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Trans Himalayan River Expedition

1 Background to the expedition

Deter|orat|n%_enwronm,en,tal conditions in the Himalayas are causing widespread changes
throughout this once pristine envirgnment and threatening the hvehhood of millions of
Feople. Himalayan degradation is however much mis-understood mainly because ofthe
ack of sound scientific facts. Some changes are undisputed such as the rapid rates of
8Ia0|al retreat and population growth wMIe others are poorly understood such as
eforestation, the pollution ofwater-courses and the siltation of rivers. Considering the
scale of the problem and the number of peaple involved it is surprising that so few
comprehensive environmental surveys have been undertaken.

D,e?radatlon of the Himalayan environment is a complex issue affecth the region in
different ways. Background climate chanqe inthe Himalayas is most ¢ earI%/ séen in the
retreat of the glaciers. Most rehable reports of the positions of glacial snouts show
substantial changes during the 20th century although the rates of change appear to be
different throughout the région.. The melt could be an indication of eitfier increased
temperatures, decreased precipitation or a combination of both. Rapidly melting glaciers
should increase river flows but the volumes of water stored in the Himalayan cryosphere
has now been so depleted that the volumes of melt water are reducing, seriously

Im _acth river flows. Changes to the long term seasonal weather pafterns are however
difficult fo determine because of the lack 0frehable and long-term meteorological data.

Probably the most dramatic recent anthropogenic change in the Himalayas has been an
increase in the human population, primarily attributed to better health care in manY_
regions. The precise rate of increase is unknown because of difficulties in completing
accurate population censuses but tiiere is undoubtedly an increased pressure on the supply
of food and water. Increased food production has been met by an expansion of agriculturé
into marginal hill regions, increasing the demand for water arid the use of chemical |
fertinsers. This has however resulted in the decline of land available for animal grazing
mctreased erosion and landshdes and has had serious impacts on local and downstrean
Water resources.

Deforestation is closely associated with the population growth and expansion of
agriculture. Large areas of forests were removed to provide timber for building materials,
fuel, fodder andagricultural land. There is.no doubt that deforestation caused _
environmental degradation in numerous Himalayan regions hut the lack of understanding
of how different regions have been affected results in‘a continued behef that deforestation
causes massive flooding in the Ganges and Indus P}Iams. Recent controls on timber use
and re-forestation programmes warfant better pubncity.

There is an urgent need to improve the understanding of the current conditions _
throughout the Himalayas to reverse flie degradationprocesses. Monitoring the changing
environmental conditigng in the region is difficult because of the remoteness of many
areas. The problem of Himalayan degradation also needs to be addressed on both an
extensive and intensive basis with strong links between both approaches. Extensive
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studies produce re?ional records of environmental conditions wMe intensive studies
produce an understanding of how certain parameters are inter-linked.

The Trans Himalayan River Expedition aimed to carry out an extensive survey ofthe
Arun river basin to add to the information database of the Himalayan region. The
parameters chosen to be monitored were intended to provide informatign.on key
Indicators of environmental changze. By collecting this information conditions ir'the
watershed could be compared with préviously surveyed watersheds in the Himalayas and
identify which Parameters could be monitored there in the future, The expedition did not
achieve all of its objectives because of finance and the weather. This report is a summary
ofthe exPed,ltlon and includes details of the logistics behind the expedition, the survey
methodologies, results from the analysis and amore detailed summary of Himalayan
river sediments and streamwater chemistry.

2 Aims of the expedition

The Trans Himalayan River Expedition aimed to undertake an environmental survey
across the Himalayas to complement previous surveys and provide a benchmark for
sustainable develgpment in the next millennium. The expedition originally aimed to
follow the Arun river fiom the Tibetan plateau through the high motntains to the edge of
the Ganges plain. The Arun river basin was selected'as it is one of the major Himalayan
rivers with a history of previous exploration and conservation.

The Arun rises in Tibet as a pro-glacial river sustained in its upper reaches by snow and
ice melt, As it passes_through the mountains ithecomes deeply incised forming a deep
gorge. South of the high mountains the Arun isjoined by several large tributaries, most
notably the Barun Kholg, Sabhaya Knhola and Pikhuwa Khola fed by snow and glacial
melt and heavy rains which excéed 3000 mm in some parts.

The original route of the EXFedI'[IOH was to use the road from Kathmandu up the Sun Kosi
to Kodari, follow the Arun trom one of its tributary sources at the Ron?buck Glacier,
across the Tibetan Plateau and through the high mountains to the Nepalese Middle Hills
and the Terai. |fthis could have been done it would have effectively circumnavigated the
Everest Massifproviding a unique opportunity to carry out an environmental survey. |
Unfortunately a border cro,ssm% to the east of Everestwas closed and the additional time
and cost involved in r,etracmq the Sim Kosi route to reach the Arun was not possible on
this expedition. The final route therefore followed the course of the Arun and Barun
rivers fi'omthe lowlands to the high mountains and Makalu Base Camp. It s still
considered that the fiill expedition would be extremely valuable in the future and
hopefidly the results from this shortened expedition will show the potential for that.

The fieldwork programme was planned to undertake rapid surveys ofkey environmental
indicators as the expedition passed through the region. Those indicators which were
considered to most useful were socio-economics, Streamflow, weather, streamwater
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chemistry, fluvial sediments and the locations of landslides and %Iauers. Poor weather
conditions d,urm? the first half of the expedition restricted flie data collection as sampling
inthe hlqh river flows could have, Plven un-representative readings. Details ofthe survey
methodologies used on the expedition and the results are given Iater in this report.

3 Logistics of the expedition

The five man expedition departed the UK for Kathmandu on October 12th 1998 and
returned to the UK on November 15th 1998, Preparation for the expedition mainly
involved trymg to raise sufficient finances, fitness training and equipment checking. The
fimd r,alsmg experience was demoralising as almost every letter brought rejection.”
Certainly the past dependence on sponsorship can not be rehed on in'years of economic
difficulty and expeditions such as this have to rely on private fund raising schemes over
many months. Insurance for each team member was arranged through Adventure Travel
who offer specialist pohcies for this type of travel.

In Kathmandu the logistical support team was organised including the guides, cooks and
&orters. This was mastly achieved by contracting one of the mafjlor trekking a_?,enme,s in

athmandu. Initial difficulties were encounteredin exPIalmngt at the expedition did not
necessary want to go the scenic route and we would stop in Some non-routine places to
take samples. The Arun is a remote location where few foreign visitors (_io, hence there is
a lack ofplaces to camp and buy food, Our e_xpednmn had no choice but to take a fiill
team of cooks and porters, once over the Shipton Pass we were entirely dependent on
them. No speciahst climhing equipment was required on the expedition but portable
scientific was taken, Each member carried a camera so a comprehensive photographic
record of tire expedition was created. Standard first aid packs were supphed to each team
member, no major medical incidents occurred although in hindsight an emergencK
sateUite telephane system should have been taken because of the remoteness of the
region.

Permission for foreign nationals to travel to Makalu Base Camp is in the form of a
trek_km(% permit, obtained firomthe local Department of Immigration in Kathmandu and a
National Park entry fee paid on the trek. No problems were encountered either in
Kathmandu or along the route where there are occasional pohce check points.

