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Abstract

A comprehensive petrophysical evaluation is esgkmb optimise development and production in comple
environments in different prolific regions includiwest Africa. In this study petrophysical paraneta the
Harrison 1 well, central Niger Delta were carefidlyaluated using cores and wireline logs zoneydfdtarbon
saturation were deduced using a combination of ewotional logs including Gamma ray, Resistivity
(Schlumberger’s platform Express-Array inductionltPEX-AIH) and Neutron/density combination log.
Cored interval ranged from 11915ftah to 12005ftathiw which several analyses were carried out tdude
lithofacies, environment of deposition and prospectreservoirs for hydrocarbon. Reservoirs are tkdta
between 11933-11952ftah, 11960-11965ftah, 1197608ftah. These reservoirs have excellent porosityes
(though permeability decreased with depth becafisecteased clay content), low water saturatiorcpetage
(< 20%), high hydrocarbon saturatiorB0%), favourable values of ROS and MOS.

The depositional model comprises a prograding $hoeedeposit which passes upward into stacks afireia
deposits characterised by features typical of esiteasetting. Studies of Hydrocarbon fill using esrfrom
Harrison 1 well under UV-light reflected recognikafiuorescing unit between 11956-12005ftah syrafphic
interval and a non-fluorescing unit between 119151955ftah meaning these intervals contains oil gasl ,
however gas -oil ratio of 45:55 affirms the gagn@ nature of the reservoirs within the intervasiofdy.
Keywords: Conventional logs, hydrocarbon saturation, reseyRDS, MOS, UV-light, water saturation.

1.0 INTRODUCTION

In the Niger Delta, Petroleum is produced in sammkstand unconsolidated sands of the Agbada Formattus
formation is characterised by alternating sandst@red shales with rock units varying in thicknassnf 30m
(100ft) to 4600m (15,000ft) (Short and Stauble, M96The sandstones in this Formation are the main
hydrocarbon reservoirs with shale providing lateradl vertical seals. Hence, the physical propediesservoir
rocks found in this Formation are often dependenthe fluids in the pores so that the variations loa used to
discriminate between the types, as well as the tgigmnof the fluid in the pores (Beck, 1981).

A 3D geological reservoir model of Harrison 1 fieléds built by Okkerman (1995) based on well andrsii
data and he interpreted the sands as depositiapafgrading shoreface and barrier Island system.

Eneyok (1997) carried out a detailed sedimentokigiore description of the sands in one of the svatid
defined thirteen lithofacies. He interpreted thdisentary succession to represent a prograding Wesmenated
shoreface to transgressive estuarine deposits.

The present research is focused on the petrophysietuation of Harrison 1 well using core data avickline
log. This involved the sedimentological descriptmincores and interpretation of wireline logs frétarrison 1
well. The interpreted parameters include porogigrmeability, shale volume, Formation water rewitsti fluid
saturation. The core samples also revealed thadigly and textures which were sampled at regularvals (x5
meters). The cores aided in the identification ydrocarbon bearing horizons. Also brought to forerevthe
effects of diagenetic processes such as cementatibthe geological succession of the well.

Lithofacies characterization is believed to be gy \edfective tool to systematically evaluate thdlsence it has
been recognised that excellent porosity/permegliiationship can be obtained once the conveniticore data
are grouped according to their rock types (Gud gQ05).

The various wireline logs used were Gamma ray, $8ggy, Neutron/Density combination. The petropicgs
parameter determined using the logs were permbalgbrosity, shale volume, Formation water registj fluid
saturation. The project is aimed at carrying odetailed interpretation of the logs and also idgimg fractures
and over-pressured zones, as well as reservoiuai@h using geophysical tools for prospect. Fighadws the
map of the studied area.

2.0 GEOLOGIC SETTING

The Harrison 1 Well is located within longitud®8°0'E and latitude %7'0'N of the central Niger Delta, which
is a prolific oil and gas province with an areaeang 80,000sq km.

