Gully plug (Mira adda)

Gully plug (4 B)

o ladl

T
5]

Gully plugs aim at rehabilitating active gullies in dryland watersheds, which are prone
to erosion through concentrated surface runoff. Multiple gullies plugged in succession
dissipate runoff energy, foster local water retention and infiltration, encourage
sedimentation, assist in the stabilization of gully bed and side banks, and stimulate
revegetation of flow paths; the channel measures must be combined with proper SLM
in the catchments upstream.

Characteristics: Multiple gully plugs positioned sequentially within a gully system interrupt
concentrated surface runoff and reduce its erosive power. The plugs are each made of
multiple cobbles/stones mostly ranging between 10 and 30 cm diameter and constructed to
ensure a stable structure. The plugs started at the head of the gully (upstream) and ranges
from 1.5 - 3.7 min width with an average of 2.5 m. For heavily eroded and very unstable
sections, gabions can be used also. The structures are around 1.0 to 1.5-m high, anchored into
the sidewalls, and around 0.20 to 0.35 m deep into the ﬁully bed, built up to around 1/3 to
max. 1/2 of the gully depth - ensuring the concentrated flow stays within the channel and does
not overflow the side banks. The top of the plug is U-shaped, with the sides built higher than
the centre. Upslope, the plugs are packed with soil to trap sediments (stopping it flowing
through the structure), and downslope the plugs have an apron to dissipate the energ¥ of
overflowing water, into a micro stilling basin. The downslope side of the gully pluiis sloped
rather than vertical. The large stones add roughness to the slope, creating a rough spillway
that dissipates erosive energy. In the direction ofguIIY flow, several gullyfplugs are placed
such that the upper gully apron is set at approximately the height of the following
downstream gully crest.

Environment: The technology is used in a watershed close to Al Majeddyeh village, located in
the Middle Badia zone, approximately 30 km south-east of Amman. The climate is arid and
warm (Palmer, 2013). The average annual rainfall is around 130 mm. The natural environment
is labelled as steppe, “BSh” in the kdppen classification. The human environment is
characterized by agropastoralists. They are semi-nomadic and live in villages around the
watershed, for example, Al Majeddyeh village.

Purpose: The measure interrupts the concentrated flow, reduces velocity, and dissipates
energy. Multiple structures along the gully decrease the erosive power of runoff, retaining a
fraction of the runoff, inducing sedimentation (upstream of the plug), thus protecting the gully
bed from further deep-scouring, and strengtheninﬁ the gully side banks, especially when this is
linked with re-vegetation. Over time, the establis in%vegetation (roots and surface cover)
stabilizes the soil and protects it from concentrated flow erosion. To be effective, gully plug
emplacement requires SLM in upland areas. These measures then jointly mitigate peak runoff
generation and accordingly reduce downstream flooding.

Major activities: Upland SLM is essential. In the specific watershed rehabilitation context,
ulgland SLM was achieved thro%gh micro water harvesting and re-vegetation throth native
shrubs (the “VALLERANI” method). Gully morphology assessment is required for gully plug
design, and positioning and earthwork excavation is necessary for foundation preparation in
the gully bed and wall anchors. Proper layering of various size stones and shaping of gully
plugs is necessary as is the addition of a packed soil pack upstream of the stone structure, to
semi-seal the surface and to pond water. Then gully walls are revegetated through native
seedlings: these benefit from the water ponding upstream prior to sedimentation upstream of
the gully and enhanced soil water storage in the sediments once the gully is filled.

Benefits: Stops ongoing land degradation and gully deepening, and achieves a certain degree
of rehabilitation; retains a fraction of runoff water and sediments in the watershed - water
mainly infiltrates and provides moisture to the gully vegetation; gully vegetation serves
various purposes including livestock fodder, reduction of flow velocities in the gully, and
retention of further sediment.
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Land user's opinion: Land users benefit from the vegetation (e.g. fruit trees can potentially be
out-planted), as well as ponded water for livestock; however, the technology is labor-
intensive, and therefore costly, and landowners (at the local target site) require incentives to
carry out the work.

Gully plugs during the first rainy season 2017/2018. Photo looking
downstream at the top of a gully plug with water ponded and
sediment trapped upstream. (Mira Haddad)
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Gully plug construction (Mira Haddad)
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Emplacement in gully morphological system and watershed context:
Determine the downstream starting point for the gully plugs and then
extend upstream. The basic design is to keep the structure height
maximum half the gully depth regardless of structure type. The spacing
between structures is set as a gully depth function, structure crest
height above the gully bed, and slope of the gully bed between
structures. Additionally, the structure's final location will be shifted
either upstream or downstream of the calculated gully bed level to
place the structure in a more stable point if required. Following this
methodology ensures variable spacing between structures to cope
with both slope and depth of gully to ensure the sediment filling in
between these structures occurs. In the case of distinct gully
morphology and side banks that are very unstable, gabion structures
can also be used/instead of a single stone pack.

