
Webinar: Tropical Engineering for Sustainable Well Being 

Fakultas Teknik Universitas Mulawarman, Indonesia, 2020 

Various Techniques for 

Measuring Streambank and 

Upland Erosions 

Tommy Ekamitra Sutarto, Ph.D.



Alur Sungai Karangmumus dari Bandara A.P. Pranoto hingga Muara

Ruas Bandara – Waduk Lempake = 11 km

Ruas Waduk Lempake – Muara = 17,28 km

Waduk

Lempake

Bandara A.P. 

Pranoto

Muara

Karangmumus



Multi Purpose:
Irigation
Drinking water 

supply (Q= 100 l/s)

Benanga/ Lempake Reservoir 

Flood control
Recreation



Waduk Lempake di Ruas Tengah Sungai Karangmumus

Kondisi Awal (Tahun 1978)

Luas genangan waduk = 159 ha

Kedalaman genangan rata-rata = 1,5 m

Kondisi Tahun 2015

Luas genangan waduk = 110 ha

Kedalaman genangan rata-rata = 0,52 m Kedalaman genangan rata-rata = 1,5 m

Kapasitas tampung waduk = 2,39 juta m3 

Fungsi waduk = irigasi sawah 350 ha

Kedalaman genangan rata-rata = 0,52 m 

Kapasitas tampung waduk = 567.000 m3

Fungsi waduk = irigasi sawah 350 ha,

PDAM 100 l/det, objek wisata

Laju sedimentasi waduk = 49.270 m3/tahun

Penyusutan kapasitas tampung waduk = 2,1% per tahun (rata-rata dunia 1%, 

Zarfl, C. dan Lucia, A. (2018): “The connectivity between soil erosion and 

sediment entrapment in reservoirs.” Current Opinion in Environmental Science 

& Health, 2018, doi: 10.1016/j.coesh.2018.05.001.
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Pembukaan lahan di hulu Sungai Karangmumus sangat masif



Kegiatan tambang batubara mendominasi pembukaan lahan di hulu
Sungai Karangmumus



Pegerukan
(dredging) Waduk

Lempake

Untuk mengembalikan
kapasitas tampung
Waduk Benanga
diperlukan biaya
pengerukan Rp. 60 pengerukan Rp. 60 
Milliar atau $ 4,28 Juta.



Erosi tebing sungai
Karangmumus di ruas

Lempake (middle 
stream)



Bank erosion recorded at middle reach of Clear Creek, IA.



Pengerukan sungai akan menjadi kegiatan rutin di hilir
Karangmumus



Different Modes of Bank Erosions

Surface Fluvial 
Erosion 

(grain to grain 

Mass Fluvial 
Erosion

(layer or aggregate 
removal)

Mass Failure

Bank Erosion

removal) removal)

Surface fluvial erosion Mass fluvial erosion



Mass failure occurred in Karangmumus stream bank  at Lempake



The en masse collapse of a soil block is determined by the relationship 

between driving and resisting forces:

σ

Sr

Mass Failure

Driving forces: Soil bulk weight, W

Resisting forces: 

 Root 

 Soil shear strength, Sr

 Temporary confining pressure of the stream water, Fw

σni



Soil shear 

strength (Pa) 

According to the Mohr-Coulomb theory, the shearing strength of a soil block, , is 

dependent on the internal friction angle, , and mechanical strength, . The soil shear 

strength, , is written as follows: 

Mechanical  

strength (Pa) 

Frictional 

component 

(Pa)

Pore water 

pressure 

component 

(Pa)



How important processes are fluvial erosion?   

Fluvial erosion can be  precursors to mass failure by eroding the basal layer of the 
bank (bank toe undercutting). Not considering fluvial erosion in bank stability 
analysis will lead to underestimation of mass failure.   

Erosion of the basal layer



Bank retreat is a product of a combination of fluvial erosion and mass failure. 

Source : Massimo Rinaldi



Near bank  or side wall shear stress (Pa) 

The rate of surface fluvial erosion, Esf, in kg/m2/s can be determined by 
an excess shear stress formula:

Near bank  or side wall shear stress (Pa) 
Erodibility coefficient for 
surface fluvial erosion 
(kg/m2/s) 

Critical shear stress for surface 
fluvial erosional (Pa)

m = 1 for consolidated and 
aged, cohesive soils.

