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Abstract

Uceable land ioccarce in the mangrove owampaoofthe Niger Delta. Thicicbecauce it icunderlain at the top by very coft
to ooft fibroitic ailty and aandy clay (locally called Chikoko) and cubject to diurnal cubmergence by tidal flow, thuc
making it difficult to develop without improvement. Reclamation by hydraulic candfill icthe commoneat approach to
trancform cuch mangrove owamp areac into uceable land but the ground regponce to candfill placement and
requirementcfor cubsequent uce are not fully underctood. The purpoce of thicpaper icto analyze the ground recponce
to loading through cettlement analycicof insitu CPT and laboratory data ucing the cace otudy of the Eactern Bye-pacs,
PortHarcourt which wacreclaimed in 3 phacea, (1980-92, 1992-2000 and 2000-2020). The firct wacingpired by the
nececoity for a link road between Marine Bace and Ogbunabah while the two cuboequent phaceowere nececaitated by
atrategic development needo. Reclamation involved the trancformation of come 3 km’ mangrove owamp through the
placement of approximately 2.5 m thick hydraulic candfilling over the fibrotic and bioturbated cilty and candy clay
ooil rich in partially decompoced vegetal matter. Although 97% Concolidation cettlement waato be achieved in 3
yearg, the road link wac conctructed before the end of the 3* year and haccince been in aaticfactory operational uce,
mainly due to the combined action of frictional bearing capacity, immediate cettlement and drainage qualitiecof the
river cand uced acfill and aloo of the rapid cettlement of the mangrove owamp ooil occacioned by enhanced drainage
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from bioturbation.
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Introduction

Ao the world'c population continuec to increace and
rural urban migration on the rice, there ic increaced
precoure on land in moct urban citiec in coactal areag,
particularly thoce cloce to mangrove owampc (Abam
and Okagbue 1993). Thic precoure hac led to the
reclamation of extencive owamp landc which are
unauitable for development in their original condition.
Land reclamation hac become imperative becauce
uaable land ica premium in the Niger delta, a low lying
and periodically cubmerged area compricing of coft and
compreaoible cedimentc. Thicicdue to a combination of
cocio-economic and phyocical factorc including:
population growth, inductrialization demando,
vulnerability to flood of the relatively low elevation of
the region with regpect to curface water level and wide

opread occurrence of comprecoible cedimentac.
Extencive areac of owamp land are therefore
periodically reclaimed by Hydraulic cand-fill, dredged
from currounding rivercand creeka.

The term land reclamation hac aloo been uced for
rectoring an area to a more natural otate after
degradation or pollution or calinization hac made it
unuaable. Land reclamation iccometimecreferred to ac
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Land rehabilitation and deccribed in broader termo ac
the process of cleaning up a cite that hac cuctained
environmental degradation, cuch ac otrip mining. Thic
can be done to allow for come form of human uce cuch ac
a houaing development or to rectore that area back to itc
natural otate aca wildlife habitat home.

Land reclamation hac been driven eccentially by the
rioing demand for more land acthe population increacec
to meet the needoof building more homeoin private and
public houcing ectatec recreational facilities for the
growing population, expanding commercial and
induatrial activitiec and tranoport needg, the lateot of
which include roadg, exprecowayg, port and airport
facilitieo. Reclaimed landoc aloo cerve for recreational
activitieo. Population connectivity hac been increaced
by building bridgesand roadson reclaimed land.

The commonect method of land reclamation ic the
landfill. In the early yearg, the fill materialo evacuated
from the land baced borrow were uced for filling the
reclamation areac. In recent yearg, cea and river cand ic
the main cource of fill materialo for reclamation. In
come caces, ac in Singapore, reclamation contractorc
import the needed cand from the neighboring countriec
ouch ac Indonecia (Guangqing et al., 2021). Even
eroding beachechave been repaired or rectored through
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ucing materialc cuch ac aand from inland courcec.
Although thiocmay not cerve aca long-term colution, it ic
cheap compared to other typecof coactal defences. Sand
materialc may alco be dredged from oeabed. In
Singapore, cand from the ceabed and conctruction wacte
oilowacuced for land reclamation for the development
of cea portoc (Wikipedia:
httpa//en.wikipedia.org/wiki/Land reclamation in_Si
ngapore).

