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RURAL WATER SUPPLY AND DEVELOPMENT:p.J

A COMPARISON OF NINE VITLAGES IN TANZANIAX*

Water supply has always been looked upon as a key factor
in devcleopment, especially of the rural ereas., The First
Tanzanian Five-Year Plan of 1964~69 allocated almost nine percent
of the total anticipated Central Governnent investments for urban
and rural water supply, with almost 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
seme, but tlie absolute magnitude of anticipated expenditures
wi1l rmere than diuble those proposed in the Tirst $lan, . The
following table indicates anticipated investment expenditures
in the two Plansi _

Plenned Investment 1 First ?lah o Second Plen
Bxpendltures : ] . . .1964<69 - - . 1969-74

Central Government |.1,440,000,000 | 100%| #.3,055,000,000 | 100%
(Total lnvestment)_‘ : o

Rurel VWater Supply 30,000,000 | 2,1%) . 73,000,000 | 2.4%
(Development expe- |- ‘ * : : S
nditures only)

Rurel Yiator Supply " 58,800,000 | 4.1% 114,600,000 | 3,8%
(Total expenditures)| - : : . -

Urban Yater Suppi& : R B o
(Total expenditures) 66,960,000 | 4.6% 156,500,000 5 o 1%

ALl Vater Supply | 125,760,000 | 8.7%| .“271 100, ooo 849%

In &n attempt to more closcly 1ntegrate the plannlng and implementatlon
of Tanzania's rural water supplles into its agrlculturaliy—based

rural areas, responsibility for water devélopment was transferred

back to the Ministry of Agrlculture, Food, and Co-operatives in

March of this year,

*Thig is a slightly modified version of a paper prgpared for the
Lagt African Agricultural Leounomics Society Conference, held
at the Tiiversity College, Wairobi, in June, 1969,

The following students of the University College, ,
Dér es 3alaan, assisted in thé preparation of thig paper:
E.A. Kazras, N,A, Iema, D,S5.,P, Magwai, A. Mfwangavo, T.T. $.20ando,
FeJs Mkamati, J, Muze, HeZs. Riwa, JeA.J» Rupia, and I.L.S. Swal.
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Several factors have led to the need for greater
understanding of tze impact of water supply projects
upon the areas in which they are placed. These factors
include (1) the recent advent of the Regional Development
Fund which allocates & fiked sum of money to each Region
for locally plammed development projects; (2) the enlarged
programme of rural water supply over the last several years
as a result of several Swedlsh ald programmes, and (3) the
increasing importance of the Regional Development Committees
in setting out local development prioritiess - )

As partfof a study into the impact of rTural water
supplies upon.the development of the rural areas of Tanzania,
the Economic Research Bureau of the University College,

Dar es Salaam, currently is carrying out field investigations
_in numerous Districts throughout the country..?he overall
objective of the study is to formulate guidelines that will
aid Regional Development Committees in the selection of.

~ proposed village water supply projects having the greatest -

' development potential.. Although field investigations are
still in progress and nothing as yet cai: be said about the
final guidelines, some preliminary observations are avallable
' for a few select villeges-concerning woter usage, wabter-

' related activities, and attitudes towards modernizatfon.

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 g in progress
but 48 not yet completed, :

" Method of Data Collection.

Villages are selected on the basis of several ¢riteria
. 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 4s investigated by three or four University College
students who spend about one week on the site, Approximately
15% to 30% of the heads of households in the village are
chosen at random and then interviewed. The questions ?n

these household interviews are asked in an open-ended| manner,
with the student checking off the villager's reply on a
pre—~coded answer list, All questions are asked in Swahili
for uniformity of presentation., Along with additional
information collected from village wi:? district officials

and from various government files, this information forms

the bulk of the data used in the study. Follow-up visits ~
are'planned for most villages in order to determine changes
over time, but to date only initial visits have been carriéd

out, The data presented in this paper was collected during
the months of March to May, 1969,



This paper will present observations from nine
villages located in threé Districts of Tanzania -~ Pare,
Kilimenjaro and Tiorogoro,™ .Three villages are located
in Pare District at the eastern base of the North Pare
Mountains; four are located in Kilimanjaro District on
the lower southern reaches of Mt. Kilimanjaro, and two
are found in Morogoro District on the lower western slopes
of the Uluguru lountains, Thus, all three areas of
investigations are similar in their proximity to a major
mountain range althiough none are able to practice e
irrigation agriculture to any but an insignificant degree.
The followmng is a eummary descrlptlon of each areay

Pare Dlstrlct Stu@y Area.

Co The area is at the base of the eastern side of the
North Pare Mountains in an area where- agricultural érops

.end cattle raising are equal in importance., For the most
part, & shortage of water is the major problem ‘simce’ most

of the inhabitants must walk over two miles- for thelr”water
supply. The area is ten miles off the main Tanga-Noshl

Road -and transport to the v1llages, which ‘i¥ Tigitdd 6 a
weekly pick-up truck, is very poor. The three V1llages are
Kwakoa, Nyata and Ngulu. Kwakoa and Nyate hdve ‘$he most
severe’ water problems,' 2l }vugh the Water Developmeﬂt and
Irrigation Division (W.D. & I.D.) of the Ministry of’ .
Agriculture, Food and Co~-operatives completed & water supply
pipeline with common domestic water points in Kwakoa ‘shortly
after the 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. '

Killmangaro Dlstrlct Study Area,

This area straddles the’ MOShl—VOl Road "and is ~ -
located approximately half way between Moshi and Himo, Ehe
villages are on the drier lower slopes of Mt., Kilimenjaro.
and, thus, exhibit more of the characteristics of the plains
than of the coffee and banana areas higher up the mountain.
In all four villages, agricultural crops predomindgte-with
cattle raising relegated to a minor secondary impbrténce,
The four villages are Mdawi, Msaranga, Pumwanl-Nanga and
Mbuyunl Punwani-~lianga has no improved water’supply,*although
it-is adjacent to Mbuyuni village, which possesses a ‘water
supply pipeline having common doméstie water p01ntslevery .
one-half mile which was built, by W.De & I.D% in 1962+ During
the -initial investigation, Mdawi village had only a sirgle -
domestic water point, while adjacent Msaranga village had
no improved supply at ell., W.D,& I.D. at-that time was in
the process ‘bf completing e pipeline with common domestic
pOLnts to: supply the two villeges with additional water.
Transport is inexpensive and easily avallable to the- nearby
cities of Moshi and Arusha’,

1Additional investigations also haveﬂﬁéeh conducted, or
at present are in progress, in Handenl, RuflJl, Dodoma -
end Singida Districts, A
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Morquro District Study Area.

Located twelve mlies west of Morogoro near the main
Morogoro-Iringa Road, the two v111ages of Mlali and Kipera
form the third study areas These villages are on the lower
slopes of the western side of the Tluguru Mounteinss 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 Iiali River, so that both have a
reliable source of water, although neither village has an
inproved water supply system. At the time of investigation,
Wo.Do& I.D, was completing the construction of a water pipeline
with common domestic water points in Mlali village. It has
plans to extend the iflali pipeline two miles to Kipera .
village during 1970, Transport is available throughout the
year to Morogoro. Of all the villages included in this atudy,
Kipera has shown the fastest growth rate in recent years.

- Thus, there are three dlptinct 'types of water supply
situetions found in the nine villages (at the time of
investigation)s, The first type, villages which do not
possess sn improved water supply system, inecludes Nyata,
Fgulu, Pumwani-Nanga, and ipera villages, The second type,
villages which do not have an improved water supply systen
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
v:.llage. Mdewi village overlaps types two and three, in
that even though the village has an improved water supply,
in the form of a single domestic water point, work is under
way to extend and improve ite  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 the villagers at one or more
outside water taps, commonly called domestic water pointss

Water Usage

7 Without exceptlon, 8 rajority of househclds in each‘

of the nine villages reported that- cooklng 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 lidawi,
Msaranga, Pumwani-Nanga and Mbuyuni cléined washing utensils
and watering animals are next in usage, Mlsli and Kipera
villages in Morogoro District reported that bathing adults

and -children ané washing: utensils are second in .
inportance. - Further insudries into the use of water at the.
house showed that only three gctivities ~- drinking, cooking
and. washing utensils -- are carried out on a daily basis in
all nine villages, Other activities, such as bathing babies,
bathing adults and ch¢1dren, washlng clothes, housebuilding,
and watering animals, appeared to be rélated t0 the aveilability
of and distance to the nearest source of water, Table 1, shows
the incidence of water-related activities occurlng anong 50%
or more of the households in each of the villages,
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Table 1. Incidence of Water-Related Activities = .vriing
' at tue House.® o :

D = Activity occurs daily; I.= Actifity.oécurs'ifregularly;

' No = Activity does not occurs .

Kw Ny Ng N4 Mg PN- Mb| ML
Drinking Do~ De eBdeD . D Do Dof. Do
Cooking. P .D bl D D D D| D
Washing Utensils) D D 'D| D. D D D | D
Bathe Babies .| D D - D|.I D D .0 |.D
Bathihg edilts o : '
| end Chilaren | > I NWo|{-I I. D D} D D
Housebuilding Yo No No| I I I I |.I I i
Animsls No No No| I I I No-|FWo o
|Irrigation . No -No, No| No o Nd- be; ‘Wo No

Water Carrying

Water carrying is+definitely cons1dered woman s task in
all of these villages. A majority of households in ‘each village
reported that either women alone. or women and children together
are the regu¢ar water carriers, In most casesg this maaorlty

" exceeded 80p of the interviewed households. An overall total

ot 447 of :the households did state that men sometimes carry
water, but this proportion dropped to 17% for households where
men carry water 2t least once per week,

~ Table, -Vater Carrying Within the Houséhold: .

B e

Fw Wy Vg |Wd We PN Mo | WL Kip

Hoe.o0f households : '
interviewed 21 9 25116 8 9 18| 33 28--
No.of households in’ L R
" which-hen- carry water
Nos0f households in
which men carry weter , ,
at least once per weely 1 1 o} 3 6 5 4| 5 3
No.of houselds in which T I
women and/or children
usually carry water RO 9 24115 8 9 15,29 24

7 6- 15| F---6.-8.9].8 T

o

The villages of Nyata, Ngulu, Msaranga, Pumwanl-Nanga and  Mbuyuni -
reported that men do carry water in at least 50% of the ‘householdss
however, only lisaranga and Pumwani-Nanga indicated.that a

mejority of “the houséholds have men who carry water at-least

once per week,

r'y .
In this at.! in all subsequent Tables, the village names will be

abbreyiated as follows: Kw = Kwakog,Ny = Nyata, llg = Ngulu;
Md = Mdavi, Ms = Msaranga, Pl = Pumwani-Nanga, Mb = Mbuyunij
Ml = Illali, Kip = Kipera :

no
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In almost all cosép the container used by adults in -
'carrylnv water is a debes The biggest variation occurred
.~ among Mlali and Xipera villeges where about a fourth of
: the households use & 3-gallon galvanized bucket. The
. conteiners used by children varies with the District.
7 Children in ‘the Pare villages use hollowed-—out gourds; those
“.in the Kilimanjaro villages use small tins averaging a gallon
+in. size, and children in the Jorogoro villages use both buckets

s and gallon tins.

H§Seasona11ty of Vater Souree and VaterAﬁsage.

