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Quantity of Water Supply per day from various Sources
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Approximately per day 39 thousand 505 kilo litres of water is being supplied to
meet the water requirements of Shillong city. According to 2001 census the total
population of Shillong Urban Agglomeration is 267881 persons; consequently the per
capita water supply was 147.47 litres per day. This amount meets the requirement of water
within Shillong. The Central Public Health and Environmental Engineering Organisation
of the Indian Union recommended 125-200 litres of water/capita/day for Class I cities
(Singh 1986)%. But this quantum of water is not equally distributed as suggested by the

zoning of water supply within the Agglomeration. Therefore there are certain severe water

deficient zones within Shillong city.

5.5 Distribution

As there is no water meters installed in the Zonal tanks the quantity of water

supplied to the various localities cannot be assessed accurately. However from the capacity
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of zonal tanks some general inferences can be drawn to the amount of water supplied to the
various localities of Shillong. Table 5.2 gives an idea of the total amount of water supplied

by the Municipality and Public Health Engineering Department of Meghalaya.

Table 5.2: Total quantum of water supplied within the greater Shillong area by the
Municipality and the PHE department (Govt. of Meghalaya)

Capacity of the Reservoir | Location Remarks (Source of Supply)
(lakh Gallons)
6 Mawphlang PHE Reservoir
6 4 ‘2 mile Upper Shillong | PHE Reservoir
3 Barabazar PHE Reservoir
1.60 Barabazar - Municipal Reservoir
1.50 Barabazar Municipal Reservoir
0.75 Mawprem PHE Reservoir
0.60 Mawprem Municipal Reservoir
0.75 Barapathar PHE Reservoir
0.45 Lachumiere PHE Reservoir
2.15 Lachumiere Municipal reservoir
0.60 Upland Road Municipal reservoir
0.75 Pasteur Institute PHE Reservoir
2.56 Assembly Complex PHE Reservoir
1.50 MawiaiWawroh PHE Reservoir
0.05 Mawla: Mawroh *Inv. Div. PHE
0.12 Datbaki Inv. Div. PHE
0.20 Datbaki Inv.Div. PHE
0.20 Kynton Massar Inv. Div.PHE
0.25 PhudMawri Mawlai Zonal Reservoir Under GSWSS**
0.20 Motsviar '
0.15 Nonglum »
0.20 Nonglum »
0.10 Iewrynghep v
0.20 Nongkwar Inv. Div. PHE
0.10 Nongkwar »
0.05 lewrnghep v
0.25 Nonglum N
2.79 Upper Lumpering PHE Reservoir
4.40 Upper Malki ’
3.85 Upper Malki '
0.50 St. Edmunds v
0.20 Nongrimmaw "
7.44 Upper Nongthymmai »s

Sources: Public Health Engineering Department Govt of Meghalaya.
* Investigation Division of PHE Dept.
** Greater Shillong water supply scheme
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The amount of water supplied to the different localities is computed by taking into
account the capacity of the overhead tanks situated in the various localities. It is assumed
that these overhead tanks are receiving the full tank capacity per day. The per cépita water
supply, has been computed by taking the total population receiving water from a particular
tank in full capacity. The zoning concept as followed by the PHE department has been
considered in this study (Table 5.3).

The zonewise data reveals that

(i)  Zone I consisting of police Bazar and Jailroad contains the CBD of Shillong. This
zone occupies the central part of the study area situated in the Laitumkhrah-
Mawkhar upland physiographic unit. This zone is characterised by moderately
steep slope and an absolute relief of 1400-1600metres above m.s.l. being the
nucleus of the city, this is the most congested and densely populated area. Here a
large number of hotels and restaurants are situated which consumes large quantity
of water. Hence the water consumption here is much higher then in the other
parts of the city. During dry season this area suffers from water scarcity inspite of
having surplus water supply in comparison to others.

i) Zone II consisting of Lachumiere and Raj Bhavan area situated in the
Laitumkhrah-Mawkhar physiographic unit. Due to constructional activities
numerous small streams are no longer visible as their beds have been filled up by
concrete structures, residential and office buildings. The absolute relief is 1400-
1600 m above m.s.l. This locality is having surplus water supply. The population

here are mainly consisting of economically well off section of the society. Most
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of the high officials’ quarters are also located here. Field study suggests that most

of the houses have water supply throughout the year and have connections both

from the PHE and Municipality departments.

Table 5.3: Different zones of Shillong Urban area showing average per capita water

supply/day
Zone | Ward Nos Localities Total Capacity | Average Per | Remarks
Townships population | of  the | capita
(2001 tanks in | Supply/
Census) litres day 1n litres
I 9&10 Police Bazar and | 6517 11,65000 | 178 76 The CBD of Shillong There
Jail Road are a number of Hotels
situated here
catering to the floating
population and tourists
11 7&8 European Ward | 9014 11,8300 | 13124 Mainly Residential and
Lachumiere, Administrative area
Raj Bhavan Having surplus water
ENTHEE! Laitumkhrah, 21273 5,92000 | 2783 Manly residential
New  Colony, institutional and commercial
Don Bosco centre
having acute shortage of
! water
N 15&6 Tripura  castle, | 10907 3385000 | 31035 Mainly  Residential  and
Dhankheti Commercial area having the
Malks area highest per capita water
supply in Shillong Hater
surplus
Zone
\ Town ships ot All the locahiies | 50909 3754000 | 73 74 Mainly residential area with
\Madanrting & of Madanrung & some commercial
\ongthymmai \ongthy mmai Actnvities
VI& 11 & Townships | Nehru  colony, | 38006 364000 | 958 Manly residential area with
" of Pynthorunkhrh, some commercial activities
Pynthorumhhrh | Nongmynsong This area has the least per
\ongmynsong capita water Supply
VT Township of All localities of | 38241 126900 3891 Mainly residential area with
Mawlal Mawlat some commercial &
f institutional activities
( N | 22227 Rilbong, 26358 12,69000 | 48 14 Residential atca with some
| Kenches trace, commercial actnities Water
Laban shortage zone
Lumpering
vl 12-2 Vawkhar 54262 213900 | 394] Commercial and
Umsohson Residential area
! Riasamthia Water shortage is acute
W ahingdoh
Jaiaw  Paltan
bazar
Quallapatty
Vawprem
Jhalupara

Sources PHE Department and Census of Meghalaya ( 2001)

The Per capita water supply 1s computed by the researcher
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(ii1) Zone III consist of Laitumkhrah. New colony, Donbosco area. This is mainly a

residential cum institutional zone. This area can be regarded as a sub city centre.
Most of the schools and colle;:es of Shillong are located here. This zone is
located in the Laitumkhrah-\awkhar upland physiographic unit. The southern
and central part of this zone is having more or less uniform terrain. The northern
part is abruptly falling towards the Pynthorumkhrah valley. Most of this zone has
an absolute relief between 1400meters to 1600 meters while the southern part of
this zone has an absolute relief of 1600-1800 meters above mean sea level. The
average slope for this zone is moderately steep. The water distribution within this
Zone is unequal. Due to the nature of the slope gradient the water supply to the

different settlements requires special efforts. Hence each individual house is

supplied water from the main tanks of the locality through individual pipelines.
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This often results to wastage and contamination of water as it becomes difficult to
maintain so many pipes that often leaks. The pipes pass through the drains of the
localities. Therefore there are possibilities of contamination. The per capita water
shortage is acute here due to the presence of many private hostels that caters to
the residing in the hostels. During shortage individuals buy water. During the
rainy season some families collect rain water to meet their water demand.

Zone IV comprising of Tripura Castle, Dhankheti and Malki localities are close
to the water shed zone of Shillong. Malki and Tripura Castle are located in the
northern slopes of the Shillong range. The absolute relief of this zone is 1800-
1600 meters above m.s.l. This Zone has moderately steep to steep slopes. A large
number of primary order streams are coming down the slopes of this Zone which
have now turned into garbage dumps. It is observed that the population living in
this zone is having surplus water as the per capita supply per day works out to be
as high as 310 litres on an average. The PHE maintains that much of the extra
water from this zone is supplied to the water deficient Zone I1I

Zone V consists of the townships of Nongthymmai and Madanrting situated
towards the northern siopes of the Shillong ridge marking the southern boundary
of Shillong. This township occupies a total area of 2.93 and 2.11 sq km of area
respectively and supports 19 percent of the total urban population of Shillong.
But the water supply for this population works out to be 73.74 litres per capita per
day. Hence the shortfall per capita even at 100 litres per person per day is about

26.26 percent. Field study (during May & June 2003) suggested that the tank
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installed by the PHE department is not functioning. The population living here
are dependent on local supply of water from the springs located in the reserved
forests close by.

Zone VI and VII comprises of Municipal Ward 11 and the adjacent townships of
Pynthorumkhrah and Nongmynsong located towards the north eastern part of the
study area. These townships have an absolute relief of 1400-1600 meters above
mean sea level. This zone suffers from acute shortage in water as it receives only
9.58 litres per capita per day. In order to meet this shortfall the local population is
using the under ground water as the maximum part of this zone lies in the
topographically low area.

Zone VIII consists of Mawlai Township which is situated in the Umkhrah-
Umshing water divide. The absolute relief is about 1400-1600 meters. The
township supports about 14.27 percent of the total urban population of Shillong
Urban Agglomeration. It occupies about 6.14 sq km area. It is mainly a
residential area having a density of 6228 persons per sq km. The locality receives

38.91 litres of water per capita per day.

(viii) Zone IX consist of Municipal Ward numbers 22,23,24,25, 26 and 27 comprising

the localities of Rilbong, Kenchestrace Laban and Lumpering located toward the
south western part of the study area towards the northern slopes of the Shillong
ranges. River Umshirpi and its primary order streams flow through this zone. It is
mainly a residential zone supporting 9.84 percent of the total population of

Shillong Urban Agglomeration. The households receives water about 48.14 litres
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per day per capita hence the shortage is about 51.86 percent per capita per day if
the WHO norm is taken into consideration. This zone is close to the Municipal
water source of the Shillong Urban Agglomeration. This fragile wafer zone 1is
required proper care so that no deforestation and unwanted urban growth takes
place. The absolute relief here ranges from 1600 meters to 1800 meters with
some area toward the south having an absolute relief of more then 1800 meters
above mean sea level.

(ix) Zone X consists of the localities. of Mawkhar, Umsawsohn, Paltanbazar,
Mawprem and lewduh area. It is densely populated with the whole sale market
being located here. The zone is having both residential and commercial activities.
The zone supports 20.25 percent of the total population of Shillong Urban
Agglomeration. The area receives water about 39.41 litres per capita per day

(Tabie 2.4).Therefore this zone has water shortage.

Besides these zones the Cantonment of Shillong located in the Umshirpi basin
towards the western side of the Shillong Municipality has its own water supply from the
Riad Laban source near forest nursery about 0.5 km upslope from the adjacent PWD road

(PHE Report 2001)*.
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Table 5.4: The Zonal water Distribution within Shillong Urban Agglomerations and the per

capita per day supply
Zone | Ward Nos. Localities Total Capacity Average Remarks )
Townships population | of the tanks Per capita
(2001 in litres Supply/ day
Census) in litres
I 9410 Police Bazar 6517 11,65000 178.76 CBD of Shillong There
and Jail Road (Actual are a number of Hotels
Requirement situated here
814625 litres) catering to the floating
opulation and tourists
1l 7&8 European Ward- 9014 11,8300 131 24 Mainly residential and
Lachumiere, (actual Administrative area having
Raj Bhavan requirement surplus Water
Area 1126750
litres)
Hi 14 Laitumkhrah, 21273 5,92000 27.83 Mainly residential,
New Colony (Actual institutional and
Don Bosco Requirement commercial centre
2659125litres having acute shortage of
water to the tune of
2067125 litres/ day
v 5&6 Tripura castle, 10907 3385000 310.35 Mainly residential
Dhankhets, (actual and commercial  area
Malki area requirement having the highest per
13633750itres) capita water supply 1n
Shillong Water surplus (s
to the tune of 2021623
hitres/day
\Y Town ships of All the localities of 50909 3754000 7374 Mainly residential
Madanrting & Madanrung ‘ (actual Area with some
Nongthymmai and i requirement commercial activites
Nongthymmai ! 6363625Istres There 1s Shortage of water
to the tune of 2609623
htres/day
VI&VII} 11&Townships Nehru colony. 38006 3,64000 958 Mainly residennial  area
of Pynthorumkhrh, | Pynthorunkhrh (actual with some commercial
Nongmynsong Nongmynsong requirement activiies This area feast
) 47507500tres capita water supply The
shortage 1s to the twne &
4386750 litres /day
VHI Township of Al localities 38241 126900 3891 Mainly residential  area
Mawlai of Mawlai (actual with some Commercial |
requirement and institutional activities i
4780125htres There 1s shortage of water
to the tune of 4633225
ht/day
IX 22-27 Rilbong, 1 26358 12,69000 48 14 Residential area with some
Kenchestrace. (actual commercial activities
Laban, “ requirement Water shortage 1s to the
Lumpering 32947501itres tune of 2025750 litres/day |
X 12-21 Mawkhar,Umsohson, | 54262 21,3900 3941 Commercial and
Riasamthia, (actual Residential area
Wahingdoh, requirement Water shortage 15 to the
Jaraw, Paltan bazar 6782750itres tune of 6568850 ht/das
Quallapatty,
Mawprem,Jhalupara

Source PHE Department and Census of Ind:a (2001)

The researcher taking 125htres/capita/day has calculated the actual requirement of water/day



164

t
{ Average per capita Water Supply per day
350 e
> 300 RS
= otess
[=3 [
K]
Q 250 1 55
3 126054
[72] K]
o
5 200 o
0.0
© 50X
3] ] 00
2 150 R
] @ [0
o 100 XS
[ & RX%Y
‘ a KRS »:.:.::
|z s B 33
< R o
[ X X X]
o LB B _
| I n N |
Graph54

5.6 Socio-economic factors determining water supply
(Within the Municipality)

Like other urban centres of India Shillong faces similar problems in regards to
water distribution (Table3.3). The zoning concept of the PHE Department clearly suggests
that there are water surplus zones and water deficient zones. Hence here an attempt has
been made to see the influence of socio-economic factors in the distribution of water. Field
study of the localities referred in Chapter IV of this thesis has been undertaken to see the
influence of socio-economic factors in the distribution of water.

