
Lower Zambezi River: Assessment of 
environmental flow implications of 
dredging 

1.1  Background and introduction 

Riversdale Mining Limitada (RML) commissioned ERM to undertake an Environmental and Social 

Impact Study (ESIA) to investigate the feasibility of transporting coal along the lower Zambezi River 

in Mozambique from Benga in Tete province to Chinde in Zambezi province.  The barging plan 

required dredging of the riverbed.   

 

As part of the ESIA, Southern Waters was commissioned to investigate the implications of the 

increased channel capacity that would result dredging on the flow dependent habitats in the lower 

Zambezi River.   

 

 

Map showing study area and main components of the Zambezi River Coal Barging Project. 

 

 



1.2 Methodology 

The assessment was done using a combination of hydraulic modelling, mapping and the DRIFT 

EFlows methodology. 

 

1.2.1 Scenarios evaluated 

The dimensions of the dredge channel that was evaluated were: 

Orientation:   Centre line following thalweg. 

Target depths: 3.5 and 5.5 m 

Width: 60 to 110 m, with one 1.5 km segment between 21.87 and 23.37 km requiring 

a 220 m wide channel 

Three scenarios were evaluated: 

1. Dredge channel (as described in Section Error! Reference source not found.), with no spoil 

deposition. 

2. Dredge channel (as described in Section Error! Reference source not found.), with spoil 

deposition alongside the dredged channel. 

3. Dredge channel (as described in Section Error! Reference source not found.), with spoil 

deposition in the lees of islands and mid-channel bars. 

 

Scenario 1 (no spoil deposition) was a hypothetical scenario, which was evaluated because it 

provides the most conservative estimates of changes in effective discharge, as deposition of the 

spoil in the channel would offset these changes, particularly at higher discharges. 

 

The expected changes as a result of the three scenarios were evaluated relative to present day, viz. 

PD conditions, i.e., no change in channel geometry as a result of dredging. Each included some 

consideration of maintenance dredging as follows: 

 the geometry of the proposed dredge channel would be maintained for the period of 

assessment (10 years); 

 deposition of the spoil resulting from maintenance dredging would be deposited in the same 

areas, and relative proportions as that for capital dredging, but would be 25% of the volume of 

capital dredging. 

 

1.2.2 Study area and study reaches 

The study area for the EFlows Assessment was defined as the riverine environment (river channel 

and immediately adjacent floodplain) from Tete to Chinde.  Within this, three study reaches were 

selected: 

Study Reach 1: Tambara (421.5 – 395.0 km from Chinde, along the centerline of the dredge 

channel1) – c. 26-km long reach;  

Study Reach 2: Chirumba (360.5 – 330.10 km from Chinde) – 30-km long reach; 

                                                           
1 Centreline at Chinde was at ~ +10 km. 



Study Reach 3: Marromeu (157.30 - 108 km from Chinde, plus the Marromeu Wetlands) – 

50-km long reach. 

 

1.2.3 Ecoclassification 

The ‘present-day’ (2010) condition of the habitat in all three study reaches was a C-category, which 

meant that the system was moderately modified from the Reference Condition. A loss and change of 

natural habitat and biota had occurred, but the basic ecosystem functions were still predominantly 

unchanged. 

 

1.2.4 Ecohydraulics assessment 

The scope of work included an assessment of the impacts of the proposed dredging on the hydraulic 

behaviour and associated active channel and overbank flooding.  The tasks involved were the 

collation and assessment of existing data, a field trip to selected reaches along the river, hydraulic 

modelling of the entire extent of river impacted by proposed dredging, and reporting. 

 

Historical gauge plate readings were compiled for the six stations along the lower Zambezi River (viz. 

Tete, Tambara, Chembe, Mutara, Caia and Marromeu), for essentially the past decade (viz. 

01/10/2000 to 25/08/2010).  The reason for this timeframe is that the operation of Cahora Bassa 

Dam has changed somewhat since approximately the 2001 floods, with a general increase in low 

flows, and more complete records exist for the downstream gauges.  Surveyed offsets allowed local 

measurements (generally taken 3 times a day) to be converted to daily averages AMSL (EGM96 

orthometric datum).  Gaps in the stage time series were patched using non-linear correlations with 

remote stations along the river. 

