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PROSPECTIVE OF SANFTATION IN THE DECADE (1$81-90)

.S.R. MEI;DIRATTA* - - ] _ ,ﬁ,:llw;

-~ R L P - —

INTRODUCTION ' ) i

-Sanitation is a way of life. It is “the quallty of
11Vlng that finds expression in clear homes, clean neighe-
bourhoods and in a clean community. There is no better
8ign of civilization and culture, A good and well maine
tained drain reflects the culture as much as a beautiful
statu., Environmental Sanitation is the control of all
the factor's in human being's physical environment which
exercise an adverse effect on his physical and mental.
“'deVrelopment , health and survival, Human excreta are the
principal Vehlcle for the transmission and spread of a wide

_ range of GCommuricable diseases., 4 large number of diseases

- are spread dirdetly through man's contanct with human
_excrement, indirectly via water food and soil or via carriers
like flies, mosquitess and cockroaches, It is estimated

that 1760 million manhours are lost every year due to

people made unfit by communicable diseases and our nation

is loosing about Rs, 4500 million per year on account of
treatment, purchase of medicine and 1ldi8s of production.
“Invarigbly it is the poor who suffer the most from the

" absence of sahitation, becausc they lack not only the means
to provide for guch facilities but also information ‘on how to!
minimize the ill éffécts o6 theé insanitary cdiditions in which
. They live. As a result, the weakening effects of insanitary
living conditions lower the productivity of the very people
who can least afford it,

e

‘2. MAGNITUDE QF THE PROBLEM:

As per the data collected by the W.H D. in 1977 only
32% of the population in developlng countries have adequate
ﬁﬂnlta%ion services; that is, about 630 million out of 1700
m;llion people. The level of coverage in India in urban
. semitation as ot 1,4.80 is 27% that is, about 39 million
out of 144 million people are provided with sanitation
facllltles An urban areas. BEven in urban towns where the
"urban’ seweragd facilities exist now only a part.of sewerage
is treated and the balance is partlally ‘“treated and led on
to land for agricultural purposes or dischanged into water
COurseg.‘ The rural Sanitation ‘has been the most neglected
5o’ far, The level oFf coverage in India in rural sanitation
"as on 1.4.80 is, 2% that is, about 10 million people out of
" 516 million people are provided w1th sabltatlon fac111ties
in rufal areas.”"“

..'*1"-’;" a- N Fx- r),,,‘, T !_T‘ :"" e

In Rajasthan Sewerage’ system'ﬁave Eeen extended malnly

to two urban towns (Jaipur_ and Jodhpur) covering about 20%

. of the population in these two cities or about 5% of total
. utban population, much below All-India average (of 27%).
The bulk of the urban ‘population in the state rely on
‘conservancy sysfem of have o senitary facilities &t all,
Sanltary ¢onditions, particularly in congested urban areas,
are seveéig aflld are gteadily deteriorating., In rural areas
of the staté no saditary facilities have been provided as

far and people use opén fields for defeciation.
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3. SERVICE lEVEL GOALS o .

The United Nations General Assembly 1aunohed the
International Drinking Water Supply a nd Sanitation Decade
(1981=90) at a special meeting on 10th November,1980, The
following targets of covergge have been fixed for the Decade
in our country,

i) _Urban Water Supply 100% of the p0pu1ation to be

N B T r% r—,nL-f; S oA Covered by March 19?1 . i
ii) Rural Water Supply ~do- oz e
1ii)Urban Sanitatiop 100%. population to bq covered

e g P ~+.:in respect of class I cities
Do cp=tzmr -+ -cand 508 in respect of class II
e . mc 3 o4 -end other towns, Overall

S .. :<- ,coveprage in each State_should

S R A S -1 _“; "be 80% of the urban population

R « . ::..by means of sewerage or simple

i v T sanltary methods of dlsposal.
e %L )

-iv) Rural Sanitation " 25% of the pOpulation to be

- covered with sanitary toilets,

Durlng the decade, 1t 1s proposed to cover all the
class 1 cities (population more than one lac) with sewerage
and sewage treatment plant facilities. Even this task appears
‘to be gigwntic one since it requires a lot of funds. It is,
therefore, necessary to think in terms of providing low cost
sanitation facilities such as water-segl toilets followed
by septlc tank/seak pits to gcertain percentage of population
living in the sub-urbah end fringe areas of all the class I
cities for the time beings The total estimated requirement
of funds for the country for Decade Programme is Rs.2590
crores and Rs, 1584 crores for urban sanitation and rural
sanitation respectlvely.

- For RaJasthan the requlrement of funds for decade is
ﬁ'Rs. 192 crores and Rs, 42 crores for Urban Sanitation and
_Rural Sanitatlion respectively. It is proposed %o cover 3.31
.- million population of all the class I towns with sewWerage
system and sewage treatment plants, It is also proposed to
cover 3,84 million population in the remaining towns by pro=
viding low cost sanitation facilities such as water seal
1atr1nes and public latrines.,

- - Lo LRI

¥

T T5 explore the p0551b111ty of evelving a safe and
suitable low cost sanitation system for our urban areas
partioularly those with a population less than 1 lac the
" Government of India had requested the U,N.D,P. to assist
in the preparation of feasibility studies for providing low
cost pourflush latrines. The U.,N.D.P, agreed to do so and,

-in the first phase of project, 7 states (Assam, Bihar, Gujarat,
. Maharashtra, Rajasthan, Tamil Nadu and Utter Pradesh) were
included coverlng of 110 towns in these states, The feasi-
Ppility studies in respect of phase T of the project have since
been prepared., For Rajasthan to cover 3.8 lac population #
crores. Extrapobation of this amount to all the class II and
III towns in the state gives an overall investment need of
.Rs, 27 crores (1980 primes). Allowing for inflation and the
increase in population during the implementation period, the
requirements upto 1990 may be about Rs, 40 ¢rores, A provision
. of Rss 14,40 crores have been made for urban sewerage 'ad
Rs, 2,00 crores for conversion & dry latrines into water
- seal ;atrlnes in 15 toWns during the VIth plan period.

* of 15 towns the requirement of fund is estimated tn R~ 3 8
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In" rural areas it ‘has been proposed to provide low cost
water seal.latrines to 8.33 million population during the
.decade (1981-=90). The estimated cost is Rs. 42 crores. During
the VIth plan period no provision has been made for rural
" sanitation and it is proposed to carryout this work during
the VIIth. plan period

r o

J;niié. THE CONSTRAINTS
R U
‘The primary constraints to the successful provision
“of sanitation facilithkes in developing countries are the
lack of funds, the lack of trained personnel, and the lack
of knowledge about acceptable alternative technologies. The
per capita cost for sewerage alone range from Rs. 300 to
Rs. 1000, which is totally beyond the ability of the benefi=-
Ciaries to pay.
In industrialized countries, the standard solution for
- the sanitary dispozal of human excreta is water borne sewerage,
Water borne sewerage is designed to satisfy convenvience and
- -+ - .<local envirommental, rather than health, requirements, It is
not designed to maximize health benefits and is far from an
==~ - ~optimal envirommental solution (as developed countries today
are discovering), There is a need to reopen the question of
appropriate sanitation technologies for developing countries,

A major effort is needed to identify and develop
alternative sanitation technologies appropriate to local
conditions in developing countries and designed to improve
health rather than raise standard of user convenience, The
solutions must be acceptable to the user and reflect community
preferences if they are to find accevtance.

5. SANITATION TECHNOLOGIES

. . -.The water supply service levels 1nfluence, often very
e strongly, the choice of sanitation technodogy and the options
for sullage disposal. There are basically three leVels of

Water supply service in urban are as : T

i) Public Standpipes
ii)  Yard taps
iii) Multiple taps in house connections
The table I given below shows the typical water
consumption figures and the options available for sanitation
- and sullage disposal for each level of serVice.

LI Y 3 I I-‘-A“-L RN - e R Lo L B r‘l

¥A84E——I
-WATER SUPPLY SERVICE IEVELS VIS-AHVIS OPTIONS FOR

ST Water ST A yplcal*water ‘oQtiohs Tor Oﬁtjons Tor
No. Service Level Consumption excrgta dise Sullage

in litres per posal : disposal
- capita per day,
| ° ' _ 2. : ;o - 40 5
1, Standpipes 20 to 40 ; Pit latrines .
_ - X ii) Pourflush Soakage

Toilets, Pits.
- iii) Vault tOilets :

hY P -



Table- I(Contds) b =

}

1 [] 2 - ? o . 4._ 5 (2
2, Yard taps 50 to 100 i) Plt 1atr1nes 1) Soakage
- pitse.
ii) Pourflush ii) Storm water
toiletsii drains,
iii) Vault ill) Sewerage o
toilets Pourflush
~ toilets
iv) Sewered pour -iv) Septic tanks
. o - . flush toilets ..
| | v) Septlc tanks
3, Multiple tap $100 i) Sewered pour i) Sewered pour
inhouse flush t011ets flush toilets
ions, . .
connections ii) Septic tank ii) Septic tank
- iii) Conventlonal iii) Conventional
sewerage -Sewerage. ’
NOTE: i) The optiohe listed in the above table are not
in any order of preferepee. 7
11) Pour-flush toilets and valut toilets are

pit latrine is an excellent solution to the

excreta disposal. The bucket latrine system can be used as

feasible for standpIpes only if sufficient
water is carried home for flushing,

In rural areas where the water supply is existlng the
alternatives mentioned at S.No, 1 in Table I can be adopted
for excreta and sullage disposal, In the villages where no
water supply is existing the pit latrines and the compost
latrines are most suitable., The compost latrines can be used
under the most difficult soil and ground water conditions,
Where the soil and ground water conditions are all right the

problems of

-+

a short term measure and in long term they should be replaced A.
by some other sanitation facility. -

6.

from the following angles and the final decision should be

TECHNOLOGY SELECTION-

[

After meking the tentative selection of the most
appropriate technodogy from the Table I it should be examined

taken s

i) Is the technology socially acceptable ? Can it be main-
tained by the user or xk by the municipality ? Are
municipal support services required ? Can they be made -
avallable ? N -

ii) Is the technology politically acceptable ?

iii) Are the beneficiaries willing to pay the full cost of
the proposed facility ? If not, are user subsides
(Grant or loan) available ?

iv) Is it consistent with current housing and water

development plants ?

ol
'



5

v) Are the necessary raw materials are locally available ?
: Can selfhelp labour be used ? Are training programmes
required ? .
vi) Can the existing system, if any, be upgraded in any
better way than providing for new system ?

vii) What is the potential for reuse ? If low, would the
adoption of a techmnology with higher reuse potential
B Jbe economlcally justlflable ?

'viii) If theé selected technology can not deal with sullage
_ what facilities ' for sullage are required ? Is the
amount of sullage water so low or could be reduced,
50 as to perclude the need for sullage disposal
facilities ?

CONCLUSION:

In order that the huge invéstments that are made on
sanitation programme become more effective it is necessary
to creata awaraness, interest and motivate people to accept
use ‘and maintain the facilities provided for. The health
education programme in samller communities is very essential
for acceptance-and proper use of sanitation facilities. 8
Several hecalth benefits can only be expected to occur if
latrines are properly used and maintained. Unless the
people come to have some new understandings of the health
hazards associated with the improper excreta disposals

" and measures that can be taken to avoid them, the purpose

of providing senitation facilities will not be achleved.
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EVALUATION OF PERFORMANCE OF SEWAGE FARMS
A CASE STUDY OF TIRUPATI MUNICIPAL SEWAGE FARM

*
B. Kotaiah

INTRODUCTION.

Sewage-farming is widely practiced as a low=cost
method of community wastewater disposal by many municipalities
in India, There are more than 132 organised sewage farms in
India and many more are in planning stage (Sastry, 1975).
Although such sewage farms are in operation for many years,
there is not much documented evidence how ad equate a sewage
farm is as a treatment system for the removal of nutrients,
organic matter, suspended solids, and a variety of micro-

- organisms including pathogenic types as well as viruses, by
physical, chemical and biological retention mechanisms,

. Inaddequate removal of pollutants by soil and plant
system may release the pollutants into the surface and
groundwaters and contribute to enrichment and subsequent
eutrophication, Thus in the absence of the comprehensive
data on the capacity of the sewage farms to fix and store
wastewater constituents for use by plants and microorganisms,
- it becomes necessary to evaluate or assess the sewage farms
for their effectiveness as a treatment system, A short temm
investigation (March 1981 to August 1982) has been undertaken
by the author on municipal sewage farm of Tirupati. The major
objectives of the present investigations are (1) to compute
the reduction of various wastewater constituents upon disposal
by soil and plant _system, (ii) to ascertain the change of
physicochemical characteristics of the sewage farm soils due
to the longterm disposal of wastewater and change of ground
water quality in the nearby wells of the sewage farm against
the background levels,and (iii) to understand the crop pro-
duction capabilities of the sewage farm and also other
nuisance factors that exist in the sewage farm,

SITE DESCRIPTION AND OPERATING
CONDITIONS

Tirupati municipal sewage farm, 6.67 hectares in
area, has been in continuous operation since 1958, An
under@rainage system which collects the water that perco=-
lates through the soil is installed at a depth of 1.5 m
below the soil surface, The water collected in all the
drainage pipes is discharged into a collection channel of
1.2 m wide and 1.5 m depth, There are 22 plots in the sewage
farm of each having a size of 115m x 20m to 150m x 20m, The
farm is leased to local farmers who irrigate all the year-
round and raise various crops using surface flooding. The
schedule of application of wastewater is one day application
and six days resting. The topography of the area has %h
0.01% uniform slope towards the collection channel. e
soils profile is dominated by granular-blocky structure for
the top one meter depth, followed by prismatic-blocky
structure for the subsequent depths. The groundwater flow
is from North-West to South-East (Reddy, 1982). The depth
of the ground water table is approximately 7.8m below the
soil surface., The evapotranspiration at the site is approxi-
mately 1.0 m/year which is twice the mean annual rainfmll
in Tirupati region. The wind direction is West to East for
the majority of the days in a yecar, Site location and lay-
out of the sewage farm are presented in fig, 1 and 2,
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SAMPLING AD ANALYSIS
Quantity of wastewater entering and leaving the

Bewage farm was estimated by float method for a period of one
month at hourly intervals, -

i " Composite samples of waste water from influent
channel and collecting channel were collected biweekly for
an~lysis for a period of three manths, The parameters
analyzed were pH, EC, SS, BOD, and various forms of nitrogen
and phosphate, The analytical methods were based on
standard methods (1965), : -

.. So0il samples at each plot' and background soil samples
(outside sewage farm) at six locations were collected upto a
depth of 45 cms randomly and analyzed for pH, bulk density,
EC, organic matter, nitrogen, phosphate, SAR, CEC and per-
meability according to the procedures given in Analytical
Agricultural Chemistry (Chopra and Kanwar, 1976), Soil
LChemical Anal'ysis (Jackson, 1967), Diagnosis and Improvement
of Saline Alkaline Soil (U,S. Salinity Laboratory Staff,1954).

Ground water from two wells of 18m, and 30m distance
from the sewage farm and selected wells of Tirupati town were
collected and analysed for pH, EC, TS, DO, alkalinity, '
hardness, chloride, sulphate, phosphate and nitrate according
to the standard methods (1965);‘ .- '

All results were statistically analysed for mean and’
standard deviation, : .

RESULTS AND DISCUSSION

The average quantity of wastewater entering and

~ leaving the sewage farm is 2200000 and 44000 litre/day
respectively, This indicates that only 2% of the water is
leaving sewage farm into the drainage channel and remaining
98% of water is percolating into the ground water table, The
The rate of application of wasStewater is calculated based
on the availability of land for apglication and quantity of
wasterwater entering into the field to be 20 cm/week with

an operation schedule of 1 day application and 6 days
resting,

. ,  The physical and chemical. characteristics of influent
and percolated water are presented in table 1., Based upon the
influent wastewater characteristics, the approximate loadings
of BOD, suspended solids, nitrogen and phosphate are 17,600,
15,400, 3.520 and 1,120 Kg/hectare. year respectively. These
loadings are very much higher for all types of soils as

- recommended by some researchers (Loehr et al., 1979).

-7 A comparison of the chemical characteristics of influ-
ent and percolated water indicates that there is a reduction of
78, 85, 58, and 68% of BOD, suspended solids, total nitrogen,
and phosphate respectively. There is an increase of 1250% of
nitrate~nitrogen in the percolated water indicating that the
nitrogen content of the influent is nitrified during its
percolation through the soil system. The slight decrease of
pH in the percolated water may be attributed to the carbon
dioxide &nd organic acids which are produced by biological
processesa.
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Shysical ang,

Teble= I

chenical charecteristics of influent and percolated water

, Iniluent L Percolated water _
S1.No, Characteristic Range Average S,.D. Range Average SeDe ,
1. pH 7 0=7.2 71 0.2 6.8=7.0 6.9 0.68
2, BC ( Mmhoc/cm) 1660-2140 1950 21 1720-2420 1986 U6
3+ Suspended solids 140-186 160 22 26=48 28 32 L
' 4, 'BODs at 20°C 148=235 182 30~68 40 20 |
5. Total nitrogen Amlum, 28 26 T 6,8=13,2 11.8 17
Orgenic nitrogen 4,6=8,1 6.2 5.6 3.2=4,8 3kt 24
Ammonia nitrcgen 11 42=26,2 18,6 9,8 1¢8=5.8 3.2 6.8
Nitrate~nitrcgen 0,6=1,2 0.8 2.2 10e2=14,2 10.86 12
6. Total phcsphate , 10,6=15,.8 14,3 14,8 3.7=5.8 4,6 745
,  Orgenic phosphate 2,6=b,4 2.9 4. 18242 2,0 - 3.1 b
"Inorgeunic phosphate 8el=13,2 11,8° 8.8 346-44,2 3.18 2.8

i

Bl

i

4

-

L all values are in mg/1 except where noted.

i
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TABLE= IT

Physical and chemical characteristics of sewage farm soils and background soils

- 5115 of sewage farm : Background soils
g9,No, Characteristic Range Average  SeDe. Range Average S.D,
1% pH ) 6.8-~7.0 6.85 0,16 7o 4=7.8 7.62 - . 1.8
2, Bulk ambmud<ﬁmosuv 1e24=1.32 - L 1.28 5.6 1.53=1,68 1.59 3.8
3. EC( mmboc/cn) 2650=3120 - 2950 13.8 1250~-1480 1380 849
b, Organic matter(%) 3.48-8.6 .6.,8 = 18,2 1.86-2,0 1.90 2.6
"5, Njtrogen(%) - TJ12-1.23 1.8 6.0 0e21=0,36 0.29 6.2
u”mb wsomﬂku.m..ﬁmAW&V O.\_W’Oo\_.ﬂ , OOAm N‘m 0.0@D‘0.0@.N Ooomm moA
.L...No Omoﬂﬂpmm\sdoo,mv W@'Wmom, D.@om ,AQP,m \_moN.l_Nb..m Amob. . \_o.m ‘_
8, Sodium adsorption 10.8-12,2 11.8 2.2 1e40=3,2 1.50 4,25
W ratio ’ :
. s ’ .IN lN - -
.9, Permeability(cm/sec) 7.5-9»5%10 8x1x10 Eols u,.\_uu.mx\_o\_ 3.18x10 1 1.8
3 - s t _ _
AR e e h A
3 ST EE k ; : o ‘ ! | - x
[l J n_ l. ) ,. ) .._. M.... | I - L a _ _ L“
: o . - R ! & ) ﬁ o
Dot ' P ¥ , ) : 5 )
R 5. . : , .
O S - E , ;
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The physical and chemical characteristics of sewage
farm soils and background soils (outside sewage farm) are

presented in table 1II, The results indicate that due to the

long term sewage farming, the physical and chemical charac-

teristics of so0il are changed compared with the background

soils. The electrical conductivity, organic matter, nitro-
gen, phosphate, cation exchange capacity and sodium adsorp=-
tion ratio are increased from 1.380 to 2.950 millimhos/cm,
1.98 to 6,8%, 0.29 to 1.18%, 0.086 to 0.,16%, 18.4 to 49.6
meq/100g, and 1.5 to 11,8 respectively., The average pH

of the soil, bulk density, and permeability are decreased
from 7.75 to 6,85, 4,59 to 1.28 g/cece, 0.318 to 0,081
cm/sec respectiwly. The physical and chemical changes in
the sewage farm soil cen be felated to the capacity of the
soil to filter, adsorb or precipitate the various pollu=-
tants from the wastewater. ‘

Ground water quality of the nearby wells of the
sewage farm located at 18m up and 30m down the groundwater
flow gradient in the area of the sewage farm, and ground
water quality of Tirupati town are shown in table IITI,

The results indicate that ground water pollution

?as occurred due to the extensive longterm sewage farming.
he levels of electrical conductivity, total solids, alka-
linity, hardness, chloride, sulphate, phosphate, and
nitrate-nitrogen in the two wells of nearby sewage farm
are very much higher than those of background levels of
well waters in Tirupati. Extensive algal growth also
has been found by visual observation indicating that the
well waters are bacteriologically impure. Low content of
dissolved oxygen in the two wells indicates that the wells
are contaminated with organic carboh, utilizing the
dissolved oxygen of the well waters for its decomposition
by biological process,

Oral discussions with farmers of the sewage farm
indicate that crop productivities such as Rice, millets,
sugarcane, cooton, groundnut, banana, tomato, etc., grown
in the sewage farm did not give grainyields, although
they grow tall with very dark green, soft and sappy
leaves, A survey of literature suggests that the exce-
ssive application of nitrogen, phosphorus and salts are the
major factors which affect productivity in this context,
Excessive nitrogen than the crop requirement (350 Kg/
hectare year) may (1) delay the maturation by encouraging
the cexcessive vegetative growth, (2) lower the crop yield,
§3) decrease the resistance to the disease of grains,

4) decrease the sugar content of sugarcane, and (5)
decrease the vitamin C in tomatoes (Buckman and Brady,
1961; Day, 1973, Baier and Fryer, 1973). Excessive phos-
phoras ( > 40 Kg/hectate,year) may be toxic to plants by
inducing deficiencies of Cu, Zn, Fe, or Mn which are
supposed to play a vital role in higher yield of grains
(Hinesly, et al. 1974). Excessive salts in the soils have
been correlated with yield reductions mainly in arid areas
(Loehr, et al., 1979). Short term matured leafy crops -
which are used for both human and animal consugiption are
growing better and the same are growing for many years
successfully with profits(oral discussions with farmers,
June ,1982), These crops include: (I) Chiri Koora
Amaranthus pol gamousg, (2) Perugutotakura (Ameranthus
angeticus), (3) Chukkakura (Rumex visicarius), (4) Menmthol
(Menthaviridis), (5) Cabbage (Brassica oleracea), (6)Gogu
or Deccan hemp (Hibiscus canna bumus), (7) Avise (Sesbania
grandi flora). These crops are highly tolerant for excess
nutrients (Rao, 1982),. Odours, Mosquito breeding are the

potential problems at the sewage farm by visual observa-
+4 n o7 3- o v b
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Table~ IITI
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Nearby wells of sewage HQHB

Ground water quality s .

'S.No. Characteristic o . of Tirupati Town
b .i T8m distance  30m distance -“Range  .Average e S.D. .
o - - average value wverage value s s . ! :
_.um ...‘.,-n ] e ., w“ ¥ - | ' \ . o E,,,
BN T2 e Te2 CTe0=7.3 Y742 L 2,8 3

2y EC ( a mhes/cm) 1340 . W .,Ammow P 280-1160 708 S - B A
3. Total solids 1100 ,,, GE 130=-610 . 506 - .28 -
by Dissolved oxygen 3.8 o w 4 : 5.8=742 . 6,6 o , 48 ¥
© 5. To:al Alkalinity(as CaCly 350 " 375 | 110-160 138 8 _
h 4 | , ) ‘- mL m ) L nx \ ,f

6, Herdness (as CaCO3z) 10 m 460 140-188 160 11

7. Chloride (as Cl1) ’ 157 3% 38~88 75 8.6 g
18, Sulphate (as S0,) 98 134 35-80 60 | 14 _ .
B * " h . 4 . . .'|
vnm. Phosphate (as POg) 1.20 | 1,98 0,16-0.28 0,24 4.8 :
N , , !

10. Nitrate-nitrogen (as NO3-N) 6.85 8,64 0.8=3.8 1,18 8.2

All velues are in Bmxéhmxomvﬁ,AWmHmvvodwm,._
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is metereologically sound at its inception, recent residen=
tial building activities around the sewage farm may pose some
snvironmental health hazards for the residents in the proxie
mity of the farm,
- N h L ]

CONCLUSIONS
(1) The underground drainage system for collecting

- the percolated water was not working satisfactorily, since
the effluent collected was only 2%.

Co (2) The reductions of influent of BOD, suspended
solids, total nitrogen and phosphate were 78%, 85%, 58% and

.. 68% respectively,

(3) Phe twelvefold increase of nitrate-nitrogen in
the drained effluent indicates that the nitrogen has been
converted into nitrate by nitrification process.

“(4) The physical and chemical changes in the sewage
farm soil can be related to the capacity of the soil to
filter, adsorb or precipitate the various pollutants from
the 1nfluent. .

(5) The results of groundwater quality in the
vicinity of the sewage farm indicate the ground water
aquifer was contaminated due to the extensive sewage farming.

(6) Forage crops yielded better profits than grain
crops due to excessive app{ication of nitrogen, phosphorus and
salts. :

(7) The study indicates that the sewWage farm was
excessively over loaded with reference to wastewater
constituents than the ability of the soil to fix and store

- wastewater constituents for use by plants and micro=-

organisms.

i
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10W COST SANITARY- LATRINES ON THE BAGRS OF GANDHI
PHITESOPRY © - . et OF GUDHTAL

ASHWIRBENT PATEL'

i,
- -

leanliness is next to Godliness : was the principle in
which Mahatma Gandhi believed and practiced himself. He
advocated and improvised various methods of cleaning latkinese.
In gouth Africa, at Johannesburg he used to clean the latrines,
. of hls residence, When a plague broke out in Johannesburg

in the locality of the Coolies, he personally attended the
cleaning work of their latrines, and thus gave proper impor-
tance and dighity to the !'Safai Work! which was regarded in
.those days as the most filthy and shameful. * - T

When Gandhiji came to India from South Africa and
stayed at Shantiniketan, he gave special attention to
Safai work and latrine-clcaning activities, in 1901, when
All India Congress Session was held in Calcutta at the
Rippon College, Lokamanya Tilak joined him as a Safail
Vdlunteer and gave priority to the work of cleaning latrines,
As a result a new sutlook towards maintaining sanitation
personally was developed and a new tradition and prestige .
not attached amongst Gandhian followers, for carrying on
with this Safail work personally. Gandhiji used to say that
latrines should be as clean as our kitchens. FEvery person
should know the right method of cleaning the latrines so
that he realizes its importance and also the hardships,
when a badly constructed latrine or badly used lakrines is
to be cleaned by him. There arc some people in the Socilety
who have a habit to make things Adirty by their carcless
behavisur and then expcct others to clean them, When a
person Jdoes Safai work personally, he can readily understand
fo what a great ecxtent the persons engaged in Scavenger
work are put to Jifficulties. The unbearable and inhuman
workings conditions of the Scavengers have been vividly
described, by the !'Scavenger Conditions w®nquiry Committee!
appointed by the Government of Inlia, under the Chairmanship
of Profe. Ne.R. Malmani. i

The persons doing the Scavenger work are called
'Bhangis', who are the lowest among the low., It is a sad
hard reality of 1life that our Bhangl brothers and sisters
are despised and discriminated against, even by the other
groups of the Scheduled Castes. At various places, they
are denicd social rights cnjoyed by other Harijans. This .
is a peculiar situation, which exists in India, where this
occupation of Safai (Strect cleaning & Latrine cleaning)
is confined to a particular caste, under the name of
tradition or convention of conven%ion or caste-systen.
Nowhere in the world, this profession of !Safal! is
confined to a particular caste as in India ani that the
job of a scaven;er is considered as the meanest. In
very pathetic words Mahatma Gandhi Said "We have reduced
them to the level of the beast. They ecarn a few coppers
but only at the expense of their human dignity". In
Western Countries a lot of developpent has taken place
towards the improvement of the Modern Science in health,
hygiene and sanitation, and the common man shareg its
advantages, because scagenfing work is pot considercd
as a hereditary profession of any onc community. This
i-ea was taken up by Gandniji and his followers who did
Safai-work personally anl who tried to ré-arrange this
work in India on Scicentific principles. They chalked

#¥Princinal, fafai VYidvalava -~ @anitation Tnetifinte

1
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out programmes for !'Bhangi-Mukti! and 'Bhangi-Kasta Mukti?l,

-~ a liberation of Bhangi as an unit in the caste-system

and liberation of the drudgery and menlal work associated
with Bhangl progression, For the implementation of these
programie, it is necessary that at least the custom of
carrying faces as head-~load be completely stopped and

the age-o0ld service latrines be converted into clean water
borne 1atr1nes and scavenging be not consilerzd a heriditary
profession ‘of any one community. Gandhiji and his co-workers
and followers, by their personal participation of the latrine
—cleaning work tried to rcmove the stigma attach2d to this
wors, and tried to set-up Safal work on scientific principles,
Attention was, thercfore, paid towaristhe construction of
Sweeperless, iatrines, like septic tank, Agua-privy, Hand
Flush etes Tt is heartening to know that Gujrat, Xerala and
Bihar have Gecided that new latrines should be Sweeperless,
State Governments and Mynlcipal Committecs encourage people
to convert dry-type latrines into Sweeperless ones by

, ¢1v1ng them loans and grants, Gand shiji, on 13th April, 1921,

" acdressing the 4th HariJan Conference said the follow1ng

in a tone full of pain and grief., "I Jo not dgsire re-birth
but if T do get rc-birth. I wish to be born in the family
of the untouchable. so that T can share their hardships and
remaining amonist t _them can r 1 n eliminate their
sufferings,", This shows hoW aecply andht3yl was moved and
how much he Telt for sufferings of the low-cast Scavengers,
who were branded as untouchables by the do=-called trailtlonal
hindu soclety. .

To abolish this age-old evil of untouchability, from
.the Society, in aidition to the legal support received under
Article-17 of the Constitution,, ~this problem needs a 1ittle
re=-thing<ing on humanitarian ground and on ailoptdng scientific
methods of gonstructing latrines and insisting on disposing
of the human waste systematically. Ganchiji used to say
that any effort done, and labour put to remove the obstacles
harmful to the health and hygiecne of the pcople is a FORM
of 'Yagna! or sacrifice. Moreover hc beliecved that ther
is no waste in the Jomain of the nature. The waste at one
place, can prove to be a valuable materlal at some other
Pplace.  Hence Gandhiji advocated the persons in his Ashram
and to the peoplc in the Villages to cover up the human-
"waste,; after defecation with sand or earth which will
ellminatc the filth and the danger of contamination by
the flies, thus slowly converting the waste into a valuable
organic manure.

The Slogan "Tatti Par Mitti Iagao",!spread the
earth on the defecated human "waste! was being practiced in
all the institutions or organisiations, where Mahatma Gandhi
useg to live or visit, and thus p051t{velj contribute to
the latrine-safail work. His idea was to change the
traditional bias to latrine-cleaning or Safal work and
develop a prestige and importance to this useful work,

Iater on, when Gandhian idecas werc studled carefully and

a scilentific backgrouni ‘provided, utilisation of the human
waste, along with animal waste or agricultural waste
yielded wornderful results as in the working of the Bio-mass
digestions. _Those devices of utiliging the waste material

have become very useful as sources of rcnewable cnergy

in the form of fuel (Methane gas) as well as a rich organic

manure inform of the digested slurry. This, what was for-

merly rﬁgarded as a foul-smelling, filthy, wastc material

is now-a-3ays an important contributor to rural economlc

and rural sanltatlon. . . : _
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EnVironmental ganltation anJ the Eresent;prqgress -
The 1mmediate convern of anj programme of environmental

sanitation in India, has thereforc, to be replacement of these
primitige latrines, which need clcanlng by the sCaVcngers.

b D
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The constructlon of watﬁr—borne latrines will also
help us to remove forever, the age-old sinful custom of
~ carrying the night-soil as a hesl-load by the- Scavengers.
Mor over, it is also necessary that public opinion be .
_created and a new tradition established in which Scavenging
be not comsidered a hereditary profe551on of anj communitj.

T

E:alth pact of 1mprgper sanitatlon ani absence of safe
) -arinklngfwater -
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Bven in urban areas, in 1ifferent ‘statos of our

Countrj, about 1/3 of the hpuses have Basket-privies, 1/3
houses have water borhe 1atr1nes and septic tang connections,
- while the remalning 1/3 houses have practically no arrangemcnts, ¥

_for thelr latrines._  In rural areas, however, the arrangements

" for latrines is negligible. Lacklng sanitary priVles -=pe0ple .
are in th. habit of simply relieving themselves in open field
or any ground available to them, unware that these practices
are unhealthy ani craate breoeding places for bacteria which
cause diseases like diarrhéa,:typhoid, polioy malaﬁia,
hookworms and Ascariasis (round WOr&si etce
PR S o Bt = -

ST Aecoriing to the World Health Organisagion {WHo) app-
roximately 80% of all s1ckness and, disease can be” attributed
to inadequate water or "saritation facilities. ,For example -

5 =

= F

* Diarfhea Jirectly kills six million children in t oy

s i

developing cauntrlcs cvcrj year, and contributes to the
-Jeath of 18 millian pcople.

-
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b dud g

* Trachoma effccts some 500 million people, aﬁ any o .
given tlmc, often causing blindness. . :

£l

= Para51tic WOPK 1nfections (Honworms and round wor{s) T
infect nearly ons half of the cntirc populatifm of dﬁvelop- '
ing countrics. ,

Een - - - & - R
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- * Malaria yoarly kills ncarly twelve million people
a yeari the loss in production and income losses due to s
sickness is cnormous, _In India, alone, water - borne - =
diseases claim 73 million work-days ever year. The cost
in terms of medical trcoatment and losg of. production has
been estimatced at around K. 6,000 million per year, It is
estimmted that about 504 of the hospital beds in develop- AT
ing Gountries is due to water-borne, water-basad and ’
Fecal Jisposal diseasecs.
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Excreta disposal in a corrdet and _hygienic manner
is ne cessarj, as exposced exéreta spreads Alsease” in two'
ways s- e

it [

i) ‘Bacteria in excrata causes dissases transmitted’
through hanis, water, and thr ough 1nsects (flics, cock-
roaches anl mosquitoes).

W ““\ |

, il) Agents of many potentially serious infections,
whlch the body has eliminated in the excreta, arc evon-
tually recturned to it through the mouth, Whlle taking - »
fasdds an?! Arin'"e eoonteminatAd rith nﬂfhnaen1n hadteorio
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Hence, construction of hygeinic latrines, though
absolutely essential, will n»ot CDmpletblj solve the problcm
of sanitation; what 1is ne:ded 1s health and sanitation
education to the masses, who will then realize the importance
of the maintalnance of health and sanitation conditions in
the family anl in the Socioty. This view-point was wery -
sincerely and strictly observed in all the institution ani
Ashrams organised by Mahatma Gandhi. He gave priority to
this lateine-cleaning work ani introduced trench-latrines
in Ashrams, which were then popularly known as Xisan-
latrins as they would yleld a wvery useful organie manure
formed by covering the night-soll by earth or paliy husks.

Types of improved latrines :-

The credit of improving latrines on scicntific lines
goes to Shri Appasaheb Patwardhan, who devised the 'Gopuri
Iatrine! which is excellent for preparing manure and is very
convenient for rural areas, 'Such latrines were started in
Gopuri Ashram in the district Ratnagirl of Maharashtra as thus
got the name. Shri Arishnadas Shash, who.was working as
the Pyblic Health Alviser), Maharashtra State, made many
scientific improvaments in 1t and got the stage Government s
approval, so that it could be adopted throughout the Statu.

The Gopuri-latrine, also known as a double—value
latrine in Vietnam has two under-grouni trenchss. .The gutter
in the middle is for the flow of water and urinc. One tank
has a folling cover of a wooden plank and the other remains
closed, but has an arrangement of an inlet as well as an
outlet pipu for passage of alr anl an opehing for the
removal of the manurece. One trench could be used for about
3 months after ‘'which it is closed and the other trench is
brought into use. The persons using the latrine coVe@ up
the refuge with earth, dust or padly - husks. By the'ltime
the second trench is ov ar, the first trench is realy. with
the manure and can be taken out. Thus the Gopuri latrine,
is convenient for a rural family where sanitary aspects
as well as low-cost of materials of construction have been
carefully looked afters.. The agriculture departmerit of the
State of Maharashtra gave a gool stimulus for 1ts use in
rural areca,

In places where the above arrangement is not
convenient, a simplec secptic 'SOPASANDAS'! method was started.
Initially a special type of clay-pan was prepared which
was then glass-glazed and given a slope of 45% and the
length of 22". A method of the flap-trap was used instead
of the water-seal arrangement.

Two pits were constructed in the rear having the
size of 4 ft. length, 3 ft. breasth and 3 ft. depth; and a
brick-walk around these pits was constructed; so that
when one pit was full, the other could be put to use and
the manure ready in the first pit could be made available.
ghri Appa Saheb in 1948 onwards popularized this tjpe of
latrines in the villages and Gandhian institutions in the
State of Maharashtra. This design later on, got moiified
by introducing the water-scal instead of the flap-trap
and was found very servisable in the rural area of Mahara-
shtra and in Bihar and this design is popularly known as
a simple sanitary latrine or 'SULABH SWATCHH SHOUCHATAYA .
Jre Kessel preparcd it an sevagram and later on Appa Saheb
modified it and usel it extensivzly in rural area.

\
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The Maharashtra Smarak Nilhi also encouraged the.
Ngigaon latrine, by giving a grant to the family who builds
this type of latrinc, which was évolved by Shri Narvckar
and named it affer the village, wherc 1t was designed and
evolvede It is a variety of Agha-privy latrine and its
action is similar to that of Agua Privy,

Bio~-gas Plants s-

Gram-Lakmi institution which specialized in the -
construction of fHobar-gas Plants! or animal-dung gas plants,
successfully cxperimented the uscec of night-soil in addition
to cow-dung; and mini-gas plants came-into construction
attached to the _house=latrines. Again Shri Appa .Saheh took
fhe lcad to popularise this Project of ‘latrines attached :
bio-gas plants, in towns and in rural area. ‘Safal V¥idyalaya,
at the Harijan Ahshram, Ahmedabad started Courses of tralning
ahd actual demonstratlons in the -use of Bio-gas plants. As
a result odt of 12 000 Gobar-gas plants in Gujrat today, more
than 6000 have buen conngcted . to the latr;nes. An 1nten51ve
programmec is also organlsod‘by the Safai Vidyalaya which gave
training and instructlons in low-cost latrines to the Sanatory
Inspectors, wupervisors, Chairman of Health Committces and
to the Social workers in the fleld of rural~hcalth and
sanitation ‘work. .

N ,\»
)" A

In Gujrat,, durlng 1964 to 1982 1,60,000 basket type
latrines or SGrViCG latrines wer: cdnvertéd 1nto water<borne
1atr1nbs of 'the type, which was evolved by the planning

qarch Action Instituta, Lucknow at the suggestions of .
the \Hzalth Dcepartment and was consequently named P.Re.A. I.,m
latrinss. BaskKet type latrincs could bz easily converted
into P«R.A.I. typc bf the necessary alterations costing
only Rse 650/- per latrine.

TS S
T Ta - -

Gost of the P.R,A L. zpe Iatrihe s.

The estlmated cdst of the P.ReAa I. typb latrine 1is
worked out at $ 650/- for thoe various items shown as under -

-

1s»  PeReA.I. Pan and Trap ' ceo 'l&§:95/; .
2. 4" Stone ware Pibéék T:;-;:.. T::%. 20/« i
3. Bricks - 750 Ceee om0 188/ ..
4. Cement Zé%Bagsé % T ees m; 90/~ .

5. sand, itode ‘ste. : e B, 35/-

6 Reinforceﬁent'irgé bars ces Rse 25/-

for slab covar
7. Excavation charges wes DR B50/-

8. Mesonary charges. - Iabour. A s
charges, Fitting Charges etces Bse 150/-

Total 2 Bse 650/«

The Service type latrines can also be conveniently
transformed into Septic-tank latrines, Dre Ge.S.Ne Murti
in 1968 dosigned a pottery Septic tank and introduced
large earthen containers for this purposee.

[t
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The National Govermment at the Centre, zccided to
commemorate the Gandhi Cetdtenary year in 1964 and Jdecided to
take-up the programme of converting baskoet-latiines into -
water-borne latfincs and thus help in abolishing completelj
the inhumane tradition of carrying night-soil as hcad-load,

This will also contribute towards the lib&ration of:the %
drudgery and menial work asshciated with Bhangi prdfes51on,
which in realltj is a SLerCG to the Soclety. . .

e #
~ - LR e e e
LT -

- ©AS a ro sults of many 3xper1ments, tha. Safai Vidjalaya
Ahmedabav, developed a design af a pam, which can he flushed
with only 2 ‘litres bf watur.; “Such dé>p slope pans were Fﬁde
available, being preparced by a commercipl firm, A mould [
for the construction of s ch a pan is, Dbta}nad from, th ;'

Safal vidyalaya as well as thu Lucknow Research Ce entré for
preparing thls tj;a of pan, mostlJ used 1ng RoAe I.,latrines.
-~ e _1; t' : i. Ff‘gjy }-:r _

Hand-flush Latrine . ' L . s -
‘f }& .",7 o ar e ‘t ;Em -,f, E‘_“‘“ - 7 ,"f" ‘é“
A“low-cost latrlney OCCupjlng minlmu@ »f space and
which could be Located in the verandah of thé hdouse; has
been cvolyed, which is simple in construction ahd serves;
the sanitary needs; of the I‘ura;L pc,ople.‘ It keeps.away ﬁies, .
insects and filth and the scavenger is ngt, rgguired for ;
cleaning -it.. It also yilelds manurel suf iglent for ‘the

zitchen garuens,.,: R Y ig'-'f

v ru L 7*:4,4%)\‘_r L)

[ ','-t"f ’;
N 4 i’..{- (i 3‘;"

A pit of 2t.én x 2'-9“ x 8t.on should be made and
kept 25! to 30! away from the wall.  It- should also not be
at a low-le evel, to avoid rain-wager flqwlng into ite The top
threec layers be built by 9" thick bricks and a slab with a
watet-seal cement pan be placed over it,., The roof covering
can be built grom materials locally available. To slab and
the pan capn also be made from the cement mlxture with the
help of the gould standardlsed by the SAFAI VIDYALAYA o ¥
by Mitra Mandap, village 3 Rasulia, P.O. Hoshangabad (M.P )
Thus the hand-flush latrine can be construycted at a yery
small cost ani dreatly 1mproves the: sanltarj condltion of
the village. 1In a way, it is a boon to the old ani the
Sick people of the villagec.

It will be obscrved that Gandhiji gave spocial @
importance to this problem of Safai anid creating latrine-
facilitles for maintaining sanitation, necessary for the
health and happinass of the CJociety, and a new tralition of
the recggnition of dignity of human labour and respcect for
the human values was establishedd The institutions organised
on Gandhian philosophy and way of living have taken up this
problem on sci:ntific lines by imparting sanitary education
or health cducation to the rural people and by implcmenting
programmes for converting all basket-latrines into cheap,
convenient and Scavenger frec latrines, which is a
tribute to the human aspcet of Gandhian work, and is a real
tribute to Mahatma Gandhi, the fathoer of our natlon?
whosce philosophy cenred rouni his ceaseless activities
for the poor, needy and down-trodden sections of our
SOCietYo

vdhis

E .
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BOMBAY-II SEWERAGE PROJECT'

A.N. spBNIS™ -

The Municipal Corporation of Greater Bombay have
started implementing this project since 1979%. TITeDsA.I,
Sewerage Project which we started implementing in 1975-76,
has almost been completed,

The broad outline of First World Bank Aided Project,
gnown as I.D.A.I, Project, can be summarised as under 3

le Augmenting Bombay 's Wqter Supply by 100 mgd.

2. Complete freatment to the entire quantity of
420 million gallons of water.
\

‘3. Extending sewerage facilities to the developed
localities including construction of seven new
pumping stations in the sewerage system.

4., Appointing Engincering Consultants for -

a) Further studies on Ocenography,

b) Assessing possibility of appllcation of
sewage on land,

¢) Preparing of development plan for treatment
and disposal of sewage for Greater Bombaj Area,
For this Project, the World Bank had given a
credit of 55 million UeS., Dollars to the
Municipal Corporation of Greater Bombaj.

Likecwise, the scope of work included in
Bombay II Project can be summarised as under 3

1) Further augmentation of Bombay!'s water Supply,
by 100 mgd. including complete treatmente

2) Improving existing transmission and distribu-
- tion systems,

3) Extending sewerage facilities t0 the remainlng
areas of suburbs and extendud suburbs.

4) Ereatment and ilsposal of the entire quantity
) -. of sewage generated within the limits of
~. ... .Municipal Corporation of Greater Bombay‘ This
also is a World Bank Aided Project for which
the Bank has agreced to give a credit of 196
million U.S. Dollars,.

It will thus be seen that the Project, which is
already completed and the one which is now being imple-
mented 1s an integrated wWater Supply and Sewerage Project.

During present discussions, I will however,
restrict myself to the sewerage cdhponent of thg PrOJOCt

.....

only. . - . -

While discussing the Bombaj S Seweragec Progect
it would not be out of place to spend some time to
know the historical background of the sewerage 5jstem
so far as it relates to Bombay,.

*Dy. Chief BEnginecr, Municipal Gorporation of
Greatcer Bombaye
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Initially in Bombay the residential, commercial
and industrial Development was mostly concentrated in areas
South of Worli. To cater for the then population and the
needs during the period, following sewerage works ware under-
taken for execution in 1880-1200 and were complceted,.

1. bfanchAsewefg in areaerseuth of wOriie

2. Trunk Sewer leaiing to Love=Grove (Worli).
3) Pumping Station at Love-Grove (Worli).

44 Screening and Degritting facilities.

2. 6'-0" dia. outfalls for a lgngt@fo?_zooo fte

for discharge of sewage into Arabian Sea.

Areas north of Worli started developing further and
arrangements for sewage collection and treatment were required
to be done. These works were completed during 1900-1935.

The list of works undertaken and completed is as follows &=

......

1. Branch sewers in areas North of worli.
2e Truna sewers leading to padar.

3. Pumping station at Dadar.
4. Seconiary Sewage Treatment Plant at Dadar,

5. Discharge of sewage effiuent into a storm
water drain leading to Cleevland Bunder.

_ Further areas North of Dadar got developed
therecafter and hence following works were unilertaken for
execution.

1. Branch sewers in arcas North of Dadar.

2. Trung sewers leading to pDharavi.

'3. Pumping Stations at Mahim, Matunga and Dharavi.
4, Secondary Sewage Treatment Planﬁ at Dharavi,

Se Dlscharge”of efflgent into Mahlm Creek.

PR et

These works were CO@pluted durlng 1935 l9oO period.

Onh completion of these works, almost 90 to 95%
of the proper city area was provided with sewerage facili-
tiese | . . »

In the year 1950, suburban areas praesently under
HyK,L,My, & N Wards were merged with the Bombay Municipal
Corporatlon limits. _At the time of mergey, some areas of
H and L wards were partlallj sewercd but areas of X,M and

N Wards were not sswered at all.

In the year 1957, extended suburbs, " pPesently
under P,R & T Warls wefc fufther merged wi%h the Municipal
r‘orporat:.cn‘l of Greater Bombay, None of the areas in those
waris had any sewerage facillty.‘ L i

Thus. by 1960? the B,M. C. had a stupendous "task
of proviling all civie amenlties to a 1arge populatlon
of about 42 lacs. R

- - . - - .- - - - —= e
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this respect, during 12.0-1970.
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With sewerage always getting a last priority then
in the budgetory provisions, very little could be done in

done during 1950-1970 can be given as under ;

consequent increase in supply of watecr.

-~ —1e Branch sewers in some areas of ghar,

A short resume of the words

Santacfuz,
Andheri, Malad, fandivali, Chembur, Ghatkopar

2. Trunk Sewers leading to Khar, ﬁéfsova, Mélad,

Ghatkopar Pumping Stations,

3e Pumping Stations at ghar, Versova, Ghatkopar,

Malzad and Deonar,

-

4. Primary Treatment Plants at <har, Ghatkopar and

Versova (Now not functioning).

Se Dlscharge of sewage effluent into big nallahs.
or branches of creeks which ultlmatelj lead to

Thana Creek or Arabian Sga.

But these sewarage Works which were being undertaken
were not keeping pace with the increase in population and

It would be

1nterest1ng to note the figures of increase in population
in Bombay during the last 8 decades and the position of
water supply durlng that period.

- .- - - - -

I,A B L E_NO. 1

Flgures of Population in Bombay during

-

;200-1980. _
Year Population in lacs Increase in 10 years,
1900 - v 9 ) T ': - ' - ) B F:' T, e
1910 11 o ) ) 2
1920 13 2
1930 14 : 1
1940 ©~ - 20 R 6
1260 30 ; 10
1960 42 o , 12
1970 58 ' 16 ; L

' I ) 24 lacs

1975 70 _ 12 Y in 10
1980 82 12 ) years.

To cope up with the increase in population, schemes
for augmenting the Water Supply were taken yp by tapping
different sources step by stepe.

The details of this augumentation are listed in
the following table ¢



" LABLENO 2

Augmentation of Bombqy's water sgpply during

1860 ~ 1980.

- Em ER o me e e o T wm o AR an Em MR g, e em Em Ew o, em M s em ey e o mm g

Water Supply
in million
Source gallor/day

Cumulative
figures in
million gal/day Supplye

Methnd of

Vihar 12
Tulsi 4

Tansa 94

Vaitérana 102

Ulhas 20 .
Upper 118
¥aitarna

Bhatsai 110

16

110

212

232

350

capita

Gravity
Gravity
Gravity

Gravity

Pumping

- Gravity ‘

B /
With the 1lncrease in population and conseguent
increase in demand of water, the schemes undertaken for
augumentating the wWater Supply, were found to be adequate ’
to cater for the domestic and industrial needs of the
City of Bombay.

It would be evident from the table
efforts werc being made by the B.M.C. to maintain the "per

supply" over a long perilod.

below that

1930

1940
1950

1960

1975

+in lacs Supply in mgd.
9 16
14 ) 110
20 110
30 110
42 212
70 " 350
8O 450 -

1980

Population Total Water

Per Capita
Supply in REMARKS
gallons/day_ _ _ _ . _ .
18 Only Vihar &
Tulsi supply
was available,
80 Tansa Scheme
~ - was completed.
o5 -
35 -
50 Vaitarna scheme
was completed.
50 Ulhas & TUpper
- _ Vaitarna scheme
were completed.
=44 BRhote~d T ecrh m~
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These figures 1o not take iﬁtb account

a) Earoute Suplly
b) Losses in transmission and distribution
c) Quota's given in Industries,

- It will be seen from the above table that as the
population went on increasing we were effectively trying
to meet the water demand of the City of Bombay. But very
little could be achieved in respect of sewage collectibn,
treatment and disposal. We had to tackle these problems
on a ¥ary large scale.

- Following actions were taken by the B.M.Cs to solve

" these problemse.

1) In the year 1962 a high level committee was
appointed to suggest measures to augment the water supply
and sewerage facilities.

2) In the year 1969 the World Banik was approached
for financial assistancce

3) In the year 1970 M/s. Binnie and Partners, con=-
sulting engineers from U.K. were appointed to prepare a
feasibility report for appraisal of the World Banke.

Experts from each discipline from the consulting
engineers firm, worked in Bombay along with the staff of
Bombay Munlclpal Corporation for one year and preparced in
19714 a feasibility report which is known as Development

Plan I for Bombay's wlter Supply ani Sewerage Project.

Broad outline of the Sewerage Lrojects Works
recommended by the Consultants for being undertaken phase-
wise for execution 1ls as under :

1. Providing sewerage facilities in the remaining
developed areas of Bomay.

2e Replacement of old ejector stations by new
pumping stations and construction of additional
pumping stations in thu newly laid sewerage
systeme

3. Construction of 12'-Oﬂrdia. outfall at Worli
for a length of 4 miles in the sea for disposing
of 175 mgde of scrcecned and degritted raw sewage.

4, Constuction of 12!'-0" 'dila. outfiall at Bandra
(Mahim Creek), for a length of 4 miles in the
sea for disposing of 325 mgd. of screencd and
degritted raw sewage.

As per this rceccommended Development Plan, the
sewage generated in Marve and Chembur Zone was also inten=-
ded to be conveyed at Mahim for disposal through outfall,.

After roview of the proposals made in DePels by
BeM.C. it was though advisable to consider the reuse of
sewage to some extent for irrigation in the areas around
Bombay, instcad of dumping the entire sewage into creek
or Arablan Sea. This view was also in conformity with
G.0,I's policyfor reuse of sewage for irrigation purposes
and the same was’accepted by the World Bank alsoe. The

Gonsultants were, thorefore, asked to go intoc further details”
o -3 mAliPoth in nanAannt T~ Trasanine din wiaetr A the nerr annrnach.



The Gonsultants N/s. Binnie and Partners thereafter
submitted a supplementary report in the year 1972,

Recommendations of the consultants as per their

supplementary report Development Plan II submitted in 1972,
were as under ; ) . -

1.

Se

3

Existing ‘small drainage aisfricts were
regrouped and rearrangel into & ‘
drainage Zones viz. 3

a) Malbagrzone Comprising C»olaba Nariman
areas of - Points etc.
b) Worli Zone ~d0= South & North
of Worli,
¢) Mahim Zone ~do- Bandra, Xhar,

Santacruz,
Xurla,Dharavi,

d) Marve Zone =~d 0w Andheri to
. Dahisa

e) Chémbd} Zone ~do- 7 Chembur to
Mulund.

Extension of sewerage facilities in the
developed areas (same as in ovelopment Plan I)

Replacement 5f old ejector stations by new

- pumping stations and construction of additional

4.

5

Ge

e

pumping statioris in the newly laid sewerage
syStem.

Construction of submarine outfall at Worli, 3
meter dia., and 7 KeM. long for carrying 160 mgd.
of sewage flow by providing only preliminary
treatmente.

- A
Construction of submarine outfall at Bandra
(Mahim Creek) 2,75 meter dia. and 7.5 K.M.
length for carrying 135 mgd. of sewage flow
by providing only preliminary treatment.

Coﬁétrﬁctioniof conventional activated sludge
treatment Plants at

a. Marve with capacity of 84 mgd.
be Chembur -]0= 70 mgd.
¢. Bhandup = ~do- 34 mgd.

Disposal of raw sludge flom these treatments

plants to be done through deep tunnels and outfall at

" Mahim,.

