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SUMMARY OF DETAILED PROJECT REPORT (DPR) FOR MITIGATIONS OF MANGAN
LANDSLIDE AT NORTH DISTRICT HEADQUARTERS - MANGAN,
NORTH SIKKIM, INDIA.

EXECUTIVE SUMMARY

Mangan town is the district headquarter of North Sikkim, located at 27.52°N 88.53°E, on the left
bank of the Teesta river valley. Lower and upper area of Mangan has experienced a number of
landslides in the past. The situation becomes bad to worse after jolt of 18th September 2011
earthquake, specially the area along Jhoras and old slide zones. The affected area was further
devastated by landslide during cloud burst / heavy rainfall between September 19th to 23rd 2012.
Protection works provided along Raffong Khola & Rimit Khola was completely wash away and
heavy scouring of slopes took place. As a result, slope lying above Jhora section got badly
damaged and the buildings along North Sikkim highway are at high risk. The culvert constructed
over Raffong Khola was washed away by slush & debris carried by heavy discharge during the year

2016. The area above Mangan remained cut-off almost for few weeks.

The present study on recommendation of Expert Committee of NDA is limited to the following

locations.

. Old Mangan bazaar & below SNT Complex & just adjacent to left bank of Raffong Khola in the
lower reaches immediately below the SNT Complex landslide

. Lower reach of multi-storey parking area at Rinzing Namgyal Marg

o Surrounding area of Senior-Secondary School and close to left bank of Raffong Khola

. Upper and lower reach of Raffong Khola Profile (Taken into report, however not consider in 1%

stage as advice by NDA, Thus cost is not included).
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SALIENT FEATURES

S. Description
No.
1. Name of slide / i) Old Mangan bazaar & below SNT Complex & just adjacent
Area to left bank of Raffong Khola
ii) Mangan bazaar & Lower reach of multi-storey parking area
at Rinzing Namgyal Marg
iii) Surrounding area of Senior-Secondary School and close to
left bank of Ruffong Khola
iv) Upper and lower reach of Raffong Khola Profile
2. Location North District Headquarters, Mangan
3. Affected stretch i) 100 m wide and 200 m long stretch
i) 70 m wide and 80 m long stretch
iii) 130 m wide and 350 m long stretch
v) About 500 m stretch of Raffong Khola is affected in the
upper and lower reaches
4, Nearest Approach | National Highway No. 10
Road
5. Nearest Railway New Jalpaigudi Jn., West Bengal
Station
6. District North Sikkim District
7. State Sikkim
8. Nature of Scheme / | Landslides slope stabilization works
Project
9. Purposes Stabilization of slopes in or around Mangan Town
10. | Total Estimated INR 14.4462 crores
cost of the project
11. | Basis of rates MoRTH, PWD and budgetary quotations
12. | Terms of reference | To safeguard man and machinery and un-interrupted
movement in the region.
13. | Name of the Sikkim State Disaster Management Authority (SSDMA), land
Department Revenue & Mines, Mineral Department (LR&DMD)
14. | Implementing SSDMA and LR&DMD
Department/Agency
15. | Monitoring SSDMA and LR&DMD
Department
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IDENTIFIED LANDSLIDES CAUSATIVE FACTORS

Sikkim is one of the regions where all such factors prevail and where several landslides have

occurred in the recent past. Mangan town in north Sikkim is particularly affected by several major

slides. Some of the site specific causative factors responsible for this phenomenon are given below:

Mangan Town area is bounded by Raffong Khola in North & Ramet Kyong khola in south, which
is delineated as high & very high hazard zone. It is a very unstable zone.

The MCT is passing by close vicinity of the Mangan Town; hence entire area is under high
stress.

Present landslides represent reactivation of the older landslides and their shape/size is
gradually increasing after monsoon rains.

Soil of Mangan Town area has moderate absorbing capacity and bed rock in this area shows
low compressive strength and normal moisture absorption capacity.

Landslide and sinking zones are more prominent on either side of the Raffong Khola and Ramet
Kyong khola.

During the site visit it has been observed that continuous water ingress through joint plane,
removal of soft strata and presence of structural discontinuity.

Geological factors - Weak zones, Sensitive and sheared materials, presence of fissures, joints,
contact in permeability or stiffness of the slope forming material.

Morphological factors - Such as tectonic uplift, glacial rebound & erosion of the hill slope or toe
etc.

Physical factors — Like heavy rainfall, Debris torrential, massive infiltrated rainwater in the upper
slope of the slide areas will seep downwards and accumulate to raise the ground water level
and it alternatively increase the pore-water pressure on the potential sliding body.

