, and in 
this way the error in all probability occurred. I ought, 
however, in fairness to the author of that report, to say 
that he was not in favour of an outfall on the western 
shores of the island, for he very properly stated what is W .. tern 

the case, that "tbe western coast is in fact utterly un- =:r.:~.ed. 
suited to the purposes of an outfall." 

I must report that experiments made while I have 
been in Bombay with proper sunk floats by Mr. Raghu- Ne .. ~o.1 
nath Putlaji, head surveyor of the Port Trust, and whose experlmenl •. 

services have been placed at the disposal of the Munici~ 
pality by George Ormiston, Esq., Mem. lnst. C.E., O.Orm;"Io •• 

confirm the accuracy of all the former tidal observations 
to which reference has been made. 

D 2 
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Etrecl of There is also another way in which tidal w.ater ex-
mixing action. • be Ii· I . B . • 

Outfall101lill 
or iaIaDd. 

ContiD1101I8 
diorharge or .. -

DisrhorgII in 
fourbounoa 
ebb &ida. • 

erClses a ne CIa In uence Incarrymg away sewage, 
and that is its conveyance away by mixing action. When 
any substance like sewage or other li9.uid is put into a 
liquid that occupies a space that is regularly filled and 
emptied, a very large part of the liquid put in will be 
conveyed away by mixing action, even if there be no 
current. In the case of Bombay, where the relative 
proportion of sewage to sea water is very great, a very 
large percentage of all the sewage would be taken away 
never to return, even if it still remain sewage in sea 
water, which fortunately is not the case. 

The annexed sketch plan (Plate 1) shows the direction 
of the flow of the tides. The fledged arrows on the 
plan, and throughout this report, indicate the direction 
of the flood tides, while the nnfledged arrows indicate 
the direction of the ebb tides. 

The directions of the tidal cnrrents in the case of a 
Sea outfall being adopted for Bombay demand that such 
outfall should be located to the south of the island. 

In whatever position a fea outfall for Bombay was 
selected, and the sewage discharged continuously, the 
flood tide would bring a part of the sewage mixed with 
sea water back upoil the island, which is not a desirable 
state of things. Experiments at the existing outfall show 
that the sewage and sea water are moved backwards and 
forwards by the ebb and B~ tides for a considerable 
distance, thus tending to foul a long length of foreshore. 

In order to effectually get rid of sewage at the proposed 
point of southern outfall the sewage should he stored either 
in the sewers or in a covered reservoir, and the discharge 
should be limited to four hours on the ebb tide only. 

The application of the reservoir principle to the 
present outfall would be a great improvement, as the 



1 
J 

I 
I 

/ 

To #GQJ ptJ!Je 36. 



THB SANITATION OF BOMBAY. 37 

sewage would then only be discharged for one-third tbe 
time it is now discharged, and only while the tide is 
drawing off the foreshore, and co:nsequently there would 
be far less length of foreshore exposed to the influence of 
the prevailing winds. I mention this as an improvement 
on the existing outfall in case a southern out~all should 
prove too expensive, or there should be some over
whelming objection to its construction, whicb, however, 
I must say I fail to see at the present time: 

With reference to a southern. outfall, I observe that, as Soutbern out

long since as 1865, a Commission was appointed by the f:1i~~~ted 
Government, and they selected an outfall at Colaha; and 
I find also that Major Tulloch, R.E., in his first report on M~or Tulloch 

Bombay sewerage, throws out a, suggestion that in the :tf.:u~them 
event of land for sewage irrigation not being available, the 
site chosen for the present pumping station at Love Grove 
was equally applicable for diverting the sewage to Colaba. 

Population.-The determination with accuracy of the 
population of any place between the periods of a census Population. 

is always more or less a difficult problem; it is specially 
difficult in towns whose population is liable to consider-
able fluctuation, arising from the exigencies of trade and 
commerce. 

It is a peculiarly difficult problem to determine, with 
an;ything like accuracy, what is the present population of I?etermina-

• tlon of popu-
Bombay. The populatIOn of any place may, however, be lotion by 

r. • 1 . d· r. f' I proportional very .alr y arnve at Irom a system 0 proportlona mor- lIlor\ality. 

taIity, that is, a system of working out mortalities ~hat. 
has for its basis the relative numbers of births to deaths. 
The relative number of births and deaths occurrIng at 
'any time is compared with the relative nUI~ber at the 
period of the census when the population was known. 
Knowing the proportional mortality and the number of 
deaths, the population may be determined. Proportional 
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mortality is arrived at by using a basic number which 
differs in every place, and which is double the death-rate 
at the census period. The basic number for Bombay based 
on the census periods of 1872 and 1881 is 57' 25. Another 
number, called a common multiplier, is also used; this 
Dumber is also taken in the census years, and is a 
number which, if multiplied by the number of birtbs, 
when divided by die number of deaths in the census 
years, would give what is known as the death-rate 
per thousand of the population. This number in the 
case of Bombay, based on the two last census periods, is 
39' 53. Now, to find the proportional death-rate in 
any other year. multiply the figure found by dividillg 
the births by the deaths with the multiplier, and take 
the product from the basic Dumber, and the result 
will give the proportional death-rate per thousand of 
the population. For exampll!) in 1888 there were 
in Bombay 16,760 births and 22,421 deaths, Now, 

( 
. 16760) 57'25 - 39'53 X 22421 = 27'8, the death-rate per 

thousand. and the probable population in the middle of 
22421 x 1000 . 

1888 was therefore 27'8 = 806,510, That thl8 

is about the proper population is ev!dent if the increase 
in the figures of the births and deaths are compared. 

From the following figures it will be seen thai 
between the census of 1881 and the year 1888 the births 
had increased 0'715 per cent., and the deaths have 
increased in the same period 2' 585 per cent. The popu
lation in the midqle of the census year, or four months 
later than ~hen the census was taken, may be put down 
at 777,966, against the actual censns figures of. 773,196. 
If in 1888 the population had increased at the same rate 
as the births, then the population in the middle of 1888 
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Births.j Deaths. Published 
Births PlOportiODal 

Deaths, 
Year. divided by Sespilalory 

Death·rate. Deaths. Mortality. Diseases.-
--r-----

1872 13,135 18,990 29'46 '6917 29'91 1,320 

1873 12,722 15,665 24'30 '812l 25'15 1,308 

1874 12,835 15,496 24'04. '8282 24'51 1,535 

1875 13,391 18,734 29'07 '7147 29'00 1,761 

1876 13,625 20,783 32'25 '6555 31'34 1,496 

1877 13,886 33,511 52'00 '4143 40'71 !I,706 

1878 14,038 26,999 41'89 '5199 36'70 2,452 

1879 14,559 22,527 34'95 '6467 31'69 1,978 

1880 17,247 21,146 32'80 '8156 25'01 1,974 

1881 16,638 21,856 !l7'65 '76i2 27'16 8,799 
1882 16,366 20,468 25'89 '7507 27'57 3,402 
1883 15,182 23,530 !l9'12 '6452 32·75 3,394 
1884 14,637 22,M2 27'29 '6493 81'58 8,744 
1885 ,14,964 21,850 25'88 '6846 30'19 3,787 
1886 14,909 20,074 25'96 ·74'J.7 27'89 3,810 
1887 15,429 20,513 23'25 '7522 27'52 3,866 
1888 16,760 22,421 ~'16 '7475 27'80 4,132 

would be only 783,527; or if the population had increased 
at the same rate as the deaths, the population ought in 
the middle of 1888 to be 798,076. From these figures it 
will be seen that the population arrived at from the 
proportional mortality gives more than by either of 
these methods, and, consequently, the result is rather to 
confirm the correctness of the population in the middle 
of 1888. I conclude, therefore, that the population was 
806,(\10 at the time named, and for the convenience 
of calculation I also assume that the population has 
increased equally throughout all parts of the island. 
This being eo, the actual population in the sewered area, 
the sewage from which finds its way now 'more. or less 

• Does not iliclnde phthisia. 

Health 
statistics. 
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to Love Grove pumping station, would be 18 per cent. 
less than the whole population, or 661,340. The popu
lation it would be. desirable to make provision for in 
any new works of sewerage should be about 50 per 
cent. in excess of the population in the middle of the last 
census year, when spread over the whole district, but 
apportioned so ~ to give a small increase in the over
crowded districts, and a greater increase in those districts 
which are likely hereafter to still more rapidly increase, 
or a total provision should be made for about 1,167,000 
persons. 

I cannot conclude this section relating to the popula
tion without congratulating the local authority on the 
very great care and the extremely valuable way in which 
the census in your city has been taken and recorded, 
and which, as a colll!equence, has greatly lightened my 
labours, and will very much facilitate the designing of 
any system of sewemge. 

Di8p08al of Sewage.-The ~ost important matter to 
consider in reference to every town or city is the disposal 
of the sewage in an· effectual, sanitary, and economical 
manner. The existing outfall on the western shores of 
the island cannot be looked upon with favour, for the 
reason that the direction of the prevailing winds can 
carry any of the noxious results that may arise towards 
the populated district, and, more or less, taint the air that 
should bring life and vigour to the inhabitants of the 
island. The continuous discharge of sewage in every 
state of the tide fouls the foreshore to some extent, which 
again is left dry at a certain period of the tide, thm 
exposing an evaporating surface of a not very desirable 
character. I have already pointed out that much of this 
objection could be got rid of by the coustruction of a 
reservoir, and only discharging on a portion of the ebb 
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tide, or while the sea water is drawing off the foreshore. 
However, the existing outfall, even -;when provided with 
a _reservoir, cannot be said to be a perfect outfall. At 
the present -time sewage is carried from the existing Sewage in 

f: II · .. 1 . . bl- r t • If:· Vellard Bay. out a -10 Its 0 )Jechona, e lorm,cer am y as ar as mto , 
Vellard Bay, and it has been reported to me by Mr. 
Raghunath Putlaji tru;,t on the ebb tide the sea is .dis-
coloured all along the C03.l!t for this distance from the 
outfall, and I have noticed that sewage does deposit in 
this bay, and is left in small quantities on the foreshore. 
There can be no doubt in my mind that owing to, the 
nature of the coast-line, the deposit of sewage is to be found 
for a considerable distance all along the western shore. 

The near proximity of theoutJet for storm water, Sewage and 

which is located about 300 yards on the ebb or lower side ~k.~':o~th~r 
of the sewage outfall, lI;1so offers an opportunity of taking Inlo reeervolf. 

in sea water mixed with sewage into the existing large 
open reservoir whenever the replenishment of the w;t.ters 
in this flood lake is required. 

The rocky character of the immediate neighbourhood Bockyahore, 

of the present outfall is rat.her favourable for retaining objaetiona 10. 

matters which, under other circumstances, would'be more 
effect.ually got rid of, but I am bound to say that I have 
seen very much worse sea outfalls than the present one 
at Love Grove. 

The site for the Love Grove pumping station and out- Bite of Love 

fall have been very well selected, having regard to its Grove cenlra!. 

central position in respect to the whole island, and as a 
place at which the sewage is to be continuously dis-
charged (putting aside the sanitary aspect of the position), 
it is probably as good as any other spot on the island, 
except, of course, the extreme southern point at Oolaba. 

It appears that various suggestions'have from time to 
time been made for utilising the sewage of Bo~bay on 
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No land in land, so as to purify it and tum it to some useful purpose. 
:::~~.';:'!,ag • .In the case of Bombay, it is admit.ted that at the present 
:;;lted":' time there is no land within the island to which the 

Landeal 
Knrla. 

Weighlof 
kachm. 

sewage could be applied with advantage, and it would, 
therefore, have to be taken to a considerable distance in 
order that it might be disposed ofpn land. My attention 
has been drawn to a project for iItilising the sewage on 
lands, now partly and hereafter to be reclaimed from 
the sea at Kurla, a place that lies to the immediate 
north of the island. The method of reclamation of the' 
lahd is to collsist in removing the street-sweepings and 
garbag~, called kachra, from the city, and filling up the 
land with it to a sufficient altitude for the purpose in
tended. In order t~ ascertain the suitability of lands 80 

filled up for the purpose of !!ewage treatment, I have. been 
BUJZplied by the Health Department of Bombay with 
samples of kachra that had lain in the ground from seven 
to ten years, and upon examination of their physical 
characteristics, and being lixiviated with water, it was 
found that in the state it was supplied to me it would 
form an effectual medium for the purification of sewage; 
but owing to its power of retaining water, the volume of 
sewage capable of being purified would not be 80 great as 
with a less retentive 8Oil. 

From experiments made last year it appears that a 
cubic foot (vide Mr. S. C. H. White's report) of kachra, 
when wet and taken after there had been one inch of rain, 
weighed 42 Ibs. per cubic foot. A sample taken at the 
present dry period of the year weighed 35' 271bs. per cubic 
foot.' The samples which had lain in the ground until 
fit to be used for sewage purposes and were completely 
transformed into earth weighed 72'15 lbs. per foot when 
excavated, IlO that it would take two yards of kachra to 
supply the permanent filling of one yard of ground. If 
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it is assumed that the land at Kurla has only to he raised 
6 feet, then 12 feet ofkachra in depth must he put upon 
it, and as I understand that about 1000 tonR ofkachra will 
be collected every day, or 365,250 tons in 'an average 
year, and as each super yard of the consolidated earth 
weighs 1·74 tons, one· ,tere would weigh 8421·6 tons; 
thus every year about 43·36 acres would be in the 
course of formation. I cannot advise that sewage should Yearly 

a amount: 
be a.pphed to fresh kachra, and therefore some years must ofl~d 

• reclauned. 
elapse before the land would be fit for the reception of 
the sewage. At present there are 64 acres of land upon· 
which the kachra has ceen deposited sufficiently long for 
the purpose of receiving sewage,. but this small area 
would be quite unsuited io deal with the present volume of 
sewag.e which is now pumped into the sea at Love Grove. 
For ordinary irrigation with such land as this, probabI;r Irrigation. 

the sewage of "not more than 250 people could with 
advantage be utilised on one acre, and as the population 
already drained to Love Grove is 661,340, it would require 
2645 acres of land upon which to utilise the present 
sewage; and allowing' for the land you .already possess, 
and which is fit for the purpose of being at once utilised, 
and assuming 1000 tons of kachra per day to be taken 
to Kurla, it would require nearly sixty years to fill up Tim. it would 

sufficient. area of land for dealing with the sewage at F.~;: l:nd 
present conveyed to Love Grove~ , or •• wag •• 

If, instead of adopting the broad irrigation system, 
intermittent filtration combined with chemical treatment Intermittent 

was ad~pted, then each superficial yard of such land, fillmlion. 

when ready for the reception of sewage, would not, in my 
judgment, having regard to its power of absorption, filter 
more than half a gallon of sewage per hour. At this 
rate, the present sewage being taken at eight million Areaoffilten. 

gallons per' day, 137·7 acres would be required every 
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day, and allowing for the intermittent working of the 
filters, five times that quantity would require to he laid 
out for the reception of the sewage, or 688 acres would 
be required for dealing with the present Sewage pumped 
at Love Grove. This application of the sewage would be 
at the rate of about one thousao"d persons to one acre of 
land. Sewage in such volume could not be dealt with on 
such land unless it was first chemically treated in tanks 
to prepare it for filtration, and this chemical treatment 
would probably cost not less than four annas per head 
per annum of the population. 

To p.repare land for sewage filtration it would require 
very efficient under-drainage and the colUltruction of 
surface distributing carriers, and would, probably, not cost 
less than 2000 rupees per acre to fit it for the reception of 
tlle sewage. The cost of tanks for the chemical treatment 
of the sewage and disposing of the sewage sludge, would 
form a costly part ~f such undertaking, and would give 
but a slight return for the money expended. 

80_ may The sewage might be treated chemically before being 
be_led 
ohemiailly, passed into the sea at the existing outfall, as has been 

suggested, and this course certainly would be a decided 
improvement, but I could not recommend such a system, 
as both the cost of the works and working expenses 
would be cowriderable, and the establishment of large 

ObjeolioD to sewage works on the western side of the city would, in 
.. - works. my judgment, be out ~f place, having regard to its future 

sanitary welfare; moreover, I could not recommend the 
colU!truction of sewage precipitating works anywhere 
within the Island of Bombay. 

Obi- to I have read in various reports submitted to me certain 
::,::i':trl.. objections that have been raised in connection with the 

disposal of the sewage at Kurla, such as the proximity of 
the salt-works and the liability of tainting the water 
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used in the manufacture of salt with sewage effluent; 
the difficulty of dealing with the sewage ~n land in the 
monsoon period; and the liability of fouling the harbour 
by the discharge of sewage in the monsoon period in an 
unpurified state: I may Say that all tbese objections 
are purely sentimental. Having carefully observed the 
effects of pouring large volumes of sewage on properly 
prepared land which sball be sufficient in area in" pro
portion to the sewage and rainfall, there can he no 
difficulty in perfectly purifying the sewage on the land at 
all periods. By reference to the report of the jndges of Beport on 
sewag~ farms of the Royal Agricultural SocietYI pnblished IOwage farms. 

in 1879, it will be seen that, in the case of the sewage 
irrigation farm at Croydon, over the whole farm an 
irrigation depth of 388' 5 inclies of sewage per annnm 
has been applied in addition to an annual rainfall of 
33 . 4 inches. In a climate like that of India there can Olimale of 

be no difficulty in dealing with sewage on land in the India. 

monsoon period, when temperature is high and vegeta-
tion luxuriant, for, in addition to the- circulation of water 
through the soil, the evaporation from a rapidly growing 
crop is enormous. From experiments which I have made Evaporation 

in England on the evaporation from a sewage-irrigated ;''::3.wagecl 

plot of rye-grass, an amount varying from 90 inches to 
over 180 inches in depth per annum has been carried off; 
and under the conditions of an Indian climate much 
larger quantities would he carried off. 