 

Discharges were measured (using a Sontek M16 Acoustic Doppler Profiler) near gauge stations 

during three field trips between March and August 2010, and the readings obtained were: 2006 to 

4840 m3/s (Tete) and 2300 to 4200 m3/s (Caia).  It was envisaged that the rating data collected in this 

study would be used to develop rating functions for converting stage to discharge time series.  

However, the rating data procured were few and not suitably spaced over a range of flows.  Ratings 

for the gauges along the lower Zambezi River are also susceptible to change in this mobile sand bed 

system.  A method was therefore developed for generating ratings by correlating discharges from an 

upstream gauge with stages measurement from a downstream gauge, accounting for the lag time 

and therefore implicitly for flows from intervening tributaries.  These rating curves were applied to 

the measured daily stage data (patched for Mutarara and Caia), to produce discharge time series, 

which were subsequently used to estimate flows from the major intervening tributaries (i.e. 

Revubue, Luenha and Shire Rivers). 

 

Underwater Surveys performed the original river surveys in 2088/2009, required for the technical 

feasibility study, and produced, for the navigational channel downstream of Tete, a DEM of the bed 

topography at 5 x 5 m resolution.  Subsequent bathometric surveys by IXSurvey (in July 2010) also 



concentrated on the navigational channel, and many active channel distributaries were therefore 

excluded. 

 

Thus, no survey data were available for the topography of the banks, bars, islands or floodplains, all 

of which were needed for this study.  The initial study plan was therefore to survey three to five full 

cross-sections per study reach, with at least two (left or right) cross-sections including at least 1-km 

of floodplain.  Additionally, typical bank heights (above the water level) were to be measured along 

the length of the river using a handheld Leica distometer.  These data would then have been used to 

'patch' cross-sections derived from the original bathymetric survey for use in one-dimensional 

hydraulic modelling. 

 

From the outset, this approach was recognized as being inadequate to satisfactorily characterise the 

topography of the lower Zambezi River that was not covered by the original (2008/2009) 

bathymetric survey, but resource and time constraints dictated that this was possibly the best 

approach available.  However, initial successes in digitizing water level information off Landsat 

images of the study area, and a growing appreciation of the scale of the study area, led to a 

complete revision of this approach. 

 

A Digital Elevation Model (DEM) was ultimately constructed for the lower Zambezi River and 

floodplain system from bathymetric data (2008/2009: 5 x 5 m resolution, and 2010: 30 x 30 m 

resolution) of the Zambezi River bed; Landsat-derived (2001-2008) 30 x 30 m resolution water edge 

positions with elevations determined from adjustments to the water surface profile from the 

2008/2009 bathymetric data; and Shuttle Radar Topography Mission (SRTM) (2000) 90 x 90 m cell 

data.  The DEM consists of 2808366 data points, constructed sequentially starting from the 

bathymetric data sources with the highest accuracy and resolution.  The accuracy of the DEM is 

subject to the temporal and spatial limitations of the available data.  It characterises the typical 

topographical form of the lower Zambezi River and floodplain system over the last decade, and is 

not intended as a highly accurate model of the system (in its entirety) for a specific point in time. 

 

A total of 793 georeferenced cross-sections were cut from the DEM (including the Zambezi Branch), 

for use in the one-dimensional hydraulic modelling of PD conditions.  Cross-sections were positioned 

where practically possible, given the complex channel planform and length of study river, to 

characterise geomorphological features (i.e. through and at the extremities of alluvial bars, islands 

and at splits in distributary channels) and characterise changes in cross-sectional flow area. 

 

The position of the barging (and potential dredging) centre-line was provided by RML in the form of 

georeferenced line segments (straight or curved), of varying length.  For each segment, required 

barging depths (3.5 to 5.5 m) and widths (60 to 220 m) were supplied, with depths relative to the 

water surface elevation profile corresponding to a level of 2.8 m at the Tete gauge plate.  The PD 

cross-sections along the navigational path were modified to account for the effects of dredging on 

channel bed geometry. 

 



Based on this dredging plan and 765 cross-sections generated for the navigational channel 

downstream of Benga (using bed topography from the 2008/2009 bathymetric survey), this study 

estimated that c. 18.7 million m3 of sediment require dredging.  The reference water surface 

elevation profile used is from calibration of the hydraulic model for PD conditions, with a stage level 

of 123.90 m (2.80 m on the gauge plate) at Tete.  If the reference water surface elevation profile for 

the dredge plan is used, reference water levels fall by up to 0.17 m (in areas of high dredging), and 

the associated dredge volume increases to c. 19.5 million m3.  These values compare well with the 

estimate of 20.7 million m3 by RML. 