The findings suggest that Lachumiere located in the European Ward has the best
water supply in comparison to the other selected localities of the study area. Lachumiere
having a gentle to moderate slope is ideally suited for settlement. This locality supports
generally the economically well of sections of the society; here more than 92 percent of the

total respondents are having a monthly income of above Rs. 16000. (Table 5.4)
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Lachumiere has also surplus water supply to the tune of 131.24 litres /capita /day. Majority
of the houses are owned by tribal population while the tenants are mainly non tribal.

From the Upper Lachumiere Rongbha Shnong, the following information was
gathered on Oct. 2003.

(a) There is a main water tank and two sub tanks supplying water to five sectors of
Lachumiere. Professors’ colony located in Lower Lachumiere has its own supply,
tapped from a spring.

(b) The Shillong Municipality and the PHE Department looks after the supply of water
to the main water tank.

(c) Some of the households of lower Lachumiere are using underground water. There
are a few springs found in lower Lachumiere especially in Hopkinson Road.

(d) There is adequate supply of water even during dry season.

(e) Leakages of water through pipes are negligible.

(f) The local Dorbar collects Rs. 50 to Rs. 100 per family annually for maintaining
water facilities of the people living here.

(g) 100 percent of the houses have tapped water service within the compound or in the

house.

The next component of the survey is Rilbong representing a non tribal locality. Its
growth can be traced back towards British era when a large section of the Indian officials
serving under the British especially from the erstwhile Bengal migrated here and settled

near the Cantonment. This locality is predominantly non tribal in character about 82.08
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percent of the total population is non tribal (2001 Census). Information collected from the
Rongbha Shnong of Rilbong on Oct. 2003 suggests that.
(a) There are 8 water tanks supplying water to this locality
(b) Data regarding the total capacity of these tanks are not available.
(c) The Municipality supplies water to these 8 watertanks. Water is supplied for 2-3 a
day.
(d) There are no taps near the overhead water tanks. The water tanks and their leakages
are maintained by the locality.
(e) The residents get sufficient water through out the year.
(f) There are two community taps here, one in Rilbong Community centre and the
other at Kenches Trace Community centre.

(2) All the households are supplied water through pipes.

Jhalupara is a designated slum of Shillong. Information collected from the Head

man of Jhalupara on Sept 2003 suggests that
(a) There are three water tanks supplying water to Jhalupara area.
(b) The source of water to these water tanks is from a spring source tapped by the
Cantonment Board
(c) Data regarding the capacity of these three water tanks are not available

(d) There is an acute shortage of water here. Even in the rainy season there is a water

shortage due to leaking pipes.
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(e) Water charges are relatively high. The cantonment Board charges Rupees 60 per
connection per quarterly in a year irrespective of the fact that often these piped
connections to the households remain dry.

(f) About 65-70 percent of the population receives piped water supply within their
house compound. The rest of the populations have to collect water from the public
taps.

(g) Water is being bought and sold within this locality. Each ‘bhar’ of water consisting
of about 10litres approximately costs Rs 15-20 depending on the distance of the

houses from the public taps.
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Table 5.5: Socio-economic characteristics and the nature of water supply of the selected
localities within the municipality

Population Lachumiere Rilbong No. of Jhalupara (No. of
Composition (No. of respondents-100 respondents 100 respondents100)
persons) Persons)
Tribal 60 percent 10 percent 5 percent
Non-Tribal 40 percent 90 percent 95 percent
Income of the Family (in Rupees/ month)
<4000 Nil Nil 20 percent
4000-8000 Nil 16 percent 36 percent
8000-16000 8 percent 47 percent 24 percent
> 16000 92 percent 37 percent 20 percent
No. of Family Members
< 4 (small) 30 percent 26 percent 11 percent
4-6 (medium) 37 percent 63 percent 43 percent
> 6(large) 33 percent 11 percent 46 percent
Quantity of Water Used/day (Avg. amt)
<300litres Nil 23 percent 44 percent
300-600litres 10 percent 26 percent 14 percent
600-900litres 20 percent 20 percent 14 percent
900-1200litres 23 percent 31 percent 10 percent
>1200litres 47 percent nil 18
Quantity of Water Actually required at 100 litres/ capita/day
< 400litres 30 percent 26 percent 11 percent
400-600litres 37 percent 63 percent 43 percent
>600litres. 33 percent 11 percent 46 percent

Is there Shortage of Water

Yes 7 percent only during dry 40 percent during 65 percent (through
season) dry season out the year)

No 93 percent 60 percent 35 percent

Is Water Bought

Yes 7 25 percent 44 percent

No 93 percent 75 percent 56 percent

Source of Water

a. Public tap out side | Nil Nil 49 percent

the compound of the

House

b. Tap within the 100 percent 100 percent 51 percent

compound of the
house

Source: Field investigation.
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The Table 5.4 reveals that

(1) Lachumiere is predominantly a posh locality where 92 percent of its respondents
enjoy a monthly income of above Rs16000 is also enjoying sufficient supply of
water. This locality has surplus water supply. All the households have piped water

supply within the compound of their houses.

The family size of the respondents is essential in order to understand the daily
requirement of water. At Lachumiere about 30 percent of the total respondents live in
small families where the family size is less then 4 members. Hence they basically need
around 400 litres of water per day (if a minimum of 100 litres/person /day is taken) About
37 percent of the respondents of Lachumiere need 400-600 litres of water per day as their
family size are 4-6 members. About 33 percent of the total respondents here need about

600 litres of water per day as their family size is more then 6 members. But in reality
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Lachumiere has excess quantity of water supply. Here 47 percent of the total respondents
use water on an average more then 1200 litres/day of water. This excess consumption of
water is possible because the supply of water here is relatively higher in comparison to the
other zones. The last decadal variation of households here is relatively less about +19.73
(2001 census) Hence the over head tanks are not overburdened with new connections. Here
only 7 percent of the total respondents suffer from water shortage during the dry season.
(2) Rilbong has a dominance of middle class population (more than 50% of the
respondents belonging to the middle income group of Rs. 4000-16000). The family
sizes here are also smaller. About 26 percent of the total respondents live in small
families having less then 4 members hence the requirement of water is less than
400 litres on an average/day. About 63 percent of the respondents are from medium
sized families where the water requirement on an average is 400-600 litres / day.
About 11 percent of the total respondents live in large families where water
requirement/day is more then 600 litres, Field study suggests that 23 percent of the
respondents of Rilbong use less then 300 litres of water/day. About 26 percent of
the total respondents use 300-600 litres of water/day. 26 percent of the total
respondents use 600-900 litres of water/ day while another 20 percent of the total
respondents here use 900-1200 litres of water. The people of this locality use water
judiciously since the quantity of water supplied is not adequate. The decadal
growth rates (1991-2001) of households are very high (+104.98% as per 2001
census). Consequently the demand for water also increases with the increase in

population and households, but the water supply has remained same as the number
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and capacity of the over head tanks have not increased to meet the demand of the
newly added population in the last decade. Here 40 percent of the total respondents
face water shortage during the dry months. About 25 percent of the total
respondents purchases water during the dry months.

(3) Jhalupara represents a water scare locality of Shillong. Only 11 percent of the total
respondents live in small families where the actual requirement of water on an
average is about 300 litres per day. Field study reveals that about 44 percent of the
total respondents have lees than 300 litres of water supply /day indicating severe
water shortage. About 65 percent of the total respondents here suffer from water
shortage throughout the year. 44 percent of the total respondents purchase water for
their daily need. 51 percent of the total respondents collect their daily their daily

requirement of water from public taps located by the side of the street.

Hence within the Shillong Municipality water distribution system is not uniform
while some areas have excess water others suffer from acute shortage of water. A general
observation suggests that more than geo-environmental factors like relief average slope etc.
It is perhaps income that determines the quantum of water supply.

Field data suggests that the economically well of section within these selected
localities enjoy and use more water than the economically deprived sections. The relatively

poorer section of the population often purchases water at a price which is costing their

meagre income.
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After a discussion on the distribution of water of certain specific localities of
Shillong within the Shillong Municipality and Cantonment it becomes essential to study
the water distribution and management of the unorganised sectors consisting of the five
townships which manages their own waste disposal and to some extent their own water

requirement.

(Outside the Municipality)

The PHE is supposed to look after the water requirement of the five townships
(lying outside the Shillong Municipal limit) under the Greater Shillong Water Supply
Scheme, though not been implemented fully. The eleven localities of Nongthymmai are:
(i) Lumdiangsoh, (ii) Lumpyngad, (iii) Lumsohpoh, (iv) Lawjynreih, (v) Nongkhyreim,
(vi) Dimthring, (vii) Nongrim Hills, (viii) Nongshyllia, (ix) Pokteh, (x) Lumiablot

Pumdum Pokteh and (xi1) Lau-u-Sib.

(a) About 88 percent of the total respondents belong to the tribal communities of which
the Khasis are the dominant group. About 11.76 percent of the total respondents of
Nongthymmai are from non tribal communities. It is observed that the localities of
Pokteh, Lumsohpoh and Lawjynriew have 100 percent of their respondents
belonging to tribal communities. Lau-u-sib has the maximum number of non tribal
respondents in comparison to the other localities of Nongthymmai accounting for

29.41 percent of the total respondents.
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(b) As regards to the economic status it is observed that Nongthymmai as a whole is
consisting of residents from the moderate income group. Lumdiansoh, Nongrim
hills, Pokteh have more of richer section of the population as 41.18 per'cent of the
total respondents have a monthly income of above Rs 16000/month. While in
Pokteh 52.94 percent of the total respondents generate a monthly income of above
Rs 16000/month. Lau-u-sib and Lumiablot, Dumdum, Pokteh are having relatively
poorer section of the population where 35.29 percent and 23.53 percent of the total
respondents’ monthly income is less then Rs 5000 a month.

(c) The family size is an important indicator to understanding the actual requirement of
water/day. It is observed that 46.52 percent of the total respondents live in large
families having more then six members. While only 14.44 percent of the total
respondents live in small families having less than 4 members and about 39.04
percent of the total respondents live in medium sized families. The total water
requirement is about 400-600 litres/day as the family members vary between 4-3
members. Since there is a shortage of water supply people buy water during dry
season.

(d) Regarding the source of water supply it is observed that about 100 percent of the
respondents are using taps which are fed from natural springs from the nearby
forest. The Kharkongor clan of the locality is controlling the water resource of this
township as these spring sources located in the reserved forest of the Shillong
ranges originally belonged to the Kharkonger clan. About 75.23 percent of the

respondents are paying about Rs 10-20 per month to their respective ‘Rongbha
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Shnong’ for the water supply. Every locality has its own source of water and also
manages their water distribution. Hence a locality wise study as to the source of
water and its management becomes essential and is discussed below.

(1) Lumpyngad located in the upper slopes of Nongthymmai close to the AG
quarters and the reserved forest gets its water supply from Wah Dienglieng
Spring source which is maintained by the local ‘Dorbar’. The water is collected
in two large tanks from where it is supplied to six other tanks. Than it is
supplied water to the individual houses. Each household pays Rs 20/ month to
the local ‘Dorbar’. The water is sufficient during rainy season but during dry
season there are shortages. Water supply is regulated to 1-2 hours in the
morning and in the evening. There are no community taps in the locality and
selling of water is strictly prohibited by the local ‘Dorbar’.

