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fish passfish pass ≈ 100 · 106 US $     

2 · 106 US $ in preliminary studies

TOLTEN-ALLIPÉN CONFLUENCE
Martín-Vide, J.P,  Ferrer-Boix, C    UPC
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projecte d’un salt hidroelèctric de derivació 
en canal amb petit assut de derivació

cap a la confluència

el transport sòlid del riu pot implicar un cost gran 
de manteniment per mantenir el salt en marxa?

presa ben col·locada?

two gravel bed rivers

Toltén river (Chile), 2013

Toltén r.

Allipén r.

1

1

800 m

intake weir
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overflow weir for the run-of-the-river intake

scale model E = 40 

rock outcrop

sluice for sediment 
exclusion

suspended load

bed load
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95 km from sea, 105 m.a.s.l.

Qm = 244 m3/s
Q1 = 795 m3/s
REGULATED

Qm = 121 m3/s
Q1 = 802 m3/s
NOT REGULATED

background photo is dated January 26, 2014

color-altered aerial photo: red is related to suspended load
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google earth, dic-2022
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1: january 2008 2: december 2008

3: february 2009 4: july 2009

satellite images
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downwelling

helical flow
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GRAIN SIZE SAMPLES

1

1

COARSER Toltén

FINER Toltén parent sand

SUBSURFACE
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mesura pendent motriu i cabal
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FOR ENERGY GRADIENT
AND DISCHARGE BY SLOPE-
AREA METHOD (apart from
gauging stations)
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SLOPE-AREA METHOD

v = Q / A  + Manning eq. for energy slope
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BED LOAD 
SAMPLING

76 mm Helley-Smith 
bed load sampler
0.25 mm mesh basket

steel cable tied
to a big tree and
a concrete block

for boat
operations
+ marked
every 5 m
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Size (mm) efficiency

< 0.25 -

0.25 – 16 1.00

16 – 32 0.70

32 – 76 0.37

76 – 96 0.05

> 96 -

Example, 117 days of sampling starting 7-June-2013, HIGH-FLOW SEASON     
1193 samples, 253 of them sieved

plumb

Helley-Smith: (weight/76mm)/time

transect back

with efficiency

raw data, 
go & back

d
ry

w
eigh

t
kg

/(d
ay·m

)
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main river dominant main river domnant

EXCEPT for (>5000 T/día)  main river is 
dominant

tributary dominanttributary dominant

TRIBUTARY IS DOMINANT in the total bed load

ratio qs = 200, ratio Q = 5

dominant

64,000 T
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66%

34%

transient general scour? 

discordance building, large bedform? 

Bed load
distribution
across
transect

253 sieved samples (raw) + efficiency (estimated) 

1193 samples (sieved and not
sieved), all sizes
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Bedload distribution across the transect in m2/s divided into 5 
grain fractions. Ordinates: bedload (m2/s); abscissas: distance (m) 
. Blue: the 12-Sept event with detailed measurements at seven 
locations (abscissas): 20, 30, 45, 60, 75, 90 and 105 m. Red: the 
12-Aug event with detailed measurements at five locations: 20, 
40, 60, 80 and 100 m. Amounts by fractions 1, 2, 8, 16, 32 and 64 
mm (total) included. Abscissa 60 m separates the shallow from 
the deep area in both events. 

(figures at the same scales)

IMBALANCED BEDLOAD TRANSPORT
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34 %

66 %

Bedload

Grain size (mm)                                               Grain size (mm)

GRAIN SIZE DISTRIBUTIONS AS 
PROBABILITY DENSITY FUNCIONS

The two sands in the bedload are similar, 
regardless of the area, deep or shallow.

Gravel bedload coarser in deep
area than in shallow area

SUBSURFACE
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34 %

66 %

Bedload

Grain size (mm)                                               Grain size (mm)

a combination of parent sand
and sand fractions in the
beds explanis sand bed load

SAND TRANSPORT   
MOSTLY SUSP. LOAD

both gravel bedloads have much
more FINE GRAVEL and less
MEDIUM than in the beds.
The deep area bedload is  similar 
to the beds in COARSE gravel.

SUBSURFACE
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Wilcock
Bed load predictor

Deep area controlled by
SUPPLY (below-capacity
conditions) for any size: much
less bedload than expected, 
even 2-3 orders of magnitude
for sand, 1 order of magnitude
for coarse gravel; 

OR inception of sands and fine
gravel into SUSPENSION, since
v* > ω (fall velocity) and shear
stress much higher in deep
area. 

OR both: 
- SUPPLY control in coarse

gravel
- SUSPENSION in sand and

fine gravel

AND of course highly 3D 
flow behavior at the
confluence (flow deflexion, 
helical flow...)

Shallow area controlled
by capacity (at capacity
conditions) for sands: 
but underestimated bed
load for gravel.

WARNING:
Estimating bedload
without any real data?
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TOLTEN-ALLIPÉN CONFLUENCE.   Martín-Vide, J.P,  Ferrer-Boix, C    UPC
Villarrica, December-12, 2023

ADV velocity measurements

TRANSECT

TOLTÉN

ALLIPÉN3D behavior 
investigated
through a
scale model 
1:59.2

UDEP-UPC 
Piura (Perú)
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