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Prefaice

Snow and glacier melt contribute a substantial part of the flow in the Himalayan rivers. .

However, very few studies on the hydmloéical aspects of glaciers were catried out in the country.
Tnacessibility to the glaciated region dué to very rugged terrain, high altitude and fiarsh weather
conditions have _restricted such studies. Any data collected by any organisation in- éuch
environment is cﬁﬁsidered very vatuable for hydrological studies on gladei; s.-National Institute

of Hydrology has been participating in the expeditions to the Dokriani glacier in Gatﬁwal

Hnnalayas since 1992 with the obq ective of studying the hydmloglcal aspccts of glaciers. Scientists

of the Mountain Hydrology Division in the institute are carrying out the hydmloglcal
investigations on the glacier. InSplte of harsh weather conditions and several dlfflcultles of the

field, detailed mvesngahons are bcmg made by the sclentahc team on the Dokriani glacu:r year

after year During 1995, a watex level recorder was mstalied near the chscharge measutmg site -

on the placier melt siream.

Air and water temperature, hourly stage, dally chschargc and suspcndcd scdxment data havc

been collected at the discharge measuring site. During 1995, the period of data collection was
‘longcr than in earlier years and water yield from the glacier during June, July and August could
- be estimated. in this report the results of the analysis based on the investigations carried out
. durmg 1995 are reported. The work was carried out by Dr Pratap Singh, Scientist C, Shri Naresh
Kumar, Semior Research Ass15tant, Sri § K Dhariwal, Research Assistant and Shri Dhanpal
Singh, Tegh Gr Il under the guidaﬁce of Dr K. S.'Ramasastri, Scientist F

, / (Sﬁ Scth) ___\!:/

Director
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Abstract

Discharge, suspended sediment, air temperature and water temperature data have
been collected at the gauging s1te established by NIH on the Dokriani glacier melt
stream 1 the Garhwal Hlmalayan region in the years of 1992, 1994 and 1995. The
gauging site was established at about 800 m downstream of the snout of the glacier. To
monitor the dilrmal variation of glacier melt runoff , an automatic water level recorder
was installed at the same gauging site in 1995. For this purpose a stilling well was
constructed at the gauging site and it was connected with the glacier melt stream through
a constructed drain. Automatic water level recorder recorded changes in the water level
in the stilling weli which were representative of the changes in the melt stream. Daily
recording charts were used to obtain continuous recording of water level in the channel.
Manual observations were also made both for water level and discharge at the gauging
site duning day time. It helped in developing a stage-discharge relationship and this

relationship was used to convert water level into di‘scharge.rThis discharge data was
_expected to give reliable information about the water yield from the glacier. Data on -
-.prer:lpltatlon air temperature, suspended sediment a‘nd melt water temperature were also
collected. To collect meteorological data, a small meteorolog;cal observatory was set up
near the gauging site. Addmona] equipment to record hum:dny, wmd velocity and.
direction etc. are proposed to mstall in 1996. The data were collected from June to mid
September, 1995. A glacier melt runoff study is to be carned out for this glacier after
collecting data for few years. |
Maximurrl melt rates were noted to be in the Amonth of July and August during 1995.
Rainfall was observed almost daily. The rain thus not only contributed to runoff but also
helped in the generation and transport of suspended sediment. Rain free periods were
therefore, selected to détemiﬁe the melt rate from the glacier. Maximum temperature
_for atmosphere as well as stream water was attained in the month of June and after that
both temperatures have shown decreasing trend. Variability in atmosphernc temperature
was very high as compared to the water temperature. No specific correlation was found

between streamflow and suspended sediment.
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1.0 INTRODUCTION

- The. glacier contribution in the rivers originating from Himalava starts in the
month of June/July when seasonal snowcover is melted off. This flow, genefal]y,;
continues till Selptember-or October depending upon the climatic conditions in that
region. Snowmelt runoff and glacier meit runoff ﬁnake these rivers perennial in nature.
As such very limited detailed hydrological studies have been carried out for the
Himalayan glaciers (Singh, 1991, 1992; Singh et al., 1993). The estimation of the melt
rate of the glamer and total volume of water expected in the inelt season is of vital use
for water resources planning and management including flodd forecasting, reservoir
operation and design of hydraulic structure etc. In the regions where mossoon rain
penetrates the high altitude valleys comprising glaciers and coincide ‘with glacier melt
run-off, the flow in the rivers is augmented suddenly that may cause havoc in the down
stream. The hycﬁological data-collected during 1995 expedition to the Dokriani glacier

has been analysed and presented in this report.