 

The one-dimensional computational model, HECRAS, was used for simulating flow behaviour for PD 

and post dredging, and hence to determine the relative (to PD) effects of the proposed dredging 

plan. One-dimensional hydraulic modelling was considered appropriate for the large spatial extent 

of the system being analysed, and for the level of detail (and accuracy) required for the ecological 

and broader environmental impact assessments.  The model was parameterised using 

measurement-based data, where possible (e.g. location and elevation of bank stations and levees 

were derived from Landsat water edge mapping and surveyed water surface profiles).  Model 

calibration was through flow resistances (as a function of discharge), specified for the reaches 

downstream of gauges, to obtain satisfactory correlations between time series (i.e. unsteady 

simulation) of measured and modelled stages. 

 

Three detailed study reaches were selected along the study system: near Tambara, Chipanga, and 

Marromeu (including the Marromeu Wetlands).  The calibrated model was subsequently applied to 

predict stage profiles along these study reaches using both the PD channel geometry and a modified 

geometry which incorporated the dredge channel.  Steady-state simulations were used, since the 

study reaches are reasonably short.  Changes in area of inundation were calculated from changes in 

stage (resulting from the proposed dredging) and inundation extents from the Landsat mapping. 

 

Changes in PD channel geometry, arising from the proposed dredging, will potentially result in 

changes to the discharges necessary for specific ecological functions.  This resulted in the definition 

of time series of 'effective discharge', which were used in the DRIFT analysis as surrogates for change 

in channel geometry (and associated hydraulic behaviour).   

 

Effective discharges are computed as follows: 

 For the PD-channel geometry, model reach-averaged water levels for a range of discharge 

values. 

 For a dredged-channel geometry, model reach-averaged water levels for the same discharge 

values.  These levels will be lower (less so for higher discharges) than those achieved with the 

PD-channel geometry, since dredging will increase the capacity of the lowflow channel. 

 Compare the dredged-channel water levels with those for the PD channel, and determine the 

reduction in water level as a function of discharge. 

 Use this relationship to calculate the time series of effective discharge, which are the flows that 

results in water levels in the PD channel that are equivalent to those reached due to the dredged 

channel. 



 

Therefore, for a dredged channel geometry (i.e. considering only the removal of sediments), 

effective discharges are lower than PD flows. 

 

The sensitivity of the cross-section characterisation of the DEM was assessed for the Marromeu 

Study Reach by removing each alternate cross-section in the hydraulic model. Although the results 

displayed appreciable differences in stage for individual cross-sections, as expected, the errors in 

relative differences (i.e. for the dredging plan relative to PD) were less, substantially so (±0.03m) for 

reach-averaged changes used to calculated effective discharges .  In the context of the EF 

assessment, the accuracy and level of detail is better than anticipated, and exceeds the resolution 

possible in DRIFT. 

 

Concerning potential refinement of the hydraulic model, the absolute accuracy of the modelling may 

be improved with refinement of the rating relationships derived for the gauges at Tete, Mutarara 

and Caia; the inclusion of additional cross-sections; and modifications to the channel geometry set-

up for the cross-sections.  This may benefit potential further applications.    

 

Summarised results of the hydraulic assessment are provided in Environmental Flow Assessment 

Volume 1: Main Report, and were used to inform the geomorphological and vegetation assessments. 

 

1.2.5 Geomorphological assessment 

The main objective of the geomorphological study was to predict what physical habitat and 

geomorphological process impacts would be associated with the proposed dredging and barging 

activities in the Zambezi River. 

 

Six indicators were chosen for the application of DRIFT in order to assess the proposed impacts on 

geomorphology, namely:  area of mobile sandbars; area of stable (vegetated) islands, active channel 

width, length of lowflow distributaries, length of annually (flood) activated distributary channels; 

and area of large floodplain lakes. 

