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— | Foreword

¥

Lake Sarez, which fs focated in the Pamir Mountains in Tajikistan, was created in 1911 when a massive
landslide, triggered by an earthquake, blocked the Murgab River valley, creating a natural dom

This dam, which was named Usoi after a village buried by the fanaslide, refains Lake Sarez, a water
basin roughly one half the volume of Lake Geneva. Due to the high seismicity of the region and because
the Usoi dam is not an engineered siructure designed fo withstand the: large volume of water it confines,
several questions have been raised regarding the conceivable threat of its collapse.

The potential danger of Loke Sarez and Uso londslide dam was brought fo the atfention of the Secrefariat
for the Infernational Decade for Natural Disaster Reduction (IDNDR) in 1997, during the annual meefing
of the Interstate Council for Emergency Situations of the Commonwealth of independent States (CI5),
held m Chisinau, Moldova During this meeting, countries of the CIS called upon the IDNDR Secrefariat
to lead an effort o raise international awareness of this problem and! to coordinate initiatives fo reduce
the risk of an overtopping or collapse of the dam. The Government of Tajtkistan alfso raised
the issue of Lake Sarez during the visit of the Under-Secretary-General for Humanitarian Affairs,
Mr Sergio Vieira de Mello, in 1998. As a follow-up to these discussions, an infer-agency mission,
led by IDNDR, took place in June 1999. The mission consisted of renowned international and national
experts in the assessment of risk and impacts of natural phenomena in mountain environments.

This report presents the final resufts of the inter-agency risk assessment mission, including practical
recommendations for further action. It is clear that any solution to maie Lake Sarez and, its downstream
villagees sofer, would require coordinated infernational and regional coftaboration. The recommendations
given in this report may ossist donor governments as well as internaticnal agencies in mobilizing funding
to make Lake Sarez and the Usof dam secure

The Secretariat for ISDR wishes to acknowledge alf those donor orgianizations that made this mission
possible, in parhcular, the Office of Foreign Disaster Assistance, the US Agency for International
Development (OFDA/USAID), the World Bank, and the United Mations Development Programme
(UNDP} We are also groteful to Focus Humanitarian Assistance os well as to the OCHA country office
in Tajikistan for their precious assistance.

Secrefariat for the Infernational Strategy for Disaster Reduction {ISDR)
United Nations



Location of Lake Sarez and
the Usoi landslide dam
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Chapter 1
Introduction and summary

4
1.1 Introduction

1.1.1 Lake Sarez and the Usoi
landslide dam

In the winter of 1911, a massive rock slide in the
Pamir Mountains of southeastern Tajikistan
completely blocked the valley of the Bartang
[Murgab) River, a headwater fributary o the Amu
Darya River basin. The Usoi landslide dam, named
after the village of Usoi, which was completely
buried by the slide, has a tofal volume estimated ot
approximately 2 km®, with a maximum height
above the original valley floor of 500-700 m.
A lake quickly formed behind the Usoi dam,
rising at a rate of
approximately 75 m/yr
during the first few
years. This lake was
named for the village
of Sarez, drowned by
the rising water. Lake
Sarez is now more
than 60 km long, with
a maximum depth in
excess of 500 m and
a total volume of approximately 17 kan’, Today, the
surface of the lake is more than 3200 m above sea
level {asl), surrounded by pedks rising to more than
6,000 m asl. At present, there is approximately
50 m of freeboard between the lake surface and
the lowest point on the crest of the Usoi dam, and
the water level of the lake is now rising at an
average of 20 cm/yr, based on the most recent
measurements.

The Usoi dam is the highesf dam, natural or man-
made, on Earth (see chapter 2, figure 1}.

The Usoi dam is the highest dam,
natural or man-made, on Earth. In a
worst-case scenario, a catasirophic
outburst flood from Lake Sarez would
desiroy the villages and infrastructure
in the Amu Darya River basin between
the lake and the Aral Sea, a distance
of over 2,000 km, inhabited by more
than 5 million people.

In a worst-case scenario, a catasirophic outburst
flood from Lace Sarez would destroy the villages
and infrastructure in the Amu Darya River basin
between the lake and the Aral Seq, a distance of
over 2,000 ki, inhabited by more than 5 miflion

people.

The Usei landslide dam and Loke Sarez have been
the subjects cf cbservafion and technical studies
for several decades. These studies, conducted
primarily by Russian and Tajik scientists, but
effectively discontinued ot the time of the breakup
of the Soviet Union, were directed primarily toward
analyses of the geotechnical and hydrelogical
aspects of the Usoi dam, Lake Sarez, and the
adjacent mountain
slopes. An early
warning system was
developed, designed
to alert Moscow and
Dushanbe o an out-
burst flood from the
lake. However, little
attention was given to
the safety of the pecple
living in the river vall

downstream from the lake. Few of the results of
these studies were generally available fo scientists
or government officials in the West until the
breakup of the Soviet Union. Even today, most of
the informaticn that has been gathered describing
the geotechnizal environment of the dam and lake
is in the Russian language and is archived in
Moscow and Dushanbe, the capital of Tajikistan,
in government institutes and agencies that may be
virtually nonfunctional. This makes the task of

developing a proper perspective on the problem
difficult for disaster management experts.



1.1.2 Development assistance
initiatives

The Usoi landslide dom and Lake Sarez present o
major dilemma to the governments of the riparian
Republics along the Amy Darya River baosin, as
well as to international development assistance
agencies The major engineering programmes
proposed fo lessen the hazard posed by the dam
ard lake, and advecated by most of the Central
Asion Republics, have been judged by
development agencies to be far oo expensive to
esteklish, Papers presented at @ regional
conferance on the Lake Sarez problem, convened
in Dushanbe, Tajikistan, in late 1997 by the
International Organization for Migration and
Focus Humanitarian Assistance [FOCUS) ana
attended primarily by representatives from the
Central Asian Republics, reflected o pro-
engineering agenda. A second conference
canvened by Focus Humanitarian Assistance
USA in Washingten, DC, in the summer of 1998
and attended by Westarn geoscientists and
representatives from the U.S. Agency for
International Development {USAID), the U.S
Geological Survey (USGS), and the World Bank,
concluded that insubficient information was
available concerning many aspects of the

problem, and recommended a reconnaissance of

Lake Sarez and the Usoi landslide. dam
the foreground.
Phaoto credit. Jorg Hanisch

Ihe landslide dam, the loke, and the Bartang

velley. This reconnaissance, undertoken in
Ortober 1998, led to the conclusion that the Usai
landslide dam showed no obvious signs of
initability. It was recommended that installation of
a menitoring program for the dam and lake and
an early warning system for the downstream
villages should be high priorities (Alferd, 1998),
In early 1999, the World Bank begon oreliminary
olanning to implement these recommendctions.

in June 1999, a second reconnaissance missian
was organized by the UN Secretoriat for the
International Decade tor Natural Disoster
Reduction (IDNDR). This mission, fielded with
assistance from the Office of Foreign Disaster
Assistance, US Agency lor International
Davelopment (OFDA/USAID); the World Bank;
and the United Nations Development Program
[UNDP), consisted of a combined group of Tajik
and expatriate scientists {see p.113) who studied
the dam and lake, as well as the in habitants and
eavironment of the Bartang valley for
approximately 200 km downstream.
The members of this reconnaissance team
concluded that the probability of a massive
outburst flaod from Lake Sarez was low in the
near- to mid-kerm, but, should such a floed oceur,
the impact on the dewnstream valleys would be
dumﬂuhng

Irrespective of such an
outburst fload, it was
concluded that virtually
all human habitations in
these mountains are
subject to hozards
associated with earth-
quakes, slope instability,
and flooding. These are
the common elements
E'rnking the hazard
represented by Lake
Sarez with the hazards
taced by individual
villages These hozards
are exdtremes an A
conhnuum runging from

Right-bank extensometers are in



high-magnitude, low-frequency events, as
represented by Lake Sarez, to Jow-magnifude,
high-frequency events, such as rock falls and
seasonal flooding, faced by virtudlly all villages.
For a more detailed discussion of mountain
hazards and risks, the reader is referred to Hewitt
(1997). An excellent discussion of the general

plight of mountain peoples can be found in
Messerli and Ives {1998).

A high-magnitude, low-frequency event, such as a
major earthquake or an outburst flood, will
overwhelm the existing response capabilities of
the region and require assistance from the
international community. On the other hand, the
low-magpnitude, high-frequency events can often
be dealt with at the local or regional level with
minimal assistance, consisting of enhancement of

determine the degree of risk and the
vulnerability of dewnstream villages and
infrastructure, and

4) assemblage, organization, and analysis of
existing information using Geographic
Information System (GIS) technology.

A catastrophic outhurst flocd from Lake Sarez has
international implications. Depending upon the
distance travelled by such a flood in the Bartang-
Panj-Amu Darva river system, and the magnitude
of such « flooe, those portions of the countries of
Tajikistan, Afghanistan, Uzbekistan, and
Turkmer 'stan |ocated along the continuous river
valley are potentially at risk. In the event of such a
flood, large irrigation systems, on which the
econormes of saveral of these countries are based,
could be destroyed. This makes the potential for a

the rudimentary

infrastructure that
currently exists While
the possibility of ¢
major outburst flood
from Lake Sarez has
received sufficient
attention to produce at
least gross estimates of

emergency-response

The members of the UN reconnais-
sance mission, organised by IDNDR
Secretariat, concluded that the
probability of a massive outhursi flood
from Lake Sarez was low in the near-
fo mid-term, but, should such a flood
occur, the impact on the downstream

Hood one of the major concerns uniting the

countries of the
region, and solutions
at any scale should be
approached in this
light.

The C1S (Common-

the social and
economic damages
that would result, the cumulative costs of the
annual cycle of rock falls, avalanches, and
flooding in the Pamir Mountains remain unstudied
and unquantified.

The consensus of the members of the UN

reconnaissance feam was that there are no simple

technical solutions to the hazard presented by

Lake Sarez. It wos concluded that, in the near-

term, the most appropricte activities could involve:

1} design and installation of an early warning
system to warn inhabitants of the upper Amu
Darya River basin of an outburst floed,

2) initiation of a monitoring program at Lake
Sarez fo provide continuous information on the
hydrology of Lake Sarez and stability of the
Usoi darn and the slopes surrounding the lake,

3} development of a series of flood seenarios to

valleys would be devastafing.

wealth of Independent
States) republics of the
region - Tajikistan,
Uzbekistan, Kyrgyzstan, Kezakhstan, and
Turkmenistan - were ol created in this century by
the Soviet Union to administer a region formerly
controlied by o series of Khanates located along
the ancient "Silk Road,” plus territories with no
clear political dllegiance, but contested for by
Imperial Russia, Great Britain, China, and
Afgharistan during the days of the so-called
“Great Game” (Hopkirk, 1992) The region is
defined by some of the highest mountain ranges
on earth - the Pamir, Tien Shan, Karakoram, and
Hindu Kush Mountains - and by the problems
these runges represent in terms of the social,
economic, and political isolation of the peoples
living in them The topographic complexity and
genera! inaccessibility of these large mountain
ranges, courled with the many political and
economic prohlems associated with the transition



from Soviet control, alse create problems for the
development-assistance community. The political,
socicl, and economic marginalizations of
mountain peoples make it difficult to design
assistance programs while working through o
central government in a distant lowland. In
addition, the complex, three-dimensional
environmental mosaic of large mountain rangss
makes the opplication of generic salufions difficuls,
and their success problematical.

The following sections present the prelimina-y
conclusions reached by individual team members.
Here, and in the main body of the repart, only
minimal editorial changes have been made to the
original material prepared by each author. An
attempt has been made to standardize English
usage and the transliterations of Russian place
names to English. Beyond this, the individual
reports contained in this document are essenticlly
as prepared by each team member or members
Questions concerning geotechnical aspects of
each report should be referred fo the individual
author(s).

1.2 A worldwide perspective on
landslide dams’

Landslide dams are
formed by various
types of landslides,
and they cccur in
different physiographic
seftings, ranging from
rock slides and
avalanches in steep-
walled narrow valleys
to slumps and flows of
sensitive clays in flat
river lowlands. These
natural dams range in
height from a few
metres to hundreds of
metres. As reported here, the world's largest and

highest (550-700 m) historic landslide dam was

100,000 people.

Casualties from individual landslide-
dam failures have reached into the
many thousands, The world’s worst
recorded landslide-dam disaster
occurred when the 1786 Kangding-
Louding earthquake in Sichuan
Province, China, triggered a huge
landslide that dammed the Dadu
River. After 10 days, the landslide dam
was overfopped and breached; the
resulting flood extended 1,400 km
downstream and drowned about

formed by the 1911 earthquake-triggered 2- to
2.5-km?* Usoi rockslide, which dammed the
Murgab River in eastern Tajikistan.

A landslide dam differs from an engineered
embankment dam in consisting of a
heterogeneous mass of paorly consolidated earth
material, in addition, unless they are modified as
a mitigation measure, landslide dams do not have
protected spillways or other cutlet siructures.
Because of the lack of an erosion-resistant outlet,
landslide dams commonly fail by overtopping,
followed by rapid surface erosion that progresses
from the toe of the dam toward the crest. Because
of “self armoring” of the eroding outlet (@ process
involving removal of fine material by the flowing
water, leaving coarser, erosion-resisiant blocks
and fragments fo line the channel), the breach
often does not erode down to pre-dam channel
level

Before breaching, landslide dams may exist for a
few minutes or hours, or for thousands of vears,
depending on many factors, including:
1) volume and rate of water and sediment inflow
to the newly formed lake,
2} size and shape of the dam,
3) character of geologic matericls comprising the
dam, and
4) rafes of seepage through the dam. Londslide
dams create the
potenhal for two very
different types of
fooding: {1) upstream
{backwater) flooding
as the lake fills, and {2)
downstream flooding
due to dam failure.
Lake Sarez, as it
currently  exists,
provides an outstan-
ding example of
upstream flooding.

Landslide dams can
affect valley morphology in the following ways.
1} deposition of lacustrine, aliuvial, or deltoic



sediments in the reserveir, resulting in changes
of stream gradient, surface marphology, and
surficial geology upstream from the dam,

2) local downsiream channel erosion due to
outburst fleeding,

3) formation of shifting channels downstream by
introduction of high sediment loads from
erosion of the landslide deposits during
breaching of the dam or due to “bulking”
{entrainment of loose materials from the
downstream canyon), and/or

4} secondary landsliding along the shore of the
reservoir due to reservoir filling or to rapid
drawdown when the dam fails, These factors
must be considered when siting engineered
structures, such as hydroelectric dams, roads,
or bridges, in valleys in which landslide dams
have occurred or have the potential to occur.

The simplest and most commonly used method of
improving stability of a landslide dom has been
the construction of protected spillways either
across adjacent bedrock abutments or over the
crest of the dam. In o few cases, large-scale
blasting has been used to excavate new stream
channels across landslide dams. Other methods
of preventing overtopping of londslide dams by
stabilizing lake levels include drainage by means
of siphen pipes, pump systems, and tunnel outlets
and diversions

Not all landslide dams pose hazards; some have
proved beneficial to mankind A few landslide
dams that have proved fo be stable over long
periads of time have been used 1o provide
hydroelectric power. Lake Waikaremoana, the
largest landslide-dammed lake (volume-
5.2 billion m?} in New Zealand, is an outstanding
example of ¢ landslide-dammed lake that
provides water and hydraulic head for production
of hydropower.

1.3 Geotechnical assessment of
the Usoi landslide dam and
the right bank of Lake Sarez®

This study consisted of a one-week field visit to the
dam and the slepe above the western shore of the
lake accompanied by two local experts,
Prof. Anatoly tschuk and Col Yusuf Akdedov.
Existing datc were compared with visual
observations in the field. The most important
features studiec were:

+ The generdl stability condition of the dam and
especially its vulnerability to overtopping

« Any signs ol major seftfement in the dam since

it formed in 1911.

« The right part of the dam, which has minimum
freeboard against overtopping.

+ Leakage through the dam, which has eroded o

canyen on tie downstream face

+ Instability of the slope above the right bank of
Lake Sarez, approximately 3 km upstream
from the dom, where previous instability has
been verified.

1.3.1 Current state of knowledge

The dam and the slope above the right bank of the
lake have been mapped extensively by geologists
and surveyed tc obtain the fopography of the areas.
The topographic survey has been extended to the
area that has been submerged beneath ihe lake.
Hydrological olsservations, which began in 1939,
heve included ctrempts o defermine the locations of
the inflow zones of the dam, as well as the How
paths and veloafies through the dom Ar present,
the slope abovz the right bank of the loke is kept
under observafion from a camp on the opposite side
of the lake. A lew extensometers were installed ot
open cracks in the surficial deposits on this right-
bank slope in August 1998 The instruments are
read annually and have hitherto showed slow
movements {on the order of 1-2 cm/yr). Earlier
observations ketwaen 1985 and 1990 reported
maximum displacements of 10 cm/yr.

2. Jorg Hanisch, Ph D., German Federal Institute for Geosciencies and Natural Resources, and

Carl-Olaf Soder, SWECO INTERNATIONAL AB.



1.3.2 Observations during the UN
mission

The following cbservetions were made at e Usol dom

o The right and left parts of the dom (ot the surfoce)
consist of very Jorge blocks of rock. The middle port
of the dom inchudes much more fine material ond
lacks huge blacks. A visit to the dam makes the

enormous volume of the 1911 landslide

comprehensitle.

The right pert of the dom hos o lower fresboord than
the remainder.

+ The springs where the leakoge water emanates
from the dam are all locoted roughly at the
some level, which is 130-140 m below the
level of the lake. This points to the existence of
an impermeable layer in the lower part of the
dam bedy.

At the slope above the right bank of the lake, the

ohyservations revealed ot lecst three different fypes
0" mass movements:

« Rock fall, which occurs regularly each day on
the steep cliffs along the shorelines. The
volumes vary, but can reach several thousand
cubic metres per incident

cbply, and thus effecively aonfines hedam, which |, Slow, but corfinuous, shding of the colluvial debris
is achoniogeous for s lorge-sadle, kong-lerm sicbiily. of the slopes. This sliding is causad by rock falls that

+ The formation of the canyon on the down: produce overburden loads cn the colluvial debris.
stream foce of the dom, by ecsiondve toleckage. A process, thet is called “mountain spliffing”
mﬂ:urﬂtﬂibacﬁ:ﬁs—ﬁaﬂtﬁpﬂsﬂhﬂm [sackungen), has been caused by stress release
by fine matericls from a right-bank ribuiary. The in the rock of the valley flanks upon refreat of
erosion of this material is not considered o influence Pleistocene glaciers from the valleys. The
the siobility of the dam. The areas where the waler deformations caused by these phenomena are
lecks out of the dom in slow wurbulent low show no currently extremely siow.,

signs of active erosion and, although no
meosurements were mode, the waler seemed 1o be
fotally free from sediment, i.e., no “piping” was

oCCUmng.

Clear evidence of a deep-seated sliding surface
in the rock mass could not be found. On the other
hand, there are numerous indications of relatively
shallow slope movements.

T N e e S 5
Part of the 1999 UN research team in the Bartang Valley. Photo Credit.
Jack Ives




1.3.3 Recommendations for additional work

It is necessary to define the location and size of the zone of low permeability in the
dam in order to analyze the stability of the dovsnstream face. This can be
accomplished by means of a geophysical survey, using refraction seismic
techniques.

Discharge flow from the lake through the landslide dam should be monitored
and compared with earfier measurements. Results of earlier experiments to
determine the flow velocity through the dam should be reviewed ar the original
archives.

A safety manual for the dam and the right-bank slope should be developed.
The manual should contain information regarding, for example, dota on the dam
and the right-bank slope, check lists for inspections, alarm levels for various
parameters, a contact list of individuals and organixations, inspection protacols,
inspection intervals, and responsible institutions. The manual should be updated
regularly as new information becomes available. From the use of this manual, the
assessment of risks can be improved.

Monitoring of the right-bank slope needs te be improved by installation of
additional and more-refined instruments. This instrumentation should also, at
least in part, be implemented as a component of the early warning system.

1.4 Environmental impact
assessment: the ecology of
South-Eastern Tajikistan’

The range of possible flood scenarios represents
significant threats to biodiversity, land use, and
geomorphologic processes. It is vital that any
hazard assessment of Lake Sarez take into
account the importance of the local, national, and
regional environmental implications.

1.4.1 Sources of information

Natural sciences study is extremely well developed
in the region, and there is a wealth of background
information and local expertise available.
Significant strides have heen taken in the
cataloguing of biodiversity. The first Tajik Red Data
Book (catalogue of biological species) was
published in 1988 by the World Conservation
Union (IUCNY). In addition, several nature reserves
(Zapovedniks) and national parks have been

imp'ernenferJ in the Counfr}r, Glfhouah these

designations have been threatened by the civil

war. The Tajik Ministry for Nature Protection is the
lead government agency and there are many
local non-governmental organizations (NGQs),
such as the >amir Biological Institute, the
Association of Guards, Woods and Wild Animals
of Tajikistan and the Kuhistan International
Foundation.

1.4.2 Local description

Because Lake Sarez is a geologically young
feature, it is rot an ecolegically rich habitat in
itself. However, the surrounding mouniain and
valley features are extremely impertant and would
meet national criteria for biological conservation
protection. The Bartang valley has been
researched since at least 1882, and more than
1200 plant species have been recorded in the
valley, Researchers at the Pamir Biological Institute
report that the Taijik Province of Gorno-Badakshan
alone includes some 164 endemic plant species.
Key endemic plant species, which could be
affected. include Clematis saresica. Betula
murgahica, Pleurospermum badachschanicum,



& lady and her small daughter Frorn Shipad, a small willage on the Panj
River the confuence with the Bartang River,
Phota Credit, Jack Ives

Kudrjaschevia pojarkovae, K. nadinae, and
Acanthelimon hilarice,

Land use in the valley is restricted by the geomor-
phology of the area, with both human settlements
and the widest range of biodiversity being found
on the stable soils of the alluvial fans and river
lerroces.

A the confluence with the Bartang River, the Parjj
River valley is generally wider, with greater lateral
distance between me river and the valley walls.,
There are more extensive oreas of sediment,
providing suitable conditions for both humans and
a wide range of wildlife. The following broad
land-use valley transect was recorded:
River - Bank habitat - Agricultural Area - Road -
Hemes/Agricultural Area - Marginal Agricultural
S'opes - Slope Hobitat - Rock Wall.

There are no specifically protected wildlife habitats
in the study areq, although many localities waould
meet national criteria E‘.)r protection. There is
ralatively litle human interference in natural
habitat and the Ministry for Nature Protection
reorts that it tries to concentrate resources i
creas of potenficl conflict between conservation
aed human uses.

1.4.3 National description

There are currently only three Zopovednik Nature
Peserves in Tajikistan, and two of these are in the
direct floed path of o possible failure of the Usoi
clam. The Dashtidzhumsky mountein forest reserve
an the bank of the Panj River cccupies 53,400 ha.
It includes pistachio, juniper, and maple forests,
and provides habsitats for key faunal species such
as the Markhor Capra falcon, snow leopard,
browm bear, and Persian ofter. The low-lying areas
of this reserve would be affected by a majer floed.
The Tigrovaya Balka reserve protects the largest
tugai forests in Central Asia. With o surface area
of 49,786 ha, this Zapovednik was the main
habitat of the Turon tiger, which was last seen in
Tajikistan in 1954. It remains the key hebitat of
«everal Red Data Book species, such as the
Bukhara Red Deer, and fish species such os the
Shavelnose - Pseudoscaphirhynchus spp.

"here do not appear to be potential polluting
sources on the upper reaches of the Bartang and
Panj Rivers. Fertilizer use is reported as low,
although this has not been confirmed
independently. There appear to be no factories,
power stations, or waste facilities, that, if present,
could present significant pellution threats.
However, there are mines high in the mountain
areas, reportedly for weltram, geld, and
uranium, While the mines would be safe if
Hoeding accurred, it is possible that access
routes fo these siralegic economic resources could
be jeopardized.

1.4.4 Regional description

“his review does not extend beyond Tajikistan, but
it is vital to consider the potential regional
implications of a major flood. Termez, on the Amu
Darya River, is the nearest major fown that could
be Hlooded in the worst-case scenario, Farther
downstream across the five nations that would be
inffected by the worst-case flood scenario, it is very
Itkely that significant pollution would result from



1.5 Environmental impact
assessment: geomorphology
of the Bartang and Kudara
valleys*

1.5.1 Previous studies

local experts have conducted some
geomorphologic studies in these valleys, including
studies of slope instability related to tectonic
activity, However, the impacts of the flood on the
geomorphology of downstream vaileys have not
been assessed thus far. Mareaver, relationships
between landforms and fauna and flora should
be examined in these valleys. The field
cbservations, therefore, were conducted along the
Bartang and Kudara Rivers, immediately
downstream from the lake.

1.5.2 Environmental impacts

The precise impact assessment will be possible

only after the flood calculation is carried out.

Nevertheless, the Environmental Impact sub-teom

found the following important aspects that should

be considered regardless of the size of the flocd:

The landforms in the valleys are classified into:

1} alluvial fans/cones, which are defined as
features formed by frequent debris lows from
fributary valleys,

2) river terraces,

3) glacial moraines,

4) talus slopes, which are formed from rock-all
debris on steep slopes,

5) floed plains, including the one covering the old

lake deposits, and
6) bedrock cliffs/walls.

Among these, landform elements (1) fo (4) are
especially important in terms of debris {mixture of
rock fragments, sand, and mud) to be transported
downstream by the outburst fload from the lake.
Because the soft, loose deposits comprising such
londtorms are distributed from the present valley

bottom to the higher slopes, these deposits could
easily be incorporated into the floeded water in
any flood scenario. This could lead to a debris
fiow, which could increase damage downsirear.
Also, the toes of the slopes would become much
more unstable after erosional removal of the
debris from the valley Hoor. As a result,
continuous, slow retreat of the toes of the terraces
and the fans/cones, on which most fauna and
flora are found, would be expected.