At the present time, n<1 sufficient area of land exists 
for the treatment of the sewage of Bombay by either of 
the land methods before referred to; and as in all works 
ot a sanitary character it is desirable that the whole work 
should be executed and brought into operation as speedily 
as possible, it appeal'& evident to me that the only propt'r P"'per BOln

solution of the sewage problem at Bombay is the discharge ~'l,i'!:~. 
Bombay" 
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of the sewage into the sea at the south end of the island 
at a point entirely clear of the coast-line, and in such a 
way that its discharge shall be limited to four hours on 
each ebb tide, and that a covered reservoir of sufficient 
capacity, capable of retaining one-half the full volume of 
the sewage, should be constructed on the foreshore at 
the point of outfall; such reservoir to be divided into 
three compartments, two of which may at present be 
constructed, leaving the third to be executed when the 
exigencies of an increased population require it. A. 
properly constructed covered sewage reservoir ~t the 
southern extremity of the island at Colaba would not be 
the slightest nuisance or annoyance to any person, as the 
experience in the use of such reservoirs has amply 
demonstrated. 

I am a very strong advocate for the apl'lication of 
Be of sewage to land in inland cities and towns, and in st)rue 
~"f_ other cases in which there are manifest advantag.:s in 

utilising the sewage, especially in all cases where it is 
essential that the sewage should be perfectly purified 
"before being allowed to enter any open or lIudergroulJd 
watercourse of a country from which drilJking-water may 
be procured. 

Not....teful It has been found that what might be considered a 
:::,,-age great waste, as the pouring of sewage into the sea, is not 

wasteful, and it is questionable if more is not indirectly 
got out of sewage by turning it into the sea than by 
applying it to land. Sewage forms the food upon which 
numerous minnte creatures feed, and which in the wise 
economy of nature become the food of fishes, and fish 
are always found under conditioDll in which they find 
the necessary food for their exi&ience. 1 need only 

Sir I. B. 
La ..... 

mention that so eminent a man and agriculturist as 
Sir John Bennett Lawes, F.ll.::!., who, ill conjunction with 
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Dr. Gilbert, F.R.S., conducted all the investigations for Dr. Gilbert. 

the Royal Commission on tbe best mode of utilizing town 
sewage in the recent inquiry before the Tha'mes Sewage 
Discbarge Commission, expressed the view that the 
turning of sewage into the sea was probably the best 
mode of utilizing it. . 

In turning sewage into the sea, especially at a point 
like Colaba, where there is no coast-line on the ebb tide to 
be fouled, there is the advantage that the sewage coming Advantageso! 
• .,. • Colabaaaan 
1Oto contact w1th certam salts 10 sea water, 1S very soon outfall. 

precipitated; and on this point you have the actual expe- Precipitation 

rience of Bombay; for when the solid sewage was turned :!:'=. by 

into the harbour, it was admitted that after it had flowed 
about one thousand feet, no trace of the frecal matter 
oould .be found on the surface of the water; so this will 
be the case with more dilute sewage let out only on the 
ebb tide from a number of outlet pipes, carrying it far 
into the sea, where it will at once mix with the sea water, 
and nothing further will be seen of it. The destruction 
of the organic constituents of sewage is very rapid in sea 
water, as every gallon of sea water contains about two 
cubic inches of oxygen which speedily oxidizes the Oxidationof 

decaying organic constituents of the sewage. ..wage. 

It might be objected that the point selected for an Objeclions \0 

outfall would interfere with the approaches to the har- ~:;'lf:i~ 
. bour, but such objection is a sentimental one, and not 
real, for the reason before given, as to the action of sea 
water on sewage. The sewage of all large towns in Eng-
land which are located on the sea is, without exception, 
turned into the sea; and quite recently, clusters of town!! 
and villages have constructed arterial sewers exceeding 
twenty miles in length, in order to take the sewage down 
to the sea rather than incur the' trouble and expense of 
applying the sewage to land in. their immediate neigh-
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bourhood; and there is not wanting an example of a 
seaside town in England, the sewage of which was 
formerly applied to land, but it has abandoned sewnge 
farming and turned the sewage into the sea. The town 

Experience.t I refer to is Worthing, which, however, figures in a 
Worthing. 

report I have seen since I came to Bombay, of Laving 
do~e exactly the reverse of what I have now stated. 

Mod. of Kachra.-The queijtion of dealing witL the kachra iii 
dealing wilh 
kacbra. one of very considerable importance, and one which it is 

just as necessary to deal with as the disposal of the sewage. 
My opinion on this matter is most decidedly in favour of 
using it to fill up and reclaim tidal lands, of which a con
siderable area exists at Kurla and other places; and in 

BeeIaIm laude this way, ultimately, if sufficient land can only be 
Wllh kacbra. reclaimed, the operation may be made to pay, or rather 

the city authorities would lose less than hy any other 
means of disposing of it: and hereafter, when sufficient 
lands have been reclaimed, I see no difficulty, but a great 
advantage, in being able to water these lands with part 
of the sewage of the districts nearest to them. If 

Wilhoeotiooal sectional drainage and automatic pumping of the sewage 
:F..::::-'=, of Bombay are resorted to, there will be no diffi(,'\llty or 
tolaod. great cost incurred in having the mealls of sending part 

of the sewage to. land in one direction, or into the sea in 
an entirely opposite direction, just as may be required. 
It must be self-evident that if in a hot country like India 
it will pay to pump water for irrigation, it must pay 

P.,.topump to pump water plus manure for this purpose, and this 
- advantage could be easily secured by the sectional system 

of drainage. 
Sewenoga Seu:erage.-In all districts of an nrban chaJ:8Cter a 

large amount of filth of various kinds is produced which, 
if left in the midst of the population, poisons the air, 
earth, and underground waters, to the manife!>t injury 
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and destruction of the health of the people. To preserve 
the people in health means must"he devised and adopted 
for the speedy removal of all decomposing matter from 
the midst of the population; and in a hot country, the' Importanl'e in 

. •. hot oountry. 
more speedily these matters are removed, the better It WIll 
be for the health of the people. In a city like Bombay, 
wbere some millions of gallons of fresh water are daily 

. brought into the city, and which by use is fouled in 
various ways, it is essential that the means should be Removal of 

provided for the removal of the waters so brought in. ;:ht into 

Experience of variollS systems in different countries CIty, 

that have from time to time been brought into operation 
for conveying away either part or the whole of the pol
luted matter where people congregate together, has re
sulted in the acknowledged fact that what has been 
termed the English system of water carriage is superior 'Yater cor· 

nage oy.tem 
to every other method that has been devised. tho be.~ 

In Bombay the authorities have rightly considered 
works of sewerage necessary to secure the health and 
comfort of the people, and have inaugurated a system of 
sewers; but, ~nfortunately, the system is not complete, 
and what has beeu done is so misused as, in my judgment, ~w.n 
to seriously threaten the health of the people. DlI8uood. 

The sewers of Bombay, instead of being put to their State of 

legitimate use, have been converted into underground .. wers. 

receptacles of decomposing filth, and, instead of flowing 
with an ever-moving and living stream, are silted up' 
with decaying matters, giving off deadly gases, to the 
positive injury of the health of the people. 

The following table shows the actual state of the brick Stote of briok 

sewers in Bombay, as they were found on my inspection, B'.':b'o;.' 
together with the level of the sewers and sewage, as has 
been ascertained by actual levelling by your executive 
engineer's assistants. 

E 
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Name oflle" ... 
Leugth or Inclination Esi.tlng I Depth of Surf ... 

Sewer u ioclination Silt in IDclinotiou 
. designed. DC invm.j Sewer. f)f Sewage. 

----------------I-----~~--~---~----~ 

Main outfall •• • • • • 

Clerk Road to Arthur Road 

Arthur Road to Foras Road 

Foras Road to Grnnt Road •• 

Khetwadi Back Road •• • • 

Khetwodi Back Road to Ar-} 
deebar Dodi Street, and 
pan Girgam Back Road •• 

Girgam Back Road to Tba-l 
kodwar Rood •• •• •• j 

Thakodwar Road to Shell:} 
Memo Street • • • • • • 

Khetwadi Back Lane to Gir-} 
gam Road •••••••• 

Girgam Road along Charni I 
Road to Tbakodwar Road f 

Queen'. Road to 1st Marmel 
Street ••• , •••••• S 

Kamalipum and Basaar Street 

Clerk Rood •• •• •• •• 

feet. 1 In 1 In feeL 1 In 

4916 2200 2048 8·20 2066 

2362 1876 1960 8'65 8278 

3282 1876 2051 3' 60 5890 

1412 1M3 14.71 8·11 {:.!I 

2693 

688 

2848 

2533 

1548 

1365 

1187 

1187 

1100 

1100 

1100 

!l81 

1689 

1362 

1229 

1062 

1034 

898 

1459 

886 

8·20 

0'81 

0'6' 

1'21 

1·88 

2487 

2378 

2060 

1788 

1224 

1269 

618 

1000 8(5 1·87 1345 

Ripon Rood from Clerk Rood 1000 970 1·16 1000 

-------A-~-era--g~---·-·--··-~--·-·--:I--I-36-1--1:--I-34-1~~~ 

F10w ia ........ 
depeudo on 
_rall 
0( liquid. 

Having personally inspected all the above sewers, I 
can vouch for their state, and their condition is expressed 
but inIperfectly by the foregoing figures. The figures 
representing the surface fall of the sewage give the 
average fall, but in places in the sewers the sewage is 80 

ponded up by the deposit of silt 38 to produce abeolute 
stagnation. 

The flow in all· sewers being entirely dependent on 
the surface fall of the sewage, it mU8t be evident that 
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anything that diminishes the fall and. makes the inclina
tion of the surface of the sewage no longer equal to the, 
fall of the invert of the sewer, has a very pernicious 
effect on the ~ewer. All the main brick sewers have 
been properly designed with reference to their size and 
gradient, and would be self-cleansing if fairly treated, 
but owing to the fact that silt has been allowed to accu
mulate in them, the rates of inclination (If the sewage 
have, on the average, been reduced from 1 in 1347 to 
1 in 2200; this diminution of fall alone would diminish Diminution 
•• in velOCity of 

the velOCIty of flow In these sewers by 25 per cent., and, fiow. 

consequently, a sewer' that would be self·cleansing with· 
the volume of sewage that flows through it, ceases to be 
self-cleansing when allowed to be blocked up to the extent 
indicated by the foregoing figures. 

I' ought, however, to except the brick sewers in the Antiquated 

K . d" f J!c hI 'd . ...we ... of amatJpura lstnct ro;m your lavoura e consl eratlOn, Kamatip .... 

as the sewers in that district are antiquated in design, of 
the old London vestry style, and which I need only say 
have been long abolished in all districts, sewered on 
modern lines. ' 

An examination of the pipe sewers, both internally and Pipe •• wel'll. 

externally, shows that these !ewers, with the exception 
of the Marine Lines sewer, are in fairly good condition, 
but need more attention to keep them clean. Very great 
care has been taken in the construction of these sewers, 
and the mode of jointing the pipe sewers, so as to render Pipee well 

them as watertight as possible, and the jointing is s~perior joinkld. 

to what I have seen in any other place. It is a very easy 
matter ~ find fault, but not so easy to improve a work if 
we take into consideration the difficulties attending the Novel work 

first construction of works of a novel character in a:::::':., 
new country, inexperienced, in' the execution of such 
works, but I must say that the work of laying the pipe 

E 2 



sewer. 

.. " .... 

52 TUE SANITATION OP BOMBAY. 

sewers does infinite credit to all concerned; and if all 
the houses in the respective localities were joined up 
with the sewers, the difficulty of keeping the sewerIJ 
clean would, to a great extent, at once disappear. 

