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ABSTRACT

Successful management of coastal groundwater ressutepends not only upon planning and regulatitiredso
depends on accurate assessment and predictiore dfehavior of saltwater interface to both naturahditions and
man'’s activities. Over the years, a combinatiorfasftors has resulted in changes in depth-to-sakwdésalinity
depths) in the coastal aquifers of Niger Delta.aim effort to study the dynamics of salt/freshwatéerface and
estimate the current salinity depths in the Nigettal down-the-hole geophysical logs (resistiviggpntaneous
potential and gamma ray logs) were carried out aep water-supply boreholes in the coastal partthefNiger
delta.The boreholes were drilled to depths randimogn 180m to 600m below ground level and completexdthe
Benin Formation, Pliocene-Recent in age. The ldgarty reveal the sub-surface stratigraphic suceass, isolated
saline-water contaminated stretches of the drillemles and fresh water bearing layersin the areané&ally
speaking, a good stretch of the drilled depth istaminated by saline water to various depths. Watelt drilling
contractors can now be guided on the best sectidhendrilled column to place the screens to exgdleish water
from the boreholes.Proper borehole completion masghzan also be adopted especially when the fregmaauifer
underlies a saltwater aquifer. Prior to this studyyge amounts of money had been wasted in drilind
completing boreholes which yielded saline watdrezifrom the onset or soon after being commissioned
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INTRODUCTION

The eastern Niger Delta lies between latitud&25and 737’ North and longitudes°47’and 547’ East and
comprises the present day Rivers and Bayelsa s{&tigs 1). The study area proper is the coastabés of the
Niger Delta bordering the Bight of Benin. The aie@&haracterized by numerous surface water bo&amfall is
typically high in the area.Mean annual rainfall geses northwards and away from the coastline gid1], The
land area stretching from Opobo through Bonny t@gda constitutes the wettest part. Annual averigéall is
about 5000 mm, decreasing through the middle d8B8@0 mm) to 2000 mm at the upper delta [2]. Thauy
rainfall generates large volume of overland flowishhempties into the Atlantic Ocean via a netwofkrigers,
lakes and creeks.

About 70% of the population lives in the riverineas in isolated barrier islands, beaches and etinergent land
areas often separated by tidal flats, channelsamaanps.

The paralic environment is typically characteribgdbrackish water, which is unfit for human constioqp Long
history of petroleum exploration and exploitaticrtiaties further renders the water unfit for congtion due to
direct discharge of oil and gas wastes into thédsodf water. Unplanned and over-exploitation & tloastal fresh
water aquifers to meet cooling requirements andedic consumption has resulted in saline wateusndin into
freshwater aquifers. For most of the boreholesdtilhto the formation for the purpose of extractiresh water, a
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good stretch of the drilled depth is contaminatgdcdline water to various depths. This study is@@mpt to study
the current salinity depths in the coastal aquiééisastern Niger Delta.

Fig.1: Location Map of the Study Area
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Geology and Geomor phology.

The thick succession of sediments forming the prtedéger Delta has been described as consistinthiae
lithostratigraphic units namely: Benin Formationi¢®ene — Recent) at the top, the Agbada Formatimecdne) at
the middle and AkataFormation (Paleocene) at tise,b@]. The lithology of the formations revedisittonly the
Benin formation consisting essentially of massiighly porous, sand and gravels with a few clayrcatations can
be economically exploited for groundwater suppli€eese materials are believed to have been degoisita
continental fluviatile to deltaic environment. Welttings from oil wells further show that the MigDelta is
underlain by the laterally extensive Benin formatio a great depth.

Fig 3.Major geomor phologic unitsin the study area, [4].
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Quaternary deposits overlie the Benin Formatiothin swampy delta areas. They consist of rapidigrating
sequence of sand and silt/clay with the clay bengmiore pronounced seawards.

Five major geomorphologic units have been idemtifier the Niger Delta[4],[5].. They are the coagidin sands
(dry flatland and plain), the Sombreiro-Warri Détglain (with abundant freshwater swamps), thesHveater
swamps (backswamps, alluvial plain and meanders)helthe saltwater or mangrove swamps and the
active/abandoned coastal beaches (sand bars-beathesars) (Fig. 3).