 

The lower Zambezi is already impacted by the flow regulation, including Kariba Dam (closed in 1959) 

and Cahora Bassa Dam (closed in 1974).  Dry season flows are higher than natural and flood size is 

lower, with well-documented consequences for the downstream channel, floodplains, delta and 

estuary.  Although no changes to flow volumes are proposed with the dredging operations, changes 

to channel morphometry will, through altered channel capacity, translate to altered flow and flood 

stages.  At low (around 1800m3/s) flows these impacts will cause a very small reduction in water 

stage (6-8cm lower than present day) with a similarly small (1-2%) decrease in water surface area.   

 

The barging channel will utilise between 5 and 10% of the surface area of the active channel at these 

flows.  At flood flows (>4000 m3/s) there will be no discernable impact on the stage or water surface 

area, and no impact upon the flooding regime of the floodplain or delta is expected. 

 



In addition, the deposition of spoil within the active channel will alter the inchannel habitats. Two 

options of inchannel dredge spoil deposition were evaluated –deposition alongside the dredge 

channel, and deposition in the lee of existing bars and islands.  Lee deposition option is preferred 

because: 

 a smaller area of the in-channel habitat is affected and fewer organisms impacted upon; 

 the area affected by deposited sediments is reduced.  

 some of the sand bars will be recreated;  

 the risk of inadvertently disconnecting low flow secondary channels and backwaters from the 

mainstem river is reduced; and 

 leading edges and vegetated (i.e. stable) lateral edges of bars and islands will be less affected.  

 

Whilst the dredging is in operation, and when barge trains are passing, increases in suspended 

sediments at the local (site) scale may occur, but these impacts are likely to be very small since the 

proportion of fines in the bed sediments are extremely low. Additionally, any increase in suspended 

loads will tend towards a more natural condition in the river.  The development of a deeper, 

continuous channel along the entire length of the lower Zambezi River will cause an increase in the 

potential of the river to transport sediment. This impact is however likely to be minor, and would be 

masked by impacts related to flow regulation.  

 

There are several key assumptions relating to the above findings, namely: 

 HYDROLOGY: it has been indicated that no changes to the present day (2001 to 2009) operation 

of Cahora Bassa will be sought by the dredging and barging operations. The relatively small 

impacts identified associated with the current design of this project are, in large part, due to this 

assumption. If a more stable flow regime is implemented to enable more effective barging 

operations, then the impacts upon the environment will be greater.  

 CHANNEL STRAIGHTENING: The assessments in this study have assumed that there will be no 

channel straightening undertaken in the dredging operations. As currently indicated, the barge 

path by and large follows the thalweg of the river. Channel straightening will result in larger 

changes to the reach hydraulics than indicated in this assessment, and in far more severe 

environmental impacts. 

 HARD ENGINEERING OF CHANNEL: No hard engineering structures, bank stabilisation activities 

or levee creation has been considered in this assessment. These actions, as with channel 

straightening, will cause larger changes to the reach hydraulics than have been indicated in this 

assessment and would result in far more severe environmental impacts. Floodplain levees in 

particular would have severe negative environmental impacts in this system.  

 MAINTENANCE DREDGING: The suggested 25% of the volume of the capital dredging has been 

used as an estimate of the maintenance dredging requirements (i.e. approximately 5Mm3).  If 

the actual maintenance dredging requirements far exceed this, then the impacts on habitat 

availability and assumptions regarding changes to channel geometry and risks of deactivation of 

distributaries may not be valid.  It is possible that, in places, the dredged channel could fill in 



within weeks rather than months or years, which suggests that maintenance dredging estimates2 

may be low given the dynamics of the system. 

 

To minimise ecological impacts, the following were recommended: 

 Deposition of the dredge spoils in the lee of existing bars and islands. 

 No deposition alongside the main (outer) channel edge. 

 Maintain present day sinuosity of the thalweg.  

 No hard engineering structures (such as groynes) or bank stabilisation interventions. 

 

1.2.6 Vegetation assessment 

The main objective of the vegetation study was to identify the relationship between instream and 

riparian vegetation and flow, and to predict what impacts, if any, will occur as a result of the 

proposed changes to channel capacity as a result of dredging – and hence to effective discharges in 

the Zambezi River.   

 

The vegetation of the Lower Zambezi River and its floodplain were divided into three components; 

species associated with the river channel, those of the riverine floodplain and those of the delta.  