With reference to the Marine Lines sewer, this is a 
pipe sewer which, I understand, was put in to relieve a dis
trict from the nuisance of discharging sewage into Back 
Bay, and in order to get the sewage by gravitation into 
the new system of sewers, the pipe sewer had to be made 
to join the brick sewer level with the invert of the large 
brick sewer, and consequently, owing partly to the 
quantity of sewage, and partly to the silting up of the 
sewers, the lower end of the Marine Lines sewer is 
sewage-logged; and to remedy this state of things, the 
sewer would require to be lifted 2' 5 feet, or the sewage 
might be automatically pumped, as Mr. Walton has sug
gested to me, into the Queen's Road sewer in such a way 
that the sewage may be made to Hush the brick sewer 
in Queen's Road. Which of these methods it will be. 
advisable to adopt can only be determined atter the 
matter of outfall, and the future mode of raising the 
sewage of this district has been settled. 

~~~t The experience of recent years points out how im
may be made. provements can be made in the sewers of Bombay; for 

instance, a channel at least the full depth of the sewers 
should be formed in the Hoor of every manhole. No 

Abrupt ran. abrupt fall of one sewer into another at the manholes 
~.ued. should he permitted, for such an arrangement haa been 

found to encourage the generation and escape of un
pleasant effiuvia from the sewers. Every endeavour 

Elida 01 should be made to prevent direct currents of air passing 
::::"01 ... through the sewers, for it must be clearly borne in mind 

that the more air enters a sewer, the more stinking air 
will leave the sewers; and that self-acting valves should 
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be introduced in certain places in the seWArs to prevent 
back currents when the sewers are f1ushed.-

At the present time, while th~ sewers are robbed, for 
a considerable portion of their length, of the sewage that 
should· flow into them, which, if admitted, would keep 
them in comparatively good order, this sewage is carried by 
the conduits that should be only used for the discharge of Bep&ration ~f 
surface water; and in order to avoid, during eight months =~~ 
of the year, the nuisance of turning sewage into the sea, it 
is conveyed by the surface water drains, and connections 
have been made between these drains and the sewers in 
such a way that everything, including the contents of 
gullies which receive a large amount of road detritus 
which is daily blown or cast into them, is at once most im-
properly sent into the .sewers. In the time of the monsoon, 
when the surface-water drains are carrying flood water 
containing a large amount of earth, stones, and rubbish. 
a volume of mixed flood water and ·sewage, calculated to 
be equal to the normal flow of the sewage, is sent into the 
sewers; and as the connection between the surface drains 
and the sewer is made below the floor of the surface-
water drain aud is above the sewer proper, so solid Solid mat!en 

matters rolled down the bed of the surface-water drain :.,:!.ned \0 

are at once transferred to the sewers. Now, it should be 
known that a'mixture of the solid matter of sewage and 
detritus .from roads soon concretes in the bed of a sewer, 
and extraordinary measures are needed for its removal. 
so that if the sewers of Bombay are to be kept in good 
order, it is imperative they should be only used for their 
legitimate purpose, and at the same time the rain or 
flood-water drains should be used exclusively for 
conveying only surface waters. 

It appears, from an inspection of the sewage pumping 
• Vide Plate 2, Details of Modern Sewerage Works. 
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station at Love Grove, and by reference to the records of 
pumping, and gauging the height of the sewage in the 

~gul.rily sewers, that there has been a very serious irregularity in 
In pnmpmg at • .... .. 
Love Grove. pumpmg, whIch mterferes with the proper cleanslDg of 

Construction 
of Iow·level 
:reeervoir at 
Love Grove. 

Stale of 

Slip ..... 
tS .... ocDL 

the sewers. The failure of the pnmps at the pumping 
station to keep the sewage sufficiently low, 80 as to main
tain a proper fall in the sewers is, and has been, a matter 
of constant occurrence. It will be obvious that if the 
sewage is not at all times (having regard to the volume 
that may be flowing through the sewers) kept sufficiently 
low, 80 that the stream of sewage shall at least flow 
parallel to the invert of the sewer, then the llewage i~ 

headed up, and a diminution in the rate of inclination and 
velocity of Bow occurs which at once leads to the deposit of 
silt. I find, from numerous observations that have been 
made by your engineering sta~ that the heading up of the 
sewage in the sewers is a matter of constant occurrence, 
and it is one that in future must be avoided. 

It will be advisable that a reservoir of sufficient 
capacity should be constructed at the present pumping 
station entirely below the level of the invert of the out
fall sewer, in which tlie irregularities of flow and pumping 
can be adjusted. 

The question of the irregularity of pumping brings 
into prominence the condition of the present pumping 
machinery, and it appears to me, after indicating the 
power of two of the engines and oomparing it with 
the work performed and the consumption of fuel, that 
the existing pumping engines are neither certain in their 
action, effective at work, or economical. It has been 
found from gaugings made in the sewers by your engi
neering staff, that the volmne of sewage lifted by the 
pumps was under 52 per cent. of the capacity of the 
pump barrels; this indicates an enormous lOBS of power, 
and it is a matter that requires immediate a~endment. 
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in the district should be connected up to the sewers, and 
then the sewage from this district would cease to be dis
charged into the harbour. 

Flushi1l!J the Sewers.-The arrangements provided for 
Hushing the pipe sewers from automatic Hush tanks are 
very good, but there are cases in which the system can 
be extended. No adequate provision has been made 
for Hushing the brick sewers, and having regard to the 
experience that has been furnished in working the brick 
sewers, I am of opinion that it is very desirable that 
proper permanent flushing gates should he introduced 
into all tbese sewers, BO as to he able to Hush them with 
the sewage that Hows through them. 

Ventilation of Sewers.-From what has already been 
remarked, it will be seen that the question of what is 
improperly called ventilation of sewers must receive BOme 
attention; but that such a system of ventilation, con
sisting of admitting large volumes of pure air into the 
sewers at one or more points, and allowing it to escape 
again as foul air at other points, is a system that every 
precaution must be taken to guard against. Every sewer 
having an open outfall must be protected against the 
admission of currents of air; and what is required in all 
sewers is a number of vents that shall maintain the air 
in equilibrium within and without the sewers. Means 
must be taken to prevent currents of air from passing in 
either direction through the sewers, as these currents are 
controlled by the wind, and in sweeping a long length of 
sewer the air becomes foul. Tbe best way of forming the 
vents necessary for maintaining the air of tbe sewers in 
a proper state will be by means of shafts or pipes. The 
ornamental shafts used for this purpose in Bombay do 
credit to their designer, and by an extension of IJUCh a 
system, and by the simple pipes carried up the housee, or 
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ornamental iron columns erected at the street kerb where 
1.here are B.O houses. In some cases the hollow iron tele
graph and telephone poles would serve the purpose. 

All the present gratings in the streets should be re-
placed by watertight covers, as the present covers may Water-light 

d · I . f f: • th coveI1l!ur a mIt a arge quantIty 0 sur ace water 1n e monsoon atre~t 

period, and at other times the dust from the streets is gmliDgio 

drawn into them; and if the receptacles provided for 
catching such matters are not frequently cleared, the 
result is, they get into the sewers and add to the matters 
that should not be admitted, and which sewers are not 
intended to carry. 

Foundati!Ri8 of Sewer8.-I observe from the papers Found.lioDl 

placed before me, that it is an allegation against the sewers of .. "' .... 

of Bo~bay that they must be imperfect because they are 
not constructed on proper foundations. I have examined 
several lengths of pipe sewers in different parts of Bombay, 
the ground having been opened up for this purpose, so 
that the sewers could be examined with the view of ascer-
taining if there had been any settlement or irregularity 
that would indicate a deficient foundation. In every case Foundolione 

examined the sewer was found perfect. Judging from my orooweragood. 

experience, comprising the construction of many thou-
sands of miles of pipe sewers, I do not think it necessary 
for future pipe sewers in Bombay to be laid as a rule on 
artificial foundations. If pipe or other sewers are laid in 
good ground of a stable character, no amount of founda-
tion can improve their position. I have found in modern 
practice that in some cases-and probably such cases 
occur in India--it is necessary to construct the sewers 
with flexible joints, so that they may not be destroyed by Sew .... ~~ 
the movements of the ground which occur in hot coun- IlexibleJOIDt .. 

tries when the ground is supplied with water from an 
adjacent river subject to regular rise and tall, like the 
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Foundations river Nile. Foundations of sewers are necessary when 
necessary in 
bad ground. bad grollnd is met with at the level at which it is intended 

to construct the sewer, when at a short distance below 
good ground may be found; and the object of the founda
tion in such a case is only to secure the benefit of the 
good ground. There are also cases where foundations 
are necessary in very unstable grouud, such as a live peat 
or quicksand, which, fortunately, are not met with in the 

Con""",, neighbourhood of Bombay. Concrete protection for pipe 
~~":.!. ... sewers should always be used in all sewers over 16 feet 

deep, constructed in loose soil ; aud in that case the concrete 
must encase the pipe, or otherwise the pipea are liable to 

Pip'" for 
.... en. 

crack and break from the load of earth piaced npon them. 
The quality of the materials used in the construction 

of the pipe sewers of Bombay is the very best that can 
be used, and like materials should continue to be used 
in the construction of all new pipe sewers. With refer
ence to the materials used in the construction of brick 

Quality or sewers, only the very best bricks should be used, and the 
bri .... ror 

amount of water they are capable of absorbing should 
always be under 12 per cent. by weight, or otherwise 
they will imbibe sewage and give off unpleasant odours. 

Porlbmd The cementing material to be used in the construction of =. obDald the brick sewers should be Portland cement mortar 

JlaDhol ... 

without admixture with any other cementing material. 
In no case ought lime mortar, however good, to be used 
in the construction of sewer work. All manholes, in 
future, had better be built square on plan, as this shape i. 
better adapted to make good work with the ordinary shaped 
brioks than is the case with circular manholes built with 
such, bricks. The use of zinc for the construction of 
ventilating pipes from sewel'll should not be encouraged, 
but ~iron rain-water pipes, plaiti or ornamental, can 
be I!Ubstituted for zinc pipes with great advaIltage. 
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• HOUIJB DraiTID{Je.-It is essential to the proper working H~ 
of a system of sewerage that a drain from every house drainage. 

should communicate with the sewer. The house connec-
tions should be of the simplest character. A closet NaIi •• clooelt. 

adapted to the habits of the natives might lie used in 
which the waste water from the house could be made to 
flush or wash it out; and such closet should discharge 
direct into the open hopper head of an nntrapped drop 
pipe; and by the drop pipe the contents should be 
conveyed so as to fall direct into a trapped gully which 
should have sufficient capacity to retain improper mate-
rials from entering the sewer, and which gully will also 
cut off all direct communication between the sewer and 
the house. 

Thll number of traps at present used in the house con- Oomplieetion 

nections in Bombay is likely to lead to complication it is ~-="nlo. 
desirable to avoid. Placing the traps at the ground level 
will admit of better inspection and cleansing when 
required. In the case of hoUSes of European residents, 
and others that may require perfect drainage arrange-
ments, the plan of house connection may be similar to 
that adopted in England, or the insertion of an intercep- English 

ting trap with an air opening between the house and the syalem. 

sewer, and carrying up a ventilating pipe at the head of 
the house drain. Every soil pipe may also be separately 
cut off from the drain by a direct break, as with a native 
closet. The sketch on the next page shows the mode in 
which the connection may be made. between a native closet 
and the open hopper head of a drop pipe, and in Plate ~ 
I have shown a number of designs for native closets. 

Of course, in the best houses water-closets of the Watsr..,I ... 1o. 

English pattern will be used, and in the selection of a 
water-closet it will be well to reject all pan and valve 
closets and only use the plain hopper and wash-out 
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you require some such law a~d mode of dealing with 
these cases in Bombay, for the evil is widespread, and 
doubtless leads to the sacrifice of human life, which it is 
the object of the law to protect. 

Volume (if Sewage.-It appears that doubts have been aawag •• 

expressed as to the volume of sewage in Bombay being 
sufficient to carry away all solid and liquid filth, pro-
duced by the population, and, as a consequence, the admit-
tance of fmces into the sewers was, at one time, considered 
a matter of doubtful expediency. At the present time 
the freces collected under the Halalcore system after such Ha\aIcor. 

collection are turned wholesale into the sewers, and the system, 

matter so collected' is brought from much larger areas 
than the sewers which carry it away would be required 
to drain, so that a disproportional amount of solid matter 
is no~ brought into the sewers in some parts of the 
district, and is conveyed away, which is an experiment 
which clearly proves that drains and sewers will remove 
all such matters if they are only allowed to enter them 
under proper regulations. Dr. Weir informs me that, at 
the present time, the amount of freces daily passed into F .... s 

the sewers of Bombay from the nightsoil dep6ts is as .. Ueeled. 

follows:-

From Bori Bonder Tanks 
" Kamatipura Depat •• 
" the Flats •• 

TODI. 

78 
74 
89 ' 

Total daily qua.ntity • • 186 

. The fmces under the Halalcore system are received in 
baskets and subsequently collected in baskets in as dry a 
state as possible, and after being so collected are mixed 
with water, in one instance with sea water as well as 
fresh water. They are eventually flushed out of tanks 



DisgDBIing 
system. 
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into the sewers in order to get rid of them. I cannot 
speak too strongly against such a disgusting and un
sanitary system.; under it, you have the daily accumula
tion of dangerous organic matter, often near or in very 
close proximity to the habitation, then the collection and 
carrying .of this matter by men and women who ought to 
be engaged iIi some more noble occup!,-tion, and, again, 
you have the cartage of the material through the streets 
to the disgust of the sensitive public, and, lastly, the 
repulsive operation of men entering the tanks that receive 
the freces and mixing them with water. Now all this vile 
business can be at once dispensed with if every house is 
connected with the sewers, and these solid matters are dis
tributed in detail over the whole system of sewers, instead 
of bemg admitted wholesale at particular points of the 
system; and by the abolition of this system a very large 
sum of money would be annually saved which is now ex
pended in the collection of the freces only of the population. 

The use of sea water mixed with the freces and turned 
into the sewers under the high temperature of Bombay 
leads to the escape of sulphuretted hydrogen gas, and I 
am bound to confess that, in the whole course of my 
experience, I have. never seen or smelt sewers the air of 
which is so strongly impregnated with this disagreeable 
