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Abstract

The order of magnitude of the global transport of materials through the rivers is still a
controversial topic. The Sao Francisco River (NE- Brazil) Midsize (L = 2863km, AB
= 640x 103km?2) is characterized by multiple uses, and a system of dams in cascade.
This article is a review of the particulate matter suspended load in the San Francisco
river, through synthesizing, grouping and comparing against other tropical rivers. The
annual flows of suspended particulate matter ranged from 0.2x106t.a-1 to 7.7x106t.a-1
for the hydrological years of 2001 and 2004, respectively. Despite the existing dams
system in the Sdo Francisco, there is considerable interannual variability in the
suspended particulate material flow. This variability is associated mainly with extreme
hydrological events of floods, when the inflows are higher than the storage capacity
of dams, generating large flows and large material loads. The Sdo Francisco River
presents a lower yield of the suspended particulate matter when compared to other
tropical rivers, which can be attributed to its hydrographic basin presenting semi-arid
regions. Besides, the retention due to the cascade of dams contributes to the reduced
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Introduction

The transfer of biogenic elements from terrestrial environments to
the oceans is a crucial link in global oceanic cycles.! The rivers are the
primary transport agents of materials for the coastal region. However,
the order of magnitude of this global transport is still a controversial
subject. The knowledge level of the contribution of medium and small
rivers to the global flow is scarce due to the lack of more consistent
local and regional monitoring studies.>* Current global estimates
result from models and extrapolations, such as Meybeck* & Smith
et al.’ emphasizing the need for local and regional studies to better
estimate nutrient fluxes and suspended particulate matter. The Sao
Francisco River, considered one of the medium sized rivers in the
world, represents the most significant drainage basin within Brazilian
territory and historically of great socioeconomic importance. Despite
the existence of information on the flow during its course since 1936
(www.ana.gov.br) studies on a load of suspended particulate matter
and nutrients, are relatively recent and fragmented. This paper makes
an interannual review on the suspended particulate matter load of
the Sdo Francisco river, synthesizing, grouping and comparing this
information with other tropical rivers.

Study area

The Sao Francisco River (extension of 2,863km and area of the
basin (640x10°m?) is divided into four physiographic sectors: Upper,
Middle, Sub-Middle and Lower Sdo Francisco (Figure 1). The humid
tropical climate of the KSppen Aw type predominates in the Upper
Sector; the Aw to BShw types occur in the Middle Sector; the semi-
arid type BShw in the Sub-Medium Sector, and the type AS, hot and
humid, in the Lower Sector. The total annual rainfall in Lower Sao
Francisco ranges from 1,250 to 1,500mm, the rainy season occurs

in the months of May-June-July, with an average yearly temperature
of 24°C.° According to Ponte’ sedimentary geology was recognized
by three geomorphological provinces composed of formations of the
Cretaceous (mountain ranges), Tertiary (Barreiras Formation) and
Quaternary (alluvial and dune) formations. The Corrugated relief
zone is related to the pre-Cambrian rocks of the Baixo Sao Francisco
and Sergipe groups, where the lithological differences are responsible
for variations in the terrain morphology. Tertiary trays of the Barreiras
Formation originate a flat and poorly dissected surface that integrates
most of the sediments of the Sub-Medium and Lower Sdo Francisco.
The Quaternary Plain consists of deposits of marine, lake and wind
origin, which are concentrated in the region of the estuarine delta. The
predominant vegetation is the caatinga (scrubland), where the total
area of dense, open and degraded caatinga corresponds to 24.6% in
total, the remnants of Atlantica forest (www.ana.gov.br) occur in the
basin and coast of the Low San Francisco. In the case of hydroelectric
power plants, the main hydroelectric dam is the main anthropogenic
impacts of the Sao Francisco river basin were studied by: Knoppers et
al.® & Medeiros et al.”"?