The Zambezi basin supports a diverse flora that ranges from aquatic plants in lakes or wetlands on 

the floodplains, marginal vegetation on mid-channel and lateral bars of the rivers, riparian woodland 

(forest) on the river channel edges and on the floodplain, seasonally inundated grasslands 

interspersed with bush/woodland on the floodplains, and coastal habitats associated with the delta.  

Aquatic and marginal vegetation was generally ubiquitous while riparian and floodplain vegetation 

differed somewhat between the delta and the river channel habitats upstream. 

 

Vegetation data was collected in transects along three cross-sections at each of the three Study 

Reaches using Google Earth imagery, while Beilfuss et al. (2001) provided the data for the Marromeu 

complex in the delta.  Study Reaches 1 and 2 had similar hydrologies, geomorphologies and 

associated riparian habitats and vegetation and were considered together.  Study Reach 3 

incorporated the Marromeu complex. 

 

1.3 Direct impacts on habitat 

Area of active channel affected by the dredge channel, and two spoil disposal options for Study Reaches 1, 2 
and 3. 

 Units REACH 1 REACH 2 REACH 3 

DISCHARGE MAPPED m3/s 1789 1950 1898 

AREA OF ACTIVE CHANNEL (pre dredge) ha 3050 3334 1839 

IMPACT OF DREDGE PATH:     

WIDTH OF DREDGE CHANNEL m 65 70 100 

AREA OF DREDGE CHANNEL ha 162.5 210 190 

                                                           
2 And possibly capital dredge estimates. 



 Units REACH 1 REACH 2 REACH 3 

% of active channel area affected % 5.4 6.4 10.5 

Volume of material to be dredged from reach Mm3 2.0 2.5 1.3 

Expected WL change at this discharge after dredging m -0.06 -0.08 -0.06 

EXPECTED NEW AREA OF ACTIVE CHANNEL (post dredge) ha 2999 3284 1816 

% reduction of in-channel habitat area due to lower water level % 1.7 1.5 1.3 

Total % area affected (area reduction + dredge path)  7.1 7.9 11.7 

IMPACT OF SPOIL DEPOSITION:     

SIDE DEPOSITION     

% of active channel area affected by spoils (excl. dredge path) % 17 17 17 

AVERAGE BED DEPTH CHANGE in spoils area (incl. WL change) m 0.45 0.52 0.47 

LEE BAR DEPOSITION     

% of active channel area affected by spoils (excl. dredge path) % 12 11 15 

AVERAGE BED DEPTH CHANGE in spoils area (incl. WL change) m 0.60 0.77 0.55 

 

 

1.3.1 Study Reach 1: Effects on individual indicators 

The differences in the hydraulic indicators for the PD situation and for Scenario 1: Dredge – no spoil 

deposition for Study Reach 1 are relatively small: 

 water level between 2 and 8 cm; 

 velocity between -0.01 and 0.02 m/s; 

 depth between 2 and 8 cm. 

 

Differences were greater for lower discharges, i.e., limited mainly to the active channel.  The 

corresponding changes in effective discharges/flow indicators were: 

 

Year 
MAR 

Dry Season Flood Season 

Onset week Duration Average Q Onset week Duration Peak Q 
Week of 
peak 

PD Dredge PD Dredge PD Dredge PD Dredge PD Dredge PD Dredge PD Dredge 

2001 126 992 -10 -10 180 180 2058 1974 11 11 220 220 9791.1 9660.8 22 22 

2002 56 869 -33 -33 411 411 1727 1647 17 17 21 21 5444.2 5339.6 19 19 

2003 51 103 -25 -25 299 299 1542 1456 27 27 3 3 3094.9 2996.7 27 27 

2004 66 807 -26 -26 257 257 1979 1893 23 23 23 23 3578.1 3475.3 24 24 

2005 62 229 -33 -33 325 325 1820 1737 10 10 52 52 4411.0 4307.1 19 19 

2006 77 031 -33 -33 213 213 2326 2236 16 16 15 15 5415.9 5311.4 24 24 

2007 90 276 -28 -28 163 163 2157 2068 -2 -2 179 178 8659.3 8544.1 20 20 

2008 94 967 -29 -29 265 265 2348 2257 -5 -5 187 187 8789.1 8672.1 18 18 

2009 77 958 -31 -31 225 225 2377 2286 8 8 70 70 4431.6 4327.7 18 18 

 

 

Mean changes in the habitat indicators for the proposed dredging and spoil deposition options 

relative to PD were: 

