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Abstract

Inappropriate management of produced mine wastes, from mining activities, has created serious
transformation of wetlands in many countries of the world including Rwanda. In this study,
Geographic Information Systems (GIS) and Remote Sensing (RS) technologies were used to detect
and evaluate Where, When, What, Why, and How much of an impact results from the mining
activities on wetland. Unsustainable mining, with HAVILLA mining company, has led to the
encroachment of diverse wetland vegetation, in Mwogo wetland, which increased gradually during
development and post development stages of mining activities due to the pressure for agricultural
land expansion and shift. Mwogo wetland also experienced the increase of much siltation in
Mwogo River that has led to the River bifurcation, dewatering and water diversion. Gashyenzi
playground, Rurangazi market ground and cows ’stables ground were converted into plots of
farmland due to the severe floods driven by degradation of Mwogo river channel. Rurangazi main
bridge was collapsed because of Stagnation of water blocked nearby. Water for irrigation and other
uses has become scarce in that area because of water pollution. Since 2013, MAWARID mining
company has employed the security keepers to protect Nyamagana mining site from intruders who
mine illegally and damage wetland, in turn. In 2016, the radical terraces were made around the
boundary of the wetland to minimize the additional sedimentation and flooding in the wetland.
The major reasons for these damages were identified to be inability of the mining company to
monitor and enforce compliance with environmental regulations, and the lack of institutional frame
work for wetland protection and management. Short term, medium term and long term actions, for

wetland rehabilitation, were proposed as solutions and forwarded as recommendations.

Key words: Mining, wetland, Geographic Information Systems (GIS) and remote sensing (RS).

http://eajournal.unilak.ac.rw/EAJST (online Version) ISSN: 2227-1902 Email: eajst_editor@unilak.ac.rw /eajscience@gmail.com
44


http://eajournal.unilak.ac.rw/EAJST
mailto:eajst_editor@unilak.ac.rw
mailto:/eajscience@gmail.com

East African Journal of Science and Technology, Vol.10 Issue 3, 2020 Ephrem and Christophe (P.44— 59)

1. Introduction

Mining is the process of extracting a naturally
occurring material from the earth to derive a
profit (Nsabimana, 2018). It is also defined as
the process or business of working mines
(Perks, 2016). Mining has five stages which
are the prospecting, exploration,
development, exploitation, and reclamation

(MINIRENA, 2010).

However, the mining industry has potential
contribution to the economic development; it
has also the environmental issues including
transformation of wetland resources at the
same time (Sjoblom, 2003. Mining activities
generate effluent containing a number of
pollutants, which adversely alter the quantity
and quality of wetland resources that often

cause significant pollution (Jucan, 2016).

Wetlands are valuable to humans due to their
notable ecosystem functions and services,
such as protecting biodiversity, adjusting
hydrology and climate, and providing
important habitats, products, and tourism
resources (Jacob & Otte, 2003). Intensive
human activities and climate change
worldwide, however, have led to extensive
wetland loss. Such losses also have caused
pronounced ecological consequences
including floods, biodiversity loss, coastal

damage, water quality degradation, and

carbon sequestration decline. Therefore,
human efforts should respond to these
wetland losses and associated negative

consequences (Sjoblom, 2003).

The global extent of wetlands is now
estimated to have declined between 64-71%
in the 20th century, and wetland losses and
degradation continue worldwide. Because of
wetland losses and degradation, people are
deprived of the ecosystem services that
wetlands provide. Adverse changes to
wetlands, including coral reefs, are estimated
to result in more than US$ 20 trillion in losses

of ecosystem services annually (Ramsar,

2000).

North Met project, for copper-Nickel in
Canada in 2013, destroyed 912.5 acres of
wetlands around the mine site, hence water
pollution associated with sulphide mining,
damages from land cover changes, and loss
of habitat for animals and vegetation (Niu et

al., 2013).

Due to mining operations, studies in several
major catchments in South Africa reveal that
between 35% and 60% of wetlands have been
lost or severely degraded. This would affect
the production and delivery of services
derived from healthy wetland ecosystems and

can exacerbate water quality and water
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security hazards with social stability and

economic implications (Runciman, 2013).

In 2008, the Rwanda Environmental
Management Authority conducted a national
inventory and mapping of all wetlands, lakes,
and rivers. The delineation and classification
accuracy of the inventory, however, were
quickly questioned as numerous
inconsistencies were identified during the
national wide land registration process that
started 2 years later. These inconsistencies
point to the fact that wetland bodies are

changeable over time (REMA, 2011).