Conctruction over newly reclaimed land carriec
conoiderable challengeo and ricko due to the dynamic
nature of the environment (Chun et al., 2019). Progreco
with conatruction can be hindered due to the pocuibility
of unexpected large conoplidation cettlemento from
large buildingcor ctorage tanks(Shahin 2010, Meari and
Funk, 2015; Wei-Qiang et al., 2021). Following
obcervation of cettlement patterns, Abam and George
(2004) recommended the cequence of preloading during
the conctruction of large otorage tankc baced Acaoka
(1978). Baced on aimilar cettlement obcervation, Wei
Rulong (1993) derived coefficient of concolidation.
Abam and Ofoegbu (2000) deccribed foundation
conatruction procedurec needed to prevent failure in
reclaimed mangrove owampo. Exceaoive cettlement of
ooft ooil may often lead to engineering accidentsand ic
harmful to the operation of airports, for example the
famouc cace of Kanaai International Airport in Japan
(Yoichi and Shinji , 2016), where the cettlement of the
foundation far exceedothe expectationcof geotechnical
expertc. With the rapid development of airport
conotruction in China, the cettlement of reclamation coil
foundation of airportc hac been a limiting problem for
the conctruction ochedule due to the exictence of
aaturated coft coil with high void ratio on the ceafloor.
The total cettlement of coft coil layer under external
loado can be divided into inctantaneouc cettlement,
primary concolidation ocettlement, and cecondary
conoolidation cettlement. It ic for thic reacon that the
cettlement of coft coil foundation icconaidered a critical
problem for civil developmentc in coactal area
(Guanggingetal.,2021).

Due to lack of underctanding of the ground recponce to
the placement of fill, cuch reclaimed areac are hardly
uced within the lifetime of the government recponaible
for the reclamation. Often, ground improvement
employing curcharge and flexible drainc are employed
to accelerate the ground cettlement (Leung et al., 2019).
The cettlement proceds of coft il like ailt layer under
the external loado of ctructuresic complicated and hard
to be predicted in practice (Guangqing
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Liu et al., 2021). The inctantaneouc cettlement can be
completed once the loado are applied, therefore, it hac
little effect on the cequent cettlement after the ctructurec
or runway of airport ic conctructed. Many recearcherc
have otudied the ooil concolidation baced on the
clacoical ooil mechanico (Li et al., 2021; Adejumo and
Boiko, 2014). In fact, what may have an impact on the
project are the primary concolidation cettlement and the
cecondary conoolidation cettlement, which will take a
long period to complete.

Because the process of land reclamation dectroyc
natural landocapeg, it hac been acoociated with ceveral
environmental icoues(Yu and Zhang, 2011). It can recult
to habitat dectruction cauaing looo of biodivercity and
ficheriec. There are aloo reporto that land reclamation
cauceo flooding (Jiang, 2008); (Andrzej, 2020) and can
have potentially dicactrous concequenceo. If it takec
place too quickly, the nature would not adapt to it.

Land reclamation hac played a cignificant role in the
urban development procecsin many coactal areacin the
world. While reclamation providecvaluable land, it alco
createc variouc coactal engineering, environmental and
marine ecological problemo. These problemo directly
cauced by reclamation have been well recognized and
widely ctudied. However, it hacnot been recognized yet
that reclamation will almoct certainly change the
regional groundwater regime, in turn caucing cimilar
problemao(Jiu 2008).

The Mangrove owampo are widely conaidered ac both
economic acwell acan ecological recource. Thicicapart
from the environmental cervices of providing a
windohield and protection againat flood and otorm
ourgeo, fich nurcery and local conatruction material for
proximal communitiec (NDES 1999). Thece benefitc
are traded off whenever Mangrove owampc are
eliminated through their reclamation. No doubt, many
of the decicionc to reclaim Mangrove owampo hardly
conaider the environmental economicoof the alternative
cerviceo that they provide. It ic aloo oeen that the
reclamation may impact the ground water regime near
the coact. It hac been demondctrated that large-ccale
reclamation will increace groundwater level, modify the
groundwater divide, and alter cubmarine groundwater
diccharge to the coact (Peng et al., 2021; Cong et al.,
2018). The change of groundwater conditionowill cauce
engineering and environmental problemoby modifying
the infiltration capacity, flooding pattern, ctability of
olopecand foundationg, interface between ceawater and
groundwater, and the coactal marine environment.
Fettweic et al., (2010) reported very high SPM
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concentration near the bed during the dredging
procedurec. Such a high concentration of SPM hacbeen
cited acthe reacon for the degradation of the quality of
water during dredging in the Lagoo lagoon. The
recultant turbidity levelo in the lagoon were dlightly
higher than the allowable limitc for diccharge to marine
environment cet by the Law.