About half of the villages have a permanent year—round
_ source of household weter, while the other half of the villages
must vary their sources of water with the seasons. All three.
Pare villages as well as ksaranga village in Kilimanjaro : ..
District have seasonal, or unreliable, sources of water. The
other villages have permanent, or reliable, sources., In general,
" thogse 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
quaentities year round. In the villages that . report using
variable quantities of water, maximum usage usually occurs
during the season of long rains. There is a further correletion’
betweer quandtity of water used-and distance the water is carried.
Those villages which report a variable usage of water throughout
the year -happen to be the first, second, fourth, and fifth
furthest from their respective water supply on an average
- househo1d distance basis (see table 4). : '

Table 3. Seasonallty of Water Source and Water Usage at the Home.
S = qeasonal source of water  V = Variable quantity of water
P = Permanent source. of water used throughout the year

C = Counstant quantity of water
used throughout the year

Kwe Ny Ng | Md Ms PN Mb| ML Xip

Seasdﬂality of - , : ' T
Water Source 5 S 3 P S P P |7 P
Water Use Throuchout N

the Year ' v v C C=V ¢ '¢c C ¢

- . ‘ - ; U
g debe is an empty 4 - gallon tin tbat orlglnally held
kerosene. Filled with water, it weigh® 40 lbs,

\
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.Time and Distance in Water Carrying

... Great variations in distance .to water and time..spent
carrying water exist between the Districts, and to a lesser
extent between villages within a District, Based U4pod the
replies of the villagers,.the one-way distance between -the
house and the source of water-varies from 0.5 mile to 2,9
miles, while the one-way time required:in fétching -water varies
between 20 minutes and almost two hours. Table:4 rhows values
~of distance, tlme, daily trips, and dally debes used on the
average in each household. These figutés are corrected for
seasonal varlatlons in water use in order to-show-daily averages
for a typlcal years. .. et e e e i e

Table 4, %rtancey Time, Dally Trips, and Daily Quantities
of Wauer.
Household AVerégés . |EKw Ny ‘ Ng | Md Ms PN Mb Mi”J;K§p
One-way digtance to = - T - N G
“water -(miles)- 7 ]2.9 2.8 "1.0 [ 0,6 1.2 1,37043 | 0.7 0.7
One-way walkirig tlme~ o I ’ o
to water(uminutegl - |112 109 43 | 20 42 38 26| 25 20|
No.,of daily adult ™’ I S o
trips “to water " - 1,9 245 2,3 )23 3. 6 3 1 2 T] 3¢5 44l

Total daily edult time. - -
spent carrying water’

(hours) - Tel 9ol 3.3 | 1.5 5.0 3.9 2.3] 2.9 2.7
No,of daily child trips ' - )
for water c 1142 045 0681240 244 1,8 1a2] 045 0,3

Total daily child time
gpent in carrying
water (hours) 4.5 1,8 1.1 ] 1.3 3.4 2,3 1,0] 0.4 0.2

Totel daily debes of ' '
water consumed at ' o . '
‘vg house 1e7 202 243 | 340 446 4ol 31| 346 343

Comparisons between Districts may not be valid for Table #
because of the possible variations in average-size of households:
Nevertheless, within a’ given District, rough comparisons between
households can be made. For example, the total number 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 day.

st

Population, Distancé, and Per Capita Consuﬁption of Water

By determining water consumption on a per capite basié, .
comparisons between both villages and Districts cen be made, Table
5 illustretes gferage water consumptlon based upon average .
household size,

No attempt was made to dlfferentlate between the consumption by
adults, chlldren, or 1nfantsa
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Table 5« Per Capite Consumption of Water.Used at the Housekold.

Xw Ny Rg | Ma HMs BN Wb | L Fip

Totql households in : _

village T3 44 103 90 3T 50 . T4|1T2 92
Population per house- ' : ’
hold , Te3 607 Toad| 5467 B840 646 5.8 444 4.9

Household water éonsu— _ . -
mption in gal/cap/day 069 143 1la2 241 2;3 267 261 323 3,3

It can be geen from the above table that daily water
consumption in the Pare villages was lowest, just over one gallon
per. capita that in the Morogoro villages highest at 3.3 gallons per
capita, while the Kilimonjaro villages were in between at 2 o0 3
gallons per capita. ' The most surprising fact is the strildng
similarity of per capita water consumption between villages within a
given District, despite the-differences of distance, reliabiliiy, and
quality. The graphical presentation of per capita daily consumption
of water versus average diwtance to water, shown in Figure 1,. .
illustrates the disparities of distance that occur between villages
in Pare ond Kilimenjaro Districts, As ililustrated by the graph,

Nguwlu village in Pare District is only one-third the distance from
water as its sister villagésof Kwakoa ond Nyata, yet it uses no
more water at the household than the other two.

.. I -
i Mlall ' !
@ Kipera l :
2| ; : 1
3.0 e e o e — _.{ ______ __.[ — o e e —— |__ —_
g : | | 1
o ' @ Pumwani~Nanga
i} = ' '
& : l
8 Mbuyuni | e Msaranga : |
e~ - .
P | ® Qdawi. |
E g 240 - = — —— — = = = == - - - — 4 -
o ' ; ' ! |
=%
&~ i ' I
S -
.%l % f | rIya‘ta’ \
" - Grgas I
g2 10 — = — — —_+ - e e T
f?g ! b KWéth
g % . i | 1
o’ | ! |
d N | n |
E O L. f ' |.' 1 N i N - l
0 _ 1.0 2.0 - 340

Average One~Vay Walking Distance to Water (miles)

Figure 1. Congumption-Distaonce Relationships Between Villages.



The reliability, or permanence, of the water source
previously was shown in Table 3. Half of the households in
sisaranga village claimed their Water sourde was permanent
and half reported it seasonal, yet the per capita consumption
figures for Msaranga fall Just on the average for the other
Kilimenjaro villages.

Local perception of water quality also varied., Both -
Kwalkoa and Ngulu reported their water source as good quallty,
while Nyata split its replies between good and bad qualitye.
AJ]l of the Kilimanjaro villages reported good water quality
with the exception of Msaranga, which unanimously voted its
water of bad gquality. Both Morogoro villages claimed their
water was of bad quality also. PFurthermore, the meaning of
the term "bad quality" varied between Districts. Households
which reported their water quality as bad in both Kilimanjaro
and Morogoro Districts generally explained that their water was
dirty, while in Pare District the main explanations included
(1) dairty, (2) diseased, and (3) polluted bJ animals.,

No satlsfactory answer has apneared in thls prellmlnary
consumption between villages within given Districts, The
similarity may be only coiicidentaly of the data- p0351b1y'may
be "erroneousy or ‘there may be an -unstated, yet controliling;
quality of water that households in a given area normally use
despite intervillage differences in Jlstance and water quality.
This queéstion will be studied further- in subsequent fleld
1nve¢t1gatlons in other Districts,

I+ is‘worthwhile to compare these figures of per capita
deily water consumption wit: the W.,D.& I.,D. desigd figupe of
10 gallons per capita per ‘day, Norfially, new W,De & LoD
Projects are designed to provide 10 galions of water per day
to each person presently living within the service area of
“the project and to have a 100% reserve capacity to allow for
a doubling of population over a ten year perlod.

There is an 1mproved water supply in both Mdawi and .
Mbuyuni villages. At the time of investigation, Mdawi had
only a single domestic water point at a2 storage tank, but
Mbuyuni had a complete series of domestic water points
approximately every one-half mile along a pipeline that
wag completed. in 1962,., Both Mdawd and Mbujunl reported a
water consumption of onlv 2.1. gallons per caplta per day, whlch.
is lower than four other study villeges, none of which have
(or had) domestic water points and piped water, and none Of
which: have closer average distances to water than Mdawi or
Msaranga. ILow average daily consumption figures of only 3
gallons per capita for villages with an 1mproved water
supply have been observed by other individuals. in.various
parts of Tangzania, These low consumption figures will be
investigated more thoroughly in the future at a number of
new villages,where there are plans (o 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 calculations ceu be utilized %o show
the average productivity of water carrying time in the various
villages. ZXYor this purpose it was assumed that children carry
one gallgn per trip, while adults carry the remainder of the
water. The average of one gallon per child-trip was not
verified by actual measurements, and in all probability this
average should be somewhat higher for. some of the shorter
distances found in the Kilimanjaro 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
advlt-carrying, when divided by the number of reported adult
trips, varied less than 30% from the capacity of the starndard 4-
gallon debe, as shown in Table 6.

Table 6, Productivity of Water Carrying Time. '

Tw Ny ©Ng|Mda Ms PN Mb| ML Kip
Adults;;gallons,per Brip | 2497303 3.7 [4e3 4ed 5.1 441 | 4.0 3.1
Adulté:;gallons per hour . —_— B , r¢:
of walking time , 008 0a9 245 [6eT 342 440 449 {48 4.8
Children: gallcns per N ' | -
hour of welking time 0s3 043 O87 |[1e5 0.7 048 142 |1,2 1,5/

¢

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 productiviity of neighbouring villages within Pare
and Kilimanjaro Districtse - - g '

It has been suggested for certain Xeryan villages that
development depends more upon increasing the labour inputs of
women than of men, but the difficulty is that the increase is
limited by the already high demands uponfergle laboury Certainly
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 showéd the large number of hours spent carrying
water in each household, Those villages that are distant from

2Jane Wills, "A Study of the Time Allocation by Rural Women and

T?eir_Plage in Decision-laking: Preliminary Findings from Embu
District", Faculty of Agriculture, Makerere University College,
RoDeR. 44 (1968)(first draft)s
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water, such as Xwakoa, Nyata, and lisaranga, daily spend fron
5§ to 9 hours per household carryinz water. It can easily be
geen that the provision of an improved water supply into
these villages could lead to significant time savings for .
the voter carriers, who happen vo be the women, Thc'key
question for development purposes is whether such time
savings would be put to productive use by the people most
directly affecteds - - - - SRR - L

T;me Usage on Village Activities

Anong the adult men in the villages agricultural
activities predominate, as a majority in all villages reported
shamba farming work as the activity on which adult mén spend the
most time, This activity totaled 74% of all replies, Cattle
tending vas second overall with 8;2%'of all ‘replies, wost of
which came from the three Pare villages. Third in usage was
paid employnent at 7.3%,\main1y 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 ~
would spend any extra time on these agricultural activities,
Six of the fifteen non-agricultural replies in Mlali were in-
favor of paid employment. In the overall totals for all ]
villagés, housebuilding was the second most préferred activity ..
with 7.3% and paid employment was third with 61%.

The married women illustrated a more divergent met
of answers to time weage. Similar to the men, shamba work
occupled the most time of a majority of women, totalling 73%
of the replies, with water carrving in second place with 10.6%.,
Shamba work did not dominate the time of a majority of women
in all villeges, however, In Pare District, Kwakoa village
gave only half its replies to. shamba work while Nyatae gave
even less. In both villages water cdrryiig was a major =
activity; in Nyate it was the principal time consuming
activity of more than half the womene )

When asked what would the married women do if they had
more time aveilable to them, shambe work received only 43% of
the replies overall. A4 total of 45% preferred to spend their
extra time on domestlc duties such as cooking, washing clothes,
gathering firewood, carrying water, eerirg for babies, etc,.
Iess than 7% replied they would spend their extra tife on
activities other than shamba work or domestic duties.

Very few men or women -- less than-l% in both cases ==
replied that they would prefer to spend their extra tine at
adult education classes, This may be partly the result of few
avallable opportunities to attend such classes, since few
villages were fortunate enough to have the requisite governmeént
officials resident for more than a couple of months per year,
Only Iflali and Kwakoa villages, for example, offered a regular
programne of adult literacy classes within the past yeare and
these were available for only a few monthse, Occasionally,
villagers were able to attend-classes or demonstrations held in
rearby villages, A rough indication of the educational opportu-
nities available to adults in the study villages is shown in
Teble T, which is based upon representatives of households
attending a given class one or more times within the past year.



