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ABSTRACT

The hydraulic parameters and hydrostratigraphy of the thick Cretaceous aquifers namely; the Upper Maestritchtian
Nsukka Formation, and the Middle Maastritchian Ajalli Sandstone Formation were computed and geostatistically
analysed in this paper.The two aquifers belong to the same hydrostratigraphic units in that they exhibit similar
hydraulic characteristics with similar lithologies at depths where regional saturation occurs The hydraulic
conductivity (K), Transmissivity (T) and specific capacity of the boreholes when correlated from layer to layer
showed high spatial variability. Transmissivity (T) is highly variable from 35nf/day around the southeastern
boundary at Diogbe to 2219.17nf/day at Ibagwa-aka. The hydraulic conductivity varies from 0.56m/day to
30.52m/day following the same trend. The hydraulic conductivity field shows a highly heterogeneous layering
pattern when referenced to a vertical stratigraphic column with an equivalent horizontal conductivity K, Of
9.28m/day and vertical hydraulic conductivity K, of 5.86m/day, giving an anisotropy factor of 1.58. The Nsukka and
Ajalli Formations are considered by this research report to be homogeneous but anisotropic consisting of at |east
five hydrostratigaphic units of about 50m layer thickness laid in succession .The asymptotic longitudinal dispersivity
(A)) of the sequence is estimated at 30.5m.The layer within 120m-220m above sea level is the most prolific layer.
The utility of this research liesin the understanding of the producing zones of the sequence, parameter estimates for
aquifer management ,hydrodynamic dispersion studies and contaminant modelling in the area.
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INTRODUCTION

1.1 Resear ch Purpose and Objectives

Analysis of the groundwater resources of Nsukka dr&s been studied at various scales by previaeamehers
(Egboka 1983,Egboka and Uma 1986,and Ofoma andylezeli997).These studies document some basic aquife
properties that serve many useful purposes. Notirhas been done in the area of flow and solutespem as these
studies were constrained by limited data ,scopkrasearch methodology. In spite of these previtudies, there
are still large gaps in the understanding of th&fagbehaviour especially with respect to flow eymcs and solute
transport mechanism. Specific capacities of boeshehry spatially in the area while large hydragbaductivity
contrast exist between layers within the thick sémde sequence(Amah,J.1,2006).
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The flow velocity is basically governed by Darcyaw, where the determination and variation in hwuila
conductivity are a challenge as it can vary severders of magnitude within short distances. Langdraulic
conductivity contrasts cause groundwater to folmmplex preferential paths in heterogeneous pomeedia. The
effects of longitudinal dispersivity is crucial order to describe first arrival or breakthroughcofitaminants to a
point of compliance or a drinking water supply w@lelhar et al.,1992).A number of large —scaledfizbcer
experiments were conducted in North America, thetnfemous being experiments in the sandy aquifeBoaden
and Cape Cod(Freyberg et al.,1986,Garabedian ,209l)These experiments show that longitudinal efisigity
reflects spatial variation in hydraulic conductwivhich can be described by use of geostatistmalst A critical
review of data on field-scale dispersivities in égjuwas done by Gelhar et al,1992.They noted tt@tongitudinal
dispersivities ranged from Fato 1Fm for scales ranging from 0o 10¢m from 59 different field sites,but the
largest scale for high reliability data was onlyY&5b

This report is a first step towards the developnuodrat realistic flow and transport models for theukka and Ajalli

Sandstone aquifers. Regardless of the type of nthdélone may utilize, account must be taken ofdispersion
processes, the primary mechanism of spreadingrafiotnants in groundwater. The objectives of thisearch are:
(1) To determine the various hydrostratigraphicrmtaries within the thick Formation. (2) Determihe tydraulic
parameters necessary for the modelling of transppadtflow of contaminants.(3) Determine which horig within

the Ajalli-Nsukka sequence that is most suitableforehole development. (4)Establish the spatidl ®mporal
variability of the various aquifer parameters withhe sequence.(5).Estimate the maximum thicknésthe
sequence from borehole logs.