The journey fi'om Kathmandu to the Arun was undertaken in a tight aircrafl; the
alternative being an overnight bus journey to Dhankuta. The route ofthe expedition was
to follow the Arun river north to Tumlingtar, Nxim, up the Kasuwa Khola to the Shipton
Pass and along the Barun Khola to Makalu Base Camp. By following this route a large
altitude range would be sampled from 350 mto 5000 m including land uses of intensive
agriculture, mixed agriciilture/forest, sub-nival vegetation and glaciated catchments. The
route north was alonig the main footpath where most developments were takm%place but
on the return Jrourn_ey the low path on the west side of the Anm was followed through
more remote farming communities. The main paths are weU marked and presented ho
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Problems to the expedition but care had to be taken on the return route not to get lost in
he maze of paths.

Scientific results

4.1 Meteorology and hydrology

Meteorological and hydrological data for the Arun region are limited in the number of
stations and duration of the records. The Department of Hydrology and Meteorology in
Kathmandu supphed a small number of rainfall records for the region. Table 4.1, Tfie
data from the four stations show considerable differences between years and between
sites. The inter year variations at Num are ;%artlcularl noticeable with the lowest rainfall
inthe 14 year period being 2621 mm in 1972 while the highest rainfall was 5809 mm
recorded n 1979, The records from Dhankuta and Tumlingtar have many missing years
making a comparison between the stations difficult. However the mean rainfall for'the
years with data indicate the lowest rainfall occurs in the mid-valley section of Dhankuta
and Tu_mlln?tar while the northern section around Num has Ihe highest rainfall.
Indications from other major river basins in Nef)al suggest the rainfall inthe high
altitudes is low and it was estimated that rainfall in the ungauged northern Barun was in
the range 1000 - 1500 mm.

Table 41 Rainfall recordsfrom the Arm valley

Year Dharan Dhankuta Tumlingtar NUm
19711 3316 674 - 2186
1972 2178 604 2621
1973 2973 %1 3627
1974 2144 1020 ; 5249
1975 2131 443()
1976 2806 4596
1977 2220 - 5356
1978 1609 1531 4248
1979 2236 1601 5809
1980 1432 1083 4914
1981 2335 1338 3666
1982 1835 813 2902
1983 2646 962 1444 3070
1984 2347 1201 1407 3208
Mean 2387 904 1317 4034

missing data
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River flows in the Anm have been recorded just north of Tmnlingtar since 1975 however
the data could not be obtained. During the expedition selected tributaries of the Arun
were gauged to give spot values of the flows. The methodology used was agulp dilution
8aug|ng techniqle using salt as a tracer and recording streamwater conductivity as the

issolved salt passed downstream. The measurements were %rea_tly restricted in number
because of the poor weather, primarily the heavy rainfall in the first part of the
expedition. Results, shown in'Table 4.2, give htde information about environmental
change but if these gaugm?s can be repedted and added to over a Iongz period then any
hydrological changes in ditferent parts of the river basin should be detected.

Table 4.2 Tributaryflows in the Arun

Site Altitude, m Area, km*  Latitude/Longitude  Flow,
(Deg,min.sec)
1 1790 0.6 2736 05/87 1607 0.0
2 1990 2.2 27 30 48/87 16 25 0.10
3 2005 A 27 31 38/87 14 10 0.09
4 2540 18 27 38 21/87 13 19 0.11
5 3185 2.8 27 43 3487 12 38 0.16
6 3515 2.0 21 43 04/87 12 45 0.15
[ 4410 12 27 48 16/87 06 30 0.02
8 4450 2.6 27 48 15/87 06 29 0.05

4.2 Social surveys

Surye%s of the social conditions thrqughqut the Arun valley were limited by the time
available for the expedition and for indlividual surveys. Itwas considered that the two
major anthropggenic impacts which could affect the'local communities in the Arun were
developments in trekking and hydro power generation. Trekking in the Arun is currentIY
very small compared to fne most popular routes but there are démands for more routes to
be developed to ease other areas such as Everest and Annapuma. Information on the
numbers of visitors to the Makalu-Barun National Park passing throu® Sedua was
obtained from the Park Office. Annual numbers average 282 (Table 4.3), about 15% of
the total number of people entering the Park. No significant chan%e has occurred in these
numbers over the past five )(ears but in comparisonwith the 17 000 people gach year
visiting die Everest region, the Makalu trek is currently much less popular. The Makalu-
Barun'National Park currently have regulations in place where campmq IS permitted (7
i),la,ces,wnhm die whole area? and the E)rombmon of using wood for fuel. There are also
imitations on the building of houses although porters’ shelters are being erected.

No evidence of the propased Arun 3 hydro-power scheme was found in the area and very
few locals were aware ofthe scheme.
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Table 4.3 Numbers ofvisitors to the Makalu-Barun National Park

Year Trekkers E)q)edition Total
members
1993 248 52 300
1994 286 19 305
1995 329 42 371
1996 286 45 331
1997 263 46 309
Mean 282 41 303

The survey during the expedition was designed to provide background information on the
Influence 0f trekKers and hydro-_ﬁ)o_wer developments on local commimities. Information
Was ?athered on the types 0f buildings and businesses in the villages, any modem _
developments such as electrical supphes or any new infrastmetures sucti as roads. This
information proved to be very sparse as the area is still totally Ped_estrlan, only a few
villages have electricity, water supphes are only to a common tap ia each village and
theré'is only a small involvement in the tourist trade. Although the results of the survey
will look sparse it could prove an invaluable baseline data sét if trekking and hydro power
develop in'the future,

43 Fluvial sediments

Fluvial sediments are a key indicator of the_erosion processes, dynamic nature ofthe river
system and of recent catastrophic events within the catchment. Sediments are usuall¥
Jivided into two grouPsz, suspended and bedload. The suspended sediment regime ot a
liver PIVES the characteristics of the erosion sources but requires a Iongl,programme of
1mp mg during flood events. On rapid surveys, during low flow conditions, the bedload
sediments are relatively accessible for samPImg to indicate the state ofthe river. The
dynamic rivers of the Himalayas transport large amoimts of coarse sediment, ,breaklngI it
down and sorting it as it moves downstream. Samples ofbedload sediments fr'om small
tributary catchments indicate the sediment _suppli/] processes within the catchment while
samples taken from main rivers mostly indicate the sediment transport processes.

Sampling onthe 1998 expedition was planned to include tributaries of the rivers Arun
and Baryn as well as both main rivers. In the field the access to the main rivers was found
to very limited and hazardous so the proqramme was confined to the tributaries. A range
of tributaries was sampled over the f” dltitude r_anfge 50 that different [and uses were
represented as well as catchment geology and rainfall. Standard samplm%technlques
have been developed over several seasons in Himalayan watersheds so that an adequate
number of representative particles are measured. For'these small tributaries 30 particles
were sampled selected fi'om near the waters edge and including only those particles

which are regularly moved. This last requirement is sometimes difficult to judge but
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g}enerally ifthere is no algal growth on any surface then it is likely to be moved regularly.
he sizés ofthe three axés are measured &s well as the diameter 0f the sharpest comer.

Data analysis was carried outto generate standard statistics describing each sample. The
derived statistics include size ofb axis, sorting, skewness, sphericity, Tormaness and
flatness. Table 4.4 shows the results for the Arun tributaries.

