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Introduction

Flexible river training structures such as tetra-
hedron frames (‘porcupines’) can be attractive
for control of braided river channel networks
in regions where permanent control structures
(e.g. groynes) are too expensive or poten-
tially inefficient, such as areas with highly dy-
namic flow regimes and morphology. Porcu-
pine fields (see Fig. 1) provide hydraulic resis-
tance, generating energy loss through turbu-
lence that may reduce velocities and promote
sediment deposition (Shang et al., 2013).
Porcupine systems can be used for bed or
bank protection, and were implemented in
a 2019 channel-control pilot project on the
Ayeyarwady River in Myanmar. Incorporating
porcupine resistance into numerical models
has not been systematically evaluated. First,
we must understand the processes that need
to be captured for accurate predictions of im-
pacts to flow and sediment transport, which is
the focus of this work. Improved models can
aid in future porcupine system design.

Figure 1: Porcupine field in secondary channel of
Ayeyarwady River, Myanmar. Photo courtesy of H.
Fredrikze, Royal HaskoningDHV.

Methods

Predicted impacts were examined using liter-
ature review and data from a 2018 porcupine
flume experiment (Nientker, 2018), and then
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evaluated against pilot project observations.
The pilot project was implemented in the
Ayeyarwady River near Mandalay. In this lo-
cation the river consists of a primary channel
and four secondary channels (see Fig. 2).
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Figure 2: Ayeyarwady River pilot project location.
Aerial imagery: Landsat 11/03/2020 (overview),
18/09/2020 (inset); (apps.sentinel-hub.com)

The main objective is to improve navigational
stability by maintaining the current channel dis-
charge distributions and hence a least avail-
able depth of 2 m in Mandalay channel. To
encourage this, 2 m tall concrete porcupines
were placed in a staggered configuration in
secondary channels to increase local rough-
ness (Kreeke et al., 2018). Survey measure-
ments were taken before and after the first wet
season to examine morphological changes.

Results

Predicted Hydrodynamic and Morphological
Impacts

The velocity and turbulence profiles through
a field of resistance elements varies as den-
sity increases from ‘sparse’ to ‘dense’. Dense
fields generally reduce velocities and shear
stresses inducing sedimentation. Sparse fields
may experience erosion or deposition depend-
ing on the exact velocities and shear stresses.
The leading, trailing and lateral field edges
can have a different response than a central
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(fully-developed) flow area for dense fields. In-
creased shear stresses and erosion may be
observed at the leading or lateral edges, while
deposition is likely in the center and trailing
edge. This effect may be absent in sparse
fields where edge velocity gradients are weak.
In addition, channel placement dictates initial
flow velocities in or along the field (e.g. higher
velocities in an outer versus inner bend).

Pilot Study Observations

The pilot porcupines likely exhibit transitional
or sparse behavior of the flow field, where sig-
nificant scour at leading and lateral edges was
not evident; however, porcupines located at the
leading edge and especially in high-energy ar-
eas (e.g. outer bend) did show signs of scour
and sinking into the bed (see Fig. 3). Porcu-
pines were also partially buried through depo-
sition, while largely maintaining their installa-
tion elevation.

Buried (shorter) porcupines offer less flow re-
sistance and velocity reduction. Therefore up-
stream porcupines sinking can cause down-
stream porcupines to sink as they receive
higher flow velocities. Loss of elevation may
reduce the field's long-term effectiveness.

Fig. 3 also suggests that transverse resistance
gradients from equi-height porcupines installed
at varying cross-sectional elevations (generally
higher at the inner bend) have helped push the
flow (and thalweg) towards the outer bend.
Note that limited site data prevents us from en-
tirely separating porcupine-induced changes
from external influences.
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Conclusion

Numerical modeling of porcupine systems
must take into account changes in resistance
due to porcupine burial over time, through sink-
ing or deposition. They should accurately cap-
ture predicted behaviors according to field den-
sity including variations at leading and lateral
edges to make informed design choices. In
addition, estimating the strength of transverse
gradients may be important if protecting the
outer bend is a design goal. Further studies
are needed to validate and expand these re-
sults for a wider range of field configurations
and flow conditions.
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Figure 3: Morphological change in Sagaing Channel (November elevation minus January elevation).