1.2 Location and Physiography .

Nsukka town is the centre of the study and coveesarea within latitudes 6°45'N-7°00'N and londés 7°15'E-
73°0'E(See Fig 1,Fig 2)The area is part of the Anambra sedimentary bali® .main geomorphic features
comprise high peaked hills and undulating slopéss-@rossed with dry valleys. The vegetation isngaisavanna
type. The topography is highly undulating and patkhe Edeoballa-Opi area at 533m.From here tlsesegentle
downward slope both east and west. Because ofrdlgde nature of the sandstone, there are numegolls sites
and valleys west of the study area while the eagtertion is dominated by the cuesta topography.

There are two seasons-the dry season and the gagsors. The dry season is completely devoid of mn@sand
starts from November to April. Temperatures attaixima of 34 degrees in the dry season and caim atiaima
of 22 degrees during the rainy season. Precipitasidiigh and approximate 1650mm/yr.

1.3 Geologic and Hydrogeologic setting.

The geology and hydrogeology of the area have bgtamsively studied by various workers. Previouska@n the
stratigraphy , petrography and hydrogeology offtrenations were carried out by Simpson (1954);Dexsiivand
Casey (1963), Nwachukwu (1978),Reyment (1965),Agdal (1985) Egboka and Uma (1986),0zoko (1988).

Three main Formations outcrop in the area. The Kswormation(Upper Maastritchian) that presentseesally
as outliers and laterite crusts in the hilly arehs;Ajalli Sandstone(Middle Maastritchian) madedfifriable cross-
bedded sandstone that is the main aquifer; the rlyntg Mamu Formation(Lower Maastritchian) compese
sandstone, shales, sandy-shales and coal outarepsds the eastern extremity of the Nsukka arealfigzroded
remnants of the Nsukka Formation constitute owlaard numerous springs issue out from the flankkeobutliers.
The perched systems produced by the Nsukka Format® localised within topographically controllédw cells
that are not in hydraulic continuity with adjacestls (Amah, J.I, 2006).

The sandstone is generally white in colour bubimatimes iron-stained. Intercalations of mudstame shale occur
at various horizons, creating semi-confining cdod# in places. Thicknesses of 336m (Nwachukwu8)9and
457m (Reyment, 1965 and Agagu et al, 1985) have bsimated. The Nsukka Formation is the topmosioggcal
outcrop in Nsukka area. It lacks good exposuresoaedrs as outliers or residual hills on the Aj8lindstone. The
lithology consists of an alternating successiosasfdstone, dark shale and sandy shale.These tmatfons belong
to the same hydrostratigraphic unit(Egboka and We&§ ), and give rise to thick water table aquif§¥here the
hydraulic arrangement does not permit spring foionatflow goes vertically downward to contributette regional
system furnished mainly by the Ajalli SandstonegiBeal flow is essentially from east to west. Ozi(1988)
reported a dp range of 3°-6° in the West-North-Wiistctions and a lithology dominated by mediumirgze
population in the Ajalli Sandstone while Amah(200éported the dominance of the fine-medium graiitimthe
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population from over 40 deep wells in the area. Ameported the saturated thickness range of 80thereast at
Edeoballa to more than 150m in the west at Obimo.
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3D SURFACE MODEL OF NSUKKA AREA WITH FLOW VECTORS.

