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Introduction

. 1.1 General
_ The Post-Middle Miocene aquifer of the Jalu-Tazerbo Projéct Phase 1 Area
- comprises gthé lower part of the Calanscio Formation. The Formation

‘consists of sands, mainly unconsolidated and:dominantly medium in

grain with interbeds of clay, sandy in part. Analyses of pﬁmping tests

run by IGS at the Phase 1 Exploration/Production borehole sifes indicated

that these clay interbeds,écted as confining beds at. least for the length

" of the.tgsts conducted (5-6 days). (Interim Reporfg 1973 p 27 et seq).

It was therefore necessary to investigate these clays in some detail in |

" the pfoposed Production wellifield region in an attempt tovdefineAtheir

nature, thicknéss vafiatipn, areal distri£ution'and lat;ral confinuity.~_
Such infofmatibn'could then be incorporated‘in a longrterm,digital»mpdél
of the_development of the aquifer in . the ProductionuWeil-field'region
centred on southern Concession 103.. | - |

1.2 Sources of information

The presence of clay beds within the Calanscio Formation was first revealed ~

by the appraisal and synthesis of the information contained in the oil

company wildcat well files (Benfield, 1972). - In particular, the

Schlumberger gamma logs showed occasional peaks indicative of clay

iﬁferbeds and these were supported by.evidence'ffom the company

percentage-lithology logs. Much more detailed information was obtained
from the running of gamma logs by IGS personnel using.a PortéloggerA
instrument in specially selected boréholeé. These logs are the basic
s&urce of informafion for this Report.

Field investigations and log variability .

2.1 Location, numbers and type of boreholes gamma iogged by IGS

* Gamma ray logs were run by IGS at a total of 17 sites in the generalAvirinity

-1-



>

yal
r oo

!

. e g . _ )
. , . . .

of the proposed Production wll region (Figure 1, Table 1). At three

sites; more than one borehole was logged. = At JB site (P1-103), four

boreholes were logged, while at both JC (J1-103) and JE (F1-103), two

boreholes were logged. A single borehole was logged‘at each of the

" remaining sites.

In almost all cases, the borehole logged was one of the water wells
drilled to provide wéter_for the drilling of the oil company wildcat
well. At JD site (C1-12) and at those sites at which more than one borehole

was logged, obséfvaticn boreholes drilled for the Project Qere also'loggéd.

2.2 Intervals logged . ' o : o

SV27) At each site, a gamma log was run from the bottom of the logged borehole

to the surface. In épproximafely half the Soreholes logged, this interval
covered thé whole of the $aturated thickness of the Calanscio Fofmafion-
(Tabie 1). However in the remaigder, the Base of‘the bofehole was some
distance above the base of thé Calanscio.For@ation‘as-defined in:the oil
company wildcat well, and thus ﬂo information was-obtainéd for the lower
part of the Formation.- “

At one site (Al-LPBC),-the whole of tﬁé.Calanscio Formafiqn was in the

unsaturated zone and at a second (AL-LP5C) only the lowest 2L feet of the

Formation was saturated. These have therefore not been utilised in the

regional compilations. = ©oa

2.3 Log variability and the identification of claybeds’
The response of gamma ray probes is markedly affected by borehole condifions;

such as the.bdgehole'diameter,>the'presen6eiand type of mud in the

' borehole, the depth of mud invasion and the presehce and thickness of casing

and .gravel pack. Further variation results from differences in -
instrument scale sensitivity, and in logging procedures such as logging
speed and time constant which in turn reflect the essentially statistical

nature. of the phenomenom of natural gamma radiation. In the proposed

-2-
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. Production Well—fiéid region of the Phase 1 Area, IGS gamméllogs were
run in:béréholes exhibitiﬁg a variety.of’cpnditions, while logging
procedures were varied in ordef to'bétimise prqbe response. As a
resulf, éhe~1ogs-sh6w achnsidérablé degree of vériability.

In the face]f this variability an empiricai apprééch ha§ been aaOpteq.
Statistical variabilify within an individual lqé was asséssed from the

'sgort repeat éection run-af the beginniﬁg of each lgg. - These showed
a,generél repeatability of peak height of the order of less than 1 count
per'seé with a 10 éps full scéle deflection'aﬁdcf peak position of |

;;1-2Afeet. Clay,beds‘wefe identified iﬁ the -logs where péaks stood out

significantly frém the géﬁeral- background lével of radiation;‘this
génerally being-by méré than 1.5 cps. |

2.4 Compériéon withASchlumbergef gémma logs of oil companyIWildcat wells.

Comparison of the gamma iogs rﬁn $y IGS with those run by Schlumberger in
oilApompany wildcat wells showed that fheAIGS logs were'capable of much
more detailéd‘resolutidn than those from the wildcat wellsf Whilst

A§ery prominent clays could in some cases bg correlated across the.
wildcat‘sites, the bulk of the cléys revealed by the IGS logs could

l qof be_ideﬂtified in the wildcat weli‘logs.. Clearly this must reflect
differences in both hole.conditions and logging érocedures.

