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1. INTRODUCTION AND SUMMARY

1.1 Introduction

The Rio San Juan drains from the outlet of Lake Nicaragua, dropping 33m as it flows 200 km to the
Caribbean. The lower 130 km of the Rio San Juan form the border between Nicaragua and Costa Rica,
with the border itself following the south (Costa Rican bank) of the river, rather than the center line.
Since 2011, Costa Rica has been constructing a road along the border, downstream to the Rio Colorado
bifurcation, designated as the Juan Rafael Mora Porras Route 1856 (Route 1856).

This report analyzes the length of Route 1856 where it follows the Rio San Juan (i.e., where the river
bank forms the Costa Rican border, approximately 10km downstream of El Castillo) down to the Rio
Colorado bifurcation in the Delta. The objectives of this study were:

1. To assess the environmental impacts of the road and its construction, based on prior scientific
literature, decades of field experience working on road-related erosion impacts, site-specific
observations from a river boat and a helicopter overflight, and from analysis of aerial
photography, satellite imagery, and topographic maps; and

2. To identify measures needed to address serious problems of slope instability and soil erosion that
are adversely affecting the Rio San Juan and Nicaragua.

1.2 Author Biographies

G. Mathias (Matt) Kondolf is a fluvial geomorphologist and environmental planner, specializing in
environmental river management and restoration. He is Professor of Environmental Planning at the
University of California, Berkeley, where he teaches courses in hydrology, river restoration,
environmental science, and Mediterranean-climate landscapes, and serves as Chair of the Department of
Landscape Architecture and Environmental Planning. He is a recognized expert on human-river
interactions broadly, with emphasis on the management of flood-prone lands, sediment management in
reservoirs and regulated river channels, and river restoration. He co-edited the reference work on
methods in the field, Tools in Fluvial Geomorphology (John Wiley & Sons 2003, 2nd edition
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forthcoming in 2013). He recently served as the Clarke Scholar at the Institute for Water Resources of
the U.S. Army Corps of Engineers in Washington, D.C., and formerly served on the Environmental
Advisory Board to the Chief of the Corps and on the Science Board for the CALFED Ecosystem
Restoration Program. Professor Kondolf lectures and conducts research on river geomorphology,
management, and restoration in the United States and abroad. He has provided expert testimony on
river-related issues to the U.S. Congress, the California Legislature, the California Water Resources
Control Board, and in various legal proceedings. He received his AB in Geology (cum laude) from
Princeton University, a masters in Earth Sciences from University of California, Santa Cruz, and a PhD
in Geography and Environmental Engineering from the Johns Hopkins University.

Danny K. Hagans is principal geologist and co-owner of Pacific Watershed Associates (PWA), a
professional geological consulting firm headquartered in northern California. He has a Bachelors degree
in Geology from Humboldt State University (Arcata, California) and has worked as a geologist for the
U.S. Forest Service, the U.S. National Park Service and, since 1990, as owner and Principal Geologist
for Pacific Watershed Associates. Mr. Hagans is a Certified Erosion and Sediment Control Specialist
and a member of various professional geological organizations. He has extensive experience and
specializes in conducting and managing large-scale, basin-wide erosion inventories and sediment
assessments, as well as implementing watershed rehabilitation and restoration projects in the western
United States. He has 12 years professional experience as a National Park Service geologist at Redwood
National Park, California, during which he conducted steepland erosion research, conducted technical
reviews of proposed timber harvesting and road construction proposals, and worked on the development
and implementation of the park’s internationally recognized watershed rehabilitation program for the
725 km” Redwood Creek watershed. Mr. Hagans is considered a leading national expert on the role of
forest land use and road construction on erosion and sedimentation, and on the preparation and
implementation of watershed-wide erosion and sediment control plans for road systems in the steep
forested watersheds of the Pacific Northwest. He has co-authored a number of publications on the
assessment of logging and road construction on watershed erosion processes, and the development and
implementation of restoration plans for sediment impaired watersheds. Mr. Hagans has conducted
literally hundreds of technical trainings and workshops on erosion and sediment control, specifically
focused on public and private road systems. He has co-authored books and publications including the
Handbook for Forest and Ranch Roads, a technical field guide for road planning, design and
construction, as well as Upslope Erosion Inventory and Sediment Control Guidance,; Storm-proofing
Forest Roads,; Sediment Treatments and Road Restoration, and Road Upgrading, Decommissioning and
Maintenance - Estimating Costs on Small and Large Scales, among others.