The estimated cost of Sewerage Projcect Works
mentioned above at 1971 prices as estimated by consultants
was Rs. 278 crores for Sewerage Treatmemt and Disposadl Works,.
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When the project was poscd for appraisal to the
World Bank, augmentation of Water Supply was given the tope-
most prlorltj and as against the total Sewerage Project
Works costing to Rse 128 crores for conveyance to k. 145
crores for treatment and disposal, sewcrage works costing
Rse 33 crores only werec ultimatelj included in I.D.A.T.
Projecte. 1

, After signing of the credit agreement with the
Ban¥ in 1973-74, the projcct cost estimates were again
revised at 1974 prices. The revised cost of sewerage
works was then estimated at R. 99 crores. sSince the I.De.A.
Credit amount of R 55 UeS. Million dollars and the
available resources remaincd unchanged, some of the sewerage
works originally included in I+D.A.I. Project had to be
deferred and postponed by limiting the cost to R 33.47
crores only,

Break up of I.iJ.A.Ie Sewerage Project cost was
as under & ' T

1. Sewerage Works Bse 24 crores Enginecred
: - departmentally,
2e Pumping Stations Fse 7 crores Engineered
through M/s. Tata
GConsulting
Enginccrse
3e Consultancy fees for ' ‘M/s. Mctealf &
Review of methods of RBse 2 crores Bidy werc appoe-
Treatment and isposal inted to work
of sewage from Groatpr - as t he Consul%ants.

Bombay area. =~ *

The’I;é.A.i; Pfoject commencod frcm' 1974-75 onwards
and is now considered as almost completed, The status .of
I.D.AeIe Project is summarised in the following table 3

TABLE No. 4

- Prosent status'of TeDeAels Project 1374-79

'gl. Description of ‘ Phxsical ) Financial
No. Item Target Achieve  Tar Achieve-
L ] ments get ments
1) Providing & ---130 kms. of 144 kms, - T
laying sewers  trunk of of trunk Re 24 Bse 23
M. .- branch mains & Branch crores = crores
Lo - -~ - mains . R
N B O T . R ST L
2) Pumping 8 wOrks for BRwe? = Bse 2
Station 7 are in crores grores
progress
3) Consultancy - 1008 R 2 Rs.2
: complete crores crores

"Total § Rs. 33  RS. 27
Crores crores
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Neither the equipment mor the Civil works were
eligible for credit reimbursement except cost »f sewer - -

pipes,y which werc locally

procurcd,

The Consultants M/s. Matcalf and A4y who were -
appointed to review the carlier proposals made by M/s. Binhie
and Partners in connection with Trcatment ani Disposal
of sewage, started their work in 1976 ‘and submitted their
report in 1978, The recommendations made by them in their
..final rcport werc as under @

"TA BLE No. 5

s oA

Recommendatlons of the Consultants M/s. Metcalf and Eddy
- i_r Development Plan IIT.

Sle Treatment & 2005

No. wnisposal site in mgde.

flow n .
TREATMENT DISPOSAL

le (Colaba 10 Screening,Degritting, Through 1.2 ,
- 1 hour sedimentation, meter dia. >
- gravity thickening of outfall 1,860
sludge,vaccum filtra- K,M. in ‘
tion & land fill, length in
Bombay Harbour.
2.  worli 170  -do-  chlorination Through 3.5
’ ) ‘meter dia.
- outfall 37,H
: - -in length in
B Arabian Sea.
3. _ Banira 175  -do- -do- ~do- ~do-
4, Versova . .32 Scree nlng,Degritting Disposal x
) o and secondary treatment into creck )
in aerated lagoons by and then to
means of floating Arabian Sede.
- L aaseyen surface asrators and i
chlorinatione. B
0. Malad 60 -do~  =do- ~io- @
6.  Ghatiopar T84 ~do- -do~ but Disposal into

JWithout chlorinations branch of a
creek & then
- - = %o Thana Crcck
 =do- ~d0= " ~do-
Without chlorination.

Basic Construction Cost of Works prOpOSud in the

Development Plan III at 1

978 prices was estimated at B. 180

grores (without physical and cost contingencies and without

engineering supervision).

This cost was also exclusive of

the cost of remaining works in the sewerage conveyance '

system,

The report of M/s
development Plan III for

e Metcalf and Eddy on the
Sewage Trcatment and disposal,

formed as a basc.for preparing a feasibility report for
appraisal of the World Banxe. The f9351bllitj report

for Bombay II Sewcrage Pr
was prepared by M/s., Tata

njoxt which is now being implemented
Consultdng Engineers. This was

appraised by the World Bank for finalising the credit

negotiation for phase I

of the Sewerage Projcct,



1.

Ma jor works included in D.P.III but which were
deleted from phase I of Bombay II Sewerage Project are as
under &

List of works deferred from‘Phase I to PhaseriI

Treatment

Colaba - a) 1 hour sedimentation
‘gravity thickening of
.sludge,vaccume filtra-

tion of thickened sludge

Disposal of sludge cake
as sanitary land fill.

Disposal

b) Outfall length
reduced from 1,60
XM to 1.15 K.

2, Worli - a) -do-  -do~ + Chlori b) outfall length
nation reduced from 3 K,M
Co to 1 K. M
3« Bandra - a) =do- ~d0- -do- D) -do-:
4, Versova, } =do=- do- + Chlorina b) No change.
Se Malag, tlon )
6« Bhandup ) =do= -do- + Chlorina b) No change.
& ) tion
7« Ghatkopar)

The cost of the works included in Phase T of the
Bombay II Project at 1978 prices was estimated at R, 152

crorese.

The broad outline of different works with its

break up of cost as appralsed by the World Bank for credit

negotiations was as under

TA BLE NO.

6

Broad outline of works & break up of cost as
1ncluded in Bombay II Sewerage Project, at
- 1978 prices.

Si. Cost inclusive
Nose Description- of Pnysical &
L Cost Contingen= )
cies & Engineeg- .
ing Supervision REMARKS
in grores.
1. Providing & laylng 48,80 To be Departmentally
sewers engineerad,
IR b - - See e
2. Treatment & Diéposal
works including influ- 85.20 T> be engineerdd
ent & effluent pumping through consultants.
stations.
3. Miscellansous such as
. Training contancy fees,
land Acquisition custom 13.00
duties, firm & personnel
taxes etce.
4, Sewerage facility for 5,00
urban poor.
Total 2 152,00

——— vt s = ot P man . T S P e e et S et e St e A
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M/se. Englneering Science, a U.S.A. based firm was
appointed as Consultants in July 1979 for detalled enginee-
ring and construction supervision of the Treaatment and
Disposal Workse. After initial mobilisation etc., the
detailed engineering work was actually commenced from
October 1979,

Revised project cost based on detailed engineering
done by the Consultants during 1979«81 was worked dut at
1981 prices and the break up of cost of Bombay II Sewerage
Project is now tabulated as under

TABLENO, 7

Broad outline of works and break up of cost of Bombay IT
Sgwerage Project at 1981 prices.

‘ Cost inclusive of
Sl : : I physical & cost

No. Description contingencies, REMARKS
° = s engineering
supervision in grores
le Providing & laying (5% Engineered depart-
sewers . - - mentally,
2 Tfeatment and disposal 226 Engineered through
) works : - - Gonsultants.

3. Miscellaneous work such
as Training consultancy 36
land acquisition,custom
duty firm & personnel
taxes etce.

5. Facilities for urban poor, 5

o P oy o P s P gt o i e e S g S A e M e D G G e SO e P D e G N B S A Py G e R R S B S e S e e R

The detailed enginecring designs, ‘drawings and
preparagion of tender documents etc. is almost over now.

- - A1l the projects works engineered by the consultants
have been divided int» 47 contracts. The present posltion
-of civil, mechanical, electrical and instrumentation
contracts including those invited under I.C.B. (Interna-
tional . Competitive Bidding) are tabulated as under :

*
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TABLE NO. 8

Present position of contracts in respect of Treatment and
C . disposal works.

Civil ) . Blectrical
. ) Mcchanical &
. Instrumentation
Noe of Cost No. of Cost in
contracts in Rse contra= Rse Crores
¢rores cts,
1) Work orders -8 27.43 2 2,90
given
2) Tenders invited 4 * 56.23 8 32,00
3) Tender ready but 7 13.64 18 © 95,00
yet to be invited
Total s 19 97.30 28 129400
. * Thils includes cost of only 1 km. length of outfall.

TABLE_ NO- 9.
letribution of contracts into local & I,C.B. and its cost,.

Civil Blectrical,;Mechani-
TY P E cal & Instrumentation
Noe of Cost inh  Noe. of ost in
contracts m.crores contracts ,%{,??Ores
1) Local T 15 46,22 15 0 44
v contracts - - \ C- -
2) LCuBs 4 51.08 13 85
contracts TuT - . e
Total 3 19 2730 28 129
. - Reimbursement from the World Banix 1is e{vailable only

for the contracts invited under TI.G.Be. Reimbursement that
would be claimed for civil works is 809 or less and for

mechanical and electrical works is 1004, provided however,
that the total crodit amount will never be allowed to exceed
Ue.S. 196 Million Dollars which includes water supply works
alsoOe

The details regarding the present position of
the works cngineered by the Consultants have already been
given in earlier tables.

-The present position of the works engineered
departmentally through Planning and Dasign Wing is as
under
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Present position >f works eng;neered iepartmentally

PP Yrr it il n Ao

NOo 3f Works Q_gt in Bsecrores

-

1. -Works completed 70 4,60

2e Works in progress 76 18.50 )

3« Work orders issued but 30 12.50
.t started . ’

4, Works for which tenders : 29 8,00

.. have been invited ,

S5« Works for which draft - -

_tenders are ready

6s Works for which estimates 16 . 8,00
“are under preparation

“7. Works for which survey 48 12.40
is bein,; done.

8e Works for which survey
is yet to be 1nne,

. Total 3 269 64,00

—

After discu551n‘ these issues let us n-w proceed to
- underst.nd some important features of these projects works.
Before going tnto details of works at each treatment plant
site it woyuld bz desirable to broadly »nutline, some important
features on all the seven treatment plant sites,
1. At Colaba, Worll & Bandra (3 sites out of 7), we intenl
to remove anlJ screeaings and grit from the sewage. In effect,
in this phase »f the project -nly raw sewage will be Ais-
charged into Bombay Harbour anl Arabian Cea.

2s At Uolaba, Worli and Bandra (3 sites Dut af 7)
we intend to lischarge the sewage effluent through large
diameter submarine outfall pipes by means of diffusers.

3e Effluent Pymping Stations will only be provided
at Banidra and Worli site (2 sites out of 7). At remaining
sites there will e no effluent pumping stations,

4. Secondary treatment by means »f floating surface
aerators will be providedl -nly at Malad, Versova, Chatkppar
and Bhandup (4 sites »ut »f 7).

Common features for all sewer treatment plant sites have
been enumerated as under s

le. Coarse screens in the wet‘ﬁall.
2« Influent Pumping .tation.
3¢ Mechanically raked fine screcens before degritting.

4, Merated grit chambers for removal of grit
and septicity of sewage.

5. Provision »f Administrative Office building,
store, Workshop & laboratory on each site.

6. Reservation of adequate land for housing of
staff working on treatment plant sites.

v

A
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It would also be interesting to note some of the
unique features »f this project which we will »only see in
Bombaye

Some_of the unique features of this Project :

le For the 1st time in India, disposal of sewage
by means of submarine outfall pipe through d4iffusors is being
done. The largest size of the pipe so far'provided in the
world is 12t-0" dia. and it is »nly at one place in Los-
Angeles. We are providing same size at two places at
Bhandra and Worli, .

2. Fop the 1st time in India, sewer tunnels at
100 t-0O" depth are being provided by B.M.C. (Ghatkopar ani
Bandra).

3. For the 1st time in India, sewage flows around
..170 mgd. are proposad to be handled at one site. BeM.C,
will be handling such large flows at two sites Bandra and
Worli.

4, For the 1st time in India, sewage pumping stations
will be constructed at a depth of about 100'-0O" at Bandra and
Ghatkopar. - _.

5. For the 1st time in India, secondarj treatment
of sewage by the extended aeration method in aerated lagoons
will. be providtd by BeM.C. at Versova, Malad, Ghatkopar and
Bhandup. ' ’ -

gome discussion on sewage outfalls:

Discharge of sewage through outfalls into a large
receiving water body is one »f the methods of treatment and
disposal of sewage effluent. It works on the principles of
diffusion, Jispersion and dilution.

OIFFUSER JESIGN APPROACH :

"For a given outfall, improved 4dispersion of the
sewerage effluent can be accomplished by apsiropriately
designed diffusers on the section of the outfall., An
effective and simple diffuser is one which distributes the
. flow through all parts over a large area with minimum head

;"1oss gfid interference between rising water columns. The

port has to be designed for uniform 1istribution of sewage
flows when the liffuser section is laiil on a sloping bottom
(for low or average and peri flow conditions). Ports
located at the farthest points are allowed t» discharge
greater than the average discharge), at highrates of flow,
Allowing less than the average dischargs from the deeper

- ports may result in clogging of these ports.

. To prevent gross deposition of sludges ‘which

woull interfere with the disposal function of the diffusér,
the velocity through the ports is kept high. The ports are
rounded to minimise dlogging and to provide a constant

and a hlgh value »f dlscharge co-efficient.

Th° ports initially dlssharge horlzontallj, with
no initial upwarl velocity component for optimum dilution,

- The word dilution is a simplc one but this dilu-
tion has to be achieved more scientifically in the follo-
wing mannera
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1. Make arrangements for diffusion of the sewage
through small dia. port holes.

2. Allow the sewage to disperse eyenly in the
water body to ensure unlform mixinge.

3, Allow the sewage to further dllute.f

Follwwing studies arec required to be carried out
for finalising outfall desipgn and it's length.

1. Wind lircction and its velocity.
2. Current 3directions and velocitics,
'3. Dje and drouge studles.

4. Tldal varlatlons.

Se Sea bed topography.

.These studies were conducted for monsnon and non-
monsoon conditions and also for spring and neap tides, ¥
The above oeeanographlc stulies conducted for one
“year ultimately revealed that scwage discharged at 3 XM, .
length would not come back on the shore and the MeP.WeP.Bs!s

standard of less than 1000 MPN Count within 1 M distance
from shore would be adhered to.

The results of the ahbove mentloned oceanographl
studies ultimately indicated that discharge of sewage at
3 iKeM. distance is desircable and that the wind and
current dircections ani velocitizs were such that the
effluent discharge would not come back on the shore.
The detailed design calculations werc made to work out the

exact length of outfall for varying lcecvels of treatment »

anl for varying standards of M.P.N. c¢ount/100 ml. This .
"will now be seen in the next table.

TA BLE NO. 10O .

T ~ Ouii&ll;lengtha_;n__ete_s ®

- . oo
S |

_ . . M?P No 1 I{Mo from shore
70/100m1, 230/100ml. 1000/100ml. 2400/100 ml.,

l. 1 hour ,
sedlmentatlon 8280 7080 B 5880 5280
;—Q -do- —jp- -+ R .;7 ' -_‘.: — h R : e _ _:‘
chlorination’ 4980 4080 2980 _ 2360
3« fActivated sludge -6280 5230 “A980 3230 A
4,  -do- ~d0= +- 2930 1860 1860 1860
chlorination : .

The least cost solution for all these alternatives
was worked out anl it was found out that 3 XM, outfall
length with 1 hour sedimentation and chlorination would
meet the 1000 MaPeN./100 ml. standard within 1 kM. distance
from shore.

In phase T of Bombay 11 Proaect we now intend to
provide only 3 M. outfall without 1 hour sedimentation
and chlorination. This would mean that in this phase -
M P W P.R 'a standarde will not bte met withe
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Jsanitation options, giving guide lines for adoptinns, " =

~sceptical in adopting any one of the options available for
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COKSTRAINTS IN ADOPTION OF IOW'COST’S&NITATION TECHNOLOGE

: A B GOHIL
RN SEELAT ;1\7.2,1518;.-* TL L g s o
Introduction 5 . - . ... . e B e Qi
e e e Sdh s N S Colme

In the developinb countries like ours the choice of
technologj for waste collection, treatment and disposal ‘is

.: to be considered in the context of the limited resources
. .dense population and social as well as cultural traditions.

The conventional water carriage system is not only costly

to instal and maintain at efficient level but require _
plenty of water .for its working. Use of water for carrying )
waste cannot be Justified when sizable section of the

population does not even have potable water supply. Low

cost methods for op site and off site treatment of waste |

are available and are belng increasingly considered for

adoption in the developing countries, The World .Bank has

carried out a detailed gurvey for technical and economic

8
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design construction and maintenance of the appropriate -
system to suit agiven situation. Though these methods are
economically viable and technologically feasible, they ‘have
certain limitations arising from the basic constraints of
the developing countries like inefficient management and
inadequate sanitary education of the people. Possible
health hazards, lack of demonstration models and unplanned
growth of urban and rural areas also pose serioas problems

VP {‘

in their adopt&on. — _ , e

Iy

Toc .¢cost sanitation technology is belng increasinglj
recommended by the National and International agencies.
However, due to the atove reasons they are not finding
favour with the local authorities. The paper briefly
discusses these constraints in the adoption of the low
cost sanitatlon technology and possible remedial measures.

- — - l e =
[} - o I R - . LI
s

Management s- _ . .

Management of municipal services like sanitation,
refuse collection and disposal etc. in the developing - -
countries is to say the least, very inefficient., The local
authority being fully aware of their shortcomings is very

thé rembval of human waste without the use of underground
pipe-network, The cartrage can be accomplished by hand
cart, 0jcle rickshaw “truck or, vacuum truck, depending on
the level of sophlstication. Each one of these, howevey, -
require high @ degree of efficient central organization for
its successful operation and maintenance. When our local
authorities are not in a position to collect the solid -
waste efficiently, thej ‘obviously do not feel confident
of handling. night301l from the densely populated urban

:
aresS... .. - - L it , PIRUEE
. ] § o ELR

) It is because of the lack of efficient management

and dependable maintenancea that the bucket latrines -

which are very efficiently managed in.places like Sydney, .
Australia or Vacuum Truck and Vault System which is -

commonly used in China and Japan are not adopted in many 7
developing.countries, ., .. D Gy e L usif .
* .Profe. & Heqd Deptt. of ClVil Engge, Se V.Regionql
College of Engge & Teche, Surnt=395 007.

** Bgstte Profe , Deptte of Civil Engg. S«Ve Regional
College of Engge & Techey SeVe Begional College of

¥y
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g Social ue51gh that is the 1nvolvement of the user
and Jue 00h51deratlohs of his attitude, belief, customs,
and habbits in the designh process is very much 1mportant
to the acceptance and continued dse of the installed
+facilities and therefore for the success-of thé programme
of the sanitation incorporating economic tedhnologlcal
options. - Thls aspect is totally neglected in many developing
. gountrieg, Number of examples 'calf be :¢ited when the attempts
to improve extreta disposal in’ rural and semi-urban areas
have .failed as a konsequernce of socinl and educatiohal rather
than technical defficiencies in the design. The plt-privy
is a minipum cost solution providing for Jdefecation with
or, without water use and Wwas therefore immediately adopted.
In Brazil, 2000 pit-privy were gonstructed, but it was
later. dlsQOVGxed that very few were actuallj usede. In India,
in rural arga efforts.to implement pit-privj programme has
fajiled in absence af..the major . sociologlcal inputse. This has
resulted quite..ofteén-in abandoning the programme, rather than
corre,gtlr;b the approach, res bR
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', Foggl matter Leihg malodoeurous is considered offen-
sive 1n most societiess ™ It may contain an array of
pathogenic viruses, bacterla, proteozoa and helminths that
may cause .diseases in a new host. Thus focal matter is the
beginning of the transmission routes of the diseases.

Bconomic options of nightsoll disposal on site or
off site, is beliewved to be associated with possible health
hazards and the problems arise either from the inadequate
excreta disposal facilities or' due to inadequate personnel
or domestic cleanliness. While number of factors influence

~ technology cheoice for excreta dlsposal the c¢entral factor
in the mind of the local authority 1is the health, as it
should be. His apprehension about possible health hazards
of the low cost teChnOlOgj for sanitation results in his

P
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Ugban\Rgral Plahnin :
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- ~'The low cost sanitatlon 5jstems are to be 1nstalled

for existing urban and rural areas -which have Jleveloped
without any donsiderations to scientific planning. On-site
options will have to be installed "in an individual house
or ,group of houses, This may not be feasible when the
growth is :unplanned. Off-site dispodsal facilitles need
suffictently widé roads for the movement of vacuum trucks

- or other wvehicles., The roads in v1lkges or in urban
areas!ane: generally harrow and may not be suitable for such
movements., The installation of low cbst sanitation
systems may not pause serious problem for the planned
~suburban levelopment on the outsxlrts of the old cities,
' It may be notedI'that what is practicable in urban and
rural areas. of- Japah and other well plapnned communities
of dewsloped nations- is not practicasle in many of our
rural and Grbap arsas, -In the circumstances, if the
local authérities insist on the western sewerage system,
which can be ipstalled wvary convenlently in our highe-

dénsitJ urban _and. ruzal areas, it lS @nlj natural.
- -7
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Engineer's Approagh 3

The aJdoption of the water borne waste disposal
sewers in cities and septic tanks in rural areas has taken
in the developed countries since quite a long time.
However, once adopted, the sewerage has been regarded as
a unlversal solution to the waste disposal, for various
reasons. ' It is perhaps the best technical solution, it
provides in built safety for the Engineer, since the
waste is taken away from the community automatically.
What happens to the waste, once it 1s removed from the
immediate environment, neither the community fior the
Engineers need worryd. The Engineers often trained by
the urban uhiversities in the urban environment on the
pattern of technical education adopted from the western
model, adopt this simplest though the combliest solution.
If other economic sanitation options are to find favour
with our Engineers, attempts to change their attitude
will be required. It may also be mentioned that quite
often the hesitation of the Engineers is also due to the
lack of confidence in the sanitation system,s other
than sewerage.

Congclusion 3-

It has been now widely accepted that when only 139
of the population of developing countries have piped water
supply and harily 6.5% population has sewerage facility,
the technologically feasible and economically viable
sanitation methods will have to be adopted in place of
present sewerage systems. The hurdles in their aloption
will have to be removed. The following action in this
direction is suggesteds .

1) The management and maintenance ability of the
local authorities will have to be improved.

1i) Social design and sanitary education should from
the part of the technical design.

1ii) Physical planning and the street Jdesign are
important considerations in adoption of less
efficient technology. It will be desirable to
include environmental engineer in the planning
team.

iv) Tﬁe present undergraduate curriculum in
environmental engineering emphasises the
teaching of sewerage system in most of the
universities. It is essential to give adecuate
emphasise to the teaching of other available
systams of sapitation.

v) A few pilot plants based on economic sanitation
systems must be constructed to demonstrate to
the engineers and to the community 1ts viability
and dependability.

vi) It will be necessary to ensure and demonstrate
that thers are no health hazards associated
wlth sewerless sanitation.
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SANITATION FOR THE PQOR - FIVE DEVELOPING REGIONS IN. . . .
SEARCH OF APPROPRIATE TECHNOIOGY. - ° S

* bl . FREYAN v -
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For convenience of programme administration the United
Nations have'grouped the neveloping countries of the world
in five regions, cege. Asla and the Pacific (W»st to Iron),
Latin America including the Carribbeans, Affica, West Asia
or the Arab world and Burope i.e. Cyprus and Portugale. The
regions vary among themsclves widely in terms of sige
history and culture. Their political systems cover aimost
the total available spectrum from the benign democracies
to the oppressive military dictatorships. Even in terms
of Income the variations are wide enough. 8ri lanka,
Bangladesh and Bhutan are at the near bottom level with a
per capita income below . 150. At the other extreme are
some countries of Africa and the Arab World with per
capita income exceeding g. 500, But-rich or poor, big or
small all these regions have one feature in common,- -Their
crowded cities and the scattered hinterlands are plagued by
poor water supply and inadequate sanitation. -As a direct
consequence, enteric diseases are rampent in these parts
of the worlde. Over 30,000 people succumb to these diseases
daily, two=third of them being children. According to WHO
statistics almost 87% of the rural and 47% of the urban
populations of these Developing Regions are without adeguate
sanitation facilitles, In numerical terms thils means
nearly 2000 million people by the end of this decade with
present level of extension of coverage, (Percentages that -
lack water supply in the urban and rural areas are 25 and 71
respectively)., Among the list of common infectious diseases
more than fifty are transferred from a suffering person to
a healthy one through routes related to inadequate sanita-
tion. It is invariably the poor who suffer most as a remult
because they lack not only the means of proper sanitary
facilities but also the information on how to minimise the
ill effcects of the insanitary conditions in which they live.

The commonly accepted method of sanitation is of
course the water borne sewerage systems This collects the
night soil and other domestic wastes in a watery medium from
individual houses and treat these in plants away from
congested areas. Effluents from these treatment plants
are” often not pathogenically safe and will pollute the water
where they are discharged., But even this convenient and so
called hest sanitation system costs between § 300 - g 5C0
per 'capita and is clearly beyond the capacities of the
average beneficiaries in 'he Jeveloping world to paye

Realisation of this has led to a worldwlde search
by the World Bank for technolgies in sanitation appropriate
for the developing world. Appropriate tachnology as a
term has become topical since the publication in 1973 of
Ee.F. Schumachert!s book - Small is Beautiful. There is
however, no Universdlly applicable definition of the
term.s Appropriateness of technology varles depending
upon the developmental goals of the country where it is
.to ke applied the levels of existing technology, the
socio-culturai environment and the strength of existing
organisations. There is also the question of opportunity
cost of the investment and the net present value of the
costs over time. The World Bank Study teams have avoided
going into these complications by adopting an operationgal
definition &f Apnropriat ¢ Technology as!a method or tech-

7 xr A M
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full health benefits and at the least economic cost. The
basic philosophy is that only those technologies that pass
all three tests are appropriate!., Starting with this premilse
they have ended up in identifying five types of household
systems and four types of community systems for sanitation
in the Jeveloping rcogions. The household systems are pit
latrines, pour-flush tollets, composing toilets, aqua-priv1es
.and septic tanks. Thesc are characterised by the fact that
they require little or no investments outside home sitzs.
Bucket latrines, vabhlt toilets, communal tollets and sewerage
systems arc the community systems identified by the study
teams. All these arc age-o0ld systems in use in various
parts of the world with varying degrees of sanitary ceffcects.
They also wover the total spectrum of available technologies
excepting a fow esoteric ones. Conventional construction of
these systems did not have the benefit of the knowledge of
the path of travels of pathogens nor of the technology of
controlled digestion of waste products into r:latively
harmless ones. In the hands of the expers in the appropriate
technology teams each of the alternatives will thus have
opportunity of providing more sanitary protection with
reduction in o~our and fly nuisance than ever before, But
any such improvement will invariably incrcase the price tage.
Besides, each has its limitation of applicability both
physical and socio-cultural., For example ordinary .pit
brivies will not function hygienically in areas of high
ground water level. Pour flush latrines run the risk of
being choked if users do not pour enosugh water (usually
where water 1s to be brought from afar) or where solid
materials are used for anal cleansing as in many parts
of Africa. Pit latrines are also suitable for low density
areas (say upto 300 persons per hectare) where houses arc
single storied having back yards - a tall arder for the
urban areas in the developing world. Others like composting
toilets newd handling of waste materials which are socially
unacceptable in many countries. Such lists could be made
- vary lengthy. The study reports themselves show that none
pass the three tests mentioned earlier with something cven
approaching flying colourse.

Community systems arce the only alternative in places
of congested living cspecially in the outskirts of the cities
and in the bustees. Here, beside all other considerations
extent of use will depend upon convenience of locaticn and
the level of cleanliness both of which develve upon external
organisations rather than on individual users. Household
systems, on the other hand ensure avoidance of major cost.
implications by public authorities by shifting the onus
upon the individualse. At some point down the scale of
poverty this will become unaffordable. But even before
that such expenses are often unacceptable.s Tn make appro-
priate technology in sanitation acceptable to the client
population other parameters beside level of service,
health benefit and cost are significant. Individual
households accept or reject a new technology based » on
personal criteria both social and cconomice. Potential
users must be involved in the process of iventification
of the technologies and the agencies have to provide a
structure through which they could respond. In most
cultures sanitation practices have become timeshonoured
and the norms affecting them are more of functional,
aesthetic or ritual in nature. In fact the germ theary
of diseases and its control through sanitation normally
do not provoke encouraging response among the poor
gpecially in the rural areas where a tollet is accepted
more 28 a 4tatiie gvmhnl thon 11+ 957 4 Fr o 1.
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hounging the. developing world this will have to change
albelit slowly. "~ In the attempt to herald such a change -
we have to remembor that it is casier to change technologies
than to change behaviour. It is more pertiment to cpsure
social acceptability than to establish tschho—econotiic
feasibility. To quote Dr. Davii Bradley of the Ross
Institute of Tropical Hygicne 'No matter how much.we. «.
have learnt about the engineering details of alternative
sanitation sjstems and the related health aspects, unless
these finiings tan be translated to the target population
in'a way, they understand ani accept &his is mostly an
“academic exercisel. The other aspect is.th: cost, of
sanitation. The World Bank reports admit that household
systems proposed by them arc mostly good for low density
-areas, primarily ruraly the community ones are good for,
urban fringes and bustces while for cities and towns. in
many casc sewerages may be the only alternative Whatever
be the appropriate syst:m many of the target populatlon
cannot afferd the cost of the same and the others will not
care as sanitation in tontrast to water supply, is rarely
consldered by them as felt need. So, Government wrill have
to pitch in. The whole effort will need high lewvel of
subsidy both in capital and up-keepinhg.  For. the decade

of the Eighties & 30 billion a year i.e, $.80 million a
day is considered by the Authorities to bec the sum that-
could make a -reasonablc dent on the problem of sanitation
for the Developing World. This is over.four times their
current level of spending. Is this required amount really -
Jauhting? (Consider for a moment that the worldispends
F+240 million o :lay on cigarettes and the globkal arms

is in excess of F.1400 million a day. Ewven for India,

the annual fund requircment for the level of .sanitation o
“for the World Bank programme is abotit Rs.' 7OQ.crbres3
whereas, the current anhual defence btdget isiin excéss .

of Bs. 5,000 crores. ‘The choicé'is thus nhot so muchmjaa
betweﬁn differént technoligies of sanitation as -in the-
priorities in buigebary allocation that the world consider

politically approprlate to reduce death and. sufferlng of the
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ECONOMIC FNAL¥SIS OF~WTTER SURPL%ﬁ’NQ S&NITATION  DEVELQ PMENT

U pilip TTimba& ‘Shete”
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Mother Farth waited for a million years, after giving
birth to Adam to sec her first billion chil<ren, but the next
billion due in only another ten years. The world population
is expocted to reach 6.5 billion by the year 2000. Basic
human necds, like food, clothing, shelter, and public
services provildd by and for the community at large, such as
safe drinking water, sanitation anl minimum health services,
of the ailitional V.a billion people have to be satisficd,
Satisfaction of this needs means more water to supply those
goods and services.

ERES Aealn water and health gituation, at current level
on a’ glObal basis, has been estlmated as follows i-

LY - L

shan Gastro enteritis s- 400 million cases/ycars

wrn rschistosomiasis s- 200 million cases/years:\

y T

Filariasis ‘- 200 million cases/jears.
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c o aMalaria i- 16

)

million cases/yeare
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-~ . Onchocerciasis:-  20.40 million cases/years.

- w-
=

¢ - These statistics clearly rcveal that the economic
costs: of water related diseases arc considerable, and a
ma jor portion of such costs can be reiuced by sational
water supply anl sanitatlon development and management.
P ¥ oL e S "SR —~ £

- . Water supply ani sanltation development is expensive.

In a Jdeveloping country like India where public funds arc
gencrally scarce commoilty, the decision to proceed with
such investment must be made after careful scruting. Hence,
as one-of many economic inputs, water related investment
shoull be subjected to the same strict invastment criteria
as arc applied to their competing investments, and pricing
policies should be adjusted in such a way that efficiene
resource allocation can be made,

This paper discusses some of the dlfficulties
involved in applyimg economic theory to the practical
problems to get optimal results. These difficultics
arise due to gross ignorance of the economic implica-
tions of technological innovations which are ofiten
seized upon avidly by water supply and sanitation
managerse Thilis is due an undue reliance upon financial
criteria for decision making, The lack of communication
between economists and thce decision makems and the fact
that organizational responsibility for pointing out
these economic implications is 111 defined,

In fact, there is an increasing tendering to —

dismiss economic theory as irrelevent in view of the
complex nature of the political, social ani technical
constraints that arc associated w1th the financiag and
supply of water for human consumption. However, by apply-
ing and modifying certain basic economic principles to
Jdeal with the crucial issues confronting the water supply
development, a good deal can be accomnlished,

w



o This has been illustrated by referring to pricing and
investment policies. The role of marginal cost pricing of
benefit cost a@nalysis and of shadow priclng in project design,
selection and construction is then discussede.

B) Qtstacles to the Int;ouuctiog of Efficient Pricings

B~1l) Economic Effielenci and Marginal Cnst Prlcing :

The economic effects of any proposed policy can-te
2ivided into the effects an efficiency and the effects on
“distribution. Efficiency relates to the size of the pie
availatle, iistribution to who gets what share.

= -~ -

Most of the sconomic thought g¢oncerns the effic1ency
effects of alternative possible policies. There is a sence
in which enlarging the size of the pie may be considered -
be good for the consumers as a group irrespective of the
distribution of shares. This sense turns upon the possibility
of divlding the enlarged pie in such a way that everybody
benefitse

Assuming a municipal water supply enterprise can
always make another unit of water available by expending
more resosurces to acguire and transport it, that is at a
certain additional or marginal cost, the questlon of where
to stop in increasing the supplies made available is then
“alded to the question of how to arrange for the allocation
of the supplies in hand at any given time.

Suppose that at a given time this cost is Rs. 30,
per uhit. Then, if the community as a whole can acquire and
transport another unit of water for say Rs. 20 it - &L
would clearly be desirable to Jdo so, in fact, any of the
indivicual custommrs to whom the unit of water is worth
Rse 30 would be happy to pay the Rs. 20 cost and none of
the members of the community is made worse off thereby.
Henece, i on efficlency grounds, additional units should
be made available as lon; as any members of community are
willing to pay the a1ditional or marginal costs incurred,
To meet the criterion of equimarginal value in use, the
price should be made equal for ‘all customers. So the = 7
combined rule is to-make the price equal to the marglnal
cost and eyual for all customers. )

One important practical consideration is that, ©
because of differing locations, use patterns, types, 0%
services etc. , the marginal cost of serving Jifferent
customers will very to find out these vaiiation, arrange
matters .so that for each class of customers (where the
glasses are so grouped that all customers within any v
single class ¢an -be served under identical cost conditions)
the prices should be the same and equal to marginpal cost,
Between classes, however, prices should differ and the
yifference should be pricesely the difference in marginal
costs involved in serving the two.‘ B
One problem which hunts the declsion-makers is
whether efficient pricing should be at short-run marginal
cost for the reason that the normal sale of water is in
the nature of a short-run agreement a purchase of water
at this moment does not tind the customer to take more
water at any later date. At each moment of time, so
the enterprise forced with the short-run problem of selling
its output given its current papacity.“ Pricing at- lmng-run



enterprise would never face any problem of disposing its
current output, already arranged for by contract,

B-2) pifficulties of M surmmen , tg 3

It is a well Known fact that the ma jor obstacles
to implementing marginal cost priecing is the difficulty
of measuring marginal cost. However this difficulty is more
apparent than real. Fstimation of future supply costs
provide a reasomably accurate signal for investment, It 1s
still to be preferred to the present accounting methods of
attempting to regover sunk costs, expected future costs and
costs which measure not the burden on society but that felt
privately by the water utility.

This last constitutes the recal measurement problem.
It arises because water supply is such an important part
of the social infrastructure that it should be operated with
particular attention to the public welfare. One consegquence
of this that the financial intcrests of the water utility
should be suboruinate to the interests of society as a wholg,
and that pricing policies should isecally recognize the so- "
called l!external! effects of water production and consumption.
These effects may or may not be relevant for economic
efficiency, ’jepending on whether or n»t they reprasent a net
gain to socicty.

An cxternal effect .is one which is felt by parties
other than the buyers or sellers of a particular commodity
and which in a competitive market situation, would nnt be
reflected in the price of that commolity. An external benefit
would arise 1if water consumption or sanitation utilization
by one individual is of benefit, perhaps because of his improvel
health to his empIOJer. In such a case, optimal pricing
would require a price equal to marginal cost minus the benefits
to others that accure from marginal consumption.

: Efféciency in pricing and imvestment is unaffected
by purely “pecuniary" external effects transfers in income
or kind resulting from the supply of a commodlty between
members Of the same sociefy. Thus, a water supply project .
that stimulates industrial development, thereby yielding net
gains to a particular region of a country, will not be justi-
fied on the grounds of economicefficiency if the result is
merely to attract 1ndustrj and reduce gains by an identical
amoung 1in ather regionse

It is not inevitable that efficiency and other
criteria should conflict, Thus if subsidization of water
consumption encourages industrial growth in a depressed
region, incomec distribution arguments for such a policy may
be reinforced by efficiency considrations. This happens
where the subsldy résults in a transfer of activity,
without undue loss of productivity, from a region of high
employment, where the value of labour in other user is high
to an area where it may tends to zero.

The task Qf computing real and anelJ transfer
effects is awesome as externalities arc difflcult to estimate and
and any decision regar.iing the reinvestment of resources
or the redistribution of incomec may invariably set off
a complex chain reaction involving repercussions in other
parts of the economy. This process is clearly a barrier
to-the introduction of an efficient pricing policy and it
would be idle to pretend that nrecise answers cah be .obtained
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Another obstacle to the introduction_of an efficient
pricing policy is the managers of water supply and sanitation
development: who are the least concerned with general economic
Jevelopment “income distribution and external benefits,.
especially when these objectives may be in conflict with
their own goals. )

B-S) Mgrhinal cost Pricing and Erofitabilitz S »-ﬁ';

Strict application of marginal cost pricinb would
result 1n an enterprise making -financial. losses when average
costs of supply are falling (l.e. when marginal cost by
using utilitJ discrimination by setting up a descending
scale of prices as a functiah of quantity takes, but sbbject
to the guiding rule that each customer must pay thd same
marginal price il.ce. marginal cost. Thilis could conceivably
be achieved bty'a process of trial and error. The customers
can be divided intn various of groups, each with a seperate
declining price scale. At the end »f first trial some
individual would end upon too high a rate block and others
on too low a rate “lock as compared with marginal coste The
aggregate révenue might or might not sufficec., A second trial
is then run, reclassifyin; some of the customers and possibly
~varying some of ths scales. Ideally speaking this process
could go on until cither the optimum was achieved at a
satisfactory revenue or it was determined to aban&on the
projecte --

Ironically, this abandonment of the project would
be treated as anti social or antipoor approach in the .
,developing countries like India where loss.making is a .
»virtue and profit making is a vice. Ralsing prices to ..
- meet operational and maintenance costs can pg#ise a hue and
‘cry from the politicians and local chieftains. The intro-=
~duction »f marginhl cost prices would requira a rauical
change in social attitudes.

In such situations average increm ntal cost pricing
is a more practical sugrestion. '-Here the price is nothing
but the average cost of producing smter from the most recent
or the next feasible inv:stment. Hence prices can be adjusted
occassionally to reflect the average costs of technically
.:feasible new investments. Whenever average costs will rise,
profitable operation will result and price incrcease will be
moderates. Tnus this policy can be more rea. ily accepted than
the marginal ¢ost pricing., )

C) Qbstacles to the use of enefit-eost Anal*sis 31—

C-1) pBenefits &= . = - 1 e

The benefit cost analysis is very difficult to
manage because it is very difficult to measure the benefits
on the basis of consumer!s willingness to pay. Actual
revenues from metered water sales leave a considcrable:
consumer's surplus i.e, many consumers would have been
willing to pay more than the actual price of water. To
assess the benefits alternativdly, these can be equated with
the cost of the next cheapest investment. -

' Another way of measuring benefits is ths estimation
of the public health benefits of a safe, dependable water
supply and adequate sanitation. But here the data on changes
in mortality and morbidity from water-borne and water asso-

ciated diseases are as unreliable as the consumer behaviour.
. I h AP IR aen aAARA YA



C-2) (Costs -

Investment decisions should be based on economic
costs which are nothing but social opportunity costs, l.ce -
the value of the goods and services gilven up because of
the employment of resources in- water supply and sanitation
projectes The opportunity cost of capital should be rate ~
equlvalent to the rate of return on capital in the private - )
sector, * T

C-3) Ihe Criterion Problem :-

i e o Suwpose all the benefits and all the costs associa-
ted with a water supply and sanitation wevelopment project
have bteen worked out. To determine whether the project 1s
good, generally it has been seen that and between iiffcrent
projects whether 1t has the higher ratioe. -

The second condition though commendable tends to X
erroneouse Suppose we have to select between two mutually i
exclusive projects, onec with a cost of Re. 1,00 ani a

-benefit of Rse 4.00 the other with a cost of Rs. 1000 and ¢
a benefit of Rs. 1300. The former has a B/A ratio of 4 and
the later of only 1.3 but is it advisable to let go a
Rs. 330 gain for a more Rs. 3.00 on the other project 2
The ratio does not lead us to the right answer.

In selecting the scale of investment in a given project,
boox B/ ratio leads to the wrong answer againe. If costs
Rs. 50/- are incmrred the benefits will be Rs. 70 (B/A = le4).
Assuming by expanding tha scalc of cost by Re. 1, it is po
ssible get a benefit of Rs. 1430, the B/C ratio of the
increment beilng only 1.3, it pulis the overall ratio below w
l.4 but unquestionably the incrcment ylelds more benefits .
than costs and is therefore desirable.

Again, if the basic out lay is Rs. 50,00 2nd benefits .
of Rs. 200 will be ylelded if expenses of Rs. 756 are incurred,
the one ratio is (Rse 200 « Rs. 75) RS. 50 = 2,5, while the
other is Rse 200/-= Rse 50 + Rse 75 = 1,6. Nelther of these
ratios is better than the other, basically the error is in .
the use of the ratio at all.

What is the right eriterion? According to J.Hirshle
eiferet al, it is the difference between the benefits and
costs (B-CS which shnuld be maximized, 1In the last illus-

tration, the B-C- oriterion shows a wedlth gain of Rs. 200=(75+40) =
= Rss 85/~-, the same result being derived whether the a¢coun=-
ting is on a net or gross basis., As between the mutually
exclusive projects we thought over ecarlier the project with
a B=C of RSe 1300 = Rs. 1000 = Rs. 300/= is obviously a better
alternative than the one with a B-C = RS. 4400 R8.1.00 =
Rse 3.00, Similarly, any increment to the scale of a
project that yields a greater incrcase of benefit than
of cost is one that obviously makes the B-C difference-
greater, and again the correct answer is achiewved,

u) Obstacles to the Use of Shadow Pricing :-

Whenever the optimum allocation of scarce resources
are to be made these are made by using a shadow price for
that scarce factor equal to its marginal productivity. 1In
this case, the optimum allocation can be made by equalising
the marginal productivity, or incremental rate of return, .

of capital in egvery project and then setting it equal to
+h~ Al ~11 - I d
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The optimum distribution of any scarce factor ¢an then be
made as follows .

a) by finding its marginal productivity, _
b) by setting its shadow price equal to this -
marginal productivity and :
A S -,
é) by maximising profits or discounted net benefits
using these shadow prices.

i . R,

The first step is the most difficult. A whole
weries of projects using the scarce factor is evaluated

~and the marginal productivity of that factor is calculated

for each project.. Afterwards the scarce factor is distributed
to those projects with the highest margingl productivity of
the scarce factor. Using this shadow price the net benefits

. of each project should be maximised. : v

If the application of shadow pricing were to‘result
in the rejection f a project of higher financial cost than
otherwise it would not be equitable to charge thd consSumers
for this increase, since the economic benefits accrueto the
whole natione. Also, that the selection based on shadow p
pricing is in its best interest.

Even 1f a selection based on shadow pricing is
attempted, severe difficulties of calculation can be solved
only by employing economists for feasibility studiese

Probably the greatest problem is the communication
gap between the engineers and the eennomists.

E)Conclusion t=

In view of the rapidly increasing cost and decreasing
resources it is highly important to ensure that thz allocation
of water supplies and sanitation facilitles are determined in
accordance with sound economic principles. The paper has
illustrated this and some of the obstacles to the lmplementa=-
tion of economic principles.,

Eeonomic efficiency and the marginal cdst pricing
has been discussed in detail, It has also been shown how
(B~C) consideration is superior than (B/¢) conslderation
for selecting a water supply and sanitation or any other -
aroject o Obstacles to shadow pricing arc also qoted.
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ECONOMIC CONTRIBUTION OF WATER SUPPLY MNF SONITATION
NATIONAL UEVELOPMENTo ﬂ -

< v, .

Dlllp Tr'imbak Sheue

A) AN INTRQQQQ ON 3-

B ecause of the important role water plays in human
survival, the entire history of mankind is nothing but its
struggle to acguire and harness it, The historian, Herodatus
was s> impressed by the role of the Nile in the Countryts

“survival that he called Egypt "the @ift of the Nile",

The development of water supply and sanitation is

. important both as an input to the economic growth process and

as an element of the basic needs which most countries strive
~hard t» provide for their population. As an economic input,
water related investment should be subjected tn the same strict
investment criteria as are applied to their competing-
investments, and pricing policies should be adjusted in such

a way that efficient resource allocation can be made,

The development and exploltation of a countryls water
resources plays an important role in both its econnmic and
soclal development. ~The first sectinn of this paper
discusses water supply and sanitation as an economic good,
The second sectisn deals with water supply and sanitation
as a social good. The last section reconcils economic and
socilal goals cof water supply anl sanitation.

B) WATER SUPPLY & SANITATION A4S AN ECONOMIC GOOD :—

Economic development is the process of increasing the
proiuction of gosds and services given a country!s resourcss
which are both variable, like labour ani capital and fixedl
like land, minerals, water ctc. Combining these inputs to : .
maximize the total output is known as economic efficiencye.

To achieve the approximation of economic efficiency,
following set of rules should be satisfieds

B-1 ) Rule~1 Ehe__ptlmum Allocation of Goods s

‘Each consumer maximizes his satisfaction b# orierlng
his consumption so that the marginal rate of substituti-n
between any two goods is equal to the ratin of their prices.
Bach pair of consumers must have the .same marginal rate of
substitution or a trade of goods would effect a mutual
gain. Pure competition achieves equal marginal rates of
substitution by making the price of any good constant _
throughout the economy anl hence making all price ratios
uniform,

Rule~2 The Optimum pegree of Specialization 2-

Esch enterprise maximizes its profit by making its
marginal rate of transformation between any two outputs
produced equal to the ratio of their prices. Pure compe-
tition achieves this goal by making the price ratio between
any two putputs constant throughtut the economy.

Rule=3 The Optimum Relationship between Input and Output:

Each enterprlse maximizes its profit by equaling
the .marginal physical product of input to producing output

w1th the ratio of their prices. Pure competition also
M3 41 Ter Aahd~trine DI PAarm nriens ret§eo-
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Bule=4 The optimum Allocation of Ipputs -

Each enterprise max1mizes its profit by makinbllts R
marginal rate of substitution between any two inputs used
in production equal to the ratios of their prices, Pure
competition would maintaln a uniform ratio.

Rule=5H The Optlmgm )irbétlon f Projuctlon i-

Overall welfare 1is mdximized if the marginal rate- -
of transformation in the proiucti-n process between any two
outputs is the same as the marginal rate of substitution B} _
between the same two goods on the part of hhe consumers. The
uniform prices of pure competition also achieves this goal, B}

Bule~6 The Optimum Allocation of all Iniifidualts Time :=

Optimum welfare also requiras that the marginal
rate of substitution between leisure and wag:s for each
person must be the same as the marginal physical product
betwecn the work .lone ani the resulting output for each
enterprise. =an indifidual maximizes his satisfaction if 5
he equates his marginal rate of substitution betwcen money
anl leisure with the wage rate he receives for labour,

Unler pure competition, all énterprises shoul’ sell the ‘
identical output for the same price anl all enterprides

must pay the same wage rates for all workers with the

same skille

Rule=7 The Optimum Allocation of Assetf over time :-

: An inlividual maximizes satisfaction by equating
his marginal rate of substitution between present consump-
tion anl future consumption with the rate of intarcest he
can earn in the market. Pure competition equates these o -
two marginal values by making the leading rate equal the *
borrowing, ratc. h

The correct appl:catinn of theg above rules will
producce the grcatest efficicncy in water supoly and sani-
tation procurcement anl utilization in terms to, anil in
competition with, all the other desires of the community.
With so much of ’_)U.I' national wealth allocated to the .
non-productive enis like Jefence. The avallable wealth
for investment bteing limited, the choice of less effilcient
project means tho regiosn having the projeet will be poorer
in the future than if wiser decision had been made.

xclso, Martin and Mack have carried out a thorough
analysis using a sophisticated set »f alternative economic
projections, input-output molels anl lincar programméng
reprasentations of agricultural sector, to study the extent
to which water constraints the continued growth of the.
economy of the utate of arizona. The major findings of
the study are :

-1) Water is an ceconomically scaree commodlty but
not so physically scarce as to threaten the State's economy.

i1i) Much of th: scarce watoer supply 'is, through
waber law anl location, locked into uscs of very low marginal
value in terms of incomes Aircctly anid Ilndiroctly gencratel,

1i1) Curtailment of those low-valued usces woull have
very modest ncgative effgcts on the Statg's cconomy.

iv) Tha re allocatlon of existing water supplics from
al1iph nene A thn amarcines his - -7, T 1
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Most of the policy issues in conneetion with tho
water supply anl sanitation levelopments discrimidnates
between financial feasibility and economic feasibility.
A financial feasible project generates pevenues that
suffice to cover all costs, including interecst on funds
borrowel to finance the project, By economic feasibility
it means that the economic valuation of the benefits
to whomever they accrue, exceeds the ecronomic valuatiom
of the costs to whomever they accrues

The effect of water on a countryls development can
be assessced bylocking into the constraints of the lack of
adequate water supply on the economic growthe The degree of
consttaints ranges from absolute to partials Therc are
recorded cases where whole towns have boen abandaned because
grounl water sources werc exhausted and no alternatives
werc available, . .

Whenever a water supply and sanitation Jevelopment
project is carried »ut it is likely that first units of water
input would have a very high return in productive oubpute.
However, as more and more water is made avallable, the
marginal increases in output attributable to increases in
water inputs would diminish. Hence at some stage, one
would envisage that further increases in water input
would actually have negative incremental effectss

C) WATER SUPPLY AND SANITATION .AS SOCIAL GOOQ§'§;“

One need only review the social goals related to
water supply and sanitation development listed below to
realize that an ideal social welfare function is a mirage.

1) Meximum National Tpcome 3

People with higher incomes hive more resources for
proviling themselves with a better life. The model of pure
compctition achieves economic efficiency in that it maximizes
national income. Still money is far from the total answer to
human happiness. What 1s?

11)TJeal Income Distribution P

Collective happlness is not maximized if the
maximum national income is achieved by giving the national
wealth to an elite group while everyone else lives in
abject poverty. A guaranteed equal income for everyone
would Wweaken the incentives of the ambitions. How should
income be distributed?

1i1) Environmental Quality :-

Everyone has scgenic spots, historical landmakks, and
wildlife forms which he would like to bs .preserved and is
disturbed by eavironmental pollution. But all progress

woull be halted by the preservation of each and evary scenic .
spot, historical alnd marks ctc. Where can bhe line be drawn?

iv) Institutional Stability s&

While a static society cannot secure social justice
with changing times, a continuing rapil social changes .
promote undertainities dnd insecurity. What is the optimum
rate of change?®



v) Public Health ¢

* Preedom from liseases anid preservatlon of life
involve values that cannot be expressed in income dnits,
Is public health a goal to be achieved at all economic
cost? Then how much should be spent to preservo health
ani life?

vi) Regional ugvelogment.

. A more even geographical 1listribution of economic
uevelapment reduces congestion in mere highly developed areas

throws the gauntlet to make the waterland productive and

alds national defence. It improves the income and morale

of isolate areas. But shoulil such areas be developed at a

net sacrifice in total income$ ' '

Minimum levels of water supply and sanitation are a
prerequisite to a healthy existence.  Recent work carried
out by the World Banx has illustrated that water supply
services provided through standpipes situated at 100m
apart can cut water dlstrlbution costs by about one fourth
compared with full in house services. Sanitation can be
accomplished in a technically feasible and socially acceptable
manner at invastment levels which are about half of conven-
tional sewer systems. Further, economics in provision of
water suyply anl sanitation tend to reinforce each other.
The introduction of less water, through the stan'pipes,
lessens the need to dispose of lare volumes of sullage through
- expensive saver systems.

Ideally, the reduction in the amount of water use
coull release substantial amounts of growth for new usces or
the amount can be used for new areas. As water supply and
sanitation development project should try to reach ani
satisfy onc and all of the region, the project should run
a programme having the following elements 3=

i) Developing a social consciousness towards the
creation of individual social obligations tn
use water without waste.

ii) Iniucing plumbing appliances! manufacturers to
devolop andtmarket water saving units,

iii) Pricing Jomestic water higher after basic neecds
arec meta

The recent findings of research in low cost water
supply and sanitation is that the hecalth and cenvironmental
impacts of such investments can be maximizel through the
addition of t!software! components of the projectse. DBasic
hygenic education can yield a high return when providel
alongwith the introduction of new water supply and sani-
tation projecte

Water can affect baslc needs of human well beings
and productivity of labour through impacts of health and
the expenditure of human energy together water. From the
quantity point of view, the incrcase of supply upto
5011 'dec. will improve health and well being through ‘irect
consumption, bathing, washing etc.
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From the qualityypoint of view, a supply free from ’
pathogems and paraSites w1ll be welcome, provided 3

el e

i) The supply is reliable,

11) "The people continuouslj use the new snﬁﬁlﬁlv._
without returning to traditional contaminated

sources, and -,

- iii) Other sources of exposure to the Same contaminants

. .. 3o not Simultaneouslj existe

T

been without water can sometimes endanger ‘the health situations
unless it 1s assoclated with a satisfactory means of sanita-
tione. This happens in tropical countries, far human wastes
rapidly become non-contamination if kept away from watcer. But
after the introduction of water supply the ‘same may persist

- in a wet state for a considcrablerperioi and play havoc.