Most fauna and flora, as well as mest human
setlements, are observed either on the alluvial
fans/cones or on the younger river ferraces that
formed about 3,000-5,000 years ago. Only two
setflements are located on the glacial moraines.
The alluvial fans/cones and younger terraces
have formed near the valley bottom These
depositional landforms, serving as homes for most
fauna, flora, and human settlements, could easily
be washed away by an outburst flood from Lake
Sarez. Downstream transport of the deposits
would also lead to high suspended sediment
loads, which could damage fish populations in the
lower reaches, as described elsewhere in the
Himalayas for glacial-lake outburst floods

Revegetatation would be possible only after the
stabilization of the new landforms
Geomorpholegic response would start
immediately after the flood. However,
redevelopment of the landforms, such as dliuvicl
fans/cones and river terraces, may require
hundreds to thousands of years

1.6 Flood scenarios®

Two arbitrary floods were defined for modeling

purposes:

+  Aflood produced by a rectangular breach with a
length and depth of 500 m These breach
dimensions produce a flood in agreement with the
U.S Army Comps of Engineers {COE) breach flood
at the single point - 200 km downstrearn from the
Usoi dam - where comparison is possible.
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+ A flood produced by « seiche wave
overtopping the cdam with an average depth
of 50 m over an arbitrary dam with a length of
2,000 m.

Two computer software models were used to
develop the flood scenarios: (1) the (United States)
National Weather Service (NWS) dynamic
hydraulic model used by the COE in its flood
simulation studies and supplied to this study by
Dr. Mark Jourdan of COE, and {2) DAMBRK,
a commercial version of the NWS software.

Throughout the 180-km reach of the river system
considered in this study, differences between the
breach and seiche flocd depths are small, relative
to the absolute size of each. In either case, the
impact of a flood on the villages of the Bartang
and Panj valleys, as indicated by the model,
would be devastating. Modeled flood depths
range from a maximum of nearly 200 m
immediately downstream from the Usoi dam to @
minimum of approximately 50 m upstream from
Shipad for the breach scenario, and
approximately 100 m to 30 m for the seiche
scenario. Perhaps the most significant finding of
this study is that the depth of the floed does not
decrease continuously with increasing distance
from the Usor Dam  For a given flood volume,
depth 1s controlled by valley topegraphy, largely
the width of the valley floor and the slope of the
valley walls. In the case of a breach flood, «
secondary maximum of approximately 160 m
occurs in the vicinity of the village of Supon;,
approximately 100 km downsiream from the Usoi
dam, while in the seiche scenario, the maximum
depth for the entire reach of river considered in
this study was ar this site.

While the results obtained from this preliminary
analysis of floods resulting from either an outburst
or seiche Hood originafing from Lake Sarez can
be improved considerably by a more detailed
definition of the controls on such o flood, it is
considered doubtful that the precision of risk
assessment for individual villages in the Bartang
and Panj River valleys will show a simifar

improvement. A fundamental problem is the lack
of empirical dota against which to test the results
of model scenarios. Values of peak floods will
always be driven primarily by assumptions
concerning the initiation of the flood, e g., the
height cnd volume of a seiche wave overtopping
the Usoi dam, the rate at which a breach is
formed in the clam and the ultimate cross-sectional
area of the braach, the extent to which the flood
becomes a delris ow. and the dissipation of the
flood crest by losses of volume to local
embayments. The most precise model will be
affected by the topographic accuracy of the
Russian Army maps used fo derive the digital
elevation model used as input. The contour
inferval of the 1-:50,000 maps is given as 20 m.
This elevation interval is approximately equivalent
o the elevation above the floed plain occupied by
a majority of the villages of the valleys. Of dll the
villages in this valley system, only Rorshorv and
Savnap, near the headwaters of the Bartang River
are clecrly above the highest possible flood crest.
No amount of improvement in model results will
unequivocally demonstrate that all, or portions, of
the remaining villages can be considered sofe
from a flood. Given this fact, it would be
irresporsible to base any village-level planning or
training on the: results of what will continue o be
theoretical censiderations. The most prudent
assumption is that any major flood from Lake
Sarez will destroy virtually all villages in the
Bartang and Panj River valleys, and extend
downsiream for at least 1,000 km Unless
additional improvements in flood modeling will
prove conclusively that this assumption is incorrect,
prudence suggests that the assumption should be
the basis for near-term planning for a floed event
in the Bartang /Panj valleys

There is one additional factor that was not
considerad in this analysis, but which is relevant to
continued habitation in these valleys All
consideration:s to date have been in terms of a
flood with an mstantaneous peak flow in the order
of one million cubic metres per second. It is
probablz that a simple doubling of the present
mean strearnflow volume of 2,000 m*/sec of the



Barfang River, measured by Soviet geoscientists ot
Barchidev (Kazakov, 1997}, perhaps resuliing
from & small change in the internal structure of the
Usoi dam, would destroy porfions of the existing
road and low-lying villoges and agricultural land
for more than 100 km downstream from the dam.

1.7 Monitoring and early
warning systems?®

The installation of @ menitoring system (MS)/ecily
warning system (EWS) for Lake Sorez should be
given a high pricrity. In particular, the M3 could
alleviate much of the uncertainty that now is
associated with the hazard from Loke Sarez. The
EWS could give the people living in the villages
along the Bariang and Panj valleys a reduchion in
risk. Therefore, a single and clear approach to the
solution of the Lake Sarez problem, in terms of an
EWS, depends on the quantity and, above dll, on
the quality of the field-monitoring data (MS),

1.7.1 Past experience

Until 1992, efforts of Russian and Tajik scientists
were directed primarily toward analysis of the
geotechnical aspects of the Usoi landslide dam.
Monitoring, based on visual investigations and
some measurements, was not always systematic
(due in part to the harsh environmertal
condihons). The resulting EWS was developed
and designed to alert Moscow and Dushanbe: to
the occurrence of an outburst fload from the leke
Litfle attention was given fo the people living in the
river valley downstream from the lake. The
warning system, in fact, was able to alert only
some of the villages and these only after an
elapsed time of about 7 hours from the onset of

the flood.

1.7.2 Current situation

Currently the monitoring system is based on the
following two sources:

+ During summer, and occasionally in winfer, a
team of Tajik observers is resident at the lake.
The responsibilites of the team are to contact
Dushanbe, Khorog, and the Usor Master
Station {2 km away from Savnob villagel, via a
radio link, in the event of o flood They also
monitor the unstable slope on the right bank of

the lake.

+ On the Bartang River and on the Jzgulomdara
River {a right fributary io the Bariang), near the
village of Nisur, two hydrometric stations
would monitor the level of the flood crest. If the
flood levels rise above the levels of the
hydrometric stations, the system will send, via
cable connection, an automatic signal to the
Usot master station. This, in turn, will be
connected via satellite to Dushanbe and
Khorog.

Regarding these MS and EWS, the following
remarks can be made:

+ Visual monitoring cannot provide a relioble
EWS, and the radio-link connection (Lake-
Master Station-Khorog-Dushanbe) cannct alert
the villages in fime to facilitate evacuation in

the event of a flood.

+ The automatic system for the detection of the
maximum level of the water in the rivers is foo
far downstream from the lake (four villages are
located between the hydrometric stations and
the lake).

+ The satellite connection system {10 yrs old) is
not free from shortcomings, mainly that this
connection is not continuous As a result, the
exisfing system will fail to alert the population
in fime.



1.7.3 Environmental conditions

All of the activities (insiallation of instruments and
equipment, operational and maintenance phases)
have to consider the following difficult
environmental conditions. large scale of the
phenomena under observation; difficully of access
to the sites, climatic condifions (especially during
the winter); absence of an access road from the
Bartang valley fo the lake; and absence of an
electrical power supply (at the Loke Sarez camp,
electricity is provided by a diesel generator on
a very discontinuous basis).

1.7.4 Parameters to be monitored

Necessary field measurements and the related
parameters to be monitored are as follows:

+ Surfoce tevel of the lake.

+ Longitudinal profile of the crest of the Usoi

landslide dam.
+ Movement of the right-bank landslide.

+ Seismic activity of the area, which, in order to
define the effective tectonic behaviour {a deep
fault exists cicross the lake 9 km upsiream from
the dam), should be monitored independently
in the right and left banks of the lake A third
seismic point of observation should be
established on the dam itself.

+ Discharge of water from the dam.

1.7.5 Criteria for design of a new
monitoring system

The MS for Lake Sarez must measure the critical
properties and processes defining the Usoi
landslide and Lake Sarez, in order to provide @
confinuous record of changes in these properties
and processes with time. This aim must be
addressed by means of two basic tasks:

+ Integration of the current state of knowledge in
order to make it suitable for following
developmert of the phenomena. This should
be achieved by preparation of a data base,
which, supported by adequate methods of
analysis and inferpretation {numerical medels,
scenarios, etc ), will allow monitoring of the
evolving situation in real time,

+ After calibration of the system, selection of
significant and representative data to
determine Tiggering values for automatic
activahion of the EWS.

1.7.6 Criteria for design of a new
early warning system

Present data ars considered inadequate fo design
and insiall a defoult-free EWS. This is true from
both qualitative and quantitative standpoints.
All existing dala are in analogue format {tables,
maps, drawings), and their conversion into digital
format should be a requirement {qualitative
aspect). Unhil sufficient data are obtained and
interpreted, the triggering thresholds for the EWS
will have to be periedically revised and updated
[quantitative aspect). Consequently, the initial
EWS shauld be based on a preliminary and
simple sat of triggering thresholds. Keeping these
aspects m minc:

+ The EWS must start automatically when pre-
established values of significant parameters
are cetected by the MS.

+ An ularr signal must be generated
Gutomaticcallyg the data-acquisition and
transimission unit ?;cc:fed at the lake. This signal
must reach all of the villages in the Bartang
valley anc the Central Unit at Dushanbe
simulianeously.

« MS data co lected at the unit on the lake should
be transmitted daily to the Central Unit in
Dushanbe, which should be able to call the
remole station at the lake in order to revise the
data-acquisition sequences if certain events
vndar ohuarvation show signiFiccni‘ or
dangerous changes.



. This exchange of information between the
Central and the Remote Units {one or more)
should be regarded as the means of updatirg
the alarm signals of the EWS.

+ The warning unit located in each village of the
Bartang va |ey should be connected fo the
remote and central units by satellite telephones.
These units should be built according to o
standard design.

+ The satellite units should be equipped wih
oriented antennas, solar panels, and Eaﬂeries.
In case of the occurrence of dangerous events,
two different levels of sound should be emitted

¥

by sirens {1} egea‘ ready” and (2] “run away”
fo pre-identified safety zones.

« This standard module could be extended in the
future to the Panj River valley

1.8 Accessibility of the Bartang
River valley and Usoi
Dam/Lake Sarez’

1.8.1 Background

The accessibility assessment had two objectives.

« To defermine the feasibility of completing the
existing track from Barchidev to the Usoi dam,
in order to move heavy engineering equipment

needed for proposed modifications of the dam.

+ To determine the madifications to the existing
track in the Bartang valley from Rushan to
Barchidev that are necessary to ensure the cll-
year accessibility necessary for establishment
and maintenance of monitoring and earty
warning systems

An accessibility assessment was considered
necessary to evaluate the feasibility of any
siructural infervention aimed at preventing the risk
of a breakout of Lake Sarez. Such measurss
would require heavy construction equipment lo
reach the lake and operate there relicbly for o
substantial period of ime An access road for this
purpose would require a paved surface,

structurally adequate bridges, radius of curvature
of not less than 25 m, and slopes not exceeding
9 percent Such an endeavour would require
structural works (bridges, culverts, retaining walls,
ete.) in order to construct a road in the local
mountainoys terrcin

Accessibility fo the Usoi landslide dam is not enly
a local problem, it involves the general conditions
of transport in Tajikistan. The situation of road
travel in Tajikistan is normally very poor: the roads
are unreliable and most of the vehicles are
obsolete. The Pravince of Gorno-Badakshan,
where Lake Sarez is located, can be reached from
the capital Dushanbe by means of two dlternate
routes:

+ Via Osh, Kyrgyzstan, to the north and east of
the Pamir and then south to Khorog. This is a
very high and difficult route, closed for some
months in winterfime. However, it currently is
the primary access road to Gomo-Badakshan.,

+ The alternative road, presently under
construction, reaches the city of Kuliab and
then, following the Panj River upstream, arrives
at Khorog. This route, due to its crude design
and to the rough construction criteria, is even
more unreliable and inaccessible to heavy
traffic than the route through Osh.

1.8.2 Accessibility of Lake Sarez

It has atways been thought that the easiest way to
reach the Usoi dam is from downsfream through
the Bartang valley or the Kudara valley
The accessibility from both of these valleys is very
arduous because the geomarphologic conditions
are difficult and the existing roads are absolutely
inadequate. The required works to make these
roads usable would impact substantially on both
the environment and the social conditions of the
local population. In addition to this, the enormous
investment that this option would require sirongly
discourages consideration of the construction of a
road suitable for heavy iraffic along these valleys.



An alternative route for movement of heavy
construction equipment to the dam crest that
should be investigated 1s along o route, which,
departing from ihe aity of Murgab in the direction
Kherog-Osh-Karakorum, follows the Murgab
River downstream, passes over rolling hills, and
reaches the upper end of Lake Sarez. If this route
were found to be feasible, construction equipment
could then be transported by ferry to the dam
crest. The topography of the valley of the Murgab

system requires the possibility of safe rovel along
the existing 10ad in every season, both for
operaticns anc! for maintenance. The road has the
characteristics of a single-lane track' steep,
bumpy. with tight, dangerous curves. It is
positioned across landslides, sieep rocky hillsides,
alluvial fans, cnd torrents. Improving the generdl
geomefric cheracteristics of the road to make it
safe and suitable for light vehicles would require
an investment, which, in the best of cases, can be

estimated at cetween USS 300,000/km and
US$ 600,000 /km. These figures conflict with the
extreme povarty of the valley population. In
addition, an improved road built according to
common construction procedures would impact
the environment negatively and the ecanomy of
the valley that is based on a delicate balance of
villages located over highly erodible lands,
primordial but sophisticated irrigation systems,
raging rivers, and unstable slopes.

River between Murgab and Lake Sarez has yet to
be well defined and is worthy of careful study.

1.8.3 Accessibility of the Bartang Valley

In addition, the accessibility of the Bartang valley
from the cutside is a problem that needs to be
faced The installation of communication
apparatus connected with the early warning

1.8.4 Recommendations

The quality, performance, and economics of a road into Lake Sarez can be greatly
enhanced if it is engineered using proper planning, design, construction, and
maintenance strategies, Every effort should be made to develop structural designs
that are consistent with local construction capabilities, Construction standards can
be achieved by means of labor-intensive technologies, such as construction of
retaining walls consisting of steel-meshed gabions, paved fords, and grouted
rubble-paved waterways. Involvement of the local population in construction of the
read would probably result in reduction of costs to below the lower bound of
estimated construction costs given above (say, below US$ 300,000/km). Such basic
refurbishment works would improve the rural economy of the valley.

In addition an accessible road would make contacts between villages easier, which
would induce the infroduction of communication systems, and improve sanitary
assistance. Basic development activities (irrigation, rural electrification, radio
communication, eic.} are being promoted by non-governmental organizations
{notably Focus Humanitarian Assistance} in the Bartang valley. Improving the road
fo meef the above-described basic standards would render such development
efforts more reliable and sustainable. Presently, this is ihe only type of road activity
that promises fo have a meaningful cost-benefit ratin. The same cannot be said
for any higher standard road required for the transit of heavy vehicles aimed af
structural interventions at the lake.



1.9 Human
geography/demography*

The purpase of this sub-project was to investigate
the population structure, location, and well-being,
as well os attitudes, of the people in regard o he

Lake Sarez problem and people'’s obiii} and/or
willingness to respond to introduction of an ecrly
warning system.

e - *- - —
Children of Shipad, a small village on the Panj River below
Its confluence with the Bartang River,

1.9.1 Prior state of knowledge

Work supported by FOCUS hod already providad
amuch better data base than previously ovailoble,
e.g., nearly twice as many villoges {kishlaks) cre
locoted in the Barfang valley as had been identified
previously by Russian/Tajik studies. Valuable deta
on the nutritional siatus and overall food self
sufficiency level of the inhabitonts of the Province
of Gomo-Badhakshan, together with much lozal
data, are now being collected by FOCUS.

1.9.2 Current investigation

Apart from the short time spent in the town of
Khorog, the work of the leom waos resiricked fo one
day along the Panj River valley downstream to
Shipad, one day in the Barfang River valley, and
general observations during the drive out along

the Panj gorge. Only @ very small sample (10) of
interviews with villagers could be completed.
Thesa took the form of standard quesfions with the
aid of interpreters, followed by questions relating
to ottitudes and possible reactions to o
catastrophic outburst flood from Loke Sarez. The
situation, based on the interviews and generadl
observations, showed that the Panj valley
seflements probably should be disfinguished fram
those in the Bartang valley.

Due ko the small number of inferviews, this report
must depend upon the introduction of a series of
working hypotheses thot will need fo be tested by
future research:

+ The older inhabitants are less concerned about
the threat of Loke Sarez than the younger ones,
especiclly those with small children. Thus the
older people are much less likely to respond.

Those living closer to the lake (especially those
in the Bartang River valley} are much more
sensitive lo the potential dangers than those
living farther away.

+ Gavernment and NGO discussions of the Lake
Sarez problem in recent years have artificially
increased fear of the loke hazard.

1.9.3 Present situation

Given the alertness, undersianding, and
willingness of the villogers to respond, there
appear o be excellent prospects for successful
introduction of an early warning system. The
people’s sense of belonging to their "homeland” is
very high; in , they want fo remain in their
mountain valleys. Despite this, they oll agree that



they cannot become self-sufficient because of the
severe shortage of cultivatable land, and that they
depend upon humanitarian aid, just as outside
food was provided during the Soviet peried. The
overall nutritional level is very low. Similarly, the
level of unemployment in Gorno-Badhakshan, as
a whole, is very high (20 percent, according to
FOCUS), although this statement needs to be
balanced against the foct that the rural families all
have access to some land, hewever insufficient.

significant that alternative village sites have
already been selected in preparation for a move
to higher ground once funds are provided
(US$ 5,000 per household) and more-reliable
simulation models have become availakle,
Another interesting finding is that the enfire village
of Basid (Bartang) organized itself and effected @
total, it temporary, evacuation in 1998 in
responss to reck falls and mudflows caused by
heavy rains.

From Rushan downstream in the Panj valley, it is

1.9.4 Recommendations

In general, greaf care is needed in discussing this complex issue of Lake Sarez to

avoid unnecessary increase in the degree of local alarm. Nevertheless, and, in

addition, the many villages on the Afghan side of the Panj River need to be taken

info consideration.

+ Introduction of an early warning system is feasible from the point of view of
human response and abilify of the local people to b trained;

+ A much fuller human geographic/demographic investigation is needed. Such an
investigation could be undertaken in two sfages:

Stage 1:
1) Detailed interviewing of a statistically significant sample of families, home units,
and seftlements;
2) Incorporation of data into a GIS system;
3) Types of data from open-ended questionnaires should include:
a) standard anthropological data and fechniques
b) attitudes toward risk
¢} willingness of local people to respond to perceived possible dangers

Stage 2:
After completion of the simulation models, the various scenarios so developed

should be introduced to the original interviewees, and their specific responses fo
each should be ascertained.

Together, the two stages will lay a valuable basis for hraining and development of
village-level and regional hazard-response organizations.

In conclusion, the degree of commitment to the area and the level of traditional
Pamiri culture that is evident emphasize the importance of maintaining cultural
diversity as a complement to the obviously important biodiversity of the region. The
proposed research will also lead fo improvement of the local inhabitants’ abilities
to respond to the already numerous and frequently occurring mountain hazards.



1.10 Social and economic
conditions in the valley of

the Bartang River’

From 2-12 June 1999, o preliminary assessment
of natural, climatic, and socio-economic
conditions was conducted in the valley of the
Bartang River downstream from the Usoi landshide
dam and in the lower part of the Kudara River
valley {a right tributary of the Bartang River
valley).

In controst to the valleys of the Vanj, Gunt, and
Shakhdara Rivers, which have been I!oshioned oy
gifociers and have wide, Alat bottoms, the valley of
the Bartang River is the result of erasive and
tectonic processes. It is characterized by a series
of narrow, meundering bottoms and a |urge
number of deep gorges. The modern riverbed is
bordered by steep, bare hillsides; the bare end
dissected hili;ides are composed largely of shifting
talus deposits and rock debris. There are many
lcndslicf:s that periodically narrow the valley
bottom and eccasionally dam the river

The valley of the Bartang River is still poorly
developed. At present, there are only
28 settlements, four of which have come into
being within the last 4 to 5 years.

Recommendations

The seftlements are situated irregularly in the
valley. The 11 largest villages are concentrated in
the J::wnstrecm 60 km o{:ﬁ‘xe valley (the so-called
Siponj inkabited area}

Potatoes and cereals are the most common crops
in the valley. Unfortunately, the growing season is
short; thus, in some years there is not enough
warm weather for cereals o ripen. As a result,
the population of the upper and middle parts of
the vuﬁey often is without bread for 2, or even
3 months before the new harvest. In addition,
because there is no reliable transport to the
villages of Ajirv and Barchidev, goods from the
outside are delivered there only occasionally,
which makes them very expensive.

There is no doubt that the present poor economic
siate of the inhabitants of the Bartang valley and
the ensuing lack of well-targeted and proper
development are to a certain extent the result of
the threat associated with the Usoi landslide dam
and Lake Sarez. It is also clear that the present
situation will remain unchanged until the problem
of the stability of the Usoi dam is solved.
However, 1t is sfiil possible — and what is more, it is
necessary — fo improve socio-economic conditions
in the region, threat or no threat.

In order to improve socio-economic conditions in the region, it will be necessary to:

+ Exercise control over future settlement in the Bartang valley,

+ Encourage further development of the high mountainous plateaus of Basid-Ajirf

and Roshorf-Nisur-Ten.

Reinforce and reconstruct separate parts of the main automobile road,
especially the stretches from Emu to Ajirf and from Basid to Yavshorv.

Build reliable suspension bridges across the dangerous streams along the
siretch of automobile road that connects the villages of Basid and Vijravi.

Organize emergency one-time assistance in the form of food and clothing
supplies to help the inhabitants of the villages of Vijrav, Garjiv, Yapshoryv,
Roshorv, and Barchidev in the Bartang valley and the village of Rukhch in the
Kudara valley, taking into account the financial conditions of the families in
these villages.

Organize periodic humanitarian assistance consisting of supplying all villages
in the middle and upper parts of the Bartang valley with flour and new varieties
of fast-ripening potatoes, rye, and other grain crops.

Encourage the development of traditional national trades, which may become
one of the most important sources of income in many villages.



Chapter 2

; A worldwide perspective
on landslide dams

v
2.1 Introduction

Landslide dams are formed by various kinds of
landslides, and occur in differing physiographic
seffings, ranging from rock slides and avalanches
in steep-walled narrow valleys to slumps and
Rows of sensitive clays in flat river lowlands. They
have occurred to heighis as great or greater than
the world’s largest constructed dams.

The earliest recorded landslide dams occurred in
Hunan Province in central China in 1737 8.C.
when earthquake-triggered landslides dammed
the Yi ond Lo Rivers {Xue-Cai and An-ning,
198&). Two of the earliest recorded flooding
disasters from failure of landslide dams occurred
in Switzerland in A.D. 543 (Eisbacher and
Clague, 1984) and in Central Java in AD. 1006
{Holmes, 1945, pp. 485-487). In the disaster in
Java, the southwestern part of the cone of Merapi
volcano failed as a large rock slide that created a
dam behind which a flourishing countryside,
famed for its Hindu temples and monuments, was
submerged by a deep and extensive lake.

A landslide dam and its impoundment may last
for several minutes or for several thousand years,
but socner or later most landslide dams are
overtopped by their impounded lakes. Many then
fail catastrophically, causing major downstream
Hoeding. Casudlties from individual landslide-
dam failures have reached into the many
thousands. The world's worst recorded landslide-

dam disaster occurred when the 1786 Kangding-

- louding earthquake in Sichuan Province, China,

triggered a huge landslide that dammed the Dadu
River. After 10 days, the landslide dam was
overtopped and breached; the resulting flood
extended 1,400 km downstream and drowned
about 100,000 people.

2.2 Types of landslides that form
dams

In @ study of more than 500 landslide dams
worldwide, Costa and Schuster {1991} and
Schuster (1995) found that about one half of the
doms were caused by rock and earth slumps and
slides, about one quarter by debris or mud flows,
and about one fifth by rock or debris avalanches.
The remaining few have resulted from sensitive-
clay failures and rock and earth falls. Often large
landslide dams are caused by complex landslides
that start as slumps or slides, and deteriorate info
rock or debris avalanches. An outstanding
example of this process was the 2.8-km?
rockslide/debris avalanche (the world’s largest
historic landslide) associated with the 1980
eruption of Mount St. Helens, United States. This
high-velocity landslide travelled 24 km down the
North Fork Toutle River valley, impounding three
large lakes by damming the headwaters and fwo
tributaries of the river.



2.3 Size and geometry of
landslide dams

Landslide dams range in height from only o few
metres to hundreds of metres. As reported here,
the world’s largest and highest {550-700 m)
historic landslide dam was formed by the 1911
earthquake-triggered 2- to 2.5-billion m?
Usor rockslide, which dammed the Murgab River
in Tajikistan. Other examples of very large
landslide dams are the 1933 earthquake-
tnggered Deixi dam (255 m high) of the Min River
in central China (Li et al., 1986), the 1974
Mayunmarca landslide dam {170 m high) of the
Mantaro River in Peru {Mutchinson and Kojan,
1975}, and the 1985 Bairaman River landslide
dam {200 m high) on the island of New Britain,
Papua New Guinea {King et al., 198%}.

The cross profiles of the Usoi and Bairaman River
landslide dams are compared in figure T to that of
Oroville Dam, California, one of the world’s
fargest embankment dams. The Usoi dam is
nearly rwice as high as the world’s largest
constructed dam, 300 m high Nurek Dam, dlso
in Tajikistan. As indicated in figure 1, landslide
dams usually are much wider {dimension parailel
to the siream) than embankment dams of the same
height, and thus involve considerably larger
volumes.

2.4 Modes of failure of landslide
dams

A landslide dam differs from an engineered
embankment dam by having been formed of o
heterogeneous mass of poorly consolidated earth
material; in addition, unless modified, landslide
dams do not have protected spillways or other
outlet structures. Becouse of the lack of an erosion-
resistant outlet, landslide dams commonly fail by
overtopping, followed by rapid surface erosion
that progresses from the toe of the dam foward
the crest. Because of “self armoring” of the
ercding outlet (a process invaiving removal of fine
material by the flowing water, leaving coarser,
erosion-resistant blacks and fragments fo line the
channel), a breach often does not erode down 1o
pre-dam channel level.

