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RURAL WATER SUPPLY 1\lm DEVELOPMENT.:__ -

A C01~ARISON OF NI~ffi VILLAGES IN TANZANIA* 

Water supply has always been looked upon as a key factor 
in development, especially of the rural f.reas. The First 
Tanzanian Five-Year Plan of 1964-69 allocated alaost nine percent 
of the total anticipated Central Governoent investments for urban 
and rural water supply, with alin.ost·half of these expenditures 
budgeted for rural water supply. In the Second Five-Year .Plan 
of 1969-74 these proportions are expected to remain about the 
same, but the absolute magnitude of anticipated expenditure~;~ 
vd .. 1 J r~cre 115L d :Juble those proposed in the first !lan~ . The 
following table indicates anticipated investment expenditures 
in the two Plansj 

.. 

Planned Investment I First Plan Second Plan 
Expenditures . . 1964..o'69 1969-74 

. :r _:a .. • _. .. 
100% Central Q:overnment . 98_.1, 440' 000,000 98.3,055,ooo,ooo 

(•.rotal in\ies,tme~t ) __ 
... _ ........ -· 

Rura.l-\'/afe_~-- ·s~ppiy 3o,ooo,ooo 2.-1% --- 73,000,000 
(Development expe-
nditures only) . 

.. 

Rurai 
~-~ .. : .. · .;.; ::. 

4.1% Yf&~cr Supply 58,800,000 114,600,000 
(Tot a~_ ,e~pondi tures) -

~ ' ... ' - ... 
Urban Water Suppi'y . 

' (Total expenditures) 66,960,000 4·.6% 15-6 '500' 000 
.. .. 

. - ~ ... -·····-··-·· -- -- ··-···" .. 

All \7ater Supply 125,760,000 8.7% 2~1,100,000 
· ... 

.,., . 
·'• •... 

J,oo%-

' 
'2.4% 

--

. 
3.8% 
-. 

~ 
5~i% 

. ..... 

8~9% 

In an attempt to more closely integrat~ the planning and imp.J..emen-tation 
of Tanzania 1 s rural water supplies into its agricultura~~t-based 
rural areas, responsibility'for water development was transferred 
back to the !finistry of Agriculture, Food 7 and_ Co-operatives in 
March of this year. 

*This is a slightly modified version of a paper prepared for the 
East African Agricultural Economics Society Conference, held 
at the :i-.. iversity College, Hairobi, in June, 1969. 

The following students of the University College, , 
Da .. r· es Salaam, assisted ii1 the prepuration of this paper: 
E'~A~ Icazras, N.A. Lema, D.S.P. ~dagwai, A. Mfwangavo, T.T.S.:ilJ..rul_clo, 
p·.J. 11Jkamati, J. Muze, H.z. Riwa, J.A.J. Rupia, and I.L.S~ Svmi·,. 
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Several factors have led to the need for greater 
understanding of· tte ·impact of v/ater supply projects 
upon the areas in which they are placed. These factors 
include (1) the recent advent of the Regional Development 
Fund which allocates a fixed sum of money to each Region 
for locally planned development projects; (2) the enlarged 
progral!l.Cle of rural water supply over the last several years 
as a result of several Swedish aid programmes, and (3) the 
increasing importance of the H.egional Development Committees 
in setting out local development priorities. 

As part'f of a study into the impact of rural: water 
supplies upon-the development of the rural are&s of Tanzania, 
.the Economic Research Bureau of the University College, 
Dar es Salaam, currently 14l carrying out field investigations 

.. in numeriJUS Dist.;r::i,cts. T.hro}lghout the country. ~he overall 
objective of the study is to formulate guidelines that vall 
aid H.egional Development Committees in the selection of 
proposed vill~age· water supply project:J having the greaiJest 
development potential.: Although field investigations are 
still in progress and nothing as yet CBl! be said about the 

' final guidelines, some: preliminary observations are available 
for a few select villages-concerning water usage, water~ 
related activities, and attitudes towards modernization. 

It must be pointed out that the observations presented 
in-this paper must be considered tentetive, since they are 
based almost exclusively on information reported by villagers 
themselves. Verification"of these observations is in progress 
but is not yet completed·~ 

Method of Data Collection. 

Villages are sele~ted on the basis of .several .criteria 
involving their .present and future. water supply,. their . 
population, and their representativeness to the water supply 
situation-of the country as a whole. In general a selected 
village·j;.JJ investigc.tecl by three or four University College 
students who spend· abou·i; one week on the site. Approximately 
15% to 30% of the heads of households-in the village ·~re_ 
chosen at random and then interviewed. The ques-tions in 
these household interviews are asked in an open-ended\manner, 
with the student checidng off the villager's reply on a 
pre-coded answer list. All questions are asked in Swahili 
for uniformity of presentation. Along ~~th additional 
information collected :!:'rom village r..'-1.,_ district officials 
and from various government files, this information forms 
the bulk of the data used in the study. Follow-up vis;i.ts 
are pl~~ned for most villages in order to determine changes 
over time, but to date only initial visits have been carri~.d 
out. TQe data presented in this'paper was collected during 
the months of March to May, 1969. 
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This paper will present observations from nine 
villages located in three Districts of Tanzania -- Pare, 
J.(ili:nanjaro and '!orogoro:,1 Three villages are located 
in Pare District at the eastern base of the North Pare 
Itiountains; four arc located in Kilimanjaro District on 
the lower southern reaches of IVIt •. Kilimanjaro 1 and two 
are found in Morogoro District on the lower western slopes 
of the Uluguru Mountains. Thus 1 all three areas of · 
investigations are siBilar in their proy~mity to a major 
mountain range although non~ are able to practice 
irrigation agr--iculture to any but an insignificant' ·.-aegree. 
The following is a summary description of each area~ · 

Pare District Study Area. 

The area is at the base of the .. eastern side of the 
North Pare Mountains in an area where .. agricultural crops 

.and cattle raising are equal in importance. For the_ most 
part, a shortage of water.is·the major problem:simce: most 
of the inhabitants must walk o'ver t'wo miles- for their ··wa"ter 
supply~ The area is ten miles off the main Tanga;...J.Ioioshi 
Road ~a...'ld transport to the villages·; which :n~· 'liliiii:te<r _to· ·a 
w.eekLy pick-up truck, is very poor. The· thtee· vi~l1ages are 
Kwa.koa, Nyata and Ngulu. Kwakoa and Nyata have ·the mcist · 
severE)-' water problems, -a' !·};(!Ugh· the WateF Ilevelopmeht :a.na 
Irrigation Divi·.sion (W .D;. & I .DQ) of the IV!inlstry of: - .. 
Agriculture, Food and Co-.operati ves corii.p1'eted· a ·wa.ter supply 
pipeline with common domestic water points in Kwakoa shortly 
after tpe completion of the initial investigation. Neither· 
Nyata nor Ngulu have an improved water supply and·must rely 
on traditional sources, such as ·streams and water holes. · 

Kilimanjaro District S·!iudy Area·~ · 

This area strad:lles the· IVIos:hi-Voi Road':and is · ,. · 
located approximately half way between Moshi and Himo~ The 
villages are on the drier lower slopes of IVIt. Kili·rilan.;jaro·. 
and, thus, exhibit more of the characteristics of theplains 
than of the coffee and banana areas higher ·up the mountain. 
In all four villages, agricultural crops .predomihate·w:i:th 
cattle raising relegated to a minor secondary impbrl'ance·; 
The four villages· are ll'idawi, IVIsaranga, Pufuwani-Nanga ·and 
IV!buyuni. Pumwani-Hanga has no improved water •suppJ:y·, •al though 
it--is adjacent to Mbuyuni village, which possesses' ~a 'water · 
supply pipeline having common domestic wate-_r poiri.tS:-;every · .. 
one-half mile which WB.s built. by w.D. & I.D·~ in 1962:~"-During 
the -initial investigation, IVIdavli village had only a ·sirigle . · 
domesticwater point, while adjacent Msarahga village had 
no improved supply at all. w.D.& I.D. at··that time was ·in 
the process:of completing a pipeline with common domestic 
points to: supply the· two villages with additional wa:ter~ 
Transpor't is inexpensive ruid easily available to the·nearby 
cities of filoshi and Arusha': 

1 
Additional investigations also J;lav:e · -b~en conducted,· or 
at present are in progress, in Handeni_,_,,Rufiji,. Dodo_ma . 
and Singida Districts. ·.,. . ,_ . ,,_· . . 
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' l;Iorogoro District Study Area.. 

Located twelve miles west o:f Ivlorogoro near the main 
Morogoro-Iringa Road, the. two villages of Mlali and Kipera 
form the third study area• These villages are on the lower 
slopes of the western side of the Uluguru Mountains. Except 
for a few goats, there are no livestock in the study area, 
with the result that the agricultural system is based 
exclusively on crop production.Both villages are within 
0~5 mile of the perennial Mlali River, so that both have a 
reliable source of water, although neither village has an 
improved water supply system. At the time of investigation, 
W .D .• & I .D. was completing the construction of a water pipeline 
with common domestic water points in Mlali village. It has 
plans to extend the"!I'Ilali pipeline two miles to Kipera 
village during 1970. Transport is available-throughout the 
year to Morogoro. Of all the villages included.ip..this study, 
Kipera has shown the fastost growth ·rate in recent years. 

. Thus, there are three d.ict::l.llct types of' water supply 
situations found in the nine villages (at the time of' 
investigation). The first t;Vpe, villages which do not 
possess ~ 1oproved water supply system, includes Nyata, 
Hgu1u, Pumwani-Nanga, and :a.pera villages. The second type, 
villages ~hich do not have an improved water supply system 
but are in the process of building one, includes Kwakoe, 
Msaranga, and Mlali villages~ .The third type, villages which 
have an·existing water supply system, includes onLy Mbuyuni 
village ... r.Idawi village overlaps types two and three, in 
th~t even though the village· has. an improved water supply, 
in the_foro of a single domestic water point, .work is under 
way to extend.and improve it~ In the context of this paper, 
an improved village water supply refers to water which is 
brought into a village by pipeline from some outside location 
and is then made available to. tne. villagers at one or more .. 
outside water taps, commonly called domestic water points; 

Water Usage 

Without exc·eption, a reajori ty of households in each . 
of the nine villages reported that·cooking is the activity 
that consumes the most amount'of all the water used at the 
house •. The next greatest use of water varies between 
Districts. The Pare villages of Kwakoa, Nyata and Ngulu 
reported that washing-utensils and bathing babies are second 
major activities, while the Kilimanjaro villages of 1Idawi 1 
Msaranga, Purawan::i,.-Nanga .and l'Ibv.yuni claioed washing utensils 
and watering anima;Ls are next in usage. Mlali and Kipera 
villages in Morogoro District reported that bathing adults 
and:c:qildren_and washing· utensils are second in 
impq~tance. Further 1n:t.d.ri0'13 into the use of ·water at the. 
hous~ showed that on:Ly·three.activitie:;: --drinking, co.oking 
and .. washing utensils ·-- are carried o.ut on a daily basis _in · 
all nine villages. Other activit~es, such as bathing babies, 
bathing adults and children, washing clothes, housebuilding, 
and watering animals, appeareu to be related to the availability 
of and distance to the·nearest source of water. Table 1, shows 
the incidence of water-related activities occuring among 50% 
or more of the households in each of the villages; 
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Table 1. 
' 

Incidence of'Wnter-Related Activities 
at tbe House~J · 

· ,_ r:r11.l:lg 

D = Acti~ity occurs daily; I.: Activity occurs irregularly; 

No = Activity_ does--not occur •. 

Kw Ny Ng Md Ms": . ..: ~- ·. 
ar. Mb :M1 1\.ip. 

Drinking 'D····· .. D- 0 

dO -D- 0 .. :.D ... D :D• .... . D .. ~ .. n .. . - D,.J· 
Cooking. ,. D D D D D D D D D 

, .. 

was.hing Uterisils D D D ·:p D ·:p D D D ·. -
Bathe :Sal;lies· D ·D D I ;D D D D I 

Bat_hii1g.c ad ill ts . . .. 
" 

· and Children :p· r· No 1 I D D D D 
·t . . ; . . - . . 
House building lifo No No I I I I I I 

.. 
Animals· No No Wo I I I No· No No 

Irrigation No -No No No No No No no No 

' ... 

Water Carrying 

Water carrying is ··definitely considered woman's task in 
all of these villages. A majority of households in ·each village 
reported that either women alone. or women- and c~~drer tog~~her 
are the r~gular water carriers. In most cases this majority 

. exceeded so% 'of the interviewed households. 1m overall' total 
of44% of the_households did state that men sometimes·carry 
water, but this proportion dropped to 17% for households where 
men carry water at least once per week • 

... . .. ... _ .. ____ _ 
Table. \later Carrying Wi thiri .. the Household~ 

~ -··-------. -----· ·-- . ' .... ... . --· . ... 

!I(w Ny Ng Md Ms PN Mb Ml· Kip. 
.. . '• -,~_ .... 

no.of households 
interviewed ~1 9 25 16 8 9 18 33· 28. 

No.of households in' .• 

· which-inen· carry water o7 6·. 15 7---- l).. .... 8 .. 9 .8 7-
No.of householdz in 

which men carry water 
at least once per weeg 1 1 0 3 6 5 4 5 3 

No.of houselds in whicb ... ... 
women and/or children 
usually carry water ~0 9 24 15 8 9 15 I 29 24 

The villages of Nyata, Ngulu, Msaranga, PULlwani-Nanga and Mbuyuni · 
reported that men do carry-water in "at Yeast '5'0% ·o:r 'the· houei'eholds; 
however, only Msaran~a and Pumwani-Nanga indicated.,.:f;hat_a 
majority of.tne households have men who carry water at-least 
once per week. 

'In this IM'·-~ in all subsequent Tables·, the village names will be 
abbreviated as follows: Kw = Kwako~,Ny = Nya·ta, Ng = Ngulu; 
Md = IVIaawi , Ms = Msaranga, HT = Pumwani-N anga, Mb = :Mbuyuni ; 
Itl = Lilali, 1\.ip = Kip era 
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. In almost all co.ses the container used by aJ.ul ts in · 
·carrying water is a debe} The biggest variation occurred 

among rlila;Li nnd Kipera vil:c::.ges where about a fourth of 
t~1e households use. \l 3 ·gallon galvanized bucket. The 
containers used by.chil<lron varies with the District. 

·; Children in the Pare 'villageo use hollowed-out gourds; those 
:; in the Kilimanjaro villages use small tins averaging a gallon 
;.irL size, an.d cbU.O.r.en ;i,n __ thq_)1orogoro vi;t._:[._ag~_l?_use. both __ pu~~~ts 
\ and gallon tins. :. . . . 

1seaso·n~li ty -~f vi.at-~;; Source and \\:;;_ter Usage'. 

About 2alf of the villages have a permanent year-round 
source of household water, while the other half of the villages 
must vary their sources of water with the seasons. All three. 
Pare villages as well as :rv:sara.nga village in Kilimanjaro · ·; .. 
District have seasonal, or unreliable, sources of wat.er. The 
other villages have permanent, or reliable, sources •. In general, 

·those villages that have seasonal sources of water also report 
using variable quantities of water throughout the year, whereas 
the villages with permanent sources of water use the same 
quantities year round. In the villages that.report using 
variable quantities of water, maximum usage usually occurs 
during the season of lorig rains. There is a further correla.tio!1_· 

· ·oe·tweetf quantity· o:r· wat·er us-a-d· ·and di·stance the· wate-r is ·carried: 
Those villages which ~eport a variable usage of water throughout 
the year -happen to be the first, second, fourth, anA :fi.f_];fl. __ ... 
furthest from their respective water supply on an .average 
household distanc·e. basis (see table 4) ~ · . . · · · 

Table 3. ·Seasonality of Water Source and-Water Usage at the Home. 

S = Seas~nal source of water V = Variable quantity of water 
P ::::: .Permanent source·. of water used throughout .the year 

-
Kwa Ny 

seasontn:ity o:r·· · · · · · ·· 
Water Source s s 

.. -- ~- •........ -· - --. ·--- ... . .. . -
Water Use Throughout 

tlie Year v v 

C = Constant quantity of water 
used throughout the year 

Ng Md Ms PN Mb Ml Kip 
... 

s p s p p p p 
- --- . -- .. 

•. 

I v c C=V c ·a c c 

·· · ··'.A debe is Q.n empty 4 - gallon ·tin that'~originally held· 
_keiosene. Filled with water,_ .it weigh-e.· 40 lbs.· 

\ ·_t 
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Time and Distance in Water Carrying 

Great var.ia tions in distance .. to water .and time ... spent 
carrying water exist between the DistriCts, and.to a lesser 
extent· b'etween villages within ·a District. ·Based i.i.po·n: the 
replies of the villagers,.the one-:-W.I:l.Y d:L's'tance between·the 
house and the source·of water·yaries from 0.5 mile to 2~9 
miles, while the one-Vlay timE;~ required;in fetching:water varies 
between 20 minutes and almost two hours. Table:4 ~bows values 
of distance, time, daily trips.~ and dai:ly debes used on the 
average in each household. These· figutes are c6rrec~ed 'for 
seaso:aal variations in water use in order to· show '·daily averages 
for .a typical year~ .. ··-----· . . . 

Table 4. T:l.;tancet Time, Daily Trips, and Daily Quanti ties 
of Water. 

-
'' 

!Household Ave;rag~s Kw WY Ng Md Ms PN Mb Ml ', Ki,p 

One-way distance· to . . . . . • . : ,;. 

·water ·(rililes) 2.9 2.8 loO 0.6 1.2 1.3 o.s 0.7 
One-way walking time .. " .... 

to water(niinute~ 112 109 43 20 42 '"38 '26 25 
No.of daily ad'ul t · · ! :.:. ·. " 

trips 'to ·water ·. 1.9 2.5 2'.3 2.:3 3.6 3.1 2.7 3.-5 
Total daily•adult time, . " 

spent carrying water· 
(hours) 7.1 9~1 3.3 1.5 5.0 3.9 2:.3 2~9 

No.of daily_ child trips 
for water 1.2 0.5 0.8 2.0 2.4 1.8 1:2 0.5 

Total daily child tinie 
spent in carrying 
wat(;)r (hours) . 4. 5 1~8 l.l 1.3 3.4 2.3 1.0 .0.4 

Total daily debes of 
'· 

water consumed at 
~":iii house 1.7 2~2 2.'3 3.0 4.6 4.4 3'.1 3.6 

' 

Comparisons between Districts may not' be valid for Table q. 
because of the possible variations in average_.· size of houseb;olds'~ 
Nevertheless, within a·given District, rough comparisons between 
households can be made. For example, the total nUili.ber of adult 
hours spent carrying water in Ngulu village is 3.3 hours per · 
household per day, while in~Nyata village it is a staggering 9.1 
hours per household per dayo 

Population, Distance, and Per Capita Consumption of Water 

. ~:..;, 

o.1 

20 

4.1 

2.7 

0.3 

0.2 

3.3 

......... ' 

By determining water consumption on a per capita basi~, 
comparisons between both villages and Districts can be made. Table 
5 illustrates B...ferago water consumption bas'ed upon average . 
household size. · · 

No attempt was made to differentiate between the consumption. by 
adults,· children, or infahtso 

. 
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Toble 5. Per Capita Consumption of Water Used at the Household. 