As per recommendations of W. H,0. the provisions of
health care have been reoriented away from cantraliged
hospital facilities towards peripheral services providing
a simpler types of care through paramedical workers at the
village levels, This approgch has bezn extended to include
the provision of water supply and sanitation in rural
communities. These changes are the background to the
engineer's work and can be used in the task of maximizing
the health benefits of water suaply and sanitation develop_
ment, - —

A topic being vigorously iiscussed concerns je

i) Whether water supply and sanitatiaon should be
a tool to control growbh and

Cii) Whethsr water supply and sanitation should bei
an organizing concept in planning towards
desired changese

The obvious answers are that water related programmes
may asist in growth where it already is occuring or it
may provide the nccessary capacity for accelerated growth,

 however, the provision of capacity does not mean surcty

of growth. This implies that watcr is basically a contribu-
ting and not a necessarj factor of the growth.

) "When there is highly economical and plentiful
water supply, the demand rises very rapidly for the manner
of living is determined individually for each activitye.

The demand accompanies but does not result from this
attitules On the other hand 1f the casily available
water supply is not so much plentiful, the manner of
living is 1ifferent and the demand cannot vary to an
important extent,

The head of a South Sahara village may be offered
a hundred times increase in the water supply. But he woul?
eventually rejedt the offer. This looks odd. .The real .
logic behind his refusal is the sudden abundance of water
in his wvallage would draw nomads and their herds from near
and far. The village structure would be transformed if
not destroyede The herds will stamp on crops. Then
there will be water but no cropse. Naturally there will be
a wastage and increasing number of nomads and herds
eventually result in a scarcity of water as well.



.This is true for citiegand towns also. The civic
body strives hard to supply more than enough water to its
clients. TUrban dwellers, industries in and around the city
get 1ot of water supply. Their sanitation demands are
satisfied. There is no problem. But this stage of no . .
problem creates problems. As the news of the high consumption

“of water supply and saritation units spread like wild fire
number of people throughout the city, number of new indus-
.tries dot the periphery of the city. Eyentually scarcity of
water supply and sanitation has been observed., 8o the
circle completess But in doing so lot of new problems arise
like schooling of children of new comers, housing for the
new comers more pollution of the atmospherc due to ne
industries, tncontrollable traffic ‘etes < '

" 'As 1s truc of contribution of water supply and
sanitation to economic development, its impact on social
development also shows diminishing returns. Available
medical evidence indicates that the health benefits accrued
from the provision of 25 to 40 1.c. 1. of water can be
very high, whereas consumption over 100 l.c,i. yields very
little incremental health benefits. This implies that the
optimum development of a country's water supply and sani-
tation to meet social objactives would be to provide for
a relatively low level of consumption for each consumer
with a:ditional supplier available for those able to bear
the full cost, o - : .

xr- . = - Fre -
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- -, Jevelopment of water supply and sanitation project
is very expensive. In a developing country, like India,
where public funds are in short supply, thz decision to
proceed with such investment must be carefully taken. The
demand for water supply and sanltation can be consldédred as
a demand-for raw material , depending on relative prices of
the other economic activities, themselves dependent on the
socio=economic development set-upe. Water in this casc is a
resource of the national production system anil the non-
substitutable part of water can be measurced by the influ-
ence of the socio-cconomic factors, A water 'price! will
resume all thes: socio-cdonomic conditions. The starting
point should be the choice of an economic production function
(employment of certain. technology and marginal cost of water
supply) and a choice of technical and financial restraints
leading. to an economic demand function which maximuzes the
marginal water utility. The classic economic approach
givaes the water demand as follows 3. ) .

D= ap? T T
Whéréiﬁ D ﬁtuéémaﬁd B
a ;'AAdjustmentrcoefficieht
) - p = ‘price qwlﬁ‘
y ~ b = Elasticlty of the demand'7

T

In the developing countries, the resource aspect i.es
raw material (water supply and sanitation) of 3emand 1is
paramount and immediate returns desirad, Second position
coes to prospective aspect and thirdly qualltative aspect
comes. Hence the policy maker dances to the tunes of the
financler (foreign country giving the aid) who in turn
decides what is the best in the interest of the final

Aoneiimar whn he~ nat on Aanartnnits A ntt Parr v hi-



The two guiding principles for water supply and
sanitation invbstment should be,

1) to undertake the least cost investment ¢ ASiS—
ting with the economic ani social goals, and

ii) to place as much of the burlen of paying for that
investment as possible on to the beneficiaries,

With respect to the first principle, investment cri-
teria for economic analysis arc fairly well developed. A
project with a positive net present value { and one which is
higher than that of competing, mutually exclusive projects)
should be uniertaken as a rule. The applicatinn of this
rule to lumpy investment anid where benafits cannot he
meaningfully quantified is difficult. While numerous attempts
have been made to measure the impact of improved water supply
and -sanitation on health, property, production, etc, most
studies have concluded that methodological problems C OmprOwm
mise the results, A_ain, there is danger that while a project
may be the leat cost way of mecting a projected level of
future demand, there is no guarantée that the Jemand is at
the economically optimal level if the consumer is charged
d_price which is much lower than the production cost., Thus,
in using the least cost investment choices, it is imperative
to cross-check demand forecasts, production costs based on
long-run marginal costs and consumer income for consistency,

The second principle relates to tafrif policies and
cost recovery. The design.of a tarrif structure which cross
subsidizes from larger users to smaller users 1s a solution
to the conflict between Jesigning projects for maximum cost
recovery from the users and providiing the basic minimum
services to the poorest section of the socicty at affordable
coste. Since economic efficiency requires pricing policy
based om marginal productiosn cost there is good, justification
for charging marginal cost to ipdustrial and large resi‘ien-
t141 consumerse. Since marginal costs are generally higher
than average finaneial costs for water supply and sanitation
project, such a pricing policy often generates sufficient fund
to permit charging a very low price to small consumers who
are usually the weakest section of the soelety.

E) CONCLUSION :-

As one of many economic inputs investment related
to water supply and danitation should be subjected to the
same strict investment critcria as are applied to other com
peting investments, and pricing policics should be subjected
to cconomic:chheories of efficicnt resource allocation.

The soclo-cconomic goal of providing adequate water
supply and sanitation for everyonc to enjoy a healthy
cxistance results in major expansion in standpipc and
low=cost sanitation facilitics.

Innovative designs bof tariff structures which
cross-subsidize the poor anl packaging of water supply
and sanitation with other basic nezds delivery systems
can be the keys to bring the investment requircments
down to manageable levelse.
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GAMING SIMULPTION FOR WATER SUPPLY AND SANITATION

Dilip Trimbak Shete * U . )

— - -

S vk [,

(A) Introduction:- The optimal design_ and operatlon of water
supply and sanitation project embraces such problems as deter-
miniation of the maximum capacity of the reservoir or intake
wells. The best operation policy, the best technique to treat
the water and the sullage, the best allocation of water supply
and sanitation facilities among competing consumers, the best
way of pricing the water, etc. "Such problems. are 1nter related
and most of ther are problems of optimal control. For their
solutions. many more analytical procedures and mathematical
modellings have been proposed. The main drawback with these
nrocedures and modellings is the behaviour of the decicion
makers cannot be readily calculated or modelled in'terms of
ordinary dynamic equations. Again, another difficulty is

that the optimal level of performance gestimated by any of the
approaches usually cannot be attained. Even if the difficulty
of determining an appropriate measure of performanc¢e or cri-
terian is overcome and if the criterion to be maximized is
same measure of "welfare" of there people affected by a water
syupply and sanitation development. The optimal design and
operation policy cannot be implemented because many of the .
people affected are not willing to act in a way which will
lead to the optimum indicated by the analysis. That is to
say, the optimal zelution 1s polltlcally 1nfeas1ble.

The realities of sub optimal behaV1our confllcts
between political, institutional, and social groups politi-
cal bargaining, co-operation or collslop etc. tend to be
either omitted even from simulation’ models or dealt w1th by
priori assumptions. . -

To encounter such problems gaming simulation approach
hes been suggested. This approach enlarges the boundaries of
the system being modelled beyond the physical and economical
systems to include decision makers. Befause of the complexity
of human nature, the behaviour ¢f decirion makers usually
cannot be modelled in other approach but can be most success-~
fully modelled by people playlng roles 1n a game.

The approach described herein is designed to over-
come the limitations of computer simulations and to exploit
the advantages of gaming. It ugses simulation for modelling
of such phenomena as streamflow, rainfall, evaparation, etc.
by automatic computation and the modelllng of prolagonlsts
as represented by interest groups by role players in a game.
These role players interact with the automatically computed
part of the model.

(B) Gaming-Simulation:~ The simulation of behaviour by game
plaping is known as gaming-simulation. It is a dynamic
approach different from the static gpproaches of game"theory.

In a typlcal gaming simulation there are a number of
levels of interaction. Not only does each team (which may be -

* Tecturer.in Civil Engineering Department,
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1.8, University of Baroda,
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playing a different role to the others) interact with the
model, but other interactions also take place such as player
with player team with team. These interactions are essential
to the gaming simulation approach. The level and frequency
" at which these interactions occur is perhaps one of the most
important differences among the three main approaches to
simulation. The traditional approach is to use only histo-
rical records which will probably be of 20 to 80 years!' dura-
. tion, for each simulation run. The symthetic approach is to
use a long record of say 1,000 to 10,000 years duration that
has be generated from the hlstorical data. The third appro-
ach.lis gaming simulation. A computer model is constructed,
but 1n addition the decision makers in the real world are
represented by humna players in a gare. The model is then
run to simulate a relatively short period of say 6 months to
5 years, .

A measure of the success of a simulation is how well
its behaviour corresponds to the behaviour of the object
system under the same set of conditions. Hence a 'good!
simulation can be used to determine the response of the ob-
ject system to g set of decisions by applying the same set
to the simulation.

In a gaming simulation, the planner does not deter-
mine the set of input dec131ons which act on simulated en-~
vironment., Rather the game players decide most of the course.
Again the players and not the planner decide the goals during
the game.

The physical environment, the economy and the commu-
nity at large are represented by a digital computer model,
which simulates the behaviour of system in response to
players decisions and meteorological conditions. The game
is played in rounds, each taking 1 hour to play which simu-
lates a planning perlod of say &5 years. During each round,
the players make decisions that they feel will be in the
best interest of them. They are free to lobby and bargain
with any other team or with each other in order to try to
persuade others to pursue pollcles that are the best in
their interest. As each plamer is pursuing his own goals,
he will not care for what is optimal for the whole system.
e will be in conflict with other players and his optimal
decisions may well be sub-optimal with respect to objectives
applicable to system as a whole. Because of the political
and institutional structure of thc system, some players will
be more successful than others in achieving their goals., ©So
the resulting solution will not be truly optimum but 'reali-~
sable optimum'.

At the end of cach round, the computer model is run
to simulate system response for a period representing 5
years, using the decisions of the players and hydrometeoro~
loglcal conditions syntherized from historical data recorded
in the study region, as data. Results are presented to the
players to review how the syatem has responded to their
decisions, so that they can plan policies for next rounds.

(C) A Game for Water Su and Sanitation Development
(GWSSD ) 3=

The development of the GWSSD simulation involves
three main tasks viz. (i) the stochastic modelling of hydro-
meteorological inputs, (ii) the digital computer simulation



of the physical and economic systems, and (iii) the fornula-
tion of game rules and roles to model the political and
institutional structure of the system. The first two tasks
are common to conventional simulations. To achieve the third
task, the real life political and, institutional structure
of the system should be analysed. The rules must constrain
the players to decide thelr actions within a similar frame-
work of the real life. The rules may be altered for different
runs to investigate legislative strategies for water supply
and sanitation development. The rulcs include the delegation
of authority to each team fund ra151ng procedurer, plarnning
restrictions, and so on.

The development of a gaming 51mulation 2lso 1nvolves
auxiliary tasks, such as the preparation of player instruc-
tion manuals and aids which give the players a written set
of rules and guidelines for play. In GWSSD, a.playing board
displaying a nap of the study region indicating location of
storage reservoirs, source of future water suppdy, city map,
future town planning, location of sewage disposal units
future means of discharging sullage and effluents, location
of industries, ete. is provided. Thus, ‘the players can
visualize the state of development of the region as a whole
to establish land ownership and to determine the suitability
of each area for development. At the end of each round,
another board showing the effects of the decisions taken
should be displayed. , '

The river systems and its interaction with the
commmunity is sinulated by means of. four submodels which are,

(i) a river system submodel

(ii) an irrigation submodel

(iii) aipower station submodel

(iv) a water sﬁppiyﬁaﬁé“ééﬁi%Z%iéﬁfEQbmédéi

Though we are concernced with only water supply and
sanitation developrent we cannot use all the water available
for the sole purpose as irrigation and power generation being
equally important, they should have their share of water.

To represent tho maJor 1nterests in the region
following roles to be taken by players have been establishr
eds- .

(1) TFarmers' Association (F.A.) demandingﬁirriga-
tion water as well as power for lift irriga-
tion, : o

(ii) Blectricity Board (E. B ) demanding power sta-
tion cooling water,

(iii) Local Government (L.G. ) responSible for C1ty
water supply and sanitation,

(iv) Btate Government (S.G.), exercising government
policies and funding the different schenmes.

(v) Consumers (C), consuming ‘water supply and sani-
tation units, agricultural products power etec.

- R . - - .- » -
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Normally, each role is played by a team of one to
four players. As an example the team & requires four players
representing common city dwellers having minimum requirements
of water supply and sanitation facilities, food and powers
© Effluent city dwellers having large mansions and lawns and
who yield enarmous power due to politking in the city affair,
slun dwellers needing the basic needs at the cheapest rate
if not possible to get them free of cost and the industria-
lists. ‘

-(C-1) Role Details:

Farriers Association (FF.A.):- The game allows for a
number of F.A, teams. ‘The main objective of each F.A. is to
buy, develop, and manage agricultural land within the region.,
Their income derive fron the peoduction of irrigated and non
irrigated goods, selling the land to other F.A. or city dwe-
llers for residential development after getting N.A. from the
authority, S.G. -

Electricity Board (E.B,):~ The object of E.B. is to
construct and operate power stations and sell the electricity
to the farmers 1ndustr1es and the residents.

Local Government (L G.):~ The interests of the urban
and rural population are the concern of the L.G. which:-

(i) Collect rates

(i1) provides the facilities to meet demands of
population.

(1ii) makes representations to S.G.

(iv) ensure adequate water supply and sanitation
facilities to the community.

State ﬁgvg:ngent (S.,G.):= The S.G. can control the
developnent of the region. It implements its policies

througn :-

(i) Control of land use through the buylng and -
selling of land :

(ii) the issuing of loans to other roles and

(iii) the statutory control of the activities of
other roles.

Consunmers (C):~ Consumers C can express their demand,
they can influence the thinking of L.G. and S.G. as the
representation of both of them is at the .mercy of C. But to
compel the L.G. and S.G. to heed the advice of C.C. should
be united.

(C-2) Role Player System Interaction:- Decicions
and. t ransaction made by the role players are recorded on
forms to enable easy punching onto computer cards which are
then read into the computer. These are processed and system
simulation model is run after each round.

At the completion of the simulation run, the compu-
ter prints out information in the form a prlnted bulletin,
which gives the players on idea how their decisions have
been reflected in the response of the system. Hovever, due
to complexity of the system model and uncertainties in the
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stochastic nature of hydrometeorological elements, sometines
players can only realize the inpact of their decisions after
several rounds.

The printout includes:-

(1)  a history of rainfalils, streamflows tenpera-
ture, etc. at strategic stations in’ the region,

(ii) the frequency of flood occurance and its
effects,

(1iii) dinputs and outputs of the power station,

(iv) total and individual production in ™., of all
econonic sectors 1ncluding agriculture and
industry, -

(v) total work force and population

* - (vi) expenditure on facilities within the conmunity
. In addition the coaputer acts as a gane accountant.
~4A financial statement for each role is included in the print-
out.
These and other data obtained from the printout will
help the players to :-

(1)  assess the status of the systen

——— - e

(ii) plan future policies and decisions, and

(1ii) wodify existing policies in response to pro-
A blens whlch haVe arisen.

Same degree of coupromise should be existed anong the
players if the problems are to be solved.

The players should find out ways to achieve their dwn
goals with least opposition from other players.

This statement can be illustrated by assuming the
player acting as an industrialist wants as nuch water as
possible for industry. Hence he may first sound his colle-
gues in his team C. He may offer to advance the claim of the
player acting as a slun dweller for water supply and sani-
tation facilities free of cost, similarly he may win over
other two players. Thus the team C. will direct all its
energy to get maximum water supply to the industry. The oppo-~
sition may be from team F.A., because they require more water
* fro irrigation. Naturally the team C. may sound some players
of the tean F.A. so as to encourage then to sell their land
at higher preniun. As this land may be converted into N.A.
the amount of water required for irrigation will be less and
that nuch amount can be diverted to the industry. Similarly
to get consent of S.G. and L.G. to the above move the voting
whip in the general elections can be threatened by the tean
Ce More over the plams of some players in teams S.G. and
L.G. can also be greased by the teamn C.

(D) Merits of ganming sirmulation:~ Because of the expanded

scope of the simulation, three factors are considered, phy='
sical, economic and political.

. In a gaming-simulation conflicts are resolved by
T Thwine herocrinine and delesastine gnth()-rn-i'l;v during the
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sinulation.

The benefits of using a gaming sinulation such as
GWSSD, rather than a conventional act. computer sinulation,
nust be nmeasured in terns of the costs of naking wrong deci-
sions or adopting solutions which are unworkable as conflicts
were inmproperly considered.

By using the ganing-simulation approach for the solu-
tion of water supply and sanitation development problems,
where conflicts surely arise, the risk of adopting an unwork-
able solution is reduced, and hence expected benefits are in-
creased.

(E) Denerits of Gaming-Sirmlation:- The cost of implenenta-
tion and operation of a gaming-simulation is enormously high.
It depends not only on the computing costs and costs in terns
of the user's salary, etc., but also on the cost of 'employing'
players.

Tt is estimated that this sinulation would cost upto
50% nore in terms of time and nmoney than a conventional act
conputer sinulation of similar conplexity.

It is very difficult to convene the piayers for each
and every round which nay be played at mutual convenience.

(F) Conclusion :~ The ganing sinulation apprpach can be used
to test the political feasibility of a given set of planning
and nmanagenent problems of water supply and sanitation deve-
Jopnent and to predict how conflicts arising out of the deci
sions taken can be resolved.

The approach enlarges the boundaries of the systen
modelled beyond the physical system and purely econonic sys-
ten to include human decision makerse.

Though the approach is highly expensive it is econo-
nical in the long run as the solutions obtained are workable
and they can satisfy socio-eco-political considerations to the
naxirum possible extent.
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DECADE PROGRAMME FOR DRINKING WATER SUPPLY AND
SANITATION IN TAMILNADU.
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PREFACTORY : y : . .

Provision of protected water supply in adequate
quantities and disposal of waste water in an hygienic manner
are the reSpon51b111t1es of any Government,

z - 1t is reported that in the less developed countries,
nearly two thirds of the population do not have reasonable
access to safe and ample water supply and a greater propor=
tion lack the means for hyglenlc human waste dlsposal.

Ny

The United Nations Conference on Human Settlements
at Vancouver, Canada, in June 1976, emphasised that safe
water supply and hygienic waste dlsposal should receive
priority from Govermments and International Agencies with a
view to achieve ‘measurable gualitative and. quantitative
targets serving.all the population by 1990 in both Urban and
Rural Sectors at.the National, Regional and Intermational
levels. _This laudable obJectlve was .gpproved at the United
Nations World Water Conference at Mar del Plata, Argentina
in March 1977. It was decided that 1981-90 will be known as
the "International Drinking Water Supply and Sanitation  _
Decade", The 31st U,N, General Assembly which met in late
1977 endorsed the recommendations of the Water Conference.

The Government of India like other Governments of
the Developing N=tions, was represented at all the above
mentioned Conferences and it was a s1gnator¥ to the resolu=
tion to try to achieve the targets set for 1990 in the water
Supply and Sanitation Sector, namely provision of minimum
levels of service, of access to safe water supply and sanlta-
tion to all the Indlan people. - -

. e LT AT 11 -

A rapld assessment of the status of drlnklng water
supply and sanitation in India by a Sector study in each
State and Union Territory covering the present status of
water supply and sanitation sector as well as future need
of resources was carried out and it revealed that the Govt,
with the co-oEeration of International Agencies should
putforth substantial effort snd energy to fill the wide gap
in resources (money, material gnd men) to meet the goal of
Internatlonal Drlnklng Water gupply and Sanltatlon Decade.

3 LI I S T ovaA J‘
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. During the preparatory phase, series of meetlngs of
Chief Engineers and Planners of all the States and Union .
Territories of this country and a few of the Interhational
Agencies responsible for the promo%lon of the water supply
and sanltatioh sector were held. aklng stock of the rapld

[
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assessment, sector study, dlscussions, exrchange of views and

opinions durlng the meetings at Delhi, Nagpur and Trivandrum,
it was resolved at the Trivandrum Conference that the follow=-
ing coverage target in all the States and Union Territories

for the Decade may be adhered to . -

(a) Urban Water Supply - 100%
(b) Rural Water Supbly 100%

(¢) Urban Sanitation 100% of all Class I towns with
e : 77~ sewerage and sewage treatment and
50% in respect of Class II and
other towns with sewerage and other
e - 77 gimple methods of sanitary disposal
of human wastes, the overall
n o aeecoverage being 80%.
(d) Rural Sanitation 25% or more by economical and
' o “ sanitary toilet for dlSposal of
* huma n wastes,

In India, water supply and sanitation coverages in
urban towns and rural v111ages are as follows:

- e,

ﬁescriptlon Coverage as_on 31.3 1981
Urban Water Supply ..7 67%
Rural Water Supply s C31% ﬁ
Urban Sanitation : oe- - 32% .

Rural Sanitation e e 0.50%

. . Durlng the Conference on plannlng for the Interna—
tional Drinking Water Supply and Sanitation Decade held at
Uthagamandalam in May 1980, it was unanimously agreed by all
the Chief Engineers that each_ State and Union Territory will
prepare a plan of action for the International Drinking
Water Supply and Sanitation Decade to achleve the target
coverage by March 1991.

- . With the objectives and guldellnes set at the
Uthagamandalam Conference, to give true shape to the meaning
of the United Nations Water Conference recommendations for
International Drinking Water Supply and Sanitation Decade,
an.assessment was made to' project, programme and 1mplement
the plan to gchleve the obaeotives of the Decade in India,
The base level information collected by the Govermment of
India was processed, analysed and the same was discussed
during the All India Public Health “hief Engineers!
Conference held at Hyderabad in December 1980.

The base level 1nformation oollected from_ all the
States and Union Territories revealed that the capital invest-
ment required to achieve the Decade target on water supply
and sanitation during the decade period will be agbout
Rs. 14,500 crores as followss . .. . -

(1) Urban Water Supply .« R8.3,280 crores
(ii) Urban Sanitation © .. Rs.3,686 crores
(1ii) Rural Water Supply es RS.6,779 crores

(iv) Rural Sanitation es Rse. 745 crores

Ra 14,000 erorne
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2. DECADE PLAN FOR TAMILNADU

Demographic Distribution:

Tamilnadu is one of the 22 States in India with a
population of 41.20 millions as per 1971 census figures,
Of this 15,50 nillion live in 740 towns comprising the
three Munlclpal Corporations of Madras, Madurai and
Coimbatore, 98 Munlclpalltles, 8 anlclpal Townships, 13
Panchayat Townships and ‘618 Town Panchayats. The ‘rural
population of 25,70 million is scattered in 47,075 habita-
tions comprising 12,600 V111age panchayats in 376
Panchayat Unions., - ) § e T .

The populatlon of the State as per 1981 census
figures is 48.30 million of which the urban population is

'21..30 mlillon and. the rural populatibn is 27. 00 million,

Present Status of Water Supglv and Sewerage Schemes

Out of 7&0 towns in our State, 222 towns have been
pr5v1ded'w1th water ‘supply and works relating
‘ to provisiiniof water supply to -another 70 tdwns
Urban are- in progress. Thus 448 towns ‘with a popula-
Water . tion of 4.88 million (1981) remain to bé provided
Supply . with water supply. Augmentation of water supply
= 5 - in respegt of 72-towns is also to be taken‘up.ﬁ
Regarding the capital city, augméntating the’ "
water supply to the City of Madras as well as
Metropolitan abea,nyreinforcing the existing water supply
to handle thé additional water is necessary. Malntalnlng
the existing system to its optimum utility by carrying out
timely replacements and improvements is also called for.
A coverage of 100% in urban water supply for the entire
State is programmed for the Decade, ) -

Yov

It is to be pointed out that 720 towns out of
740 Urban towns are yet to be provided with sewerage faci-
lities. It is proposed to take up underground sewerage
schemes, in the case of Class I towns

‘Urban ‘ ~ (towns with a population of over one lakh)

Sewerage in the first instance. There are 20 such
Class I towns in the State., 0f these,

sewerage . schemes have been completed or works are in pro-
gress-in respect of 8 Class I towns. Hence, provision of
underground sewerage facilities in respect of the remaining
12 Class I towns is contamplated during the Decade., Regard-
ing the remaining towns, low cost sanitatlon facilities are
proposed for towns under Class II to VI categories so as to
achieve a total coverage of 80% under urban sewerage as per

the target fixed., Regarding the capital city, extension of .
“the sewerage system for unserved areas inside and.outside

the 01ty, reinforcement of the system inside the city and
provision of additional treatment works inside: the c1ty
are eontamplated._ .

-

.0f the 47, 075 rural habltations, 5 420 habitatj_ons
‘come ‘under Types 1 & 2 and 12,549 habitations

Rural : come under Types 3, 4,x 5 and the,rest come
Water : ~ under Type 6. Water supply to all the -
Supply habitatiors under Types 1 & 2 is.almost

completed. Works on the remaining types of
hahitations have been taken up in.stages
with due preference to the priority on the
need of water, The Government of Tamilnadu has evolved the -
self sufficiency programme by which it_is proposed to- ’

provide water supgly to all the habitations within the
Civth Bivn Veor ~n r~rind diteelf Ae nar the tarecet fivead
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. The present,,coverage under Rural Sanitation is
practically nil. the target fixed under Rural Sanitation
during the Decade is 25% coverage by sanitary toilets

‘ - ~in rural areas. Regdrding rural
Rural = _ _ .- sanitation, setting up of an agency
Sanitation . solely rcesponsible for tackling the
problems in this sector has to be
- - - the mpain objective., Planning and
implementation of the facility will have to be geared up
during the Decade, . - . -

5+« FINANCIAL REQUIREMENTS
As explained earlier, in the Urban Sector, about 7
percent of the Urban Population is covered by Water Supply
while only 32 percent is covered by Sewerage facilities,
In the Rural Sector about 22 percent of the rural population
‘" is covered by Water Supply while the coverage under Rural
Sanitation is practically nil., Though the global goal 1is
safe water and adequate sanitation for all by 1990, India
bas consciously fixed the target for the International
Drinking Water Supply and Sanitation Decade Programme at
100% coverage in Urban and Rural Vater Supply, 80% coverage
in Urban Sew8rage and 25% coverage in Rural =anitation,
Based on this, thex projected requirements of funds for
achieving the targets set for the Decade for the State of
Tamilnadu is as followss ,

(Rs. in crores)

(1) Urbah Water Supply for MMA 365
Urban Water Supply for Tamilnadu

(other than MMA) 295

(ii) Urban Sewerage for MMA 131
- Urban Sewerage for LTamilnadu

(other than MMA) 7 199

+ {iii)Rural Water Supply’ K17

(iv) Rural Scnitation 35

, _ Totals: 1442

.- (MMA: Madras Metropolitan Area)

Thus, the total requirement of funds for Tamilnadu
State during the Decade is expected to be in the order of
Rs. 1142 crores for both Urban and Rursl Sectors including
Madras Metropolitan area, of which Rs, 946 crores is the
projection for TWAD Board and Rs. 496 crores is the projece-
tion for Metro Board, This works out to about Rs. 150
crores/annum. Wiph the existing pattern of funding from
the State Government, the Central Governgent and other
internal agencies, it will be very difficult to achieve
the target of providing good water supply and better
sanitation to all the people in Tamilnadu before 1990,
Hence, it is necessary to generate a major portion of the
funds reguired for these programme from Internationzl
Agencies,

If we look into the history of this sector during
the last 8 decades, the progress made in 1971=1980 in this
sector is many times more than what wad done during the
previous 7 decades., Till 1970, only 133 towns were
provided with the facilities, whereas during the decade
1971 to 1980 the facilitiea were avi-ndaed +n R0 +mm~
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The cepital investment for this sector in Tamllnadu,
during the last 5 years(1975-76 to 1979~80) was Rs+ 92
crores excluding the Metropolitan area. fAs against thls,
the revised allotment for the Sixth Five Year Plan in |
Water Supply and Sanitation Sector for Tamilnadu State -
other than Madras Metropolitan area is Rs. 180.75 crores.
In order to 1mp1ement the programme successfully, the tempo
‘of investment in this sector will have to be increased.
further in the next Five Year Plan, It is hoped with . .
confidence that the aid from Bilateral and International
dgencies may f£ill the ‘gap if any to achieve the target
with the available resources in 6th and 7th Five Year -

Plens and the flrst year of the 8th plan. -

- w N
~ ES

It may be of interest to note that a total sum
of Rs. 18 crores only was provided during the First Five
Year Plan for the sector actiVities under Water Supply
“and Sgnitation in India. As compared to this, the sector
outlay for the Sixth Flve Year Plan is expected To be.

Toal an- ~

The outlay finally approVed by the Plannlng
Comisi ssion under the Water Su%ply’and Sanitation Sector
for urban anhd rural areas in Tamilnadu is as followss

o Water - o -
:t*g:,~aa.gf = 4 Supply Sanitation _9225-—7
. e e e wde J: s ( cen Rs. in CI‘OI'ES S ees - -

For MM area GMetro Board)266 44 48,56 "'3,'15.,053)Pj .
For Tamilnadu other than _
MMA (TWAD Board) 161,97 13,78 - 180.75

28T 57,86 49575

When comparing the Sixth Plan outlay with the Decade
requirements, it may be seen that while the projection made
for the decade for the whole country is Rs. 14,500 crores,
the Sixth Plan allotment is Rs. 4000 crores, This need not
be a deterrent because, when we look at the Fifth Plan
outlay it was of the order of about Rs, 900 crores only,
The provision of Rs. 4000 crores in the Sixth Plan under
the Water Supply and Sanitation sector is itself a big gump.
It is understood that it is proposed to earmark a sum of Rs,
7000 crores during the 7th Five Year Plan for the whole
country under water supply and sanitation sector and hence
with one more year in the 8th Five Year Plan, it should be
possible to achieve the target. ALl the abowe figures are
without escalation,

Similarly, when we compare the Decade projection
of Rss 1442 crores for the State of Tamilnadu under the
Water Supply and Sanitation sector with the Sixth Plan
outlay of Rs,. 495,75 crores, on the same analogy, it should
be poeslble to. fulfil our goal,

Therefore, it w1ll not be a surprise, 1f we would
provide safe drinking water to all the people by the end
of the Decade provided, the political will and the -
community partlclpation are encouraging.
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ajor portion of. the. cost of Water Supply and
Sewcrage échemes will be represented by materials such as
plpes,’59901als? valves,” pumps., Jointing materials, @tc.,
The &xperiéncé in the State is that.more than 70 percent
- of the cbgt of any such sCheme is accounted for materlals
used hhereln.

Ambng materials, the mbst 1mportant are pipes 11ke
Cast Iron, dsbestos C ment Prestressed Concrete, Rein~_
forced Cement concrete, Poly° Vlnyl“Chlorlde, etces ’
Stoneware pipes will he required in sewérage Schemes., The
procuring of thege materials. itself is a challenging
task Under present. condltlons and in the quantities involved.
The, Central rchase apid, Stores Organisation (CPSO) now in
ex1stence in TWAD Board will be able to_meet this challenge.
The State apad Cermral_chernment nay endeavour to set up
factories to meet the demand, Also ac¢tion may beé'taken to
increase the production capacitieb of the existing factories
and productivity of the. labour force and to obtgin full
capacity. utlllsatron, The Governmgnt. should also come .
forward to. ;help in procuring the pipes, either within the
country or by impotting.

. The aVallablllty of essentlal materials like Cement
and Steel is a pre-requisite. The State Govermment and the
Central Goveriment should give priority in allocating these
materials required for the Urban ,and Rural Water, Supply
Programmes,

Since the investment in materials in a system of water
supply and sanitation contribute to more than two thirds of
-the total investment, materials management offers a challen-
glng task to the Englneer

. e =

The materlals progection based on the planned autlay
and phy51cal targets for the Decade is as follows«

A Cast Iron Plpes : .o 530 000 tonnes
- Asbestos Cement Pipes = .. ~  2,50,000 tonnes
" P,V.C. Pipes - e 75,000 tonnes
Prestressed concrete/RCC Pipes. . 7,20,000 tonnes
"Gels ?ipes - ) .o 90,000 tonnes
Stoneware pipes At oo ¢ Ts OO 000 tonnes

The present rated capacity of the five cast iron
manufacturing Units in the country is said to be around
three lakhs tonnes/annum. Three of the Units are -located
in West Bengal while the other two are in UJJalnl and
Bhadravati. The insufficiency of capacity is obvious
when we take into account the corresponding requirements
for other States in the Country as well for the decade
programme. The deslrability of importing ductile iron
pipes as an alternate to Cast Iron Pipes is to be
examined,

Regarding PVC pipes, two units are located in
Tamilnadu itself, In addition several small scale units
have been recoghised by the Ministry of Works & Housing
for manufacture of PVC pipes of small sizes. The country
has in all a production capacity of 60,000 tonnes annum
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The manufacturing capacity of one 4.,C.C. Pipe Unit
at Hyderabad is around 80,000 tonnes/annum, There is also
enother 4,C.C. Pipe Unit at Ahmedabad of about the same
production capacity. Owre A.C.C., Pipe unit is proposed to
be set up in Tamilnadu,. . ]

A Availablllty of Prestreseedeeinforced.Concrete bees
is also evident as the manmufacturing plants do.not require

-~heavy investment and the requirements of Cement and Steel
.are comparatively less taking into account the Country's

requirements as a whole for construction,

The problem is somewhat aoute in the case of
Stoneware Pipes, Of the three units in our State, one 1s
sick and the production capacities of the other two (Govt,
Unit at Vridhachalam and the Private Unit at Dalmlapuram)
are affected by prohlems of coal shortage etc., These have
o be tackled., It is said that Govermment of Tamilnadu is
formulating a blueprint for enlarging the capacity of TACEL
unit at Vridhachalam. Also TWAD Board has initiated action
for setting up a Stoneware Pipes Unit for which TACEL has
been requested to prepare a Project Report,

Introduction of alternate materials like PVC pipes
to conveyance of sewage should be taken up as a challenging
task by the design engineer 1nrcollaboration'with the
manufactures. : . . : .

- o - I U T N

5. MANPOWPR REQUIREMENTS

Manpower is a very 1mportant resource to achleve the
targets of the Decade Programme, [

The personnel avallable at present may be sufflclent
for the top and middle level to manage the programme for
1981=90. But the lack of trained personnel in the lower
cadre is a constraint that has to be overcome. For this,
the inputs to Technical Institutions have to be increased
and Junior level personnel should be given necessary
trainlng in technical and accounting durlng thelr recruitment

Monltorlng and evaluation of project performance
should receive high priority in order to have effective and
real appraisal of the project. & massive training programme
for all.levels of personnel should be undertaken for the
succesisful implementation of the Decade Programme

The manpower and training needs can be broadly EXX
classified as pre-employment training and in-service
training. The total requirements of Taﬂllnadu are esti-
mated at about 4000 Englners(lncludlng iploma holders)
and about 8000 technicians. :

So far as graduate and post graduate grogrammes are
concerned there are adequate training institutions. In the
case of Dlploma holders, our Universities are offering part
time courses in Engineering so that a Diploma holder after
taking up a job, can continue his studies and go upto a_
Master's Degree,

There is -a greater shortfall in the categories of
skilled Technicians such as Drillers, Electricians, Filter
Operators etc., Normally I,T.I. trained candidates are ~
employed in these posts but in some fields as for example,
Drillers and Filter Operators, there is a backlog and new
training courses may have to be started,
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The next aspect to consider is in service training.

The Central Public Health and Envirommental Engineering
Organisation under the Ministry of Works and Housing,
Governuent of Irdia has been doing commendable work in this
regard by organising refresher courses for graduate engineers
and diploma holders. These courses are conducted by engineer-
* ing Universities and professional bodies for two or three
- weeks, They are held at various centres in India and cover

a particular aspect of Public Health Engineering. The TWAD
%bard;'for axample, -is conductinéncourses on Design of Water
‘Tregtment Plants, Public Health “ngineering Structures,
Waste Stabilisation Pond Practices etc,

P I "I S T r « -

The ‘most important aspect of in service training is
job oriented training for which there is an urgent need,
This may be covered by courses of 3 days or one week
‘duration on any one aspect of the duties of the engineer
or skilled work mah. These are designed to give training
in safe and sound working practices and planned prevéntive
maintenance of machinery and also organising and managing
labour etc., T o : - ‘

6. CONCLUSION

India is the first among the developing nations which
has made an impressive beginning to tackle the problem
immediately after the resolution by the United Nations.A

rapid assessment of the situation was undertaken
by the World Health Yrgmnisation with the help of Governgent
of India for a clear picture to emerge in respect of the
problems. The sector study in the field of Water Supply
and Sanitation was also carried out by the State of
Tami lnadu, o . .

A Global effort to bring safe water and sanitation
to 'all people in developing countries within the next 10
years was launched by the U,N. Géneral Assembly on 1Qth
November, 1980 when it adopted unanimously a resolution
to that effect. The resolution proclaimed 1981-=1990 as
*the International Drinking Water Supply and Sanitation
Decade' and called upon member States to commit themselves
" to improve substantially the standards of drinking water
- supply and sanitation by 1990 to rid the World of water
borné deseases that claim millions of lives.

It also called upon them to develop policies, set
national tsrgets, accord high priorities for water and
sanitation projects ad strengthen the institutions frame
wark for carrying out the programme. The United Nations
Agencies, the United Natisnal'childrens Fund, the world
Health Organisation and the United Nation Development
Programme-affirmed they would co-operate in making the
Decade purposeful, e o '

"The Minister for Works and Housing and Parliamentary
Affajvrs, Goverment of India, has pledged the country!'s
full support to the aims of the Internatlonal Decade )
(1981-90§ for Drinking Water Supply and Sanitation lannched
by the United Nations on 10th November,1980, The Minister
for Health Govermment of Tamilnadu launched the Decade -
Programme on 24th June,1981 and affirmed Tamilnadu's faith
in fulfilment of the goal, )

A
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. The general goal of the Decade is to greatly improve
the water and sanitation service enjoyed by the population
of the developing countries, The particular goal(ratified
at the United Nations World Water Conference at Mar del
Plata in 1977) is to provide all the World's population

with adequate access to safe water and to hygienic

latrines by 1990, The Indian goal will be to provide ade=
quate access to reasorably safe water to all the pdpula-
tion and easy access to sanltary toilets to 31zeab1e portion

of its population, ; RN
. “r' e - .:_,‘ e crlel . me Tre e - R © -
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APPROPRIATE POTLLUTION AND WATER TECHNOLOGIES FOR RIRAT,

POPULATION

DI'. Dnso Bhargava* o 7 - e . N

The wholesohe water being the nectar of 1ife is by right
the prime need of any citizen. "Unfortunately, with rising
standards of 1iving and allround development, the dangers for
the pollution of water resourcds are increasing. This problem
of unsatisfactory water supply sources is becomihg even more
serious in the rural areas due to the several reasons, such
as the following :

1.

3.

.5.

The tradition bound rural people are Fgnorant

about the concepts of a wholesome water and still
believe that their sources of water which are usually
a river, pond, or groundwater (wells and hand pumps)
that are generally palatable, turbidity free, and
without any objectionable taste, odour, and colour
etc, are stlll safe for drinking without any treat-
ment as used to be the case a hundred years ago.

Wastes carrying the different kinds of pollutants
enter the water resources are generated from several
rural_activities including:

(a) modern agricultural practice in which large
quantities of pesticides, herbicides and ferti-
lizers are used which ultimately enter the water
resources, :

(b) livestock and poultry.

(¢) small scale industries which have i1n recent times,
become the status symbols for the rural areas,

(d) domestic
(e) mining.

Ungatisfactory drainage system in the rural areas which
in improperly and inappropriately entering the pollu-
tants in the rural water resources,

The rise in living standards in rural areas has resulted
in an increised use of septic tanks and soakage pits
outflows from which enters the rural water resources
particularly groundwater,

Thus unplanned waste drainage and disposal systems
cause the poliution of rural water resources, the
groundwater through seepage of pollutants in particular
which is. drawn through the wells and hand pumps. :

Unsatisfactory overall rural Sanitatioh in housesg,
habitats, streets, fields, farms etc. ‘

Poor finances of the rural areas which does not permit
the proper municipal scale treatment and .disposal of
the ¥arious kinds of wastes generated in the rural
gector,

Lack of knéwledge in general hygiéne and educatirn
relating tn the pollution and their implications.

“=m IPATTtinn Cantrol) NDivision of Environmental Engeg.
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bn appropriate pollution technologg_is therefore required
e

to"be evolved for the protection of wa

r resourtes and pollu-

tion control for the rural areas. Sueh technological measures

include

1.

° - - -

P

General education of the rural population for hygiene,
pollutional aspects and hazards from the various pollu-~
tants, protection of water resources, sanitation etec.

Measures for maintaining the public and private houses,
habitats, farms, fields, streets etc., in orderly and

"clean sanitary conditions,
. - RS S e . h

Good organizations formed for the maintenances of the

" streets in clean state and a safe disposal of the solid

wastes, . = - P

Proper planning for the dispdsal of 1liquid wastes of the
area so that the wastes do not enter the mini lakes or
ponds which are Gsed as a source of water supply in the
rural areas. However, if the waste disposal in such
pondsy lakes in the only alternative then the disposal
outfall points should be chosen after a through analysis
of "the lake in respect of its self-purification (settling,
biodegradatlion of organie wastes etc.) character, dis-
pérsion patterns of the pollutants,.effects of the

- pollutants on the water quality, related implications

5.<

etc, To ald self-purification, artificial aeration may
also be done, : N
Planning or diverting the waste disposal syétem in such
a"vay that the wastes outfall in the stream at such
locations which are .downstream ~f that part of the stream
which is uséd as a water supply source of the grea. For

" proper assimilation of the wastes and maximum utiliza-

6..

tion of stream's assinilative ability, the stream's
analysis 1s requited in respect of location and the
optimal interval of the outfalls. Location of reser-
volirs at upstream of - suth rivers can be used to aughent
the river flow in dry months. Such time regulated dis-
charge may &also enhance the stream's gelf-purification
ability. Modifications in the stream configurations can
be made to Increase its reaeration/self-purification.

It should be remembered that the stream's gquality.speaks
of the cleanliness status of the nelghbouring rural aresa,.

Ensuriné'thﬁf tﬁé>wﬁé%es‘iﬁclﬁﬁiﬁélthe‘butflows from
septic tank®#, are not able to percolate to reach the

‘ufiderground water of the reglon where wells and hand
cpunpe are installed. Precautions should also be taken

to adequately protect the wells through the provision
of covers, construction of parapet walls and making a
water proof constructlon around the wells and .hand
pumps.’ toc oo R A L

- Aot -

Measures should'fe taken for ecoh&éical”tféatment of the

© wastes, OxXidation ponds or algal ponds would be ideal
for rural situations. Such stored waste® can al%o be

- regulated for their release atcording to thée flow in the

river if necessary. Algae from the algal ponds can be

~ exploited for poultry food as it is found to be'a good

protein source and the Chicken fed an it are known tn
grow faster, The effluents could be used for rechanging
the groundwater in selected safe areas.

!

\

1
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The obnoxious wastes orginating from the small scale
industries should be seggregated and disposed off
safely, or u<ed for some recoveries or byproducts. Such
inductrie iould be advised to improve or modify thelr
precess tecnnolog1e= or raw materials such as to reduce
the nuisance value and volume of the wastes, They can
be encouraged to at least equalize and neutralize their
wastes be;ore disposal.
The agriculturists should be educated about the optimal
use of pesticides, herbicides, and fertilizers so that
the quantities of theee chemicals entering the water

resources thro Pgh seepage or land wash is minimized,
Proper gystem of land drainage aids thils approach.
Brosion control measures should be adopted to mini-
mize the erogion which carry the organic matter, fer-

tilizers, pettlcide , and herbicides into the water

resources, T N . . iia

Ovefr and above such pollution control, technnlogy measures,
it ie moet decired to evolve appropriate treatment of the water

before
permit
may be

B

e

2

us In rural areas where economic restraints do not
munic;pql scale treatment, the followlng technology

approprlute ;‘4

Tne wells. hculd be dlqinfected regularly to ensure

a wholesome water supply. - This method has been prac-
ticed for a long time, and disinfection with potassium
permanganate was very common, Bleaching powder has ~
proved to be a hetter dilsinfectant. After some labe-

ratory tests, the optimal doses and time imtervals

for di<1nfecting the wells in each situation should be
evolved for an efficient and economical disinfection.
With tne help of portable kits such as the chloroqcope :
cuch‘tectf can Cinvenlently be made in the rural sites

The 1nd1vidual houqec may collect the water in huge wvases
and treat the water with alum, followed by disinfectinn
and then stirring. Quickly, within an hours time of
contact the clarified supernatant becomes wholesome for
drinking. The disinfection may be donée with bleaching
powder or chlorine tablets which are now available
commerciaily. The optimal doses of these chemicals

may however, be determined, by simple tests, for each
source of water. The containers may be cleaned Perine-
dically. The frequency nf cleaning wruld depend on the
quality of the raw water source, and may vary from few
days t~ a mrnth. Mini treatment basins may be construc-
ted and the water treated thus can be suitable for
community consumption in the rural sector,
The individual houses may diginfect their jugs of water
by chlorine tablets, "This however, requires a little

) educating the rural populaticn.

“Short film documentriec may be prepared by the Films Divi-
sinvn of India on this subject as a part of the rural educaticn
programme, and these can definately prove very useful in
educating the rural population and making them congcilous
about the wholesome water needs as wa@ll as about the simple
methods of achileving them. o S
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CHOICE OF APPROFRIATE TECHNOLOGY . a
FOR SANITATION IN DEVELOPING COUNTRIES

R
Dr. R. GuI'uSWamy L L e -
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'15 State—of—art of Sanitation in Developing

Countrles
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The one underlying common factor between all the develop=
ing countriesi is insanitation, In sanitation, invariably is an
offshoot of poverty and i%norance. With nearly 80 per cent of
the people living in rural ardas and about 80% of them being
illiterate, the problem of insanitation assumes serious proper-
tions. The basic problem of insanitation in developlng
countries is mainly due to y
Sewage : The problem due to this is more of an urban
nature common to 01ties and towns.

Sullagev This is a- problem typiCal of rural areas.

Night Soil: Where there are no latrines, this poses a
very serious problem and is typical of urban fringe

areas, slums and squatter settlements ad rural areas

where no latrines are used. T

Solid Waste: This is a typical urban problem. In
ﬂv1llages, This problem may be well within the thres-
hold -limits, However night soil and animal dung also
could be classified under this category., In such a
case, this may be a major rural problem., The disposal
of solid agricultural wastes is also a typlcally rural
problem, but with the present practices in developing
countries, this does not pose a serious environmental
problem in most villages.

o

— -

Sanitation as a problem is not yet tackled in all its
seriousness in the developing countries, It still remains
the prerogatlve of a selected group of urban communities
only. Very little has been done in this regard in rural o
areas, " The problem of sanitation/lnsanltation can be
categorised into three grpups:

L
L

T

1, Thoss of the urban poor
2. Those of the urban fringe population and
3 Those of the rural people.

-1

T s ownia <1
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These are mostly people who have migrated from rural

areas to cities and towns in search of livelihood. They

carry with theém their traditions, habits and customs typical
of their rural oounierpart and try to fit them in an urban

L1 i

* A551stant Professor of Publlc Health Eﬂglneerlng, Centre
for Environmental Studies, College of Englneerlng, )
Guindy, Madras-600 025. . .
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environment, But because of the limitations imposed by the
urban enviromment, new habits and customs are evolved by the
urban poor which make the problem of insanitation more
complex, In fact, there is a deterioration with regard to

their sanitation habits and customs. The urban poor develop
a greater tolerance towards insanitation; they even develop
a kinship with it, as compared to the rural poor, out of
sheer necessity. The pressure of urban living being so
hi%h it leads to the proliferation of slums and to squatter
settlements, The word Slum probably stands for Sanitation
Lacking, Ugliness in the Making, where the Standard of
Living is Undoubtedly Minimal, The luckier of the lot get
themselves accommodated in the slums and the less fortunate
occupy the platforms. The growth of these setElements
invariably goes unchecked and uncontrolled. ~he demand for
water mounts and where they are in sufficient strength, they
could get this demand conceded through provision of public
fountains nearby. Public conveniences glso coime up in due
course, Till then, the areas in the vicinity whefher
residential or business or public, bear the brunt of abuse
by these people, Open defecation is the only alternative
left to them and they practice it most nonchalantly. Even
where there are public conveniences, the users put it to all
sorts of abuse, because : B t i ’

(1) it does not have adequate capacity to cater
to their peak hour needs,

(ii) water supply and drainage facilities are

} inadequate within the public convenience,

(1i1) tpéé?,is,nélp?@pér;mg;nte@ance of this latrine,

(iv) it is not conveniently located.

(v) it-is a combination of one or more of the above
’ factors. .. .
Ignorance of the user also contributes to its abuse.
Invariably these public conveniences have a limited number
of seats and are of the flush~-out type with connection to
the street sewers But because of abuse O0f this facility, the
trap gets chocked, the water-seal gets lost and the latrine
is soon turned into a 'miniature hell',  Flushing which is
vital for the proper maintenance of these: latrines is not
done either due to shortage of water or due to ignorance

end ultimately the so-called public convenience turns out

to be a 'Public incomvenience'!, Once bitten, twice shy .
Similarly once misuged, the misuse continues and is
perpetrated. The pan becomes full, the floors are soiled
and people are repelled from these latrines for further use,
with the result, the outskirts of the public convenience
become open yards for defecation, Thus the ambit of insani-
tation grows making a large area around it absolutely

filthy, highly insanitary and therefore extremely dangerous,.
Apart from promiscuous defecation and urination, the area
also collects stagnant pools of water from the taps provided
inside or near the public convenience, This leads to a highly
intolerant situation causing environmental degradation of

an order that erodes all values of decency in human living
This is unfortunately a common occurrence in and near many
of the urban slun conglomerations, This can be extremely
dangerous and can lead to disastrous situations., These

types of public convemiences are potential centres for
communicable disegse explosions!, So even with a sewer
system, the people of the city are not saved from the one
slaught of communicable disegses.

The less said about the platform dwellers, the better,
Nearlv a third nf th nnril~tian ~f ™™ 4 - = . - -
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which these 'once=-rural! people are used to, dies hard. It
is also not Jjustifiable to expect these la{fonm dwellers to
defecate elsewhere., As one platform dweller put it, "where
do you expect people, who are living in platforms to ’
defecate,; except in platform ? The problem is more basic
and human than one of mere insanitation, Even the few public
conveniences are not easily accessible to them., The result
is that a substantial part of the city platforms in many
areas get littered with human waste, This is thus not only
a case of insanitation, but also a case of large quantities
of a natural resource going waste without being ploughed
back safely into the soil to fertilise it. Here again the
nearby sewer system laid at a great cost lies buried o

; %earing silent witness to the abusés ﬁging on' above grounds

hus the sewer has again failed to de

ver the goods to the
community. ST Muirat O Ol
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1.1.2. Urban fringe population

Invariably in most of the urban areas, the benefit of
a central wastewater collection system does not extend to all
its residents, Like the expanding universe, the urban areas
also continue to keep expanding in all possible directions,
The pace of expansion is so rapid that the facilities do not
expand commensurate with it, with the result there is a long
time lag. In some cases, the time lag looks almost infinite,
The people living in the fringe areas are génerally not that
powerful, influential and vociferous but belong to the niddle
and the lower middle class groups which are generally law-
abiding and silent. So they cannot successfully exert. any
pressure on the authorities concerned for the implementation
of sewer systems in their areas., 1In sore casés, in view of
the cost of the system and the consequent heavy burden to be
borne by these residents, they do not demand such a system
but still look for alternatives. Inthe initial stages of
development of the fringe areas, the systems .they adopt for
collection of wastewater, its treatment and disposal may be
adequate, but with more and more of development, they ]
invariably find that the systems in use have either failed
or gre not adeqguate, leading to dirty water stagnation,
mosquito breeding and so on, Though the conditions may not
be as bad as those of the city clums, conditions gradually
deteriorate and tend to catch up with those around slums.-
With growth, the cost of land also increases in these aress
with the result that certain methods of treatment and collec=
tion which were once accepted as being cheap and effective
are no more so, Hence these people look for more acceptable,
cheaper and sound alternatives., Most of these people are
fairly literate, well informed and also quite aware of the
problems of sanitation, unlike the slum and the platforms:
dwellers, However, the absence of an effective alternative,
in their opinion, is what is landing them into sedous -
difficulties, o s e S

L - =t -
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173« Rural People
In spite of the mammoth growth of our cities and towns,
still about 80% of the people continue to live in rural
areas. Thé sanitary conditions in most of the rural areas
seems to be generally better than those that prevail in the
urban fringes and the urban slums, However, motivation with
respect to sanitation is very poor among the rural folks, -
Sanitation, as we understand to-day, is generally viewed as an
alien cult, by these people. Their views on sanitation are

P - T
oo __ — v
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conditioned by their own beliefs and disbeliefs, their .
traditions, customs, habits and their way of 1iv1ng. In _
very samll V1llages, the prohlem of insanitation may not be
very apparent or obvinus in view of the large space availa-
ble and the small quantities of wastes including wastewater
generated, Still, insanitation as a problem of concern part-—
icularly with respect to the health of the people is very much
present even in such villages, Open defecation is a tradi-
tion handed over from generations and the land which these
people till is invariably the receptacle for their waste,
This leads to soil pollution. The incidence of hookworm
infection is very high in such cases, Roughly more than
70% of the rural people in India are said to be infected
with hookworm. The same may be true in slightly varying
degrees with respect to the other countries of the region,.
Besides hookworm, these people also suffer from many forms
of water-related and other faecal=borne diseases as well.
Sanitation as a way of life is not accorded any priority by
these people., Their problems are more basic and sanitation
is an unwanted luxury for many. In fact, many of them are
prejudiced against the use of latrines, This prejudice is
“born more out of their experience of having seen or used an
ill-maintained public convenience in a city or town which
they had visited., This prejudice is deep rooted and
unerasable. According to them 'they knaw to live better,
‘healthier and happier than their urban counterpart'. In fact,
they atbribute many of the evils of urban living to their
'latrine habit!, This may look strange, but it is true.
With regard to wastewater, it is not a problem in many rural
areas._ _The quantity of water used by the rural people is
so small, that whatever wagtewater is produced is absorbed
by the 5011 over which it is allowed to f£low through. The
wastewater produced is only sullage, since they do not have
latrines and invariably this water is used for gardening
purposest!, But of course, wth improvement in water supply

amenities, the problem nay become different. More of sullage
water may be produced which will overflow the soil and remain
as stagnant pools of water leading to all assockated problems,
Then it may be more relevant to take up appropriate measures
to tackle this problem, -~ However, the villager is not going
to be concerned with thzt. His problem stops with the produc=
tion of wastewater, He no more bestows any attention as to
what happens to it thereafter. He cannot also relate-it to
the diseases, which he may suffer from as a remult of
wastewater stagnation. &nd even where he can, he learns to
live with it. He is resigned to his fate, Even where he is
_aware of the problem arml is really concerned, his socio=
economic condition is such that he cannot afford to spend any
money to improve the situation, By and large, the rural man
is poor, ighoraht and illiterate. He is- also unfortunately
preJudlced in matters of sanitation. He may have nothing
agalnst a sewer system to be provided for his village, but

he is not really interested and therefore is not going to
pay for it, It is not only a questlon of unwillingness on
his part, but also a gquestion of his incapacity t»o pay.