William E. Weaver is principal geomorphologist and co-owner of Pacific Watershed Associates (PWA),
a professional geological consulting firm in northern California. He has a Bachelors degree in Geology
from the University of Washington (Seattle) and a PhD in Geomorphology (Earth Resources) from
Colorado State University (Fort Collins). From 1976 to 1989 he served as the lead Engineering
Geologist for the U.S. National Park Service, Redwood National Park, and then as owner, CEO and
Principal Geomorphologist for PWA. Dr. Weaver is an Adjunct Professor of Geology at Humboldt
State University (Arcata, California) and has served on various Advisory Panels for the state of
California regarding forest practices and road construction impacts, and best management practices to
protect water quality. As the principal Engineering Geologist at Redwood National Park for 13 years,
Dr. Weaver was instrumental in designing, initiating, and monitoring the internationally recognized
watershed rehabilitation and erosion control program covering the park and the 280-square mile
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Redwood Creek watershed. Most recently his work has concentrated on sediment source investigations
and road-related sediment control projects throughout the Pacific Northwest. Dr. Weaver is considered
a leading national expert in the field of steepland erosion processes, the impacts of road construction, the
effects of land management on watershed sediment yield, and the design and control of road-related
erosion processes in steep, forested environments. Dr. Weaver has conducted literally hundreds of
technical trainings and workshops on erosion and sediment control, specifically focused on public and
private road systems. He has co-authored books and publications including the Handbook for Forest
and Ranch Roads, a technical field guide for road planning, design and construction, as well as Upslope
Erosion Inventory and Sediment Control Guidance, Storm-proofing Forest Roads, Sediment Treatments
and Road Restoration; and Road Upgrading, Decommissioning and Maintenance - Estimating Costs on
Small and Large Scales, among others.

Eileen M. Weppner is a geologist specializing in watershed erosion assessments, sediment budget
studies, development of erosion and sediment control plans for steepland road systems, and the
implementation of road-related erosion and sediment control projects. She is a senior geomorphologist
and Watershed Division Manager at Pacific Watershed Associates (PWA), a professional geological
consulting firm headquartered in northern California. She has a Bachelors degree in Geology from the
State University of New York at Buffalo, and a pending Masters Degree from Humboldt State
University (Arcata, California). She is a California Professional (licensed) Geologist and a registered
geologist in Oregon and Washington. Ms. Weppner has been a lead geologist for the Watershed
Assessment and Restoration Division of PWA since 2000. She is considered a leading regional expert
in the assessment of road-related erosion problems, development of erosion control and erosion
prevention plans, and the implementation of large-scale sediment control projects for road systems in
steep forested watersheds. Ms. Weppner’s professional experience includes extensive work on
watershed analyses and Total Maximum Daily Load (TMDL) studies for the U.S. Environmental
Protection Agency (EPA) in a number of large California watersheds. Her publications include co-
authorship of Upslope Erosion Inventory and Sediment Control Guidance, the official state-adopted
protocols for assessing and controlling road-related erosion in forested watersheds of California.

1.3 Summary
1.3.1.Methods

We analyzed high-resolution satellite imagery to map the footprint of Route 1856 for the 108 km that it
follows Rio San Juan, and the extent of disturbance from the road and attendant quarries and related
disturbances. In October 2012, we conducted reconnaissance by both helicopter and riverboat, noting
and photographing features along the road, including evidence of slope instability and erosion.