and poisonous gas. 

The present volume of the water supply of Bombay 
would be sufficient to keep the sewers in good order if it 
waB only properly conducted into them. The volume of 
water that now enters the sewers is known from the volume 
of sewage pumped at the outfalI. The total volume of 
the whole sewage may be arrived at from the volume of 
the water supply. Mr. S. Tomlinson, e.E., has supplied 
me with information respecting the volume of water 
supplied and to be furnished to Bombay, and the following 
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statement shows the present and prospective water 
supply:-

From Vehar reservoir by 32-inch main 
" ,,24-inch ,. . 

Froin Tulsi reservoir •• • • • • • • 

• GalIODB per Day. 
8,000,000 
8,000,000 
4,750,000 

Total present water supply 15,750,000 

~::!s T~. ~~ 80::ly:. wo~~ ~} IT,OOO,OOO 

Total proBpective snpply •• " •• •• '32,750,000 

Volume of 
.... w""pply. 

The population of Bombay I have already given, and 
if the total present supply is divided by the population, 
806,510, the daily volume per head of the population 
becomes 19' 39 gallons; but for eight months in the year 
2,850,000 gallons daily is taken by mill-owners and for 
watering streets and public and private gardens, and this 
does not find its way to the sewers. The actual quantity 
used for domestic purposes is 16 gallons per head per day, 
or 'a volume in excess of the water supplied in many 
towns in England in which the water-carriage system is 
in full operation, and working perfectly satisfactorily. 
At the present time, as about 18 per cent. of all the 
water is distributed outSide the area that is sewered, a 
deduction of 2,322,000 gallons must be made from the 
daily domestic supply· of 12,900,000 gallons, leaving 
1(),'578,OOO gallons per day, which upon the population of 
thesewered area (661,340) gives the 16 gallons per head 
per day. The actual quantity of sewage pumped in the 
week ending 25th February, 1890, was equal to an average Volume ~ 
daily quantity of 7,954,481 gallons, or at the rate of .. wage. 

12 gallons per head per day of the population, showing 
a deficiency, between the total domestic water supply of 
16 gallons. per head per day and the volume -actually 
pumped as sewage, of 25 per cent. The volume of sewage 
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is small compared with some towns, but it is Bufficient 
if the sewers receive proper atU;ntion, and as the volume 
of the water supply will very shortly be considerablyaug-
mented, in any new sewerage works allowance must be 
made accordingly; an allowance should also be made in 
the sewers for the admittance of a small amount of rainfall 
in the monsoon period which cannot be diverted from the 
sewers. 

. After making allowance for water from all sources, all 
new sewers should be constructed to carry 6 cubic feet 
per head from the future prospective population, and of 
this volume provision should be made in the sewers 
for carrying one-half of the total quantity in eight 
hours. 

In future, any small sewers constructed in Bombay 
may, with advantage, have such falls as to give a 
velocity of How through them of three feet per second, 
which will make them self-cleansing when carrying 
sewage much laden with solid matter. . 

eon ... of If the outfall into the sea is made at Colaba, as I 
outfall....... . 

recommend, then such outfall sewer may run along the 
western shore for BOme distance, striking into the high 
land when necessary to get sufficient cover for the work, 
and continuing through high ground. In this way a high
level gravitation sewer may be formed all the way from 
above the Government House at Parel to Cola1a, which 
would receive and discharge a considerable volume of 
sewage by direct gravitation_ 

I.em of The outfall sewer may have an invert level at Colabs 
ooRfaIl........ of 83' 0 on Town Hall Datum, and, to take the sewage 

of the whole island, would require to be 7 feet 6 inches 
F.UofoulCalJ diameter, and have a fall of 1 in 2500; but as it passed 
...... upwards into the district its diameter would diminish 

while its rate of fall would increase, and, in fact, every part 
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of the sewer would be graded in size with reference to 
the amount of work it had to perform. 

The sewage now or hereafter cOllected at Love Grove Sewage 
• • . collected a.t 

pumpmg statIon may be taken by th~ shortest route LoveGrove. 

to the proposed gravitation sewer, and the sewage of 
all other districts abutting upon the outfall sewer that 
cannot be conveniently or properly drained into it by 
gravitation, or by gravitation to the Love Grove system 
of sewers, should be pumped into the high-level outfall. 
At present, you have before you a project to form two 
additional pumping stations in order to effectually deal 
with the sewerage of )'Uur district, one for the north district 
and the other for the south district. . You have also before 
you a project for considerably extending the system of 
sewerage in connection with the existing sewers. I Outr.1I must 

strongly advise that, at present, nothing should be done :''Id:i 
towards making any further extension of the sewers until 
the most important matter, the question of the outfall, has 
been decided; when this has been settled it will be a 
question for consideration as ,to what method shall be 
adopted for raising the sewage in all the present un-
sewered low-level districts, or districts the sewage of which 
will not gravitate into the existing sewers, or into the 
proposed gravitation sewers •. 

The method of transmitting power from one central Aulo,!,"tio 

station to a number of points within the district where the pUIDpwg. 

sewage shall be automatically pumped by means of water 
at high pressure, will have many advantages in your Ad .... tageo of 

district, such as the following :-It will diminish the size, ~~:;".:. 
depth, and cost of sewers, manholes, and ventilators, and 
the sewers can have better falls so as to cause them to 
work more efficiently. The sewage in each district 
would be pumped locally, and at the level at which it is 
found, and, consequently, would not all be allowed to 

F 
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gravitate to the lowest part of the district to be again 
pumped up. Only one staff of engineers and engine 

. drivers alid stokers would be required at the central station, 
u ... rw.t~ which might be at the present pumping station at Love 
after transmit.- •• 
ling power. Grove. Tbe water used m transmittmg power can, after 

use, be employed for flushing the sewers, road-watering, 
or irrigation. The water required for the transmil!llion 
of power may be collected by means of filter tunnels and 
land drains from the ground, and so a cirCulation in the 
underground watel'll towards some point outside the city 
would be secured, and the effect would be extremely 
beneficial to the health of the whole district, and so a 
sanitary advantage ~ould accrue from being able to get 
rid of what, no doubt, has been a source of much ill health 

Use.fhigh in Bombay. The high-pressure water may also be used 
:'" for a number of useful purposes in the district, one of 

which is the extinction of fires, for, by using a combination 
hydrant known as the GTeathead hydrant, your present 
10w-pre88ure water may have all the force impressed 
upon it that could otherwise only be secured by steam 
fire engines. You could also use the power if required 
to pump sea water for road watering at a number of 
points within the district. Automatic hydraulic pump
ing must not be confounded with any system in which 
air pressure or a vacuum is produced, both of which 
methods have B~ial disadvantages when applied to the 
nUsing of sewage. "Cnder the hydranlic system a chamber 
is formed below the level of the streets, in which two 
automatic direct-acting pumping engi~es would be placed, 
which would be actuated by high-pressure water. The 
machines are applicable to every variation in lift, which 
is not the case with other systems, as all that has to be 
done is to grade the size of the cylinders to meet every 
inequality of lift throughout the district. The engines 
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are controlled by Hoats, and one engine will perform 
all the work required from it. The second engine is 
used as a reserve, and the, two engines are worked 
alternately. . The Hoats of both machines are capable 
of adjustment, so that should one engine become 
overpowered the second would come into action of 
its own accord. The power generate~ at the central TransmiaoiOll 

. uld be . d hr h . of pow ... statlOn co transmltte t oug pipes to every 
part of the district, and of the i,ndicated hotse-power 
of the engines used for generating the power, on an 
average nearly 60 per cent. would be available and 
would be realised in actual work done in raising the 
sewage, and which by a comparison with, the duty got 
from the present pumping engines at Love Grove, or 36 
per cent., contrasts very favourably. The hydraUlic 
machinery is of the simplest character and not unlike 
that which may be'seen at work in the 'docks here, per
forming a variety of useful operations. 

By the sectional pumping, and division of the district, B.isk dimi

the risk arising from the break-down of the pumping =~a~Y 
engines is diminished, as by a proper arrangement of the pumptng. 
sewers one or more districts may be made to relieve any 
section of the district in which there might be a break-
down of the pumping machinery. 

Surface Water System.-Owing to the liability of sm:r ... water 

serious Hoods occurring and swamping the central portion drainage. 

of the island and rendering it damp and unwholesome, 
it is desirable tha.t in future means should be taken for 
preventing, as far as practicable, the dangerous Hooding 
<rl" the lower parts of the district, and for providing the 
means of 'draining all low lands to the greatest possible 
extent. At the present time, owing to the pernicious EviIormixiDg 
practice of allowing the sewage that fouls the city, and :m~a:~ . 
the rain water that should wash the city, to become 

If 2 
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mixed and be discharged into open reservoirs and into 
the sea on the western or windward side of the city and 
also into the harbour, there is no wonder that a nuisance' 
is created, and it is fortunate that more serious effects have 
not followed such utter disregard of the laws that govern 
the health of communities. 

CompJeu. The local aqthority, by their want of action, appear to 
=-::~ of have disregarded the excellent advice that has been given 

to them from time to time, that there should be a com
plete segregation of rain water from sewage in this 
district. and the consequence, I have no doubt, leads to 
much ill-health, and certainly is admitted, on all hands, to 
rn-eate a serio)ls nuisance. 

Caleb .... t .. 
channels. 

DiBpoooI 01 
lIood water. 

I have already drawn attention to the area of the 
district, and the extent to which the rainfall might 
be entirely diverted from the lower parts of Bombay by 
the construction ofa system of catchwater channels which 
would carry the rain water from all the high-level parts 
of the district direct to the sea, leaving only the rainfall 
of the low-level districts to be dealt with. 

In Bombay, at the present time, there are a number 
of ways of disposing of flood water, but the most im
portant, as affecting the low lands in the centre of the 
island, and some of the low parts of the city, are the 
sluices at Love Grove, Warli, and Dharavi. It appears to 
me that the "Dharavi sluices cannot be of much service for 
the purpose of low-level drainage, as the waters discharge 
into a bay into which the tidal waters can only enter 
through a comparatively restricted opening in the cause
ways and railways that cross this bay, aud consequently 
there can never be the same range of tide in such a bay 
as in the open sea.. The present area drained by the 

• The IeYels of the water in ihia bq...a in the opeD _ are giTea 
up. 81. 
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existing sluices, the area for discharge at each sluice, 
and the level of the floor of the sluice, are as follows:-

. Lev I of S'll f ILeVel u; to which Buperftcial Name of I Area Drained e . 1 0 Area. of Sluice 
Sluice. by Slnico. Slmee. is caloulated. Area of 

T.H.D. T.B.D. Sluice. 

acres feet 
Love Grove 8240 73·64 87'64 964 

Warli .. 2308 78'3:1 86'40 97 
Dbaravi " 1321 80'72 86·88 95 

It' should be noted that at Love Grove, the floor of 
the existing channel between the sluices and the Bea is 
about 2 feet higher than the sill of this sluic~a con
dition . of things that seriously interferes with the free 
discharge when the sea falls below this level. 

Levels of 
existing 
on\le\o.. 

None of the sluices are of anything like sufficient ID811lIIoieul 

. d I . h h fl d' f h dis' d oapaoilylo capacIty to ea WIt t e 00 waters 0 t e tl'ICt, an deal with 

by reference to the relative areas of the watershed and lIood_ 

the level of the sills it will be at once seen that neither 
Warli nor Dharavi can be of m~ch assistance in properly 
draining the district, and it is important that ample means . 
shall be provided either at Love Grove and Warli or at 
both places for effectually disposing of the surface waters. 

The following table gives the capacity of the existing 
reservoir at Love Grove now used for storing mixed 
sewage and rain water:-

Level of Bottom, 77' 0 T .R.n. 
Level of Water. CoDteula. Level of Water. Conteuts. 

T.H.D. CubioP.et. T.B.D. CubicF_. 
78'0 7,167,624 8a-0 43,719,204 
79'0 '14.,882,816 84'0 51,172,296 
80'0 21,645,576 85'0 58,672,896 
81-0 28,955,904 86-0 66,221,064 
82'0 86,81S,800 87'0 73,816,800 

Capaoily of 
existing 
reservoir. 
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Tbe level of tbe bottom of the reservoir is 77·0, but 
there is a channel of greater depth, formed in tbe bed of 
tbe reservoir from Clerk Road to the Love Grove sluices, 
which is now silted up, and to a great extent tbere is a 
deposit of solid matter mixed with sewage in the bottom 
of this reservoir, which on decomposing under the heat 
of a tropical sun, gives off gases that more or lese 
(especially when the material is freshly deposited) spread 
their noxious inHue~ce for a considerable distance. and to 
which I understand your attention has been drawn by 
your medical officer of health. - No wonder that this 
deposit takes place and becomes a nuisance, whicb always 
must be .the case under the present reservoir system, 
and the admittance of foul liquid to these reservoirs 
which carry with them solid matters liable to speedy 
decomposition. What happens. is this :-the mixed 
waters are brought down the open cha'nnel from Bellaais 
Bridge. The floor of this channel is a few feet below the 
floor of the reservoir, and the channel made along the 
floor of the reservoir is smaller than the channel that 
brings the flood water down. Tbe reservoir at all times 
eontains more or 1eS8 water., and as the channel discharges 
into the reservoir at Clerk Road, a sudden check in the 
velocity of How·occurs, and as a natural consequence down 
goes the solid matter, until a great accumulation of it has 
occurred at the Clerk Road end of the reservoir and in 
the channel that should have formed a drainage channel. 
Owing to the existence of the deposit in the reservoir it 
has not been deemed prudent to allow tLe reservoir to 
become dry or to lower its water to Buch an extent as to 
serve as a proper drainage outlet for the district, and 
hence the train of evils which I feel I have very imper
perfectly described has arisen. If the local authorities 

• Vid. pp. 93-95. 
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would complete the works of sewerage by diverting all Diven 

sewage from the flood channels the nuisance· of the :."u~~ dis-

existing reservoir would disappear. appears. 

As temperature favours decomposition, I may mention Temperatures 
of water and 

that on the· 18th February, 1890, I had the water lowered mud ~m 
in the reservoir, in order to ascertain the extent to which resenOlf. 

the deposit of mud had taken place, and I took the tem
perature at several points, from which it was found that 
at 4.30 P.M. on that day the water standing in the lake 
near·the surface had·a temperature of 86°'2, the mud at 
the bottom of the reservoir had a temperatur!l of 83°' 4, 
while the water flowing out of the large sluices at Love 
Grove at 5.10 P.M. had a temperature of 82°' 5, 
. The mixed sewage and sea water at the present point 

of the sewage outfall at Love Grove, had at 5.30 P.M. a. 
temperature of 80°. 

With reference to the works of surface drainage, it Mr. WalIDn's 

appears to me that-with the exception of the suggestions suggestions. 

made by Mr. Rienzi Walton, y<?ur executive engineer, as 