Under such a situation, a sewer system for a village is

ruled out, But basically any system of sanitation for a
village with regard to wastewater will involve some change

in the habits and customs of the rural man., Yes . he has

to use a litrine first. That means he mist be motivated to
use ‘g latrine and become latrine-conscious, which is the first
step towards making him sanitary conscious, A type of latrine
that will suit him, that will involve minimqgﬁdepgrture from
his customs and habits, that will be acceptable to him and
that which will not pinch his purse, therefore, is to be
suggested, if available, or developed, if not available,
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1e2« Need for Alternatlve Technolagy for Sanitation

The problem of sanitation is not conflned to the problem
of wastewater alone. It is also associated with solid and
other wastes generated by a community. However, the guantity
and the nature of the wastewater being such, among the several
other problems of sanitation, i1t occupies a place of impor= .
tsnce, Regarding solid wastes, we know that this is a very
acute urban problem and not suoh a serious rural problem, -
But if night soil is to be classified under this categmry,
then this becomes the most acute problem of the villages.
These problems need to be tackled carefully using appropriate
technological alternatives, For a large town, it could be
planned a little more extensively and elaborately and for a.
small town and a village, not that elaborately. However, in
all these cases, protecting the community from the hazards of
instanitation taklng the background of its people and reco=-
vering whatever is economically feasible, (fertilisers
biosgas, etc. ) from these wastes should be given consideration,
Where there is scope for recovery and reuse at a reasonable-
cost, it could be resorted to, all within the sonstraints - -
ﬁrevalent inthe reginsng otherwise safe disposal will suffice,

he w1lllngness and readiness of the people’of the community
to reuse the waste must also be ensured before the relevant
technology is applied, Simple thrusting a technology on an

unw1111ng user does not produce the de51rable result,

The problem of sanitation has thus several dlmensions

It is not only the cost which is an important factor, but

motivation and acceptance by people which are equally
important. The wel ~informed urban people are prepared to.
accept sanitation as a way of life but even then they would
like the cost of the system to be well w1tbln their means,
They expect the system to offer them convaience and save -
themn from unaesthetic conditi »ns and health hazards arising
out of insanitatlon. They in fact demand better, cheaper

and more acceptable sanitatlon alternatives, The urban poor on
the other hand may not be averse %o senltaﬁlon as such_bub. _
because of the many pressures and tenslons mountlng _up and
because of their past hsabits and customs, would continue to.
defile and live amidst filth and squalour and may not
appreciate any efforts in the difection of improving their
environment until and unless their basic _demands of food,

clothing and shelter are met., The urban frlnge dwellers on the _.

other hand demand a saltary system alternatlve that may not
be-as costly as 'a sewer system, but will be cheaper and quite
effective from the point of view of sanitation, their problem
being one of incapacity.to pay heavily towards sanitary ameni-
ties even though they are a motivated lot, For the rural man
who is steeped in poverty and ignorance, sanltation has no .
priority and latrines have no relevance. -For him, living is

a problem, Hence the same kind of approach adopted im the .
case of the urban man cannot solve the problems of.the rural
people, Different technologies have to be adopted under
different situations to cater to the needs of these Péo le
with varying background and thinking. This involves: ‘applica-
tion of alternative technologies that are appropriate not

only to a region but also within a region to different
communities with different sociomeconomic and educational
background levels,

r

2. IThe Magnitude of the Problem . o

The International Drinking Water Supply and Sanitation
Decade 1981=-1990 has been launched, It ains at '"Water for
All' by 1990 and assigns high priority for Water Supply and



Sanitation. Its original._ target of 100% Water Supgly and
Sanitation was considered rather Topian and hence this has
been modified sllghtly by dlfferent countries to make 1t more
pragmatic.
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- The cost of sanitation for India is estimated to be

Rs. 36,860 millions for urban sanitation and Rs.67,790 millions -

for rural sanitation. The target for India is 100% for Water

Supply, both Urban and Rural, 80% for Urban Sanitation and

25% for Rural Sanitetion. Even with this revised target, the

cost of realising the Decade objective is quite enormous.,

To=day some 1,1 billion people in developing countries lack

sewerage 'and in 1990, this number is likely to grow to 2,0

billions, All these people will have to be provided w1th

sanitary amenlties by the end of the Decade. . L
On a global level, based on very general estimates

available, it is said that the cost of providing water for All

will e about 60 billion dollars and that for sewerage 300 to ,

600 billion dollars. The cost involved is very high and on a +

per capita basis, it works out to 150 to 650 dollars. This is

far ‘beyond the capacity of most of the beneficiaries to pay, "

Partlcularly for those in developing countries, this is more

so, - Hence, there should be some means by which this cost is

to be brought down. This is possible to a great extent by

introducing alternative technologies in place of traditional

technologies. The decade programme is drawn fully aware of

this fact. That is why the programme does not mention how

exactly the Decade objective is to be achieved., The optlon is

left to the oountrles and the technologists.
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3. Limitations of Conventional Sewerege

" The present method of wastewater collection through L -
sewers 1s a very costly one., This system of course was not
developed overnight. This was developed over g perlod of about .
100 years by slowly changing, improving and correcting the . -
then existing systems, With the introduction of piped water
supply sustems, the idea of carrying the wastewater through
pipe lines also gained currency. This was subsequently .
followed by the elaborate, now well known treatment systems,
To=day we have a range of options for treatment to achieve the
désired degree of sanitation imgrovement. Unfortunately the .
waterborne sewerage has provéed to be technically, economically
and culturally not suitable for many cities and communities
inthe developing world, This system needs enormous water,
and the cost of eollectinn, treatment and discharge is also
very high. I% is therefore suitable for high density, high
water consumption areas. The main technlcal constralnts w1th
regard to the sewer system are S '
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e its large water requlrements

- difflculty of excavation in very dense
areas or those With poor ground oondlt;ons‘

- problems of laying sewers in fairly

' - "Straight lines through areas of
unplanned growth

- susceptibility of pipes to corrosion in .
hot climates



- Dblockage and extra maintenance problems in the.
early years

- Envirommental hazard created by point discharge
of large volumes of wastewater.

' Some have already raised the question as to whether it

is wise to use fresh water which itself is a rare commodity
in many places Jjust for this most nonproductive purpose of
carrying the night soil away from the community., Yet another
question is whether we are Jjustified in polluting large
quantities of fresh water by using it for flushing the solids,
conveying them through sewers and theh sginding enormous

time, energy and money scparating the so

ds from the liquid

before its safe digcharge into a water course. Inthe light
of the above doubts, there 1s a great need for reexamination
of the desirability of a water-borne sewer system., Water-
borne sewerage has been daésignhed to satisfy convenience and
" local env1ronmentai, rather than health requirements. Many
less costly alternatives formerly used have been abandoned as
a result of the introduction of sewer systems. There is a
now a greater need t» study and improve them. Very few
attempts have been made in this direction, towards design
and implementation of low=cost sanitatlon technologies: In
this context, we have to remember that sewerage is not
designed to maximise health benefits, It is also not an
optimal environmmental solution, There is therefore, a need
for appvopriate sanitation technologies, particularly for
developing countries, At the same time, the principles of
sanitation should not be a given a 'go by' in the name of

providing a cheaper alternative,

e

Choice of App;:g_pm_aj;_e_rﬂe_ghml% for Sanitation

Inthe choice of appropriate technology for sanltatlan,

the follawing factors should be considereds

Te

2'.

3

b

Se

The present blas in favour of sewerage should be
overcome ' ' i

The technological options available should be
thoroughly and critically examined

The many technologies available between the unimpro-
ved pit privy and sewerage should be identified and
recommended for wide scale application depending upon
their sultablllty for a particular situation.

Improved designs of the above system now not so much
in use should be made.

In scattered rural and urban communities, more than one
technically feasible option, each with a range of design
alternatives coubd be used,

Sanitation sequence could be practised (i.c.) the
community can initially sclect one of the low=cost
technologies and as thelr socio-economic status
improves, it can be ug graded in a known series of
improvements to a sophisticated 'final' solution.
This flexibility is absent in the case of conven-
tional sewerage, since its initial cost itself is
very high,
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7. It should result 1nrthe reductian of non=-
economical water use,

8« The technology chosen should maximise health
benefits achieved with the funds available,

9. A multidisciplinary team including socioslopgists
should be used from the first phase of planning
and demand analysis through the final phases of -
teohnology selection and detailed deSign.

10, The user should be 1nvolved “in the selection -
process. - - ‘

11, Different 1n§titutional7arrangement‘for?implemené
ting these technologies than those appropriate for
sewerage is required,

12, Govermment should subsildise those technologies
that promote the goal of health improvement and
good personal gfiene habits and not stick to
‘outmoded priorities and precedants.

5 Alternative Technol&gles Available _
& KA

A few examples of alternative technologies that are
appropriate to deveIOping countries are g -

House hold sanitation technologiecs

1. Improved pit latrines
Ventilated Improved Pit - VIP)
Read Odourless Earth Closet - ROEC)

2, Pour-flush Iatrines (PF t01lets) T
(Sewered PF necds off-site facilities
for treatment of sewrage).
Needs user education programme

3« Composting tailets (can be used in arcas
where there is a demahd for reuame)
continuous composter: and
Doubhle~Vault composting (DVC) toilets.

Lo Aqua privies )

5. Modified septic tanks

Comuunity Sanitation Technologies

1. Bucket latrines

2. Vault privies with Japanese type vacuum
‘ Cartage (Off- 51te faCilities needed)

5« Communal facllities
4, Sewerage (0Off-site facilities needed)

PF toilets are feasible where water is required for
ablution, If water used exceeds 50 1pcd, then sewerte PF
toilets are possible. Soil condition, housing density, the
habit of people(particularly the user hygiene habit), -
availability of water, space and cost decide the type of
latrine, Where there is house connection for water supply,



cistern~-flush tollets and conventional sewerage are possible,
The only technology, the introduction of which into new sites
should be avoided is the bucket latrine,

The approximate cost »f alternative technologies are
presented below :(The base year for the cost is 1978).

APPROXIMATE COST OF ALTERNATIVE TECHNOLOGIES

Type of System Cost per household per year
) . (Including Cepital and Recurring
- Costs) in Rs. .
- o ot
1, Improved pit latrines, L
composting toilets and - - 200=700
pour=flush toilets . B

2, Agua privy and Japanese 1500-2000
type vacuum Cartage - :

3. Septic tank : " - Rs,. 3500

hé‘sewerage Rs. 4000

The cost of the cheapest to that of the costliest

system, is approximately 1 : 20.

6., Conclusion

In the context of the above, it is apparent that any
technology that is imported from the West where conditions
and values are different, will have little relevance to the
situation prevailing in he Developing Countries. The cone
cept of convenience and the habits and customs have been
different in the West. The sewer system as we know now,
has been developed by them due to exigencies -of situations
prevailing then and the need for better convenience, but the
cost factor has not been of any great consideration in its
development, Even in the West to=day, there is a growing
feeling that the envirommental cost of the sewer system is
pretty high and there is a need to develop an alternative
technology for a sewer system. When that is the case, the
need for such alternative technology is even greater in the
developing countries, particularly of the east, where because
of the tropical climate, instanitation can play a greater
havoc, And with the varying background of the urban elite,
the urban poor, the suburban dwellers and the rural folk,
different forms of appropriate technologies to suit each
category of people need to be evolved, An appropriate
alternative for a region has to be developed by the region
jtself and should not be imported from another area which
has nothing in common with the region under consideration,
The need for such technologies is never more keenly felt
than now when we have ushered in the Intermational Drinking
Water Supply and Sanitation Decadel,

T
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LOW COST SANITATION PROGRAMME IN TAMILNADU

* %ok
.-, Er., George Mathew and Er. T. Ramghandran

(a) Introduction s

A convenient supply of safe water and sanitary dispo-
sal of human wastes are essential ingredients of a healthy
productive life. Water that is not safe for human consumpe
tion can spread disease, water that is, hot conveniently
located results in the loss of productive time and energy
by the water carrier and inadequate facilities for excreita
disposal reduce the potential benefits of a safe water
supply by transmitting pathogens from infected to healthy
persons. Coupled with man-nutrition, these excreta related
diseases take a dreadful toll in developing countries,
especlally, among children. Invariably, it is the poor,
who suffer the most from the absence of water ans sanitation,
because they lack not only the means to provide for the
necessary facilities, but also information on how to minimize
Ehe i1l effects of the insanitary conditions in which they

ive. - S - :

Thus, provision of protected drinking water supply
along will not give the desired health benefits to a community
unless a sewerage system 1s also implemented along with water
supply. However, duec to constraint in the available resources
in our country, 1t has been decided that during the Internati-
onal Drinking Water Supply and Sanitation Jecate (1981-90)
all class I cities (with a population of 100,000 and aboves
will be provided with sewerage and sewage treatment facilities
and about 504 of Class II and other citics (with a popula=
tion"of less than 100,000) will be provided with Seweragc and
other economically safe and sanitary methods of disposal of
human waste so as to have a total coverage of 80% in urban
sanitation as of March, 1991, '

In India, the programme of construction of low cost
pour flush water seal latrine is being implemented through a
number of organisations, with the rcesult that therec have been
some varilations in the design and spccifications of shch
latrine systcms. Based on the past studies and expericnce
gained by various institutions, such latrinc systems could
be standardised and optimum requirements could be specified
taking into account the cost, the social and cultural
habits, pollution aspects and technical feasibility.

Some of the important technical design requirements
of the water seal pour flush latrine with leaching pits
finalised by the UNDP Global Project are furnished in
Annex 1, ) ) o )

——tr r— A T——— ——r———

* Ghief Engineer, Project Formulation, Tamil Nadu Water
Supply and Drainage Board, Madras-5.

*¥ guperintending Engineer, (World Bank Schemes Appraisal),
Tamil Nadu Water Sipply & Drainage Board, Madras-5.
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b) Demonstret;og Hnits I

e - m— - - -

The Governnment of Tamil Nadu, in co-ordination with
the UNDP dlobal Project have seclocted 15 towns during 1981-82
for constructing 50 demonstration units (water seal latrines)
in ecach of thc towns, The list of towns selected is given
in Annex 2. 'The construction of theie water seal latrines
has been taken up by the local bodies themselves and is
nearing completion. The &ost of construction of each unit
(without superstructure) is’B. 500 in tho case of all towns
rexcept the hill station of Kodaikanal where tho cost of cach
unit is reported to bg %; 5§75, The gosts of these units
have been-deposited by thé beneficiaries with the local
. gogies and the construction work hns been, ione bj the local
O CSe o r -

— - - -

N

¢) gSeavenger Freg Town - - ' 7 °
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-~ - Recontly “the Goernment of India had announced that
' 80% of the estimated co§t of conv:rsion of iry type latrines
into water scal latrihdés®in'a selected town in 'a Sfate will
be given as grant to make the town “"Scavenger Free". TUdumal-
pet town in Coimbatorc District has been selcctad and a
detailed Project Report for Providing "Low Cost Sanitation”
facilitics for this_ town has heen prepared at an estimated
cost of Rs. 1.16 crofes, 507 of the cost of the Project will
be released as grant, by the Government of India and the
balanée 504 will be met by the Goverhmént of Tamil Nadu,

The construction peridd for the Project, will be 3% years.,
The Project has been taken up for implementation during
1981-82 and will be completed during 128485,

d) Low Cost Sanitation pr

The UNDP Global Project on "Low Gost Sanitation
established by the . World Bank was requeétea by the Government
of India.to propare a MaSter Plan Report including prelimi-
nary Engineering and Feasibility Studics for providing Low
Cost Sanitation facilities for 110 fowns in seven States in
India including Tamilnadus, A Master Plan Rgport for 'the

,._15 towns in Tamilnadu where constructlon of demonstration

‘units is nearing complotion has bean_prepared by the UNDP
Global Projcct after studying in detail, the various aspects
su¢h as Soc1o-econoq;q coniitions of the poople, geological
”geohjdrological and physical conditions ate.,

_ ""Thé Projoct prepared by the UNDB Global Proaect on

LOW Cost Sgnltation comprises two stages. The first stage
is propose to be implemented during 1982-86 and will
pr0v1de A total coverage of 484 of the population in

these 15 towns and the Second state to be implemented in
1986-91 will cover 1004 of thc population, ' The cost of
the first stage is esfimated to be R 63 million (as of
_.Decomber 1980 prices) and that of the second stage is about

Rse, 97, million.  In total, 93,701 new pour flush household
witer' seal latrines‘w1ll be provided. 28,423 highly ..
‘insanitary existing dry latrines will be converted to
water seal latrines and ncarly 4,352 new water seal ;
community latrines will be made available benefitting a”
total population of 7.5 million.

;0 The first stage "5 the above project has been
included in the "Tamil Nalu.water Supplj and Sanitation
Project" proposed to be taken up with world Bank Loan
Assistance, Thg projoct is cxpected to be taken up. ford
imnTamantation during 1983-84 and the total constructlon

L}
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The first stage contemplates conversion of 28,423
dry type latrines into watorsoal latrines, constructlon of
20 3426 new watarseal latrines and 1,562 community latrines.
~The unit cost of the houSeholi latrincs ranges from
Bse 562 to Rse 1,738. If new supcerstructur is also provided,
an additional amount of Rs. 452 to B, 724 will have to be
provided. “Individual houscholds will receive between O and
75% of the cost as._subsidy, the proportion depending upon
“the affordability. The overall subsidy element of the progra-
mme 1s 56%. The balance will be recoversd at 9.5% interest
over 25 years. Monthly payments range from Rs. l.15 to
Re 21455 “with morc than 71% having to pay K. 5; another 23%
in the rangs-of . 5/- to Re 10/= « The programme of execl-
tion will be undertaken by the respective municipalities _
with special cngincering cells created unider the overall
supcrvision of the State Level Low Cost Sanitation Unit
(LOSANU) formed with the full-time scenior representatives
‘of tho TWAD Board, Research-cum-Action Project, Poonamallce,
Madras ‘and thb sirectorate of,MUnic1pal Administration. It

The Projéct will be supported by substantlal
promotion and health education activities mounted by the "
municipalities and Low Cost Sanitation Unit (LOSANU). A
special state Level Unit wlll be created with schnior reprce-
- sentatives of the principal organisations viz., TWAD Board,
Jirectorate of Mpnicipal Administration and Research-cume
Action Project for monitoring the work. =®ven though |
certain’ l sgislative changes arc desirable to support the
project, they are not critical to the project,

vholce of Tedhnmology :- , - A

Stage I of the Projecct will concentrate on provision ¥
of watcrscal latrines in the- 15 towns; but in the course of S
this stage, other altérnatives will also be piloted in areas,
where hydrogeological or social considerations indicate that
- water seal units would be inappropriate. N ] -

The flush latrincs consist of a whlte '‘glazed ceramic
or a fibre glass reinforced poljster plastic (FRP) pan.with '
20 mm water scal. After use, it is flushed by hand using
a small contziner holling about 2 litres of watere. The
excreta is carriled into two uniergrouni leaching pits cons-
turcted 1n thoe house compound or if space is not availlable
unier the adjaccent footpath or road. Thesc pits arc cons-
tructed of honaycomb brick work so as to allow the liquid
in the pits to percolate into the adjoining soil 1eav1ng
the solids behind. The pits arc used qltornativolj, cach
pit lasting for about 3 yoars. When the pit is full, it
is then taken out of usc and the excreta Adirfdcted to thu -
sccond pite When the filled pit has been left for about
2 years, the contents wlll be convarted into a rich humus,
which is fres of pathogons. Whﬁn convenient , it is enptied
ard contents used as manures It is then roadj for reusc -

again when the sscond pit becomes full. .

Implemsntation - o e L L e R

The Projcct will be implemented by special cells
created in the municipalitics (Engineers deputced by TWAD
Baard) supervised by the newly created geperate State “Tevel
Low {ost Sanitation Unit (LOSANU) with 3 senior represen-
tativaes from the respon51blo organisations viz., TWAD Board,
sirectorate of Municipal Administration and Rescarch-cum- -
Action Projecte The financial monitering cell will he -
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economic execution of the Project, a State Jircction
Committec is proposed. The LOSANU which is the  Unit at

the State level will be incharge of preparation of overall
and detailed buagets, channeling funds, preparation of
standard designs, guidelines for the designs, general \
technical guidance to the project, central procurement of
scarce materials, estimating annvally the cost, type of
latrines installations, conducting training courses, overall
performance, developing details for plans for Stage II of
the project and making alternative arrangements for imple-
mentation, 1f any of the municipality fails to undertake

or implement the project satisfactorily. One Superintending
Engineer of TWAD Board with 2 Executive Enginecrs and &
Assistant Executive Engincers will supervise and monitor

the work at the Enginesring cells constituted in each of

. the municipalitye. The Deputy Jirector of Health Services

R Y

with the help of 3ociglogist and Health Educator will
monitor training, motivation and soclological aspects.
incluling the proluction and development of necessary
media. The special cells in the municipality will be
responsible for precparing Jdetailed programme -of the work,

. ldentifying the number of households or community latrines,
redeipt and disbursement of loans and grants for LOSANU,
licensing local contractors, execution of the programme,
recovery of loans from bencficlaries and making repayments
to LOSANU, opcration and maintenance of community latrines,
emptying the household latrines on request, marketing humus
and providing any service required for the malntenance of
private latrinese.

- T -

Qost Es%imates :; “'1 . ‘ . Fee i

I I LS

The Project cost comprises the following :-

basic cost, physical contingcncics, engineering costs

and price contingencies. 15% has been adopted as physical
contingencies in the hilly areas of Coonoor, Kodaikanal and
Thanjavur and 20% in the case of Attur, where the roads and
. lanes are of cement concrete. ' For other towns, only 10%
~ is provided as physical contingencies. BEngineering cost at

12.5% have been provided for. Basic costs have been c¢alculated
at Pecember 1980 prices. 1In order to allow for price
increases during the implementation period, the following
percentages of escalation have been adopted for capital
works, whilc a uniform annual rate of increase of 7% has
been adopted for operation and maintenance costs,

1980-81 ces . 157
1981-82 - eee - 9% )
1982-83 Ceey 8.5%
11983-84 to 85-86 7.54
1986«87 & beyond T 6%

‘The total costs of the project Fof Stage I and
Stage II works out to R 83 million and Re 161 million
~respectively at current prices,.



Plan Provision -

A provléioh of Bse 30 miillbh is made towards Low Cost
Sanitatlion in the last two years of the VIth Five Year Plan
(ie.) 1983 84 and 1984 85. )
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Finan01ng Pattern 2a ) :

It is suggbst=d that afqomb;natlon of grant and a
essential for the successful implementatlan of the progranne.
Householders are proposed to be categorised into 3,
depending upon their agcess to thé 3 basgic utllltles Vize,
electricity, water and Ary latrlnqg, The -grant element for
individuals having any two or all the facilities viz.,
electricity, water connections aqd dry latrines will be
zero, whereas if anyone of these 3 facilities is avallable,
the grant element will be 50% ani if none of the 3 facilities
1s available, -the grant element will be 75%. In the case
of community latrines, the grant is 100%, which will be
given to the local bodies. Based on the above, the total
grant needed for Stage I of the project works out to Rse 24
million out of the total project cost of k. 64 million (1980)
prices) and the grant element for Stage IT will be B, 66 -
million out of the total project cost of . 97 million

(1980 prices).

It is suggested that the monthly recovery towards the
loan will be collected from the beneficiaries after the latrine
1s constructed without allowing any merat-riun period., The
calculations furnished in the report show that monthly
instalments varies from Rs. 1.30 to Bs. 18 with more than 717
paying less than R 5 per month and another 23% in the
‘range of B, 5 to R 10 falling broadly within 1% to 1.5%
of the monthly family income anl also within the reasonable
or affordable limits. The municipality will be responsible
for the recovery of the loan instalment as a charge to be
collected as a firstichakgeralong’ with house tax, water tax,
water charges and other taxes at quarterly or half yearly
intervals or whatever is the existing system.

gommunity Iatrines :-

Nearly 10% of the houscholds cannot be provided
with individual housechold latrinzs due to constraints af
space, They will have to be necessarily served by community
latriness 1In view of the slender municipal resources, it
is recommended in the project that 1004 of the capital
cost of the community latrines and at least 50% of the
recurring costs of the community latrines be given as
subsidy to the municipalities,

The owverall cost of the Projest at wecember 1980
prices is worked out_to R. 161 million with 56% grant
element as deftailed below ¢

Stage I Stage IT Total
. Ioan Grant Loan  Grant Ioan  Grant
(.-nooo'l-oco‘.mn ..ot-o....)
Individual 40 18 31 S5 71 73
latrines - - :
Community .o v 6 oe 11 .o 17
latrines

4 ~ -\ A - 1 ~ 4 raYal
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Operation and Malntenance 3- ‘ -

The individual latrines will be maintained by the
‘householders. The diversion of the discharge from the first
pit to the second pit can also be dohe by the householders.
Only the emptying of the pits will have to be one by the
local body through local contractors. The cost of the
service at 1980 prices is estimated to be R. 25 per cubic
metre inclusive of transport and storage. It is expected
that this cost can break ewen with the cost of the humus.

One of the important aspects of on-site excreta
disposal as envisaged in the low cost sanitation programme
is pollution of the ground water and piped water supgéégg
located close to the disposal pits;, Thé fundamental
requlrement for prevention of pollution of both surface and
ground water.will call for a proper design and construction
of the latrines in such a way that under no circumstances,
there will be any water logging around the latrine or
ponding of the pit will happen due to over flow of pit
contents.

Ground water pollution by on-site excreta disposal
systen depends on the nature »f occurence of ground water,
Ground water occurs lnaquifers which are classified as .cither
confined or unconfined. . e .- .

When water is_drawn from confined aquifers which
are relatively deep, on-site excreta disposal poses no pollution
hazard provided the well construction is carried out properly
to preclude direct flow from unconfined zones and sanitarily
protected to prevent surface contamination. Under these con-
ditions the main concern is the water distribution system

. which can well be taken care »f by ensuring certain 'minimum
distance between pit and distribution pipes, and protecting
~ vulnerable sections from exterpal contaminations.

The unconfined and marginally confined aquifers are
the main concern from the point of view of pollution hazard,.
Here, two situations are met with, viz., i) where the pit
is located entirely in the unsaturated zone and (11) where
the pit is located partly in the unsaturated zone and partly in
the saturated zone. The studies carried out in USA, India

' and clsewhere have shown that in alluvial soil (with pre-

dominarice of silt mixed with ¢lay and fine sand) where
pits are located in the unsaturated zone, the risk of
bacteridl pollution is minimal provided the bottom of the
pit is at least 2 metres above the maximum_ground water
level and the hydraulic loading in pits does not exceed
50 mm/day. 'Where the pit extends in the saturated zone,
the pollution travel depends mainly on the velocity of
ground water. In alluvial soil, the distance of pollution
travel is equivalent to about 10 days travel of_ ground}
waters The velocity can be founi out for Jdifferent soil
‘conlitioms.. It was alsq obseryed that with the continued
usage of the pit, clogging of the soil around the pit ,
takes place resuiting in the regression of pollution plume’
which ultimately stabilises at about 1 metre distance.,

=T
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These stuiies clearly indicate that in continuous
unsaturatud/uncansalldat :d steata greater than 2 metre depth
(with size of soil < 1 mm) beneath the basc of the latrine
the risk of ground water pollution Jue to faecal contamination
would be minimal, provided the hydraulic loading in the pit
does not exceed 50 mm/day.

The recent observations carried out by the Tachnology
Advisory Group (TAG) in Gujrat, Tamil Nadu and Bihar States in
India seem to be'in conformity with the foregoing statcecment.

Very little ficld work has been carried out on the
travel of viral pollution of ground wator with reference to
on-site excreta disposal. But,; some laboratory studies on ..
this aspect have indicated that the viral pollution is
reducel if adequate interposing soil layer exists and the
hydraulic loading is also limited to 50 mm/day.

Among the chemical pollutants arising from the
leaching pits, 'nitrate! is significant. The transport of
nitrate through the soil and ultimately reaching the ground
water and rising to levels to pose a health risk is depen-
dent on several factors like back ground levels of nitrates,
extent of aerobic activity, <ilution etc., Periodical
monitoring of ground water thus becomes important,

Proper information/investigation of hydrogeological

conditions of the sites where the pits are to be located
are pre-requisites for the implementation of the programme
in order that the pollution risk to ground water and water
distribution pipes is minimal. Even in unfavourable hydro-
geological conditions such as coarse soil, high ground water
velocity and high water table, these systems can be used
provided certain modifications ani precauticns arc taken,
such as providing an envelope of fine sand of average size
n>t more than 0.2 mm and a minimum thickness of 500 mm all
round and the bottom scaled off by any impervious material
such as fine clay, puddle clay or polythene sheet. If fine
sand is not available, whatever coarse material is available

may be sicved through a sieve of 0.597 mm (30 meshes to a
inch) and the material passing through is uscd while the e
coarser material retained on the sieve is discarded. =~ These
modifications arce also applicable where soll beneath the pit
is less than 2 m to water table. In high water table
canditions, the lnlet to the pit should be kept at least one
- metre above the maximum ground water level. This condition
may necessitate raising of the latrine floor.

In conditions such as roek with fissures, chalk
farmations, old root channels, pollution can flow to very
long distances. These gonditions demand careful investi-
gations and necessary mo ifications of the system of adop-
tion of alternative san tarj 5jstem.

It is desirable to pariodically. monitor the qualltj
of the ground water in the area where the progranifie is
implemented, The monitoring programme should cover perio-
dical sawmpling of ground water ani analjsis for at least
faecal collforms and nltrate. : \
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Important technical dég;gn reqﬁirements of waterseal
, pour flush latrines ’
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Ttem Optimum Requirements
a) Iatrine Chamber Size 000 750 mm x 900 mm
b) Latrine Pan 3
i) Top opening eeo 125 mm ~°
ii) Harizontal length «.o. 425 mn
iii) Material cee Ceramic,
] Porcelqin
§ FRP, PVC

¢c) Water Seal Tra..
- 1) Depth of water Seale.o 20 mm

ii) Dia of water seal +eo 70 mm
1ii) Material ] e g Ceramic
- 5 Porcelain
{ FRP, PVC

- R — L

d) Connecting Pipe

i) Material 'ﬁ Stoneware, Concrete,
T - § AC, PVC, Burnt Clay
I Pipes, Channel in.
I brick work.
ii) Size of pipe soe 75 mm. ’
1ii) Size of Channel ooo 115 mm x 75 mm
iV) SlOpe - 990 J_ iIl lO

e ) Inspection or Junction Chamber -

i) Size 000 250 mm x 250 mm
ii) Cover oo Removable concrete

f) Leaching Pit

i) Shape con Cireular
ii) gize (5 users) seo 900 mm diameter
iii) Minimumeffective cos 1,000 mm
depth
iV) NO. Of Yea.’f‘S Of o000 3
Scrvice

v} Minimum sﬁacing of aee Effective iépth
pits . ,
., vi) Emptying of pilt oo 2 years after pit is ..
taken out of service.

g) Lining of interior of coe Honey ¢&ombed brick work
Pit in Cement mortar, burnt
clay rings, laterite
brick and otherse.



Anngg_} (Contde )

h) Pit cover Material

1) latrine flooring

j) Foot rest

i) Size

ii) Thickness

k) Superstructure

1) Water requrements

ReCoCe 3 stone Slab,
Wooden blanks etc.,

smooth, impervious
and durable.

250 mm x 180 mm

25 mm above floar level

Brick work or concreta,

3 litres per use
(& litres/cap/day)e.

“List of towng included under World Bsnk Project for

provision of Low Cost Sanitation facilitles.

11i.
12.

13
14.

15.

Than javur
Pollachi

Ambur
Chengalpattu
Panruti

Attur

goonoor
ThenieAllinagaram
Pattukottal
Sirkali

Tenkasi
Gobichettipalayam
Thuraiyar
Kodaikanal

Aranthangi

Than javur
Coimbatore
North Arcot
Chengalpattu
South Arcot
Salem
Nilgiris
Madurail
Thanjavur
Thanjavur
Tirune¥velil
Periyar
Tiruchy
Maidurai

Pudukottal

1,83,464
82,115
66,026
47,324
43,036
50,537
44,750
53,023
49,484
25,508
49,214
43,846
23,599
20,451
23,227
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RURAL SANITATION - A CASE STUDY

L . R, GuruEwamyt

R Deﬁigavinayagom Pillqi*and
S, Sundaramoorthy

A case ctudy on rural sanitatioh at Nilakkottai, a

major Panchayat in Madurai district of Tamilnadu State was
undertaken by the authors along with a grovup of participants

.of a regional course on Project Formulation and Appraisal in
Water “Supply and Sanitation sponsored-by CPHEEQ/WHO and EDI
and conducted by the Centre for Environmental Studies, Anna T.°

University, Madras during FebTuary-March 1982 snd a summary
of the report based on the above studies 1s presented in this

article.

The report is baded on a rapid random strvey conduc-

T v

ted by the group at Nilidkkottal as a supplement to the detailed
house to housge survey conducted sarlier by the Gandhigrai
Rural Institute, a Deemed University about 40 km away from
Nilakkottai. : _

~

The objective of the present study was

~

~ .

1. to study the magnitude~of the problem of
environmental sanitation due to indiscrimi-

ate defecation

~

~

2. t® ascertain ths resistance of the community
for acceptance of latrines in rural areas and

3. to develop effsctive educational methods for
‘ helping the people to accept, use and main-

taln sanifary latrines

4, td suggest more acCebtable designs

-~

and methods

for the construction of sanitary rural latrines

for the town and

- ~

5, To suggest a feasible work programme

~ -

Stgte of Art of Sanitation at Nilakkottal

The population of Nilakkottal, as per the 1981 ceﬁEus,
is 11,917 of which about 246 have entered the portals of "a

college,

about~3512 have studled upto the secondary school

level 2710 upto the &lementary school level, the rest being

;1lliterate
busines
agriculture, government service etc:

The people are predominantly engaged in
S, weav1ng, manuf acture and sals of brass utensils
This town being a

business centre, attracts people from the neighbouring

villagec, particilarly during Sundays~where the~weekly shandy
“held. The people are genserally poor. The town has a

protected water supply system, the average supply rate being

(93 ) [
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about 22,5 litres/c/day. There are 12 open wells, 12 bore

w&lls and some private wells supplementing the water supply

to the town.” Because of inadequate supply of water, thé B
effect of protected water supply in eliminating water-borne

diseases .could not be felt. The wastewater produced by the

community is presently Collected in unlined open drain~and T
discharged at several points in a lake located in the outskirts
of the town, the drains themselves acting as latrines in many
place§y The lake water used for bhathing and washing purposes
-iE thuq heavily polluted and no notice is taken care of by the
1acal ipeople. There are~four refusez carts available in the

= town for transportation of refuse to the disposal site, 50%

"¢f the refuse produced alone is cleared everyday and the refuse
g0 collected and transported is composted in a very unscientific
. manner., The weekly market gene.rateq large quantities of 'garbage

~

© :.which are never cleared but only dumped in onhe corner of the

-market "itself, resulting in véctor breeding. The market attracts

= ‘about 20;000 people but has no organised public cdnvenience

gystem worth the name. Drinking water is being &old at 5 palse/
"cup. The latrine facilities in the town are also not adequate
and the details of latrines available in the town are as follows: 4

Number of septic tank latrines - 9 ‘
Porcelain flush type latrines 7 26
RCAP type latrines 337
Service type latrines 43
Public-latrines 22

i Cess pools 16

- - - - ~ ~ ~ J— —

A1l road-sides and open spaces in the town are used for open
defecation. All public places including cinema theatres,
hospitals, bus &stand, schools etc., gre extremely insanitary -
and emanute intolerable stench of urine. The latrine facili- -
ties in the schools are very inadequabe, but the students and
~the staff who were~interviewed by the sanitation group were

found to he well motivated and inclined to have latrines, -
The~latrine~  acceptance was particularly strong from students

belonging to th& higher, upper middle and“middle income groups

and teachers whose literary level was high. Many students ‘
pleaded that they would like to have sanitary latrines, but

their parents could not afford to spend money for it., "For =

theatre of tapacity G600, there ar& only 8 urinals, 4 latrins - -
seate and two water t“nks with two taps each. There are about

12 big hotels (with more than 25 users each) and 30 small
eating-places (with less than 25 users each) catering to the |
needs of the people. The sanitation of the kitchen, of “the

plates and cups~and~the seating arrangements are far from
satisfactory, not to speak of the sanitation of the food

hatidlers! There is“a bus stand beimg Used by about 3000 -
people daily with no ganitary public conveniences. Community
. latrines with 4 seats and with no urinals Are being used.{or

rather misused!) Cne is naturally driven to open d&fecation
rather than"using these facilities, A =slaughter house with

a capacity of-12 govats/day produces wastes which are indiscri-
minately disposed off and the air and the arga around are

leavily polluted., It poses a great threat to the well-being

of the people nearby., There is a hospital with 32 beds actually
accommodating about 70 inpatients. There aré 6 latrine seats,
4 baths and 2 urinals and~a Septic tank. About 20 people per
day are being treated as oubtpatients. A tobtal number of G000
people are bsing treated annually and that 86% of them are
suffering from one disease or other arising out of poor environ-
nental sanitation and malnutrition, The irony is that while

-
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inpatients are provided with..some public convenience facility,
the doctors and staff are compelled to go without any such
facility ! In chort the prezent level of sanitation at
Nilakkottal ig not satisfactory at all. L This probably reflects
the condition“prevalent . élsewhere also in the country. Sani-
tary collection and 8isposal of “human excr&ta was studied in
depth, sincs this problem was considered-te be &f ubmost .
prlorlty among the’ﬁeveral anitation problem< of the town.

Heg;th Educgtigg ggd'Mgtivgtigg

S a—— ~ - 50 - v ~
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-Tha cuggeeted methodology For ‘motivating people to accept
the programme of sanitation through health education is’ ak
fallows : It is suggestéd that the ‘services of the avallable
local agencies such as the taluk level per=onnel of the
Directorate of Health Servicee, the ladies a®sgciation,”the
primary and secondary school teachers, the social and vdluntary
organisations such as Lions club, robary club, cine fan's agso-
tiation, Jaycees etc,, the anitary inspector and the, mais tries
of the town panchayat, the perconnel available with the Inte-

- ~grated child development centre and the Research-zum Action

Project (RCAP) Centre at Dindigal and the extension service

of the Gandhigram Rural Institute must be used for this ~
purpose, “The programme should be taken up at the thres catego-
ries of population, namely, the school students 5 _the wolen

and the general public. The~eXecutive officer of the tewn
panchayat coiild act as the co-ordipitor and officer-in-Charge
of this support project. A1l the works from the above agencies
could be given an orientation training to successfully
implement the health programmes The Gandhigram Rural
Institute hias the training fa01litiec in this field and this
institute could be-in charge of the traifning and orientation

bprogramme.  The programmé will consist of iszuing- handoutc

and handbllls, flash cards and slides giving pictorial as well
' as deqcriptlve materlials highlighting the advantages of sani-

tation and the harmful effects of the present sanitdry habits

of the people, and depicting the-values of sanitation ahd
.healthful living and arranging for the proaectlon of qhort
films and film serials, puppet shows, hoardings-etc., and”

by cofiducting periodicsl meetings in schools, women's asso-
ciation, in bazaars during festivals and carnivals. A
question and answer session will form part of this cumpagin.
Demonstration of constructiaon of latripes wlll be arrapged
and Bh&ir use explained. Pedple who come forward to Construct
their own latrines will be honoured publicly. The above
programme will be designed to treate awareness and educate
the public about good sanitation habit:® and the few ganita-
ticn programme. The public will be provided oibportunltlec
to try, &valuate and~accept latrines as means of better
sanitation™for the community. This programme will involve
training for health workers., 25 workers- from all the imsti-
tutions referred~to above are proposed to be trained for 3
days.” Ths cost sf training is estimated to be Rs.6050/-.
The cost of handouts, bllls etc,, works.out to Rs,53,000/-.
The health education Pr ogramme will be taken up before the
commencement of the sanitation project and carried through
thé period st execution of the project. There will b conti-
nuous monitoring and evaluation during the continuatfon- ‘of
the health educsgbion programme and the strategies could be
modified suitably to correct deficiencies, if any.

~ ~

Technology Selection

Technology selectioﬁ involves consideration of the Public
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Health Aspecte; the water supply service leVel, the housing’
density, the soll conditions, the economiz and financinl
costs of the projett, acceptance by the community and its
participation, affordability, maintainability and ussz etec.-
The conventional sewer gystem; even though satisfactory from
the point of view of > sanitation, is not feasible Tor T
Nilakkottai in view of the large water requirement, the high
per capita initial investment and the subsequent high cost of

maintenance. The next~best alternative seems to be individual

septic tanke with disposal arrangements for their effluent.
This too requires~large volumes of water; large area of land
for the disposal of the effluent and involves Comparatively
-high initial &nd mAintenance cofts apid hence is not feasible.
However sich of those willing house owners who have water- -
service~connections 1in their houses ard who have adegliate
space for installatlon~of latrines, septic tanks disposal
arrangements and who could afford them can get these construc-
t&d in their houses. The third alfernative is the use of " low
- Cost water seal latrine. ~Considering the present situation
in the town, this seem& to be the only appropriate technology.
The RCAP type of latrine which 1s a water seal latrine is- - -
popular in the area. The UNDP has also develpped a water
£eal latrine ufider 1ts low cost sanitation programme, Basi-
cally these two Work on the same principle éxcept for Some
minor modifications. The pan in the RCAP type is of concrete,
whereas the one’in the UNDP type~is of gla zed ceramic, In
the RCAP type, enly one pit Is constructed while in“the UNDP
type, double pits are provided, The initial cost for the - .
RCAP type latrine is Rs,275 (without subsidy) and~that far =
the UNDP type is Re,700,00 each:, excluding cost of enclogures,
Both these types are sultable or the town. For hous&hold
latrines, the RCAP type~is recommended. Where house-owhers
agree to bear the Cost of the UNDP type, they can be provided
with that type. For public latrines however, the UNDP-is -
preferred 2ince they are used by a larger number of people
and they cdvuld be malntained clean much easier in view of
the sup&rior finish of the pan. Both these types of latrines
&s proposed above can be connected to a sewer system in course
of time, without disturbing the encloslre or the pan, when
sewer system becomes possible in the locality.

Work Programme o S . B

~ =~ - - - - - o~
== [ S|

The programme of work at Nilakkottai can be divided into
three types as under ’ T

-~ - Sl A -——

- T

Conversion of gxigting dry 1aﬁriﬂ¢§;to water seal
latrines - ) S N B )

~ ~ - = - £ g o ir

Construction of new latrines T
i ~ - 7 - o B .
Conversion and construction of public latrines”

-

ngveréigﬁ of éxgst;gg drz latrines to water-seal latrines

There are 43 household bucket latrines existing within
the town Panchayat. In view of thg demeaning and horrid .
natore of these latrines, it is proposed to convert them
inte water-seal latrines. ‘ '

Construction of new lgtrgges ) s

There. are 2137 assgessed houses™ at Nilakkottail without
latrines. The project envisages copstructicn of water-—seal
latrines (both RCAP and UNDP) in about 80% of the residen-

I
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tlal households where~space is available. "Thus~ 1710 houses
come under this category. Leaving aside some commercial aind
Institutional buildings, this project envisages constructisn
of 1500 water Eeal latrines within the panchayat area. About
2/3rd will be of the RCAP type and 1/3 of the UNDP type.

~

Conversion and Construction of Public Latrines

There are at present eleven 4-s&atert and one G-geater
type dry public latrines making a total of 50-geats in all.
Thére are rio public standpssts nenr any of the latripes,

About 25% of the present population is proposed to.be terved
by public latrines. At the rate of one seat per 30 people and
for a total population of 11,957, nearly 100 seats will be
réquired, "There are already 50 seats of the-cservice type which
could ‘be converted into sanitary type. 50 more seats will
hiive to be .provided to meet the total requirement of public
convenience. These wlll be provided in places where” there

are no public latrines at presemt. Ward numbers 9 to 12 are
scattered &nd do not have thils ficility. It is therefore
proposed to provide four blocks of & seats in each of these
wards, The remaining 30 Beats will b provided either in

&5 blocks of .6 seats each ®r 3 blocks »df ten-seats each in
whrds 7 and 8. It 1s also proposed to provide one stand

post near each hlock. The institutioie such as cinema halls,
public offices, fmarket places etc,, would Zonstruct the
required nupber of latrines at the{r own cost, -

Cost of the Project

~ - - ~ ~ ~

~

The total estimated cost for the construction/conversion
of latrin&s as detailed above at the present price levels is
given below : . :
Convarsion of dry latrines Rs.O.lé“laﬁhs
43 Nos. at Rs.275/- each (approx)

Construction of new latrines

(a) 1000 Nos. nf RCAP type : Re,2.75 lakhs
at Re,275/- each

(b) 500 Nos., of UNDP type
at Re,700/~ each

Re.23.50 lakhs

T
Conversion of dry public latrines
and construction of 50 seats
(UNDP type latrine) including
enclosures, etc, . . .

¥

o

Rs.3.25 lalkhs

Supervision and Engineering charges.
at 154 of the above «

‘Re,1.44 lakhs

Incentive and bonus to the best e :
motivators and acceptors ) ¢ Rs,0,38 lakhe

Total : Re,11.441akhe

““This expenditure could be phased out over g period of
two years.

Financial Resource Mobilisgtion for Implementation

Since the Panthayat cannot mobilise the funds Dr the
rroiect, the following alternatives are suggested,
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The State Government may finance the Project out of their

plan allocations.

The town Panchayat may acquire loan from LIC/Banks
etec and try to repay the annuity by imposing new

taxes on the beneficiaries,.

A part of the cost may be met by the State Government
as onmight developmental grant to the Panchayat and the
remaining part as loan to be returned within 5 years

*  In some states, th: State Government bears two-thirds

of the cost and the balance is given as loan.

It is there-

fore suggegted that the State Government congider giving at

least 50% of the cost of the project as grant and the balance

as loan at 10% interest repayable within 5
r'ate, the annual repayment of loan for the RCAP type works
out to Rs,3G-20 and thqt for the UNDP type Rs.92 05 pef

latrine.

5 years At this

In the beginning, the houseé-owners will have to invest

from their ends for construction of enclosures.

Thus in

this suggested financing pattern, the beneficiaries, the

State Government and the town Panchayat are equally involved.

The grant and loan will act as a catalytic agent and it is
bélieved that more and more beneficiaries will come forward
to get latrines constructed and make repayment in instalments.

Suclh concessions are nothing new,

Benefit Cost Rgtio

"The benefit-cost ratio for the above scheme is presented
below, Details of loss due ta sickness a

insanitation can be calculated as follows

Number of patlents :
Children B
Adults - :

Assuming 60% of the cases among adults
faecal-borne diseases,'thelr number is

and ahsuming free medical treatment

ssociated with

6600/ year

20%
80%

to ke due. to
approximately
3300/year. Assuming loss of man days at 10 dayq per year

TOtul loss of man days at lO days per year/person 1is
33,000, At Re,12/- per man day, the loss works out to

Rs.S 96 OOO/year

The detaills of exXpenditure in connection with the imple-

mentation of the latrine programme are

1. Health education -2

2, Construction/Conversion
of latrines

o8

3. Incentive and Bonus

4, Maintenance staff
(Additional)

Re,  53,000/year

Rs.11,06,000

Re,  38,000(fcr the
initial
three yr

Re,  20,000/year

g,)
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5. Maintenance staff
(new recruitment)

.0

Rs, G67,200/year

Taking a 1&~year period,

Capital ;gﬁesﬁﬁen@s', T;;;‘ ?B?éli;?ésooo B

(Annua; exi)ér%d}iuxiét,; o "L:'Jl',’40,2(‘)t_) ~7- :~ ' :i-
For 3 years at 10% interest, the bfééen% wo?thfactorig. -
For 15 years at 10% interest, the present gég%h factor is

Hence B/C ratio = gfg%%gggﬁg 7,60

= .1.33
which is satisfactory.

Agency for Project Implementation gnd Maintepance

For maximaom involvement of the beneficiaries, i1t is
proposed to constitute a sanitation committee of the prominent
beneficiaries who will initiate actions at all stages and work
for the progress. The Rural Institute at Gandhigram will act
as technical adviser and exténd all aseistance and support in
imparting training to somé locan masons/plumbers to cast and
construct the different componente of the latrines, The toun
Panchayat administration could streamline their grant and loan
disbursement procedures so that willing beneficiariés could
get them without delay. For public latrines, the town
Panchayat administration will get the conversions of dry
latrines into water seal latrines done through their own
agency utilising the grant/loan. To meet any emergsncy, a
gang of two malstries, one mason and one plumber along with
three coolies should be kept under thée direct control of the
Sanitary Inspector. The maintenance of public latrines will
be directly under the Town Panchayat. The town Panchayat will
engage twenty two care-~takers for all blocks(eight who will be
relieved from the scavenging work which they are doing at
present due to the conversion and the remaining 22 by fresh
fecruitment) who will be regularly attending to the cleaning
of the latrines after use. The entire additional expenditure
(Rs,20,000 + Rs,G67,200 per annum) is suggested to be met by
levying sanitax, about half of the water tax. Since this
facility is intended to serve 3000 population, the per capita
cost per month works out to Re,1.90 which is a very meagre sum
when compared to the public health benefits derived therefrom.

Lvgluation

The objectives and the actual achievements of the above
programme have to be monitored and evaluated so that any
shortfall along with constraints coulle be removed afterwards
and in their replication at other places, The result of the
programme will be evaluated with respect to health bénefit
aspects, acceptability of latrines by users, technological
adequacy and change in user hygiene related hablts Dby uuder-
taking studies before and after the implementation of the
project. ' -
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I NSTI TUTIONAL ,FINANCIAL,SOCIOLOGICAL AND LEGAL ASPECTS OF
LOW COST SANITATION -LATRINE CoNSTRUCTInM‘PRoGRAMME. .
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- - - o - T, - et o remm vk 2 F - 5L - 7
' - - E— - -

Intr gdUC’GiL S N S

£, - fie hhd

The ten years period from 1981-1991 has been declared £§
the International Water Supply and Sanitation Decade by the
United Nationse. The Government of India is ‘one’ of the signit_
taries of the United Nation's decision in this raggard an
hence is fully committed to the success- of the Decade. '
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for the decade have been accepted

RN T4

The National targets
as under. .

-
i
.
Y
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(1) Urban Water Supply 1007 of “the populatidl to be covered
by March 1991. = AT e

- -

-

(2) Rursal Water Supply 1007 of the population to be covered ~
by March 199l. 7 _*“*J"**“ cE e

- VN e T 1 ~—

(3) Urban Sewerage and Sanitation 1007 of the population

to be covered in respect of Clags=1 cities with séwerage
schemes and the remaining urban, population to be provi ed
. - with simple’ sanitary methods of disposale The over all “'1
‘“coverage in each State should be 807 of the urban popula- ]
‘ N N 7 T : - - N vy Ym‘ 77:_.

(4) Rural Sanitation 257 of ‘the population to be covered by . B
sanitary toilets.( ) ) 7 ‘ E e

- - I .~ 97 a - - -

- . . e e
The working-greoup on the financial respurces’ ‘set up by

Apex~ Conmittee on. the International water supply and ‘Sani=

tation Decade ha57worked out-total requirement of funds for

the lmplementgtion of the abpve mentipned Decade Programme . _

. to the tune of Rs. I4,500 crores to cover the target popula-' o

tion by March 1991. Sectorwise break up of thc figure is as .

-,

followss -, = = R =

l. Urban,water supply ‘Rse 3280 Crores

2. Rural water supply - ,>3§: 6779 "
5. Urban sanitation | Rs. 3685 " -7 LU 7

4+ Rural sanitation Rs. 744 W, m oy

‘
. - N e 1 y_, ~ o~
- -~

. - = MR Al Tt § NN

—= .= " 'motal Rs.14488 Crores" "

.ﬂi
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2. Problem of Sanjgagggn L T

- - sy N N T

L “

The investment required for the decade are huge and resounee
mobilisation would be the major-constraint for the successfully
implementation of the Decade programmes.

~ ~

-The qiestion of evolving an appropriate solution to the
Problem of urban- sanitation has been under oonsideration for
some. time, Many of our urban reas have a large number gf-dry
latrines which create insanitary ‘onditions-and also inveolve
employment of scavanceras wha anc ablicad ta £ 11~w +he
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degrading job_of Eérryiﬁg night~soil manually. ‘

on the other hand ceonventipnal sewerage scheme have becgme
very expensive making-them beyond the reach of mogt urpan.
areag which guffer from-lack of adequate resources eit@er for

construction or operation and malntenance. . “- 7 -

=
ke

The alternative is to deal with safe disposal of night
soile: 904 pf the: diseases are due to tPe hazards that are .
created from the insanitary disposal of human extretas This
can be done by providing low cost sanitary latrines to each
hpouse. Whenever, sewerage scheme comes up, the latrine can be
conmnected conveniently leaving only the leach pits out of use.
Sullage water disposal will have to be dealt E}E@}ﬁepqrgtgly.