I Kw Ny Ng Wid Ms PN bib j\LQ Kip 

Total households in -

v:i..llage 73 44 103 9.0 37 50 74 172 92 
Population per house-

hold 7.3 6.7 7.4 5.6· s.o 6.6 5.8 4.4 4.0 
Household water consu-

2.11 3'~3 ~ption in gal/cup/day 0~9 1.3 1.2 2.1 2~3 2.7 };3 

It can be seen :from the above table that daily wo;j;er.· · 
consumption in the Pure v:i..llages was lowest, just over one gallon 
per. capita thnt in the Morogoro villages highest at 3.3 .gallons per 
capita, while the Kilimo.njaro v:i..llages were in between at 2 to 3 
gallons per capita. ·The most surprising :fact is·the striking 
similarity o:f per capita water consumption between v:i..llages within a 
given District, despit-e the·-di:f:ferences o:f distance, reliability, and 
quality. The graphical presentation o:f per capita daily consumption 
o:f water versu·s average distance to water, shown in Figure 1,. 
illustrates the disparities of distance that occur between villages 
in Pare and Kilimanj!lro Diotricts. As illustrllted by the graph, 
!Igulu v:i..llage in Po.re District is only one-third the distance :from 
water as its sister villagei;o:f Kwo.koa o.nd Nyato., yet it uses no 
more water at the household than the other two. 

/ 

3.0 :_ -

0 

Mlali 

Kip era 
I 

-- -- l -1 
I 
I 0 Pumwani-Nanga 

llbuyuni I 
0 Q.idawi I ---, 

0 li:Isaranga 

. tj)N gul u 
·.c· 

I 
I 
I _,_ 
I 

I 

-I-

I 
--- t-

1 

I 
I 
I 

----+ 
I 
I 

Nyatal . 

0 I 
----+ 

· Kwa~oj:l. 
I 
! 
I 

3.0 
Average One-Way Walld.ng Distance to Water (miles) 

Figure l. Consumption-Distance Relationships Between Villages. 
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The reliability, or permanence, of the water source 
previously was shown in Table 3. Half of the households in 
idsaranga village claimed their ·water source was pe·rinanent 
and half reported it seasonal, yet the per capita consumption 
figures for Msaranga·fall just on the average for the other 
Kilimanjaro villages. 

Local perception of VIO.ter quality also varied. Both 
K:wakoa and Ngulu reported their water source as good qualiiy, 
while Uyata split its replies between good and bad quality: 
All of the Kilimanjaro villages reported good water quality 
with the exception of Msaranga, which unan:i,mously voted its 
water of bad quality. Both Morogoro villages claimed their 
water was of bad quality also. Furthermore, the meaning of 
the term "bad quality" varied between Districts. Households 
which reported their water quality. as bad in both Kilimarijaro 
and Il!orogoro Districts generally explained that their water was 
dirty, while in Pare District the main explanations-included 
(1) dirty, (2) diseased, and (3) polluted by animals. . 

No satisfactory answer has appeared in this preliminary 
analy'sl.s- as''to the reason for the similarity of per t:apita water-­
consumption between villages within given Districts. The 
slD.iiari"ty" may be only coihcrdehtal,· or the . a.ata passi bly ·rhay. 
be"errorieous; or 'there may be an ·unstated, yet controlling, 
quality of water that households in a given area normally use · 
despite inter,tillage differences in distance and water quality. 
This question will be studi-ed further ·in subsequent field · 
investigations in other Districts~ 

It is•worthwhile to compare'these.figures of per capita 
daily water consumption wi t;J the w .D.& I .D. design figure of 
io gaiions 'per capita per ·da';Y. Norma.Tly; new w.D. & I.D .... 
projects are designed to provide 10 gallons.of water per day 
to each person presently living within the service area of 

-the project· and to have a. 10o% reserve capacity to allow for 
a doubling of population over a ten year period. 

There is an improved water supply in both Mdawi and 
Mbuyuni villages. At the time of investigation, Mdaw.i. had 
only a single domestic water point at a st~rage tank, but 
Il1buyuni had a complete series of clonestic water points 
approximately every one-half mile along a pipeline that 
Was ... co.o,plet.ed, in 1962., Both II'Idawi and Mbuym4 reported .a 
wat_er co.nsumption of only· 2·.1.gall9ns per capita per day, which 
is lower than four other study villages, none of which have 
(or had) d,omestic water points and piped water, and none of 
which· have closer average distances tci water than Mdawi _dr 
£1Isaranga. Low average daily con_sumption figures of only 3 
gallons per capita for villages with an improved water · 
supply have been observed by other individuals ... in_ygr;i..Oul;! 
parts of Tan~ania. These low consumption figures will be 
investigatect·.-more thoroughly in the future at a number of 
new villages.· where there are plans to install water meters · 
at the outlet of the village water storage tank. 
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Productivity of Water Carrying Time 

'A final set of calculutions cau be utilized to show 
the average productivity of water carrying time in the various 
villages; For this purpose it was assumed that children carry 
one gallein per trip, while adults carrytheremainder of the 
water. The average of one gallon pe~ child-trip was not 
verified by actual measurements, and ·in al.l probab=!-li ty this· 
average should be somewhat higher f6r.some of the shorter 
distances found in the I~limanjaro and Morogoro villages 
where children occasionally used galvanized steel buckets to 
carry water. Nevertheless, the results can be considered 
indicative of actual conditions since the water allocated to 
adult-carrying, when divided by the number of reported adult' 
trips, varied less than 30% from the capacity of the standard 4-
gallon debe, as shoWn in Table 6·. 

Table 6. Productivity of Vfater Carrying Time.· 

·Kw Uy Ng Md Ms PN Mb Ml . 
: ·' 

Adults: gallons per trip 2~9· . 3'.3 . 3~7. 4.3 4.4 5.1 4 . .:1 4.0 
·• . 

Adults:_ gallons per hour " 
" 

of walking time o-.e 0.9 2.5 6.7 3.2 4.0 4.9 4'~8 

Children: gall ens per -
hour of walking time 0.3 0.3 o.;7 1.5 0.7 o.8 1.;2 1.2 

'· . ~ 
The productivity of both adult and children water carrying 

in Table 6 was calculated by dividing the product of trips per 
day and gallons per trip by the number of hours spent carrying 
water per day. This table shows the wide differences in the 
water carrying productivi~y of neighbouring villages within Pare 
and Ililimanjaro Districts~ · 

It has been suggested for certain Kenyan villages that 
development depends more ·upon increasing the labour inputs of 
women than of'men, but the difficulty is that the inc:r:'ease is 
limited by the already high demands uponfr.a..:le labour'.5 rertni.!lly 
this is true in the case of water carrying in the nine villages 
included in this paper, since upwards of 85 to 90 per cent of 
the total time spent carrying water is that of women and/or 
children. Table 4 showed the large number of hours spent carrying 
water in each household. Those villages that·are distant from 

5Jane Wills, "A Study of: the Time Allocation by Rural Women and 
Their Place in Decision-JJTaking: .Preliminary Findings from Embu 
District", Faculty of Agriculiure, 1.1akerere University College, 
R.D.R. 44 (1968)(first draft); 

Kip 

3.1 

4.8 

1.5 
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water, such as Kwakoa, Nyata, and I'lsaranga, daily spend from 
5 to 9 ho~'s per household carrying water. It can easily be 
see;.1 that the provision of an improved water supply into 
these villages could lead to significant time savi:'lgS fOr 
the •;;c;.ter carriers, who happen to be the women. Tho· key 
question for development purposes is whether such time 
savings would be put to productive use by the people most 
directl;JT affected.-

Time Usage on Village Activities 

Among the adult men in the villages agricultural 
activities predo.l!linate, as a majority in all villages reported 
shamba farming work as the acti\~ty on which adult men spend the 
most tifile~ This activity totaled-74% of ali replies. Cattle 
tending ;-,as second overall with s·.2%·of all 'replies, most of 
which cane from the three Pare villages. Third in usage was · 
paid employment at 7.3%,- mai~ly from Mdawi and Kipera villages~ 
When asked what would the adult men do if more time was 
available, almost all of the villages reported heavily in 
favor of the agricultural activities of shamba work, cattle 
tending; or fishing, for a total of 69% of the replies. Mlali 
village, however, reported less than half of its adult men · 
\VOUld spend any extra time on these agricultural ~activities·~ 
Six of the fifteen non-agricultural replies in ~Uali were in 
favor of paid employment. In the overall to,tals for all 
villages, housebuilding. was the second most preferred activity 
with 7.3% and paid employment was third with 6;:1%·.· 

The married women'illustrated a more div~rgent P.et 
of answers to time ·~sage. Similar to the men, shamba work 
occupied the most time of a majority of women, totalling 73% • 
of the replies, with water carrying in second place with 10.6%. 
Shamba v10rk did not dominate the tir:1e of a majority of women 
in all villages, however. In Pare District, Kwakoa village 
gave only'half its replies to shamba work while Nyata gave 
even loss. In b6th villages ·water ·carrying .. ·wa:s a major 
aotivity; in Nyata it was the principal time consuming 
activity of more than half the women: -

When asked what would the married women do if they had 
more tine available to them, shamba work received oniy 43% of 
the replies overall. A total of 45% preferred to spend their 
extra tine on doraestic duties such as cooking, washing clothes, 
gathering firewood, carrying water, oel'ir!.g for babies,, etc. 
Less than 7% replied they would spend their extra tioe on 
activities other than shamba wor~ or domestic duties. 

Very few men or women -- less tha~·l% in both cases 
replied that they would.prefer to spend their extra tiue at 
adult education classes. This may be partly the result of few 
available opportunities to attend such classes, since few 
villages were fortunate enough to have the requisite government 
officials resident for more than a couple of months per year. 
Only lllali and Kwakoa villages, for example, offered a regular 
programme of adult literacy classes within"the past year• and 
these were available for only a few nonths'~ Occasionally, 
villagers were able to attend·classes or deraonstrations held in· 
nearby villages.· A rough indication of the educational opportu­
nities available to adults in the study villages is shown in 
Table 7, which ir; based upon representatives of households 
attending a given class one or more times within the past year. 
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~able 7. Adult Attendance at Classes, Lectures and Demonstrations. 

1 == at least 25% of.an households attended one or more times in 
the past year. 

2 == at least 50% of all households attended one or more times in 
the past year. 

Kw Ny Ng ·Md Ms PN Mb JYJJ. Kip! 
I 

Adult literacy classes 
attended by heads of -····-·- .... .. 

households 1 1 1 .. 
Adult literacy classes 

attended by others in I· 

household .. 1 2 1 1 1 

Public health J,.ectures · . ... .. 
attended by he.ads of 

•' ;.,~ 

1 1 -~ 1 . households .''1 . 
'· 

Public health lectures 
attended by others in 
household 1 1 

' 

Cooldng classes 1 2 1 
' .~1 '-;\ <: 

Baby care classes 1 1 1 ~'. '"; . .;.--::-··· 

... ' 
Agricultural demonstra.-

tions attended .. by heads 
of households ' 2 2 1 • '·2 -· c .. 

. . 

fA_gricultural demonstra-
tions attended by others 
in household· 2 1 . l -

The grid in Table 7 shows attendance by households in the various 
adult education activities over the past year. Kwakoa reported 
at least a 25% participation in all activities, while Msaranga 
also claimed at least 25% attendance in all activities except 
adult literacy classes by head of households. 

Despite the relatively lOi"l preference for adult education . 
activities·(when compared to ~ltornative activities), all villages 
overwhelmingly' favor an increase in 'the number of available 
classes, lectures, and demonstrations. Favorable replies to 
this question exceeded. 9o% of'the total households in most 
villages. · Except for Pumwani-Nanga, all villages r~ported · 
agricultural demonstrations to be the most desired activity~ 

c, 

.· .. ·. 
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Water Use in Small Cottage Industries 

Small cottage industries are -scattered unevenly 
the three areas, as shown in Table 8. Brickmald.ng occUJ.>.tive. 
Mdawi and Mbuyuni villages of Kilimanjaro District and i"isors 
Morogoro villages 1 but not at all in the Pare villages. enly 
Actua::Lly, these four villages which report some bric~ld 
are the closest to water -- all less than 0.5 miles a erJ 
distance. In all~ there are a total of six brickmakiny the 
holds, which use a weekly average of 65 to 75 gallons oter 
per household for this purpose. 'Only the two Morogoro h~vata 

9 ~~·-· ..... -·--·· •• reported tl:,J.at they pay for water. 

Tables. Water Basea·cottage Industries. 

I Kw Ny Ng Md Ms PN I\Tb Ml Kip 

~umber of house-
. 

holds interviewed 21 9 25 16 8 9 18 33 28 
-

Brickmald..ng 2 1 1 
--

Pombe brewing 3 3 5 7 6 3 
~ 

Coffee Pulping 6 6 1 1 
·-

Other - 1 3 1 3 -2 5 

Pombe (local beer) brewing is carried out in all villages 
except Nyata. village in Pare District. This ~ctivity does not 
seem to be related strongly to distance from water supply, since 
23% of the Pare l1ousehoids claimed that they brew pombe while only 
15% of the Morogoro housel1o1ds reported the same. The Kililllruijaro 
households reported a 35%·participation in pombe brewing. Although 
most households claimed that pombe was brewed only at rare , .- · 
intervals (thereby avoiding conflicts with the_ licensing regulations), 
the adajacent Kilimanjaro villages of Mdawi flnd r!fsaranga reported 
an average household water use of 28 gallons per week for the six 
households tb,at brew pombe. Only one household, in Hlali village, 
stated that it paid for water. 

Coffee pu~ping was almost non~existant, as only one 
household in each of IIeW-u, Mdawi, ·and Msaranga reported such 
activity. ·only the Msaranga household·reported a significant 
water use - somewhat over 50 gallons per week. None of the 
three households paid for water'~ 

Other water using activities were .limited mainly to 
washing and preparing vegetables for the market. 
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'I'able 7. Adult P. 
\ 

l ~at least 25%ked what was the best way to encourage. these 
the past :£,~ industries, a third o_f the villagers favored 

2 = at least water to· the village, 18% suggested that training 
the pas,.o the villagers, and 16% replied tha·l; materials 

1-------le'nt should be provided to the villagers. A total 
> the respondents did not know of a .best way or. did· 

1";:-:~:-.-""::'":-:-._;·ve it \vas possible to eneourage cottage industries. 
Adult li tera:res 

7 
including, Nyata, Mdawi, I.:isaranga, Pumwani-Nanga, 

attended by l,Kipera, favored supplying ·water as the best method. 
households in Kvmkoa preferred the provid;ing, of materials, while 
r.-·--- ...... ,.< ·Hbuyu..11i cfavored training for_ villages. ~h~ households 

.A- in Ngulu gave equal emphasis to mater:Lals and tra:Ln:Lng. 

Employment and Teclmical·Training Resulting from water Projects 

..... _.A. number .. of ... the villages. either. . ..had a completed· water · ·· .. 
proj.e':ct or at t.he time 'of the f:i,el<l investigations were building 
one-;'·· co:m.pletem-prc>~re·cts eris'ted'· iri Mdawi and Mbuyum-Yillages; 
while _water projects were under: construction in Kwalma, Mdawi, 
and Mlali villages. 

In reply to the question which asked whether anyone 
worked or was working on thevater project, only Kwakoa village 
showed a significant participation rate, as two thirds of the· 
households reported that someone·was working on the project-­
all but one of them as labourers •. rnali village reported tha-t 
individuals from only two households had worked on the project, 
while households in .. l/Idawi an<l Mbuyuni villages did-not report 
any participation at all. oREf the fourteen households in Kwakoa 
village that claimed som%:orked on the project, six replied 
that these individuals r i'Ved special training for their work 
four of them as labourers, one as a mason, and· orte as·a cook. 
No other villages reported individuals receiVing arty special· 
training for work on the village water supply project. Since 
the Kwakoa project was still under construction at the time of 
the investigation, it was too early to see if the special 
training was put to use in any other subsequent activity. 

All-nine of the villages responded almost unanimously 
iri favor when asked if they thought it was a good idea for 
villagers to receive special training and learn new skills 
when worked on development. projects. The preferences for 
training varied between villages. and Di.st.ricts, ho\vever. 
Among each of the Pare villages:, trairlill:g. a:s a mason was the 
preferred· sld..ll, wi tli lesser interest sLown in carpentry, 
mechanics, and agriculture.. In all. other villages the preferred 
skill was agriculture. The Kilimanjaro villages overwhelmingly 
preferred training in agricultural skills, while the·Morogoro 
villages gave secondary but almost ~qual preference to training 
in the skills of a mason. . 
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Village Acceptance of Government Adv-isors. 

Again, when asked if it would be a good thing if 
government advisors came to the village, households in all 
of the villages responded alhlost unanimously in the affirmative. 
Individual preferences for specific types of government advisors 
varied widely~ Taken as a whole, tlie replies were about evenly 
divided between advisors in both agriculture and water 
develorrnent, while a doctor/medical assistant was the third 
mos~ common answer. Agricultural advisors were favored by the 
Pare village of Kwakoa ar..d by both l'IIorogoro villages. Water 
development advisors were favored by the Pare village at Nyata 
and by the Kilimanjaro village of Msaranga. Ngulu and Mdawi 
villages voted for both agriculture and water development to 
an equal degree. The neighboring Kilimanjaro villages of 
Pumwani-Nanga and Mbuyuni both favored medical advisors. 

Local Attitudes Towards Self Reliance 

In ~~ attempt to determine local op~n~ons towards the 
various types of development approaches, the villagers were 
asked to compare the relative effectiveness of government 
versus self-help efforts. One question was worded as 
follows: 

11 Some people say that the best way for a village to 
improve -itself is to ask for assistance from 
Dar es Salaam, while other people say that the best 
way for a village to improve itself is to rely on 
its own communal and co-operative efforts. Which 
.way do you think is best? 11 

An overall total of 57% o:t' the households favored the communal . 
approach, while 37% preferred the government sponsored approach. 
In terms of whole villages, however, four villages ·favored each 
approach, and one- village divided its replies between the two. 
Generally, one could say that the Pare villages overwhelmingly 
preferred local commimal·efforts, the. Kilimanjaro vil],ages 
slightly favored government action, and tne Morogoro villages 
were about evenly divided on the question. 

