


BACTGROUND ¢ JoSshimath is situated in district Chamali on
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the southern bagk of river Alakn2nda on RiShiknsh-
Badrinath route. It 1ies at northing latitude 20° _
33'24" and easting 1ongitude - 3%'24", The average
height is about 6000 ft. It is a sort of hollow recess
Sheltered on each side by @ circular ridge and to the
north of which is a high mountain ridge. Geologically,
the 8rea iS very unstable resulting in landslides,
road breaches and consequent localised sSubsidence,

With the increase in construction activity and

Population, biotic disturbance has taken placs to

& significant extent causing frequent landslides,
Such occurances invited the attention of pPeople, Who
wefe worried about the future cof JEhimath in gereral
and goverment in particular, As a consequence the
goverment Set up a Committee (vide U.0.N0,142/23-5/
44/96 dated 8,4.1976) under the chairmanship of
Commis sioner, Garhwal Manda]ﬁto s tudy the problem

and to find out the Sglutions. The Caonmittee conSiStec}
of 18 members representing various disciplines = ’
local represehtatives froam concerned departments,
Army, I.T.B.P., D,G.B.R., Shri Kedarmth Badrinath
Mardir Samiti and local administretion, The Committes,
to amelyse the phenaomenon in right pros p_ectiveA acted
like an inter-discirlinary body to study, co-ordimte
and to suggest measurss to implement é mul ti-as pect
Plan consis ting of water mamagement, $oil conserva-
tion, forestry, horticulture, building and road :
construction activity and disposal of might salls,
wasStes from kitchens and bathrooms.
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Tho Conmittec met at Gopeslwar on 3rd My,
1976, under the chairmanship of Sri I.C, Misrm -
Camuissioner, Garhwael Division. The nmecting was
attended by the representatives of all ths concernsd
technical departments, members nmimated by the Eiate
Goverment and local representatives Zemiliarx with
the problem. Acquainting the menbers with the problen,
the Chairman emphasisod that a detailed study of the
are2 should immediately be carried out by cxperis
sugges ting short term and 1ong term measures and to

trenslate the magnitude of works to be undertaken in

financial tecrms, This was follogved b:,ifliScusSion

emmnera ting the various causes responsible for land-
slides in Joshimath, a brief discussion of which will

fallow, It was alspo decided that the arez should

TIQN OF
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jolntly be surveyed by a Sub=Committee consisting of
representatives from the folloving depariments :-

The Directorate of Geology and Mining U.P., Lucknovw,

P.W.D.

Forecst Department.

Executive Engineer, Irrigation.

The Garhwal Jal Sans than,

D,G,B.R,

I.I.B.F.

The above sub=-committee was expected to

carry cut joint inSpections of the area between 10"t0
15th May and submit their findings after discussion,

Keeping in mind the paucity of time, the

Chairmen lald dovn folloring objectives for prelimi-

rary survey report s-
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l. To find out the cause of landslides and sinking,
2, Short term remedial measures.,

3., Long tern remedial measures after conducting a
detciled study,

4, Fimncial implications to implement the short
tern and the long term measures,

Causes of urstability -

Joshinath is not situated on insitu rocks,
It situates on weathered, landslided mass of big un-
Settled boulders in the locse matrix of finc micaceous 1
sandy and clayey mterial, The rocks are cryvstalline
consisting of schistoSse gneissic and quartzitic,

Joshire th 1ies on an ancient landsiide, ¥
This landgiide zone extends upto big nala near Par-
Sari in the ocast, in the west upto north-west ridge
and mla near Gaukh, in north upto river~bed where
Sae insltu cuterops are noted on the southern bank,
while northern bank consists of sdlid insitu bed rock
(Hathi pParbat) and in the sauth upto. and beyond Auli
which may extend upto the high mountain ridge forming
the wa ter shed,

The actual causes of landslide, the plane
of failure ar;d the depth of rock fill in the area
are not known, Probable cauSes can be hillwash, na-
tural angle of repoSe, -location of cultivable area
and habltation on an ald landslide debris intermixed
hwith Glacial nmorainic matsrial weathering and under-
cutting by streams. It may also be due to formation
of big fissure plane and movenent 2l ong this plane,