The Niger Delta is one of the world’s largest deltacated in the gulf of guinea on the west co&stentral
Africa extending 300km from apex to mouth. The seaing upward regressive association of tertiadynsents
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present in the Niger Delta is about 12km thick (id&tman 1982)

The Niger Delta is composed of three stratigrapimits which are the Akata Formation (Basal unitinposed
of marine shales with some sandstone beds, thotpglite continental slope channel fills and turbslite
Overlying this is the parallic clastics of the AglaaFormation (4,000 — 10,000m) which consist ofrinédded
sandstones and shales. Topmost is the continemdbsgBenin Formation) comprising of gravel anddsaiit’'s
thickest in the central area where there is a maxiraubsidence of the Basement.

3.0 METHODOLOGY

Coring/core analysis:

Rock characterisation serves as an integral conmand-ormation evaluation. Rock based measurenudfes
the most tangible and direct means of determiniitical reservoir parameters. The need to extraotendata
from the subsurface has led to an enormous incieassearch directed towards understanding thsipalyand
chemical properties of reservoir rocks.

Rock characterisation has benefitted from recentamaces in laboratory methodology, computerisation,
instrumentation and technologies borrowed from oithdustries.

The goal of coring and core analysis is to redupeerttainty in reservoir evaluation by providing aat
representative of the reservoir at in-situ cond#io

In this work, the cores were taken conventionating fibreglass coring assembly. The coring assgishhade
up of a steel outer barrel and s fibreglass inrsreb. After coring , the fibreglass inner core aveetrieved,
marked and sawed into 3 feet lengths. These wdrseguently capped and placed in wood storage. ®te ¢
description was done in the laboratory for the igdidlepth (11915 to 12005 ftah).

4.0 Geologic core description

This description was done based on the lithofati#lofacies could be defined as the body of sedinoe rock
with specific lithological and organic charactddst( e.g. Grain size, sorting, sedimentary stmgstuwhich
were impacted by a particular set of energy comdiiti within an environment of deposition. Lithofacie
constitute the smallest building blocks used ireresir geology. The uniform physical characterstmf a
particular lithofacies type (e.g. Wavy-laminateithef grained, well sorted sand) mean that the pesseiform
reservoir properties. Although lithofacies can afwabe distinguished in cores, they cannot always be
distinguished on logs because the resolution of bges not allow subtle differences between sotheféicies
types, or thin lithofacies intervals to be detected

5.0 QUANTITATIVE INTERPRETATION OF WELL LOGS

The quantitative interpretation involves the usemathematical models and relations which give idahvvalue
of the log responses to the Formation parameterg.readings were taken at intervals (+5m) and #mous
measurements taken from the corresponding logtharbulk density PNeutron density @n, true resistivity R
Gamma ray, density of Shalg,P

The following relations are universally used in #stimation of reservoir sands parameters.

6.0 POROSITY

Porosity can be determined using any of the pordsiys including density, neutron and sonic. Meaiteyh
porosity estimate from neutron —density combinatiores better result than the porosity estimatévddrfrom
the neutron log alone.

The following relations are universally used in &simation of reservoir sands parameters.

6.1 Porosity:

The porosity values at sampled intervals were egéthusing readings of the density log and neutrgn
according to the relationship.

Porosity from the density log uncorrected for o(@y):-

®d = pma—pb
Pma—Pr1

Wherepm, = density of matrix (2.65/cm3)

Pf1 = fluid density (1.0g/cm3)
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The cross plot is Neutron — Density porosity (uneoted for clay) wherédn is the neutron porosity value.

(DN—b:\\gZd + (Dzn)

7.0 Water / Hydrocarbon saturation:

The water saturation for both hydrocarbon and ngairdcarbon bearing sands can also be evaluated@gsn
Resistivity curves provide a reliable measure efwhater saturation of a reservoir rock.