N .
=7 o L

3. Feasibility studies.

- Po explore the pesslibility-of evelving safe and suitable
low cost sanitation gystem for our urban areas, particularly
those with a population less than 1 lac, the Govermment of
India had pequested the UNDP to assist in the preparation of
reagibility studiesg for providing low cost water acadl pour
flush latrines. In the first phase of the projecet seven States
viz, Asam, Bihar, Gujarat, Maharashtra; Rajasthan,-Tamil Nadu
and U.P, are included .and covering a total number of 110 towns
In these states. The feasibility studles-in vespect of Phase-I
of the preoject have been prepared. The World Bank have also
expregsed interest in assisting in theimplementation of some of
these States. Besides, thege studies would -enable the State
Govtse to prepare gimilar studies for the remaining towns. Once
this study-is available, they could be pesed for external assig-~
tance or for financing by local financial institutione .. .o -

The UNDP is to further-assist-the preperation of gimilar
feasibility studies in scome of the other State and-Union-
Territories. Accordingly-100 towns in all are proposed tg be
taken up-under Phase-IT of the project.

out of the scven States -covered under Phage-I of the pro-
ject, World Bank has agreed for a eredit for implementation of
the project for the towns In Gujarat and Tamil Nadu. )

~ ~

4. The Technology.

- ~ ~

As mentioned above the low cost sanitation Project bési-
cally envisages te¢ construct water seal latrine in the urban
areas sp as to:provide'this;facility to theentire population
which do not have such facility at present. The prpject deals '
with every house in a tewn or clty as it inveplves cpnstruc-
t?on of latrine by the -private beneficiaries. It alsd deals
with thevgongtructionﬂpf public latrines and its operation

and maintenance. L - - . -

—

-~ ~ ~ ~

The technplegy for tﬁé Project has been alread ' '
ct h ‘ y finaliged
EY the UNDR and has been accepted by most of the States. The
§°hnology is verny simplee. It conglsts of constructing a latrine
with a squating platform and two 1egphing pits_for the disposal

P
PR R e 7 [ 244
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of night soll by anaercbic digestion. The cost invq}yed also
varies from Rs. 2,000 ta 2,500 for a family of five .people.
The researches under taken by the UNDP and by the other N
prganisation hag proved that there is no dangenr erpo;lutlon
of sub-soll as well as ground water due to the leach pit type
latrines, particularly-when the soll conditiops7a:g‘rayourab19-
Wo further-engineering skills or sofisticated know-how is
required for the successful implemehtation of the project.

In a wayrthe projeet design ;nvolves no comp;ex engingering
methodology bt still it has been observed that a lot needs
to be doné for suécessful implementation of the progremme.

5« Governing factorse.

e a —-1 E - - - - £ -

- As discugsed a@bgove, the technology 1ls known, but th
following important aspects need-to be examined and resolved
so that the project implementation gets momentum and the
pProgramme becgmes popular.

PN ¥

+ 4 P At -
l. organisational aspects includiqg training
2. Tinancial aspects

3« Legal aspects

(S -~ - B - - - -

- . . . . e - ot
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4. Soclologloal espects =~ : L e e e

5. operation and maintenance aspects C e

The scope of this paper is limlted to the discussions
of these vital cguponents affecting the implemen?ationkof
the project. R - S )

0. Organisational aspects L ) e i

(a) As mentioned above,-we have all the technology
available with us. We have also plans, projects and schemes
available for implementation. The very important facter that
effects the progress of the preoject-and the achlevements, is
the organisation aspects. Institutional building has becgme |
the most important factor affecting the success of the prgjéct.
if the prganisation is not scund, the impdsmentation and the
operation of the - project can never be efficiently and
successfully done. T o ’ o

e e b - - oat
o~ R < ~

For the law cost pour flush latrines programme, it is
necessary to set up & guitable-institution for progrémme
planning and - implementation oriénted to the people's need.
In absence of well planned national or State programme, execu-
ted by efficiently run-governmental-bureaucracles, comuunity
participation and appropriate technology will count for little.
The organisational aspeets requires to be examined in details
taking into conslderation the following aspectse. °

(a) Identification of an appropriate organisations for imple-

menting the varlous stages of the programme at the town level
The stages involved are breoadly : ' )
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(1) technical approval and control (including soll selection
glting and enginecring aspects of construction)

(11) actual construction (department or through chtractors)_

(1i1) aivancing loansg,-where required, providing grants and
ensuring recovery of leang.
(iv) Selection of towns; motivation of communities,overall
management (including coordination of eziaxdtzd related
efforty)
(v) monltoring and evaluation, including rehabilitation
of scavengers; )

- - o - ~ - ~

(vi)_operation and malntenance o f qommunity tollets; and

(vii) emptying of filled-up pits and’disposal:of m@nure;
b) Creation of 2 technical and menitoring committee/cell

at the State level to provide guidance and solve problems
relating to all aspects-engineering,financial,managerial ctc.
c) Conducting orientation courses for the managerial staff
of implementing-agencies & training courses for the technical
staff, contractors ard others invelved.

-

d) Ensuring availability of scarce materilals like cement
and steel-

~ - ~ - ~

e) Congtwuction of dempnstration units in tle project areas
covered ¥y the UNDP study &

f) Delegation of powers and setting up of procedures for
sP&edy implementation ) - ) : - . -

~
~ - . -

(b) Government organisation :

- At present in most of phe States the latrine-construction
pProject are being implemented by the local self Government
lees the Municipalities, Panchayatsg, etce.. These bodies are
aut ocnomous public-bpodies. The Directprate of Municipalities
igs the nedal authoerity under whose eontrol the municipalities
are under taking such-programmess However water supply and-
gsanitation hag been considered to be the primary function of
the lecal self Governmemt.

-~ The Munlcipal autheritieg can be entrusted with the
following functiens relateqito the preoject implementation.

(1) Teceipt of runds from the State level agency
(i1) ﬁisbufhment of funds to the beneficlaries
(111) Recovery of loand from the beneficiarics.

(iv) Repayment of leans
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. (v) Execution of work

~ . . [P

(vi) Training to local masohé ,

(vii) Maintenance of publlc latrines

(viii) Desludglnu of pits of private latrines

Water supply and sewerage Boards, as oorporate bodies
congtituted under the -~ respective statutes are coming up
in mest of fhe States. These Bpard are quite high powered
bedies to undertake sewerage or any other sanitation scheme
in the areasg under their authorised jurisdiction and ralse,
borrow or secure moeney from L.I.C. International and’
Bilateral ageneies, State and Central Govi's for such schemes.
These Bpards could be made respeonsible-for the preparatien
of detailed engineering studieg end prOJect report and
ralSlng of fundse. .

- - - - -

(¢) Voluntary organisation

©  Experience has shown that if the programme is all "~ =
together lefb-at the mercy of the local beodies, it may net
be ppsgible to achieve the desired results. The latrine
construetion project’ as mentipned earlier deals with each and
every hpouge and as gsuch invepolves soclological aspectse

-~

- Mptivation and programme promeobtlon play-a very important
role for-the "success of the programme. For metivatlon, Progra-
mme "praouctlion, tralning and health education what we need is

a valuntary orgahisation devoted to this service, and having
devoted personse.-These organisations can Wwery well educate
the people and convince them that for the betterment of their
health, they need latrines. Thege goclally-oriented organisa-
tion can take up the programme with a sociolegical angle 3o

that the prpgramme-and projects are well responded by the bers=~
ficiaries populatia o '

We have expérience of some such voluntary organisations

dealing with the-latrine construction pProgramme. They are the _
Safat Vidyalaya of Ahmedabad in Gujarat. The Sulabh Inter-
national of Bihar, and the Rajasthan local Self Govermment
Institute in Rajasthan.

- ~ ~ -~ ~ ~

-~ There is a definate need to have a_voluntary bedy to moni-
tor, formulate, guideyd and help the low cost sanitatlon pro-
gr'amme.

r

(d) B8tate level bodies

~ - - ~ - ~

The low epst sanitation ~ latrine cpnstruction brojectsx%

‘are getting monentum in most of the States. It is therefgore =

necegsary to constitute g State level caoumlittee in ecach state -
to over see and guide the implementation of the programme, Tle
State-Departments of Health, Local Self Government and Urban
Development and also-the Secial Welfare Department can be
repregented in the committee ag the Programme is well connec-
ted with the activitles of these Department.:
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~ It is also necesgary to have a District level committee
far the-implementaticn of the programme headed by the Digtrict
Collector of the Digtrict and having the District Development
officers, Health officerg and Chief officers of the Municipal
bodies as the members.

If all this is done and the sanitary Inspeetors and otler
staff invelved in the implementation of the programme, are
well trained, the programme will definately come out with
glorious succesg and there woukd not be any difficulty in
achieving the decade targetse.

The moot-pelnt-is that whatever type of organisations
we have the leocal bedy sheuld be always kept at the centre
ag it can very well understand the nerve of the beneflcia-
rieg population in the teown.

7. Financial aspects

As mentiecned earlier the cest of the latrines with the
the-UNDP design has been estimated as Rs. 2,000 to 2,500,
Resources with leocal Self Government-as well as State-
Government are always scarce and regeources meobilisation-
Poses a difficult prpblem for the project. It is therefore
very essential to regolve thefollowlng issuese.

Financing patterns should be so decided that there is
an element of contribution fram the-beneficiary pecople who
get thed services. There should also be an elemmht of
Government subsidy so that there is ne over burden on the
pPecple. If the pattern provides a minimum of 50% subsidy frem
the State Government, it would ease the financial burden on
the house cowner and weuld further promote and metivate the
DY oZramme

So far many pf the States-have adppted the Pplicy of
subsidising the constructinsn Cost of the conversion of dry
latrines inte sanitary latrines. For the UNDP projects,
Gujarat has adopted a financial patterns which is meore attrac-
tive. Tt-envisages to provide a G.I.A. of 75% and municipal-
subsidy of 2B% for the Harijan beneficiaries requirhng ne cen-
tributlion from the harijans. The pattern for non harijans con-
sist of providing 50% subsidy, 30% loan and 20% beneficiary
contributicn. This pattern has been very well accepted by the
People in Gujarat and it this pattern is followed with necessary
modification according to local-situation, by all the Btates,
I feel, there wou%d not be a problem of reésources - mebilisation.

- If the State Government have a preoblem of resourceg they
should peose the same before the 8th Finance Commission which
has been recently cronstituted and make efforts to-generate as
much funds as pessiblese that the Decade targets of_sanitation
are well achieved. This programme alsc needs to be taken up
sincerely by the Government of India and has to be matched with
financial-asgistance. The funding Institution like the L.I.C.
the-IDA of the Wprld Bank and the Asian Develppment Banks can
also be apprpached with a shelf of such projects, so that mgney
does not beceome a probla for the preject.
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The project invgolves:paising of lean and wherever there
is a lean, problem of recovery and repayment has-been very .-
difficult Looal bpdieg dn not ehthusiastically come up for the
recovery and repaymeht and as such the funds get- locked upe=It
is very necessary to ngvolve the funds, gp_.that over a peripd
of time; all sections of theseciety can get the-benefits of
such prejects. Ib is therefeore very essential to- take some
stepa to speed-up the recqvery and thig may be done by the
following methods. T 1

Ity - 1’0 -..v-lw- e : 7“'*@“'
1, Payment of collection agents by the 10051 bodies who would
go to the doork steps of the beneficiery people and cellect

the charges. T AL LA s S S AN S
i S arn ey e e L

2. Reduction in the E' overy period e et

Eo - 3o FIETT . -
De Incentive for prgmpt payment
- TEt 1 13140 "’Bfk e N
4 Introduction of a general 1atrine taxes etc.. N
8., Legal Aspects: - fi . A - Eif;
- v - . Ty e Sowl rLlad 4.

o ER R A-‘ L -

The latrine cnnstruction programme under the Low Cost
Sanitation PrQJect is connected with the Municipal- bodlesy
beneficiaries and the pegple in every house in a tewn or clty
_ and invelves certain legal aspects. The Municipal Aet, the - "'

Panchyat Act and the Bombay Preovincial Municipal Corporation
Acts are the basic lggislations which-concern the project. '
These legislatipns are ingufficient to certain extent and need '
modification as under.. ., . . . . . fooalio s il e

Bype v N D O S IV

e T Fa Comt L IVARDT
{1) There are specific provisinns in these- acts for conversion f
of thed-dry latrines into santtary latrines, but thé law does
not enforce_the congfruction of the latrine in a heuse which-:
deoes net have a latrine. It 1s ther8fore very essential to add
such a provision in the legislation ge that ~the municipal
autherities get ore power and can provide latrines’ to the entire
Population. Since the Sxistance of dry latrines as well as~the
practice f open defications areundisputedly health hazardous

and as they municipal autheritées are seolely respensible for
sanitatipsn, they must be made responsible for this prnmary duty
to the Community. 0 ¥ Gn IR et T o

[
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(ii) ~The programme of conversinn and. constrietion of- latrines
for each hnuse, lhoking fo-its magnitude as well ag socClo 600-:'
nemic cenditions of the pecople, would mere $r less envisages b

granting of financial assigtance te ths béneficiaries by way
of lpan and grantg. It should, therefore, ‘be mads- obligatory By
way of legisglatien, ;Lo utllige these funds enly Ffor-the purpose -
of the latrine constructipn pProgramme. Speclfiic proV1sinn Eﬂy;h

every municipal law maklpg.it cbligatery for the muricipal v
authorities to provide either wholly or partly out of the muni~
cipal preperty and funds, for granting of financial assistgnee
by-way of leans & grants for ¢onversien of dry latrines or, for
providing new latrines ig ygry essential. e dnT '

s}.v

.

L)

(i1i)- The municipalitdes sheuld be charged with the responsibi-
lity of providing sanitation te the-people has becn well adveca-
ted, but if these autherities are nat emmawared ta natas ad-~miot~
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funds for the pregramme, the pregramme weuld-turn ocut to be a
paper programme. It 1s therefore necessary to include a’
speclal latrine taxes and to provide for tho creaticn of a
special funds viz. the water seal latrine - construction fund
ear-marked for the latrine programme only. This needs to be
provided in the municipal act.

(iv) We have been all the while talking about the nuisance
that has been created by the open defecation system, people
are used to open defecation because of two reasons. o -

f AT . -

o e - =
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1. Pepple dm net have a latrine

2. Penple do have a latrine but specify there is no
temptation-to use the same. This 1s because_ the people

are net properly educated as regards hazards that are
created due tn open defecation.

A suggestlion has been made at many levels that open
defecation should be banned. A reference to the "Arthshastra"
by "Kautilya" reveals that even in the days of Kautilya, there
existed a previgsien in the law banning on the open defecation.
If this is thecase why can-not we make such-legislation in
these days of developing seciety ? The reason is, we have not .
so far, provided adequate facility of sanitation to the people.
The other reaseon is we have neot sericusly taken up the metiva-
tion and health educatien preogramme so as to convince the pepple
that as a mcasure of health safepyy, they dust have latrines
and must use them, if adequate funds are made available and
if the programme is taken up, sincerely, a time would cenme,
when each heugse will have a latrine and the peaple weuld have
been educated and-cenvinced as regards their use and this would
ultimately-lead to stoppage of open defecation systems. Here
the socinlogical gapect is very important. If-we ignere this
aspect and go for a legislation we are sure teo faill very badly.

(v) It is.alsc necessary tn have spéeificby-laws for the

latrine censtruction programme-and the municipal Acts should .

make it .= ebligatoery for the 1oca1 authorities to adopt the

bye-laws.

- -

7o -

(vi) ~Muntcipal authorities are net prohibited from according
ganctlion-for cpnversion of any latrine in buillding an pccupier

who 1s npt-an cwner. Since the tenant can net be forced to con-

vert into or construct_a waterseal latrine as per the exlsting
municipal law, suitabie amendmat therein, enabling the exercise
of such a pgwer - énforceable on the tenant also has been
recommended. But that will not be encugh, because-there is a
seperate law other:than the municipal law which geoverns the-
relatienship betweegn the landlerd and the tenant and the provi-
8ilons of the rent ceontrel and-evietion law-relevant to our

objective shall have tn be brought in harmony with the municipali

law. _

With these modification and a soeiological approach the
law can be well enforced tn make the preogramme all successe.
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9. Secinlpgical aspects o

We have talked top much abeut thelatrine and its
utility. There have been gond number of- confurences and
discussicna on the subject. There are good number of manual
ard study reperts, but still we have noet sericusly regolved
the basic igsue of the scavanger rehabilitation to the-desired
extent. Once we go for a water geal latrine for each hepuse,
we nust 8lse think of providing alternative empleyment and
work te the scavangers. Their participatlon in the latrine
construetion programme itself sheuld be maximum so that they
get work and the programme gets mcmentum, the rehablilitation
of scavangers sheuld also be the ultimate approach of all guch
programue and if that is net the case, we weuld achieve the
targets of sanltatlen but weuld lag behind the- humanitarian
approache. i _ )

- ~ -

Theugh scavangers. de net face any econemic crisis due to
latrine converslen programmg it is deslrable and advisable
that scme econanic planning is prometed for them. A two stage
programme~of econemic rehabilatien hag to be chalked cut.
Firstly fer scavangers wheo are dissatisfied with the scavan-
ging jobs, an appropriate incoenkive system, aimed at satis-
faction of vital econemic needs, has te be provided. Secondly,
for scavengers who are neither satisgfied npr dissatisfled 7
with scavenging werk, 2 job restructing programme te lnculcate
positive attltude towards the alternative jcbe. : i

Besides the abeove, cther measures suggested for econcmic
rehavilitatien are as under

a) Training Programie - Opening vocational training
may bring vocatlenal training within thereach of almest every
body whe 1s keen to take advantage.

b) Economic self employment programme = Intreducing
measures like increased gubsidy, grants to co-eperative
Socleties, ceoncessicnal and leoan facilities from the Govt.and
the credit sccieties will help the scavangers to take more
interest 1n nen~scavanging -werkss Loans at leow rate of interest
can also-be advanced to these who want ta open small prov151on
ShopB/S tnres .

10, gperation and Maintenance

~ The operaticon and maintenance of the individual latrines
would net pese a problem as every family will lock after their
own latrine. We-alsp need public latrines for the convenience

of the urban peoores - Principally it has been accepted that as
far as pessible public~latrine should be aveided but still we
need public latrines tn serve the poor and slum areas. These
public latrines are the spots of nuisance and health hazards
as In mest »f the cases they are very badly maintained. Unless
we have a gelution to the maintenance preblem, these latrines
would add teo-the-preblem, rather than 8clving the samé. It 1s
worthwhile to adept the pay and use system, wherethe uger
should pay for use tn the extent of five to ten paise. This
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system would generate some funds sc as te maintain the latrines
by keeping an attendant. This system also-can be implemented
only if it 1s preperly metivated and prameted. Here again .

the came the scocilplogical-and health education aspects. The
planning and malntenance of public latrines can also be entru~
sted tro centracting agencies wha can maintain the latrines on
the pay ‘and use bagise.

The idea of having a public latrine for a group of heouse
say four te-five heuses is alseo warth encouraging. This group
of heouse shauld be made resgpensible feor the maintenance of
thege latrines sn that they remain clemn.

* 1le Conclusginon . ‘ . . o

T — LT L =

Some of the impertant institutiecnal, financial, legal
and geciecleglcal aspeets have been discussed abeove. Thege are
net the-nenly final secluticns. We can have alternative systems
by-way of experience, but central idea 1is that the PY ogramme X
should be implemented with a socinlegical and heailth objective, o
invelving beneficiary population to-participate to their maxi- "
mum, sSo that the technological obtion. can reach the door step
of the pegple.

If we can achieve this-and preovide latrines to all
during the decade or twos, I would consider it to be the mest
Important and gipnificant achlevement in a developing country
like India and would evaluate even more in ceomparison to the
achlevements in the fiadd of scimce, industry, and space-
research. The reason is well known. Unless we are-able to pro-
vide-basic sanitation and better health to our pepple, there - 4
is no point in advocating thed success in the field of indus- .
try and-science. I do not say that industry and science are :
not Important, but priority has to be given to the héalth of
the people. A healthy society can very efficiently contribute
to the development of science, industry and agriculture.

Referenceg ] - a - / .

- ~ - -

1) Special studies dpne by Technology hdvisory Group
of UNDP (India) .

1i) UNDP Feasibility studies.
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BASTC FUNCTIONS FOR SOLID WASTES MANWAGEMENT

M. M T_sMA.KUWAL@ - o .
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'”here are three @asic aspects to the problem of enginee-

'ring for collection and dlspos%l.h T Y W SRR P <

- . — -
~ T - : . —— G
[RR, SR

i) Finding and developing a set of technigpes to,motivate
collection ‘and disposal crews to work efficiently effective-
ly, given the nature of the capital. equipment“available_to*
them.

~

~

- » “’“"'\IlJ \14‘(1 EE
i1 ) “Finding the opbimal capital-labour ratio, .Se the
ratioc that minimizes the cost of operation. This invelves
problems of crew size and the design of collection vehugles.
A . Rt AL JP
111) Finding the aptimal set of spatical relations for

Tz

. houtes, transfer stations, disposal Sltes, and garagess

N S TP N - T T 3%eall SBEs a4 DET

All of these aspects are important determinants of the
average and marginal;gr. incremental copsts of colledtion and
disposal,~ cand in'a comprehensive study sf the SWM problems,
they cannot be assumed to be optimal. In polnt of fact,
until relatiwely, research on- the SWM problem wa was__irected
prinecipally towards Problems of engineering gfficlency. It
is obvious that, improved.operatlions can lead to reduced -
system costs and can, pe the source of fairly sigmificant
gavingse. By themselves, however, they will not reduce-the
waste load; rather, to the extent that waste-generation

practices are related to systems costs. They wlll raise the

‘waste load at least in communities that now utilize some '

o

form of user ol arges. o L Tn e T s

' - - - - -
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- Management of any activity is a decision—making process .
consisting of basic functions;and activities.that lead to

‘the ‘guccegsful- attainment of objectives. Modern SWM practice .
with respect to collection and ‘disposal requires 'Scientifict

knowlefize to ald in understanding and solving problems and-
tart! to agsist in implementing actions, which involves two

T

Bajor areas of activities. L I

- . - ' _ - -

.- IRt N
First, it involves activities that centre on people.
Effective SWM requires that internal and external human
proplems be handled in such a way as not to-impede the
accomplishment of the task at hand, and also to oontribute
to a-harmonipus operation. In addition to the intebnal inter-
actions of workers and supervisiors, the-SWM manager must
Proberly relate to other managers at the same level and. at-
Thexpzrmexirreixaxndxsk higher levels Within Jthe, organization e
External human interactions include those with citizens,
elected officials; and a union or other hargaining Bgent
for seplid~waste workers. e S S-SRI A SN S
T 3 ™ ;e . ©7)
¥ Lecturer, in Civil Engg. Deptt., S‘ﬁ.,ﬁegional College "
of Engge. & Tech., Surat - 595007 Gujrat, Indiaq T e k-

T s BT wa
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The secord activity area inveolves prpblems thatp are.
technical in nature.-Thege include the neprmal day«to~day
business activities of sustaining solid-waste collettion and
disposal operatiens, record keeping, equipment assigrment-and
maintenance, and ongolng development of improved cpllection
and disposal-operations requires the solution of complex
technical problems invelving detailed route design and :the
location of transfer and/or final disposal sites.

- -

BASIC M.A.I\TAG]EIMENT'1 FUNCTIONS - ' -

The management pProcess requlires 3
i) the planning function, - A
ii) the organizing functioph,
i11) the directing function; and ) o .
iv) the controlling function. T

y

[ . T LT -

Each of thege abgve functions has distinguishing
characteristics, in mest management sltuatlons-all are inex-
tricably interrelated and musgt be properly co~ ordinated to
produce managerial effectiveness.

~ - B - . Eo i -

The Planning Function:v Planning may be short-term pr long
term - and 1s utilized to develop and select 'the best cpourse
aetion on-a timely basis. Shert-=-temm planning includes plans
for day-to~day operations: equipment maintenance, budget ,man-
Power recruitment and assignment. Long=¥ange planning usually

is focused on improving operations. Typical leng-ranrge project

include evaluation and jugtification of the purchase of repla~
cement equipment pr technelogy lmprovements, assessment of
service levels, location of future disppsal sites, and the
development of improved collection/disposal systems. As per
the American Public Works Assoeiation, the planning of impro-
,ved solid—waste aystcms must consider the following factors:

= . o~ S I T H K

I) The community refuge problem T -
o . - RS i
a) Types and quantities of .refuse produced e
b) Responsibility for disposal - - )
c) Extent to which municipal, contract, and/or private
metheds- are used. -
da) Gollectlon frequency ) 7

IT) Disposal methods - 7 N v e
vl =a PN L D - B e Trer Z T bl
2) EXtent‘Of‘Separatioh required L o
b) Location of-disposal points I - :?;“ -
¢) Pollution control regulations . . - . . [ .y &
I1T1) Materialsg to be handled .. i o LL

a) Welght of materials

b) Compressibilkty - . o .

c) Method of preparation and storage at origin of .
"Production

d) Quantity

»
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IV) Types of equipment available or selected

V) Population density

VI) Locablon of refuse for collection

VII) organization of crews

VIII) Work ocutput in man-hours per ton collected .
IX) Physical layout of area
X) Climate

XI) Type of zoning ; -

THE ORGANIZING FUNCTIQON

- organiging is the arrangement of activities to be
performed, and the determination of responsibillities and
arthorlity asd gned to individuals.-No single organizational
structure is appropriate for all copllection and dispeosal
operationgs This is usually accomplished by balancing the
work to be accomplished and the physical facilitles available,
and by properly assigning the people whe possess the skills
necesaary for task completione.

'The baslic organizational principles useful for the
management of collection/disposal operations are :
1) Define and clearly understand the objectives to be .

acecomplished, - oo
2) Delineate major activities and estimate thetime required

for each job-categorye. - - - -

3) Define and communicate priorities of various work activis
. tles or objectivese. B
4) .Assign respensibility and delegate authprity to super—
-visory employees.: A1l employees in the organization should
undegstand’ thelr assigned work activities and how they fit -
inte the organizational structure. o

5) Determine the proper gpan of cdntrol (number of workerg
assigned to 2 supervisor) for each level of supervision.
A supervisor should be assigned np more employees than
can be effectively supervised by one person.

6) Assign qualified personnel. Jdob requirements at a11 levels
should be matched to individualg with the experience andAor

krzining training needed to accomplish their assignmentse

7) The golid-waste- “organizatiocn ghpuld- have sufficient
supportive personnel. In addition teo Collectipon and dig-~
Posal, the organization should include pergonnel for main-
tenance, clerieal work, and systems planning.
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" The best meagure-of an organlzation's composite quality
is the ability to accomplish defined cbjectives efficiently
and respond to any changes that eveolve. Change in SWM may-
be experienced in many areas, including equipment technology,
personnel, ard public and political views, It has-been sugges-
ted that the key-criterion for judging organizational health

1s its abllity to cope with change.

THE DIRECTING FUNCTION -

In SWM, directing may be defined as the implementation
of planning and the operation of eollection and dispopsal
activities through the organization structure. Both of the
above require dealing wlth people,.and consequently the
supervisor or mangger must have an understanding of human
behaviour: Typically, individuals h&ave congiderably different
spcioceconomic charactwristics and motivation levels. The key
to successful-direction in SWM is to develop and motivate A
individuals to accomplish the assigned task. Different mandge-
ment approaches may be ugsed in directing employees. Managers N ‘
in an organization will react differently on the basis of _
their practice of autocratic leadership versus participative -
involvement. The-autocratic managers as the Thegry X group,ard
feels this type of manager believes the following :
--~ The average man dislikdes work and will aveid it to the

extent ke can. - -
--= Most people have tp be threatened or forced to make the

effort necessary to-accounplish organizational goalse
--- The average individual is basgically pasgsive and prefers

. to be directed rather than to assume any risk or. respon-
gibllity. Above all he preers security. .

“The participateve manager mEANAZ practices moere employee
involvement,>lessclose supervisien, and lesscoercion and
control. According to this type of manager is defined as the ’ y
theory Y group and believes the following : .

N 4

- -

EREA R

~== Work-1ls ag natural to mnn as play or rest and, therefore,
ig not.avpided. N . ez L

~~= Seglf-motivation ard inherent satigfaction in work Wlll oamur
in-situations where the individual-is committeed to orga-

xiz2Eizmeix nigational goals. Hence, coercisn is not the only
form of influence that cm be used to motlvate.

—-——— Commitment is a crucial facter in motivations and iz a
function of the rewards conming frgu 1t. -

-~~~ The average individual learnsg to accept and even to seek _

responsibility, given the.proper environment. . . '; —

Contrary to popular stereotypes, the ability to be creatnre—i

and innovative in the splution of organization problems is

widely, net narrowly, distributed in the population,

-== In mpodern organizationg, uman intellectual botentialitie
areonly partially reali%ed. ) ,1? - E . S*

R Y B

- k)

[
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Most collection and-disposal operations can-be managed

best by using beliefs fram both Theory X and Theory Y. Far-
example, the Theory X type of supervision is appropriate for-
defining equipment maintenance duties. Theory ¥ superviqion
will produce better results in waste-collection actlvities,
providing the "team" cpneept is utilized with 2 time incen-
tive that permmits-employees to leave-work when the day's agsgi-
gmment has been e¢oupleted. This epbviously requires 992&?9?¥$a,_
designed (failr workday) and balanced cpllection areas for all

agsigned. teamg. : : L

- ST RS M

A recent eﬁample of‘barticipafive invOlvement in SWM was

reported by Shebanek, Shell, and Shupe (1974). This investi- -
gation involved the application of sociometric analysis to
permit collection personnel (foreman, drivers, and labourers)
to select teams and-individual truck crews. This resulted in
better cooperation on-the part of -the team and crew nminbers
in working together to improve gverall effectiveness.

-

-Ag Improved sysbems sre develeped and as better-trained

personnel are available for collection/aisposal work assign-
ments, greater effectiveness can be achieved by practicing
Theory Y supervision. Given the above, developing Theeory Y
supervisory gkills remalns a major future challenge for solid-
wagte organizations.

THE CONTROLLING FUNCTTON

-~ ~ ~ ~

Management control is the function of determining accom-

Plishments, comparing them with planned cobjectives, and apply-
ing corrective action to-insure acceptable future performance.
The information system-for cpllection and disposal-operations
requires general data on a continuing basis. The fpllowing
data types have been suggested. ‘

1)

2)

3)

4)

5)

G)

Locations of landfills, incinerator, and transfer station
SiteSo

~ ~

Meximum capacities of the facilities to be congidered

~ ~ ~ ~

Proposed haul routes from each community to each dispesal
site and from each incinerator and transfer station to eash
landfill site. | "
Average round-trip travel time for each route computed

from the-average vehicle speed-from each solid waste
generation source and the preposed route distances.

Cost per ton per hour for hauling solid waste in collec-
tion vehicles for current and future time periods,

Population and per capita solid waste production for each -
periode.



7) operating costs for the various disposal sites for each
period.

~

8) Purchase price of thelandrill sites-and capital costs
for incinerators and transfer statiomse. ) .

CONCLUSICNS

-~

In this paper the author has reviewed scome-basic -
management functions for collection and disposal operation

which canbe uged to ralse the efficiency of the SWM.
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WATER AND WASTE WATER RhCYCLING FOR SMALL COMMUNITIES

K RAGHAVAN NAMBIAR N ’ R e
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INTRODUCTIDN S -

- ~ - -— -

As civilisation progresses, the pressure on the 1imited

sources of avajlable water ls becoming increasingly great. As’
such water conservation and waste water recycling have become-

ingvitable features in water and waste water technology. Some
of'~ ‘the methods of water conservation and waste water recycling
aleng with a discussion on the philosophy of this science are
described in this paper. . S . .

[

ENVIRONMENTALLY SOUND ECHNoLocY , ; ',j“; ",
N An equilibrium environnent means that nonliving renewable
resources are'being consumed at~such small rate compared to
their availability that their concentratipons are virtually
unaltered. Thus Reddy (1981) summarises the principle of BXY®
explolitation as : "Use renewable resources renewebly, falling
which minimise the depletion rate of non-renewable resources"

The problem of rescuree inputs and pollutants can be tackled
by transforming wastes into resources. This can be dene-by
making them inputs-for society's activities:of production,
distribution and ognsumption. Each spciety hs defehdent or-
Inter-related to ‘dther societies. Interruption of imports ol ~
exports »f materlals or-respurces from one-system fo other Higy
affect both the system-of socletles to. & consiéerable extant.

So. self reliance of ecosystems involving the society-must bé

o R .
- ’ : ¥ - A

M

&

strengthened This can’ be achieved by ¢+ U T RERE
1. recycling of 1oca1 Tesources. -,f-* 7J - ?‘*““5'; SR
24" production for local consumption only. it - o
IR CT IR ‘ .

~ Thus theprinciple of recycling is very much pertinant
ty the present day world, So’far as water}resources .are -
concerned, the problem is very-acute now. Water conservation
and recycling for individual houssheolds, gmall communlties
etc. are as much essential as for 1arge cities.

.

- - -
3 h ,,-.r‘-1 o~

DOMESTIC SYSTEMS ~ = Leen =
- l‘ - : &t 4 ¥
In domestic systems water: conservation by use of rain- -
water and waste water and metheds of purifications are discu- -
sseds A domestic slow sand filter is one device which can be
used to purify surface waters, rain water or well waterssThe
filter consists of a tank filled with 50 cm. depth sand of
effective size 3.5 mm, This system is shown in Fig.(1l). The rmte
of filtration will be 90 - 140 1/m2/nr, There should be 30 ecm.
of water constantly flooding-the filter sand. Thig may pre=-
vent formation of dirty mat on the surface.
A trickling filter and an upflow filter are shen in
Figs. 2 and 3 respectively. PThese devices are suited for a-
group of houses, which rely on surface waters. These are dgme-
stic scale plantg. As a conservation method, dirty watcr from
bath rocms,wash basing and pessibly- laundry could be coplle-
cted up threough a hepper and usged to flush conventional W.C.
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The system is repregénted in Fige.4. For Indian condiltions the
average laundry and personal hygeine requirements slightly
exceed the volume of water needed for flushing thelavatory.
The quantity required fpr W.Ce flushing is 30 lcd, whereas
wagte water produced from bathreoms, wash basins and cloth
washing exceeds 55 lecd. As such this system will-be sufficient
tp reduce flushipg-water requirement of 30 led totally.
However, a gmall low level tank, a hand _pump and a small
overhead tank become inevitable in such system. The cost-of
water saved will commensuratethe capital cost incurred for
thege additiecnal tanks and pumpe.

Lnother classical system of water recycling has been
described by Orgega (1972). The system is shown in Fige5. In
the figure the quantity passing thrsugh each device 1s indica=-
ted in litres. This has been used for two individuals wlthin
a practically eclosed cyele system. Similar methods with or
without some medificationsvcan conserve the water rgspurces
to a large extent in our country. This may not only concerve
water, but alse energy and alleoviate pollution problemse.

WASTE WATER RENQOV. UNCON TIQON, TH DS

‘m-"

Presently there are very many Engineering and Chemical
methods, which. have been widely used-for treating domestic
and industrial effluents, These methods are ene¥gy intensive
highly expensive and create indirvect envirpnmental Povliutione.
Biolpgical methods are by far the best availables Though sleow
in work, they are envirommentally sound and economically viabBe
Algae, bacteriak fungi and aguatic and terrestrial plants
could be u§ed in this direction. el

Biologically based waste water recycling systems would
be designed-so as to optimise both the production of econpmi-
cally and-secially useful products anEEWater quality improge-
mente Major benefits of such systems may include-savings in
costs of fertilizer, cultivation and irrigatlon of crops. For
many urban related situation biologlcally based waste water
recycling gysgem-sheould be viewed as components of multiple
pathway system for waste water treatment, npt as single path-
ways eapable of handling all waste water produced by communi=-
ties of substantilal size, Substantially increased develppment
efforts should be directed towards lower technologys lower
capltal and 1ess energy interime approaches-to bilological -
methods of-waste water recycling. Careful consideration should
be given to reduecing the quantities of water uged or for
developing new nen water carrier for nutrient rich water. By
adopting-these-methpds, nutrients-are recycled-alpng with
watere. Pollutlion is prevented. Biglogical methods discussed
are under the following headsge

a) Algal-Bacterial system

b) Aquatic Plants -

¢) Terrestrial plants and plant products.
d) other metheds.
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(a) Algal—Bacterial System. ) . 7 _

cxidation ponds of any type and Algal- Bacterial floccula-
ting-system come under thds category. Tutrients and organic
carbon are utilised by bacteria and algae. This algal and
pacterial biomass can be. collected and digested. Or else
pisiculture is carried out for tleaning the wators. Industrlal
wagtes, fertilizer wastes and dpmestic wasteg have been .
treated by this method. The renpvated water is furthen. utili-

ged fgor plsiculture. L . -

~ - -~

Nambiar (1978) developed a biological system for treating
Pertilizer wastes, The amnonia and urea in waste wag stripped
of f by clocculatihg Algal- .Bacterial gystem. The bigmasgs could
be digested or fed ag such-as manure. The rencvated liquid
effluent can be recycled for any useful-purposc.

(b) hquatic Plants:

Water hyacinth, duckweed and other ayuatic weeds have
Peen utilised in waste water renovation processes. NaSh formed
a water hyaclnth Jagoon to gerve a population of 2500. The
frow rate of the weed was at 15% of the surface area per day.
At this rate 20 - 40 tsns of wet-hyacinyh could be harvested
per hectre pewr- day removing nitrqgen from 2000 pecple and
phoapheoses of oveh 200 pepple. Under ideal conditions water.
hyaeinth can remgve the following elements at specified rates
as glven in lable— lc .- ‘ .- : - ’

ol -‘ K ! ' vt

Table- Table- 1. Rgcgverv Caéac tv Water Hvacinth

- a »
9

Element . , . . . _ Recovery ke /ha/d
Nitrogen i 22 -~ 44 i

Phospheoius T 8 - 17 )

Pottassium 22 — 44

Calcium 11 - 22

Magnesium ) 2 - 4

Spodium 18 - 34 .

LIRS 7% TR S LRI o s ‘7“ L B

e

T — « S . - - .-

.
ey o~ . PR - - - -

T Water hyacinth culture removes algae, and fecal bacte-
ria;, greatly reduces suspended matter and remgove sdour. cau- .
sing compounds. TOC remgval to the extent of 98% within a
two week period has been-documented. Nambiar et al (1982)
observed that  chloride concentration could be “reduced from
3000 mg/1 to 693 mg/l in 20 days by water hyacinths. Ammenia
N-concentration could be reduced to 2 considerable extent.
Wolverton (19Y7) found that-this-weed can rempve 80% of
nitrogen compounds and 40% of phosphorus compounds from scwage
in 2 days. This aguatic weed can effectively rempve phenpls
and phenglie compounds and other toxic metal ions such ag
cagt , wi s Hg™t cr8 + from industrial wastegs (Gupta et al
1977). Raman (1978) observed that these weeds are capable.

- - - - v - N e
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of remewing upto 95% of BoD ffom wastes. Khan (1976) has
reported that water hyacinth is capable of reducing total -
coliform bacteria from septic tank effluent from 1,70,000 to
10 per 100 ml. in 24 hr. Aowal et al (1981) documented that
waste waters from vanagpathi manufacturing process could be-
renegvated -by the use of water hyacinth. Thlgs weed rempved not .
only 97% of BrD, but also odour, oil and grease from the efflu-

ents. Thits water-hyacingh can be successfully used for removi-

ng pollutants from any waste water. Hyacinth could be harveg-

ted and used as a manure, animal feed and ag a raw material

for biogas generation-and paper and plastics manufacture.

Nutrients and other pollutants are biosorbed, waste water

rengvated and the weeds are put as resources for varlous uses.

This is a typlcal way of recycling waste waters and elements.

(c) Terrestrial Plants:

This methed has been known lpng time since. Subsoil
irregatisn or surface irrigation for fodder crops-are accepted
metheds of wagte treatment. The nutrients-are absprbed by the, "
plants and .organic matter stabilized by soil microflora
(Chaphekar, 1981). The water that percpglates through the soil
entera the ground water as a renpgvated clean water. Max
Plank Institute, West CGermany has tried reeds and bulrushes
to purlfy waste waters. In this metheod the untreated waste
water passes through a bed of gravel topped with sand in which
common reed is planteds The reeds grow upto 4 me. tall and
spread their rgots through-the gravel. The waste water perco-
lates downward. Disso¥ved organtc and ingrganic matter are
absorbed by the reeds and decouposed by microorganismse The 4
plants reduce accumulation pf sludge and the gravel-and sand r
provide through aeration. So the sludge stabilisation and
ahsorption take place simultanesusly. Bukrushes have been used
on sloping bedse. These metheds-pof waste water renovation have
been used in the Netherlands toos The renpgvated water has a H .
of 7vand do not exert any oxygen-demand. The reeds and bulrug-
es could be harvested for paper or pulp manufacture. .

~

(d) other Methods :

~ -

I

M

Application of waste water on soll renders it free from
organic ppliutants. Nutrients are also removed. Kotizh et al
(1981) has observed that gorption, chemical precipitation,
Plant uptake and micrgbial immeobilisatlion-are the major mecha-
nisms in the-retention of phosphates by soils. Similar studies
by many authprities have cenclusively proved that seoll has
Properties tp rempve mahy-of the pollutants, found ln-waste
waters, Nitrogen BoD and other materlals could be removed by
lazd application. Purified water flows down to recharge ground —
watersg. - " - o '

Eckenfelder (1974) reported the treatment of boxboard wd
wastes by spraying alfalfa cover at a rate of 0,53 - le.42 cm/aay.
The crop was grown on a gand-lpam layer with a gravel-under
layer, Spraying a canmary waste water gver sgtobing ground re=-
duced the BrD frgm 1095 mg/l to 80 mg/l-with the final run off -
being 37% of-the inttial-waste water-flgw, the balance-being '
removed by soll absorption,evaporation and transpiration.
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Pisiculture in oxidation ponds - primary and secondary -
have gpemed up-new areas for-regource recycling. Very many
studles have cpnecluslvely proved this fact. Bhatia-gz al
(1982) have found that secondary-oxidation ponds could be
utilised as excellent breeding ponds for reariry fishfry. The
growth rate of fishfry in. secondary gewage stabilization
Pond was much meore that that observed-in nursery ponds. The
rmekximhk nutrient remgpval ratewas also much-hizher that that
feund in tanks-with no flsh breeding. The Zopplankton density
in secpondary ponds have been observed-to be much greater than
that in nursery ponds. It is because of this that fishfry
grew at a fagster rate. The increase in Zpoplankton is attri-
buted due to the-presence excessive phytoplankton. Phyteplank-
ton, in purn-removes mutrients at a fast rate. So pisiculture
Is an additional methed for polishing-ef waste waterg. More-
over nutrients are transformed into foode

Pitchai et-al (1982) observed that the growth rates of
O . carpig, Lerpohitg and L. fimbriatus were higher in secon-
dary oxidation pends. The total yield of fish in the-primary
pond was found to be 4245, Kg/ha/yr. and that in secondary
pond was-7300 Kg/ha/yr. The wasts flow-was 1,60,000 ipd. The
conversion factor for algal bigmas into fish (F/A ratlog) was
O0e71 = 1.452 in primary pond and ©.47 - 1l.24 in secondary
ponde Thus pisiculture removes floating algal biemas,therbby
cleaning the secondary effluentss Waste water from septic
tanks could be renovated by upflow an aerpgbic filter or
cpyarse media filter. The water that flows out can-be diverted
for cultivation. Thus waste water utilisation becomes comple-
te, before purified water emerges put. In water-logged and
rocky areas, sand and goill mounds-of 1 - 2 m. height and of
requlred-area are raised and performated pipes laid and waste
waters from septic tanks applied to the soil. Aerobic action
stabllises the waste ogrganics and treated water flows opute.
This-water can be utilised Ffor irrigation or allowed to mix
surrounding water as the case may be. "

- ~Utilisation of agricultural wastes for waste water renc-
vation-have been attemptéd-all over the world. Waste waters
that contain togic metd ioms such as Cult, pp2+, zn2+, g2+,
Cr6+,“0r5+, Ni% AND Hg2+ could. be rengvated by several uncen-

ventional methods using agriecultural wastes. These methods are

eConomically viable and ecologically berign. Peanut skin,
walnut expeller meals meals, modified cotton, medified bark,
Paddy husk, paddy straw, bagasse and onion skin have been
invegtigated with regards to their effectiveness in'bihding
heavy metal lonse Mpst of these heavy metal ipns could be
reduced to levels lower than permissible limits by accacia
Plant bank (Kumar et al (1981 ).z3xk® In bathh as-well ag
Column experiments; Kumar et al (1981) could rempve copper
C9n. from 85 ppm te 1.1 ppy, lead from 30 ppm to 0.05 ppm,
Zine from-37.5-ppm to 2.5 ppm, cobalt from 2.5 ppm to 001
pPpm, nickel frgm 40 ppm to 343 ppm, chromium from l.1l ppm to
0.05 ppm and~iron frem 3l.1 ppm to 0.1 ppm. Tree barks are
by-products-of timber industry. These could be ecorgmically
used in rengvating industrial wastes. Thug-both waste pro-
ducts are utilised to obtain clean and renpvated waterse
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Recyecling - of refinery effluont by land application will
achieve many objectives such as rengvatisn of effluent, utilr-
satlon of used water and prevention of pollution of surface
water gtreams (Mishra et al 1961). Sugar can cultivation
can be accomplished by pulp and paper mill wastes. No adverge
effect has been observed on the yield of crops like cptton,
corn and grasses by using waste water from pulp and paper
_mill-(Reddy et al, 198l). Wheat, paddy and ground nut culti-

vation have been attempted with wagte water from paper mill
wastes. Sugarcane yleld increased considerably when irrigated
with treated paper mill effluente. The water recharged into
the ground gets renpvated. Thus waste water is recycled both
for beneficial uge of irrigation and renovation of the -
effluent.

SUMMARY AND C(\NGLUSION :" T i

- = - . T 7 - =.

Water conservation and waste water renovation have been
discugsed with special r@€erence to unconventional but ecoleo-
gilcally acceptable and economlcally feasible methods. The
prime-thrust in thils paper has been wlth the ldea of utilisa-
tion of water with great-stringency and recycling the same-
to the greatest extent possible.- Energy intensive technolo-
ties are slowly replaced-by biological nethods. The pattern
of water-utilisation alsp requires a great probel Bath Yoom_ .
waste ghould be utilised for reflushing, thereby saving 30 -
40% of water supplied per person-per day: This will involve
in saving of crores or Rupees. Fodder-crops, fish culture and
fertilising the spll are other plus points-in the recycling
Process. In certain cases total recycling of water as that
done in gpace flight opens up new vistas of water conserva-
tion. Application of industrial waste water for irrigation
and cultivation-of certain crops would reduce the cost of
Pollution contrpl besides utilising the water.

Such of the measures digcugsed-in thls paper and other

similar measures along can bring feorth an equilibrium environ-

ment where, renewable regources-are renewably used and non-
renewable reacurced expleited to the minimum extent. This
alnne caniprolong the life sustaining capability of this
plant. - . . '
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THE POTRNTTAL nF WATER HYACINTH TN WASTE WATER TREATMENT
m.MN.RﬁO* )
1. INTRODUCTION -

Water hyacinth, Eichornia Cra551pes (Mart) Solms, the free floarl

ting fresh water plant is cnhe of the mest successful eplonizers in

the plant world originating-in Venezuela, the water hyacinth has

npw spread’ frofusely throughout the sub- tropical regions of the

world and has been the subject of many scientific investigaticns. -

It can alsop. gurvive equally well in temperate climates. THe water

hyacinth has proved tobe a .persistant and expensive aquatic weed

Problem in every-part of the world it hasg invaded. Most of the -
earlier studies of thls aquatioc- plant were directed towards
eradication, since the rapid growth rate of mat-farming water =
hyacinths obstruects navigable water ways, prevents proper drainage
of land, interferes with aquatic recreatien, restricts the supply
of sunlight to submerged-plant ard fish 1life, reduces yield from
rice when it invadesg-flgoded croplands, ‘and increases the evapora-
tion rate of water bedies by 3.2 to 3.7 times through evapotran-
spiratinn threugh the leaves. - _

e - Ty e _ 1 ' L3
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Large mats of water hyaecinth have about 95% liquid content.'”his

is becauge for each part of solid created, the water hyacinth .

soaks up asmuch as 19 partg of water. This can have drastic.
congequences, especially in arid or semi-arid regions like Nile
valley, wherewater hyacinths sponge up water that could be other-
wise used for lrrigation. .

The-1lmage of water hyacinth is being changed by the U.S.Natiopnal
Aerponautics and Space Administratisn (N.A.S.A.). The charactris-
tics that have caused this plant to be cursed for decades mgke it
an ideal amd the mest promising candidate for solving many .
serious problems 1in areas of food supply, energy requiremen%s,
and water purification. . - A -

The water hyacinth shgws promise for partielly supplying Iife-
sustaining funetions for space stations (exygen,foed,pure water,
waste treatment, etes) in addition- to providing many earthly
benefitse Boys and others have shewn that vascular aquatic plants
gsuch as the water hyacinth are a possible food sgurce” for animals

and human beings (in thelr studies examining the amino-acid,protein,

vitaming and mineral nutrient contaht of these plants). The
conversion of plant -material to usable products sucha g compost
and methane gas through a@haercbic fermentatinn isa .promising
approach-to the preblems of depleted energy sources. it éﬁnféiso
purlfy domestic and certain industrial wasté waters and pnoduce
large yuantities of freash water. 7 e et Cme e
2. PROPAGATION: - f SR DL

Water hyacinth propagates both by seed germination and by vegeta-
tive means-whereby mature plants produce rosettes of leaves and
fibrous reoots at each nede of the grpowlng stem. In an observation

% Professor-in-charge, Technical Teachers'! Training Institute
Extension Centre, Bangalore - 560 301.



~135= . .

T L STO SR e Y TS SR U

- Fipiin-N B

made in Lousiana, two piants produced 380 o?f spring fn 23 x
days and 1200 Within four Jignths under the nost favourablekﬁj
conditions. It is known “that 10 plants “¢'an multiply to .
6000,000 and virtually carpet an’ acre of Water in only 8

'._Lll H

months. - - b"IL" .o irimJ ER

[ . ‘lnl.d\_—.v \Ul’.._ -

The main reascn for the water hyacinth!'s ability to spread .
8o rapidly-is very sIMPAQ;UIES,stllenintie}es jor leafr . oo
etalks allow it to float, thus freeing it from a terrestrial
grip. The plants' leaves act as salls and whed drivén'by the
wind, E.Grassipes has been gbgerved travelling upstream”™ - ~* -
against the curraht. Consequently the water hyacinth is

widely recognised as one of the most serioud aguatic weed
Problems known to exist in warm climatés. (1). :
LI IS LT
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3. CONTROL'AWD'BRADI CAFTAN MEASORES:Y *~. 0 .7 0. .

The water hyacinth ls able,fo_ reproduce itself faster. than 1t
can be killed off So far,'all the control methods used haye ﬁ‘\
arsenite’ aﬁd Dy 2- D, a plant harmone, that kill hyacinths areJ‘
are availab}e but they areg sugpected of-~ adversely'affecting -
aquatic life, areexpen31ve to.,apply _ and -it is difficult to,
spray these herbicides egficiently. S TR IB006 S iiq -
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For over-27 years, 2 4 D alone has been uged in an effort

to control the water hvacinth other control,measures inveolve
biological a&ents sudh _as insects an dlseases. Regently,. - o
integrated programmes using'hoth chemical and biolegical . w.
contrpl efforis have shOWHia greater degree of success. e
Control and eradication measures in_most of . the countries hawe .
been greatly hindered by the rempteness of many of the heavily
infested areas and by-the lack of modern- Lechnology and e
equipmert netessary for either “SPTEYing - of maonanical . )
harvesting (1)
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4. UTILIZAiinN oF WA 'ER HYAC;NTH I I

Although water hyacinth hag been considered an uncontroll-
able monsten for & hundred years,Lits image is now being
- changed by the U.S. National Aeronautics and Space Administra-
tion (N,A.S74.) by conducting a series of eXperiments at the
Nationadl Space Technology Laboratories. NASA's multifaceted
Programme for the effective utilization of water hyacinths can
be divided intg ﬁourrareas. . c e e e e

-

L T

4,1 Domestic Waste Treatment

4.2 Chemical Waste Tréatnéné" , o T AT

4.3 Growth rate and harvesting studies ::Eﬂo “,2, Ch e

- - - .

4.4 Product developmeht (Water hyacinth products) to utiiise
the tremendous quantities of -bio-mass that can be removed
daily from 1agoon during favourable conditions. (1)

t Ll
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4.1 Dbmestic Waste Treatment: For several years NASA has
been experimenting with the use of water hyacinths, as an -
inexpensive, natural bioleoglcal waste filtration system. This
system promises to be economical, versatile waate,@gter treat-
ment method for upgrading segage effluent from exig%ing lagoon
systems. This 1s highly preferable to the alternative of .
installing an entirely new waste treatment system. (1l.2).

7 ) ’ = - - T =

4,11 Typs of domésfib waéte water lagoons:

Domeatic waste matér‘lagoons can be generally classified

into three categoricg 3 . . — B -

- Anaerobic

-~ Aeropbic and

- Pacultative,.combining features of anaerobic g
and aercgbic pondse. ) ’

The effectiveness of sewage lagoons or any domestic waste
treatment facility 1s evaluated from the measured reduction
of biop-chemical oxygen demand and totdl suspended solids in
the waste water, from the influent point to the discharge

or effluent point. Removal of certaln nutrients, primarily
nitrogen and phesphorus is alse receiving attention in order
to prevent the accelerated eutrophication (nutrient enrichment)
of lakes and streams which receive waste water discharge. (2)

R TES- ST

The development of relatively inexpensive methods 88r up-

grading-lagoons that do not require sophisticated and constant
operation and maintenance 1s urgently needed. Effective. reduc-
tion of algae and suspended-splids in lageon effluents is the
highest priority research goal.‘i},Z)w’

s
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4,12 Water Hyacingh $8r for upgrading waste water lagoon:

In an effort the upgrade the existing facultative lagoons at
the NSTL, as inexpensively as possible and without building
new faclillities in order to mect the new EPA regulations,the
water hyacinth (beeause of its nutrient removal ability via
thelr exténsive root systems) was introduced into the main
lagoon. Based on the measured growth rates, Rogers and David
(3) estimated that 1 ha of water hyacinths could rempve the -
nitrogen and pheosphorus waste of over 800 pepople/day. These
concentrated nutrients can then be removed from the system by
harvesting the water hyacinths. The harvested plant material
hag pgtential economic value as a sepll amendment, livestock
feed and perhaps even as a human protein supplement.