(2) Lumdiangsoh situated on the upslope of Fire Brigade has its own arrangement
of water supply. The local *Dorbar’ taps water from a spring source located
within the reserved forest. Water is collected and brought to two overhead tanks
and is supplied to the individual houses. One house one water connection is
strictly followed. The house owners have to pay Rs35 / month and the tenants
are charged Rs20/month by the local ‘Dorbar.’ There is no acute water shortage
in the rainy season but during dry season the locality faces water shortage, there
is regulated water supply for two hours a day usually in the morning and

evening. There are no community taps and water sellers here.
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(3) Lumsohpuh located close to the SMC hospital has its own water supply located
in the Reserved Forest. This was initially looked after by the PHE department
but at present is looked after by the local ‘Dorbar’. There are two tanks
supplying water to the locality. About 20 percent of the households here do not
have any piped water supply and have to collect water from the community
taps. The water sellers are not allowed to collect water from these community
taps. Every household pays Rs 25/ month as water charges to the local
‘Dorbar’. During dry season there is shortage of water. Water is regulated and
supplied to the houses every alternate day for few hours in the evening and
morning.

(4) Lawjynriew is the largest locality of Nongthymmai. This locality has three
spring sources of water situated in the reserved forest on the upslope of
Nongthymmai. These three sources are controlled by the Kharkongor clan of
the Khasis. Rs 20/month / household are charged for the water supply. There
are three community taps. The PHE also supplies water to this locality but it is
not sufficient to meet the demand. According to the ‘Rongbha Shnong’ of the
locality the water supply over the years is reducing and not sufficient to meet
the actual demands. During rainy season rain water is collected to meet the
water requirement. Most families need to buy water as the shortage is very
high. The water sellers are available in this locality and according to the
distance of the households from the community taps the charges are made.

According to the ‘Rongbha Shnong’ entire Nongthymmai was supposed to
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come under the greater Shillong Water Supply Scheme, a water tank has
already been constructed having a capacity of 3754000 litres. But till date this
facility is yet to reach the people of the locality.

(5) Nongkhyrium situated towards the upslope of Nongthymmai close to the
reserved forest is characterised by steep slopes. This locality has its water
supply from a spring source located within the reserved forest .The PHE
supplies a portion of the water requirement of the people. About 70 percent of
the population have piped water supply within their houses. There are no
community taps in this locality and people collects water from the water tanks
and the streams located nearby. There are three water tanks supplying water to
this locality. The capacities of the water tanks are 10000 gallons, 15000 gallons
and 10000 gallons. Hence the total water supplied to this locality seems to be
35000 gallons /day if the tanks are filled every day. The people here face acute
water crises especially during the dry season and are required to buy water.

(6) Demthring situated on the upper slope of Nongthymmai by the side of the
National Highway has its water supply from spring source located in the upper
ridges of the reserved forest. Each household pays Rs 20/ month to the local
‘Dorbar’ as their water charges. About 20 percent of the population are not
having piped water supply within their compound. There are community taps in
this locality. There is an acute shortage of water especially during the dry
season and some families augment their supply of water by purchasing it from

the water sellers.
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(7) Nongrim, Nongshilliang and Pokteh have their water supply partly met from
the PHE and partly from the Umphyrnai spring sources located in the upper
ridges of Nonthymmai in the reserved forest. Local ‘Dorbar’ collects Rs 20/
momth/household as the expanses for water. There are about 9 community taps
situated within these localities. The people of this locality buy water during dry
season.

(8) Lumiablot, Dum Dum and Pokteh have two sources of water viz. Demthring
spring source which is not within the reserved forest, hence the catchment area
of this source is occupied by people and ecology of the area is disturbed which
is causing water shortage. The second source is near Laitkor Peak situated
within the reserved forest. The PHE has built a reservoir here. RsS5 is charged as
per connection/month by the local ‘Dorbar’ charges Rs 5/month/household as
water tax. There are 5-6 community taps within these localities. The water
sellers collects water from these taps and sell it to the residents.

(9) Lau-u-Sib is a new locality is less crowded than the other localities of
Nongthymmai. Water is collected from the nearby streams. 75 percent of the
population uses the stream for washing purposes. Drinking water is collected
from the community taps which is fed from a spring source located within the
reserved forest. The local ‘Dorbar’ collects Rs 20 /month /household as water

charges.

In Nonthymmai Township
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(i) Most of the water sources feeding this township are community owned
spring/streams located within the reserved forest which skirts the southern
boundary of this township.

(i) The Kharkonger clan emerges as the most dominant clan having a control over
the water resource of this township.

(iii) All the ‘Rongbha Shnongs’ of Nongthymmai are of the opinion that the flow of
water has reduced over the years with the growth of the township. Further with
the growth of Madanrting Township the water supply is further reducing.

(iv) The local ‘Dorbars’ manages the water supply of this township in a better way
than the Shillong Municipal Board, PHE Department or the Cantonment Board
which comes under the organised sector of water distribution. The cleaning of the
over head tanks in most of the localities is undertaken annually by the local
community at least once a year. However in the absence of proper treatment of
water the water sample collected from one of the taps of the locality fed by a
spring source indicates high coliform level to the tune of 140 mpn/ 100 ml of
water. with Ph value of below permissible limit. Therefore the water is not

potable.

5.7 Emerging geo-environmental issues
At present both the quantity and quality of Shillong water is not adequate to meet
the present demand. Besides the socioeconomic factors there are certain geo-environmental

issues associated with the existing water supply of the city.
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The terrain characteristics make it possible for gravity flow of water and most of

the over head tanks are situated on the upslope.

®

(ii)

Due to the undulating topography, underground water cannot be used in most
localities except in the valley areas.
The management of water is difficult due to rugged topography. The areas in the

higher altitude the water flow is better due to high pressure than the lower

altitudes.

(iii) The terrain characteristics of the study area often act as a hindrance to the routing

(iv)

v)

pattern of distribution networks, which result in uneven distribution. Moreover in
the present system of distribution of separate pipes use to feed individual
households, so that water can reach the households located away from the main
tanks. Thus a large number of pipes are seen circuiting throughout Shillong.
These pipes often pass through the main drains of the different localities. Due to
leakage of pipes water tends to get contaminated especially during the rainy
season.

With the growth of population and demand for water increases, thus some parts
of Shillong is facing acute water crisis. Moreover the capacity of the tanks
supplying water to the different localities has not increased while the population
has increased hence the demand for water has increased.

About 3.89 percent of the population occupying approximately 9 percent of the
geographical area of Shillong, people are getting 165 litres of water per capita per

day which is higher than the standard norm. While 96.11 percent of the
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population living in 91 percent of geographical area suffers from shortage of
water.

(vi) Drainage patterns in a hilly area like Shillong are determined by natural contours.
These channels have been disturbed due to constructional activities resulting into
seepage of water into the sub soil, thereby reducing the adhesive quality of the

soil. These results to slope instability and causes silting and flooding of the

natural courses.

The government of Meghalaya with the help of Australian aid has been trying to
improve both the quality and quantity of water supply within the study area and are also

working on a more scientific and organised method of waste disposal.
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6.1 Introduction

The population induced urban growth of Shillong and associated problems of solid
waste disposal and increasing demand for water has been highlighted in the previous
chapters. Here an attempt has been made as to how the urban growth of Shillong
characterised by moderately steep to steep slopes and marked escarpments are having its
impact on the fragile geo-environment. Population concentration over space is associated
with urban problems. Shillong urban area is dominated by numerous primary order
streams, these streams are used as a waste disposal sites by the population residing here.
The unscientific waste disposal is posing serious problems to the hydrology of the area
affecting both quantum and quality of water. Shillong often referred to as the “Scotland of
the East.” is experiencing pollution, loss of water bodies due to increase in urban areas
which is reducing the green areas.

Urbanisation induced by population growth results in increasing demand for water.
But at the same time there occurs a change in the hydrology of the area. Of all the land use
changes urbanisation has by far the maximum impact on the hydrology of the area which
can be grouped into four separable but interrelated effects. These are- (i) changes in the
peak flow characteristics of the streams, (ii) changes in total runoff; (iii) changes in quality
of water, and (iv) changes in the hydrologic amenities (Leopold 1968)".

The change in the flow characteristics of the streams are determined by two
principal factors, viz., the percentage of area made impervious and the rate at which the
water is transmitted across the land to the stream channels. The fopner is governed by the

type of land use and the latter is governed by the density and characteristics of the tributary
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channels which in an urban area is dominated by storm channels. Shillong is characterised
by hilly topography with a large number of primary order streams. The peak flow
characteristics of the streams of Shillong are changing due to channalisaﬁon of its
numerous streams and creation of impervious layers along the banks. Land reclaimed from
these stream areas for urban use is causing high frequency floods during heavy rain (Plate
6.1a,b.).

The volume of runoff is governed primarily by infiltration characteristics and is
related to slope, soil and type of vegetation cover. Hence it is directly affecting the area
covered by settlements, streets and other impervious surfaces. Consequently the volume of
runoff increases due to increase in concrete structures, at the same time the percolation
capacity of the soil reduces due to impervious layer of concrete structures that also reduces
the ground water recharge and leads to decreased water flows and drying up of the streams.
Thus increased imperviousness in Shillong due to rapid urban growth is increasing the
floods during heavy rainfall and decreasing the flow of stream/spring during causing water
scarcity.

The principal affect of land use are due to the exposure of the soil to storm runoff.
This occurs mainly when bare ground is exposed during construction (Leopold 1968)>. In a
hilly area like Shillong where more than 75 percent of the study area is characterised by
moderately steep to steep slopes the sediment yield from the constructional sites tends to
increase as deforestation on the slopes accelerates the erosion and mass wasting processes.

This sediment load is ultimately carried by the numerous primary order streams of the
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study area which increases the turbidity of the streams affects the photosynthesis
processes; this ultimately affects the stream biota.

Moreover in the absence of proper waste disposal facilities the major effect of
urbanisation of Shillong is the release of effluent both organic and inorganic from the
population into the streams. This is degrading the water quality of the entire stream and
thus affecting the very source of water for the population residing not only within Shillong

but also living in the downstream.

6.2 Urban growth and geo-environmental degradation

Urbanisation necessitates a change from a predominantly rural society into an
urban one where the number of people living over space increases in relation to the rural
settlements. It is one of the major causes of social and environmental changes especially in
the developing economies like India. The process of urbanisation brings a continuous
change not only in the quality of life of the residents (the places they work, the quality of
water they drink, the air they breathe and in the house they live) but also a change in the
geo-environment of that area. Urban areas affect the geo- environment in three ways: (i)
Conversion of land to urban uses, (ii) The extraction and depletion of natural resources and
(iii) The disposal of urban wastes

When cities expand the prime agricultural land and habitats such as forests and
wetlands usually transforms into housing: roads and other associated urban functions. In a
hilly topography like Shillong unrestrained urban growth associated with deforestation

especially in the moderately steep to steep slopes results to various geo-environmental
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concerns. The significant concerns are deforestation and improper solid waste disposal

which has a impact on the geo-environment especially on water.

(i) Deforestation

Extensive deforestation is taking its toll on the geo-environment. Many new
localities have come up on forested areas due to population growth. In the relatively steep-
to-steep slopes of above 15°, which are otherwise not suitable for settlements, have
become urban areas. Both private landowners and government machinery is responsible for
the urban proliferation into the forested areas especially the main water shed zone located
towards the south of the study area. Both the central and the state government have set up
its officer’s residential quarters towards the south of the study area within the forested
region e.g. Motinagar, Risa Colony and Cleave Colony. The proliferation into these
protected forests areas as the government does not have enough land in other areas of the
city.

Due to population growth settlements have come up in the higher slopes of
Madanrting, Nongthymmai, Malki, Lumparing, Upper Laban, Kenches Trace, Lawsohtun
localities. These localities and townships are within or very close to the water sources that

feeds the water supply of Shillong. Therefore there are impacts on water sources, which

may lead to water crises in future.



186

Table 6.1: Location of water sources of the Shillong Municipality and its quality

Sources

Location

Coliform
level/100ml of water

Umjasai spring sources -1&2

2km upslope from  the sericulture farm at

Source 1- 140MPN

Lowsohtun Source 2-1600MPN
Wah Jalynnoh spring I km upslope from the sericulture farm at | 920MPN
Lowsohtun
Madan Laban spring 0.4 km from Raid Laban School 1600MPN
Pathakhana spring 0.3 km upslope of Madan laban Spring source 1600MPN

Wahrisa spring sources -1,2
&3

lkm upslope from the PHE officials residential
quarters at Upper Lumpering

Source 1-1600MPN
Source 2-1600MPN
Source 3-1600MPN

Crinoline stream

1.50 km upslope from Nongthymmai, Malki Road/
Hydari Park

NA

Wah  Dienglieng
sources— 1,2, 3,4 &5

spring

3km upslope from the AG official residential
quarters_at Motinagar/Lumpyngad

All the sources -
1600MPN

Source-Public Health Engineering Department, Government of Meghalaya, June 2001.

Table 6.1 suggests that urban proliferation has almost reached to the seven spring
sources of the Shillong Municipal water supply that is resulting to the low flow of water
and increase in contaminatcn: (high coliform level). The coliform level suggests that the
bacteriological characteristics of the sampled water from all the municipal sources 2re not
fit for drinking as the coliform level is much higher than the permissible limit of 10mpn/
100 ml of water (PHE Report 2001)’.

