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ARTICLE INFO                          ABSTRACT 
 

Pipelines are critically essential transportation infrastructures in most nations since they are 
essential to both standards of living, and economies. Traditional streambank stabilization in 
pipelines river crossings is carried out with civil engineering techniques. Environmental concerns 
have increased the demand for low environmental impact techniques that value the ecological 
characteristics and the hydraulic connectivity of fluvial systems. Soil bioengineering as a nature-
based solution can be a suitable alternative to the civil engineering, which aside from being 
usually expensive, do not consider ecological issues. This work aimed to analyze the economic 
viability of a soil bioengineering work to stabilize a stream bed and banks with a pipeline stream 
crossing compared to a traditional engineering solution. Thus, to carry out the economic analysis, 
a comparison was made between the proposed budget for the civil engineering and the total cost 
of a soil bioengineering work performed. The financial analysis showed that the bioengineering 
intervention had a 49.06% lower cost than the solution foreseen by civil engineering, with the 
highest percentage of total value (39.97%) related to the materials acquisition. In conclusion, the 
soil bioengineering work presented economic viability to stabilize the streambed and banks when 
compared to the civil engineering solution. 
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INTRODUÇÃO 

According to the American Society of Mechanical Engineers, the 
total length of transmission pipelines transporting gas and oil around 
the world has been estimated at 3.5 million km (64% carry natural 
gas, 19% carry petroleum products, and 17% carry crude oil). 
Additionally, 32,000 km of new onshore and 8,000 km offshore 
pipelines are constructed each year worldwide (Hopkins, 2007a; 
Sovacool and Dworkin, 2014). Brazil has a network of pipelines with 
19,717 km of extension (5,959 km carry refined petroleum product, 
11,696 km carry natural gas, 1,985 km crude oil, and 77 km carry 
ethanol/petrochemical) (CIA, 2020). Pipeline systems are critically 
essential transportation infrastructures in most nations since they are 
essential to both standards of living, and economies (Hopkins, 
2007b). Although accidents on pipelines have low probability of 
occurrence (Zhou and Chen, 2015), when it happens has serious 
consequences in human health and safety, production, assets, and  

 
 
 
 
 
environmental losses (Norhamimi et al., 2015), especially for 
transportation and distribution hazardous liquid pipelines. Pipelines 
may cross rivers, streams, and washes, and typically those pipelines 
are buried in the streambed, but may also be elevated aboveground on 
bridges (Day et al., 1998). Pipelines in river crossings are more 
vulnerable to be exposed when heavy rain and floods occur. Exposed 
pipelines are submitted to tension stresses and are more susceptible to 
suffer from hydraulic–geotechnical risks, like support problems, 
vortex-induced vibration, debris flow, and other mass movements, 
and mechanical integrity issues, such as thermal variation and 
damage to cathodic protection (Maffra, Sousa and Sutili, 2017; 
Maffra and Sutili, 2020). Traditional streambank stabilization is 
carried out with conventional techniques of civil engineering such as 
gabion walls, concrete walls, and riprap. In pipelines river crossings 
are also employed techniques such as reinforced soil with woven 
polypropylene geotextiles, cellular confinement systems filled with 
soil-cement (Costa et al., 2005), concrete revetment mattresses 
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(Witheridge, 2017), rock armoring, among other traditional 
techniques from civil engineering. However, these techniques, apart 
from expensive, may also cause severe impacts in
adversely affecting the health and biodiversity of aquatic life, the 
hydraulic connectivity and the green corridor along the river. 
Environmental concerns have increased the demand for nature
solutions with low environmental impact, that value the ecological 
characteristics and the hydraulic connectivity of fluvial systems, even 
in infrastructure works. In confronting this problem, nature
solutions such as soil bioengineering can be a feasible alternative to 
the traditional techniques of civil engineering, which aside from 
being expensive, do not take into account ecological issues (Coppin 
and Richards, 2007; Sousa, Dewes and Sutili, 2018). Soil 
bioengineering pursues technological, ecological, and economic 
goals, as well as designs and seeks to achieve these primarily by 
using live materials (seeds, plants, parts of plants, and plant 
communities), which can be combined with inert materials (Schiechtl, 
1980). Bioengineering techniques can be applied to structural 
problems for geotechnical and hydraulic stabilization, to control 
surface erosion processes, and simultaneously to design ecosystems 
in dynamic equilibrium (Sousa, 2015). The financial analysis and the 
cost-benefit ratio of bioengineering interventions are fundamental to 
specify the most appropriate solution that meets the technical and 
environmental conditions without neglecting economic conditions. 
Furthermore, benefit-cost analysis is a powerful tool to assist in 
decision making, since when benefits are quantified more 
decisions can be made (Hagen et al., 2001). As indicated by several 
authors, soil bioengineering presents more cost
than traditional civil engineering solutions (Donat, 1995; Schiechtl 
and Stern, 1996; Cornelini and Sauli, 2005; Coppin and Richards, 
2007; Studer and Zeh, 2014; Bloemer et al.
evidence is needed to improve our understanding of the range of 
economic and environmental benefits provided by nature
solutions like soil bioengineering techniques in infrastructure works 
such as pipelines. This work aimed to analyze the economic viability 
of a soil bioengineering work to stabilize a stream bed and banks with 
a pipeline stream crossing compared to a traditional civil engineering 
solution. 