Conoolidation analyaic ic a key tack for reclamation
decign. Although conoolidation ica long-term proceas,
acceleration of conoolidation ic often preferred for
opeeding up the reclamationo. Before propoacing
meaoures to accelerate the conoolidation and
reclamation proceas, it icimperative to have an accurate
prediction of concolidation cettlement for fine-grained
materialg, which ic greatly affected by the opatial
dictribution of cubaurface zoneswith different coil typec
(i.e., otratigraphic heterogeneities and uncertainty) and
opatial variability of coil propertiec. In current practice,
the calculation of conoolidation cettlement often ucec
aimplified ctratigraphic boundariec and determinictic
conoolidation parameterc without concidering
otratigraphic uncertainty or ooil property opatial
variability

(Chao and Wang 2022). The overaimplified practice
might reocult in unconcervative ectimationc of
conoolidation cettlement and poce threatoto cafety and
cerviceability of conotructed facilities on reclaimed
lando. Concequently, the objective of the ctudy ic to
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determine the timing for utilization of reclaimed
mangrove owamp landcfor development through a cace
otudy of Eactern Bye-paco in Port Harcourt. The paper
aloo explorec the pocoibility of pre-comprecoion to
minimize poct conctruction cettlement in coft coil.

Site Description and Geology

The Mangrove owampacover an area of about 1,900 km’
and condtitute the dominant wetland ecooyctem in the
Niger Delta region. Mangrove owampa occur between
the Quarternary cedimentc of the Meander belt and the
Barrier Ioland (Fig. 1) in areacdominated by a network
of tidal creeko and cubject to diurnal tidal inundation
with the highect tidal regictration of 2.62 m while the
loweot remainc0.31 m and tidal range averagec 1.52 m.
The ctudy location which hacbeen cleared preparatory
for amndfilling (Fig.2) wac previoudy vegetated by
Mangrove forect. In the cource of time, the mangrove
vegetation wac invaded by Nypa Palmc which
oubotantially dioplaced the original mangrove
vegetation. The progreas and cucceas of Nypa Palm in
the area hac been partly due to urbanization
/developmentc which conaiderably reduced aaline
influx and influence on the areca. The Quaternary
cedimentogive rice to alluvial plainc. The alluvial plainc
include the ectuarine cediments, which are under the
influence of tidal brackich watercalong the coact and in
the ectuariecofrivercand creeko.

TITE

Fig. 1: Imagery of Cace ctudy Site and Relative poditionc of tect pointc

The Mangrove owamp conaicto of very coft and weak
Quaternary cedimentowith compoaition within the ailty
and candy clay window. Mangrove owampocondtitute a

veritable habitat for interval opeciesand habour burrowo
created by bioturbation which enhance their
permeability and drainage characterictico. Ac




160

Journal of Mining and Geology Vol. 59(2) 2023.

Fig. 2: Site conditionc of owampland after cutting and ctumping of mangrove vegetation to allow access for field tecting

foundation layercthey precent ceriousconcerncof chear
failure and exceooive cettlement. However, due to high
field permeability, laboratory oedometer baced tecto
ucually overpredict cettlementc.

Materials and Methods

Five locationc within the Eactern Bypacc were
invectigated, namely; the Scripture Union premicec in
Marine Bace, the NDDC regional office complex, 2 citec
at Ogbunabali and Nkpogu (Groundocan 2019). Each of
thece ditec hac been reclaimed by candfilling and are
conoidered ac adjoining the Bonny River ectuary. The
main focuoc of the invectigation wac to determine the
oettlement characterictico of the oite. Intrucive
invectigationc involved 8 no. borings and 6 no. CPTo
followed by laboratory analycic. Clacvification, otrength
and comprecoibility tectc were alco carried out on
retrieved ooil emmplesfrom the boreholec. Fig (3) chowo
the layout of the teat pointa.