Landslide dams often are porous. Dams that
consist mainly of broken rock often have few fine
materials, thus, the voids between the rock blocks
and fragments result in high permeabifity. Dams
consisting of soils without much rock are
commonly poorly compacted, thus, they, too, can
be quite pervious. Resulting seepage through
these dams {particularly soil dams) can lead to
failure by internal erosion (“piping”). Examples of
failure of dams by piping are:
1) the 1966 breach of the landslide dam that had
impounded Lake Yashinkul in today’s Republic
of Kirgizstan 131 years earlier (Glazyrin and
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Figure 1. Comparative cross sections (parallel to siream] through the Usoi landslide dam (V. Adushkin, Institute for Dynamics of the Geosphere,
Moscow, personal communication), the 1986 Bairaman River landslide dam, Papua New Guinea (King et al., 1989), and the large
constructed embankment dam at Croville, California. Crest heights and dam widlhs for the three dams are indicated af the left, and the
approximate current relative height of the surface of lake Sarez, the impoundment for the Usoi landslide dam, is shown at the right.



Reyzvikh, 1968; Pushkarenko and Nikitin,
1988}); and

2} the 1973 failure of a 90-m-high rock
avalanche dam on the Buonamico River in the
Province of Calabria, southern ltaly

|Guerricchio and Melidoro, 1973).

2.5 Longevity of landslide dams

Landslide dams may last for a few minutes or hours,

or for thousands of years, depending on many

faciors, including: '

1} volume and rate of water and sediment inflow to
the newly formed lake,

2) size and shape of the dam,

3) character of geclogic materials comprising the
dam, and

4) retes of seepage through the dam.

There are o few known cases in which landslide
doms have failed after having been stable for many
years. The AD. 1191 rock-cvalanche/debris-flow
dom of the Romanche River in dlpine France failed
after 28 years because of ercsion of its downstream
face. The failure caused a disastrous flood that
destroyed one half of the city of Grenoble
(Montandon, 1933}, The 1683 landslide dam on the
Oijik River, Tochigi Prefecture, Japan, failed after 40
years, causing extensive flood damage downstream.
The previously nofed 1835 rock- and debrris-fafl dam
thett formed Loke Yashinkul on the Tegermach River in
the Republic of Kirgizstan failed in 1966 by piping,
after having been stable for 133 years (Glazyrin and
Reyzvikh, 1968; Pushkarenko and Nikitin, 1988).

in some cases, landslide dams have not been
overtopped because inflow to the lake is about equal
to losses due to seepage, evaporation, and/or
withdrawaels for irrigation. The equifibrium shown by
Lake Sarez is based on the first two of these factors.
Another notable example is Bitang Letke in Qinghai
Province, central China, which, because of irrigafion,
evaporation, and seepage has stobilized ot o level

considerably below the crest of the landslide dam
Lietal, 1986).

2.6 Floods from landslide dams

Landslice darrs create the potential for two very
different types of Hooding: (1} upstream
(backwater} foading as the lake fills, and (2]
downstream Fooding due to dam lailure. Lake
Sarez, as it currently exists, provides an
outstanding example of upstream fooding.

Although less common than upstream floeding,
downstream flooding due to dam failure is usually
more serious. An outstanding example of
catastrophic llooding resulted from the 1515
failure of a rock-avalanche blockage of the Brenno
River, o tributcry of the Tocino River, in southern
Switzerland. The flood engulfed the city of Biasca
with an explosive surge of water and debris that
continued dow the Ticino valley for 35 km to Lake
Maggiore on the lilian border; about 600 people
died in the flood {Montandon, 1933).

2.7 long-term effects of landslide
dams on valley morphology

Landslide dams can affect valley morphology in the

following ways:

(1) deposition of lacustrine, alluvial, or deltcic
sediments in the reservoir, resulling in changes
of stream gradient, surface morphology, and
surficial geclogy upsiream from the dem,

{2) formation of shifing channels downstream by
infreduction of high sediment loads from ercsion
of the landslide deposits during breaching of the
dam, and/or

(3) secondary landsliding along the shore of the
reservoir due to reservoir tifling or to rapid
drawdown when the dam fails. These factors
must be considered when siting engineered
structures, such as hydroelectric dams, roads, or
bridges, in valleys in which landslide dams have
occurred or have the potential to occur.

Sediment from landslide dams can significantly
influence design and construction of future facilities

in a river valley. In the case of the 1941 Tsao-Ling
landslide: darmn on the Chin-Shui-Chi (river), ceniral



Taiwan, thick sediment deposited in the backwoier
pocl behind the dam caused severe sifing problerns
for a proposed power project {Chang, 1984).
Because of the 50 m thick deposits, a wide and
deep foundation will be necessary if a dom is to be
constructed at that site. (Interesfingly, earthquake-
induced reactivation of the Tsao-Ling landslide
dammed the river again in September 1999. As of
January 2000, the 50-m-high blockage has rot
heen overiopped). The partial failure in July 1992 of
a 100-m-high landslide dam on the Rio Toro {river)
in Costc Rica deposited 10 m of sediment at the site
of a proposed penstock outlet and powerplant
700 m downstream from the landslide dam (Mora
etal..1993).

Erosion of the stream channel downstream from the
dam can adversely affect existing downstreom
structuras, such as hydroelectric plants, bridges, and
irngotion works. Such downsiream erosion would
be expected locally if the Usoi dam were fo fail.

Secondary landsliding due to rapid drawdown of
the lake after failure of a landslide dam can prove
hazardous to any of the aforementioned structures
or lifelines along the shore of the lake. For Lake
Sarez, this currently poses no significant problem
because there is no development along the lake
shore

2.8 Engineered control measures
for landslide dams

The simplest and most commonly used methad of
impraving stability of a landslide dam has been the
construction of protected spillways either across
adjacert bedrock abutments or over the crest of the
dom An example of a carefully engineered spillway
across a landslide dam was constructed by the U.S.
Army Corps of Engineers on the Madison Canyon
landshde dam, Montana, U.S.A., in 1959. The
75-m-wide spillway was designed for a discharge
of 280 m’/sec and velocines that would only slowly
erode the rock sizes that comprised the landslide
dem end spillway (Harrison, 1974).

In @ few cases, large-scale blasting has been used to
excovaie new sirecm channels across landslide

dams This technique was used in 1964 1o open o
chanrel across a 15-million-m? landslide that

dammed the Zeravshan River in Tajikistan, upsiream
from the ancient city of Somarkand {Engineering
News-Record, 1964). The dam was 220 m high,
400 m long {across the river}, and more than
1800 m wide (parallel to the river] Two blasts,
utilizing 250 tons of conventional explosives,
excavated 230,000 m? of landslide material in
forming a 40- to 50-m-deep drainage channel
through the blockage.

Other methods of preventing overtopping of
landslide dams by stabilizing lake levels include
drainage by means of siphon pipes, pump systems,
and tunnel outlets and diversions. An excellent
example was provided by the siabilization of the
level of Spirit Lake, which was impounded by the
1980 Mount St. Helens debris avalanche. As o
short-ferm measure, a system of 20 large pumps,
with @ maximum tofal capacity of 5 m*/sec was
used to temporarily prevent overtepping [Sager and
Chambers, 1986). The lake was then lowered to its
permanent level by means of a 2590-m-long,
3.4-m-diameter gravity-flow tunnel driven through
volcanic tuffs and breccias in the right abument of
the dam by the TBM {tunnel-boring-machine)
methed. A similar procedure was used fo stabilize
the loke formed by the 1987 damming of the Adda
River in northern lialy by the 35-million m* Val Pola
rock slide/evalanche (Gow, 1989) As o tlemporary
measure, siphons and pumps prevented
overtopping. In 1988, Adda River flow was diverted
through two bedrock tunnels {6.0 m and 4.2 m in
diameter) constructed through the left abument of
the dam {Cambiaghi and Schuster, 1989).

2.9 Beneficial aspects of landslide
dams

Not all landslide dams pose hazards, some have
proved beneficial to mankind A few landslide dams
thet have proved to be stable over long periods of
time have been used fo provide hydroelecic power.
Lake Waikaremoana, the largest landslide-dammed
lake {volume: 5.2 billion m*) in New Zecaland, is an
outstanding example of a landslide-dammed lake
that provides water and hydraulic head for
production of hydropower. Lake Waikaremoana
was impounded about 2,000 yeurs uye by o
2.2-billion-m? rockslide {about the same size as the
Usoi rockslide), and is still stable (Read et dl. , 1992).



Chapter 3

Geotechnical assessrment
of the Usoi landslide dam
and the right bank of Lake Sarez

v

3.1 Introduction

Lake Sarez in the Pamir Mountains of Tajikistan
was created in 1911 when an enormous landslide
{volume: approximately 2 km?) blocked the
Murgab River valley. The landslide was friggered
by one of the strong earthquakes typical of this
region of active tectonism. The natural dam, which
was named Usoi after a village buried by the
landslide, impounded Lake Sarez. This lake has a
surface elevation of 3265 m, is 60 km long, and
has a volume of approximately 17 km?, roughly
one half the volume of Lake Geneva. With o
height of about 600 m, the Usoi landslide dam is
the highest dam, natural or man-made, in the
world. Because it is not an engineered structure
and because of the large volume of water it
impounds, significant concern has to be given to
the stability of this natural dom and to the slopes
along the shore of the lake.

The studies of Lake Sarez and the Usoi landslide
dam discussed here were conducted during @
one-week field visit to the dam and the western
part of the lake accompanied by two local
axperte, Dr. Anataly lechuk [Deputy Diractor, Tnjik
institute of Earthquake Engineering and
Seismology, Dushanbe) and Col. Yusuf Akdodov
(Sarez Directorate, Tajik Committee on
Emergencies, Dushanbe). Existing data were
compared with visual observations in the field.

3.1.1 Terms of reference and targets
of the hazard assessment mission

The “Disaster Hazard Assessment” sub-team had
the task of assessing of a reconnaissance level the
likelihood of a ollapse of the Usoi landslide dam
and the genercl vulnerability of the Usoi dam ata
reconnaissance fevel. The team consulted with
Tajik seismologists and Usoi dam experts in
Dushanbe before departing for the lake, and
during their field visits.

The duties of the team experts were the following:

+ Assessment of the overall stability of the Usoi
dam,

o Assessment of the current state of water
fiftration through the dam and the threat that it
poses due fo possible internal erasion or
"iping”;

» Assessment of the threat posed by the right-
bank landslide-prone slope above the lake;

+ In consuliation with Tajik seismological experts,
assessment of the seismicity of the region and

the probabie impact of fulure earthquakes on
the dam and the lake.

The following scenarios had to be considered by
the experts when performing their risk assessment
studies:

+ Failure of the dam due to seismic shaking;

+ Collapse of the dam due to internal erosion;

+ Breaching of the dam due to overtopping
following possible coflapse of the right-bank



slope info the lake or due to the formation of
seiches waves due to seismic shaking);

+ Instability of the dam due fo the excessive
pressure of the water in the lake on the dom
siructure,

+ Instability of the upstream and downstream
slopes of the dam;

+ Progressive loss of stability of the dom and
other areas due fo renewed landslides or
debris flows in proximity to the lake.

3.1.2 Former studies

Extended investigations were carried out on the
Lake Sarez problem by Russian and Tajik scientists
and engineers from 1915 through 1992. Upon
the independence of Tajikistan in 1992, dll
installations and investigations were abandoned.
In August 1998, the Tajik State Committee for
Emergencies began to install new monitoring
systems.

The original Russian reports and publications are
generally inaccessible. One English-language
paper was found in the Proceedings of the 1984
Infernational Symposium on Landslides in Toronto
(Gasiev, 1984). Therefore, the reports and
opinions cbtained at the beginning of the mission
are not always fully verifiable {State Committee on
Emergencies, 1997, 1999).

3.1.3 Geological framework

The Pamir is part of the Himalaya - Hindukush -
Karakoram - Pamir mountain belt, which is one
of the tectonically most active in the world. It is
dominated by o series of active thrust faults and
associated wrench faults [State Committee on
Emergencies, 1997, 1999). The Lake Sarez area
lies within one of these major thrust faults (fig. 1).
As a consequence of this high tectonic stress, the
area is offected by continual earthquakes, some of
which attained Richter mognitude values of 8 or 9
(fig. 2).
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3.2 Field visits

Six days were spent in the Field with Tajik
colleagues, Dr. Anatoly Ischuk and Col. Yusuf
Akdodov. The Usoi dam was studied for three full
days; the crifical unstable slope (“Pravoberezhny
slope”} on the right bank of the lake, just opposite
the base camp, was ascended to an elevation of
about 3,900 m; and other slopes along the
western part of the loke were inspected visually
from a boat. Boat fransport was an irreplacecble
help in reaching critical locations quickly. The
discussions held during the field visits and during
two meefings organized in the camp were highly
objective and fruithul.

3.3 Findings
3.3.1 General geotechnical conditions

The highly octive fectonic regime causes infense
stress in the rock mass, resulting in excessive
fracturing and the formation of abundant shear
zones, megd-jeints, and cleavage {photo 4).

In extreme cases, the rock mass is completely
crushed or rmylonitized. For geotechnical
assessment of slope stability, this signifies the
following:

+ The high degree of fracturing has led to
continuing rock foll and extreme talus
formation along the slopes {photo 5). These
talus slopas have an angle of repose of
35-40 degrees, which represents the
approximate angle of internal friction of the
fragments constituting the talus mass;

+ The structure of the rock, with its original
bedding or foliation planes, is of secondary
importance only because, apart from the
potential filure surfaces along the bedding,
there are always sufficient other internal
surfaces available fo serve as foci of rupture
for landslicles. Therefere, principally all steep
slopes are more or less landslide-prone;

+ In many cases it is rather difficult (if not
impossible| to distinguish between disturbed
and crushed rock resulting from {1) tectenic
stress and (2} former large-scale landsliding
Pfoi:esses. T["\'S CGUIC:I b& H"»e regsen FQI’



controversy on the size of old landslide bodies
along the flanks of Lake Sarez (State
Committee on Emergencies, 1997, and
Prof. Anatoly Ischuk, Insfitute of Earthquake
Engineering and Seismology, personal
communication).

3.3.2 Usoi landslide dam

3.3.2.1 Dam formation

The Usoi landstide dam was formed in 1911 by a
huge earthquake-triggered rock slide
(“Bergsturz,” as defined by Heim, 1932), which
blocked the valley of the Murgab River. The toiol
volume of the slide has been estimated at about
2 km*, and the meximum height of the dam above
the valley fHloor is about 600 m. The main
constituents in the visible parts of the dam consist
of quartzites and schists (Carboniferous age) and
marbles and shales (Permian-Triassic age) with
some secondary gypsum, cnhydrite and dolomite.

The location of the source of the Usoi rack-slide

foilure was apparently determined by the

combination of a series of very unfavourable

tectonic factors:

(1) The generally high degree of rock fracturing
from former tectonic movements,

{2} The presence of @ major thrust fault {photo 8},

{3) The presence of a series of intensive shear zones
forming the necessary geometric sefting for a
typical wedge failure (fig.7 and photo 8 ), and

{4) The presence of a SW-NE-trending active
wrench fault in the innermost corner of the

wedge {photo 8)

3.3.2.2 Physical characteristics of the
dom

The landslide has been divided into several parts
consisting of individual massifs, eoch of which has
its special features in regard to structure, size of
klocks, amount of fines, ete. (State Committee on
Emergencies, 1997, 1999). These massifs are

Slope: 180/30

Eastern shear zone: 265/50

Western shear zone: 150/60

Fig. 7. Simplified scheme of initial wedge failure of the huge Usoi landslide ("Bergsturz"). Tow shear zones form a wedger with intersection line oriented
214/38. The baseline of the wedge is not shown in this model.



interpreted to represent several short intervals
during the landslide catastrophe. The upstream
area of the dom has been divided into three
sectors with different physical characteristics:

+ Southern sector: This is the highest part of the
dam with a maximum height of about 270 m
above lake level. The surface is covered by
blacks of various sizes, the largest with o
diameter as great as 20 m. Almost no fines are
visible on the surfece.

+ Ceniral sector: This part rises on the average
approximately 100 m above loke level and
has a distinct border towards the right part,
where the surface is lower. The surface in this
central part differs from that of the rest of the
dom in that there are no large blocks, and the
surface includes o large amount of fines (silt)
There are clear indications that this material
originated from surficial colluvial deposits on
the slopes before the landslide occurred. The
surface is extremely irregular and severdl
cracks or openings in the ground exist. The
downstream part includes large fragments of
more-or-less undisturbed rock {photo 9).

+ Northern sector This 1s the lowest part of the
dam, with o minimum freeboard of
approximately 50 m. A confinuous surface
frem the lake to the downstream side is
covered by large blocks; the largest diameter
of these blocks 15 approximately 20 m and the
average diameter is estimated at 2-5 m
(photo 10). Practically no fines are visible. In
the area closest to the source of the old
landslide there are active rock avalanches,
debris lows, and mudflows {photo 10). Today,
these flows are directed towards the lake. One
of the rock avalanches apparently has diverted
sediment transport from the slope above the
downstream side towards the lake

Along the downstream face of the dom, a large
food plain of fine debris-flow material has been
deposited since formation of the dam {photo 11).
This deposit of debris-flow material 15 resting
partly on the blocky dam material; the

depositional mass is terminated by a local canyon
on the downst-eam face of the dam, which has
developed due to erosion by the seepage springs
that flow from "he dam.

Finally, it should be emphasized that the enormous
proportions of the dam and its various features
can be comprehended only by an extended visit
o the area.

3.3.2.3 Geotechnical stability of the dam

There are twe types of stability that need to be
addressed: (1) the stabulity of the entire dam mass
and (2} the local stability of its slopes

3.3.2.3.1 Safety against sliding of the
entire mass of the dam

The entire dam mass is subjected to the hydrostatic
load of 500 m of reservoir water. This load could
cauvse a sliding failure along a sub-horizontal
surface beneath the dam, erther between the base
of the dom and the original ground surface or ot
greater depth. The controlling factors are the
hydrostatic lsad acting on the dam and the
frictional resistance beneath the dam. The
hydrostatic load can act on the upstream face as
in a CFRD {concrete-faced rockfill) dam or on the
central core, as in a traditional earthfill dam.
Because the infernal structure of this landslide dam
is unknown, the simple CFRD case is used here in
a rough stability estimation: the longitudinal cross
section of the dom can be simplified s a friangle
with a baseline 5,000 m long and o height of
550 m, impounding a lake with o depth of 450 m
{fig. 12}. The specific weight of the dam material
is esimated ar 22 KN/m?.
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The effective weight, Wo, of u T-m-thick slice of
the dom con be caleulated as follows:
W: = Woi + W
= Fxyw+Fxyxlm
(1.1x70°m* x 12 KN/m” +
275x 10 m x 22 KN/m¥) x 1 m
13,200 MN + 6,050 MN
19,250 MN
unit weight ahove the werer foble
unit weight below water table
thousand
mitlien
Newton
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£
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The friction force, F, which resists the force of the
water, acts along the base of the dam. This force
depends on the weight of the dam and the
resisting angle of internal friction, ¢, between the
dam and its base, which is assumed
{conservatively) to be 25°%; cohesion is considered
fo be minor, and is neglected.

F = Waxtan o
F = 19,250 MN x 0.446
= 9,000 MN

The water load, Lw, on o slice 1m thick averages
{us a rough estimate} 2.25 MN/m? between the
lake surface and a depth of 450 m. This force acks
against the vertical component of the slope arec
of 450 m? {fig. 13) os follows:
L = 2.25 MN/m’* x 450 m?
= 1000 MN

The factor of safety, FS, is the quotient of the resisting
Fiction force and the horizontal water load:
FS =F/lv =9

Seismic shaking due fo a strong earthquake could
reduze this safety foctor by as much as 50 per
cent Icf. next paragraph), resulting in what is still o

high safety factor of 4.5.

The Jsoi londslide dam thus has o more then
satfistactory stobility against sliding of the entire
dam. Furthermore, the previous morphology of
the valley had pronounced surface relief becouse
of the tributary valley from the south, which is now
filled by Lake Shadau {photo 5). Therefore the
supporfing foundation for the dam is undoubtedly
quite: rugged, a foctor that will resist sliding along
the foundation. In addition, the valley narrows
considerably at the downstream face of the dam;
thus, cach of these topagraphic factors will
considerably increase the force that resists sliding.
Allogether, the stability of the dam as a whole is
very high. In addition, future earthquakes will tend
to readjust the dam material, leading to a
somewhat higher degree of compaction.

From a geological point of view, the long-term
stability of landslide doms can be assessed from
the evidence of geological records. As mentioned
by -he State Committee on Emergencies
{1997, 1999), there is evidence of several former
major landslide dams in the Murgab valley.
Terraces of former lake sedimenis existing at
various levels along the flanks of the valley
demonstrate that some of these doms persisted for
several thousand years and that the lakes had
totally filled with sediment.

Woz2 = 22 KNim?

E0m

5
/>:,<—>

: Tl 450 m
300 m \
Wo- .
// Yelf = (22 - 10} = 12 KMrn? \
Om
O r EOOO i 3200 re 5000 r

Fig. 12 Scheme for the formulation of the general stabily of Usoi landslide dam against the hydrostatic force (water load) of Lake Sarez.




Another well-documented example has been
reported from the Kali Gandaki Valley in Nepal.
There, about 55,000 years before the present
{Pohl, 1997), @ natural dam of similar size fo the
Usoi dom was formed from a huge landslide
[Hanisch, 1995). The lake had ¢ maximum depth
of about 600 m and a length of as much as 35
km. It silted up totally; the remains of the lake
sediments now exist as widespread horizontal
terraces (Fort, 1976 lwata et al., 1982).

3.3.2.3.2 Safety against internal
sliding processes

The second type of failure of earthfill dams
normally occurs as sliding within the body of the
dam, i.e. between the two faces ([Newmark,
1965: photo 5). The controlling factor in this case
is the internal water pressure in the dam that
decreases the effective stresses in the material.
Internal erosion in a dam can cause the maximum
water pressures within the mass to migrate
downstream; if this process continues, the stability
will gradually decrease, and finally sliding can
occur within the dam. A large slide of this type
could also cffect the large-scale stability of the
dam because the mass of the dam would
decrease.

For this reason, a preliminary calculation of the
infernal slope stability of the upstream face of the
Usol dam has been gerformed using Gussman’s
method of “Kinematic Elements” (Gussmann,
1982). Differing from classic methods, this
technique is able to consider the movements
between blocks defined arbitrarily by the analysis
of the kinematics of landslide movement
(fig. 13). The couples of friction/cohesion can be
defined separately for each interface beiween
elements or at the bases of the elements.

In the present analysis (fig. 13), the following
parameters have been applied:

Specific weight of the dam marterial:
= 22 KNS

Property values for interfaces near the bottom of the
dam:
Angle of infernal friction:
Cohesion:

9=25
¢ = T0KN/m

Property values for inferfaces between individual
glements:
Angle of inernal friction:
Cohesion:

Q=40
¢ =0KN/m?

The influence of a heavy earthquake has been
estimated using the pseudostatic approach,
adding to the vertical ccceleration, g, @ horizontal
component of as much as 0.5 g, which is an
extreme value. {In future studies the more accurate
dynamic approach by Newmark {1965} and
Jibson (1993, should be applied.)

Note that the curve of potential failure has to be
considered as a first estimate until better
understanding of the internal structure of the dam
becomes ava lable.

The following safety factors have been obtained

from these analyses:

FS = 2.48 {vater table at elevation 32463 m;
ro horizontal acceleration)

FS = 1.15 {water table at elevation 3263 m;
horizortal acceleration = 0.5 g

FS = 2.53 (water table at elevation 2800 m:
no horizontal acceleration)

FS = 1.43 (water table ot elevation 2800 m:
horizor tal acceleration = 0.5 g)

This signifies that, even under the worst
circumstances, the stability of the dam against slope
failure towards the lake is fairly high, based on the
knowledge that o horizental acceleration of 0.5 g is
an extreme value to assume in pseudostatic

earthquake analysis (Newmark 1965),

The local slope stability of the downstream face
cannot be estimated in this report because the
internal structure of the dam is not known. As
described in the next section, all of the observed
leakages of water from the dam emanate at

roughly the same level, approximately 140 m
below the luke level (ubour 330 m above the base
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Fig. 13. Kinematics of o pofertiol side foilure of fhe upsireom side of the Usai landslide dom using the “Method of Kinemafic Elements”
of Gussmann (1982, 1992), The angle of intamal ficlion batvesn the alaments s assumed to be 40 and fhe cohesion fo be zero,
It is further assumed hat the angle of infemal friction between he base of the dom and the underving geclogic material is 257 and the
cohesion along this contact (s TORNA, For further explonation, see fhe lext

of the dam). This indicates that |at least for the
downstraam part of the dam) the lower two thirds
of the dam have o very low permeability. The
horizental extension of this material is nof known
ot present; therefore, the water table, the degree of
saturation, and the internal water pressure of the
dam connot be estimated. Our present
understanding of the water-prassure distribution
and drag effects of the flowing water is inadequote
to draw firal conclusions on the internal stability.
This configuration, however, is critical for the
stubility because the presence of such o zone
controls the water-pressure distribution in the dam;

this should be the subject of future studies.

At the downsiream slope, olong the fine of seepage
springs, a small canyon has formed, with a depth
of approximately 20 m (photos 14 and 15). This
canyon has developed partly in the dam material at
its toe but mainly in o flood plain of debris-flow
deposits that are resting on the downstream slope
of the dom. The amount of erosion of the dam feot
is absolutely minor, so that worries about the
influence of dom stability are not justified (cf. State
Committee on Emergencies, 1997).

3.3.2.4 Seepage

Lake Sarez drains only
by seepuge flow
through the dam. At
the top of the dam na
indications of a former
natural spillway
channel (i.e. o surface
autletl have been
detected and the
dam has never
been overtopped. The
annual Auctuations of

loke level are reported
fobe x4 m.

Seepage measure-
ments began on o
regular basis in 1943;

since  then, the

Photo 14. Seepage springs on the downsreom side of the dam cousing ermsion of the detvisflow flLe.
floodpiain) deposils lving on e blocky dom materal to the right (bofiom of phaotal, Photo credit: Jérg
Hanisch,

discharge has over



aged a constant value of 45 m?/s (State
Committee on Emergencies, 1997) The annudl
variation has been 35-80 m /s, with 28 m*/s and
84 m'/s os the extremes The area in the vicinity
of the springs on the downstream slope shows no
signs of ongoing erosion, and from a visual
inspection no sediment fransport can be detected.
Mo firm conclusion con be drawn os fo possible
sediment erosion and transport by piping from
this brief inspection. However, because the
discharge through the dom has remained constant
during tha pericd from 1943 unhl today, the rate
ot internal erosion must be very low and net apt to
create o major problem. It is imporiant, however,
to confinue monitoring the seepoge.