Glacier melt runoff modelling gt\.ldies réquire data on radiation, temperature,
precipitation, humidity, wind velocity and directic'm, daily and hourly discharges etc. But
for many glaciers even basic data like temperature, precipitation and discharge are also
not avéilable. The problems associated with higher rate of suspended sediment. their
constitution and structure are of immediate concern in this region. The problems
associated with Himalayan glacier inventory were discussed by Vohra (1980). Poor.
accessibility, difficult and rugged terrain and lack of proper logistics are the main reasons .
to limit the collection of hydrological data through systematic hydrologic investigations
on the Himalayan glaciers. Due to successive expeditions organised during the last ten
years by several government and academic organisations the data base has some what
improved in the recent years. The details of the hydrological investigations carried out

during 1995 and the results of the analysis are presented in this report.
20 SALIENT FEATURES OF DOKRIANI GLACIER

There is about 25 km foot trek to approach the Doknani glacier. This trek starts
from the Bhukki bus stand on the Uttarkashi - Gangotri Road and passes through thick

1




and dense forest cover. The forest has some wild animals like Wolfs, Bears and Tigers.
The trek is very difficult one and under rainy conditions it becomes very shippery and
risky as well. In general one might halt is made in between at Tela camp to reach the

glacier base camp. The snout of the glacier is about 1 km from the base camp.

The Dokriani glacier is a valley type of glacier located in Garhwal Him_aléayas. This
glacier lies between latitudes 31°49" to 31°52' N and Longitudes 78’47 to 78°51" E. It 1s
- situated about 25 km ENE of. Bhukki. It onginates in the vicinity of Janoli (6633m)
and Draupadi ka Danda (5716m) peaks. The melt stream originating from Dokriani
glacier is known as Din Gad. It follows a narrow valley and meets Bhagirathi river neaf
Bhukki village. Total drainage area of this glacier is about 23 km’® out of which about
10.3 km’ is glaciated.

‘ The elevation of glacier varies frbnj about 3950 - 5800 m. The length of this glacier
" is about 5.5 km whereas its width varies from 0.1 to 2.0 km from snout to accumnulation

zone. The area- elevation curve of the glacier is given in figure 1. The middle part of

- gévdtion m)

:

. ‘ ) 10
Cumulative area (sq. k)

i
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F‘ngure 1-.  Arec—elevation curve of the Dokriani glacier



the glacier is highly fractured and consists of crevasses, moulins, glacner table and ground

moraines. The crevasses are found to be mainly of the transverse type which are wide

and long. Sometimes longitudinal crevasses are also seen along the sides of the glacier.

The snout of glacier is situated at an elevation of about 4000'm and covered by
huge boulders and debris. The lower portion of the glacier is almost covered by debris.
The material of these moraines has been derived from the side of valley mainly by
frosting. This glacier is bounded by two large lateral moraines which are about 200 m in
height. Besides _the above two lateral moraines. there are several other lateral moraines
observed at different altitude. These different levels of moraines indicate the past

extension of the glacier. The remnants of terminal moraines can be observed up to 2 km

downstream of Gujar hut. These are partly covered by grass. .

3. 0 HYDROLOGICAL INVESTIGATIONS ON THE MELT STREAM

3.1 Establishment of Gauging Site .

o Selection and establishment of the gauging site and obsefvations of stream flow
for mountamous rivers are difficult in comparison to the rivers flowing in the plam areas.
The hydrolog:cal observations were made at the 51te which was established by NIH in
1992, The ga_uge site was selected after a survey of the melt stredm starting from snout
to about 2 km downstream was made. The melt streani was again suwe\"ed.duﬁnz 1994 7
and 1995. Dunng 1995 an officer of the Central Water Commission also joined the NIH -
team in the survey. for identifying a sultable gauge- dxscharge site and after the survevl

- the same gauge site which was established during 1992 and 1994 was found to be the

ideal site. The selected gauging site was about BOOm downstream of the snout. A -~

_view of the gauging site is. 'shown in Flgure 2. The ﬂow was not very much turbulent at
this site and most of the bou]ders were removed from the channel The site was about :
L km upstream of the conﬂuence of the several small nallahs ]ommg the mam stream

from southern side.