Discussion

The differential regime of the contribution of the four (4)
physiographic sectors of the Sdo Francisco river basin (High, Medium,
Sub-Medium and Low) for the total flow is estimated at 42.2%, 51.4%,
5.7% and 0.7%, respectively.”® In this way, around 94% of the total
flow of the Sdo Francisco river is generated in the upper and middle
Sédo Francisco sectors. However, rainfall occurring in Sub-Middle and
Lower Sao Francisco is vital for water quality, particulate matter flow
and nutrients for the estuary and coastal region.!*!>!* This importance
is due to occur below most of the dam cascade system, generating flows
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that suffer a lower retention of materials. Several climatic phenomena,
including El Nifio and La Nifa, interact at various spatial scales in
the drainage basin.’® In this way, precipitation anomalies occur in
the Sao Francisco river basin, with periods with lower precipitations
and higher than normal climatic conditions. The three annual cycles
(2001, 2004 and 2007) exemplify these distinct conditions in the
precipitation regime. The year 2001 was characterized by rainfall
below normal climatological in all the physiographic sectors of the
basin, with critical levels of hydroelectric plant reservoirs. Otherwise,
the annual cycles of 2004 and 2007 were characterized by high
precipitation, notably in January and February,' causing for the first
time, the opening of the spillway gates of the Xingd Hydroelectric
Power Plant. Similar to what happened with the precipitations, the
flows also presented variations in different hydrological events.
According to Medeiros et al.!' average monthly flows of the Séo
Francisco River measured at the Xing6é Hydroelectric Power Plant,
indicate that the average monthly flows of 2001 (excluding January
and March) were lower than those occurred in 2004 and 2007. In In
terms of average annual flows, the 2001 hydrological year (average
of 1496m?/s+373m?/s) was lower than in 2004 (average of 1,970m?
/ s+516m’/s) and this in turn was also lower than 2007 (average
of 2,808m?/s+1,177m%/s). The flow data for the mouth of the Sdo
Francisco River, measured at the Xingd Hydroelectric Power Plant
represent the optimization of the operation of the cascade reservoirs
for the accumulation of water and electricity production according to
the needs of the National Electric System.!' Table 1 summarizes the
material load of suspended material in the Sdo Francisco River over
7 years of hydrological conditions, comparing the Yield and Yield of
the S@o Francisco river with other tropical rivers. The annual flows
of suspended particulate matter ranged from 0.2 x 10° ton.y"! for the
2001 hydrological year'' to 7.7x10° ton.y! in the 2004 hydrological
year.!! The annual flow of suspended particulate matter in 2004 was
higher than the historical value found by Milliman'® measured in the
period before the construction of the waterfall cascade on the Sdo
Francisco River. In 2004, the months of January and February were
characterized by peak flows and significant production of suspended
particulate matter. High precipitation generated this massive load
of suspended particulate matter in the Sub-Medium and Lower
Sdo Francisco sectors, from Sobradinho downstream to the Xingd
dam, promoting efficient washing, production, and transport of
material at the mouth."! These high outflows exceeded the capacity
of retention of the reservoirs, forcing the opening of the floodgates
of the Xingd Hydroelectric Plant. In February alone, the flow of
suspended particulate matter was 6.1x10° ton.y™!, with a water flow
of 10km*Month™!, compared to the total annual flow of suspended
particulate matter 7.7x10° ton.y™! (Table 1). It is interesting to compare
the annual flow of suspended particulate matter from the year 2007
of 1.1x 106 ton.y-1, which was much lower than in 2004, although
the year 2004 showed a higher annual flow of water (95km?, 16km?
only in February) compared to the annual flow of water in 2004
(66km°, 10km® only in February). According to Medeiros et al.!! the
geographic location of precipitation is more important in the flow of
suspended particulate matter than the magnitude of the precipitation,
as well as the flows generated by these precipitations. Precipitations
located in the lower portions of the basin, such as those occurring
in 2004, are more efficient in the production of materials than those
with higher precipitations than located in the upper portions. The
results of high flows of suspended particulate matter, occurred in
2004, corroborate the potential of production and export of materials
produced in these sectors. On the other hand, the limitation in this