One important fagture of the leckage 15 thot the
springs are !l located on more or less the some
topographic level, which 1s approximately 140 m
below lake level [phato 15). This indicates that the
lower part of the dam, with a height of about
350m, has o very low permeability. On the
contrary, the upper part of the dam is very
permeable. The blocky dam maieriol visible in
large parts of the dam surface should be

responsible for this high permeability,

Photo 15, Line of seepage sprngs slong one topograpc level forming the post-dam Murgado River. Photn
credit, Jorg Hankch

The reported exiremely high flow velocities
through the dam of as much as 5 m/s (State
Committee on Emergencies, 1997) are
questionable Such tremendous and highly
turbulent flow condihons would require large
open, and continuous, channels through the
interior of the dom. Because the seepage springs
emanate quielly ond the woter-toble difference is
140 m between inflow and outflew, build-up of
considerable water pressures somewhere in the
inferior of the clam should be o consequence [with
the effect of substantial arosion af the seapage
springs). Thersfore, the given hydrologic data
should be carefully examined and additienal
testing using markers should be conducted.

Last, but not least, it should be noted thot the dam
with its controlled normal seepage minimum
of 35 m’/s, plays en important role in the
seasonal watzr regime downstream from the
dam. The loke-level fucuations reflect the funchon
of the dam as & buffer to downstream flow. The
lake is thus supplying o rather constont discharge

during the long dry season.

3.3.2.5

Potential damage
from overtopping by
surge waves

One very important
question is the possibility
for the dam to withstend
an overlopping wove
without severe damage A
Siudy of the grunulamelﬂt
composition of the dem
has been conducted
{State Committee on
Emergencies, 1997) with
the purpose of estimating
the vulnerebility against




erosion due to overtopping. The results from this
study could be very usehul in @ sensitivity analysis.,
The other part of the problem is to estimate the
factures of a landslide-generated displacement
wave when it reaches the dam. Several attempts
have keen carried out to model such a wave;
howeaver, the results have been controversial (State
Commirttee on Emergencies, 1997). The studies
hove previded estimates of waves up to 180 m
high fellowing a mega landslide of 2 km? rushing
into the lake neor the dam (Stare Commiftes on
Emergencies, 1997,1999). It is beyond the scope
of this reconnaissance report to judge these
scenarios. However, the probability of occurrerce
of landslides this large will be discussed in section
33.2.7.2. Despite the difficulties in defining the
vulnerability of the dam fo an overtopping wave,
some general comments from the observations
during the mission can be mode:

+ The rorthern part of the dom [at least ot its
surfuce] consists of blocks of various, but large,
sizes with large apen vaids between them, This

b &

Fhoks 16, Typice! cuthurst of a mominedammed glocier loke:
A displacement wove generated by o huge e fall overiopped
the terminal moraine, surged down the steep outer face, and
began eroding o ramow breach ints the dam by refrogressive
erosion. The loke emplied In severo! hours, resulfing in o

composition is advantageous to the dissipation
of the energy of an overtopping wave (the
blocky material would be ideal for the

construction of breckwaters or large-scole
riprap), thus offering high resistance to
erosion;

+ The central part of the dam {at the surface]
does not have very large blocks, and the voids
are mainly hlled with fines. However, tnis
negative aspect of the surface structure is

counterbalanced by the considerably greater
height of this part of the dam;

« The southern part of the dom is by far the highest,
having o freeboard of up to 270 m. Additionally,
the dam materiol consists mainly of the same
extremely blocky material as in the northern part
of the dam. Thus, this part of the dam is

considered fo be, by for, the most stable part

+ The mechanism of dam failure by overtopping
surge waves has o be well understood before

judging the possibility of such an avent.

devasiafing detwis fiow [From Evans and Clagus, | 994)

The Siate Commitiee on Emergencies {1997)
refers to outbursts of morgine-dammed glacier
lakes. However, the mode of failure &f
moraine-dammed lakes may be quite different
from overtopping failure of londslide-dammed
lakes. In most casas of overtopping of a
moraine-dommed luke, the surge wave ru
down the steep outer face of the moraine and
starts eroding the dam at its foe (phote 14),
By refrogressive erosion, a narrow and steep
breach is formed which, when reaching the
lake itself, leads 1o emptying in only a few
hours (Lliboutry et al., 1977; Evans and
Clague, 1994; Hanisch et al., 1998). Because
of the comparably flat cuter face of the Usoi
dam, this mechanism of failure is extremely
unlikely in the present case.,



3.3.2.6 General observations

Most of the rock mass around Lake Sarez is
heavily froctured from older and ongoing
compressive tectonic activity This has led io deep
weathering, and the formation of thick colluvial
soil kayers on the slopes. The consequence is- as a
result of the generally sieep slopes of the region -
development of many kinds of permanent
downslope mass movements (cf. Watanabe's

chapter 5).

A new situation was created with the formation of
the lcke and the rise of the waoter level to parts of
the slopes that historically have been almost dry.
The lake water has infilirated the soils and the
underlying fractured rock, leading te reduced
friction angles, buoyancy effects, and potentially
to pore and joint water-pressure development
during loke-level fluctuations. These effects are apt
to destabilize the slopes Another negative
influence comes from wave action along the shore
lines, which leads to undercutting of the slopes.

3.3.2.7 Unstable slope af the right
bank oppesite the base camp

3.3.2.7.1 Background

From the very beginning of the Lake Sarez
investigations, the “right bank”slope has aftracted
the concern of researchers. The unsteble slope in
question lies abeut 5 km east of the dam and has
a width at its foot of about 1 km (phote17).
Numerous open cracks are present in the slope;
these have been monitored for many vears by
Russian observers. Movements of up to
10 em/year have been noted {State Commitiee
on Emergencies, 1997).

Since August 1998, a set of modern, robust
extensometers has been insiolled. One of these is
a wire extensometer; the other six are rod
extensometers, each equipped with two
protractors that are able to register slope
movements in three dimensions. The accuracy of
these extensometers is about 0.5 cmand 1°.

Phato 17, Unstoble siope above the right bonk of loke Sorez cpposite the bose comp. lawer right port of pholo: scarp of acive rock fall
consisting of o face of sofid ook covered with abowt 80 m of colluvial scil  {ower middle port, dashed line: landslide that moved
downslope about 100 m in 1977, but for some remson stooped of Its present focation, Visitle port Immediately above watsr v,
landslide material, volume ~ 150,000 m. lower lef par, stipoled line: probably an clder landside of the some fype os in the middle, but
much more detericroted and eraded, Unper right part: smooth slope surfoce with ick coluviol cover infersecied by numerous crocks os
much as 3 m wide famow), mast of which are monitored by exfensometers. Hotchstiopled line: approximote exension of maximum
possible londslide as esfimared by Tojik workers (Stofe Committes on Emergencies, |997]. Phota cradit jSng Hanisch




Many more cracks are being monitored by sets of
two bolts with canical tops that are fixed on each
side of open cracks. The accuracy of these
installations is net greater than 1 cm. Some of these
installations are not well positioned because they
measure movement approximately perpendicular
to the direction of slope movement.

Two of the rod extensometers have registered
movement: one indicated movement of 1 ¢cm in
9 months, and the other showed 2 cm for the same
period. However, the nearby wire extensometer,
did not register any movement (according to
reports, it was out of order for some time).

3.3.2.7.2 Former landslide scenarios
on the right bank

The hypothesis that a substantial part of the right
bank could slide into the lake - such as happened
in 1963 at Vajont, lialy (Mueller-Salzburg 1987) -
and could generate a disastrous displacement
wave able to overtop the Usoi dam has led 1o @
series of disaster scenarios (State Committee on
Emergencies, 1997, 1999). The volumes of
landslide masses involved in these disaster
scenarios range from 0.35 km® through 2.0 km’.
The heights of possible waves were calculated by o
“mathematical” and a “physical” model. These
heights ranged from 55 m to 180 m, and volumes
of water overtopping the dam ranged from
16 million m? to 225 million m®. These caleulations
showed that a landslide volume of up to
350,000 m® would not cause an overtopping
wave, and thus would not harm the dam,

The original files of these calculations were not
accessible to the authors. Thus, it is.nof known on
what basis estimates regarding the depth and
shape of sliding surface (surface of rupture), water
depth, underwater morphology, and velocities of
sliding were used in these computations. However,
the values of these parameters are crucial to the

entire hazard assessment and should ba re-
ossessed by specialists.

3.3.2,.7.3 New findings

Qur one-day climb up the unstable slo&e revealed
several observations that provide a different view
of the stability of the right bank slope:

At an elevation of about 3400 m, a series of
cracks, at least 100 m long, are present. These
cracks show no extensional behaviour, but
clearly indicate compression. This means that,
at least ot this place, the cause of the landslide
movement does not come from the foot of the
slope (e.g., undercutiing by wave action, water
infiltration), but the stress comes from higher
parts of the slope above the cracks;

+ Most of the observed open cracks parallel to the

contour lines of the slope show only minor
vertical displacement, i.e., the movements have
gone pardllel to the gradient of the slope. This
points to a rather shallow sliding surface
(surface of rupture);

+ In the middie part of the slope {marked by M in
hoto 17}, there are clear indications of a long-
asting, but slow, sliding process of the thick
colluvial cover. The |cn35 ide area lies about
20 m deeper than the immediate upslope arec
and is separated by a pronounced lateral
escarpment. According to Tajik colleagues, the
seismic-reflection stugies carried out during
former Russian investigations revealed a
thickness of the colluvial debris of up to 40 m;

« The driving force for these slope movements

seems to be loading by the permanent rock-fall
activity from the cli?fs at the top of the slope at

nearly 5,000 m elevation;

« To the west of the slope, at about 4,000 m
elevation, an approximately 500-m-lang slope-
parallel crack has been mapped. Ancther open
crack is present as a westward continuation of
this large crack, but within a rock cliff. The slope
below this crack down to the shoreline seems to
be free of open cracks. This could be an
indication that this long and straight crack is
caused by a process called “mountain
splitting”or Sackung. This is o stress-release
effect along valley walls, especially those that
have previously ﬁeen occupied by glaciers.
Typically, this mountain splitting resulis in no
we?!-degnedr deep surfaces of rupture; instead,



the diHferential movements are compensated
by very slow creep movements. This
interprefation should be scrutinized during
forthcoming investigations;

+ The one drill hole by Russian scientists at the
foot of the unstable slope provided “evidence”
for a deep-seated surface of rupture at a depth
of about 175 m, The {simp!ifiecﬁ records of this
hore hole reveal “sand” at this depth with rock
above and below. According fo engineering-
geologic drilling practice, this is likely a
misinterpretation of drilling results. The “sand”
could be the result of core destruction during

drilling.

To summarize: there is o series of uncerfainties in
the description of the indications of slope
movements on the right bank. From ’rEe
impressions gathered during our one-day field
visit, slope instabilities on the right bank can be
subdivided into three different types of
movements:

+ Rock falls/slides along the steep shore line (fast
movements);

+ Debris slides and debris flows along the entire
slope {relatively slow movements);

+ Mountain splitting {cracks due to stress release
along the valley flanks; extremely slow
maovements).

These slope movements on the right bank should
be carefully examined, app?ying modern
engineering-geological methods and experience.
Al the moment, it seems to be extremely unlikely
that there is a deep-sected surface of rupture able
fo create a disastrous landslide with a volume of
even 1-2 km®. Compared, for example, to the
well-investigated 1942 Vajont disaster in ltal
(e.g., Mueller-Salzburg, 1987), in which a welff
defined pre-existing bedding plane served as @
deep-seated surface of rupture, we have found no
evidence that the right-bank slope above Lake
Sarez has such a potential surface of sliding. The
_open cracks on the slope seem to have quite
different origins from those at Vajont. However,
these cracks and the depths of rLe surfaces of

rupture should be investigated in much greater
abeil,

3.4 Summary and conclusions

The most imparfant features of this study were:
+ The general stability of the dam and especially its
vulnerability to overtopping leading to erosion;

+ The right part of the dam with @ minimum
freeboard against overtopping;

+ The seepage through the dam, which has
formed a cenyon on its downsiream side;

+ The right sloce above Leke Sarez, approximately
5 km upstream from the dam where instability
has been verified. -

The macro-scale stability of the dom is considered to
be high because the enormous mass of mainly rock
debris forms a huge plug in the valley. No signs of
former overtopping have been observed.
No evidence of piping caused by the seepage
through the dam cou|d§foe defected. Erosion ot [ﬁe
seepage ouflets is sirictly resfricted fo the young and
loose sediments from river and debris-flow action of
a fributary sireaim that reaches the downstream side
of the dam from the north.

The slope instabilifies on the right slope above the

lake (i.e., on the right bank opposite from the base

camp) have been divided into three types of

movements:

« Rock fall/slides crfong the shore line (fast
movement;

+ Debris slides and debris flows along the entire
slope (relctiely stow movement);

+ Mountain spliting (cracks due fo siress release
along the valley flanks); extremely slow
movemeni; probably stable ot present.

From the discussions held and the observations
made during the six days spent in the field, the
following conclusions can be drawn:

+» The most imporicnt conclusion of the field visit is
at there is no danger of a general dom failure
from the pressure of the lake against the
upsiream faze. Even under the worst |mgginob|e
aircumstances of an extremely heavy earthquake
with horizontal accelerations of 0.5 g,
the estimate of the safety factor sill resulis in"a
safe value;



+ Both the dam area and the “right bank”
problem need a modern sirategy of hazard
prevention and hazord mitigation. An aftempt
is made in figure 18 to show the synergetic
correlations 0? the two approaches. For a s%ort-
term strategy, both approaches should be

ursued independently. In the long term,
Eowever, the mitigafion approach, incuding ifs
major component of a well-elaborated earl
warning sysfem can never work satisfactorily. IE
for example, o serious dam failure should
hoppen afier 30 or 40 years, the chance that
the warning system would sfill be in function is
very low. Additionally, the people living in the
hazardous area wouldn’t react properly
becouse there cerainly would have been severdl
folse alarms before.

This signifies that the disaster-prevention works
should be finished within o reasoncble fime span.
During this time — and especially during the
practical implementation of eny kind of prevention
meqsures — the mitigation approach with its
combination of monitoring, early warning, and
training of the local people for preparedness is a

prerequisite. Once the prevention work has been
impleraented, long-term monitoring of the enfire
Loke Sarez system?ms to be conducted on the basis
of spor checking to ensure that nothing unforeseen
will occur. In case of any unforeseen development,
the shw:nha%f of hazard prevention/mitigation must
be re-established;

« Thz partially confusing conglomeration of
opinions, fears, controversial results of former
exoeriments, and in most cases inaccessible
original data of former investigations
need urgently to be reviewed thoroughly.
A geo-scientist ~ preferably an engineering
geologist or a geotechnical engineer — able to
read the Russian originals should have at least
three full months for t%-e study of sourcas;

+ Fer the judgement of hazards dlong the shore
lires of the lake and the corresponding risk
assessment, an experienced engineering

eologist with @ good understanding of modern

eld fechniques and analytical methods will be
needed to work with local experts for at least
two months in the field.

| LAKE SAREZ OUTBURST HAZARD MITIGATION STRATEGY |
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Fig. 18. Scheme of the proposed mitigation strategy: parallel work of disaster prevention and mitigation with interaction from the
monitoring for a certain period and ~ once the hazard of overtopping of the dam by huge displacement waves will have been cleared
feither by lowering the lake level or by increasing the freeboard) - the sophisticated early warning system can be abandoned and the
monitoring of the dom and of the unsiable slopes can be reduced to “spot” checks.



3.5 Recommendations

Based on the above conclusions, the following recommendations are made:

3.5.1 Usoi dam

»

A search for and a review of publications that relate to the dam and the lake should be performed.
Much of this material is expected to exist in Moscow and will be in the Russian language. Of parficular
interest are results from measurements thet have been made over a longer period of fime, such as the
leakage through the dam and movements in the right bank. In generdl, the information on the dam
before the establishment of Tajikistan as a sovereign State does not seem fo be complete, and, for @
hazard assessment to be conducted, it is essential fo have access also to older information. A risk
assessment is generally greatly improved if data exist over a long period of time.

Seepage through the dom should be measured on a regular basis; this measurement should include
determination of the presence of suspended sediments and an inspection of the downsiream slope to
defect possible new springs and changes in the existing ones.

A hydrologic station should be installed near the foot of the dam to exclude influences from tributary
rivers between the dam and Barchidev where the present station is located.

The lower part of the dam, with opparent low permedability, shoule be further investigated. This seems
to be possible only by using geophysical methods because drilling through the blocky material will be
almost impossible. It is understood that this is not an easy task because, for example, seismic refraction
dota can be difficult fo interpret for the very blocky parts of the dem.

A manual for the dam should be set up and maintained. This manual should contain the besic
information regarding the geology of the dam, data from earlier and ongoing measurements,
inspection protocols, alarm levels for critical parameters, intervels and checklisks for inspections, dam-
safety organization, responsible persons, etc. The manual should be updated confinucusly when new
information and data are available. Based on this, the hazard assessment can be improved and
necessary measures can be planned. A crucial part is the organization and the distribution of
responsibilities within this group.

Earlier caleulations of generated waves from a landslide info the lake should be reviewed and possibly
repeated using advanced methods. Possible effects on the dam by the waves should also be included

in the analysis.

A feasible way of heightening the crest of Usoi Dam at its lower northern part should be considered
The concept of doing this by well-calculated controlled blasting of one of the two steep flanks of fhe
wedge-like escarpment immediately north of the dam should be considered. Special experience in this
method of building dams was developed in the former Soviet Union (e.g., at the Medeo debris-
retenfion dam north of Almaty, Kazakhstan, and at Nurek Dam, Tajikistan, the world's highest man-
made dam).

3.5.2 Slope above the right bank

Tha menitering stations aloeng the cracks an the siope shauld sa improvad. all gimple distanca-
measuring stations should be replaced by 3D gauges or shou d ot least be altered to triangular
layouts. Some five additional wire extensometers should be incorporated into the monitoring scheme,
with a 50-100-m array across the entire set of open cracks at any specific locahon.



« To defermine the depth(s) of the surface(s) of rupture in the middle part {cf. photo 17) of the slope, two
to three drill holes are required, followed by installation of inclinometers.

+ Based on existing data and new findings, a totally new assessment of slope movements should be
performed applying modern geotechnical methods and experience. The slope movements have fo be
divided info different classes of landslide activity (e.q., rock slides, rock falls, rock avalanches, debris
slides, and Sackungen).

+ For the interface to the new early waming system, the thresholds of slope movements, and especially
the critical acceleration and velocity values, have to be defined properly.

+ For the worst-case scenario, dealing with potenticl landslides with volumes of up to 1 or 2 km?, the
caleulation of the potential height of overtopping and the displacement wave should be recalculated.
It should be kept in mind that such an event could create o huge new landslide dam about 5 km
upstream from the exisfing one. For this case, the water volume available to flood the Murgeb and
Bartang valleys after a potential breaching of the 'Usoi dam would be reduced considerably.

3.5.3 General recommendations

s For long-term monitoring of the dam and the slopes, it should be determined whether the so-called
SAR (Synthetic Aperture Radar) system might be 1 useful fool. In this system, a radar sateflite, which
Hies over the area every 2 weeks, is able to compare the images of successive flights. If some part of
the morphology has changed between Rights (horizontal accuracy approaching 0.2 m), the area in
question is automatically printed in red. In this way, ground movements could be obtained
avtomnatically for an early warning system.

+ A new set of stereographic aerial photos of the enfire Lake Sarez area is required for the slope
stability studies, Prior to this photography, benchmiarks {with targets large enough to be registered on
the photos) should be installed at crucial points.

+ A seismic station should be installed near the Usoi landslide dam to obtain primary data on
earthquake activity.

3.5.4 General remarks

Some addifional remarks are made here that cover issues beyond the direct tasks of the geotechnical
experts:

« It seems irresponsible to keep the base camp ct its present location opposite the potenticl huge
landslide {outlined so dramatically in the existing reports of the State Committee on Emergencies
1997,1999). A rock fall with & volume of only several tens of thousands of cubic metres could create
a displacement wave able to wash away the camp installations. Preferably it should be removed o the
top of the terrace behind the camp where the former Russian comp was situated;

+ Any future calculation on the possible propagation of a potential outburst flood should keep in mind
that such o flood would soon convert into o deb-is flow because of the abundantly available loose
material comprising the dam and aleng the Murgab and Bartang valleys. The devastating forces
and the reach of such a flow would be considerably greater than that of a high-water flood. Since no
practical computer model for such a caleulation is yet available {theory in Iverson, 1997), the modsl
developed by Faeh (1796) seems to be the most appropriate because it includes the erosional effects
of a flood. The most-used DAMBRK model by Fread {1984) should be used only as a first approach
because it does not consider the very high densities [up to 2.4 ton/m?) observed in debris flows.
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Chapter 4

Environmental impact assessment:
the ecology of South-Eastern Tajikistan
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4.1 Introduction

4.1.1 Background and methodology

in addifion to the obvious potential humanitarian
implications, the range of possible flood scenarios
also presents significant threats to biodiversity,
land use, and geomorphological processes at
local, national, and regional levels. These will
have both short- and long-term impacrs.

This chapter summarises the findings of an initial
assessment mission, bringing together results from
field interviews and surveys, along with published
information. It is important to recognise that this
presentation represents only a starting point in
coming fo terms with the enormous possible
implications of any breach in the environment of
large areas of Central Asia.

In assessing environmental impacts, this chapter
highlights key issues of biodiversity and pollution
risks. It considers mainly the implications of @
breach of the Usoi landslide dam in the context of
the effects on Tajikistan, but also identifies
potential regional concerns that will require
additional research. Geomorphological and

landscape impadts are covered in the chapter by
Dr. Teiji Watanabe (Chepter 5.

The aim of this study was to produce a broad
overview that will provide a confext for policy
decision-making and a starting point for
continued research fo refine the understanding of
the implications of a flocd in the Bartang and Panj
River valleys, originating from Lake Sarez.

Interviews were held during the mission with
government sdecialists, NGO representatives, and
scientists. Although the mission had the task of
reviewing the potential implications of a breach
of the Usoi dam and uncontrolled release of water
from Luke Sarez, it is imporfant to recognise that
this is not ari isclated phenomenon. Landslide-
and glacier-dammed lokes such as Lake Sarez
are found in many mountain areas, and it is
possible that risks similar to those faced ot Sarez
are equally applicable to other locations within
Tajikistan and in other mountain nations.

4.1.2 Sources of information

Naturc:! scier ces studies are well developed in the
region, and there is a wealth of background
informatior: and local expertise available.
Signiticant strides have been taken in the
cataloguing of biodiversity, the best example of
this effort being the first Tajik Red Data Book
(Tajikistan Academy of Sciences, 1988). The
Ministry for Nature Protection is the lead
government agency in this field, but considerable
academic expertise exists in the Academy of
Sciences of Taiikis’ran, as well as in active focal
environmental NGCs, such as Man & Nature, the
Pamir Biologjical Institute {including the Khorog
Botanical Gardens), the Association of Guards,
Woods and Wild Animals of Tajikistan, and the
Kuhiston International Foundation. Therefore,

there is adequate baseline information within
Tajikistan te provide an initial assessment of

potential impacts.



The author has reviewed the Red Data Book For
Tajikistan {Tajikistan Academy of Sciences, 1988)
to identify potentially affected species of national
and international significance, Annex 4-1
orovides a full listing of animals and plants found
along the river valleys, which could be
significantly affected in the event of an
overtopping or breach of the Usoi dam. This book
is currently in the process of being updated and,
although o revised copy was not available at the
time of the mission, it is inevitable that the level of
understanding will have improved over the last 10
vears. The analysis of the existing book should
therefore be seen as illustrative rather than
definitive

4.1.3. Scenario assumptions

Two failure scenarios are considered here: the
warst case scenario of a total breach of the Usoi
dam and the alternative scenario of overtopping
of the dam without a total breach. IF the worst-
case scenario occurs, on the basis of available
information, impacts are likely fo occur as far
downstream as the Amu Darya River and into the
Aral Sea Basin. Therefore, this report has been
divided into local, nationdl, and regional contexts
Both scenarios assume that the prime impact
driver would be a large-scale debris flow.

4.2 Local description -
the Bartang valley

4.2.1 General Description

The Bartang River valley winds for some 150 km
from the Usoi landslide dam to the confluence with
the Panj River vclﬂey at Rushan,

Lake Sarez is a relatively young feature and is not
an ecologically rich habitat in itself; however, the
surrounding mountain and vc”ey features are
exiremely important habitats, providing a range

of niches that, like many remote mountain areas,
could provide suitable conditions for high levels
of endemism {Blagoveschenskaja, 1999). The
Minisiry for Nature Protection has confirmed that
the area surrounding Sarez would mest nationcl
criteria for conservation protection {Latifi, 1999).

The Bartang valley has been described by
Rachkovskaia et al. {1997} as being primarily
“Mid-Mountain semi-arid open woodland with
leaved forests and shrubs” in the basin of the
valley, with “Mid Mountain Juniper Forest” and
then “High Mountain Cryophytic Friganoid”
hobitats farther upslope.

The river varies in width along the valley
depending on the slope profiles. Where steep
rock cliffs are the main geolegical fectures, the
river is deep and constrained in movement, with
fitile opportunily for vegetation to grow along the
sides and on the unstable talus slopes at the bass
of the slopes. At some lower reaches of the valley,
the flood plain widens to more than a kilometre
wide. The river meanders considerably and
significant deposits of silt and sand have been
deposited in these areas, providing limited
oppertunities for stable sediments to be produced.
However, many of the low-lying areas of riverine
and wind-blown silt are subject to floeding in the
summer, thus resiricting potential long-term niche
development in the river bed.