Earthquakes Activities.

Anthropogenic factors — Such as mining, deforestation and excavation of the slope or toe
Agriculture — Cultivation of the residential for a prolonged period over the hill slopes loosens the
finer material from the soil and makes the area vulnerable for sliding and sinking.

Human Activities — construction of high-rise buildings houses, movement of heavy
vehicles/loading on the week hill slopes etc.

Inadequate, lack of proper Drainage system & Choking of existing drains

The worst affected area is towards South East of the SNT complex adjacent to Raffong Khola in

which about 200 m length of road has been damaged completely. Due to impact of mass
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mobilization, the building was totally damaged and several wooden/ Ekra houses and buildings in

the area were partially major damages. In the adjacent area, there is no indication of damages in

the main school building. The district authority vacated the area and declared it unsafe. Mangan

School Complex lying south of Raffong Khola has under gone varying degree of instability. Area

closer to Jhora section has suffereing but primary school buildings has developed partial cracks and

are also observed on the ground.

CONCLUDING REMARKS - GEOTECHNICAL DESIGN AND SUPPORT PROVISIONS

Taking into consideration all the above factors, the appropriate support provisions for the slide

area would be as follows, in order of priority:

>

Utilisation of the calculated input parameters to determine the total downward force exerted by
the surcharged mass and to reciprocate the same by a reactionary force in the form of support
elements covering toe and slope protection, so that the FOS is sufficiently 1.5, considering
dynamic earthquake parameters too.

Network of RCC piles of 0.4mm dia with a spacing of 0.5 m c/c extending to well below the
saturated debris cover and well below the slip circle, each column is to be interconnected

by others in a staggered manner by steel wire .The piles should sufficiently cover the slide
area.

Fully grouted self-drilling anchor of capacity 190KN, 1.5M c/c to be used as support

Provision of subsurface drainage in the form of slotted large diameter pipes inserted at
lower levels but with provision to filter access of fines from the ground mass, as specified,
also interconnected in a staggered manner. For that perforated PVC pipe with filter
material inclined downward of 10 deg to avoid saturation outfall structure.

Garland drains along the southern apex of the slide to collect surface drainage during
rains. These should follow the hill contours and drain into the side nallahs and should
follow the highway aligned along the contours.

Another extremely important step is to intercept any subsurface flow from recharging the
ground mass of the slide, this would involve channelizing of all nallahs of Mangan town
away from the area by construction of large paved drains so that no subsurface infiltration

takes place through them to lower levels.



Detailed Project Report (DPR) for Mitigations of Mangan Landslide at North District
Headquarters - Mangan, North Sikkim, India

ABSTRACT OF COST

Sl. Item Costin
No. INR
(in Lakhs)
A Preliminary Works 65.00
B Infrastructural works 50.00
Sub Total (A) 115.00
Main Civil Works

C Treatment works at old mangan bazaar & below SNT complex & just 826.32
adjacent to left bank of raffongkhola.

D Treatment works at Mangan bazaar & Lower reach of multi-storey 59.61
parking area at RinzingNamgyal Marg.

E Surrounding area of Senior Secondary School and close to left bank 478.181
of RuffongKhola

Sub Total (B) | 1364.111

Total of Works (A+B=C) 1479.111

0.2% of total cost (C) is for Local Awareness(D) 2.958

0.8% of total cost for training of locals and officials(E) 11.833

Grand Total (C+D+E) 1493.90

Rupees Forteen Crore Ninety Three Lakhs Ninety Thousand only
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1.0 Introduction

Mangan town is the district headquarter of North Sikkim, located at 27.52°N 88.53°E, on the left
bank of the Teesta river valley. Lower and upper area of Mangan has experienced a number of
landslides in the past The situation becomes bad to worse after jolt of 18" September 2011
earthquake, specially the area along jhoras and old slide zones. The affected area was further
devastated by landslide during cloud burst / heavy rainfall between September 19" to 23 2012.
Protection works provided along Raffong Khola & Rimit Khola was completely washaway and
heavy scouring of slopes took place. As a result, slope lying above jhora section got badly
damaged and the building along North Sikkim highway is at high risk. The culvert constructed
over Raffong Khola was washed away by slush & debris carried by heavy discharge during the

year 2016.The area above Mangan remained cut-off almost for few weeks.

2.0 Back ground information

In response to DPR prepared by SSDMA, an expert team comprising of Prof. Raoof IIT, Delhi
and Dr.SaibalGhosh of GSlI, representing NDMA visited the area. During their visit,experts and
officials from SSDMA, DMMG & Irrigation Department also joined the expert team. During
discussion it was finalized that mitigation measures of entire Mangan shall be taken up on two
stages based on degree of vulnerably. In view of that discussion and advised by experts,
SSDMA & DMMG has to take up following areas in stage-I.