Table 7. Adult Attendance at Classes, Lectures and Demonstrations.
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1 ; at least 25% of all households attended one or more times in
the past year. L . .
2 = at least 50% of all households attended one or more times in
the past year, T '
kw TNy Ng |Md Ms P§ b | ML Kip

Adult literacy classes _—

attended by heads of el

households A I St 1
Adult literacy classes |

attended by others in -

hougsehold v 1- 2 1 1 1
Public health lectures

attended by heads of. R A

households R ior x| 1

Public health lectures

attended by others in :

household 11 1

Cooling classes = 1 . - 2 S

Baby care classes =~ - | 1 1 - 1 = -
Agricultural demonstre- -
tions attended by heads , ‘ -

of households ' -2 -2 ‘1 -2 4 s
Agricultural demonstra-

"tions attended by others

in household: I - S R -~k

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 ht least 25% attendaence in all activities except
adult literacy classes by head of households,

Despite the relatively low preference for adult education
activities- (when compared to dlternative activities), all villages
overwhelmingly favor an increase in the number of available
classes, lectures; and demonsitrations, ZFavorable replies to
this question exceeded 90% of‘the total households in most
villages, = Excep}{ for Pumwani-Nanga, all villages reported '
agricultural demonstrations to be the most desired activitye
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Water Use in Small Cottage ILndustries

Small cottage industries are scattered unevenlj )
the three areas, as shown in Table 8. Brickmaking occurtive,
Mdawli and Mbuyuni villages of Xilimanjaro District and idsors
Morogoro villages, but not at all in the Pare villages. =nly
Actually, these four villages which report some brickmald
are the closest to water -- all less than 0.5 mileg atvery
distance., In all, there are a total of six brickmakinyy the
holds, which use a weelly average of 65 to 75 gallons oter
per household Ffor this purpose. Only the two Morogoro hivata
reported that they pay for water, -

Table 8, Vater BasedfCQttagg Industries._

p kw* Ny Ng (Md Ms EN- Mb | ML  Kip| \

Number of housee | -
holds interviewed [ 21 9 25 |16 8 9 18| 33 28

Brickmaking i , 2 "1
Pombe brewing 3 3 5 7 6. 3
Coffee Pulping 6 6 1 1

Othexr . 17 3 -1 3| -2 5

Pombe (local beer) brewing is carried out in all villages
except Nyata village in Pare Districet, This asctivity does not.
seem to be related strongly to distance from water supply, since
23% of the Pare households . claimed that they brew pombe while only
15% of the Morogoro households reported the same, The Kilimanjaro
households reported a 35%wparticipation in pombe brewing. Although
most households claimed that pombe was brewed only at rare
intervals (thereby avoiding conflicts with the licensing regulations),
the adajacent Xilimanjaro villages of Mdawi and Msaranga reported
an average household water use of 28 gallons per week for the six
households that brew pombe., Only one household, in illali village,
gtated that it paid for water. o

Coffee pulping was almost non-existant, as only one

- household in each of HNgwulu, Mdawi, and Msaranga reported such
activity. ' Only the Msarange household reported a significant
water use - somewhat over 50 gallons per week. None of the

three households paid for water, . J e

Other water using activities were,limited mainly to
washing and preparing vegetables for the market,



Table 7. Adult & 14
N
1l = at least 25%iked what was the best way to encourage. these
the past yo industries, a third of “the villagers favored
2 at 1eaStWﬂher‘uo the village, 18% suggested that training
the pas%o the villagers, and 16% replied that materials
1ent should be provided to the villagers., A total
the respondents did not know of a best way or aida
Ve it was possible to eneourage cottage 1adustr1es.
Adult literases, including, Nyata, ldawi, lisaranga, Pumwani-Nanga,
attended by tKipera, favored supplying water as the best nethod,
households in Kwakoa preferred the providing of materials, while
v ot Hbuyuni -faveored training for villages. The households
Ap‘ln Ngulu gave equal empha31s to materials and training,. :

Employment and Technical -Training Resulting from water Projects

~A number.. of. the villages. eltherghad a completed water . .. -
_'progect or at the time of the field investigations were building
one,* "Completed projects existéd il Mdawi and Mbuyuni™ villages,
while water projects were under construction in Kwakoa, Mdaw1,'
and Mlali villages. -

In reply to the question which asked whether anyone
worked or was working on thevwater 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. Mlali village reported that
individuals from only two households had worked on the project,
while hougeholds in-Mdawi and -Mbuyuni villages did-neot report -
any participation at all, the fourteen households in Kwakoa
village that claimed some,worked on the project, six replied
that these individuals réveived special training for thelr work —
‘four of them as labourers, one ag a mason, and oné as a cook,
No other villages reported individuals receiving any 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.

A1l nine of the villages responded almost unaninously

in favor when asked if they thought it was a good idea for
villaegers %o receive special trainifig and learn new skills
when worked on development projects.  -The preferences for
training varied between villages and’ Dlst;lcts, ‘However,
Among each of the Pare villages, traiding &s a mason was the
preferred skill, with lesser interest skown 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 equal preference to training
in the skills of a mason. .

.
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Village Acceptance of Government Advisors.

fgain, when asked if it would be a good thing if
governnent advisors came %o the village, households in all
of the villages responded almost unanimously in the afiirmative,
Individual preferences for specific types of government advisors
varied widely: Taken as a whole, the replies were about evenly
divided between advisors in both agriculture and water.
develorment, while a doctor/medical assistant was the third
mogst common answer. Agricultural advisors were favored by the
Pare village of Kwakoa ard by both Morogoro villages. Water
development advisors were favored by the Pare village at Nyata
and by the Kilimanjaro village of Msaranga. Ngulu ard Mdawi
villages voted for both agriculture and water development to
an equal degree. The neighboring Kilimanjaro villages of
Punweni-Nanga and Mbuyuni both favored medical advisors.

Tocal Attitudes ‘Towards Self Reliance

In an attempt to determine locel opinions towerds 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: i

"Some people say that the best way for a village to
improve itself is td 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?"

An overall total of 57% of 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 communal efforts, the Kilimanjaro villages
slightly favored government action, and the Morogoro villages
were about evenly divided on the gquestiones

Of those that preferred communal efforts 41% did so
because of its self reliance aspects, and %3% 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 governument action, threew
fourths of all replies were almost evenly distributed among
four reasons: more money available, better knowledge, better.
results, and faster resultss The villagers tended to explain
both types of preferences in positive, rather than negative,
terns, Only 9% preferred communal efforts for the negative
reason that Dar es Salaam might not provide help, while an:
equal anount favored government efforts for the negative
reason that local self-help efforts were unreliable,
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Acceptance of Technology , . i

Outwardly, all of the villages are willing to
accept modern techndlogy and ways of life over the
traditional methods., When asked to compare "modern ways’
of living" with "o0ld ways of living," all villagers over-
whelmingly chose tie 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 fathers were taught" or
"about modern pachines and nethods", the replies again
favored the modern aspect. Only 1% preferred what their
fathers weré taught, while 23% favored a combination of the
two aspects.

T¢ 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," a total
of 94% answered yes, Half of the yes replies favored
agricultural training and another forth preferred training
as a mason, carpenter, or plumber,

Fihal Remarks

This paper hes described nine Tanzanian villages with .
respect to their water usage and water-related'activitiés;
An understanding of these factors can be helpful in predicting
the direct effects and benefits of en improved water supply.
'0f greater concern for long-range planning purposes is the in
influence of improved water supplies upon village attitudes
and responses towards development. In other words, 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 innovation" or‘“centres of development"
where the provision of water will act as a catalysing agent?®
The second half of this paper outlined some of the aspects
of this assumed relationship between water supply and
development that are presently under investigation. Ko
conclusions are yet available, 'and the subject is very much
open to suggestions and comments,
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73 per cent, of this is 60,000 gals., or 9,600 c. ft. So that the total avail-

al.JIe capacity required for both is 40,915+49,600=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 sectional area of the sewage in

the Tank Sewer; ie. 5845 8q. ft. for the City, and 13-71 for the Can-
tonment. Allowing an average depth of sewage in the Tank Sewer of

4% feet, wo get the required width of sewage storage section to be :—

5845

5 12:98, or say 13 feet for the City.
14357 1 8:05, or say 8 fect for Cantonment,
—12_'%= 1603, or say 16 feet 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 11844 (1 e. 1} foet higher ) ; which must be taken as the
R.L. of top surface of sewage in the Tank Sewer, at its mawimum 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; aund the floor of sumph should be 1}
feet lower still, or at R.L. 10894, The sumph 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-out 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 Sewey
will be covered with concrete vaulting.

~ 87. For the ventilation of the Gravitation System, an Outlet Ven- yumion
tilating Shaft, 3 feet in diameter and 50 feet high, will be fized 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
econony, 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, g0 as to allow of a
 free current of air flowing from the Intercepting Sewers to tha Ventilat-

ing Shaft, Perfoct ventilation' for the Balancing Tank, and for the
whole system of gravitation sewers, will thus be provided, as described
in para. 83 of my former Address, in which I explained why the ¢
natural forces had to be assisted in order to give effective ventilation a¢
gll times. The Air Compressors have been designed of sufficient por ™Y
to give the necessary air for this outlet shaft, on which the vice 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 recessity of a thorough and efficient system of
ventilation is émperative, for the fellowing 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 insufficient, as the
water in one, or more, may at some time evaporate, er 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 bas 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 fresh at the outfall, without decomposing on the
way ; but we must provide for contingeneies, and it is
absolutely certain that, if sewers are not efficiently ventilated,
they will, at some time, ventilate themselves in a danger-
ous manner,

Engine 68. As Poona is considerably above sea level, the atmospheric
House, 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 inte the sumph,
this will not matter, The floors of the rooms for boilers and air
compressors, and of the coal 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.

Rising Main 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. The

recent great rise in the price of iron would have caused a. considerable

increase on the original estimate for a castiron main ; and the steel

ain, with a proper coating, will be just as good. The Bombay

nicipality are now adopting them for their new mains ; and Firms
are arranging for the necessary bending and rivetting plant.

r
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70. As the rest of the scheme is drawn out on the same lines 28 Speificationg
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 aceord-
ance with your wishes. The specification for the Air Compressors, and
Ejectors, has been taken from 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 one; 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 Faurm
same scale as for the Engineer of the pumping station ; and the other Henaser
farm buildings will be designed under Mr. Mollison’s advice.

72. As regards the provision of a trained and competent Farm
Manager, I have already, in paragraph 96 of my former "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 responsible 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 returng from
leave, and as soon after the works are started as possible. For the first
two years he would be thoroughly trained in India under Mr. Mollison,
having already had a thorough practical English training.- Then, in the
third year, he would lay out the farm, under Mr, Mollison’s advice, so
8s to be ready to start cultivation in the fourth year. His pay should be
Rs. 300 a month, from date of departure from England ; with a free
first class passage 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 ; 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 saitable 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
really so if you consider the financial result of a success, or a failure, on
the farm. Mr. Mollison, in paragraph 11 of his Note (Appendixz 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 eould be more con-

vincing on' this point than a visit to the Ahmedabad and Karachi Farms
respectively.