Of those that preferred communal efforts 41%-did so 
because of its self reliance aspects, and 33% did so because 
they considered that it brought faster results. There was 
no discernible pattern of replies differentiating the three ' 
Districts. Of those that preferred government action, three­
fourths of all replies were almost evenly distributed among 
four reasons: more money available, better knowledge, better 
results, and faster results. The villagers tended to explain 
both types of preferences in positive, rather than negative, 
terus. Only 9% preferred communal efforts for the negative 
reason that Dar es Salaam might not provide help, while an 
equal auount favored governL~ent efforts for the negative 
reason that local self-he:jlp efforts were unreliable. 
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Acceptance of Technology 

Outwardly, all of the villages are willing to 
accept modern technology and ways of life over the 
traditional methods. When asked to compare "modern ways· 
of living" with "old ways of living," all villagers over­
whelmingly chose the modern ways. Only 3% of the replies 
favored the old ways, and a mere 4% said that a combination 
of the two was best. When asked whether students should be 
taught. "only the things that their :(athers were taught" or 
"about modern nachines and methods", the replies again 
favored the modern aspect. Only 1% preferred what their 
fathers were taught, while 23% favored a combination of the 
two aspects. 

To~ another question which asked if "it would'be good 
for young men of this village to receive training at technical 
schools and then to-return to live in this village, 11 a total 
of 94% answered yes·. Half of the yes replies favored 
agricultura~ training and ano~her'forth preferred-training 
as a mason, carpenter, or pl~ber·~ 

Final Remarks 

This paper has described nine Tanzanian villages with . 
respect to their water usage and water-related activities. 
An understanding of these factors can be helpful in predicting 
the direct effects and benefits of an improved water supply. 
'Of greater concern for long-range planning purposes is the in 
influence of improved water supplies upon village attitudes 
anq. responses towards development. In otherwords, how can 
rural water development be best used to foster desired 
economic and social changes in the rural areas? How can one 
identify "centres of innovationn. or"centres of development" 
where the provision of water will act -as a ca.talysing agent? 
The second half of tb..is paper outlined some of the aspects · 
of this assumed relationship between water supply and 
development that are presently under investigation. No 
conclusions are yet available, 'and the subject is very much 
open to suggestions and co~ents~ 

July, 1969. 



25 

1l per cent. of this is 60,000 gals., or 9,600 c. ft. So that the total avail­
able capacity required for both is 40,915+9,600=50,515 c. ft.; and 
dividing this by 700 (the available length of the Tank Sewer), we get· 
72·16 square feet as the required cross sectionalarea of the sewage in 
the Tank Sewer; ,:e. 58·45 sq. ft. for the City, and 13·71 for the Can­
tonment. AUowing an average depth of sewage in the Tank Sewer of 
4~ feet, we get the required width of sewage storage section to be :-

~~5 . 
~= 12·98, or say 13 feet; for ~he Ct~y. 

l3•7l 3'05, or say 3 feet for Cantonment. 
4'5 

16·03, or say 16 fee~ for both. 

65. The Reduced Level of the Invert of the 36-inch Intercepting 
Sewer, at its termination, is fixed at 116·94; and that of its horizontal 
diameter is 118·44 ( ,: e. 1~ feet higher ) ; which must be t~en as the 
R.L. of top surface of sewage in the Tank Sewer, at its maxlmum depth; 
and, allowing the floor of the Tank Sewer to fall one foot in its length, 
the R.L. of its Invert at the upper end would be 114·44, and at the lower 
end 113·44. For safety in working, the bottom of the suction pipe 
should be 3 feet below the Invert of the Tank Sewer at the lower end;_ 
so that its R.L. will be 110·44; and the :floor of sumph should be 1! 
fe~t lower still, or at R.L. 1 08·94. The sum ph well will be 50 feet long 
and 8 feet wide, to provide for the suction pipes of the three sets of 
pumps. 

66. The Grit Chambers will be provided with wash-oU:t pipes 
leading to the nullah ; and the Tank Sewer will be provided with an 
Emergency Outlet, and a 43-inch sewer, also leading into this nullah 
just beyond the road bridge. The Screens will be a double set, one 
behind the other, so that one set may always be in position ; and they 
will be provided with proper lifting apparatus. The whole Tank. Sewer 
will be covered with concrete vaulting. 

67. For the ventilation of the Gravitation System, an Outlet Ven· Vmtilation 

til.ating Shaft, 3 feet in diameter and 50 feet high, will be fixed over the System. 
sumph ; and a nozzle for compressed air will be fixed in this shaft, the 
action of which was explained in para. 83 of my former Address. For 
economy, this shaft will be of wrought iron, properly stayed, and bolt-
ed down. Suitable openings will be left in the upper parts of the 
partition walls of the Grit and Screening Chambers, so as to allow of a 
free current of air flowing from the Intercepting Sewers to the Ventilat-

. ing Shaft. Perfect ventilation · for. the Balancjng Tank, and for the 
whole system. of gravitation sewers, will thus be provided, as describe<! 
in para. 83 of my former Address, in which I e~plained why the! 
natural forces had to be assisted in order to giye effective ventilation ~~Jo 
o,ll times. The Air Compressors have been designed of sufficient po.r my 
t.o give the necessary ~ir for tll.is optlct shaft, op which the TJce of 
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system of the ventilation depends. The two Outlet shafts of the· 
original scheme have been abolished, and the number of Inlet shafts< 
has been increased to suit the extension of the gravitation area. The 
Shone System of sewers will be ventilated in the way described in the 
para. referred to. The necessity of a thorough and efficient system of 
ventilation is z'mperative, for the followillg reasons :-

(1) For the oxygenation of the sewage passing through the 
drains, so as to retard the decomposition until it can be 
dealt with at the outfall. 

(2) For the innocuous dissemination of any gaseous products 
generated in the house-drains. 

(3) For the proper disconnection of the house-drains from the 
public sewers ; for which traps alone are ins~cient, as the· 
water in one, or more, may at some time evaporate, or be 
syphoned out ; or, with bad ventilation, the sewer gas may 
force the traps. For all these conditions the remedy is 
ventilation. Without it, no amount of "trapping" will 
exclude foul air effectually from the houses ; but with it, 
any foul air which may gain access to, or even be formed in, 
the drains, will be immediately diffused and removed. As 
the velocity of the sewage has been fixed at 3 feet per 
second, or about 2 miles an hour, it is obvious that ordina­
rily, even from the most distant parts of the city, it will be 
delivered fi·esh at the outfall, without decomposing on the· 
way ; but we must provide for contingencies, and it is· 
absolutely certain that, if sewers are not efficiently ventilatedf 
they will, at some time, ventilate themselves in a danger­
ous manner. 

En .Q i 116 68. As Poona is considerably above sea level, the atmospherie; 
B.ouse. pressure will be below the normal, and the maximum suction lift should 

not exceed 20 feet. The R. L. of pump room floor has, therefore, been, 
taken at 128 ; and the suction lift will vary from 14 to 19 feet, accord­
ing as the tank sewer is full or empty. This floor will, therefore, be 
a little below ground level ; but, as it can be drained into the sumph,. 
this will not matter. The floors of the rooms for boilers and air 
compressors, and of the ·coai store, will be just above ground level. 
A Coal Store, and Quarters for the Engineer, Drivers, and Engine room 
Staff, have also been provided, on the scale given by other large towns. 

Riswg JJ!ain 69. On the advice of Mr. Santo Crimp, the rising main is to be 
25 inches in diameter ; and of mild steel plates, .!. inch thick. 'l'he· . u 
recent great rise in the price of iron would have caused a. considerable 
increase on the original estimate for a cast-iron main ; and the steel 

'ain, with a proper coating, will be just as good. The Bombay 
1.icipality are now adopting them for their new mains ; and Firms 

are ~rranging for the ~ecessary bending and rivetting plant. 
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70. As the rest of the scheme is drawn out on the same linea as Specifications 

the former one, which was fully explained in my former Address, there 
is no necessity for me to dwell on it. The project, with the specifi· 
cation for the engines, has been sent to Mr. Santo Crimp, in accord-
ance with your wishes. The specification for the Air Compressors, and 
Ejectors, has been taken frotn. that adopted by the Bombay Municipality 
for their . future extensions of the Shone System, and is based on 
their actual experience of the Colaba installation. The specification for 
the steel Main has also been adopted from the Bombay o:Qe ; and that 
for the stoneware pipes has been obtained from Mr. Santo Crimp; 
as also the design for the macerating tank, The largest stoneware 
pipes will be 15 inches ; and above that, moulded cement concrete 
will be used for the sewers. 

71. Quarters will be provided at the farm for the Manager, on the Farm 

same scale as for the Engineer of the pumping station ; and the other Manager, 

farm buildings will be designed under Mr. Mollison's advice. 

72. As regatds the provision· of a trained and competent Farll1-
.Manager1 1 have all'eady, in paragl'aph 96 of my fol'mer ·Address, stated. 
the terms on which Mr. Mollison considers that he can get a really 
good man, fit to be trained out here for such a responsibl~ position ; and 
i have ascertained from the Standard Assurance. Company, in Bombay, 
that for a man starting at the age of 25, a yearly payment of Rs. 650 
will provide a pension of Rs. 200 a month at the age of 50. The Farm 
Manager should be brought· out by Mr. Mollison, when he returns from 
leave, and as soon after the works ate started as possible. For the first 
two years he would be thoroughly trained in India under Mr. Mollison, 
having already had a thotough practical English training. Then, in the 
third year, he would lay out the farm, under Mr. Mollison's advice, so 
~s to be ready to start cultivation in the fom•th year. His pay should be 
Rs. 300 a month, from date of departure from England ; with a free 
first class paesage by one of the cheaper lines, such as the ·Anchor' 
Line ; he should be under the same leave rules as those of the Govern­
.ment Uncovenanted Service j and he should get an increment every 
second year of Rs. 50 per month, subject to the approval of Mr. Mollison 
(or his successors), beginning at the end of his fourth year of service, 
and up to a maximum of Rs. 800 per month. Free quarters to be pro­
vided on the farm ; and a suitable tent, when necessary, during his first 
two years. Dismissal to be only for some gross fault, and subject to 
the approval of the Director·General of Agriculture ; with whom the final 
decision should lie in any matter of dispUte, as an independent party. 
The terms may at first sight seem somewhat high, but they are not 
l'eally so if you consider the financial result of a success, or a f~ilure, on 
the farm. Mr. Mollison, in paragraph 11 of his Note (Appendix B of 
my former Address), and Mr. Doig, late Secretary to Government, Public 
Works Department, in paragraph 9 of his Note (Appendix. A of my 
former Address), both lay great , tress on the absolute importance of 

., -
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having a thoroughly efficient Manager ; and nothing could Le more con~ 
vincing on this point than a visit to the Ahmedabad :md Karachi Farms 
respectively. 

73, As stated in p&ragraph 15, ante, the ma:dmum future quantity 
of sewage to be pumped will be 3,898 gallons per minute during the 
day, and half of this at night. The most economical distribution of the 
power required is to Lave three engines, any one of. which will be able 
to do the nig4t work ; and two boilers, ~ither of w4ich will drive two 
of the engines ; also, a third similar boiler for the air compressors. 
Two boilers, and two pumping engines, anq one air compressing 
engine will work during the d&y ; and one of each during the night, 
One of each will always be in reserve. The compressed air will be 
stored at the required pressure in an air receiver, or Accumulator, out­
side the engine house. A full specification of all the machinery is 
attached to the estimates. The air mains, when laid, should be 
tested as described in para. 82 of my former Addr-ess. The maximum 
lift {including 41 feet for friction) will be 190 feet; so that each 
l;lngine will be ~bout 112 P.H.J;>., or ~bout 125 I.H.P. 

7 4. After having seen all the types of pumping engines in this 
country, and many of those in England, and having compared their 
~'efficiency," and economy in working, I have no hesitation in recom~ 
mending the Triple Expansion Worthingtons, worked with superheated 
steam, and Economisers. This was also the opinion of Mr. Doig, late 
Secretary toGovernment, Public Works Department; and Isee inthenews~ 
papers lately that they have just been adopted for Naini Tal, Calcutta, 
Lahore, and Delhi; in the fiJ.Ist, seoond and third cases they are supersed~ 
ing formel" engines of another type; and the last case is a second order, 
given after some years trial of this type on the first portion of the works. 
Agra and Allahabad are also contemplating substituting WoJ.Ithingtons for 
their present engines. Also, they have just been selected for the large 
installation for the Coolgardie Waterworks, in West Australia, where no 
less than twenty sets of engines, each of 312 H.P., are required ; and I 
understand that additional plant, costing £20,000, has been added to 
the Firm's Works, to cope with this additional work. Messrs. Simpson"s 
tender (at present prices) is £18,736, as per specification drawn out by 
Mr. Santo Crimp in consultation with Messrs. Simpson & Co. ; for the 
three engines, three Babcock and Wilcox boilers, a Superheater for each 
boiler; a Green's Economiser, and everything inside the engine and 
boiler houses to render the plant complete, and including one 5-ton over­
head travelling crane ; the whole delivered, erected, and set to work 
at Poona.'. In addition, there will be a charge of £100 for spare parts, 
and .£80 for maintenance for one: month. The tender guarantees that 
•t!f<:~onsumption of the engines, while doing the maximum work·as 
calc~late~ will not exceed 2 lbs. of best Welsh coal per I.H.P. per hour~ 
or 17 lbs. ~\teani through the cylinders; and that _the mechanical 
efficiency shd·! not be less than 90 per cent. 'l'he pumps will be filtfil~ 

\ 
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with · externally-packed plungers) a:p.d the Makers guar~ntee them, and 
the cylinders, against serious erosion by the sewage for two years. J 
.referred to Mr •. Santo Crimp as to the question of cqst, and he writes: -
" I should say t~at, at present prices in Englan4, engines and pumps of 
''this size are costing about £60 per I.H.P." Messrs. Simpson's tender 
works out to just about £50 per I.H.P.; ~Jond includes delivery and erec­
tion, and also £800 for the extra boiler for the air-compressing plant, 
£:SOO for the "outside-packed " plungers, £130 for the travelling 
crane, £650 for the three superheaters, and £300 for the economiser, 
or a total of £2,180 ; so that the cost of the engines and pumps alone, 
erected at site, will be only £16,556, or about £44 per I.H.P,, which is 
decidedly economical. As prices have gone up of late, an<}. show a ten­
dency to go on rising with the price of iron, it would be as well to give 
the order as soon as possible; especially as, with their late orders, it will 
probably take a couple of years to get the machinery made and sent out. 

75. The boilers recommended are the Babcock and Wilcox, as 
there can be no doubt that theY, are the most efficient and economical for 
this purpose. The Worthington engines will get nearly all the possible 
work out of each pound of steam, but boilers vary very much. To work 
a!l engine, we have first to make au elastic fluid from water, and then to 
turn it into water again. This double process involves waste of money; 
and it is in the manufacture- of the steam that economy can be chiefly 
effected. Suppose we have an engine using 15 lbs. of steam per 
I.H.P:-per hour, and a boiler making 7·5 lbs of steam per pound of coal: 
we then have a cbnsumption of 2lbs. of coal per I. H. P. per hour. Now, 
if a boiler can be made to evaporate 10 lbs. of steam per pound' of coal, 
this engine will only use 1~ lbs. of coal per I.H.P. per hour. On the other 
hand, if the boiler evaporation remains at 7 ~ lbs. per pound of coal, the 
engine must only use 11:! lhs of steam per I. H. P.Tper hour in order to 
reduce the coal consumption to 1~ lbs. per I. H. P. per hour But it is 
·much easier to get a boiler to evaporate the 10 lbs. of steam· p~r pound of 
coal than to get an engine to work with 11 :! lbs. ofsteam per I. H. P. per 
hour, which latter is practically impossible; so you see how much 
depends on the boiler. Its u efficiency " may be taken to vary from 50 
to 80 per cent., according to the type adopted ; i.e., of a~l the heat pro­
duced, only 50 p.c. is utilised in a .poor boiler, and 80 p.c. in a good one, 
in producing steam; the difference may be said to go up the chimney, 
and be wasted. 

76. Other ways of economising fuel are :-(1) to heat the feed 
water of the boilers to the boiling point proper by an Economiser, work­
ed by the waste heat on its way to the chimney; at1d ( 2) to dry the steam, 
before it enters the engine cylinders, by Superheaters on each boiler. 
The saving of fuel by these additions will be about 20 per cent . 

. 77. I have carefully considered the question of horizontal or Typs of 
vertwal engines for Poona, and I think that the former are undoubted- Engines. 

ly the host suited for this case. Theoretically, verticfll engi~es are the 
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bes~; and, for engines running at a very high speed, they are practically 
the only form that should be considered ; but ptimping engines must, of 
necessity, run at a very moderate speed; and must, therefore, be of. 