The Expert Committee advised SSDMA & DMMG to carry out the following.

1. Approximation of depth of slip surface and bed rock by geophysical investigation and
field investigation.
Drilling data & geotechnical parameter of rock & soil.
Geological reports carried out by GSI & DMMG.

Based on the data available, SSDMA has planned preparation of Detail Project on the mitigation
of Mangan and surrounding Landslides. In continuation, SSDMA engaged a consultant for
preparation of detail project report and the revised DPR has been submitted to NDMA for
approval. The Experts committee has scrutinized the DPR and suggested some more
investigation to ensure the ground conditions. As per the committee advised, the detail
investigations have been carried out. Based on the updated field data with a revised mitigation

design and plan is summarised in updated DPR.
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3.0 Location and Approach

The nearest railway station from Mangan town is the New Jalpaiguri junction at district
Jalpaiguri and the nearest Airport is at Bagdogra of district of Darjeeling of West Bengal. Both
are connected to Sikkim state by the national Highway No. 10 (NH-10) (earlier NH-31A). The
North Sikkim highway passes through the Mangan which connects north Sikkim with Gangtok
and Siliguri. Mangantown is spread around 5 — 6 Sq km and is connected to the Capital city of
Gangtok by three routes through all weathered metalled roads, 60 km via Kabiabout58 km via
Pangthang and 80 km via Singtam. It can also be accessed directly from Siliguri& Darjeeling
districts of West Bengal via Malli, Rampo and Singtam along the Teesta River. Mangan is
located within Survey of India Toposheet no. 78A/10 and 11.For location of study area Ref.

drawing no.Mangan/Sikkim/SSDMA-101
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Fig 1: Image showing locations of Mangan Town (Source Google)
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4.0 Project Settings

4.1 Topography

The area represents a highly rugged topography characterized by moderate to steep slopes that
are intervened by narrow valleys. The topography of the region appears to be controlled by
structural and lithological factors. The area thus exhibits high relative relief. Presence of

overburden on steep slopes and high precipitation make this area a landslide prone zone.

Mangan is a town and district headquarters of the North Sikkim district of Sikkim state in India.
The town is 67 km from Gangtok and well connected to the capital city by a metalled road. North
Sikkim is the largest district of Sikkim in terms of area. The town lies in the geographic south of

the district and highly rugged topography characterized by moderate to steep slopes.

Topography of the study area is on the west facing slope of mountains whose elevation varies
from the top to bottom in terms of height i.e. about 3500 m to 650 m. Westward slope of the
mountain is mostly gentle with different slope angles. Slope angles ranging from less than 15
degree to greater than 45 degree towards west with deviations, towards northwest and

southwest at different places.

Mangan is located at an average elevation of 956 metres. The upper slopes with elevations of
1600m are occupied by dense forest of Pamthang Reserve Forest on the northward slope and

Kaley Reserve Forest on the Southward slope.

Teesta River is the main river which flows in the west of the Mangan Town. Flow direction of the
Teesta River is from North to South. Several tributaries such as Devi Khola, Raffongkhola,

RametKyongKhola and an mbithangKhola of different orders joined Teesta River.

Mangan town has witnessed a spurt in its economy, mostly due to organic farming. The town
opens up the Tibetan Plateau in the north, which also serves the towns of Lachung,
Chungthang and Lachen in the far north. Owing to its elevation, the town enjoys a temperate
climate. As of 2011 India census, Mangan had a population of 4644. Males constitute 55% of
the population and females 45%. Mangan has an average literacy rate of 83.81%, higher than

state average of 81.42 %: male literacy is 87.80%, and female literacy is 79.34%.

4.2 Climate
Mangan's climate is varies which can be defined as warm and temperate combination. The
maximum Average annual temperature is 23 °C in July month and minimum temperatures

5
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remains 1° C in January month. March, April and May are the summer months. Monsoon in the
region is during the months of July, August and September. These months experience good
rainfall, and temperatures are brought down further during this time. The average rainfall is less
in winter than in summer. Winters in the region are quite cold, and they extend through the

months of October, November, December, January and February.

4.3 Meteorology

Geographically Sikkim is located on the South facing slopes of the Himalayan mountain range.
The Area is exposed to high variation of precipitation during the year. Mangan Town located in
the north Sikkim & enjoys a tropical climate as rainfall occurs almost in every month of the year.
The rainfall data provided by the Sub-Divisional Magistrate Mangan, for seven years i.e. from
2009 to March, 2017. In this total span of time from last 7 years yearly minimum rainfall is

recorded 2783 mm in 2013 and maximum 4213 mm in year 2016.