NSTL lagoon consists of a single cell with a surface area of
approxlmately 2 ha had an average depth of 1l.22 m and received
a relatively low organic loade. Wolverton and Mc Ponald (2)
have reported-the performance of this lagoon befgore and after
the addition of water hyacinths. Results indicated that when
water haycinths assume a primary role in waste water lagoon,
the operation of the system is significantly altered.

The algal community-is rplaced by a rapldly growing maserophyte
that continugusly converts dissolved organics and nutrients
into a-standing bip-mass which 1s net rapidly re-eyeled and
does not contribute to Total Organic Carben (T0C) of the system.
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As a result effluent from a haycinth covered lagoon will be cin
lower' in suspended solids, BOD and nutrients.;

'
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During the evaluation period, average Effluent BnD5 was .o
reduced b 957 from_ilo mg/l to an avergge of S mg/l in_ the
effluent, Alsg durifg the same period ‘the average influent
suspertded solids’ were reduced by 90% fron 190 mg/l to 10 mg/l .
in the effluent. The 'avernize monthly total, kje%dahl Ne
(Amidnia and organically bound Ns) was reduced from 12.0- to
Bed mg/l prlor ‘to- discharge and’ thetotalrpposphorus was S e
reduced- £ron:-3:7-tg 1.6 me/1s Dye. to the “imprgved iuality of
the Tagoon no odours Were"evoive )
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4.13 Water Hyacinths for up-gradi Sec ndar Facultative ﬂ
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In a similar study using ﬁ secoﬁdar¥ fhcuitative lagoon L
. which received "the discharge from a prbnary aerated 1legoon,
water Wydeinths ‘also effect a efgn{ficant impr vement in~' N
water quality."FicId Fests Using watér hyacinths ag biologi~
cal filtration agents were conducted on *the ssfesippi Gulf
coast region in the vieinity of NSTL. The. plantpkyere Ansta- |

lled ina - single’ cell and one’ muitiple cell sewage lagoon
systemse R o Y AU L e S P Sty
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The Bay 'St. Louis sewags' 1 agooh experimeht establ}shed or' re- o
affirmed that-watar hyacinths will thrive on BEw sewage ‘and

the high nutrient levels present in this medium stimulate , ..
rapid grovwths A smalier f4 to 6 hectarge) water hyacinth T
covered léagoon would be m ore efficiemt in eerv}ng the: reaiden- .
ts. A system of thid siZé Would produds a sewage effluent of T
excellent quality within the preséribed limits of 30 mg/l
BoDg and 30 mg/l T58. , e st
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A multiple-cell sewagS l8gdon ‘systeh designed by Wolverton and
MeDonald consisting of two aerated and one water hyacinth~ * B
covered cell connected An series demonetrated ,the-ability to - -
maintain’BoDS “&hd TSS 1e els below_g J;Eg/l year rounde’ A water
hyacinth covered lagooncnith a surface area of Q. 28 hectare e
contdining' & total voiume of 6 8. million'litres demonstrated

the capiolty to trdat 457 000 toﬂl 895,000 litres of sewage .
influent from 2. 65rhectares of aerated 1agoons daily and produce

LY Ty

an effluent that’ met 'excee e dard ear round L ed et
A [ @yl L.EO.FJE q a‘p ﬁj Op ‘ ..':.,‘ LS
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The water hyacinth}covered 1agoon demonstrateg the ability to s
reduce the tofal: suspended solidsl ear-round from a yearly: -
average levél of 40 mg/l to yeariy average effluent level of -
14 lng/l. o L. e ST S o WM RN
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The BoDg was “reduced’ ro 70% fron inflagnt 1evcl of 50 mg/l to

an effluent level §f 15 mg/i. Waten hyacinghs successfully
reduced the level of this nutrient below the maximum allowable

level of 6 mg/l. Waper hyacinths ‘maintained the pH. of the
effluent within the prescribed 1imits gf 6 0 tg 7.8 during
all months. In addition, ths plants dreatcd a buffer effect, .
reducing the mag it de pH fiuctuations. ‘Water hyacinths A .
substantially reguced the conoentration of dissolved o frdm

an average of 5e3 mg/l to an average of 2.1 mg/i. Wate%
temperature wag inghtly but aot significantly 1owered throug -
out thé year. This effect is perhaps due to shading and eva-
porative cooling (4). ' TR
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Cornwell et. al. conduoted waste water greahnent eﬁéeriéents
using water hyacinths to upgréade treated waste water from a
trickling filter plant and pglishing pornd system in Florida. .
Thesge experiments reaffirmed the idea that the putrient e .
removal capacity of a water hyacinth system 1s greatest during
the active grguth phaserand_is dependent on the surface area

to retention "time ratf@.(s) e RO —
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Several other experimentaltprot type water hyacinth systems

e

age cu¥rently in design or under evaluation. .
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4.2 Chemical Wagte Treatment; K g e D .

The water hyacinth's unijyue surylval capaclty has made -the . S —
permanent eradication of this Plant very difficult.»~ S

,ir;:
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This characteristic was further tested in.statig iaboratory
experiments with toxic cﬁémieals in order fo _eyaluate its . . = 4
potential fa? purifying not nfy deestic waste water but o -

also industrial waste water; (1) e G . AT TE =

) ‘J-J.AJ*J: LB Lotk e _'I.Ll' T ﬂ""]."

- : . P~ .
The discharge of industrial waste musgt be regulated, since

its constituent components-both organic..end inorganio have

been shown to have deletorious effects. Toxic heavy metals ’
tend to concentrate in the fauna and flora of the aguatic

environment and produce a variety of effects in man pnce they
are’ inJthed. _ - - T
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one hestare of water hyacinths could potentially purify two —_—
million litres of water pollutcd with 1 ppm cadmium, 2420 .-
million litres polluted with 10'ppm lead an& 3e mil;ion Jitnﬁs_,
of water pplluted with 1 ppm mercury in 96 hrs,“Since these
are adapted to an aguatic- mode of existence, water hyacinths .
could prove very ugeful tg envirommentalists in “two primary
ways. First, water hyacinths might actually be used as agents
to aid in the rempoval of spilled heavy metals; Second, since
a-rapid up~take of m@¢talllc lons occur eyen during the first
hour of expopsure, water hyacinths could be used as, indicator
or mpniter” organisms to ndséas chronic pollution levels at

factory out-flows, in high risk aveas or eveén in drinking water
lakes and nrivers. (7)

o
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4.21 Water hyacinths for rmmoval of organic chemicals:

et IR T 2553'15,« L ',(":{1,! R O L erititels
Phenel and-phenglic derivaplves are .comuon organic pollutants
found in domestic and industrial waste water and in drinking

Watel" Suppli%Jﬂ . “- 4 _":"*j "‘:..;:.' ..5:)‘3 T "}.‘.i'?i ‘A: R PR L
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Wolverton and Mckhown dempnstrated that the water hyacint
can effectively remqve 36 mg of phenpl per g dry welght of
plant material in 72 hrs. Since 1 ha contains approximately
162 x 106 plants and the average dry weight per plant was .
detormined to be. 2.75 g, 1-ha of water hyacinths could -
conclevably rempve 160 kg of phenol in a 72 hour period.(8)

[ - ™1 ot

4.3 Productivity Studies: ' 3
Previous growth rate studles by Dymond,Penfound and Earle were
used by Wegtlake in estimating that theanmal productivity of
the water hyacinthg-is 11.33 m.t./ha dry weight. A later

study by Wooten and Dodd(1l) found a production of 30 met
organic matter/ha in only 105 days. Wesblake (12) projected
that possible maximum a2nnual-production rates of 110 to 150
met organic matter/ha/year. cpuld be obtained if the plants
were regularly thinned out.t% reduce gelf-shading and.grown
in trppical or syb-trophiqgl climatess. : :
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4.4 Harvesting Technijues: . - i L k. TIOWL
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In order te maximise the efficiency of nutrient remeoval by
water hyacinths, the plants should be periocdically harvested

as they become saturated with excess nutrients,. Although the
necessity of periddical harvesting of the.water hyacinths

adds to the cost of operation of the lagoon system, -these
floating. plants are much more easlily harvested than subnerged
or rooted aquaticse.. . . ", . e xR e e

P By HT D ',1”'” L B A s A T
Ideally; the harvested plant mate;ial—should be utllised, in
order to defray the cost of remevale. :Various investigators -
have -propvsed using harvested water hyacinths as food suppleme=

nt both for cattle and humans, as & scoil additige, as a gource -

+

of paper and fibre and as energy source. f - ma b

~ -

Confinement, of harvesting activities to single locatlon would .
minimise-transportation and handling costs, thus increasing -
the eConomic feasibility of utilising water hyacinths' by-
13I‘Oducts. U TS l;ﬁﬁ o .,-3\._. UNCERP T T T

> P T - s
jo. Syl . ) Rwwl i AT A . .
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Locating dryers, choppers and other water hyacinth processi
operations near, the lagoon would further reduce processing and
tra‘r}Spor:tfa.'t_iog c_O_StS (2)_0‘ i e oLt o IATD T W FrRE -awe -
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451 Nutritional Composition of Vater Hyacinthg:
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In the last feﬁ‘yea;ss mgnj investigators have directed their
research endeavours to the utilization of water hyacinth, In
faveourable climate zones water hyacinth grown in enyriched
mediums, such as sewage lagoons, could potentially serve as

a dietary supplement or nutrient scurce. Gogset and Norris (14)
have demonstrated a definite rgationship tbetween nutrient =
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availability and the nitrogen and phesphorus content of water
hyacinths. Haller and Sutton(1l5) analysed water hyacinths
grown im-nutrient golitions with different phosphorus coneen=
trations and found that-the phosphorus content in the plants
increased ag the-phosphorus content of water increased upto
a maximum level of 40 ppm phosphorus in HoO. . o

voe e T L - - - ELFURR N 2d oo -7 =
The nutrient ceompesition of water hyacinths 1s generally
proportional to the nutrient content of the medium in which
the plants are grown. Sewage grown water hyacinths should be -
particularly high in protein and minerals, is., plants grown
in lagoons-with-higher lpading rates cgntaln proportionally
greater ampunt of curde protien,

— = . . R e

= s T ey

The relatively high-mineral cepntent of the Water Hyacinth
comparable te that of-many crop species, suggests that this

plant could make 2 good soil additive. In a study comparing

water hyacinths with commercial fertilizers, Parra & -
Hortenstein- (17) found that water hyacinth applications pro=

duced as good or better drop yields than did applicaticnsg of
comercial fertilizers for certain apil types.”Water hyacinth ‘
udergoes an aevobic decomposition precess, in composting in
which all of the organic matter 1s stabilised. The water-
hyacinghs are piled six to eight feet high and allowed to
decpmpose naturally. The-piles should be turned atleast once

a month to keep them aercbic. This. process requires three to
six mohths for completion depending on the temperatire and the
amount of turninge. cnce the decomposition is complete, the '
compost should-be spread to dry and then cparsely ground. Due
to the hygroscopic nature of the water hyacingh, this compest
has high meisture retention properties. It is an excellent
organic gsoil supplment for sandy soils{l). Basak (18) found’
that-the nutrient content of the water hyacinth canpost was
approximately four times greatcr that that of Farm Yard manure
and twice as great as compost prepared from tgwn refuse
and night soil. _ . R So- ot -7 =

4.52. Composting:
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4.55 Bio-gas: . - - -

The third product which is receiving mueh z3kk attention is bio-
gas. Bio-gas 1s produced frem the anaerpble fermentation of the
substrate-water hyacinth. Babch digestar incubated at 36° ¢

at NSTL has produced 350 to 411 litres of bio-gas per zzx

kg dry wright of water hyacinths. This bio-gas contains appro=
ximately 60% methane. With the phencmenal growth rate of water
hyacinths , the ppssibility of producing a substitute natural
gas is mere and more appealing. Based on the annual produeti-
vity of 154 mt/ha when grown-in a fertile sewage lagooh, oné
hectare of water hyacinths could produce sufficient big-mass

to generate approximately 58,400 m® ,f big-gas containing -
35,100 m3 of methane. f ; L
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4.54 Fresh Water Réqcvéry;/
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Another potential by-product of a water-hyaqinth‘wasté treatme~
nt system, which has received little attention to date, is thre

tremendous quantity of pure water which can be recpvered from
+he evan ~Fmaraintnoatks 0 08 L1a -
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at NSTL have’ shown that with properly sized systems,upto 407

of the daily waste water can be recovered as pure fresh water
by collecting the water that is literally pumped into the T
atmosphere via the plant 1eaves.

s e 2 a Thao e -

44,55 Author's experiments:

SR

b
)

- -

Encouraged by the regs Lts published by NSTL, the authey perfoy-
med experiments on water hyacinths in the areas of harvesting
techniques, -domestic waste treatment, industrial waste treat-

ment and-bio~gas generation. The resultg obtained by the : B

author compared Favourably with the NSTT results. The details
of the experiments conducted and the results obtained will be
presented in a subsequent paper.

~ PN ST S LR ! <

4.56 Conclus.cons°
Water hyacinths -provide 'a means f sewage treatment which
is-scund beth ecologically and economically. Agricultural
projects uSing the water hyacinthsg appear to be a promising
addition to the éurréntly accepted waste treatment methods.
Water hyacinthg must surely be recognised as the plantg of |

the future for their capabilities of (1) purifying waste
water (2) for their high nutrient value (3) for their potenti-
al to be converted ty food, feed, fertilizer end energy sour-
ces and (4) Fhr' fresnwater recovery by evapotranspiration. In
thisg time of increasing’ ecological awareness and tightening
pure strings, such a wateér hyacinth’ system is not only desi-
rable but also essential.
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COLLECTICN AND TRANSPORTATION OF HIGHT SOIL FoR SEWERLESS

SANITATICN SYSTEM. -

N.C.SHAH ¥ ) , .

ne &

INTRODUCTICN - EE"
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The need for a aafe and acceptable sénitary metheds of
dispesal of night scil need not be further emphasised as an
esgential requirements for perection of public health in
any urban eommunity: It 1s observed that’ ‘the average rate of
urgan population growth in develeping country is @bout 5-6%.
with industrialisaticn-and rapid urbanizltien in last 30 years,
the situatien in ocur country in regard adeQuate water gupply
and pr oper treatment of waste nater 1s ngt satisfactory. Very.
few towns have been-able to pr?%ide underground sewerage
systems. Installation of 2 complete piped sewerage system and
treatment plants are beyond the peach of municipalities of
the medium sized towns and have. always been remain on the
blue prim sinee several years. Thils 1s.due to a number of
limiting facteors such as limited fund, gshortage of materials
and technical skill, lack of precise municipal regulations
and codes. The rural sanitation technique in the form of pit
privy and bore hele "latrines can,also not” be feasible for
these towns. Under thes eircumstances, ipolte alternative
solutiens to the conventional .system shbuld be inveetigated
far thelr feasibility and ecohomical viability. 2 ;&w_

In applying alternatives to the piped sewerage and thereby

reducing cpsts, certaln comprdniee in technical efficiency
1s to be made. Whers settlement 1s sparger, local dfsposal
can be effective by*land disposal provided the soil-eanditions
are sultable. The Collection in privy vault transportation
by-truck, the heat treatment of night soil ‘and its utiliza-
tion as fertilizer may be investigated as promising alter-
native systems. This is so where thse plped water supply
gchemes are not-provided or where the water -supply-is quite
inadequate to go for costly sewer lines. In this context, the
transporting cost of night soil plays important role in-the
. overall economy of the projects The attempt-have:- +therefore beamn

made in thig paper-to discuss only the- collection and trang-
portation-aspects of the system; the cost of which is escima—

ted at abeut 60% of the teotal cost of the system.

COLLECTICN SY

The individual heousehpld teilet system should be-so .
designed as to allow easy access For the-labourers to puimp out
the night seoil. 0ne typical arrangement of the thdlet system
is shown in Fige. 1. The volumeof the privy vault is determined
by the number of persons per heusehold, the rate of night
soil production the ameount of water used for flushing the
water geat bowl and the frequsncy of cepllectione. 4 basic

¥ Lecturer in Civil Engg. Deptte, S.Ve.Regiocnal Cpllege of
Engg. and Tech., Surat- 395007
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agsumption must be made to be able to determine the volume of
night soill including flughing water deposited in the vault.
The flushing water may range between 1-3 litres per flush
depending on the size of the latrine flush pall and habit of

the pecple. e

The freyuency-of collection practised in Japan 1s 3-4 weeks
‘with the night soll having undergene putrefaction to some ex-
tent. An experiment cenducted by the Talwan Institute of
Envireonmehtal Sanitation on the effect of deterition period on
night soil indicated about 50% reduction on N.P. and k nutri-
ent in 6 days. It is therefare necessary that ccllection
frequency interval be as shert as possible to conserve the
fertilizer nutrients. The added cost of collection due to
shorter colleetion frequency interval must be balanced
against the cost_of nutrient lpgsese.

The estimate velume of night soll including flushing
water preoduced by an average family of 7 persons at the fre-
quency of 4 week is about 590 to 980 litres. A4 one cublc
meter veolume of velt privy is therefore adequate to accomeodate
the night sell produced by an average family upto 1 month
productipn. e

SIZE oF COLLECTION TANK TRUCK

- ——

The side of tank trucks for night 3011 collection varies.
In Japan, the tank truck usually has a capacity of 1.8 md
and staffed by twe perscne In Taiwan and m3 gnd 6 m® vacuum
tankers are used. They-are alse using 20 md {gpker-trailer
pulled by a farm tractor and empleylng cepllectars with small
tank carts for houae to house collection, while in Bangkok
6 and 8 m3 tank trucks are being used to carry sludges from
septic tanks. i

The-use-of 20-m® ganken traileor would need smaller tank
cars for hpuse to heouse cpllection and ig suitable to areas

where narrcw lanes and backhpuge ceollection arecommeon « Fer
more recently develasped townsjy whereback-house have to night
soll pipe extended near the rpadway, the 8 no tank truck -
equipped with-vacuum pump and, 100-150 m length of hese will
be adequate for all collection and delivery

CoLLECTION QPEBATLBE AND TRANSPORTATION

The flow chart-showing the different sequences of a
collection operation and the time needed is shown in Fig.2.
Since there 1s no avallable accuraffje data on the time spent
on each activity of the cpllection operation, basic assump-
tions have to be made 1n order to determine the number of,
tank trucks requiredes The other parameters that are considered
are:

i) Distance between treatment plant and collection area

i1) Capacity of tank truck = 8 m°
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ii1) No. of crew per tank truck = 2 collectors plut driver
volume of night soil per gervicéd unit = 0.5 md-
Vacuum pump capacity = 110 litre/min. °
Collection frequency = 2 weeks S - :
Tank truck speed loaded = 20 kmph . Co - -
Empty = 20 kmph c

Based on these basic assumptions using the expected

value for each activity; the time spent per trip is about
300 mni. For an eight hour working day, the tank truck can
make 2 trips per-day, tank truck being full during the first
trip and only &bout 5 m3 .r night soll collected on the2nd
trip. A management policy may be adepted such that each tank
truck will have ty take 2 trips daily, each trip taking on a
full load. By removing thetime constraint on the length of
working period, the orew would strive to £ill the 8 md tank
truck twice and call it a day instead of workirg 8 hours
every day. This policy will serve as an intensive for the
crew who are being paid on hourly basis. An 8 m9 gank truck
therefore can service on-the average 30 service-units per day
workirg 10 heurs continuously with an average volume of night
soll collected equal to 16 m3. For a town, with 50,000 popula-
tion, total number of service units work ocut to be 7150
considering 7 persons per househpld. The number of service
units to be served daily at a cpllection freguency of & 2 wesk
is therefore 7150/14 = 510 gervice units/day.-The number of
tank truck required for a 50,000 popudatian works out to be
510/30 = 17 tank tracks.

- If two-shift collectipn operatipn is adopted working
contimipusly every day, the number of tank-trucks required
will be reduced tp half the npormal number but the cost of
labour and truck operation are dpubled. To give added relia-
bility on the ceollection operation, additlonal 2 to 3 units
of collection tank truck may be provided so that serviecing &aid
repalrs may be carried out without interrupting the collection
operation. ] . . :

CONCLUSTONS

~ ~ - - ~ =

The ¢pat of night soll collection under basgic-assumption
made, vary-with the gize of tank truck, distance of treatment
plant to-collection-area and the amount of flushing water usage.
The use of larger collection tank truck and transfer statien
(tank trailer) will greatly reduce the unit cost of night
80il collection.

The overall cost of night soll collection and treatment
is reported as 21 per capita per year (i.e. hbout Rs. 10/= p=
capita per year) considering the fertilizer value of night
Soll may be sold at 50 to 78 m3 (1.e. R3.25°to 40 per m3),
It is therefore concluded that night soil collection and treat-
ment-1g-feasible provided that a market exists for the utili-
zatlon of the treated human waste.
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QUALITY CONTROL OF BOlV[BAY WATER SUPPLY

SHRI V.M. SHIDHAYE AND SRI NV, MIRCHANDANI A

IEEN
3
{

. i . P ﬁ ‘2',,_ - R - - -

1. Introductions: - e B ST

Bombay's water is both unique and complex, The city of
Greater Bombay received at present about 2,000 mega litres of
water daily for a population of about 8.5 million., The major
sourges of water supply are impounded reservoirs situated at
distances of about 100-125 K.Ms. from the’ Qlty Wthh are
indicated in the table below 3 i

=

B Year Fully Towest Useful Normal ,Distance ~ R¥
Lakes' of supply Drawable contents daily - _ €rom e¥
; cons- level., Level, in “ with- .7.. .Bombay m*
-2 truc= Metre Metre - million drawal. —  K.Ms. a
. tion. T,H,D.#*.T N D. ‘litres, (mlll-ﬁ r
_ e EECUD - ion Ltrs.) . k
S N -fx - N T e ST s
»ryﬁ‘STJ‘ ety I A
R -54 . i\:ff;??';'i‘ H )2’ . - . ] Voo
1.Vehar 1860 80 64 73_93 *41404 08 50 . 29
2.Tulsi 1979 139 8 131.90 ' 11350 «ﬁ"1§ wo nempes DD .
3 Tansa\1892*128 66 114,33 18459 . 318 106 -
¢ 4 VEita-19557163.11 126,85 270856 . »4§5, 'f 19,
) rana NN - | £ {7_‘ ‘W 7;' ,; ; e "——; was -
5e¢Ulhas 1970 - “‘ ) ) :7 5—,:_4. - - 2-1 ) ,ﬁlﬁr ES
. ‘ L ,"'gg, S - ”'J:#}z .0 *“‘§' N e
S - ¥%%  THis was construoted S an: ggerfensy shheme .
- : when the GOVt.“8110WQ _the watefs tothe . = -
‘ . ~ extent of overflows-frofi thé river at Kalysh
to be picked upy- treaﬁed ang,pumped 1nto the
- system. - ]
. L X g ?
6.Upper 1972 603.65 582.32 295100. 544 = 106, .
Vaita- - - R AP
rana B ' T W i
7. Bhat- 1980 103.05- 75.bo’ 211364,6  tsh 109
sa B ) Ty LRy o= Y
. — - - f";ﬂ-;'——
sx# The river extends over a dlsﬁapce of about
48 K.,Ms. downstream of Bhatsadam beforé its
waters are picked up at PlSG and pumped into
the sys‘tem. i v LR e
* T HPe = Town Hall Datum'= M,S.L + 204,46 metres. .,
- T “"'*'1:"'"’ """" ’ffi?'"'""'-"‘1%3§§5;1;f7‘f """" :"'f'“

*. Ch:l.ef Englneer, Water Supply PI‘OJeCts. .%:" o Pe,
i Deputy Chlef Englneer, Water Supply Projects.
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Prior to comm1581on1ng of the first stage of Bhatsa
water supply scheme in 1981, Bombay's water supply was mainly
disinfected by injecting the doses of Chlorine. Two ma jor
changes in the Bombay watzr supply system have occurcd after
the World Bank aided Bhatsa Proaect

1. A1l the water supply which was formerly conveyed fro
from the sources by gfavity, is now pumped.

2% The water supply is fully treated in the central
“two stages Ere@tmpnt lant at BhanddgiffThe filtered water
exactlng standards as under t- %
,-“-\—\la ‘m-f( - . .
i) “furbidity nbdt exceedlng 0r4” ¥, TuU.
ii) Suspenicd s8Lids not more than 1 mg/l.
iii) “Absencé” of Coliform organism and residual
Chlorine of O 4 mg/l. .
From the Chlorine contact Tank the water is pumped to
the Master Balancing.. Reservolr from where it is fed to the
existing Servica- Rpservoirs. The ontlets from the various
service Reservoirs foad the differcnt distributory zones.
For supply to_the 1nhdividual consumer, separatc connections
from tleilstributorj mains ar granted %2 tﬁe individual
premisese. = S

R r I :
- - T =3 B - x

2. Existing Status 3- -

For sistribution purposes, the-City of Great‘r Bombay
is divided into 79 zones. Each zone is fed by an independent
outlet from the Servicae Reservoir. At‘present there:-arce -19
Service Reservoirs in the City and 16 reServoirs are proposed
to be constructed in the near futurs. - 'The supply to the
individual zonc is intermittent one- for a period of about
4+5 hours in a day.f Durlng the supply hours the mains are
charged and Femain under pressurc, .while during the rest
of th¢ hours the mains are cmpty. The Sewerage system in
most of the areas, pdrticularly in thercongested arcas in
the heart of the City, is grosslj'lnaﬂequate with the result -
that most of the time the sewers arce surchargsde. 1In the
monsoon season the prbblem is aggravated further and the
overflow from the sewérs and sub-soil water gets sucked in
the water mains during non-supply hours. Many of these
mains have been laid 40 to 5C yecars back and have developed
leakse -Thus, contamination of drinking water takes place
ani in many cases, water borne disease§ such as Typhoid,
Jaundice and ajsentory are reported year after yaar from )
these arcase - -t - ”?

There d4s an 1ndbpendentagencj of Municipal Analyst
who collecets water samples every day from the varioys
points in tha distribution system. About 600 samples are
collected in a month from aifferont points spread “through-
out tho City. <part from that, whenever complalnts are
received from the consumers, cxtra water gamples are taken
by ths Hydraulic ZEnglnscrst® Department. These are analysed
for bacterlologlcal, quality as well as for the residual
Chlorin> and in case of unfit samples, corrcctive agtion
liks flushing of water mains, locating ani repairing the
source of contamination and re-chlorination of the mains by
protablc chlorinators is taken, 1In extreme cases,
mechanical scraping of the pipe line by using mechanical
scrapers ‘is also ionec. The sampl:s ar: collected again
till they are founld fit. -

»
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At thy service resrrvoirs, rechlorination is
dons by admitfing chldrine §olutisn inpo fhe inlet mains,
The chlorine dose is adjusted in such a waj as to maintain
a free residual chlorine.of about 0.2 mg/l. at the farthest
eni of theo fistributorj malns ta take care of the chance ,
contamination. - : v + s TR g

im0 - RIS § | « . A PR

In adiition to rogular sampl’s, perioiic samples
are collected from dlffprunt ‘lakes and complete physical,
chemical and bactoriological analysis is carricd out.
Epiiumicological studiss are also carrizd out particularlj
in arcas whore the incidence of water borqg disoases is high{
Samples arc ¢ollscted from the arﬁas anA prﬁmisss occupied
by varisus strata of SOCthj such as from individual flats,
chawls, slumg ctc, These stujics will also help in deter—
mining the offoctivencss of sunply of filtered water to the
consumers and the reduction of incidence of water borne dis-

eases 1n Jifforent strata of societj.— “j’ﬁ : T o

- P P |

3. uonstraints $— ~ S R
2t L S a0 ! Lo _L PN t’- LE :u"}"’ —.AJ.LJ

For almost a csnturj Bombay receiv ed unfiltercd
water supply with chlorination as the. onlj trecatment. It
is only in 1982 that fully filtered watér is bding supplicd.
Many of the distributorj mains lajd are oli, The supply is
intermittent, tho sewgragd systom is uniergizad, . Many of
tho builiings ara alsd oli and eonne ctions £3 thssa havy
been granted more''than K0! years-bagks With intrpductioh of
filtered watér, supplj ih the 'system, there is a'neéd for
'caruful monitoring '4rq’ étuﬂy of the quality of water received
bJ thepconsumers& ;“Vun thpugh a rigorgus 1uak ithCtlQn and
pravention programme is embari ed by th Manicipal Corporation
of Graater Bombay, yor, therc rema ns a numher of leaky
joints in’ th . bipe lines éorrpded’sorv1g% pPipe 1in>s ete.
which nes? renewal onditiohlng or repair. There areg
about 2,000 K.M ot i stributorj mains in the Citzland A
about 2 la<hs conhections arc granted to inlividual bufi-
dings anl con-sumers. To replace, repair or con 1tion
these mains anld plp lines will R . - -

S A Y e Eaa
A Twt . &

4} requir: a huge financial iqyestment
2} requirs large increase in, the traihed
-.supervisory staff, R
3) uertaiqptjpus of the mate rials like cast iroh
'pipes and galvaniSui iron 'service ipies "and
sanitary fittings are in short supply. Thus,
finance materials and trained man power parti-
cularly at the foreman levcl are the various
.constraints in offectively controlling the
qualitj of Bombaj's ‘water supply. L+

!
| iy T - f==

4. Need Forfmprtvement anl nced for a mAS ter plan Py

[

It will thus be secen that for effectivewqualitj
control of Bombayis wator supply so that the consumers may
get the full benefit of the improved water quality produ-
ced at the Trecatment Plant th re is a neced far 1mprov;mont
in tha following areas - :

- i,
g 1
<--'“ T

1) Corrsctive action needad at the _sourcss of
~water supply. ST

Fiar

M T f - - I eV - f-:!
2) Eff ctive control needed at the Treatment Plant
-ta proiluce thu wat or of the required quallt].

‘r“||1,v S iarn e iJ i !-l

3) utrength ning the wat r sampling programme 1n
the Aistribution svstem 7 -

.l

i
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-~ év‘ré) Nes d for rigorous leakldetectlon and preven-
e e t{Bn programme. ‘ )

L R UL AN e VI3 1

o) Replacement of corrodei plpes and fittlngs.

N B e ke T o §an
6) Need for supply of water on continuous SJStem
rather than on a 1ntermittent one.

7) Need for 1mprovement and augmentatlon of Scwage

TR oll=ctlon and dlsposal 3jstem on a prlority

e = ,ba.SlS‘ Faa &L 6 RS G T t*vT’\"_fin' ;e B

8) Aeequate anﬂ effective,steps to prevent conta-
minatlon 1n th consumers pPremises.

9) stablishment of additlonal laboratoriesh

. b T $EuT SRR ¥ S L %,
I 1@) Tralnin& to_be given to the various categories
of staff particularly at the for cman's skilled
workaers level.

11) Neel for establishing effectivd public ralations.,
LR & o 4 Rati il Rrer. - . .} B +

"
]
LI -
.

Se Estimatbd Lst 3- ' L I L . X

3 FCR S st AR ‘ ‘ BN

Tt is llfficult to state or estimate the cost of all
the improvemehts ne eded, as the cost. 1s bound to run in.
astoonomical figures, However, a beginning can be made by
allocating certain amounts towards the qualitj control of
water supply GVbr[ ylar. To_ start with, it is suggested
that an ambung of “at lcast 10 grores per annum be earmarked
for the worss, twdrds replacemgrt or renovatlon of distribu-
tory plﬂ s and replacement of service pipes and fittings,
establlshment ‘of laboratories, purchase -of portabls chlori—
nators, purchase of modern Leak detgction equipment and
training *of staff. “This amount is in aii;tlon to the cost
of establlshment ani op ratlon of the existlng aiiltlonal
treatment plants. e

6. MNode of Finance -

The capitdl works shvuli be through publlc borrowing
or by getting loan from L.I.C. etc. or with the aid from
international agencies such as World Banxz, UNICEE, WHO etce
The cost towards malntenance .ani operatlon can’'be met from
the revenuo grant of thu Corporation.“

TR

e » ¥ .o TRy -— N -~ e

-

Tan .:l“

7. Actlon needel - p o e

e 14

A constant vigll is ne~de1 Ln monltorlng the quallty
of water at various stages from the dAifforent sources to the
consumers.. Some Of. the actlons needed are cnumerated below 2

(l) Gorre Cthu action needed attho sourges of
' water supplj .

(a) Sampling Programme : ' : T :
¥ ¥ R 1 oy - = . )

Sources at Vaitarana, Upper Valtarana, Tansa Vchar
and Tulsi are th: impounied reservoirs while the supply
from the Bhatsa source trawvels- through a. &is;ance of about
48 KM in opoan river downstrcam of Bhatsa dam.till the
Pick-up Weit at Pise. . During this stretch there is
possibility of contamination occuring from the industries,
from the agricultural wastes, and township situatel within
the catchment areae.

»

+

N

T a o
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Action is therefore neoeddd to organise thu sampling
programmec for regular monltdring of the various soutces of
water supply ffom lifferent points and at ..iffcrent-depths,
~This necd is particularly great in tho opan stretch of 3
48 &M betwe-h the portion iownstrﬂam of the. hatsa dam and

" Pise Picke-up weir. In the Tansa catchment area, there are

certain villages some of thom quite large as at‘ihardl

- whose wastes arc being washed in the Tansa lake during the
- :monsoon’ season with the result that the NPN couqt 2f Tansa

waters during the monsoon season, particularly after the

first floods, is considerably high. Similarly, after the
commissioning of the Bhandup Treatment Plant, the watoer

trecatment plant wastoes arc discharged into the ¥ehar lakac.

Some hutment colonics have also sprung up in the Vehar cat-

chment arsa. -Vaitarana lakc is a desp lake ani,tho charac-
‘teristics of the waters at Jifferent depths arce 'dissimilar, .
To draw the water of tho acceptable quality requires a necd
for e¢ffective sampling programms at various ~<epths. From
the absve It will be scen that it is vary hecessary to
organise and pursue a sampling programme with regular
monitdring of the various sources "of water supply so as t»
pin-point the points and naturz of the contamination and o
to taks offective corroctive action,

Physical parameters such as turbiiity, colour, PH
and temperaturce shoull be monitored jaily whilce a complate
phjSlcal, chemical, bacteriological and biological analysis
with spceial rﬁf=rencb to the detarmination of nitrates, phos-
phates, sulphates, chloriies ani algal count should be
carried out once a ~wock,

~

Ams - [‘i,,_. T e \ll tr I,

. ' "t 5 iy - g (i .- -
b) To carry out sanitary survey of the catchment
arcas.

. c) To determin‘ thu iniustrlws and villagbs and
townships eté. whose wastes arc liko >ly to drain 1nto the
SOUrcGsSe .

‘7 ' - 7 ) i S ;'
~11) At the troatmont plant :-

To study the characteristics of the incoming of
raw water and effluent filterod water and also to study
the mothods of disposal of the sludge and its adequacy,

iii) SamplinG Drogramme An the iistribﬁtign szstem':-

The reorganise of the sampling programme in the _ _
distribution SJstem SO as to covér H . o o

a) All thu iistributlan ZONeS, v

B

b) Are as where there .are inciﬂence of watcr-borne
+- diseascs. R TR 5

ot

" ¢) Areas served by Jistrlbutorj mains with éad
v ends. . . e el

Temoato N " [T 3hoet . l:‘,\

e
N
it

d) To increasec thb numbzr of samples to conflrm
with WHO standards of on: samplc per’10, 000
population per month.

¢) To establish extra laboratories for testing

wator samples in the city as well as in the

subarban areas, -

N ' f) To purchasc adeguate ‘number of portable chlori-
napors modern_%aboratorj7aqu;pmeg§,°t9.



-156=

-

Iv) Leak deteé%ian and prevéﬁtiog“?jf :

~For the purvosb of lgak detectlon ani waste preven-
tion the 79 water distribufion zones are subiivided into 525
leak detection gzones_each comprising of 250-300 consumers !
connections. BEven thun there 1s a need to strength of the
leak detection programme as the distribution system is
fairty old and due to the intermittent supply coupled with
granting of unmetersd connections to slum areas, the taps
are either kept open or removed in certain areas. The
anti-social elements even damage the pipes todraw unsutho-
rised water. This results in waste of water,

“Somc’ of the steps that ‘can be taken to make the
loak detectiqn,pppgn@m@e more effective are as follows ,i-
a) To organise and pursuc a vigorous leak detection
ani wg:i. preventlon programme _ _throughout the city.

b} To‘organlseﬁperloilc surprise checks durlng the R 3
© supply hours in different areas of the city and
~thus arrest visible leaks, ‘.

¢) To select certain smaller zones where 24 hours
supply should be given at a low pressure, so as
to evaluate_ the effect of continous supply
vis-a-vis intermittent supply with respect to
contamination complaints.

<

w) To chalk our programme of replacement of‘leaky
" Pipes and fittings and re-aligning them parti-
-cularly in the house gullies,

¢) To investigate effectiveness of galvanising vise .o
a-vis pipe coatings with tapping etc.

pl

f) To insist on the use of I.S.I. Marked pibes and
fittings to cnsure use of proper materials and .
thereby reduce chances of frequent leaks,

g) To commission newly laid water mains only after
proper’ lecak and pressurc testing. ‘

v) Corrosion Control g

To corrosion problems in the city of Bombay are of
two folds vizs¢ Galvanic corrosion and stray current corro-
sion Galvanic corrosion is due to nearness of sea and stray
current corrosion is due to 2eCe traction used for Suparban
Railwayse. Corrositn by both these reasons 1s of higher
magnitude. However, the effcct of stray current corrosion
is of serious nature .ue to high fluctuation in the voltage
of the corr0513n currents. Various remedial measures
suggested to combat the evil effects of corrosion are
impressed current cathodic protection 5jstem, providing
insulated flanges on the pipelines where there are more
chances of corrosjon and effective external coatings
for unierground pipelinese

vi) Prevention of contamination in
gonsumers ! premises -

In a rucent study carried out by NEERI, it was
noticed that in 80% of the cases ths contamlnaflon takes
pPlaces within the private pramises due to the leaky pilpes y
and fittiness, stonine yater in nnhveienie toncs ~ri raon
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Action neceded in this regard can be as follows -+

a) To elucate the people regarling accurance of
contamlnation within the private premises.

b) To issue notices rﬁgardlng periodical cleaning
of suction and overhead storage tanks of the
owners/tenants of the prlvate prémises. ‘

¢) To issue notlces and follow up action for repla-
cement of corroded pipes and fittlngs in the
private premiscs, : -

&) To maintain public relations to contribute‘through
articles, Press rcleases and exhiblting cinecma
slides and short films in educating people regar-
Aing leakage, waste of water and contaminatlon.

vili) Establishment of guality control cell =

There is need for establishing a centrallsed
quality control cell in the water department of the Municiw
pal Corporation of Grenter Bombay, The cell will monitor
the quality of water at sifferent sources, organise collec=
tion of samples and water analysis. It will also be respone
sible for establishment of various laboratorics. It will
establish co-ordination with thevarious s#atutory authorities,
with the press and various departments of the Corporation.
It will givwe directions to the leak detection and prevention
staff and prescribe standards for discharge of waste in the
various sourccs of water supply. It will also train the
various staff in their respective specialised fields,

viii) Improvement of Sewerage System ;=

The Water supply Syst-m cannot be loocked into
isolation from the waste carrying systems The existing
sewerage system 1is undersized and old and in many areas
it is not existing. This leads to many problems of con%a-
mination occuring in the pipelines. There 1s, therefore, a
need for immediate renovation and strengthening of sewage
¢ollection and disposal systems The Municipal Corporation
of Greater Bombay has created 2 unified authority known as
Water Supply and Sewerage Jepartment which is co=-ordilnating
and carrying out the various improvement and augmentation
schemes both as regards to Water Supply & Sewerage Collection
and Jisposal System,

8e Recommendation and Conclusion s- o

Bombay's problems in controlling the quality of
water supply are unique anil stupendous. There is a back
log of deca:ies to be overcome. In other places the
treatment plants and the other facilitics are generally
existing and only augmentation is done, the staff is
already @irained, which has to be incpeased. But in case
of Bombay at one stroke, we have started giving filtered
water to the consumers. It needs training of staff at
all stages in the operation and maintenance of treatment
plants, watcr sample collection and tssting, leak detec-
tion and waste prevention and to carry out the various
tasks in the most effective way. Huge sums of money
are involved in operating one of thc World'!s largest
Water Treoatment Plant at Bhandup., It is estimated that
the quantities of chemicals used in the tneatment plant
will be about 12,000 tonnes of alum and 2,500 tonnes of
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chlorine per annum. It is very nccessary to ensure that
adequate and regular periodic supplies are insured as any
lapse on this count will effect the treatment processes and
thereby the quantity of the water produced at the treatment
plants. Gonsiderable savings in economy can’ be affected

by the trained, conscicentious staff 1n operating and main
taining the water supply system. Training course have been
organised and staff has been trained both within the
country and by deputing them abroade. There is a need for
large investments in future towardis carrying outw works of
repairs, renovations, and replacement of hundreds of KM of
plpelines of various sizes and materials. The contamina-
tion can be greatly reduced by bringing down the leakage
figure which at present is about 158% to 10% or so. Thers
is also need for establishing centralised seperate cell
for quality control of Bombay'!'s water supply. The task

is inceed a challenging one, but the satisfaction drived
from the knowledge -of supplying this vital health giver
water to the citizen of Bombay is even more.

g -
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"ROLE OF COMMUNICATION AND HEALTH EDUCATION IN WATER SUPPLY
AND SANITATION PROGRAMME"

* . i HH
A.C, Johri and Dr., A., Rahman

The attainment of the targets of health for all by the
year 2000 4.D. through primary health care is galnlng momen=
tum in all the countries of the world, It was in the respon=-
“se to the United Nations Declaration and programme of action
on the establishment of a new international economic order,
adopted by the United Nation's General Assembly in the ppring
of 1974, Subsequently the World Health Assemnly decided on
the target of health for all by the year 2000 4,D., and the
Alma Ata Declaration adopted by the International Conference
on Primary Health Care,

One of the basic component of primary health care is
sanitation which has seven areass’

1. Drlhklng water supply

2., Housing

35+ Disposal of refuse and garbage -
L, Disposal of human and animal excreta

5. Prevention of air pollution

6, Sewerage and drainage

7+ Envirommental restoration and beautifioation

The United Nation's Conference on Humzn Settlement

(Habltat) set 1990 as the date for community Water %Jy and
sanitation to include all urban and rural areas. nited

Nation's Water Conference repeated the Habitat Conference
Commitments @il considered that

(A) All people have the right to have access to drink-
ing water in quantities and of a quality equal to their
basic needs.

(B) It was universally recognised that availability
of water resources to man is essential for life and his full
development, both as an individual and as an integral part
of society.

(C) Similar consideration apply to all that concerns
the disposal of waste water, including sewage, industrial
and agriculture waste and harmful sources, which are the
maln task of publlc sanitation systen of each country.

The attalnment of the target for the International

Drinklng Water Supply and Sanitation Decade, 1981=1990, i.c.

afe water supply and sanitation for all by 1990, will
reouire new joint sectoral approach both in national and
local strategles.

Planning Commission has constituted a hlgh poered
"Working Group On Health", with Secretary, Ministry of :
Health and Family Welfare as its Chairman in July 1980. The
water supply and Sanitation was assigned to one of the sub-
groups of working Groups on "Health For All", According to
a rough assessment of the Ministry of Works and Housing,
*¥Audio=-Visual Officer, All India Inst. of Hyg. & Pub.Hlth.,

Calcutta.

*%* Assocs Prof. of Health Education, All India Inst. of
Hyg. & Pub. Hlth., Calcutta,




Govt, of India, the projected requlrements of funds for the
decade would be that of Rs, 15,000 crores to provide the
ninimum basic services to all the people in the country(both
urban and rural).

The Draft Sixth Five Year Plan (1978-83) provides for
about Rs,2,700 crores for the water supply and sanitation
sector., It further suggests that the outlay for these
programumes for the period 1978~83, 1980-85 aid 1985=930,
should be as followss

1978-83 = T, Rs, 2,700 crores

1980-85 - .« Rs. 4,000 "
1985-90 .. Rg, 6 OOO/Rs 9,000 crores

(Source Report of Working Group on Health for All By
2,000 A.,D., Ministry of Health and Fanily Welfare, pages
67 68, March 1981).,

Before planning a communication and health education
programmec for water supply and sanitation, we must have an
-idea of the hazards of water pollution which mdy be classifi-~
ed as (1) Biological hazards and (2) Chemical Hazards.

Blological hazards include water borne diseases caused
by the presence of an infective agent or an acquatic host
in the water. B}

Chenical hazards are due to chemical pollutants which
are increasing day by day. These pollutant include detergents,
solvents, cyanides, heavy metals, minerals and organic acids,
nitrogenous substances, bleaching agents, sulphides etc,,

foxic and bio=-cidal organic compounds etc.

Conmunication and Health Education have very important
roles to play in these areas. Before we go into further de-~
tails of Plan of Action, we nust knows -

What are the natural, regional and local problems in
these areas of water supply, sanitation and health delivery
case, CC :

The process of communication and Health education has
to take problem=solving approach Wthh passes through three
dlfferent stages: B} .
§1; Awareness stage - That the problem exists.

2) Analysis of the problem to identify its root causes
which is a continuous process. .

(3) To develop strategies to correct the problem and
to prevent future occurrence.

However, complete health hazards and problems created
by hiological and chemical hazards cannot be solved by
Problem-”olving approach alone, These environmental problems
are the conditions on the biophysical enviromment which hinders
the satisfaction of man's needs for health and happinness.
Therefore, communication and health educatlon in this area
has to be future oriented for the protection of qualify and
quantity of environment which could not exist, unless we have
succegded in creating a society which has succeeded in
satisfying basic human necds for a major segment of society.

To develop citizens who have a knowledge about the bio-
physical enviromment and its associated problems, and are
aware of how to become effective in working towards a more
livable future and is motivated to do so,
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(1) Communication and Health Bducation concerns with
"Man, and The Educated People", not the environments,

In developing an.educatisnal programme we must be

-speolally concerned with those aspects of humen’ behaviour

whigh are related to man's interaction with the biophysical
environnment and his ability to resolve blophy51cal environmen=
tal problems,

The magnltude of these problems will require a Mass ‘
Environmental Information explosion on issue including air
and water pollution, over population, sanitation, urbaniza-
tion, chemical additives and pesticides, energy resources
including problems of human ecosphere much as housing, kealth
and welfare etc., racism, numbers and their increases etc,

In relation to communication and éduoation people have
to be motivated at an early stage to help achieve the objec-
tives of the watex supply and sanitation decade by the care-
fully planned use of communicetions media,., It should be a
permanent feature of training and support programme for
community part1c1pation and health education on these unmana=
geable areas, . . o )

~

What Communication €an Do ?

' (1) Motivate the peOple ‘at early stages £6 help ‘
achieve the objectives of the decade of water supply and
sanitation., i me ;g,«frﬁ, SPEIIR AT g

- (2) It should be" a permanent feature in the training
programme. R , ) Lo

-~ - r- A AT § — s PR

(3) It should support community 1nvolvement ahél' ”pé”fti-

oipablone . it g L L) a0sE i s i -

(4) It should support in the health education aspects

ey .k . . v)‘_‘é‘_ Lz _v-i,»,_a, )

- Sl Tk

(5) It should highllght the close rglationshlp betw een
safe water, good sanitation, food hygiene, adéquate nutrition,

. restoration of natural environment beautlfloation aqd health

Acoordlng to differences In programne areas and 1gdil
customs, traditions and behaviour different Health Education
and Communication strategbes may be planned with pretesting
of Communication methods and media for each target group is
most essential, &s we are well aware that these problems of
water supply and sanitation is Local Municipalities and Panchas
yats functions while wg have not. yet involved these, .agencies
and instltutions more than four years have lapsed.\

) These programmes will con51st of proaects and activ1t1es
according to the needs and practical fea31b111t1es in a country
in a local area and they should have -_

Ee g A v 2L Lt
ho e -

~.set specific targeﬁs fior ‘a spec;fied perlod in
u~ntotal number of 5,70,000 villagess;

= 1dent1fy proaeots and plan “the schedile for ftheir
implementation on a year-to-year basis;

- should specify institutional arrangements for plafn-"
“ing, implementation, operati-n and maintenance;

- eéstablishment of staff and their training -and logis-
ticss

1 - -

B
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PP T ' g “hould cover
uﬁn%rsgﬁéuﬁi§ ﬁguse d, i%gﬂﬁﬁgy,égnjgﬁﬁ%ygfi x 610ck,n S
_.squattes settlements, “slums’ tow Tt OTihie §3 smEll

~ and medlumlsized towns and reg}onS'bf Water catchment nreas,
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Programme design should:ihclude ;nan01ﬂ1 suppdf% aﬁﬁ‘
nanagement of manicipalities and panch vats, -sdudy of
grodnd water_gnd new resources, "assesgnelt of sanltatlon and
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training programm%skkgrﬂ vhc%gpe%rtles_ggeﬁgg“ R Tie i L

COMMUNICATION AND, I-IEALTH "EDUCATION PR?ERAMME T

PLANNING CONSIDERATTONS siar b .

.

- Communlcation ‘and health education dan be taken up in
two major areas. : (1) Preparafion of Audio-Visual media, &
pretesting and dlstrlbutlon and” supply of manuals, flash cards
slides, Tilms and other audio-visual aids for staff training

support, including community health volunteers, and other ‘.

auxiliariesg, . .
NI L PR e SRR "y -

) To organlze health education programmes in each
area of water supply and sapitation programmes.

overe = i Smx - e . L _ .-

Each programme will need different messages, medla and
communication skills for the success of the programme.
The task would be to a581st 1ower-level workers “and
cOiminity’ alRiliaries Lot learn newstisks_ and eécept responsi=-
+  bilities., Furthetr® appropriite. néthod of. comitnication should
be used-suited to each level of workers and activity for:.
specific target comwmnities, - : R T

= - - — - -

I Package of water supply'end sanltgtion teachlng aldS
ghould provide relevant infornation to dlfferent programnes
in a single package of 1nformatlon. e

TR T OF@R- taS T e a0 3 - —

Health Education’ prograrines have to be developed in ®

schools, non-formal education, in CllnlCS, 1n the places of
work and 1n the comnunlty.

I Le L te H

Mass nedia should also be used in a general way to
supply the requlred 1nformation on heelth and hygmene and

=fa > -

other 1tens. N e ) )

Medla nust be respon51ve to publlC 1nterest Wthh is
critical factor in understanding news coverage. We have to
keep in view the news worthyness of the itens, area to be
covered and the public demand etc. No doubt Environment
and Sanitation problems are news worthy issues, When the
environmental news coverage will 1ncrease, autonatically
publlC environnental interest will increase amd the public

nterest will decreasé as the novelty of the programme wears
off, the perpetual crisis wears thin, the redia coverage will
decrease also,

BY. 4 o T e L - =
- Ta T a ey S0 S TEe A & - N
< w0 SIERS RS MUY LGS 2 LTON0 Leb 0% v St plmodn e -
= - - 5 o e o ewBDe EVISE TEE'" (HIAUglide . = - -

T L oo -r S e, - = . . , -
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Media nust have entertainment and persuasive conmunica=-
tion. Massncdia and folk nedia has a very inportant role to
play in sanitation and’ envirommental education. Even the mere
exposure of sanitation problems cen be our nost effidient
education,

In designing cormunication and health education strate-
gies we should not rorget how an average Indian spends time,
We must cater to the needs of village farmers, village women,
urban women, children, school-going and non-school going,
youths and . the tlderly population.

Children's llterature, cartoons, folk tales, stores,
puppet shows, radi> and television cen do a lot in educating
the community about the sanitation and environmental hazards,
which will go a long way in attaining the goal of health for
all through primary health care,
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STATUS OF LOW COST SANITATION IN GUJARAT,

* ’ - ek
Y.N, Nenjundiah _ eand B.J. Vasavada

1.0 The State at a glance

. The state of Gujarat covers gn area of 187091 sqg.kms.
which is 5,7% of the total Indian lerriotory. Thke population
of the State as per the first Ccnsus réeport of 1981 census

is 33.96 millions. The breakup of urban and rural population
is .as under Rural 23,404,474

;,Qr59n710}5§6,431-f

The average populatibn dépsity waks out to 173 persans
per sqg.ka. The ratio of urban and rural population is 28.72
living in 255 towns and 18275 villages respectively.

161 The climete is sub-humid to arid with maxinum tenpera=
ture of 46°c and minimun temperature of 4%, The annual
average rainfall over the past 10 years is in the ragge of
33 mm, in the driest district of Kutch to 1520 mn. in the
district of Dangs. However, extreme years can reduce the
rainfall to 20% of the above figures as in the 1972 or can
double it as in the year 1976.

1.2 . T-e Geohwydrological features of the Stete are Tabulated
in Table 1 below: '
Pable s 1

Sr. Nature of site Area in  Percentage of

No, Sge. Knse. State areas

1« Rocky areas 93,302 47 .6

2. Re=charge Areas(Probable) 3,815 1.9

3. Suitable Zone for Tubewell 25,488 13
construction,

Lo Over developed areas 6,160 31

5. Saline Zone (lime Stone) 1,530 0.8

6. Saline Zone aea 43,095 21.98

7. Low discharge shallow ‘ 12,942 27

tubewell areas

Kutch district is an arid zone and it occupices about
25 percent areas of Gujarat State. Banaskantha and part of
Mehsana District, in north Gujarat and all districts of
Saurashtra are scarcity Prone, There is a problen of salinity
ingress along the coastal arcas.

2.0 Present status of water supply and Sewerage sector
in the State.

21 Urban Water Supply:

There are 255 towns in the State of Gujarat with a total

population of 10,556, 431 lacs as per 1981 census, Out of
these 255 towns, 168 towns have organised piped water supply

with a comparatively hi coverage of population,
¥ Member secretary, GWSE%, Ganaﬁﬁﬂagar. B

*¥¥ Ny. Fvecntiva Fneine~rr MISSR Mandhincee-r
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2.2 Rural Water Supply: - : - Cza

Out of the 18275 villages 11550 V111ages have been
declared as problem area villages. 4826 problem villages
have been covered with water supply as on 1.4.82 and the
4212 villages are proposed to be completed during the Slxth
Plan, .

2.5 Urban Sewerage:

22 Towns in the State have sewerage facilities. These
facilities are also partial, Table No, 2 below gives the
coverage of population under the sewerage system in the State,

"TABIE NO, 2

Sanitation Service Coverage -
Population Served as on 31.3.1982

Sr. No, oi Towns . Population Population
No, o gserved in unserved in
‘ - riillions. millions, '
Total % Total %

1« 3'Corporation 2,04 68% 0.95 32%
Towns(Ahmedabad :
Vadodara, Surat |

2, 19 Towns ) 0.71  70% 0.30 30%

3 233 Towns = - ' 5,924 100%

Total: 255 Towns - 2.7 - TTE =

2 4 Rural Sanitation: 7 7 : - I

The total rural population of the State is 2,34 OL,474,
Qut of this population, only a population of 55000 has been
pro¥ided with rural sanitation schemes. Thus only 0.23% of -
the total rural population has been covered under this service.