Table 44 Tributary sedimentsize, shape and distribution

Mean Tumhngtar Num

Meanb 49 78 34
Sorting -0.78 -0.93 -0.62
Skewness 0.03 -0.01 0.30
Sphericity 0.64 0.67 0.62
Roundness 0.14 0.13 0.19
Flatness 250 2.10 2.90

Results showed that particles in the Arun tributaries are small in size, flat but angular in
shape and poorly sorted. Results from other river basins in the Himalayas have Shown the
size and roundn@ss increasing as rainfall increases to around 1800 mmi but then hoth
statistics decreasing in h|?her rainfall regions. Rainfall inthe Arun was previously shown
to range from 1317 mm &t Tumimgtar to' 4034 mm at Num. The mean sediment sizes and
shapes of the tributaries in these two areas show the difference in sediment characteristics
between tlie locations with very different rainfall regimes (Table 4.4).

The value ofthese results are both in the understanding of the controls of particle size and
shape and in the ablh%y to monitor environmental changes through a key parameter such
as fluvial sediments. The major results from the Arun surve%/ have heeri in the sampling
from areas with contrasting rainfall regimes and in a watershed with so few landshdes.
Repeat sampllnﬁ inthese tributaries will show if any changes.occur in the sediment size
and shape which can now be related to physical changes m tiie watersheds.

44 Landfonn survey

The landform survey in the upper Barun near Makalu base camp was intended to develop
a historical picture ofFIaclat,lon inthis area. A detailed survey would have taken man¥ _
weeks to complete but'this first survey mapped the positions of the major features, details
ofwhich can be added in future expeditions.

The area has been heavily ?Iamated in tiie past with the Barun Glacier feeding in from the
north west helow Makalu 1T and the Lower Barun Glacier from Baruntse and Chonku
Chuh to the west. Smaller glaciers Jomed the main mass of ice from the south face of
Makalu and tiie east face ot Peak 4. The extensive moraines and fluvial features related to
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these glaciers have preserved evidence of past advances ofthe ice and the more recent
actions of the rivers in modifying the system.

Positions of the moraines, the river channel and the _ty[oe of sediment were surveyed. The
current positions of the giama,l snouts were substantia I% different to those marked on
trekking maps and maps obtained from the 1954 French expedition to Makalu (Flg.4.1¥.
The major moraines in the area show the extent and sequence of historical advances o
the glaciers. The Barun valley contains extensive ?Iaaal deposits.above some 4000
metres with, in general, depasits from die minor glaciers Post-datmg the main Barun
Glacier. Lateral'moraines and debris cones were Tound along the length ofthe upper
Barun showing that the maximum depth of ice was around 50 metres above the present
valley floor. A series of large moraines has developed at the foot ofthe south face of
Makalu marking the maximum extent of the most recent advance of the Barun Glacier
and the smaller Makalu Glaciers. The moraine now parUaIIY dams the Pl_aual melt river
forming a small lake some 100 m long. An extensive fluvial outwash plain has developed
below fhe moraines which the river continues to rework.

The small glacier from Peak 4 has retreated up the valley side but has left evidence of a
substantial advance into the main valley. Moraines show the glacier swept into the vaUe
almost damming the river and leaving a massive cone of debris across the valley floor,
melt water river still flows from die glacier and a small glacial lake has developed in the
moraine debris. At the junction ofthe Barun with the Lower Barun the melt water rivers
are separated from each other by a large moraine from the Lower Barun Glacier. This
moraine has heen a major influence or'the landforms in this area creating an extensive
deposition zone for sediment transported from die Barun Glacier.. A bredch is forming in
the moraine which, when fidly formed, will cause major changes in the river flow an
sedimentation patterns.

45 of landislicles

Landslides are a major environmental problem in the H|ma|a¥as causing extensive and
sometimes catastrophic damage to hillslopes and rivers. The triggering mechanisms are
combinatigns of heavy rains, increased soil water content, tectonic movements and
removal of protective vegetation cover, It is debatable how significant past deforestation
has been in'landshde activity but there is no doubt that large landshdes have occurred in
the Himalayas for centuries and their control is impossible. Devel_oFments within river.
basins need to consider landshde activity, whether the material will affect the site and if
so when and with what tsgie of material. [\/Ionltormg_the extent, frequency and
characteristics of landshdes is important in river baSin management.
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Cg 4.1 Map.ofthe Makalu base cam
(Copied from dle report of the French H

:

area
nalayan Expedition 1954-1955)
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The Arun valley was expected to contain Iarqe numbers of landslides because ofthe very
heavy rainfall in the region. The expedition ﬁ anned to survey the location and
characteristics of all recent ,and,magor |andsndes but only ong tributary valley was found
with substantial activity. This tributary was on the north side of the Kasywa Ediola
opPosne Tashi Gaon, and unfortunatély inaccessible. The lack of landslides contrasted
with other river basing surveyed in previous years. The reason is likely to be a
combination of the relative lack of tectonic actlvgth/ and preservation of substantial areas
of forest compared to other regions. Certainly with the heavy rainfall in the area there is
an enormous potential for extensive landshdeé activity.

46  Sfreamwater chemistry

Streamwater chemistry samples were taken from 43 sites ranging from low alfitude
terraced catchments to high altitude %I_amal melt streams. Baseflow sampling in other
river basins has shown the value of this tyﬁe of survey in |dent|fy|,n? the background
chemical conditions of the water. During'the dry season the chemistry is dominated b

the bedrock and glacial melt but io the wet season the chemistry can Show major changes
dependqu on the source of the airmass. Atmospheric pollutionthreatens the pristine high
altitude streams and the most rehable method of monitoring the long term impacts of this
pollution is to monitor the baseflows.

In the field, measurements were made _ofi)Ef conductivity and temperature and two 100
ml filtered samples taken for fidl chemical analysis in the' UK. Notes were also kept of
the GPS location, altitude of the sample point and an assessment made of the land use in
the catchment. Additional catchment characteristics were obtained from a central data
base of catchment area, dominant bedrock geology, topography and land use.

The field measurements showed a large range of altitudes and land uses sampled with a
rangoe of pH values from 5.57 to 7.85."In general the pH values in the altitude range 3000
to 4000 metres were much lower than at Other altitudes grobably due to the dominance of
neiss.bedrock. Conductivity ranged from 001 to 080 fiS with a cluster of low values in
e altitude range 2500 to 3500 metres. The acidic lakes on the Shipton La contained no
biological life, possibly a result of anthropogenic pollution.
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5 Himalayan fluvial sediments: a summary

The main sources of sediment in Himalayan rivers are glacial deposits, landslides and
intensively cultivated h|IIsIoBes, these sources produce Immense volumes of material and
river sedimentation is probaoly the major water (i|xahty problem ofthe region.
Himalayan rivers are important for supplsdng water, hP/dropower generation and
irrigation in the densel poPuIat_ed mountains and low(ands but thé high sediment loads
result in problems such as the siltation of reservoirs, damage to turbines, reductions in the
quahly of water supphes, transgort of chemical pollutants and de?radatmn of biological
habitats (Singhal and Singhal, 1981; Pandey et al, 1983; Das gt al, 1994; Departmént of
Soil Conservation, 1994: Carver and Schreier, 1995).” There is now an urgent need to
improve the qualitative and quantitative understanding of sediment supply and transport
to enable the sustainable, long term management of thiese important rivers.