_comparatively large size ; for such engi-nes the horizontal form has got 
several decided advantages, such as considerably lower (probably 2{1 
per cent.) first cost, reduced eost of· engine. foundations, and greater 
ease of attendance and supervision, entailing the advantage of a smalle~ 
staff ; and such · engines are now almost universally adoi>ted fol' this. 
purpose when the lift is aot too great. · The London Water Companies, 
who have the best means of comparing various types of engines, ha.ve, 
during the last ten years, adopted the horizontal type in preference to 
the fine beam engines, formerly used ; and in some. instances they have. 
actually taken down beam engines of modem design, and replaced 
them by.triple-expansion direct~acting Worthington Engines. In Born .. 
bay, the old vertical compound engines fol'sewa.ge have been replaced 
by triple-expansion hvrh:ontal Worthington engines. It is true that 
~hey have suffered. somewhat from erosion of the plungers and 
cylinders ; but the acknowledged reason is that they have not got 
1 ~ externally-packed , plungers, nor- even grit · chambers and· a tank 
sewer of sufficient size. to allow: of the sand, &c., being· deposited in them. 
Similar horizontal Worthington e1;1gines ~r~ ~t ·work in Calcutta,, 
Hyderabad, Simla, and m~uy other places in India, and are giving great 
~atisfaction; and the Hyderabad President wrote to me that. the saving· 
of fuel, formerly used. by the old engines, would pay for the new ones in. 
a few years.. A.t .A.hn;l.edabad they have· Glenfield Beam Engines ; 
whilstfor Surat, Govemm.ent selected Worthingtons ; a"nd the difference 
in the cost of the daily wo.r~ing ~ remarkable~ Messrs. Simpson & Co. 
have m.ade a speciality of pumping engines, and practically make 
nothing but this type in their. enormou.s workshops, just as Messrs .. 
Willans :r;na~e ·a, speci~lity o~ high speed engines, Messrs. Gwynne of 
centrifugal· engines, Messrs. Hargreaves of mill machinery, Messrs. 
Thorneycroft of high speed small steamers, and so on; and, natura,Iy, 
e~ch e~cel~;~ iQ, the.ir o~n special line over ma.k_ers ~ho go, in, fo,r gener-al 
work. · · · 

78. But even supposing that some other. type was equally efficient, 
and somewhat cheaper, (both of which are very unlikely), still I would. 
strongly recommend the Worthingtons, because Messrs. Simpson & Co. 
have a large connection out here, and it is of the utmost importance to. 
them to ml\_intai~ their reputation. I know <;>f t:\yo cases (S:ukku.r and 
f?urat) in wh,ich tl~ey los.t many hundreds of poun~s rather than not 
carry out their g1,1a~·antees. Moreover, as t~~y do so much work out here~ 
they Cfln aft'orCJ. to keep up permanently an experienced staff Cor erecting, 
and perio~ic~lly in~:Jpecting, their engin~JS, un~er ~ firs~ class mec~~nica,J, 
engineer, who is their Agent out here. The advantage of this yearly 
inspection is very great as regards the life of the machinery ; and, as 
only a small sum is charged for it, and a full report is sent after each 
inspection, every Municipality that has these engines has adopt.ed this 
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aystem, as it affords a check on the cap11obility of the Engineer and his 
Staff; and any little faults are brought to notice, and corrected,.. before 
they can develop serious damage. An ordinary firm would merely 

. send out a good erector from their workshop, who would probably 
have had no experience of this country ; and, if anything went wrong 
subsequently, they would have no interest in rectifying it, as the order 
would ·have been an isolated one. The Ahmedabad Municipality 
rejected nw'advice when they were getting their third engine, a. couple 

~£.-~~go, and ordered it from Me1:1srs. Glenfield & Co., who had 
made the first two engines. That firm said that they could ensure as 
great " efficiency " as the W orthingtons ; but not only is this not the 
case, but the engine is badly balanced, and a heavy counterweight will 
have to be put on the shaft to make the engine work st~adily. When 
I was there last December, the Indicator diagrams which I took were 
the worst I have ever seen, and showed that there was a large waste of 
fuel going on. A subsequent set of better diagrams shows that the 
efficiency even then was only about ~0 p. c., and the fuel consumption 
was equivalent to a little more than 3 lbs. of best Welsh coal per I.H.P. 
per hour ! Some of th,e Ahmedabad Municipality have visited the Surat 
engines, and.have told me how much they now regretted that they had 
pot ordered a, Worthington, For the Poona Cantonment Waterworks 
Pumping Station, the Secretary of State sent out a horizontal Worthing­
ton, and a local Bombay firm was given the erection; but it gave so 
murh ~rouble that Messrs. Simpson's agent had to be called in, and he 
found that it had to be taken to pieces and re.erected. For the Ahmedabad 
Sewage Scheme, Mr. B. Lath11.m has recommended engines, by an 
unknown maker, at an impossible price for really good work that woul!f 
last; and they are expecteq· to work at the impossible rate of l! lbs .. of 
coal per Pump H. P. I showed the papers to Mr. Santo Crimp, and he 
confirmed what I have just said. Mr. Latham has had no experience in 
:Mechanical Engineering, and has no partner (as Mr. Santo Crimp has) 
with this particular experience, so that he is apt to be misled by plans~ 
ible makers. In the case of Margate, he recommended engines which 
have since }J.ad to be removed ; and in the case of Ahmedabad his recom­
mendation wquld have been assuredly as disastrous; and the makers 
woulq have had no further interest in the matter, as they would know that 
it was only a chaqce order. It is a double guarantee to deal with a well­
known firm who rqake a speciality of pumping engines, and who have 
~!so to keep up t:tn Indi~n reputation, and who have shown that they are 
willing to lose considerable sums rather than risk that reputation. 

79. As regards the relative charges of the Outfall works, between Distribution 

the City and the Cantonments, I think that the latter should be debited ~::_[!uof tlte 
with half the cost of the 24-inch Intercepting Sewer, from the end of Works. · 

'their 18-inch sewer to the balancing tank sewer ; and with one-fifth of 
the tank sewer and its appurtenances, the engine house and quarters for 
the staff, the rising main, and the macerating tank. 'fhe Lieutenant-
General Commanding the Forces has told me personally that the 
)lilitary authorities do not wish to join in the farm. 
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Improvement 80. I now come ta tho project for improving your Water Supply, · 
to the Wale?' • . b · d 1 · h D · Supply. whiCh work IS now to c carne out concurrent y wit your ramage 

scheme. As ordered by Government, this is drawn out on the lines of 
the projeet sketched out by Mr. Doig fO.r a full supply from the Ka.rak­
wasla Canal at 20 gallons per head per day. Your present population 
may be taken as being· well under 1730,.000 ; and the pipes are 
calculated for a future population vf 1,58,~00, to give the full day's 
supply in 500 minutes. 

BcttlingTank 81. The settling tank. is to be of 'the " continuous flow" pattern,. 

Filter Beds 

which has been so successful at Meerut that it is to "be adopted for 
Hyderabad. It is both cheaper and more effective than the o.!d kind. 
To allow for. the periodical elosures o.f the canal for clearance1 this 
tank has been dosigned to hold six days' supply; and there is room for 
extension at th13 site· selemed by Mr. Doig1 which is alongside the 
ctllnal, and 1650 feet north of the old circular tanks belongi.ng to the­
Mnnicipality. Its length is 1,000 feet, breadth 30& feet, and tne depth 
8-k feet, inulndi:ng coping. It is divided into five compartments by 
thin brick-and-chunam walls starting alternatefy from each side,. 
and running to within 50 feet of the opposite side ; so that the water 
will follow a zigzag course with a 'very ]ow velocity. The- water wilt 
enter the first compartment by a channel along its upper edge, which 
will have a hinged weir in front, to- be adjusted to the canal level ; so­
that the water will alwaJS pass ove1· it in a thin film, about half an inch: 
deep, with as little disturbance to- the contents- of the tank as possible. 
The first four compartments are furnished with wash-out pipes f6r 
removal of the silt. For a daily supply of 26 lakl'ls gallons, the velo­
<:ity will be about i-tr: inch per sec6nd; and the water will be about 140 
hours in the tank between its entry and exit. A bye-pass will also be­
provided, for direct communication between the canal and th& regulat­
ing chamber, for use when the tank is closed for cleaning. The floor 
of the regulating chamber is 1~ feet below bed of settling tankJ aud 
the pipes are laid at this floor level. 

82. In accordance with your own wishes, and Mr. Doig's ·Note, 
I have not entered filter beds and a pure water reservoir in the· 
estimate, as the re-arranging of your pipes, to ensure a larger supply 
with a greater pressure, is a matter of the first importance. But I 
would draw your earnest attention to paras. 5, 6 and 7 of my former 
Address, and would strongly urge yon to carry out these additions as 
soon as the urgent work of the. pipes is done; and not allow yourselves 
to be lulled into a fancied security, simply because analyses at certain 
periods have shown that the canal water at those pm'?.'ods was pure : or 
some day the city may suffer the fate of Hamburg, whilst the Canton­
ments enjoy the immunity of Altona . 

. , . 83. Owi. g to the levels of tho ground, the supply to the city 
HIIJ'• and t b d' 'd · h' h d 1 · d b Luw Scrvico. mus e JVI e<.; mto a tg an a ow serviCe, as suggeste y Mr. 

Doig; tho forme providing for about one-fourth of the population. This 
is absolutely ueco ·sary to ensure au effective head of 20 to 30 feet 
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above ground, as a minimum, all over the city. For this high level 
:ervice, the water will be drawn off from the settling tank to a pump­
Ing station near the two old circular tanks, 1,650 feet from the settling 
tank ; whence it will be raised by Triple Expansion Worthington 
Eugiues into two steel tanks, each holding 1k lakhs gallons ; and sup· 
ported on towers, as at Surat. Rock is available about two feet below 
the surface at this spot, so that the foundations will be cheap. The 
tanks are to be 42k feet in diameter and 19 feet high, and 
the top of the towers will be 16 feet above ground level. 

84. For the H. L. set·vice, the city is divided into two districts ; and. 
for the low service, the rest of the city is divided into five districts. The 
latter are served by mains taking off direct from the regulating chamber 
of the settling tank. The pressure over the low service area will 
ordinarily be 6 to 8 feet more than those shown in the Statement ; as 
those calculations start with a level only six inches above the bed of the 
settling tank. Similarly, the pressure over the high level service area 
will normally be 10 to 15 feet more than those given in the Statement, 
as the starting point of these is the bottom of the H. L. tanks. 

85. With the assit;tance of your Engineer, all the existing pipe 
lines have been laid down on a map of the city ; and are to be utilised 
as far as possible, either by being left where they are, Qr by being 
shifted to other parts of the new system, where suitable. 'rhe surplus 
consists chiefly of small pipes of 4, 3 and 2 inches in diameter, which 
will be utilised as " circulation pipes" for connecting tho ends of pipes 
of the new system, where this is necessary to avoid " dead ends" ; and 
they will also be available for subsequent branches in the city, which 
will be required as the number of honse-:::ouuections increases. 

86. The simplest and cheapest form of public service is to have Public 

a numbe:t of one-foot lengths of 2-inch W. I. pipes, screwed at both Servicu. 

ends, and with a socket at one end of each length ; and a number of 
2-inch tees, screwed to take tinch cocks. The number of cocks for any 
locality should be about one for every 50 persons who are likely to 
draw water from that service ; exclusive of those who will have h0use­
connections provided for W. C's., and who can easily havt~ an extra 
tap inside the house. The cocks are fixed alternately on opp('lsite 
sides of the main horizontal pipe, so that there is 2 feet between each 
pair of cocks on the same side. The horizontal pipe is supplied by a 
vertical pipe (or two if there are more than 12 cocks on the service), 
connected with the main, and controlled by a small valve. The ·ends 
of the horizontal pipe are closed by screwed caps, and supported on 
small masonry pillars. A pavement is constructed below the service, 
with a gutter leading to the nearest sewer, and a gully trap at the junc-
tion. Stone blocks are placed under each cock, for the pots to rest upon. 
This will allow of the present insanitary dipping cisterns being abo-
lished, which is a most important point. For standposts, where only one 
cock is required, a cheap and very satisfactory design is that of Messrs. 
Garlick & Co., of Bombay, which costs Rs. 65. 
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87. . Hydrants, for fire service, will be fixed at about every 500 
feet apart, in the principal parts of the city; and a certain number of 
cattle troughs will be erected where they are required. 

88. At fus.t, the H. L. supply will be about 6:! lakhs of gallons 
per day; and the engines will consume 5 cwt. of Welsh coal, or 6:! 
cwt. of Singareni, per day, or say 120 tous per annum; which, at 
Rs. 14 per ton, will cost, say, Rs. 1,700. The engine room stores will 
cost about Rs. 50 per month, or Rs. 600 per annum. The repairs for 
the first couple of years will be trifling ; and Rs. 700 per annum will be 
ample for many years to eome, for repairs and coritingenciee ; so that 
the total cost of working the engines (exclusive of establishment) may 
be taken at Rs. 3,000 per annum. The Engine room Establishment 
will be:-

1 Engine Driver, at Rr.. 100 per month 
2 Oilers at Rs. 15 each do 
2 Firemen, at Ra. 15 each 
3 Coalers, at Rs. 10 each 

or, say, Rs. 2,300 per annum. 

do 
do 

Cost per month. 

Rs. 100 

" 30 

" .. 
30 
so 

Total ..• Rs. 190 

89. The Maintenance Establishment for the Waterworks, after 
construction, will be small ; as the Engineer Superintendent, and the 
Fitter of the sewage pumping st.ation, can also supervise the waterworks 
engines ; and, similarly, the Drainage Engineer and his Establishment 
can look after the water pipes and their fittings ; the only additional 
staff that will be required are three turncocks, at Rs. 10 or 12 each, and 
two men at the settling tank, on Rs. 10 and 15, respectively ; or, say, 
Rs. 700 per annum. The repairs and contingencies may be taken at 
Rs. 1,000 per annum; so that the whole cost of working the system will 
be:-

Engine Room Expenses ... 
Do. Establishment ... 

Maintenance do. 
Repairs and Contingencies ... 

Total per annum ••• 

Rs. S,OOO 
•• 2,300 

700 
" 
" 

1,000 

Rs. 7,000 

The an:riual cost of your present insufficient and insanitary arrange­
ments is Rs. 4,000 ; so that the extra cost will only be Rs. 3,000 a year. 

The Engineer for constructing the drainage works, and hi!:! Est­
ablishment, can also supervise the construction of the waterworks; and 
the provision for tools and plant for the former will do for both, as very 
little will be required for the latter. Maistrees and petty establishment, 
as required, can be charged to works, as usual. 

90. The machinery will consist of two Triple Expansion Worth­
ington Engines, each capable of lifting 1,600 gallons per minute to a 
hei,g;ht of 60 feet ; so as to provide for the future adoption of filter beds 
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and a pure water reservoir ; and also be able to keep pace with the 
maximum draw-off from the H. L. Tanks. The steam will be provided 
by two Babcock and Wilcox boilers, each capable of driving one engine. 
As the tanks will provide nearly half a day's storage, . there can be no 
danger, with engines of this capacity, of the supply running short. The 
cost of the above machinery, delivered at site, and erected, with all pipes 
and valves inside the engine house, will be £5,400. There will also 
be one economiser, at a cost of £153;·and each boiler will have a super­
heater, at a cost of £185 for the two. The saving of coal with these 
two additions will be fully 20 per cent. There will also be a W. I. 
chimney of suitable size, complete with base plate, guys, and anchor 
bolts, at a cost of £56. These prices also include delivery at site, and 
erection. In addition, there will be a charge for maintenance, for one 
month, at a coet of £40. 

91. The machinery will be almost the same as that erected lately 
at Naini Tal, the engines of which are about 30 H. P., and do not con­
sume more than 25 lbs. of steam per H. P. per hour. This is very satis· 
factory for pumping engi~es of this small size. They will also be very 
similar to those recently erected for the Hyderabad Municipality, which 
the President tells me are working with great economy, and very satis­
factorily. 

. 
92. All mains, and their branches, are to be controlled by suitable Sluice Valves. 

sluice valves, each fitted with an indicator to show how far it is open; 
and enclosed in suitable road boxes, with locking lids. 

93. The inlet from the canal to the settling tank will be prl)vided Metm. 

with a Kent's Irrigation meter, as also the channel to the H. L. Tanks; 
and the two city mains from the settling tank will each have a Kent's . 
''Venturi" meter fixed on it ; so that the quantity of water lJSed may be 
properly registered and checked. 

94. The surface level of the water in the settling tank is taken at Stora.qs 

three inches below the normal level of the canal, which latteris 215•83. In prwided. 

the hot weather, the canal level sometimes falls two feet below this ; and 
Government have been asked to allow of a moveable weir being erected 
across the canal, just below the inlet, to aliow of the surface level being 
raised to the normal for a couple of days before a closure, so as to allow 
of the full supply being stored for use during the closure. Alongside 
the H. L. Pumping Station there are two old circular tanks, formerly 
made as settling tanks; but which were found to be unsuitable for this 
purpose, as the storage was too little. Their inner diameters are 133 
and 142 feet, and they are excavated to R. L. 212·46 and 211·1_1, re­
spectively. It is proposed to clean them out, and to deepen them to the 
suction level of the engines, i.e., about 19 feet below ground level, the 
R. L. of the ground here being about 221. They can then be used as 
sumphs for the pumps; and they will provide a considerable amount 
of extra storage, amounting to· about 30 lakhs of gallons. The excavat-
ed stone can be used both for the concrete and masonry of the different 
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worlts of both the drainage and water works; so that the net cost oft.ile 
extra storage obtained will be small, probably not more than Rs. 10,000, 
or at the rate of about Rs. 4 per 100 cubic foot of the excavated rock. 
There is a meter on the adjoining main from the canal to the city ; 
and, when these pipes are removed, a connection can be made for a by£. 
pass, from the meter to the circular tanks ; which are already provided 
with a wash-out, lea<ling to the adjoining nullah. 

Katraj 95. The levels show that, by taldbg a point sufficiently high up on 
Aqueduct. the old Katraj pipe, the necessary filters can be placed there, aud the pure 

water run down to the low service reservoir. This will probably be 
the cheapest way of getting an extra supply as the population increases 
in the future ; and I will draw out the plans and esti~ates for this, 
and for the filters, and a pure water reservoir in connection with the 
settling tanks, so that these works can be carried out hereafter as 
soon as the Municipality decide on them. 

OoBt of 96. As regards payment for the extra water, Government will 
Oa~tal Wat!'r, probably agree to the terms mentioned in their offer in 1893, viz., to 

give the whole supply at the rate now charged for J:he present 7 k lakhs 
of gallons per day; which is Rs. 10,000 a year, or about 7 pies per 
1,000 gallons ; the minimum yearly future payment being Rs. 20,000. 
Tho charge for about 26 lakhs gallons per day will, therefore, be about 
Rs. 35,000 a year; or .Rs. 25,000 more than you now pay. 

97. If Government agree to this, I cannot but think that it will 
be reasonable ; as you must remember that the canal has been made 
with public money, for which Government have to get as good a return 
as possible; and there is no doubt that water for drinking purposes 
must be considered more valuable than for irrigation. Also, the canal 
will lose most of the revenue it gets from the future farm site, as this 
will then be chiefly irrigated with the effiuent ; and this loss will pro­
bably approximate to Rs. 25,000 a year on the average. Moreover, tho 
Irrigation Department will have to reserve the required supply in 
Karakwasla, and cannot calculate on it as being available to supplement 
the irrigation supply at all. 

98. It is true that the irrigation rate of Rs. 40 per acre fur sugar­
cane is theoretically equivalent to 412,000 cuLi~ foot of the storage in 
tlte Karalcwasla Resm·voz'1·, as calculated on an avemge of the wltole sugar­
cane area along many miles of the canal ; but, for the reasons given in 
para. 25 ante, this rate cannot be taken to govern the rate for any 
other object at one special point near the headworks, up to which point 
the loss by leakage is small; and where there is no waste to allow for, 
as all the water taken there will be measured and utilz'sed. For these 
reasons, it is much fairer to take the rate as calculated on the quantity 
found by Mr. Mollison to give the best crop, (viz. 200,000 cubic feet), 
when applied witltout waste; and this works out to a little over 6 pies 
per 1,000 gallons. 
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99. The ryot gets no benefit, but rather a loss, from the excess 
water used by him through his carelessness ; but Government have to 
allow for this; as it cannot be prevented. You, however, would get a 
direct benefit if this allowance for waste was made in your case, as you 
will profitably use all the water supp"tied, and will get full value for the 
price paid; just as Mr. Moilison got the .full benefit for his Rs. 40 per 
acre, although he only used half the average allowance, and wasted 
none. The result of such waste by the ryots is seen in the 
damaged fields of the Manjri Farm site, and in the streams flow­
ing in every nullah that drains the sugarcane area ; which water 
might have been of great benefit to other ryots lower down tho canal, 
if the sugarcane men had exercised tho same care in applying the 
canal water as they would have done in the case of well water. 

100. You have experienced this year how inadequate your pre­
sent water-supply arrangements are ; and repeatedly of late years you 
have similarly, but to a lesser degree, felt the danger and inconvenience 
resulting from the drying up of the old native aqueducts, in the be­
ginning of the hot weather,. or even earlier ; and, with a growing 
popnlation, this difficulty must become more and more prominent 
each year. You must come to Government for more water in the 
end; and the terms will probably ba more onerous in the future, 
if the present opportunity is. lost ; as the value of a commodity is 
regulated by the urgency of the demand for it. The scheme now pro­
posed will ensure you an ample and good supply for all time. When 
proper filter beds are constructed for the Katraj Aqueduct, you will 
probably be able to economise the use of the canal water to some extent. 
Even now you always use more canal water than the nominal daily 
supply of 711- lakhs gallons, and your yearly payments are ;Rs. 2,000 to 
8,000 more than the amount mentioned. 