5.0 Decade targets for the State: -

The following targers have been accepted for the .
GuJarat State to be achieved during the International Water
Supply and Sanitation Deoade 1981~1990. . o

(a) 100% population Qf the Class~I cities to be

.~ covered with sewerage and sewage treatment

facilities,

(b) The other urban communities will be provided with
low cost sanitation facilities such as conversion
of bucket latrines into sanitary latrines, construce
tion of new private and community sanitary latrlnes.

(c) The overall coverage targets 'in 21l these urban
comnunltles would be 80% 1nclud1ng Class-I cities.

(d) The 25% of the rural pOpul@tlon to be covered with
simnple sanitary latrines. ~he physical targets to
be achieved in the field of sanitation during the

- Decade (1981=1990) has beun estimated as under

— - - . - - N -7 = e
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(a) Urben population to be covered i “* =~ 57.76,000
with new faCllltleS- . C e - ‘

voi e [ e S - S
(b) Urban population to be ccvered by way = 43,68,000
of aggmentation of exiSt1ng»fa01llt1es._ ' L uye
) Iy Tl N7 Y 15 S W %
(¢) Rural pOpu;ation to be covered with o
sanitation. - 1,05,35,000
ST LT TTIieE T ¥ T 4 e Total' 2,06,79,000
- R TR S JL':.:ZEA_: = ’ = ‘,;-‘ X o~ T _‘“_"'-‘--"{"ES"' .
LETELWE . L L7 ,' O " 50 R

‘4,0 © The eﬁistlng and planned service level ooncernlng urban
and rural sanitation in the State of Gujarat is given in
Table No. 3 below :

1o ekt

) L L BierE- 3

ore - - - - — TG Population served in
Noe Particulars ¢ v thousands,
T ’ i L 1981 1991
IEI I et L. :
1. Urban pnpﬁlation -, - f*fh568‘ - T 5776
: o S e B
2+ "Rural population - ) 53 . . ,6645
Lig1 - 1221
e 3 —"TF—-_ -
e e e e e e e e R e e TR ‘ﬁ;__; _____ -

5.0 At the'-end of the year 1979-80 there were 170249 nos,

of bucket latrines. Out of thig a -total number of-142373 nos,
of bucket latrines have been converted into waterseal latrines.
27876 latrines are yet to be converted as they are of bucket
types It is proposed to convert these latrines, into Sanitary
latrines during the Sixth Plan period (1980=85) for which a
prov1s1on of Rs. 80 lacs is made in the Sixth Plan. '

i Ed ks “\:3 ‘I{‘Tl‘\;.f{j_l:"f“[!t ey E_,{‘l .-T— 31-?':-7:
5.1 A scheme for” progressive converslon_of dry litrined:iin:
Gujarat into flush type of latrines wag. introduced in‘the - *

Fourth Five Yéar Plan. It provided sharing of cost of such
fonversion by the owner, the local body.and the State Govt.

in the ratio of 2:1:1. Under this scheme to-day the owner . )
gets 25% of the conversion of Rs.200/~ whichever is less fron
local body as well a3 Trom the Statg Govermment. _The remaining
amount has to be borne by the owner hlmselfq,kih;s subsidy “is
granted only to the private latrine owners for dry latrines
constructed before 31st March 1970. There_is.a provision of
granting loans e 1ocaI‘Bod;es on- request for the following -

T

purposes ] . ] LonT
(a) 50% loan of the total conyersion cphst of public
" latrines of . poal bodies. In 1979 Govermment has
.decided to raise Lh;p to, 100 per cent of the total
: convers1on cos%, o e -
(b) 100% loan for Biving. subsldy amount - to. be paid
~ by the local bodies,to private latrine -owners,
if they are unab]e to provide funds for giving
su,bs:Ldy. E . TR TR NS PR+,
- Vvi- .li - :! i & -
Loans gre prov1ded'to locel bodles through.5001al "
Welfare Department. for purchase of wheel-burrows hahd-carts
eand other mechanical eqiipraent, The scheme is operative still
in a%l those Municipal and Panchayat Areas where dry latrines
exis

{1
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5.2 A sample survey has indicated that the oercentage of
household without latrines is am under : :

Ea; Urban .o - 27.52%
b Rural ) 93 . 700/6

324974 houses, out of the 13,65,079 houses in the urban
area are provided with latrines that means there is only one
latrine per 23 persons, As mentioned above in rural areas
93.70% houses are without latrines.

6,0 Five Year Plan Coverage:

TABLE- 4 - -

Plan Covcr?ge PrOposals
(Rs.in Mllllnns)

Sr. o '
No. Sub=Sector 1966 = 1974 = 1978 - 80-85
76 78 .. 719
1+ Urban sewerage 14,00 11.05 5,049 27,0
2. Rural Sanitation . 2,00 1.78 0.009 2.6
3. Latrine conVerstlon - 3.37_ - 8.00
programme’, ) L '

7 0 Existl flnancial pattern- Lo e

= H '
e =t - - -4

The flnan01ng pattern prescrlbed by the State Govt.
for the sanitation schenes are as under 3 . -

A. TFor Sewerage Schemes [

The state Govt., provides grant-in-aid to local bodies
for the implementation of their sewerage- schemes as per the

norms mentioned below 1n Tqble No. 5. - -

; TABLE- ’

I T e . o2o- oA

- Grant-lnpald for Sewerape Schemes

]
I

-~ . ~ -
- ¢ il - . N

- -— - -’-i--—‘- - - -

Eg: Class of Town - éepulation renge. GIA for sewerage
project (%cost)

1e A Above one lac. = 35%

2. B - 50,000 to one lac. 45% -

3. ¢ LT 730,600 to 50,000 5Bk

b D - Below 10,000 60%

5. For Surface . o Below 10 oo T 7 50%
Drainage. -

B The State Government has flnallsed the finarcing ~

pattern for the low cost sanitation project to be implemented
in the gtate as under :

(cost of private latrlnes is estinated as Rs. 2, OOO OO)

~

(i) For the Harijan areas:ﬂlA‘
(a) 75% State Govermment greanti.
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(b) 25% to be provided by the local body to be provided
by the local body for which the State Govermment.
will provide loan at 6% interust. There will be
Goverment subsidy to the extent of 50% towards
the interest cherges.

(c) No comtribution is to be obtained from Harlaan
heneflclarles.

This pattern is subJect to the condition that 30% of the
expenditure is incurred in Harijan areas.

(ii) Non~=Harijan areas:

(a) 50% State Govermment's grant-in-aid.
(b) 30% to be provided by the local bodies.
(c¢) 20% contribution from the beneficiaries.

The burden of intercst as well as repayment of loan will
nat be levied on the beneficisary house-owner,

(d) The beneficiary house=-owner hav1ng a monthly" income
less than Rs. 500/~ will be provided with a soft
loadn at 6% interest to be repaid in 24 monthly
instalments to mect with his share of 20% of the
cost of latrines.

The Govermment will provide necessary loens to the local
body at an interest rate of 6% and to be repaild within a period
of 15 years,

8« The existing organisation for the latrine

The programme of conversion of dry latrines into water
seal latrines is being implemented by the concerned local body
and is being contihously monitoried and conbtrolled by the
Directorate of Municipalities under the control of the State
Department of Panchayat, Housing and Urban Development, The
local bodies have been permitted to give their part of the
subsidy for the conversion programme in kind instead of cash,
for example pans, traps, pipes, slabs, cement, etc., to private
latrine owner if they so desire and as a ncans to promote the
programme. The programme is being implemented with the help
of Sanitary Inspectors under the control of Municipality.

9, Impmentiﬁg Agencies:

9,1 An innovative step was taken by the Goverment to
involve the Safai Vidyalaya established by the Harijan Sevak
Sangh at Gandhi Ashram, Ahmedabad. The principal of Safai
Vidyalaya was appointed as Honorary Advisor to the Govt. to
ensure cffective and speedy implementatiosn of the latrine
conversinn progremme by promotional work and lias on with
the local body, and guiding and monitoring the programme
activity, The close association and active involvenent of

a non-official social agency has added & spaecial dlmen81on
to the programme, o o ] o .o

9.2 The Safai Vidhyalaya has been equiped with a mobile

education van which moves through out the State for taking
up health education programme by way of arranging latrines,
documentary fils, charts and posters, The Films Division of
the Government of Gujarat has also prepared a film showing

various social and health aspects of the latrines conver-
sion nraocramme heina treltran 1M in thr T -~+-~
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10, %rainingProgfammeé:

The Training and notivation programme are being conduc-
ted in Gujarat under the auspices of the Safai Vidalaya at
Gandhi Ashram, Ahmedabad. Short-term courses are conducted
to train the Chief Officers of the Municipalities, Sanitary
Inspectors, Taluka Development Officers, Presidents of the
Village Parichayat etc, ' - ' : '

1.0 Studies Undertaken: . o fr

11.1 Pollution Studies:

To study the effect of pollution due to the low cost
waterseal latrines with two pits system, a latrine so construc-
ted at Kheda (a town of Khleda District) was selecyed and
1w numbers of bores were drilled around latrines at varying
distances. On completion of these bores, the samples of soil
as well as water as water met with in the bores were examined
by the Gujarat Water Pollution Control Board and Gujarat
Engineering Research Institute., After examination of the soil
and water sanples, it has been concluded that there was no
pollution effect observed either in the soil or in the under=-
ground water table. -

It has been experienced and observed based on this
study that extend of pollution flow in most of the soils is
very low, Leachpits can be located in a soil partly saturated/
fully saturated, the extend of pollution depends on

(a) Nature of soil,

‘(b) Velocity of ground water flow.
If the soil has suitable filtration conditions, and if
there is a distance of 2 netres from the bottan of pit to.
the water table, water source can be as close as 3 metres,
otherwise 10 metres away from thex leach pit,

If there are cracks etc, in the rocky strata, this design
of soak pits cannot be adopted. This would need other alter—
natives like Aguaprivies, Septic tanks etc.

Systematic monitoring of grouhd water in the towns
where such pits are located would provide further data to
examine the problem in more detailse.

11.2 DBwvaluation Studies:

The evaluation studies in the Gujarat State envisaged
to evaluate on-going programme of conversion of dry latrines
into pour flush water-seal latrines in urban areas in Gajarat
from the State and the local body levels to the level of
individual household. B8ix tows as under with a total popula~-
tion of 1,97,021 were selected for State as representative
of the State as a whole. They represent a range on different
geological, hydrological, social and economic condition and
civil and other amenities existing in Gujarat.



S1,
No. T own Taluka District Population
— — _ (census 1971)

1+ Patan : "Péﬁan Méhsana 64,519

2, Palanpur Palanpur Banaskantha 42,114

3. Mangrol Men grol Junagadh 28,443

4. Chhota- Chhota— Vadodara 14,312
udepur, udepur.,

5. Sahijpur bLpmedabad Ahnedabad 32,300
Bogha . ) - -

6. Kheda 7 Memhedsbad = Kheda 15,333

Total: 1,97,021

After completion of evelusition studies a detailed report
has been prepdred as regards the socio~economic and legel .
aspects to be taken into consideration during the %reparation
of the low cost sanitation project in the 3tate. his report
has been of extensive use during the feasibility studies.

In the course of the project preparation, a number of
special studies were undertaken, including evaluation of the
on-going latrine conversion programme an assessment of pollu-
tion hazards of ground water and water distribution system,
optimization of alternative technical solutions, and the
social implications of scavengers rendered redundant by new
practices. The feasibility studies were completed prior to CT »
project appraisal least cost solutions were presented and the —
suitability of using these in the project arcas was established,

The populations in the target towns range between 9,000 and

120,000 totalling 612,000 (Estimated 1980). At present about .
two~thirds of the population have no house latrine facilities,

The objective of the first stage of the programme (1982-86) is

to reduce the backlog by half, individual household latrines,

and the remainder community latrines. = - ) .

The majority of latrines to be provided under the project
will be pour-flush, waterseal letrines discharging into under-
ground leaching pits. There are certain areas within the pro-
ject towns where other alternatives will have to be considered.
These arce thé areas where soil conditions are poor or where
there is a danger of contamination of drinking water sources,
Such areas will be investigated dur ing the first stage progremme.
However, for maximun impact the proJect will concentrate in the
first stage on the widespread application of technadlogy.

12. Loﬁ Cost Sanitation Project in 15 Towns of the Stakes

The Gujarat Water Supply and Sewerage Board has already
prepared the feasibility report for implementing the low cost
sanitation project in the 15 .selected towns of the State. In
March 1981, the World Bank pre-appraisal misslon visited the
State. Prior to.this Mr. John Calbermatten of the World Bank
had also visited Y“ujarat in November 1981, During the visit
the World Bank appraisal were very nuch impressed of the work
and latrine conversion programme in the Stete and also they
were satisfied with the project preparation and implemcnted
capabilities of the GWSSB and Hence they dedided to include
a component of low cost sanitation in the Guharat Water Supply -
anl Sewerage Project for IDA assistance
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12.1 Gujarat Water Supply and Sewerage Board had presented
a project package costing Rs. 137.54 cvores to the International
Development Associetion of the W.rld Bank for Developmert of

the Water Supply and Sanitation Sector in the State of Gujarat.
The project was appraised in the month of June 1981. The

project #Was been negotiated by the Indian Delegation which
visited Washington in the month of May 1982. The:Board of
Dircctors of the International Development Association of the
Waorld Bank have approved a credit of Rs, 72 million U.S.

Dollmrs (Rs. 61.2 crores) for the project, -

The Govermment of Gujarat is fully committed to the
Internationnal Drinking Water Supply and Sanitation Decade
and intends to bring about very substantial improvements in
water supply and sanitation services both in urban and rural
areas. As part of fits Decade objectives, Govt, of Iracia
intends to ensure that 80% of the population of smaller towns
have access to sanitary latrines, connected to safe disposal
systemn.

The UNDP Global project GLOp 18/806 executed by World
Bank, was established Eo assit Goverment in achieving their
Decade objectives in particular through development projects
enploying low-cost water supply and sanitation techniques,
GOI requested assistance undertaking low cost water seal
latrine feasibility studies in 7 States, of which Govt. was
one, and requested the,K Govermment of Gujarat to nominate 15
towns to be covered under the studies., ' o
The Govermment of Gujarat selected 115 towns ranging in
population from 7,600 to 92000 (total 490,800)., The toWwn have
been selected by the State Government agreed to the following
criteria. . : oo o T

N r

(a) Population generally be below onc lac,

(b) Tre tpwﬁs should have no sewéfs at present and
unlikely to be sewered during theDecade,

(¢) 1In order to permit extrapolation of the feasibility
studies to other towns in the State, the towns -
initially selected should represent a variety of -
gsocio-~economic and socio-cultural conditions as
well as the various ge»slogical, hydrogeological )
and physical conditions in urban areas in the State. "

Government of Gujarat accordinglyis.elected fo]'.'l'owin-g —
towns to be included in the Feasibility Studies.

TOWNS SELECTED_FOR PROJECT

Cle ssification Towns Population (1971 éensus)
Class- II Bharuch . - 91,589
) Dhorajil 69,973
Godhfg: 66,403 }
Class— IIT . “mreli . 39,520
: Deesa 20,324
Dhrangadhra 40,791
Mandvi 27 ,849
Magrol . 27,183

Wadhwan 30,584



- 172 -

Class = IV Harij 11,073
Prantij 14,502
Radhanpur 18,360
Vijapur 15,571
Vyara 18,910

Class =V Bansada 7,108

Tota1:74,97,740

For preparing feasibility report, the GWSSB organised
and carried out a number of special investigations as
nmentioned below 3

(A) A house=-to house survey in each of the project town.

(B) Evaluation of on-going latrines conversinn »
programme in Gijarat.

(C) Pollution Studes., . @

(D) Organisation, financial and management studies
of the 1lac al authorities in the 15 Project towns,

The total population of these 15 towns as per 1981
Census is 6,111,930 souls,

The Project envisages to construct new private latrines,
comnunity latrines and conversion of existing dry latrines
into pour flush waterseal latrines in the above mentioned
towns,. »

A

12,2 Existing facilities in Projectearea Towns,

The existing toilet facilities in these towns is given -
under Table No., 6 belows
- : TABLE=- 6

Sr. Population Population Percentage ) .
No., Name of town for 1980, served through of tocal

Private Vater population

seal latrines.,

1. 2- - 3. L"o 5:
1e fmrell 51,459 11,671 22,46
2.  Bansada 9,242 2,843 30476
3. Baruch 1,420,690 54,608 45,24
b, Deesa 35,200 10,192 14,13
5. Dhorji 72,123 8,186 16495
G Dhrangadhra 48,280 7 4280 20,65
7.  Godhra 83,840 24,728 30,69
8. Hari) 11,644 2,728 23451
9. Mandvi 29,847 8,994 30,14
10, Mangrol 39,357 13,117 33.32
11. Prantij 15,360 24,031 13423
124 Radhanpur 20,521 4,850 23,63
13, Vijapur '\ 16,603 5,077 30,58
14, Vyara 20,966 9,358 44,64
15« Wadhwan 36,276 7 4659 21.13

Totals T,73,332
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The Master P len Report on low cost sanitation waterweal
programme in the above 15 towns of the Gujarat Statc has been
prepared by the Gujarat Water Supply and Sewerage Board with
the help of the Technology Advisory Group of the UNDP Global
project. This master »lan was presented to the World Bank and
has been accepted. Under this programme the facilities
proposed is given in Table No. 7 below .

- TABLE~ 7

Proposals as per Report

Sl. No, of Population Percentage  No. of
No, Name of Town privagd proposed of towal sets of
latrine to be =~  population., comaunity
: proposed, Berved, latrine,
1. 2. _3e L, . Se .
1. DAmreli 1,362 8,897 (800) 1729 60
2. Bansada _293 1,617 (16) 17449
4.  Bhoraji 5,005 27,850(1100) 38,61 -
5. Deesa 1,779 10,641 (3500) 30.23 100
6. Dhrangadhra 1,665 12,089(1200) 25,04 60
7o Godhra Lohhg 22,215 700;’ 26,49
8., Harij 640 3,466(360 29,87
9. Mandvi 1,720  8,174(1800) 27,39
10, Mangrol 1,245 9,697 (700 24,64
11+ Prantij 15173 7,567 (550 49,26
12, Radhanpur 1,163  7,430(330 15.71
13 ViJjapur 584  3,294(330 15.71
14, Vyara 725 3,655 (1430) 1743
15, Wadhwan 1,814 10,137 (950) 27«4
Lotals 26,780 1,62,448 (177) 440

12¢3 Technologys

The type of waterseal latrine to be constructed under the
project is a sinple low cost pour flush latrine with 2 Nos,
of leaching pits, The first leaching pit will be utilised for
the disposal of the night soil by anaerobic de=composition and
second will work as a standbye when the first leaching pit gets
filled up the second will be put to commission and the composed
sludge from leaching pit will be taken out after 2 to 3 years
and will be used for manure. The design of the latrine is such
that there would not be any bad smell as well as no fly nuisence,
The latrine pan will have 20 mn, water seal and will be either
of china clay or Fibreglass.

~

12,4 Experiences

All the 15 towns covered under the project are already
having large number of "PRAI" type latrines with single pit
constructed as a part of the conversion of the bucket latrines
into the Sanitary latrines, While discussing with the local
bodies and also the people, who are actually using such .
latrines, it has been observed that no complaints have come up
so far, The pit gets filled up within a period of about 5 to
7 years depending upon the size of the family using the latrine,
The "PRAI"™ latrine system is in p@eration in all these towns
end also many other towns in the State and has proved to be a
better alternative as #far as the collection and disposal of the
night soil is concerned, In towns like Dhrangadhra Mangrol
where underground strata consists of rock, an alternative of



- 74 -

constructing singlewpit acgaprivies have been adopted in place
of leaching pitss. here the space is short, the house owners
have constructed the pits within the premises of their buildings
in the courtyard or Jjust below the entrance etc. and have repor-
ted that absolutely no difficulty has been experienced so far.

Hawever, the UNDP design of two pit system would be more
suitable as the night soil in the first filled up pit will get
enough time for anawrobic digestion, while the other is in use,

The low cost.sanitation system envisaged by the UNDP will-
deal with the .problem of_.disposal of night soil. The disposal
of sullage wator coming from the Bathrqoms, kitchen and.other
household uses wtill remein a problem. It would be necessary
to provide surface drains tq dispose “the sullage water. The -
mode of disposal can be land disposal for irrigation. If this-
is not done, the agim of prOV1d1ng sanifation to these towns will
no>t fulfilled and fyrther prohlems of health. The sullagewater
*i1l flow into the streats etc, 'and the pronlems of mosqplto »
breeding, foulsmell etc. would come up,., - It is therefore, very '
essential to také up composite proqects so as to deal w1th both
night soil and sullage as welI B .

- e - = ¥

The Gujarat Water, Supply and Sewerape Board had posed thls
issue to the Technology fAdvisory Group ®f UNDP in Jenuary 1981
and had desired to include the disposal of sullage water in the
project alongwith the night soil dlsposal S0 as to provide o
better sanitation to .the people, : *

R S =

1The Teohnology Ldvisory Group of UNDP had oplned that the
componert of sullage water disposal is important, but, where -
resources are linited and institutional competance is belng duit
up, these other components should yield precedence to latrine %
programme UNDP has further opined that in terms of public health
and gocial. priorities, and taking due-ceynizance of the institu-
tional and financial constralnts safe means »f evcreba dlsposal
mist take flrst priority",

?

The opinon is still debatable., If we go according the
social priorities, the above opinioin may sdund reasonable, If
we mean to provide improved sanitation to 80 percent of urban .
population, during the decade leaving sside the problem of
sullage water disposal, we would not be doing Justice bo the
word sanitation, and also allow the health hazards due to
non-disposal _of sullage water, to continue. In tThis our goal ?
Vhy not to face the problem of limited financial resources by
finding out some way out and provide people better sanitation.

Ve still poser the issue to the, Adminkstrators and -
Technocrats attending the conference with a view to think of . :
the solution at least to think for maklng a beginning in this L ol
direction,

12.5 Cost - = f - - - -

As per the project report accepted by the IDA of the World
Eank t%e cost break-up of oé the projecf is glven vide Table
O, 8 below )
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L L I T A s GFEEo  RVURUI MRS TV
After appralsal Qf the progect by the qulq Bﬁnk meetlng
of 15 project area ﬁQ%% bodlesnwa hg}d at S ate level wherein_
o the Secrétary, Heal d Family Weiﬁare Deptt., the Secretary
Panchayat, Hou51ng anﬁ Urban’ %evelopment Department, the Director
of Munlclpalltles, Development Cormmissinner and the officials
‘ of the GWSSB also participated. This peeting was:held op 16th .. _
September 1981, During this neeting the Gontents of the project
were explained to the local, bqgles in details. and, the actings to .,
be taken’ by‘the various mun%01pa1l ies and pqnchquts step~by=~ ..
step were' also 1denm1fied anﬁ discudsed, ﬁh legal requirements
" like passing byelawg*etc., wére “also dlscussed at” length This
neeting has helped a lot in educatlng the. 1ocal bodies for |
taking up the project and’ “ha&-also initiated the way towards

speedy and smooth 1nplemepte§ion of, Lhe project, . o
12 6 Bze-laws" . o ,‘3 . e \,-wl- ':r i1 N - -
e, s, oL SLol.nLorres - e Co - -

>y ==

- During negotlatlons of thé ﬁfogect with the IDA at Washlng-
ton it was Jointly agreed that gll the project area local bodies
will pass neceSSary‘bye—iaws for'lmplementetian kil the law. cost

- sanitation progremme in theiy towd. - & format of the bye laws
has already been prescrlbed in the master plen report prepared

© by the Technological AdV1sory ‘Group of UNDP. ALll the project

. area local bodies had resolved the passed bye~1laws prior to nego-
tiation the IDA had insisted on actual adoption of the bye~laws and
had made a condition that if the byenlaws are Iassed to the
specification of the IDA, before the legal agre=ments are - . -
finally provided at Uashlngton, the copdition regtrieted, the . -,
disbursement of -IDA ‘for ~this sub-project would be deleted "

In order to aghieve, this GWSSB had deputei an pfficer
to visit the prbdject area local bodies and explaimed to them: the
needs and urgency of passing the bye-laws., Due to this drive,

« 14 towns out of the 15 Municipslities have alreagy-adopted:the
bye-laws as per the formet prescribed by the UND:'. The Govt.,
of India has already been inforned accordingly w..th a request
to get in touch with the' IDA and get the condition of disbursement
deleted,

12.7 Legislation:

The existing legislations in thv form of Gudaret Munlclpa—
lities Act, Gujarat Panchayat Act ar the GuBarat Water Supply
and Sewerage Board Act are sufficient enough for -mplenentgtlon
of the progect
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12.8 Resolutions from the Local Bodiess

B

The Project area locel bodies have already passed necessgary
resolutions es per the draft enclosed under Amnexure-I-iccepting
the low cost Sanitation project and confirmning the responsibi-
lities of the local body for implementation of the project. For
getting the resolutions, GWSSB had deputed its officers to each
of the project area local bodies to explain the details of the
nroject, its requirements snd the socio~ecconomic benefits of the
project to the elected members and officers of the locel body,
This has paved the way ahead for the local bodies to get the
resolutions smoothly passed in the meetings of their general
board,

The GWSSB officials had also contacted the District
Yevelopment Officers, the Director of Municipalities and the
Collectors concerned for each of the project area town and had
inpressed upon them the requirement of the passing of the bye=
laws and its importance. This ka3t has expedited the process
ff passing the bye-laws under the ~provigion of the MunlClpal
;Ct .

12.9 Project ;mplgmentggi L

The Gujarat Water™ Supply and Sewerage Board will be. the
inplementing agency for the project. The functions of GWSSB as
far as this proJect is concerned are detailed below s . }

=S R | . £

[

The functlapgrof GWSSB.would be as under s
1. Provide funds for project inplementation.

2. Procure all materials (such as cement, steel, pans,
and traps)not readily available locally)

3. Responsible for getting the house~hold latrines
constructed through local bodies, .

4, Provide technical guidance, supervision and
nonitoring.

5. Approve comkractors! work of construction of
private 1atrines where needed._r

6. Arrange publicity, promotlon and health education
activities,

7. Establish a project management cell to undertake
these responsibilities. _

The Locel Authorities will be responsible for :
1. Construction of Private and Public latrines.

2. Channellisinp; loans 2nd grants to housseh»nlds and
repayment of the loans to GWSSB, . -

3. Operation and maintenance of comnunity latrines and
enptying of leaching pits,. o

The Gujarat Wzter Supply snd Sewerage Board has also
proposed to the Government to congtitute a State Direction
Committee at the State level and District Implementatlon
Committee at each project area district for necessary advise
in the implementation of the project.
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124 10 Motivatian of the Programme:

tu.x R P .

(a) The proFramme in each of the town is a very importance
aspect for making Erogramme-population and to achieve the
tardet Wlthln'th 1me-bound progrcnme agreed to w1th the
IDA.

G I Tavibr o Lo e

- - - 3

: The propranme of" 1atr1ne construction also 1nvolves
an element of education. The GWSSB decided to toke up
these of vital aspects on hand immediately so that the o
necessary atnosphere for making the progrrmme successfully
can be created in edch of the project town, With this view
GWSSB has deputed one officer from the Board and Shri Ishwar-
bhai Petel, Safai Vidyalaya Sabarmati, Ahmedabad to visit
each of the tpwn and motivated the programmne., This tean has
so far as visited 8 towns and had conducted meetings with
the Municipal authorities, local leaders, social workers

and explained,the technical, financial and administrative
aspects--of the progremme, The GWSSB is considering to
provide necessary materials like the latrine pan, trap, and
cement to theilocal bodies for supplying the same to the
beneficiary house-hnlders as part of Govt. GIA so thet the
?rogramme go a head at a rete and also in smooth manner,

'he Town impression that had developed during the visit

of the motivating team to the project area towns is that
the people have now become health conscious and there would
not be any difficulty in taking by the progranme and achieve
the set targets.

All thetlocal bodies are keen to take up the programme
from 2nd October ,1982,

(v) The progranme of constructing PRAI type water flush
latrines in Guaarat-State has been very popular amongst all
the local Bodies. The people in the State have now accepted
the need of having hygiene latrine and are coming forward

to adopt the low cost sanitation system as a health improve-
ment scheme, Thus the general assessment is that the programe
would go very‘smOJth in the State and the set directives
would be achleved at a faster rate.

To accelerate the progress of the project and its
acceptance by the people the locel bodies have been advised
by the GWSSB official who visited all the towns, to publicise
and motivate the programme by adopting follow1ng nodes of
publicity.

|

1. Posters containing the details of the low cost
latrine along with a brief and attractive write
up for the advantages involved is under prepara-
tion, These posters will be exhibited on to the.
publ ¢ places like schools, hospitals, public
buildings, merkets etc, with e view to adopt the
peopﬂe to expedite the progremme,

2e Locaﬁ bodies will prepare cinema slides and the
gane, will be exhibited in the Cinema Theateres of
the town so that a large group of people gets
acqu?intea with the beneflts of the progect

\

i, 1
4

|
|
!
|
|
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3, Radio talks on the Low cost’ sanitatlsn technigue .
will be given so as to cover the entire State
under the motivation rogramme., The semninars and
group’ discussions wji 15 be, arranged at the djstrict
‘head quarters where in the authorities of the local .
bodies will be invited to participate and thereby
get acquainted with_ the beneflts f the gystem,

The Project menegement cell and’ the State Direction :

Committee will carefully menage the rate, of acceptanoe of
the programme in order to ensure, that pngerme gets

mom?ntum' e . . o TR, (I S S VR 2% VTR SR .
T el WAT L N I
o . . . AR ot = SRR A SR s e
13. Demonstratlonz X T e e e e
Eech Local Bwuy has’ constructed one orltwp low cost )
design latrines for denonstrat;pn of the Proaect des1gn.A*7 B
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BIO-MONITORING TESTS FOR DETERMﬁNlHG IND“SIRIQL g h”ﬂﬂ
TOXICITY OF WATBR

INTRODUCTION

The orgahic chemicals, arieing from industries as well
a& from the runoff waters-of agricultural lands and soils
constitute the major hazardoud constituents of the water.
One inherent characteristic features of these organic compoundc
is their residuye forming potential in different bilotic systems
These residue formlng pétential or bioconcentration factors
give  an appfox1mute measure of the hazard potential of these
compounds, * ]

~ Since it!1< not economlcally fe1=ib1e to determlne the
toxieity of each of these potentially harmful compounds, direct
approach towards assessing the- comparatlve toxicity of thece'
different and dhvargent types of organic chemicals may be
madé by biomonitoring tests uslng aquatic organitms like fish
or other smaller aquatic specie&, as indicators of pollution.
From the biological response” shown by these specis, one can

assessg the pollution status of the water,

BASIC PRINCIPLE AND METHODOIOGY
____________,_r______________.

The biompnitoring tests are generally carried out to -
determine the acute toxic effects expressed as the median
lethal concentrption or ILC 50, where death is the criteria
of toxicity. Besides death, %heré may be other behavioural
or biochemical criteria viz., immobilization, blood chemistry
or enzyme activi ty inhibition etc., which are generally . .
expressed in terme of maidan effective concentration .or .

EC 50, J .

- . -

In all’ bio-monltoring te<t<, generally a 2-test

- sequence is followed to estimate the acute toxic effects of
an organic effluent, viz., (a) range finding test and (b)
definltlve te"t : i

¥ LS TaToe v -
- (a) The range finding test, a preliminary, short-term
test, is carried out to find out the range of effluent dilu-
tions to be used in the subsequent tests and (b) The definitive
test which is moré precise and long-term, is carried out
(using the range of effluent dilutions determined by the
range finding tests) over a varying period 1f longer time
interval to qrr ve at the acute toxicity of the organic”
effluent, which!is generally expressed either as LC 50 or
EC 50, Both range finding and definitive test& are éarried
out either under statlc conditions or under flow through
conditions. Iflthe effluent has a higher dissolved oxygen
demand or it th@ test orgapnisms require flowing water, then
flow~through tests are generally preferred. For the Quccess-
ful operation of the bioZmonitoring tests, it is necessary to
work out the quantative or at least the semi-quantitative
relationship between the exposure effect or exposure-response
relatiocnship. T .

L

- -

|
* Departﬁent of Biochemistry, Calcutta University.

|
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Twn approaches are generally uﬁed in the eXpocure_effect/
regponse studies : the first involves the early detection of
biochemical impairment in"term = of changes in the activities of
different marker enzymes or some non-enzymic proteins etec,
Changes in the biochembical parameters due to exposure to
hazardons pollutants may often be among the more quantitative
indicators of the presence of pollutants in water as well as the
magnitude of contamination made by the pollutants. Needless to
mehtion that while studying all these changes in the expoged
groups - side by side readings are to be tahen with unexXposed
control groups. ] ] o - X . .

BIOCHEMICAL MARKERS ~ L S

Following are the list of biochemical param.eterq which
can' serve &s better indices for assessing the response to
different organio pollutants - . -

a) Sodium - Potassium ATPase J Serving as the index of Osmore-

b) Magnesium - ATPase ] gularity or
o nerve=gctivity
¢) Agetylcholine esterase - nerve activity impairment

d) Non~specific choline esterase}] .

e) Lactic dehydrogenase and its various isoenzymes :-indica-
- ting.muscular damage. -

f) Glucuronide formation P= indicating impairment of liver
function, ]

g) Succinic dehydrogenase und Cytochrome C oxidqce :-1ndica-
. ting impuirment of oxidative metabollcm.

IMPORT ANCE OF BlQHQNETORING TEST FROM Zﬂg STQﬂ Eg;
PREDICTTVE TOXICOILOGY

) In recent years a significant effort has been made’
towards environmental forecasting by using different approaches.
Biomonitoring tests for the assessment of pollution &tatus of
rivers, lakes and streams may have immense applications in
Tield qurvey, as well as in predicting "pollution fraginity"
of the aquatic environment to different types of pollutants.

- -3

-
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EXISTING - SANTPATION STATUS . PR »:
-"REFUSE SANITATION“'J R

Shri S, ‘Shankarappa* ’ ' . ‘ )
I-INTRODUCT;ON;" 'j-* - -*_ 3 . e .

1l.A. In the procass of evolution of civilization man
realised the danger of existing amidst refuse of
his own creation, and began to give serious consi-
deation to find ways to dispose of the garbage )
from his surrounding. - R

2. . .The populatidn explosion and industrial revolutians,
. the problem of garbage collection in urban areas
assumed & important position and started drawing
'attentionﬂ of local authorities and federal Govern-
= ments for encuring better sanitury environments.

B In the prcce s of evolution of various metnod= for
disposal of garbage, recycling of garbage became a
profitable invectment.

Over-riding considerations should however be one of
ensnring public health keeping economic gains as
subsidary.

2.0 The Corporatiom of Greater Bombay :
(ADMINISTRATIVE AREA OF BOMBAY) -

Bombay is the URBS PRIMA of India, one of the .
World's largest Cities, a nerve centre of trade,
commerce and Industry, and with a population of 8.5
million spread over 437 £q.k.m. .

Geographically, it 1ies bounded by sea on three-
sides-and forming three distinct areas of old city
island, W,8, and E.8, thus forming Greater Bombay.

© These areas are further divided into administia-
tion wards, sach.ward to be managed by a ward
office, ]

- +The wagrds ;re again grouped into Zoneées, each
.zone under one deputy Minicipal Commi sioner.
. The total road net work is 500 km. in the city
and 1000 km. in the suburbs.

2.1 _M cipal Solid Waste e er agted Grwater Bo

The mmin centres of generation of municipal
solid’ wastes in Greater Bombay are 3

(1) Housing premises

(2) shops

(3) street sweepings

(4) commercial premises

(5) markets, Hotels, Hospitals etc.

The occasional generation centre are

(1) Social gatherings,
(2) festival fetes

(3) circuses

(4Y snort venues etca._ .
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Quantity & guality of Municipal Solid Waste -

in Greater Bombay :

The Quantity, quality and regional geéneration

pattern vary place to place and season to segson.
They are given in tables 1, 2 & 3 appeuring at’ page 2,

C N 3& 4.

p—— P

Z,A BLE - I

PHYSICAL CHABACTERISTICS OF REFUSE

PERCENTAGE _BY WEIGHT (for Indian CltieC)
(Reg._Indian Journal for

- k- 3 -— .

4y

L7

Tt e " Envirohmental health
A ' July 1970)

§r. No. . IIEM ] 7PﬁERCE1§IxT£'xGE7 e
1. PAPER 7.0 oA
2. RUBBER . 0.866, @
3. PLASTICS C U vode
4, METALS 1.031 -

5. GLASS’ - 0.76 -
G. - ASH 4ND BARTH 3L.74
7. OTHER MISC. 15.98 - ,‘
8. ' COMPOSTABLE 41,69 2
MATERIAL ‘ B i
. TOTAL 100,00 -
T ABLE-JT ;

CHEMICAT, CHARACTERISTICS OF REFUSE(for Indian Cities) ®

, (Ref, Indian Journal for

77 environmental health July 1975) .

Sr, No. ITEM - i
1 pH  7.68
2 - ~  MOISTURE 31.138% -

3 -~ ORGANIC MATTER  21.57% i
4 CARBON 15.316%

5 NITROGEN 0.584%

6 -C/N - RATIO 26.22
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LocalitywiSe'charadtéfistics 6f7fgfhée;tByrw5ﬁghf)*

(for 1972)

~ - - v --

Compostable Combustible Inert

AT e a,. matter ** lHatter organic Metal Moisture
Matter

Residential 5G. 06 28.79 13,28 1.87 56.G68

High Income -

Group

Residential 3G, 37 43,47 18,05 2,11 42,49

Middle ‘

Income Group

Residential 43,57 42,17 10,40 3,36 53,75

Mixed Income . ‘ '

Group

Market Waste

Veg., Market 63,00 27.30 4,93 4,77 53,30

Mgat Market 62,00 38.00 - - 71.00

Hospital 53.63 45,66 o.7L - 69.60

W@ste

ﬁ;mmercial 40,69 3G.51 22,48 0,32 43,60
ea .

e e e e -

*¥ - Percentage by weight
** . Fruit, flower, food wasteetc,

*¥k*x . Paper, wood, baggasse, plastics etc.
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2.2. MAnagement of Solid Waste in Gregter Bombav :

The task af collection, handling and disposal
of Solid Wastes of Greater Bombay is rendered by
Solid Waste Management Department of lunicipal
Corporation of Greater Bombay and discharges its
function as laid down under section GL of the
B.M.C, Act No,IIT of 1888.

The functions of Solid Waste Management
Department conslst of
1. Public road cleaning and ccllectlon of

sweepings at temporary collection places

(dust bins, sheds on road).
2. Collection transportation and disposal of
réfuse generated from road sweeping, from
domestic and commercial premises all over
Greater Bombay including slums,

3. Removal of night soil and sludge from un-
~sewered areas and maintenance of public
sanitary convenlences,

4, Removal of dead animals.
Finance of the Solid Waste Management Department comes

vnder 'A' Budget of the Corporation. Per capita cost for
five years upto 1980-81 are tabulated below :-

TABLE - 4

57677 I977=78 197879 1979-80  1980-81
Item RS.P. 7RS¢P. RS.P- Rslp. RS.P.
Collection 50,08 54,70 56.00 60.26~ 55,33
Transportation =~ 37.16 38.12  36.75  39.74 = 59.62
Disposal 3.41 2,50 2,75 1.50 3.32
Total 90,65 95,32 95,50 101,50 118,27

Administrative Set-Up

" The Department of Solid Waste Management as described
above including the Transport Déptt. to cater municipal
vehicles for various Services work under the direction and
control of the Director (Solid Waste Management). He is
assisted by the Deputy Engineer (Solid Waste Management),
Head Supervisors, Deputy Héad Supervisors and Asgistant
Head Supervisors and by two Executive Epngineers of the
Transport Wing. The transport wings provide vehicles for
transportation of refuse and cesspool, for wards mainten-
ance, Health service, encroachment services etc. The
Greater Bombay Map showing ward boundaries appear next page.

Working System :-

In order to adequately render the services broadly
outlined above, the administrative wards area under ®ach
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ward Qfficer is sub-divided into 44 conservancy wards, Each
ward is under ‘the control of a Supervisor, The work of three
to four supervisors is looked after by an Assistant Head
Supervisor., Bekides there are G chawl supervicor nd 3 dumplng
ground supervisors

Under. each Superyisor, there are four to five section

Junior Overseers and one Motor Loading Junior Oversoor in
each shift. BEach <ection Junior Overseer has two Muhadam._
and sixty scavengers ) v

Co;}ection of hefgse -

411 tke public roads, footpaths and house gullies are
cleaned daily. o

n f vt T oo e T T sy ” .

e eae e Ya_w M. Pz D L -A‘L', IJF 7‘ P oW

Municipal Road area~ are divided into beats for sweeping
with two swegpers per beat. Per pair the swéeping area is
about, 3000 to 5000 sq, fits, for city roads and for suburban
area it is about 5000 to 10000 sq. mts, The work of about
15 beats is supervised by one Section Mukadam, The vork of”
two mukadumc is supervised by one Junior Overseer.,

" Conservancy sweepers work in broken shifts in the City -
from G.30 a.me to 10,30 a.m. in the morning and 1.45 p.m. to
4,45 p.me in the afternoon, In suburb sweeping is done in
straight duty shift i,e. from G,30 a.m, to 1.30 p.m. Labour
staff is mustered by Junior Overseer at the commencement and
the end of the cth:i_ft

The refuse so ,collected 1s stored at the nearest oint of
temporary dump compri51ng of either refuse shed or refuze bin,
At present there are about 4000 such tempordry collection
points, Refuse generated at private premises, commerecial
instltution hotels, hospitals, dispensaries ete, is also
deposited at these points.‘

= T T - = B el e ale e B T i

Trans PR

The motor loading; work for garbage tranCportution is
organised by one junlor overseer under éach <uperv1<or by
indenting required municipal & contractors vehicles, One
Atst. Mukddam with six mobtor ldaders are allotted per vehicle
to attend a decided given programme. According to the inten-
sity of deposits, clearance is given once or twice a day, at
there temporary éump point -

" - gy cam e aeen.

This transportation demands use of about 750 ¥ehicle
shifts per day. Municipal fleet is of the order of 240
vehicles shifts, Balante demand is fiet indents 1orry hire
contractors appointed for thi‘= work on yearly bas is

TR el
Municipal vehicies are with stdel alosed ‘body and, ‘

tipping type. Recently about 20 compactor refuse vans “are

also introduced, Municipal vehicles are mostly used for

liouse to house colleetion.

- e N

Disposgl :=-
Final dlsposal of municipql solid wuste iq by land flll
method, — - apera o

e [ P Fe R PR
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" Refuse carrying vehicles are sent to notified dumping
grounds for tipping into 1low lying marshy creek areas set
aside for this. The Bulldozers are used to level the heaps
Tipped at there places, Any delris brought to these sites
is used to provide cover, ‘

" The land filling 1s the principal method of disposal
adopted for Municipal Solid Waste of Greater Bombay since
Llast 100 years, cxperiment is heing made to try incineration
&nd composting. It 1s found that the refuse is rich in A
organic matter which can be used for manufacturing of compost
and as such a compost plant having a ¢apacity of 300 M, tonnes
per day has been set up in 1979 at Deonar.

Theé incineration is not suitable method for Municipal
Waste of Greater Bombay due to less combustible material and
high percentage of moiffure. ™ However it is beling applied on
small scale in such areas like Hospitals. A small plant 2 T/D
capacity has been et up at Group of T.B, Hospitals, séweree
and another of 1,2 M. tonnes pef day capacity is to enter
commisgion shortly for combustion of dead rats, Thi& is g
very costly method of disposal as large duantity of oil is
required to.be used.

El 3 L . - e - -

- - . -
- I B B - ree - - -

uaptity and guality of refuse s o T . N
A population of about 8.2 million generate about 3200 to
3500 tonnes of refuse per day giving per capita figures
425/450 gms, '
Table 1 : Gives the characteristics of refusé of ’
Greater Bombay., -

Rl el - - s -

Gives the chemical characterigtics of refuse -

Table 2 :
" of Greater Bombay . 7 7 B
Table 3 : Gives the localitywlse characteristics of

refuse of Greater Bombay. Y
Widespread practice of totting reflects in the fact that

refuse deposited in dust bins or at storage points is not the

refuse arriving gt'dumb;ngyggqygdS. D

£ -

- A study of tﬁelfables févehllthatf:iif :

1. The higher income group residential areas- and
commercial areas show a high paper, metal and
plastic content., . o S

2. In general, the refuse has high moisture content
even in dry seasons because the City's refuse comes -
mostly from house gullies in the City and from open
drains in the suburbs where it comeg into contact
with water or sullage. In wet season the refuse is
almost drenched, ' ' o ) R

i - ' -

-

3. The market areas show a large percentage of garbage,
leaves etc, .

4. Due to large amount of totting of paper, glass, metal
and plastics, their quantities are low 1n the refuse
arriving at éumping grounds, i
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The calorific value 1s between LLW nCal/hpgs LU
4000 Keal/Kg, but is generally less than 2000 Kcal/Kg..
This does not give a self sustaining temperature in
the incinerator.

The refuse has an average compostable portion of
less than 50%. T : '

CONSTRAINTS

Collection and dispcsal of Solid Wastes havé become
serious problems for the Corporation due to the following major

reagsons @
1)
2)

5)

The erratic and un-predictable population increase.

Proliferation of slum colonies, constituting 40%
of the total population, )

General awareness for better and adequate service
demands without any improvement in civlc-sense,

Spurt in" education levels, which poses serious threat
from Monopolistic Labour =y<tem far this work,
having to face the threat of shortage or abrupt
stoppage of works

Phenomental rise in cost of operations and the need
for management systems of highest order to bridge the
gap between revenue and services.

The operational problems crop up in every quarter of the
golld waste management services, namely, collection transporta-

tion and

(a) Road Sweeping s

1)
2)

3)

4)

5)

6)
7)

disposal. They are listed below 3
Unauthorised parking of vehicles on public roads.
Heavy traffic round the clock on some roads,

BEncroachment of footpaths and roads by hawkers and
fruit sellers

Shops are open after the roads are swept. The owners
throw avway the refuse on swept road.

Using cf footpathc for squatting, urinating, washing
cloth bathing, etc.

Heavy pedestrian traffic on footpath

Poor road surface conditions.

(b)Y Collection :

1)
2)
3)

4)

Everybody wants refuse bin away from his house,

Nuisance due to pickers,
Nuisance due to stray cattles.

Citizens throw away the refuse not in the bine but
around the bins.
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5) fquatting around,the dust bin.
G) Obsolete COllection 1mplement

2. Iraps portatlon H

a) The contractors! vehicles are open body vehicles
and hence unhygienic in view of possible spill-over,
This recultc in C1tizon¢' complaints,

b) The contractors! vehicles being very old fail fre=-
quently and services get interrupted.

¢) Contractors! vehicles are manually unloading type
against Municipal fleet which have hydraulic unload-
ing facility. Hence, services of an additional
loader are required,

d) Both Municipal and Contractors' vehicles have loading
height moqt 1nconvenlent to Ioaders,

e) It is not possible to utilise elosed body vehicles
~ fully when manually loaded and there is vehicle under
utilisation.

f) Higher capicity vehicles are unsuited for small lane
and are economically undesirable when low refuse
generator is encountered.

g) With garage and workshop limitations, Municipal fleet
utilisation is apparently low and needs to be raised,

h) Refuse vehicles are prone to corrosion”effects and
thei; maintenance becomes day by day costlier.

3, Dispossal :

Hygienic disposal of wastes in the ultimate aim of
any Solid Waste Management service. The refuse in Bombay is
disposed off by land £ill to reclaim low lying marshy land.

(1) The existing land fil1l method is one of uncontrolled
dumping and emphasis is not on public hygiene. Hence from’
sanitation point of view it is disadvantageous regardless of
apparent opergtional economy.

©  (2) The present land fill sites used for disposal are
not owned by M.C.G.B, The reclaimed land does not fetch any
revenue for the Corporation.

(3) It is difficult to develop the land £ill sites with
such facilities 1like roadh, csanitation, drinking water, cﬂd
lighting. - -

(4) The life of existing dumping sites is fast expiring
and new f£il11 sites are simply not available nearby. In caSe
Corporation has to depend on far located tip c1tes, the trans-
portation costs involved will be beyond its bearing ability.
(This point speaks on the importance of alternate dispcsal
facility).

(5) The 300-Ton Compost Plant has experienced diffi-
culties like existence of glass content in garbage.

(G) Heterogenous garbage composition having large

e

¥
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(7) Rasping muchine cannot worh onkorgun1c matter.

(8) Incineration is extremely costly at Rs.800/- per
tonne unless provided with waste Heat recovery. The high
moisture content and relatively lower calorific value makec o
ineineration not viable economicqlly.~-’
v - S e (‘_1‘]

et .Y

Weed for Improvement s~ S
I Y ¢ LA T : :

The existing system falls short of achieving the services
rgquired effectively and to the reguired levels, We cannot at
the same time to complacent since Waste management has a domi-
nant role to play to hring about deeired 1evel< of an;Fation.

i~ i0 i F no- LTe Y - v v e P RIS

The'ﬁcope for improvement is wide and exicte in all
three main areas namely Collection, Tran=portationrand Digposal.

Basic for Improvemegt t=-

- I
: ; -

LI 1

Waste Management no longer is a subject to be side
tracked in deference to others It holds the key to environ-
mental protection and provides scope for research and ‘develop-
ment, ) } -
: | . w = et A
The nece551ty of canitation apart it is_also equnally
important to achieve economy in every asPect -Revenue -of "civic
bodiet have limitations and here we are confronted by a con=
fllcting predicament. e s :
P I RN L - e S TSI EAR O )
The only solution undoubtedly lied in an engineering
approach t~ the whole problem, obsolete methods of operation
needs to give: Wuy ‘for mbre'and more of scientific and techno-

logical methods ] I 2
‘The following are qom.e of the alternatives to achieye

this ¢ - = COAVEREE S B VIR o S E el A 1% e e

",'[‘,x, M s s 2 E T -3 T I M ““"‘"‘j -vjfnf- TSR RY

tl oy -
o
R B

L 2 - - .

(4) Collection 2w RS

(1) New developed storage places like refuse sheds,
(2) New’ develOped muqtering chowhie

. ENY TR e . v, T i -_", = - ..
. (3) Introduction of better deelgn implement< - A
broome, hundcart y Scavengering: brth etc.t T

[~ CaT R S ala § T

(4) Introduction of mor e mechanical qweeper funits
(5) Chalking out Colléction routes on a =cientif107‘
- consideration to minimise eXpenditure & avoid non
productive efforte etc. _L

(6) E;pag g on of Hog=e to Houee Colgectiog

-
~r = 7&&: i

This qy.,tem by far is the best, one can conceive of
from a fanitation point of view as it leaves very. llttle ccope
for household garbage to appear on ctreet side, - :

(B) _rgnsnortayjon : PRI VO TR SR O T

Transportation wing: bears the brunt of the financial
constrains of So0lid Waste Management Operation. The substan-
tial likes in oil, automobilé and spare ‘partq prlce s plus-
labour have put transportatlon économy in Jeopuray, unless_
most recent scientific innowvatinne ar~ - =i

. ﬁ‘lﬂ .
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(1) Reorganisation of collection routec on a scientific
pasis - after due thinking of garbage potential and vehicle
utilicsation qc0pe. - .

- (2) Augmentation of Tranﬁport fleet with new type vehicles~

like compactor ; roll-off Tipper container systems etc,

(3) Development of adequate garage and workshop faci-
lities by expanding existing facilities, 7 }

(4) Introdueing lateﬁt managenent techniquec in trans-
port manugement.and <etting “of traaner etation.

5y Introducting an R & D wing for S.W.M. in veneral
and Transport in particular to check vehicle utilisation
continuously and monitor the results, Suggest better routes,
work out economice part etc.

(G) Closed body trancportation w1th little Cpill over
possibility. . — .

(C) Dj§p05g1 - ”: ;

Next in the list of areas where improvement is needed
from a sanitation peint of view, comes disposal : Perhaps,
Collection and disposal are important from env1ronmental

csanitation angle of view $- - - .

“

(1) Introducing sanitary land fill in place of ex1Cting
uncontrolled dumping, Sanitary landfill which is landfilling
in a phased mahner with alternate layers of garbage and earth -
properly bulldozed to. specified depths is better bygienically
and sqnitarily. .

. (2) Setting up more and more of compoet plant Besides
avolding sanitation complaints as with landfill, they yeild .
revenue, are less unhygienic frr operating staff and serves

the purpose o didpo<al of garbage., L -

(3) Energy Recovery systems :- B

Profitable disposal of wastés is be the ultimate-
outcome of the relentless pursuit of alternative disposal
methods In an éra of spiralling costs, large scale infla-
tion und challenge from unvironmentallists, the solution is
one en=uring maX. economy in disposal at the best sanitation
standards It is here the energy recovery systems assume
importance.

(i) cineration cum Wastelﬂeat Reeovefr und Ut; isg-
Lion :- | : —

The waste will be incinerated and the heat generated
will heat up water into #team which can either be uged for
in plant utility or in hospitals and such institutional
utility or can work up a steam turbine and generate electri-
city. Incineration is the cleanest way of disposal, <

(ii) Biogas Plants :-

Organic rich garbage can be converted into biogas. with
some bacterial treatment in digégters, The biogas produced
will be utilised for’ leating, coohingg 1ightinf and <uoh ins
titutional purposes or ueea for production of power.

T i . r- PR
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(i1i) Raw Materials Retrieva]l system or wagste :

Recvding or Resource Recovery system -

Under this, a number of units are in operation in Japan
and Western Countriess The heterogenous waste matter is
segregated mechanlcally for valuable physical. contents Such as
metal, rubber, paper, plastics etc,

Certain Japanese units use garbage for production of
synthetic biprodact like paper, and separate systems like
composting or blOgu~._

(iv) P Pyrolysis Reky Wgcte ggcificatlog

(4) Ses DJCpoSg .-7 . U f“ft‘; ’ra .

This alternate method will bring about better envlronmen-
tal sanitation. e - m e Do o~

(D) Le iStqt on :- - - cals sk ST L ebd

I r -

(-

The rnle of Solld Wastes in environmental sanitation is
clear to everyone, Generation of Solid Wastes. is a continucus
phenomenon., Moreover the type &f garbage we have in our
contry gets decomposed t~n:$oon and as sugh.cannot be left
in the open uncleared for 1ong. i q';f A.‘H,;;ZH rT.:oefn;

i e T s .