- This point 18 supported by a study of the course c7f /

flol of Dhauli Ganga. This river floving east tgwest
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takes an abrupt turn to north-west and then to south~
west, This caouplete reverse figw big loop of the

| river can be due to the daming of the river due to
landslides at Tapoban, Reni and Joshimath, Tapoban
/l1andslide has been recorded by Heim and Gausser in
1939, Further Dhauli and Alaknands Valleys joining

at Vishmiprayag arec alncst in a Straight 1ine ncrth-
West and south-east, This may be due +o a big fisgire
Plane resulting in landslides and as a rasult altering
the course of river forming epigenetic gorges and
fossil valleys, and thus Joshima th tornship might
have caie up over a fossil valley of Alaknmanda river,
and Alaknanda might be floving through an epigenetic
gorge and the original valley of the river might have
got burried under slide debris on the sbuthorn side,
The fossil valley in the recent past might have
changed the course of river Alakmanda itself, Shri

G, Pant's study in his recent report, "Fossil Valleys
and Epigenetic Gorges of the Bhagirathl and Alakranda
~rivers,” lends credence to the above theory. Shri
Pant has obServed that up Stream fram the confluence
of@%,ﬁ)iggnggg}ld Alaknanda, the Alakrénda flows
through an epigenetic gorge and the origiml valley

lies burried under slide debris on the southern side,

Landslides might have oc@u%éd due to n2tural

calamities like earthquake. The fact has been recorded
in "Himalayan Gazetter" by Eawin T. Atkinson Feb 1886
- Wherein he has recorded that "several of the tenples

are delapidated having partially over throvn by ed) e
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guakes ,"” Hovever no remedial measures are effective -
againss such uriradictalle 2cts of mtura,

It i z2lcar f7om the above discussion that
Jeslina vl torme AL and adininine sven 5
ancicnt lan’zlide and o5 such vulnerable %o arious
gasihmnees,; At roey 5laces tj”‘le hill slopes are very
Steep and the soll hes yet to attain the mturol
angle of repocse, Places having no matural anglc of
repose will be prone to landslides, In the area big
boulders and sandy Soil are resting in steep slops.
During rainy Se2son, surface and sub-surface water
ercsion takes place culmimating in fall of big boul-
ders from hill slope due to presence of cavities, This
displacement of boulders from parent hill slope mass
.takes place because of the presence of the gap between
the boulders and the soil, Boulders having this gap

are liable to foll in future also, The sinking of the

"PW.D, inspection house can be attributed to this

. Phenamenon, The inspection house is located on a steep

slope of more than 40° mg whole s1lope G 1sts of
harhazard debris mass and angular to Sub angular huge
boulders with locse soll as cementing ma terial, During
heavy prolonged rains the sub soll water washes out
the cementing soil dislodging the boulders and causing
sinking, Factors which aggravéted the grave situation
of PW.D, InSpection House were the heavy ralns in
1971-72 and further steepening of edge by P.W D road
cuttings, The net result of 21l these factors was
slipping away of a portion of the Inspection Houso.

b
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Similarly, location of cultivable area on Slopes will
give rise to landslides because of seemge and soll
eroSion, Weathering will also have adverse effects
because of wear and tear of tare rocks, Under cutting
by river currents of Alakmanda and Dhauli Ginga are
8lSo playing their part in bringing landslides, The
scauring action of these to rivers washes away with
it debris and thus the river starts cutting the edges
of mountains and inhabitated area, The clearing action
of swift current tokes along with then not only the
debris which was providing s ane protection to the
edges but also carry away in their wake sand from the
banks and thus cutting keeps on taking place, The
Scauring action is particularly noticeable 2t the
river bends at south of confluence of Alaknanda with
Dhaull Ganga and east of confluence of Alakmanda with
Dhauli Genga. In addition river erosion also takes
pPlace Which is evidenced by the development of debris
slides near Singdhar bridge,m village Khon and some
other places along the Banks of these rivers, Because of
action the toe Support to the hill is eroded and as
a pesult landslides occur., Intensive curing will also
have the same effects as it creates unm tural slopes
Which expedites the boulders to fall and hence should
be avoided in and arcund Joshimath,

Hill washing and percolation of water take
placo due to rains and melting of snow, This renders
the hills bare amd water starts percalating inside the
hills, The penetrating water in the rocks dislodges

then because of washing off of micacecus materi=l.
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The boulders get locSened and as a consequence land=-
silides occur, Big cmcks are seen in the outer surfnce
of the rocks as is evidenced necr Mamwarl, where a
big boulder is said to have been detdched fram the
hill and fallen into the Alakmnda in 1970 heavy rains,
The percalating water fram top of the hill finds an
outlet at the bottan, This is established by the fact
that water oozing out a2t the bottan of hills is muddy,