The urban proliferation of Shillong has encroached towards the highest point of the
Meghalaya plateau. The forests towards the south of the city which covers an area of
approximately 20 hectares is the critical catchments for the streams and springs that feeds
almost entire population of Shillong. Within this area population encroachment is rampant.

Therefore, it is bound to atfect the water source and its aquifer, if not today but within a

short period of time.
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The Madanrting Township records the highest positive population growth rate of
81.57 percent in the last decade (census 2001). Deforestation in the higher ridges has
reduced the percolation capacity of the soil, which has caused not only a low discharge of
the streams but also drying up of the streams and spring sources. The Government report
shows that seven springs, which feeds some of the major localities, have dried up in the
recent years. In localities of Laban, Lowsohtun and Upper Nongthymmai are the most
affected areas in the recent years (Directorate of Urban Affairs 1990)*. Indiscriminate
felling of trees and clearing of forests in the catchments have made the problem of water
supply more acute as discussed in the chapter V. Thus, the problem of deforestation is
creating many more associated problems to the geo-environment of the city. The impact of

deforestation on the geo-environment is multiple and important one’s are:

Landslides

The encroachment of urbanisation process on hill slopes affect slope processes and
mass movement of rock wastes. Construction of roads, buildings, laying out of water pipes
etc on higher hill slopes exposes the slopes to the forces of weathering as the vegetal cover
is lost. These weathered material under the impact of gravity and heavy rainfall as
associated with the study area triggers landslides, which are quite common here affecting
not only the geo-environment but also the population living here. Moreover as construction
activities are not properly planned, slope failures and associated landslides are quite

common here especially in the steep slopes of Lumparing and Malki localities.
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Mudflow

Of late, the occurrence of mudflow is noticed in the average slope category of 15-
20°, particularly in the Raid Laban, Upper Shillong and Laitkor area. This phenomenon‘

occurs during the rainy season and affects the valley areas of the streams.

Soil Erosion

Soil erosion in the study area can be attributed mainly to anthropogenic activities.
Due to deforestation large tracts of previously wooded landscapes are cleared and felled
for both constructional activitics as well as demand for timber, this results to high degree
of soil erosion. Morcover as deforestation exposes the bare earth surfaces the kinetic
energy of the rain drops increases and leads (o high soil loss. Once disturbed the slow
growing vegetation is difficult to re-cstablish especially in a hilly area like Shillong. This
may spell disaster as the stcep slopes arc with thin soils which are prone to mass

movements.

Sedimentation of the Streams

The high degree of soil erosion associated with urban constructional activitics and
deforestation has resulted to high sediment deposition on the streambeds which affects
aquatic life. The sediment load increases the turbidity of water and reduces the light
transmition thereby aflecting the photosynthesis process, which is changing the stream

biota (Plate 6.2).
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(ii) Stone Quarry

Urban growth necessitates demand for materials for constructional activitics mainly
boulders and gravels. This has resulted to quarrying activities especially on the moderately
steep to steep slopes which were previously forest areas. Quarrying of stone and sand,
which are carried out with much intensity in certain areas are degrading the already fragile
environment. The quarries are mainly to meet the increasing demand for stones, pebbles
and sands for construction activity. Of late, mechanical stone crushers have been installed
in the quarry sites which generate noise pollution, air pollution and lots of wastes. When
these wastes are being washed down to the streams, it results to heavy sedimentation in the
down streams (Plate 6.3). This creates flooding due shallowness of the streams and
pollutes the water. In areas where stonc quarrying is carried out; it changes the landforms
due to its complete removable of vegetal cover and landmass from the landscape. In and
around Shillong Urban Agglomeration there are 21 numbers of stone and sand quarrics
where mechanical stonc crushers are used. I'rom these quarries alone, an estimated 160-
180 tones of fine sand and silt arc added annually to the streams of Shillong (SPCB Report

2003)’ thereby destroying the aquatic habitat and life forms of the streams.

(iii) Solid Waste Disposals

Urban growth of Shillong has resulted to the concentration of population in the
urban agglomeration. But to mect the needs of the urban population such as waste disposal
facilities are not looked into. These are some of the common problems of Indian cities, so

is Shillong. The cver increasing waste generations in the cities are primarily duce to: (a)
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Population growth, (b) increase in standard of living due to high income resulting to more
waste generation.

In absence of proper waste disposal facilities numerous waste dumping ﬁlaces have
been created in and around the city especially in the localities inhabited by economically
poorer section of the society. It has already been mentioned that the urban sprawl of
Shillong which has resulted to the growth of at least five satellite townships. They are
outside the purview of any solid waste disposal facilities. These townships support more
than 45% of the present population of the study area (census 2001). Hence 45% of the
population’s wastes are totally unaccounted. Within the Municipality and the Cantonment
area some amount of the wastes are collected and dumped at Mawiong. The waste plant at
Mawiong can handle oziv 100 tons of bio-degradable wastes per day: :he non
biodegradable waste is pustad down to the slopes of Mawiong which is the caichants of
the Umiam Lake. The -wzsies which are released untreated are causing sa—: s water
pollution to the lake.

The rough estimate tfrom the present population (Census2001) of Shillong suggests
that the city is presently generating at least 160 metric tons of solid waste/day. Out of this
only 62 percent of the wastes are collected and 38 percent are left behind that pollutes the
geo-environment of the city. The impact of this unscientific waste disposal has led to the

following geo-environmental problems on water.
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(a) Degradation in the Quality of Water

In the absence proper sewage disposal, the surface water drained out from the
various households, especially settled near the stream courses is directly discharging their
wastes on the streams (Plate 6.4). Moreover even the older settlements of Shillong do not
have proper sewage disposal facilities and often these households discharge their sewage in
the local drains which later are discharged into the streams causing more pollution.

Land reclamation on the stream sides are everyday happening (Plate 6.5). It is also
observed that both sides of the streams are usually occupied by motor garages. They
discharges wastes directly into the streams that results severe pollution to the streams.
(Table 6.6 & 6.7)

The various waste dumping grounds around the city are not only a source of
breeding ground of diseases but also affects the water body. The formation of leachates in
the waste dumps due to high humid condciiions percolates to the ground water sources
which pollutes ground water. The surface water bodies are also affected due to the present
nature of waste disposal. The frequent runoffs due to high precipitation of the area carry

loads of wastes to the streams of Shillong which leads to water pollution of the streams

(Table 6.2 & 6.3).

Table 6.2: Water quality of river Umkhrah (1997-1999)

Sampling PH DO mg/1 BOD mg'l COD mg/1 TC MPN /100ml | FC MPN/
Time 100ml
Nov 1997 7 3 94.5 178.5 160000 110000
March 1998 | 7.1 2.5 96.0 189.0 179000 115000
April1999 7.6 - 112.5 210 200000 130000

Source Meghalaya Pollution Control Board (2000) Shillong
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Table 6.3: Water quality of river Umshyrpi (1997-1999)

Sampling time | pH | DO mg/l | BODmg/l | CODmg/l | TC MPN/100ml | FC MPN/
100mt
Nov.1997 7 5.0 79.5 130.0 94000 49000
March 1998 76 |43 84.7 140.5 100000 54000
April 99 74 129 90.8 150.0 1100000 60000

Source: Meghalaya Pollution Control Board (2000) Shillong

(b) Loss of Aquatic Life

In Shillong due to the population growth and high degree of present nature of waste
disposal system has lead to the deterioration of aquatic life of the streams. Absence of
fishes a biological indicator of pollution marks the streams of Shillong. However this was
not the condition of the streams during the British days that had set up their cantonment

here. The presence of fishes especially trout have been recorded (Allen 1916)°.

t3- Loss in the Quantity and Quality of Water

Human activities in the water source regions have resulted to severe loss in both
quantity and quality of water. (Plate 6.6)

In areas like Madanrting where the topography is steep and the forest land is
consistently encroached by settlements. The water supply to Madanrting from one of the
water sources located upslope is affected by the existence of five graveyards just about 100
meters upslope near the water source (Nongkhlaw 2003)’. As Shillong receives heavy
rainfall the rain water seeps into the graveyard pits that percolates down to the water

sources then collects coliforms and pathogenic organisms from the decomposition. Thus

water gets polluted in the source itself
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Due to dumping of wastes into the water bodies the quality of water in the streams
of Shillong is highly polluted. Table 6.2and 6.3 reveals that both Umkhrah and Umshirpi
are highly polluted.

The quality of water in a stream is determined by the amount of dissolved oxygen
level. Higher the dissolved oxygen level better is the quality of water. Organic pollution of
fresh water bodies as well as dumping of solid wastes from domestic and other types of
wastes results in the increase in biological oxygen and chemical oxygen demand, which
depletes the dissolved oxygen level of the streams. This is happening in the streams of
Shillong. Table 6.2 and 6.3 clearly indicates that the dissolved oxygen level in both the
streams of Umshyrp1 and Umbkhrah are decreasing every successive year, while the BOD
and COD are increasing every successive year due to load of wastes dumped into the water
bodies. These loads of nutrients ultimately results in ‘fish kills’ and leads to elimination of
a vanety of fishes (a biologica! indicator to pollution). Ultimately the entire biotic
compositions of the streams are changed resulting to the growth of harmful algae. which is
termed as eutrophication. The consumer of this water may get water borne diseases as

reflected in the table 6.4.

Table 6.4: Cases reported and treated for water borne diseases in East Khasi Hills
(mainly Shillong)

Diseases } 2001 2002 2003 —}
Number & P.C. | Number & P.C. | Number & P.C.

Acute diarthea (including 1 41072 (99.89%) 35696 (99.90%) 36181(99.95%)
_gastroenteritis and cholera) |

1

i

Enteric Fever | 3{.02%) 5 (.02%) 2 (.01%) |
Viral hepatitis 110 (.09) 28 (.08) 17 (.04%) ]
Total L41117 35729 | 36200 ]

Source. Directorate of Health and Fanmuly welfare-Government of Meghalaya
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Shillong predominantly was designed to cater to the need of the British
administration of the Assam province. Initially it was not only the capital of Assam but
was also famous for its salubrious climate that made the British set up their Sanitarium
here. It was regarded as a health center where the British troops could revive their health.
At present the population induced urban growth has been posing problems to the fragile
geo-environmental resource base of the city. l.arge quantities of pollutants and wastes are
being continuously released into the city environment, which is polluting the water
resources of the study area. Table 6.4 shows a patient is being treated for water borne
diseases. More than 99% of people suffer from gastroenteritis and cholera which are

directly linked to consumption of contaminated water.

6.3 Urban Growth and Change in Hydrology

Cities are expanding towards prime agricultural lands, forests and wetlands. These
prime lands are transformed into settlements, roads and other associated urban functions.
With population growth and concentration in the urban areas the demand for the essential
services are increasing including water. This process of urbanisation is distorting the
hydrological systems of the area.

Table 6.5 gives a general idea of how the land use in the urban area brings about a

change in the hydrology of the area.
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Table 6.5: Urban land use changes affecting the hydrology of the area (Modified after
Savini & Kammerer 1961)

Changes in land and water use Possible hydrological effect

Transition from pre urban to early urban stage — | Decrease in transpiration and increase in storm flow.
Removal of trees or vegetation, construction of | Increased sedimentation of streams
scattered houses

Transition from urban to middle urban stage- | Accelerated land erosion and stream sedimentation,
Bulldozing of land for mass housing, removal of | increased flood flows. Elimination of small streams.
top soil

Mass construction of houses, paving of streets, | Decrease in infiltration, resulting in increased flood

building of culverts flows and lowered ground levels, occasional flooding
in channel constrictions.

Diversion of nearby stream for public water supply | Decrease in run off between points of diversion and
disposal

Untreated or inadequately treated sewage | Pollution of streams, death of fishes and other aquatic

discharged into streams life. Inferior quality of water available for supply for

the population living downstream

Transition from middle to late urban stage-More | Reduced infiltration and lowered water table. Streets
urbanisation of the area by addition of more | and gutters act as storm drains creating higher flood
houses and streets, public and commercial | peaks and lower base flow of local streams

buildings
Large quantities of untreated waste discharged into | Increased pollution of streams and concurrent
local streams increased loss of aquatic life. Additional degradation

of water available to downstream users
Source. Environmental Geomorphology and Landscape Conservation Vol. II: Urban areas. P 62

Thus urban growth of Shillong is affecting the hydrology of the area. The wastes
have a negative impact on the geo-environment, as the local ecosystem is not in a position
to assimilate them. Both organic and inorganic discharges contaminate air, land and water
with nutrients and toxics these leads to degradation of both flora and fauna. The population
growth in Shillong is enhancing the growth of urbanisation. This continuous process of
urban proliferation creates increasing demand for water. At the same time the hydrology of

the area is undergoing changes which are creating water crises in the sources.
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6.4 Problems of Water Resources
The main impact of urbanisation on the water resources of Shillong are — (a)
deterioration of the water catchments areas and (b) Deterioration of the stream basin.

Both of them have a negative impact on the quantity and quality of the water

supply of the area.