It is, therefore, absolutely es sential that ‘solid wa=te=_

shall bhe removed and disposed off in a most hygenic way to

ensure environmental hanitation. This work is looked after
by the solid waste management- Authority.

The waste genersastion functiorn is cne of purely human
dependence, that is the garbage on the streets originateés .
from man's activities Indiscriminate throwing of gqrbuge,
urinating in open and euch acts of citizens will allow un- _
sanitary conditions to prevall in envirocnment. it is in"
this context that the. need frr leglslation arises o

Unfortunately the existing laws are awfully inadéquate
to cope up with a deteriorating ciyic sense, public- habits
and population increase, - .. e I Ldouos £ e v

Stringent” laws and regulations. will be needed fo arrest
bad public tendencies which threaten public q-nitutlon e
gerisuslys 'Following Deterrent measures will be Welcone Cn o
proposition := L . B R T ey

_aer FTy T r T

(1) It shall be compu1°ory for indlvidual household
e maintaln their own du=tbin - T
g N " 'rr*f‘
(2) Throwing of garbage or wact 3tter on ctreet
shall be an offence, chargeL e with penulty.

(3) Urinating and such acts of making qtreets5‘pub11c‘ -
placeq etec. dirty shall attract penalty.
. PR S~ ¥ - S L . atA ¥
(4) There shall be feeq 1éviab1e £qr col;ection,t:.
remnval and d1<po al of garbage for Commerc1al and

induetrial wastes

o

fr A asew poirmoens. (5

Objectives for imnrovement . I e sl I

a— - ‘.,7 .=

.The department of Solid Waste Management hag well

A
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defined ob;]ectiveq to bring about environmental sanitation.
Following listed are some of the system changes being
implemented o
1) House-to-house collection of garbage has been intro-

duced in selected Wards and the results are extremely encoura-
ging. ] - SR o

: ' 2) Improved type of adéquate storage places like refuse
sheds, Dust bins are being provided,

3) Better implements to Lgbour :-

i) Mustering chowkies are being constructed with
attached storing space to keep implements well secured,

"ii) NWew types of Hand=carts for collection have been
developed and are giving good performance.
iii) Brushes are also being provided to do more thorough
leansing.

4) T agefer Stjtiog :

‘Municipal Corporation of. Greater Bombay has planned
to set up a mechanised 1000 T P D refuse Transfer Station at
Mah&laxml to handle garbage of A, B, C D & i Ward“ formlng
almost full City area. f

v,‘

z - - -—— - -

1 = = Te™

The site selected also hn5‘been‘judiciously done to get -
a centrally located place to give following advantages g e

l) Collection vehicles can make larger no. of trips
since distance from collection centres to Transfer station will
be reduced., This will result in more clearqnce frequency

giving better environment : -~

o= - - f -~

2)" Smaller no. collection vehiclee could be deployed
advantageously.

T T oo Temer S 1
-~ - 3 ot i

3) Idie time of collettidn crew will be avoided which

will lmprove productivity, improving per tonnage cost: -. =

"~ 4) Buck type Traller-tractor Transportation system
from Transfer station to Disposal-sites will eliminate use
of small vehicles going t~ dumping ground and will eace peak
time traffic congeetion Qubctqntially. ol

5) evelopment of Gﬂ,rageq & Worg-shop° gt
S A AR S B4 1.3 N -
New garages and mntnr repalr “shops with modern equip-
ment are proposed to improve trancport mainuenance. :

B YA s T ¥ 3

G) New Type Vetglcleq

The So0lid Waste Management Depurtment is heepln? abreast
i. international advances in waste handling field and asgessing
its utility under Indian Conditlon We have procured some
Compactor Vehicles and trailers, - & ¢ & -~ -

1

IR .

7) Sanitation Rules for coptract éupplx of Transport

Vehicles 2= 7 L L.

In the épeoifieatlonifor*Cdﬁtroct supply "of vehicles

R A ud

[T I
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such'rulés are incorparated to make the whole handling upto
disposal &ite hygienic and sanitary, For instance proper
covering of was te in truch is a must to qai‘eguc.rd against .
spill over, LR ‘. A S

P -

(b) Actiog ggaigct Errigg Staff :-

If any collectinn point is left unattended or partially
attended the defaulting labour are subjected tn Di=ciplinary
Action like cuﬁpeneinn, Enquiry etc. o

L -

. The largect dumping site namely Deonar is situated far
from dense inhabitant centres and Sanitation hagzard which is
prodominant to the neighbourhood is wvery little., At Deonar
and - all other sites, dumped matter is convered with earth and
dozed 1n a phased manner. The operations are supervised by
qualified Civil BEngineers, e

‘There i& regular spraying of insecticides at.dump
sites and surrounding areas to eliminate insect hreeding.

9) Incineragtion Plant :- -

Incineration is a luxury for our garbage’ with average ’
45 to 50% moilsture content by wt. (in rainy season 100% and
more by wte.) andl lower Cal, value of 1200 K can/Kg., compared
with ites western Counterpart. Large Scale Incinerator of our
urban _waste, no matter how effective and clean the system .
might be envkronmentally will warrant enormous capital inveqt-
ment and huge redurring cnsts., Unless backed by waste heat
utilisation or power generation, it will be quite. unattractive
qnd uneconnmical. ) SO T -

« 0 - — - ~ = L Tt T " - L - -
o= =it P T ! y - s - N v ot -

) The Corporation has set up a 250 kg./hr. refuse
incinerator plant to dispose off obnoxilous hospital garbage
at T,B. Group of Hospitals at Sewri. The Plant is in operation
dince 1979. It ig equipped with latest air pollution contrel
gystem ardd mechanical feeding. - Another Plant for disposal of.
dead bodies of rate at 150 kg./ht. capacity is also installed
and will be commissirped very Shortly for Huffkine Institute
Parel Bombay. . -

10) Compost Plant :- ' o L

" ° The corporation has set up a 300 T.P.D. Mechanical
Compoct Plant ueing aerobic process

fJ i ~ =
N - it,E P

11) g Iy Recoverz & Wgcte Bg=ed Power Pro;eetc - . ;L_q

The Corporation is collecting data from natiﬁnal as
well as international sources in these fields to asses s their
Viability fﬁr Bombay Conditinn R VR L;,/ﬁhb

EIve  oal S5 T Fa [ S T B
” Plun< for cetting up a pilot Biogas plant under Sk
Government auspices has beep drawn up and preliminary
analytical work s ‘under pr?oes - _ J o
e iow B =t 1T pa AT S T

12) ommercjg] & Indu=trigg Was R

Research & Develnpment Cell has been set up in Snlid
Waste Management Deptt,., which monitors the functioning of all
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services, DBesides the cell gels garbage samples analysed for
physical and chemical compositions, The R & D'Cell also is to
prepare rules for Collection and Disposal ~f Commercial &
Industrial wastes including leviable charges for different
categdries of Industrial wastes with an o6bjective to make
environment prllution-free a& well as provide a source of
income fnr corporation by bonking frr Trade refuse charges.

13) Staff Amenitjes :-

The Labour staff of S,W.M, Department enjoy many
previlages like sz~ i
i) Free service Quarters near place of work.

ii) Welfare Centres.
1ii) Radio & T,V, Communication facillties,

iv) Free Medical check-up facilities,

v) Awards/Prizes for performances.

vi) Leavé Travel Allowances
vii) Uniforms, Raincoats, Gumbeote ete.

These facllitie® will be  improved upon from time=to-

times to have higher productivity.

14) Legislation :-

The existing laws govérning Solid Waste Management
sefvices, within the frame work of Bombay Municipal Corpora-
tion Act have become awfully inadquate tn ensure proper sani-
tary levels, thanks to populatlon explosion” and posr civic
sense of Citlzen The Corporation, therefore, propoge tn- -
amend these laws and introduce mere laws and regulatlons tn
achieve better sanitary conditir-ns. Sallent features of the
proposed laws are s= - e

1) It shall be eompulsory for indlvidual houcehold

tQ,muintain own refuse receptacle,

ii) It qhall be a puniChable act £t~ throw garbage
"~ indiscriminately on roads., Offenders will be liable
- _ _ tn pay flne. i R \ 4,_; e -

Likn =8 R I

iii) For induﬁtflzlféommerciai‘ﬁd?te iempvaliénaidispoSﬁl
fees will be leved, -

CONCLUSION :

-~ —_ -

FUTURE OF CLEANSING SERVICES 3

. -3 o
To-day the 1mpact of env1ronmenta1 qanitqtlnn on

society is stronger than ever in thé past. Man has read the
writing on the wall that warns him 6f a perilous existence
if he allows the air and surface around him t~ be £ilthy

and polluted and chnoses to live there, The advantage™ of
education has brought thesé realities to the fore nf s=ocial
1life, Now we have vociferous hue and cry by environmen-

talists world over, - v 1 2, -

[ P Y

Survival of socilety, in urban areas’ pérticularly will
continue tn be as it is tr=-day unless following issues are
tackled urgently and seriously. - -

L - el eyt T & L G RS DU S
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Problem of fnotpath dwellérs; l.A. Roadside

caters, pavbhaji shops etc.
Sugarcane/coconut crushers,

Nuisance of hawkers’

Bad public habits like throwing refuse info'
Toads, Urinating in public etc.-

. . ' . - e - - e = P — - =
P .
5. Parking of vehicles on roads, -~
.,,l ' * LT e
G. One way roadse
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ENVIRONMENTAL MANAGEMENT IN 19801S

f

. %
A.C. Chaturvedi . _

~Introduction:

Environmental Management is the major issue, that
the Indian sub=continent will face in 1980's, The northern
frontiers of India are rich in mineral and energy resources.
But the development of the Himalayan belt is in the throes
of conflict between economic growth and’ environmental pro-
tection,

Rivers:

The Himalyan mountain chains have made the Indian,
Pakistani, Bangaladesh and Nepal rivers change direction,
Today for 800 million people, another kind of stream may
be changing direction, The region is the birth place of
rivers that supply waters to 10 states and nations, It
also has pegceful forests, mountains, valleys, and vast
open spaces that an estimated 20 million people visit year
in search of recreation,

Conflicting Interestss

At a time of population growth and increasing demand
for netural resources, the people of the Indian Sub-continent
are divided in their own minds, whether to guard the national
treasures or merely contimue as in the past to use them up.
Through various agencies concerned with tourist resorts and
land management, the states own about 80 percent of all the
land, It therefore exercise considerable influence over that
. the people do with these resources,

The hill people have an affection and loyalty to
their lands., Many who emigrated would have stayed, if they
had found some work to do. The hill people are struggling
on their land all their lives., Mining rights are being
freely given that will turn the fields into piles of rubble.
The states think it is their land and they could do what
they want with it,

The people also thlnk that Jobs and opportunities
can be exploited for security to their children somehow
without consequences too disastrous to their towns, promi-
nent elements in environmmental conflict are energy water,
_urban growth and ultimately the quality of life,

Energy Resources:

The Hkmalayas contain a varity of energy resources
that could feed the Indian sub-continent almost indefinitely,
These resources have to be extracted with care. Development
is being opposed by environmentalists and rightly. The
continued exploitation would consume large quantities of
regions scarce water and leave heaps of wreckage on the
- land, the piles of residue would be larger than the holes
from Wthh they would come,
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* Chief Engineer (Retd,), Minor Irrigation Deptt., U,P.
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. Sewer Overflow Control

=198~

Standards:

The ultimate goal for pollution management in 1980's
is likely to be the ultimate exclusion of the Indian waters
for the disposal of pollutants, The knowledge of actual
toxicity limits is restricted. In absence of accurate
ahalytical methods: the pollution control standards tend to
be conservative. 'These requirements with unrealistic design
and construction deadlines leaves little scope mfor ingenuity.
Thus the designs tend to be conservative and in many cases
leaves negative environmental effects. The energy use to
have higher pollution standards naturally often leads to a
poorer overall land, air and water enviromment. It is of
considerable importance that research be carried out in
this area to assure environmental improvement dependent upon
scientifically valid affluent and receiving water standards,

- .

The national extent of the combined sewerX overflow
problem was investigated in terms of (1) Regional populations
and hectares served and (2) a range of potential. Costs
for the control.of overflow combined sewers in the Indian’
sub contigent serve approximate 40,000,000 people and
10,9 x 107 m2 of urban land. Cost estimates were prepared
for the control of runoff from combined sewer service areas
were based on a single design storm.dnd six hypothetical
control strategies, Capital costs varied from .5 billion

75 billion and varicd with the amount of operation and
maintenance expanses provided, Annual value ranged from
50,00,000 - 500,000,000, ’ -

Strip Mining

. Salt loading of waters receiving drainage fron lands
discripted by mining was estimated by & years of field data
on a strip ruimed watershed, near Durg. Onserved Salt loading
was separated into approximate contribution from mined land,
undisturbed land, ground water runoff and. overland runoff,
The inorganic composition of mine drainage was found to be
very similar to that obtained in saturationsnd gxtracts )
prepared from the disturbed material, Calciup Magnesium and
sulfate were found to dominste the dissolved solid contents ~
of the water. ' During the years 1977 to 1979, the loading
was found to be 2,97 tons/hectare (8000 kg/ha) and 3.2 tons/
hectare (880 kg/ha) respectively. It was estimated that 46%
of the total observed salt loadi g was attributed to mined
lands that comprised 15% of the contributing watershed area.
It was found that different technologies were suitable for
different environmental conditions, different stages of urba-
nisation and industrial development and different institutional
constraints, : oo

N R I
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Housing : - -

The housing in 1980's shall tend towards high rise
buildings. New methodolagies are called for fitting such
structures into the social and physical environment, ‘One

basic strategy is to account for the variety of high rise’

impacts, Impact review methods should rangé from gualitative
assessments gaging the fit of a project with community values,
to relatively objectfive ‘valuations based on the megsurdment
of the actual conditions including open space effects, air
and water quality.
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Cost Effective Sewage Bystems:

“he increasing nced to provide adequate sewage dis-
posal systems to mect housing needs of the 80's should
include the evaluation and acceptance of alternate sewage
disposal methods. Alternative methods such as pressure and
vacuum sewers and home aerobic units for primary treatments
and mounds and evapotranspiration beds. For effluent dis=-
posal should meet environmental standards as well as tech-
nical regulations.

Optional Design: o

Non linear design cecquations were used to model arr
activated sludge tank, final settling tank, gravity thlckner,
an aerobic digester, Vacuum filter, pumpirg and aeration in
terms of the desigh variables, activated sludge solids .
retention, time, hydraulic retention time, recycle ratio,
thickner underflow suspended solids concentration and
digester solids retention time for steady state conditions.
Non linear cost equations’ were used to model the cost of the
individual unit process sizes and capacities. A numerical
search technique was to determine the optimum sizes of the
unit process to minimise the sum of capital and operating
costs for a specified design inflow, affluent quality and
equipment limitaticp,

3 oam £

Odour Control

Odour control is an important consideration in
evaluating the alternatives for waste water solids sludge
disposal. The unit process of air stripping and vacuum
vaporisation was avaluated for determining the effective
means for controlling oders generated from digested sludge.
It is found that vacuum vaporisation is superior to air
stripping because of (1) Effective surface odor emission rate
reduction (2) mineral recorrence of increased surface odor
concentration (3) greater energy efficiency in odor removal

and (4) lower off gas flow rate production., The orfgas odorant
stream from vacuum vaporiasation can be satisfactorily con-
trolled for acceptable odor emissions uding activated carbon
absorption. The odorant characteristics of the digested
sludge as measured by the volatility were found to be highly
variable, apparently related to the efficient biological
breakdown of organic gulfides to 1norgenlc sulflde prior to
the odor stripping. :

Watershed Developmentv

Studics were initlated on Ganges watersheds in North
U.P. and methodoldgies were developed to predict environ-
mental impacts using drainage characteristics of developing
watersheds, The dralnage density index a measure of the
total length of waterways observed on serial photographs per
unit areca was computed for various watersheds in ofder to
relate land use changes end drainage pattern to hydrological
and water quality responses., Results indicate ‘significant
increase in drainage density over the past 2 decades in the
Gange Pasin., Water quality constrations and losding rate of
dissolved solids frontier watershgds indicate a significant
correlation with the drainage density index. Difference in
available non point source loads were found to reflect only-.
a small fraction of the difference in mecasured loads.



Coastal Areas = N ) L

The Indian Coastal arcas were found highly polluted
due to chemicel effluents and energy pollutants. A coastal
management plan was prepared for each region, The effect
of pollutants 1is prOposed to be covered by dredging harbour
maintenance local zoning, régulating the man made structures
on the coastmi. This provided for adequate recreatinnal
needs public access to the shore, protection of wetlaqu
against erosion. This could be effectively 1mplemented
with the aid of a maJor mapplng progremme. L . - -

_ LT

Impact Statements. .Z; iy —;;',@ e s .

a

Impact stotements should also be considered as .a 500131
enterprise where professional accountability of poor communi-
ties should be encouraged. Impact assessment communities can
evolve shared boies of knowledge and they cen provide recog-
nition.and affirmation of good work and those who perform such
work. Reviewers of impact statements collectively perform
important roles.l
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Hazardous wastes - b

Guidelines may be issuced on the control of hazardous .
wastes. These guidelines may propose a s0 called manifost.
system for keeping control of hazardous wastes from the place
they are generated through trgnsportation to final disposal.
At the present time there are 4000 to 5000 hazardous waste . ..
disposal sites landfills lagoons etc. most of these lacated
on private plant sites. The vast majority of these sites do
not now satisfactorily dispose of these wastes., Often they
result in groundwater pollution, an arca uptil now that has
been scriously neglected under the ncw proposed regulations,
many of these industrial sites will heve To be upgraded, all
will have to get permits. Some of the smaller industrial

sites faced with the cost of upgrading, will opt for disposal

of their haZardous Wwastes at permitted off site disposal _. . -
facilities, To date only a few states have really good |
hazardous waste 51tes, the leader ”being Guharat
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Cholki Rj : - L : =

Theé Indian coastal rivers do not have further capacity
to assimilate the increasing amounts of effluents being
discharged. Urbanisation, the upsurge in industrialisation
the intensification of agriculture and allled developments
has placed an intolerable burden on the assimilative capaCi=- .
ties of the receiving waters. More efforts are needed to .
get locel autk-rities to process licenses for the discharge
of effluents, The level of licensihg at present is close-
to zero, e
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Transfer of Technolog[s !
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The Indlan env1ronmental Engireers are looklng
forward to Govt,' approvel for a new institute to enhance
scientific and technelogical cooperatiosn with developing
countries and in particular to enhance their own cepacity
to developer adopt and adapt new technology. That will
involve such problems as training scientists and engineers,
assisting the development of technical institutions in
developing countries and joint cooperative research and
Adevalonment nrotdecte hoath in TnAdi~ ~nAd d~srelonine cotmtrin~-



-201 =

A simple approach was developed that focussed upon the
maximum pollutant concentration issuing from an idealised
area, This study extended the maximum concentration approach
to the consideration of the entire urban hydrograph, runoff
versus time, pollutograph, pollutant concentration versus
time and loadogroph, pollutant mass emission rate versus time.
Probability mecasures$ were.introduced into non point source °
evaluation, . -

. - - -
r ~ «

Formulas were derived by model analysis, which related
the longitudinal dispersion coefficient of natural Indian
rivers to several bulk flow properties as the discharge and
the hydraulic radius. It was found. that the dimension less
factor »f the farmuie unl;ke the dimensionless despersion
' coofficient was indépendent of the size 'of streams..An
analysis of existing deta indicated that the vabe of the
dispersion coefficient could be predicted within a factor of
four from the frictional or resistant factor of the stream.,
This equation for longitudional dispersi n was found to be
quite accurates . .

[
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Direct Flltration.f ) t“ ‘ ,i-; o - R R

The cities may mect a INIU standard for flltr tion and
safe drinking water. Many citices and towns that pregiously
did not treet their water and merely chlorinated it shguld
instal treatment >lants in order co meet this turbidity
standard. Rather than construct a full blow conventional
water treatment plant, it should be less costly to kaz have
toinstal a so called dlrect filtratiom plant., In a conven-
tional nlant coagulatior end settling precedes sand filtra=
tion., In direct filtration on the other hapd, the settling
step in eliminated saving the cost of settling basins, which
account for 20 to 30% of the capital cost of the plant when
applied to sultable raw Waters dlrect flltratth has worked
well. = :

Mathematlcal Models-

Mathematical models baesed oh Filtretion theory were
used in plant studies of granular bed filtration. semi
analytically solution of a such a model solved the material
balance and provided concentration, specific deposit and a
radient variations with filtrate volume and bed ¢epth., The
solution enabled the use of filtration equation to predict
filter performance and optimise designs by feeding the
computor with the filtration parameters obtained by past
experiemnts. This was also applied to other accumulation -
processes namely fixed bed adsorption which were found to
have a similar conservatlon eqiation. The general agreement
between model predictions and fixed bed performance confirmed
the model validity, . W e

Rainfall: ' - .
Rising industrial pollution trestens, the country's
climate in 1980's. The increasing incidence of small
particles in the atmosphere particularly ommonium sulphate
and sulphuric acid particles generated by industries was
likely to have a marked influence on the quality of clouds
to rain. <hese particles hgve discovered to have ak tremen-
dous influence on clouds. <Lhis is predicted to have serious
implications for the sitting of future industrial plants,
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Computor Technologys

Varying user requirements exist in order to assure
effective and. efficient environmental planning., A mini -
computor based system was selected in preference to a general
purpose data system was a solution to these diverse require-
ments., The system was available for interactive enquiries via
telephone and diverse sub=-systems each to ensure ease :
of layman usage.

Conclusions:

Management of environmental quality in 1980's
shall be intimately connected with local govermments. Engineer-
ing designs shall be required to consider workable feasibility
and efficient economic operation. Planning is recommended to
relate issues of energy, focd production, msource conversation,
human' health, economic, productivity, ecosystems population
and quality of 1life., <hese concerns can -best te reconciled
by local govermments., Yet many current environmental problems
shallbe beyond the capability of local govermment to effiect-
iverly control., A master plan is recommended to preserve’
envirommental quality through land use controls, The effect
of. contrpl intervention is to be evaluated as=to their environ-
mental effects, Inter disciplinary environmental research . .
is a difficult task that often fails to mect its potential,
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LAND TREMTMENT SYSTEM FOR SURNT CITY.

* : S .
M.B. GOHIL 7 o -

Igtroduction: .

~-8urat is one of the major citlies of Gujarat State
and also happens to be the district headquartgrs for Surat
District. On the map of India, it occuples 21 N 12t
latitude and 72° E 52' longitude and is situated on the
bank of the river Tapl. Topographically city can be . -
divided into two msjor parts = city within t he Fort wall
which was constructed by Nawab Gyasuddin in the year 1667
to protect the city from outside attack snd the other area
which has recently developed in the last decade and has a
prominent position in industrial developmentss

Existing Tre-tnent stteg:

- As early as 1953, the then Surat Borough Municipa=-
1lity installed the existing Mnjana Sewage Treatment Plant
for the disposal of the wastewater considering the prospec-
tive population of three hundred thousand peoples

1

-

The low lying areas in Nanpura and Sayedpura are
served with two boosting stationse . The wastewater from
these two areas flow under gravity to the lowest spots
loceted in the respective areas from where it is lifted to
the high level gravitation mains so as to feed into the
sunps of central pumping stetion at Salabatpurae The total
collection at the centrel pumping station is again lifted
by means of lel4 n(45 inches) rising main into the sewage
treatment plant at Anjanae B o -

The treatment plant consists of a detritus tank
with cleansing mechanism from where the effluent flows in =

channel at the end of which there is a sump and 76 cm(30 inches)

hume pipe leading into the central column of the circular
primery sedimentation tanke In the clarifier, the sewage

rises from bottom of the central column and flows out through.

the vertical slits provided near the top =and enters the
circular channel by passing over the outlet welr construce
ted at the periphery of the clarifier. The efflueht
thereafter flows to the effluent chamber from where it is
applied to. various parts of the sewage farm. The levels of
the clarifier are so arranged that the wastewater can travel
in all direction upto a distance of about 300m (100 ft)
beyond the limits of the sewage farme The sludge accumulated
»t the bottom of the. clarifier is pumped in%o the primary
digester tsank and the secondary digester tamk provided in a
seriese Here anaerobic digestion takes place and.the gas

generated is used for producing electricity which in turn is .

used for driving motors instelled'on the plsmt. The sludge
which has also high manurial ingredients, frog the digester
is spre=d on the sludge drying beds to recovgy sludge cakese

The plant wes put in operation in thel year 1957 and
since thén the wastewater after only primary treatment 1is
spplied on land for the purpose of lrrigatiomne The ridge and
furrow method is enmnployed for applying wastewatere The
total irrigable area of the Anjana Sewage Farm at present
is only 8el hactres(20 acres)e It Was hoWever 947 hacties

I
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(24 -~cres) upto the yeer 1974, The loss of 1«6 hacters
(4 =cres) is due to the construction of the buildings on

the farne.

The sewWage farm is under the administrative control
of Municipsl Corporation. The corporation authorities not
only apply the wastewater on t he sewage farm but also sell
it to the farmerse The total commend is approximately
101.2 hactres(250 acres)e The surplus wastewater the
qu=ntity of which has considérably increased now-a=dsys
ig =llowed to flow in the Kankara Khadi (Surfece water
course) without any trestmentes This surface water course
ultimately meets the river Tapie.

"The revenue earned by t he Municipal Corporation from
the w-stewster consists of the income from sellings

(1) Sludge cakes as fertilizer
(ii) TWastewater to farmers and
(iii) Crop raised on the sewage farme

The revenue from these sources amaunts to approximately

Rse 2 lacs per annume The crops grown on the sewage farm and
other command area consist of mainly sugarcane and vageta=-
bksse Fodder crop and horticulture are also common on sone
agricultural plotss At present over irrigasion is practi-
ced and the hydrau%ic loading 1s of the order of le5 cw/day
amounting to 150 m°/ha/day. With this rate of loading =nd
command area of 10le2 hactres, the plant cen handle about
15 nld of sewage, assuming continuous sewage irrigstion
round the year which is detrimental to the efficilent
workinge .

N for AU tation:

The existing plant has been designed for the popu~
lation of three hundred thoussnd people only whereas at
present the population is approximately the doublees With
rapid industrialization, 1t is quite possible that the rate
of increesse in population figure may be as high as seven to
eight hundred thous=nde : :

The quantity of weste water depends upon the rate -
of water supply md the populatione The average rate of
water supply for the city of Surat can be setimated as .
200 1 pcde Assuming that 80 percent of water consumed will
turn up as wastewater, the quantity of sewage from aix . ...
hundred thoussnd populstioh will ' 96 mlde _The existing
pl=ant can handle about 15 pmld of sewage only as a result the
surplus quantity of sewage without any treatment is dischar-
ged into the Kankara Khadi leading to the river Tapis Due to
the flow of sewage in the Kankera Khadl it is %olluted and
is k&nown as Koyaldi (putrified) khadi locallye The Indian
Standard (3) recommendations for discherging wastewater into
surface water courses »~re stringent and not met with by this
type of waste disposale ;Moreover dispossl by dipution is
fallacy (l)e "Major augmeéntation is therefore necessarye

sibl ent ions o
The augméntation’may'fequire'additional“treathent
facilities in the form of secondary treatment units like
trickling filter or activated sludge process to be designed
for the prospective population of about eight hundred '
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thousand peoplee The augmentation can also be achieved by
utilising the wastewater vor the purpose of irrigatione. The
results of sewage irrigation farm at Anjana are very en-
couraging and will attrect the farmers to use the effluent
for irrigatione. This type of scheme will not only add to
the revenue of the corporetion but also have the capital
which will otherwise be necessary for providing secondary
trestment units and their subsequent operation and maint-
ENNCE e R S . ) .

The city of Surat is developed on the bank of the
river Tepi and can be conveniently divided into different
zonese ,.Instead of expanding the sewage farm at Anjana, land
dispos~l schemes can be designed for different zonese. On an
average the recommended level of irrigation can be about 5 cw/
wk requiring 14 hactres of land for disposal of 1 mld of
sewagees Additional area of same magnitude will be required
for alternate drying and irrigation. Thus for efficient land
disposal, area required will be 28 hactres for 1 mld ofB‘
sewages This will give the hydraulic loading og 7143 n
ha/day which is recommended for clay loam type of soil of
Surat region (4)a. : ’

In India three systems of sewage farm management are
in vogue (2) . ] _
(i) L-~nd is owned and cultivated by the local

authoritiess :

(ii) L-nd is owned by the local authority but
is given on lease on contract basis for a
period of 1 to 5 years for cultigationo

(i1ii) Lend is owned by the cultivators,

The municipal authorities should not acquire the land for the
the wastewater disposal but manage only small demonstration
farms to encourage the farmers to use the wastewater for the
purpose of irrigations Primary treatment plants like
detritus tank and clarifier can be located on these demonse
tration farmse -

Conclugion:

The sewage irrigation farm at Anjana utilizes the
wastewater of Surat City after primary treatment. This
plant was originally desiganed for only three hundred
thousand populstions Now the popwulation being of the order
of six hundred thousand, the quantity of wastewater has
increased and as a result the plant is not capable of ‘handling
the extra volume of the wastewater which is discharged into the
open surfece draine ) _

. This situation necessitates augmentation 66 the
present trestpent system. One of the potentisl alternatives
can be in the form of land disposal-by sewage irrigation.
Municipal authorities instead of acguiring land for disposal
can menage only some demonstrating ssewage farms to attract
the farmers to make use of the segage for the purpose of
irrigsation,

r
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IOW CUST SANITATION BY AN AEROBIC (UPFLOW) ) L T

FILTER SYSTEM.

T s ) e R
Ve Raman ; (Mrse.)SwAe Prtkie & AJN. Khan.

- - R iy - - - -— - .- -

Various constraints stand in the weay of providing
conventional sewerage and sewage treatnent systems in the
urben =nd seni-urben -areas in Indinae. These =»re exhorbitant
cost, finance and time factore The demeaning practice of
the scavenging system need to be abolished from social
sngles Low cost simple sanitation systems which can alsor
be considered =2s hygienic and appropriate to the local
conditions, could be alternative ssnitation options.

: Sanitory pour flush water seal pit latrine form
ohe such option for immediate solutlion to the problem in
small and medium size conditionse In water logged and
flooded areas, fissured rescks, unfavourable terrain and
impervious soll formations, these may become unsuiltable from
the points of view of construction, function and underground
pollution traveles Adoption of simple alternative systems
(mey be constlier) need to be given consideratione Septic
tanks with anaerobic (upflow) filter for secondary treatment
followed by grass plots for polishing or composite anaerobic
(upflow) filter systems following by polishing by grass plots,
are some of the unconventional simple treatment systems to
treat domestic sewage in ijdividualy, households, small. conm=
unities, institutions and urban fringe areass

Observations on laboratory pilot and field scale ana-_
erobic filter systems over a period of eight years have
shown conclusively the feasibillty of adopting such a system
and have enablesd the evolution of design criterias.

The anaerobic (upflow) filter is an upflow submerged
contact bed reactor where the Westewater is introduced fronm
the bottom, unlike a conventional trickling filtere The
anaerobic microbial growth is retained on the stone media
making possible proper contact of sewage with biological
solids and proper digestion anserobicallye

The process design perameters for the upflow filter
can be briefly stated as (based on laboratory and field
studies):

Circuler, rectanguler or square box of

Type & shape
water tight masonry construction(Fige2a)

Gravel ;broken stone,overburnt, brick batse

Media s
Size of f 1.9 ciise tO 245 clSe
media

Optimum depth: 115 cms. to 125 cms{can be more, if need be)
of media ~

Hydraulic : 1.5 to 3.4 ms per mg(of plan surface)
loading rate are per 4days

Temperature ¢ 219C to 3300
of sewage

S e g s B W B U D NS e W S SED M M e SES PEe G G e D I e WP R G0 SR et GEY GED S D B B s Y e S P My B e B g See ame ST s g G AP BB G Mt S P WS G

*N»tional Environmental Engineering Research Institute,
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FIG.1 ANAEROBIC FILTER SYSTEM
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Effective : 6 to 12 hours.
Detention ' Sl )
time.

BOD removal

70 to 85%, for influent BOD concentration
efficiency of 110 gg}l

to 300 mg/l.

The anaerobic filter can function as a composite
tre-tment device in which case the sewage should be free
from grit and preferably homogeniseds The filter can also
be used es a secondery treatment device for treating
effluent fronm septic tanks. Overland grass filtretion
treatment of filter effluent can be an useful adjunct for
further polishing the #ffluent from the filter. Alternatively,
the filtered effluent can be led to sosk pits or soil absor=
ption system in which case these last longer than they would
be if septic tank effluents are directly applied to the
systeme. Filge 1 provides the flow sheets for the filter
systems mentioned. Down and upflow filter(Fig. 2B) can be
used where the depth of cutting has to be limited due to
various constraints, keeping the detention capecity. samee

Adventages of such filter systems are :

Simplicity of construction, operation =nd maintenance of
filter, High degree of waste stabilisation, 70 to 80 percent
reduction in BOD and SS, provision of methane gas collection.

Low production of waste biological sludge;

low nutrient requirenents;

low capitsl and aperating costssg ‘ . -
low loss of head in normal operation of filter(10 to 15 cmsd
relntively clear, odour and nuisance free efﬁiuent
efficiency is not affected by intermittent flowsjg

can be used as compact unit along with septic tank,
or complete unit by itselfe.

filter cen operate without clogging for one to 2 years
(if sewage ig free from grit)

reduction in septic tank capacity of filter is used
as secondary treatment device; -

-~

periodic flushing of filter once in-3 or 6 months from top ;4?

can minimise clogging(as the sludge adhering to stones can
be easily dislodged)

complete removal of ascaris eggs as seyage passes through
the filter is obtainede.

polishing in grass plots enhance the quality of effluent

and adds to De0e of effluent after grass filtration by
1 to 2 mg/l. . :

Limitations:

. Relatively long period (15 to 30 days) is required
for stert up of the processe.
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- Clogging will occur after continuous operation(over

a period of one year or so), and this can be minimised by
periodic flushing and keeping the sewage grit free.

Overland Grass Filtration:

Overland flow through grass plots was used for
tploshing! of the anaerobic filter effluent. Dub grass
(Cynodon SP) wes grown in small plots of 3m x 1m and
7m x lme The filter effluent was allowed to flow over
these grass plots every dalternate daye There was build
up of dissolved oxygen upto 1 to 2 mg/l and further reduc-
tilon in BOD as the effluent flowed out of the grass plote.

Qverland Grass Filtration:
Type of grass ~ = : B Dub grass (Cynodon Sp.)
Hydraulic Loading 2 70,8 to 1.5 ma/mz/day.

Minimum numberﬂbf :j'é (alternate applications wetting
plots & drying)

-1 in 80 to 100

BsOeDe Temoval . = s — B ez
efficiency 40 to 60 percent E

" 0.8 mg/1l to le5 mg/le

Slope

Incre=se in D.0e.

owl enents

Thanks are due to Dre B.B. Sundaresan, Director,
NEERI for hils kind permission to prepare and present this
papeTe : : — - :
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ENVIRONMENTAL SANITATION- PRESENT STATUS OF
METROPOLITAN CITIES OF GUJARAT STATE.,

Lo % T
C.C. Shah and G.A., Gosla
Environmental Sanitation is a very wide term in its acope,
Here attention is being focussed on water sanitation in metro-
politan cities of Gujarat State., An attempt has .been made to
discuss the present sanitary conditions of five ‘cities ViZe,
hmedaqu Baroda, Surat, Rajkot and Bhavnagar.

Except Rajkot, all other 01t1es vlz. Ahmedabad Baroda,
Surat and Bhavnagar have under ground drainage system. Rajkot
has got open surface draing. Dur to rapid growth in popula-
tion, simultanious urban development and industrialisation,
existing drainage system of all cities are overloade€d. and
part of area, of these citlies are not yet covered under the
undergound drainage system, In such area, facilities such as
septic tank=soak pit system pit privy etc. are provided.
Present status of metropolitan cities are tabulated in Table
AT, 7 oL o

- P T2 T

Cities like Aumedabad, Baroda, Surat and Bhavnagar have
got sewage treatment fac111t1es; These treatment plants are
also overloaded and at present all the municipal corporations
are planning to provide additional treatmert. units under
financial assistance of World Bank. Present situation of
metropolitan cities considering drainage facilities and
treatment are discussed as under

Ahmedebad: HAhmedabad is the biggest city of Gujarat State
haveing population of 25 lakhs., Ahmebabad has got two
treatment plants (1) Pirana with capacity of 2920 lacs 1pd
and Vasana with 670 lacs 1pd. Treatment plant includes
sedimentation and biological trickling filters Treated
effluent is discharged into river Sabarmati at a point
downstream of Ahmedabad.
Baroda: Baroda is considered as one of the cleanest city in
Tndia. Total population is 7 lacs out of which 80 percent is
covered with underground sewerage. Total quantity of sewage is
treated in three treatmdnt plants viz, Tarsali Treatment
plant, Wadi treatment plant and Atladara treatment plant .
with capaclty of 90 lacs 1pd, 450 lacs 1pd and 270 lacs 1pd
respectively. Tarasali treatment plant has got extended
aeration system and other two have conventional treatment
plants,., From Barsali & Wadi treatment plants treated sewage
is discharged into river Jambuva and the Atladara treatment
plant trcated wastewater is discharged into river Vishwamitri.

Surats Surat is having a population of 5 lacs out of which

acs is covered under sewerage system and remaining popula=-
tion is having septic tanke-soak pit system and conservatory
latrones. Total quantity of sewage is 550 lacs 1pd out of
which 150 lacs 1pd is used for irrigation and 400 lass 1pd
is discharged into river Mindhola through Kankara Khadi after
treatment in Anjana treatment works,

Bhavnagar: Bhavnagar Municipality has been recently converted
into Municipal Corporation, It has population of 3 lacs out
of which 2 lacs are covered under sewerage system and one
#pc. is covered under septic tank-soak pit sytem. Bhavnagar
has got treatments work with conventional treabmentunits and
treated sewage is discharged into Bhavnagar creek.

¥y TEnv, Engineer, Guharat water pollution Control Board,
r e
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Rajkot: Rajkot is having a population of 3.5 lacs out of
wEicE 2,5 lacs are covered with open surface drains and
remaining are with conservancy latrines, pit privy facili-
ties and septic tank=—soak pit system.

Rajkot has no treetment facilities and sewage is at
present discharged into river Aji. Part of the sewage is
used for irrigation. The work of providing underground
drainage scheme is under progress and 20% work has been
completed., Out of 54 munttipalities, 22 cities of Gujerat
have got underground drainage system with sewage treatment
plant, Other cities have already planned for such schemes
and work is in progress.

-- t - oy

v

Urban Development Authority is planning the underground
sanitation project for the surrounding areas of the Metro-
politan cities in Gujarat. G.W.S.S.B. is planning to cover
many Urban towns under low cost sanitation programme,

From above discussion, it can be concluded that existing
treatment facilities in all metropolitan cities of Gujarat
are over loaded and require major modification and altermation
and-additional treatment units., Gujarat Water Pollution .
Control Board is monitoring the treatmd sewage of all these
cities and has directed all Municipal Corporation to go for

additional treatment units.

-
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‘Environmental Sanitation status of Metropolitan cities of Gujarat State

TAB LI A

Name of
city

Ahmedabad

Baroda

mﬁﬂm&
Rajkot

Bhavnagar

F

Populdiion in Sewer Populatin in lac c¢covered undér Sewage treat-' Point mH
lacs system, Septic tank-soak Conservancy Open nent plant ’ disposal
pit system, latrines Surface capacity
drains,
25 .. 20 5 - ‘ - Pirana 292 mlpd Sabarmati river
i o |
7 5.6 1ol - - Tarsali 9 mlpd River Jambuva
: Wadi 45 mlpd & Vishwamitri
O Atladara 27 mlpd ’
5 3 025 0.75 - Anjana 55 mlpd River Mindhola
345 , - 0.5 0«5 2,5 - River au.
3 ] 2 1 - - 45 mlpd Bhavnagar creek
«-
° e @ . .
«(}
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AERATED LAGOONS AT MECON-SATL TOWNSHI> RANCHI.

* SR
M, VIVEKANANDAN AND D.N, BHATTACH/RYA

Introduction:

MECON=-SAIL township is one of the most well planned
township in Ranchi City. ‘At present the township has 1470
residential houses for MECON and SM L employees. The houses
constructed during earlier stage development of the township
are served with local septic tanks and soak pits for sewage
disposal, It was observed during mansoons that the dwmve
sytem was ineffective and creating nuisance in certain places
due to high water table conditions. During expension stage
of the township it was felt to have a centralized sewage
treatment plant for effective treatment of raw sewage to the
required effluent standards, The present article describes
the salient features of the sewage treatment plant construc-—
ted in the expansion area of the township. The sewage
treatment plant is of aerated lagoon type and it is well
designed, constructed and being maintained in good condition,

Plent Location and Capacity:

The sewage treatment plant is located on the south
side of the township expansion near Bhusur river., The plant
serves the entire expansion of the townshipand also certain
portion of the existing township.,

The first phase design population is 5,500 upto the
year ending 1982, The ultimate design populatlon is estima&ted
about 9200 during the period 1982 to 1990. The proposed water
supply is 365 litres/day/capita. On the basis of the above
population e nd water supply demand and with some amount of
ground water infiltration 1?to the swwer sgstem, the plant

capac%?g is arrived as 84 m”?=h in the first phase and
140 in the ultimate phase.

Selection of aerated lagoonss

After a detailed study, aerated lagoons are found to
be more suitable for the township than other type of treat-
ment plants. The main reasons for selection of aerated
lagoons are * (i) Aerated laéoons require less land area than
stabilization lagooms. (ii) There is no day to day sludge

handling problem, (iii) There is no smell or psychoda suisance.,

(iv) They reguire less mechanical e@ulpments than oxidation.
ditch and:conventional plants. (v) “hey require less electric
power and skilled operations, less capita% and running
expenditure, compared ta oxidetion ditch and conventional
plants.

Process desc;;ption:

Raw sewage after screening and grit removal enters
the aerated lagoons in parallel., Artificial aeration is
maintained on the surface cf the lagoon by fixed type surface
aerators, The +top zong of the lagoon is under aerobic con-
dition and solids undergo cerobic decomposltion. The aera-
tion is maintained such thiyt there is no complete mixing of
tank contents, Certain ariruntof solids always settles at the
bottom of the lagoon and yadergoes an aerobic decomposition,

* TIE, MJ.CON, RANCHI
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The treated effluent passes to a polishing laggon
where further purification of .effluent takes place, The
effluent from the polishing lagoon is discharted into natural
water course after disinfection using bleaching powder
solution, .-

Descriptiin of the warious unitss

The drawing in the ANNEXURE - A indicates the layout
plan of the sewage treatment plant at MECON;SAIL townshlp
(SHYAMALT) Ranch:u ,

The plant comprises the folleding units: 1. Coarse
screen, 2, Raw sewage pump house, 3.  Fine screen, 4, Grit
chanriels, 5, Distribution pit, 6. Aerated lagoons.,

7. Common effluent channel, 8, Polishing lagoon, 9. Bleaching
powder solution tanks and chlorlne contact chambers,
10, V=notches and outfall channel.

1. Coarse-screen:

we

The raw sewage from the sewer system of the township
enters the Cparse screén channel through ‘500 wm dia. sewer at
5.0 m, below G.L, One set of vertical screens are provided
and they are operated by chalnpulley mechanism, ‘he arrange
ment is such that when one screen is lifted for cleaning
operations, the other will get lowered in position automati-
cally to ensure continuous operation, The spacing between
coarses screen bars is 50 nn clear. : — . T

2ie Raw sewage p house:

i) Wet well

. The sewage flows jinto the Wet/sump after‘pa551ng
thraugh the coarse screen, The wet well is of anmular ring
shape surrounding the dry well. The wet well is prov1ded
with emergency overflow outlet and also inlet for rece1V1ng
me@mM@fmmmeh@m&“‘ﬁ

ii) Deywell :
¢ The dry Well is of clrcular cross section of 5.83 m
inner dia 7.65 overall depth below G,L. The dry well accommo-

" ‘dates 2 Nos. electrically driven vertical pumpset and 1 no.,

diesel engine driven horizontal pumpset with engine, All the
pumpsets 'are of non—clog type with 150 m’/h capacity and 10.5
m total head each, : Necessary space provision for 1 No.
vertical pumpset lS kept for ultlmate phase expansion.

There is a dralnage sump below the floor level of the
dry well to receive any seépage or accidental leakages )
inside the .dry wéll % Nos. vertlcal drainage sump pumpsets
are provided W1th 15 m?/h Gapacty and 11, O m total head each,
iii) MCC room 3 ey s
LY LT

The MCC room over the dry well accommodates electric
motors and common MCC panel for pumpsets, aerators, ventila-
ting fan etc, Automatic liquid level.controls are provided
for electric pumpsets in addition to manual controls.

The sewage pumphouse is provided with forced draft
ventilatlion facilities. 4 chain pulley block with monorail
is provided for handling the equipments insdde the pumphouse,



27

UNRVD TIV3100

WOood HOLYRINOTHD

HICROA wzﬂ%« e

Go0isl-IIVOS

NVIa IOV T°Lny g
R ED .,.ﬁ,m.m 3¢ .,gmm

IAONVESNDISNYJ <3
“dINSNMOY TS NOIIW

SHNVL plan1os ™

' Apﬂi.‘»v.ﬂ.\.w .
TMJ..M. S \\.v.sinié > he— T i n
: | | <

B . . g3Am ¥hSOR

)

il.«ln.n-’
R
E
2t ssvd-A@ Iwaanaay .
AaaNNvVHD AN TI2 NOWWoD

Lorys

WX3 FLVWILN

—

T!.up. ;

/
-l —1.J
HH NOO9vWI _  RBE H g 1 {uornd) HH
iH Swinsthiog  HE ©NOoSvR |\ [t TNooowT  HH: xis
mq 7 HR O eeemdv ) [ TVEIv T,% ety
£l Heseers 1 - Hi 9
L &gg = ﬂ 1
S 130 Hwﬂ._muv _
e 4 K ;.
R At i gl W XY rﬂﬂtw — | u—\‘ W K W T
R’ BYEYRVYE ) N, - g ) § L
[ U U ———. ) 3ot e ey
| : I NEEASTNISIE - .
¥ INRTIIIT TVRIS SYRITEO
. - _ €S vHD 114

.

T MOTRITAD ASYMBE MY

-

WE 1M TENYOD

...-\_.-. { QF
u.mﬁa bond) WIS

Tan——“"

R aS 1w Mk AR Mueen

277




-~

- 218 =

3. Eine screen )

The common header and drainage header from the raw
sewage pumphouse discharge the flows into the fine screen
channel, The fine screen channel is just before the pair
ofogrlt channels, The fine screen is of fixed type making
457 angle to the floor of the channel, The spacing of the
screen bars is 16 mm clear,

e Grit Ehannels:

A pair of grit chaennels with a parabollc cross
section is provided and the size of each chammel is 17.25 u
length 0, 64 m width and 1,36 m overall depth., Each chauel
is provided with hand operated penstock at its ends, To .
maintain a constant velocity a rectangular control section
is provided at the down stream end of the channel During
normal operation one channel will be functioning, while the
other is in cleaning operation., A deep space is provided at
the bottom of the channel for grit accumulation. A drain pipe
with valve arrangement is provided at the bobtom of each
channel for draining out the grit material,

5. Distribution pit

Sewage after passing through the fine screen and
geit channel enters the distribution pit of semi-circular
cross section., Sewage flows from the inner to outer
chamber of distributi&n pit through 3 Nos. of 300 mm wide
rectangular notches, ~he outer chamber is again divided into
three compartments and each ccmpartment Ls connected to the
respective aerated lagoons through 300 mm dia CI pipes'.

6, Aerated lagoons

The aerated lagions are located in parallel, lagoon
1, and 2 are provided in the first phase and space provision
is kept for lagoon 3 which will be under ultimate expansion,
The sewage flows from the distribution pit into the lagoons
through 300 mm dia C,I, inlet plpes. The designad capacity
of each aerated lagoon is 70 m°/h with 5 days detention,
The average surface area of the lagoon is 75.0 m length x
37.50 m width, The effective depth of the lagoon is 3,00 m
and the free board is 0.60 m., The bund slopes are 1:1.5 imner
and 1:2 outer, The top width of the bund is 1.,50m, T»
prevent any infiltration or leakage, the inner surfaces
of lagoon are provided with flat brick lining of 75 mm thick
and 20 mm thick cement plastering over the brick lining.
. 2 Nos, surface aerators are provided in each lagoomn,
The oxygenation capacity of each surface aerator is 2 Kg/¥W-h
under standard conditions. The aerators are spaced such

+that rach aerator covers half the lagoon area, The aerator

with kiks its assembly is mounted in the aerator platform of

size 2.50 m X 1410 m. A walkway of 1.3 m w1dth connects the

aerator flatform and the bund of the lagoon, The platform

and walkway are supported by a system of R.C.C, columng 1n51de -
the lagoon. } T

Each aerated 1agoon is provided with a draihage pipe
of 200 mm dia CI -pipe at 0,50 m above the bed level, The
drainage pipe is provided with valve and it =mk is connected
to drainage sewer. Thes drainage sewer leads the drainage -
from all the lagoons to the wet well of raw sewega pumphouse,
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The above drainage arrangement facilitates for“draining the
lagoons during desludging,operations.
The effluent from the aeratedrlagoons overflows into
the comm»n effluent channel through outlet chambers, The
outlet chambers are provided sith baffle and weir arrangement.,

7. Common effluent channel

The common effluent channel of rectangular crosse
section leads the effluent to polishing lagoon,

8, Pdlishing lagoon

The designed capacity of polishing lagoon is 140 ms/h
with 1 day detention, The average surface area is 75=0m length
X 37.5 m width, The effective depth of the lagoon is 1,20 m
and 0,60m is the free board, The bund slopes, top wisd
width of bund, lining of the lagoon and drainage arrangement
are similar to that for aerated lagoons. The effluent from
the polishing lagoon overflows through the »utlet chamber
and then passes into the final effluent line of 400 mm to
450 mm dia RCC pipe.

An effluent bypass line of 400mm dia RCC pipe is
provided at the end of common effluent channel and it Joins
the final effluent line before the mixing channel,

9. Bleaching powder solution tank and clorine
contact chambers

For the purpose of disinfection of the treated
effluent, the sewage treatment plant is provided with two
schemes, one using liquid clorine cylinder and the ohher
using bleaching powder, At present bleaching powder solution
is used for disinfection,

There are Zﬁos. bleaching powder solution tanks of
each size 2,00 m X 1.00 x x 1,60 m, The bleaching powder
solution is prepared and stored in the tank itself,4 50 mm
dia.‘\pve pipe with valve arrangement is provided just above
the bottom of each thank for withdrawing the solution. The
solution is fed into the mixing channel where it gets mixed
with the treated effluent from polishing lagoon., The solution
feed is adjusted manually to maintain the required chlorine
r@siduals in the final effluent., At the end of mixing channel
there is a distribution pit which distributes the chlorinated
effluent into 2 Nos. chlorine contact chambers through inlet
channels, A chlorine contact time of 30 min. is maintained
in each tank. The size of each tank is 12.,00m length, 3.00m
width and 1,.,88m overall depth, Baffles are provided in the
chlorine contact chanber to prevent short circuiting. Also
drainage pipe with valve arrangement is provided for cleaning
the chambers., Necessary space for the third chlorine contact
chamber is provided for ultimate phase,

10, V.notches and outfall clennel

The effluent from the chlorine contact chambers
passes into the 1ndlv1dual outlet chammels., At the end of
"each outlet chenmel 90% - notch plste is rovided for flow
measurement., The over flow from the V-notches falls %x into
the common wutfall channel., The outfall channel leads the
final effluent of the paant towards the Bhusur river,

Ae-’
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Final effluent quallty:

TlLe final. effluent quallty of thelseWage treatment
plant conform to IS: 4764 and other limits specified by Bihar
State Pollution Control and prpVention Board Recent test
reports incidating characteristics of raw sewage and final
effluent are given inihe/AgNEX ~Be ) L

" Conclusionand Acknowledgement

The aerated lagoon and at MECON=SAIL townshlp Ranchi zzwmxkx
can be a model plant for similar townships and it is a place
of Environmental Engineering interest for those who would
like to visit the plant. Tha authors are thankful to the

“authorities of MECON for their kind permission in presenting

this paper. Authors are also thankful to Shri N.M. Saxena,
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ombwboememﬂHﬁm OF RAW SEWAGE AD FINAL EFFLUENT OF
THE SEWAGE TREATMENT PIANT AT MECON~SAIL TOWNSHIP, RANCHI

I ATE OF SMPLING ﬁoﬂ-mm \_\u_.o.NomN 2 oﬂcmm Nmowﬂ_omm D.omomm \_A.momm Nmom.mm Ac@omm mo@omN \_mo@.mm

CHARACTERISTICS 2 m m m m m m w._ m m
a2 82 ¥ 92 g4 g2 g2 ®@wg #8Z g2 §g4¢
S Sk §H B £§8B SH ZIH $IHF £k :H ZH
m ML I ZI 2 J @ 3 mo2 w3 0 g
2 .5 =8 = &% & ®§F =28 2% =22 =% 3%
M_.“ __n.r._ ~ L o] [E2 [nof 5 m Iy [ro o (el 7 [av i ol =
41 S5DAY BOD(mg/1l) 70 16 9525 80 15 80 20 7% 12 70 12 175 42 70O 12 80 11 60 9
) (AT °¢) (33). (33) (32) (30) (30) (29) (29) (29) (29) (29)
5 TOTAL SUSPENDED
*SOLIDS (mg/1) 115 30 140 3% 120 20 125 30 85 15 110 20 120 30 110 10 130 15 110 410
W ' Hum .,.u._.ﬂ.\.r.. .NQO ..NQW .No\_ ﬂoN .NcN .N.N .No\_ ﬂou .No‘_ _.an .|\..\_ _NQN .N.N 1N-.\u_. _N.\_ .NoN .NQN .Now .NaO .NaN
4, TOTAL COLONY
COUNT AT 37°¢ - 1 - 45 - 8 - 28 - 12 = 5 = 28 - 2 = 6 = 4
IN 48h PER ml _
5 MPN-E~COLI ' - 1 -250 - ® = 1 - L - 1 = 5 - 1 - 4 - 6
PER 100 ml ~ _ .

NOTE: 1. THE ADOVE FIGURES ARE FROM THE TEST REPORTS SEND BY THE SUPERINTENDENT,
WATER & SEWAGE WORKS, TISCO, JAMSHEDPUR.

2. A RESIDUAL CHLORINE OF O. 1 T0 0.2 mg/1l IS ALWAYS MAINTATNED IN THE FINAL EFFLUENT.
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