MATERIALS AND METHODS

Study area description: The study area is located in Cariacica, 
Espírito Santo state in Brazil. The area is in the rural zone, where the 
terrain conditions are very steepened, geotechnically characterized by 
the talus occurrence and the presence of solid blocks of variable 
dimensions. The vegetation cover is composed by forest areas, 
banana plantations, and pastures (Maffra, Sousa and Sutili, 2017). 
The region’s climate is tropical Aw, where the rainy season is 
between October and January (Alvares et al., 2013). In the summer of 
2011/2012, there were intense rainfall events, especially in the week 
between 3rd and 10th January 2012, where there was an accumulated 
rainfall of 260 mm with a peak of 100 mm recorded on 06th January. 
The action of these rains exposed the gas pipeline and fiber optic 
cables due to the occurrence of an erosive process along 20 m of the 
stream bed and banks. As a consequence of the high velocity of water 
flow and the watershed characteristics, the pipeline was partially 
exposed and started to function as a dam and began to support 
additional tensions and whirling flow forces. In addition, the exposed 
pipeline has a higher risk of being damaged by third
greater susceptibility to geotechnical events typical of
as rock falls and debris flow. Furthermore, the technical standard of 
PETROBRAS N 464, specifies that pipelines must be protected with 
coverage with a thickness between 1.0 - 1.5 m, depending on their 
location (Petrobras, 2012). The characteristics of the stream stretch 
with the submerged gas pipeline crossing, after erosion processes, can 
be observed in Figure 1. In order to avoid erosion processes 
developing, as well as the loss of slope stability and likely damage to 
the pipeline, a civil engineering project was designed in October 
2011. Afterward, the company that owns the pipeline requested 
another project that meets the technical conditions imposed by the 
erosion process typology but also presents an ecological feature to 
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Figure 1. Stream after erosion processes with unstable bed and 
banks.a Landslide at the left side of the streambank; 

exposed fiber the optical cables
 
Economic analysis: To carry out an economic analysis a comparison 
was performed between the proposed budget for the civil engineering 
work and the total cost of bioengineering work performed in 2014. 
The cost conversion was made from Brazilian Reais to Euros 
considering the exchange value in September 2019. The costs, 
considering all the expenses involved in executing the work, namely 
labor, materials, and equipment, as well as all the necessary 
infrastructure for execution (construction site, local administration, 
mobilization, and demobilization) were then analyzed for the two 
constructive solutions. 
 
Description of intervention techniques: 
design was composed by gabion walls for stabilizin
and gabion mattress for stabilizing the streambed (Figure 2). The 
gabion was designed as being 2.5 m high, 24.0 m in length and 2.0 m 
deep at the base and 1.0 m deep at the top of the structure, filled with 
210 m3 of rock. The mattress was designed having 200 m
0.23 m thickness, filled with 60 m
woven geotextile with a density of 200 g/m ² in a quantity of 460 m
was also considered. 
 

