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INTRODUCTION

Background

Cordaid Netherlands works together with Euskal Fondoa, a collaboration scheme of
Basque municipalities, in which they support La Hachadura, a canton in the municipality
of San Francisco Menéndez (SFM) on the left bank of Rio Paz (border river Guatemala
— El Salvador). La Fondoa finances a local drink water supply system, Cordaid finances
flood protection, prolongation of a 300 m long gabion wall by 250 extra metres.

The Cordaid/Alprode, Euskal and UNES work together on water management issues to
support the El Salvadoran municipality of San Francisco Menéndez (SFM) in the
cabecera of Ahuachapan. Cordaid operates in El Salvador via local partner Asprode.

The water management issues comprise: flood risk security, drinking water and
sanitation, disaster awareness training (DRR program) and food security and
environmental awareness. The financing of the different programs is divided over the
NGOs. Cordaid/Aprode leading NGO with regards to flood risk security and the
construction of the gabion in particular and Euskal leading NGO in drinking water and
sanitation projects.

The Municipality of SFM has been sponsored by Cordaid/Aprode to design and
construct a flood risk protection work at La Hachadura. In this town where many homes
are at risk because they are located on banks in the meander of the river. This high risk
profile is one of the reasons why this location was prioritised for sponsoring of a flood
risk protection work.

Jeroen Alberts (Cordaid) has made a short visit to La Hachadura in the Municipality of
SFM, where a gabion structure was under construction in the flood plains of the Rio Paz.
His first impressions have been reported in (Jeroen Alberts, 2014).

Michel Tonneijck (RHDHV) has looked at the available documents and shared his
concern about the design with Jeroen Alberts and Jeannette Hamersma of Cordaid. This
has resulted in a short assignment for a second opinion on the design of the wall based
on site visits and interviews.

From the 21% of October to the 26™ of October 2014 dyke expert Albert Wiggers
(RHDHV) went to El Salvador and made several site visits to La Hachadura and river
works in the area. During the site visits and in Asprode’s office in San Salvador he has
met up with all parties that have been involved in the design and construction. He has
also talked to inhabitants of the village of La Hachadura who are living along the river in
La Hachadura.

Objectives

The main objectives of the RHDHV'’s second opinion had been discussed with Cordaid’s
local partner Asprode and Euskal upon arrival in El Salvador and were in line with the
briefing that RHDHYV had received during the assignment meeting with Cordaid in The
Netherlands. The main questions to be answered are:

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
Final draft -1- 17 November 2014
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e Whether or not will the gabion wall in La Hachadura will improve the local
situation?

o What direct improvements to the existing structure could/should be made to
improve its functionality?

e What are recommendations on mid- and long-term improvements?

¢ What would be the immediate answer for continuation with financing the 550 m
extension for Cordaid?

This report

The findings of Albert Wiggers and RHDHV'’s second opinion on the situation are
included in this note. During and ahead of his visit Albert Wiggers has consulted river
morphology specialist Filip Schuurman. The opinions of Filip have been incorporated in
this note as well.

The first section of this note includes a summary of observations on general setting,
river behaviour, design history, local common practises regarding river works.
Observations cover: visual observations, oral information and information in writing.

The second section presents our opinion with regard to key design issues.

The third conclusive part presents our recommendations in answer to the questions
asked by Asprode and Euskal.

It is stressed that all opinions have been based on observations in a limited time.
Observations are checked where possible given within the limited time available. The
observations should be considered indicative.

Dyke, groyne, gabion wall

Originally the project was presented as a dyke project. In the world of hydraulics a dyke
is a flood defence structure, protecting an area from flooding or inundation. This gabion
wall structure is rather a river flow training structure, guiding the river flow in a certain
direction, thus protecting the river bank from erosion. In hydraulics we would name this
structure a groyne.

This note will treat the existing gabion wall and the proposed prolongation as a groyne.

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
Final draft -2- 17 November 2014
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OBSERVATIONS

General setting
Conditions

El Salvador is a country that is subject to seismic activity and severe weather conditions,
including heavy rainstorms and severe droughts. In this region extreme flood events are
mostly related to tropical storms, such as hurricanes Mitch (1998), Stan (2005) and 12E
(2011). Besides, regular less extreme rainfall in the wet season frequently causes
hazardous situations like landslides and rapid rising river water levels followed by
inundation. El Salvador has an operational alert system based on a network of weather
stations that warns people in case of heavy rainfall. During my site visits “Code Green”
was given for the area around La Hachadura, which means “Significant rainfall
occurring, no flooding expected, stand by for updates and potential upgrade in alert
status”.