(i) Deterioration of the Catchments

The catchments of the main water sources of Shillong lie towards the south of
Shillong at higher altitudes. Due to urban sprawl there has been marked deterioration of the
water catchments, since the quality and quantity of water in a river basin is dependent on
the conditions of the catchments

Due to urban sprawl some of the catchments especially in the fringe areas of
Shillong have been devoid of vegetal cover, which have a negative impact on both quantity
and quality of flow of water of the streams.

The traditional practice of bun cultivation which involves cutting and burning of
vegetation cover has a negative impact on the geo-environment. The Catchments of the
streams feeding Shillong’s water supply falls under the jurisdiction of Mylliem,
Mawphlang, Pynursla, and Mawryngkneng CD Block. The population of these blocks
except Mylliem, are rural in character (census 2001). The total rural population consists of
259483 (census 2001) persons whose primary occupation is agriculture. Majority of the

lands are either privately owned land (particularly the cultivable lands) or community
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owned lands (Dympep 1998). The population growth rates in these catchments are seen in

Table 6.6.

Table 6.6: Population growth rate of the catchments and water supply sources of Shillong

CD Blocks Total population | Total population | Decadal variation | Growth rate in
1991 census 2001 census (1991-2001) % (1991-2001)
Mylliem 70607 97559 +26952 +38.17
Mawphlang 46685 55441 +8756 +18.76
Pynursurla 4717 86448 +9277 +19.67
Mawrynkheng | 35914 50053 +14121 +39.32
Total 157923 289501 +131578 +83.32
Source: Census of India 19914&2001, Series 16 Meghalaya Part VIl A&B
Percentage of Decadal Growth rate of the Catchment
. Area (1991-2001)
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The populations residing in these blocks are mainly agriculturalists. The Neolithic

agricultural practices in these blocks are not in coherent with the geo-environment. The

present system of agriculture practice is unsustainable where ‘bun’ cultivation is practiced

(Dympep 1998)°. The population pressure is forcing these traditional agricultural fields for
g

more use of chemical fertilisers, fungicides and insecticides to increase the productivity of
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agriculture. These fertilisers, fungicides, insecticides and pesticides are often used beyond
the permissibie {imit. Therefore the impact is not only on the soils but also on the water
resources as these chemicals gets washed into the water sources thereby contaminating the
water.

The practice of forest leasing out for timber logging without any strong local
institutional binding and management on felling system, the trees are being cut
haphazardly. This is resulting to severe ecological transformation that has an impact on the
geo-environment. This is degenerating the quality and quantity of the water. In the absence
of forest cover the surface runoff increases, which results not only to soil loss but also
water loss.

‘Bun’ system cultivation accelerates the rate of soil erosion, reduces the water
quantity especially during dry season and increases the surface runoff. The practice of
“bun’ method is leading to aridity of the soil since organic matter in the soil is reduced.

This is reducing the porosity of the soil and may lead to drought (Dympep 1998)'°.

(ii) Deterioration of the Stream Basins

Urban growth of Shillong has resulted to severe pollution of the stream basins as
indicated in the following tables -6.7 and 6.8. This gives an idea as to the major types of
waste effluent being discharged into the numerous primary order streams feeding the main

streams of Shillong viz. Umkhrah and Umshirpi.



Table 6.7: Types of waste in the major tributaries of Umhkrah
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Name of Location of Command Area Major
Tributaries confluence Characteristics of
Solid waste
Wah Disoi Below Mawpdang Mawprem,Garikhana, Lamavilla, Domestic and Trade
bridge Mawprem Jaiaw Lengsning,Naspathigari, effluent.
Slaughter House area
Jaiaw Lumsyntiew | Behind old CRPF KJP Synod Hospital ,Jaiaw Domestic and
Drain camp , Mawlai Hospital effluent
Mawlai Phudmuri | Slaughter House Mawlai Phudmauri Slaughter House | Domestic and
Slaughter house
effluent

Mawlai stream

Near cremation
ground Jaiaw

Mawlai, Phudmauri, Nongmali

Domestic and trade
effluent

Jaiaw Drain Near Lawmali Riatsamthia, Jaiaw Domestic effluent
Graveyard

Riatsamthia Lawmali Bridge Riasamthia, Wahingdoh Domestic and

Wahingdoh drain Hospital effluent

Lawmali drain

Lawmali Bridge

Ganesh Das Hospital and Pasteur
Institute

Domestic, Trade and
Hospital effluent

Wahingdoh- Wahingdoh Bridge | Keating Road, Mawlonghat, Domestic and trade

Raimohan drain Motphran, Mawkhar, Policebazar, effluent
Umsohsun, Jail Road, Wahingdoh

Oakland drain Polo bazar Botanical garden, Wards Lake, Domestic and trade
Oakland effluents

Laitumkhrah Drain | 4™ Furlong Lower lachumiere and Laitumkhrah Domestic effluent

Wah Thangsniang
stream

Damsiengiong

Lawjynriew,Lumpyngnad,
Jingkieng,Nongthymmai,Nongrim
Hills, Nongrimbah, Demseingiong

Domestic and Trade
Effluent

Wah Kdiat Below Spread Eagle | Mawpat and Lalchand Domestic effluent
Falls

Phud raimut Lapalang Bridge Happy valley Domestic effluent

Wah Demthring Nongthymmai,demthring, Domestic and Trade

{(principal source Madanrting effluent

of Umkhrah)

* Al the streams have sewage effluent.
Source: State Pollution Control Board (2003): The State of Environment of Shillong City.
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Name of the Location of the Command area Types of solid waste
tributaries confluence '
Motinagar stream Fish dale Motinagar, Fire brigade, Park Domestic, trade, and
view nursing home hospital effluent
Dhankheti stream Near Wood land Parts of Laitumkhrah, woodland | domestic , trade and
Hospital hospital hospital effluent
Malki stream Near seven set school | Malki area Domestic effluent
Wabh Risa stream Near crinoline Malki Reserved forests Fresh water
Swimming pool
Um Kynrud Idgah Laban Laban area Domestic effluent
Wah Sohkhlur Near Kenchestrace Madan laban, Kenchestrace Domestic and garage
Bridge effluent
Um Jasai Near Rilbong bridge Rilbong, Lawsohtun, Defence Domestic effluent
area
Wah Dienglieng

(principal source of
Umshyrpi

Lum Shillong reserved forests

Fresh water

Source: State Pollution Control Report (2003) the state of Environment of Shillong City
* All the streams have sewage effluent.

Consequently population induced urban growth without proper facilities are

creating geo-environmental problems in Shillong which is leading to: (i) accelerated soil

erosion, (ii) permanent loss of water sources and (iii) loss of aquatic life.

The impact on the environment is heightened when the urbanised drainage basin

are small (Wolman 1967)"". The following discussion proves to be true in case of Shillong.

(i) The Shillong Urban Agglomeration is located between two small basins of

Umkhrah and Umshyrpi where Shillong Municipality, the Cantonment, the

townships of Nongthymmai, Pynthorumkhrah and Nongmynsong are located.

The localities support more than 85% of the present population (census 2001).
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(ii) Maximum area of the Shillong Urban Agglomeration comes under relative relief
of 100-200 meters and the absolute relief ranges between 1400-1800 meters
above sea level which indicates considerable relief with undulating topography,
flatlands and steep slopes.

(iii) The rainfall is intensive with an annual average of 2400mm.

The manifestation of urbanisation in Shillong is leading to the emergence of some
well-known geo-environmental problems, these are: (a) Large areas are being covered by
impervious areas that intercept precipitation and increases runoff, (b) the concrete drainage
systems are increasing the runoff, (c) urbanisation is encroaching the stream banks, (d)
improper waste disposal system is polluting the streams, (e) urban growth is accelerating
the erosion and sedimentation processes and (f) changing stream channels are increasing
frequency of floods.

Shillong is located on a hilly terrain, water is becoming a scarce commodity in the
absence of major rivers and rich ground water aquifers. More demand for water is due to
the uﬂprecedented population growth in the last few decades. The rampant pollution is
creating more problems to the meager water resources of the study area. Due to solid waste
disposal to the streams more pollution is created which is much beyond their assimilative
capacities. Table 6.7 & 6.8 reveals the nature of pollutants being added to the main streams
of Shillong at different locations.

An analysis of the Tables 6.2 & 6.3 indicates that both the rivers Umshyrpi and

Umkhrah have become heavily polluted due to the indiscriminate discharge of municipal
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~ solid wastes and raw sewage into these water courses. Regarding the quality of water the
State Pollution Control Board designates the streams of Shillong viz. Umshyrpi and
Umkhrah as the lowest category E and the water here is not fit for even washing of cloths.
River Umkhen receives all the wastes from Madanrting Township while Mawlai
Township’s waste is being received by Umshing. These water bodies ultimately reach the
Umiam Lake. This is causing eutrophication and lowering the expected age of this lake.
The present urban growth of Shillong is leading to problems of waste disposal and
affecting the water supply of the area. At present the water catchments of the Umkhrah,
Umiew, Umkhen, Umshing, Umsohlang have been greatly disturbed by human
interference in the form of urban expansion, quarrying, deforestation and solid waste
disposal. Some of these catchments especially on the fringes of the study area can be

regenerated and conserved by proactive planning.
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CHAPTER VII

SUMMARY, CONCLUSION AND RECOMMENDATIONS



Summary and Conclusion

From the discussion in the preceding chapters it is seen that population growth of

Shillong has ushered in rapid urbanisation of this hill station taking within its ambit

marginal lands which are not ideal for settlements and other urban function. The

population induced urban growth and the associated waste generated by this growing

population creating an impact on the fragile geo-environment of this area especially on

water. Hence the whole study can be summarised below.

()

(ii)

(iii)

Shillong the capital of Meghalaya is an important urban centre of North East
India. It supports about 60 percent of the urban population of the State and 96
percent of the urban population of the East Khasi Hills District.
Physiographically Shillong is situated on the Meghalaya Plateau. this represents
the north eastern extension of the Indian peninsular separated from it by the
Garo-Rajmahal gap. The plateau has a chequered history of geological evolution
uplifted to its present height of about 600-1900 meters above mean sea level
during the post Mesozoic times.

Shillong is a horst in the central upland zone of Meghalaya plateau. Its average
height is 1500 meters above mean sea level The Shillong Peak and Laitkor Peak
are the highest part of the Meghalaya plateau marks the southern boundary of the
city. Hence it 1s in the watershed zone between the streams which originate from
this central upland zone to drain either into the Brahmaputra system in the north

or Surma valley in the south. Numerous streams of primary order which have low
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discharge, dominate the landscape, which is the source of water (domestic,
agricultural and industrial).

Geologically the core of the plateau comprises of the oldest rocks in the State, the
gnessic complex with dominance of Shillong group of rocks comprising of Khasi
greenstones, siltstones, shale, phyllites, sandstone phyllites, quartzites and
conglomerates.

Topographically Shillong consist of five units. They can be identified as the
northern slopes of the Shillong Ridge located towards the south of Shillong. The
Umshirpi valley skirting the south-western part of the study area, the
Laitumkhrah-Mawkhar upland where the main localities of Shillong are located.
The Umkhrah basin lying at a lower altitude. skirts the north eastern section of
the Shillong Urban Agglomeration. The Umkhrah-Umsning water divide is found
towards the north of Shillong. The area slopes gradually toward the north.

There are 11 drainage basins found in the study area. Of which the Umkhrah and
Umshirpi basin encloses the Shillong Municipality having an area of about 10.36
sq km. The township of Nongthymmai is located on the upper course of Umkhrah
basin in which the important stream Demthring is located. The townships of
Pynthorumkhrah and Nongmynsong have less elevation than the Shillong proper.
Madanrting Township is located in the Umkhen basin. The Mawlai Township lies
partly in the Umshing-Umkhrah water divide and partly in the Umshing basin

which has its source from the Mawpat ridge. The Umkhrah, Umshirpi mark the
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northern and southern boundary of the Shillong Municipality respectively. The
Umbkhen has its water source from the Shillong ridges in the south.

(vii) Climatically Shillong can be classed under Cmk designation of Koppen’s climatic ‘
scheme with heavy rainfall during summer and mean annual temperature below
18° centigrade. The average temperature of the hottest month is above 18°
centigrade. The natural vegetation consists mainly of pines and shrubs.

(viii) The Shillong Urban Agglomeration lies to the south of the Shillong Ranges.
Absolute relief increases from north to south. The absolute relief varies between
1080 meters to 1964 meters. About 35.48 percent of the total area is having
absolute relief of 1400-1600 meters, which are ideal for urban expansion. An
analysis of relative relief indicates that about 42 percent of the total area is under
moderate relief of less than 100-200 meters suggesting gentle undulating
topography of the area. This is located towards the central and north-eastern part
of the study area indicating ideal conditions for urban development. An analysis
of average slope also indicates that maximum area of about 62.33 percent of the
master plan area is under moderately steep slope of 10-15° to 15-20° The
topography such as steep slope accounting for 11.09 percent of the total master

plan area and escarpments deter urban expansion.

With population growth there has been an increasing demand and pressure on land

ading to urban sprawl.
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This is amply demonstrated by the inclusion of another township (Nongmynsong)
within the urban agglomeration (2001census).

