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Abstract: The study was instituted to assess the impact of sand dredging along parts of New Calabar River
channel morphology and the implication for biological resources conservation.The study was conducted within
a period of two years (2008 and 2009) in two major sand dredging sites (Ogbogoro and Rumuorlumeni areas)
along the new Calabar River in Rivers State, Nigeria. The channel measurement was ascertained using
hydrographic survey report carried out by dredge operators in the areas. The influence of river channel incision
on river hydraulics was evaluated by comparing stream velocity of the different years. The volume of sand in
the two areas were ascertained from sand search report, sediment lost from the channel were also obtained from
the dredge time reports of dredge operators. The study reveals thatsignificant down-cutting in the riverbed along
these parts of the New Calabar River.  Significant increase in stream velocity was observed with increase the
sediment transport capacityand accelerated channel incision; in fact there was significant change in the channel
geometry. Consequently, there was an observed decline in the productivity of aquatic resources in the area,
which our survey affirms as being a result of intense sand dredging in the area. The study therefore concludes
that intense and uncontrolled sand dredging in the study area would mean detrimental impact on river
management systems as well as future of the aquatic biodiversity and biological resources in the area. Thus,
there is need for stringent restrictions on in-channel sand mining to save the biophysical and socio-economic
environment of the affected areas.

Key words: Aquatic habitat, biological resources, channel incision, conservation, New Calabar River,  River
morphology, sand dredging, sediments

INTRODUCTION

Hydro climatic fluctuations and disturbances of
human activities over the past decades or even centuries
resulted in deposition or erosion of alluvial river beds and
other forms of river channel changes (Lu et al., 2007).
Channel incision of alluvial river as a result of sediment
depletion arising from dredging has series of detrimental
effects on the river channels, which includes ground water
table lowering, flood flow increase, the destabilization of
infrastructures, sea water encroachment in the cities and
communities, destruction of in stream biota and several
other biological and environmental impacts (Rinaldi et al.,
2005 in Lu et al., 2007). It is noticed that human activities
can sometimes induce channel change more significantly
than those by natural events such as floods, droughts and
landslides (Surian and Rinaldi, 2003).

Several reports exist in literature on the impact of
anthropogenic factors on river morphology as well as
biodiversity. Most of these are on these are documented
works on the rivers in California, Italy, New Zealand and
Australia (Lu et al., 2007; Surian and Rinaldi, 2003);
Spain (Rovira et al., 2005 in Lu et al., 2007; Page and

Heerdegen, 1985 in Lu et al., 2007) and Australia (Davis
et al., 2000 in Lu et al., 2007).

The New Calabar River, Nigeria has experienced a
dramatic depletion of sediment load within the past years.
Sediment mining is the primary reason for the sediment
decline. The annual in-channel sediment extraction in the
two areas in the year 2008 was 273,750 and 278,250 m3,
respectively; in 2009 the amount increased to 680,000 and
280,000 m3, respectively in the New Calabar River (Weli
et al., 2009). However, the detrimental effects as a result
of such massive removal of sediment on the rivers have
rarely been reported.

Before the sand dredging activity, the channel had
remained in basic balance between deposition and erosion
on the whole (Weli et al., 2009). However, the increasing
anthropogenic disturbances have imposed considerable
impacts on the river channel. This study provided the
river channel measurements made within 2008 and 2009
to assess its rapid incision and consequent impacts on the
channel geometry and river hydraulics. Also, possible
contributing factors to the channel incision are presented
and discussed. This is significantly important for
management of river channels. 
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Table 1: Dredge time report for Rumuorlumeni and Ogbogoro areas
Time (h) Volume in (m3)
--------------------------------- -------------------------------------

Week Rumuorlumeni Ogbogoro Rumuorlumeni Ogbogoro
1 50 50 18,750 18,750
2 50 50 18,750 18,750
3 48 48 18,000 18,000
4 80 50 18,750 18,000
5 48 50 18,000 19,750
6 50 47 18,750 17,625
7 48 48 18,000 18,000
8 50 48 18,750 18,000
9 50 50 18,750 18,750
10 50 50 18,750 18,750
11 50 50 18,750 18,750
12 48 46 18,750 17,250
13 50 47 18,750 17,625
14 50 48 18,750 17,250
15 50 50 18750 18,750
Total 742 730 278,250 273,750
Weli et al. (2009)

River channel change, like incision or deposition, is
a natural process for an alluvial river. However,
increasing human activities such as sand mining,
construction of reservoirs and land use alterations have
accelerated this geomorphological process (Surian, 1999;
Rinaldi, 2003; Li et al., 2007 in Lu et al., 2007). The
causes of such rapid incision require an in-depth analysis
on the water discharge and sediment flux changes as a
result of various human activities and possible climate
variations.