From the riverboat, we also examined sites of road construction through sloping land visible from the
river, noting approximate size and condition of road fills, while estimating approximate percentages or
volumes eroded to date. We identified locations where sediment has been delivered into the Rio San
Juan from the southern bank, such as from gullies carved by concentrated road runoff, as well as
landslides in unstable road cuts and poorly constructed road fills along the newly built road. We
sampled sediment from debris cones and other marginal sediment deposits in the channel of Rio San
Juan, all clearly derived from road-induced erosion.
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We estimated erosion from areas disturbed by the road construction, including exposed bare soil on
unpaved sections of road and other cleared areas such as quarries, using chronic erosion rates published
in the scientific literature. We also estimated potential sediment delivery from mass wasting by taking
the total area that has been cleared or disturbed, subtracting the 7-m road width, and then assuming,
based on our in situ observations, that 40-50% of the disturbed cut- and fill-slopes has been affected by
gullies or landslides.

1.3.2 Environmental Effects of Road Construction

Roads disturb pre-existing natural drainage patterns, increasing storm runoff from a given rainfall, and
more importantly, concentrating surface runoff such that it is capable of eroding gullies and transporting
sediment and contaminants to surrounding river systems. Roads cutting across steep hillslopes
concentrate runoff even more by virtue of the steep slopes. If runoff down roads and adjacent ditches is
not diverted and spread to infiltrate into the soil and groundwater, the effect of gullying and road surface
erosion is exaggerated because of the steep topography. The cut and fill required to put the road across a
slope also has the potential to induce the landslide failure of the cut banks and failure of fill prisms. In
essence, the entire volume of material moved to make the road becomes vulnerable to mass wasting and
particulate erosion. As a result of these multiple effects, road-related sediment can dominate the
sediment budget in river systems located near such roads (Reid and Dunne 2003). The increased
sediment loads to rivers are documented to have caused degraded water quality, as well as the loss of
aquatic vegetation, macroinvertebrates, amphibians, and valued fish species. These effects have been
documented in multiple sites around the globe in a wide range of ecosystems.

1.3.3 Location and Characteristics of the Road

While some of Route 1856 has been constructed on pre-existing local roads, more than half is
completely new construction, much of it on steep terrain. A comparison of the 2012 footprint of Route
1856 with 2009 pre-construction satellite imagery of the same location indicates that 56.3 km (52%) of
the road is completely new construction. Even where Route 1856 follows sections of pre-existing road,
it has a significantly larger footprint, and therefore creates significantly more impermeable surface. Of
the 56.3 km of Route 1856 that is new construction, 24.6 km is located on steep terrain, much of which
used to be densely forested. Within the 41.6 km of the road upstream of the Rio San Carlos — the
section of Route 1856 that traverses the steepest topography and is 86% new construction — there was a
total of 99.8 ha of disturbed land, of which 41.6 ha involved the removal of previously undisturbed
forest. Over 30 km of Route 1856 has been built across steep hillslopes, many composed of deeply
weathered, unconsolidated, or otherwise weak material, which is prone to erosion and slope failure.

A large portion of Route 1856 encroaches into the 50-m setback from the bank of the Rio San Juan
specified by Costa Rican law, with the road coming within approximately 5 m of the river bank at a
number of locations. The section of the road above Rio San Carlos has the highest rate of setback
violation, with 30 % of that stretch located within 50 m of the river bank. 100 m is a more reasonable
buffer to prevent the transport of sediments to the Rio San Juan. Nearly half of the road is located
within 100 m of the river bank, creating a high likelihood that sediment eroded from the road will enter
the river.
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The poor siting of Route 1856 — across steep, unstable hillslopes and in close proximity to the river —
was a serious error with significant short- and long-term environmental consequences. There is no
technical or environmental reason that the road needed to go where it was put. In fact, the contrary
would be true: better sites with more stable ground, located a greater distance from the river, would have
resulted in far less environmental impact, and over the long run, far less expense in attempting to
maintain a poorly-sited, poorly-constructed road.