101. You will observe that my calculations regarding the quantity 
of sewage, or of water, to be dealt with, and the cost of maintenance, or · 
working, are based, generally, on the present normal population. The 
reason for this is that these quantities can only increase with an in­
crease of the population, and of the houses ; and this will, of itself, lead 
to a corresponding increase in the total of the taxes, which will pay for 
the extra cost .of dealing with the increased quantities. The average 
number of people (including children of all ages), occupying each house 
at present, is between nine and ten. 

102. The amount of the General Abstract of the Sewerage Scheme, Cost of the 

Appendix C, is Rs. 25,18,289, as against Rs. 30,13,584 (including 12 &wq_rags 
lakhs for the additio~al proposal about the farm) of the previous scheme. Pro;ect, 

The reduction would have been larger but for the inclusion of nearly 
two lakhs for house-connections in the General Estimate, instead of 
their being charged to the houseowners, as before. The conversion of 
privies into W. C's. will cost Rs. 4,54,223, instead of the former estimate 
of 10 lakhs ; so that, taking the whole scheme, there is a total reduction 
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of about 10k lakhs. The way in which the expenditure should be spread 
over the three years, allowing for the purchase o£ all English articles 
in tJie first two years, and for the local work being distributed over the 
three years, is given in Appendix D. 

103. The cost of the Water Supply Project is given in Appendix 
E. The settling tank (which is also the storage reservoir) costs about 
a lakh more than Mr. Doig's rough estimate ; and there is a similar 
excess over his rough estimate for pipes ; ·and about one-and-a-half lakhs 
excess over his rough estimate for the B. L. tanks and the machinery. 
Of c_ourse, Mr. Doig's figures were only for the general outline of a 
scheme ; and, moreover, the present scheme . has to provide for 50 per 
cent. more water than Mr. Doig calculated for ; as it has to suffice for the 
probable increase of population for 20 years after the works are finished, 
z: e., more than 30 years after Mr. Doig's estimate ; and it has also to 
provide the extra water for the sewerage. Two years will suffice for 
carrying out the water-supply, !and the way in which the expenditure 
will be distributed over these two years is given in Appendix F; allow­
ing for the purchase of'the English materials in the first year, and for 
tlie local work being spread over the two years. I propose to start this 
work concurrently with the Drainage Scheme, so that any minor mat­
ters may be done in the 3rd year, to enable the Drainage Scheme to. · 
begin working complete at the end of that year. 

Rwenue,and 
Permanent 
Establish­
ment of the 
Effluent 
Farm. 

104. The revenue from the effluent farm, and the cost of its per­
manent establishment, are given in Appendix G. The latter is based 
on para. 33, ante, and on Mr. Mollison's two Notes (of last year and this 
year), and iheir accompanying Statements. I think it will be allowed 
that I have now taken very moderate amounts for the net profit on each 
of the areas ; and, for the reasons given in paras. 16 and 21 ante, even if 
these amounts are not exceeded, the area of the sugarcano will assuredly 
·increase in the near future. 

Roles of pro- 105. As regards the amounts per aero taken by me, you will note 
1)/.~~ each that for sugarcane I have kept to Rs. 300 per acre ; although, from 

para, 20 ante, you will see that I might have taken Rs. 400, or more, 
under the authority of your President ; and, from the Statement of 

. the comparative experiments with sugarcane, attached to Mr. Mollison's­
Note of this year, Appendix B, I might have fairly taken Rs. 350, 
or, more ; as, although the value of the effluent goor was 2!l per cent. 
less than that of the p&ud1·ette goor, yet the quantity of the former was 
10 per cent. more than that of the latter, leaving a net gain for the 
former of 7 k per cent. When our know ledge of the best mode of using 
the effluent equals our knowledge of poudrette (which will be in 2 or 
3 years), this gain ought to be increased, with intelligent and careful 
supervision, 

106. As regards the rate for Lucerne, you will see from the 
statement of comparative mauure cxpE'riments wif;h fodder crop s 

\ 
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attached to Mr. Mollison's Note of this year, that allowing 200 lbF~, 
dry weight (equal to over 250 lbs., as wetted for sale) per rupee, the 
profit of what was actually cut during one whole year would have been 
Rs. 336-12-0 per acre ; and from para. 24 ante you see that, even at a 
of rate 250 lbs. of dry Lucerne per rupee, · the amoUn.t would have been 
over Rs. 300 if the effluent had been applied throughout the year in the 
way which we now know is the most suitable. In Bombay the retail rate 
is Annas 8 for 28 to 30 lbs., or, say, 60 lbs. per rupee ; the Railway 
charge for it by passenger train is As. 10 per 80 lbs. ; so if we sell it 
here at even 200 lbs. per rupee, dry weight, the carriage to Bombay on 
this amount will be Rs. 1-9-0, which gives a wholesale rate of 80 lbs. 
dry weight per rupee at the railway station in Bombay. This allows 
a large margin for distribution, &c., as the above quantity will weigh 
over 100 lbs. when wetted for retail sale; so that the seller would be 
even able to lower his retail rate. The demand in Bombay is now very 
much in excess of the supply, and a lowering of the retail rate would 
increase the demand considerably. The same result would assuredly 
occur here; and we should have no difficulty in disposing of an aver­
age of 400 maunds per day, in both places, even at this rate. 

107. As regards the fodder crop rates, for such crops on land under 
the Canal, you will see from tqe statement attached to Mr. Mollison's 
Note of last year, Appendix B of my former Address, that, even at the _ 
liberal rates then taken for the fodder, the net value per acre of the first 
crop in each case was:-sundkia Rs. 86-7-0, American sorghum (Amber) 
Rs. 104, American sorghum (Collier) Rs. 92-14-0, and maize Rs. 101-7-0. 
From the statement attached to his note of this year, Appendix B, it is 
evident that the experiment of growing a second crop from the stubble 
of the first crop was a comparative failure ; but, from the rapidity of 
their maturing, four crops of sundhz'a, and three of the others, could 
easily be grown from fresh seed in the year ; and the net profit per 
acre would then vary from Rs. 250 to Rs. 300, instead of the .J;s. 200 
which I have taken. As explained by Mr. Mollison, this area of fodder 
crops will be cultivated in rotation, with part of the sugarcane area, so 
as to prevent deterioration of the land. 

108. As regards the fodder crops which are to be grown during 
the monsoon only, on the light land around the macerating tank, (not 
under the canal), in accordance with para. 12 of Mr. Mollison's Note, 
Appendix B, (during the period when the heavy land is sodden and wet, 
and therefore! not in a condition to purify the effluent), there is no 
reason why we should not get a first crop, and a stubble crop, of sun­
dlda and the sorghums, as we actually did last monsoon ; and one crop 
of the others ; giving a profit of from Rs. 98 to Rs. 150 per acre, as 
shown in last year's statement ; so that my estimate of Rs, 70 per acre 
is very moderate. Our fodder crops will be about equivalent to an 
addition of 2,000 acres to the present area, which is a trifle ; so there will 
be no danger of flooding the market. 
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, 109. I would further point out that in this matter we are not 
going on theory, or guess work; but on the actual results of identical 
experiments, carefully carried out for a whole year ; and· the rates 
which I have taken allow a large margin for conf.ingencies from the 
rates actually obtained. During the current year, Mr. Mollison will, 
carry out similar experiments with various pulses, and native vegetables, , 
as well as further experiments with sugarcane; and these, or other · 
similar experiments, will be continued·; so that by the time our farm 
is ready, we shall have accumulated a lot of valuable experience. 

. 110. In Appendix HI have given a statement of the loans that 
will be required, both for . the sewerage (including the conversion of, 
privies into W. C's.) and for the water-supply ; on the understanding: 
that the yearly charges on these loans during construction, and until the 
farm is in full work, will be added to the capital cost. I trust that 
Government will agree to this, as I think that it would be practically 
impossible for you to raise temporary taxes to cover these charges 
during those years ; and as this is to be a working, paying concern, like 
a railway, the same terms, as regards these charges, might fairly be 
applied to it as to railways. The relative experience of Surat and 
Ahmedabad has proved that it is unadvisable to levy a tax for a sani­
tary work until it is finished, and the people are able to appreciate the 
benefits obtained ; and then, as in the case of Ahmedabad, they do not 
object to pay. In Snrat, the people had to pay the extra tax during the 
years of construction, and there was much discontent, which arose -to a 
very serious pitch. 

111. In both cases I have taken the interest at 5 per cent., as the 
present rate of 3k per cent. Government Paper is well below par. 
'fhis Government has to pay the Government of India a half per cent.· 
more interest for all lom~s ; and this extra rate is again charged wheri 
the money is passed on to a Municipality. 

112. For the sewerage loans I have taken a period of 30 years, 
which is the period taken for the calculations ofthe sewers, &c. For the 
waterworks loans the period taken is for 20 years, for a similar reason.· 
'fhe lat.ter period is also taken for the machinery of the Sewerage 
Scheme ; .although it will probably last for the full time if a proper 
engineer is got for it, and it is kept in order. 

113. In Appendix I the final Pr0fit and Loss Account is shown. 
Owing to only half the area of sugarcane being grown in the fourth 
year of the works, (whieh corresponds to the first year of the farm), 
there is an estimated deficit in that year of Rs. 92,437, which has 
been adde~ to the loan account, for the reasons already given ; also, the 
probable ex~~a charge for canal water for the third and fourth years, 
z: e., until th~ farm profits of its first year are in hand. The small extra 

f cost (Rs. 3,000~f the working expenses of the wat.er.·works, over the 
cost of the pres~ nt system, has been left for you to deal with out of 

/ 
.~ _.,.,. .. ---- . 
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cut;rent revenue, so as not to complicate matters.. The final result, 
after the fifth :year, shows an estimated deficit of Rs. 12,228; but, for 
the reasons already given, I fully aniicipate that this will be more 
than covered by the increased revenue of the farm over what I have 
estimated ; and by the sale of surplus effluent, or its utilisation on a 
larger area by the Municipality, in the near future. 

114. In this Profit and Loss Statement you will see that I have 
entered all charges that will come on the debit side, for both 
sewerage and water-supply ; and under the credit side I have entered \tf 
the moderate yearly charge for the W. C's. ; and your present net expen- f 
diture on your drainage and water-supply, which will be saved in the 
futuro. · 

115. As regards the practical carrying out of the works, it will Works. 
Committee. 

be absolutely necessary for you to depute your powers as regards con-
tracts, and other details of the work, to a small Committee ; which you 
will be able to do under the revised District Municipality Act. It is 
obvious that a large body like the Municipality could not possibly attend 
to all the details and references that must continually arise during the 
progress of such a work ; as these would necessitate continual meet· 
ings, most of which would probably have to be adjourned for want of a 
quorum ; and the delay would be intolerable, and harmful to economy 
and efficiency. For similar reasons it is necessary that the Committee 
itself should be small, but representative ; and I would suggest your 
President, the Chair~an of the Managing Committee, the Ron. Mr. • 
Gokhle, Mr. Kanetkar, Mr. Kelkar, Mr. Nagurkar, and myself; of whom 
four should form a quorum. 

116. And now, having explained the scope of the proposed schemes, Ths. high 

I would say a few words to you on the urgent necessity for carrying them death-rate . 

. out with the least possible delay. The usual criteria adopted as evidence 
of the health of any community are :-(1) The general death-rate, (2) 
the zymotic deat.h-rate, and (3) the infant mortality. Of these, the gross 
qeath-rate is a fairly simple, and, in the main, an accurate measure of 
the prevalence of disease. In the beginning of my former Address I re­
ferred to your death-rate, which, on the .statistics then available, was 
apparently 28 per 1000, on an average of five years. The system of 
registration was, however, admittedly defective; and, in August-1898, 
Major Reade, your late Chairman, organised a more accurate system ; 
and also instituted a rough periodical census, according to which the 
death-rate in the succeeding six months was shown to average no less 
than 33 per 1000 ; and the population in January 1899 was 1,25,790. 
In the next month, plague broke out, and the returns of the following 
months of that year cannot be fairly taken as any indication of the 
ordinary death-rate. But during the current year, although the deaths 
from cholera and small-pox have seldom been more than 4 and 5 a day, 
&ml plague was absent, your death-rate has been very high, averaging 
from 50 to 60, or even more, per 1000, As the rate in Cawnpore which 
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attracted the attention of Parliament, and practically set on foot the 
sanitary works in the great towns of the N.-W. P., was only between 
50 and 60 per 1000, the serious pass at which you have arrived is 
evident. 

117. I would again impress on you that this great loss oflife is 
dz"rectly caused by the insanitary condition of the town, as stated to you 
by Major Reade in his farewell speech;, !).nd Mr. Santo Crimp has told 
you that you can expect no amelioration of your condition until those sani­
tary defects are remedied. The average death-rate of the 33 largest 
towns in E~gland is only 20·8 ; the highest being Plymouth, with 26·4; 
and ~he lowest Croydon, with 13·1 ; whilst in the great prison at Mil­
bank it is only 12 ; and in the whole of the English prisons it only aver­
ages 11·4. The standard rate in England is taken as 15 per 1000, an-I 
the actual rate for the whole of the United Kingdom is 17·7. A normal 
death-rate in India would probably lie between 20 and 25 per 1000 ; so 
that probably tme·thz"rd of your normal deaths would be saved by the 
carrying out of proper water-supply and drainage schemes. 

118. In my former Address I referred to the causes of the bad 
:t!/y}7/"a~is state of your public health. The strenuous efforts made by your staff 
death-rate. to keep the town clean, can only have a very superficial and minor effect 

as long as the water-logging and pollution of the soil continues. Both 
Mr. Santo Crimp and Major Reade have laid great stress on this; and 
urged you to lose no time in undertaking the necessary works. After 
long droughts, such as we have in India, the surface-soil becomes 
cracked and :fissured, and loses its cohesion ; and, thus, foul sur­
face deposits get down into the water zone of the wells sunk in 
the subsoil ; and ·the malignant germs of disease there :find ~ 

congenial home, where they can multiply and spread. The certaz'nty 
of a considerable reduction in the death-rate being manifest from, 
the statistics of various countries, the neglect of those who have 
the power to carry out the works which will ensure this reduction is a 
very serious indictment; and I must endeavour to awaken your con­
science in thia matter, as your duty is to undon~tand the responsibility that 
rests on you~ at the present moment, in this question of a preventible high 
death-rate. If 70 to 100 murders, or suicides, occurred here each month, 
you would naturally be horrified, and urge that any possible means 
should be taken, or expense incurred, to put a stop to such a state of 
things ; but the same number of pMvent~"ble deaths each month is 
looked on, with more or less complacency, as a thing that cannot be 
helped. But statistics all over the world show that it can be helped, 
if money is spent properly in removtng the causes; and, if that money 
is not now spent here, you will be incurring the responsibility for all 
these preventible deaths, to say nothing of the much larger amount 
of preventible ill-health resulting from the same removable causes ; 
becaus~ou, at least, cannot now plead ignorance of the proper course 
to pursue\ 
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119. Why are Indian Municipalities so slow to adopt remedies 
which science and history have pointed out? Is there·any doubt as to the 
<:orrectness of this universal testimony, and its conclusions ; or are 
they indifferent to human suffering, and to the loss of human life ? 
Thousands, and tens of thousands, are- allowed to perish annually in 
India through preventible disease, because more money, more faith, 
and more energy are required to deal with this matter satisfac­
torily. It is not because there is any doubt as to the correctness of 
the conclusions arrived at; but because, through apathy and supineness, 
they fail to appreciate that the direct cost of thus saVing life would be 
infinitely less than the wealth indirectly lost through the unnecessary 
·sacrifice of life. But, because the immediate effect of sanitary defects 
is not made apparent at once, the cause~ are more or less ignored ; in­
vestigation is often imperfect, knowledge indefinite, and popular prejudice 
is often at fault. Such things· should not be; and it is only through 
persistent education of the public mind that this question of mere finance 
can be set in its proper, and secondary, place ; and the matured conclu­
sions of sanitary science carried into effect. 

Mttnieipalitie• 
apathetiG 
about 
sanitar?J 
rruttters. 

120. The people of India, generally, are uninformed on such sub­
jects, and cannot appreciate the effects <lf filth, foul air, and impure water 
in generating and aggravating·epidemic and endemic disease. They are 
too much inclined to regard epidemic disease as a visitation of God, 
which cannot be averted; and they object to be taxed for the removal of 
injurious sanitary defects, because they have, for generations, been 
accustomed to these defects ; and, therefore, do not regard them as the 
evils that they really are. 

121. Some members of Municipalities are also often unwilling to Fincil advice. 
incur the odium of raising the necessary taxation in such cases, unless 
they can escape the consequent unpopularity by showing that they acted 
under compulsion. Men who are prepared to incur popular displeaaure, 
in order to do good to the people against their will, especially when that 
displeasure may involve loss of local dignity, are never numerous; but I 
trust I have convinced you that it is necessary to look at this subject from a 
public-spirited point of view, solely for the benefit of the ignorant people. 
I would ask you to take the matter up diligently ; and, as far as possible, 
make yourselves acquainted with its details and results ; and not merely 
view it from the one point of extra taxation, or of saving money at the 
expense of human life. Yon have got the best expert advice that was 
available, and should rely upon it. Do not put your trust solely in rules 
and regulations ; but study for yourselves the simpler laws of health ; 
and, when ~on have learnt them, obey them in your lives. Only in that 
way can you secure health and happiness in your houses, and afford a 
good example to your neighbour,e. 

122. The aim of hous~sanitation is to lower the death-rate, and to 
promote the health and well~being of the occupants of the houses. Every· 
one has a direct interest in lowering his own death-rate, and that of those 
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dependent on him ; and in living his own life under such conditions as 
are most conducive to health, happiness, and capacity for work. No 
drainage system can be automatic, and it is necessary to distinguish 
between a house-drain and a sewer ; as, although a sewerage system 
may be perfect in itself, individual houses may suffer through neglect of 
their own house-drains. It is, therefore, necessary that these house-con­
nections .should be. properly made, a.nd also be taken reasonable care of; 
and that the traps should not be choked by rags, boots, or even stones. 
It almost seems incredible that such stoppages have been wilfully caused 
in Bombay. They· are, however, much less likely to occur here, as the 
o_ffender and his family will be the immediate, and only, sufferers. 

J. 0. POTTINGER, M.I,C.E., 

Sanitary Engineer and 
Member of the Sanitary Board. 
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APPENDIX A .. 
BosToN, MAssACHUSSETTs, 20th Marek 1900. • 

To J. C. POTTINGER, EsQ. 
Sanz'tary Eng~'neer and Member of the Sanz'tary Board, 

Poona, B.()mbay Presidency, Ind{a. 

DEAR SIR, 

I am in receipt of your letter, of the 19th ultimo, in regard to the 
effect of nitrogenous fertilizers upon sugarcane. 