The quahtative and quantitative understanding ofthe sediment regimes of the rivers
depends on a detailed knowledge of the rate of supply, the characteristic size and shape of
the sediment particles h|||s|_ope and charmel storage and the dovrastream transport and
aftrition of particles, %uantn Ag.the sediment supply and transport in the Himalayan
river systems is probably the region's most challenging task facm([q geomorphologists.
Before this can be addréssed however, the controlS on tiie characteristics of the material
inthe rivers must first be understood. Sediments are commanly sub-divided into the
coarse particles (bedload) and fine particles (suspended load) and, althou™ there is a
considerable overlap, the coarse particles accumulate close to the source areas and have
massive local impacts while the fine particles are transported much further down-river
and so have more of a regional impact.

First order tributaries in a river basin Prowde a crucial link between the source areas and
the river system. Material is released through hillslope erosion and Weatherln(i Processes
such as raindrop impact, overland flow, laridslides and fi-eeze-thaw action. A Targe
proportion of this matertal remains in storage on the hiUslopes as coUuvial deposits but
some falls into the many small stream channels where fluyial action takes over. Small
mountain streams are often fast flowing and turbulent which initiates the downstream
transport, sorting and abrasion ofthe Sediment particles towards the main river. First
order tributaries therefore act as gathering branches for the river system and a knowledge
ofthe sediment particles in these streams Is therefore an essential requirement for the
improved understanding of Ihe river basin sediment loads.

5.1 Surveys of coarse sediments

A series of watershed surveys have been undertaken in the Hgmala%as since 1992 to
mvestlgate the major controls on the t%/pe of sediment.in the river channels, in particular
to estabhsh whether anthropoPer]lc Influences had a sq_mflcant_ impact. Previous work on
Himalayan sediments has exclusively concentrated on Tine sediments transPorted in
suspension and has identified that |andshdes, [%Jlamer and agricultural hillslopes are the
major sources of sediment. Landslides are controlled by the climate, tectonic activity and
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land use changes (Valdiya and Bartarya, 1989; Froehlich and Starkel, 1993; Haigh etal,
1995); glacial sediments are derived from sources of meltwater and from the exposure of
deposits due to glacial retreat (Hasnain and Chauhan, 1993; Hasnain, 1996). Significant
amounts of sediment are also released from deforested (Pandey et al, 1983; Rawat and
Rawat, 1994) and intensively farmed (Carver and Nakarmi, 1995; Gardner and Jenkins,
1995) catchments.  Although these results are few in number and onl;( referto fine
sediments they indicate the range of sources of sediment which need to be included in
surveys of whole river basins so that load quantification and sediment transport models
can b improved (Rawat, 1987).

Surveys of sediments in the Himalayan region need to consider the main sediment
sources, the dominant bedrock geoloigy and chmate: the limited amount of information is
a fimdamental problem in this type ofwork. The logistics of undertaking surveysin
remote regions can he difficult, some locations are accessible due to togrism and trekking
developments but others are much less accessible and require an expedltlo,narr approach.
The lack of basic information such as topographical and geological _maf)s, IS als0 &
problem so route finding and catchment characterisation can be difficult.

The geology ofthe Himalayas is yoimg in age, very active and is essentially comprised of
a series ofwest to east structyres caused by the tectonic plate ofthe Indian sub-continent
Elassmg underneath die Eurasian plate, elevating tine Tibetan plateau and creating the

imalayan mountain range on the forward edgg of the Indian plate. The Tibetan Marrg];mal
Range in the north consists of sedimentary rocks such as limestones and shales whic
have been little affected by metamorphism, while the High Himalayas consists _

redomgnanth( of highly metamoiphic rocks most commonly gneiss, quartzite and schist.

he main central thrust separates the High Himalayas from the Middle Mountains which
consist of moderately metamorphosed rocks (schist and RhyIHte) with some igneous
Intrusions (granite) and sedlmentarY beds (limestone). The southernmost structure is the
Siwaliks composed of unconsohdated and hlghly erodible sedimentary rocks égreyyvacke
and sandstone). The major structural contrasts dre tiierefore in a norti-south direction
with the west-east direction being comparatively homogeneous.

The topography of the Himalayas forms a major physical barrier which controls the
climate and créates well definéd regional patterns of precipitation. Due to the wind flow
patterns in the summer monsoon séason, rainfall is greater and the duration ofthe,
monsoon season longer in the north east however the proportion of annual Rrempltatlon
falling as snow in thé mountains is ?reater in the north west. Orographic enhancement of
the rainfall creates a south to north trend but also comphcates the east to west gradient as
centres of high rainfall exist on the windward sides ofthe major mountain massifs.
Rainfall incréases northwards through the Siwaliks and Middle Mountains but then
decreases towards the high moimtains resultln? ina rain shadow effect, and an abrupt
decrease in rainfall in the northern Tibetan plateau.

Eight river hasins were surveyed in the period, 1992-1998. From west to east these were:
Pindar, Simikot, Dunai, Manaslu, Lan%tang, Likhu Khola, Makalu and Ka_nchenlqunja.
The selection of these river basins took account ofthe regional gradients in geofogy and
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rainfall and the major sediment sources (Plauers |andslides and terraced hillslopes) and
land covers (rock, ‘scrub, forests, barren fand and terraced areas). Sample sites on each
survey were first order tributary streams, chosen systematically so that over the 100-200
km length of the survey, the sampled streams werg regularly spaced and included the fiill
ran?e of major envirorimental controls. At each tributary stream site, up to 100 sediment
parficles down to 10 mm in size, were randomly selected and measurements made of the
i)arncles three axes and the diameter of the sharpest comer. In addition, the catchment
ocation, altitude, land cover and geology were determined. The land cover was assessed
by on-site observations and analysis ofremotely sensed images, and categorised as the
percentage cover of terraces, grazing, barren land, forest and rock and tirg presence of
?Iauers Or landshdes noted. The dominant geology of the catchment was determined
rom the sediment particles found inthe stream anid the geo-chemical classification of the
streamwater sampled on the surveys as either sihcate, carbonate, dolomite or fluoride.

5.2 Statistical analysis

The data on coarse sediment dimensions were analysed to generate information on the
mean size and shape of the particles in each site. Four measurements were made in the
field on each particle; the major axis (a axis), intermediate axis &b axis) and minor axis (c
axis) and the diameter of the sharpest comer (gd,) in the plane ofthe a and b axes, From
these measurements, standard formulag, fisted in Richards (1982), enable the calculation
ofthe following parameters;

1 Meana, b andc - means ofthe three axes (mm) of 100 measured pehbbles;

2 Sp%flwetncn}/_ -I3 dimensional shape of particles - where 1= spherical particle and 0
= Tlal partiCIE, : . : :

3, Rouno?ness - (egree of smoothing by attrition - where 0.1 = highly angular particle
and 1.0 = perfectly rounded particle; | S

4. Flatness - 2 dimensional shape of particles - where 1= an equi-dimensional
particle increasing as the particle becomes more disc-like.

Also using the distribution of the b axis measurements the following can be calculated;

1 Sorting - variability in the fi*equency distribution ofthe particle size - where a
value ?reater than-0.5 indicates a well sorted set of particles and less than -1.0
indicates poorly sorted particles; o

2. Skewness - asymmetry ofthe distribution of the particle size - where a value of 0
indicates a symmetrical distribution, positive values represent a coarse tail and
negative valies a fine tail iu the distribution,

Obseryations in the field indicated that the sediments in landslide impacted tributaries
were different to sediments in otiher tributaries a E)_earmg to be more angular with a
Preater range in the size of particles. Because of ttiese visual observations it was decided
0 test whether ttiere were statistical differences between the landslide and non-landslice
tributaries. The analysis, shown below, of the landslide impacted tributaries revealed little
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statistical relatlonshw) between the catchment characteristics and the shape or size of the
particles, while the statistical analyses on the non-landshde |m[)acted catchments
indicated significant relationships between all of the catchment characteristics and the
sediment particles. This was interpreted as a state of total chaos in the landshde
tributaries contrasting with the non-landshde tributaries; all subsequent analysis was

carried out on the two sub-groups, landshde and non-landshde.