La Hachadura

La Hachadura is situated on the left bank of the Rio Paz at the border with Guatamala.
The town is within the Municipality of San Fransisco Menéndez (SFM) in the most
westerly located department Ahauchapan. The main course of the Rio Paz forms the
border between El Salvador and Guatamala.

Rio Paz

The Rio Paz is a river with highly variable discharge throughout the year. The discharge
depends on precipitation. El Salvador has a two season’s climate: a dry season from
November to April and a wet season from May to October. No discharge data are
available during the dry and wet season. Furthermore, El Salvador is susceptible to
tropical storms that occur several times per year.

During tropical storms, the precipitation and thus river discharge is much higher for a
period of several days. For example, 80% of the rainfall in 2011 occurred during the
seven days of the 12E tropical storm (www.elsalvador.org), and the discharge during
Mitch increased to almost 4000 m3/s. Also, water levels rose by almost 4 m.

The channel width is around 200 m, although the channel width is much smaller during
the dry season. Upstream of the bridge near La Hachadura is the river course controlled
by mountains, with characteristic sharp bends and straight sections. Downstream of the
bridge, the river is not controlled by the mountain and is free to migrate, which resulted
in a large meander bend near La Hachadura.

The river carries a lot of sediments during flood events. The river bed consists of coarse
sediment, with large boulders and gravel. The sediment deposition rate near La
Hachadura is probably large, because it is located in the transition from the mountains to
the plains. This location has a large change in channel slope, reducing the sediment
transport capacity of the river significantly. The coarse bed material indicates that the
flow velocities are relatively high during (short) periods.

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
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Based on the coarse bed material, the large seasonal discharge variation and the close
distance of the project area to the mountains, we expect the flow velocity during high
discharge events to be 2-3 m/s. During tropical storm events, the discharge is even
higher, just like sediment transport rates, bank erosion and morphodynamics. No data of
flow velocities are available.

This is a potential risk for bank erosion and undermining of the wall (and other hydraulic
structures).

Compared to the other rivers in the department of Ahauchapan the river La Paz has a
significantly larger catchment area, most in Guatamala, resulting in higher discharges
during heavy rainfall. Other neighbouring rivers, such as the river Cara Sucia originate in
the small mountain range in the north of Ahauchapan called Parque National El
Impossible. Rio Paz’s catchment area stretches out far into Guatamala.

Critical flood risk locations

Figure 1 presents highly critical locations in the river La Paz and the consequences of
dyke breach, bank collapse or overtopping. At La Hachadura (red circle) the longitudinal
inclination of the riverbed changes from relatively steep to more flat. This makes the
southern part of La Hachadura and the area further downstream more prone to flooding
than the area upstream of La Hachadura. At indicated locations the river has changed
its course dramatically in recent decade.
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Figure 1 Critical locations along the river La Paz downstream of La Hachadura (Geélogos del Mundo,
UNES)

The flood risk issues along the river La Paz, downstream of La Hachadura, are ranging
from inundation to loss of land due to severe bank erosion or collapse of protection
works. The southern part of the town of La Hachadura has been facing both threats.
Later in this note a more detailed description is given on observations of recent
behaviour of the river and the attempts of people to control the course of the river.

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
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Morphological evolution Rio Paz near La Hachadura
Observations

The following observations are based on:
e Comparison of satellite images of different years
e Interviews with several representatives of the municipality of SFM (among others
Narciso Ramirez, Mayor of SFM; Manuel Ojeda, General manager of Public
Works SFM; Hugo, acting mayor during the hurricane Ida in 2009).
e Oral information of habitants of La Hachadura

Please note that the following is not a complete chronology of the river. These are
observations made during the site visit based on available oral and digital information.

Historical events

Year of 1982

Several older inhabitants of La Hachadura have explained that an extreme flood event in
1982 has impacted dramatically on the southern part of the town of La Hachadura. At
the time 140 homes were destroyed by the river. The houses were located in the area
that is now river bed, Figure 2. Since 1982 people have moved to the higher river banks.
The people that became homeless in 1982 had moved to one of the highest nearby
spots in this part of La Hachadura, the location where a new drink water reservoir is
under construction at the moment.