Last 7 years monthly rainfall data is presented below:

DIS DISTRICT RAINFALL DATE (mm) FROM 2009 TO 2014
DISTRICT: NORTH SIKKIM

Note: (1) The district rainfall in millimeters (R/F)shown below are the arithmatic averages of Rainfall of Stations under the District.
(2) % Dep. Are the Departures of rainfall from the long period averages of rainfall for the district
(3) Blank spaces show non-availability of Data.

YEAR | JANUARY FEBRUARY | MARCH APRIL MAY JUNE JULY AUGUST |SEPTEMBER | OCTOBER |NOVEMBER |DECEMBER
R/F | %DEP| R/F | %DEP| R/F | %DEP| RF | %DEP | RF | %DEP| RFF |%DEP| RF |%DEP| R/F | %DEP| R/F | %DEP| R/F | %DEP| R/F | %DEP| R/F | %DEP

2008

2010 4249| 21 |5828| 8 [5316]| 10 [599.1| 30 | 329.1 6 106.7| -52 | 111.8| 131 [ 11.4 | -65

2011 [ 318 )| -48 | 724 | -26 | 79.7 | -60 [1503| -37 |1908| -46 |393.8| -22 |4428| -10 |3972| -7 |2615| -33 [1268| -52 | 688 | 58 | 124 | -45

2012 | 944 | 56 395 | -60 (2083| 4 3653| 53 |139.7| -61 [599.2| 19 |5959| 22 |316.2| -26 | 7854 | 102 |3024| 14 0 -100 [ 17.5 | -22

2013 | 96 | -84 | 628 | -36 [1208| -39 |2005| -16 [6155| 73 [313.6| -38 | 5302 8 301.8| -30 | 3103 | -20 |226.7| -14 | 824 | 89 | 104 ( -54

2014 0 -100 | 298 | -70 | 163 | -18 | 1944 | -18 417 17 |6516| 30 [6051| 24 [6208( 47 |2075| -24 | 367 | -86 | 262 | -42 [ 136 | -39

SOURCE: HYDROME DIVISION, INDIA METEOROLOGICAL DEPARTMENT, NEW DELHI
Data Hosted in ENVIS SIKKIM Website www.sikemvis.nic.in

RAINFALL DATA PROVIDED BY SUB DIVISIONAL MAGISTRATE - MANGAN TOWN FROM 2010 TO 2017

Note: Rainfaill data from January, 2010 to March, 2017 supplied by NHPC Ltd. vide their letter No. NH/TS-IV/Mgr./Works/2017/134 dated 21 on the request of
Sub-Divisional Magistrate, Managan, Office of District Collector, North Sikkim, Mangan
The rainfaill data was recorded at Station installed near Sankalang Checkpost.

YEAR | JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER | OCTOBER | NOVEMBER | DECEMBER
R/F RIF R/F RIF RIF RIF RIF RIF RIF RIF RIF RIF

2010 0 46.2 258.9 195.6 5296 748.9 507.4 1045 417.7 123.5 74.8 13.8

2011 | 365 82.2 92.8 180.2 187.7 450.8 603.8 483.3 380.4 142.4 60.4 7.7

2012 [130.5 47.4 237.6 202 2026 709.8 576 385 896.5 248 0 11.8

2013 | 9.2 746 154.2 247 546 368.1 447.8 329 3226 2236 52 9.8

2014 | 44 47.7 157 209.1 3722 977.4 543.8 651.9 298.8 324 19.2 8

2015 | 185 36.6 156.5 234 761 1116 528.4 889.2 265.2 110.2 42.4 55.8

2016 [ 110.2 43 3256 202.4 4439 653.2 521.2 378.9 697.5 136.3 0 0

2017 | 7.4 29.4 204.9

Daily rainfall data provided by the local authorities, Mangan for the month of September, 2012,
where highest ever rainfall data is recorded on September, 19th, 2012. Rainfall data table,

yearly and exceptional case of precipitation of 24 hours graphical chart is also presented below:
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RAINFALL DATA PROVIDED BY SUB DIVISIONAL MAGISTRATE - MANGAN TOWN

Daily rainfall data for the month of September, 2012
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Yearly Average Rainfall Data (mm) of Mangan Town during the month of
September from 2009 to 2017
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As discussed above, Raffong Khola is the most critical vulnerable site having the catchment
area of 3.2 sq.km , which carries the maximum flood during the monsoon season and carries
lots of debris with their torrential flow. Peak Design flood estimation for Raffong Khola is

discussed under in the next para4 .4.