1.3.4 Construction Errors and Violations of Best Management Practices

The problem of the erodibility of the steep new slopes located unreasonably close to the Rio San Juan
are exacerbated by the additional poor practices that were employed during and after the construction of
Route 1856, which occurred without plans and without the benefit of an environmental impact analysis.

Our aerial and riverboat reconnaissance, analysis of aerial imagery, and the reports and images presented
by CFIA (2012) and LANAMME (2012) make plain that the construction of Route 1856 has involved
excessive and disorganized earthmoving works. There are many places along Route 1856 where it is
obvious that the construction crew began to put the road along one route, only to abandon the partially
completed route and build the road elsewhere, effectively doubling the impact of the road.

Construction of Route 1856 has left large areas of exposed soil, disrupted hillslope topography, steep
cutbanks, and mounds of loose, unengineered (uncompacted) fill. We observed numerous examples of
steep cutbanks that have already failed, both along the road itself and in nearby rock quarries. Along
most of the road, fill materials were clearly sidecast downslope, i.e., pushed to the edge of the road and
allowed to fall down the slope. We observed few newly constructed fillslopes that did not clearly
exhibit widespread settlement, slope failure and mass movement of material following construction.
Several fillslopes appeared to have large pieces of dead wood incorporated into them. These
construction methods — sidecasting, lack of compaction, and incorporation of woody debris in fill
materials — are a recipe for continued slope failure and off-site sediment delivery.

From our field inspection (from aerial overflight and from riverboat inspections) of approximately 60
recently constructed stream crossings, we observed that essentially all road-stream crossings exhibited
some form of serious design and/or construction deficiency, which will likely lead to failure during
future intense rains. At virtually all the observed stream crossings, some volume of sediment has been
introduced directly to the receiving tributary stream and to the Rio San Juan during construction of the
crossing. More importantly, most road-stream crossings along the newly built road pose a moderate to
high risk of future failure because they are significantly undersized or they were poorly constructed.

Erosion potential is a function not only of the extent and nature of exposed earth, but also of the
intensity of expected rainfall. In this tropical region, rainfall intensities can be very high, especially
during tropical storms and hurricanes. In the two years since construction began, rainfall has been
relatively modest, so the disturbed road surfaces and attendant works have not yet been put to a real test.
The extensive disturbance caused by the sloppy construction of Route 1856 has set the stage for
significant damage during the next hurricane to hit the region.

A construction project of this sort should be protected from rain impact and landsliding through the use
of erosion control and slope stabilization measures. To prevent the washing away of exposed earth, it is



Annex 1

standard procedure to cover exposed areas with mulch, vegetative cover, or geotextile substitutes.
However, most of the bare exposed ground surfaces of Route 1856 have not been protected in any way,
and where geotextiles have been installed, they have mostly failed.

Route 1856 has long lengths of road surfaces that drain to inboard ditches, which yield concentrated
runoff. Not only is the runoff from a given rainfall increased because the compacted road surface does
not infiltrate, but the runoff is collected and concentrated such that road surface and ditch erosion is
virtually guaranteed to occur. Where these concentrated flows are discharged onto adjacent fills and
native slopes, severe gullying results. The lack of adequate road surface drainage structures along Route
1856 is reflected in the consequent widespread and serious gully erosion already taking place, which
efficiently delivers eroded sediment directly to the Rio San Juan. This problem is compounded by the
unnatural concentrations of water resulting from the disruption of natural surface and groundwater flow
paths, which can reduce slope stability and trigger landslides and debris flows.

The lack of proper drainage has resulted not only in erosion and gullying of the road works and
attendant features, but also to substantial “hydrologic connectivity” between the road and the many
watercourses in the project area, including the Rio San Juan and many of its tributaries, which are
receiving improperly drained, sediment-laden runoff from Route 1856.

By way of comparison, all of these construction practices were commonplace in the Pacific Northwest
of North America in the 1950s and 1960s, and they created a legacy of problems that persist to this day,
including continued slope instability in many sites, excessive sediment supply persisting in many rivers
such that aquatic habitats are still degraded and cannot support fish and other species as they once did,
as well as damaged fish populations that have never recovered their pre-disturbance levels. As a result,
these destructive road-building practices are now prohibited by law in much of the United States.