Areas that are more stable sustain low scrub
vegetation. The largest range of floral diversity
appears to be concentrated in the areas
surrounding tributary alluvicl fans and on old
river terraces. In these areas, soil has started to
torm and « relatively wide range of vegetation
can be found

These areas also are the sites of the human
setlements in the valley; so natural biodiversity is
also enriched with onfhropogenic p|cnting,
including crops such as wheat, pofatoes, and
trees, such os poplar, which is widely used in
construction,



4.2.2 Key features

The entire Pamir region is extremely important in
biological, geolegical, and cultural terms. Like
many mountain regions, the environment can
provide unique pressures and opportunities with
which species must evolve to exploit. Therefore, it
is not surprising that there are many examples
of endemic flora that by definition are of
enormous value at the international level
(Blagoveschenskaja, 19991,

The value of the Pamirs is well recognised within

the scientific community in Tajikistan. -

Recommendations have been put forward by the
Ministry of Nature Profection to designate areas
as UNESCO Biosphere Reserves. In addition,
plans are well advanced to declore o large area
in the northern Pamirs as a National Park. NGOs
are pushing fo estahlish larger areas as National
Parks (Kasirov, 1999}, but the Government has
noted that while much larger areas would meet
criteria for establishing such protection measures,
the resources available to implement such policies
are modest and are being targeted to key sites
only {Latifi, 1999). Therefore, the Bartang valley
must be seen in the broader confext of a very
large area of Tajikistan being of national and
possibly international environmental significance.

The Bartang valley has very rich floral resources.
The site has been studied since 1882, and more
than 1200 plant species have been recorded in
the valley. Researchers at the Pamir Biological
Institute have reported that some 166 endemic
plant species can be found in the Province of
Gorno-Badaksnan. Key endemic plant species
include Clematis saresica, Betula murgabica,
Plevrospermum badachschanicum, Kudrjaschevia
pojarkovae, K. nadinae, and Acanthefimon
hilarice (Navrouzshoev, 1999).

There are no specitically-protected wildlife
hebitats in the valley, although some areas would
meet the national criteria. There is relatively little
human interference in natural habitat and the
Mirishy for MNature Protection report thal they iy

to concenirate iheir resources in areas of potential
conflict hetween conservation and human uses
(Latifi, 1559).

4.2.3 Risks of impact

Any breach in the Usoi landslide dam has the
potential for significant impacts in the Barfang
valley. In addition to the large amount of material
comprising the dam, the valley contains large
amounts of locse and unstable slope debris; both
of these masses would be carried by the flood,
forming an extensive debris flow. Depending on
the height of the flaw, it is almost certain that the
main areas of both human habitation and richest

floral diversity would be devastated.

4,2.3.1 Short-term impacts
« Complete destruction of habitats, human
setlements, and infrastructure.

4.2.3.2 long-term impacts
» Some endemic species may become extinct.

+ Erosion of the toes of rock walls could leave
the entire valley system unstable, resulting in
new rock fulls and mud flows in unprediciable
places.

+ Agriculturel land would be destroyed and the
surface covered with the associated debris of

the flow.

+ In broad ferms, entire valley areas would
probably be rendered uninhabitable for

generations.

« Revegetation will proceed slowly, depending
on the level and type of sediment deposited,
speed of stabilisation of the sediments, and
time of year. Opportunistic species will
probobly oredominate in the carly phcjes,



and it is likely that the species composifion wil
change. Food -web impacts will also be likely,
e.g , because prey species such as rodents on
the valley floor will be greatly affected by the
floods, predators such as raptors will be forced
to move fo find dlternative prey sources.

Annex 4-1 highlights the Red Data Species that
are found within the Bartang valley and therefere
will be most affected by o breach of the Usoi dam.
it also highlights the possible Red Data Species
that are found along the route of the Panj River.
However, while these data highlight the most
endangered or rare species in the country, thay
do not reflect the enormous richness that habitats
represeni. From this basic analysis of the Red
Book, it suggests that some 7 animal species and
13 plant species found in the Bartang valiey
would be affected by flooding. In total, for the
worst case scenario, it is likely that some
13 invertebrates, 3 fish, 9 reptile, 3 bird,
14 mammal, and 65 plant species would be
affected in varying degrees. Therefore, more than
100 Red Data Species could be impacted by «
worst-case flood scenario, ignoring the thousands
of other species that would also be impacted
upon.

4.3 National description —
Panj River valley

4.3.1 Generai description

The Bartang River meets the Panj valley at Rushan
The Panj River then forms the Tajik/Afghan border
for more than 500 km west of Rushan

The Panj valley is generally wider than the
Bartang valley, with greater distance between the
river and the valley walls. There are also more
extensive areas of sediment that provide suitable
conditions for both humans and a wide range of

wildlife

The following land-use trend (table 1} was
recorded during field surveys, and illustrates the
range of land uses within seftled areas on the
valley floors that would be impacted by flood
scenarios

Within the village areas there is limited
opportunity for development of natural habitats,
given that the villagers try to make the best use of
available resources. Main wildlife habitats are
therefore on the village margins and en
inaccessible or uncultivable land.

Table 1. Observed Land Use in the Upper Panj River Valley

Features Comment
River Width varies considerably: from 30m - >1km
Bark habitat Variable: from rock cliffs to gently sloping silt/sand beaches and

agricultural terraces.

Agricultural Areas

Road

Homes/Agricultural Areas

Marginal Agriculural Slopes

Slope Habitat

Wheat and potato fields, fields small, generally < 1 ha; some extensive
grazing land noted.

Goed qudlity, twe-lane -armac road close to Rushan; then increasingly
rugged, single track with passing zones downstream.

Many small villages noted; houses are smalf and often laid out in linear
patterns following the raad. Homes often include small figlds /vegetable
patches and poplar trees for construction purposes, along with walnut
and mulberry trees for faad.

Above the villages, as the slope increases, there appears to be relatively
mqrgincal land, often recuiring irrigation from channcls cut inte the s|opes,
Best use appears to be rnade of all available cropland.

Varies from gently rising slopes to solid rock dliffs; most common appear
to be high-angle talus slopes providing possible high-frequency/low-
impact hazards to homes, especially during the rainy seasen.



Table 2. Relationship between altitude and vegetation belts in the Rushan area

{scurce Po'chodiorov et af | 19G7)

Altitude Vegetation Belt

1800-2700 m cbove sealevel  Mountain Deserts with Arfemisia sp.

2700-3700 m Mountain Steppe-Deserts with Ardemisia Korzinskii

3700-4200 m Deserts with Artemisia Lemarini and Pamir Prickly Thrift Acantholimon
pamiricu

4200-4800 m Belt of Pulvinates

4.3.2 Habitats

The Panj River valley includes a number of important
habitat fectures, these vary, depending on the exfent
of human influence, dltitude, and geclogical
condifions. The broad vertical variafion of vegetation
types in the mouniainous areas around Rushan and
Shugnan is indicated in fable 2-

Patchadjanov et al. [1997) described the habitats
subject to human influence as “Anthropogenic
Landscapes,” where species composition will vary
depending on the degree of human activity as
well as the natural conditions. It is likely that large
portions of the Pan; River valley can be described
as this “Anthropogenic Landscape.”

The broad habitat description along the Panj
valley moving downstream from the confluence
with the Bartang River is described in
Patchadjanov et dl. {1997} as starfing out as “Mid
Mountain Semi-Arid Open Woodland with
Leaved Forests and Shrubs”. Approximately 80
km from the confluence, the habitat changes to
“Mid and Low Mountains with Arid Open
Woodland Pistachio Forests * This continues for
an additional 200 km, interspersed with a further
section of “Mid Mountain Semi-Arid Open
Woodland.” In the lower reaches of the river,
before reaching the border with Uzbekistan, the
habitat changes to “Piedmont Savannoids” with
a small but extremely important section of “Tugai”
complex and then a section of “Piedmont Desert ”
Throughout these broad habitat descriptions there

ara |c:rge areas that can be elassified as

“Anthropogenic Landscapes” in that the base
habitat has been subject to considerable human
influerce, through agriculture, road and
infrastructure development, and seflements. The
general faunal species composition of the
anthropogeric areas in the river valleys of
southern Tajikistan include the following: Water
Frog Rana ridibunda, Green Toad Bufo viridis,
Water Snake Natrix natrix, Rapid Fringe-Toed
Lizard Eremias velox, Glass Lizard Psevdopus
apodus, Tree Sparrow Passer montanus. Spanish
Sparrow Passer hispaniolensis, Common Myna
Acridotheres tristis, Eurasian Rook Corvus
Frugilequs, Jackdaw Corvus monedula, Magpie
Pica pica, Ruous-Backed Shrike Lanius schach,
Blue Cheeked Bee-eater Merops suparciliosus,
and Common Swift Apus apus (Patchadjanov et
al., 19%7).

4.3.3 Key features

The Panj River valley includes two of the three
Zapovednik Nature reserves established in all of
Tajikis'an. The Zapovednik designation is the
highest form of conservation designation. It is
reserved for the most important natural habitats
where humar interference is banned. Usually the
only humar. presence is that of scientists.
Unfortunately, during the recent Tajik civil war,
some areds of nature reserve were seriously
damaged, but the designation remains a reflection

of their potenial significance (Blagoveschenskaia,
1999}



a) Dashtidzhumsky mountain forest
reserve on the bank of the Panj River occupias
53,400 hg; it includes pistachio, juniper, and
maple forests, as well as providing habitats for
key faunal species such as the Markhor Capra
falconeri, Snow Leopard Pantera unica unica,
Jungle Catt Felis chaus oxiana, Brown Bear Ursus
arctos Siberian lbex Capra siberica, and Otter
Lutra lutra seistanica. Reptiles found in the reserve
include several species of gecko and the
Himalayan Rock Agama Stelio himalayanus.
Birds in the reserve include White-Caped water
Redstart Chaimarrornis leucocephalus, Little
Forktail Enicurus scouleri, and Chuckar Partridge
Alfectoris chukar {Patchadjanov et al., 1997).

b) Tigrovaya Balka reserve protects one
of the largest remaining tugai forests in Central
Asia. The tugai ecosytem in Tojikistan is extremely
important because the remnants of this forally-
rich habitat located farther downstream on the
Amu Darya River have been significantly
degraded by the impacts of hydrological and
pollution conditions in the Aral Sea basin. The
fugai habitat fypically contains some 576 superior
plants, including 29 endemic to Central Asia.
Owing fo desertification downstream, 54 species
have been reported as being on the verge of
extinction, and remaining remnants of the habitat
are highly stressed. {Glazovsky, 1995). Tigrovaya
Balka, with an area of 49,786 ha, is therefore
extremely significant. This Zapovednik was the
main habitat of the Turan Tiger Panthera figris
virgata, which was last seen in Tajikiston in 1954
It remains the key habitat of several Red Deta
Book species, such as the Bukhara Red Deer
Cervus elaphus bactrionus, Pheasant Phasianus
cochicus bianchii, Goitred Gazelle Gazella
subgutturosa, and fish species, such as the
Shovelnose - Pseudoscaphirhynchus spp.
Amphibians in the reserve include the Green Toad
Bufo viridis and Water Frog Rana ridibunda.
Reptiles include the Turkestan Plate-Tailed Gecko
Teratoscincus scincus, Toad-Headed Agama
Phrynochalus mystaceus, Desert Monitor Varanus

griseus, Rapid Fringe-Toed Lizard Eremios velox,
Sand Racerunner kremras scripta, geckos

Teratoscincus sp and Alsophylax sp, Steppe
Ribbon Snake Psammopnis lineclatus, Oxus
[Central Asian} Cobra Najo oxiana, Levantine
Viper Vipera lebetina and Saw-Scaled Viper Echis
carinatus Other mammals in the reserve include
the Wild Boar Sus scrofa, Striped Hyaena Hyaena
hyaena, Jackal Canis aureus, Marbled Polecat
Vormelo peregusna, Tolai hare Lepus folar, and
Indian Crested Porcupine Hystrix leucura safunini
{Patchadjanov et al., 1997).

4.3.4 Risks of impact

Both reserves are exiremely important habitats at
both national and international levels. Damage to
the sites would be a disastrous loss of biodiversity.
Although the sites have been domaged by the civil
war and reportedly as a result of neighbouring
agriculiural and hunfing activities, the importance
of these areas must not be compromised if at all
possible (Blagoveschenskaja, 1999).

These reserves would be affected by o Rull breach
of the Usoi landslide dam, and species dependent
on water quality would be seriously affected by
an overtopping if high sediment loads were
released into the Pan; River.

The basic impacts would be similar fo those for
the Bartang valley (abovel, but, in addition, there
is the potential for some pollutants to be released
along the length of the valley. Although current
pesticide and nitrate usage is reportedly low
because of the economic difficulties in the region,
historically there have been records of
considerable pesticide and fertilizer loadings.
Glazovsky (1995} noted that bath fertilizer and
pesticide usage was higher in the Central Asic
argas than in the remainder of the former USSR
DDT, now banned, was widely used in the region
until 1982, and high DDT concentrations remain
within the soils. Furthermore, the use of chemical
fertilizers grew enormously from 1960 to 1985. In
1960, Tajikistan, on average, applied fertilizer af
a rate of 78.2 kg/ha; by 1985 thic had risen to



249 kg/ha {Glazovsky, 1995}, However, it 1s
likely that, while the levels of fertilizer application
have fallen dramatically given the security and
economic conditions in the country over the last
10 years, there remains potenhal for pollution.

Any remaining soil contamination could possibly
be released and spread by o flood reaching this
tar downstream. This could provide an acute
pollution shock compared te the historical chronic
releases with which scch intensively farmed areas
normally have 'c cope.

There appear fo be no major human sefflements,
factories, power stations, pipelines, chemical
stores, or waste facilifies along the flood route that
could present a significant pollution threat.
However, there are mines high in the mountain
areas, reportedly for welfram, gold, and vranium.
While the mines would probably be sufficiently
high above the river to ascape any initial floed, it
is possible that damage to deep mines as well as
access routes would need to be considered.

It is not known if there are any major military
fecilities along the possible flood route, but large
military facilities often contain potentially
contaminating matericls, such as fuel, ammunition,
chemicals, etc , that would need to be taken into
account in any nchional contingency p|c1n.

4.4 Regional description -
Aral Sea basin

This review is not intended to extend beyond
Tajikistan, but it is vital to consider the potential
regional implications of @ major Aood scenario.
In addition to downstream impacts, it is also
impartant fo recognise that the Panj River forms
the border with Alghanistan and, although
beyond the scope of this assessment, impacts
across the border along the entire length of the
Panj River Hood path would need to be
considered in cny regional context.

Tajikistan, and particularly the areas potentially
affected by a breach of the Usoi londslide dam,
are major cortributors to the water balance in
Central Asia. It is inevitable that any problems
experienced in the riverine regime in Tajikistan will
be ransmitted across borders, potentially affecting
even more vuinerable communities farther
downsiream.

The Amu Darya River, together with the Syr Darya
River, is & major coniributor fo the Aral Sea basin.
The problems specifically associated with the Aral
Sea are well documented {e.g., Glazovsky, 1995;
Kobori and Glantz, 1998; Shestakov and
Streletsky, 1998). In addition fo the reductions in
warter supplies reaching the Aral Sea as a result of
massive incredses in coffon crop irmgation over
the last 50 yeurs, downstream water quality 15 @
key regional issue. Problems include
contamination from agrochemicals, increasing
salinisation, and impacts on groundwater, as well
as surface water. The system is already extremely
stressed, people living downstream of the Amu
Darya are reported as saying: “pecple at the
entry of the “pipe” drink water, but we
Karakalpaks, af its exit, drink a poison”
{Shestakov and Streletsky, 1998). Ecological
resources are also highly stressed; reports note
that, in some areas around the Aral Sea, diversity
of mammal species has dropped from 60 to 30
species and the number of bird species from 319

to 168 {Glazevksy, 1995)

Under the most likely failure scenario presented
for Lake Sarez, due to overtopping of the dam,
the immediate downstream cross-border impacts
would probably not be very significant. It 1s
predicted that a debris flow would travel as far as
the Rushan district. However, although the flow
front might nct travel past the border downstream,
any sedimert load and contamination that is
collected will be fushed downstream, making an
dlready-strested wc:ter-supply system even more
difficult to manage.

However, in the worst-case scenario, it is possible
that u debris Aow would reach l;oycnd the Tqiik



border and affect downstream countries as far as
the Aral Sea basin itself. In addition to the
immedicte damage such a flow would cause to
sefflements and infrastructure in the path of the
flood, it is important fo recagnise the potential for
secondary disaster impacts. These could include
the destruction of strategic resources, such as oil
pipelines, chemical plants, factories, and
agrochemical warehouses. In such a scenario,
there is a very real threat of a “cocktail” of
chemicals being released, which could further
complicate recovery from the debris-flow impact
by polluting water sources, irrigation systems,
agricultural fand, and habitat areas.

Furthermore, the impact of a catastrophic debris
flow could change the course of river flows in low-
lying areas where there might be more room o
change flow patterns. This could affect areas that
had already been dried out and had become
heavily salinised, thereby re-releasing the salts info
the changed hydrological regime.

4.5 Conclusions

The areas that are potentially at risk from a flocd
from Lake Sarez are exiremely important natural
habitats of local, national, and international
significance. The area exhibits a high level of
endemism, and it is possible that important
species would be endangered by any of the flocd
scenarios. It is vital that the habitats be given the
recognition and protection they deserve, and that
every effort be made to protect those species that
can be seen as a common heritage of mankind.
The concerns are mere than just of national-level
conservation The species and habitats under
threat are unique and irreplaceable. Domage to
people and infrastructure from any disaster would
be appaling enough; at least people can be given
early warning and infrastructure can be rebuilt. if
and when rare and endangered species and
habitats are expunged, they are gone forever and

there can never be recovery from the impact of
the disastar. There are basic measures that can be

undertaken to identify and profect these habitats
and species both in-sifu and ex-situ. It is important
that all such measures be undertaken if the riches
of this area of the Pamirs are to be protected for
the internahonal community and future
generctions.



4.6 Recommendations

The following recommendations are based on the gaps in information available to the current assessment.
Anticipated costs are not provided for these items because it is felt thert much of the work can be carried
out by national and regional authorities and by NGOs. It would benefit such work if it could be
conducted under the direct supervision and management of the UN family to ensure that full levels of
objectivity are assured.

4.6.1 Regional priorities

Further attenfion must be given to the identification of potential pollution sources in the region downsiream
from Tajikistan, including the border areas of Afghanistan along the Panj River. This will require a
regional perspective fo examine the full route of the Amu Darya River basin in regard to the following
issues:

+ Baseline survey of setttements, infrastructure, socio-econemic resources, and habitat characteristics.
+ Comparison of the baseline against the developing flood-path aralysis.

+ Identification of key points of concern where primary and secondary impacts are most likely, or
where impacts would be most significant.

« Estimation of the possible value of flood damage along the entire: length of the vulnerable area. This
would allow cost/benefit comparison of flood prevention and mitigation schemes to be seen in the
appropriate context that potential donors can appreciate.

+ Review of opportunities to prepare national/regional confingency plans to cope with the threat
scenarios.

These operations could be complefed relatively quickly by an organ sation with o regional mandate.

4.6.2 Tajikistan priorities

+ Risk assessments for any mineral and military establishments near the flood route should be carried
out. This would be a national governmental responsibility.

+ Key habitat areas, such as those in the Pamirs, should be given the full legal and practical protection
their international conservation value warrants, This could help the Government of Tajikistan moke the
case for infernafional assistance under the various UN convenfions fo which the nation is signatory. It
would possibly make the donor community more amenable to cssist if it is clear that internationally-
important habitats are afforded the full leve! of available nafional protection, yet remein significantly
endangered.

+ Ecological monitoring programmes should be expanded to ensure that the best possible level of
scientific information is available against which policy decisions can be taken. Local and international
NGO:s should work with Governmental agencies to provide the rost effective approaches to covering

this large area of outstanding work. The World Wide Fund for Mature (WWF) has worked with local
experts to produce o range of biodiversity projects outlined in their repart “Biodiversity Conservativn



of Tajikiston: anolysis of recent situation and proiect portfolio” (Patchadijanov et al., 1997). Such
efforts would be endorsed by the author. Even though none of these projects has been specifically
targeted to impact the Sarez issue, the information and infrastructure that could be provided from such
efforts would aid more-targeted studlies. It appears that the level of technical expertise is very high in
Tajikistan, like many couniries, the key limiting factor for environmental research is access to resources.
In a nation recovering from a civil war and the implications of the relatively new pelitical situation in
Ceniral Asia, it 1s perhaps not surprising that resou rees that would assist in nature conservation have
been channelled elsewhere. However, it is importent to note that cutting environmental research will
have possibly significant long-term implications in terms of sustainable management of limited
resources. Assistance from the international community should be sought to ensure that jeint research
projects can be developed to re-establish the vital monitering and protection work that sustainable
development requires.

» As a contingency measure, consideration should be given fo ex-situ conservation methods for those
endemic species that are especially endangered by flooding. This would at least preserve the gene
pool of such species. This could be carried out locally, e.g., at the Pamir Botanical Gardens, or
infernationally, i required. The Pamir Botanical Garden in Khorog works under the Pamir Biclogical
Institute of the Taijikistan Academy of Sciences. The Garden is undertaking important botanical
conservation measures and warrants support in developing possible ex-sity conservafion projects,
such as establishing seed banks. One of the key retearchers on the botany of the Bartang vafley is the
Director of the Gardens, and he is in an ideal position to ensure that such activities are targeted to key
species and sites.

+ Tajikistan is a signatory to the UN Convention on Biological Diversity. This Convention provides, infer
dlia, for mechanisms to cope with impact assessment threats. It is recommended, without prejudice,
that the Government of Tajikistan should explore the possibilities of gaining financial suppert to
undertake measures to secure necessary biological studies under the terms of the Funding Mechanism
of the UN Convention on Biological Diversity.

Avrticle 14 of this Convention says that each Contracting Party, as far as possible and appropriate, shall:

“In the case of imminent or grave danger or damage, originating under ifs jurisdiction or conirol, fo
biological diversity within the area under jurisdiction of other Stafes or in areas beyond the fimits of
national jurisdiction notify immediately the potentially affected States of such danger or damage, as
well as initiate action to prevent or minimise such danger or damage; and promote national
arrangements for emergency responses fo aclivities or events, whether cavsed naturally or otherwise,
which present a grave and imminent danger to biological diversity and encourage international
cooperaton fo supplement such national efforts and where appropriate and agreed by the States or
regional economic mtegration organisations concernad, to establish joint contingency plans *

There is, therefore, a clear obligation for Tajikistan to take action on this very real threat to biodiversity.
However, Article 20 of the Convention states that:

“The developed country Parties shall provide nevs and additional financial resources to enable
developing country Parties fo meet the agreed full incremental costs to them of implementing measures
which fulfill the oblfigations of this Convention. .The developed country Parties may also provide, and
developing country Parties ovail themselves of financial resources related to the implementation of this
Convention through bilateral, regional and other multifateral channels. ...Consideration shall also be
given to the special situation of developing countries, including those that are most environmentally
vulnerable, such as those with arid and semi-arid zores, coastal and mountamous areas *



Chapter 5

Environmental impact assessment:
j § geomorphology of the Bartang and
| Kudara valleys

¥

5.1 Introduction

The Environmental Impact Assessment Sub-team,
focusing on landforms and bicdiversity, worked
in two different geographic areas in determining
the environmental impact of possible breaching
of the Usoi landslide dam leading to an outburst
floed. One area was the upper stretch of the
Bartang and Murgab River valleys, immediately
downstream from the lake, and the lower end of
the Kudara River valley where it enters the
Bartang. These stretches of these river valleys
would experience the most direct impact of @
flood from Lake Sarez, regardless of the size of
the flood. The other area was downsiream along
the Panj River, which would be impacted in the
worst-case scenario. The lower part of the Van
River basin, a tributary basin of the Panj River,
could also be damaged; however, because of
time constraints, the sub-team was unable to visit

this basin.

5.2 Geomorphology and biology
of the upstream area
(Bartang, Kudara, and
Murgab River basins)

The Murgab River meets the Kudara River near
the village of Bartang (elevation ca. 2,660 mj;
at that point, the river name changes to Bartang

River. Loke Sarez is locafed in the Murgab River
basin. Lake Sarez and the Bartang, Kudara, and

Murgab River basins are situated in a fypical dry
alpine area. According to Yablokov {1997),
the mecn annual ambient temperature ot the Irkht
hydrometeorological station at Lake Sarez
(elevation 3,290 m) is 1.0 °C, and the annual
precipilation at the station is 108 mm, with litle
snowlail {average annual maximum snow depth
~ 58 am).

In order to assess the direct environmental impacts
that could be created by a Lake Sarez outburst
flood, it is necessary to examine landforms,
fauna, and flora in the Bartang, Kudara, and

Murgab River basins, immediately downstream
from the lake

5.2.1 Previous environmental studies

Local experts have conducted general
geomarphic studies in the valleys, including
studies of slope instability related to tectonic
achivity. However, the impacts of an outburst floed
on the geomarphology of the downstream valleys
had not been assessed thus far. Moreover,
relationships between landforms and fauna and
flora were yet to be assessed in these valleys. For
these reasons, the field observations of the
Environmental Impaict Assessment Sub-team were
conducted along the Bartang, Kudara, and
Murgab Rivers.



5.2.2 Environmental impacts

The precise impact assessment will be possible
only after a porential outhurst-flood analysis 1s
completed. Nevertheless, the sub-team found the
following important aspects that have to be

considered regardless of the size of the flocd.

5.2.2.1 Geomorphology

The landforms observed in the valleys were
classified into the following six elements:

(1) glacial moraines, '

(2) river terraces,

(3) alluvial fans/cones,

{4) ficod plains,

{5} talus slopes, and

(8) bedrock cliffs/walls

On the slopes at higher elevations, glaciers and
rock glaciers were observed. However, these
features have been excluded from this discussion
because they would not be impacted by a flood.
Figure 1 1s @ schematic diagram showing the
major landforms observed in the valleys. Among
these, landform elements (1) to {5) are especiclly

important in terms of debris {mixture of rock
fragments, sand, and mud) to be transported
downstream by an outburst flood from the lake.

1) Glacial meraines — Moraine deposits can be
found extensively in the Bartang, Kudara, and
Murgab River valleys A terminal moraine is
loceted necr the confluence of the Bartang and
Panj Rivers. This is correlated with the
maximum advance of the Qlf stage of
glaciation some 400,000-600,000 years ago.
In the upper reaches of these valleys, an ice
cap had covered a wide area, and the deep
valleys had not been formed at that time.
Younger morcines from the tributary valleys
are located at the higher alfitudes. The
chronclogical correlation of the glacial
moraines and the relationships between the
moraines and river terraces should be studied
in defail.