It is combionly felt that the increased const-
“ruction activity and grofing population have contribut-
ed to frequent landslides and slips in the area. Heavy
cons truction projects were undertaken in this area
after 1962, Indiscrinirmte felling of trees also took
place in thé area to make Space available for roads
and baildings., Heavy construction work without adequ-
ate systematic provisjons for regulated draimge leads
- _to percolation of water which ultirﬁately causes loca=-
\ 1lised shrinkmge and landslides, Varicus agencies '
supplying was te water are household was te water,
rain, nallah, sc2k-pits, kachcha drain, unevenness

of slopes, presence of cavities, depressions and

cracks over hill slopes, The torrential veloSity of

water floring dovn the slope makes the scarcely vege-
tated slopes bere. The percolating Surface water
saturates soft soil washing ktavray and thus creating
away cavities in between the boulders, Boulders are
withmtj. a support no’ and get detached from the
parent mass resulting in sSlides, Repif.:tition of this
process steepens the si‘ope further. AS a conseguence

the hill is devoid of lateral and toe support, The




o

net cutcone is that the Stability of the hill is

disturbed., An umattled road at the i1l top wiil
alSo aggravate the problem of water percalation,

With the increase in bpopulation, dernand for
trees for fuel, commericial and fodder purpoSes has
gone up considerably, Felling of trees has been resort-
ed tio without having a regard to future implications,
Trees are important as they act as mechanical barriers
to rains, increase the water conservation capacity
and hold the loose debris mass, Inerease in grazing andl
brovSing incidents are akin to felling.

Natural forest cover in Joshimath 2rea has
been mercilessly deStroféd'by a mnmber of agencies,
| ' The rocky slope iS b2re and treeless, J oshimath is
\about 6000 ft, high but the tree line has been rushed
upto 8000 ft. Absence of trees results 1n soil erosion
and landslides, The bare peaks are open to attacks of
weather., There is nothing to hold the detaching boul-
derse lLandslides and slips are the natural outcome,
This job ® cauld have been excellently performed by
trees at nountrin tops and slopes. A

Blasting has begen resdlved on =2 ma5£>scale
by DGBR, PWD, ITBP, Army and other agencies in the
ared for rcad and building construction purposes,
Construction activity has not only disturbed the
biotic factors wut also the mturel hill Slopes due

to raaovml of established surface cover, The area

COntains gneiss rocks which have a quality to fall
layer by layer fran the main rock, A heavy pressure
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is excrted on the rocks 2t the point of inmpact by
btlas ting, pushing the boulders dowiwards, This éulmi—
rmtes in landslides as there is no support between
boulders., The presumption belng that the soil which
was existing between %o boulders has alrgady been

washed away by percdating water, As has already been

poixitad out that Joshimath is a2 deposit of sand and

Stone - 1t iS not the nain rock - hence it was not
8 suitable place for the coming up 'of»ajgf{_gs_‘p_:l_p*._'
Vibrétions Produced by blasting and heavy traffic
will also lead disequillibrium in natural factors,
Lack of proper draimage facilities also
accounts for landslides, The soak-pits which are pre-
Sently existing are responsible for creating cavities
botieen Soil and boaulders, It will lead to water

Seerage and sall ercsion,

Remedial Measures:

Taking into consideration the above factors
Suitable remedial measures Shauld be taken to reduce
the quantun of dam2ge eand ultimately increasc the life
spn of the tovnship, These measures may be classified
into o broad heads viz. preventive and curative,

Preventive measures:=~ 1, Restriction should
be laid on heavy construction work, Construction éhalld

] only be alloved after examining the load bearing capa-

city of the sall.

2, For road repirs and other construction
purpcses it would be advisable not to remove boulders

7

Y by digging or blasting the.bill side, In the landslide
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areas stones and boulders should not be removed fram
the bottan of the hill, as it will r€i§ult in removing
toe support exptditing landslide frcmr:g ﬂ'énes ey be
Procured fraa the boulders lying 2t hill tops or away
from slip/slide zones, Cutting of trees for supplying
tho tovnship with timber, i‘irewood and charco2l may be
Strictly regulated and no tree should be felled in the
landslide area. It will be immrative to Provide the
local people with alternate sources of fuel Supply such
as electricity, soft coke, cooking gas, kerosene oil
' etc, Unless suitatle altermatives to firevood fodder
and charcozl are provided it will not be poSsible to-
have an effective check on felling and lopping of
trees. This holds equally good for ths effective
protection of plantations which exists or will be
raised in future. State Civil Supply authorities,
Ministry of Defence and Ministry of Home may be appr-
oached for making adequate arrangements in respect of
the above requirements, Fuel and timber arrangenents
for army, DGBR and Para military forces should be
m2de by reSpective demrtments, State Givil Supply
authorities will contribute a lot in saving trees in