 



Indicator 
No spoil 

deposition 

Spoil disposed 
alongside dredged 

channel 

Spoil deposited in the 
lees of islands and in-

channel bars 

G
eo

m
o

rp
h

o
lo

gy
 

Area of mobile sandbars -6% -1% +2% 

Area of stable (vegetated) islands -0.2% -0.2% -0.2% 

Active channel width -3% -4% -6% 

Length of lowflow distributaries -3% -12% -5% 

Length of annually (flood) activated 
distributary channels 

-4% -4% -4% 

Area of large floodplain lakes -2% -2% -2% 

V
eg

et
at

io
n

 

Channel outer edge: riverbank -0.3% +4.2% +3.2% 

Channel bars: mid-channel and lateral -1% -1% -1% 

Floodplain: wetlands, swamps -2% -2% -2% 

Floodplain: inundation of cultivated areas -1.1% -1.1% -1.1% 

Floodplain: flood activated distributaries -5.2% -5.2% -5.2% 

Floodplain: grassland -5.2% -5.2% -5.2% 

Floodplain: woodland -1% -1% -1% 

 

 

Study Reach 1: The distribution of depth classes in present day, and the positions of the dredge path and 
spoil deposition under the side and lee scenarios. 

 

Present Day

Dredge path with lee spoil deposit

Dredge path with side spoil deposit

Dredge path

Area for side spoil deposition

Area for lee spoil deposition

Present Day

Dredge path with lee spoil depositDredge path with lee spoil deposit

Dredge path with side spoil depositDredge path with side spoil deposit

Dredge path

Area for side spoil deposition

Area for lee spoil deposition

Dredge path

Area for side spoil deposition

Area for lee spoil deposition



1.3.2 Study Reach 2: Effects on individual indicators 

The differences in the hydraulic indicators for the PD situation and for Scenario 1: Dredge – no spoil 

deposition for Study Reach 2 were relatively small: 

 water level between 3 and 14 cm; 

 velocity between 0.01 and 0.09 m/s; 

 depth between 3 and 14 cm. 

 

Differences were greater for lower discharges, i.e., limited mainly to the active channel.  The 

corresponding changes in effective discharges/flow indicators wre: 

 

Year 

MAR 

Dry Season Flood Season 

Onset week Duration Average Q Onset week Duration Peak Q 
Week of 

peak 

PD Dredge PD Dredge PD Dredge PD Dredge PD Dredge PD Dredge PD Dredge 

2001 127017 -10 -10 180 180 2062 1 952 11 11 220 220 9783 9 662 23 23 

2002 56854 -33 -33 411 410 1725 1 622 17 17 21 21 5368 5 248 19 19 

2003 51095 -25 -25 299 300 1546 1 433 27 27 2 2 3041 2 916 27 27 

2004 66766 -33 -33 257 313 2086 1 975 19 19 1 1 3541 3 420 24 24 

2005 62239 -33 -33 325 324 1818 1 714 11 11 52 52 4354 4 241 19 19 

2006 77027 -33 -33 213 213 2326 2 212 16 16 16 16 5340 5 219 24 24 

2007 90139 -28 -28 163 162 2155 2 039 -2 -2 179 179 8559 8 445 20 20 

2008 95012 -29 -29 265 264 2348 2 228 -5 -5 188 188 8678 8 565 18 18 

2009 78039 -31 -31 225 224 2375 2 256 8 8 70 70 4425 4 311 18 18 

 

 

Mean changes in the habitat indicators for the proposed dredging and spoil deposition options 

relative to PD were: 

 

Indicator 
No spoil 

deposition 

Spoil disposed 
alongside dredged 

channel 

Spoil deposited in the 
lees of islands and in-

channel bars 

G
eo

m
o

rp
h

o
lo

gy
 Area of mobile sandbars 0% +1% +2% 

Area of stable (vegetated) islands 0% 0% 0% 

Active channel width -4% +3% +1% 

Length of lowflow distributaries -4% -13% -6% 

Length of annually (flood) activated distributary channels -3% -3% -3% 

Area of large floodplain lakes -5% -5% -5% 

V
eg

et
at

io
n

 