. N
,.av T Tz

A temporarv wooden bndze was made over the glamer melt stream { Flgure 2).
| The cTOSS: secuon area of the channel was determined with the help of this bndge The

.'ﬂoat travelhng Iength of not . more than 8m was avallable at the gaugmg site. A




Figure 2 : View of the Discharge Measuring site on the Dokrian:
Glacier Melt Stream. with Glacier in the background !

Figure 3 . Automatic Weter Level Recorder near the Discharge
measuring site on the Dokriani Glacier Melt Stream
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graduated staff gauge was installed at the left bank of the stream for observations of

water level fluctuations in the melt stream.

3.2 Measurement of Stream Flow

~

Velocity-area method was used to estimate flow in the melt stream. Wooden
floats were used to compute the velocity of flow and time travelled by the floats was ‘
determined with the help of stop watch. For accuracy in velocity the readings were

*

repeated at least three times and an éverage value was adopted for further computations.

3.3 Auntomatic Recording of Water Level

Extensive streamﬂéw observations at the glacier melt stream were made in 1995.
A stilling well was constructed at the gauging site aﬁd an automatic water level recorder
was installed for continuous moﬁitoring of the flow. Daily charts were used for recording
the water level fluctuations in the stream. The chart was changed daily at 0800 hrs(1ST)
Hourly manual observations were also made during day time. A view of location of the

automatic water level recorder near the melt stream is shown in Figure 3.

3. 4 Stage - Discharge Relationship _ |

Stage - discharge relationship was established for the gauging site. Later this
relationship wa.s used for determining flow only by recording the stage. The developed
stage-discharge relationship is shown in Figure 4. However, time to time velocity was

also ascertained for verification of flow computed using established relationship.

3.5 Atméspheric and Meit Watcr.Tempc'raturc

Hourly observations of atmospheric temperature and melt stream water
temperature were made at the gauging site. The data was collected for the day period
and mean daily values were computed using this data. The mean daily values of these
records are shown in Figure 5. It is evident that maximum temperature for both
atmosphere as well as stream water is attained in the month of June. After that both
temperatures have shown decreasing trend. Variability in atmospheric tem[-Jerature
is very high as compared to the water temperature. Rainfali was observed almost daily

at the base camp.
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3.6 Suspended Sediment |
Every day two or three samples were collected. At the same time flow was also

measured. A known volume of water (500 ml) was collected from the stream and
filtered using Whatman-40 ashless filter paper at the site. The filtered samples were
properly packed in polyethylene bags marked with details of sampies such as date and

time of the sample: collection etc. -

The samples were analyzed in the Water Quality Laboratory of the institute at
Roorkee. First. empty silica crucibles were brought to their constant weight by heating
and cooling system. The samples were placed in those crucibles and placed in the oven
for more than 24 hrs. During this period, the temperature of the oven was maintained
at 200 °C , The ashless filter paper was burnt completely in the high temperature. The
crucibles were agaih weighed with samples of sediment . The net weight of sediment was
determined by subtracting the weight of empty crucible from the total weight.
Because the amount of sediment was very little, an electronic balance was used for

weighing .

The changes in suspended sediment concentration with streamflow observed at

the gauging site in 1995 field visit are given in Figure 6 . There is a high variation in the

" concentration due to rain events over the basin. Rain transports a lot of sediment into

the stream from the valley sides. Landslides and rockslides also contribute in increasing

the concentration and magnitude of suspended sediment in the stream. It resuits in no

_specific relationship between streamflow and concentration of suspended sediments.

Table 1: Monthly Water Yield from the Dokriani glacier basin and rainfall
observed at the gauging site during 1994 and 1995

Year - Monthly water Yield ' Rainfall
(million cubic meter) (mm)
June July August - June  July  August
1994 829*  23.9 n.1 . 4 510 476
1995 128+ 251 24.0 174%% 321 423

* 19 days starting from 12. 06 . 1994 + 27 days starting from 04. 06. 1995
‘ *% 18 days starting from 13.06.1995




~

4.0 RESULTS AND DISCUSSIONS

As mentioned above, the hydrological data coflected for the months of June,
July, August and September in 1995 made it possible to compute and compare water

‘yield for different months in the glacier melt stream (Table 1). From the streamflow

data, it can be noticed'that a major part of the glacier melt runoff is received in the
menths of July and August. The water yield in the month of July has been
oes_erved to be slightly on the higher side. It is possible because of higher rain and
temperature in July in comparnson to August. It is found that maximum water yield in
the melt stream is in the month of July and second to maximum in the month of Alrgtist
although all the water yield is not due to the melt alone as rainfall contributed a

substantial part of runoff to the water yield.