Copyright:
©2018 Medeiros etal. 191

production and the decrease of the load to the coast happens when
events of high precipitation occur in the upper portion of the basin
since the concentrations of suspended matter are attenuated by the
retention and sedimentation along the dam system.!! Analyzing data
from Santos!” for the hydrological year 1983-1984 flow peaks are
observed in the first quarter of the year, similar to those found by
Medeiros et al.!! along with high flows of suspended particulate matter
during this period, resulting in an annual flow of 2.1 x 10°ton.y™.
The lowest annual flows of suspended particulate matter, 0.23x10°
ton.y!.> and 0.2 x 106 ton.y.!! were calculated for the year 2001 and
the hydrological year 2000-20001. These values of annual flows of
suspended particulate matter and water (Table 1) are quite similar.
The limitation in this production and the decrease of the load to the
coast happen during periods of low precipitation and flow, generating
low production of particulate material in suspension. To maximize the
production of hydroelectric energy, the extreme flow management in
this period also influenced the flows of suspended particulate matter.’
Due to the variability between the inter-annual flows occurring in the
Sdo Francisco River, the yields (Y) presented in Table 1, vary from
0.3ton./km? al to 12.1ton./km? Even the highest values of yields
found in the Sao Francisco river are much lower than in other tropical
rivers. In these low-income areas, the fact that the river basin presents
large areas of semi-arid climate and also the retention of materials by
the cascade dam system''® influenced these low yields.!”*

Figure | The S3o Francisco River hydrographic basin.
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Table | Drainage area, water discharge (Q), sediment discharge (Qs) and yield
(Y) for tropical and subtropical rivers affected by erosion and dam impacts.
In parentheses, monthly values of water intake (km3 / month) suspended
particulate matter (ton./ month) and their yield in the year (ton./ km2.a-1)

. Area (x10° .y Q.(I0¢ -
River km?) Q (km? a-') ton.year') Y(tlkm?a')
Sao Francisco
197516 97 6,0 9,4
Sao Francisco 103 2,1 3,3
1983-1984'7
Sao Francisco 71 0,4 0,7
1999-2000% 640
S3o Francisco 50 0,23 0,36
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Table Continued

. Area (x10° 5.y Q.(10¢ .
River km?) Q (km? a-') ton.year') Y(t/km? a')
2000-2001°
Sao Francisco 2001 47 0,2 0,3
Sdo Francisco 2004 66 7,7 12,1
(Fevereiro) -10 6,1) (9,5)
Sio Francisco 2007 95 1,1 1,7
(Fevereiro) -16 0,4) 0,7)
Paraiba do
Sull® 55 28 0,6 11
Rio Doce®?® 90 20 9,9 110
Magdalena?

(Colombia) 257 228 144 560
Chao

Phraya 160 28 6 37,5
(Tailandia)

Fly** (Nova

Guiné) 75 120 6l
Pearl?®

(China) 450 220 40 89
Conclusion

In spite of the existing cascade dam system in the Sdo Francisco
River, and the manner in which flows are managed, to maximize the
production of hydroelectric energy, there is great interannual variability
in the flow of particulate matter in. This variability is associated with
extreme hydrological events of floods, when the tributaries are larger
than the storage capacity of the dams, generating large defluent flows
and material flows. Hydrological events of drought, generate opposite
effect, low defluent flows of the Hydroelectric Plant of Xing6 and low
flow of particulate material in suspension. Precipitations occurring in
the lower portions of the basin result in higher streams of suspended
particulate matter and dissolved inorganic nutrients, due to the lower
retention by the cascade dam system. When compared to other tropical
rivers, the Sdo Francisco River presents a lower yield of suspended
particulate matter. This is due to large regions of semi-arid climate
in the river basin and also by the retention of the dam system. Under
normal conditions of precipitation and flow, the flow of suspended
material is controlled by the management of the flows through the
cascade dam system.
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