Channel outer edge: riverbank -0.4% +3.3% +3.9% 

Channel bars: mid-channel and lateral -0.7% -0.7% -0.7% 

Floodplain: wetlands, swamps -3.5% -3.5% -3.5% 

Floodplain: inundation of cultivated areas -1.0% -1.0% -1.0% 

Floodplain: flood activated distributaries -6.4% -6.4% -6.4% 

Floodplain: grassland -6.4% -6.4% -6.4% 

Floodplain: woodland +0.9% +0.9% +0.9% 

 



1.3.3 Study Reach 3: Effects on individual indicators 

The differences in the hydraulic indicators for the PD situation and for Scenario 1: Dredge – no spoil 

deposition for Study Reach 3 were relatively small: 

 water level between 1 and 27 cm; 

 velocity between -0.01 and 0.17 m/s; 

 depth between 1 and 27 cm. 

 

Differences are greater for lower discharges, i.e., limited mainly to the active channel.  The 

corresponding changes in effective discharges/flow indicators were: 

 

Year MAR 

Dry season Flood season 

Onset week Duration Average Q Onset week Duration Peak Q Week of peak 

PD Dredge PD Dredge PD Dredge PD Dredge PD Dredge PD Dredge PD Dredge 

2001 135320 -4 -4 144 144 2172 2108 12 12 210 210 10036 10000 24 24 

2002 61764 -29 -29 301 301 1686 1623 17 17 35 35 5605 5560 20 20 

2003 68538 -21 -21 275 276 1885 1822 27 27 8 8 3881 3819 27 27 

2004 70073 -25 -25 268 268 2095 2027 24 24 11 11 3657 3593 25 25 

2005 65935 -32 -32 323 323 1919 1853 17 17 19 19 4319 4261 19 19 

2006 82852 -32 -32 315 315 2526 2460 16 16 16 16 5431 5385 24 24 

2007 96879 -21 -21 216 216 2367 2300 15 15 74 74 8240 8199 20 20 

2008 106980 -18 -18 191 191 2431 2364 10 10 87 87 8866 8826 19 19 

2009 99264 -16 -16 252 253 2508 2444 9 9 140 140 6106 6064 19 19 

 

Mean changes in the habitat indicators for the proposed dredging and spoil deposition options 

relative to PD were: 

 

Indicator 
No spoil 

deposition 

Spoil disposed 
alongside 

dredged channel 

Spoil deposited in the 
lees of islands and in-

channel bars 

G
eo

m
o

rp
h

o
lo

gy
 

Area of mobile sandbars -0.6% +1.9% +5.2% 

Area of stable (vegetated) islands -0.2% +0.2% -0.2% 

Active channel width -2% +2% -1% 

Length of lowflow distributaries -3% -10% -5% 

Length of annually (flood) activated 
distributary channels 

-0.7% -0.7% -0.7% 

Area of large floodplain lakes 0% 0% 0% 

V
eg

et
at

io
n

 

Channel outer edge: riverbank 0% +5% +6% 

Channel bars: mid-channel and lateral 0% 0% 0% 

Floodplain: wetlands, swamps -1.3% -1.3% -1.3% 

Floodplain: inundation of cultivated 
areas 

-0.2% -0.2% -0.2% 

Floodplain: flood activated distributaries -0.6% -0.6% -0.6% 

Floodplain: grassland -0.6% -0.6% -0.6% 

Floodplain: woodland -0.1% -0.1% -0.1% 

 

 



1.4 DRIFT assessment 

Seven indicators were chosen for the application of DRIFT in order to assess the proposed impacts 

on riparian vegetation; two for the river channel and five for the floodplain.  The first, channel bars, 

consist largely of graminoids on alluvial sands of mid-channel and lateral bars.  These plants are well 

adapted to flood inundation and the scouring action of high flows; many are bank stabilisers.  The 

second river channel indicator, channel edge, consists of riparian woodland that is dense in places or 

has been cleared partially or completely for cultivation.  The life histories of these trees are cued to 

the seasonal occurrence of the flood season.  Growth and the onset of flowering coincide with the 

onset of the flood season, while seed release coincides with the flood recession limb.  The third 

indicator selected was floodplain perennial wetlands of varying sizes.  These consist of a range of 

emergent and aquatic plants and are located either in the old anastomosing channels of the 

seasonally and perennially flooded floodplain, or in pockets of the dry lowland forest of the delta.  