73, As stated in paragraph 15, ante, the maximum 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 have three engines, any one of which will be able
to do the night work ; ard two boilers, either of which will drive two
of the engines; also, a third similar boiler for the air compressors.
Two boilers, and two pumping engines, and one air compressing
engine will work during the day ; 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 Address. The maximum
lift (including 41 feet for friction) will be 190 feet; so that each
engine will be about 112 P.H.P., or about 125 L.H.P. ’

74. 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
stéam, and Economisers. This was also the opinion of Mr. Doig, late
Secretary toGovernment, Public Works Department; and I see in thenews-
papers lately that they have just been adopted for Naini Tal, Calcutta,
Lahore, and Delhi; in the first, second and third cases they are supersed-
ing former 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 Worthingtons for
their present engines. Also, they have just been selected for the Jarge
installation for the Coolgardie Waterworks, in West Australia, where no
less than twenty sets of engines, each of 312 II.P., are required ; and I
understand that additional plant, costing £20,000, has been added to
the Firm’s Works, to cope with thisadditional 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

“n oﬂ{e cosiconsumption of the engines, while doing the maximum work as

calculatlé}wdl not exceed 2 Ibs. of best Welsh coal per LH.P. per hour,
or 17 Ibs, & steam through the cylinders ; and that the mechanical
efficiency shél not be less than 90 per cent. The pumps will be fitied

N\

\~.
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with " externally-packed plungers, and the Makers guarantee them, and
the cylinders, against serious erosion by the sewaga for two years. [
referred to Mr. Santo Crimp as to the question of cost, and he writes: —
“ I should say that, at present prices in England, engines and pumps of
* this size are costing about £60 per LH.P.” Messrs, Simpson’s tender
works out to just about £50 per IL.H.P.; and includes delivery and erec-
tion, and also £800 for the extra boiler for the air-compressing plant,
£300 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 LH.P,, which is
decidedly economical. As prices have gone up of late, and 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 Wileox, 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
an engine, we have first to make an 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
LH.P. per hour, and a boiler making 7-5 1bs of steam per pound of coal:
we then have a consumption of 21bs. of coal per L. H, P. per hour. Now,
if a boiler can be made to evaporate 10 lbs. of steam per pound' of coals
this engine will only use 1% Ibs. of coal per I.H.P. per hour. On the other
hand, if the boiler evaporation remains at 74 lbs. per pound of coal, the
engine must only use 11} Ibs of steam per I. H. P.eper hour in order to
reduce the coal consumption to 1} 1bs, per I. H. P. per hour But it is
much easier to get a boiler to evaporate the 10 lbs. of steam’ per pound of
coal than to get an engine to work with 11} 1bs. of steam per I. H, P, per
hour, which latter is practically impossible; so you see how much
depends on the boiler, Its “efficiency ” may be takento vary from 50
to 80 per cent., according to the type adopted ; Ze., of all the heat pro-
duced, only 50 p.c. is utilised in a poor boiler, and 80 p.c. in a gocd 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 heaton its way to the chimney; and (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. 1 have carefully considered the -question of horizontal or Typs of
vertical engines for Poora, and I think that the former are undoubted- Engines.
ly the bost suited for this case. Theoretically, vertical engines are the
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best; and, for engines running at a very high speed, they are practically
the only form that should be considered ; but pumping engines must, of
necessity, runata very moderate speed; and must, therefore, be of,
_comparatively large size ; for such engines the horizontal form has got
several decided advantages, such as censiderably lower (probably 26
per cent.) first cost, reduced eost of engine foundations, and greater
ease of attendance and supervision, entailing the advantage of a smaller
staff ; and such engines are now almost universally adopted for this
purpose when the lift is mot too great. - The London Water Companies,
who have the best means of comparing various types of engines, have,
during the last ter 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 modern design, and replaced
them by triple-expansion direct-acting Worthington Engines. In Bom-
bay, the old vertical compound engines forsewage have been replaced
by triple-expansion hurizontal Worthington engines. It is true that
they have suffered somewhat from erosion of the plungers and
cylinders ; but the acknowledged reason is tha they have not got
“ externally-packed ” plungers, nor. even grit chambers and a tank
sewer of sufficient size to allow of the sand, &e. , being: deposited in them.
Similar horizontal Worthington engines are at work in Calcutta,
Hyderabad, Simla, and many other places in India, and are giving great
satisfaction ; 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 fow years, At Ahmedabad they have Glenfield Beam Engines ;
whilst for Surat, Government selected Worthingtons ; and the difference
in the cost of the daily working is remarkable. Messrs. Simpson & Co.
have made a speciality of pumping engines, and practically make
nothing but this type in their enormous workshops, just as Messrs.
Willans make -a speciality of high speed engines, Messrs, Gwynne of
centrifugal’ engines, Messra. Hargreaves of mill machinery, Messrs.
Thorneycroft of high speed small steamers, and so on ; and, naturally,
each excels in their own special line over makers who go in for general
work,

78. But even supposing that some other type was equally efticient,
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 maintain their reputation. Iknow of two cases (Sukkur and
Surat) in which they lost many hundreds of pounds rather than not
carry out their guarantees. Moreover, as they do so much work out here,
they can afford to keep up permanently an experienced staff for erecting,
and periodically inspecting, their engines, under a first class mechanical
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 adopted this
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system, as it affords a check on the capability 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 irolated ome. The Ahmedabad Municipality
reje)c:iid/gy/advice when they were getting their third engine, a couple
——of, 30278 - ago, and ordered it from Messrs, Glenfield & Co,, who had
made the first two engines. That firm said that they could ensure as
great “ efficiency ” as the Worthingtons ; but not enly 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 steadily. 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 70 p. c., and the fuel consumption
was equivalent to a little more than 3 1bs. of best Welsh coal per LILP.
per hovr ! Some of the 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
much trouble that Messrs. Slmpson 8 agent had to be called in, and he
found that it had to be taken to pieces and re-orected. For the Ahmedabad
Sewage Scheme, Mr. B, Latham has recommended engines, by an
unknown malker, at an impassible price for really good work that would
last; and they are expected to work at the impossible rate of 13 Ibs. .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 pariner (as Mr. Santo Crimp has)
with this particular experience, so that he is apt to be misled by plaus-
ible makers, In the case of Margate, he recommended engines which
have since had to be removed ; and in the case of Ahmedabad his recom-
mendation would have been assuredly as disastrous ; and the makers
would have had no further interest in the matter, as they would know that
it was only a change order. It is a double guarantee to deal with a well-
known firm who make a speciality of pumping engines, and who have
algo to keep up an Indian 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 Qutfall works, between pistripution
the City and the Cantonments, I think that the latéor should be debited ¥sf o e
‘with half the cost of the 24-inch Intercepting Sewer, from the end of Werts.
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 maiu, and the macerating tank. The Licutenant-
General Commanding the Forces has told me personally that the

Military authorities do not wish to join in the farm,
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80. I now come to the project for improving your Water Supply,
which work is now to be carried out concurrently with yeur Drainage
schemé. As ordered by Government, this is drawn out on the lines of
the project sketched out by Mr. Doig for a full supply from the Karak-
wasla Canal at 20 gallons per head per day. Your present population
may be taken as being well under 1,30,000; and the pipes are
calcnlated for a future population ef 1,58,000, te give the full day’s
supply iz 500 minutes.

81. The settling tank is to be of the “continuous flow” pattern,
which has been so successful at Meerut that it is to be adopted for
Hyderabad. It is both cheaper and more effective than the old kind.
To allow for the periodical elosures of the canal for clearance, this
tank has been designed to hold six days’ supply; and there is room for
extension at tho site seleeted by Mr. Doig, which is alongside the
eanal, and 1650 feet north ef the old eircular tanks belonging to the
Municipality. Its length is 1,000 feet, breadth 808 fcet, and the depth
8% feet, including coping. It is divided into five compartments by
thin brick-and-chunam walls starting alternately 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 low velocity. The water will _
enter the first compartment by a ehannel along its upper edge, which
will have a hinged weir in front, te- be adjusted to the canal level ; so
that the water will always pass over 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 for
removal of the silt. For a daily supply of 26 lakhs gallons, the velo-
city will be about 2 inch per secend ; 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 the 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 tank, and
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 you 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 periods was pure: or
some day the city may suffer the fate of Hamburg, whilst the Canton-
ments enjoy.the immunity of Altona,

- 83, Owyg to the levels of the ground, the supply to the cily
must be divided\into a high and a low service, as suggested by Mr.
Doig; the former\providing for about one-fourth of the population. This
is absolutely neccysary to ensure an cffective head of 20 to 30 foct
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above ground, asa minimum, all over the city. For this high level
service, 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 J.nple Bxpansion Worthington
Eugiues into two steel tanks, each holding 1} 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 421 feet in diameter and 19 feet h1gh and
the lop of the towers w111 be 16 feet above ground level.

84. For the H, L.service, 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
these 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 assistance 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, or by being
shifted to other parts of the new system, where suitable. The surplus
consists chiefly of small pipes of 4, 3 and 2 inches in diameter, which
will be utilised as “ circulation pipes” for connecting the 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-counections increases,

86. The simplest and cheapest form of public service is to have
a number of one-foot lengths of 2-inch W, L. pipes, screwed at both
ends, and with a socket at one end of each length ; and a number of
2-inch tees, screwed to take 3-inch 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 bave house-
connections provided for W. ('s., and who can easily have an exira
tap inside the house. The cocks are fixed alternately on oppesite
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 gutier 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.

Public
Services,
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87. Hydrants, for fire service, will be fixed at about efrery 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 first, 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 tons per annum ; which, at
Rs. 14 per ton, will cost, say, Rs. 1,700. The engine room stores will
cost about Re. 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 come, for repairs and contingencies ; 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 :—

Cost per month.

1 Engine Driver, at Rs, 100 per month - BRs 100
2 Cilers at Rs. 15 each do .
2 Firemen, at Bs. 15 each do e e e, 80
3 Coalers, at Rs, 10 each do e ' 30

. Total... Bs, 196
or, say, Rs. 2,300 per annum,

89. The Maintenance Establishment for the Waterworks, after
construction, will be small; asthe Engineer Superintendent, and the
Fitter of the sewage pumping station, can also supervise the waterworks
engines ; and, similarly, the Drainage Engineer and his Establishment
can look after the water pipes and their fittings j the only additional
staff that will be required are three turncocks, at Re. 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 ... sor e ore Rs. 8,000

Do. Esiablishment e wee »w 2,300
Maintenance do. » 700
Repairs and Contingencies ... e » 1,000

Total per annum... Rs. 7,000

The annual cost of your present insufficient and insanitary arrange-
ments is Rs. 4,000 ; so that the ezéra cost will only be Rs. 3,000 a year.

The Engineer for constructing the drainage works, and his 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
height 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
mazimum 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, ata cost of £185 for the two. The saving of coal with these
two additions will be fully 20 per cent. There will also bea 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 cost 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 Ibs, of steam per H. P. per hour, This is very satis-
factory for pumping engines 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, 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 provided
with a Kent’s Irrigation meter, as also the channel to the H, L. Tanks;

Stuice Valves,

Meters.

and the two city mains from the gettling tank will each have a Kent’s

“Venturi” meter fixed on it ; so that the quantity of water used may be
properly registered and checked.

94. The surface ievel of the water in the settling tank is taken at
three inches below the normal level of the canal, which latteris 215-85. In
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 ecircular 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 ‘o R. L. 212'46 and 211°11, re-
spectively. It is proposed to clean them out, and to deepen them to the
suction level of the engines, 7.c., 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

Storags
provided.
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works of both the drainage and water works; so that the net cost of the
exira storage obtained will be small, probably not more than Rs. 10,000,
or at the rate of about Rs. 4 per 100 cubic feet of the excavated rock.
There is a meter on the adjoining main from the canal {0 the city ;
and, when these pipes are removed, a connoction can be made for a bye-
pass, from the meter to the ecircular tanks ; which are already provided
with a wash-out, leading to the adjoining nullah.