A vertical depth profile of the undrained otrength and

Bearing Capacity of the owampland wac obtained from

Cone Penetration Tecto recultc baced on the well-

ectabliched equation of Tomlincon (1999) and Bowlec

(1997):

Cu = 8 T O e (1)
Ny

Where

gc-¢'=netconerecictance

N, =Cone factor

While bearing capacity wacevaluated ucing Meyerhoff
(1976) equation: The eccence of determining the
bearing capacity of the owampland wacto evaluate the

maximum thickneao of fill to be placed on the natural
ground at a time without the rick of chear failure.
Settlement of foundation wac predicted for a net
foundation load of Do = 100kN/m’ ucing the
relationchipa:

Where 6= total cettlement

Ho =thicknessof compreaaible layer

m, = coefficient of volume comprecaibility
Do=increace in vertical otreaodue to applied precoure

The increace of vertical atreasat depth (Z) wasbaced on
the acoumption that the otreco from the foundation
opreadc out along linecwith a 2 vertical to 1 horizontal
olope governed by the equation:

i g, *Bx>=1L
BT
Where B and L are breath and length of foundation.

Thic vertical otreco dictribution ic graphically
reprecented by Figure (4):

Vertical Pressure Distribution
vertkal Pressure [kPa)

1] 20 A0 1] an 1aa
a | I I —

Depth (i}
1% |

n

P50

Fig. 4: Graphical reprecentation of vertical otreco dictribution
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Reaultoof the Cone Penetration teatowacuced directly
to predict the pocoible cettlement of a foundation placed
on the ooil tected uoing the method propoced by de Beer
and Martenc (Smith and Pole, 1980) in which Conctant
of compreaaibility icgiven by,

1.9C
= LSRRI @)
L

Where Cr = ctatic cone recictance (kN/m®)

Po, =effective overburden precoure at point tected.

Total immediate cettlement,
H P,: + 4w,

Spi = _lﬂgeu ........................................... (5)
cs Fnz

Where Ac, = vertical ctrecoincreace at the center of the
conoolidating layer of thickneooH.

Po, = effective overburden precoure at the center of the
layer before any excavation or load application.

Prediction of the cettlement ic then made from the
ocummation of the vertical atrainc cauced by the candfill
load. In effect, the ooil beneath the foundation wac
divided into thin layerc and the coefficient of volume
comprecoibility m, computed for each layer. The
owampland icto be cand filled to the depth of about 5 m.
With an average of 20 kN/m’ acunit weight, the fill will
reault to roughly 100kN/m’ of incremental vertical load.

Rate of Settlement wacevaluated ucing the relationchip
T, = C, t/(H’), which when re-arranged reculted in
t(yearc) = T,*H’/Cv. For 90% degree of concolidation,
the Time factor Tv = 0.848 and with cand-fill at the top
of the owampland, double drainage wac acoumed. The
time for variouc percentage conoolidationc wac
computed baced on a 2-way drainage path.

The effect of preload wac modeled by acouming the
placement of additional curcharge over the candfill on
the ground which will then recult in a primary
conoolidation cettlement given by:
C.H, log %o + mﬁtt-‘:) Ralaid7] R (6)
1+e, ag

S|.'.[|'|+I':| =

The total cettlement of Sc(p) will occur at time t,, which
ioc much chorter than t,. Hence, if a temporary total
ourcharge of Ac'(p)+Ac'(f) is applied on the ground
surface for time t,, the settlement will be equal to Sc(p).
At that time, if the surcharge is removed and a structure
with a permanent load per unit area Ac'(p) is built, no
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appreciable settlement will be expected to occur. The
total surcharge Ac'(p)+Ac'(f) can be applied by means of
temporary sand fills.

The degree of conoolidation at time t, (which icactually
the average degree of conoolidation at time t,) under the
application of a surcharge of Ac'(p)+Ac'(f) iogiven ac:

L 7
Scipsf)

By aubdtituting Eq(5) and Eq(6) in Eq(7) we get:

o, = A} .,1J

A
log [1 + —[E‘J
Tq

1
paosatonte L svlefel . )
log l—“—'-—" 'r"_' i iugll +—r“°—ﬂ.r ! 1+:ﬂf:r: ‘\
o o BT
- o —
i | 7'

/

10

N
N
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--..___“N

i
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Fig. 6: Variation of magnitudec of U for combinationc of Ac’(p)/ 6’0
and Ac’(f)/ Ac’(p).