Normally, the resistivity (R) measured in a forroatis directly proportional to the fluid (water)sistivity (R,)
and are inversely proportional to the product efwater saturation ($and the Formation porositpy.

In order to calculate the saturation of the fluihient of the reservoir sands, the formation watsistivity, Rw,
is first calculated using this expression:

Rv=R
E

Where F = formation factor (201.562... for sandstone)
o>
Archie’s equation can be re-arranged to give uswéier saturation,S
Since a pore space contains water and/or hydrosavtith the calculated water saturation$e fractional
pore space remaining is being occupied by the logtbmn. The hydrocarbon (oil and gas) saturatighi$éS
usually calculated from the relation.
S =(@1-S)
Bulk volume water (BVW):
This parameter is determined by the product ofaéhmation porosity and the water of saturation.
BVW =® X S,
Invaded zone analysis:
In this zone, the microspherically focused log MR&juivalent (i.e SLT 10, 20 inches) were used terdgne
resistivity.
Water saturation in the invaded zong,JS

Sxo = F.R
RXO

Where F= formation factor

Rmf

resistivity of 100% mud filtration (0.89)

Ro resistivity read from MFSL log

8.0 Residual Oil Saturation (ROS)

This is expressed as

ROS=1-g

This equation gives the saturation in the unmoweesidual hydrocarbons of the invaded zone.

9.0 Moveable Oil Saturation (MOS):
This compares the,&nd §, in a hydrocarbon zone. It is expressed as
MOS =5,—- Sy
And the moveable index 5, s
So

10.0 Sand / Shale Analysis:

The amount of clay in a reservoir affects its payopermeability and predictability. The sand akhanalysis
was done to ascertain the volume of clay in therxesr.

Volume of clay (Vcl)

For unconsolidated sands we have

Vg = 0.83 [2G7*1°R) ]
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Where kg = GRog— GRmin

GRnax_ G‘Rnin
IGR = Gamma ray index
GRog = Gamma ray value at chosen interval
GRuyax = Maximum Gamma (100% Shale)
GRuyn = Minimum Gamma ray (0% Shale)

11.0 Clay correction:

11.1 Density log porosity:For corrected density log porosity
(Dgo) we have

Dy =y - (Va X Dgig)
Wheredy = Uncorrected density log porosity
Dyis = Density log reading for Shale

Neutron Log Porosity: To correct for clay we have
Dy = O, - (VaX Oprg

Density log reading for Shale

Where®,, = corrected neutron log porosity
D, = uncorrected neutron log porosity
Dy = uncorrected neutron log reading of shale.

Effective porosity for hasp,

@, (gas) \\\;jcz + D%
2

Effective porosity for Oll
(De (0|I) = (Ddc + (Dnc
2

Effective water Saturation {(§

This is given as

Swe = 1 [Ry + (0.25 Xy )2 — 0.25\] for uncorrected sands.
2

@d R 2

Bulk volume of water for corrected Clay:
The expression gives us the bulk volume of wateclay.

BVW =@, X Sw
Shaliness Factor (q):

q =@np X D)
@ nop
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12.0 PERMEABILITY

Permeability is of great importance in reservoirdeiting but its estimation often poses a significelmallenge
to reservoir characterisation and simulation. Ihds directly related to porosity alone. An imprdveredictive
relationship may be obtained when an additiona¢rehdent variable such as shale indication is dedduFigs.
3, 4 and 5 shows permeability/porosity relationshidels for the studied intervals.