In the period that followed the river had changed several times its course at this location
and destroyed land and houses.

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
Final draft -5- 17 November 2014
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Figure 2 Parts of the town, situated in the presented river bed (red circle) have been destroyed by the
river in 1982 (projected on Google Earth satellite image of 1969)

Year of 2009

Construction of an embankment-type groyne in the El Salvadorian flood plain (orange
line in Figure 3). Construction works were initiated and financed by the Municipality
SFM. The fill material used for construction of the groyne was borrowed from the river
bed and comprises a mixture of boulders, cobbles and sand. The purpose of the
structure was to protect La Hachadura. The height of groyne was approximately 2 to 3m.

The groyne failed near the connection with river bank at upstream end during the floods
that were caused by the hurricane Ida (November 2009). According to a representative
of the Municipality the water overtopped the groyne and washed it away. It is possible
that the groyne was already in poor condition at this location due local borrowing of fill
material. At the moment large parts of this old groyne are still intact even at the location
of the failure. It is remarkable that the groyne failed 15 days after the completion of
construction. The floods during Ida had flooded approximately 81 Acres (approx.
330,000 m2) of El Salvadorian cultivated land in La Hachadura.

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
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sl,Royal

HaskoningDHV

! s
o
LA

Figure 3 Old groyne built and partly destroyed in 2009

Year of 2011

As a result of the 2009 events (disappearance 81 Acres of cultivated land) the Ministry
of Public Works (MOP) built in 2011 an embankment-type groyne just downstream of
the bridge (pink line in Figure 4). The purpose of the groyne was fix the course of the
river and to prevent the built up areas in Hachadura and the cultivated land from
erosion. The groyne has been built in 2011 and collapsed the same year during the
floods that were caused by hurricane E12. Despite the groyne had collapsed it had been
effective in an unfortunate way as it had caused severe erosion at the right bank of the
river. Around 25 acres (approx. 100,000 m?) of cultivated land in Guatamala had been
taken away by the river. Figure 3 presents the location of the old right bank based on
satellite Images of 2009 (Thin orange line).

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
Final draft -7- 17 November 2014
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Figure 4 Groyne downstream of the bridge built by MOP in 2011

Year of 2014

A Gabion-pyramid-type groyne of 300 m?! has been built in the flood plain (red line in
Figure 5). The initial plan was to build a 550 m* long groyne from bank to bank (red and
yellow line together, Fig. 5). These works were initiated by the Municipality of SFM and
financed by APRODE, the El Salvadorian Partner of CORDAID, and by the Municipality
who financed the engineering, inspection and management. The partition into two
phases (300 m and 250 m) was related to funding. The first 300 m upstream were
considered most effective.

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
Final draft -8- 17 November 2014
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Location of the Gabion wall

The bank at the downstream end is naturally protected by bedrock (red circle, Figure 5)
that crops out from the river bank at this location. At one location the river bank is
formed by a manmade retaining stone wall (Plate A-24, Appendix A). The wall is based
on the same bedrock according to oral information.

Conclusions from comparison satellite images

We determined the river changes in the past decade using time series of satellite
images. The river channel has changed significantly between 2003 and 2012 (Figure 6):

Meander migration of the main channel of max. 200 m between the bridge and
the gabion wall;

Growth of the chute channel in the inner bend, among others causing erosion
directly upstream of the connection between the gabion wall and the bank.

The channel near the gabion wall migrated towards the South-East, i.e. towards
the town and the gabion wall;

The main channel width increased between 2003 and 2006, decreased between
2006 and 2009, and increased again between 2009 and 2012. The increases of
channel width could be caused by the tropical storms of 2005, 2009 and 2011.

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
Final draft -9- 17 November 2014
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Figure 6 Time series of aerial photos of the Rio Paz near La Hachadura. Star indicates location of the
dike.

The general flow pattern during high discharge is reconstructed using aerial photos. The
flow pattern is thus an interpretation of the morphology, and gives an indication of the
flow direction, potential impact of the flow and the potential risks for instability of the
gabion wall. The flow patterns during high discharge is given in Figure 7. Important for
the flow pattern (and project area) is the chute cut-off channel (Figure 7), which
especially affects the flow during high discharge events. At the location where the flows
from the chute channel and the main channel join, which is near the location of the
gabion wall, turbulence is high and complicated secondary circulations are present.