In the evolution of Shillong it is seen that the city had its birth with the
establishment of the Headquarters of the Khasi and Jaintia Hills by the British in
1863-64, which later became the capital of Assam Province in 1874. While
selecting Shillong for the capital, the climate, presence of water and topography
was kept in mind by the British.

After Independence it was the capital of Assam till 1972 when it started
functioning as the capital of Meghalaya.

During the time of creation of the state there were four units forming the
Shiliong Urban Agglomeration. The total geographical area was 21.27sqkm. The
Municipality supported a population of about 71.41 percent of the total
pcoulation of Shillong Urban Agglomeration. In 2001 Shillong Urban
Azzlomeration consists of seven units, viz., the Municipality, the Cantonment
and five townships of Mawlai, Nongthymmai, Pynthorumkhrah, Madanrting and
Nongmynsong.

At present the Municipality supports about 49.60 percent of the total population
of the Shillong Urban Agglomeration and the townships supports about 45.86
percent of the total population of Shillong Urban Agglomeration. In fact the
Municipality records the least decadal growth rate of —0.88 percent while the
other extreme is the townships of Madanrting recording the highest decadal

growth rate of +85.82 percent (1991-2001). The growth of population in Shillong
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Urban Agglomeration is mainly due to the high growth rate of the satellite
townships located in the periphery.
With population growth and resultant urban expansion the solid waste generated

growing population has also increased. The solid waste collection and disposal

within the Shillong Urban Agglomeration is divided into two sectors. Organised sector-

consisting of

@

(i1)

(iii)

@iv)

™

The Municipality (looking after the waste disposal of 27 wards within the
Municipality) generating around 112 metric tons of solid waste/day. The total
waste collected from these ward is approximately 80 metric tons /day. Hence
slightly above 30 percent of the waste generated /day is not being disposed

The Cantonment Board looks after the solid waste collection and disposal of the
cantonment. The total wzste collection from here is 15-18MT/day

The Syiem of Mylliex icoks after the waste collection and disposal of lewd:=.
Here the approximate w zsie generation is 12-24 metric tons /day of which oni: »
MT of waste is being disposed off at Mawiong.

The unorganised sector consisting of five townships where there are no
organisations looking after the solid waste disposal system. Here the estimated
solid waste generation is approximately 25.75 metric tons/day.

The types of solid waste generated within the Shillong Urban Agglomeration are
mainly Municipal solid waste consisting of household waste, constructiona!
demolition waste. institutional waste, commercial waste and natural waste. Bio-

medical waste, negligible amount of industrial waste.
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(vi) The amount of Municipal solid waste generated within the Shillong Urban

(vin)

{(vils:

(ix)

Agglomeration is approximately 165 metric tons/day. The anaerobic waste
disposal plant at Mawiong can handle only 100 metric tons of biodegradable solid
waste in a day hence approximately 38 percent of the municipal solid waste
generated per day are unaccounted.

Bio medical waste generated from the hospitals/nursing homes of Shillong is
around 15,967 kg per week of which 3955 kg per week are highly infectious.
There are certain specific guidelines laid by the Ministry of Environment and
Forests for storage, collection and disposal of this waste. Except the Military
hospital the rest of the health centres are not following these guidelines. The
wastes generated from two slaughter houses are also unscientifically managed.
The collection of waste followed by the Municipal Board is door to door
collection from certain localities and collection from the dustbins once a day
within the municipal wards. The Cantonment Boa-d collects waste from the
dustbins every alternate day. While the commercial waste generated by the
Iewduh market is collected twice daily by one truck having a capacity of 3 tons
from the three dustbins located within the market.

The field study reveals that both waste disposal and water supply requires much
more than attention what it is at present. Lachumiere area has a concentration of
population with economically well off are having better waste disposal facilities
and better water supply system. Jhalupara area has the.least facilities of waste

disposal and water supply since people living here are economically poor. About
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10 percent of the respondents of Jhalupara use pit latrines whose waste is dumped
every alternate day into the streams, 33 percent of the respondents here do not
have access to proper sanitary latrines, 55 percent of the respondents dispose off
their domestic wastes in to the streams directly. In Lachumiere area S percent
and in Rilbong area 13 percent of the respondents dispose off their wastes
directly into the streams. There are three dustbins each in Rilbong, Jhalupara and
Lachumiere. But Lachumiere locality is provided with door to door waste
collection facility everyday except on Sundays. This suggests that the
economically well off sections have better facilities in regards to their waste
disposal. They also generate more wastes due to higher standard of living and
w.ore resource utilisation.

(ix) = Nongthymmai there are 11 localities without a dustbiz tjus about 65 percent of

== zotal respondents dispose off their domestic wastes c:rectly inio the streams.

122 community manages their own waste disposal. A>out 435 percent of the

respondents here burn their waste during the dry season.

With population growth the demand for water has also increased. At present the

water supply of the Shillong Urban Agglomeration is managed by three organisations
(1) The Shillong Municipal Board, the PHE Department of the state and the local
"Jorbars.” At present the Municipality supplies approximately 2650.3 kiloliters
cT water every day. This water is not treated and comes from its seven springs

and stream sources located in the Shillong Ridge to the south of the city. The



(i)

(iii)

211

PHE has its source from the Umiew River where water is collected at
Mawphlang. The total installed capacity is 11.5 million gallons per day but at
present only 34095 kiloliters of water is being supplied. Here the water is treated
before being supplied to the households. River Umkhen is also tapped by the
PHE to supply water approximately 1295.6 kiloliters per day to the townships of
Madanrting, Nongthymmai and the other areas within the municipality. River
Umsohlang is tapped by the PHE, which pumps around 1363.8 kiloliters of water
every day to meet the water requirement of Mawlai Township. The local
‘Dorbars’ have its own sources from within the reserved forests of Shillong.

At present the quantum of water supplied within the Shillong Urban
Agglomeration is around 39504.7 kiloliters/day i.e. approximately 39505000
litres/day, to meet the water needs of a population of at least 267881 persons
(census 2001). Thus the per capita water supp:ied per day is 147.47 litres. Hence
there is not supposed to be any water shortage within Shillong. But the quantum
of water is not equally distributed as suggested by the zoning of water supply by
the PHE Department. There are severe water deficient zones while some zones
have surplus water.

The water is being treated scientifically at Mawphlang for quality supply of water
to the people. But the other sources which are tapped by the Municipal Board
water is not treated. This untreated water has high coliform gets mixed up with

the treated water in the overhead tanks of the 12 zones within the Shillong Urban
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Agglomeration that receives water from both sources and ultimately the people of
Shillong get contaminated water.

The leaking pipes passing through the numerous drains which act as waste dumps
are also a source of contaminated water gets into the pipes which supplies water
to households.

Socio-economic factors may have a role to play in the distribution of water. In
Jhalupara about 49 percent water supply is from public taps located in a common
place whereas in Lachumiere and Rilbong 100 percent of the respondents have
access to water supply within their compound. In Jhalupara 65 percent of the
respondents are facing water shortage through out the year. In Rilbong 40 percent
of the respondents face water shortage during the dry season and in Lachumiere
about 7 percent of the respondents face water shortage only during the dry
season. The PH= and the local Dorbars looks after the water suppl: ror the
population of .\'ongth}mmali. Here the local Dorbars are tapring the
spring/stream waters from nearby reserved forests of the Shillong Ridge.
However the volume of water received are reducing every year, may be due to
deforestation.

The Kharkongor clan controls the local water sources. The overhead tanks where
water is collected and distributed are cleaned every year. There are few
community taps made available from were water is being sold to the locality
through small tankers and human carriers. Hence community plays an important

role in the present distribution and management of water in Nongthymmai.
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(vii) Due to rugged terrain characteristics where slopes are moderately steep to steep
the households requires individual pipelines. These pipelines usually pass through
the drains which often act as waste dumps. The leaking pipe passing from these
drains contaminates the water. Water sample collected from the four sources
shows high coliform level. Therefore water is not potable.

(viii) The population induced urban growth of Shillong without proper facilities are
creating geo-environmental problems having its impact on water.

(ix) It is observed that with urban sprawl to the upper ridges towards the south of
Shillong which are the main source of water for the population living here are
encroached upon. The deforestation is accelerating the landslides, mass wasting
and high soil erosion. This in turn is resulting to the problem of sedimentation of
the streams affecting aquatic life. Due to deforestation permanent loss of water
bodies are taking place as the percolation czpacity of the soil is affected.

(x) The Quarrying activities associated with urban growth of Shillong are further
accelerating soil erosion and sedimentation problems.

(x1) The rampant waste disposal into the streams of Shillong has made the water not
only unfit for human use but also affected the aquatic life. The waste dumps are

acting as “fish kills”. In fact the streams of Shillong are without any fish.

The Shillong Urban Agglomeration is located between the two small basins of

Umkhrah and Umshyrpi which supports about 85 percent of the present population. The
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- manifestation of urbanisation in Shillong is leading to the emergence of some well-known

geo-environmental problems, which can be summarised as:

®

(ii)

(111)

(iv)

)

(vi)

®

(ii)

(iii)

Large areas are covered by impervious surfaces that are intercepting precipitation
and increasing run off.

The concrete drainage systems are increasing runoff.

The stream banks are encroached upon by urbanisation.

Improper waste disposal system is polluting the streams.

Urban growth is accelerating the erosion process and sedimentation of the
streams

Changing stream channels are increasing frequency of floods.

From the present study the following conclusion can be drawn

Shillong :s iocated on a hilly terrain where water is generally scarce. It becomes a
scarcer commodity in the absence of major rivers and rich ground water aquifers.
More demand for water is due to the unprecedented population growth in the last
few decades. At the same time the quantum of water availability is reducing due
to deforestation and growth of concrete structures reducing the percolation
capacity of the soil.

Due to solid waste disposal in the streams, there is rampant pollution, creating
more problems to the meager water resources. The str_eams are loaded with waste

which is much beyond their assimilative capacities.
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(iv) Umshyrpi and Umkhrah are polluted due to the indiseriminate discharge of
municipal solid wastes and raw sewage into their water courses. Regarding the
quality of water the State Pollution Control Board designates the éneams of
Shillong viz. Umshyrpi and Umkhrah as the lowest category ‘E’ and the water is
not fit for even washing of cloths.

(v) River Umkhen receives all the wastes from Madanrting Township while Mawlai
Township’s waste is being received by Umshing. These water bodies ultimately
reach the Umiam Lake leading to severe eutrophication of the lake.

(vi) The present urban growth of Shillong is leading to problems of waste disposal
and affecting the water supply of the area. At present the water catchments of the
Umkhrah, Umiew, Umkhen, Umshing, Umsohlang have been greatly disturbed
by human interference in the form of urban expansion, quarrying, deforestation
and solid waste disposal. Some of these catchments especially on the fringes of

the study area can be regenerated and conserved by proactive planning.

Recommendations
To check further geo-environmental degradation in the area the following strategy
may be undertake:
(1) The urbanisation processes near the catchment areas of the water sources needs to
be checked. Hence the growth of Shillong towards the southern ridges is not
advisable. The Meghalaya Protection of Catchment Areas Act 1990 needs to be

implemented. This act prohibits the felling of trees, destruction and clearance of
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grooves, bushes or any vegetative cover, jhumming or cultivation or use of any
insecticides or pesticide, quarrying of sand or stones, excavation of earth,
carrying of any activity, which in the opinion is likely to damage the springs,
streams, rivulets or water sources in the area.

Intensive afforestation especially in the catchment area in order to boost the
supply of water into the streams of Shillong needs to be encouraged.

Plantation of indigenous varieties of trees in non-agricultural land in the
moderately steep-to-steep slopes should be undertaken urgently. The existing
forests needs to be preserved and judicious cutting measures should be
undertaken.

Suitable steps can be undertaken in order to check hazardous exploitation of stone
quarries within the catchment areas. A series of small check bunds can to be built
downstrear. of the existing quarries in order to check sedimeniation of the
streams. Tc prevent soil loss, land management is important. For this the
catchment area must be able to absorb maximum precipitation so as to store
water. Hence all the agricultural and non-agricultural land within the catchments
needs to be effectively treated for soil and water losses.

A buffer zone needs to be created on the sides of the stream in order to check
waste disposal and constructional activities.

The present municipal supply of water needs to be treated scienufically before

being supplied to the overhead tanks of the different localities.
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~ (vii) Dumping of garbage on the banks of the streams should be banned. The

population needs to be sensitised on the impact of improper waste disposal on

their health.

(viii) In order to check contamination and pollution of the geo-environment from the

(ix)

)

unscientific disposable of biomedical wastes of the hospitals and nursing homes
of Shillong. Segregation of biomedical waste at source needs to be practised; a
common incinerator can be built outside the congested areas of the city. The
present nature of disposing off the biomedical wastes along with the other
municipal wastes needs to be discouraged and the guidelines of the Ministry of
Environment and Forest (in regards to bio-medical waste disposal) needs to be
implemented

The concept of reduction at source, recycle and reuse of the waste generated
needs to be encouraged. Here the community can play an effective role in
sensitising the population as to convert resource out of the waste.