2) River terraces — Eight fo fen river terraces
have been formed in the uppermost valley of
the Bartang River. Although the results of local
studies of the ages of these terraces seem io be
contradictory, one study has suggested that
some of the terraces were formed about

|
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QI Moraines and Terraces 2
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Flood
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Qil Moraines
(400,000-
600,000 yr.B.P.%

Figure 1. Schematic diagram showing the major landforms in the Bartang, Kudura, and Murgab valleys.
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} Flood plains —

400,000-600,000 years ago (Qll), Terraces
formed about 125,000-200 000 years ago
[QIIl terraces) were deposited when glaciers
covered the upstream half of the Bartang River,
The QIV terroces [phote!) were formed

between 3,000 and 20,000 years age.

Alluvial

fans/cores — |
An alluvia! fen
or cone con be
defined o5 o
fan-shaped
landtorm
created by
frequent debris
Hows from a
tributary valley.
A fon has o
gentler surface

slope than that

g 5 Phato 1: A river terrace formed about 3.000-5.000 yvears ago.

modern fload-plain deposits when the old
deposits arz lecated on the valley bottom, The
depths of such deposits are not known, At least
four to five old lake deposits have been
recognized on the valley floer of the Bartung
River

5) Tolus slopes —
Rock fragments
derived from rock
falls have been
depasited on the
slopes that form the
valley walls. These
rock fragments
M commanly
" originated from
¢ fallen bedrock
{1.e., from rock
falls). Most talus

dupaﬁ are currmiiy
ochve.

£ sh Darjmozh village (elevation about 2,170 m) is located, which
paris of he . nag higher thant the present riverbed. Photo credit: Teiji

fons and cones Watanche:
are still active

(phoio 2).

Flood plains,
including those
cavering the old
loke deposits,
can be ooserved
in the valleys.
Vinnichenke
[1997) stated S
that the down- [REra

These five depo-
sitional landbarm
elarn&nts are com-

= posed of soft, loose

? geologic materials.
The origins of most
of these deposits
can be divided into
o parts. The first
§ group of deposits
was formed by
glacial erosion. The
8 areo hosted large
B ciociers in the past;

siream sh’e'ch - . -i.'-: S _' " :r. - g:h:‘ 2 _h‘ i e ] - ThEEE pl’OdUCEd

of the Kudara &
River has been §
fully dommed

Enormous amounts

ot debris that was

Photo 2. 4n alluvial cone. The village of Misau is located available to be

six times end gn the cone, parts of which are still covered by fresh debris. Imnspur#ed down-

partially dem- vetation covers the superface.

med four times. The Murgab River has been
blocked at six sites The Bartang River has

been dammad ot least three 1o five fimes, Some
of these old Aood deposits are covered by

valley. In the QI
stages {400,000 - 600,000 years ago), the
glacier in the Murgab-Bartung valley reached the
confluenze with the Panj River valley In the QI
stages (1 25,000 - 200,000 yeors agol, the



deposits formed as glacial moraines at the higher
elevations, and as river terraces at lowar
elevations. The second group of deposits has been
afiributed 1o reck fall. Talus siopes have developed
as a result of frequent freeze-thaw cyclas
combined with continuing tectonic activity.
Moreover, because
this area is exire- i
mely dry, the * g@¥¥ ' 0% .
ground surface is B hiiehin, i
net heavily vege-
tated. As a result,
the surfaces of the
slopes  remain

unstable,

These deposits
could easily be
incorporated into
the flood waters/
debris Hlows be-
couse they consist
of loose, uncon-
solidated maferiols.
Because these
deposits are distri-
buted from the
present river beds
to the higher
slopes, even a
small Hood could
transport the lower-
elevation deposits.
It should be noted
that the deposits
are exiramely thick
near the confluence
of the Murgab and
Kudara
(photos 3 and 4).
In addition, old
lake deposits on the valley botiom would probably
be eroded away and transporfed downstream by
o Lake Sarez outburst flood. All of these valley-
boitom materials could be incorporated into a
debris flow, cousing damage downsireom. Also,

the 1oes of the molus slopes and alluvial cones

m thick) near Yapsho,

P
i

Phato 3. Thick alluvial deposits near Yapsho (lower center of
the photo) on the uppermost reaches of the Bartang river.

Rivers phato 4, 4 close-up view of the thick deposits {more than 100

would become much more unstable as a result of
removal of downslope debris, Thus, continuous,
slow retreats of the toes of terraces and

fans/canes, on which most founa and flora ive,
are expected.

5.2.2.2 Fauna
and flora

g Most fauna and
flora, os well as
most human
settlements, have
been obsarvaed
either on the
dlluvial fons/cones
or on the younger
river terraces
formed about
3,000-5,000 years
age [photos |
and 2}. Only two
setlements, Dasht
and Misur, are
locoted on the
§ glacial moraines,
o The alluvial fans/-
cones ond younger
terroces have
formed near the
valley bottoms.
These depositional
landfarms, serving
as homes for most
fauna, Hora, and
human setfements,
could easily be
washed away,

According to the
director of the local
botanical gardens in Khorog, there are 166
endemic floral species in Gorno-Badakshan
>rovince and the surrounding Pamir mountains.
Among these, some 70 species are found enly in
Goma-Badakshan Provinee.



The major types of vegetation in the Bartang,
Kudara, and Murgak River basins are Artemisia
vachanica, A. lehmaniana, A. korshinski,
Acantholimen sp., and Carex pachystylis.
Acanthlimon Hilun, Kobresia pamirealaica, and

Alflium fedchencoii characterize elevations above
3,000 m.

Some of the flora, especially Climates saresica
and Pleuraspermum Badackschanica, are
endemic species. Endangered species in the
vellleys include Climates saresica, Pleuraspermum
Badackschanica, Betula muroabica, Kudrjascheva
pojarkovi, K. nadinae, Cousinie rajkovii,
Acantholimon Hiluri, and Populus pamirica. These
species, and others, could be devastated by an
outburst flood.

Wild animals and birds in the valleys include
ground squirrels, mountain goats, snow leopards,
bears, hares, and magpies. Mountfain goats and
snow leopards are included in the Red-Data Book.
Downstream transport of the deposits would also
lead to high suspended-sediment loads, which
could damage fish populations in the downstream

reaches, as described elsewhere for glacial-loke
outburst floos in the Himalaya (Watanobe and
Rothacker, 1996).

5.2.2.3 Geomorphology and
setilements

Most seiflements have developed on either alluvial
fans/cones (10 settlements confirmed) or on the
younger terraces {eight setlements confirmed).
Two sefflements are located on glacial moraines.
Figure 2 illusiraies o cross-sectional profile of a
geologically young terrace, on which the village of
Darjomzh {elevation about 2,170 m} is located.
The relative zlevation difference between the
present river bed and the houses and agriculfural
field ranges from 5 to 38 m. This demonstrates
that even small-scale Aooding could damage
fauna and flora as well as settlernents.

(m)
1501

100k,

Young River Terrace
(ca. 3,000-5,000 yr.B.P.) Flood

Plain

50 qj Slope
ORE JE - Og-AERTE
ol PO o o AED,&EC) \ tang River
| ! | | } | |
0 100 200 300 400 500 600 (m)

Horizontal Distance

Figure 2. Cross.sectional profile of the young river terrace (QIV-2) on witch the village of Darjomzh (ca. 2,170 m) is located.



5.2.2.4 Long-term response and
recommendations

Revitalization of fauna and flora s strongly related
to geomorphic stabilization. Revegetation
following an outburst leod will be possible only
after stabilization of the new landforms.
Geomorphic response will begin immediately
after the flood. However, full development of
landforms, such as new alluvial fons/cones and
river terraces, may require hundreds to thousands
of years.

Biodiversity in the area largely depends upon the
availability of water on the landforms. Most faunc
and flora are distributed on the landforms near
the present river bed. In addition, conservation of
biodiversity will depend on profection of habitats
from Hooding.

It is important to examine impacts of debris-rick
water to the lower reaches of these valleys.
Detailed distribution of the deposits should be
mapped and the volumes of the deposits should
be eshmated

5.3 Geomorphology of the down-
stream area (Panj River basin)

The Panj River basin would very possibly be
impacted by an outburst flood if the lake were ko
drain completely in a short period of time. The
Panj River from Rushan to Shuroabad has
dissected the mountains and formed o narrow
V-shaped valley. The river has deposited an
enormous amount of debris on the flat surface
downstream from Shurcabad, mainly in Khatlon
Province.

The Hoodwater would flow rapidly down the
narrow Pan| valfley. Then, the water would erode
and transport the low-lying alfluvial and terrace
deposits, which would be deposited farther
downstream.



Chapter 6

.5 Flood scenarios

—

v
6.1 Introduction

This section presenis the results of modeling two
hypethetical outburst flcods from Lake Sarez.
These floods are based on the two most probable
modes of flood initiation - a breach fload,
resulting from evertopping and downcutting of the
Usoi landslide dam, and a seiche flood, resulting
from a wave generated by a large landslide into
the lake. In both cases, arbitrary values for flood
volume have been assigned, because existing
theery does not permit calculation of an actual
probable flood event in either case. Results of an
earlier study of the problem conducted by the
U.5. Army Corps of Engineers (COE) Waterways
Experiment Station in Vicksburg, Missippippi
{1998), are presented for purposes of
comparison.

6.2 Procedure

Two arbitrary floods were defined for modeling

purposes:

« A flood produced by a rectangular breach
with width and depth of 500 m. These breach
dimensions produce a flood that is in
agreement with the COE breach flood aof @
single point - 200 km downsiream from the
Usoi landslide dam - where comparison is
possible.

+ A flood produced by a seiche wave
ewartepping the dom with an average depth

of 50 m over a dam length of 2,000 m.

Two computer software models were used to

.. develop the flood scenarios: 1) the U.S. National

Weather Service (NWS) dynamic hydraulic
model (Fread, 1984) used by the COE in their
flood simulafion, and supplied for this study by Dr.
Mark Jourdan of COE, and 2} DAMBRK,
a commercial version of the NWS software.

Topographic cross sections of the Murgab,
Bartang), and Panj River vaileys were fabricated
based on 1:40,000 Russian Army maps. The
locations of the cross sections were largely
arbifrary, but generally they were placed as to be
reasoncbly close fo villages, as well as fo reflect
the wide range of cross-sectional ropography
present in the valleys. The map legends stated that
the contour iterval for each was 20 m, but
inspection showed that some had contour intervals
of 40 m. It is assumed that the maps were
produced from a smaller-scale series, presumably
at 1:250,000 scale, af two different periods, and
that contour lines were interpolated from the
smaller-scale maps. There are relatively few
toperaphic rontrol points on the maps. The
“contour” lines on the Russian Army maps are
perhaps more usefully considered as
approximations of the achual topography across
any given cross section. A Geographic Positioning
System (GPS) survey undertaken by the author of
this nofe in Jure 1999 indicated that valley-floor
alfitudes and positions of structures, such as
bridges, were quite precise. There is no way o
evaluate the exdent to which this accuracy varies
over the total linear extent of the cross section. A

total of 19 cross sections was established for the
184 km between the Usoi dom and the village of



Shipad, Tajikistan, the western-most village in the
Rushan Rayong {administratve district) of Gorno-
Badakshan Province.

The cross sections were measured by opening o
scanned version of each map in ArcView 2.1
software. This permitted enlargement of smaill
portions of each map so that individual contour
lines could be identified, and followed from the
nearest fopegraphic control point. River distance
trom the crest of Usoi dam fo each cross section
was measured by the distance measurement
function of the ArcView 3.1 software.

6.3 Results

Throughout the 180-km reach of the river system
considered in this study, differences between the
predicted breach and seiche flood depths are
small, relatve to the absolute size of each. in
either case, the impact of a flood on the villages of
the Bartang and Panj valleys, as indicated by e
model, would be devastating. Predicted flood
depths range from a maximum of nearly 200 m
immediately downstream from the Usoi dam to a
minimum of approximately 50 m immediately
upsiream from Shipad for the breach scenario,
and approximately 100 m fo 30 m for the breach
scenario. Perhaps the most significant finding of
this study is that the depth of the flood does not
decrease continyously with increasing distance
from the Usoi dam. For a given flood volume,
depth is controlled by valley topography, largely
the width of the valley floor and the slope of the
valley walls. In the case of the breach flood, a
secondary maximum of approximately 160 m
occurs in the vicinity of the village of Supenj,
approximately 100 km downstream from the Usoi
dam, while in the seiche scenario, the maximum
flood depth for the entire reach of river considered
in this shudy was at this site.

The cross sections, and the distance to each cross
section fram the crest of the Usoi Dam are
presented in Table 1.

Table 1.

Village Distance  Elevation Flood  Flood
Below  Interval Crest, m Crest,m

Usci Dom  {Approx.) (Breach) (Seiche)

Barchidev 1é 0-60 73 52

Sevnop 23 140 88 82

Nisur 29 50

Yapshur N 0-40 95 67

Bardara

Chadud 0-10

Basid &5 0-10 13 80

Vorg 71

‘Zariif ’

Ajirch 78

Rajuch 91

Darjomch 94 96 48

Rawind

Suponj 102 160 114

Dasht

Visaw

Shijez

Patrud

Bachu

Yimptz

Shojan 138 0-10 55 37

Rushan 147 0-20 &7 29

Darushan 153 0-80 &7 51

6.4 Discussion

The results of the flood routing of breach and
seiche floods from Lake Sarez presented here must
se considered indicative, rather than definitive,
for several reasons:

+ Debris Flow — It is probable that a major
flood from Loke Sarez will become o debris
flow within a distance of a few kilometers
or less (Hanisch and Séder, 1999). This will
alter the hydraulics of the fHood in
unpredictable ways.

» Cross-Section Placement — Both forms
of the dynamic flood-routing model used in this

siudy are sensitive to cross-section placement.



The inclusion or exclusion of a cross section in
a model run alters the results in both upstream
and downsiream directions. While this would
not be important in a valley system with
relatively uniferm topography for extensive
river reaches, in the Bartang and Panj valleys
the cross-sectional geometry changes
considerably over short distances, ranging
from narrow gorges a few hundred metres
wide to o floed plain more than a kilometre
wide

Seiche Wave — At least four methods have
been developed for estimating volume and
amplitude of a seiche wave {Noda, 1969;
Kamphuis and Bowering, 1972; Raney and
Butler, 1975, Slingerland and Voight, 1979).
These are complex models, with many
variables. In general, however, the most
impertant variables considered in each are the
kinetic energy of the mass sliding into the water
body and the depth of the water body at the
point of impact These mathematical models
were not used here, due to a lack of
information concerning most of the important
variables, and are mentioned only to
demonstrate the complexity of the problem. For
the purposes of this study, if was assumed that
the volume of the seiche wave would be
approximately equal to the volume of the rock
mass enfering the lake as a landslide There
are at least two major unknowns associated
with modeling a seiche wave in Lake Sarez
that are not dealt with in the hterature: (1)
There is no recorded instance of a landslide
falling into a water body with a depth of 500
m, {2} A rock slide with a velume of 1 km®
from the right valley wall above Loke Sarez
would, in all probability, form a second maijor
landslide dam approximately 4 km upstream
from the Usoi dam (Hanisch and Séder, 1999).
This would make the formation of a seiche
wave problematical,

Breach Development — The models used
in this study simulate erosion-based breaching
using a simplified one-dimensional approach
by which the shape of breach is predefined as

an input parameter (Fach, 1994). These
models are best suited to simulate breaching
of man-made earthfill doms, not @ complex,
heterogeneous landslide dam, such as the

Uscr.

+ Embayments — The flood-routing models
do rot fac itate the diversien of portions of the
Hood inte embayments, such as would be
created by a wributary enfering the main river
or other major fopographic widening within
the river system. For this reason, the flood-
clepth vaiuas obtained in this study presumably
represent maximum values

6.5 Conclusions

While the resJlts obtained from this preliminary
analysis of foods resulting from erther an outburst
or seiche flood originating from Lake Sarez can
be improved considerably by a more detailed
detinition of "he controls on such a foad, it is
doubtful that the precision of risk assessment for
individual villages in the Bartang and Panj River
valleys will show a similar improvement. A
fundamental problem is the lack of any empirical
data against which to test the results of model
scenarios. Values of peak floods will always be
driven primar ly by assumptions conceming the
initiation of the flood, e.g., the height and volume
of @ seiche wuve overtopping the Usoi dam, the
rate ot which o breach is formed in the dam and
the ultimate cross-sectional area of the breach, the
extent to whic1 the flood becomes a debris flow,
and the dissipation of the flood crest by losses of
volume fo local embayments The most precise
model will be affected by the topographic
accuracy of the Russian Army maps used to
derive the digital-elevation model used as input.
The contour interval of the 1:50,000 maps is
given as 20 m This elevational interval is
approximately equivalent to the elevation chove
the flood plain occupied by a mojority of the
villages of the vailleys. Of alf the villages in this
valley system, only Rarshov and Savnap, near the
headwaters ot the Bartang River, are clearly



above the highest possible fiood crest. No
amount of improvement in madel results will
unequivocally demonstrate that all, or portions
of, the remaining villages can be considered
safe from a flood. Given this fact, it would be
irresponsible to base any village-fevel planning
or fraining on the results of what will confinue to
be theoratical considerations. The most prudent
assumgticn is that any major flood from Lake
Sarez will destroy virtually all villages in the
Bartang and Panj River valleys, and extend
downsiream for at least 1,000 km. Unless
additional improverments in flood modeling will
prove conclusively that this assumption 15
incorrect, prudence suggests that the assumption
should be the basis for near-term planning for a
flood event in the Bartang/Panj valleys.

There is one additional factor that was not
considered in this analysis, but which is relevant
to continued habitation in these valleys.
All considerations fo date have been in terms of
a Hood with an instantaneous peak flow of the
order of one million cubic metres per second. It
is probable that o simple doubling of the present
mean skeamflow volume of the Bartang River,
perhaps resulting from a small change in the
internal structure of the Usoi dam, would destroy
portions of the existing road and low-lying
villages and agricultural land for more than

100 km below the dam.



Chapter 7
Monitoring and early warning systems

v

7.1 Introduction

The installation of a monitoring/early warning
system for Lake Sarez should be a high pricrity. In
particular, a monitoring system (MS) will alleviate
much of the uncertainty that is now associated
with the Usoi dom/Lake Sarez hazard. in
addition, in case of en outburst flood, an early
warning system (EWS) will provide the people
living in the villages along the Bartang and the
Panj River valleys a better opportunily io save
themselves. A definifive approach fo the solution
of the Loke Screz problem depends on an efficient
EWS, which will be based on the quantity and
quality of the field survey data {MS).

Pre-1992 experiences of Soviet scienfists and
engineers on the Usoi dam/Lake Sarez problem,
as well as those since 1992 by reprasentatives of
the Government of the Republic of Tajikistan, were
presented ot @ workshop held in Dushanbe on
5 June 1999. The discussion and recom-
mendafions presented hera'stem from information
obtained at that meeting and from the field
evidence aequired during visils fo the site from 6
to 12 June 199%.

7.2 Past experience
Until 1992, shudies by Russian and Tajik scientists
were directed primarily foward analysis of:

+ Geotachnical aspects of the Usoi dam (geclogy
and struciural stubility).

+ Hydrological regime of the lcke and of the
downstrearn outflow (seepage flow through the
dam to the Murgab River].

+ Tectonic/ssismic activity of the zone [micro-
seismic mapping of the Sarez area).

As a consequence of these studies, new obiectives
for future activities were developed. However,
before these chiectives could be implemented, ol
investigations were brought to a halt by the
braakup of the Soviet Union in 1990-1992,
During this period, the monitoring, based on
visual investigations and some measurements,
was not always systematic, due in part to difficult
field conditions. The data-acquisition/fransmission
system was only parfially completed. In addition,
the early warning system was developed on the
assumption thet, if there were a breakout of Lake
Sarez resulfing in a major cutburst flood, waming
would only be: given to people in populated areas
along the Amu Darya River, a considerable
distance downsiream. (Thus, no warning alarm
was planned for the villages along the Bartang
River immediately downstream from Usoi dam.)
Initiclly, the alarm was to be forwarded to the
Moscow headquarters of the Civil Defence
Commitfee. This approach meant that those living
in the upper Amu Darya River basin would be
informed of the flood by means of
telecommunication lines 7 hours affer the alarm

had been given,

A never-completed alternative fo the above early
warning system was intended to be installed
about 1 km downstream from the first village
(Barchidev] on the Murgab River downstream



frem Usoi dam. {The mathematical model used
suggested that the flood wave would reach
Barchidev 25-30 minutes after o landshde
oceurred into Lake Sarez, resulting in overtopping
by a seiche wave). The system was supposed to
send a signal to the television satellite system
“Orbital.” This signal would be received at a
television center in Dushanbe, and then would e
forwarded through a special telecommunication
network to the relevant setlements. The effective
response time was 2 hours and 54 minutes {54
minutes fo warn the population along the river
system and 2 hours to evacuate them). The
elapsed time obviously would be too great to help
the peonle of Barchidev.

In neither case did the early warning system allow
for wamning the people of the upper Bartang River,
not far downstream from the dam. Instead, the
system was designed to warn the population in
the reaches farther downstream {along the lower
Bartang and the Panj Rivers), as well as to alert
the national and Soviet governments of the onset
of floading.

7.3 Current situation

Currently the monitoring system is based on the
following two approaches:

+ During the summer, and occasionally in the
winter, a team of Tajik observers is present ot
Lake Sarez. In the event of an outburst flood,
their responsibilities are to contact the Usoi
Master Station [see below) and Dushanbe
(Committee on Emergencies of the Republic of
Tajikistan) via a radio link. They also monitor
the unstable slope on the right bank above the
loke and the freeboard at the point of lowest
elevation on the crest of the dam (near its right

end).

+ On the Bartang River [near the village of

Nisur) and on the Kudara River {a rignt
hﬂ'iavhar)r to the qufﬂng) where it sniers the

Bariang, two hydrometric stations monitor the
water levels of these rivers When the rivers
rise above a pre-established level, the systern
sends, via cable connection, an automatic
signal to the Usoi Master Station There, o
special device receives and analyses the signal
to transmit it on to Dushanbe via o robot
satellite instrumented for transmission of space
dufc, so that evacuation of downstream
vi“ages can be initiated.

The Usor Master Station, which represents the
primary and most complex part of the entire
EWS, was originally installed by Russicn scientists
in 1984, and in 1990 it was improved by adding
solar panels and a diesel power supply. The
stafion is situated in @ mountainous region (2 km
from the village of Savnob and about 30-35 km
from Usoi dam) at an elevation of 2,800 m above
sea level, which makes it very difficult to access,
especially in the winter.

Apart from the satellite transmission system, the
Usoi Master Station uses ¢ iwo-way radio link that
connects the Master Station with the Lake Sarez
base camp on the left shore of the lake, as well as
with the system maintencance centers in Dushanbe
and Khorog. The purpose of this element of the
system is to assure all staff members that the alarm
signal has been received by the control stations.

Near the village of Barchidev, on the Murgab
River downstream from the dam, a stream gauge
was installed fo measure the fluctudtion of the
volume of streamflow at that peint. This gauging
station {now abandoned) consisted of both a
cableway and staff gauges. It is located
immediately adjacent to a foctbridge that crosses
the Murgab River at Barchidev. A second station
was located approximately 400 m upstream from
the first. In either case, functioning has now been
discontinued or is unknown.

Regarding the above mentioned MS and EWS,
the following remarks can be made:

- Viaual mendor]ns Per;ormecl from the lake

base comp cannot provide a confinuous and



reliable early warring system, and the radio
link connechon {Lake-Usoi Master Station-
Khorog-Dushankbe} is unable to alert the
downstraam villages in time to allow safe
evacuation of the population.

+ The automatic system for the detection of the
maximum level of the water in the rivers is
located too far down-river from the dam. Four
villages are located upstream from the system.

+ The satellite connection system (10 years old)
also is not free of shortcomings. Its main
drawback lies in the fact that this connection
does not always operate continuously. Thus,
there is a possibility that the existing system will
fail to alert the immediate downstream
population in time for o safe evacuation.

In parficular, the existing system will be effective
only in the following cases:

+ Inthe case of o relatively insignificant rise in
the water level {e.g , up to 5 m) accompanied
by spillover of small amounts of water, the
warning message ultimately will be received,
but will not be followed by a disaster.

« In the case of a catastrophic outburst of the
lake waters, only faraway districts {such as
Darvaz and Khatlon) will be warned in time.

7.4 Environmental and social
conditions

Any planned monitoring and early warning
efforts (instaflation of instruments and equipment,
as well as operatonal and maintenance phases)
have to consider the fellowing difficult conditions

+ Large size of the phenomena being observed
(Usoi landslide dam, Lake Sarez, right-bank
landslide).

« Difficulty of access fo the field sites (only by
helicopter, boat, and/or on foct, all of which

will be accomplished under dangerous
condifions).

+ Severz dimcte, typical of the high mountains of
the Famir, with cold, dry, long winters
{minimum recorded temperature of -39° C)
and short, dry summers (maximum recorded
ternperature of +34°C}

« Difficully of road access to the Bartang valley
(From Khcrog to Barchidev the road is
approximaely 130 km long, with stretches
over which it would be impossible for two
vehicles to pass). And, dbove all, the absence
of an access road from the Bartang Valley to
Lake Sarez.

+ Absence of a reliable electric power supply
(the electric power line currently extends only
part way up the Bartang valley). In parficular,
at the Lake Sarez base comp, electric power is
provided by a diesel generaior on a very
disconfinuous basis.

+ For the most part, ot present there 1s no way to
communicate among the villages of the
Bartang valley, nor between any single villoge
and either Khorog or Dushanbe.

+ Continuing seismic activity in the region.

Regarding the potential extension of a new ecrly
warning syster, the following social aspects must
be considered:

+ The risk fo villages downstream from the Usoi
dam varies. Some, such as Roshorv and
Savnob, in the upper valley, are located
sufficiently high above the river that a flood will
probably not directly affect ther However, for
most villages — particularly those built on
alluvial fans in the Bartang valley - the entire
populace appears fo be at high risk from «
Hood, because the villages are situated only
shightly abeve river level.

In planning an emergency response to a potential
flood, o critical and primary step is the
identification of higher safety areas for all of the
people living in the Bartang valley. Very useful
information will be provided by both a flood-
routing model and detailed topographic mapping
of populated flood-prone areas. These efforts



should be undertaken as @ follow-up to the June
1999 reconnaissance. Installation of @ modern
monitoring and warning system on Lake Sarez,
coupled with initiation of emergency-response
training of inhabitants of the valley, should ke «
first step toward remedying the lack of accessible,
orgonized information on which to base solufions.