13.0 RESULTS AND DISCUSSION
Interpretation of the log responses delineated ragveservoirs bordered by shaly seal rocks. (F&)..The
neutron/density log also shows two fluid phasekafai gas).
Different lithofacies were established from theesobetween 11915ftah to 12005ftah which to a lasgent
coincides with lithologic log signatures from thangma ray logs. Log shapes indicate deposit of idelta
progradation and river flood plains between 1198d 41941. On the other hand, the serrated belleshap
gamma ray curve between 11943 and 11957 increadag content with minor interruption of clay beds
accounting for the serration. This is indicativepafint bars, alluvial or distributor channel samadghe delta
plain environment.
The fluvial channel units are gradationally ovarlaly channel heterolithic units and overlain byatidhannel
units. Most of the sediments are tidal bundles dipd during a neap tidal cycle comprising sandsuni
transported by ebb or flow tide. From the analgsigied out on wireline and core from the well, elystions
reveal that between 11933 and 11973 ftah has a poazsity value but that does not justify it as Foahrbon
bearing interval.
Another observation within this interval is a gratudecrease in shale content with depth, which afrge
indicates clean sand with depth.
Porosity and permeability alternates (i.e. increased decreases with depth, however the porosity an
permeability distribution models indicate that thell has the most viable reservoir with respegbacosity and
permeability values at between 11933 to 11973ms Tduuld be considered as a prospective zone for
perforation at well completion.
A seal is formed for efficient hydrocarbon accuntiola and is marked by 0.7911 clay volume at deft/915
while at 12005 the clay volume is 0.1155.
Based on recognised fluorescence, the reservaissaith the studied interval fall under two categer
1. Fluorescing ,,Unit : (11956-12005) : fluorescencecurs as bright yellow colours which were
continuous and occurred as patches in some cases.
2. Non-fluorescing unit : (11915-11955) This interatdo appear dark except for resin invaded zones. Th
non-fluorescence in this unit is interpreted todiole to gas presence as indicated by the resistogty
The hydrocarbon column shows a gas: oil ratio 058&ffirming the gas prone nature of the reservoir
sand within the interval of study.

14.0 CONCLUSION

Depositional model carried out reveals that themnsedtary succession comprises a prograding shaefeposit
which passes upward into stacks of channel depos#teacterized by features typical of estuarinérgetThis
interpretation has further strengthened by the dance ofOphiomorpha, skilithos-Arenicolites trace fossil
association in coarse sandstone. Moreso, there are diagnostic tidal structures sicherringbone cross-bedding,
sigmoidal cross bedding re-activation surfaces,y@ddings, mud drapes and flaser bedding.

Also, supportive of the above model is the absesfcstrong generated structures such as hummoclkss cro
stratification.

So based on succession of sediments, a transgressiuarine setting cutting through underlying sfaure
deposits is interpreted to be the depositionaingetor the deposition of Harrison 1 well reservednds.

In conclusion, this research work illustrates howaluable a porosity- permeability relationshigdsreservoir
characterisation and in making right decision orfgration intervals during completions. A collediwuse of
cores and wireline logs has proven to be a veattd®l in resolving geological and petrophysicallpems.
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Fig. 2 DIMENSIONAL REPRESENTATION OF PERMEABILIT Y (X), POROSITY (Y) WITH
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Fig.3 Three Dimensional Representation Of Permealitly (X) ,Porosity (Y) With Depth (2)
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Fig. 4 Three dimensional representation of volumefalay (x) and porosity (y) and gamma ray (Z)

12040.00
12030.00
12020.00
12010.00
12000.00
11990.00
11980.00
11970.00
11960.00
11950.00
11940.00
11930.00
11920.00
11910.00
11900.00
11890.00

Fig. 5: Three Dimensional Representation of Volumef Clay (X), Gamma ray (y) with Depth (2)
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Fig. 6: lithofacies Sxc_Medium Fig.7: Lithofacies Sxm_Medium grained
Cross bedded Sandstone
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Fig.8: Core photo of Gas/oil contact Fig. 9: lithofacies Swm_wavy to flaser bedded
at deoth 11 !95 6 ftah sandy hetollthlc (bioturbated at thye)t

Fig. 10 : Lithofacies Sb_bioturbated Fig. 11: Core photo of depth 12005 showing
sandstone presence of oil based on fluorescence
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