Fig 2 Topogr aphic Model of Nsukka area

Table 1.Stratigraphic Sequence in Nsukka Area

Age/Period Epoch Formation Dorminant Litholody
Upper Maestrichtian | Nsukka Formation| Sandstone,clay,lignij

Cretaceous| Middle Maestrichtian| Ajalli Sandstone | Sandstone
Lower Maestrichtian | Mamu Formation | Clay and Shale
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Fig 1 Geologic Map of the study L ocation with Borehole Points
MATERIALSAND METHODS

2.1 Data Acquisition and processing

The data source was from the ADB-assisted RuraleWapply Project carried out by the Enugu State eWat
Corporation from 1992-1999. Pumping test data fomar 40 boreholes were analyzed and the formatoistants
omputed using the Cooper-Jacob (1946) solutidhddTlheis equation.The storage coefficient wasneséd using
grainsize technique (Nwankwor 1995). The summarthefaquifer constants are presented in Table &inSize
analysis of the lithologic samples obtained fromaas wells were carried out.From the examinatibthe result of
the analyses,layers having similar lithologies andifer properties were noted.Layers with similharmacteristics
were correlated from one borehole to another armbraposite section was made(Fig 4). The cyclicityttod
sequence was noted as similar layers occurredriaiugshorizons.
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2.2 Determination of Aquifer Parameters
2.1.1 Hydraulic Conductivity and Transmissivitytbe aquifer

The hydraulic conductivity is represented by K &g the unit of velocity. It is related to the Tsamssivity T by
the formula:

T=Kb @)

Where b is the aquifer thickness as determined ftmwell-site data. The transmissivity T was ckdtad from the
Cooper-Jacob (1946) method according to the formula

=23Q
As= T (2)

WhereAs is the drawdown per log cycle. The values of Kenmomputed for various layers at various locaiises
Table 2)

An equivalent horizontal conductivity was computedthe sequence using Leonards(1962) method:

_ S(MiKi)
Ke =50 ©))
Similarl K, =24 (4)
Y 27 S (Mi/Ki)

Where K, is the equivalent horizontal conductivity and, khe equivalent vertical conductivity, ; Ks the
homogenous hydraulic conductivity of an individlajer and M is the layer thickness.

2.1.2 Darcy Velocity:
The Darcy velocity was determined from the equation
V = Ki ©)

Where K = hydraulic conductivity,
i = hydraulic gradient computed from the map ofllydraulic heads

The linear or pore velocity was determined from:
V = Ki/ng (6)

where ne is the effective porosity.The resultdhefabove computations are presented in Table 1

TABLE 1 Summary of aquifer parametersin nsukka

SIN AQUIFER PARAMETEF UNIT VALUE
1 Hydraulic Gradient(i) dimensionlegs 1/150 -1/20(
2 Darcy velocity(V) m/day 0.02m/d-0.06m/d
3 Linear or pore velocity(¥c) m/day 0.05/d -0.16m/d
4 Horizontal hydraulic conductivity(# m/day 9.28/d
5 Vertical hydraulic conductivity(| m/day 5.86m/d
6 Effective Porosity(ne* % 37
7 Asymptotic longitudinal dispersivity() m 30.5m
8 Anisotropy factor(k K,) dimensionless 1.58

* value determined by Morris and Johnson 1967

2.1.3 Computation of Linear Dispersivity

The aquifer parameters were further subjected tstgéistical analysis due to their spatial varigbiWhen data
vary over several orders of magnitude, they arenofbest described by a lognormal distribution (Eeeand
Cherry,1989).For the hydraulic conductivity, thédwing equations describe the distribution:

Yi = LnKi @)
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Y:%ZYi,Izl ............... N (8)

Syzziz(vi-v)z, I=1..,n ©

Where Yi is the log hydraulic conductivity, Y theean hydraulic conductivity andethe variance in hydraulic
conductivity.The log transformed hydraulic conductivity valuesni 20 boreholes are presented in Table 3.