to the necessity of separating the rainfall of the high lands 
from the low lands: and the suggestioJlB made by Major ~:iJ;.,b. 
H. Tulloch, as to the enormous increase required in the 
existing sluices-that things have simply been more or 
less a. matter of guess liS to the quantity of rain and 
flood water likely to be dealt with in this district. 

The valuable statistics supplied from Colaba Observa- nata ror 
. h . fi II d th 'd I d' A II oalculaling tory as to t e ram a ,an e tl a lagrams at po 0 ftood waler 

Bunder, taken during the monsoon period, and to which d:'!h:ge. 
I have already drawn attention, will supply the means of 
knowing, with something like certainty, the amount of 
rain that may be expected, and the probable volume that 
will flow off, and the time available for the flow off. It 
will be seen from the records of the rainfall at Colaba, to 
which attention has been directed, that an inch of rain 
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on the average may be expected to fall in every hour of 
the day, and that the average of all the heavy rainfalls 

Capacity or is just two inches per hour, 
ll00dchawJela. All channels for conveying flood waters at Bombay 

should be made sufficient to carry two inches per hour, 
and if so made, will be capable of dealing with the sur

Flood face floods of this district, for the simple reason that a 
cbannelaoarry d' h will 'L' • h f more.thon ",Ie ram t at carry a unllorm quantity at t e rate 0 

.... ramraJL two inches per llOur, will in a conduit of any length 

Flow 
defened. 

Time lor 
d~ond 
otmoge of 
load. 

carry much more, as the increment of rain that enters 
the lower end of the channels will have passed away 
before the increment of rain that enters the upper end of 
the channel amves at the point of outfall; and so also 
for the purpose of storage, such a great provision is not 
required, because the rain that continuously faIls in one 
hour takes a much longer time to flow off, In the case of 
the Love Grove drainage area, of which the most distant 
point is 3' 65 miles distant from the point of outfall, if 
we assume a velocity of 150 feet per minute as the rate 
at which the rain flows off the surface, and which, as a 
rule, would very rarely occur, then the flow from tlie 
Love Grove drainage area, having regard to the average 
distance the flood water would have to travel to the point 
of 011tfaII, would be deferred 32 minutes, that is, rain 
faIling in 60 minutes would have 92 minutes to flow 
off. In the case of Warli !luices, with the existing 
drainage area, the flow would ~ deferred 24 minutes, and 
at Dharivi sluices the flow woul~ be deferred 20 minutes. 

Now if it is desired to get\rid of all the rain that 
falls during the period of one tide, and upon the ebb only 
of the tide, and you have to make provision for the storage 
of flood waters below any particular level it may be 
desired to store it, the actual volume required to be stored 
may be readily ascertained from the following figures;-
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Level .bove which 

!~.=:f.~ 
Number of Hours 

\he Siond W.1er Flood em A vemge 
must not rise. ""1~be T.R.D. Diaeharge. 

hours 
88'0 6'205 6,205 

86'0 6'18 6'28 

84'0 0'58 6'88 

82'0 4'18 8'28 

80'0 2'91 9'50 
78'0 1'67 10'74 

77'0 1:895 1l'015 

76'0 0'665 1l'745 

74'0 0'155 12'255 

It must be clearly borne in mind that the rate of dis- Fallofticle 

charge of Hood waters is entirely dependent on the rate ~':::ge. 
of fall of the tide, .when sufficient area for discharge is 
given in the sluices. 

The foregoing figures must be read in this way;- Mode or: 
. " d . bl H d b caloulaling assumlDg It 18 not a VlS3 e to store 00 water a ove allowance fal' 

the level of 82 on T.R.D., then it would be necessary to -. 
provide an area for storage sufficient to hold the water . 
below this level, and to know the quantity for which pro
vision must be made. From the table it will be seen 
that we must provide storage for 8' 28 hours, or in this case 
we must provide at the average rate of rain in Bombay 
of 1 inch per hour, which would give 8' 28 inches falling; 
but as the rain that falls in one hour has 92 minutes to 
How off in the case of the Love Grove area, the actual 
quantity it will be required to make provision for will be 
8'28 x 60 . . 

92 = 5' 4 inches, or ~y, after allowing .for perco-

lation, 5 inches. Now the amount of Hood water on the 
present Bombay drainage area of 3240 acres would be 
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equal to 59,306,000 cubic feet, or a quantity that the 
existing reservoir, if only filled to the height given, or 
82'0 on T.H.D., would not retain.- If, however, the 
level for storing the water was raised to 84'0 T.H.D., 
then, owing to the diminished period of storage, and the 
longer time available for discharge, the existing reservoir, 
assuming it could be emptied every tide, would be about 
the right capacity; but as the area and level of·present 
Love Grove sluices and channels will not permit the 
existing reservoir being emptied in one tide, ow~ng to 
the limited capacity to discharge the water, the storage 
becomes insufficient even at the leyel of 84'0 T.H.D. 

Water sbould In my judgment the water in the reservoir never 
:;~ be beaded ought to be allowed to be kept up at sucb a high perma

nent level as even 82' 0 on da.tum ; and my decided opinion 
is that a permanent reservoir of the description you have 
at the present time ought to be altogether abolished, and 
that the system which has answered so well and effectu-

Mode of ally in the Fen districts of England, should be the method 
proood..... to be adopted in Bombay. Under this system, the Hood 

water of all high lands above high-water mark should be 
separated froni the Hood waters of the low lands, and 
must be conveyed direct to the sea, that the low-water 
level of the sea shall be brought inland as far as p08sible. 
It will be a matter for future consideration if addi-

New outCall 
e1uieeo. 

tional sluices and a deeper drainage channel should 
be provided at Love Grove; or if the new works, on 
a much larger scale, had not better be constructed 
at Warli. It will also be a matter for consideration 
if the Dharavi sluices are capable of improvement,. 
and if improved, would aid very materially in the 
discharge of the Hood waters, owing to the sea level 
being higher at this outfall than at other points on tlle 

• yo uIe p. 69 for eapocity of reaenoir. 
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co~ * and so the Warlinew sluices may, in all probability, 
have to provide for the drainage of all the district now 
very imperfectly served both by Lo:ve Grove and the 
Dharavi sluices. 

I am of opinion· that new and improved sluices are Wadi alui .... 

required at Warli, and that the sluices should be built on 
the solid rock foundation close to the sea front, and that 
when tbe new sluices and channels are complete the old 
sluices should be altogether abolished. 

The question of the construction of new sluices and the 
getting rid offlood waters, and providing efficient drainage Modeofdmin. 

for the low lands is urgent; but before the work can be d::'=S. 
undertaken it must be definitely· settled what is to be 
done JlVith reference to the interception of the flood waters 
from all the area above high-water mark, or"about one-
third the whole area of the watershed, and which, if not 
determined, will lead to considerably greater cost being 
incurred in order to make provision for its storage and 
discharge, and greater liability·to future Boodings. 

In order to get the full discharging capacity of the Level of sills 

d I ··· b b 11·· d of new SIU1OOS. propose new s UICeS, It must e orne we lD mm 
that their sills should be at least four feet below low 
water of spring tides, or at about. the level of 68·0 on 
T.H.D.; and that the waterways of .the sluices shall be 
sufficient to discharge all the water stored in one tide, 
together with the waters that may flow down while the 
flood water is running out. 

The low-water drainage channels for conveying the a.pilcityof 

flood waters to the sluices shall be deep. and capacious, fIoodolwmels. 

sufficiently so to carry off all flood waters or retain 
a moderate Hood; that excessive 1100d waters shall be Wash .. 

stored in washes at either side of the. ~ood channel, with ~v=s~or 
arrangements for admitting these waters into the washes 

• Vide p. 81, level of sc&, Bandora 9reek. 
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when, and not until, the flood channel is full, and for dis
charging the water into the channel so that it shall be 
retained in the washes for the shortest possible time, and 
then only the purest water overflowing the small embank
ment shall be admitted in the washes. TheSll washes for 
at least eight months every year would beco!De culti
vated land, and they should be cultivated as soon as the 
monsoon season is over. The sketch below shows the 
general arrangement. 

No alteration would be needed in the present Love 
Grove sluices, which have been well designed. . Owing 
to the occasional level of low water of the sea it will be 
found, if it is desired at all times in the rainy season to 
keep the water on the low land or in the channels provided 
for its discharge below the level of 80'0 T.R.D., that this 
could only be secured by pnmping, or the provision of 

PumpiDgma1 inordinate storage. .As pumping would be a very expen
be......-.y. sive matter, it should not be ·undertaken until the other 

works that have been suggested have been carried out, for 
it is quite within the probability of chance that a heavy 
rain may occur when there is no stOrage room available, 
and a high low water happen at the same time, which are 
the conditions necessary to produce a flood. 

1Iomho1 i am of opiuion that if the deep water channels are 
tm'"!iJl

,. cut as I propose. the western side of. Bombay will be 
effectnally drained and rendered very healthy. 

Im~ of Cleansing Sewera.-I must now draw your attention 
:::::."" to the absolute necessity for constant vigilance in cleansing 
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all sewers, and that it is of the utmost imporlance you 
should have a sufficient staff and labourers trained for this 
special service, so that all works of sewerage and sucl'ace 
drainage shall be maintained in an efficient state of 
rapair' and cleanliness. 

Ea:ecutWn of Works.-With reference to the execution Becommenda. 

of the proposed works, it is important that those who have :,~ . 
charge of the project should be able to give to it their 
undivided attention. You possess in Mr. Rienzi Walton, B. Walton. 

M. lnst. C.E.,. a gentleman who has had very considerable 
experience in the design and execution of works of 
sewerage, and whose experience in these matters will 
be invaluable in carrying out any additional or new under-
taking; but you cannot expect him to do good service on 
the proposed works if he is not relieved from his ordinary 
duties of executive engineer, and I should suggest that 
he should be put on special duty for the purpose of 
carrying out the scheme, and should make his own 
selection of the officers to serve under him, and then he 
will be made entirely responsible for the proper carrying 
out of the works. 

Estimates.-I have not had time to prepare any Eatimale&. 

estimates of the probable cost of the proposed works, as the 
amount of iabour involved in this investigation has been 
very prolonged and arduous. Before any estimates could 
be prepared, survey~ of the district will require to be S.,..eya 

made, which will involve an amount of time which I ""Iuired. 

have not now at my disposal; but I may say that I 
shall be very happy to assist the Municipality at any 
future time, and to answer any inquiries that may be Will ... i.t at 

made respecting any part of the proposed undertaking, or ti:! .. ful1U8 

to give any explanations or further information, if the 
communications are addressed to me at Westminstel'; or 
if they can stand over until the latter part of this year 
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I will then deal with them, when I hope to be here for 
other purposes. 

Before concluding my report, I desire to express my 
thanks to all those persons who have assisted me in the 
prosecution of my inquiries, and to say how greatly I have 
appreciated their services; and in order that their valuable 
aid may not be forgotten, I desire to put on record that my 
thanks are due to Charles Chambers, Esq., F.R.S., for the 
valuable meteorological data and tidal observations taken 
at Colaba Observatory; to Captain Hext, Director of the 
Indian Marine, for a chart of the coast of Bombay; to 
Charles Wood, Esq., Assistant Superintendent in charge 
of tidal and levelling. operations, for tidal diagrams from 
Apollo Bunder; to W. C. Hughes, Esq., Mem. Inst. C.E., 
Secretary to the Government, for loan of reports; to George 
Ormiston, Esq., Mem. Inst. C.E., Engineer of the Bombay 
Port Trust, far assistance in making float observations; 
and to his assistant, Mr. Raghunath Putlaji, Head Sur
veyor, Port Trust, for conducting the tidal float observa
tions; to David Gostiing, Esq., F.R.I.B.A., for various 
reports connected with the improvement of the racecourse 
at Bombay, and other matters of a sanitary character; 
to Rienzi Walton, Esq., Mem. Inst. a.E., Executive 
Engineer for the Municipality, for the information I 
have received in counection with my inquiries, and his 
attention and courtesy at all times; to James W. Smith, 
Esq., Mem. Inst. a.E., Deputy Executive Engineer, for 
general information given me in connection with the 
present and proposed sewers of Bombay; to S. Tomlinson, 
Esq., AM.I.C.E., for information referring to the quantity 
of water flowing off the ground at Vehar and Tulsi, 
and the distribution of water within the City; to 
Surgeon-Major Weir; Health Officer of Bombay, for 
various health lltatistics;to lIr. A. Baker, Inspector of 
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Sewers; Mr. J. D. Nadarsha, L.C.E., Acting Head Sur
veyor to the Executive Engineer; M~. P. P. Vagh, Head 
Clerk to the Executive Engineer; and to Mr. Gaupatrao 
Shridar, Head' Clerk, Registration of Births and Deaths. 

I have appended to the Report a number of documents 
that have been prepared in the course of my inquiries, 
and others to which I have referred and which it is advis-
able should be placed on record for future reference. 

Appsndix to 
Report. 

In conclusion, I must not .omit to mention the assist- E. o. K. Olli-

I h d · d d· h f·· vant·sreports. ance ave erlve, urmg t e course 0 my mvesbga-
tions, from the perusal of the careful and explicit reports 
you have made from time to time, for the information of 
the Municipality on questions relating to the sewerage 
and drainage of Bombay, and which are invaluable as 
records of facts, and which show. your perfect knowledge 
of all matters relating to these m~st important subjects; 
and it is, therefore, with profound regret that I learn you 
are about to retire from your important office at this very 
critical time, when your long experience and special 
knowledge would ~e of so much value to the community. 

I haye the honour to be, Sir, 
Your obedient servant, 

BALDWIN LATHAM, 

M. Inst. O.E., lIU.M.E., F.G.B., 
F.B.S., F.B.L, &a., 

President of the Royal,Meteorological Society. 
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BTATBlIBIIT 1IlI0WING TII!I LlIVBLs 01' TIIII TmB 8s observed hourly on the 
8th March, 1890, near the B.B. and O.L Railway Iron' Bridge over 
Bando ... Oreek. 

Reduced Le.elo ofthe 
Roars of Day. Surface of Woter. 

61 A.'" 
7 
8 
9 

10· ". 
11 
12 

1 P.II. 
2 
8 

82'85 
82'74 
82'60 
82'48 
82'33 
82'67 
83'08 
83'50 
83'85 
83'45 

Bemarka.
A 

Observation taken at 61 in morning: 
" »7 " 8 
" " . 9 Tide commeneed at 10 

Observation taken at 11 
12. 

" " 1 P.M. 
Tide commenced to subside at 2 P.II. 
Observations taken at 8 P.II. 

HOllBLY OBSBBVA-T10NS 01' TmB taken on 8th March, 1890, at Wellington 
Pier from 6 UL to 6.10 P.II. 

Houra. 

6 A.II. 
7 
8 
9 

10 
11 
12 

1 P .... 
2 
8 
4 
6 " 
6.10" 

Reduced Level. of 
Surfaoo of Waler. 

75'20 
75'68 
76'62 
78'62 
81'62 
84'12 
85'62 
85'70 
84'12 
81'45 
78'28 
75'86 
74'86 

Remarks. 

G 
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SujIIBIIT showing ilie Average Time' the Tides in BombaJ Harbour 
w03 below ilie given Levela in ilie Montha of June, Jn1J, and Aogust 

18i- -
Levels. Average Time. 

88 12-41 
86 12-86 
84 -- H-16 
82 8-26 
80 5-90 
78 3-39 
77 2-29 
76 1-84 
74 0-81 

SUTBIlJUT showing the Time the Tides in BombaJ Harbour were 
below \he given LeveIa in ilie Montha of June, JolJ, and Angust 
1889_ 

LeveLr_ 

Dale. 
r-;-.~ I I IU 82 80 78 77 76 74 

1889_ houn 
• hCJ1llll h01llll bmmo bmmo hotI .. , b""", hotI .. b"",. 

June 1 12-41 12-41 9-60 6-92 4-84 1-35. Nil Nil Nil 