2. · I desire to call your attention to the fact that, since Mr. Leonard 
Wray (whose reputation is well-known in this countr,y, and who is 
highly regarded) wrote " The Practical Sugar Planter " in 1848, our 
ideas of the fertilization of plants have undergone a wonderful evolution. 

3. It ia now known that nitrogenous fertilizers are highly essential, 
not only to a heavy crop, but also to the precentage of sugar in the cane. 
It is true that where a great excess of nitrogenous fertilizer is employed, 
there is a tendency to produce a heavy crop with a somewhat lower 
percentage of sugar. ·But even in this case the total sugar. produced 
per acre is ~·ncreased, There is no tendency to the production of gluten, 
as stated by Mr. Wray, even when an excessive amount of nitrogenous 
fertilizer is used. Even nitrate of soda, (the most concentrated and active 
nitrogenous manure), can be used on sugarcane with good results ; 
provided that heavy rains do not remove it entirely from the soil before 
it can be taken up by the plants. In the State of Louisiana, the use of 
nitrogenous fertilizers has grown enormously during the past twenty-five· 
years. Fertilizers of this character are now regarded as essential to the 
production of paying crops. 

4. I should say that it would be perfectly safe for you to use the 
purified tank sewage, of which you speak, even without subjecting it to 
ni~rification in the bacteria beds containing coke and clinkers. 

5. I am not surprised that you found good effects resulting from 
the use of this fertilizing material. I think you can safely apply even 
larger quantities without any material injury being done. The slightly 
decreased percentage of sugar in the cane, which is accompanied with 
the large i!lcrease in the weight of the crop, will without doubt prove 
advantageous to the grower ; but; as I have said above, even an excessive 
fertilization with nitrogen will only produce a moderate decrease in the 
sugar ; and will not be at all hurtful in the manuf~~octure of the 13ugar. 
Nevertheless, for economical. reasons, care should be exercised not to 
use an excess of this material, and so waste a valuable manure, Nitrogen, 
however, must be regarded as essentml iQ field,s which have ~ong been 
under cultivation, as anabsolutely necessary ingredient for every fertili­
z3r employed for the growing of sugarcane. 

Very truly yours, 

(Sd.) JAMES WILSON, 
Secretary to the Agrz"cultural Depa>rtment, U, S. A. 
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APPENDIX B. 
NOTE by J. A. 1\!ollison, Esq., Deputy Director 

of Agriculture, on the Crop Experiments with E~uent. 

In the following Note, I propose to give the results of experiments 
which wiire. undertaken at the Kirkee Government Farm, to test the 
effect upon sugarcane, and various fodder crops, of the effiuent from 
sewage which had undergone bacterial treatment in a septic tank and 
filter beds. These experiments, and further experimentation, are import­
ant; because, if the bacterial method of purifying sewage is applied to the 
whole of Poona City and Cantonments, sewage effluent in large quantity 
will be available ; and will be used as a source of manure supply, and for 
irrigation for land in the neighbourhood of Poona. 

2. The purified sewage used in the experiments was, so to speak, 
&rtificially prepared. Nightsoil, urine, and water were mixed . in such 
proportions as would probably exist in a water closet system, with a 
water-supply of 15 gallons per head per day ; and then passed through 
a septic tank and bacteria beds. When thus treated, it gave an 
offiuent which was practically clear, with a smell that was too faint to be 
noticed. SE\veral samples were analysed by Dr. Leather, Agricultural 
Chemist to the Government af India ; and the analyses showed that the 
purification was fairly complete, as the organic nitrogen was almost 
completely changed into nitrites. The test of complete purification is the 
cop.veretion of the whole of the organic nitrogen into nitrates ; but in 
any ordinary Indian soil nitrites are very quickly oxidized into 
nitrates. Nitrogen can only be taken up through the roots of any plants 
as nitrates ; and it is only in this form that nitrogen existing in, or 
applied to, a Eoil can become immediately available as plant-food. 

. . 
3. I have referred to these chemical changes, and to the manner · 

in which nittogen is taken up, through t1le roots, by all agricultural 
plants, because the President of the Poona Municipality has suggested 
that nitrogen in the form of nitrates, or nitrites, or ammonia salts, is not 
good for sugarcane, and some other crops. He supports his opinion with 
extracts ftoin ancient literature, which1 if published to-day, would be 
ridiculed by any English agriculturist of ordinary intelligence. Mr. 
Pudnmjee, writing on the 2nd of Januaty 1900, after he had got defin"' 
itely-expressed opinions from Dr. Leather and myself, says :-

"Perhaps much depends on the form in which nitrogen is presen~ 
ed as food for sugarcane ;" and again-

" The ridiculed books perhaps mean that free nitrogen, or nitrogenJ 
" ous manures that yield up nitrogen very easily, act injuriously, not on 
"the plant itself (which grows np luxuriously on such manures, as is 
''universally acknowledged)1 but upon its juice." 

Mr. Pudumjee here ignotes, or refuses to believe, what he has been 
told regarding the pr-esent day knowledge of the relations which exist 
between the structural growth of agricultural plants, and nitrogen exis~ 
ing in combined forms in th~ soilt or in manure. 
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4. Experiments on sugarcane with various manru'es have beeti 
conducted for five years at Manjri ; and it has there been conclusively 
proved that heavy crops of cane, yieldll!g a high percentage of gul of 
good quality, have been produced by heavy applications o£ nitrogenous 
manures. Almost every description of man tire available in India has 
been tried there ; but Mr. Pudumjee does not apparently accept the. 
Manjri experiments as conclusive. He contends that nitrites, nitrates1 
and ammonia salts affect the juice of cane so that it cannot be boiled 
down into solid gul. Such a result did not follow the use of nitrate o£ 
potash in the Manjri experiments ; and Mr. Pudumjee offers the follow­
ing explanation;-" One does not,Jrnow what part the potash of the salt 
''played in retarding the free and quick liberation of the nitrogen contain­
<c ed in the salt." This is mere speculation ; the nitrogen was neither 
liberated quickly, nor freely; it was simply taken up by the plant as a 
nitrate ; and probably in the form of nitrate of potash, the form in which 
it was applied as manure. A manure of this ciass is remarkably quick 
in its action, because the nitrogen, as well as the potash, are immediately 
available. A quick-acting manure has, if given in excessive quantity, 
a forcing action; and it may1 in the case of sugarcane and fodder grasses, 
produce abnormal gtowth, and succulent watery stems, with a tendency 
for- the crops to " lodge " ; but e,vety practical fa1'mer knows these facts; 
and applies such manures, notin a heavy single dressing before plant­
ing, but in repeated top dressings, as requited. The mere fact that the 
effluent contains nitrogen mostly as nitrites~ cleatly indicates that, ·as 
;manure, it would act quickly ; and, if used in excessive quantity at one 
time, it might have a forcing effect which would be injurious. One 
serious result in the case of sugarcane might then be anticipated, mz.1 

"lodging'' of the crop. Dr. Leather has proved by analysis that 
canes which have "lodged" contain a lower percentage of sugar, and the 
gul from such canes contains a larger quantity of molasses, than upright 
canes of the same crop. Itrigation ~ith the effluent may be considered 
as equivalent to top dressings of manure at very short inte1'vals ; and 
there can be no more economical way of applying manu1•e. 

5. The bacterial treatment of sewage not only converts the organic 
:nitrogen into other, and more soluble1 combinations, but probably also 
changes, to a considerable extent, the other constituent~:~ of manurial 
value which nightsoil contains. It is quite safe to assume that phos.a 
phates, or phosphoric acid, and potash, exist in the effluent in more 
soluble forms than in fresh nightsoil. It is also safe to assume that these 
constituents are in no part lost through bacterial acJtion. We may fur .. 
ther assume, without any misgiving, that an effluent which contains 
sufficient nitrogen (in tiny form) for the full requirements of sugarcane1 

ot any other gross· feeding crop, contains also all the phosphoric acid 
and potash which these crops will nlled. Other elements of plant-food 
need not be considered; because a manure obtains its commercial value 
from the proportions of nitrogen, phosphoric acid, and potash, which it 
contains; and by the combinations in which they exist. 
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6. The action of the bacteria, under similar conditions, is presum~ 
ably independent of the quantity of sewage dealt with; and it is probable 
that such an effluent can be used as freely as canal water, during the 
greater portion of the period of growth of such crops as require plenty 
of manure and much water. In the revised scheme for Poona, I under­
stand that a macerating tank is to be substituted for the septic tank. 
Purification will, therefore, probably be S'1mewhat less complete, and. 
rather more work will be thrown on the land ; but any modifications in 
the application of the effluent to sugarcane will be determined by the 
further experiments now in progreEls at Manjri. 

7. Purified sewage will, no doubt, be found to be best adapted io 
those crops which require plenty of manure and much water. The ex­
periments concluded so far, have been with Sugarcane, Lucerne, Guinea 
grass, and certain Sorgums ; which, unde~ liberal treatment, had been 
previously proved to be successful fodder crops in the Deccan. There 
are certain indigenous vegeta.bles which can probably be grown success­
fully with effluent irrigation, such as surans, yams, alvi, &c. ; and experi­
ments with these will be arranged for during the current season. 

8. In the case of all the crops named, it will probably be found 
that a forcing manure, like the effi.uent, cannot be applied continuously 
during the whole pedod of growth. For in~tance, young Lucerne seedlings 
have very delicate tissues, and probably canal water ·would be more 
suitable for them than the effluent, during the first period of growth. 
Again, sugarcane, when newly planted, requires water at short intervals 
(every three or four days) for the first two or three weeks, in crder to 
encourage the eyes to produce shoots ; and frequent effluent irrigation at 
this stage might prove harmful. Sugarcane makes slow progress when 
young, and it is probable that, if the effluent was applied regularly at 
this stage, it might prove too strong for the young plants. There was 
some indication of this in the experimental plot on the Kirkee farm. A 
green mould formed on the surface of the soil, and the plants became 
slightly unhealthy. The application of the effluent was stopped for 
three weeks, and one watering of canal water was given instead ; and 
the crop then became vigorous in growth, and exceedingly healthy in 
colour. 

9. T.b,e quick .. acting, and forcing character of the effinent must be 
recognised ; and it is not likely that it can be applied to any crop during 
the later period of its growth, whilst it is ripening, except in the case 
of I.ucerne, and other fodder crops, which are cut green. Our former 

_1fanjri experiments proved that, in the case of sugarcane, the period of 
· growth was extended by using manure in repeated top-dressings. The 

same result was observed at the Kirkee farm on the effluent plot, grown 
in comparison with two other plots irrigated with canal water, and 
manured respectively with heavy applications of poudrette and of 
farmyard manure. The cane in th,e effluent plot was a heavier crop, 
and " lodged " to a greater extent than in the other plots ; and it also 
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took longer to ripen. The gul was darker· in colour, and contained 
slightly more molasses than that from. th? other plots. These facts 
poiut to the conclusion that the applicatiOn of the effluent should be 
stopped in the case of the sugarcane, perhaps two or three months before 
the crop reaches maturity. 'This point will be specially investigated 
during the present season. 

10. The " lodging" of the cane is in a great measure prevented, 
however heavy the crop may be, if the Mauritius system of planting is 
adopted. Details need not be given here ; but no extra cost is involved ; 
and this method of planting would probably be found to be specially 
suitable for an effluent farm. · 

11. It may be inferred from the foregoing paras. that such land as 
is taken up for the Poona effluent farm should be under the canal, be­
cause some additional pure water for irrigation may, from time to time, 
be necessary for the most profitable results ; although the sewage may 
be fully sufficient for the area required. At the Matoonga farm, how­
ever, no extra water is used: but only fodder crops and vegetables are 
grown there. 

12. It is probable that the effluent will show the most pro:fit.able 
results with Sugarcane and Lucerne. These crops, and such other crops 
as are likely to succeed under effluent irrigation, grow very well in 
medium black soil of moderate depth (two to three feet), with a sub· 
stratum of murum. The combination of such a soil above, and porous 
murum below, secures natural drainage, wh,ich is an important con­
sideration in the case of land that is to be <:ontinuously irrigated. A 
sufficient area of land of this class, in one block, can be got under the 
canal at Manjri, about 6 to 8 miles from Poona. In the monsoon, 
during heavy rain, effluent irrigation on such land would, however, be 
harmful ; therefore, from time to time during the monsoon, the effluent 
must be diverted elsewhere. Light upland soil, even during heavy 
rainfall, could then be advantageously irrigated with the effluent ; and 
I consider it necessary that a sufficient area of such land should be 
obtained, adjacent to the effluent farm proper. Crops which are grown 
on this sort of soil in the Poona District are generally poor, because 
they do not get enough monsoon rain ; and because manure is very 
sparingly applied, if at all ; but two or three waterings with the 
effluent, during the-monsoon, would be of great advantage. If such 
light land is not provided, it would be necessary to turn the effluent 
into the river, so long as the sugarcane land was sodden ap.d wet. This 
would, of course, be wasteful. 

13. Experiments were conducted on the Kirkee farm to test · 
on lz'ght land, the effect of the effluent on various fodder crops. Th; 
crops which were selected had been thoroughly tested on the farm in 
previous y~ars, on various descriptions of soils ; and it had been proved 
~hat, as ram crops, they yielded heavily, matured quickly, and produced 
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excellent fodder, on almost any description of soil in good _condition, in 
a favourable season. The fields were clean ; but only m moderate 
condition, as no manure had been applied during the previous two years. 
Two of these experimental crops (Lucerne and Guinea grass) are peren­
nial; one crop (maize), even when cut before maturity, has no particular 
tendency to produce new shoots from . the roots, even if a considerable 
stubble is left ; therefore, a second crop (utarlz") was grown after the 
·maize, midway between the kharif and rabi seasons. This variety 
usually thrives well, if sown at this particular time. The other crops, 
sundhz'a, and nz'lwa jowars, and two American sorgums (Amber and 
Collier varieties), produced second cuttings from the root stocks of the 
first crops i but better results would be got by ploughing up the land, 
and resowing after the first cutting ; and in this way three crops 
could be raised in the course of the.Year. The frequent cultivation of 
the same crop, on the same land, might induce unhealthy conditions ; 
but this difficulty could be overcome by practising " rotation " ; and 
various pulse crops, such as wal, cholu, udz'd, mug, &c., would be 
excellent for this purpose. These pulse crops would, I think, thrive 
under effluent irrigation ; and might be allowed to grow to maturity ; or 
the pods might be plucked early and sold as green vegetables, and the 
fodder cut green. , 

14. We have yet a lot to learn regarding the effect of purified 
sewage as a manure for Indian soils ; and also as regards the crops to 
which it can be most advantageously applied ; and this will require 
patient and thorough investigation by experiments. The effect of the 
effluent on several fodder crops, and its value as a manure, in compari­
son with heavy applications of poudrette, and of farmyard manure, are 
given in the attached Statements ; which also clearly show the plan of 
comparative experiment. 

15. As already pointed out, experiments were conducted at the 
1\irkee farm to estimate the probable value of the effluent for sugarcane, 
in comparison with heavy applications of pondrette, and of farmyard 
manure. The opportunity was also taken to determine, as a side issue, 
whether ·crude nightsoil, or even the· effluent, would produce such an 
effect on the crop that the juice could not be boiled down into solid gul. 
Eleven months after plantation, the poudrette, and farmyard mar.ure 
plots showed indications of being ripe ; but the effluent and nights oil 
plots were g1·eener at this time. Tdal boilings were, however, made. 
'fbe cane frO'm all the plots, but particularly from the nightsoil and 
effluent plots, yielded an . unusually high percentage of juice to cane ; 
which was an indication that the crops were not fully matured. The 
poudrette and farmyard manure plots gave good, solid, bright-coloured 
gul. The effluent plot gave gul which got burnt and discoloured a 
few minutes before the boiling was complete. 'l'ho nightsoil plot· gave 
. bright-coloured gul ; but it was somewhat soft, owing to a high percen-
tage bf ll!olasses. Dr. Leather's Report on the samples of gul, and 
also of't~e soil before and after the crop had been grown1 are attached. 

\ ' 



16. Three weeks later, when the cane had been 12 months· plant­
ed, . and when the appearance of the crop in each plot indicated that all 
had reached maturity, gul-making was again proceeded with ; and gul 
of excellent quality was obtained from the poudrette, the farmyard 
manure, and the nightsoil plots. The blocks were all sold at Rs •. 17/4 
per pulla of 246 pounds. The blocks from· the effluent plot were quite 
solid, but slightly darker in colour than the others ; and they sold for 
Rs. 16/12 per pulla. 

17. At the time of the first boiling, a deputation of Municipal Com­
missioners, and others, inspected the operations ; and one member stated 
that maggots, or worms, would develope in the effluent gitl then made. 
One block of this gul'has been kept at the farm; but the anticipated deve­
lopm13nt has not yet taken place, although two months have elapsed! 

18. The nightsoil plot was an irregular area, bordering the com· 
parative manure plots. 'There was no iul.ention of determining the 
manurial effect o£ fresh nightsoil, and the experiment was only 
carried out to disprove the opinion quoted by the President ; therefore, 
its outturn results are not reported. The crop was, however, heavy. 

19. The comparative manure results of the other plots have been 
tabulated, and are attached ; and the scheme of the experiment can be 
seen from the statement. It will be noticed that the slightly lower price 
of the effluent gul (solely due to its colour) was much more than made 
up by the extra quantity obtained, although a considerable quantity of 
this cane was ''lodged." With the Mauritius system of planting, or by 
stopping the effluent at an earlier date, this lodging would probably have 
been much less ; and, consequently, the saccharine matter would have 
been more, as ·proved by Dr. Leather ; and the net money result might 
have been 10 per cent. higher than that from the poudrette cane, instead 
of only 7l per cent ; so that the estimated return per acre, taken in my 
Note of last year, will probably be ex1:1eeded ; and it may, at least, be 
fairly taken as a mini1num basis for calculating the farm revenue. 

(Sd). J. A. MOLLISON, 
Deputy Di1·ector oj Agriculture• 

OFFICE OF AGRICULTURAL CHEMTBT 

To THE GovERNMENT oF !NorA, 

DEBRA ·DuN, the 3rd. JJ!ay 1900. 

Repo1·t on the composition of 4 samples of '' gul"," sent by 
the Deputy Director of Agriculture, Bombay. 

276 ' 277 278 279 
19iiO 1900 i9iiO 19"00' 

Gul from Gul from Gul from Gul from 
Pou<lrette Farm M!lllure Fresh Night. Effluent 

Plot. Plot. soil Plot. Plot. 

Cane sugar, per cent. ••• ... 70'75 70'55 62'22 69•60 

G !11cose, per cent. ... . .. I6·i2 15•85 28.'18 17'58 
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These samples were taken on April 20th, at the time of the first of 
crushing of the sugarcane at Kirkee. As was observed at the time of 
crushing, the cane was immature on all the plots; and, although the '' gul" 
was a nice colour in some cases, the percentage of sugar in the juice was 
found to be low. The composition of the samples of '' gul " now affords 
evidence of a similar nature~ The proportion of cane sugar is low, and 
the glucose is high, in all cases. The '' gul, '' as usually produced at 
Poona, from ripe cane, contains about 7 5 per cent. of cane sugar and 10 
to 12 ·per cent. of glucose. (Vide page 10 of Agricultural Ledger No. 19 
of 1890.) Although the '' gul" produced from the effluent plot is 
darker coloured than the others, its· composition is practzcally the same as 
that from the poudrette plot. 