The specific capacities, hydraulic conductivitiesl dransmissivities of the boreholes were corrdldtased on the
composite stratigraphic section in Fig 3. The reisubresented in Table 2

Table 2 Summary of Aquifer Constantsfrom Pumping Test Analysis of Borehole Data

. W/level | Elevation Sp.capacity| Transmissivity| Thickness| K
S/n Location (m) (m) Q(m) | S(m) (Fr)n3/h|?/m)y (n?/d) Y (m) (m/d)
1 | Nsukka urba 13€ 400.£ 101 9.9¢ 10.1¢ 1386.2¢ 84 16.5(
2 Nguru-Nsukka 210 497.1 60 13.51 4.41 146.4 56 12,6
3 Ede-oballa 221 534.5 51.6 4.06 12.74 906.5 74 251P.
4 | Obimo-Akutara 67 301.5 100 18.0 5.55 351.36 56 276
5 ObimoAjuona 243 477.2 71.2 12.85 5.52 183.95 45| .09 4
6 | lhakpi-Awka 13C 387.¢ 67.t | 6.8% 9.8¢ 741.1¢ 79 9.3¢
7 Imufu 114 33t 79.1 6.97 11.3¢ 1240.7 10z 12.1¢
8 | Unadu 118 320 70.1 4.74 14.75 1539.43 62 24.83
9 Umuida 103 316.7 72 5.4 13.14 1317.63 77 17.11
10 | Ibagwa-Aka 112.3 381.1 96 7.0p 13.67 2219.17 772) 30.52
11 | Amufie 157 445 63.3 4.75 13.33 842.49 83 10.15
12 | Olido 13¢ 39¢ 66 8.4¢ 7.71 222.9¢ 45 4.9t
13 | Ogrute 14C 410.% 62 4.47 13.8i 1008.5! 94 10.7:
14 | Itchi 118 310.9 108.2  6.83 15.84 1218.52 72 26.9
15 | lheaka 165 451.6 66 6.3 10.47 345.09 44 7\84
16 | Ozalla 197.86 457 66 9.02 7.32 131.76 52.14 253
17 | Nkal-Obukpa 138.55| 366 37.5 10.09 3.75 457.51 A1 | 14.54
18 | Umunko 183.65 457 55.4 18.1 3.04 35.78 63.35 605
19 | Ohebedim 169.1: 36€ 60 7.42 8.017 1464.0: 68.8¢ 21.2¢
20 | Umuna 176.15 457 46.4 5.84 7.945 582.26 83.85 94 6.
Table 3 Log-transformed Hydraulic Conductivity Data
SIN Location K(m/d) LnK Elevation of screened layer.a.s.l).
1 Akutala-obimo 6.27 1.835 109
2 Imufu 12.16 | 2.4987 140
3 Ohebe-dim 21.25| 3.056¢4 151
4 Itchi 16.9: | 2.828¢ 150.¢
5 Unadu 24.83| 3.2121 160
6 Umuida 17.11 2.8391 140
7 Ogrute 10.73| 2.373( 170
8 Ibagwa-aka 30.52| 3.4184 190
9 | Amufie 10.1f | 2.317¢ 201
1C | Nkalagi-obukp: | 14.5¢ | 2.676¢ 21€
11 | Nsukka-Urban 16.50] 2.8034 217
12 | Umuna 6.94 1.9378 217
13 | lheakpu-awka 9.38 2.2386 220
14 | Ajuona-Obimo 4.09 1.4085 222
15 | Ozalle 2.5: 0.928: 221
16 | Olido 4.9t 1.599¢ 23€
17 | Umunko 0.56 0.579 236
18 | Nguru-Nsukka 2.61 0.9594 250
19 | Iheaka 7.84 2.0592 270
20 | Edeoballa 12.25| 2.5055 303
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Layer Elevation above sea level Lithologic Description
534m Interbed of silty clay, sandy shale, pebbly
sandstone with occassional black shale.
480m

Poorly sorted fine-medium-coarse sandstone.
Associated with sharp facies change.

247me

Fine-medium-coarse sandstone.
236n (Marks onset of saturation within the Formation)

_ Very coarse-medium, poorly sorted sandstone
220n

Coarse-medium whitish sandstone, grading
into medium to fine towards the west of the
area, occasional clay lenses present. Associated
with high yield wells with low drawdown.

