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Abstract

Discharge from the Lirung Glacier per se was estimated for 6 months from May to October in
1996. The glacier was covered with thick debris, and the direct measurement of the melt rate at the
surface is rather difficult. The discharge was hence estimated by measuring the water flow of a river
out of the glacier, in which the water budget of a big lake located between the glacier and the
observation site was taken into consideration. The discharge increased abruptly near the end of
June, and showed the largest value during the monsoon season, July to August. It decreased
gradually toward the post monsoon season. The discharge from the glacier and the river flow was
similar in seasonal change, but they differed significantly on a daily basis.

1. Introduction

In Nepal Himalayas meltwater from glaciers is
important as water resources. It is necessary, there-
fore, to examine the amount of water from an individ-
ual glacier. There are two types of glaciers in the
Himalayas, : one is debris free glaciers (Clean type
glacier) and the other is debris covered glaciers (Mor-
ibayashi, 1974). It is relatively easy to measure the
rate of melting for the former glacier, but for the
latter type, the direct measurement is usually hindered
by the presence of supraglacial debris. It is of use,
instead, to measure the discharge from each glacier.
This paper presents the discharge data for the Lirung
Glacier, one of the debris covered glaciers, from May
to October, 1996.

2. Topographical features

The Lirung Glacier is located in Langtang
Valley(86°E, 28°N), 60 km north of Kathmandu, the
capital city of Nepal. Fig. 1 shows the topographical
map of the Lirung basin, for which the area is 13.8
km? The ablation area is mostly covered with the
debris with the area of 2.3 km?®.

The amount of discharge was measured at obser-
vation site in Fig. 1, close to the glacier. The
meltwater from the glacier is once collected in a pond
near the terminus, and flows out through a river to the
Trisuli river, which is the only surface stream from
the basin.

3. Runoff Measurement

The measurement was made by using a water
level meter MD-8C (CTI. Science Co.) with a resolu-
tion of 1 cm with an interval of 1 hour. The water
level was also manually measured intermittently,
roughly 160 times for the full observation period.
The cross section of the river at the measurement site
was measured twice in May 28 and November 13, and
no discernible change was detected. The mean flow
velocities measured as the 60 9 water depth velocity
were obtained by a Price-type current meter (Sanei
Co.), 12 times in the whole period.

The water level, however, was too high for about
two months from June to August to measure the mean
velocity with the above method. The surface veloc-
ity was measured, instead of the mean velocity, since
a linear relation was found between them :
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Fig.1 Topographical map of Nepal and the Lirung Basin.

AV =0.445-SV (1)

where AV is the average velocity for the whole cross
section and SV is the surface velocity. The relation
between the average velocity and the surface velocity
isshown in Fig 2. The discharge was calculated from
the mean velocity and the area of the cross section for
respective water level. The relation between water
level and the discharge isshown in Fig. 3. Regression
analysis gives ;

@=0.0008-#*—0.0243- 2+0.8914 V4]

where @ is the discharge in m®/sec and % is the water
level in em. The seasonal change in the discharge
was, hence, obtained from the continuous water level
data by the use of eq. (2).
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Fig.2 The relation between the average velocity and the
surface velocity.
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Fig.3 Stage-Discharge curve at Lirung glacier outlet.

4. Effect of the Pond

The runoff amount measured at the observation
site is not equal to the amount of melt water from the
Lirung Glacier itself, since the stored water in the
pond changes depending on the water level. To esti-
mate the amount of meltwater discharge from the
glacier, volume change of the pond has to be taken
into consideration.

The pond basin was surveyed using a laser range
-finder from bench marks which set on the side
moraine. The observation was carried out during the
pre-monsoon season when the water level is signifi-
cantly low. Fig. 4 shows the topographic map of the
pond with a contour interval of 10 cm where the level
is described referring to the water level given in Fig.
2. The surface area varies as a function of water
level as shown in Fig. 5, which covers the water level
from 7 cm to 107 cm, the range in the observation
period. The surface area of the pond is 36047 m? for
105 cm 2642 m? for 7 cm in water level. The volume
difference between the two is 20556 m®. '

The precipitation to the pond area only would be
hence negligible area of the pond is only 0.26 % to the
whole basin area. Therefore, the amount of dis-
charge from the glacier can be calculated as follow ;

D=S(L)-AL/At+Q (3)

where D is the discharge from glacier, S(L) is the
surface area of the pond for the water level of L, AL
is water level change in the time interval of A¢, and @
is the amount of runoff water measured at the outlet
of the pond. The water level observed at the observa-
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Fig.4 The topographic map of the pond. The unit of the
contours is cm. The level is described referring to the
water level given in Fig. 2. and the range is between 7
cmand 107 em.  The gray meshed areas are islets when
the water level is 107 cm.
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Fig.5 'The relation of water level and surface area of the pond.
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tion site was assumed to be the level of the pond.

