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THE

SANITATION OF BOMBAY.

———

To E. C. E. OruivanT, Esq, C8., CLE,

Municipal Commissioner, Bombay.

Bycvrra Crup, BomMBAy,
SIR.—- 13th March, 1890.

I have the honour to report to you that I have
examined the condition of the existing sewers and surface
water system of drainage of the city of Bombay. I have
also read 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
the Municipality from time to time, and to commence my
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
are 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-
ditions of this place has been rendered necessary as having
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THE SANITATION OF BOMBAY. 3

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 Byculla for 47
years (1843 to 1889), as published in the Bombay
Directory, was 78" 25 inches ; while the average rainfall
recorded at Colaba Observatory in the same years was
7097 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
for the years 1847 to 1870, it is probable that if these
observations were carried on for a sufficiently long period
they would show that the average amount of rain that
may be expected to fall in any one 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.

Rainfall ot
Byeculla and
Colaba

compared.

One inch of
rain per hour
:uayﬂg
expected.

The following figures, which are given for the sake of Colaba

reference, show the annual rainfall at Colaba :—

Tnelas Inches, Inches.
1843 .. bbH-24 1859 .. T7:16 1876 .. T8-99
1844 .. 62-71 1860 .. 62-1b 1876 .. 46-70
1845 .. bd4-12 1861 .. T&-91 1877 .. 64-T8
1846 .. 7T3-93 1862 .. T3-'68 1878 .. 106-13
1847 .. T6-00 1868 .. T7'68 1879 .. 5l1-40
1848 .. 75-86 1864 .. 45-57 1880 .. 67-94
1849 .. 114:89 1865 .. Ti-8b 1881 .. 73-04
1850 .. 50-25 1866 .. 7T8-44 1882 .. 69-28
1851 .. 96-07 1867 .. 62-80 1883 .. 90-18
1=62 .. 69-27 1868 .. 62-12 1884 .. Th-44
1868 .. 62-60 1869 .. 91-66 1885 .. 67-91
1864 .. E2-14 1870 .. 66-21 | 1886 .. 99-T4
1866 .. 41:18 1871 .. 40-58 | 1887 .. 94-95
18566 .. 65-92 1872 .. T6-48 1888 .. b57-82
LEBBT .. -D1-=8Y 1878 .. 69:70 1889 .. 67-84
1858 .. 62-45 1874 .. B2-18 ﬁjﬂragu.. 7097

B 2
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TIE SANITATION OF BOMBAY. T

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 :—

Unmr%mii 3ol | ltn2| 2t04 | 4tpg [8Tnches
Year. } Inch |Inch per Inch per| Inches | Inches | Inches apwards
per Day.| Day. | Day. !pe'r Day. | per Day. | per Day. por Day.
1878 a6 16 23 20 14 4 Quantities of
1879 | 56 | 20 | 14 | 15 Lk T ARl
1880 68 12 9 T 8 3
1881 | 64 17 13 8 9 1
1882 | 58 18 18 7 6 2
1883 69 14 15 11 9 5
1884 50 26 18 5 8 3 e
1885 61 22 13 11 3 2 1
1886 | &b 19 14 10 4 7 1
1887 53 16 | 17 11 11 4
Averages | 67-0| 17'5| 15°4| 10°6| 78| 351 | 05
Averages, | '
1857 to } 51-3 | 15:2 ) 184 | 11-0 63 2-2 0-4
1866 ‘ [' |

In Mr. R. Aitken’s Report of 1866, a table similar to Aitkens
the last is given for a period of ten years, 1857 to 1866, RO
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 which rain falls is even greater than Rale of fall

axcends the
figures given.
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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 825 inches per
annum. Of course, there are places where the evapora-
tion exceeds the rainfall, but Bombay, on the average, is
not one of them. There are years in Bombay when the
evaporation has exceeded the rainfall, and which are dis-
tinctly marked by grave consequences to public health,
" which invariably follow such a climatic condition in
unsanitary districts. I cannot 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 J uly 1851, the
rainfall was 4702 inches while the evaporation was but
3-07 inches. Dealing with the daily heavy rains of the
mongoon period, evaporation would not diminish them by
0-10 inches, and may be discarded. The amount of evapo-
ration that goes on in a place like Bombay has a material
bearing on the health of the district. In the case of impure
waters, 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