120m;

Very fine, silty whitish sandstone, occasionally
interbedded with coarse materials.

53m
0

99

Fig 3. Composite Stratigraphic Section in Nsukka area

Table4 Summary of Correlation of K, T, Lithology and Elevation of layer

. Specif!c K T Depth of
Layer Lithology f;?,ﬁfs't)y midy | (id) | layer (m.ausi)
1 Very fine Sandstone 3.04-55 0.55- 35-351 109-120
2 Medium-coarse sandstone 10-16 10421 1000-1500 -22Q0
3 Verycoarse-medium poorly sorted Sandstpne 5-10 9 5- 200-750 220-236
4 Veryfine Sandstone 3-5 1-3 35-150 236-241
5 Fine-medium — coarse sandstone 4-11L 2112 150-900 247-303

The above correlation was further checked usingattliecovariancej and autocorrelation functiop) to determine
how the correlation between any two hydraulic canidity values decays with the separation or laaé\is simply
some constant separation interval. The values wengpgd into 10 class intervals at a spacing of 2@artjng from
100m above sea level. An autocorrelation functggiven as (Freeze and Cheery,1989):

p(h) =exp =2 (10)

Where 0) is the autocorrelation of the population at aasafion h.The correlation length scal {s the separation

in the given direction at which takes a value ok~! or 0.37 ort declines to 0.37 of the covariance at lag zero Fig
4.The correlation length is important because itasoees the spatial persistence of zones with sgimila
prperties(Domenico and Schwartz,1990).In equaddroily the modulus of h is used.For a finite numtifevertical
values of log hydraulic conductivity,sample covada(g) and autocorrelation functiogf can be calculated from
pairs of equally spaced data.The autocovariancgtiimat a separation(h) is :

Cy(h) =—-Z[Y(Y)-YIY(y+h)-Y],i........,n 11)

Wherem is the number of pairs of sample points at a gsgparation. The autocovariance coefficient dividgdhe
variance gives the correlation length(Table 5).Tomgitudinal dispersivity is estimated from:

_ o2
A= "3 (12)
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Whereds, is the variance of the log-transformed hydraubaductivity and .1 is the correlation length andis a

factor considered to be unity(Dagan,1982).
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Fig 4 Example of an autocorrelation function with correlation length defined as

separation at which p=0.37{Modified from Freeze and Cheery,1989)

Fig 4.Example of an autocorrelation function

Table 5 Worksheet for the determination of Correlation length and Variancefor Nsukka Hydraulic Conductivity Field

Fromth

o = £ S s |5 3 5 5
- < . s & & o s |9 Q b ¥
i > > >
z z z z
100-120| 1.8358 -0.374 0.14 0.4589 0.8223 0.13 0842| -0.1717| -0.3077] -0.061 -0.4521
121-140| 2.6689 0.4589 0.21 0.8223 0.163 1.2084 4@.18 0.3774 | 0.0748 0.5545 0.084f
141-160| 3.0323 0.8223 0.68 0.163 0.1847 0.1847 70B3 0.134 0.9937 0.1519 -1.1273
161-180| 2.373 0.163 0.03 1.2084 -1.3709 -1.370925a6| 0.1969 | 0.0301 -0.2235 -0.2038
181-20C | 3.418« | 1.208« | 1.4¢ 0.1847 | -1.250¢ | -1.250¢ | -0.150¢ | 0.223: | -1.656¢ | -1.511: | -0.182:
201-220| 2.3947| 0.1847 0.03 -1.3709 -0.1508 -0.1p@B2955 | -0.2532] -0.231 -0.0279  0.0546
221-240| 0.8391] -1.3709 1.88 -1.2566  0.29%5  0.2955 1.7144 | 0.02067] -0.4051
241-260| 0.9594 -1.2506 1.56 -0.1508 0.1886  9B36
261-280| 2.0592 -0.1508 0.02 0.2955 -0.0446
281-300| 2.5055 0.2955 0.09
> 22.086 6.1 2.365 -1.2596  -1.5223 -1.8261
1UnE 221 0.61 0.263 -0.157 -0.22 -0.3
e above Table,
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o, =0.61 \ =50m sinc&-0.22/0.6 2 =0.37 .