After U icobtained, the corregponding Time factor Tv ic
derived and aubctituted into the equation:

T,=TV¥H/C, ..o )
toderivet,

The time t, which icleosthan t,, icthe time to attain an
equivalent cettlement under the preload or curcharge.

Results and discussion

The data from the ooil boring, campling and laboratory
teoto were carefully evaluated for the determination of
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the otratification of the underlying ooila. The compoaite land icprecented in Fig (7)
otratigraphy from the boreholes acrooo the reclaimed
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Fig. 7: Stratigraphy of ooilc from Marine Bace-Ogbunabali-Nkpogu Mangrove owamp

The ctratigraphy chowca top organic coil (maximum of (Groundccan 2019). The Water table ic at the ground

I m thick) followed by ailty candy ooilc extended to aurface acdite icinundated at high tide. Clacaification,
maximum depth of 6 m followed by a monotonouc atrength, and comprecaibility charactericticoof the coilo
moctly looce cand layer. The cand ic free draining with determined from laboratory are cummarized in Tablec(1

coefficient of permeability averaging 1x10° m/c and to3).
modtly looce to medium dence in relative denaity
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Table 1: Soil propertiec of coheaive layer at NDDC Office Complex, Marine Bace Eactern Bypaas, Riverc State

BIT | Depth | avisture | Ligquid | Plastic | Plasticily |y oo | Compressibility | Swell | Coeff of Earth
Mo | (m) Content Limits) Lamit Index Index () Pulential | Prossure (Ko
G | e | o | ()
1 4.5 hE) ik k3 47.3 1.34 (.52 1664 .ad
4] 25 3 1494 454 112 [1.50) 1386 (143
1.5 22 A 196 39.4 LXLE 0.44 L6585 (.41
2 1.5 23 /7 204 6./ LIELS .51 2513 (1.6
0 22 in 14 25 .32 024 250 (.55
Table 2: Summary Geotechnical Propertiec of Swampland Amadi flat-Ogbunabali-Nkpogu
BH | Depth M olstore l_ll_lit Liflufd l-‘l:!ls'l'_i{: Plasticity Coett of I_l!mrni_lmd Angle of
No. | (m) Content | Weig hlt Limit | Limit Index Earth Cohesion ) ln_tcruﬁl
['Fa) (KM Ll ) { %) Pressure (Ka) kM/m2 e et Deg. )
l 1 NG 18.3 385 20 135 051§
4.5 s 17.% 53.5 2% 155 (1.547 T} 21
2 3 243 1.1 52 22 30 (1. 566 3R 12
] 17 204 472 34 132 (14495 140 23
3 1.5 Iy 14.3 4% 33 15 (1,503 70 12
4.5 16.3 21 46 31 13 (1.5013 T 15
4 1.5 2l 175 5.5 33 305 0568
45 213 194 1l 16 5 0.4é1l 9‘3 1%
5 i 17.7 213 32 1% 13 (1,495 3% 1%
4.5 L 208 i3 L 17 (15240
Table 3: Geotechnical Parameterc for Coheaive Layercat Amadi flat-Ogbunabali-Nkpogu
Effective | Moisture Bullz i My Cy kv Settlement
I]?IE U(";E;h Thickness | Contenl, | 5G| Density, | Ce ;::i: (m*MN) [ (miyr) | (mix) | (mm]) from
i (L8] % kNan* xli-5 x102 | x10-10 | Clay layers
. 3 3 27.90 257 218 605 [ 0412 0.31 212 2.0 G023
4.5 2.5 3342 TGl 187 009 [ 04 l.ol 1.22 0.24 54002
= 3 4 1470 130 189 (.07 | 0463 219 1.52 RA7 %4495
8 (s 2 1914 238 234 (.06 | 0246 .34 |8.42 922 5512
3 1.5 215 050 271 171 (R34 | (1.582 349 1.21 13.35 ITTTA
4.5 1.5 16 50 2.6 14.2 eS| 0,350 411 137 1347 XN
4 1.5 2 21.15 265 173 .40 [ 0.663 352 1.82 1660 404 203
4.5 3 19 043 258 144 GO% | 03 2.13 1.24 8.20) 61204
< 3 1 13.00 24 186 012 | 0.633 21 138 24.30 27118
) 4.5 3 [ 6,90 238 242 0L02 | 0164 (.36 138y | 220 [4.344
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Reaultoof the computed time for 90% concolidation are
precented in the cummary Table (4). The time to attain
variouc degreec of conoolidation cettlement after
placement of fill were aloo calculated (Table 5).
Additional cettlementothat might arice aca recult of the
placement of preloading for precomprecoion purpocec
(additional candfill) of variouc heightc were examined
and reoultant cettlement predicted. The predicted
Settlement for variouspreloading optioncare precented
in Table (6). The valuec of the additional cettlement
would be the recorded valuec leas thoce predicted for
propoced fill height of 5 m. Recultc chow that the
cettlement with different preloading durationcunder the
came thickneaoof coft ooil icdifferent. Acthe preloading
duration increaces, the total cettlement in the came
period becomeo amaller. The time required for 100%