7.5 Criteria for design of a new
monitoring/early warning
system

The early warning system, a partial, but
significant, solution to the Lake Sarez problem,
depends on the quontity and, above all, the
quality of field survey data provided by the
monitering system.

Rational design of the moniforing and warning
systems requires that the following conditions be met:

1) Availability of data svitable to characterize the
phenomena under observation: right-bank
londslide, level of the lake surface, stability of
dam crest, seismic activity, and outflow of
water from the dam.

2} Management and interpretation of necesscry
information collected from the monitoring
operation, and development of an interpretive
model based on these data.

3) Copacily fo ranslate the forecast obtained from
the interpretive model into operational
decisions,

The first condition (obtaining data) can he
realized in three phases:

1) Creation of an explicit scheme for initial
reference conditions on the basis of available

infarmation;

2) Analysis of the stability of unstable areas, ard

3) Installation of @ monitoring system for the
purpose of checking all of the parameters that
characterize the phenomena

The second condition can be achieved by
analyzing the functional ratios between the
measured quantities and developing an
interpretive model (generally numerical) for the
phenemena. Such a model allows the prediction
of quantitative causes and effects. In addition, it
allows examination, by means of risk scenarios, of
the possible consequences in evolution of the
phenomena.

Finally, the third condition requires that there be in
operation an adequate technical structure for
management of the monitoring system, updating
the data base and model as experience is
acquired, and optimization of the decision-
making process as input fo the early warning
sysfem,

This schematic descrintion of the infervention systern
{MS/EWS) brings fo light the necessity for close
coordination, and eventually o feedback system,
between the various operative phases described
above. Further, it shows the different roles and
relative importance of the MS and the EWS

The monitoring system enables overall
understanding of the landslide/lake/dam
behaviour, allowing a continuous view of the
relevant measures representative of the evolution
of displacements, changes in hydraulic conditions,
seismic and acoustic emission activity,
meteorological and’ environmental factors, ete.
Automation of the measurement process is an
important aspect of the monitoring system. It is
obligatory for cases in which the parameters fo
be measured are numerous, where the sensors
are located in inaccessible areas, and/or when
the monitoring systern must function as an alarm
for the safety of the population. The last bwo
conditions are especially applicable in the Usoi
dam/Loke Sarez case.



The individual sensors of the monitoring system
are connecied to the peripheral date-acquisition
and transmission units by means of cable or
radio; the peripheral units in furn are connected
(by radio and/or, even better, by satellite) fo a
centrol data-acquisition and recording system.
Both are used to manage the measurements,
which are acquired af a pre-established rate that
can be altered at will ot any given moment.

The central data-acquisition and recording unit
must be connected vie: computer to a specialized
data-processing base, which, with the help of
mathematical modeling techniques, will enable
updating of the safety management of
downsiream valleys and improvement of the early
warning system. At the same time, a preliminary
early warning system, based on simple
representafive data of dangerous developing
conditions, must be installed as soon as possible in
all of the risk cases.

The above-mentioned “ideal scheme” for the
monitoring ond early warning systems must be
considered as a methodelogical approach. Many
questions, relating ta type and locatien of sensors,
peripheral power units, data-acquisition and
transmitting methods, cable/radio/satellite
networks, efc., remain te be answered. The
answers will be based on site-specific conditions
revealed by field investigations performed during
the recent Loke Sarez mission {June 1999) and on
past experience of the engineers and scientists

involved.

Nevertheless, by considering that an early
warning system to alert the inhabitants of the
Bartang valley of an outhurst flood from Lake
Sarez is a priority option, this option must be
approached as a special case of a general form
of engineering design. The following main
ospects and specific requirements are
emphasized-

+ The most difficult problems to be overcome
from an engineering design perspective are
the remoteness of the site; the lack of
accessibility to the Usoi tandshde dam, as well

as to potential sites for data transmission
repecter stations; and the lack of electrical
power.

+ The monitoring and early warning systems
must be custom-designed fo cccommodate ol
of these problems. They must be designed,
manufactured, and installed in @ manner that
will insure that failure of individual components
will not compromise operation of the systems.

+ The monitoring system should be designad to
be multi-purpose so that it can transmit data
from the peripheral stations {lake and dam) to
the central units {Dushanbe and/or Khorog).
The anly majer design changs raquired will be
the capability fo beth send and receive signals
through the transmission nefwork.

+ The systems must be able to deliver an
unombiguous warning signdl o each of the
villages, as well as to offices of specific
agencies {2.g , the Tajik State Committee of
Emergenciss). The early warning system must
be installed with sufficient simplicity and
redundanuy fo eliminate system failure, to
preclude generation of faise signals, and to
ensure reception of the warning by villagers
and responsible government agencies,

Experience in natural-hazards management has
shown that good public information and @ plan
for local involvement make the difference in
determining v/hether or not an early warning is
acted upon by the community receiving the
warning. The community emergency committee
manages locel evacuation when necessary, takes
the lead in disaster-mutigation measures, and
coordinates with the State Committee on
Emergencies. Local communities should also be
involved in surveillance and routine maintenance
of the monitoring and early warning systems as
much ¢s is practicable.



7.6 Selection of parameters to be
monitored and objectives of
the field measurements

Given the considerable concern expressed
regarding the hazard represented by Lake Sarez
by national and international agencies, a
minimum requirement is considered to be an
ongoing monitoring program to provide a
baseline for conditions at the dam and lake. At a
minimum, this should consist of continuous figld
measurements In order to detect significant and
representative parameters that will provide
baseline information against which changes in the
dam or lake, potential precursors to a dangerous
event, can be evaluated.

The parameters to be monitored and the
objectives of these measurements are as follows.

+ Water level of the lake as o function of
the eyclic climatic condifions, in order to detect
the annual increasing inflow and also ro
monitor impact waves caused by rock falls o
high-velocity rock slides info the lake.

+ Longitudinal profile of the crest of
Usoi dam, in order to monitor setffements of
the dam, with particular attention to the
minimum freeboard.

+ Slope problems on the right slope
(i.e., right bank) above the lake; in
particular, problems related to the large
unstable rock mass (~0.9 km® about 4 km
upstream from the dom. If possible, other parts
of the largest potential rock-slope failure {~2
km®) en the right slope above the lake should
be monitored.

+ Seismic activity of the area, which, in
order to define the effective tectonic behaviour
fe.g . a deep fault across the lake 9 km
upstream of the dam), should be monitored
separately on the right and left banks of the
lake. A third point of seismic observation
should be on the dam itself.

+ Downstream outflow; in order jo monitor
the water flow as a function of the climatic
conditions for determination of the relationship
between through-flow and flow into the lake.

This moniforing system for the Usoi dam and Lake
Sarez will allow, in a systematic and continuous
way, acquisition of relevant data on the
oshenomena under observation {active or
sofentially active phenomena). In this way it will
se possible to:

+ Integrate the current state of knowledge in
- order to make it suitable for following
development of the phenomena. This should
be achieved by preparation of a datobase,
which, supperted by adequate methods of
analysis and interpretation (numerical models,
scenarios, etc.), will allow monitoring of the
evolving process in real time.

+ Altter cdlibrafion, the monitoring system should
allow selection of significant and representative
Iriggering values for automatic activation of the
early warning system.

7.7 A new early warning system

Current available data are considered inadequate
'o design and install a fault-free early warning
system. This is true from both the qudlitative and
he quantitative aspects All existing data are in
analog format (tables, maps, drawings), and their
zonversion info a digital format should be a must
‘qualitative aspect). Until a sufficient amount of
Jata are obtained and inferpreted, the triggering
hresholds for the EWS will have to be periodically
-evised and updated (quantitative aspeci).

The initial early warning system should be based
on a preliminary and simple set of triggering
hresholds. Keeping these requirements in mind:

» The early warning system must be activated
automatically when pre-established values of

significant parometers are detected by the
monitoring system,



7.8

The alarm signal must be qutomatically
generated by the data-acquisition and
transmission unit located ot Lake Sarez, and it
must simultaneously reach all of the villages in
the Bartang valley and the Central Unit in
Dushanbe.

The menitoring-system data collected af the
unit on Lake Sarez and in the downstream
cutflow zone should be transmitted daily o the
Central Unit in Dushanbe. In turn, the Central
Unit should be able to call the remote stahon at
the lake in order to revise the data-acquisition
sequence if some events under observation
show significant or dangerous changes.

This exchange of information between the
Central Unit and the remote units {one or
more} should be regarded as the best way to
update the alarm signals of the early warning
system.

The warning units thorns) located in each
village of the Bartang valley should be
connected to the remote (Lake Sarez) and the
Central Unit by satellite telephones. The
warning units should be equipped with
oriented antennas, solar panels, and batteries,
At the occurrence of dangerous events, two
chfferent levels of sound, “get ready” and “run
awary,” will be broadeast by the warning horns
to pre-identified safety zones. This standard
module could be extended in the Future
beyond the Barfang valley to the valley of the
Pan River.

Short- and long-term
solutions for implementation
of the monitoring and early
warning systems

A suggested preliminary layout of the monitoring

system can be schematically constituted as follows:

7.8.1

»

+*

*

On Lake Sarez

Meteorological stafion.

Suspended radar sensors of the water level,
3D seismic station.

Fully autorrated, laser topographic system to
monitor the right-bank landslide fequipped
with 8-12 targets) connected by cables o o
data-acquisifion/transmitting unit located near
the Loke Screz base camp {Unit 1), equipped
with solar panels, batteries, and diesel
generators.

Fully automated laser topographic system to
monitor the crest of Usoi dam {aquipped with
6-1C targe s), connected by cables to a data-
acquisition/transmitting unit {Unit 2) located
on the left bank of the lake near the dom,
equipped with solar panels and batteries.

7.8.2 In the canyon nearest the

-

+*

downstream water outflow
Meteorologicat unit.

Instruments to measure streamflow volume and
send the data o an appropriately instrumented
channel connected by cables to a dato-
acquisifion/transmitting unit {Unit 3) loceted
near the canyon in a profected zone The unit
should be equipped with solar panels and
batteries.

7.8.3 Scheduling of unit

implementation

Units 1. 2, and 3 should be connected by satellite
telephone to the Central Unit at Dushanbe, in
order to activate, via the units located in each
village of the Bartang valley (from Barchidev fo
Rushan), the related early warning system, if pre-
determined tresholds of dangerous parameters
are reached.



We estimate that this suggested “shorf-term
solution” will require 2 years for design,
procurement, and installation of the manitoring
and early warning systems, plus 3 years for
operctions and mainfenance. The reasons for the
re|0five|y ]ong periods of time required for these
actions are:

Monitoring system

+ Field tests of the reliability of the sarellite
communications network (from Lake Sarzz
along the Bartang valley to Khorog and
Dushanbe) have to be planned and carried out
before undertaking the final design of the
systems.

+ Design of the monitoring system, in
considering the difficulties of transport and
access fo the selected points of measurement,
must include the necessity of assembling
components and much of the equipment
before installation.

+ Training of local people to enter the needed
technical fields (civil end electronic engineers,
high-level technicians, diploma-level
technologists, etc.) as o function of the skills
required (design, field reconnaissance,
maintenance, and repair} must be well
planned and undertaken in order that these
people will be availoble by the time of
installation (3 years affer implementation of
the MS/EWS).

Early warning system

The warning-system design must consider the
following

« Initial village contacts and arrangements for
land purchases, as well as local contacts and
assistance during system installation and
testing, must be part of the evacuation plan.
This phase of the effort should also include
final selection of the warning-station sites.

» Technical training of selected people from the
villagaes in operating. equipment

checking/testing, and mainfenance of the local

warning units {satellite phones, solar panels,
batteries, horns) will be provided during
installation.

« As part of this process, test horns may have fo
be activated in each viflage to defermine the area
of influence of these horns in order to provide
adequate warning 1o all residents ot risk.

In order to acquire additional knowledge on the
behaviour of the “Leke Sarez system,” as well as
to update the monitoring-system data base to
mitigate the risk of unexpected modes of failure,
the following additional investigations are
suggested:

+ Seismic refraction profiles on the dam body.

+ Aerial photograommeiric/radar satellite views.

Using the criferia mentioned above, installation of
additional sensers and instruments should be
considered:

. Meteoro|ogico| unit.

+ long-base extensometers across significant
discontinuities on the dam and on the right-
bank valley wall ahove the dam and lake.

+ A 3D seismometer station and acoustic
emission geophones connected by cables to @
remote unit on the right-bank landslide above
the lake (Unit 4) and on the dam body (Unit 5);

+ Extension of the sarly warning system units to
beyond the Bartang Valley along the Panj
River.

At the same time, cther long-term efforts should

be considered:

+ Continuation of theoretical studies using the
acquired data.

+ Improvement of the efficiency and reliability of
the early warning system.

The implementation of these “long-term solutions”
will require development in a “staged” effort over
a period of several years.



7.9 Conclusions

The development of a monitering and early
warning system for the Usai landslide dam and
Lake Sarez as part of an emergency-response
plan for the region in the event of o catastrophic
outburst floed from the lake is an important aspect
of the large problems that face the Province of
Gorno-Badakshan and eastern Tajikistan.

From o technical paint of view, the main difficulties
in installing o monitoring and early warning
syster in this region are due to the extreme
conditions of the mountain environment: the Usoi
dam and Lake Sarez provide extreme examples of
a class of problems found in mest mountain
envircnments — tectonic activity, slope instability,
and the formation of large lakes that are
impounded by unstable masses of either earth,
rock, or ice. Nevertheless, the installation of o
monitoring/ early warning system for Lake Sarez
should be a high priority. This early warning
system will be a prudent form of insurance for
villagers living downstream from Lake Sarez.

The manitoring and early warning system
suggested for Lake Sarez in this poper will serve
two purposes

« It will provide information on the stability of the
Usoi landslide dum and Lake Sarez, and will
alert ohservers to any precursors to dam
failure.

s It will increase the contacts between villagers
and representatives of international
organizations associated with installaton of
the monitoring/early warning system, ending
what has been o 70-year period with virually
no confact between the villagers of the Bartang
and Panj valleys and the non Soviet world.
Such contacts will greatly assist in defining and
prioritizing the needs of the psople of the
Pamir

Two other very important aspects must be
considered.

« Anemergency-response plan for the Bartang-
Pan;-Amc Darya River system to be
implemented in the event of a catastropnic
floce, involving representatives of all countries
and interest groups to be impacted by a
possible flood, should be developed
simulianeously with the installation of an early
warning system.

«» Villagers should be involved in surveiliance
and routine maintenance of the manitoring
and early warning system. This action, in
conjunctior with training in a wide range of
smergency rasponse, basic mountain-survival,
and economic-enhancement activities, should
be initiated especially for the inkabitants of the
villages of the Bartang valley
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Chapter 8

Accessibility of the Bartang River
valley and the Usoi Dam/Lake Sarez

A 4
8.1 Introduction

8.1.1 Obijectives of the accessibility
sub-project

+ Defermine the degree of accessibility of the
Usoi dam for heavy equipment.
« Investigate the existing road infrastructure.

s |dentify methods and route to
construct/improve a road in the Bartang River
valley.

» Agssess project costs.
+ Assess capabilities of local contractors to
perform the work.

8.1.2 Carrying out of the above
tasks

The sub-team carried out the above tasks by:

» Walking downstream from Usoi dam to the
village of Barchidev.

« Travelling by car H'nroug]-u the Bartang and Panj
River valleys from Barchidev to Khorog.

s+ Travelling by car through the Kudara valley
from Rukg to Kudara.

+ Travelling by car clong the major route from

Khorog to Dushanbe, via Kulyab.
« Conferring with Tajik experts.

8.2 Accessibility to Gorno-
Badhakshan Province and
the Usoi landslide dam

8.2.1 Overall status of accessibility

The problem of the accessibility o Gorno-
Badhakshan Province and the Usci dam is not o
local problem, it reflects the genercxily poor
condifion of transport in Tajikistan The condifion
of roads in Tajikistan is normally very poor; they
prove unreliable from season fo season, and most
vehicles are chsolefe.

8.2.2 Main routes from Dushanbe
to Gorno-Badakshan

The Province ol Gomo-Badhakshan, where Lake
Sarez is located {fig. 1), can be reached from the
capital, Dushanbe, by two routes:

« The first, via Osh, Kyrgyzstan, to the north and
east of the Pumir Mountains and then south to
Murgab andl Khereg, is a high, difficult route,
but represents the primary access road to

Gormnc-Badhakshan.

+ The alternate route, currently under
consiruction, reaches the city of Kulyab, and
then follows the Panj River upsiream along the
Tajik-Afghar border to Kherog. This road, due
to difficult terrain, limited design standards,
and crude standards of construction, is even
more unreliable and inaccessible to heavy
traffic than the above route through
Kyrgyzstan.
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Figure 1. Map of Tajiskitan and surrounding area. Arrow indicates location of usoi dam/ Lake Sarez.
Source: Map No. 3765 Rev. 9 United Nations, Departament of Public Information Cartographic Section.

Place names mentioned in text:

Barchidev:
Bartang River:

Dushanbe:
Khorog:
Kudara River:

Kulyab (Kuliab):
Gomo-Bachakshan:

lake Sarez:
Murgab River:

Murgab (town):
Osh:

Pamir Mountains:

Panj River:

Awahan;
Usai:

First village downstream from Usci dam,

Trunk river formed by joining of *he Murgab and Kudara Rivers downstream from
Usoi dam. Flows into the Penj River,

Capital city of Tajikistan.

Main city of Gorno-Badhakshan Province.

Tributary stream that joins the Murgab River at the point where the two streams form
the Bartang River.

Main city located approximately midway on the route from Dushanbe to Khorog.
Administrative region [oblost or province) on the main road from Khorog fo Osh to
Dushanbe.

Lake impounded by the 1911 Usoi landslide.

The river that feeds Lake Sarez and continues downsiream to its confluence with the
Kudara River to form the Barfang River.

Town in Gordo-Badhakshan on the main road from Khorog to Osh to Dushanbe.
City in the Republic of Kyrgyzstan on the northern route from Dushanbe to Gerdo-
Badhakshan.

Major mountain range in sautheastern Tajikistan; it roughly corresponds fo the area
of Gordo-Badhakshan.

River info which the Bartang River flows; it forms the border between Tajikistan and

Alghanistan.
Terren wn o swnflvense of 106 burang wnd ranj Rivero.

Name of the 1911 landslide that buried the village of Usoi, formed the Usoi landslide
dam, and impounded Lake Sarez.



At present the most likely route to Gorno-
Badhakshan from Dushanbe is the first alternative
given chove, which circles the Pamir Range from
the north and east through the city of Osh,
Kyrgyzstan, which has international raillway
connections If fravelling non-stop by means of a
modern, 4WD light vehicle, the 350-km-long
road between Kulyab and and Khorog requires
about 14 hours The entire Province of Gorno-
Badhakshan can be considered to be very
inaccessible for heavy vehicles and totally
inaccessible to frucks with trailers.

8.2.3 Accessibility to Usoi dam

There are two traditional routes to Usoi dam and
Lake Sarez:

1) upstreem along the Bartang River valley, and
2) wia the Kudara River valley

Access through the Kudara valley, which entails
entering the upper Kudara velley ofter leaving the
main Osh-Khorog road at Lake Karakul, was
previously supported by the Soviet Union. Because
the Kudara valley route is longer and more
tortuous than that through the Bartang valley, this
optien has lost favor in recent years.

Accessibility via both routes is very difficult,
topographic conditions are exireme, and the
existing roads are absolutely inadequate for
transport of heavy equipment, An access road for
the purpose of mitigative construction at Usoi dam
would require a paved surface, structurally
adequate bridges, radius of curves of not less than
25 m, ond gradients nof exceeding 9 percent.
Such an endeavour would require structural works
(bridges, culverts, retaining walls, eic.) to deal with
problems imposed by the local mountainous
terrain. The required construction would impact
substantially both the environment and the social
conditions of the local population. Precious
portions of usable terrain would be subtracted
from human settlements In addition, road
construction would encounter erosion and slope
instability along the right-of-way.

Both routes pass through the village of Barchidev,
about 20 km downstream from Usor dam.
However, no rocd exists between Barchidev and
Usor dam. On-site investigations have ascertained
that construction of an access road from
Barchidev fo the dam crest is technically feasible,
but would require a greater invesiment in money
and time than the value of the structural
intervenhon at the dam for which purpese the
road would be consiructed.

The only route that seems feasible for o Barchidev-
Usoi dam road i along the lower slopes south of
the Murgcb River, from Barchidev upstream to the
springs {seepage from the lake} at the base of
Usoi dam, and then crossing the debris-flow
deposit at the right end of the dam in a deep,
wide french lead ng to the dam crest. Construction
and maintenancs costs of such a road would be
considerable. Local contractors would be unable
to carry out construction works and, at
international prices, costs could exceed
USS$ 800,000 per kilometre. Thus, construction of
a road suitable for heavy traffic along the Bartang
or Kudarg River valleys upsiream to the village of
Barchidev and F-om Barchidev to the dam crest,
would require such an enormous amount of
investment as fo strongly discourage this option.

8.2.4 Alternative routes to Usoi dam

Two additional possible access routes have been

discussed.

«+ The first access alternative turns north from
below the outlet from Lake Yashulkul on the
Khorag-Osh-Dushanbe road. This route
crosses a mountain range with passes
exceeding elevations of 4,000 m, ond
ultimertely enters a valley descending fo Lake
Sarez The terminus of this route is a bench,
about 100 m above lake level, located
immediately to the east of the existing base
camp on the left (south} shore of the lake This
bench, formred by an ancient landslide, is
composed of a mixture of rock fragments and



soft mud. During an on-site inspection, fracks
of rucks could be observed on the soft terrain,
This ohservation indicates that heavy vehicles
have traversed this high-elevation route, but
there 15 no knowledge of the path tetken by the
road, which promises to be very high and
difficult. The length of this possible route is
about one third of thot following the lower part
of the Bartang valley, but the accessibility and
engineering problems could be more difficult,

The second route proceeds east from the town
of Murgab This route is probably the key fo
access of heavy equipment 1o the dam crest
and, realisfically, is the only possible alternative
to transport of this equipment by helicopter.
This route leaves the Khorog-Osh-Dushanbe
read at Murgab and proceeds down the
course of the Murgab River to the upper end of
Lake Sarez. Heavy equipment could then be
iransported by ferry from this point on the lake
to the vicinity of Usoi dam. This route is
considerably shorter than the one in the
Bartang valley. In addition, inspection of
available maps suggests that the fopography
crossed by this route is more favourable for
construction of @ road suitable for fransport of

heavy equipment than that of the connecting
route from the Khorog-Osh-Dushanke recd.
Other important advanieges are offered by the
passibility of reaching Lcke Sarez directly from
Murgab. saving at least a two-day frip, as
compared !o the Murgab-Khorog-Rushan-Lake

Screz route,

8.3 Rehabkilitation of existing
road in the Bartang Valley

8.3.1 Present situation

The installation of communication lines,
equipment, and facilities connected with the early
warning system in the Bartang River valley will
require safe and efficient travel in every seascn
along the existing road in terms of boih operations
and maintenance. Guaranteed access to the
Bartang valley is essential for this fo be possible

The topography and geomorphology of the
Bartang valley are extremely difficult and
unstable Erasion and landslides are common

Bridge in the Bartang valley. Photo credit: Bring
Periotto.



phenomena, and the right-of-way of the read
frequently encounters critical situations where it
crosses alluvial kans and/or torrents, or where it is
immediately adjacent to the Bartang River. At
present, the road is a rough track in such poor
condition that it can barely be traversed using
4WD light vehicles. Average practical vehicle
speed does not exceed 15 km/h, and, in the
presence of snow or ice, the road cannot be
travelled at all. The basic location of the route is
adequate, but the clignment and longitudinal
profile should be revised along 100 km of the
130 km connecting the villages of Rushan, at the
confluence of the Barfang and Panj Rivers, and
Barchidev. Howaver, the first (i.e., downstream)
30 km of the road are in acceptable condition.
The road also requires application of adequate
gravel surfacing.

8.3.2 Summary description of
needed rehabilitation of
Bartang Valley road

The design criteric for this road will be determined
by the complex morphology of the valley and by
the limited abilities of local contractors. Geometric
criteria and construction procedures commonly
adopted in road construction would impact
negatively the environment and the economy of
the valley, as a result of the delicate environmental
and cultural balance of villages that are located
on highly ercdible river terraces, alluvial fans,
banks of raging rivers, at the toes of unstable
slopes, and adjacent to primardial but
sophisticated irrigation systems. Under such
conditions, it is necessary to adopt pragmatic
standards for design and consiruction.
Rehabilitation of the road in the Bartang valley
should be done so as to have minimum impact on
the valley. Design standards should reflect the
specific use for which the road is intended. The
level of service to be aimed for, in terms of vehicle
speed and maneuverability, traffic interruption,
safety, and economy, should be consistent with the
primary needs of continuous accessibility and

minimal environmental impact. In addition,
because of the considerable read lengths
involved, any significant upgrading of design
standards couid lead to an enormous, unjustified
increase cf costs,

The principal parameters that should determine
the road design standards are:

Low, light traffic flow.

]

+ Low design speed.
+ Minimum impact to the road surface.

+ Minimum cost of road-related structures.

Design criteria for the above elements are
presented in annex 8-1.

The most typical feature of the existing road is its
single-lare track. This single-lane roadway, a
necessary choice at the time of original
construction, must not be considered a limiting
condition in future plans. Accessibility and capacity
of the road can 2e increased by a proper number
of turnouts placed alongside the single-lane track
at reguler intervals, together with required
widening on cu-ves. With these modifications, a
single-lane roaclway offers a satisfactory level of
service, affords several fechnical and economic
advantages during construction of the road and
mokes mainterance much easier than for the
original single-rack road.

In addition to adding turnouts and widening
curves, priority should be given fo improving the
existing roadway. This can be achieved by
construction of retaining walls made of steel-mesh
gabions, in ordar to allow the road to follow the
contour of the sfopes as much as possible.
Gabions should also be constructed to protect
embankments from erosion where the road runs
adjacent o the river and to protect the road across
unstable slopes. Gabions and dry masonry waills
(i.e., stone walls) will help to minimize slope
excavakion.