The mean size and shape of the sediment Particles In the non-landshde tributaries (Table
5.1) indicates that the particles are generally large, angular and poorl¥ sorted with a mean
b axis of 51-110 mm, a roundness 0f 0.11-0.24 and a Sorting index ot-0.77 to -1.19. This
would indicate that, in qeneral, these tributary streams are highly impacted with mobjle
sediment deposits. The Tandshde impacted tributaries show similar mean sizes but with
more angular, flatter particles which are very poorly sorted.

Table 5.1 Summarr statistics ofthe size (mm) and shape 0fnon-landslide sites'
sedimentparticles in the basins and the landslide impacted catchments

Pindar ~ Simikot  Dunai Manaslu  Langtang Makalu  K7junga  Landslide

Mean a 99 13 103 136 162 12 120 115
Meanh 66 01 64 91 110 49 83 70
Meanc 36 3 34 o1 67 33 ol 37

Sphericity  0.62 0.67 0.59 0.66 0.69 0.64 0.67 0.60
Roundness 0.11 . : 0.16 0.13 0.14 0.24 0.10
Flatness 2.68 2.24 2.98 2.59 2.11 2.50 2.20 3.27
Sorting -1.01 -1.19 -1.19 -1.07 -0.89 -0.78 -0.77 -1.20
Skewness  -0.06 -0.15 -0.09 0.04 -0.05 0.03 -0.01 -0.10

Using a Box and Whisker analysis the data for tiie non-landshde impacted tributaries
suggest re?mnal trends. The distribution of mean b 5F|g.5.1) indicates that the size
increased from the western areas to Langtang then decreased again to the eastern areas.
The mean size of the Langtan? sediments was more than doublé that ofthe Simikot an
Makaly sediments. A regional trend in roimdness (Fig.5.2) was also foxmd with
increasing roundness of particles from west to east. esortm? ofthe sediments was
poorest i Simikot and Dunai increasing to the west and east ot that location. Flatness
ﬁ]enerally decreased to the east of Eiunal and the Siotikot particles were much less flat
an those in either Dunai or Pindar.

The survey results_su?gest differences between basing in the size and ,shaf)e ofthe
sediments'in the tributary streams, To identify the major groups of variables, a principal
component analysis was first carried out on the data set including sediment size and
shape and catchment land use, from the non-landsMde impacted Sites. The first principal
component indicated a strong correlation between the mean sizes of tiie three axes (mean
a, b and c) while the second and third prlnmPaI components indicated the main land_use
controls t0 be percentage barren and percentage forest cover, Land cover was considered
to be a usefiil catchment indicator as It is likely to represent the mtergral of a number of
other catchment characteristics such as sol ty%e, cMmate and topography. These
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characteristics are difficult to assess without major surveys hence the benefits of using
land use as an index of broader catchment characteristics.

Fig.5.1  Mean size ofthe b axisfor different regions

Fig.52  Mean value ofthe roundness indexfor different regions

The differences in the observed size and shape ofthe sediment particles in each of the six
basins were found, using the Kruskal-WaUis Test, to be highly significant (>99%) for all
variables (Table 5.22. However, significant differences between the size and _shaPe _
Parameters Were no alwags found'when the tributaries were grouped according to either
he percentage barren land in the catchment or the_ dominant geology of the catchment.
Whengrouged by Percentage barren land hlghIZ significant (>999%) differences were
found in the size of the a axis and the roundriess ofthe particles and a less significant
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difference (>90%) in the size of the b axis. When comparin? the sites grouped according
tq their dominant geology it was foimd that roundness and flatness showed highly
significant differences (%99%) but the size ofthe mean ¢ axis and sPhencny Were less
significantly different (>95%). A characteristic of each basin otiher than land use or
geology, tfierefore appears to have a major control on the size and shape of the particles.

To investigate whether certain basins could be grouped and how the basin, land use and
?eologmal controls combined, a general linear modelling procedure was used on the data
'om poth non-landshde and landshde impacted catchments. Using the Waller-Duncan K-
ratio T test the data hints that clustering can be found on all size and shape parameters for
the non-landshde catchments. The two most fiequent clusters heing the Pindar-Simikot-
Dunai basins and the Langtan%-MakaI_u-Kanchengunja basins i.¢. & distinction hetween
the western basins and the eastern basins.

Table52  Statistical difference between the sample size and shapes when the sites
are grouped by region, percentage barren landand geology

Basin %Barren land Geology
Mean a
Meanb
Mean ¢
Sphericity
Roundness
Flatness
Sorting
Skewness

Statistical g[gnificance of the difference between the means is represented by *** greater
than 99%, ** greater than 95% and * greater than 90%.

A multi-variate ANOVA procedure was used to test the significance of differences in
particle size and shape accordm%to the basin, geologX and land use ofthe catchment. The
combination ofthe controls for the non-landsHde catchments (Table 5.3a) indicated that
basin was a significant (99%) control on mean a, b and ¢, roundness and flatness, the
percentaﬁe ofbarren land had a significant ?98%) control on mean a and b while the
%eolo y had a significant (99%£control on Tlatness. For the landshde catchments (Table

3h) asin was  significant (99%) control for roundness; there were no significant
Iconérols on the remaining size and shape parameters identified by the basin, geology or
and use.
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Table 5.3 Significance ofcontrols on the sedimentsize and shape by the basin, land
use andgeology

a. Non-landslide catchments

Basin %Barren land Geology
Mean a 0 0 0.45
Meanb 0 0.01 058
Meanc 0 0.04 0.11
Roundness 0 0.44 0.32
Flatness 0 0.04 0
Skewness 0.67 0.36 0.06
b. Landslide catchments
Basin %Barren land Geology
Mean a 0.26 0.89 0.74
Meanh 0.13 0.87 0.69
Meanc 0.09 0.88 0.44
Roundness 0.02 0.25 0.36
Flatness 0.14 0.88 041
Skewness 0.31 0.19 0.89

53 Interpretation of results

The results of the analysis of coarse sediments in tributary streams ofthe Himalayas
showed that diere is a dominant difference in the size and shape of particles according to
basins with lesser differences according to the geolog){_ and land-use of the catchments.
The main contrast between the basins where the sampling was carried out, was the
climate, in particular the rainfall regi|me. Table 5.4 shows the mean annual rainfall totals,
based on the q?uges located along the survey routes. The data show that the [Vbnaslu,
Langtang, Makalu (Num) and Kanchengunja surveys are in the wetter rainfall regions
with'the Pindar, Simikot, Dunai and Makalu (Tumlingtar) surveys in drier regimés.