(Sd.) J. WALTER LEATHER, P.H.D., F.I.C,, 
Assistant Agricultural Chemist to the Government of India. 

No. 88 
54 

OFFICE OF AGRICUL.TURAL CHEMIST TO THE. 

GovERNMENT oF !NmA, 

DEBRA DuN, the 13th June 1900. 

Report on the composz'tz'on of2 samples of soil, sent by the Sanz"t'lry 
Engz'neer, Poona,from the KtWcee Govemment Farm. 

----------------------~----------~-----------

Organic matter and Combined water .•• 

Nitrogen 

Carbonate of .Lime ... 
Available Phosphoric Aoid .,. 

Available Potash ... 

... 

... 

280/1900. Soil E0 
Effiuent Plot. 

12•98 

•33 

6•32 

•010 

•006 

281/1900. Soil E;, land 
adjacent to Effluent · 

Plot. 

13·95 

·025 

·009 

•009 

There is no greater difference between these samples than one would. 
expect from two pieces of land which had been treated differently. The 
sample 281 contained slightly less nitrogen and available phosphoric acid, 
but slightly more av~ilable potash, than the land which had been irrigat­
ed by the effluent a.nd afterwards ha.d bor·ne a sugarcane crop. But the 
differences a.re only slight. The proportions of carbonate of lime have 
I\-Othing to do with. the effluent, and represent inherent differences in the 
land. The difference in the proportions of organic matter and com, 
hined water are also probably due to this cause. 

(Sd.) J. WALTER LEATHER, 
.Assz'qtant Agricultural Ch~z'st to the Government of India, 
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Ext1·act fi·om paragraph 4 of the Rep01·t of the D1i·ecto1' of Land Rec01·ds 
and Agn'cultw·e, Centml P1'0m'nces, No. 1783-89.A, dated 29th 

August 1899. 

''In the West Indies, and in the Mauritius, large quantities of 
guano, nitrophosphates, and other mineral and artificial manures, are 
used for sugarcane. This is applied to the plants after they have made 
considerable progress in,their growth." 

I 

Ext1·act from page 217 of the "Dz"ctzonary of Economic P1·oducts of l"}d£a," 
', Vol. V !-Part IL . 

" Bones are not used, and this is one of the most melancholy 
features of Indian agriculture. It is especially to be regretted with 
regard t.o sugarcaM cultivation; which, more than any other crop, 
requires a supply of phosphatic manure. The use of bones, as manure, 
will have to encounter the strongest opposition; but no opposition, or 
prejudice, could be greater than that manifested against the use of 
poudrette. PROFESSOR COOKE has patented a manure made chiefly 
of bones, but he has not yet followed up the experimental success which 
he secured. Crushed bones, i.e., crushed by hand labour, would amply 
repay the cost. It is not necessary to dissolve bones with sulphuric 
acid~ or in other ways." 

Extracts fi·om pages 175 and 177 of the" D£ct£onary of Eeonomz"c Products 
of Indz"a,'; Vol .. V. 

'' (6). Ammont"acal Lz"quor.-The ammoniacal liquor of gas works 
is another good manure whic4 ought to be utilised wherever available. Of• 
course, in India, this is only so in the neighbourhood of a few large 
towns ; but there, it is specially applicable, as it is invaluable to the 
market gardener for the cultivation of vegetables.'' 

"(3) Nitmtes.-The nitrates of potash and soda are both employed 
as manures in Europe, principally on account of the nitrogen they 
contain, although nitrate of potash is valuable also from the potash that 
it can supply to the plants." 

Ext1•act from page 29 of the Agrz'cultreral Ledger No. 8 (1897). 

"The l~rge out-turn from plot 11 (sugarcane) is possibly due to the 
nitrogen in the superphosphate being in a more readily available form. 
It will be observed that from bollef:l, the lowest out-turn is obtained; then 
.a larger out-turn is obtained from bones and saltpetre, and bone super .. 
phospl:~~ote-both containing more re1).dily available nitrogen than in the 
bones alone ; and the highest yield is obtained from the dissolved bones 
~nd saltpetre, in which the amount of readily available nitrogen was 
the highest. In any case, the large amount of phosphoric acjd has not 
show!l itself of &ny aQ.vantage." · 



E:ctmct pa1·agraph 15, page 7, of the Agricultural Ledger No. 8 of 1893. 

"It has been proved by the Manjri experiments, which will be 
referred to in detail further on: that certain manures are more active 
and effective for sugarcane than others ; and that, apparently, the most 
important constituent of manures for sugarcane is nitrogen, in im:n.e­
diately available condition. The experiments clearly indicated, if they 
did not absolutely p-rove, that nitrogen in this form was absolutely 
essential to feed the young shoots during the early stages of growth, 
The sugarcane '' set " itself contains very little on which the young 
shoot can feed. · Therefore, in the case of land in low condition, the 
manures to be applied before plantation should be such as are known to 
be quick-acting; as, for instance, poudrette, fish manJ}re, and the various 
country-made oil cakes. Farmyard manure, (which has the reputation 
of acting slowly), if used, should be thoroughly decayed before applica­
ticn. In this condition it will probably act more effectively, and, 
quickly!' 

Extract from paragraph 133 of D1·, Voelcker's Repm·t on the 
" Improvement of Inda'an Agriculture" (Page 111). 

" Nitre, or saltpetre (nitrate of potash), is a salt with which the 
soil in many parts of India is impregnated, and the manufacture of 
nitre, together with some common salt, by a somewhat crude process of 
extraction and purification, may be seen very frequently. Though the 
manufacture is widely distributed, it is in Behar, and the North-West 
Proviuc~s, that most nitre is made. The earth around the remains of 
old villages is specially found to be thus impregnated. The accumula­
tions of the salt, in all probability, have their origin in the natural pro­
cess of nitrification (production of nitrates), which the solid and liquid 
excreta of cattle and men, as well as vegetable and other refuse, have 
undergone. Wood, and other vegetable ashes, supply potash in the 
form of carbonate of potash; which then combines with the nitrates, 
producing nitrate of potash. The potash in the soil itself, more especi­
ally when the soil is clayey in nature, no doubt contributes also to the 
production of nitre." 



Date of Gul Weight of 
Manure. making. cane per 

acre. 

lbs. 

21 waterings with effluent- 16th to 21st 94,160 
equal to approximately 26 April; and 
inches of rainfall. 8th to 11th 

May. 

25 tons of farm yard manure 18th to 21st 79,764 
per acre. April ; and 

8th to lOth 
May. 
. 

25 tons of poudrette per 18th to 21st of 78,540 
acre, April; and 

8th to lOth 
May. 

Comparatz've manu1·e expen'ments .Wt'th sugarcane. 

Weight of Percentage Weight of Pu_,., r· ~ ••- Groo ••~ 
juice per of juice to Gnl per of Gul to tivation of outturn 

acre. cane. acre. cane. per aero. per acre. 

Rs, a. Rs. 

68,184 72•4 9,576 10·1 268 12 652 

I 

57,624 72•2 8,304 10'4 348 15 582 

58,056 73•9 8,752 11•1 453 0 607 

Ncl I return REliiARKS. 
per Mre. 

Rs, a. 

383 4 

234 1 

I 

254 .o 

Irrigated with effiuent: 3 times in June, 
4 times in July, once in August, twice 
in November, and 4 times in December 
1899 ; 4 times in January, nnJ 3 time 
in February 1900. Got also canal 
water as required during the earlier an d 
later periods of growth. 

Irrigated 35 times during the year 
canal water. 

Do. do, do. 

J. A. MOLLISON, 

Deputy Dz'rector of Ag1·iculture. 

wit h 
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I.-SERIES OF PLOTS. 
_ Oompamtive Manure and Irrigation experiments with vm·ious Fodder Crops, all sown, or planted, on 8th May, 1899, 

except Utarli, whick was sown on 22nd August. 

Outturn per Cost of Value of Total per acre cui tim- Cottom per Net return 
REMARKS. Date of harvesting. acre at each Crop. outtorn. tion per ·per acre. cutting. acre. acre. --

' . 
Rs, a, Rs. a, Rs, a. (Fodder valued at l50 lbs, per rupee, and readily saleable at that I price in Poona. • T?e crop was irrigated ":ith effluent 4> times 30th June 1899 ... 

6,160 l (' before the 2nd cuttmg. No effiuent was gtven between the 1st 

a ..... gm~ •• .J 
5th Aug. 1899 ... · 7,868 of August and the 12th November. Plague was prevalent in 
2nd Sep. 1899 .... 6,216 : ' Poona City, and cases occurred at the farm ; and, as a pre-1st Oct. 1899 ... 7,336 

cautionary measure, the carting of effiuent from Poona City was 9th Nov. 1899 ... 3,780 > 56,308 i 121 0 375 6 254 6 stopped temporarily. Two waterings with effiuent were given 

I 24th Dec. 1899 ... 3,976. I in November 1899, two in December 1899, three in January 17th Feb. 1900 ... 5,600 : 1900, three in February, three in March, and four in April 23rd Mar. 1900 ... 6,720 ' ' 1900. Canal water was given when the effiu~nt was stopped. L 18th Apt. 1900 ... 8,652 J It will be noticed that the crop responded with a good outturn, 
to the liberal application of effiuent in the hot weather • l I 

r Fodder valued at 200 lbs. per rupee. Easily saleable in Poona at r 19th July 1899 ... 4,564: l I 100 to 150 lbs. per rupee retail. The outturn results are ex-

I 7th Aug. 18~9 ... 9,576. 

I 
tremely satisfactory, and there can be no doubt that the effiuent 

3rd Sept. 1899 ... 7,364. is particularly suitable for Lucern. The crop got blighted in 
I 30th Sept. 1899 ... 7,952 ·1 Ap•il •rui M.y 1900, liko tho otbo• oom"""" Luoom plo~ ; 

24lh Oot. 1899 ... 6,720. · hence the diminished outturn then. Effinent wastven four 
21st Nov. 1899 ... J 5,964. ' 

12 times before tho 2nd cutting. It was with-held, or reasons Lucern ... 25th Deo. 1899 ... 8,680 ~ 1,02,088 173 11: 510 7 336 
; · given above, from 6th Augu~t to 11th November. ~rwo water-

30th Jan. 1900 ... 12,992 ' 
! 

ings were given iu November, two in December 1899; aud the 
3rd Mar. 1900 ... 12,152 ' effect of ihese applications is clearly indicated by the increased 

23rd Mar. 1000 ... 9,520 outlurn in the subsequent cuttings. Effiuent was applied three 
14th Apr. 1000 ... 8,65t times in January, three times in l!'ebruary, three times in March ' 

''- 2nd May l!JOO ... 7,952 J and four times in April 1900. Canal water was given, as re-I 

' ' '- quired, whon the effiuent was stopped. 



>. 
OJ 

Snndhia J owar. { 
30th Juno 1899 ... 22,316 

} 32,480 { 
<! s 

30th Attg. 1809 ... 10,164 ·:;; 
0 ... 
"" "" d 
1::0 

Nilwa Jowar ... { 
4th Aug. 1899 ... 32,536 

} 44,716 { 
.5 
0 

.c 
== 16th Oat. 1899 ... 12,180 
0 :.z 
d 
1::0 ·;: 

.::: 
American Sor- { 13th July 1899 ... 36,764 

} 55,132 { "' -:5 ghum, Amber 
variety. 23rd Sept. 1899 ••• 18,368 -== "' "' !E American Sor- { 18th July 1899,;. 34,188 

} 54,740 f o.-: 
<D~ ghum, Collier 

-:5c variety. · 25th Sept. 1899 ,;. 20,522 
..<:l ·c; ..., .. ·- ..... s:: 0 ., ., 
"'"' i'l,J:l .. = 0 

15th July 1899 ... 51,576 
}59,192{ 

-== Utarli ... ·-
:::>""' .So Maize 8th N:ov. 1899 ... 7,616 "l:!-
.,~ 

I 
~'" d ::l 

<::(1 o-
·E:: Q) ... ..... 

(1i.l 10), (89 4), 

31 15 129 14 

I 

(22 0) (108 7) 

38 12 149 0 

(18 8) (122 8) 

34 0 183 12 

(21 2) (1H 0) 

40 1 182 8 

(27 9) (129 0) 

64 1 154 5 

(This fodder is valued at 250 Ills. per rupee, but would probably be 
(72 10) I easily saleable at a dearer rate, Stalks very long and very fine. 

. { C11t in full flower 53 days after sowing. The 2nd crop from 
f)7 15 I the stubble shows that it would be better to sow fresh seed each 

(86 7) 

110 4 

(104 0) 

149 12 

(92 14) 

!42 7 

(101 7) 

90 4 

l time • Three to four crops could be got in the year, 

{ Si>l" oo~• th.n Sundhia, ~d not wo.th " mnoh " !odd" ; 
valued at 300 lbs. pnr rupee. Took 88 days between seed time 
and harvest. Cut when in flower. Three crops at most would 
be got in a year. 

(An excellent fodder, equal in value o.t least to Nilwa, and matures 
I quickly. Cut 66 days after sowing. Valued at 300 lb~. per 1 rupee. This fodder is very sweet, and has much leaf growth ; 

second crop satisfactory, bul; a fresh sowing each time would be 
l better ; a,nd three crops could easily be got in the year. 

~ Was reaped 71 days after sowing.· Other remarks as for the 
Amber variety. r· """' ~· a V&ry hoavy "''P· whioh - mupod 66 dny• '"" sowing. Stalks very coarse, fodder valued at 400 lbs, er 
rupee, and doubtful whether it would be readily saleable at that 
prwe • 

) The Uta-rli, owing to the abnormal character of the season, got 
blighted, and was a poor crop; and the cost of cultivation of this 

l crop exceeded the value of the out-turn. · 

J. A. MOLLISON, 
Deputy Director of Agriculture. 

0< 
~ 
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H.-SERIES OF PLOTS. 
Comparative manure and ir1·i,qatz'on experiments with v:u·ious jodde1· crops, all sown o1• planted on 8tlt May 1899, except Uiaf'l'&~ 

which was sown on 22nd August 1899. 
. -

Per acre Cost of Value of Out-tum Total per acre cnltiva- Net return 
Crop. Date oi harvesting. Out-turn REMARKS. each Out-tum. tion per per acre . ·per acre. cutting. acre. 

lbs. lbs. Rs. a, Rs. a. Rs. a, 
( . 1st July 1S99 ... 3,752 1 

I 
5th Aug. 1899 ... 5,432 I ( Irrigated 38 times with ca~n.l water; natural J,'ainfall deficient, 2nd Sept. 1899 ... 4,788 
1st Oct, 1899 ... 6,216 I and crop did not do as well as usual during the monsoon. Cut-

Guinea grass ... ~ 9th Nov. 1899 3,220 

r 
28,532 155 5 190 4 3! 15 < tings very poor in the hot weather. The plot is a striking con-... 

24th Dec. 1899 1,400 1 trast to the effluent plot .throughout tho your, ~d especially so ... I 18th Feb. 1900 ... 1,402 Lin the hot wea,ther, · 
23rd Mar. 1900 1,062 ... 

l 19th Apr. 1900 1,2ti0 ) 

r 19th July 18~9 3,472 I ... 
I 7th Aug. 1899 ... 8,036 I 3rd Sept. 1899 6,440 . ... 
I 30th Sept. 1899 7,980 I r Irrigatecl 38 tirpes with canal water ; oftener'th~n usual, owing ... 

24.~h Oct. 1899 ... . 7,168 to the scanty rainfall. Crop not equal to either the effiuent, or 
Lucerne ... -{ 21st Nov. 1899 ... 6,272 > 74,620 257 13 373 2 115 5 ~ the poudrette manured crop; but a full average crop for the 

I 25th Dec, 1899 8,064 

I I PoQ.Ua District. Blight appeared to some extent in this plot, and ... 
30th Jan. 1900 8,680 ... 

1 also in the other Lu,cer~e \'llots undo!\' experiment, in April 'and, 

I 
3rd Mar, 1900 6,7i6 lMay 1900. 

23rd Mar, 1900 5,320 I 
-... 

14th Apr. HJOO ... 4,172 
l :tnd May 1900 ... 2,240 J 



"!j 

Jowar.{ 
4th July 1899 ... 12,992 } .. ~ 

d "' Sumlhai 1>-o>:: 
cil 31st Aug. 1899 ••. 5,824 

E ;: 

0 

.. ~ 
~-~ 

i>' 

"''"" Nilwa Jownr· ... { 
6th Aug. 1899 .•. 19,348 } §.s .... .,. 

b( 15th Oct. 1899 ••. 6,300 
~ .E 

H -
~ American Sor- { · 22nd July 1899 ... 20,580 } ghum, Amber 
<I> variety. 30th Sept. 1899 ... 11,900 .... 
p 
§ 
~ 

American Sor- { 25th July 1899 ••.. 16,688 1 
0 . gh~m, Collier 

12,460 J """ vnrxety. 30th Sept. 1899 ... 
0 
d 
~ 

Maize· . . . .. . 17th July 1899 ... 17,724) 
r 

Utnrli .. . 8th Nov. 1899 ... 7,700 J 

18,816 G2 6 75 4 

25,648 68 13 85 7 

32,480 67 1 108 4 
, 

29,148 67 15 97 2 

25,424 96 2 69 15 

. .... 

12 14 

16 10 . 

41 3 

29 3 

...... 

. . 

I 

I 
f. 

l A heavy dressin~ of farmyard manure, with canal irrigatiom. 
gave comparatively poor results. The plot on which Utnrli 

~ , followed Maize,. was cultivated at a loss. The Utarli was, I however, blighted ; O??ing to the abnormal character of the 

1: 
I 
J 

season. . 

J. A. MOLLISON, · 
lk:puty Director of Agriculttt1'0. 

' 



III.-SERIES OF PLOTS. 

Compcwatit'e manure and i1·rz'gation experiments with various fodder crops ; all sown, or planted, on 8tk Jlay; except Utadi, 
wkich was sown on 22nd August. 

~. 

~ I I ~M. p Crop. Date of harvesting. Out-turn, 
" each " cutting .. ~ 

lb&. 

r 
2nd July 18fl9 .... 5,040 
5th Aug. 1899 ... 9,464. 

""' 3rd Sept. 1899 ... 9,128 "' 1st Oct. 1899 .. 7,280 d co Guinea grass ... ~ 9th Nov. 1R99 ••. 3,500 ·;::: ... 

