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Impact of July 2004 high-intensity rain on Hilepani-Jayaramghat-Diktel

Environment-Friendly Road in East Nepal
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The high-intensity rain of 5-13 July 2004 activated numerous landslides, gullies, and debris flows in the watershed of the
Dudh Koshi River in east Nepal. As a result, the Hilepani-Jayaramghat-Diktel Environment-Friendly Road was devastated.
Apart from the rainfall, geological, geomorphic, land use, and road construction practices were other important factors
leading to the disaster. Most of the damage was concentrated on concave slopes, whereas the ridges and convex slopes
were relatively safe. The entire alignment was devoid of any breast or retaining walls necessary to protect the high, steep,
and bare soil cut slopes, and it resulted in extensive cut slope failures. Similarly, side and cross drains were almost
nonexistent. As a result, severe damage was seen at almost every gully crossing. There were very few gully protection
structures (viz. check dams) and, like the retaining walls constructed below the road, they also suffered from poor
construction quality and failed due to weak foundation and inadequate keying practices. Some of the most awkward
structures were the loops founded on unstable slopes with high (up to 15 m) and robust gabion walls at the bends, and
deep box cuts above them. In these circumstances, the concentrated runoff and subsequent debris flow from the box cut

devastated the entire hairpin bend.

INTRODUCTION

The Himalayan environment is harsh and fragile, and
road construction on these mountain slopes is a formidable
task. Any kind of unsound engineering decision may lead to
a disaster. Wherever the road passes through dip slopes,
plane rockslides and debris slides may develop, whereas on
counter dip slopes, rock falls, debris falls, and debris flows
may prevail. In very thick (more than 10 m) colluvial zones,
talus deposits, and residual soils, the rainwater easily
infiltrates into and percolates through them. A thin and
incompetent bed (or band) sandwiched between two
resistant rock units and widespread faults (with crush zones)
are other favoured areas of mass movement. Most of these
types of mass movement are frequently triggered by a high-
intensity rainfall and they may be quite difficult to control.

The 30 June 1987 rain in central Nepal severely damaged
the Arniko Highway (ITECO 1987) and the Lamosanghu-Jiri
Road at Charnawati. Large landslides developed near
Dolalghat, Balephi, Kothe, north of Barabise, at Chaku, and
near Kodari. The high-intensity rain of 19-20 July 1993 in
south-central Nepal destroyed three bridges on the Prithvi
Highway and also devastated the Tribhuvan Highway by
sweeping away several bridges and triggering many
landslides in the vicinity of Tistung, Daman, and Mahabir
(Dhital et al. 1993). The debris flows and landslips triggered
by the heavy downpour of 30-31 July 2003 partially blocked
the Mugling—Narayanghat Road for two years.

The incessant rain of 5-13 July 2004 activated numerous
landslips, erosive gullies, and debris flows in east Nepal,
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which were concentrated mainly in the Main Central Thrust
(MCT) zone (Fig. 1), especially in the Dudh Koshi watershed
(Fig. 2). As a result the Hilepani-Jayaramghat-Diktel
Environment-Friendly Road (HIDEFR) was severely affected.
The HIDEFR was being constructed under the grant-
assistance of the Department for International Development
(DFID) of the United Kingdom through the Rural Access
Programme (RAP). Previously, the 9 km long Hilepani—
Jayaramghat road stretch had been constructed by the
District Development Committee (DDC) of Khotang, while
the construction of the 81 km long Jayaramghat-Diktel
Environment-Friendly Road (JDEFR) had been taken up by
the Upper Sagarmatha Agricultural Development Project
under the loan assistance of the Asian Development Bank
(ADB). GOECE et al. (2002) prepared the final design report
of the Jayaramghat-Halesi-Diktel Environment-Friendly
Road for the Upper Sagarmatha Agricultural Development
Project. The construction of Hilepani—Jayaramghat section
was incomplete owing to the constraints of funds. Similarly,
the JDEFR section was also incomplete because of the
termination of the loan assistance by the ADB in July 2002.

Khotang is one of the districts where RAP was in
operation, and a component of it was the district road
construction. The HIDEFR is the only link road of the district
to the outside world. Consequently, the DFID provided
additional funds for the completion of this road. WSP
International through RAP Project Management Unit
entrusted ITECO Nepal (P.) Ltd., who was previously (i.e.
between 2001 and 2002) involved in construction supervision
of the Okhaldhunga—Phaplu Road and the JDEFR, in
providing consulting services leading to the completion of
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Fig. 1: Generalised geological map of Nepal (modified from Amatya and Jnawali 1994) showing the study area

the entire road alignment. The contract agreement for
consulting services was signed between WSP International
and ITECO Nepal (P.) Ltd. on 31 January 2003. Most of the
construction works were completed before the monsoon of
2004 and it was planned to conclude the construction by the
end of August 2004. Unfortunately, the situation changed
drastically after the high-intensity rain.

FACTORS LEADING TO DISASTER

Though the high-intensity rainfall of July 2004 was the
main trigger of the disaster on the HIDEFR, other factors
such as geology, geomorphology, land use, and unsound
road construction also played a significant role. A short
description of these factors is given below.

High-intensity rainfall

As stated earlier, one of the main factors triggering
numerous failures and flows was the high-intensity rain of
5-13 July 2004. According to DHM (2005), the records of
rainfall between 5 and 14 July in Okhaldhunga were as follows
(Table 1).

Though the rainfall records of Okhaldhunga show no
precipitation on 5 and 6 July 2004, local inhabitants reported
a quite significant amount of rain during that period in the
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Table 1: Rainfall records of 5-14 July 2004 in
Okhaldhunga (Source: DHM 2005)

Station No. 1207 Elevation: 1576 m
Location: ~ 27°29’N, | District:
85°25’E Okhaldhunga

Date Rainfall, mm
5 July 0
6 July 0
7 July 70.3
8 July 87.5
9 July 75.7
10 July 260.8
11 July 42.2
12 July 5.7
13 July 35.1
14 July 0
Total 627.3

study area. On the other hand, the rainfall records of Station
No. 1207 in Okhaldhunga show a maximum of 260.8 mm on
10 July and a total of 627.3 mm between 7 and 13 July. The
present area suffering from severe destruction might have
experienced more than that amount, since the rainfall did not
cause much damage to the slopes in the vicinity of that
station.