A comparison of the summary data in Tables 5.1 and 5.4 indicates that sediment size and
shape could be related to rairifall. The low rainfall basins &S|m|kot_ and,Du,na|2_ have the
smallest sizes of sediment particles, poorly sorted and a skewed size distribution with a
fine tail. The size of particles increases as the rainfall increases to around 2000 mm
Langtang) but then decreases inthe higher rainfall basins (Manaslu and Makalu (Num).

he Sorting shows a similar pattern, increasing fi'om the low rainfall basins to a peak at
1700 mm 8<anchengunja) then decreasing inthe higher rainfall basins. Although
roundness was not meastired in the two low rainfall'basins a peak in roxmdness is again
seen at 1700 mm. For skewness an increase in rainfall is matched by an increase in
skewness index to avEIue 0f0 l]ndhcatm? 3 r")rmal distribution, at around 2000 mm
becoming positively skewed at higher rainfall values.
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Table 5.3 Mean basin rainfall datafrom the gauges located along the survey routes

Basin Number of gauges Amual rainfall, mm
Pindar 0 1200
Simikot 2 118
Dimal 2 653
Manaslu q] 2137
Lan tanP 1 1893
Makalug umfingtar) ] 1317
Makalu (Nuni 1 4034
Kanchengunja 3 1680

The analysis of rainfall and sediment size and shape indicates that the differences in
sediment characteristics between the various basins are likely to be due to the rainfall
characteristic of the basin. An increasing rainfall up to a value of 1700 - 2000 mm
appears to result in increasing size, sorting and roundness dug to the greater movement of
the sediments. Beyond 1700 - 2000 mm rainfall the size, sorting and foundness all
decrease probably due to the higher flows causing greater erosion and transport rates but
also a break-down of sediment particles in the charinel by increased Physwal Impacts. .
The change in skewness is explained by the higher flows increasing thé winnowing action
and removing the finer sediments.

The main geological structures were earher shown to be in the north-south direction
rattier ttian iu the west-east direction but the six surveys still included a large range of
different bedrock types. The statistical analysis showed that geology was only a
significant control of the size ofthe ¢ axis, hence the flatness of the particles. Even
though a range ofbedrock tFpes were sampled the thIMtes, schists, gneiss and shales all
have well formed cleavage lines and strong cleavage textures encourage breakdown by
weathering processes forming.flatter more platy-shaped particles. ThiS suggests that it'is
not the geological type which'is important to thie size and shape of the sediment particles
but ttie geological texture i.. the cleavage of the particles.

The barren land catchments are likely to have different hydrological regimes compared to
catchments with other land uses exp ammg the reason for this type of and use havm(\;
most control on the sediments. Barren land was essentially classed as land too steep To
cultivate or where the forest cover had been removed. This lack of vegetation cover is
likely to. produce more_rapd runoff compared to forested or terraced illslopes. As such,
the érosion potential will therefore be greater, the rivers more competent to transport
Iarq_er particles and hence, as the proportion of barren land increases, the sediment

particles transported by the streams would be larger.

The differences in the coarse sediments of non-landshde tributaries between ttie basins
therefore appear to be mainly due to the regional rainfall pattern but the geology and land
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use can,also have significant impacts on the sediment characteristics. These results
clearly indicate regional contrasts in the size and shape of coarse sediments with more
movement of this Coarse sediment in the wetter eastern basins creatm% more mobile
depasits in the river channels. The landshde-impacted streams were shown to be
significantly different to the non-landshde tributaries and the sediment deposits in these
are described as chaotic. Any landshde impacted tributaries in the wetter regions will be
highly unstable and mobile &S the rivers recover from the impact but in the drier regions
the rivers will take much longer to recover because of the lack of streamflow.

These results can be interpreted in terms of the mobinty of the sediments in the river
channels, Those rivers in regions with annual rainfall totals of 1700 - 2000 nun would be
expected to have mobile sediment deposits characterised by large, rounded and well
sorted particles. In regions with rainfall less than 1700 mmhe particles would be less
mobile, hence smaller, less rounded and more poorly sorted because of the reduced rates
oftransport. In regions with rainfall greater than 2000 nun the high energy flood flows
produce extreme mobility resulting in transport en masse with a Smaller overall mean
particle size, less well roimded, more poorly sorted and with a positive skewness. The
smaller and less wel] rounded characteristics are probably a result ofthe frequent jmpacts
between particles which cause physical damage. The positive skewness is Probabl¥ due to
the greater winnowing of finer material during medium flow events. Three levels o
sediment mobihty are therefore suggested:

. low mobihty - the drier regions (annual rainfall <1700 mm) where streamflow is
less and the fluvial working of the sediments is low;
1. high mobihty - the wetter regions (annual rainfal 1700 - 2000 mm) where
%rea,mflow is higher and the sediments are frequently transported and sorted by
erivers, _ _
m.  extreme mobihty - where particles are fransported en masse, are physically
damaged by the high energy flows and have greater degree of winnowing.

54 Conclusions

1 Few quahtative or quantitative sediment data are available from Himalayan river.
This lack of knowled?e, is a fundamental gap inthe management of river basins
and the long term sustainabihty of water supphes to the densely populated
mountain and lowland regions; o ,

2. The first order streams ini the region form a crucial link between the sediment
source areas and the main rivers and the characteristics ofthe sediments in these
streams indicate the processes ofsuppl)(] and transport into the river s>rstems.
Sediment characteristics are related to fhe geology, climate and hydralogy of the
catchments as weh as to the nature ofthe source areas, Through Systematic
sam_phngz ofthe sediments in tributary streams, the major controls on tiie
sediments can therefore be understood, an essential foundation for the
quantification of sediment loads on a river basin scale;
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3. The size and shape of the coarse sediments were found to be S|?n|f|cantly
different between the basins where the surveys were carried out. The main
regional contrasts were considered to be the rainfall regimes with the higher
rainfall qener,atmg more river flow which increase the Competence of the rivers to
transport sediment. This explained the larger particles with %reater sorting and
roundness in the La_ngtangz and Kanchengunja basins due to the more frequent
movement. The basins with very high rainfall totals indicated that the sediment
Partlcles were belnﬁ broken down b(}/ the high energ;{)rlver flows. Landshdes were
oxmd to produce, chaotic sediment deposits In the tributary channels compared to
the sediment in die non-landshde tributaries. _

4. The importance. of these results are that, for the first time, regional patterns have
been identified in the characteristics of the coarse sediments which'are significant
for understanding the stabflity of the channels and quantifying sediment loads.
The results also Showed the importance of rainfall on the_ Sediment characteristics
and the relatively low significance of any anthropogenic influgnces. The chaos in
|andshde catchments is & clear comment on the major disruption caused by these
events; the river channels are totally changed by the landshdes with the impacts
likely to last for Ioné] periods, especially in the drier regions where the river flows
are less. The breakdown of sediment particles by abrasion and splitting along
cleavage lines is due to a combination of the gedlogical texture ofthe particles
and the frequency of movement by the rivers.
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6 Himalayan streamwater chemistry: a summary

The high mountains ofthe Himalayas represent one ofthe most remote regions of the
world. As a consequence, they aré probably one of the least chemically disturbed
environments that is their remoteness presumably precludes anthropogenic influences
from local human activity. On the other hand the' emissions of acidic oxides of Sand N
from fossil fuel burning is a phenomenon which has led to widespread pollution of
Western Europe and North America. The long range trans-boundary nature of this
pollution means that no region no matter how remate is immune from impacts. The
emissions of Sand N oxides is already hl%h in SE Asia and is predicted to increase,
dramatically as economies develop over the next two decades. The risk to the pristine
environmerits of the Himalayas and the ecosystems they support is unknown. The risk
requ&reds quantification if the widespread damage observed in Western Europe is to be
avoided.