the area by establishing dealers in cooking gas, kero=-

. Sene etc,

Agricul ture on Slopes must be avoided, Ins-
tead a massive compaign to plant trees and grass should
be undertaken to conserve soll and water rescurces. An
extensive prograrme of tree plantation in reserved

forest arcas, civil benaap land, cant area and on
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Slopes of private land nust be undertaken, It should

a2lso be borne in mind that trees should be planted:

in areas where the‘.\} can grod and survive successfully.
Tne area is suited for trees like Devdar, oak, pine,
popular, Robinia, etc. Civil benaap land is available
for this purpose betveen Mamwari bridge and Vishmiprayg
exterfding over an area of 80 hectares., A narrow bolt

measuring about 50 hectares is also available below

- Joshlmath ressrved forest which skould also be utili-

zed for extensive tree plantation. Similarly about
50 hecteres of land is also available in Dasauli Six-
th -Reserved Fores t. Fofest Department should prepare
de‘tailed Prograrmmes of tree plantations in the above
area, ‘

Flantation must also be done on a large scale

in cantaument area, areas occupied by Para military

forces and on private E_igricultural land., Ornémental
and fruit trees may invite the attention of Army and
Pare military personnels whereas fruit trees will be
the concern of private agricul turists bscause in due
caurse of time it will De a source of incame to them.
v The above programmes can be inplemented by
Forest demrtuent during the course of normal activi-
tles of the demriment, A certain mmmber of additiénai
posts will have to be creatéd for Plantat:_lon and sopil
canservation mrpoSeé. ﬁhe.re is only ohe Scll conser-
vation division in the district which is also not very

wall aemioned as far as St?ff and fiml allocations
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the poriod 1976=77 to 1980-81 in the area has been
Prepared by the deprtment. This programme aims at
Hlanting trees in one hundred twenty hectares of
Reserved Forest at the rmate of 1200 trees per hectare,
180 hectares of civil benaap land at the rats of 1200
trees per hectare and in addition Cantonment a2nd habi-
tated areas have also been inciuded where trees will
be Rlanted at the rate of 5000 per annum. This prograrme
will coSt qu':ubooo :— extending over five years, The
programme for plantation of trees is both a short ternm
as well as a long term measure. 4 seed which is plant-

ed today will take years togrov up and must be saown

ix_mziegiately without losing time, For its proper grov th

it must be brought up like a child otherwise it will
be & was te. Trees which grov fast Should be planted
immediately in the most vulnerable pockets, Plantation
of trees on all slopes steeper than 30° will be a
great stabilising factor. The area where tree plante=-
tion should be undertaken immediately are bare peaks
and slopeS, mllitary camping ground, Marwari, Belt
along Alaknanda, Vishmiprayag and Dhauli Ganga.and
area Khon,

Engineering Works - the curative measures :

i

1, Joshinath area is demarcated by permanent
tectonic zones, which might be active in present times. \
Water seepage in the area is profused, therefore to
Prevent any more landslides in future, it is a must to

. Stop the scemge of open rain water bélcw, hence

~tonstruction of & pucca drain system is 2 vital nece-
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Sssity. Construction of proper and lined drairmge as
has been done at Nainital where a portion of Meill
was sinking, must be undertaken irmediately, These
draim s'f?-:uld be made pucca and should not be all o=
ed tw f2ll in landslide area, The drains should have
adeguate capacity to tame water during rainy season.
.Domés tic waste water should also be made to flov
through pucca dr2ins and fimally to fall into the m2in
drains,
2, Roads should be m’etalled and without
Scuppers, not permitting any i}‘fgress of water pucca
road side drains should alSo be constructed, The water
fronm these drains should be properly channeliSed and
rade to f2ll in main drain. Roads edge should be kept
- 8lightly raised so that crossing over and falling of
rood side drain is properly planned. The organisations
of P,W.D, E_ind D.G.B. R can rlay an important role in
their respective areas,

/3. Scaking=-pits should be cloSed and severage
water should flow through Sewere line and fimlly fall
into concrete safety tanks which should be well guarded
against seemge. The safety tank nust not be 1oecated
in landslide zone. Water fraa bathroan and kitchen
should be tre2ted in the same way. The Sewere lines
nus t be properly lined as lining prevents seerage.