4.4 RaffongKholaDesign Flood Estimation using synthetic unit hydrograph (SUH)
441 General

As short interval catchment rainfall and runoff data for flood events at project site are not
available, the parameters of unit hydrograph may be evaluated by using CWC sub-zonal
reports. For the derivation of regional unit hydrograph and its application to compute design
flood hydrograph, reference may be made to relevant CWC study report of the sub zone to

which the catchment of proposed SHP belongs.

A method based on synthetic unit hydrograph (SUH) principle has been developed for the
various subzones of India. For this purpose, the country has been divided into 26 hydro-
meteorologically-homogeneous subzones. These reports have been prepared jointly by Central
Water Commission (CWC), Bridges and Flood Wing of Research Designs and Standards
Organization (RDSO) of Ministry of Railways, Ministry of Transport (MOT)andIndia
Meteorological Department (IMD).
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As the Flood Estimation Report for the project area falling in sub zone 2c is not prepared by
CWC/IMD, the Report for the adjoining Subzone 2b has been adopted. Accordingly, the present
flow studies are based on “Flood Estimation Report for South Brahmaputra Basin Subzone 2b”
of CWC. The formulae for calculation of various parameters of synthetic U.G. are given below in
Table 1.

Table 1: Relationships between SUH parameters and catchment characteristics

Symbol Description Formula

dp Peak discharge unit Hydrograph per sq km gp= Qy/ A

t, Time from centre of effective rainfall | t,= 2.87*(q,) "™
duration to Unit Hydrograph Peak.

W, Width of Uh measured at 50% peak | Ws, = 2.304/(q,)"
discharge ordinate

Wos Width of Uh measured at 75% peak | W7s= 1.339/(q,)""
discharge ordinate

Whrso width of rising limb of UH measured at 50% | Wrso=
of peak discharge ordinates 0.814/(q,)"*"®

Wkg7s width of rising limb of UH measured at 75% | Wrys =
of peak discharge ordinates 0.494/(q,)*

Ts base width of UH Te=2.447(t,)""™"

Tm time from start of rise to the peak of UH Tr=to+(/2)

Q, Peak discharge of UH Q, = 0.905 /(A)*"™®

To Design Storm Duration Tp = 1.1%,

4.4.2 Physiographic parameters of the catchment:
a. Catchment Area (A):

It is derived by delineating the project catchment area by using relevant topo-sheets. In the

present case total catchment area up to project site is 3.2 km? and the same is presented below:
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N @ LEGENDS:
S.NO DESCRIPTION SYMBOL
1. | MAJOR NALA / MINOR NALA ~=
RIGHT HAND SIDE
5. MAIN ROAD .
3. SPOT LEVEL (4]
== LEFT HAND SIDE 4. BRIDGE =
X=541473 m.
Y =1614.97 m. O
e 5. VILLAGES -
L1=3.70 Km.
LC1=1.69 Km.
A2=1.37 Sqkm.
L2 =262 KM.
LC2= 0.83 KM.
CONTROL POINT -1 CATCHMENT AREA DETAILS:
6
X=104049 m.
Y = 164537 m,
S.NO DESCRIPTION AREA IN
Sq.Km.
1. LEFT SIDE FORK CATCHMENT AREA 1.57
2 RIGHT SIDE FORK CATCHMENT AREA 137
5 BELOW CONTROL POINT - 1 026
: CATCHMENT AREA
1290,
RAFFONG KHOLA TOTAL -
‘. CATCHMENT AREA -
CONTROL POINT -1 RAFFONG KHOLA LEFT & RIGHT FORK
5. CONFLUENCE SITE CATCHMENT AREA 2.94
AT CONTROL POINT SITE
& RIGHT HAND STREAM LENGTH —
AT CONFLUENCE
LEFT HAND STREAM LENGTH
7.
AT CONFLUENCE S0 kan:
8. RIGHT HAND LEVEL DIFFERENCE 19501060
=890 m.
) 9. LEFT HAND LEVEL DIFFERENCE s
TEESTA RIVER = m.

Fig 2: Showing catchment area Plan of RaffongKhola
(Ref. drawing no.Mangan/Sikkim/SSDMA-102)

b. River Length parameters of the Main Stream (L &Lc):

This implies the longest length of the main river from the farthest watershed boundary of rainfed
catchment to the diversion site (L). The center of gravity of the catchment is derived based on
graphical method for a closed polygon. The stream may or may not pass through the center of
gravity but the nearest point of the river to the center of gravity is considered to find the length of

the main river from the center of gravity to the point of study (Lc).
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J The longest length of the main river (L) = 3.7 km
J The length of the main river from the center of gravity to the point of study (Lc) = 1.59
km.

c. Equivalent Stream Slope (S):

This is one of the physiographical parameters used in the derivation of Synthetic Unit
Hydrograph.