The New Calabar River, with emphasis on Ogbogoro
and Rumuorlumeni areas is one among the numerous
network of rivers draining the city of Port Harcourt and
empties into the Atlantic. The total area under study is
about 568 km. Located within the coast of the Niger Delta
it is one of the numerous rivers that is experiencing
serious sand mining arising from economic boom in
recent time.

This study provides a preliminary analysis from the
aspect of sediment depletion due to sand mining and
reduced upstream sediment supply.

MATERIALS AND METHODS

The study was conducted within a period of two
years (2008 and 2009) and it was carried out in two areas,
namely Ogbogoro and Rumuorlumeni areas respectively
along the new Calabar River. The channel measurement
was ascertained using hydrographic survey report carried
out  by  dredge  operators  in  the areas. The influence of

river channel incision on river hydraulics was evaluated
by comparing stream velocity of the different years. The
volume of sand in the two areas were ascertained from
sand search report, sediment lost from the channel were
also obtained from the dredge time reports of dredge
operators. In order to obtain the velocity data, a current
meter was used in the two areas to determine the water
discharge.

Data analysis and discussion of findings:
Dredging time reports for the sample areas: This report
identifies the total number of days a dredger works, the
quantity of sand dredged and the total hour it takes to
dredge certain volume of sand. Also the volume of sand
dredged as against the time it takes is dependent on the
performance, capability and type of dredger.

The Table 1 shows dredging time report at
Rumuorlumeni and Ogbogoro areas.
Table 1 shows the total volume of sand that was dredged
from Ogbogoro and Rumuorlumeni areas at 350 m3 per
hour at 8 hours daily for 90 days.

Sand search report for Ogbogoro and Rumuorlumeni
areas: The table 2 shows sand search report for the
sample areas.

Estimate of sand for Rumuorlumeni and Ogbogoro:
Rumuorlumeni: Volume estimate, the volume estimate
is Calculated as follows, surface area of burrow pit =
70,000 m2 i.e., 100 m×700 m

Average depth of the proposed burrow pit = 3m.
Dredging up to 12m, that is depth of the sand search

report, the face difference will be 9m as against 12 m, and
this is due to the porosity depth, mud, clay and over
burden.

Total volume of sand in the burrow pit =100×700×9
= 70,000 × 9 
= 630,000 m3

Ogbogoro: Volume estimate is calculated as follows,
Surface area of burrow pit = 40,000 m3 i.e.,100 m×400 m,

Average depth of the proposed burrow pit = 3m
Dredging up to 10 m, that is depth the sand search report,
the face difference will be 7 m as against:
Total volume of sand reserve 
= 630,000 m3 total volume of sand dredged =278,250 m3

= 630,000-278,250 = 351,500 m3

Table 2: Sand search report for Rumuorlumeni and Ogbogoro areas 
Borehole no Sample depth (m) Soil type
------------------------------------------------ -------------------------------------------- ---------------------------------------------------
Rumuorlumeni Ogbogoro Rumuorlumeni Ogbogoro Rumuorlumeni Ogbogoro
1 1 6 1.5-8 Sand Sharp Sand
2 2 7.5 1.5-8 Sand Sharp Sand
3 3 4 1.5-8 Sand Sharp Sand
4 4 8 1.5-8 Sand Sharp Sand
5 - 6 - Sand -
6 - 3 - Sand -
Petsolsw (2005) and Sam and Company (2008)
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Fig. 1: Graph of pre- hydrographic survey of Ogbogoro area
of the New Calabar River

Fig. 2: Graph of Post Hydrographic survey of Ogbogoro area
(after dredging)

Fig. 3: Super imposed of pre and post hydro guraphir survey
showing the Impact of dredging in Ogbogoro River

10 m this is due to the porosity depth which entails mud,
clay and over burden.

Total volume of sand in the burrow pit 
= 100 x 400 x 7
= 40,000 x 7 = 280,000 m3 
(Sam and Company, 2008).

Using the dredge sand volume of 278,250 m3 as against
the estimate volume in Rumuorlumeni area, we have a
deficit, see working below.

Fig. 4: Graph of pre  hydrographic survey of Rumuorlumeni
area (before dredging)

Fig. 5: Ggraph of post hydrographic survey of Rumuorlumeni
area (after dredging)

Fig. 6: Superimposed graph of pre and post hydrographic
survey of Rumuorlumeni  area  showing the impact of
dredging

In Ogbogoro area, dredge sand volume = 273,750 m3

as against the estimate volume of 280,000 m3 = 6250 m3

this is the total sand balance after dredging.