~i 12-41 
12-41 10-98 8-64 6-91 5-10 13-97 2'74-

" " 112041 
12-41 12-41 6-79 4-35 Nil Nil Nil 

4-42 ! 3-19 " f 12-41 
12-41 12-41 8-45 6-57 I-50 

" 
" 31 12-41 12-41 6'95 3-81 i Nil Nil Nil ; 12-41 " Ji 12-41 

12-41 12-41 8'75 6-69 ' 4-27 2-64 
" " 

" 12-41 12-41 7-31 4-121 Nil Nil I 12-41 " " 
~ 12-41 

12-41 12-41 6-92 6-18 2'79 
" " " " , 12-41 12-41 12-41 6-79 Nil Nil 
" " " 

~ 12-41 
12-41 12-41 7-94 4-85 

" " " " " 12-41 12-41 12-41 8-12 4-09 
" " " " 

7{i 1Nl 
12-41 12-41 7-87 4-31 

" " " " " 12-41 12-41 8-39 5-39 12-41 " -- .. 
" 

~i 12-41 
12-41 12-41 8-05 4-45 

" J 
Nil Nil 

" " 12-41 12-41 12-41 8-91 6-31 3-80' 
I I I " " " I i 
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Levels. .-
D.te. 

88 86 8l 82 80 78 77 76 74 --- ---- --1889. hours hours hOll1'll hoUl'll hoUl'll hours hours hOUlS hours 

9{ 12'41 '12'41 12'4L 7'4<Y 4'32 1'48 1'89 Nil Nil June 
Nil 12'41 12-41 11-20 8-61 6-78 4-97 .. .. 

1O{ 12-41 12-41 9-78 7-22 5-10 2'02 4-01 2-82 .. .. 
12-41 12-41 10-25 8-3il 6-88 Nil Nil .. .. 

11{ 
12-41 12-41 8-80 6-75 5-07 5-40 4-61 8-76 1-21 .. 
12'41 12-41 2-75 Nil Nil Nil " .. .. 

12{ 
12-41 12-41 9-79 8-22 6-89 5-54 4-03 4-81 2-69 .. 
12'41 12-41 8-32 6-71 5'08 3-09 1-41 Nil Nil 

18{ 
12-41 12'41 9-51 8-34 7'12 6-04 5-45 4-.72 8-22 

" 12-41 12-41 8'06 7-12 5-15 3-38 2-15 Nil Nil 

14{ 
12-41 .. 9-51 8-21 7-08 6-02 5'47 4'89 3-61 

" 7-21 6-58 5'27 3-61 2'55 Nil Nil .. 
15{ 

12-41 12-41 9-50 8-22 .. 6-03 5'51 4-92 8-58 .. 
12'41 12-41 8-02 6-60 5-23 8-72 2'72 Nil Nil 

16{ 
111-41 12-41 9-50 8'17 7-02 5-93 5-35 4-72 8-25 

" 12-41 12-41 8'SS 6'75 5'21 3-59 2-60 Nil Nil 

17{ 12'41 12'41 9-82 8-22 6'98 5-.69 5'00 4-21 2'45 .. 
12-41 12-41 

} 9-09 

Is{ 12-41 12-41 7-08 5-55 8-89 2-78 Nil Nil .. 
12-41 12-41 10-46 8-50 7'03 5-50 4-69 S'65 

" 
19{ 

12-41 12'41 12-41 7-85 5-92 8-97 2-54 Nil .. 
" 12-41 12-41 12'41 8-62 6-98 4-89 8-72 1-82 .. 

20{ 
1!-41 12-41 12-41 9-06 6-70 4'87 2'72 Nil 

" " 12-41 12-41 12-41 8-78 6'88 8-60 1'21 .. " 
21{ 

12-41 12'41 12'41 9-85 7-29 4'60 2'82 .. .. .. 
12'41 12'41 12-41 8-80 5-65 I-55 Nil .. .. 

22{ 
12'41 12-41 111-41 10-05 7-85 4'51 2'75 .. " .. 
12-41 12-41 12-41 7'82 4-51 Nil Nil .. .. 

28 f INI 12-41 12'(1 10-00 7'25 4'79 8'47 .. .. 
" l 12'41 12'41 12-41 7-65 4-65 Nil Nil .. .. 

G 2 
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Level., 
Dale, 

88 86 8280 78 77/76 74 
----;---!----II---- ---

1889, bomB hoort hOU18 hou.. ho.... hou.. houn houn h""" 

2~ 12'41 12'41 12'41 '9'60 'Z'09 4'82 8'57 1'62 Nil 
Jone 

12'41 12'41 12'41 7'35 4'28 Nil Nil Nil " 

{ 
12'41 12'41 12'41 9'27 7'08 5'10 4'05 2'58 .. 

.. 25 12'41 12'41 12'41 7'58 4'75 Nil Nil Nil .. 

26{ 12'41 12'41 12'41 8'85 6'93 6'05 4'03,. 2'86 .. 
.. 12'41 12'41 12'41 7'45 4'81 Nil Nil Nil " 

{ 
12'41 12'41 12'41 8'87 7'02 /1'25 4'29 8'32 .. 

" 27 12'41 12'41 111-41 7'32 6'06 0'40 Nil Nil " 

28{ 12'41 12'41 12'41 8'68 7'09 6'45 4'55 3'68 " 
u 12'(1 12'41 12'41 7'15 5'15 1'25 Nil Nil " 

{ 
12'41 12'41 12'41 8'-59 7'02 5'45 4'58 8'63 " 

.. 29 12'41 12'41 12'H 7'11 6'00 2'50 Nil Nil .. 

nf.. .. 12'41 8'61 7'08 6'51 4'60 8'62 .. 
n 3-112'41 12'41 12'41 6'97 6'02 2'41 Nil Nil .. 

{
12'41 12'41 12'41 8'67 6'93 6'30S No lS'29 

Jol 1 i mark Ii " 
1 12'41 12'41 9'35 6·93 6'09 2'40 Nil Nil .. 

2f\ 12,41 12'41 11'20 8'61 6'90 6'07 4'02 2'72 " 
" 12'41 12'41 12'41 7'02 6'00 2'19 Nil Nil " 

{ 
12'(1 12'41 12'41 8-45 6'62 4'62 3-39 1'90 .. 

" 3 12'41 12-41 12-41 7'48 5'38 2'58 Nil Nil .. 

J112'(1 12-41 12'41 8;65 6-54 4-19 2-68 .. " 
" -1 12'41 12-41 12'41 7'52 5-65 2-80 Nil I .. 

• J 12'41 12'(1 12-41 8'77 6-43 3'48 1'111< .. 
" 1 12-41 12'41 12'41 9'05 6'20 3'25 Nil .. " 

~ 12'41 12'41 12'41 8'62 5-72 1'76 " .. H 

" t,12-41 12-41 12-41 9'15 6-M 3'78 1-85 .. .. 

{
I 12'41 12-41 12'41 7-84 4'74 Nil Nil .. .. 

" 7112-41 12-41 12'_4J 9'08 6-84 4-65 3'30 0-90 .. 

.. ..f,12'41 12'41 12'41 7'53 4-71 Nil Nil Nil " 

1112-41 112'41 12-41. 9-12 1.7-22 6'31 4-38 3-27 Nil 
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Le •• 1& 

Date. ~~ 88 86'M 828078777674 
I- -- I-

188~. b6urB houre hoors hours homs hOUlB boma houra . boma 

JUly 

. .. 

. " 

9{ 12'41 12'41 12'41 
12'41 12'41 12'41 

10{ 12'41 12'41 9:05 
12'41 12'41 " 

lI{ 12'41 12'41 10'11 
111'41 12'41 8'44 

12{ 12'41 12'41 9'58 
12'41 12'41 7'85 

IS{ 12'41 
12'41 9'9l 9'85 

9'19 

14{ 12'41 n'18 9'10 
" 9'74 7'85 

7'01 4'60 Nil Nil Nil Nil 

8'89 7'12 5'611 4'85 8'92 1'49 

6'82 4'70 0'88 Nil Nil Nil 

.. .. .. 4'96 4'25 2,41 
8,48 7'11 5'78 Nil Nil Nil 

6'38 4'62 1'80 5'00 .. .. 

8'08 6'92 5'68 0'97 4'37 2'75 

6'29 4'85 2'97 .. Nil Nil 

8'04 6~84 5'78 5'28 4'51 8'011 

6'86 ·5'08 8'70 2'05 Nil Nil 

7'89 6~82 5'78 5'19 4:68 8'20. 

6'69 5'39 8'89 2'87 0'94 Nil 

{

5,n 

IS{ 
12'41 10'97 9'00 7'80 6'75 5'63 3'12 4'4S 2'80 

4'85 
12'41 12'41 8;25 6'91 5'59 4'02 8'25 1'72 Nil 

{ 
12'41 12'41 12'41 12'41 5'75 4'25 8'25 1'90 .. 

16 12'41 12'41 8'75 7'15 6'80 5'54 4'85f No l 
~markS" 

{ 
12'41 12'41 12'41 7'90 6'60 5'8 4'11 8'10 " 

17 12'41 12'41 9:20 7'50 5'90 4'12 8'02 8'78 .. 

{
12'41 12'41 10'20 7'80 6'00 8'80 2'38 Nil 

18 I 12'41 12'41 12'41 8'20 6'17 8'90 2'25 " 

19{1 12 '41 12'41 12'41 7'73 5'87 1'22 Nil .. 
111'41 12'41 12'41 9'12 7'00 4'30 1'82 .. 

201 12'41 12'41 12'41 8'SO 4~77 Nil Nil .. 

vl 12'41 12'41 12'41 9'93 7'22 4'15 " .. 

21{ 12'41 12'41 12'41 8'OS 8'85 Nil .. .. ' .. 
111'41 12'41 12'41 11'00 7'55 4'47 2'12 .. .. 

22{ 12'41 12'41 12'41 7'45 8'18 Nil Nil .. 
12'41 12'41 12'41 10'85 7'60 4'67 2'82 .. 
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STATBIIBNT-:-COIIlinlled_ 

Lov.1& 
Dale, 

88 86 84 82 80 78 77 76 74 
---1---1-- 1---------1---

1889, honn hODn hou.. honn honn houn honn hon.. honn 

8-10 8-40 Nil Nil Nil Nil 
July 2S{ 

12'41 12-41 12'41 

12'41 12'41 12'41 10'65 1'30 4'85 " 

{
12'41 12'41 12'41 8'55 4'00 Nil 3'37 

.. 24 
a'41 12'41 12'41 9'83 1'12 " Nil 

{ 
12'41 12'41 12'41 

.. 25 12'41 12'41 12'41 

" 20J 12'41 12'41 12'41 
1 12'41 12'41 12'41 

27{ 12-41 12-41 12'41 
» 12"ll 12'41 ""41 

28J( 12-41 12-41 9-55 
" 12-41 12-41 __ 

291, 12-41 12-41 10-31 
" 12'« 12'41 9'22 

{
.. .. 10-15 

n SO 12"41 12-41 9'08 

{ 
12-41 1

112
-41 10-25 

" ~ 12-41 12-41 9-~ 
J 12-41 12-41 10-30 

August It 12-41 12-41 9-80 

" 9J 12-41 12'41 1 10-21 
1 1 12-41 12-41 12-41 I 

J 12-41 12-41 12-41 I 
" I 12-41 1 12-41 I 12-41 i 
" J 12'41-1 12-41 112-41 

I 12-41 12-41 1 12-41 

51 12-41 I 12-41 1 12-41 

" l 12·(1 ! 12"41 12"41 

" ,,1 12-41' 12-41 . 12-41 
1 12-41 12-41 12-41 

.. .. 5'00 3'69 2-18 

1-89 5-19 Nil Nil Nil 

9-09 1-15 5-21 4-19 2-89 

1-62 5-15 Nil Nil Nil 
!I-81 1-05 5-21 4-in 8:30 

1-23 5-12 2-02 Nil Nil 
8-61 6-91 5-40 4-55 8-84 0-85 

1-15 5-27 2-90 
8-35 6-91 5-42 
1-10 5-40 3-32 

8-30 6-16 5-22 

1-12 5-52 3-55 

8-32 6 12 /j-19 

1-29 5-10 3-85 

8-35 6-65 4-95 
1-30 5-93 4-23 

~:: ::: t ::: 

8-04 6-06 i 3-34 

8-20 6-40 I 4-42 

1-96 5-28! 0-84 
9-14 1-02 4-82 

8-08 4-68 Nil 

9-84 1-51 5-18 

1-60 3-96 Nil 

10-00 1-58 5-40 
! I 

Nil Nil Nil 
4-63 3-69 0-32 

1-551 Nil Nil 
4-471 3-51 0-19 
2-10 Nil Nil 

4-2213-25 " 
2-10 Nil " 
4-06 2-80 .. 

2-181 0-61 .. 
3-24 I-50 I .. 
3-26 1-48/ " 
1-32 Nil " 
3-15 0-12' .. 

~~ll:~1 : 
3-25 , 1-92, .. 
Nil Nil " 

4-32 ,3-0'2 " 
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Levels. 
Dale. 

_8_8_L~ ~I~ 84 82 77 76 74 

1889. hours hours hours bours hours hours hours hours hours 

August 7{ 
12'41 1241 12'41 7'56 4'21 Nil Nil Nil Nil . 
12,41 12'41 12'41 7'66 7'56 5'80 4:-89 

" " 

8{ 

12'41 12'41 12'41 7'12 4'79 Nil Nil 3'90 " 
" 12'41 12'41 

9{ 
12'41 12'41 12'41 8'80 7'30 5'82 5'05· 4'24 1·78 

" 12'41 12'41 9'04 6"84 5'10 2'87 0'72 :Nil Nil 

1O{ 
12'41 12'41 10'06 8'40 7'06 5'86 5'21 .4'52 2'90 

" 12'41 12'41 8'50 7'00 5'56 8'96 2'94 0'94 Nil 

11{ 

12'41 12'41 9'56 8'10 7'00 5'90 5'29 4'70 3'14 

" 1i1-41 12'41 8'26 6'86 5'65 4'20 3'35 2'18 Nil 

12{ 

12'41 12'41 8'92 7'70 6'67 5'.61 5'10 4'35 8'10 

" .. .. 8'43 7'05 5'90 4'~0 3'81 8'05 Nil 

13{ 

12'41 12'41 9'10 7'90 6'81 5'60 4'97 "41 2'81 .. 12'41 12·41 8'60. 1'30 6'09 4·80 4'07 8'25 Nil 

14{ 

12'41 12'41 7'05 1'60 6'45 5'20 4'52 3'70 1'10 

" 12'41 12'41 8'86 7'50 6'20 4'77 3'78 3'05 Nil 

>oj 
12'41 12'41 9'16 7'60 6'18 4'60 8-60 2·40 

" .. 12'41 12'41 9.'65 7'98 6:60 4'87 8'72 2'55 .. 
12'41 12'41 9'70 1'15 6'18 S'88 2'08 Nil 

" .. 16\ 
12'41 12'41 12'41 .. .. 5'05 3'75 1'80 .. 

.. .. .. 8'72 6'98 .. Nil Nil 
" 

17{ 111-41 12'41 12'41 8'24 5'82 1'98 2'23 
" .. .. 

1241 12'41 12'41 9'75 7'56 5'18 Nil 
" .. 

18{ 
12'41 12'41 12'41 8'25 4'89 Nil .. " " " 12'41 12'41 12'41 10'50 7-65 8'80 .. " " 

19{ 
12'41 12'41 12'41 9'00 Nil Nil 

" " .. .. 
12'41 12'41 12'41 11'91 1'82 3'20 " " .. 

20{ 
12'41 12'41 12'41 .. Nil Nil .. " " " 12'41 12'41 12'41 12'41 1·85 8'85 .. " .. 

21{ 
12'41 12'41 12'41 12'41 S'12 Nil Nil .. " .. 
12'41 12'41 12'41 12'41 1'61 4'40 

" " .. 
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LoY.1a. 
Dote. 

I 88 86 84 82 80 78 77 76 n 

1889. homa bo0J'8 homa homa bOOJ'8 bOOJ'8 boo .. b .... hoDl'l 

Aug. 22{ 
12·41 12'41 12'41 12'41 4'01 Nil Il-lli Nil Nil 
12·41 12'41 12'41 12'41 6-88 4'41 Nil 

2~ 12'41 12'41 12'41 12'41 .. .. 2'88 Nil Nil 
" 12'41 12'41 12'41 7'82 4'54 Nil Nil 

" " 
24 

12·41 12'41 12'41 8'92 6'64 4'57 8'40 1'66 " " 12·41 I!Hl 12'41 7'25 4'98 0'40 Nil Nil " 
25{ 

12'41 12'41 9'75 8'38 6'65 4'87 8'87 2'83 " " 12'41 12'41 7'25 5'80 2'69 Nil Nil .. " 
21 

12'41 12'41 10'85 8·28 6'70 IHO 4'21 3'15 " " 12·41 12'41 9'08 7'10 6'« 8'69 2'46 Nil " 
27{ 

12'41 12:41 9'.98 8'111 6'69 6'22 4'« 8'61 0'83 

" 8'92 7'18 5'70 4'13 8·20 2'04 Nil .. 
2~ 12'41 12'41 9'49 7·85 6'48 6'12 4'38 3'50 1'12 

'! 12'41 12'41 8'75 7'31 6'91 4'49 3'68 2'73 Nil 

29{ 
12·41 12'41 9'32 7'80 6'45 5'05 4'28 8'32 " " 12·41 12'41 9'08 7'59 6'21 4'84 4'05 8'12 " 

30{ 12·41 12'41 9'38 7'78 6'39 4'89 4'06 2'93 " " 12'41 12'41 9'45 7'84 6'55 5'05 4'31 3'35 " 
{'12'41 12'41 9'60 7'85 6·38 4'69 3'45 2'01 " 

" 31 I 12·41 12'41 10'98 8'36 6'95 5'40 4'60 3'59 " 
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STA'rBlIBIIT SBOWIBG !rBB V Al\lOUB DnAlBAGB AmlAB OY BOMBAY • 

.Area in I DOlICriptiou of LocalitY. 
Acres. 

~ E';'t side of Malabar Hill, dre.ined into sea. 

294 Weet .. .. .. .. 
337 Weet side of Kha';'boJa Hil1, dre.ined into ..... 

251 West side of W.."li Hill 
2,308 District drained by W.."li Channel. 

525 West portion of Mahim, drained into Mahim B~y. 
1 ;321 District dre.ined by Dhoravi Channel. 

151 North side of Dharavi Road, dre.ined into Mahim River. 
185 District drained by Sion Channel. 

S,029 W.st side of Sewri and Sion Roads, drain.d into s .... 
'668 West sid. of Mazagon Road, dre.in.d into ..... 

200 East sid. of llBZIIgon, .v.nlnaU,. dre.ining towards fiats. 
784 Additionel area, draining into the storm-w .. ter reservoir. 
928 Flats drain.d into op.n main drain channel. 

89 

256 Gowali .. Tank and KhQlllbala Hill, dre.ining towards the open 
main dre.in channeL 

736 District drained by Parel and BeUasis Road drain, and 
finally falling into old insin drain. 

336 Kbetwadi district, finally draining into old main drain 
chann.l. 

108 District dre.in.d by Oharni Road drain. 

60 , Sonapore dre.in. 
52 Marine Lines dre.in. 

163 Esplanade, dre.ining into ..... 
265 Elphinstone Reclamation, dre.ined by O,,;"'ac Bnnder ontfall. 
144 Mody Bay district, dre.ined into s .... 

79 Frere Road, dre.ined by Mandvi' outfall. 

278 Fort district, drain.d by Mint Road ou tM. 
61 Dock and Oustom Honse portion of Fort, drained into sea. 

257 Colab.. (western district), dre.in.d into ..... 
208 eastern 
147 Portion weet of Queen's Road, falling into ..... 

14,231 
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STATBIIBIIT showing Areas of the diJl'erent Districts and tots! Ar08l 
drained by different Ovoid Sowe,.., and the Popn!mtions aorvod by 
them, together with the Size of the Sewers and their Gradients. 

PopuJation DillChargiDg1 

Ovoid Bewar. DU\rIeI. Acree (BO per 
. Cenmaot ToIal. 

1881). per Minute. 

(Jopacity, k:' of ~:r!. ;~. &':01, 
I-------~--·r_---r---'------I R. In. R, In. 

Mint Road to Shek 
Meum Street. 

c..rnac Road. 

Sewer from Frere 
Road to Shek 
Meum Street. 

Shek Memn Street 
to Kavasji Pde1 
Tank. 

Esplanade 

Fort South 

Fert Nerth 

Total •. 

Umarkhari 

Dongri .. 
Esplanade 

Mandvi .. 
~ .. 

Total •• 

Chackla .. 
Market .. 
Dhobi Talco 

214 4,429 

131 3,515 

133 83,828 
1-----

478 

8 4,164 

285 83,290 

201 4,159 

164 42,351 
17 12,349 

675 

19
1 

13,802 

79
1 

43.609 

2320
1
' 9,155 

FBDBllwadi 3,715 

Bhn1eswar 18 9,145 

Girgam •. 12 2,450 

Esplanade 18 373 

I Mint Road Ii 478 41 772 
Sewer •• f I' 

I 

! 
1 

40,772 

! 
, 

: 

I 

Csrnac:&o.d II 675 96 313 
Sewer .. fl--.J~ 

.. Total.. i1 •
342

1 
'1220.334 

KaV"".J1 Pde1.Tank : Kombhar- ~9 14 452 
to K:hetwadi 10th l..-ada.. I' 

Lane. I Khetwadi •• 971 16.796 ; 

, Cenied OYer 116
1 

31,248 I 

707 ,2 6x3 9 

752 2 6x8 9 

I 

I 
796 

I 
2 8x4 0 
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Popula.tion Discharging 
Cap&eity, 

Ovoid Sewer. Dietriel Acres. (as per . Total: 2/Srd. full. SizE! of 
Ceo8U8 of Cube Feet Sewer. 

1881). perMinute . . 

Brought over 116 31,248 
ft. in. ft. in. 

Girgam .. 12 2,450 

&<~-l ShekMemn 
Street to 1,342 220,334 -
KaVBsji 
Patel Tank 

11,470 
---

Total •. 254,032 .1,304 3 4x5 0 

Queen's Road .. Dhobi Taloo 76 80,254 

Fanaswadi 105 19,508 

Market .. 10 5,521 

Girgam .. 100 20,419 

Kbetwadi .• 61 10,062 

Chopati .. 108 10,184 

Walkeshwar 10 210 

Esplanade 137 2,835 
--t---

Total •• 602 99,488 704 2 6x8 9 

Khetwadi 10th Lane Kbetwadi •. 12 2,078 
to Grant Road. 

• .. ··"1 p.telTaok 
to Khet- '1,470254,082 
wadi 10th 
Lane .• 

Queen's Road 602 99,488 
-----

Tolal •• 2,084 355,598 

Kamatipura .. Tardoo .. 18 1,156 

Kamatipura 55 28,718 

Total •• 68 24,869 749 2 6xS 9 
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STAT""""T-con/i" ... d, 

I DiocbArglni 
PopnlalloD 1 0."...111, I 

Acree:. ,..~8IJ perot Total. I 2/3rd. full, Size of 
veDBU8 I Uube Fet4 I Sewer. 

~ ___ I_",_·r_M_iD_U"_·.'i ____ • 

Grant Road ·10 Bhuleab ...... 61 28,961 
R. In. ft, In. 

Clerk Road. 

Kamalipma 

Khelwadi101hLane 
10 Grant Road. 

Ripon Rood .. 

Clerk Rood., 

Clerk Rood 10 
PampiDg-etation. 

Chakla 

Chopali ., 

Milkeswar 

Tardeo ., 

Umarkbari 

MahaLwni 

Bycmlla ., 

Khanbba .... adi 

~tipura 

KbaraTaloo 

15
1

10,896 

~~ ".:: 
97 50,(92 

1528,058 

( 111 
27 20,538 

11 4,742 

41 28,691 

1st Nagpoda 29
1 

9,312 

2ndNagpeda~! 15,922 I 
Total .. 724192,783 

Kamatipma 681 24,869 

Kbelwadi\ I 
lOth Lane • 

-to Grant/ 2 ,084355,598; 

u-l"I_I_1 
Total, '12,8761 513,250

1 
ByenlIa.. 261 I 7·, 186 

Tanradi .. I 318i 9,6M; 

BY~ .. I 1S0
1 

(,91': 
Warli ., I 711 702 : 
RiponRood !~ 7,186: 

Total .. I 829:,' , 22,516' 
I . 

Grant Rood . i 

~ ~~}12'876t73'250 . 

CIeri< Rood . 82~ 22,516 
Total .. 3,705--- 595,766 

'I . 

2,561 ( 8)(7 0 

740 2 6)(3 9 

I 

I 
740 6)(3 9 
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MEMORANDUM BY SURGEON-MAJOR WEIR, MEDICAL 

OFFICER OF HEALTH. 

The nuiSBllce felt during the ~~nsoon from the lIats was more serlona 
than for many years. The nuiSBllce was canaed by" deposit of slndge 
across the reservoir. 

A. Interrnpting the cnrrent of sewsge. 
B. Polluting the water. 

I wrote two reports on the causes of the offensive smells. Before 
giving these reports, I may mention that the deposit in some of the sewers 
in the Fort, as in the Church Gate and Marine Street sewers, was exeep
tionally small. In the Marine Street sewer there was practically 
none. 

Popularly the nnisanee from the Flats was ascribed to sewer emana
tions, bnt the nuiSBllce was not dne to the sewers, nor to any nuisanee 
.caused within the sewers. It was dne to the deposit in the reservoir and 
its ell'sots. 

RBPOBT DAun 18TH OOTOBE, 1889. 

"I have the honour to submit the result of observations I made this 
morning. A little after six, one of the sluice gates at Clerk Road was 
opened, and I followed the sewage from the sluice gates to the Vellard, 
Mabalaxmi; the stream of sewage on entering the reservoir set towards the 
Vellard, and was preeeded by a wave or border of charcoal and sewage 
matters some two reet broad, having a wavy outline, "" 

The Nte of motion was, on an average, 45 feet in one minnte and twenty 
_onda as I timed it. I followed the sewage till the ourrent arrived at 
the Vellard. It now extended in an irregular line from the VeUard 
_I, acrosa the reservoir, having the grsalest surface north as follows, 
the apox being towards the YeUard. 

" In about two hours, the surface of the water of the reservoir, as far 
as I ~uld _, was covered with sewage, i. e., in a few words the reservoir 
was more or lesa converted into " sewage pond. The set towards the 
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Vellard uplains the ofl'ensive smell which ,,00 have observed on Khsmbala 
.. HilL With" set towlllds the VelIard, the roads on either aide at the 