2. Materials and Methods

Study area description.

Nyamagana Mining site located in Nyanza
district, with three mines, is the Mining
concession near the township of Nyanza in
Southern Province, Rwanda. It covers an area
of approximately 40 ha, and it is highly
Nobium

Tantalum/

This

prospective  for

Mineralisation  referred. Mining

concession is owned by both, Mawarid
Mining Rwanda Limited acquired 85% share
in the Havilla mines and Havilla itself.
HAVILLA mining company had Nyamagana
Mining Site before (2002 to 2012) then
MAWARID mining Company took that site
(2013 to now-June2020) for sustainable
mining although the active mining has not
started yet. The company has completed
ground magnetic and gravity surveys to better
define the extent on the pegmatite, this was
then followed up with geological mapping,
and

trenching sampling

(www.mawaridmining.com).

Nyamagana Mining site is connected to the
Mwogo wetland, in Rurangazi cell, with
streams Nyanza and Gasayo that are
tributaries of Mwogo River. Mwogo wetland
covers an area of 128 hectares, and is also
located in 700 meters from Nyamagana

mining site.
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Figure 1: Geographical location of the case study.

Land use/cover types in the wetland.

Tablel: Land use/ cover categories in Mwogo wetland

Land use/cover type

Description

Built-up land

Built-up consists of settlement, Rurangazi
market, Rurangazi playground, Gashyenzi

playground, and cows ‘stables for livestock.

Farming land

Areas of land prepared for growing crops. This
category includes areas currently under crops
and land under preparation. In details, this
includes agricultural land, banana cultivation,

sugar cultivation, and rice cultivation.

vegetation Areas covered by Forest, papyrus, grasslands,
shrubs, thickets and all naturally existing
wetland plants.

Water bodies Water bodies include Mwogo River, as

natural channel, with its distributaries and

streams Gasayo and Nyanza.
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Source: Researcher (2020).

Approach for processing, analysis and
interpretation of wetland transformation

To aid in generating indicators for impact
analysis and understanding  wetland
transformation, satellite images, with high-
resolution, from Google Earth pro have been
used in this study to provide a critical data
source for analysis of wetland use and cover
transformation during different periods,
including 2000, 2011, and 2020 (June). All
images were geo-referenced and rectified to
the Rwanda National Coordinate System-
Universal Traverse Mercator (UTM)
projection and Arc 1960 datum using ArcGIS
10.6 software. Geographic Information
Systems (GIS), with ArcGIS 10.6 software,

also provided an important approach to

achieve digitizing, mapping and overlay
analyses for Mwogo wetland visual
interpretation.

3. Results and Discussions

Wetland structure before, during and
after mining activities

To generate various indicators for Mwogo
wetland transformation, land cover data sets
in 2000, 2011 and 2020 (June) were obtained.
In this process, high-resolution images from
Google earth were used to detect the wetland
use and cover change. In terms of time, this
research was carried out to analyze the
impact of Mining on Mwogo wetland since
2002 up to June 2020 but the years of 2011
and 2020 were selected because they were
highly

considerable transformation in the wetland.

marked with the relatively

MWOGO WETLAND USE AND COVER MAP
N

-

The year of 2000 4

Legend

Mwogo river

Cows_stables

Settlement
- Papyrus

Playground_Gashyenzi

Agricultural land

_market_houses w0 10 o 380 Meters
- —

Forest

\.ve\@'- E

The year of 2011

MWOGO WETLAND USE/COVER MAP
-~ N

Legend
——— Mwogo river

Rurangazi playground

_ =7 Grassland

I rapyrus

I Settlement
- Bareland of market ground
[ | Banana cultivation /
I_I Agricultural land

0 160 a AP0 Metars

Figure 2: Mwogo wetland use and cover in 2000 and 2011.
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Figure 3: Mwogo wetland use and cover in alter the use and cover of the wetland.
June 2020. Available land reserved for crop cultivation
Damages from the impact of Mwogo has  become limited whereby the
wetland transformation. communities from the adjoining areas have
Wetland loss encroached upon by destroyed an enormous area of papyrus for
agricultural expansion and shifting. agricultural expansion and shift. The
Sediment-laden surface runoff typically rhizomes of papyrus were even harvested to
originated as a sheet flow from Nyamagana reduce the regeneration potential in Mwogo
mining site and collected in Gasayo and wetland. Papyrus covered 74.24 ha in 2000,
Nyanza streams as well as human-made 72.064ha in 2011 and 71.424 ha in (June)
conveyances led to the ultimate deposition of 2020 accounting for 58%, 56.3% and 55.8%
the sediment within wetland and have caused respectively.

the built-up of thick layers of mineral fines to
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Figure 4: Sediment deposition and papyrus
encroachment.