 
Figure 2. Site type section with Civil Engineering interventions

 
The soil bioengineering project was composed by the left bank 
stabilization with vegetated log cribwall having 2.6 m height, 7.5 m 
length, and 2.25 m depth. The structure was filled with 45 m
675 autochthonous shrubs, and live cuttings, and 18 straw wattles of 
0.3 m in diameter. The constructive details of the live cribwall can be 
observed in Figure 3. The right bank was protected with straw wattles 
of 0.3 m in diameter, straw geotextile, pl
seedlings, and seeding. Streambed stabilization was performed with a 
small dam executed with 16 m3 of concrete. A drainage system was 
also designed on the top of the cribwall to redirect rainwater surplus 
from the slope. The drainage consisted of 25 m of channels with 
dimensions of 30 x 30 cm executed in cement grouted rocks and 
reinforced concrete. 
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Figure 3. Left streambank type section with vegetated log cribwall

 
In the design phase, were performed hydrological and hydraulic 
analyzes, and geotechnical calculations for all structures. The 
solutions adopted were sized for a recurrence interval of 25 years, 
exceeding the lifetime considered for the pipeline by 5 years.

RESULTS AND DISCUSSION

The civil engineering solution budget was € 93,997.60, and the total 
cost of the soil bioengineering execution was 
financial analysis showed that the bioengineering intervention had a 
49.06% lower cost than the solution foreseen by civil e
This percentage is within the values reported by Venti et al. (Venti 
al., 2003), who state that biotechniques are 40% to 90% less 
expensive than traditional interventions. Sousa et al. (Sousa, Dewes 
and Sutili, 2018) found a 50% lower value for bioengineering in a 
comparative study carried out in Brazil. Lewis et al. (Lewis, 
Salisbury and Hagen, 2001) found that bioengineering was 42,93% 
less expensive than traditional methods considering the evaluation of 
three sites with soil bioengineering works. Hagen et al. (Hagen 
2001) also found that soil bioengineering techniques can also be 
considered a viable solution with a higher benefit
traditional interventions for roadside management problems. It is 
important to note that since the civil engineering solution has not 
been implemented, it is not possible to make a real analysis of its 
final execution cost. Usually, the costs are higher in the execution 
phase than projected. This occurs because the conditions during work 
execution cannot be fully predicted at the design stage, such as rainy 
days, delays with suppliers, smaller or less efficient working teams 
than those considered in the project, among others. Therefore, the 
bioengineering work could potentially be even mor
Besides that, soil bioengineering solutions have a longer life cycle 
and less maintenance than traditional methods (Hagen 
 
The comparative cost for the two interventions based on the total cost 
of each work phase is shown in Figure 4. The costs of the initial 
services, temporary work, and final services are the same for the two 
solutions. The cost difference for earthworks is related to the need for 
greater soil movement to execute the gabion wall and the mattress. 
Building the transversal structures cost € 4,984.50. This phase does 
not exist in the civil engineering solution, since building structures 
that act transversally to the water flow was not foreseen. The 
longitudinal structures in the civil engineering project would cos
63,179.20, and in the bioengineering project cost 
means that the longitudinal structures in the biotechnical intervention 
had an 81.22% lower cost than those predicted for the traditional 
solution. This difference of values is because the impacted area for 
biotechniques execution is smaller than the area required for gabion 
walls. The materials are also more economical than the gabion mesh 
and rocks. The execution time of the biotechnical structures (5 days) 
is also shorter than expected for the execution of the gabions (25 
days). These differences explain the large difference between the 
final values. Only the execution value for the gabion walls represents 
a total of 24.21% higher cost than all the soil bioengineering work. A 
comparative percentage of manpower, materials, and machines can be 
performed for each solution in relation to the total costs, as observed 
in Figure 5. The civil engineering design had a total budget of 
93,997.60, of which 47.61% refers to materials acquisition,
corresponds to manpower, 22.30% to the use of machines, and 0.39% 
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Figure 4. Comparative cost of civil engineering and soil 
bioengineering works based on the total costs of each phase
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materials, machinery, and topography for civil engineering and 
soil bioengineering works

 

 
Figure 6. Evolution of soil bioengineering work. a Work 

immediately after execution in August 2014; b Intervention after 
16 months.