The community needs to be involved in waste disposal programmes. Waste
should be segregated at source into bio degradable and non-biodegradable. The
services of the unemployed youth can be hamessed as they can be mobilised to
collect waste from the households (door to door collection) against a small
amount of payment. The waste thus collected, can be then collected by the
concerned authorities to be disposed off in the composting plant at Mawiong
(biodegradable) for production of compost. The non-biodegrable waste can be

collected from a common source by different organisations that could be reused
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as their raw material for production. Hence waste needs to be viewed as a
resource which can enhance both capital and employment opportunities.

(xi) The duplication of organisatiors in regards to waste disposal and wzﬁ&: supply
needs to be addressed as no single organisation can be held responsible for the
present state of affairs. One household one water connection system should be
implemented.

(xil) Water distribution system should be metered with proper pricing policy in
regards to water supply to the households This can check water wastage and
misuse.

(v1:1) The concept of rain water harvesting can be introduced to asg=ept the nrecent
supply.

(x1v) Al eve all the for the future urban expansien of Shillong the en«ironment impact

assessment should be undertaken before identifying areas for urban growth.



PLATES



Flood Waters entering settlements located by stream sides

Plate 6.1(a)

Plate 6.1(b)



Plate 6.2 Sedimentation and pollution of the stream due
to waste dumping.

Plate 6.3 Quarrying activities in the up slope resulting to sedimentation of
the streams (Demthring)




Household waste being dump into the stream (Nongthymmai)

Plate 6.4 (b)



Land reclamation on stream sides.

Plate 6.5 (a)

Plate 6.5 (b)



Plate 6.6 Land reclamation on water source of Lapalang.




Plate 6.8 Leaking water pipes on the road side.
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Annexure — 1

Section I: Locality Schedule

Name of the locality ...........cooooiiiiiiiiiiiiiii
No. of wards looked after by the locality ............cccooiiiiiiiiiiniin
Total population of the locality .................. Total households
Composition of the population

Tribal .....ovvieiii Non-Tribal ........coovvviiiiiiin,
5. No.ofheadmeninthe locality ........ccoeoviiiiiiiiiiiiiiii i,
6. Total population under each headmen

...............

PN =

...............................................

Waste Disposal System of the Locality

(i)  Dustbin used? Yes/No

(i) No.ofdustbins .....................e.
(1i1) Type of dustbin ... ..o
(1v) Who maintains the dustbin ..........ooiiiiiiiii i e,
(v} How frequently are the dustbins cleaned?

(Vi) Who cleans the AUsStDINS? ..ottt e

(vii) Nalas used? Yes™No

(viii) Length of the drains ... ..o

(ix) Labour engaged? Yes/No

(x) No.oflabour engaged .........couiiiiiiiiiiii
(xi) (xi) Waste dumped in a pit? Yes/No

(XI1) NO. Of PItS Lottt
(xiii) Waste burned? Yes/No

(xiv) Vermiculture practiced? Yes/No

(xv) Night soil disposed? Yes/No

(xvi) How often is septic tank cleaned? ...
(xvii)Where and how is the waste disposed? ...................ccoiiii
(XViii) Community involvement in waste disposal
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Water Supply of the Locality

(i) No. of tanks supplying water to the locality? ...............c.ooiiiiiiii

(i) Capacity of the tanks ............cciiiiiiiiiiiiii
(iii) Organisations looking after the water supply .........ccooeiiiiiiiin
(iv) Is there any alternate source of water supply? Yes/No
(v) [Isthere severe water shortage during any part of the year? Yes/No
(vi) Approximate no. of households supplied water from each tank ................
(vii) Are there any severe leaking pipes near the tanks? Yes/No
(viii) Are there public taps located near the tanks? Yes/No
(ix) Is water being sold from these public taps? Yes/No

(x) Approximate percentage of the households having piped water supply within the
compound of their house? .........civiiiiiiiiiiiiiiic e,

(xi) Any other information

.....................................................................



Annexure — I1

Household Schedule

1. Identification schedule

Name of the locality
Name of the respondent
Community —

Tribal (specify)
Non-tribal (specify)
Religion
Caste

........................

................

...........

.......................................

I1. Demographic and socio-economic structure

........................................................

....................................................

229

Name Age | Sex | Relationship | Occupation Monthly
with head of | Govt. Private | Business | income
family Employee

Post Post | Type

Educational qualification of the head of the family.

Literate [literate

Technical Non-Technical

Non- Matric Inter Graduate | PG Ph.D.

matric




II1. Type of Accommodation

230

Rented

Self
owned

No. of
rooms

Approx. built
up area of the
house (in sq.ft
/Km)

Building material used

Assam
Type

RCC | Others

Frequency
renovation/
repair

of

IV. Facilities available

(1)
(ii)

(iii)
(v)

(V)

(vi)
(vii)

Type of night soil disposal
Toilet (inside/outside of the house)
No. of toilets

(viii) Is waste dumped in a pit?

(ix) Is waste burned?

(x)

(xii) How often is septic tank cleaned? ..............coooiiii i
(xiii) What is the method used to clean the septic tank
(xiv) Where is the waste disposed? ..........c.coveiiiiiiiiiiiiiie e

[s Vermiculture practiced?
(xi) Is Night soil disposed?

V. Habits

(1)
(i)

(iii)
(iv)
)

(vi)
(vii)

How often is marketing done? ............ocoiiriiiiiiiiiiniiiieneee e

...............................................

Yes/No
Yes/No
Yes/No
Yes/No

Whether packed food is frequently consumed?
HoW Often? ... e
Where are the packets disposed? ....c...iviviieiiiiiiiiie e
Type of cooking gadgets used? ...........oooiiiiiiiiii e,
How often is washing done? .........oo.iiiiiiiiiii e,

Amount of washing
Amount of water consumed for washing

........................................................
..............................................

........................................................................

Kitchen type and type of fuel used
Source of water (a) Tape
No. of drains and their outlet

......................................................

Where do the drains discharge? ..............cooiiiiiiiii i

...............................

Yes/No

.......................................................................
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VI. Generation of waste per day/per week/per month (quantification of waste is done
with the help of 16 litre bucket)

Type of waste
(a) Kitchen waste | (b) Domestic waste | (c) Constructional waste | (d) Natural waste
(Amount generated) | (Amount generated) | (Amount generated) (Amount generated)

How are they disposed:

(a) Kitchen waste | (b) Domestic waste | (c) Constructional waste | (d) Natural waste

* (a) Kitchen waste — vegetables, leftovers food, bones, ash, etc.; (b) Domestic waste —
cloths, tin, plastic bags, newspapers, toilet paper, bottles/broken glasses, unused medicines,
toys, disposable napkins/diapers, leather, etc.; (¢) Constructional waste — paint, tin, cement,
bricks, etc.. (d) Natural waste — dry leaves, branches and twigs. flowers, carcasses of
animals. etc.

VIL. Water Supply

(i) Is there a piped water supply within the compound of the house? Yes/No
(ii) Quantity of water used per day in litres
(ii1) Quantity actually requIred ...........cooiiiiiiiiiiiiii e
(iv) Is there water shortage? Yes/No

If yes, during which part of the year .........
(v) Is water bought? Yes/No

If yes, how much and at what price approximately per week
(vi) Is rain water collected? Yes/No

If yes, what is the method used:

(a) Cemet tanks (b) Plastic containers (c) Any others

...............................................
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Annexure - I1I

Office of Municipal Board/Cantonment Board/The Syiem of Myliem

Total area under the Municipality/Cantonment/Syiem
Total population of the area .............cccooeviiviiiiiiiiiiiini
Total no. of settlements in the area under the Municipality/Cantonment/Syiem
Total no. of dustbins maintained and its location ......................co.ol.
Is there any increase in the no. of dustbins Yes/No
If yes, when (which year) and where? ...

Type of dustbins — Kucha/Pacca

Approximate amount of waste collected from the dustbins each day/weak ............
How frequently is the waste collected? .............c.coiiiiiiiiiiiiininini
Besides dustbins, what other methods are employed to collect the waste? .............

....................................

. Type of vehicles engaged in waste collection and disposal
Closedlorry ........cooiiinnie NOS ciiiiii e,
Openlorry ..ooooviiiiniinininne. NOS .«
Hydrolic tipper ................... NOS oot
OtheTS o
How much waste can the vehicle carry? ..............cooinn.

How many vehicles are employed in collecting the waste? .........
Is there any increase in the no. of vehicles?  Yes/No

If yes, when and how many? .............coooiiiiiiiiiiin .,
Is there a method of separating biodegradable from the non-biodegradable waste?

Yes/No
Ifyes, specify ..ovvviniii

Is there a method of categorising waste like domestic waste, commercial
waste/industrial wate, etc? Yes/No
No. of workers engaged in waste disposal from —
1971 ...l 1981 oo, 1991 ...l 2001 ...l
Where is the waste dumped/disposed? How far is it from Shillong? ................
What is the area of the waste dumping ground? ..................ccoeeiiiiiiiininn,
Besides dumping of the waste, what other method is adopted for waste disposal? ....
Is there a method of recycling the waste? Yes/No

If yes, please Specify ........ooooeiiiiii
Does the mMunicipality/Cantonment/Syiem plan to have other sites for waste
disposal? Yes/No

If yes, where and when this site will be functional? .....................
What renovations have been done in the new site for waste disposal? ..................
What problems are faced by the Municipality/Cantonment/Syiem in their waste
diSpOSal PIOZIAMINET ... .ttt ittt ettt et et e e aeae e,
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Processing of Waste

Location 0f SIte .......viviiiiieii i
Name of waste processing technology ........c.cocooviviiiiiiiiniin.
Details of processing technology .........c..covvvvviiiiiiiiiiiiiiniiniiinnn
Quantity of waste to be processed perday ........c.ccoeveviiiiiiiiiiiininin
Utilisation programme for waste processed ............ccoeivviivininiiiiiininn
Measurement taken for prevention and control of environment pollution ........
Measures taken for safety of workersinthe plant .................co,

Nk L -

Sewage and Sewage Disposal

1. Is there any integrated sewage disposal system within the area looked after by

Syiem? Yes/No
If yes, since when and how does it function? ..................ooovevnnnane
2. Are there public toilets maintained by the Syiem? Yes/No
If yes, the no. and there location from 1971 onwards ..............ccooeunnnn
3. Are there any dry laterines? Yes/No
+ If yes, how many and in which locality are they located? .....................
4. How is the night soil.carried and disposed? ............ccooeiiiiiiiiiiiiiiiiiiii
5. Is manual scavenger involved in the night soil disposal? Yes/No
If yes, no. of scavengers employed since 19717 ........c..ocooiiiiiinininni
6. How frequently is the night soil carried — daily/alternate day/weekly, etc.? .........
7. Approximate amount of night soil carried - daily/alternate day/weekly, etc.? ......
8. Suggestion for elimination of manual scavengers in night soil disposal .............
9. Problems faced by the Sylem for night soil disposal and sewage disposal ..........
10. The area where sewage is diSPoSed .......c.evieiiiiniiiiiiiiiiiiii e eeena
11. Is there any treatment of the sewag before it is finally disposed? .....................

Drains and Drainage System

Total length and no. of drains maintained by the Syiem ..............................
Is there any increase in the length and no. of drains? Yes/No,

If yes, which year and in which locality? ................c.co
Type of drains — Kacha/pacca
How frequently are the drains cleaned? ...............c.cocoiiiiiiini .
Where are the waste disposed from the drains? .............cccceevivininiiiinnnn,
No. of workers employed in maintaining the drains within the area under the Syiem

N v

Sk

------------------------------------------------------------------------------------------

Any other information regarding waste disposal, sewage disposal, and drain
MAINIENANCE? ...t iueniniiien ittt eeenetereaereeaseraaneeesesrerarrarererosnenensanes

~
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Annexure -1V

Cantonment Board

1. Totalareaunderthe Board ...........ccccoviiiiiiiiiiiiiiiiiiiia
2. Total population of the area .............ccovviiiiiiiiiiiiiii
3. Total no. of settlements in the area under the Cantonment Board .................
4. Total no. of dustbins maintained and its location ................oceciiiiiiiinan..
5. Is there any increase in the no. of dustbins  Yes/No
If yes, when (which year) and where? ...............cceoiveninn.
6. Type of dustbins — Kucha/Pacca
7. Approximate amount of waste collected from the dustbins each day/weak .........
8. How frequently is the waste collected? ............cooiiiiiiiiin
9. Besides dustbins, what other methods are employed to collect the waste? ..........
10. Type of vehicles engaged in waste collection and disposal ....................c.c.ouee
11. How much waste can the vehicle carry? .........c.ccevvviviiivininene.
12. How many vehicles are employed in collecting the waste? .........
13. Is there any increase in the no. of vehicles? Yes/No
If yes, when and how many? ..........coooviviiiiiiiininniinnicenen,
14. Is there a method of separating biodegradable from the non-biodegradable waste?
Yes/No
If yes, SPeCify ..o.vvveiniiiiiiri e

15.1s there a method of categorising waste like domestic waste, commercial
waste/industrial wate, etc?  Yes/No
16. No. of workers engaged in waste disposal from 1971 ................ ...,
17. Where is the waste dumped/disposed? How far is it from Shillong? ................
18. What is the area of the waste dumping ground? ...........ccoooiviiiiiiiiiinnn..
19. Besides dumping of the waste, what other method is adopted for waste disposal?
20. Is there a method of recycling the waste?  Yes/No
If yes, please Specify ........covvviiiiiiniii i
21. Does the mMunicipality/Cantonment/Syiem plan to have other sites for waste
disposal? Yes/No
If yes, where and when this site will be functional? ........................
22. What renovations have been donc in the new site for waste disposal?
23. Besides the Cantonment area, any other area looked after by the Board in their
programme of waste disposal? Yes/No
If yes, please SPeCIfy ...ovvviviiiniiiiiiiiieriiier e
24. What problems are faced by the Board/Syiem in their waste disposal programme?