The alternating sands and clay lithostratigraphytref Benin Formation combines with the sandy quatsr
deposits that form the top soil and high rainfalgime of the area to control the occurrence andiloligion of

groundwater in the area. This sand and clay iatations constitutes a system of aquifers sepatafemjuitards.
The aquifer-aquitard units reoccur several timeth@sequence to form the multi-aquifer systemsharacterize
the Niger Delta, [6].

MATERIALSAND METHODS

Data for the study consist mainly of lithologic addwn-hole geophysical logs from recently drillegled water
supply boreholes. Study sites were selected framgdomorphic zones with high tendency for saltwateurrence
namely: the Mangrove (saltwater) swamp and the @@bbeaches and ridges.Fiften (15) boreholes drittedepths
between 150m and 600m were studied.
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Figure 4.1. Down-hole geophysical logs of a boreholein Bille
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Figure4.2.Wirelinelogs of a deep borehole at Bonny River terminal project site
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Figure 4.3.Wirelinelogs of a deep borehole at M obil Life camp, Bonny Idand
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Figure 4.4Wirelinelogsin a deep borehole at Bonny Water Board, Bonny Island

| Reeann is N TR J
Gamma Depth R8
= B T i j ST
0 cPs 150 1M:3300m Ohm-m 800
SP R16
g i —_— S L LU i s
500 mv 800 0 Ohm-m 800
Current R32
)_
0 mA 200 0 Ohm-m 800
R64
- ,
0 Ohm-m 800
1Y ] % = ] iE
i — :
30 —— = o
50 I o T !
7 —H \ i v
70 A5
0 z -
10 4 =
4 -
130 4H
150 H -
170 sé:ij : |
§ 190 15 =
i - - 210 JH
= - 230 1%5F == = |
: s ! - 1] J
=t s 3
i — , 270 4H -
s = - 290 4H+ — | [ - | [
— T
=——"— 0 ==
— _ 330 ::g::""_ -
| = - 350 AR 1
e : H 7 f
ﬁ% - — - - 30 ——
= T e
I ! - 390 - ;
R Ut — T =
= L ] i 2
. — P - 430 E_:L S ey
: - 450 4+ 5
i B el a ) [ I




S.A.Ngah et al

Arch. Appl. Sci. Res., 2013, 5 (2):222-233

Figure4. 5. Wirelinelogsin a deep water borehole at Oguede, Bonny, NLNG
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Gamma

Figure4.6Wirelinelogsin a deep borehole at Finima, NLNG

e P ST e —— .

DepthTRATA

R8

0 CPS
sp

_J| L |

-800 mV
* Current

] mA
SPR

Ohm-m
R16

Ohm-m
R32

600

600

Ohm-m
R64

600

Ohm-m

600

- f L . o I”: AAAAA - =n ) e e
Ly | e V] - 1 1 e Y

i [ 1 ] I
e e e L 1 PR T T e
- 7 5 1] -l

!

(J'll

I?I
|'

|

[
|
I

1
|
I

S
i 2
|
[}

1
3 |
[ |

|

m
|
.
-
=)
1
B
1

|
|
I

|

|
[
|
1

[
T
1
|
i
-
1
1
T
|

NAE

-4
(==L =L

—
©
1
o ma s
|
|
(|
1
1
1

/%’i+ﬂj4ﬁ¢QMkaW%H
)

% =
- __219: t nnE
T ik T
- == - 1
e == 230 S : -
E — 2501 =" T
— T ]
& f 21010 C | = o 11T
— i 29& INEE L H
E— ——1310)0 PR =Eaunany
*-h il “: 5&*——_‘ - et ]
i e l" — i - i Pt
4 '"37@:. ate i " = AnEn
s I L T 2 D O e

30
©
| T_QI
o 1 |
|

|

I

[
]

=

L
—_
1
=
|
7
|
i
I
|
I
|
[
4
I
I
[
v
EEE
|
e

|
.
w
||¢{||1
11
i
A\
1
1
1
1
|
|
1
|
1
[
1

230
Scholars Research Library



S A.