The expected effects of the gabion wall on the flow pattern during high discharge are
illustrated in Figure 7. The flow that normally would flow towards the city is blocked by
the gabion wall and redirected parallel to the gabion wall. At the downstream end of the
(non-completed) gabion wall, this flow bends towards the left, impinging on the river
bank. This is not an issue, as resistant bed rock is present here.

The flow pattern indicates a couple of risks, given in Figure 7. Bed erosion along the
gabion wall, primarily along the river-side, is a common problem resulting in instability of
the gabion walls. However, in this specific case, the gabion wall is based on bed rock,
preventing local incision and undermining of the gabion wall.

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
Final draft -10- 17 November 2014
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Figure 7 Left: Aerial photo of the Rio Paz after a high discharge event, with the main channel (A), the
chute channel (B) and the gabion wall (yellow) ; Right: Flow pattern during high discharge
before construction of the gabion wall (black) and after construction of the gabion wall for 300
current 300 m + 150 m extra. A-D indicate potential risks. (source: Bingmaps).

Design and construction of the Gabion Wall

This section describes the factual observation of the design itself and the process that
has resulted in the present design of the gabion wall.

Design process and documentation

The Municipality of SFM has designed the structure together with Ingenieria y Desarollo
Local S.A. (IDL), an engineering consultant based in Santa Tecla near San Salvador.
From the discussions | have had with the general manager of Public Works of SFM it
was clear that the Municipality was strongly involved in the development of the design
and the construction itself. Several designs had been considered before the start of the
construction. Fill material, foundation and the dimensions of the wall have changed
during design. The transition of the wall towards the river bank has been changed during
construction.

Details of the final design are presented below.

The As-Built drawing (SL Constructores, 9/2014) of the present gabion wall is presented
in Annex B. Apart from drawings no other design documentation is present such as:
e design basis statements;

design calculations (stability, external erosion, internal erosion);
hydraulic or morphological studies;
topographical and geotechnical surveys.

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
Final draft -11- 17 November 2014
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The design method that has been followed is similar to regular maintenance designs
and based on:

e practice elsewhere in the region with similar structures;

e experience on the river behaviour and river levels in the past;

e global knowledge of the ground conditions at this location;

e observations during construction.

Motivation of chosen solution and location
Different options for protection of the unprotected river banks at the southern part of La
Hachadura have been considered by the Municipality SFM and discussed with the
community:

e protection at the location of the banks

e groyne in the riverbed

According to the Municipality the groyne was chosen for several reasons.

¢ Morphological reason. The groyne is in line with the short cut flow and keeps the
main course of the river away from the houses on the riverbank. No analysis
could be presented to substantiate those statements.

¢ Economical reason: the groyne was considered a cheaper option as the length
and height of the groyne are smaller than a protective measure along the river
bank.

e Social reason: works at the banks might have bigger impact on properties than a
structure in the riverbed.

The routing through flood plain was according to the Municipality the only option left as
further westwards was not possible because of the border with Guatemala and further
eastwards was less effective from morphological point of view.

Crest height and design water level

The design water level has been based on the highest observed water level at the river
bank in this part of La Hachadura. This is based on observations of the (older) people
that live near the river. The crest level at the downstream end corresponds to this
“design level”. The crest level of the upstream part is higher than “design level”.

In the As-Built drawing the levels of the wall have been presented in absolute levels
relative to a Datum level. It is not clear to what Datum (reference level) the absolute
levels refer to.

Typical cross-section

The base of the gabion wall is buried below the surface. The structure is formed by 1 m*
cubic gabions made of metal wire. The wire has a PVC coating to prevent the metal
from corrosion. The cubic gabions are stacked 6 high. The base of the pyramid is

6 gabions wide.

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
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Figure 8 Typical cross-section of the wall. Source: As-Built Drawing (SL Constructores, 9/2014)

The wall has been constructed by SL Constructores SA de CV and gabion wire frames
were distributed by Maccaferry and further locally built up (Plate A-12, Appendix A).

Fill material
The fill material of the gabions contains round-shaped cobble-size rock fill borrowed

from the riverbed. This maximum stone size (smaller than approximately 26cm) was
determined by the fact that those stones could be handled by labourers (Plate A-12,
Appendix A-11). The voids between the stones are left open. No sand, silt, mud or clay
mixture has been used to fill the voids or to compact the fill material into a dense
composite. The fill is a not a composite structure with different horizontal layers as was
presented on previous design drawings. The fill consists of one type of rock fill. The
structure is therefore permeable. No impervious core or screen has been used inside

the structure.