Katraj 95. The levels show that, by taking a point sufficiently high up on

Agqueduet.  the old Katraj pipe, the necessary filters can be placed there, and the pure
water run down to the low service reservoir. This will probably bo
the cheapest way of getting an extra supply as the population increases
in the future ; and I will draw out the plans and estimates 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.

Cost of 96, As regards payment for the extra water, Government will

Qunal Water, probably agree to the terms mentioned in their offer in 1893, wiz., to
give the whole supply at the rate now charged for the present 74 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.
The 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 reagonable ; as you must remember that the cabal 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 effluent ; and this loss will pro-
bably approximate to Rs. 25,000 a year on the average, Moreover, the
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. Tt is true that the irrigation rate of Rs. 40 per acre for sugar-
cane ig theoretically equivalent to 412,000 cubic fect of the storage in
the Karalkwasla Reservoir, as calculated on an average of the whole 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 aud wiilised. For these
reagons, it is much fairer to take the rate as calculated on the quantity
found by Mr. Mollison to give the Jest crop, (viz. 200,000 cubic feet),
when applied without 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 supplied, and will get full value for the
price paid; just as Mr. Mollison got the full benefit for his Rs. 40 per
acre, although he only used Aalf 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 the canal,
if the sugarcane men had exercised the 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 dryiog up of the old native aqueduects, in the be-
ginning of the hot weather,.or even earlier ; and, with a growing
population, this difficulty must become more and more prominent
each year. You must cometo Government for more water in the
end; and the terms will probably be more onerous in the future,
if the present opportunity is.lost; asthe 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 7§ lakhs gallons, and your yearly payments are Rs. 2,000 to
3,000 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, geperally, 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,
Appendix C, is Rs, 25,18,289, ag against Rs. 30,183,584 (including 12
lakhs for the additiogal proposal about the farm) of the previous scheme.
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, takinrg the whole scheme, there is a total reduction

Qost of the
Sewerage
Project,
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of about 104 lakhs, The way in which the expenditure should be spread
over the three years, allowing for the purchase of all English articles
in the first two years, and for the local work being distributed over the
three years, is given in Appendix D.

ggz;fw f%s - 103. The cost of the Water Supply Projeet is given in Appendix
Project, 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 hisrough estimate for pipes ; and about one-and-a-half lakhs
excess over his rough estimate for the H. L, tanks and the machinery.
Of course, 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,
% ¢., 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
the local work being spread over the two years. I propose to start this
work concurrenily 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.

Revenus, and 104. The revenue from the effluent farm, and the cost of its per-

gzzz‘;ﬁ manent establishment, are given in Appendix G. The latter is based

ment of the  on para. 33, ante, and on Mr. Mollison’s two Notes (of last year and this

g{f;‘m year), and their accompanying Statements. I think it will be allowed
that T 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 sugarcane will assuredly
-increase in the near future,

Rates of pro- 105, As regards the amounts per acre taken by me, you will note

-frg"’ “h 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 efluent goor was 2} per cent.
less than that of the poudrette 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% per cent. When our knowledge 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
statoment of comparative mauure experiments with fodder crop §

\
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attached to Mr, Mollison’s Note of this year, that allowing 200 lbs,,
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. 836-12-0 per acre ; and from para, 24 ante you see that, even at a
of rate 250 1bs. of dry Lucerne per rupee, the amount 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
i8 Annas 8 for 28 to 30 lbs., or, say, 60 Ibs. per rupee ; the Railway
charge for it by passenger train is As. 10 per 80 Ibs.; 80 if we sell it
here at even 200 Ibs. 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, &e., 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 the 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:—sundhiz Re. 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 sundhia, 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 .Rs. 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
a8 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-
dhia 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. Iwould further point out that in this matier 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 contingencies from the

rates actually obtained. During the current year, Mr. Mollison will,

carry out similar experiments with various pulses, and native vegetables,

as woll 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 H I 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 understan'ding:

that the yearly charges on these loans during constraction, 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 taxzes 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 esperience 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 Surat, 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. TIn both cases I have taken the interest at 5 per cent., as the
present rate of 8% per cent. Government Paper is well below par.

This Government has to pay the Government of India a half per cent.-

more interest for all loans ; and this extra rate is again charged when
the money is passed on to a Municipality.

112. For the sewerage loans [ have taken a period of 30 years,
which is the period taken for the calculations of the sewers, &o. For the

waterworks loans the period taken is for 20 years, for a similar reason. -

. 'The latter 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 Profit and Loss Account is shown.
Owing to only half the area of sugarcane being grown in the fourth
year of the works, (which corresponds to the first year of the farm),
there is an estimated deficit in that year of Rs. 92,437, which has
been added to the loan account, for the reasons already given ; also, the
probable exira charge for canal water for the third and fourth yearss
2. e., until thg farm profits of its first year are in hand. The small extra
cost (Rs. 8,000) of the working expenses of the waterworks, over the
cost of the presdnt system, has becn left for you to deal with out of

v
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current revenue, so as nobt 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 anticipate 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
the moderate yearly charge for the W. C’s. ; and your present net expen- ><(
diture on your drainage and water-supply, which will be saved in the
future.

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 Chairman of the Managing Committes, the Hon, 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 i

I would say a few words to you on the urgent necessity for carrying them %@-rete.
. 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 death-rate, and (3) the infant mortality. Of these, the gross

death-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-1895,

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,

aad 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 of life is
directly caused by the insanitary condition of the town, as stated to you
by Major Reade in his farewell speech ; and 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 England is only 20'8 ; the highest being Plymouth, with 264 ;
and the lowest Croydon, with 13-1 ; whilst in the greai 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, and
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 ; s0
that probably one-third of your normal deaths would be saved by the
carrying out of proper water-supply and drainage schemes.

- 118, Inmy former Address I referred to the causes of the bad
state of your public health. The strenuous efforts made by your staff
to keep the town clean, can ouly 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 a
congenial home, where they car multiply and spread. The ceriainy
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 this matter, as your duty is to understand 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 preventible 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 removing 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 ;
because\you, at least, cannot now plead ignorance of the preper 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
correctness of this universal testimony, and its conclusions; or are
they indifferens 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 emergy are required to deal with this matter satisfac—
torily. It is mot because there is any doubt asto 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 losi through the unnecessary
sacrifice of life. But, because the immediate effect of sanitary defects
is not made apparent at once, the causes are more or less ignored ; in-
vestigation is often imperfect, knowledge indefinite, and popular prejudice
is often at fault. Such thinge' 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.

120. The people of India, generally, are uninformed on such sub-
jects, and cannot appreciate the effects of filth, foul air, and impure water
in generating and aggravating-epidemic and endemic disease. They are
too much inelined 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, therefors, do not regard them as the
evils that they really are,

121. Some members of Municipalities are also often unwilling to
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 displeasure,
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.
1 would ask you to take the matter up diligently ; and, as far as possible,
make yourselves aocquainted 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. You have got the best expert advice that was
available, and should zely upon it. Do not put your trust solely in rules
and regulations ; but study for yourselves the simpler laws of health ;
and, when you 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 neighbours.

122. The 2im of house-sanitation is to lower the death-rate, snd 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

Municipalilics
aprthelis
about
sanstary
matters,

Final edvice,



44

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, and 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, Theyare, however, much less likely to occur here, as the
eflender and his family will be the immediate, and only, sufferers.

J. 0. POTTINGER, m.1C.E.,
Sanitary Engineer and
Member of the Sanitary Board.
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APPENDIX A, )
Boston, MassacHUssETTS, 20tk March 1900.

To J. C. POTTINGER, Esq.
Sanitary Engineer and Member of the Sanitary Board,
Poona, Bombay Presidency, India.

DEear Sir, .
I amin 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 country, and who is
highly regarded) wrote ‘The Practical Sugar Planter” in 1848, our
ideas of the fertilization of plants have nndergone a wonderful evolution.

8. It is 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. Buf even in this case the #fal sugar produced
per acre is increased, 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 soi] 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. Tshould say that it would be perfectly safo for you to use the
purified tank sewage, of which you speak, even without subjecting it to
niirification in the bacteria beds containing coke and clinkers,

5. Tamnot 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 increase 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 manufacture of the sugar.
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 essential in fields which have long been
under cultivation, as an absolutely necessary ingredient for every fertili-
z3r employed for the growing of sngarcane,

Very truly yours,

(Sd.) JAMES WILSON,
Secretary to the Agricultural Department, U, S. A.
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AFPPENDIX B.

NOTE by J. A. Mollison, Esq., Deputy Director
of Agriculture, on the Crop Experiments with Effluent.

In the following Note, I propose to give the resulis of experiments
which were. undertaken at the Kirkee Government Farm, to test the
effect upon sugarcane, and various fodder crops, of the effluent from
soewage 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, 0 t0 speak,
artificially 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
offluent which was practically clear, with a smell that was too faint to be
noticed. Several samples were analysed by Dr. Leather, Agricultural
Chemist to the Government of 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
convergion 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 goil can become immediately available as plant-food.

3. I have referred to these chemical changes, and to the manner”
in which nitrogen is taken up, through the 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. e supports his opinion with
extracts from ancient literature, which, if published to-day, would be
ridiculed by any English agricultarist of ordinary intelligence. Mr.
Pudumjee, writing oh the 2nd of January 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 present«
ed as food for sugarcane ;" and again—

“ The ridiculed books perhaps mean that free nitrogen, or nitrogen~
* ous manures that yield up nitrogen very easily, act injuriously, not on
* the plant itself (which grows up luzuriously on such manures, as is
* universally acknowledged), but upon its juice.” '

Mr. Pudumjee here ignores, or refuses to believe, what he has been
told regarding the present day knowledge of the relations which exisé
between the structural growth of agricultural plants, and nitrogen exist-
ing in combined forms in the soil, or in manure,
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4. Esperiments on sugarcane with various manures have been
conducted for five years at Manjri ; and it has there been conclusively
proved that heavy crops of cane, yielding a high percentage of gul of
good quality, Aave been produced by heavy applications of nittogenous
manures. Almost every description of mantire available in India has
been tried there; but Mr, Pudumjee does not apparently accept the
Manjri experiments as conclusive. He contends that bitrites, nitrates,
and ammonia salts affect the juice of cane so that it cannot be boiled
down info solid gul. Such a result did not follow the use of nitrate of
potash in the Manjri experiments ; and Mr. Pudumjee offers the follow-
ing explanation ;:—* One does not know what part the potash of the salt-
“ played in retarding the free and quick liberation of the nittogen contain-
“ed in thesalt.” This is mere spectlation ; 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 class 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 foreing action; and it may, in the case of sugarcane and fodder grasses,
produce abnormal growth, and succulent watery stems, with a tendency
for the crops to “lodge™; but evety practical farmer knows these facts,
and applies such manures, not.in a heavy single dressing before plant-
ing, but in repeated top dressings, as requited. The mere fact that the
effluent contains nitrogen mostly as pitrites, 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, wviz,
“lodging” of the ctop. Dr. Leather has proved by analysis that
canes which have “lodged’’ contain alower percentage of sugar, and the
gul from such canes contains a larger quantity of molasses, than upright
canes of the same crop, Irrigation with the effluent may be considered
as equivalent to top dressings of manure at very short intervals ; and

there can be no more economical way of applying manure.