Khambala Hill ""' B8 funnefs, and attract the foul VBpo1Il'II toward. the 
hill The Acting Executive Engineer, Mr. Smith, attribute. the set at 
the sewage to the depoeit on the eaot at the reeervoir. The reJDOTal at 
this depoeit hB8 been under "our consideration." 

:&porI dated 6th NOf!embet-, 1889 • 

.. The liquid oewage in the open main drain gave 20 parts per 
million of free ammoniacal producto, and the water from the eouth ..... t 
aide of the reservoir, 14 ; while the water from near the outlet near Love 
Grove ·yielded 17. These bave heen the reo.lte at m" euminotiOll& 
The quality at the water in the open droino on the F1ate varieo ver;v 
much; thoee conpnunicating during the niDI with the open drain or wi th 
the drainage of dwellings are sewage tainted. 

" I ma" ofI'er an opinion on the nuisance from the reoervoir daring 
thie "ear, and the cause at the nuiaance being more oboerved than in the 
laot "ear. In m" opinion the CBuoe iI due to the deposit in the reoervuir. 

"Thedepoait-
.. A.-Ohetructe the circulatioo of the water. 
"B.-Betards the di1rusioo of the sewage. 
.. C.-e.- " eonmd at sewage to the VeIlard. 
"D.-Expoeeo " greater surface of -.go to the ~here. 
" E.-And, therefore, bringa the .. wage the distaoce bet .. """ the 

_ of the ......... oir and Htbalaxmi, 10 much nearer to 

KhamlBla and lIaIahar Hilla. 
"I forward in " boUle of sewage " """'PIe of the odaan which have 

been observed from the directioo at the Flato." • 

It most be recollected that the new eewer s;vBIem iI m..I .. DO other 
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system in the world is tried. There i. discharging daily in fmeal. ID8B8 

some 3400 (three hundred and forty) tons of night-soil into the sewers. 
And why is this done? Because the harbour outfall, the ancient way of 
discharge, W80B closed by Government, and because the interests of the 
city have been sacrificed to the interests of the harbour. Both Mr. 
We.lton and I objected strongly to the discharge. of night-soil in ID8B8 

from the Carnac Bunder night-soil depot into the sewers. 
The following is one of my reporte:-
"I believe the discharge of the night-soil brought to the Carnac 

Bunder Night-soil Depot into the new sewer in the Espls.ne.de Cross Road 
within .. limited period of about six hours would be attended with danger. 
I am further doubtful whether any practicable system of lIushing would 
prevent portions of the moBS of night-soil thet would be poured into 
the sewer adhering to the sewer and blocking the sewer subsequently. 
Night-soil is most tenacious. The circulation for some hours through 
the city of an immense current of night-soil is attended undoubtedly with 
danger; IIlthough the danger is less in proportion to the freshness of 
the organic llnid. and particles. The danger is very much greater than 
the danger that would attend the admission of the same quantity in 
divided portion. and at divided points. 

"I do not think the emptying of night-soil into the drains at junction 
of drains and sweepers' gullies is practicable; it would create .. most 
serious nnieanoo, .. nnieanoo that would be protested against. I believe 
it is impracticable." 
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MOOR&1IDUII o. TDPIlllA1'UU o. B.-wAO ••• HAnr Bew ... on 
181 Febl'1W'1. 1890. Taken by Mr, Baldwin Lat.bam. 

Locality, Bemarb T~~I TI_I 
---------------- ,-----------
Tempera&nre in sbade al Pump- l 

ing Blation, Love Grove •• f 
Shred-lifter chamber 

From pumping ... lalion 

In Clerk &ad manhole •• 

69'3 

76'7 

75'7 

75'5 

74'9 
75,2 

74·2 

Norih side of &he Be\la.sia} 71;' 4 
Bridge .'. •. •. 

Air Temperalore .. 74' 6 

In Gilder BIreeI main sewer .. 76'5 

old sewer 73'0 

BaplT &ad main sewer.. 76'3 

old sewer .. 73'7 

FslkJaod &ad 76'2 

101h Khelwadi Laoe.norIhside 76,2 

.. soutJl8ide 76'0 

~Back&ad.. 74'8 

KheIwadi Back:Rood, opposiIe 1. 
&he 9th lane .... .. 51 77'0 

KheIwadi Back Rqood 

Air TElDperaIme 

15th Khehradi Lane 

73'8 

75'7 

73'5 

... , 
7. 80 In .hade. 

7.80 Sewage. 

7.35 

7.50 Manhole No.6. 

8.10 No.2. 

8.15 

8 155; On ovoid sewer,_1 
, i I manhole No.1. 

8.45{ I AIJJt!' depol man-

S.45 In ohaae. 

9.10 

9.10 On old manhole. 

9.20 } i On eIorm wiler 
9.201 manhole. 

9.30 Manhole No.1. 

9.40 In manhole. 

9.45 

:::11 :-.:":' .... 
9 50J Fresh walei' from 

1

9:5011' In~pe. 
I Fresh wiler from 

1
10

•
04 i main pipe. 
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NOTES 18kcn on 3 .. d Febrnary, 1890. (Temperature taken by 
Mr. Baldwin Latbam.) 

Loca'iity. T·~I Time. Remarks. 

97 

At Pumping Station,t 15'1 
Love Grove • • • • S 

A..H. 
1.45 5 Sewage, ebred-lifter 

l chamber. 
Air Temperature. . 69' 4 
Wal!'r for Condensers •• 89' 6 

Water from Condensers 106' 3 

101'2 
109'6 
106'1 

1.45 
1.56 

7.65 

In shade. 
In Cooling tonk. 

5 J n chs.nnel between tank 
l and engine house. 

M.MORAllDUIl 011 STATB 011 SBW1<BS in Bombay, taken under 
. Executive Engineer's inetrn.tions. 

Lcrealion. I I TotM I Depth or Des.th or Deplh of BemarD 
Sewage. llt. Sewage . 

and Sill. 

------------------------
Hornby Road and T ..... Hall 

Sewer, J .... uary 17, 1890. n. in. It. in. It. in. 
Nortb Corner School of Art ., 1 1 0 7i 1 8i 
Manhole •• 1 0 0 9; 1 9; 
Manhole •• 0 0 8 1 8 

North end of Victoria Terminus 0 9; 0 8 1 6; 
North of Novelty Theatre 0 9 0 8; 1 6; 

En.::"..::: p~tfo~, ~~tor.i~} 0 9 0 6 8 

Dome of Victoria Terminus •• o 11; 0 q 1 4 

Opposite Post OJlioe door, but} 
little to east • • • • .. 0 9; 0 7 1 41 

Tanks ror road wataring, Euro-I 
pean General Hospital •• 0 9 0 6 1 8 

Goa Street 0 8 1 11 1 91 
Nortb of oomer Mint Road I 

and Frere Road •• • • • • 0 7 1 01 1 71 

Agiari Street •• o 111 0 101 1 10 

H 
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MBMOBAltDVM OJ' STAT. OJ' SJ:wBR8-eonti"uefl. 

---------Loc--at-w-D------- ~~~g~~ Dc~~or -:~~~~rIRem:~ 
BndlSilt. 

H01'fIby Road, d:c.-ctmlinuea. 

Ballard Road •• 

Mini. north circle manhole •• 

18·in. pipe mnnhole 

Penstock manhole on old drain 

Queen', Road S ....... Janua'1l18. 
1890 . 

. Khetwadi. 10Ih Lane 

lllh Lane 
13th LaDe 

Charni Road, comor 

Khelwadi, main road 

N......w""ji Parakh·. hoose 

Girgam Back Road 

N orlh of Eye Hospital •• 

Girgam Road •• 

North of JDill •• • • • • 

Charni Road and Queen'. Road 

Centre of Bhoras Sanatorium 

Tbakodwar Road •• 

lIahomedan Burial Ground •• 

Cbandanwadi I..1rine • • . . 

Next N. of Harine L. Road •• 

--------- -----
f'l in. It iu. 
o 5 1 4 

o 6 1 3! 
I! I 0 6! 

I 
1-1-9-

1 10 

\I \I 

III 

1 10 

o 7 
1 9 
1 1 

III 

4 

6 

\I 0 

1 III 
1 9 

1· 6! 

n. III. 
1 9 

1 9! 
1 8 

4 5 
4 4 
4 4 
4 5 

4 4! 
4 I! 
4 4! 
4 4 
4 5 

4 4 
4 8 
4 6 

5 5 

5 10 

\I 7 
\I \I 

\I 5 
\I 7 
3 9! 
\I q 
3 3! 
2 5 

3 

210 

\I 8 

3 'S! 
3 8 

4 S! 
3 2 
4 I! 

1 10 5 0 

01ll.44 

~:=~n.~~ 2: ~ IINiL 
Dr. Crimmin·.bnngaIow(CaPL} .. 

Parker) •• •• •• •• 

4 0 

3 0 

\I 4 

1 1 Bide road (southermnoBi) •••• I 1 
W. P. lIelYin • • • • • • o 4 
Church Gate Btreet (195 feet) o 11 
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MB!lORA1lDUH OB STAT. 011 SBWB8S-COfItinued. 

Tolal 
Location. Depth of De&?: of Deplhof Remarks. Sewage. ill. Sewage 

...dSUt. 
---- ---

Okr1r. Road SetDe1', January 20, 
1890. ft. in. ft. In. ft. In. 

Head manhole .. .. .. 1 1 0 9 1.10 
2nd from manhole west .. 0 B! 1 Ii 1 5 
De Lisle Road .. .. 1 2 0 5 1 7 
Centre of Hay Stack's Ground 0 4- 1 2 1 6 
New Colvert .. .. .. .. 0 7 1 1 1 8 
Arthor Road, 9-inch pipe .. 0 4- 1 10 2 2 
Level .r?Bsings B. B. & C. I. Ry. 1 1 1 8 2 9 
Opposite Grand Stand .. .. 1 10 1 9 S 7 
Last on Clerk Rosd sewer .. S 0 1 10 4- 10 

Mai" SetDe1', January 20, 1890. 

Clerk Road Bridge •• .. .. a a s s 6 6 

Is~:rth. ~f ~-~~o~ .j~~} 8 0 4- S 7 S 

South bund runniug _t .. 3 a 4- 1 7 4-
ard manhole north of ditto .. S 6 a 6 7 0 
6th .. .. .. .3 6 811 7 5 
Ned manhole south of middle} 

bond runniug east . • • • 4. 2 3 S 7 5 

Next manhole north 
o!. pr.ej 7 9 ·0 9 8 6 ceding .• .. . . 

.. .. .. 6 II 1 8 8 4-
Intermediste .. .. .. .. 7 0 1 6 8 6 
lst manhole sooth of north} 

bond running east • • • • 7 4. 0 9 8 1 

3r:o:nh~~e ~m .~~:lif~~} 5 2 211 8 1 

2nd 
" .. .. 5 0 8 1 8 1 

lot .. .. .. 7 4- 0 8 8 0 
Shred-lifter snmp, sunk 12 in. 8 8 Nil. 8 8 

H 2 
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MmOBAND1llI or STATB or SBwons-continued. 

Total 
Location. Depth or D.SAt or Depth of Bemarb. 

Sewage. 8ewaj(8 
Bnd Sill 

------- ---
Bipon Boad SetDef', January 20, 

1890. fl In. fl In. tI. In. 
Head manhole •• .. .. .. 0 8 0 7 1 8 

2nd 
" .. .. .. .. 0 91 0 Bi 1 6 

4th 
" .. .. .. .. 1 8 0 4 1 7 

6th 
" 

.. .. .. .. 1 7 0 5· 2 0 

8th 
" 

.. .. .. .. 1 4 1 0 2 4 

10th 
" 

.. .. .. .. 1 6 1 0 2 6 

8enkli Street •• .. .. .. 1 1 1 4 2 5 
2nd manhole north •• .. .. 1 81 0 91 2 1 

4th 
" " .. .. 1 61 0 71 2 2 

Agripada open drain .. .. 1 0 0 9 1 9 

" connection manhole 1 4 0 8 2 0 

Indian ManuCacmring Com-l 
panis Mill .... ..: 0 4 1 8 1 7 

Ripon Mill (centre) .. .. 0 31 1 41 1 8 

South peri of Hindustan Mill 0 51 1 41 110 

2nd manhole from ~~~'~} 0 6 1 5 111 Circle •• .. .. . 
Clerk Road sewer (west aisle} 1 

. 
81 0 71 2 4 of fo1llll&in) .. .. .. • • 
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MBHOBAlIDllll OIl DlIPTHS OIl SlIWAGlI taken on the Morning of the 
24th January, 1890, under Execnnve Engineer's instructions. 

Dihof Depth of Total 
Depth of Looa1ily. ill. Sewage Silt and Remarks. 

above Silt. Sewage. 

Kamatipura Centre street} Not taken ft. in. 
(old brick sewer), oppo- sepa- l Very } I' 6 aite 12th Kamatipura . little. 
Street.. .. .. .. lately. 

Kamatipura Oentre Street f 
(old brick sewer), oppo- .. 1 6 aite 10th Kamatipura " Street ........ ft. iD. a iD. 

Knrsetji Snk:blaji Street, at} 0 4! 0 7 o 11! 7th Kamatipnra Street 
Baply Road (next manhOle} 
. west of Knreetji Street) 0 Ii 0 8 1 1 

(storm-water drain) •• 
Baply Road (ovoid lOwer),} 

at Kamatipura Centre 2 0 0 Ii 2 Ii 
Road ........ 

Bapty Road (ovoid sewer),} 
at Trimback Parashram 2 7 0 8 210 
Street.. .. .. .. 

Baply Road (ovoid sewer),} 
at K8DI&tipura Bazaar 2 2 0 9 211 
Street.. .. .. .. 

Baply Road (storm-water} 
drain), at Kamatipura 1 8 1 4, ·3 0 
Bazaar Road • • • . 

Baply Road (old main} 011 0 7 1 6 drain), at Steble Street 
Knreetj. Suklaji Street} 010 1 2 2 '0 (sonth end,nearlatrines) 
Grant Road (manhole be-} 

tween Snklaji Street and 1 9 .1 7 3 4, 
Falkland Road) •• • . 

New main ovoid sewer att 
junction of Falkland 2 1 4, 1 6 2 

r~' 
Road and. 10 Khetwadi 
Road ........ men were re-

Next manhole on Falkland} 8 Ii 210 6 8 
moving ail 

Road ........ at the . 
Manhole on Falkland} 3 8 S 1 6 4, 

of these 0 

Road, near Bapty Milla servations a 
Falkland Road, at junction} 0 1 6 1 6 2 

these place. 
of Baply Road • • • • 

, PBSH1JTAlI H. DUSTOOB. 



102 APPENDIX. 

MBIIOIlAHDUJI O~ DIIPT1IB or SBWAO., taken on the morning of the 

27th Janu...,., 1890, uuder Executi.e Engineer'. instrnclions. 

LooaIily. Depth or I Depth or I D;~bl or I 
SilL 8ewag~ Silt BDd I Bemar"" 

above .11'1 Sewage. 
----_._---,-------

fl. in. It. in. n. In. 
Manhole on Frere Road al the 1 

north gate of Prince's Dock_I 140418 

Manhole on main sewer at the} 0 7 
.... 1 foot of Carnac Bridge •• 1 0 7 

PURUTA" H. DUBTOOB. 

OBBllllVA'l'IO" III SawBB between Clerk Road and Lo1'e GraY", 
February 18, 1890, 4 P.II. 

ILID. 
Between Clerk Road and LoYell \I a 
~e ••• ~ ...... "SI 0 11 

IL iD. 

a 8 

II a 

ILID.I 

II 11 I' 
6 \I 
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SBWAGB PUUPING ENGINES AT LoVE GOOVB.-COUNTBB RBADINGs. 

Engine No.1. Engine No.2. EDgin. No_B. Engine No.4. 
Total Date. 

Counters.1 Strokes. 
Stroke •• Counters. Strokes. COUDt .... Strokes. Counters. Strok ••. 

188;.- 1-- r----. 
May 18 651952 .. 637838 .. .. . . 674126 

" 19 681321 29369 684533 46695 .. .. 685445 11319 87383 

" 20 694180 12859 706352 21819 .. .. 712095 26650 61328 

" 21 725968 31788 730000 23646 .. " 726652 14557 69993 

" 22 7538311 27864 760012 20012 .. .. 740821 14169 62045 

" 23 768336 14504 772105 22093 .. .. 761968 21147 67744 

" 24 790703 22367 790008 17903 .. .. 784186 22218 62488 

" 25 790704 000001 820067 30049 .. .. 748416 

" 26 816845 26141 850000 29943 . .. .. 807218 58802 114886 

" 27 843936 27091 871390 21390 .. .. 827529 20311 68792 

" 28 853863 9927 907Q63 35673 .. .. 845668 18139 63739 

" 29 876498 22635 918978 11915 .. .. 88175l 36083 70633 

" 30 902763 26265 947867 28889 .. .. ~93240 11489 66643 

" 31 910665 7902 970909 23042 .. .. 915368 22128 53072 

June 1 934182 23517 436 29527 .. .. 918345 2977 56021 

" 
2 953397 19215 26356 24920 .. .. 941246 22901 67136 

" 8 975198 21801 86958 11602 .. .. 968719 27473 60876 

" 
4 000248 25050 69855 32897 .. .. 968720 1 57948 

" 
5 006478 5170 100050 30195 .. .. 969723 1003 86368 

" 
6 070020 64642 125958 25908 .. .. 996515 26792 117242 

" 
7 100120 30100 141010 l6052 .. .. 22352 25837 70989 

" 
8 116515 16395 172092 31082 .. .. 56567 84215 81692 

" 
9 146168 29653 198370 21278 .. .. 81025 24468 76389 

" 10 161911 15743 225522 32162 .. .. 106586 25561 78456 

" 
11 199021 87110 243492 17970 .. .. 138445 31869 86939 

" 12 223586 24565 274089 30647 .. .. 139498 1048 56160 

" 18 238781 15196 802422 28388 .. .. 164782 26289 68867 

" 14 272424 83648 821926 19504 .. .. 192960 28178 81825 

" 15 801805 28881 855740 33814 .. .. 1214606 21646 M841 

" 16 888350 87045 889286 38466 .. .. ,215140 0534 71045 

" 171366656 27706 418606 29320 .. .. 1232879 17789 74765 



104 APPENDIX. 

COOIITIOB RBADlllos-conlinued. 

Engine No. I. Engine No. 2'1 Engine No.8. 1 Engine ~~ I Tolal 
Date. 1 . I SIrek ... 

J~~8i8 :~~'I' ::::. :::::: :~::~. CQunten. 8lrok~ ::::-:::::'1 82469 

.. 19 20880 39035 448031 17414 302420 82278 88121 

.. 20 50840 1 29960 476239 28206 . . 801569 5149 63315 

.. 21 50841 i 00001 501968 25129 844983 ,87364 63094 

.. 22 75960' 25119 515808 13840 374940 .30001 68966 

.. 23 508469 ~ 32509 ,549115 33301 8749821 

241544958 I 36489 1563298 14183 898042 123110 1 78182 
25 564526 , 19568 1573700 10402 423390 125848 . 55318 

.. 261574642: 10116 1583700 10000 454838181448 51564 
27 593675 19033

1

585764 2064 8742 3904 25001 

28621230 27555 586290 526 60588 1846 29921 

.. 29 656884 35654 1615788 29498 470590 10002 76154 

.. 30 658133 01249 634220 18432 76580 14990 124671 

J 01,. 1 668350 84130 511820 135740 169810 
2 685064 16714 828230 •• 542152 30832 

3 1681670 23531 • . • • 852520 24290 155162719415 51302 

4 ~i714680 33010 10023 24959 63713 1 9193 1553164 1537 61999 
6 33547 18867 38488 28465 • • • . 1670124 16960 64292 
6 36802 3255 •• 1li89963 '19839 45229 

7 65l1l5

1

28413 • • • • / • • 45491 
8 ,91121 26506 •• •• •• 56159 

9 ,805121 18400 • • • • 1 • • 620442 30479 i 43819 

.. 10 ~12024 6903 •• 690 121977 16216821' 1240 130120 
11 j13104 lOBO - 24554 900456 14166 622404 722 41122 
12 • • 1828 9320 925110 ~54 !660038 37684

1

71608 

13 I • • 15212 F 50568 ,25458 :610704 :10666 59508 

.. 14 826496 1339'1 •• L.:":ft 982415 31847 "2211 I 

.. 15 f1626 5130 1491 E279 1379 '18964 (0'2316 40095 ; 90468 

.. 16 ,885946 54320 22701 E1210 •• /' •• 18491 161751' 91705 
11 ,885846 51457 ~56 •• •• .• 1 

.. 18 909940 24594 58165 6708 •• I.. 46232 27141 ' 59043 
I I ,., 
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COUNTSS RBADDlGB-cotilinued. 

Date.. Engine No.1. Engine No.2. EDgin. NOrS. Engine No. 4. Total 

Coanlem. Stroke&. Connlers. Strokes. Connie ... Strokes. Connlem. Strokes. Strokes. 
- ----1-----

1889. 
J DIy 19 925762 15822 967698 9533 .. · . 769544 23312 48667 

.. 20 947872 22110 998843 31145 •.. 53255 

.. 21 969845 21973 031468 32625 

.. 22 992909 23064 059248 27780 

.. r23 18604 25695 61174 1926 

.. 24 43013 24409 88715 7541 

.. 25 68007 24994 122015 33300 

.. 26 . • • • 157807 35792 

.. 27 75577 7570 194045 36238 

" 28 111572 35995 202572 8527 
.. .29 150025 38453 210923 8351 
.. 80 185085 35060 242650 31727 

.. 81 221068 35983 275022 32372 
Aug. 1 231308 10240 306615 315j}3 

2 

b 
4 

833182 26567 

358700 20518 
369704 16004 

54598 

.. 774046 4502 55346 

" 806365 32319 59940 
.• 830784 24369 56319 

• . 851496 20762 79056 
· • 880785 29289 65081 

· . 909280 28495 72303 

• . 937710 28430 72952 
· . 966026 28316 75120 
.. .. .. 66787 

68355 

. . . • 993705 27679 69512 

5 248363 17055 

10210 8831 28230 28525 63923 

40740 130530 52622 24392 75440 
69978 129238 87178 34556 79798 

• . 9798123006 122267 35089 80150 

124855 i26871 141544 19277 74832 
150440 25585 . . . . 88425 

6 258846 10483 887905 18201 
7 293515 84669 416103 28198 

8 327890 34375' 450415 34312 
9 355730 27840 472906 22491 

" 10 890680 84950 
.. 11 424480 83800 501030 28124 

" 12 454081 29601 530935 29905 
" 18 477031 23050 564002 33067 
" 14 500071 28040 599432 35430 
" 15 503327 8256 635155 35728 
.. 16 5312~8 27896 671860 36205 
" 17 566630 35407 686157 14797 
.. 18 602374 85744 721179 85022 

•. 161382 19838 88525 

• . 182254 120872 71203 