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
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Figure 9 Stones and PVC coated wire (Courtesy Albert Wiggers)

Foundation

No ground investigation was carried out ahead of the construction. According to the
Municipality and IDL there was a general understanding of the typical stratigraphy at this
location:

e Bedrock: The site is underlain by bedrock.

e Talpetate: In most parts the bedrock is overlain by hard ground, which is a tuff
(fine grained rock composed of volcanic ash) locally called Talpetate. At some
spots in the area the Talpetate is exposed and based on visual examination the
consistency of the Talpetate could be described as a weak rock or stiff to hard
clay depending on the degree of weathering (Plate A-27, Appendix A). The
Talpetate in the river bed is only a few metres thick. At some locations bedrock
crops out and is visible in the river bed (Plate A-23, Appendix A).

e Alluvial sediments: The Talpetate is overlain by loose sediments from the river.
Those sediments comprise a mixture of sand, gravel, cobbles (smaller than
26cm) and boulders (bigger than 26 cm).

The exact thickness and surface of the layers was unknown at start of the work.

The first phase of construction was the excavation of a trench (Plate A-1 to Plate A-3,
Appendix A). The bottom of trench was slightly wider than the footprint of base of the
gabion structure. The excavation was carried out until the hard Talpetate was reached.
The base layer of gabions was placed directly on top of the Talpetate. According to the
designers the top of the Talpetate was smooth and almost horizontal (slight inclination)
apart from one location where a step in the hard Talpetate was encountered. This “step”

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
Final draft -14- 17 November 2014
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was approximately 0.5 m high. This step is also visible in the wall itself (Plate A-7 ,
Appendix A). The longitudinal section of the wall (Figure 10) shows the step as well.
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Figure 10 Step in foundation level because of step in the Talpetate statum, see red circle. Source: As-
Built Drawing (SL Constructores, 9/2014)

The longitudinal section also presents the surface level (thick line) and the foundation.
The drawing confirms oral explanation of the designers during a meeting that the depth
of the trench ranges from approximately 0.7 m to 2.4 m as the surface level varies along
the alignment of the wall. The drawing shows that the step the level of the hard ground
seems to coincide with the deepest surface level. At this deepest point a small creek
passes the dike (Plate A-8, Appendix A).

After construction of the base layer the open trench at both sides of the wall has been
backfilled with loose riverbed material. No filter layer or geotextile has been used
between the gabions and the river sediments.

Transition to river bank (northern end of the wall)

During construction it was decided to extend the wall further into the river bank in a way
that the gabion structure is completely embedded in river bank at the northern end of the
gabion wall (Plate A-14 and A-15, Appendix A). The designers refer to this transition as
the Punta de Diamante.

The As-Built drawing presents cross-sections and a longitudinal section of this transition
(Figure 10).

Second opinion gabion wall La Hachadura BD5042.101/R00001/423630/A
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Figure 11  Transition gabion wall — existing bank. “Borda existente” represents the crest of the river
bank slope. From As-Built Drawing (SL Constructores, 9/2014)

The transition is also visible as the wall is approximately 1.5 m higher than the river bank
(Figure 12). Based on observations on site and on the As-Built drawing the transition is
maximal 3 m embedded into the river bank.

Figure 12 Northern transition Punta de Diamante (in red circle).
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Scour protection
At some places big (bounder-size) stones wore placed at the riverside toe of the gabion
wall. So far this has not been done systematically.

River bank protection
Several locations behind the wall are very poorly protected, red in figure 12 (Plate A-20
and A-21, Appendix A).

In the southern part bedrock has been encountered at the slopes of the bank, green in
figure 12 (Plate A-22 to A-24, Appendix A).

The slope protection of the river bank at the transition, orange in figure 12 (Plate A-18,
Appendix A), is in a moderate to poor condition. The material at the surface of the slope
comprises mostly cobble size stone (smaller than 26cm in diameter) gravel and sand.
No engineered protection amour layering is present on the slopes. The river banks
further upstream of the Gabion wall are in a similar moderate to poor condition. Ther are
some locations much further upstream near the bridge where boulder size stones have
been placed on the slope.

our Guide [ #PI" 197078

Figure 13 River banks behind gabion wall.
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Measures against internal erosion

Under normal conditions there is a permanent ground water flow in longitudinal direction
of the gabion wall. Base layer of the wall acts clearly like a drain. The seeping
groundwater exits at the southern end of the wall (Plate A-9 and A-10, Annex A).