The L section of the river is derived from the relevant topo-sheets. It is broadly divided into
segments representing broad ranges of the slopes of the segments. Following formula is used
to compute equivalent slope (S).

_ Y Li(Dg-1y +Dy)
= P
Elevations of river/Nalla bed at intersection points of contours reckoned from the bed elevation

at diversion site is considered as datum and D(i-1) and Di are the heights of successive bed
location at contour intersections.

S

Equivalent Stream Slope (S) = 250 m/km

d. Derivation of 1-hour Unit Hydrograph:

The empirical relations for deriving Synthetic Unit Hydrograph is referred from CWC Subzone 2
(b) report and the same formulae are listed in table-1. The 1-hour Unit Hydrograph is obtained
from the given parameters.

e. Design Storm:

The 1-day (24hr) Maximum Precipitation for present study has been taken from observed
rainfall value i.e 220mm.

f. Design Loss Rate:

As recommended in the CWC report, the design loss has been adopted as 0.35 cm/hr.

g. Base flow:

The base flow contribution for the design flood has been computed as per the suggestion of
CWC sub zone report — 2(b) i.e. 0.05cumec per sq. km.

h. Estimation of Flood Hydrograph:

The effective rainfall for design storm duration is to be applied to the unit hydrograph of a
catchment and design flood have been computed for maximum observed rainfall value
is23.81m?s. The ordinates of design flood hydrograph as well as plots are shown below inTable
2.
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Table 2:Showing yearly, Monthly and daily rainfall data i.e. 2010 to March, 2017

;r'if::rs) Eﬁ)soig“ FLOOD HYDROGRAPH OF RAFFONG KHOLA
(cumecs) 30

1 0.42

2 2.18

3 5.98 25

4 10.71 {381

5 16.75

6 23.19 0

7 23.81 3

8 16.41 %

9 10.01 g 1675 @ 16.41

10 6.11 §15

11 3.74 =

12 2.25 &

13 1.03 2, 10.71 .

14 0.28 R

15 0.16

16 0.16 5 08

17 0.16 5

18 0.16

19 0.16 2.18

20 0.16 o o

21 0.16

22 0.16 1 2 3 45 6 7 8 9101112131415161718 192021222324

23 0.16 TIME ( HOURS )

24 0.16

Based on the above calculations and flood hydrograph for the safety point of view 1.25 factor is
also applied, hence design flood is derived 29.76m?s and by rounded off 30m®s shall be

adopted for the required parameters.

4.5 Flora and Fauna

Mangan Town area is generally low laying gentle terrace slopes, cultivated, ridge tops with
steep flanks and characterised by dense reserve forests. The main flora of this area is
rhododendron, bamboo, chap, rani chap, cardamom, Dhupi, Oak, Walnut and Ginger. Some
pine trees are also seen during the site visit along the high slopes & higher reach of the
roads.Wild animals around the Mangantown area discussed in earlier different studiesare

Wolves, beer, deer, fox, wild cock,poisonous snakes and other reptiles likeleeches etc.
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4.6 Socio-Economic study

Mangan is a Nagar Panchayat city in district of North Sikkim. The Mangan city is divided into 5
wards for which elections are held every 5 years. The Mangan Nagar Panchayat has population
of 4,644 of which 2,456 are males while 2,188 are females as per report released by Census
India 2011 (Source Google). Population of Children with age of 0-6 is 585 which is 12.60 % of
total population of Mangan (NP). In Mangan Nagar Panchayat, Female Sex Ratio is of 891
against state average of 890. Moreover Child Sex Ratio in Mangan is around 893 compared to
Sikkim state average of 957. Literacy rate of Mangan city is 83.81 % higher than state average

of 81.42 %. In Mangan, Male literacy is around 87.80 % while female literacy rate is 79.34 %.

Mangan Nagar Panchayat has total administration over 1,054 houses to which it supplies basic
amenities like water and sewerage. It is also authorize to build roads within Nagar Panchayat

limits and impose taxes on properties coming under its jurisdiction.

4.7 History of Mangan Slides

From the decades systematic landslide studies were studied by GSI since 1980 for the
preparation of landslides hazard zonation maps and formulate its guidelines. Chatterjee (1986)
prepared landslide overview map and superimposed them on the land slope, landuse and
lithological maps to evaluate the role of different parameters in inducing slope failure. Several
works of GSI (Majumdar 1980, Gupta 1988, Gairola and Shukla 1990, Sharan 1992, Chandra
1992, Sharma and Khandpal 1996, Mehrotra et al., 1996 etc) have also prepared landslide

hazard maps.