Crossings of most tributaries of the Bartang River,
at locations without bridges, can be achieved by
installing pipe or box culverts to serve as drains
for average stream flow. At these sites, flood
discharge can be controflled by installation of
erosion-resistant, stone-paved overflow sections
across the surfaces of the road embankments.

Paved fords at stream level are recommended for

¢crossing minor streams Paved fords are preferrad

to bridges for minor streams because:

1) they do not reduce the flow cross section; thus,
they are not as subject o erosion during flond
discharge as are bridge abutments;

2) they can be installed using local materials; and

3) they are easy and economical fo maintain.

The suggested labor-intensive structural
construction 1s consistent with local construction
capabilities and requires limited use of heavy
mechanical equipment. Training will be required
for all personnel to ensure that construction is
carried out properly, with minimal social and
environmental impacts.

8.3.3 Estimation of costs for
rehabifitation of Bartang Valley
road

Improvement of the general alignment of the
Bartang valley road to make it safe and
comfortable for light vehicles, as well as adopting
uniform design standards and construction
procedures, will require investments estimated to
be between US$ 300,000 and US$ 600,000 per
kilometre. These high hgures are justified by the
very difficult terrain in the Bartang valley, as well
as by the difficulty of access to Gorno-Badakshan,
where the Bartang valley is located. These costs
conflict with the extreme poverty of the local
population. Adopting the suggested design
standards and labor-intensive technologies, and
involving the local population, will lower the
eshmated costs to approximately one fitth of those
given above. Time required for recenstruction is
estimated at approximately 36 months.

8.3.4 Maintenance of the Bartang
Vailey road

Maintenance of the Bartang valley road should
be supported technically and financially primarily
by the oblast (provincial) government, but carried
out by local authorities and communities. involving
local communities and populations as much as
possible in building and maintaining the road will
make them able fo assume primary responsibility
for the road, creating considerable local
employment, as well as pride in their
accomplishment

8.4 Environmental and social
aspects of reconstruction of
the Bartang valley road

8.4.1 Existing environmental/sccial
conditions in the Bartang valley

The morphology of the Bartang River valley is
characterized by the dliernation of narrow rocky
canyons and wider valley floors with unstable
slopes along the margins. The Bartang valley is
very dry; rainfall does not exceed 100 mm/year.
The Bartang River and its tributaries, which are
fed by abundant snowmelt during the warm
season, provide water for human activities and for
agriculture. The only green oases of vegetation
present in the valley are concenirated on alluvial
terraces formed by deposition of debris, sand,
and mud inside the meanders of the Bartang River
or at its confluences with tributaries. Human
setlements and agricultural activities are located
on these oases Sophisticated irrigation systems
divert river and tributary water fo the fields by
means of trenches excavated on the mountain
slopes ot slight gradients. The irrigation channels
Feeding water to the vi"cges often cross or run
sarallel to the road without protection.



8.4.2 Potential environmental

impacts
Planring for the rehakilifation of the existing read
in the Bartang valley should consider the following

potentici risks:

« Road embankments running alongside the
river could reduce the cross section of river
How, resulting in bank erosion, and thus
causing retrect of inhabited landforms,
paorticularly those prone fo erosion.,

+ Increase in vehicular traffic could damoge
irrigation systems if the channels ars not
protected.

+ Dust raised from the road and blown by
vehicles could damage crops olong ihe side of
the road and pose a health hazard to local
inhabitanis

+ Deep cuts in steep slopes could increase slope
failures.

+ Blasting should be limited or avoided wherever
pussii‘.ﬁa. Because of the high incidence of
slope instability, indirect impacts of blasting
could be disastrous

8.4.3 Social and economic impacts

Distances between individual villages in the
Bartang valley vary from 4 to 28 km. The largest
town, Rushan, is locoted approximately 130 km
downst-eam Irom the village of Barchidev and
155 km downstream From the Usoi dam. Because
of these distances, contacts between people of
different villages are limited. People often walk
from villoge to village, sometimes covering very
long distances, becouse they lack efficient mecns
of transpertation or communication. There is no
postal sarvice in Tajikistan,

The installation of an early warning system in
each village of the Bartang valley, based on o
nefwork of safzllite telephanes, which will alse be
usable as ncrmal telephones, will raise the
demard for transpert in the valley. This
commurication, in fact, undoubtedly will induce

+ Increased spportunity for inhabitants of the
valley to trade and sell agricultural products
and catile to neighboring villages.

+ Improved ciccess fo markets of the region.

A bridge in the Bartang valley. Photo credit Bruno Perlotto.




+ Possibifity of developing new craft activities
because markefing of these products will be
improved.

+ Possibility of introducing money-producing
tourist activities, such as hiking/
trekking/climbing and canceing/raffing.

+ Possibility of more easily accessing sanitary
facilities, including disposal of village waste
materials

+ Improvement of social contacts among the
different villages

Basic village development achvities (irrigation,
rural electrification, radio communication, efc.)
are being promoted by NGOs (notably, the Aga
Khan Development Network and Focus
Humanitarian Assistance} in the Bartang valley.
Improving the road to meet the above-described
basic standards will help such development efforts
to be more reliable and sustainable. Presently, this
plan for rehabilitation of the Bartang valley road
is the only proposed road acfivity that promises fo
have a meaningful benefit-cost ratio. The same
cannot be said for any higher standard required
for the transit of heavy vehicles aimed at structural
inferventions at the lake.

8.5 Road infrastructure in
Tajikistan

Transport facilities in Tajikistan suffer from paor
condition ond relative inefficiency Seventy-five
per cent of the paved roads require reconsiructon
or some rehabilitation Mountain reads are cut
into landslide-prone slopes and are under
permanent nsk of destruction during the rain and
flood season, mostly because of the absence of
any kind of structural warks.

8.5.1 Current status of mountain

roads in Tajikistan

The process of construction of roads in Tajikisten,
and parficularly in the area of the Pamir Range,
generally reflects the difficult economic situation
in the country. Information supplied by Col. Sultan
{State Committee on Emergencies), from road
engineers on his staff in Khorog, and from the
road maintenance personnel responsible for the
roads in the vicinify of the village of Nusur in the
Bartang valley, emphasize the scarcity of
equipment and resources available for road
construction and maintenance. Construction and
maintenance of roads are carried out by state
construction enterprises of national, oblast and
rayon {regional and provincial) status, depending
on the size and complexity of the works,

Engineers involved in road design, construction,
and maintenance look unfavorably on rocd
construction by private contractors. Roads are
designed according to Soviet Union standards
and norms, but, in actual construction and
maintenance, standards and norms are generally
ignored

The vague information acquired from those
responsible for transportation facilities in Gorno-
Badhakshan indicates that construction,
rehabilitation, and maintenance works are carried
out without particular attention to design
standards and with no regard for costs. Unit
prices for most common road workings were not
available

Engineers, mainly operations and maintenance
staff, currently have limited design experience.
They should receive training that will enable them
to carry out high-quality and environmentally
friendly methods of mountain road design,
construction, and maintenance.



Traffic is nermally occasional and, in secondary
valleys like the Bartang Valley, is practically non-
existent, mostly because of the very poor condition
of the roads. Most of the vehicles are obsolete and
lack maintenance. Trucks with trailers are very
rare cnd only the main roads in relatively non-
mountainous areas are accessible o such vehicles

Geomorphological and hydrogeological
conditions in Pamir are critical to the
transporfation system. The roads are often located
on steep talus slopes, on rocky sidehills, or across
unstable landslides and seasonal torrents. Rainfall
is meager, but the high seismicity of the region
and the abundent snowmelt provoke rockfalls,
landslides, and debris flows that negatively impact
the transportation sysfem.

Mountain roads - or, more appropriately,
mountain tracks - are built without use of any
structural facilites Because the constructors have
available only earthmoving methods and
equipment, the resulting alignments are extremely
fortuous and bumpy. Sidehill cut-and-&ill roads are
built simply by cutting the slopes and placing the
material in fills without installing refaining walls
Thus, these roads have no protection from failure
of either cut or fiil slopes.

Roads usually have a single carriageway, and the
average width does not exceed 3-4 m;
in addition, rocds often have no shoulders. Very
tight and steep hairpin curves are common, and
the gradient, for short sirefches, can be as great as
15 per cent. Unpaved ferds are common.

No gravel surfacing is used The road surface is
simply that resulting from cutting of the terrain
Roads have no curbstones; short walls made by
dry stone masonry protect anly a limited number of
dangerous curves. Road signs are crude and rare.

Only 4WD light vehicles can travel these roads in
relative safety; the average speed 15, in most

cases, about 15-20 km/h

8.5.2 Construction techniques

Plants and machinery used for road construction
and maintenance date back to the period in which
Tajikistan was part of the Soviet Union. This
equipment cornmonly suffers from a general lack
of maintenance, and much of it is out of
commission because of a lack of spare parts.

Road construction methods have been observed
by the author at construction sites along the major
Khorog-Kulyab highway. Earthmoving makes
intensive use of blasting techniques with the intent
of displacing wge masses of rocks and, o the
same time, to establish the approximate read
section. The broken rock mass is then shaped info
a roadway by 16-t0-20 ton bulldozers. The
surface of the resulting road, lacking any
prepared base or a gravel surfacing, is extremely
rough. Very large bumps are formed in the
blasting process. The roads are also prone to local
sefftement, and the highly fractured racks often are
susceptible o local sliding activity.

8.5.3 Maintenance of mountain
roads

Single workers from the village communities
commonly carry out maintenance of mouniain
roads indiidually; the stretches assigned to each
worker are usually 10-15 km long. This work is
carried out mestly manually because there is no
mechamzed maintenance equipment or fransport
facility available. Where landslides occur, the
resulting abstructions and damages cannot be
removed or repaired, the road path is simply
medified to cress over the debris.



8.6 Needed studies - assessment
of accessibility to Lake Sarez

The most appropriate road route to the Usoi dam
and Loke Sarez has not yet been identified.
Therefore, the following studies are needed:

The topography and geology of the valley of the
Murgab River upstream from Lake Sarez - and of
a parallel valley between Murgab and Lake Sarez
- are currently not well understood and are worthy
of careful investigation. Adequate topographic
maps of the area should be cbtained, ot o scale of
at least 1:5C,000.

An on-site study is needed to evaluate the
feasibility of a road to Usoi dam and to estimate
the cost of constructing such a road. Costs of
transport on Lake Sarez by means of ferries
should clse be assessed Further investigations
should be carried out fo determine the accessibility
to the region of Gorno-Badakshan using different
means of transport, such as by road, railroad, or
sircraft. A cost assessment of the transport of
heavy machinery and equipment from other
countries also would provide needed basic
information.



Chapter 9
Human geography/demography

L 4
9.1 Introduction

The purpose of this sub-project was to assess the -

geographic/demographic situations of the
seftements below Loke Sarez in the Bartang
valley, downsiream fo its junction with the Panj
River at the villoge of Rushan, and, from there,
downstream along the Panj River to include the
villages of Dehrushan, Barushan, and Shipad.
This approach neglects the villages on the
Afghanistan side of the Panj River, in part because
of inaccessibility. The assessment also attemplts to
determine the number of pecple at risk in the
event of any major natural catastrophe emanating
from Lake Sarez, and to indicate the existing local
ability to respond to, as well as to parficipate in,
the introduction of an early warning system,

9.2 Prior state of knowledge

Earlier Russian/Taijik studies (over the last several
decades) on the stability of the Usoi landslide
dam/Lake Sarez did not consider the risk to
inhabitants of the valleys downsiream from the
lake. Work in Gorno-Badakhshan Province, in
general, supported by FOCUS - Humanitarian
Assistance, has provided o much-improved data
base on the actual number of villages, size of
populations, and locations in relafion to the rivers.
Information on nutritional status, level of
employment, and degree of food self-sufficiency
has also been acquired. In terms of the Barfang
valley itself, much of the specifically relevant data

were collected by Donald Alford during his
reconnaissance in October 1998, and which he is

~ currenfly enfer'ng onto a GIS.

9.3 Current investigation

Apart from the shortfime spent in Khorog, work was
restricted to one day along the Panj River befween
Khorog and Shipad, parts of two days in the Barfong
valley with an ovemight stay at Basid, and generdl
observations during the drive out from Khorog
downstream along the Panj. The severe restriction of
the period of field observation was in large part due
to fransportafion difficulties. Thus, the resulls are best
clossed as supplementary o those of Alford {1998).

Only a very small number of inferviews {10) could be
completed in the fime available for this study. These
took the form of standard questions with the aid of
interprefers, followed by open-ended discussions
relating o affitudes and locally perceived responses
o the prospect of a disaster that might result from an
outbreak flood from Lake Sarez. The generadl
situaticn, based both on the interviews and on
personal obse-vations, indicates that the Ponj River
valley setlements, including Rushan, should be
considered separately from those of the Bartang
River valley.

Due fo the smiall number of interviews this report is
largely anecdotal and will depend upon the
infroduction of a series of working hypotheses that
will need to be tested by future research:



+ The older inhabitants are less concerned about
the threat of Loke Sarez than the younger ones,
especially those with small children, From this it
would follow that the older inhabitonts are less
likely ta respond fo any disaster-response plan;

+ People living closer to the lake [especially in
the Barfong Valley) are much more sensifive fo
the potential dangers than those living farther

oway;

+ Government and NGO discussions of the Lake
Sarez problem in recent years hove |
contributed to o degree of arfificially increased  §
fear of o possible catastrophe.

Efr-t fop L k £

This Shipad lachy was barm in the houss where her parents fived of
the time of the 1911 eorifiguake thet cremted the Usoi Dam and
lake Sorez. She has no fear of any flocd arising from o possible

9.4 Present situation

While some of the older residents maintained that
they had lived all their lives downstream from Lake
Sarez, os had their parents, and they did not
believe that ony significant danger existed, af the
local government lavel some serious steps were
being token to prepare for o substantial threat.
The villages olong the Panj River had clready
identified sites 1o which existing houses and
community buildings should be moved as o
mifigative measure. Such a move would depend
on completion of the anticipated flood-roufing
map and, equally imporiant, on the provision of
financial subsidies. It was stated that any such
refocation would be planned in stoges, and many
of the exisfing buildings were probably already
in safe positions. Thus, the latter could be used for
emergency shelter in the event of a disaster
occurring prior fo the completion of any relocation
achan.

Throughout the area of the investigation, it is
apparent that the overall level of education is
remarkably high. Very intelligent discussions were
possible concerning the difficulties of living in @
hazardous mountain environment. As we have
long since come to expect of people who inhabit
such places, the local understanding of the many

oulbraak of the Jake. Pholo creclit: Jack ves
hozardous phenomena, such as seasonal floods,
mud and debris flows, slides of various types, rock
falls, and avalonches, is extremely high. Individual
accounts of village response to mud and debris
flows and slides of vorious types reinforced this
view and left the impression tha! informal

response systems olready exist in the Bartang
vilioges.

Equally important is the impression that the local
people have a very close attachment to their
environment = in simple ferms: they love their
mourtains ~ and it should be cleorly understood
fhat cne possible response to the assumed danger
of Loke Sarez - relocation out of the area - may
not be a responsible option. Despite this
attachment fo the local environment, the prevailing
state of poverty, under-employment, malnuirition,
and dependency on outside aid is very evident
ond is an opparent confradiction.

Most of the villages visited along the Bartang River
{none farther upstream than Basid) ore located on
alluvicl cones. These cones, built by a combinafion
of geomorphic processes, including snow-melt
floods, mud and debris tlows, and slides of
various types, are very aclive. It is assumed that



sechons of the helds on the alluvial cones are
subjec! to anrwal damage, ot least. This is borne
out by anecdotes reloted by villagers. At least this
would indicate that the inhabitants are familiar
with these processes ond are accustomed to
decling with them = both in terms of responsive
evacuation and subsequent repair.

Some of the lorger villages have sections that are
higher than the level of any predicted flood/debris
flow in the Barfang. Thus, groups of buildings
would be available to constitute initial sofe
hovens. SHowever, it must be emphasized tha this
would only provide refuge against initial loss of
life. Any significant outbreak flood/debris flow,
even of much lower magnitude than any worsh
case scenario, would obliterate many entire
villages and long sections of interconnecting read.
In such on event, severe loss of cropland would
raise the prospect of a massive evacuation
programme. The route out of the Bariang valley
on foot would be extremely hozardous and
helicopter assistance would be necessary.

Boys of the Bartang fiver valley: Their homes would be endongered only minus afler any londslide wove were to overspill the Ulsei iometslicls
dom and fieod the Bartang, Fhoto credit: jock fves

Data collected by Goulsara Pulatova indicate that
in the Bartung velley some 30 villoges with mere
than 7,000 inhebitants would be at risk in the
occurrence of an outburst flood Much of the tlown
of Rushan [population more than 4,000} would
be in danger, and, depending on how far the
effects of such o disoster would extend down the
Panj River valley, o total of mere than
35,000 people would be under serious threal
from o “moderale” flood event from Lake Sarez.
The potential “bock-water” area upstream from
Rushan should also be taken into consideration.

One conclusion of this investigation is that the
local inhebitants should prove to be very able
participants in ¢ troining programme for sarly
warning system operation and maintenance in
response to achal hazard occurrence, Ancther
conclusion is that systematic research on the
human gecgraphy of the area is needed to build
on these advantages.




9.5 Recommendations

1) It is urged that great care be taken in discussing the complex issue of Lake Sarez fo avoid any
unnecessary increase in degree of local alorm. Nevertheless, and in addition, many of the villages on
the Alghan side of the Panj River, opposite and downstream of Rushan, need to be taken into
consideration;

2) From the point of view of ability and intelligence of the local inhabitants, introduction of an early
warning system should be fewsible - there appears to be a high level of talent that would lend to
training and operation;

3) Similarly, ability to accommodate training for emargency response, establishment of safe havens,
and management of local people in a crisis situation, appears fo be considerable;

4) tems (1) through (3} above would be greatly augmented if a systematic study of the human
geography/demography were to be carried out. See Annex 9-1 for an outline of a possible research
approcch.
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| Social and economic conditions in the
valley of the Bartang River
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The villages are situated on high terraces of the
right bank of the Bartang River obove the flood
plain, and on debris cones ond low terraces of
the left bank, which also lie above the flood plain.
Arable lands lie either within the villages or

nearby.

10.3 Regional transportation

An unpaved automebile rood, which runs mainly
along the right bonk, connects the villages with
the disfrict center, Rushan. The bridges and the
main automobile road are cenirolled by the
Mountain Societies Development Special
Programme (MSDSP), o programme of the Aga
Khan Development Network. The most difficult
sections of rood are those from Shudzhait to Emu
and from Hijlis to Bisav. In these siretches, the
road undercuts shifting telus depasits, which
hamper vehicular rovel at oll times of the year.

Another inhabited area - the Basid region -
occupies o 35-km-long secior in the middle stretch
of the valley. It consists of six villages, three of
which have come into existence within the last 3 to
4 years. All of these villages, except Chagib, are
situated on the left bank of the Barang River. Only
the village ot Basid has direct access to
autemobile communication, because the main

road from Rushan to Borchidev passes through

this village, Other villages cre connected with this

road by suspension footbridges.

Areas serving as cropland, both within and
outside the viliages, cre shrinking in size because
of encroaching development. As a future
prospect, it will be possible to develop a separafe
oullier of the ancient valley of the Bartang River —
the ancient aliuvial platecu known s Ql, which
lies above the villages of Ajirf and Basid of an
elevation of 2,800 to 3,200 m. This plateau lies
250-300 m above the bottom of the valley and
the currently inhabited areas, and is practically

without water. lts development can begin only
after construction of water-supply chonnels and
redistribution of inhabifed areos. The construction
of the channels on the ploteau above the villages
of Basid and Ajirf has alreody begun with the
help of MSDSP. but progress is very slow because
of lac« of transport, construction equipment, and
fuel. Also, the annual construction season is very
short. Construction can be undertoken only in
summer and - for @ shorf ime = in aufumn.

Until 5 years ago, the six villages of the Basid
region in the central Bartang valley had ne
automobile connection with the lower part of the
valley. Since then, the rood has been constructed
within a very short period of time by local
workers, mainly by hand and with the help of
local resources. The condition of the road is
controlled by the Hukumat (@ provincial
government office) of the Rushan district and by
the MSDSP. All of the maintenance efforts are
condccled by the villagers.

The tird inhabited area, from Roshorv to
Barchidev, is situated in the upper part of the
Bartang River valley. It occupies an area of about
10 km ond includes six villages. Cne of these




villages ~ Vijravsh - 1s made up of only nine
households; it came into being only 3 years ago.
Roshorv, the largest village, and the village of
Savnob fie on the aforementiened ancient plateay
of alluvial and moraine origin at an elevaticn of
2,800 to 3,200 m. The villages of Barchide,
Nusher, and Yapshorv are situated on the botiom
and lower sides of the valley.

The villeges are connected between themselves
and with the district center of Rushan by an
automobile road that has been functioning
normally for only the past 5 years. At present. this
road is controlled by the Tajik Committee on
Emergencies. The most difficult sectians of the
road from Rushan to Barchidev lie between the
villages of Chadud and Vijrav. This stretch of road
crosses several active landslides and is traversed
by several lateral streams. In summer, it is almost
impossible fo wade across these streams, and
make-shift footbridges are washed away every
year. During the time of this very mission, two
women from the village of Roshorv drowned
when aftempting to cross Bardara Creek, 5 km
upstream from where it enters the Bartang River.
They had already made a 49-km downhill trek,
when they met their dectth.

From the village of Savnob, the road passes
through the valley of the Kudara River and farther
on ko Murgab in the eastern Porir Range.

10.4 Socio-economic conditions
in the Bartang valley

The economic and social conditions in the villages
in the Bartang valley depend. as the above-
mentioned geclogical and geographical features
would suggest, directly upon the following factors:

+ Presence and condition of automobile roads
through the valley and within the inhabited
arecs;

+ Availability of arable lands;

+ Geographic position and climatic conditions
of the inhabited areas;

Summarizing all three of these factors, we can ses
that the farther down the valley, the better the
social situation, and vice versa

Potatoes and cersal grains are the most common
crops in the region. However, in some years the
growing seasor is teo short for the cereals o
ripen, and the people of the upper and middle
ports of the valley remain practically without
bread for 2, or even 3, months before the new
harvest. Bacause there is no all-year transport to
the villages of Ajirv and Barchidev, goods are
delivered there only occasionally, which makes
them very expensive. The high cost of gasoline
sends the prices in the village markets even higher.
For example, if a liter of gasoline can be
purchased in Khorog for 400 Taijik reubles, i the
village of Nisur it will cost 1,300 roubles. It is no
wonder, fen, that food prices in Nisur are three to
four times as high as in Khorog. In all villages
upstream from the village of Sinoj, individual
families have orly a small supply of homemade
rye flour, and some don't even have *hat. Most of
the villagers ea- plant roots and herbs at least
some time during the year Everyone looks
forward to this year's (1999) harvest, but there s
itle hope that the harvest time will come soon
because of abrormally low temperatures and
extremely heavy precipitation in 1998-19%9.
During cur visit, nhaobitants of the villages of Ajiry,
Basid, Chadud, Vijrav, Yapshorv, and Roshorv in
the Bartang valley, and Rukhch in the valley of the
Kudara River, looked even more emaciated than
the pecple in other villages, and their houses were
pififul sights All of the people were very poorly
dressed, and had no fuel of any kind to heat their
houses.



10.5 Recommendations for improving the socio-economic status of the
people of the Bartang valley

There is no doubt that the present poor state of the inhabitants of the Bariang valley is to a cerfain extent
the result of widespread knowledge of the hazard associated with Loke Sarez and the ensuing lack of
well-targeted and proper development. It is also cleer that the present situation will remain unchanged
until the problem of the stability of Usoi dam is solved. However, it is still possible — and, what is more,
necessary ~ lo improve the socio-economic corditions in the region in spite of the threat from the lake. To
da so, will require the following actians:

+ The government {local, regional, or national} must exercise control over future setilement of the
Bartang valley, allowing enlargement of inhabited areas to an elevation of no more than 50 m above
the present floor of the valley.

+ Encouragement of further development of the high-elevation Basid-Ajirf and Roshorf-Nisur-Ten
plateaus.

+ Repair and reconsfruction of secfions of the main cutomobile road in the Bartang valley, especially in
the stretches from Emu to Ajirf and Basid to Yavshorv.

« Consiruction of reliable suspension bridges across the dangerous strems in the section of the road
that connects the villages of Basid and Vijravi.

+ Organization of emergency one-time assistance in the form of food and clothing supplies to aid the
inhabitants of the villages of Vijrav, Gariiv, Yapshorv, Roshorv, and Berchidev in the Bartang valley,
and the village of Rukhch in the Kudara valley, taking into account the financial positions of the
families.

+ Crganization of periodic humanitarian assistance fo alf of the villoges in the middle and upper parts
of the Bartang valley, consisting of flour, as well as new kinds of fast-maluring potatoes, rye, and other
grain crops.

+ Encouragement of the development of tradifiona! national trades, which may become one of the
most important sources of income generation in many villages.



Lake Sarez in the Pamir Mountains of Tajikistan was created in 1911 when an enormous landslide
lapprox. 2km®) blocked the Murgab River valley. The landslide was triggered by one of the strong
earthquakes typical of this region of active tecionism. The natural dam, which was named Usoi
after a village buried by the landslide, impounded Lake Sarez. With o height of about 600 m,
the Usoi landslide dam is the highest dam in the world. Because the Usoi dam is not
an engineered siructure and because of the large volume of water it refains, questions have been
raised both nafionally and infemationally regarding the stability of this natural dam.

This report presents the results of the reconnaissance mission to Lake Sarez, organised by the
UN Secretariat for the Infernational Decade for Natural Disaster Reduction {IDNDR) in June 1999.
This mission, fielded with assistance from OFDA/USAID, the World Bank, UNDP. consisted of a
combined group of Tajik and expatriate scientists who studied the dam and loke, as well as the
inhabitants and environment of the Bartang valley. The members of this reconnaissance feam concluded
that the probability of a massive outburst flood from Lake Sarez was low in the near- fo mid-term, but,
should such a flood occur, the impact on the downsiream velleys would be devastating.

i

gre information, please contact:
ernotional Strategy for Disaster Reduction (ISDR)
,F:.:i.;ﬁ; Palais des Nations 5
1211 Geneva 10, Switzerland
-~ Tel: (41 22) 917 90 00
 Fox: (41 22) 917 90 98/99
~ Infernet: www.unisdr.org
E-mail: isdr@un.org -
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