4, Water should not be alloved to accunulate
in depressions. Drains should be constructed to carry

it away to safe aregs., In addition searches should be

- nade to locate water inlets which must be closed %o

avold percalation of water from surface,
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Se All cracks should be filled in with line,
local soll and sand bitumen mixture in the order of
local soil 2nd sand bitumen, Sealing of cracks
noevent water fram percdlating into nmountain
reck - . thus landslides will not occur, This grout-
ing tcchnd que should be undertaken by the experts to
check cracks and fissure develoment, ‘

6. RBetaining walls and breast wall should be
constructed tc provide toe and lateral Support in
affected areas. Work should start on priority tesis on
either side of Singdhar Narsinch Mandir, P.W.D, Road
and along D,G,B.R. road,

7« To avoid scouring b;} river and slip of
!%b?gg%&’ Set terrace rmterial cement blocks should be
Placed on vulnercile places on the river banks, Toe af
the hill slope south of Vishmiprayag and Dhauli Ganga
confluence with Alaknanda should be protected from
scouring action of the river, The work can be accoapli-
Shed with the help of cement concrete blocks and wire
crates filled with big boulders,

8, Hanging boulders Should be provided with
support. Similarly support should be provided to boul-
ders lying at the foot hill, This will increasec the
sia?a‘tiity of the boulder 1ying out the toe and thus
help in avoiding lendslides,

9« Out of the above engineering measures

1is ted/ the folloving may be classified under short

tern measures, Treatnent of cavities, depression and

ézacks, c-;losing Scuppers in the rcads, minting of
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ro2ds l.e, Joshima th-Auli Road, raising of road edges
and coms truction of cross and catch water drains in
Slide zones tp dischirge water away fraa affected
ared etc,

10, The long tern measures will include
construction of pucca dralmage, sewerage, retaining,
breas t ar;d local walls and putting up of concrete
cement blocks %o prevent scouring action of river,
In addition ¢ons truction of concrete lined sewerage
line and safety tank will also be a time consuning
process and action Shdu_h}be initiated in this direcce
tion as soon as possible. Army and para-military
forces should be actifely associated with the progr-
amme., Detailed study should be made to chalk cut all
details of these long term me2sures by respective '
departments, An effort should also be made to find
out the magnitude of fimncial inmplications of inple-
menting these programme=-projects,

11, Ths short te‘m engineering work will
cost 7.60 lacks, the break up of which is given as
under :-

Project Bxecuting Estirated
: Department, Expenditure

S Bs,in lacs 2

Filllng cavity and P.W.D, 0470
depression,

Glosing scuppers P,W.D, 0,69

Painting rad sur- P.W.D, 4,30
face,

miSirlg road edges PcWQD. 1.60
in affected areas, .

Trez tnent of cracks PW,.D, 0.20

Cross and catch water P,W.D, S 0,11

dreins in slide zones Total:=- 7460
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In addition the afforestation programme is likely %o

cost Rs;m’as discussed earlier,

AJ oint survey by representatives of Irriga=-
tion derrtuent, L,S.G.E.D,, Jal Niganm, Jal Sans than,
Forest démrment, Hydel, representatives of army and
rra-nilitary forces should be conducted to study the
problen of water management., Water which is goihg_
was te presently can be constructively utilised for
the folIQViﬁg prposes s-

1) To chéck erosion on treeless slopes.

ii) For irrigation purposes -~ agriculture and ‘horticul ture,

iii) For génexﬂting electricity,

iv) Water for social forestry as envisa ged in the int-
erin report of the Mationl Camission on Agricul-
ture and Social Forestry, Goverment of India,

. August 1973,

Suprly of hygienic water to army and civil from the
reservolr,

It is also recammended that detall studies
of landslides shouid be undertaken for a ratioml .
assessment of measures to stabiiise and mapping of
slide areas. Lasting solution to the problem can be
found ocut by a long tim'e Study project of 1andslides,
afforestation and v}_ater management, Iaboratopies and:

investigation posts consisting of Specialists in the

‘above fields should be set up in more susceptible areas,

Ackndvledgenment

The Chaiman is thankful to all the members
for thelr co-operetion, Further suggestions are solici-
fed for discussion on above findings and incsrporation
in the report, You are requested to send your comments
upto 25,7,76, Date of next meeting will be cammunicated

.to you shortly. | |
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