Therefore the asymptotic longitudinal dispersivity) is:

-—0'611:150 = 30.5m for the Ajalli Sandstone aquifer

RESULTSAND DISCUSSION

3.1 Stratigraphy

A composite picture of the aquifer system is madeofiseven layers.The upper two layers belong ¢eoNBukka
Formation .These layers outcrop at the highlamésand occur only as isolated outliers on the nlyidg Ajalli
Formation.Where they occur,the topmost layer ofualB®m in thickness comprises silt interbedded wifty,sandy
shale and pebbly sanstone with occassional blaale §the hydraulic arrangement whereby the sandyliesion a
shale/clay unit gives rise to a perched aquifetesygiving rise to springs and availablility of lladug wells in few
isolated areas..This generally occurs at about 480ave sea level.Underlying this layer is aboutr23f poorly
sorted fine-medium-coarse sandstone.This layesssaated with sharp faecies change and is transtanal in
that it cuts across the Nsukka and Ajalli Formagiarich all belong to the same hydrostratigraphiit. u

Within the broad valleys where the Ajalli outcrdps, saturation usually starts at about 247m to 23@&wve
sealevel. This layer is about 11m of fine-mediumrseasandstone.Underlying this layer is another thyer of

about 16m of very coarse-medium poorly sorted ganésvhich terminates at about 220m.The prolifietawithin

the Ajalli Sandstone starts from 220m-120m aboweleeel. This layer has considerable thickness afoupOOm.It

is associated with high yield boreholes with lovawldown.The lithology comprises medium —coarse weited

whitish sandstone with occasional clay lenses whittas semi-confining beds.Below this is a fig#ty-sandstone
layer which is associated with low yields and Igedfic capacity( Fig 3).

3.2 Hydaulic Properties

Groundwater flow in the area is driven by the tapphy which furnishes a gradient of 1/200 from #aestern
divide.From here flow west and east of this dividéns momentum,increasing to 1/150 in most of tieugh flow
areas and decreases in gradient at the terminateas . The Darcy velocity varies from 0.02m/d @6eh/d while
linear velocity varies from 0.05m/day to 0.016m/dayhe sequence has an equivalent horizontal hyidraul
conductivity of 9.28m/d while an equivalent veali©iydraulic conductivity is 5.86m/d,giving rise anisotropy of
1.58.The physical meaning of this difference ia ttorizontal and vertical conductivities is thla¢ tsequence is
homogeneous but anisotropic referring to the atbfferences. The correlation length scale of thgusaceA is
50m,implying that every 50m of the vertical squens a stratigraphic boundary characterizd by miisti
stratigraphic and hydraulic properties. The asytipiongitudinal dispersivity AL is 30.5m givinghadea of linear
dispersion or breakthrough from a point contamirsanirce.

CONCLUSION

The modelling of contaminant plume migration isedil in solute transport migration.The baselineameters for
this kind of study is a first step in model builgithe study has clearly determined the aquifer gntigs and
hydraulics for better management of the groundwsystem.The relatively high value of the dispetgihighlights

the heterogeneity and potential of contaminantaspirey,underscoring the need for proactive preventieasures
against contamination.Environmental authorities barguided in the choice of refuse disposal siteet on this
study. The sandstone sequence is homogeneoudljaberavertically hetreogeneous making the straipic unit

to be homogeneous but anisotropic.This kind ofreyeanent enhances linear and longitudinal dispelisiggorous

media.
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