Effect of
evaporation
exceding the
rainfall,

Influence of
evaporation.

nnunl
amount of
avapormtion.
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THE SANITATION OF BOMBAY. 11

strata, the volume of water that is retained in the ground
depends upon the lithographical character of the strata,
its elevation, and mass. Porous strata in such a dis-
trict as this tend to moderate floods, as they will retain
a portion of the rainfall asin 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
this case and becoming ground water, can, in the absence
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
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 soil, 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 eracked 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 capil-
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 rain percolating after
gaturation has been reached, so the free waters increase,

Porous atrata
mlerite
floods,

Amount of
percolation.

Subsoil water.
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were found at the time of my inspection to be absolutely
lower than 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
attention has been directed by Dr. Cook to the increase of
phthisis going on in Bombay, and aseribing it to the
bringing in of additional water supplies, without adequate
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 by
which the underground water ought to escape have been
so blocked as to raise the whole level of these waters in
the lowest parts of the district. Underground water obeys
exactly the same law as water flowing on the surface, and
I find that Major Tulloch, R.E., in his reports distinctly
pointed out to the authorities that the raising of the low
grounds about Bombay would raise the level of the floods
over the island. What was then pointed out with
reference to surface 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
effect of raising the subsoil water-level (as water always
stands higher in the ground than in the open channels by
which it escapes) there was an enormous and sudden
increase in deaths from diseases of the respiratory organs.
It may only be a coincidence, but I find that so great had
been the progress made in filling up these flats in 1880 as
to require a reconsideration of the surface drainage project,

Dr. Cooke.

Inerenge of
lithigis in
ombay.

Level of
ground water
raised.

Major
Tulloch.
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filling up flais,
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deanths from
respiratory
discases.
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fmd at this time the deaths from respiratory diseases
inereased from 1974 in 1880 to 3799% in 1881, and
have gone on increasing from the latter year up to the
present time.f It should be clearly understood that
the filling up of low damp ground does not get rid of
subsoil water, but 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 Teservoir)
in which the waters are now kept up to a level of 84-0
on T.H.D., is, I am bound 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 reservoir, the waters could escape for eight months
every year at the level of 73-64, which is the level of
the old sills 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 populous part of the city. Having
recard 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 efficient drainage outlets should be forthwith provided,
so as to properly drain all the low lands of Bombay. I
find that this matter has not escaped the observation of
your Medical Officer of Health, Surgeon-Major T. S.
Weir, who has distinctly reported to the authorities of
Bombay that if they succeed in taking away moisture,

* Does not include phthisis. t Vide Table, p. 39.
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they will remove one factor in the production of malaria ;
and he has further informed me that the most unhealthy
period in Bombay is immediately after the rains commence,
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 the people.

Wind.—The direction, veloecity, and frequency of the
winds blowing must receive the fullest consideration. I
have abstracted from the observations at Colaba the velo-
city and relative frequency of the wind for fifteen years,
1873 to 1887, and the following table gives the result.

Dmﬂ#?l':[fr 2 | \’:?{;:ilf;rgzrr‘!i:ﬁl{:d, Avernge Frequenoy.
miles | days
I S o 12-4 a5-7
MNENEE - 76 180
NS o e 12-8 235
ENE. .. .. 12°8 19-6
1R e 4-0 58
1he A eSS s 4-7 8-9
5.E. A 4-0 '3
= 2] D 6-6 66
el 66 63
BB 6-9 8-2
2 F R T 11-2 14-0
WaEEWe ol 512 346
Whsis s s 43-3 | 50-5
WNW... - 30-0 42-9
1o A 41-7 52-2
T [ PR 34-4 40 1
Totals .. 200-2 365-2

Unlieallhy
wrind at
Jombuay.