The total area of wetlands in Rwanda is
approximately 278,000 ha of which, in 2009,
53% was used for cultivation. This accounts
for 12% of the total cultivated land in the
country. Farmers living in the uplands make
use of the neighboring wetlands and
generally plant similar crops in both up-and
lowlands (REMA, 2011). Human
encroachment on papyrus wetlands, for
agricultural production, has been identified as
an influence on streams flowing into Lake
Victoria in Uganda. Sub catchments with
papyrus wetlands up on which humans had
encroached, had sediment yield values that
were about three times larger compared to
catchments with intact papyrus vegetation

(Kansiime et al., 2007).

Cause and consequences of Stagnation of
water due to blockage.

Due to much siltation accelerated by mining
activities, frequent alteration in Mwogo river
course and water levels has resulted into
frequent conflicts between the wetland
the wetland.

infrastructures  bordering

Besides  Gashyenzi  playground  and
Rurangazi market ground converted into
farmland due to the severe degradation as a
result of erosion and deposition of mine
wastes in the wetland, Rurangazi Bridge
connecting three neighboring sectors
(Nyagisozi, cyabakamyi and Rwabicuma
sectors) was collapsed due to the stagnation
of water blocked nearby. Water and siltation
collapsed it gradually by wearing away the

earth around and underneath the bridge piers.
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Nowadays, the vehicles are not allowed to

cross that degraded bridge.

SILTATIOMN AND STAGMNATIOMN OF WATER
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Figure 5: The collapse of Rurangazi Bridge 2m in depth. The material was soft, difficult
due to the Stagnation of water. to cross by foot and impassable for all vehicle
When the river passes under a bridge, the types (Queensland Reconstruction Authority,
high water levels smash the debris into the 2011-2012).
bridge. Floods dramatically increase the force River bifurcation, Water diversion and
and volume of water affecting the bridge, and dewatering.
the damage to sediments can cause a bridge During development stage of mining
to collapse immediately or even days or activities, farmers have relocated and
months later (Vanmaercke et al., 2014a). This dewatered a small natural section of Mwogo
is what happened to the Liftin Bridge, located River with a short section of created channel
on Robinsons Road. The water level has to favor agricultural practice in the reclaimed
dropped to just below the bridge deck level. plots of farmland.

The silt deposition extends for approximately

60 m each side of the bridge and was up to

http://eajournal.unilak.ac.rw/EAJST (online Version) ISSN: 2227-1902 Email: eajst_editor@unilak.ac.rw /eajscience@gmail.com
51


http://eajournal.unilak.ac.rw/EAJST
mailto:eajst_editor@unilak.ac.rw
mailto:/eajscience@gmail.com

East African Journal of Science and Technology, Vol.10 Issue 3, 2020 Ephrem and Christophe (P.44— 59)

MWOGO RIVER IN MWOGO WETLAND

The year of 2000

Mwogo_wetland ¢

510255 0 510 Meters
N N .

MWOGO RIVER IN THE WETLAND

LEQ%ndt d channel

— Dewatered channe

Legend Legend :

g —gDewatered channe Mwogo river
Mwogo river —— Mwoga river | Mwogo_wetland

Mwogo_welland

510255 0
N .

MWOGO RIVER IN THE WETLAND

June 2020

510 Meters 380 190 0 380 Meters

Figure 6: River bifurcation and water
diversion in the Mwogo wetland.

River bifurcation occurs when a river flowing
in a single stream separates into two or more
separate streams (called distributaries) which
continue downstream. River bifurcation may
be temporary or semi-permanent, depending
on the strength of the material which
separates the distributaries. The Hase River
in Melle, Germany divides into Hase River
and Else river and has researched as natural

phenomenon (Tomovic, 2006).

The term river diversion is commonly used to
describe several of water out of channel, such
as for irrigation or for inter-basin transfers.
For example, the Chinese recently completed
the South North water transfer, the world’s
largest water diversion. Fundamentally, a

relocated channel replaces a natural section

of a river with a short section of artificial
(man-made) channel (Zedler & kercher,

2005).

Heavy siltation, severe flooding and crop
failure.