The discharge from the glacier was thus calcu-
lated with eq. (3) and compiled as the daily data. The
result is shown in Fig. 6 and Table 1, where the
discharge amount is divided by the whole basin area,
13.8 km?® to give the runoff height. The compiled
daily data show that difference between the discharge
observed at the outlet and the discharge from the
glacier is small.

The discharge from the Lirung Glacier dramati-
cally increases in June, reaching the maximum in the
monsoon season from late July to early August. It
then gradually decreases until October. The ten-
dency is compatible with the previous observations
(Yamada ef al, 1984), (Fukushima et al, 1987a),
although they have not examined the effect of the
pond (Fukushima ef al., 1987b).

Fig. 7 compares the converted discharge with the
runoff without the modification by eq. (3). In the
premonsoon season {Fig. 7a) they appeared the same
in post-monsoon season, showing a daily cycle with a
maximum in the evening and a minimum in the
morning. In the monsoon season, however, the time
lag appeared between the two (Fig. 7b). Observed
runoff {solid line) was larger than the estimated dis-
charge from the glacier (dotted line) when the water
level was decreasing, and smaller with the increasing
trend as the effect of the pond. The difference
between the two would be compensated when the
daily amount is calculated. This would probably the
reason why our daily discharge data was compatible
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Table 1. The daily meltwater discharge rate from Lirung
glacier. {The meltwater discharge rate @ (mm/day) is
calculated from the basin area, A (km?) and the amount of
meltwater, @ (m*day} as @= (Q-/A4) - 109

day May Jun Jul Aug  Sep Oct
1 - 4.68 — 2036 20.08 6.16
2 — 4.49 — 2318 19.37 6.11
3 - 4.44 - 2235 1994 5.33
4 - 447 — 2365 1748 5.40
5 - 4.64 - 2320 16.62 7.58
6 - 516 1001 2325 14.21 6.95
7 - 450 1519 2567 16.62 9.09
8 5.23 456 1619 2307 17.34 7.87
g 548 509 2109 2287 1501 7.33
10 6.78 637 2314 2101 1521 6.12
11 5.16 7.12 2207 1934 1642 520
12 5.88 765 2033 1958 16.58 5.03
13 487 7.88 2155 28.08 12.87 5.30
14 4.8% 839 2076 2337 1120 5.01
15 4.44 905 2115 2346 9.70 5.46
16 5.43 916 2349 19.81 7.73 7.35
17 480 10.14 2524 23.06 8.03 6.70
18 546 1739 2437 2498 8.62 6.53
19 587 1835 2518 1879 9.64 6.49
20 494 20.82 2049 1741 9.18 9.01
21 512 2470 1971 17.15 9.67 8.81
22 510 2411 2324 1586 10.04 7.50
23 454 2139 2888 1531 1006 4.43
24 534 2406 2692 1530 1003 4.54
25 711 2075 2418 15.08 1054 4.65
26 8.79 2220 2155 14.27 9.73 -
27 8.44 2116 23.07 1439 1247 -
28 856 21.37 2740 1737 1513 -
29 6.49 — 2570 1634 1250 -
30 5.49 — 2313 2162 8.75 -
31 4.85 -~ 2355 1847 - -
average 5.8 12.3 22.2 20.2 13.0 6.4
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Fig.6 The variation of the daily meltwater discharge rate from Lirung Glacier. (The
meltwater discharge rate, €, (mm/day) is calculated from the basin area, A(km?)
and the amount of meltwater is, Q@ (m*/day) as Q, (Q/4)-10"%)
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Fig.7 The daily fluctuations of the runoff amount measured at the outlet of the pond
and the calculated discharge from the Glacier in June (a) and July (b) for three

days.

with the previous results in which no attention was
drawn for the abundance of the pond. When analyz-
ing the daily variation, however, the effect of the pond
has to be taken into consideration.
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