Wind.

Diirection,
velogity, and
frequeney of
winud.
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THE BANITATION OF BOMBAY. 19

tained watertight. The following figures give the range of
the mean monthly temperature of the ground at Colaba :—

MH‘?E‘“ M‘.ﬂ'[.‘?"'“ Range of
) - 1 inimum
Depth. Period of Observation. ﬁ;;ﬁ:]’;: Monthly Tﬂg;:tﬁﬂm.
Temporature.| Tempearature.
inches 0 = 9
20 1878 to 188T 87-b T4-4 13-1
60 1878 ,, 1887 B6-T 800 67
132 1879 ., 1BST 84-9 80-9 4-0
144 1851 ,, 18564 84-3 81:5 2:8

The temperature of the water supply of a district of L i
course influences the temperature of the sewage; as a supply.
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 Grove pumping station, and found it was—

1)9IB90; s¥ T BUAIE oo dv on el e TBE
IR e T S e s e e
18/3/1890, 06 6.30 2. .. .. .. .. .. 784

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 Influence of
time is likely to be considerably augmented by reason of the =~
pernicious 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 should
be lost in at once abolishing all open channels for sewage Dl cta

and conveying the whole of the sewage by proper drains abolished.
¢ 2
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THE SANITATION OF BOMBAY. 23
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 say, adds enormously
to the floods of the district, and it would be a great relief
to all these low lands if one-third of all the flood waters
could be diverted direct to the sea; this could be easily
done by the construction of proper works for this purpose.

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
by engineering advice offered, that the principles laid
down in the report of 8th March, 1875, have been departed
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 construet 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
has been carried out, the flood water from the high land,
instead of being conveyed direct to the sea, is conveyed
direct into the low-level district, and high and low lands
are linked together to the great detriment of the low
parts of the district, for it can make little 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
observed for the drainage of all low lands, or lands below
high-water mark of the sea, should be strictly enforced in
this district.

It is also necessary to look at Bombay with reference
to its geographical position, and the formation of its coast-
line as affecting the sea and tidal currents, By reference
to the Admiralty charts of the west coast of Hindostan, it
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THE SANITATION OF BOMBAY. 27

May. June, July. Angust. Beptember.

H.W.

H.W. i L.W.

H.W. ‘ L.W.
88~ 01704190+ 418071190+ 4180+ 91/89 - 61/81-11/89
-sa-aﬂsu-?1ﬁ7~0479-11Es-¢ﬁsu+4153+613n-4;as-
88+i¥TB-21FB-THT9-318?-ﬁ%?ﬂ*ﬁl8?*31?9-418T-1LT9-51
88-1179-01,88-7179-01:89-5179- 51/88-81/79- 91187917971
sa+4f?3-513?-3r??~?1hs+1175-91s?-e173+51F7+51F3-91
| e e R R ) A D
89-6179-01(38-21178-2187-0178-81) .. | - 86-81/78+51

88-81/80-01)8911/79-81(88- 61/80- 21|87 - 918071
88-2179-51|90-01/81-21:87+31(79- 01/87- 018081
~Elh9-9188~2130-ﬂ1B?-ﬂlﬁﬂ-ﬁl
gg-7178-91| .. | .. [85:7179-81/84-91/79-61/84-9179-31
ET-EITS*E]SG-EHTB*EIST+11EU+DI S P e e
HT-E]Tﬂ-ﬂlB?-llﬁﬂ-ﬂlﬁ?-l}Bl-DlFE-ElTﬂ*SlBE-TlTB+31

Note—The blank spaces are imperfect or missing records.

Year.

L.W. l'I.W.| L.W.