6.1  Sampling and analytical methods

Over 800 samfles were collected for chemical anal¥5|s qver the course ofthe surveys
from 1992 to 1998. The data analysis included 743 Tocations in the Annapurna, Duna,
Everest, Kanchengunda, Langtang, Manaslu, Makalu and Sinukot areas of Nepal and
Pindar and Roopkund areas of NW India. The Langtang was sampled in three separate

years to determine the consistency of tiie results, data from the first Langtang survey is
Used in this regional analysis.

At each location stream water was collected in a 100 ml syringe and filtered immediately
through a 0.45. mm cellulose-ester membrane into two 60 ml HDPE bottles, One of these
bottles was acidified immediately to 1% using high purity concentrated HNOs, Samples
were tra_ns_Ported to the UK and analysed 4-6"weeks after collection. Electrical
conductivity temperature and pH were measured in the field using portable meters.

In the Iaboratoptf the acidified sample was analysed for Ca, Mg, Na, K, Si, Sr, Ba, Fe,
Mn, SO, and AL using Inductively Coupled Plasma Optical Enfission Spectrometry
(ICPOES), The un-acidified sample was analysed for NOs, F, Cl'and PO. usmg .
colorimetric procedures. Bicarbonate was calculated as the total anion charge deficit or
Acid Neutralising Capacity (ANC) sine tire other contributions to ANC are organic ions
and aluminium. [ this respect organic concentrations are assumed to be low and AL
concentrations are known to be low. ExcesspCO02 ( the ratio ofthe computedPCO- for
the water and air equihbrated value of 10'Mg)was estimated based on an equilibrium
value corresponding to:

[H].pC037=5.13
where the concentrations are expressed in meg f\ Excess pCO” ranges from Lto 30 times

atmospheric and 95% of samples are below 10 times atmospheric. This is consistent with
reported ranges for natural surface waters in other areas. Samples with excess pCOz
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greater than 10 indicate a groundwater or spring source which has not yet equilibrated
with atmospheric CO.. This may explain some 0f the low pH levels obServed.

In comparm? water chemistry from different re%lons sa_mpled in different years, it is
assumed that water chemistry exhibits similar characteristics from year to year. Clearl
this could not be expected in'the. monsoon season when storm characteristics and rainfall
composition may import a significant fingerprint on stream chemistry characteristics. In
the dry season, however, it iS assumed that catchment physical and Chemical
characteristics such as bedrock %eology and land use, impart the dominant controls on
stream chemistry and these can be assumed constant in the short term (13-5,year33. T0 test
this assumption streams in one region, the Langtang, were repeat sampled in 1992,1994
and 1995. Comparison of the mean streamwatér chiemistry for each of the three years data
showed very similar values supporting the synoptic survey strategy adapted and this
hmfhes tthat the regional smweys are comparable despite being carried out during

ifferent years.

Chemical characterisficshfHii*

The general picture of stream chemistry that emerges for the Himalayan region is typical
of an environment domiuated by mineral weathering, with acidity controlled b;{ the
dissolved CO- and which has received httle anthropogenic influénce. The resulting high
concentrations of bi-carbonate and near neutral P répresent conditions which are
presumably close to the chemistry of natural waters iu other regions ofthe world before
anthropogenic pollution occurred.

Frequency distributions of all ions, except Si, are negatively skewed and_those_des,crlbmgz
the major base cations (Ca, Mg, K, Na) and anions so4) exhibit long tails indicating tha
extremely high concentrations are not uncommon. Sihca concentrations and pH
approximate normal distributions. All mean ion concentrations have large standard
deviations indicating a high degree of variability across the region.

Metal concentrations are generaIIP/ extremely low and in the majority of samples, iron,
manganese and aluminium are below detection limits. Nevertheless, the maximum
concentrations observed are significant iu relation to irrigation and drinking water
standards. For example, WHO maximum levels for drmkmg water are generally exceeded
tgthe_mammum observed values; Fe = 0.3 mg 1" Mn=0.5mg 1" and'A10.2 mg f\
rontium and Ba are routinely foimd in low concentrations, Fltoride is also conimonly
foimd iu low concentrations but with maximum values (2.04 mg %) in excess of the
WHO level for drinking water (1.5 mg f'). Nutrient concentrations are mainly below
detection limits and when detected are veéry low relative to concentrations reported in the
bigger rivers of Asia.
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6.3 Geological controls on stream chemistry

The chemical composition of streamwater in unpolluted regions depends on the bedrock
8eology in that die mineralogy of the rock determines the yveatherm_% products. The

ominant anion in over 90% ofH|maIaYan stream waters is Hcos, It major source being
carbonate rocks. A few samples exhibit a high proportion of so4 probably associated
with local occurrences of gypsum and sulphide rocks. In all but some 1%of the samples
Clis unimportant and genera_ll¥ contributes less than 10% of the anion charge and this
reflects the lack of a marine influence.

In terms of hydrochemical classification this pattern of elemental composition indicates
that streams 0f the Himalayan region:

*  Are dominated by weak acids (Hcos + cos),

* Are dominated by carbonate hardness (Ca + Mg);

o Are rarely characterised by very soft water;

«  Exhibit no characteristics of marine influence; o

« Arerarely influenced by strong acids (and when they are, this is most probably
associated with small scale soa mineral veining.

With respect to per cent composition of cations the waters fall into three main categories:

1. Calcium waters; >60% Ca <30% Mg <30%Na+K
. Magnesium-Calcium waters  <60% Ca >30% Mg <30%Na+K
iii.  Sodium-Potassium waters ~ <60% Ca <30% Mg >30%Na+K

Each category also has a broadly defined Hcos - pH relationship. These three
hydrochemical classes identified are broadly related to geological facies. Electrical
co_nducltlvny provides a consistent measure of the weathering characteristics and bedrock
mineralogy:

.. Calcium waters
These are mainly found at higher altitudes, often contain high concentrations of
S04 and are mainly associated with the Tethyan Sediments. These comprise
Palaeozoic limestones, sandstones and shales. Mean EC is 110 mS.

il Magnesium-Calcium waters
These waters are associated with the Kxmecha and Nuwakot Groups which

comprise Pre-Cambrian to Palagzoic sandstones, metasandsmes and stromatohtic
limestones. Mean EC is 240 mS indicating high weathering rates.



Trans Himalayan River Expedition 25

lil.  Sodium-Potassium waters

These are characterized by very low electrical conductivity witii a mean of 30 ms,
mdmath a low rate of wéathering. They drain from areas within the Kuncha and
Nuwakot Groups which are characterizéd by ph){IUte and schist. They also drain
areas underlain by the Higher Himalayan Crystallines which comprise gneisses,
quartzites and marbles as well as Terfiar granites to the NW of Manaslu.

The geachemical classification can be mapPed back onto the detailed survey areas to
further illustrate the %eolo ical control on stream chemlstr¥._ In the Roopkund and Pindar
areas the geological boundaries closely correspond to the tiiree classes and the differences
in electrical conductivity and h|ghh%hted. In.o&er areas, for example Annapurna,
Kanchengunja and Manaslu, thé hydrochemistry classes show only a broa a%reement
with the maP_ped Mthology. The mis-matches may result from: i) the catchments upstream
of the sampling Pomt draining areas of different ?eology; ii) local mineral veining and
micro-scale geological structtres; or iii) incorrectly mapFed_ geological boundaries due
IargeIY to the scalé ofthe map and the difficulties of geological mapping in these
mountainous areas.