Rate of erosion 
(kg/m2/s) 



Surface fluvial erosion 

1 cm



Near bank  or side wall shear stress (Pa) 
Erodibility coefficient for 
mass fluvial erosion 
(kg/m2/s) m = 1 for consolidated and 

aged, cohesive soils.

Rate of mass 
erosion (kg/m2/s) 

The rate of mass fluvial erosion, Emf, in kg/m2/s can be determined by an 
excess shear stress formula:

Critical shear stress for mass 
fluvial erosional (Pa)

erosion (kg/m /s) 



Mass fluvial erosion

1 cm



Geochemical

 Clay mineralogy

 Total salinity

 Cations (SAR)

 pH

 Organic content

Physical

 Mean particle size

 Particle size distribution

 Water content

 Degree of Compaction

 Age

τc,f 

Conceptual model of the soil properties and mechanisms affecting fluvial erosional 

strength of bank soils (Grabowski, 2011). 

Biological

 Sediment disturbance

 Feeding and egestion

 Biogenic structure

• Burrows

• Networks (e.g. 

roots)

• Biofilms (EPS)

τc,f 



Erosion Pin was used to measure bank retreat directly on the field. 



Flume Technique for Estimating Critical Shear 

Stress for Surface Fluvial Erosion

Plexiglas conduit

Pump

Variable speed 

controller



Soil sample extractions for laboratory analysis



Soil sampling procedure for conduit flume and gamma attenuation tests.

A Soil block (35 cm x 20 cm x 15 cm) The bottom side was cut 

A box was used to store 

the soil block.

Soil sample extraction 

A Soil block (35 cm x 20 cm x 15 cm) 

was cut from the bank.
The bottom side was cut 

using a wire saw.

The soil block was wrapped with cheese 

cloth and waxed. The soil block was covered with 

plastic sheet and stored in a box. 

the soil block.

The soil block was placed 

in the box using a long 

bladed knife.



Flume Test Preparation: Soil Sample 

Preparation

1 31

2

3

4



Halogen lamps

Mirror

α =24.15O

Camera + Zoom lens

45 cm

106 cm

Imaging Technique

Fire-i software

 The imaging technique was used to capture the reduction of soil due to erosion in the high temporal 

resolution.

 The camera resolution is 1024 x 768 pixels.

 The camera, zoom lens, and the mirror are adjusted to capture both sides of the sample with good 

resolution.  

 Fire-i software was used to control the camera for video capturing and frame grabbing properties.    
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Fluvial erosion process recorded in a flume 



 Image sequences (Δt = 2 minutes) showing the reduction of soil area due to 

erosion: 

1

2

Binary ImagesOriginal Frames Captured by the Camera

Imaging Technique

3

2

4

White area =  background

Black area   =  soil 



Contoh grafik hubungan 

antara τ
w
vs. E

avg

hasil experimen 

saluran konduit erosi 

untuk satu sampel untuk satu sampel 

tanah. Laju erosi E
avg

diperoleh dari analisa 

frame gambar berurutan 

dengan interval: (a)t 

= 1 detik, (b)t = 5 

detik, (c)t = 10 

detik, dan (d)t = 60 

detik. Tegangan gesek 

kritis atau kuat gesek 

erosif tanah 
c
adalah 

nilai tegangan gesek 

pada E
avg

= 0.



A typical result of conduit flume test





Reference cells

Photo Electronic Erosion Pin (PEEP) was used to measure mass fluvial  

erosion directly on the field. 

13 photo resistors

Description Photo-resistant PEEP

Manufacturer Rickly Hydrological Co.

Tube length (cm) 55

Total sensor length (cm) 59

Active length (cm) 21.45

Tube external diameter (cm) 1.8

Number of cells in series 13

Number of reference cells 0

Number of thermistors 0

Spacing between neighboring cells (cm) 1.65

Reference cell output(mV) 0 - 1

Cell series output (mV) 0 - 1

Ideal size for 

measuring mass 

erosion that cause 

bank retreat in the 

order of 

centimeters. 



Solar panel

Reference PEEP

Data logger

Housing

Housing leg

PEEP set-up 

Photo resistant 
PEEP

Reference PEEP

PEEP sensor 

Vertical cable access shaft

Cable protection tubing

Concrete plate 

Exposure 

length, L 

PEEP exposure 
length



Results of field monitoring using PEEP sensor



Surface and mass fluvial erosion regimes.
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