This result shows that there is an incision on the
channel arising from sand mining. 

Channel geometry change in the entire channel: Based
on the post hydrographic survey report of the channel
(Ogbogoro and Rumuorlumeni) during the period of 2008
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to 2009 significant down-cutting in the riverbed has been
observed in 2009. The deepest cut within the period was
3.7 m at Rumuorlumeni in 2009, and 2.1.m at Ogbogoro
in 2009. The down cuts at the measured areas were much
faster and deeper than the documented cases of relative
large rivers (Fig. 1, 2, 3, 4, 5 and 6).

The profile shows a typical profile of the river bed
before and after the dredge operation in Ogbogoro area.
The (Fig. 1, 2, 3) above show that in Ogbogoro area, the
deepest depth was 2.1 m at a horizontal distance of  point
238 m. This indicates the deficit recorded in the channel.
Next to this point is 206 m having a difference of about
1.2 m after dredging. However at point 112 m, the
difference in depth was put at 1.0 m. Points 144, 176 and
96 m have differences of 0.9 m, respectively.

Figure 4, 5 and 6 shows the pre and post
hydrographic survey graph of the nature and shape of the
river bed (morphology) profile before and after dredging
in Rumuorlumeni area. The Fig. 6 specifically, revealed
that at horizontal distance of 144 m, the deepest depth was
put at 4.5 m before dredging commenced. This
commenced from a distance of 64 to 206 m revealing the
nature of river b distance of 144, the river bed decreased
to a depth of 7.5 m showing a deficit of 3.5 m accounting
ed. After dredging, the figure revealed that from a former
depth of 4.5 m at a horizontal for the vertical width of the
sand removed. But the deepest depth after dredging was
at a horizontal distance of 176 m having a depth of 8 m.
This was put at 3.8 m before dredging indicating a deficit
of 4.2 m. The value of 4.2 m depth actually indicates the
vertical width of sand removed at the point 176 m across
the river. At the point 128 m, the quantity of sand
removed represents the deficit of 2.1 m vertical depth. For
point 254m the deficit is 2.2 m; the points 160, 206 and
222 m horizontal distance across the river the deficit are
1.9 m, respectively. 

A critical look at the channel profile of both rivers
after dredging, indicate that the impact of dredging was
more in Rumuorlumeni River. The highest depth recorded
in Rumuorlumeni was at point 176 m having 3.7 m and
the lowest was at point 270 m having a depth of 0.5 m.
While in Ogbogoro, the highest depth was at point 238 m
having a depth of 2.1 m. The lowest depth was at point
270 m having a depth of 0.2 m. The implication of this is
that more sand was removed from Rumuorlumeni River
which has serious implications for aquatic organisms and
vegetations around the dredge site. 

 For example, Po River in Italy incised 1-6 m along all
alluvial reaches during the period 1880-1990 s (Rinaldi et
al., 2005 in Lu et al., 2007), Rh$one River in south France
incised up to 4 m during 1952-1990 resulting in
considerable channel deepening entrenchment of low flow
channel (Petit et al., 1996), and the Rh$one Delta incised
ranging from 1.1m to 6.8 m  during1907-1991  (Arnaud-
Fassetta,  2003  in Lu et al., 2007).  River channel
incision has caused a significant change in channel
geometry. 

Notable increases of the cross-section area have been
observed accompanying the down-cuts of the entire
channel. 

River hydraulics change: The relations between water
level and water discharge were changed in the channel as
a result of the rapid down cutting. Also the stream
velocity of the river changed from 0.4 m/s in 2008 to 0.17
m/s in 2009 for Ogbogoro area, and from 0.23 m/s to 0.34
m/s in 2009 for Rumuorlumeni area. 

In order to obtain the velocity data, a current meter
was used. For Ogbogoro area, the current meter was
immersed at the middle of the river at a depth of 0.7, 0.8,
0.9 m and the following readings were obtained 0.3, 0.4
and 0.5 m/s, respectively and the average velocity was put
at:

Average velocity of River =  
05 0 3 0 4

3
12
3

. . . .+ +
=

 Average velocity of River = 0.4 m/s

For Rumuorlumeni area, the current meter was immersed
at the middle of the river at a depth of  0.5, 0.6, 0.7 m and
the following readings were obtained 0.2, 0.2 and 0.3 m/s
respectively. The average velocity for Rumuorlumeni was
put at:

Average velocity of River = 
0 2 0 2 0 3

3
0 7
3

. . . .+ +
=

Average velocity of River = 0.23 m/s

This increased the transporting capacity of the
channel as well as increased the flood damages. In
addition   to   the   increase   in  the  flood  damages,   the

Table 3: Temporal variation in the harvest of aquatic resources in the study area 
Average monthly  harvest

Aquatic resources (in Baskets, 2006) 2007 2008 2009 2010
Fish 125 123 118 96 85
Periwinkles 436 440 414 367 323
Oysters/Lobsters 342 338 304 264 232
Mudskipper 375 374 302 227 220
Shrimps and Crab 266 266 223 190 193
Authors’ fieldwork (2010)
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Table 4: Perceived reason for decline in harvest
Reasons Frequency Percentage
Migration of organisms due to increase in stream velocity 237 94.8
High rate flooding 112 44.8
Loss of feeds due to increase in river depth 184 73.6
Increase in turbidity of water due to dredging activities 221 88.4
Other factors 98 43.36
Total frequencies of responses 250

increased water surface slope could increase the sediment
transport capacity and accelerate channel incision further,
which could in turn modify the morphology of the river
channel.

Table 3 shows the monthly, harvest or exploitation of
aquatic resources in the study area. The result above
shows a steady decline in the average harvest of the
named resources. For instance, average monthly catch of
fish shows that in 2006, about 125 baskets of fish were
caught; this figure decreased to123 in 2007,118 in
2008,96 and 85 in 2009 and 2010, respectively. Similarly,
there was a decline in periwinkle harvest from a peak of
440 baskets in 2007 to 323 baskets in 2010. This result is
similar to that of Oysters/ lobsters from 242 baskets in
2006 to 232 in 2010. Mudskippers catch equally declined
from 375 in 2006 to 220 in 2010; while harvest of shrimps
equally declined from 266 baskets in 2006 to 193 in 2011.

Table 4 above shows the perceived reason for decline
in harvest of biological resources in the study area. From
the table, migration of organisms due to high stream
velocity was perceived as the most influential factor for
low productivity. This is followed by increase in turbidity
of the river water due to dredging activities as well as loss
of feeds due to increase in depth of river. Others are high
rate of flooding in the area and other undisclosed factors.

Implications: The New Calabar River in Rivers State,
Nigeria is well endowed with aquatic biodiversity which
provides biological resources and income for the local
people. Basically, the local people depend on fishing and
harvesting of aquatic/sea food along this hitherto shallow
water course. However, the high dredging activities in the
area has resulted to serious incision of the river channel
thereby deepening the river bed and increasing the
velocity of the flow. Thus, there is serious migration of
fishes and other aquatic life which are being threatened by
the deepening river channels and high tidal current. This
finding corroborates with (Rinaldi et al., 2005 in Lu et al.,
2007) that riparian and aquatic habitats would be altered
with the water table lowering and removing bed materials
through in channel sand mining). Moreover, the salt water
intrusion could lead to the loss of aquatic habitats and
greatly change the ecological environments in river
systems. The slow-down of the acceleration rate in the
channel would reduce the wetland area and influence the
biodiversity in the estuary. 

Basically, there has been reduction in fish catch, low
harvest of, mudskippers, Shrimps, Oyster/Lobsters and

periwinkles. In fact not only is the channel deepening, but
land sliding of the river banks has posed severe threat to
the floral resources in the areas as many of the adjoining
forests are submerged. Thus the continuous dredging
activities and channel incision will in no distant future
jeopardise the economic base of the people with the
attendant socioeconomic consequences. It is on this
premise that paper recommends a check on the dredging
activities along the river course to protect the environment
and biodiversity from net loss or decimation.

CONCLUSION

A dramatic channel incision (>3.7 m in the deepest
cut) has occurred within the period in the New Calabar
River. The channel geometry and the river hydraulics
have been dramatically changed due to the rapid down-
cutting. For example, the channel incision had caused
lower water levels across the entire lower reaches of the
river. Such a rapid down cutting of an alluvial river has
never been reported in the literature within the Nigerian
shores.

Since nothing has been done to enhance the
management of in-channel sand mining in the New
Calabar River, the illegal mining activities are still
rampant. Stringent restrictions on in-channel sand mining
are proposed in order to reduce channel incision as well
as its detrimental effects in the River. The observed
dramatic river bed down-cutting as a result of sediment
depletion has important implications for river
management, as the rivers have seen a dramatic depletion
of sediment fluxes due to the effects of sediment mining
over the recent decades. A better understanding of human
impacts on river channels is of great importance for river
engineering and environmental management.
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