No piping prevention measures, such as a cut-off screen, filter layers, impervious
blankets or piping berms are present.

The designers believe that the wall is directly based on the hard ground (Talpetate) over
its entire length. Internal erosion phenomena, such as contact erosion at the interface
between the gabions or piping have not been considered.

It is unclear if the designers have anticipated on water level differences over the wall. No
calculations or design statements on water levels or hydrodynamic loads, due to the
current of the river, are available.

Local common practise

Representatives of the municipality SFM and contractor SL Constructores who built the
gabion wall have been asked for similar gabion-type groynes in El Salvador. According
to the interviewed persons there exist no similar big groynes made of gabions, like the
one in La Hachadura, in the Municipality of SFM. At the moment it is unknown if the
gabion wall in La Hachadura the first one is of this kind in El Salvador. Two different
sites were visited to get an idea about the development of walls, revetments and
gabions in river bank protection.

Cara Sucia (Rio Cara Sucia)
Retaining wall. No gabions used. Concrete stone wall.
Was visited. Photos are included in Appendix A (Plate A-28 and A-29).

Santa Teresa (downstream the Rio Paz)

Revetted slope of water retaining earth embankment (dyke). Gabions used as slope and
toe protection. Structure has been proven to be successful.

Was visited. Photos are included in Appendix A (Plate A-30 and A-33).
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SECOND OPINION

Motivation of chosen solution for flood protection

Several options have been considered by the Municipality SFM and IDL. The ideas have
been discussed with the community of La Hachadura. It is difficult to judge whether or
not the choice for a groyne in the riverbed instead of revetments along the existing river
banks was technically and economically the best option without any documentation on
this motivation.

One should anticipate on future maintenance and repair of the gabion wall because of
the limited life-time of steel wiring. Also the aspect of vandalism and theft have to be
taken into account. Regular inspection, before the wet season, is required.

Motivation partial construction of first 300 m

The choice of construction the upstream 300 m is defendable looking at the poor state of
the river bank protection at La Hachadura behind this part of the gabion wall. The
position of the gabion wall is much better than the previous, mostly destroyed,
construction near the main channel of the Rio Paz.

Hydraulic boundary conditions and river behaviour

What we have missed in the documentation was a link between hydrological data, river
discharges, flow velocities and resulting water levels. Principal considerations regarding
river behaviour, flow velocities and water levels should be documented as this is part of
the design basis of the structure and its routing.

After the visit to El Salvador it became clear that the design water levels have been
based on observations (highest observed water level over the last decades). The
philosophy was straightforward: how can we improve the safety of the built-up river
banks with a limited budget in the most effective way.

There was no requirement set in terms of probability of a failure. One could argue if this
is theoretically correct. In case of a flood protection work, like a dyke that prevents
against overtopping and subsequent inundation, the approach that was followed would
be bit too simplistic in our view. However, in case of erosion protection measures, we
are of opinion that an observational method design approach is defendable as the
structure can be extended or adjusted after each flood event and because the risk for a
sudden collapse, for instance to undercutting of the foundation, is relatively small as the
structure is based on hard ground.

Information or considerations on expected water level difference over the structure is
missing. We expect that the water level differences will be limited as the gabion wall is a
very permeable structure and the wall is not connected to the river bank at the south
end.

Topographical and geotechnical survey

A topographical and bathymetrical survey provides essential information for the design
of dykes and river training works. The absence of a topographic survey is unacceptable
in our view.
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With regards to the geotechnical survey we notice that the excavating of the trench has
provided detailed the information on the ground conditions (the top of the hard ground),
however this information was very late available, during the construction. Surprises in
ground conditions could have been anticipated earlier when a ground investigation had
been carried out. Fortunately the ground conditions at the location of the wall have
turned out to be favourable because of existence of relatively superficial hard ground
with a smooth surface. This could have been different when the hard ground was
located at a deeper level or when the surface of this layer was very irregular. This would
have complicated the work with costly consequences. During excavation of the trench a
step in the hard layer has been encountered. The extent of the step it is not clear to us.
It is suggested by the designers that the level suddenly drops. This detail can be
important as the dike will have a potential weaker point at the location of anomalous
ground conditions, especially when not all loose sediments have been removed at this
location. Therefore we strongly recommend to carry out verification boreholes.