Table 6.1 Mean chemistry characteristics ofthe 830 Himalayan streams

Variable Mean Minimum Maximum
Mg 3.79 0.05 448
Ca 1257 0.02 98.0

SONS 6.49 0.10 1320
Si 4.35 0.05 33.5
Na 2.71 0.05 318.0
K 1.63 0.37 69,5
F 0.13 0.01 2.04
Cl 157 0.10 570.0

NO3.N 021 0,01 8.88
Sr 0.032 0.0005 2.8
Ba 0.011 0.0025 0.54
Fe 0.095 0.0075 55.0
Mn 0.005 0.0015 0.85
Al 0.106 0.10 484
PH 1,66 454 89
EC 106.4 6.0 2270.0

PO4P 0.04 0.02 2.16

Units: mg f* for major ions; mg ~ for metals and mS for electrical conductivity (EC)
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6.4  Anthropogenic influences

Anthropogenic influences on these remote headwater streams in the Himalayas is most
likely from two sources: deposition of acidic oxides from the atmosphere as a result of
long-range trans-boundarx air pollution and runoff from areas under agricultural land use
subject to inputs of agrochemicals, espeC|aII¥ nutrients, The impact ofagricultural
influences is I|ke,IY tobe limited to streams at lower altitudes since steep slopes,
remoteness, hostile climate and lack of local population preclude agriculture from higher
altitudes. The impact of acidic deposttion is potentially Iikely at all altitudes.

The stream chemistry data provide no clear evidence of any impact from deposition of
acidic oxides resulting from long-range trans-boundar¥ air pollution. Some waters are
however influenced by strong atids. High S concentrations are most likely derived from
local mineral sources of sos. Hllgh NO3 concentrations are found at high altitudes intwo
ofthe regions, Pindar and Makalu. These may reflect high deposition 0fN species which
IS not utized by terrestrial higta but soil and Vegetation characteristics of these two
regions is not significantly different from the othier regions and so ng consistent
explanation can e found: Nevertheless, detailed chemical analysis f the major ion
chemistry and pH relationships across the region clearly demoristrate a potential future
pro(?lfemtof, and indicate those areas which are most susceptible to, future surface water
acidification.

The calcium and magnesium-calcium hydrochemical classes are dominated by high
concentrations.of Cd and Mg and exhibit high pH. Sodium-potassium waters are
uniformly low iu Ca and M_g and generally éxhibit lower pH. Sodium is apparently not
importanit in controlling aci™ty and demonstrates no relationship with pH. This indicates
that the sihcate waters are the most susceptible to acidification.

The relationship between EC and Ca, Mg and pH is also clear and the three
hydrochemical classes demonstrate clear characteristics. In this respect EC is apparently a
good indicator of susceptibinty to acidification; low EC. indicates low pH, low weathering
sources of Ca and Mg and consequently a high sensitivity to acidic deposition. From a
practical viewpoint this is an important finding since EC 1s a gmek, easy, inexpensive and
rehakble parameter to measure in the field and'could be used as the basis for future survey
work.

The impact of agricultural land use on surface water chemistry cannot be determined
from this data sét. Within each hydrochemical water class catchments dominated b
a?nculture are few and so statistical testmg IS not possible. Agriculhnal catchments are
also mainly located at lower altitudes and bedrock geology is Telated to altitude.
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6.5

- Incomparison with the gieological maps, the hydrochemical ¢

Conclusions

. The chemistry of headwater streams in the Himalayas is dominated by dissolved

CO2 and basé cations derived from mineral weathering. This promotés generally
near neutral pH and metal concentrations are correspondingly low:

. The waters are generally soft and.no marine or anthropogenic influence was

found: strong acids were present in some samples but wére beheved to result from
local S bearing minerals. No explanation can be found for the high concentration
0fNOs observed in the Pindar and Makalu regions but the streams were not
influenced by agriculture and so the origin of the high NOs may well be
atmospheric deposition; | _ L

Bedrock geology determines the base cation characteristics oftiie waters; three
hydrochemical Classes were identified on the basis of cation percentagles and can
be used to define the broad hydrochemical characteristics ofthe Himalayas;

. Waters dominated by sodixim-potassium tend to contain low concentrations of

base cations and have low calculated critical loads; these waters are potentially
susceptible to acidification in the fiiture, Waters dominated by calcium and
magnesium-calcium have high base cation contents and are unlikely to be
susceptible to increased acidic deposition;

. Waters dominated by sodllum_-potassmm generally originate from the Hi?he_r

Himalayan crystallinie geological group and fromthe schist and phylhte facies of
the Nuwakot and Kuncha Groups; _?,eo_lo%mal maps the,r_eforeT%rowde a good first
estimate of the areal extent of sensitivity to acid deposition. These geological
units make up some 30% of the Himalayas, accarding to, mapPed_ eoltogy.

assification
indicates some local scale anomalies which may relate to inaccuracies inthe
Eeologmal map;

lectrical conductivi%y ofthe stream waters has been found to provide an

~ excellent indicator oftile chemical characteristics of the water and has potentially

utility in future field assessments of sensitivity to acidic deposition.
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{ Expedition budget

The budget (£) for the expedition is shown below:

Expenses Income

Airfares 3850 RGS Grant 1000
Kathmandu 220 MEF Grant 500
Logistical support 4770 Mountain Environments - 2500
Maps. =~ . 35 Brasher Boots

Scientific equipment 250 Caledonian Countrywear 50

GPS 145 Personal contributions 6600

Photography . 80
Personal equipment 1000
Insurance 450

Total 10800 Total 10800

No major spansor was found for the exPed|t|on but grants were obtained from the Royal
Ge,ograp_hmal Society: expeditions and field research overseas and the Mount Everest
Foinidation. In addition the expedition leader’s environmental consultancy, Mountain
Environments, contributed funds and some equipment was supphed by the Brasher Boots
Company and Caledonian Countrywear, Callander.

8  Conclusions

The 1998 Trans Himalayan River E>1<ped|t|_on undertook a significant environmental
survey of the Arun valley in Nepal. The orlgmal objectives of the expedition had to be
reduced substantially because of the lack of a major sponsor. Problems were encountered
inthe field related to poor weather which made sampling some of the variables difficult
and im-representative. The environmental survey includgd:

Meteorology and hydrology
Social surveys

Fluvial sedirments

Landform surve

Location of landsKcles
Streamwater chemistry

The results from the expedition are still being analysed but will eventually form part ofa
more extensive Himalayan river basin data base. The Arun has a very high rainfal] with
the rivers fed by the rainfall runoff and snow and ice melt. Smveys ofthe glacial features
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showed the history of glaciation in the upper Barun and indicated the potential problems
with further glacial retreat and erosion ofthe maoraines, by rivers. Very few landshdes
were noted in stark contrast to other areas. Fluvial sediments were however indicative of
the high rainfall being small in size, angular in shape and poorly sorted. At mid altitudes
the chemistry of the Stream waters indicated acidic condifions especially in two small
|akes where biological hfe was non-gxistent. The region is very under-developed in
comparison to othier trekking routes inthe Himalayas. The National Park controls the
upper areas but there is a significant potential for future change as trekking increases and
the hydro-power developménts on the Anm are expanded.

By gomparinq the different river basins a better understandingfofthe spatial variations in
environmental conditions throughout the Himalayas has been foxmd and by repeating
these surveys on future expeditions the changes over time will be determined.
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