1.3.5 Road-Derived Sediment Pathways to Rio San Juan

Sediment eroded from Route 1856 has already reached the Rio San Juan through a number of pathways.
These include shallow failures of sidecast fill material on sections of road located on hillslopes directly
adjacent to the river channel, and erosion and mass wasting of the massive, un-engineered road-fill
prisms. Concentrated road runoff has carved substantial gullies through these earthen fills, and shallow
slumps are also commonly observed; many of these features are directly connected to the Rio San Juan.

We observed direct evidence that sediment from gullies in earthen road fill has been delivered to the Rio
San Juan, including over 50 stream/gully input points where we documented road-derived sediments that
had been deposited in fans, mud, and other materials in the river. In some locations, we documented a
trail of angular sand and gravel across an alluvial flat to finally discharge into the river, where we could
find its deposited cone of similar-sized (and finer) sediment underwater, projecting from the bankline.
Numerous slumps have developed on these road fills, but the failed material had not always yet reached
the river. The earthen fills are extensively rilled and gullied, and much of the material eroded from these
fills enters the river system at stream crossings located along the road. Similarly, sediment eroded from
the road surface enters the stream system at road crossings; these are the lowest points in the road
system, so roads drain towards them, carrying eroded sediment into the tributary, and ultimately into the
Rio San Juan.
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1.3.6 Estimated Ongoing Sediment Contribution

There are two main ways that Route 1856 produces sediment that gets into the river: from chronic
erosion of soil particles transported by water; and from mass wasting, whose products can be transported
to the river directly by mass soil movement or by flowing water. Measured erosion rates commonly
exceed rates of sediment delivery to rivers, because some sediment is stored (at least temporarily) in
sites between the point of erosion and the river. Thus, in addition to estimating the volume of sediment
eroded at the road itself, it is important to identify potential routes by which sediment can be transported
to the river. In our field work, we documented direct delivery of sediment from road erosion to the river
at 54 sites along the road.

Our estimate of surface erosion rates for the upstream 41 km of Route 1856, upstream of Rio San Carlos,
indicates that surface erosion is producing 17,800 to 21,300 cubic meters of sediment per year. For the
41-km section of road upstream of the Rio San Carlos confluence, we estimated 218,400 to 273,000
cubic meters of sediment eroded by mass wasting and gullying per year, roughly ten times the amount
estimated for surface road erosion. We estimate that 40% of all of this sediment is reaching the Rio San
Juan, implying an annual and ongoing sediment input of 87,000 to 109,000 cubic meters. Future erosion
and sediment delivery during a tropical storm or hurricane will likely be greater than the current
sediment transfer by a factor of at least ten.

2. METHODS
2.1 Characterization of Hydrologic Setting and Literature Review

We reviewed relevant available information on rainfall, runoff, and sediment loads to provide a context
for specific observations on the roads. We reviewed relevant scientific literature on the hydrological and
environmental impacts of road construction generally, and empirical studies of road impacts undertaken
in the humid tropics.

2.2 Analysis from aerial imagery

We reviewed numerous potential sources of satellite imagery. To provide a basis for measuring change
due to construction of Route 1856, we sought high quality imagery for current conditions and for
conditions immediately prior to construction of the road. We ultimately obtained (from a commercial
source, Spatial Solutions of Bend, Oregon USA) the following imagery of the river and road corridor
through the study area:

e Pleaides Satellite pan-sharpened multi-spectral imagery with 50cm resolution for September-
October 2012; and

e RapidEye Satellite multi-spectral imagery with Sm resolution acquired December 2009.
Given that the region is cloudy much of the time, we searched for suitably cloud-free imagery to provide

a clear view of the road corridor and river bank. In addition, we reviewed existing topographic maps
and other aerial imagery.
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Using this imagery, we used ArcMap GIS to digitize the entire length of Route 1856 from the
international border (13 km east-southeast