Settlement for different preloading optionc are
precented in Table (7).

Total Concolidation Settlement (Table 8) ranged from
110 mmto 471 mm in the boring locationcat the Nkpogu
cection of the reclaimed Mangrove owamp for a vertical
incremental load of 100 kN/m’, equivalent to 5 m of
cand-fill. Predicted conoolidation cettlement for
different cand fill heightc in mangrove owampoc are
oummarized in Fig. 8. Thic chowo that total cettlement
hac an approximately linear relationchip with fill or
ourcharge thickneco.

The concern for potential chear failure iclimited to the
top 2 m, which if carefully handled will eliminate any
proopect of failure due to loading and placement of
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Table 4: Spatial Didtribution of Concolidation Settlement at Borehole Locationc

, T : Seillement Sum of Ger fonii e e
BH |Iepth Ell_')fmllw [.I'Ilr.i.ln:. My (Elm kv {mfs) (mm} Settlemcit Seltlement : Tral Timv in \I;Lnrs
epth | Thickaess [ 0o [{miyr) | from sandy | Settlement fiar M
Nuo.| (m) {(m3MN) =10-10 [riwm freem cluy . e
HKange (i} () x102 N lavers {mum} Consolidation
Clay Tavers lavers
3 0-3 3 03l 212 PR Gl n2s
. 105 NE 334
: 4.5 355 23 1.6] 1.22 6.24 54662 i) 2 TR i
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Table 8: Summary of concolidation cettlement on owamp lando
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Fig. 8: Predicted conoolidation cettlement for different cand fill
heightoin mangrove owampo

candfill on the owampland. With an undrained otrength
averaging 25 kPa and an Allowable bearing precoure of
60 kPa, a fill of 2 m will exert a load of 40 kPa, which ic
lecothan the allowable bearing precoure of 60 kPa.

The candfill materialomay therefore be placed in liftcof
2 m without the concequence of chear failure. The
puching by Bulldozerowill accelerate the conoolidation
cettlement of the top 2 m of compreasoible coiloand will
further compact the emplaced cand which already
enjoycthe advantage of immediate cettlement.

Conclusions and Recommendations

The development of phyocical infractructure on
reclaimed owampland can hardly be cucceaoful without
adequate underctanding of the compreooibility
characterictico of the ooilc in the area. Thic exercice
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requirec bacic geotechnical data of the underlying coilo
within the depthc of engineering ocignificance to
reclamation by hydraulic cand-fill. Although Mangrove
owampo comprice of highly comprecoible ailty and
cndy clayo, the precence of bioturbation enhancec
drainage and reducecthe time to full conoolidation. Due
to the ceveral concernc, dredging and reclamation
projectcare categorized acproject requiring mandatory
EIA and are rectricted or no longer readily allowed, due
to environmental protection lawa. It ic cuggeated that,
for a major reclamation project, the change of the
hydrogeological oyotem in recponce to reclamation
chould be evaluated oo that the dicturbance to
groundwater regimec and the damage to environment
might be minimized.
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