As a result of excessive siltation within the
wetland and the river channel, crop failure is
a common occurrence during the rainy
seasons. The droughts following those rains
also cause crop failure. During active mining,
the majority of farmers shifted their
agricultural activities to upland fields where
they have regained the wetland, for crop
cultivation, after that Havilla mining
company stopped mining activities. The
cultivated plots of farmland in 2000 covered
43.52ha (34%), 33.664ha (26.3%) in 2011

and 51.84 ha (40.5%) in June 2020.
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Figure 7: Siltation, flooding and crop failure.

However, Floods are somehow vital part of
many ecosystems (including connectivity
between rivers and their plains, bringing
water and nutrient-rich sediment that produce
fertile soils, habitats for birds, spawning
grounds for fish and natural irrigation that
provides lush pastures for livestock), Large
floods can be very destructive and lead to
damage to property, agricultural land and
infrastructure and in the worst case, loss of
life (Zedler & kercher, 2005).

Significance of mitigation measures

Below are some achieved rehabilitation
efforts:

Protection of Nyamagana mining site from
intruders.

Since 2013, Mawarid mining company has
employed some local people and the reserve
forces known as “Inkeragutabara” to prevent
the intruders from mining illegally. Although
some individuals mine illegally during the

night, the water in the streams and the river

were relatively clear for irrigation and some
other uses. The local communities restarted
to enjoy provisioning, regulating, cultural
and supporting services from the wetland.

The people settling around Lubigi wetland
system are both the actors and spectators of
the associated environmental degradation
challenges; it thus needs the population of
this area to assume responsibilities in guiding
and controlling its development to safeguard
the environment with the help of responsible
government institutions like NEMA and No
Government Organizations (NGO’s) in this

same sector (Omagor & Barasa, 2018).

Mwogo wetland catchment restoration.

Mining activities have imposed great
transformation to wetland ecosystems. In
2016, a buffer of 100m, around the wetland
boundary, was leveled for radical terraces in
order to minimize the additional disturbances
through rapid surface runoff of rain water. As

a result, the run-off capacity was controlled
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and this has somehow facilitated the farmers

to reclaim the damaged plots of farmland, day

by day.

Figure 8: Radical terraces around the

boundary of Mwogo wetland.

Radical terraces have the potential of
improving of farmers ,livelihoods and
increasing the resilience of a degraded
environment including the wetlands. After
establishing a terrace, a riser is shaped and
grasses or shrubs/trees are planted soon after

(RNRA, 2017).

4. CONCLUSION
RECOMMENDATIONS

AND

Based on Geographic Information system
(GIS) and remote sensing (RS), the research
detected and evaluated the cause and
consequences of Mwogo wetland use and
cover transformation. Mining, at Nyamagana

site, is posing a very critical and significant

menace to the Mwogo wetland health and
nearby habitats, together with fauna and
flora, and also micro fauna in river basins and
for the water cycle. So, proper mitigation
approach should be developed to improve
and develop effective removal techniques.
With Mawarid Mining Rwanda Limited,
Industry is now doing its best to improve
working conditions, abate pollution, and
safeguard the environment by getting
community involvement and increasing the
level of awareness of the employees. The
impacts of mining and other problems related
with mine water management cannot be
easily addressed over the short term and may
have devastating consequences for more than
just ecosystems. The hypothesis of the
research was tested and then accepted
the wetland  was

whereby Mwogo
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transformed intentionally by non-eco-
friendly miners. Referring to some efforts
made to rehabilitate Mwogo wetland; this
wetland can’t stand as a testimony of
Rehabilitation efforts towards sustainable
management of natural resources. The
researcher proposed the strategies in order
that some endangered wetland ecosystems
provide relatively working conditions for
local communities’ livelihoods. This research
thereby  recommended  that  through
Environmental Impact Assessment should be
done before any site could be used for mining
activities and Illegal mining should be
stopped. Various administrative entities
should validate the rehabilitation plan with
occasional field visit aiming of assessing the
field practability of the plan at every stage.
Other strategies include the construction of
sediment traps technologies upstream to the
reservoir plus development of mechanism to
remove periodically the retained sediment,
relocation of all Mwogo river outlets to the
natural river channel, buffer zones by
planting grass, and trees around the wetland
as well as bamboos on the main Mwogo river,
and local community training and capacity
development toward eco-friendly
agribusiness in the Mwogo wetland.

Study limitation

The data yields were important as descriptive
information about the impact analysis of
mining activities on wetland transformation
in Rwanda, the case study of Nyamagana
mining site in Nyanza district. Although there
is no reason to doubt the validity of the
findings, the researcher addressed to further
researchers to assess the impact of mining on
water quality in this study area to analyze its
damages.
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