------------------------------------------------------------------------



Sewage ad Sewage Disposal

25.Is there any integrated sewage disposal system within the area looked after by
Syiem? Yes/No

If yes, since when and how does it function? ................c.cooveiininnnn
26. Are there public toilets maintained by the Cantonment Borad? Yes/No

If yes, the no. and there location from 1971 onwards .............ccoeennnnee.
27. Are there any dry laterines? Yes/No

If yes, how many and in which locality are they located? .....................
28. How is the night soil carried and disposed? ...........ccccvveiviiiiiiiiiiniiininnn..
29. Is manual scavenger involved in the night soil disposal? Yes/No

If yes, no. of scavengers employed since 19717 ............ooooviiiiiinninnn,

32. Suggestion for elimination of manual scavengers in night soil disposal .............
33. Problems faced by the Cantonment Board for night soil disposal and sewage
QISPOSAL 1 .vniiit it et
34. The area where sewage is disposed ........c..ovvviviiiniiniiiiiniiine
35. Is there any treatment of the sewag before it is finally disposed? .....................

Drains and Drainage System

36. Total length and no. of drains maintained by the Cantonment Board...............
37. Is there any increase in the length and no. of drains? Yes/No,
If yes, which year and in which locality? ...........ccocoeviiiiiiinninnn.

38. Type of drains — Kacha/pacca
39. How frequently are the drains cleaned? ............cocoeiiiiiiiiiiniiiiiiiiinieene,
40. Where are the waste disposed from the drains? ...............cocooviiiiiiivnininn.n.
41. No. of workers employed in maintaining the drains within the area under the Syiem
42. Any other information regarding waste disposal, sewage disposal, and drain

MAINTENANCE? ... iutttieiiintreeneterrene ettt eteneneneaentetentnenenenerananererarnenns
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Annesure -V

Bio-Medical Waste

Name of the Hospital/Nursing Home ............ocoviivnininnn,
Name of the locality where itis located .............coveviviiiviiiiiniiininnn
When it was established ...........cocovviiiiiiiii
No. and the name of the departments functioning within the hospital/nursing home

el e

...........................................................................................

No. of beds available in each department in general .................oocoininnn.
Average no. of patients admitted in each department/in general (average
daily/weekly/monthly) .........c..cociiiiiiiiiiiiii
7. Average no. of out patients visiting the hospital/nursing home (average
daily/weekly/MOnthly) .........oevvivieiiriireiiiiie i e e e e e e e
8. Average no. of surgery (minor & major) conducted in the hospital/nursing home
(average daily/weekly/monthly) ............cooiiiiiii
9. Does the hospital/nursing home have its own incinerator? Yes/No
If yes, what is its capacity? .........ccoiviiiiiiiiiiiii e
10. How many hours does the incinerator operate daily? ..................coeveieieiiin.,
11. Are the waste segregated? Yes/No
If yes, the method of segregation ..............cccceeiiiiiiiiiiiiiiiiiinninen,
12. How many people are employed in this segregation? ............ccooeeiiiiiininnnn

o
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13. Average amount of solid waste generated (category wise) and how are they
disposed:

Category | Type of waste Amount of waste | Method | Remarks

of waste in Kg (average | of (Problems and
daily/  weekly/ { disposal | suggestions)
monthly)

Human anatomical waste

DI [

Microbiological & bio-
technological waste (waste from
lab. Cultures, etc.)

3 Waste sharps (needles, syringes,
scalpel, blades etc. used and
unused)

4 Discarded medicines & cytotoxic

5 Solid waste (items contaminated
with blood, body fluids etc)

6 Solid waste (waste generated from
items other than waste sharps
such as tubes, catheters,
intravenous sets etc)

7 Liquid waste (waste generated
from lab. Washings, cleaning etc)

Incinerator ash

-]

9 Chemical waste (chemicals used
in production of biological,
chemical used in disinfection)

Total

Any other suggestions/informationm ...............coevviiiiiiiiiniiii



Meghalaya Pollution Control Board

CENTRAL LABORATORY
"ARDEN", MOTINAGAR, SHILLONG - 793014

1. Sender's name & addres SUJ:LM—JA Pmﬁq"ﬁ“ A
2. Sender's reference ¢ detls A%W
3. Name of source & place of

Collection of sample . LarTprrmank 9’7"1"1’3 TRl ppodesns
4. Typeof source ; waa Sonntls
5. Time & date of collection 1T e 1
6. Purpose ofanalytical study C-a&‘w« M;*WK;’JZTE' g
7. Time & date of receipt of the sample (_7 " 05 Y
8. Laboratory retérence e [;g 5fo 3

ANALYTICAL REPORT (PQTABLE WATER) -

A. PHYSICAL CHARACTERISTICS
1. Temperature°C 5. Conductivitymho/cm 1 R6-0
2. Colour pt-Co scale: 6. pH (70
3. Odour TON 7. Total Solids mg/1 1ed o
4. TurbidityNTU  : /.5 8. TDSmg/l —
B. CHEMICAL CHARACTERISTICS mg/t
1. M-Alkalinity 180 11. Iron 0/
2. P-Alkalinity : Ad 12. Ammonia-N’ :
3. Acidity Do- 13. Nitrate-N /
4. Total hardness A4 0 14. Nitrite-N LN
5. Chloride 50 15. TotalKjeldhal-N
6. Residual Chlorine / 16. Sulphate Mo
7. TotalClDemand 17. Calcium
8. Flouride : 0.0/ 18. Magnesium
9. Sodium : 19. Total !"rosphorus
10. Potassium / 20. Dissolved Oxygen

21. Any othertest
(A) B.0O.D.
(B) C.0.D.

(C) Manganese
C. BACTERIOLOGICAL CHARACTERISTICS MPN/100 ml.

1. Total Coliform :Rb
2. Faecal Coliform : ~

REMARKS : ' o be sbowe Mo ?T :
M . O2ser
n\/\j‘;—n l‘w"‘t"
D@ﬂ: hillong, N
. the i””lo; 199 Cluef emist

Meghalays Pollution Control Board, Shillong.




Meghalaya Pollution Control Board

CENTRAL LABORATORY
*ARDEN", MOTINAGAR, SHILLONG - 793014

CQeplsq G
1. Sender's name & addres Sedonatn fw\baw"k'“! . 1

. S UL ot PStLE
2. Sender'sreference :
" Colectionafoumple G ki Nomfthg
4. Typeofsource :
5. Time & date of collection AT hee 5; o Ardecte
6. Purpose of analytical study Tf?ﬁ:«h—o T /TM! ZWW,{M ’
7. Time & date of receipt of the sample I 0,
3, Laboratory reference s G fisefer
ANALYTICAL REPORT (POTABLE WATER) -
A. PHYSICAL CHARACTERISTICS
1. Temperature®C 5. Conductivitymho/cm T /H-0
2. Colour pt-Co scale: / 6. pH 60
3. Odour TON 7. Total Solids mg/1 oo
4. TurbidityNTU  : 0'% 8. TDSmg/l .
B. CHEMICAL CHARACTERISTICS mg/1 '
1. M-Alkalinity 1870 11. Iron 008
2. P-Alkalinity LN 12. Ammonia-N’ :
3. Acidity D - 13. Nitrate-N /
4. Total hardness N0 14. Nitrite-N N
5. Chloride 100 15. Total Kjeldhal-N :
6. Residual Chlorine : 16. Sulphate 3.0
7. TotalClDemand : / 17. Calcium
8. Flouride &0l 18. Magnesium
9. Sodium : 19. Tota! "osphorus
10. Potassium / 20. Dissolved Oxygen
21. Any othertest
(A) B.0.D.
(B) C.0.D.
g (C) Manganese
C. BACTERIOLOGICAL CHARACTERISTICS MPN/100 ml.
1. Total Coliform : THo
2. Faecal Coliform : —

REMARKS : _pH o Lo be belowo O z‘-;w& czg——m
0 ~‘ ) MW . QLL‘,,. W .

péfed; Shillong, (‘):%/ ‘

theQ{‘f1403 : 199 Chief@” ist,

Meghalaya Pollution Control Board, Shillong.




Meghalaya Pollution Control Board

CENTRAL LABORATORY
*ARDEN", MOTINAGAR, SHILLONG - 793 014

1. Sender's name & addres :_u; ““—“-“'r"m' Q‘F‘L ¥ s
2. Sender's reference | o tlan ?

3. Name of source & place of

Collection of sample :MWM ¢+ Pre %,2, Paelpanin
IT Lponea |

4. Type of source
5. Time & date of collection 47 N 03
6. Purpose of analytical study : Wﬁ* sz
7. Time & date of receipt of the sample e Og;o—-ol»u& w-l% :
8. Laboratory reference : cy( W) 03-
ANALYTICAL REPORT (POTABLE WATER) N
A. PHYSICAL CHARACTERISTICS
1. Temperature°C 5. Conductivitymho/cm : 57 - o
2. Colour pt-Co scale: 6. pH 16
3. Odour TON 7. Total Solids mg/I 950
4. Turbidity NTU i B 8. TDSmg/l -
B. CHEMICAL CHARACTERISTICS mg/I
1. M-Alkalinity e N 11. Iron O
2. P-Alkalinity SN 12. Ammonia-N’ :
3. Acidity - 13. Nitrate-N j
4. Total hardness MR O 14. Nitrite-N CNW
S. Chloride 60 15. TotalKjeldhal-N Do
6. Residual Chlorine : 16. Sulphate 133
7. Total Cl Demand / 17 Calcium :
8. Flouride 00 18. Magnesium
9. Sodium : 19. Total "osphorus
10. Potassium : / 20. Dissolved Oxygen
21. Anyothertest
(A) B.0.D.
(B) C.0.D.

(C) Manganese
C. BACTERIOLOGICAL CHARACTERISTICS MPN/100 ml.
1. Total Coliform S 33

2. Faecal Coliform
REMARKS Toled % ok Lo e oboce Do fsuwwwuk
. LA
1 M‘AX L\M«Cm MANJ_A ats. W

< .
Datedt, Shillong, - /6%/
the ﬂ!:;,;’o > 199 Chief Chemi,

Meghalaya Pollution Control Board, Shillong.




Meghalaya Pollution Control Board

CENTRAL LABORATORY
"ARDEN’, MOTINAGAR, SHILFONG - 793 014

1. Sender's name & addres
2. Sender's reference

3. Name of source & place of

-, o pad Lz, & ThE %»Q"u}”ﬁ

Collection of sample
« 4. Typeofsource Tep soontr .
5. Time & date of collection I & AR TR y
6. Purpose ofanalytical study , T W( 2 UL&[ “
7. Time & date of receipt of the sample AT u o ’3. wﬁ
3. La'ng'mmyte‘iaem:e ’ ;Vv; . ‘ S
" ANALYTICAL REPORT (POTABLE WATER) o o381

A PHYSICAL CHARACTERISTICS

. Temperature°C

2. Colour pt-Co scale:

3. Odour TON

4. Turbidity NTU -0

B. CHEMICAL CHARACTERISTICS mg/I

1. M-Alkalinity 100
2. P-Alkalinity LN

3. Acidity D=

4. Total hardness e KR
5. Chloride c 600

6. Residual Chiorine : /
7. Total Cl Demand

8. Flouride 0-03
9. Sodium
10. Potassium : /

5. Conductivitly‘mho/cm R0
6. pH HECXRe S
7. Total Solids mg/1 DA O
8. TDSmg/l -
11. Iron 00/
12. Ammonia-N' :

13. Nitrate-N /
14. Nitrite-N ML
15. TotalKjeldhal-N D
16. Sulphate T
17. Calcium

18. Magnesium

19. Total."osphorus

20. Dissolved Oxygen
21. Anyothertest

(A) B.O0.D.
(B) C. 0.D.
(C) Manganese

C. BACTERIOLOGICAL CHARACTERISTICS MPN/100 ml.

1. Total Coliform 3%

2. FaecalColiform : ___

REM s+oﬁtih ol
Da@’Sh long,

the 7 103 ) 199

ek
Chief CHeémiyt,

Meghalaya Pollution Control Board, Shillong.