In 1998, Bureau of Indian standards (BIS) proposed guidelines for systematic study of the
Landslide hazards zonation (LHZ) on 1:25000 / 1:50000 scales. Based on these guidelines,
Geo-Environment appraisal and micro-zonation of Mangan Town has been initiated by
Department of State Disaster Management Authority (SSDMA), land Revenue & Mines, Mineral

Department (LR&DMD) and furthermore the detailed investigation was carried out.

As data provided by the SSDMA landslide Hazard zonation of Mangan was carried out by GSI
in the last decade on the request of State Govt. In the report they have suggested to discourage
construction of building in the area. However due to space constrains, it was not possible to

adhere to the suggestion.

4.8 Regional Geology

Entire study area is a part of Darjeeling/Sikkim Himalayas, located between the Himalayan

Kingdom of Nepal in the West and Bhutan in the East. The geological set up and
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stratigraphical position of rock units of North Sikkim are complex because of Tectonic

complex city, polyphase metamorphism and unfossiliferous nature of most of rock units.

In the Western as well as in the Eastern part of Sikkim - Darjeeling Himalayas, MBT and MCT
runs parallel, exposing a strip of lesser Himalayan. However, in the central part of Sikkim —
Darjeeling lesser Himalayas, a domal shaped re-entrant of MCT has exposed a wide expense
of the lesser Himalayan rocks. The MBT, with the Mio-Pliocene Sion-Orogenic Shivalik group
of Footwall and the Permo-Carboniferous Gondwana in the hanging wall, has not been affected
by the Culmination structure and has a roughly E-W running Terrace. Daling group of rocks
overlies the Gondwana Sheet. The Gondwana rocks as well as the Buxa and Rangit Pebble

Slate are exposed in the Rangit window.
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Fig 3: Showing locations MBT & MCT on Darjeeling- Sikkim Map (Source Google)

The main boundary thrust (MBT) separates the Shivaliks of the sub-Himalaya from the over
laying rocks of the lesser Himalayan belt. The Daling sequence is over laying by medium to
high grade dominantly politic schist, with minor inter-banded quartzite’s, calc-silicate rocks
commonly known as Chungthang / Paro formation and small bodies of granites (Lingtse

Gneiss), which is overlay by a magmatic terrain known as Darjeeling Gneiss/ Kanchenjunga
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Gneiss and throughout the equivalent of central crystalline constituting the greater Himalayan
crystalline (GHC/HHC).

The main central thrust separate the lesser Himalaya and the higher Himalaya. In the far north,
a thick pile of fossiliferous Cambrian to Eocene sediments, belongs to the Tethyan Belt
(Tethyan Sedimentary sequence) overlies the GHC (GSI Misc. Pub. No.30, Part-XIX-Sikkim,
2012). This zone is surrounded by daling group of rocks (Gansser, 1964, Acharya, 1989, the
mapped area is covered by quartz-biotite schist / phyllite with interbands of quartzite at places.
The litho units can be correlated with Gorubathan Formation of Daling group (Chakraborty and
Bannerjee, 1982). The rocks in general, show NW-SE to MNW-SSE foliation trends with dip
varying from 25° to 60° towards NE to ENE.

4.9 Seismicity

On 18th September, 2011 Sikkim Earthquake of 6.9 — A Seismological Investigation report from
the Analysis/ Synthesis and advance processing of the record events by the Sikkim, Strong
motion earthquake monitoring network occurred at 6:10:48 PM. Earthquake occurred near the
boundary between India and Eurasia Projects in the proximity of the Kanchanjunga Lineament
near the Sikkim — Nepal border at 68 km north west of Gangtok, the state capital of Sikkim

which is very much near to the Mangan vicinity.

The site specific earthquake parameters for Teesta-lll Dam site (near Chungthang) have been
studied by the department of Earthquake Engineering, |IT, Roorkee in their report EQ: 2007-15
as provided by the Sikkim Government. The main central thrust (MCT), a regional seismo —
tectonic feature has been estimated to have the potential of magnitude 8 and its closest
distance to Dam site (15 km). A. Peak Ground Acceleration (PGA) as 0.36g has been

estimated, which represents the maximum credible earthquake.

