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“Impacts of alluvial mining in the Madre de Dios river basin: physical
effects and mitigation planning”
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Project Overview: .

Despite many efforts in the Madre de Dios Basin to estimate the impacts of alluvial gold mining with regard to mercury concentration, deforestation, and socioeconomic implications
(e.g., human trafiicking, tax evasion), very few investigations have been conducted to understand the effects of extensive alluvial mining operations on the rates of sediment supply
and morphodynamics of the rivers in southeastern Peru and on the spatiotemporal distribution of mercury concentrations. This is a time-sensitive project because mining activities
advancing rapidly, producing drastic physical alterations to river systems, and the Peruvian National Goverment lacks adequate impact assessment methodologies of alluvial
mining concessions, many of them already operating. Currently, basic analyses with satelite imagery feature these assessments, rather than analyses with mult-temporal and
historical data to elaborate predictive models to determine principal sources and sinks of mercury across the watershed and gold deposits that indicate potential areas to be targeted
for mining. The location and topography of he Madre de Dios headwaters, where allvial gold mining occurs, create a high potental for escalating ths environmental and pubic
health problem, putting large portions of the basin at risk. There is a critical need to provide both a baseline of river morphodynamics and linkages between aquatic ecosystems and
Ianscapes  Gevelop notory decieion ekevant IFaors for nvionoNa) Qualy bu k50 MeTods or ey nds 0 deleran envraamenta quakt i the e

This PEER-supported project willinvolve an integrated assessment of a coupled natural-human system in southeastern Peru where there is an urgent need to develop science-
based sustainable practices and conservation of natural resources. By combining state-of-the-art techniques in field measurement, remote sensing, and mathematical modeling of
fiverine processes, this project will explore the interactions between flow, sediment transport, and channel change in fivers in association with the distribution of mercury along the
food chai. The auicames wil provide usful nsightsfr land managers and decison malerson et morphodynamics and fnction crucial ap nthe nderstanding of s
currently a critical national priority for Peru. Local authorities and partners working in the region will be encouraged to share their knowledge about sediments in rivers in the area, as
el 25 gaps that can be uilec with s research. They vl lso be enCourageq 1o incorporate best pracices and ool ondts e management efforts and to
include river morphodynamics as a component of natural resource management Developing a more sustainable approach for the se and monitoring of the environment will
promote and support responsible economic activty in the Amazon region through viable economic akteratives to llegal exploitation of natural resources and the development of
altemative processes for extracting gold with the least possible negative impact on the surrounding ecosystems,
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Main objectives of River Mining

1. Estimate and analyze suspended and bedload sediment
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2. Assess the impact of the land cover change due to deforestation in

the hydrology of the watershed.

3. Assess potential environmental impacts from extractive industries
based on the spatiotemporal dynamics of rivers.

4. Develop methodologies and tools to measure, monitor, and predict
future environmentalimpacts and degradation.

5. Transfer of knowledge to decision makers and the establishment of
local capacities with the use of methodologies and tools to improve the

assessmentand monitoring of Amazon headwaters rivers.
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Madre de Dios : Biodiversity hotspot
Bahuaja Sonene National Park
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de Dios : Biodiversity hotspot




Madre de Dios region

The main causes of deforestation are agriculture, logging and alluvial mining. From 2002 to 2023, Madre de Dios
lost 278 kha of humid primary forest. Total area of humid primary forest in Madre de Dios decreased by 3.5% in this
time period.

Mining and deforestation have coexisted in Madre de Dios for more than 40 years.

Loss of Amazon Forest (ha) - Madre de Dios
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What are the hydrological impacts of deforestation
?

* The intense rainfall typical of the humid tropics and the deforested or bare soil results in an intensification of soil
erosion processes, which causes an increase in sediment transport to water bodies. The presence of excess
sediment in rivers causes siltation, overflow and flooding, as well as affecting aquatic life.

Land cover
change

3. Alluvial gold
mining

Source: Calloquispe Flores 1,130 hectares of crops affected by floods, El Comercio March 13,
2024.



Methodology

Study Area

e The study area covers 90 7350 km?2.

e The altitude of the study area varies from
170 to 6000 meters above sea level.

e The delimitation of this basin was made
taking the “Amaru Mayu” hydrometric
station as the oulet point.

Legend
C2 Study area (MDD basin)
S>> Amazon River basin
South America
~~ Rivers
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A Precipitation Station
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Methodology
SWAT Model - Soil and Water Assessment Tool (2012 version)

Water balance
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03. Methodology

» Digital Elevation Mode! (DEM)
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03. Methodology

Precipitation datasets
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03. Methodology

Temperature Dataset- CPC Global Unified Temperature data provided by the NOAA

CPC Global Tmax Anom Jul 5, 2022
1991-2010 LTM
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03. Methodology

Deforestation scenario

Replacement offorest to bare soil

The total area covers 8109 km? equivalent td2%

of the total study area.

This area includesthe highest density of

deforestation alerts issued by the Geobosques

project.

There were 3,171,743 deforestation alerts

reported in Madre de Dios between 1st of January

2021 and 1st of January 2022, covering a total of

38.2 kha.
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04. Results

Comparison of simulated and observed flow rates

(a)

Daily streamflow (m3/s)

(b)

Monthly streamflow (m?3/s)
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04. Results
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Hydrological Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec
Companent Percentage Change%
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Surface runoffincreased by 33% with the highest
peaks during the dry season (May to September)

Evapotranspirationdecreased notably during

February to May, with a reduction of 2% in average.

Lateral flowhas experienced a slight increase of 3%,

primarily during the period from July to December.
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04. Results

Average Annual Means at Subbasin Scale
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An average annual increase of 164%
in surface runoff was observed within
this area. Among these, the subbasin
of the Inambari River demonstrated a
notable increase of 187%.

The subbasins that encountered
alterations experienced adecrease of
7% in their annual average
evapotranspiration
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05. Conclusions

e SWAT proved to be a feasible tool to successfully simulate river flow in the Madre de Dios
basin, a "good" calibrated model was obtained at the daily level and "very good" at the
monthly level(NSE= 0.75, PBIAS = 5.8%, RSR= 0.6).

What are the hydrological impacts of deforestation ?

e In particular, surface runoff records the most significant increase , outperforming the other
components on both monthly and annual scales. This change can be attributed to the
increased availabilityof water in deforested areas, which leads to an increasein infiltrationand
surface runoff processes

e Evapotranspirationalso results in a decrease both in monthly averagesthroughout the basin
and in the deforested area This change can be attributed to the reduction of the forest
interception process
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05. Conclusions

The generated flows are being used for studies of sediment concentration change in rivers
and their geomorphological variability as well as the mobility of mercury concentration in
sediments.

In order to improve calibrationit is essentialto study soil properties and vegetation types with
advanced remote sensing methodologies.

5. Results LSU K
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06. Next steps...

e Waysin which this study can be enhanced
o Generatingsoil moisture dataset from remote sensing (SMAP...)
o Validating evapotranspirations datasets from space borne remote sensing
o Calibratingthe model with more than one variable

o Include additional analysissuch as deforestation predictions using remote sensing to better
understand the dynamics of land use change in the Madre de Dios watershed.
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