5. The bactetial treatment of sewage not only converts the organic
nitrogen into other, and more soluble, eombinations, but probably also
changes, to a considerable extent, the other constituents of manurial
value which nightsoil contains. It is quite safe to assume that phoss
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 action, We may fur-
ther assume, without any misgiving, that an effluent which contains
sufficient nitrogen (in #ny form) for the full requirements of sugarcane,
bt any other gross feeding crop, containe also all the phosphoric acid
and potash which these craps will need. 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. Ths 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 snmewhat 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 progress 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, under liberal treatment, had been
previously proved to be successful fodder crops in the Deccan. There
are certain indigenous vegetables which can probably be grown success-
fully with effluent irrigation, such as surans, yams, alvi, &e. ; 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 effluent, cannot be applied continuously
during the whole period of growth. For instance, young Lucerre 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 becams vigorous in growth, and exceedingly healthy in
colour, :

9. The quick-acting, and forcing character of the effluent must be
recogniged ; 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 Lucerne, and other fodder crops, which are cut green. Qur former

‘Manjri 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 the efluent 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 the other plots. These facts
point 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 isin 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, Tt is probable that the effluent will show the most profitable
results with Sugarcane and Lucerne., These crops, and such other crops
as are likely to succeed under effiuent irrigation, grow wvery 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, which is an important con-
sideration in the case of land that is to be continuously 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 monsocn, 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 goil in the Poona District are gemerally 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 and wet., This
would, of course, be wasteful. '

13.  Experiments were conducted on the Kirkee farm to test,
on light land, the effect of the effluent on various fodder crops. The
crops which were selected had been thoroughly tested on the farm in
previous years, on various descriptions of soils ; and it had been proved
that, as rain crops, they yiclded heavily, matured quickly, and produced
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excellent fodder, on almost any description of soil in good conditiom, in
a favourable season, The fields were clean ; but only in 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 pa}rtmular
tendency to produce new shoots from  the roots, even if a considerable
stubble is left ; therefore, a second crop (utarly) 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,
sundhia, and nilwa jowars, and two American sorgums (Amber and
Collier varieties), produced second cuttings from the root stocks of the
first erops ; but better results would be got by ploughing up the land,
and resowing after the first culting ; 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, udid, mug, &o., would be
excellent for this purpose. These pulse crops would, I think, thrive
under effluent irrigation ; and might be allowed fo grow to maturity ; or
the pods might be plucked early and sold as green vegetables, and the
fodder cuf. green, .

14, We bave 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
Kirkee farm to estimate the probable value of the effluent for sugarcane,
in comparison with heavy applications of poudrette, and of farmyard
manure. The opportunity was also taken to determine, as a side issue,
whether -crude nightsoil, or even the effluent, would prodace such an
effect on the crop that the juice could not be boiled down into solid ged.
Eleven months after plantation, the poudrette, and farmyard marure
plots showed indications of being ripe ; but the effluent and nighisoil
plots were greenmer at this time. Trial boilings were, however, made.
The cane from 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, 'The nightsoil plot gave
‘bright-coloured gul ; but it was somewhat soft, owing to a high percen-

tage bf molasses, Dr. Leather’s Report on the samples of gul, and
also of the soil before and afier the crop had been grown, are attached.

\
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16. Threo 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, bus 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 éffluent gi/ then made.
One block of this gul has been kept at the farm; but the anticipated deve-
lopment 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 inviention of determining the
manurial effect of fresh nightsoil, and the experiment was only
carried out to disprove the opinion quoted by the President ; therefore,
its outlurn 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 exira 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 7% per cent ; so that the estimated return per acre, taken in my
Note of last year, will probably be exceeded ; and it may, at least, be
fairly taken as a minimum basis for calculating the farm revenue.

(8d). J.A. MOLLISON,
Deputy Divecior of Agriculture;

OFFICE oF AGRICULTURAL CHEMIST
To THE GGOVERNMENT oF INDIA,
Derra Dun, the 3rd. May 1900.
Report on the composition of 4 samples of “gul”, sent by
the Deputy Director of Agriculture, Bombay.

276 . 277 278 279
1900 1900 1900 1900
Gul from - Gul from Gul from Gul from
Poudrette Farm Manure | Fresh Night- Effluent
Plot. Plot, soil Plot, Plot.
Cane sugar, per centse. 7075 7055 62:22 69-60
Glucose, per cent.  ves 16°12 15'85 2818 17°53
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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 anice colour in some cases, the percentage of sugar in the juice was
found to below. 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 75 per cent. of cane sugar and 10
to 12 per cent. of glueose. (Vide page 10 of Agricultural Ledger No. 19
of 1890.) Although the “ gul” produced from the efluent plot is
darker coloured than the others, its-composition is practically the same as
that from the poudrette plot. ’

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

NO 88
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QFFICE oF AGRICULTURAL CHEMIST To THE
GoVERNMENT OF INDIA,

Derra Dun, the 13tk June 1900,

Report on the composition of 2 samples of soil, sent by the Sanitrry
Engineer, Poona, from the Kirkee Government Farm.

s s | S
Organic matter and Combined water... '12°98 1395
Nitrogen . e PN *33 025
Carbonate of Lime ... 6:32 773
Available Phosphoric Acid .., 010 009
Available Potash e . v *006 *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 available potash, than the land which had been irrigat-
ed by the effluent and afterwards had borne a sugarcane crop. But the
differences are only slight. The proportions of carbonate of lime have
nothing to do with the effluent, and ropresent inherent differences in the
land. The difference in the proportions of organic matter and com-
bined water are also probably due to this cause.

(54) J. WALTER LEATHER,
Assigtant Agricultural Chemist to the Government of India,
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Eztract from paragraph 4 of the Report of the Director of Land Records
and Agriculture, Central Provinces, No. 1783-894, dated 29tk
August 1899,

«Tn the West Indies, and in the Mauritius, large quantities of
guana, 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.” :
Eaxtract from page 217 of the  Dictionary of Economic Products of Iydis,”

- . Vol. VF-Part IL o

“ Bones are not used, and this is one of the most melancholy
features of Indian agriculture. It is especially to be regretted with
regard to sugarcane cultivation; which, more than any other crop,
requires a supply of phosphatic wanure. 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
poudreite. PROFESSOR COOKE has patented a manure made chiefly
of bones, byt he has not yet followed up the experimental success which
he secured. Crushed bones, .¢., crushed by hand labour, would amply
repay the cost, It is not necessary to dissolve bones with sulphuric
acid, or in other ways,”

Extracts from pages 175 and 177 of the “ Dictionary of Economic Products
) of India,” Vol. V,

“(6). Ammontacal Liguor—The ammoniacal liquor of gas works
is another good manure which ought to be utilised wherever available. Of*
course, in India, this is only so in the neighbourhood of a few ldrge
towns ; bui there, it is specially applicable, as it is invaluable to the
market gardener for the cultivation of vegetables.”

“(8) Nitrates.—The nitrates of potash and soda are both employed
a8 manures in Europe, principally on account of the nitrogen they

?ontain, although nitrate of potash is valuable also from the potash that
1t can supply to the plants.”

Eztract from page 29 of the Agricultural Ledger No. 8 (1897).

. “ The large out-turn from plot 11 (sugarcane) is possibly due to the
nitrogen in the superphosphate being in 3 more readily available form.
It will be observed that from boneg, the lowest out-turn is obtained ; then
a larger out-turn is obtained from bones and saltpetre, and bone supet-
phosphate—both containing more readily available nitrogen than in the
bones alone ; and the highest yield is obtained from the dissolved bones
and s?,ltpetre, in which the amount of readily available nitrogen was
the highest. In any case, the large amount of phosphoric acid has not
shown itself of any advantage.” ' |
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Eaztract paragraph 18, page 7, of the Agricultural Ledger No, 8 of 1898,

“ft has been proved by the Manjri experiments, which will be
referred to in detail further on, that certaln manures are more active
and effective for sugarcane than others ; and that, apparently, the most
important constituent of manures for sugarcane is nitrogen, in imme-
diately available condition, The experiments clearly indicated, if they
did not absolutely prove, 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 manure, 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 Dr. Voelcker's Report on the
% Improvement of Indian Agriculture” (Page 111),

“ Nitre, or saltpetre (npitrate 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
Provinces, 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.”



Comparative manure experiments with sugarcane,

Gross value

i i i Cost of cul- N
Manure. Date gf Gl Vg:;lgeh;e?f ?Zfé%h;e‘f Efg’:&g;aée v‘gﬁlﬁef ¢ Egrccﬁitatgoe (:'1;siv:l;iocl:l of outturn rehﬁtn REMARKS,
making. acre. acre. cane. acre. cane. | peracra. | peracre. | per acre.
1bs. Rs. a. Rs. Rs, a.

21 waterings with effluent—[16th to 21st} 94,160 | 68,184 7241 9,576 10-1 | 268 12 652 | 383 4 | Irrigated with efuent : 3 times in June,
equal fo approximately 26| April; and 4 times in July, once in August, twice
inches of rainfall, 8th to 11th ' in November, and 4 times in December

May. 1899 ; 4 times in January, and 3 times
in February 1900. Got also canal
water as required during the earlier and
later periods of growth.

25 tons of farm yard manure[18th io 21st} 73,764 | 57,624 722 8,304 104 | 348 15 582 | 234 1 | Irrigated 35 times during the year with
per acre. April ; and : canal water.

8th to 10th

May.

L) j .
25 tons of poudrette per|18th to 21st off 78,540 | 58,056 739 8,752 11'1 | 453 0 607 | 254 .0 Do, do. do.

acre,

April; and
8th to 10th
May.

J. A. MOLLISON,
Deputy Director of Agriculture.

ag



I—SERIES OF PLOTS.

 Comparative Manure and Irrigation experiments with various Fedder Crops, all sown, or planted, on 8th May, 1899,
except Utarli, which was sown on 22nd August,

. Cost of
i - Outturn per| moe) pergere | cultiva- Value of |4 retum
ré Crop. Date of harvesting. acztla1 mneé«.oh outturn, ﬁ:; £er Outt:;x;tex' perl o acre, REMARKS,
=
) . . Fodder valued at 150 lbs, per rupee, and readily saleable at that
B . 9.1 8160 Rs. a1 Rs. a. .RS‘ & price in Poona.* The crop Wuge irrigated with effluent 4 times
B (" |-30th June 189 =] 2% k before the 2nd cutting. No effluent was given between the 1gt
£ 5th Aug. 1899...1 7, 268 . of August and the 12th November. Plague was prevalent in
o %‘;g gz%’ }ggg g’aég ) ’ Poona City, and ca.seﬁ occurred fat gxe farfm ; ia)nd, asca pre-
- e ' : . , cautionary measure, the carting of effluent from Poona City was
»_BE Guinea grass,..{ { 9th Nov. 1899... 3,7980 {p 96,308 1 121 01375 6254 6 < _ stopped thporaril):. Two Wfterings with effluent were given
8 g o 24th Dec, 1899... 3'666 in November 1809, two in December 1899, three in January
"gs'oﬁﬁ 17“& ]ﬁeb. iggg 3’728 g 1900, three in February, three in March, and fourin April
=R E 2grh A ar. 1000 &5 1900. = Canal water was given when the effluent was stopped.
i 3 - L] 15th Apr. 1900... 652 1) 1t will be noticed that the crop responded with & good outturn,
= "é ' J L to the liberal application of effluent in the hot weather,
£ oo . 1 [ Fodder valued at 200 lbs, per rupee. Easily saleable in Poona at
5% [ | 19th July 1899...| 4,564 ) - 100 to 150 lbs, per rupee retail, The outturn results are ex-
e 7th Aug. 1899...| 9,576 tremely satisfactory, and there can be no doubt that the effluent
o 8 3rd Sept. 1899...| 7,364 ° is particularly suitable for Lucern. The crop got blighted in
g 30th Sept, 1899...1 7,952 April and May 1900, like the other comparative Lucern plots ;
2 2 g‘lmtﬂ got- iggg g.ggg | hencebthe dil}rllinis}:led outturn }hen. Eﬁh}frﬁt v(vias iven four
g2 | 21st Nov, 1899... ,964 ; times before the 2nd cutting, It was with-held, for reasons
Eg| Dweern et o5th Doo, 189971 8680 | ;102088 | 173 11 510 7 | 336 1243 siven above, from 6th Augiss o 11th Novembor, Two water.
b | 30th Jan. 1900...] 12,992 ! i ‘ ings were given in November, two in December 1899 ; and the
= 8rd Mar. 1900...| 12,152 effect of these applications is clearly indicated by the increased
A 23rd Mar. 1900...1 9,520 outturn in the subsequent cuttings, EfHuent was applied three
- 14th Apr. 1900...| 8,652 times in January, three times in February, three times in March
= L] 2nd May 1900...| 7,952 (] ; and four times in April 1900, Canal water was given, as ro-
. ; . quired, whon éhe effluent was stopped.