The main boundary thrust (MBT) has been assigned and earthquake magnitude of 7.5 within an
estimated PGA at Dam site (distance 15 km) as 0.31g. Another fault F1 has been assigned an
earthquake magnitude of 6, which shall produce a PGA of 0.15g at Dam site (distance 14 km).
PGA corresponding to MCE has been assigned as 0.36g and PGA corresponding to DBE has
been assigned as 0.18g. Provided data tables are placed below:

Table 2- Peak ground horizontal acceleration from various source around teesta-lll
HE Project site

SL.

No. Source Magnitude Closest Distance Max. Accl. (9)
1 Fault F1 6.0 14 0.15
2 Main Central Thrust 8.0 15 0.36
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3 Main Boundary Thrust 7.5 15 0.31
4 Teesta Lineament 6.0 58 0.05
5 Kanchanjunga Lineament 6.0 67 0.04
6 Arun Lineament 6.0 113 0.03
7 Everest Lineament 6.0 134 0.02
Purnea Everest
8 Lineament 6.0 153 0.02
9 YardangGuluGraben 6.0 91 0.03
10 | KatiharNailphamari Fault 7.0 182 0.02
11 Indus Suture Zone 6.0 186 0.02

Salsmic Hazard Scenario in the Sikkim Himalaya due 1o
18 Sept. 2071 Mw 6.2 Sikkim Earthguake
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Fig 4: Showing Seismic Hazard Scenario in the Sikkim Himalaya due to the 18" Sept.,
2011, Sikkim Earthquake of Mw 6.9

A comparative of MGA/EGA depiction by the Sikkim Strong Motion Array Triggered by
18"Sept., 2011 Mw 6.9 Sikkim Earthquake at the back drop of the Seismic Micro zonation

predicted hazard level are provided in table below:
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Table 3- Comparative of MGA/EGA
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Mangan is located on the domain of MCT, and as per seismic map of India Mangan area lies in
Zone- IV/V. Accordingly Seismic Loading will be considered as per Seismic Coefficient (Zone -
V) with Importance — 1. The considered values taken as Horizontal Acceleration Coefficient

0.22, Vertical Acceleration Coefficient 0.12 for the extreme event.

5.0 Status and PresentStudies

Department of State Disaster Management Authority (SSDMA), land Revenue & Mines, Mineral
Department (LR&DMD), detailed investigation for the preparation of Detailed Project Report
(DPR) was initiated from 2013 to 2015, and subsequently DPR was prepared & submitted by
the SSDMA & LR&DMD with the National Disaster Management Authority (NDMA) for their
approval in 2015.

Some of the locations were identified as critical spots from the stability point of view by the
Department of SSDMA and NDMA by jointly inspection after submission of the DPR in 2015.
NDMA suggested SSDMA to revisit & addition of adequate treatments methodology. Based on

advice of NDMA, SSDMA along with LR&DMD and DMMG, Sikkim Govt. appointed a
17
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consultantfor preparation of detail project report. After detail investigation a updated DPR has
been submitted to NDMA in month of July, 2017. The experts committee of NDMA for review
the DPR has been examined the DPR and gave some observation on the report (Observations

enclosed as in Annexure).

Keeping in view of the above observations of the honourable committee, the revised DPR

covers only following sites. These are

. Old Mangan bazaar & below SNT Complex & just adjacent to left bank of RaffongKhola
in the lower reaches immediately below the SNT Complex landslide

. Lower reach of multi-storey parking area at RinzingNamgyalMarg

o Surrounding area of Senior-Secondary School and close to left bank of RaffongKhola

Accordingly, furthermore detail investigation has been performed to address all the concern

raised by the committee.

5.1 Old Mangan bazaar & below SNT Complex & just adjacent to left bank of
RaffongKhola

Old Mangan Bazar is close to the area to the left bank of RaffongKhola towards north of
Mangan bazaar. The area is more vulnerable to failure in wet to surface runoff hydrological

conditions. Some of the pictures are presented as below

gl TEC AR ol
Fig 5: Showing old Mangan Bazar left side of the slide zone below SN

T complex.
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Fig 7: Showing crown portion of the slide zone below SNT complex.
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Fig 9: Showing cracks in the road in the slide zone below SNT complex
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Fig 11: Showing steps due to sequential subsidence in the slide mass below SNT

complex
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Fig 12: Showmg exposed bed rock below SNT parking right side adjacent to slide mass
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Fig 13: Showing exposed bed rock at right bank of raffongkhollajust upside or slide toe.

5.2 Mangan bazaar & Lower reach of multi-storey parking area at
RinzingNamgyalMarg
The Mangan bazaar & Lower reach of multi-storey parking area at RinzingNamgyalMarg is

densely habited. There many multistorey buildings constructed in these areas creating
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