In case of future extension of the wall it is prudent to carry out an exploratory
geotechnical survey as part of the design ahead of the construction.

Geotechnical failure mechanisms

No documentation was available on the consideration of geotechnical failure modes
such as: foundation failure due to horizontal sliding when the structure is subject to
horizontal loads, slip failure, piping, suffusion, contact erosion and failure of the structure
due to excessive settlement. We are of opinion that those considerations for this
particular location do not require a comprehensive analysis but the considerations and
analysis (in any form) are missing.

The decision of the designers to dig a trench and to the place the gabions directly on the
hard ground has solved most of the potential geotechnical problems.

The internal erosion is a geotechnical failure mode that requires special attention.
Because of the high permeability of the gabion structure the base of the wall acts like a
canal. It has to be checked by monitoring and visual inspection whether this could
induce erosion of the sediments around the foundation of the wall. The fact that no filter
or geotextile has been used is a point of concern.

Macrostability of the gabion wall is not considered a problem. In the present, open
situation water will flow around the wall ensuring its overall stability. Forces of river flow
must be in the order of magnitude of 2 to 3 m/s. As long as the gabions keep their
integrity the gabion wall should be strong enough.

Integrity of the structure and maintenance (rust and erosion)

This gabion wall structure requires maintenance, repair and partial replacements. The
lifetime, durability of gabions is limited and the foundation is subject to erosion and
scour.

When the structure (especially the wiring) is not repaired when damaged, the structure
will not be resistant against the eroding forces of river flow and will fail.

Considerations regarding inspection, maintenance and repair were missing. The design
of this kind of structures should always be seen in combination with a maintenance plan
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and, more important, the execution of the plan and budget reservation to do
maintenance when needed.

The likelihood of undercutting of the foundation due to scour and river bed erosion is
small when the structure is based on hard ground.

No scour prevention, such as a falling apron (horizontal bed of large stones at the river
bed near the toe of the structure) has been placed at the riverside toe of the gabion wall.
As part of an observational method design one should check and evaluated after each
flood if scour protection is required.

No geotextile is present between river sediments and the gabions that are buried under
the surface. Sand and fines can wash out of the fill and penetrate into the open voids of
the gabions. This might result in surface depression in the toe zone. This can be
mitigated by levelling the toe zone after a flood. The observational method design can
be applied here as well.

North end: transition to existing river bank

We have some serious concerns regarding the transition between the river bank at the
northern end of the wall and the gabion wall. Especially the moderate to poor state of
the existing river bank slope makes this point susceptible for erosion. Comparable
structures in the Netherlands (mostly used to guide river flow, not for village bank
protection) often suffer from serious erosion. Firm embedding, anchoring of the groyne
structure to a reliably strong location in the river bank is recommended, especially
because of its protective function for La Hachadura.

South end: in the open situation (not connected to the river bank)

Eddies and turbulence at the south end of the wall may cause more serious erosion of

the river bed and the toe of the wall.

In our review we have missed a thorough consideration and weighing of alternatives:
1. Prolongation of the gabion, connecting the south bank

2. Leaving the gabion wall as it is, in combination with reinforcement of existing bank
protection at the southern end of the village;

3. Partial prolongation of the gabion wall in combination with reinforcement of the
existing bank.

It is highly recommended to check how erosion can affect the wall and the existing river
bank and find out the opportunity of choosing a much cheaper solution 2. or 3. in
comparison with the chosen solution 1. Discharge of water from the river bed between
the gabion wall and the village will be an issue in this consideration.

General conclusion second opinion

In our opinion the wall as it is designed will reduce the risk of bank erosion at the
particular area behind the wall. We have to notice that the exact design conditions (flow
velocities, discharge and related water levels) are unknown so a statement on the
achieved safety level cannot be given.

It is important that the people of La Hachadura and the representatives of the
Municipality SFM who are dealing with the wall understand the purpose of the wall and
its limitations. The gabion wall protects the river bank behind the wall helps to align the
main flow in a direction parallel to the existing river banks. The wall will not have a
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significant effect on water levels because the wall is permeable and in open connection
with the river.