- Itisalso to be pointed out that, however, ma:rimum air'terrrperature has been
recorded in the month of June in this region, but maﬁmu'm flow is‘.ebserved in 't_he
month of July. It can be explained by the extent of snow covered érea of the glacier. In'-‘
the month of June most of the glacier area is covered with snow and'in virtue of higher
albedo of snow, most of the radiation falling on the glaciei"surface is reflected back into |
the atmosphere and ultmately very less energy is used to generate the runoff. As the.

season advances, snowline moves up because snow over the glac:er body melts awavt’

'Gradually snow cover area of the glacier decreases and glacm‘r ice is exposed at the—"

places where accumulated snow is completely melted In the other words, ablatxon area( '

of the glacier increases and accumulation area decreases as the snowlme goes up and ‘

vice-versa when snowline moves down The glacrer ice has lower albedo and absorbs
more energy in eompanson to the snow surface. Obvrously in the month of July and
August temperature are lower but glaerer physrcal conditions are more suitable to
provide higher quantrty of runoff. Temperature follows a decreasing trend’ due to
initiaticn kof cold elimate in the region and melt rate of the glacier is also redueed which :
results in less flow in the melt stream. ' | '

i)

Meit Dlscharge Dunng Rain Free periods :
A close observatlon of rainfall and streamflow data indicates that most of the

peaks in the streamflow are because of rainfall. To remove the effect of rainfall on the

10



Rainfall Over Dokrianil Glacier

figure 7
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discharge in the melt stream of the glacier, and to assess the contribution of the glacier

melt only , rain free periods of durations of two or more days were selected (Figure 7).

These periods were :

(i) 0800hr of 25th June to 0900hr of 26th June 1995
(ii) 0900hr of O08th July to 1000hr of 09th July 1995
(iii) 0800hr of 26th July to 0500hr of 28 July 1995
(iv) 0200hr of 15th August 1300hr of 16th August 1995
Hourly hydrographs for the above periods are shown in figures 8 to 11. It may be seen
from these figures that the melt discharge is higher, 13 to 14 cumecs during July as
compared to around 12 cumecs in August. The rates were low, less than 5 cumecs in
June. : '
The delav charactenstlcs of the rainfall contribution from the accumulation zone
in companson to the ablation zone makes regression analysis complex: It is expected
.that if Q, T and P data is available for four to five years, glacier melt runoff modellmg-
studies may be carried out for this glaéier. Such studies will consider melting processes
and"its' transformation to the runoff using appropriate methodology. Keeping in view
‘these asp;acts NIH is‘planning to make intensive observations of all the .hydrological

parameters for this glacier for 1996.
50 CONCLUSIONS

The following conclusions can be drawn from the study carried out on Dokrniani
glacier: |
1. Maximum water yield from this glacier is observed in the month of July followed by
the mou‘th'lof Angust. ‘However, maxi_mum air temperature has been recorded in the
month of June. = - .
2. The tifning of peak runoff and recession rate changes as the glacier melt season
advances. An early peak is noticed in July and August as compared with June .
Recession is also faster in July and August in comparision to June. This is possible
because of changes in storage characteristics of the glacier. Singh et al. (1995) used
recession  coefficients to explain the storage characteristics of the ablation and

accumulation zones of the glacier.

12
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' 3. Significant rainfall is OBSBWed in the months of July and August when maximum
runoff is drained from the glacier. A close obscrvation of rainfall and streamflow
data indicates that most of the peaks in the streamflows are because of the rainfall.
‘4. Analysis of hourly hydrographs for the rain free periods indicated that the melt
discharge is higher, 13 to 14 cumecs during July as compared to around 12 cumecs in
August. The rates were low, less than 5 cumecs in June. ’
5. No relationship is noticed between streamflow and suspended sediment for this
gauging site. Magnitude of rainfall affects the magnitude of suspended sediment at
such places. Landslides also contribite in sediment concentration and magnitude in
these streams. . _
6. After collecting‘Q,T and P data for two to three years or more, it is pcssible to carry
out glacier melt runoff modelling studies for this glacier. A lkineasr relationship
between specific yield and mean daily temperature has been found bty Singh et al.

(1995) for ramnfree period.
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