I 24th Dec, 1899 ... 1,456 H 

18th Feb. 1900 ... 1,260. ci 23rd Mar. 1900 ••• 1,120 .s 
L 19th Apr. 1900 .•. 1,652 ... 

d 

i:i 
~ ( 19th July 1899 ••• 6,188 
0 I 7th Aug. 1899 ... 12,096 ... 3rd Sept. 1899 ... 8,848 .8 
"' 

... ) 30th " 1899 ... 9,940 ..c 
25th Oct. 1899 ... 8,232 '-:::! •• 

~~~ Lucerne 21st Nov. 1899 ... 8,260 ~ ... 
25th Dec, 1899 ... Hd 

I 9,884 ::o..-
" 5'n 30th Jan, 1900 ... 10,248 -"' llrd Mar. 1!JOO ... 8,484 ~ ... 
" ... 

I 23ru l!JOO ... 6,020 "<l> 

" f-+-~ 
14th Apr. 1900 ... 5,180 ~ e 

.~.. , 
L 2nd May 1900 ... 2,800 

Per acre total tivation per Out-turn et re urn j~· ~ t·'~ ·t . Out-turn. acre. . _ per acre.. per acr~. REMAllKS. 

' ! 
lbs. Rs. a, Rs. a. 

') 

I 
' ! 

i 

~ 39,900 276 10 266 Q 

I 
I 

) ~ 

l 

> 96,180 332 15 480 14 
I 

I ' 

j ' 
I 

' 

Rs. a. .. 

...... 

147 15 
i 

i 

J!nigotod 38 "~· mth oon>l wot.,, Tho hoovy appliootion ' 
poudrette was very costly :hence the cost of cultivation exceed 
the value of the out-turn. The season was abnormal ; wit 
more rain, ihe crop would have thriven better, The yiel 

f 
s 
h 
d 
t ·l rapidly declined, as usual, in the hot weather. The effluen 

· plot, however, maintained its yield at this season; and the com 
parative plots were a striking contrast. · 

(Irrigated with c:mal water 38 times. ~.'here was little to dhoos I between this, and the comparative effluent plot, until the ho 
weather set in, and the applications o£ the effluent wer 

e 
t 
e -< increased, when the effluent plot showed clearly better rosul I In April anu May this plot1 like tho others, unfortunately g 

somewhat blighted. If the manurial results are compared, the 
the effluent applied . was, in con: parison with tho poudrott 

ts. 
ot 
n 
o, l worth ovel' Rs. 200 per acre. 



.... - { 7th July 1899 •• "' d p..s:l Sundhia Jowar d 

"'0 31st Aug. 18!J9 ... ~...= <:>;=: 
~~ 
r:J 
0 

{ 5th Aug. 1899 ... p.. - Nilwa Jowar 
0 12th Oct. 1899 ... ' 
l3 
0 -

0 American Sorghum 21st July 11!99 ... <N 

~ 
~ 

AmLer variety ... 27th Sept. 1899 ••. 

•"d 

"' ... 
American Sorghum 24th July 189!! . 1::1 

s:l 
d s Collier variety 2l:lth Sept. 1899 ... - ... 
-a 
...= Maize ... 16th July 1899 ••. 0 

d 
r:::l 

Uta.rli. ... 9th Nov. 1899 .. 

21,980 } 30,!>12 1!JO 5 
8,932 

32,760 } 42,056 197 0 
9,296 

34,076 l 52,164 193 13 
18,088 

33,460 } 52,192 194 2 
18,732 

35,070 

l 44,058 220 8 
8,il88 

123 10 ..... I 

I 
I 

140 2 .. , ··~ 

173 14 ...... j. 

I 
I 

173 15 . . . .. I 
I 

117 10 ...... J 

These figures show that in no cnse are the out-turn results so good 
as in the eflluent plots. 'l'he effect of the poudrette was, of 
course, not nearly exhausted by the first crops, and the 2nd 
cuttings.. The intention was to take three or four erops under 
irrigation during the yea,r : hence the heavy application of 
p1udrette. The abnormal character of the season made this 
impossible. The cold weather crops got blighted on each 
series of plots so badly that they w~:re grubbed up. The hot 
weather crops were also blighted : a result very common this 
year through the whole Presidencv. . . ' 

J. A. MOLLISON, 

Deputy Dz1 ector oj Agricultu:-e. 
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APPENDIX C. 

Poona Sewerage Scheme. 

GENERAL AnsTACT. 

Plan E~timate Items. I Amounts. No. No. 

1-11 1 Laying Stoneware Pipe, and Moulded Cement Concrete 
sewers ... ... . . . ... ... . .. . .. 4,84,971 

12 2 964 Ordinary Manholes ... . .. ... ... . .. 98,485 
13 3 105 Flushing Manholes ..... ... ... ... . .. 12,607 
13 4 !8 Automatic Flushing Tanks ••• .. . ... ... .20,815 
14 5 l Do. of 6000 gallons, for Sewage ... .... 2,092 
15 6 Erecting 48 five-inch Fresh Air Inlet Shafts ... ... 912 
1 7 Cast Iron Pipes for the Sewage Mains, including laying 6,760 
1 8 Cast Iron Pipes for the Air Mains, including laying ... 10,809 

16 9· Constructing 4 Ejector Stations ... ... ... . .. 9,472 
16 9 Machinery, Ejectors, Inlet Shafts, &c., complete ... ... 1,70,680 

3-11 10 Covering Stoneware Pipe Sewers below 15ft, depth 
with cement concrete ... ... ... ... ... 7,671 

17 11 Converting existing Public Privies into Double Row 
Shoot and Trough Latrines .. • .•• .. • .. . 16,360 

17 12 Constructing 50 new Public Latrines of 10 seats in each 35,00(} 
18-19 13 House Connections • • • ... ... • .• • ; . 1,95,000 

Four-fifths of tl!e cost of:-

20 14 a-Engine Honse ... ... ... ... . .. 28,614 
21-22 15 b-Chimney Shaft and Economiser ... ... .. . 7,078 

16 c--Engines and Pumping Machinery complete ... ... 2,32,000 
23 17 d-Balancing Tank Sewer, and Emergency Outlet ... 26,731 
24 18 e-En~neer's Quarters ... ... ... ... .. . 5,259 
25 19 f-Ont ouses for Do. • .. ... . . . ... .. . 2,444 
26 20 g-Engine Driver's Quarters ... ... ... .. . 2,063 
27 21 h-Barraok for Firemen, Oilers, &c. ... ... • .. 5,812 
28 22 i -Constructing a Macerating Tank on the Rising Main 81,955 

28-33 23 j-Steel Rising Main ... ... ... . •• ... 4,00,000 
24 k-Land Compensation for Pumping Station, &c. ... 6,400 

----
Total ... 18,69,990 

Add 

Establishment, and Tools and Plant, at 4 per cent ... 74,800 
Contingencies, at 5 per cent ... ... ... ... 93,499 
Cost oflaud for EB:luent Farm ... ... ... ... 4,no,ooo 
Buildings, &c., for Do, ... ... ... ... 20,000 
Working Capital for Do. ... . .. ... . .. 60,000 

Grand Tot:ll ... 25,18,289 
---

Conversion of Privies into W. C's. ... ... . .. 4,54,223 

J. c. POTTINGER, M.I.C.E., .. ' 

Sanz'tm·!J Engineer and Memoer \: · 
of the Sanita1'!J Board. 
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APPENDIX D. 

Poona Sewerage. 
PROBABLE PERIODS OF EXPENDITURE. 

Year. 

1st Year. 

Establishment, and Tools and Plant ... 

:Machinery 

Stoneware Pipes 

... 

Manholes, and Flushing Tanks (fittings, &c.) ... 

Sewage and Air Maias 

Steel Main 

House Connections (fittings, &o.) 

Laying Sewers 

Engine House and Qoaders ... 

Balancing Tank Sewer 

Land Compensation ... 

2nd Year, 

Establishment, and Tools and Plant 

Machinery ... 
Fire-bricks, and Fire-clay 

Chimney and Economiser 

W. C. Fittings 

Public Latrine do, 

Steel Main 

Manholes, and Flushing Tanks 

Sewage and Air Mains 

Ejector Stations 

House Connections 

Effinent Farm 

Engine House, and Quarters 

Macerating Tank 

•.•. 

Total 

... ·. 

Carried over 

... 

... 

Amount in 
thousands of 

rupees. 

Rs. 

30 

215 

228 

68 

16 

225 

130 

50 

20 

12 

6 
~ 

10,00 

25 

150 

5 

2 

310 

13 

150 

37 

2 

9 

40 

400 

20 

32 

11,95 
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APPENDIX D.-concla. 

2nd YeaT'.-contd. 

Balancing Tank Sewer 

Laying Sewers 

Contingencies •••. 

Year. 

... 

Establishment, and Tools and Plant ... 

Machinery 

Laying Sewers 

Manholes, and Flushing .Tanks 

House Connections 

Public Latrines 

Engine House, and Quarters 

Laying ~teal Main 

Construction of Water Closets 

Macerating Tank .. , 
Working Capital for Farm .,. 

Farm Buildings 

Contingencies 

.. , 

.. , 

. Brought forward ... 

Total 

"' 

"' ... 

.. ,, 
.,. .,. 

Recapz~ulatz'on. 

1st year 
2nd 1, 

3rd ,, 

Year. 

,. ., . 

Amount. 

B.s. 
10,00,000. 
14,00,000. 

5,72,000. 

Total 29, 72,000. 

Amount in 
thousands of 

Rupees • 

15 

150 

40 

14,00 

20 

38 

65 

29 

25 

38 

4 

25 

144 

50 

60 

20 

54 

5,72 

Of which, about 18k lakhs will be for English materi~~ols and fittings. 

J, c. POTTINGER, M.I.C.E., 

Sanz'tary Engz"nem· and Membm· 
of t~e Sanitary Boa1·d. 
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APPENDIX E. 

Poona City Water Supply Improvements . 

. GENERAL .ABSTRACT. 

<Plan ·!Estimate' ·No. No. Items. Amonnts. 

2 

. 3 

5 

~ 

1 

1 

1 

1 

7-9 

10 

1 Contjnnons )flow Settling Tank ... 

2 High Level Reservoirs, with Foundation Blocks for 
Engines and Pumps in one of the two . Towers, . and 
a separate Boiler Honse . ... ... ... • .. 

3 Engines and Pumps-Machinery complete, with W. I. 
Chimney Shaft • ..• ... ••• • •• • .. 

4 Additions and Alterations to the two existing circular 
Settling Tanks, for converting them into Sumphs ; 
and the 1811 Stoneware Pipe Inlet from the new 
Settling Tank ... ... ... .. . ... • .. . 

5 Engine Driver's Quarters 

6 Barrack for Firemen, Oilers, &c,. 

Rs. 

2,13,687 

74,254 

88,000 

20,375 

3,155 

4,018 

7 C!15t Iron Pipes for the new Mains, as per statement E. 2, 75,563 

8 Sluico Valves for ~he new Mains, as per statement F ... 10,787 

9 Fire Hydrants for the new Mains, as per statement _G ... 3,220 

10 Removing, and relaying in other positions, portions . of 
• the. existing pipes, vide statement C ,,. ... ... 18,750 

11 Horizontal Pipe Services, t!) be substituted for the ex~st-
ing Dipping Cisterns, vide Statement H. ... ... 13,457 

12 Providing New Cattle Troughs, vide Statement J, 8,925 

Ada 

Total ... 7,34,1!)1 

Cont~ngencies at 5 per cent. ... , .. . .. 36,709 

J;.a;nd Compensation ... . .. ., . . .. 9,100 

~-

Grand Total ... 

J. C. POTTINGER, ?tJ,I.C.E., 

Saijitary Engz'raeer arvl Member 

7,80,000 

of the Sam'tary Boa1·d. 
' 
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APPENDIX F. 

Poona Water Supply Improvements. 

PROBABLE PERIODs OF ExPENDITURE. 

Year. 
Amounts in 

Thouss.nds of" 
rupees. 

1st Year. 

Settling Tank . • •• 
High Level Tanks, &c 
Machinery, &c, ... • •• 
Altering old Circular Tanks 
Quarters for Engine Room Staff ... 
Cast Iron Pipes ... ••• . •. 
Sluice Valves ••• 
Hydrants ••• 
Pipe Services 
fhttle Troughs 
Contingencies ••• 
Land Compensation 

2nd Year. 

Settling Tank 
High Level Tanks, &c. 
Machinery, &c. . .. 
Quarters for Engine Room Staff 
Cast Iron Pipes • • . •. • . .. 
Sluice Valves and Hydrants •.. . .. 
Removing, and relaying, existing pipes 
Pipe Services 
Cattle Troughs ••• 
Contingencies 

Total 

... -

... 
Total 

RECAPITULATION. 

Year. I Amann~ Rupees, 

1st Year . .. . .. . .. ... 6,00,000 

2nd , ... . .. . .. ... 1,80,000 

Total Rs. . .. 7,80,000 

... . 

• 

Rs. 

124 
68 
80 
20 

a; 
256 
10 
if 
1 
4 

16 
9 

600 

90' 
6 
8· 
4 

20' 
1 

19" 
7 
5 

20 

180' 

Of which, about 4~ lakhs will be for English materi~s and fittings. 
f 

J. c. POTTINGER, M.I.C.E., 

Sanitary Engineer and Member 
of the Sanitary Board. 
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APPENDIX G. 

'Effiuent Farm .. 

NET REVENUE. -Rs. · 

·See para. 33 ante, and Mr. Mollison's Note, Appendix B of my former 
Address; and also his second Note and Statements, Appendix B of 
this (second) Address. 

1st Year. 

275 Acres Sugarcane, at Rs. 300 

100 Acres Lucerne, at ~s. 300 ... 

... ••• 82,500 

30,000 

300 Acres Fodder Crops, under the Canal, 3 crops in the 
year ; at Rs. 200 ••• ... .60,000 

600 Acres Fodder Crops on the high land, only during the 
monsoon: at Rs. 70 4~,000 

--
Total ... 2,14,500 

2nd Year. 

As above ... ... 
275 Acres extra, Sugarcane, at Rs. 300 

FARM PERMANENT ESTABLISHMENT. 

:Manager, at Rs. 350 per month (para. 72) 

Pension. Fund for ditto, at Rs. 55 ditto 

Clerk and Accountant, at Rs, 35 ditto 

Overseer at Rs. 50 ditto 

Contingencies, at Rs. 10 ditto 

2,14,500 

Total ... 2,97,000 

... 

4,200 

660 

420-

600 

120 

Total 6,000 

J •. l. POTTINGER, M.I,C.E., 

Satpitary Engineer and Member 
/ of the San'itary Board. 



68 

APPENDIX ·H. 
Loans Required, 

SEWERAGE. 

·--------------------------------~---.------~ 

1st Year-

Works . .,. 
'" ... 

Total,,, 

2nd l'ear-

Works •.. ... ... ••• ..• •.• ... . .. 
Jnterest at 5 per cent. and Sinking Fund for 30 years, on about 

· three-fourths of the 1st year's expenditure ••• ... • •. 

Total ... ... 
ora Year-

Works ... .•. ... ... ... .•. . .. ... 
Interest and Sinking Fund on 1st year's expenditure ... 

Do. do. on about three-fourths of 2nd 
expenditure .. . . .. ... ... . .. . .. 

.... 
year's ... 

Total ... ... 
4th Yea~ 

Interest and Si~~:king Fund on total of 3 years ,., 

1st Yea,._. 

Works .. , .. , '' ~ 
Tpta} ... 

2nd Year~ 

Works ... ... .•• •.• • .. , ... ... . .. 
~nterest at 5 per cent. and Sinking Fund for 2:> years, on about 

two-thirds of th11Ist year's expenditure... ..1 .,. , ... 

Total ... 

Srd Year-

Interest and Sinlrlng Ftlnd on above totals 
Charge for extra water (para. 96) ... .., 

' ··~ 

Total ... 

4th Year--:-

Interest and Sinking Fund on above totals 
Charge for extra water ... .., ... 

... - ., 
,.-; 

Rs. 

10,00,000 

10,00,000 

14,00,000 

• 50,000 

14,50,000 

5,72,000 
65,000 

83,000 
-

7,20,000 

2,06,000 

e,oo,ooo 
6,00,000 

1,80,000 

40,000 

2,20,000 

66,000 
25,000 

91,000 

75,300 
25,000 

I,00,30Q 
' 



ld Year.-

Sewerage 

Water-supply 

2nd Year,-

Sewerage 

Water-supply 

3rd· Year,-

Sewerage ... 
Water-supply 

4tlt Year.-

Sewerage 

Water-supply 

5tfl Year.-
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APPENDIX H.-concld. 

RECAPITULATION. 

Yea._r. Works only. 

Rs. 

... 10,00,000 

6,00,000 

... 14,00,000 

1,80,000 

5,72,000 

.... 

Including 
Interest and 

Sinking Fnnd. 

Rs. 

10,00,000 

6,00,000 

14,50,000 

2,20,000 

7,20,000 

91,000 

2,06,000 

1,00,300 

Interest at 5 per oent., and Sinldng Fund for 
25 years, on Rs. 92,437 ; being the estimated 
_defioit at l)nd of 5th year 

-----
Grand :rotal ... Rs. 37,52,000 

J. C. POTTINGER, :ru,c.E., 

Samtary Engineer and Member 

6,559 

43,93,859 

of tl!e Sam~a1·y Board. 
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APPENDIX I. 

Profit and Loss. 
AFTER THE 4TH YEAR. 

Debit of 5tli Year-

Interest and Sinking Fund on total of l:3ewerage, including 
Interest and Sinking Fund to end of 4th year (Rs. 33,76,000) ... 

Interest and Sinking Fund on total of Water-supply, including 
Interest and Sinking Fund to end of 4th year, (Rs. 10,11,000). 

Extra Interest and Sinking Fund on cost 1>f Sewage Pumping 
machinery; to renew it in 20, instead of 30 years ; (para. 43) ... 

Working expenses of Sewerage ; (paras. 36, 38 and 72) " 

· Working expenses of Water-supply; (para, 89) 

Extra cost of water (p~ra. 96) ... 

Rs. 

2,19,609· 

81,123-

6,000 

49,00()­

. 7,000 

25,000 

Total 3,87, 732 

t;:redit of 5tli Year-

Net Revenue from farm in 1st year 

Saving of loss on present p()udrette system 

"t Yearly charge for water closets .. . ... • •. 

Saving o£ cost of the 1)resent Water-supply system 

SUBSEQUENT YEARS. 

' 
rearl,IJ debit- i ' I ... ./ 

As for 5th year 
~ t' !t. ·• ... : ~ .•. 

> .... . .. 

Total 

Net loss 

Interest and Sinking Fund on Rs. 6,559, added at end of 5th 
year 

Interest and Sinking Fund on deficit of 5th year (Rs. 92,437) 

Total 

. Yearly credit­

As for 5tll year 

Net profit on 275 extra acres of sugarcane 

2,14,500 

40,000 

36,705 

4,000 

2,95,295 

!J2,4:H 

3,sa,il99 

465 

6,559 

3,90,023 

2,95,295 

82,500 

Total 3,77,795 

Final extra taxation required after tho 5th year 12,228 

J. C. POTTINGER, M.r.c.E., 
Sanitary Engineer and Memlm· 

of the Sanitar!J Board. 