Design of the Structure: Gully plugs must be anchored strong enough to
resist water flow and prevent bypass from the side banks. A
foundation is also required for all structures, depending on their
dimensions and the bed's nature. At the specific site, the foundation
depth for the planned structures ranges between 0.2 to 0.35 meters.
The anchoring of gully plugs ranges between 1 and 1.5 meters. This
depends on the existing condition of the banks at each structure
location. Gully plugs have a downstream apron with a length of around
3 to 4 times the height of structures. The apron starts from below the
bottom level of the foundation and gradually level halfway down. All
gully plugs were designed to have a height maximum of 0.5 the depth
of the gully. So each structure will pass water flow downward but
keeping it inside the gully. Gabion structures have a sort of spillway
from the top but at the same time protecting the banks. The
configuration slightly differs from the normal stone structure, but the
idea is to protect the sides and a spillway in the middle. The upstream
front of each gully plug has a side slope of 1:1, while the downstream
front of the plug has a side slope of 2:1 (not counting the apron). The
slopes at the two sides greatly increase the base width of the plug and
improve their stability. The gully plugs are provided with an amount of
soil resulting from the foundation to form a triangle of soil fill against
the structure at the upstream side; this improves the function of the
gully plugin holding more water and trapping sediments. On the other
side of each structure, the downstream side's slope is meant to tackle
the overflow of water along the drop to safely return to the gully bed
level without causing additional erosion. The rock-filled apron catches
the flow and acts to dissipate erosive energy.

The upstream front of each gully plug will have a side slope of 1:1, while the downstream front of the
plug will have a side slope of 2:1 (not counting the apron). The slopes at the two sides will greatly
increase the base width of the plug and improve their stability.
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1. Implement upland watershed SLM (reference VALLERANI) (BE)/$RZR: None)
2. Gully system/morphological assessment ([8)/37%: None)
3. Determine plug design and implementation in the watershed (B[8)/JfZ<: None)
4., Excavation earthworks for anchors and foundation (R[&)/452&: At least 2 months prior rainy season onset)
5. Stone made construction of gully plugs (occasionally with gabions) (BJ[a]/4fZ: At least 1 month prior rainy season onset)
6. Soil pack at upstream front (BJ/]/4fZ: At least 1 month prior rainy season onset)
7. Revegetation of gully side banks (A[&)/JfiZ: At the onset of the rainy season)
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Field technician (design and oversight) Labour Day (LD) 0.2 50.0 10.0

per structure

Workers (excavation/earthworks) LD 4.0 35.0 140.0

Workers (stone layering/construction) LD 4.0 35.0 140.0

Worker (out-planting of seedlings) LD 1.0 35.0 35.0
W

Shovel, Pickaxe, buckets, ruler |Lump sum | 1.0 | 10.0 | 10.0 |
TR

Seedlings |per item | 10.0 | 0.5 | 5.0 |
A
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Some herbs (and fruits (trees) in the future)

enhanced biodiversity, shade and shelter

Through training/community participation

Certain degree purification through infiltration in the
sediment accumulation zone

Effect on hydrology (distinctness of runoff peak)

Certain deep-infiltration

more open water ponding - but also deep-infiltration and

beneficial use for vegetation (transpiration)

Side banks stabilized

sediments trapped

sediment crust increased in the ponding area - but better

soil structure at the side banks (revegetation) - overall
positive impact.
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During the initial stage potential benefits through vegetation do not materialize; main effects are on water and sediment retention. Long-term,
the technology fosters the rehabilitation nature-based retention functions (very limited long-term maintenance required).
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e Gully side bank vegetation useable as (livestock) fodder source; e implementation costs Incentives (e.g. governmental) for
some herbs (later fruit tree benefits) for human consumption. communities to implement SLM; regulations and enforcement on
e Gullyis stable and does not expand e.g. tributaries. Uplands environmental management - especially connected with
remain connected and productive. entitlements of natural resources facilitation
e Ponded water for livestock watering (during the rainy season). e Tensions between upstream and downstream watershed users
e Shelter and shade through vegetation. (watershed hydrology) - especially affected through wrong design
KAb: BRBIERE AR R and failure (e.g. gully breakage) Community-based and holistic
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Sediments from the uplands are trapped; relatively fertile soil
remains in the watershed.

Increased local soil moisture and consequential vegetation
quantity and bio-diversity enhancement; increase carbon storage
and other ecosystem services such as pollination.

Smoothened watershed hydrology is beneficial for downstream
agriculture - especially when applied in a watershed context with
downstream flood irrigation (MARAB)

Protection of downstream infrastructure (flooding and sediments).

watershed management - the share of benefits and commitment
for maintenance.

Additional fodder supply might attract other foreign herders
(overgrazing) Community-based and holistic watershed
management - and protection.

Technical skills needed for implementation Rural communities’
capacity building programs

SSRV/IBR R/ el E BRI SR BRA R R A ST AR

Expert design and implementation support required Governmental
and environmental organizations in control of design and support
to local communities (training).

Requires upland SLM Integrated watershed management and
empowerment of local communities to manage and facilitate -
provision of support (e.g. government and/or international
projects).

Increased vegetation in a fragile ecosystem can lead to local
pressure Integrated watershed management and empowerment of
local communities - especially sustainable grazing plans

Risk of wrong lessons learned: large water harvesting in gully
systems (dams) created by locals Capacity development programs;
regulations and enforcement on environmental management.
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