Awareness of the importance of inspection, maintenance and repair is another important
issue. A gabion wall can act as an effective groyne when the wires keep the stones
together. The success of the structure is very much depended on the integrity of the wire
boxes that contain the stones. Failure of some boxes can result in failure of the structure
as a whole. This structure will need repair replacement of gabions from time to time.

The suggested observation method is in our view appropriate for this structure. This can
be applied to:
e Check how the structure behaves as groyne when subject to strong currents
during periods of high discharges in the Rio Paz.
e Scour and river bed erosion
e Internal erosion

The next section presents recommendations in short, mid and long term.
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RECOMMENDATIONS

Recommendations for gabion wall extension

Based on the expected flow pattern during high discharge, we recommend to
1. investigate the strength of the existing bank at the southern end of La Hachadura,

the outcrop of bedrock is a trigger to use the naturally present bank as protection;

2. to make an expert opinion on the river flow in the present situation in relation to
the bank at the southern end of the village;

3. to assess the possibility of not extending or partially extending the gabion wall in
combination with reinforcement of the existing bank at the southern end of the
village; an initial consideration could be to limit the extension to 150 m, instead of
250.

4. ensure the free discharge of the river bed area between existing gabion wall and
village

The exact length of prolongation depends on the extension of resistant bed rock along
the river bank. Extending the gabion wall by the complete 250 m is not recommended,
since the creek should freely drain into the river. The concept is that the river flow will be
sufficiently deflected by the existing, or partly prolonged gabion wall in order for the
naturally present bank protection to withstand the impinging river flow.

Within the existing budget, this will create room to guarantee the integrity of the gabion
wall (protection/transition north end, maintenance and repair budget, protection of south
end).

Recommendations for direct improvements to existing structure (first 300 m?)

Improve transition at upstream north) end of the structure

We recommend to improve the slope protection at the existing slope of the river bank at
the transition point between gabion wall and river bank and extend this slope protection
upstream of the transition point as well.

Improve head of gabion wall at downstream end of the structure

The south end is a sensitive point. It is recommended to place additional large boulder
size stones around the end of the gabion wall to create a round head. Take caution not
to damage the gabion wall.

Recommendations mid- an long-term improvements

Awareness function of the gabion wall

We recommend advising local authorities to make all people who are dealing with the
gabion wall aware of the function of the structure: the structure reduces erosion and
helps to control the meandering of the river at the specific area. The structure will not
reduce the river level or reduce the risk of inundation.

Inspection, Maintenance and repair

We recommend advising local authorities to make all people who are dealing with the
gabion wall, aware of the importance of inspection, maintenance and repair works. It will
be helpful to establish an inspection and maintenance protocol and to make people
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responsible for certain tasks. Keep in mind that repair works could require
decomposition of parts of the gabion wall.

We recommend advising local authorities on institutional instruments to reduce risk of
illegal borrowing of fill material from river bed and vandalism to the wall.

Observational method design
Improvements to the wall can be based on observation of its behaviour, especially
during and after river floods. This is a very practical approach in which monitoring and
reporting of its behaviour needs to be reported as well. Documentation is point of
attention. Observational method can be applied to:

¢ the behaviour of the gabion wall during periods of high discharges in the Rio

Paz;

e scour and river bed erosion near the gabion wall and the river banks near the
wall; undermining should be prevented at all times;

e internal erosion of the wall;

e control, maintenance and repair of gabion wiring;

e control, maintenance and repair of existing river bank in less protected zone;

Recommendations substantiation of design

Documentation

Update and complete documentation on design. Define the purpose of the structure and
design requirements of the structure. We have to keep in mind that the philosophy is to
improve the situation in the most effective way within the limits of the available budget.
This differs from the classical approach where a structure has to comply with an
imposed safety level (for instance by a national building code).

Surveys
e A basic topographical survey of flood plain surface along the wall, the crest of

the wall and the crest of river bank, inclusive the area up
o Verification boreholes with SPT along the wall and near the step

Under consideration

Hydraulic model or monitoring system. This might require further data collection
(geometrical information, discharges etc). In our opinion this is not necessary when
using the observation method approach without an a priori set safety requirement (as for
instance designing for a flood event with a specified likelihood of occurrence).
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Appendix A
Photo report
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Appendix B
As-Built Drawing
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