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Fig.4 Sub-basins for the rainfall runoff analysis
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Fig.5 Channel networks for the debris flow calculation
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Fig.14 Longitudinal distribution of the mean diameter
of the sediment on the riverbed surface of the Camuri
Grande River
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Fig.15 Longitudinal distribution of the mean diameter
of the sediment on the riverbed surface of the Migue-
lena River
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Fig.16 Accumulated sediment volume debouched from

the Camuri Grande and the Miguelena Rivers
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Photo 5 Apartment buildings buried one floor deep
with fine sediment (taken at the place of (@) shown in
Fig.17)

Photo 6 School building remained, athletic field de-
posited with sediment slightly, and eroded river bank
(taken at the place of @)

LI ]

Photo 8 Steel-frame schoolhouses destroyed by flood

water accompanied with large amount of driftwood
(taken at the place of @)

Photo 9 A car buried with fine sediments in the cam-
pus (taken at the place of ®)

school building. The reinforced concrete building was

buried one floor deep with sediment (taken at the place

of @)
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Photo 10 The road facing the entrance gate of the uni-
versity was deposited about 1m deep with fine sedi-
ments (taken at the place of @)
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Fig.18 Spatial distribution of sediment deposition,
obtained by comparing the two geographical maps
(1:1,000) that were produced by the aerial photos of

before and after the disaster
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Fig.23 Control volume used in the calculation of con-

vection terms in momentum equations
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Fig.24 Interpolation of flow fluxes
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Table 1 Conditions for calculations

CASE NO.

SABO WORKS CASE-1|CASE-2|CASE-3 | CASE-4 {CASE-S
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WORKS | HEIGHT | 2 | 2m | 2m | 3m | 5m
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Fig.27 Definition ofgradient used in the calculation of
flow discharge at the dam site
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Fig.28 Definition of gradient used in the calculation of

" equilibrium sediment concentration at the dam site
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Fig.29 Flow discharges of the Camuri Grande and the Miguelena Rivers at each dam site
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Fig.30 Sediment discharges of the Camuri Grande and the Miguelena Rivers at each dam site

————
(x105) CASE-2

Accumulated Sediment
Discharge (m?3)
©
(=]
T

1ok P e N ]

o T —T——T— T 7
5.0

aof A ]

aof et

- a"
2.0 id
v

RIO MIGUELENA
ol o) R R

6:00 12:00 - 18:.00 0:00
OEC. 17

Fig.31 Accumulated sediment volume discharged from the Camuri Grande and Miguelena Rivers at each dam site
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Table 2 Calculated results on the effects of Sabo dams

CASE CASE-1 CASE-2 CASE-3 EXFx l/ﬂ‘]l!@iﬂﬁiiﬂlﬁfﬁﬁﬁ’t‘bé. b N}
RIVER Vout" Voo  |Vourad'] Vour | Vouteut I FINcBWTIE, BCASE & 2RIz
md) | ) | G | m) | ) ERBOFEBAVEA TN, BHYABKRT
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Miguelena 397,000 | 223,000 43.8 | 223,000/ 43.8 DLDERIBESTHEN, podaladins R
Total _ |1,309,000 | 909,000] 30.6 | 540,000] 587 B4 ATLRRMNES, BEYLEHTRETOR

" Vout: sediment volume outtiowed from the Sabo dam
** Vout-cut =(Vout (case-1) - Vout ) / Vout (case-1) X100
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Fig.32 Mean diameter of the Camuri Grande and the Miguelena Rivers at each dam site
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Fig.33 Longitudinal riverbed variations of the Camuri Grande River along the main channel
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Sediment Disasters Caused by the Heavy Rainfall in the Camuri Grande River Basin,
Venezuela, 1999
— Reproduction of Sediment Runoff, Flooding, and Deposition and Evaluation of Effectiveness of the Sabo
Works by Means of Numerical Simulation —

Hajime NAKAGAWA, Tamotsu TAKAHASHI, Yoshifumi SATOFUKA and Kenji KAWAIKE*
* Graduate School of Engineering, Kyoto University

Synopsis

A disastrous debris flow occurred in the Camuri Grande River basin due to a heavy rainfall on
December 16, 1999 in Venezuela. This paper shows the estimated debris flow hydrographs of the Camuri
Grande River and its tributary by using one-dimensional simulation model, in which the grain size
distribution of the riverbed materials is taken into account. Moreover, flooding and deposition processes
on the fan of the river are reproduced using two-dimensional model, where calculated results obtained
by one-dimensional model such as flow discharge, sediment discharge, and sediment diameters are used
as inflow boundary conditions on to the fan area. In this model, the unstructured meshes are adopted
to express the shape of the rivers, buildings, roads, and etc. in accurate on the fan. Calculated sediment
deposited area and thickness of deposits correspond fairly well with the actual ones. The effects of
countermeasures by Sabo dams and channel works against debris flow disasters are investigated by using
one- and two-dimensional numerical model. The numerical simulation method is found to be very useful
to evaluate the effectiveness of countermeasures such as Sabo dams and channel works.

Keywords: Venezuela, sediment disaster, debris flow, Camuri Grande River, Sabo dam, channel works, nu-
merical simulation