H.W. | LW,

—

+91'81-01
31%3:} 91

1846
1847
18438
1849
1850
1851
1852
1853
1854
1855
1856
1860
1861

EE'IHTT‘BI

The above figures clearly show that in the monsoon
period you may expect such a high low water that an accu-
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
and fall of a tide on an average of a large number of tides,
is about equal, or the rise and fall are each 6 hours 12}
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 reference 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

Height of
high and low
water.

Accenmulation

of water on
low lands.

Time of rise
and fall of
tides,
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THE SANITATION OF BOMBAY. 33

I must now draw your attention to the evidence given
on pages 52 to 55 of the Report of the Commission of
1877, by Mr. Corke, first assistant to the master attendant;
also of Mr. Jolley, second assistant to the master attendant,
pages 55 to 58, confirmed as this evidence is by Sir Henry
Morland on page 66 of the same report. The evidence
of Mr. Corke practically comes 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
ES.E. = ; as the tide covers the rocks it falls to
east m—>, and northward o». 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 21 to 31
miles, and then sets W.S.W. .— and goes out to sea,
where the set is SSW. . 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
of the South-east Prongs the tides from the rivers and
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 light-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
former adviser of the Municipality that if sewage was
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
mto the harbour. I must say that the float experiments

* This ship has been removed.

Mr. Corke,

Mr. Jolley.
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sewage would then only be discharged for one-third the
time it is now discharged, and only while the tide 1s
drawing off the foreshore, and consequently 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 outfall should
prove too expensive, or there should be some over-
whelming objection to its construction, which, however,
I must say I fail to see at the present time.

With reference to a southern outfall, I observe that, as
long since as 1865, a Commission was appointed by the
Government, and they selected an outfall at Colaba; and
I find also that Major Tulloch, R.E., in his first report on
Bombay sewerage, throws out a suggestion that in the
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
1s 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

Bouthern out-
fall selected
in 18635,

Major Tulloch
and southern
outfall.

Fopulation.

anything like accuracy, what is the present population of Determina-

Bombay. The population of any place may, however, be
very fairly arrived at from a system of proportional mor-
tality, that is, a system of working out mortalities that
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 number 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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PLATE #+

'UMPING ENGINES BOMBAY.

N°4 ENGINE

HICH PRESSURE CYLINDER

. TOR, e Scale 2ag BOTTrom
: REVS 23, 23x25=57-5 7). SEWAGE REVS |g.88, VACUUM |3bs. sFt.gryace
Ibs. o% Ft. 18-@gxz2.5 = 47-2 ’
42:3 '« 306:77% 57.5F _ ; g'bs. =87 a7:2 L.
| s lasooo | SErel F-"I__ . 880 % 3%3—’“-"ﬂ-2& =17-06 H.p.
2t 2 | 8
| g | @ | R [ 9
" ! . . : + ‘n :
] ! o o ] [ lny ] iy @ S K I
; a 1 % ® % * o %+ ® B % 2
g% R ‘ | 2 e
I MEAN = 42.3 . MEAN - 38-9 8
Sl L = R | ]
4 _ . i
LOW PRESSURE CYLINDER
ToP Scale %2 Borrom
REVS 16-65 STEAM 60 LBS. T T REVS I7:§ STEAM &0 Las.
18655 = 83.3Ft ’Tﬂ ‘ \[ 175 = 5' = a7.5 ft
e EAN % 14-8 f MEAN = M-:‘\’\
S — _-'_H_'__.(- I ! —_— - ‘ i
. _T o ‘ o by | 2 NE ‘ o[ slls | 8 | &
- o ) N ™ bl 2]
7 I Sl (e | [ S R R S, || s | e B o
e S |
el e l | :
1a-8'°% «-484.6%% 83.3% 181 H.P 14 -7 '8« 490.8%« g7.5 ¢

33000 . L 33000 == 1913 H-P.

1o fce p. 110

