9¢



; the irrigation boing approximately

equal to 4 inches of rainfall,

Irrigated four times with the effluent

{ This fodder is valued at 250 lbs. per rupee, but would probably be
(13 10); (89 4)} (72 10){| oasily saleable at a dearer rate, Stalks very long and very fine.

30th June 1899...( 22,316
l Cut in full flower 53 days after sowing. The 2nd crop from

Sundhian Jowar. {

30th Aug. 1899...| 10,164 |: { 3115|120 14| 97 15 | the stubble shows that it would be better to sow fresh seed each
U time. Three to four crops could be got in the year.

| Sﬁlks coarser than Sundhia, and not worth so much as fodder ;
{ (22 0)((108 7) (86 7 valued at 300 lbs, per rupee. Took 88 days between seed timo

Nilwa Jowar ... and harvest. Cut when in flower, Three crops at most would

16th Oct. 1899...] 12,180 38 12{149 0110 4 be got in a year,

{An excellent fodder, equal in value at least to Nilwa, and maturos
(18 8)|(122 8)|(104 0)]| quickly. Cut 66 days after sowing. Valued at 300 lbs, per
¢ rupee. This fodder is very sweet, and has much leaf growth ;
34 0] 183 12 | 149 12 second crop satisfactory, but a fresh sowing each time would be

ghum, Amber
23rd Sept. 1899...| 18,368
[ better ; and three crops could easily be got in the year.

variety.

18th July 1899...| 34,188
95th Sept, 1899...] 20,522

American Sor-
ghum, Collier
variety.,

Was reaped 71 days after Sowing.. Other romarks as for the
Amber variety.

4th Aug, 1899...1 32,536 }

@1 2){a1z 0)| (92 14) t

American Sor—{ 13th July 1899...| 36,764
{ 40 11182 8| 142 7

(The Maize was a very heavy crop, which was reaped 66 days after
sowing. Stalks very coarse, fodder valued at 400 lbs, per
Ttadi ... .| 15th Juty 1899...| 51,57 } { @1 9l 0ol 7)4 ;1;&9:, and doubtful whether it would be readily saleable at that

59,192 ’

Maizo ...  ..| 8th Nov. 1899...| 7,616

64 11154 5] 90 4))m, Utarli, owing to the abnormal character of the season, got
' blighted, and was a poor crop ; and the cost of cultivation of this
[ crop exceeded the value of the out-turn. ‘

J. A. MOLLISON,
Deputy Director of Agriculture.



I

II—SERIES OF PLOTS.

Comparative manure and irrigation experiments with various fodder crops, all sown or planted on 8th May 1899, except U tarls,
which was sown on 22nd August 1899.

a Per acre Cost of Value of
. E Crop. Date of harvesting. Ou;?;n T°%"L£§§;":m ;\;Lh;:; 9“??&2 i‘:‘,’trl:::;n REMARES.
s cutting. acre. pe ’
Tbs. Ibs, Rs. a.| Rs., a. | Rs. a.
- Ist July 1899 .| 3,752 |
5th Aug, 1899 ...| 5,432 : ) :
2nd Sept. 1899 ...| 4,788 ( Irrigated 38 times with eapal water; natural rainfa]l deficient,
g 1st Oct. 1899 ..| 6,216 | and erop did not do as well as usual duoring the monsoon. Cat-
-2 |Guinea grass ...{ | 9th Nov. 1899 ..| 3,220 {% 28,582 | 155 5| 190 4| 34 15 |{ tings very poor in the hot weather. The plotis a striking con-
£ 24th Dec, 1899 ...] 1,400 | trast to the effluent plot .throughout the year, and especially so
& 18th Feb. 1900 ..| 1,402 Lin the hot weather, ' .
~ 23rd Mar. 1900 ...} 1,062
K 19th Apr, 1900 ..| 1,260 |J
Q
- ~ |19th July 1899 .. 38472 |
R Tth Aug. 1899 ..1 8,036
2, 3rd Sept. 1899 ..| 6,440 .
; 30!;h Sept. 1899 ...| 7,980 Irrigated 38 times with canal water ; oftener'than usual, owing
e L 24th Oct, 1899 ..| 7,168 . [to the scanty rainfall. Crop not equalto either the effiuent, or
g5 ucerne -4 [21st Nov. 1899 ..| 6,272 |% 74,620 | 257 13| 378 2| 115 5 <' the poudrette manured crop; but a full average crop for the
S% ggz}]: ?ec. 11080909 g,ggé | ]ioqna ]ilistriclzlt. Elight appeared to some extent in this plot, and
b an, 19 .| 8§ also in the other i i il s
2%, 52d Mar, 1000 | 1o ,L M 3000 er Lucerne plots under oxperiment,in April and
E - 23rd Mar, 1900 ...| 5,320 '
28 14th Apr, 1900 ...| 4,172
g E Znd May 1900 ..| 2,240 |{)

8¢



yard
nal

Irrigatod with ca

Each plot manured with 20 tons farm

Sundhai  Jowar.

Nilwa Jowar ...

American  Sor-
ghum, Amber
variety,

American  Sor-
~ ghum, Collier
variety.

Maize

Utarli

{
{
{
{

. (17th July 1899 ...

4th July 1899
31st Ang, 1899,..

6th Aug. 1899 ...

- 92nd Juty 1899...}

30th Sopt. 1899...

30th Sept. 1899...

8th Nov, 1899 ...

15th Oct. 1899 ...

25th July 1899 ...,

12,992
5,824

6,300

20,580

11,900/ }

16,688
12,460

17,724y
7,700] J

19,348
} 25,648

-’

18,816

) 29,148

L 25,424

52,480

62 6

68 13

67 1

67 15

96 2

85

108

97

69

15

12 14 N

16 10 | |

oooooo

A heavy dressing of farmyard manure, with canal irrigation,

gave comparatively poor results. The plot on which Utarli
\ , followed Maize, was cultivated at a loss, The Utarli was,
however, blighted ; owing to the abnormal character of the

§eason.

J. A. MOLLISON,
Deputy Direclor of Agriculture.

69



III.—SERIES OF PLOTS.

Comparative manure and wrrigation experiments with various fodder crops; all sown, or planted, on 8tk May ;
which was sown on 22nd August,

except Ularli,

& Per acre Cost of cul Value of
I T L el L e R Bewsacs
i cutting. " | P I
~ 1 lbs. Ibs, | Rs. o | BRs. a.| Rs, a.
(| 2nd July 1849... 040 1y T
5th iug 189.?) 334(54 ! _ Irrigated 88 times with canal water, The heavy application of
- 3rd Sept: 1899...] 0,128 i poudrette was very costly : hence the cost of cultivation exceeds
2 1st Oct. 1899..| 7,280 % ’ the valuo of the out-turn. The season was abnormal ; with
2 | Guinea grass ...{ | 9th Nov. 1899...0 3,500 | + 39,900 | 276 10 | 266 0] s more rain, the crop would have thriven better, The yield
B 24th Dec, 1899...] 1458 o rapidly declined, as wsual, in the hot weather. The effiuent
18th Feb. 1900...[ 1,260 | ) ' plot, howover, maintained its yield at this season; and the com-
g 28rd Mar. 1900...| 1,120 parative plots were a striking contrast. '
= U|19th Apr. 1900...| 1.652 |J o
g
= [119th July 1899...[ 6,188 ,
- Tth Aug. 1899...| 12,096 o : .
5 3rd Sept. 1809... 8,843 (Irrigated with canal water 38 Hmes. There was little to choose
f‘g‘ 30th ,, 1899... 9,940 ‘ _ botween this, and the comparative effluent plot, until the hot
- J 25th Oct, 1899...| 8232 ' s : weather set in, and the applications of the offiuent were
.2 | Lucerne =4 |218t Nov, 1899...1 8260 | > 96,180 | 832 15 430 14 | 147 15 |X  incronsed, when the offluent plot showed clearly botter rosults.
=L 25th Dec, 1899...| 9,884 ‘ f In April and May this plot, like the others, unfortunately got
<2 80th Jan, 1900... 10,248 . somewhat blighted, If the manurial results are compared, then
=R 8rd Mar, 1900...[ 8,484 | the effluent applied . was, in concparison with the poudrotte,
ey 23rd  ,,  1900..| 6,020 L worth over Bs. 200 por acre.
5% 14th Apr. 1900,.. 5,180 '
=E LI 20d May 1900..] 2,800 1) J

09



anal

with ¢

Ench plot monured with 20 tons of poudrette per

Sundhia Jowar {

Nilwa Jowar «{

A Y

American Sorghum

Amber variety ...

American Sorghum

Collier variety

Maize e

Utarli.

7th July
31st Anug,

5th Aug.
12th Oct.

21st July

27th Sept.

24th July

.| 28th Sept,

16th July
9th Nov.

1899...
1899...

1899...
1899...

1599...
1899...

1894 .
1899...

1899...
1899...

21,980
8,932

32,760
9,296

34,076
18,088

33,460
18,732

35,070
8,988

80,912

42,056

52,164

52,192

44,058

190 5

137 ©

193 13

194 2

220 8

123 10

140 2

173 14

173 15

117 10

These figures show that in no case are the out-turn results so good
as in the effluent plots. The effect of the poudrette was, of
course, not nearly exhausted by the first crops, and the 2nd

> irrigation during the year : hence the heavy application of
poudrette. The abnormal character of the season made this
impossible. The cold weather crops got blighted on each
geries of plots so badly that they were grubbed up. The hot
weather crops were also blighted : a result very common this
year through the whole Presidency. .

cuttings. The intention was to take three or four erops under .

J. A. MOLLISON,
Deputy Director of Agriculture.

19
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APPENDIX C.

Poona Sewerage Scheme.

GENERAL ABSTACT.