· . 1212830 80576 65526 
• • i218055 5225 67149 
• . 1224118 6063 65569 
• . 229430 5312 61429 

I 58470 

: : 125~~~8 124~~3 ::~~~ 
• . 1276880 128167 50204 
· . 1286950 10070 80886 
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ComrrllB n.ADIIIO.-oonti .. ..d. 

_ .. ~'" ~ .. ·'··I··."'~·I_· ... ,···I Th"' 
Oounters. Slrok... Oounlen. Slrok ... Oount~ Slrok"' l Oounten.

1
: ~~8tro~~ 

1889. I 
Aug. 19 636038 25664 738138 16959 .. .. 1309032 122122 64745 

" 20 665168 29130 768208 30070 1166122 111682 321658 '12621 87503 

" 21 701485 36317 802961 34753 1183254 171321 •. I .. 88202 

" 22 729955 28470 803550 0589 204855 21601 330368 8715 69375 

" 23 749708 19753 1858848 55298 :221554 16699 :355362 24994 116744 

" .24 778283 28575 886142 27294 '231050 9496 365176 9814 76179 
1 II! " 25 795314 17031 1892638 6496 ,262658 31608 1882711 17585 72670 

" 26 814820 19506 1917741 125103 ,277982 15324 1393428 10717 70650 

" 27 836188 21368 1952365 134624 I • • • • j415878122450 78H2 

" 28 864620 28432984077 '31712 .. .. 147070 31192 91386 

" 29 878750 14130 11015573 131496 . . . • :479898 F2828 78449 

" 30 905450 26700 50818 1~5245 • • . . 1505920 126027 87972 

" 81 933085 27635 87038 136220 • . . . r26610 120690 84545 

NO'l"II.-A glance at lhe total Domber of strokes made daily byalllhe 
engines,or by each indiridual engine,aho ... oome remarkabledi~ 
which, if correct, poinl to enormoua YanaliOlUl in lhe yolume of .... "ge. 
On oome days, ae for insbmce, on the 30lh Jone, lhe "enge Domber of 
enokes per minale made by .Ulhe engines W&8 17'13, .. hile on lhe 
6th of lhe same month lhe ... ""'Se Dumber of atrokes per minale W&8 

81'42, or lhe YOlume of.....ge pumped in one dayeseeeded the olher 
by 4f ames ilB volume. 

The rehIm also ahowo lha& ........woallyone engine raioM an im
probable q1l&Duly: for eumpIe, on lhe 61h Jane, 1!1lS9, No.1 engine. 
BUpposed to hue made an "yerage number of atrokeo throughoul lhe 
_hole day althe .. 1B of 44'82 per minule. Now, ael wu informed, if 
lheoe pumping enginea ran at" greater opeed than 16 or 17 atrokes per 
minGle lhey 'olip ....age to an enormons _; u U, lhercfore, erident 
lha& there is oomelhing oerioaal,. wrong in lhe engines, or lhe coantors 
.... DOl to be relied upon. 

In the one Inmd.ed days included in lhe faregoing Mble,lhe "Y""'Se 
Dumber of IISrokes per minule .... 47 '275, ODd lhe volume of oe.age 
n.iaed, when ealcala&ed on lhe reduced eapacily of lhe pampo, eseeeded 
12 million gall.- per day. H lbe volume of II>W&g8 .... ealcala&ed OIl 

the actual eapKily of &; pumpa, lhe volume mioed would hue beeu 
&hom 24 mi11ion ga1lOIUI per day. 

13, VteroaU 8ftEET. Wl!ln1lDlolnll, 
'nUt M'7.,. ItfN. 

B.L. 
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STATBlIE1IT InIBNISHBD ,"0 MR. LATKAM ..,R INSBRTlOI! III RBPoR"I'. 

Pumping capacity per di~m of each of the engines at the 
Love Grove pnmping-station .. 

Gallona. 

7,244,000· 

Combined pumping eapo.c;ty per diem of the fonr engines 28,976,000 

Estimated quantity of the sullage water carried by the 
new ovoid sewer on the fiats, taking the present popula-
tion at 927,740 and the sullage water at 10 gallons per 
head, one-third (!) of the wnter supply per head being 
lost by abeorption, ·evaporation, &c. 9,277, 400t 

Water need for fiushing the ovoid sewersat Carno.c Bunder 
and Queen's Road. This is oomputed on the basis that 
the ses-water rnns into the new ovoid sewer through 
Carno.c Bunder and Sonapore sluices daily for 10 minutes 
over the average level of the sullage water in the sewers 
up to· the mean high-water level, which is 84'50 root 
above Town Iia.u datum. . 230,781 

Tolal quantity of sullage required to be raised by the 
pumps at Love Grove 9,508,181 

LIST OF PLANS, ETO., SUBMITTED TO 

MR. BALDWIN LATHAM. 

No. Description of Documents. 

1. General pIau showing the sewerage acheme of Bombay. 
I!. Plane of outfall sewer. 
8. main sewer, Kamatipura ovoid sewer, Queen's Road sewer, 

Clerk Road sewer, Ripon Road sewer, and Mint Road 
sewer. 

4. pipe sewers in the first portion of the drainage scheme. 
5. Fort pipe sewers. 
6. Mody Bay sewers. 
7. Queen's Road and Girgam pipe sewers. 
8. Agripada pipe sewers • 

• AsoumiDg that the engi.ea lifI the r.1I oapocityof Ihe pompe, whioh at p .... nt 
ia not the cue, for reGIOns given in Report, p. 55. 

t ViM figures in Report, pp. 68 a.d 106. 
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No. Description of Documents. 

(2. Plans and sectioBll of storm-water clrain from the open main clrain 
at the Clerk Road to tbe 
new propoaecl ontfall at 
Warli • 

43. 

.. -

.. ' from Paiaboni to Bellasis 
Bri<lge. 

from Gowalia tank to ola 
main drain. 

from 12tb Kbetwacli Lane to 
15th Kbetwacli Lane. 

46. " in Ripon Road. 

41. .. " " in Kamatip1llll. 
48. Details of masomy, gullies, or water-entranees. 
49. Love Grove pumping etation, showing arrangements of 

engines, pumps, &0. 
50. Details of engine house at Love Grove. 
51. General plans of arrangements at Love Grove pumping-iltation. 
52. Details of shred lifter 
53. hoiler house .. 
M. " cooling-tank 
55. Designs for latrines (pail, basket, and water systems). 
56. .. nrinala. 
51. Camao Bnnder night-soil depots. 
58. Plans of the hons .... ullage water eonnectioBll in' first portion of the 

59. 
60. 
61. 

611. 
" 63. General plans for nigbt-aoil depots. 

64. Details of Clerk Road oulvert. 
65. Plans of Port Trust drsins. 

drsinage scheme. 
in Kamatip1llll. 
in Kbetwadi. 
in Queen's Road and 

Girgam district. 
in Agripada district. 

66. Plan sbowing the levela of the bottom of the channel in front of 
Love Grove slnioes. 

61; Plan and sections showing to the Dheravi existing and proposed 
water-courses. 

68. Plans of ontfalla of existing sewers. 
69. Btorm-water channel near Love Grove sluices. 
'10. Section of existing drain and proposed ovoid· sewer in Fre .. 

Road. 
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No. Deecription or Dooumenta. 

7L Map of Bombay, showing Mr. Aitken's scheme of droinage. 

72." ., "contour of maio drain, &C. 
73. Plan showing sites propoeed for ontfall at Colaba. by Mr. Aitken. 
74. existing drain to the native town. 
75. .. and propoeed eewe ... 
76. Section from Nnll Bazaar to Colaba ... ervoir. . 
77. Plan and section of low level eewe. on 4ats. 
78. Plan of site of Warli sloieee. 
79. Plan of the Mahalaxmi storm-water .eeervoir and snrrounding •• 
80. Plan showing existing eewers in Fort. 
81. Plan of the native town, showing the 8l:isting eovered draine. 
82. Map showing clliferent sew .... 

83..." storm-water arrangements. 
84. Detaila of Wa.li sluices. 
85 Map showing snriaee levels of the island of Bombay. 
86. .. sub-soil water .. .. 
87. Section of p.opoeed outfall sewer from Parel Tank to Colaba, by 

Mr. Baldwin Latham. 
88. Indieator disgrsma from the Love Grove pumping .... talion engin ... • 
89. Copy of Ibe Plan showing the Island of Bombay arullhe portion of 

land np to Eorls; scale, 20 eablee to an inch. 
90. Sections of ovoid eewers, showing the observations taken on 27th 

January, 1890. 
91. Section of lIi-inch pipe eewer, in Marine Lin .. , .howing the obser

vations on 20th February, 1890. 

92. Report on Ihe Droinsge of Bombay, by Mr. Berkley. 
93. Mr. Tracey. 
94. Mr. Aitkin .. 
95. Major Tulloch. 
96. M •. Sowerby. 
97. Mr. Braham. 
98. Dr. Blaney. 
99. Dr. He .. leIt. 

100. Mr. Walton. 
101. Army Sanitary Commissioner'. Report, with Mr. lla"lineon'. 

endoraemenl. 
102. Dminsge Commission Report (1879). 
103. Surface Drainage Report, by the Commissioner. 
104. Report on the C&mac B .... dcr nighkoil depot, by the Com

missioner, (1884). 
• Vile Plate .. 
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,No. Deacription of Documenili. 
105. Statement of Extraordinary Expenditure, by the Commissioner 

(1883-84). 
106. Report of the Bombay Extension Committee. 
107. Mr. White's Report on the removal of kachra to Kurle.. 
108. Report on the Drainage of ~e Line~ by a Committee appointed 

by Government, with Dr. MoRury's letters. 
109. Bombay Meteorological Reports, from 18{6 to 1862, and 1864 to 

1888-89. 
110. Tide Tables for the Port of BOllibay, 1890. 
111. Ch&rt of the West COBBt of tbe Bombay Presidency. 
112. Twenty-four Diagrams, Nos. 268 to 291, of the Tidal Registrations 

at the Apollo Bundar daring 1889. 
113. Administration Reports of the Bombay Municipality, from 1878 to 

1888-89. 
114. Executive Engineer'S neport (with plans and estimates) on the 

sewemge of Colaba. 
115. Execntive Engineer's Report (with plans and estimates) on the 

sewerage of Parel, Umarkhadi, ancl Mazagon -district. 
116. File of Acting Army Sanitary Commisoioner'. Reports. 
117. Dminsge Commis.ion Report, and Mr. Rawlinson'. Report on tbe 

Drainage of Boml,ay, .ent by Mr. Hughes, Secretary to Govern
ment, P.W.D. 

118. List of Counter Readings taken of. tbe Engines at the Love Grove 
pumping-station, from lII.ay to Augnst, 1889. 

119. Retnrn of Births and Deaths from the Health Officer. 
120. Samples of Koch.. " 
121. Float experiments by MI'. Raghunath Putlaji, Bead Surveyor 

Bombay Port Trust Engineer'. Office. 
122. CeosD. Rep~rt, 1881. 

STATEMENTS SUBlII.ITTED TO MR. LATHAM. 

1. Details of ovoid sewer from Carnoc Bnnder Road to Love Grove 
pumping-station. 

Branch sewers :-
(1) From Town Hall to the junction of Shek lII.emn Street. 
(2) From Queen's Road to the junction of Khetwadi Tenth Lane. 

2. Details of pipe sewers, first portion of drainage scheme. 
S. Details of pipe sewe.., Qneen'. Road and Girgam drainage scheme. 
4. Details of pipe sewers, Parel, Mazagon. and Umarkhadi wstriet •• 
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No. D ... ription of Document& 

6. Totallengthl of ovoid and outfall sewera. 

6. Slatement showing the aize, lengtha of diJrerent aizea, gradients, 
diaeharging capacities, veloeiliea, and populationa served br the 
different portions of the main sewers (ovoid). 

7. Ditto, ditto, h7 the Hombr Road end Mint Road ovoid lewer, the 
Queen'a Road ovoid lewer, the Kamatipura ovoid sewer, Ibe 
Clerk'a Road ovoid sewer, the Ripon Road ovoid sewer, 

8. SumllllU"1 of the lengtha of the pipe sewers of different diameters. 
9. Lengths of the pipe sewers of the different di.tricta. 

10. Size,- lenglh .. gradients, and veloeitiea of the pipe sewers in the 
""riODS atreete, included in tbe first portion of the drainage aeheme. 

11. Ditto, ditto, included in the Fort pipe-sewer aeherne. 
12. Ditto, ditto, inclnded in the Modr Bar pipwewers aebeme. 
13. Ditto, ditto, inclnded in the Queen'a Road and Girgam drainage 

dietricta.; 
14. Ditto, ditto, included in the Agripada dietricte. 
15. Ditto, ditto, included in the pipe-sewers exteneion of the original 

aeheme. 
16. Scheme for drainage of the northem parta of the ioland of Bomber, 

if made to fall to present pumping_lion at Love Grove. 
17. Ventilating.hafII on ovoid leWera. 
18. _ pipe eewera. 

19. Manhole and eewer inapection eaIIbIiahment. 
20. Slatement ahowing the eaIIbIiahment reqnired for cleaning the 

pipe sewers end ovoid sewere. 
21. Engines at Love Grove pnmping-etetion. 
22. Total dai1r dieeharge of eewage, calenlated from obeervationa in 

ontfallilewer, taken dai1r from 6 Lm. to 6 p.m. 
23. Letter to the Municipal Commissioner regarding the capaeit,' of the 

ovoid eewers on flata near Love Grove pumping_lion. 
24. Statement ehowing the acreage end popnlationa aerved h7 ovoid 

sewera of different size&. 
25. Statement of oheervatioDs taken in ovoid sewera 27th J ..... 1890. 
26. Statement of obeervationa taken in 15-inch pipe sewer in Karine 

Linea on 20th Febrnar7, 1890. 
27. Statementahowingthetimethe tides in Bomba, Harbour were below 

varions levels, in the montha of June, luI" end Angnst, 1889. 
28. Statement ahowing variona amf'ace water drainage _ of Bomba,. 

~: ~ ... WJU.U. C!IlDW'a.aD --. .... ~ • .,. .. IfftliaI'.,... 
.&D~CW" 
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I may here mention that it is not an unusual occurrence 
fur sewage pumping engines to raise 95 per cent. of 
the capacity of the pumps. The valves of the pumps Pump valves. 

are too slight and flimsy to be effective, as they do not 
close sufficiently quickly after the engine has passed the 
centres. No doubt the slamming of the pump valves has 
led to the introduction of sniffing valves that admit a Sniffing 

valves. 
large proportion of air into the pump barrels at every 
stroke, and the efficiency of the engine is destroyed in 
order to procure quietness. 

The deficiency in filling the p~mps does not constitute 
the whole loss, as the indicator diagrams takon on the 
1st of February of the present year show that the friction 
is very considerable; and that, consequently, the total 
efficiency of the pumping engines did not, on that Effi~ienQy of 

date, exceed 36 per cent., or about one-half of what it ;~'!"3"t:er 
ought' to be, which means that twice as much cost is cent .. 

incurred for coals as ought to be expended in doing the 
work. 

Elphinstone Estate Sewers.-The sewers from the Discharge of 

EI h· E h· f h d· h .ewageinto p lDstone state, at t e time 0 t e monsoon, ISO arge harbour. 

both sewage and rain water direct into the harbour, as 
there is but one system of sewers in this district, common 
to both rain and sewa.ge. The outfall sewer into the 
harbour is not protect.ed with a tida.l flap, so that when 
the sewers are put in communication' with the harbour in 
monsoon periods, the tide just as readily enters all sewers 
below high water as the sewage flows out. This liability Reverse. 

. h . d· d currents ill to reverse currents III t e sewers IS very lsa vantageous sewers. 

to them, and this part of the district will require to be 
resewered on the separate system. 

Mody Bay Reclamation.-From Mody Bay Reclama-
tion there is in Mandvi Street an outfall sewer which Sewage 

d· h d·· h h b 1 h· d· discha.rged 180arges sewage trect mto tear our. n t 1S 18- into harbour. 

trict the sewers require to be extended, and all the houses 



Self-acting 
closet •. 

Open space at 
side of house. 

Proper 
administra
tion oflaw 
required. 

60 'raE SANITATION OF BOMBAY. 

closets, which are simpler and more sanitary than any 
form of closet fitted with moving valves or receivers. 

Any of the arrangements of native closets shown can 
be fitted with a treadle platform so as to make them 
self-acting closets. 

The present arrangement of the houses in Bombay 
with open spaces (gullies) at the side is such that with 
perfect sanitary works, a very material advantage would 
be secured in promoting ventilation about the buildings; 
but owing to the vile purposes to which these gullies are 
put, that which would be a great sanitary advantage is 
often a great nuisance, and I have not the slightest hesi
tation in saying is very detrimental to the health of the 
inhabitants. The nuisance of these gullies in a country 
like England would not be permitted for a single moment, 
and should anything like such a state of things occur, 
the owners of the property would be summoned before a 
justice of the peace and summarily dealt with, and I think 
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No. Description of Document •. 

9. Plans of pipe sewers (extension of the original scheme to Marine 
Lines, Arthur Road, Bellasis Road, and De Lisle 
Road). 

10. Plan for drainage of the northern part of the Island. 
11. Ventilating shafts on ovoid sewers. 
12. "pipe sewers. 
13. Daily diagrams of sewage, from observations at various points. 
14. Plans of pipe sewers in Kamatipura. 
15. Proposed sewerage of Colaba. 
16. Parel. 

17." "Umarkhadi. 
i8." "Mazagon. 
19. Design for bell-mouth junctions for the Fort, Kavnsji, Patel Tank, 

Khetwadi, Grant Road, and Clerk Road sewers. 
20. Cross-sections showing the different sizes of the sewers. 
21. Details of Carnac Bunder penstocks. 
22. Details of connection of the Marine Street and Elphinstone Dircle 

drain with the Mint Road sewer. 
23. 

24. 
25. 
26. 
27. 
28. 
29. 

·30. 
31. 
32. 

" 
" 

" 

connection of Marine Lines, Sonapore, and Charni ROIid 
drains. 

conection of manholes on ovoid and pipe sewers. 
lampholes on pipe sewers. 
flushing chambers. 

tank for the head of a house-gully. 
masonry, cast-iron and zinc ventilating-shafts. 

for underground channel " 
gully-trap, siphon, and 2k-in. ventqating-pipes. 
house-connections. 
step-arrangements for receiving an ordinary sewage, while 

exelnding a rush of storm-wate.!'. 
33. Plans of Kamatipnra old drainage. 
34. Longitudinal sections of old open main drain. 
35. Cross sections of old open main drain. 
36. Details of connection of the old open main drain with the new main 

sewer. 
37 outlet sluices of reservoir at Love Grove. 
38. Plan of storm-water reservoir. 
39. Cross-sections tluough reservoir. 
40. Plan showing drainage areas of different storm-water drains. 
41. Plans and sections of storm-water drain from Haines Road to Warli. 
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