The fourth, floodplain inundation of cultivation, was selected to determine the susceptibility of 

cultivated areas to flow changes only; there was no quantification of species or abundances.  The 

fifth, floodplain flood activated distributaries, are variously vegetated mainly due to cultivation.  

Non-cultivated distributaries might have grassland or woodland communities, or both.  The sixth, 

floodplain seasonally flooded grasslands occur as a mosaic.  Two communities were prominent.  

Tussock grassland is seasonally inundated for 2-3 months of the year and stoloniferous grassland is 

inundated for longer, between 4-8 months.  The occurrence of one or the other was considered to 

be mutually exclusive.  The seventh, floodplain woodland, functions in the same manner as the 

riparian woodland of the river but the extent and frequency of inundation is less, thus the species 

composition differs. 

 

1.4.1 Effects on overall habitat condition 

During the consideration of DRIFT, scenario changes were only evident during the dry season and for 

the marginal vegetation of the channel bars.  There was an increase in the extent of mid-channel and 

lateral bars due to the dredging activities with their being a small risk of the braid channels being cut 

off.  Both these would favour an increase in the extent of marginal vegetation due to a reduction in 

the effective stage; a slight reduction in water level and the decrease in bed depth.  The other 

indicators, should spoils be disposed of in the manner considered, will not be affected.  Ecological 

functioning of the other six indicators is controlled by the flood season.  There are no foreseen 

changes to the present day conditions due to dredging or the deposition of spoils, provided that 

floodplain flood activated distributaries remain unblocked. 

 

In summary, the impacts on habitat integrity were as follows: 

 the effects of the proposed dredging as assessed would mostly be in the active channel, i.e., 

localized impacts; 

 the effect was greatest at Study Reach 1, albeit still relatively low; 

 the impacts on integrity although noticeable were not expected to result in a drop to a D-

category.  



 the lee spoil deposition scenario did not make a significant difference to the effect on overall 

integrity3. 

 

 
 

 

1.5 Comments and conclusions 

The outcome of this assessment hinges heavily on the configuration of the proposed dredge channel 

(as at July 2010), the assumed volume associated with subsequent maintenance dredging, and the 

reference discharge provided for barging (2 600 m3/s).  As it is presented on paper, the impacts of 

the proposed dredging on the hydraulics of, and habitats in, the lower Zambezi River are expected to 

be muted by the sheer size of the Lower Zambezi ecosystem relative to the proposed dredged 

channel and influence of spoil.  The measureable changes (relative to the present day situation) 

predicted are mainly limited to the active channel.  These include: 

 small changes to the effective average discharge in the dry season; 

 a loss of available deep water habitat; 

 an increase in mobile sandbars. 

 

The main concerns from a habitat and EFlows perspective were that the actual dredging operations, 

in particular maintenance dredging, would exceed those proposed both in area and frequency, and 

that there would be a temptation to dispose of the spoil outside of the channel in an attempt to 

prevent the spoil reentering the dredged area, and that this would inevitably result in levees that cut 

the floodplain off from the river.  Experience elsewhere in the world (e.g., Mississippi River, USA; 

                                                           
3 Nonetheless, lee deposition remained a more-favourable option of spoil deposition than side deposition, 
mainly because it affected a smaller percentage of the channel, and it would ensure that the spoils were 
deposited in areas that were likely to be more stable, and thus possibly reduce maintenance dredging. 
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Niger River, Nigeria) indicates that the maintenance dredging requirements on mobile sand bed 

rivers are considerable.  In the case of the Mississippi River, deposition of the spoil resulted in large 

levees that have had considerable negative impacts on the floodplain and river ecosystem as a 

whole and can have catastrophic consequences for adjacent communities when these levees fail.  As 

such, it is important to emphasise that the predicted impacts for this project were specific to: 

 the dimensions and location of the proposed dredge path presented in Section Error! Reference 

source not found.; 

 maintenance dredging at c. 25% of capital dredging; 

 a reference discharge of 2006 m3/s. 

 

It may be that the non-flow impacts on aquatic and semi-aquatic fauna would more marked, but 

these were not the subject of the assessment.  For instance, the timing of both capital and 

maintenance dredging operations was of concern with respect to disturbance and destruction of 

habitats during the breeding season when animals are less able to take avoidance action (e.g., bird 

nests), and are more susceptible to noise and other disturbances. 

 

 