 

The highest costs in the soil bioengineering intervention are related to 
materials acquisition. In this type of work, preference is usually given 
to using existing materials on site (wood, rocks, and plants) 
(Fernandes and Freitas, 2011), which means that 
low, and the higher costs are usually assigned to manpower, as 
verified in works performed in Europe (Italy) and Central America 
(Ecuador, Guatemala, and Nicaragua) (Petrone and Preti, 2005). 
Labor costs in Italy are higher due to hig
these costs in Ecuador, Guatemala, and Nicaragua are high because of 
the use of local manpower instead of technologies (more 
sophisticated materials and machines), as a way of supporting the 
creation of jobs. In this case, the 
percentage costs than materials, since there were no materials at the 
intervention site likely to be used, except for live cuttings. In 
addition, manpower in Brazil, mainly in the construction industry, has 
lower salaries when compared with European or North American 
countries. However, for works where all materials are available at the 
intervention place, there will be no costs related to their acquisition 
(Sotir and Gray, 1992; Watson, Abt and Thornton, 1994), which 
could make these interventions even cheaper. In addition to 
presenting economic viability, the performed soil bioengineering 
work met the criteria for which it was designed. The execution of the 
live cribwall on the left bank provided the consolidation of the slope, 
while the drainage system allowed the redirection of rain surpluses to 
the stream.  
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The highest costs in the soil bioengineering intervention are related to 
materials acquisition. In this type of work, preference is usually given 
to using existing materials on site (wood, rocks, and plants) 
(Fernandes and Freitas, 2011), which means that acquisition costs are 
low, and the higher costs are usually assigned to manpower, as 
verified in works performed in Europe (Italy) and Central America 
(Ecuador, Guatemala, and Nicaragua) (Petrone and Preti, 2005). 
Labor costs in Italy are higher due to higher employee salaries, while 
these costs in Ecuador, Guatemala, and Nicaragua are high because of 
the use of local manpower instead of technologies (more 
sophisticated materials and machines), as a way of supporting the 
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The techniques of the right bank prevented the progression of the 
erosive process and the enlargement of the watercourse. The 
construction of the small dam promoted the formation of a new 
longitudinal profile and therefore soil and rocks deposition and 
retention above the pipeline. Furthermore, to the technical benefits, 
the intervention provided ecological and aesthetic gains. The use of 
autochthonous plants promoted the establishment of a more 
developed plant community in the frame of the natural vegetation 
succession and increased biodiversity and habitat functionality. 
Figure 6 shows the work after the execution and the results after 16 
months of evolution. 

CONCLUSION 

The civil engineering solution budget was € 93,997.60, and the total 
cost for executing the soil bioengineering project was € 47,885.10. 
The financial analysis showed that the soil bioengineering 
intervention had a 49.06% lower cost than the solution foreseen by 
civil engineering. The highest percentage of the total value of the soil 
bioengineering work was related to the materials acquisition 
(39.97%), while machinery, manpower, and topography represented 
30.12%, 29.15%, and 0.76%, respectively. In conclusion, the soil 
bioengineering work presented economic viability to stabilize the 
stream bed and banks when compared with a traditional civil 
engineering solution. Besides, the bioengineering work proved to be 
technically and ecologically feasible. The reduction of environmental 
impacts plays a fundamental role in ecological restoration and 
conservation actions, and therefore it can be assumed that soil 
bioengineering techniques have a higher intrinsic value due to their 
ecological and aesthetic functions. Furthermore, in emerging markets 
such as Brazil and other South American countries, where 
transportation infrastructures like pipelines have such economic 
importance, the use of nature-based solutions should be encouraged 
since they have low environmental impacts, are technical and 
ecological suited, and besides these are cost-competitive. 
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