Ngah et al

Arch. Appl. Sci. Res., 2013, 5 (2):222-233

Figure 4.7Wireline logs of a deep bor ehole atOgidigben/Ugbor odo.
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(a) Formation samples

Collection of formation samples is doneto deterntime depths of formation contacts ie thicknessawheunique
stratigraphic unit and also to reflect the graresilistribution of the aquifer materials. Samplinterval was 3m
(10ft) and at any perceptible change in lithologyofal of 153 samples were studied.

(b) Down-hole geophysical logging
Down-hole geophysical logging wascarried out usM@UNT SOPRIS INSTRUMENT, MGX Il LOGGER. The
following types of logs were run: Spontaneous PiaErSP, Resistivity and Gamma Ray logs.

From a careful interpretation of a suite of logafreach borehole, it was possible to separate Saodsclay,
freshwater-bearing sands from saltwater-bearingssamd hence determine the proper depths at whickdreens
should be placed for optimum productivity of thedtmle. [7], [8].
RESULTS

The results of some of the in-hole geophysical ilogdrom the study locations are shown in figurek 4 4.7.[9].
The zero to near zero values for resistivity isidgative of saline water wedge or highly mineralizgdundwater.
All the logs captured the salinity zones to varyitgpths.

DISCUSSION

The salinity depths in the coastal aquifers arevshin table 1 for boreholes 250m — 600m in deptiinBy depths
range from 0? — 418m in the deepest borehole.

Table 1.Salinity depthsin Bonny |dand and some coastal locations.

S/No L ocation Bor ehole depth (m) Typesof log run Saline stretch (m) from ground surface

1 Bonny Water Board 450 Gamma, Reisistivjty 0-7?

2 QOguede, Bonny 452 Gamma, Resisitivjty 0-282

3 Finima 450 Gamma, Resistivit 0-218

4 BRT, Bonny 360 Gamma, Resistivit] 0-215

5 Mobil Life camp, Finimal 250 Gamma, Resistivity -136

6 Mobil Life camp, Fininma2| 360 Gamma, Resistivity 0-146

7 Bille 390 Gamma, Resistivity 0 -240

8 Ogidigbenu/ Ugborodo 600 Gamma, Resistivjty Q18

Exact depths at which salinity started could noebtblished in the boreholes because mild stetlcgucasings
were used to prevent collapses of the saturatgdtsip soils during drilling. Resistivity logs d@nhpenetrate mild
steel. Similarly, the borehole at Bonny Water Boahegtady had casing installed to 300m when theilaggvas
done. The resisitivity log could not penetrate thsing unlike the gamma log. Therefore the exattt@d which
the saline conditions started or ended could natdoertained.

The coastal aquifers being an area with long histrintensive oil and gas exploration and explimta have been
subjected to long period of excessive groundwatestractionto meet consumption demands and cooling
requirements of the numerous oil and gas instatat{7], [8].. Undisturbed, coastal aquifers widltarally drain
into the ocean at the coastline where they areoimact with the ocean. It would appear that theemsive
groundwater abstraction has resulted in a sigmifidecrease in seaward flow of fresh groundwatkis &ppears to
have caused saline water to enter and penetratedinhrough submarine outcrops. This phenomenamgifiecked,
will progressively displace the freshwater therédgreasing the salinity depth at so many locatibhns.result is
that more are more portions of fresh water aquieeslost to saline water requiring deeper and elekpreholes to
exploit fresh groundwater. The attendant costs fwither worsen the potable water supply situationthe densely
populated coastal areas.

CONCLUSION

Down-hole geophysical logging has been used tdkshasalinity depths at various locations in tleastal Niger
Delta. Long history of unplanned and excessive gdwater withdrawal to service oil and gas actigitéppears to
have drastically reduced the seaward flow of frgglundwater. This, in turn, has resulted in a reakof flow with
saline water entering and displacing freshwaterethye increasing the salinity depths. Increasedisalidepth
means less fresh groundwater and will negativeigcathe economics of potable water supply (groustdwbeing
the only viable source) to coastal dwellers in Miger Deta. Detailed hydrogeological studies areeseary to
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evaluate the dynamics of salt/fresh water intesactn the coast. Urgent governmental intervent®meéeded to
control this trend and effectively manage the deiovater resources of the coastal area.
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