1;?3_1 Eggrg_mp Ttems Amounts,
1-11 1 |Laying Stoneware Pipe, and Moulded Cement Concrete
BOWOrS ... ver - 4,84,971
12 2 1964 Ordinary Manholes ... v e e wj 98,485
13 3 |105 Flushing Manholes .. . 12,607
13 4 8 Automatic Flushing Tanks .. e 20,815
14 5 |1 Deo. 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 ]aymtr 6,760
1 8 |Cast Iron Pipes for the Air Mains, including laymg  ...] 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, depths
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 35,000
18-19 | 13 |[House Connections ver oo L 1,95,000

Four-fifihs of the cost of :—

20 | 14 [s—Engine House ve e 28,614
21-22 | 15 b—(‘lumney Shaft and Economiser ... 7,078
16 |e—Engines and Pumping Machinery complete e - 2,832,000
23 { 17 |d—Balancing Tank Sewer, and Emergency Outlet 26,731
24} 18 |e—Engineer's Quarters ... 5,259
25 | 19 |f~Outhouses for Do. ... 2,444
26 ] 20 |¢—KEngine Driver's Quarters ... 2,063

27 { 21 |h—Barrack for Firemen, Oilers, &c. ... . 5,812

28 | 22 i—Constructing a Macerating Tank on the R151ng Main 81,955
28-33 | 23 |j—=Steel Rising Mamn ... .| 4,00,000
24 [k—Land Compensation for Pumpmg Statmn, g .. 6,400

Total ...J 18,69,990

Add

Establishment, and Tools and Plant, at 4 per cent ...J] 74,800

Contmaencles, at 5 per cent ... oo - 93,499

Cost of land for Efuent Farm ... .o o ] 4,00,000
Buildings, &c., for Do, 20,000
Vorkmg Capxtal for Deo. ...} 60,000

e ————

Grand Total ...| 25,18,289

Conversion of Privies into W, (s, 4,54,223

-
J. C. POTTINGER, Mm.1cC.E, o
Sanitary Engineer and Member kR

of the Sanitary Beard.
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APPENDIX D.
Poona Sewerage.

ProsaBLE PERIODS oF EXPENDITURE,

e ot
Tupees.
1st Year. Ra.

Estaplishment, and Tools and Plant ... s 30
Machinery ... ore sor vee 215
Stoneware Pipes e ‘e aes . 228
Manholes, and Flushing Tanks (fittings, &e.) - 68
Sewage and Air Mains o e 16
Steol Main ... v e w] 228
House Connections (fittings, &c.) 130
Laying Sewers e e " 50
Ergine House and Quarters ... o ove - wel - 20
Balancing Tank Sewer 12
Land Compensation ... .. e e 6

Total . .| 10,00

2nd Year,
Establishment, and Tools and Plant | 25
Machinery ... . o o 150
Tire-bricks, and Fire-clay o 5
Chimney and Economiser ... e e . 2
W. C. Fittings 310
Public Latrine  do, e .o . 13
Steel Main ... - e aee 159
Manholes, and Flushing Tanks " el e e 317
Sewage and Air Mains vos 2
Ejector Stations ... .. i wh e e 9
House Connections ... o o 40
Effluent Farm e o e am 400
Engine House, and Quarters e e e e 20
Macerating Tank ... . e 32

Carried over  ...| 11,95
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APPENDIX D.==concld.

) Year. o tﬁczg::;;gf
Rupees.
Brought forward ..} 11,95
2nd Year.—contd.
Balancing Tank Sewer . 15
Laying Sewers e vos o e 150
Contingencies... ... - e e aed 40
Total ... —_1-;:(-)5—_“
3rd Year.
Establishment, and Tools and Plant .., e s - 20
Machinery ... . e - 38
Laying Sewers - 65
» Manholes, and Flushing Tanks s - - 29
House Connections e e v e 25
Public Latrines - 38
Engine House, and Quarters oee " crs e . 4
Laying Steel Main .,. ‘on s 25
Construction of Water Closets ... e - vr 144
Macerating Tank ... - - 50
‘Working Capital for Farm ... v e e e v 60
Farm Buildings v e e e - e 20
Contingencies v me e e 54
| 5,72
Recapitulation.
i Year. Amount.
Rs,
PR 1.1
3rd b e ee ] 572,000,
Total ... '_2;,72,000.

- Of which, about 18} lakhs will be for English materials and fittings,

J. C. POTTINGER, M.IcC.E,
Sanitary Engineer and Member
of the Sanitary Board.
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APPENDIX E.

'POOna. City Water Supply Improvements.

GENERAL ABSTRACT.

i}zfl -Estéx:hte Ttems. Amounts.
Rs.
2 1 |Continuous Flow Settling Tank - of 2,13,687
3 2 |High Level Reservoirs, with Foundation  Blocks for
Engines and Pumps in one of the two Towers, and
a separate Boiler House 74;254
3 |Engines and Pumps—Machinery complete, with W, I.
Ghimney Shaft . ses (113 (11} ass 885000
A 4 |Additions and Alterations to the two existing circular
Settling Tanks, for converting them into Sumphs ;
and the 18" Stoneware Pipe Inlet from the new
Settling Tank ... .o o] 20,375
5] 5 |Engine Driver’s.Quarters e ane 3,135
6 6 |Barrack for Firemen, OQilers, &, s - 4,018
1 7 |Cast Iron Pipes for the new Mains, as per statement E.| 2,75,563
1 8 |Sluice Valves for the new Mains, as per statement F ... 10,787
1 9 |Fire Hydrants for the new Mains, as per statement G ... 3,220
1 10 |Removing, and relaying in other positions, portions of|
o the existing pipes, vide statement C .,. ... .. 18,750
7-9 11 {Horizontal Pipe Services, to be substituted for the exist-| -
ing Dipping Cisterns, vide Statement H, . e 18457
10| 12 |Providing New Cattle Troughs, vide Statement J. ... 8,925
Total 7,384,101
Add
Contingencies at 5 per cent, o poo 36,709
" Land Compensation oo . 9,100
Grand Total 7,80,000

J. 0. POTTINGER, ¥,10.E,

Sanitary Engineer and Member
of the Sanitary Board,
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APPENDIX F,

. Poong Wa.fer Supply Improvements.

ProBaBLE PERIODS OF EXPENDITURE.

Amounts in_
Year. Thousands of
rupees.
1st Year. Rs.
Settling Tank . ... e s ver e ans 124
High Level Tanks, &o e 68
Machinery, &, ... e . 80
Altering old Circular Tanks . . . 20
Quarters for Engine Room Staff... . . F
Cast Iron Pipes ... - 256
Sluice Valves oes . .- . 10
Hydrants ... e s . ” . 3
Pipe Services ... . . - ves 7
Cattle Troughs ... o . . . . 4
Contingencies - ... . vew . . 16
Land Compensation . . s . 9
Total 600
2nd Year.
Settling Tank ... eee ver wee wee w . . 90
High Level Tanks, &c. ... . - cor . . 6
Machinery, &e. ... ves 8
Quarters for Engine Room Staff . e o 4
Cast Iron Pipes ... - N . 20
Sluice Valves and Hydrants . . s 1
Removing, and relaying, existing plpes o e e 19
Pipe Services . 7
Cattle Troughs ... e e ® 5
Contingencies °* ... ves 20
Total 180
RECAPITULATION,
Year. Amount Rupees,
1st Year ... 6,00,000
2nd 4, e .| 1,80,000
Total Rs. 7,80,000

Of which, about 4% lakhs will be for English material}s and fittings,

J. C. POTTINGER, M.LC.E,

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

BEfffuent Farm. .

NET REVENUE,

"Seo 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 Ras. 300

LXT ]

100 Acres Lucerne, at Rs, 300 ...

e

300 Acres Fodder Crops, under the Canal,
year ; at Rs, 200 ...

600 Acres Fodder Crops on the high land,
monsoon : at Rs, 70 ...

e sne

2nd Year.

As above ...

e sea aee e

275 Acres extra, Sugarcane, at Rs, 300

3 crops in the

sen L12] see

only during the

Total

dee see avs

Total ...

FARM PERMANENT ESTABLISHMENT,

Manager, at Rs. 350 per month (pars, 72)
Pension. Fund for ditto, at Rs, 55 ditto
Clerk and Accountant, at Rs, 35  ditto

Overseer at Rs, 50 ditto

ohs sem

Contingencies, at Rs, 10 ditto ...

ase
ves

Total

Ra.

82,500
30,000

60,000

42,000

—

2,14,500

B a——

2,14,500
82,500
2,97,000

s sy

4,200
660
420
600
120

6,000

;I:,

}

Sayitary Engineer and Member

C. POTTINGER, uM.1,.E,

; of the Sanitary Board.
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APPENDIX H.
Loans .Re_quir,ed.

. SEWERAGE,
Rs,
1st Year—
Works . e ooe sey Y ros voy . e eoe 10,00,000
Totale,  w.|  10,00,000
2nd Year—
‘Works oo ve 14,00,000
Interest at 5 per cent. and kamg Fond for 30 years, on abont
three-fourths of the 1st year’s expenditure .o .. .. * 50,000
Total... oo 14,50,000
3rd Year— _
Works T Y wes see see 5,72,000
Interest and Sinking Fund on 1st year %5 exponditure ... .. 65,000
Do. do. on about three-fourths of 2nd year's
expenditure - 83,000
Total... - 7,20,000
dth Year—
Interest and Sinking Fund on total of 3 years . ... 2,06,0600 -
Water SuprLy,
1st Year—
WOl'kS ey ret pee (L1} (4] LLL] ewa 6,00,.000
Tatal.e o 6,00,000
2nd Year—e '
Works e e \ 1,80,000
Interest at 5 per cent. and Smkmg Fund £ for 20 years, on about
" two-thirds of the 1st year's expenditure... .., .. 40,000
- Total.,. . 2,20,000
3rd Year— |
- Interest and Sinking Fund on above totals e . . 66,000
Charge for extra water (para. 96) ... .y . - 25,000
Total--. e 91,000
4th Year—
Interest and Smkmg Fund on above totals e sue - 75,300
Oharge for extra water ... vy ees e e . 25,000
Total... o 1,00,300
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APPENDIX H.—concld.

REecapriTuLATION.
X 1 IIncludtingd
. I .
Yo WOrke MY | g akimg Fand,
Rs. Rs,
1st Year.— .
Sewerage . " . 10,00,000 10,00,000
Water-supply aes 6,00,000 6,00,000
2ﬂd Yea’l‘.—- ‘
Sewel‘ﬂge (X1 LYY Ll avs [T13 (127 14’00’000 14’50,000
' Water—-supply s . . = 1,80,000 2,20,000
3n'l‘ Year—
Sewel‘ﬂ.ge asw (L1 ] (1] aw oo 5,72,000 7,20,000
Wnter-stlpply .98 (114 - ae e [TINTTY 91,000
4th Year.—
Sewerage ... . e s 2,06,000
Water-supply - o] eeeeen 1,00,300
5th Year.—
Interest at 5 per cent., and Sinking Fund for
25 years, on Rs, 92,437 ; being the estimated
deficit at end of 5th year e T ae teres 6,559
Grand Total... Rs, 37,52,000 43,93,859

J. C. POTTINGER, ».1c.E.,
Sanitary Engineer and Member 7
of the Samtary Board,
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APPENDIX I
Profit and Loss,

Arrer THE 4TH YEAR.

Debit of 5th Year—

Interest and Sinking Fund on total of Sewerage, 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 Fand on cost of Séwage 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 (pa'ra. 96)

Total
Credit of dth Year—
Net Revenue from fnrm in 1st year -
Saving of loss on present poudrette system -
\f‘ Yearly charge for water closets
' Saving of cost of the present Water-supply system e
Total
Net loss

SuBSEQUENT YEARs.

Yearly ;icbit-- , E -

f' “. . LAl ) N

As for 5th year : R AR . .

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

Interest and Sinking Fund oﬁ deficit of 5th year (Rs, 92,437) ...
. Total
 Yearly credit—
As for 5th year ... e
Not profit on 275 extra acres of sugarcane

Total

Final extra texation required after the 5th year ...

Rs.
2,19,609
81,123

6,000
49,000
7,000
25,000

—

3,87,732

2,14,500
40,000
36,705

4,000

2,95,295

93,437

3,83,399

2,95,295

82,500

8,77,795

12,228

J. C. POTTINGER, a.LC.E,

Sanitary Engineer and Memler
of the Sanitary Board.