- Consequently it has nbt been possible to ?ntegrate the limited information
on the oecurrence of -clay beds obtained from the wildcat well logs with the
more detéiled‘data derived ffom the-IGS logs. The following accounts

of Soth within-site and between-site variation are therefore Eased
entifely on the results of the IGS gamma logging programme.

-Yithin-site variation of clay beds in the saturated zone of the Calanscio

Formation .
3.1 General i

In order to assess the withiﬁ-site variability of the clay beds within the
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3.2 JB Site (P1-103)

Calanscio Formation, detailed studies have been made of the three sites
at which more tﬁénﬂdhe borehole waslgammaflogged.- Each Siée is discussed

separately below. B . ‘ - . o L,

- ) o N N A
et I S . LN 4

At this site IGSAgamma-loés were run in four wells (Figs 3 andlé). Tha? .
of JB-01 cévered the whole of the saturated seétion of the Calanscio
Formation, while that of Water We}l North omitfed’qnly'fhe lowest 26 feet.
Partialvlogs cbvering-apprbximafely the lower half of the sﬁturated
sedtion.ﬁere run in JB-P and JB-Oé. Clay beds! as evidehced'by peaks of

increased gamma radiation, occur in ail the boreholes and a total of

15 beds have been recogniéedAin the boreholes across the site. .The

vertical distribution of the bedé throughéut the saturated zone of the
Célanecio Formation is generaily uniform, there beiﬁg.no discernible-trend.
towards a4c0ncéntration of beds at any particulgr horizon. <Bed
thicknesseé vary - from 3 feet to 12 feet; It should be noted howevér

that minor variations in thickness may'reflect differehces in logging

 speeds in .different boreholes.

A considerable degree of correlation ofbclay beds can be sustained across .
the site (Fig 3).. Correlation has been effected at two levels.
Probable correlations are based on distinctive peak heights and shapes.

Ro§sible‘correlations involve less distinctive peaks and rely to a certain

extent on sequential position. Four beds, Beds 3, Q, 5 and 7 show
‘probable correlation across the whole site. However Bed 5 appears to

_ split into two leaves to the northwest. Other beds,‘such as Beds 2 and -

11, show possible correlation in three out of the four boreholes, no data
being available from the fourth at the level at which the bed would be

expected to occur. In the upper part of the saturated Calanscio Formation,

logged in JB-Ol and WWN, Bed 13 can be possibly correlated and Bed 15 probably

correlated between the two boreholes. - It therefore seems.cigar.that some

beds have a lateral continuity greater.than‘the extent of the site.

.
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On the other hand, -there appears_to;be evidence that other beds do not °

~ extend across ‘the site. Bed 6, though showing possible correlation
~ from JB-02 through JB-P to JB-01, cannot be recognised in WWN. Bed 8
cannot be reeognlsed northwest of JB-Ol while Bed 9 appears to occur

4only in JB-P and JB-Ol.  Bed 10, though show1ng probable correlation-

between JB-P and JB 01, does not appear in WWN. Bed 12 appears to be

") confined to JB-Ol. Flnally Bed 14 a dlstlnctlve thick horlzon,

cannot be traced from WWN to JB-0l.

The correlations indicate that the sand beds between the 1nterven1ng

_clays vary in thickness and are broadly wedge-shaped (Fig b). The

’-development of the split in clay Bed S suggests that the. beds could in

fact be lentlcular in shape.

The correlations also show that individual clay beds vary in thlckness.

The feature is particularly marked in Beds 4, 10 and 11.

“The clay beds may also possibly vary in clay content as in some cases

peak heights appear to differ between_boreholes to a greater extent’

than might be. expected from dlfferences in hole conditions. It seems

~l1kely that all the clay beds contain some sand as peak heights are

~almost always apprec1ably<less than those recorded from clays in the

underlying Lower and Middle Miocene.

3.3 JC Site (J1-103)

Two boreholes,AWater.Well South and JC-0lA, were logged by IGS at this

site (Figs S‘and 6). Despite differences in borehole construction and

: logglng procedures, some clay beds -can be correlated between the boreholes.

Bed 3 can p0551b1y be correlated, whlle ‘Beds- 4 5.and 7 can probably be so.‘
However Bed 6 in WWS cannot be recognlsed in JC-0lA, nor does 1t seem
likely that Beds 1 and 2 can be oorrelated as their gamma-peaks,present-
marked differences in height, shape ana position. If they did Cérrelate;
they would.indicate a very pronounced wedge-shape for'the overiying sand

beds.



3. ‘l» - JE Site (Fl- 103)

'IGS gamma-logs were run 1n two wells on thls site, WWSW and JE-Ol

(Flgs 7 and 8). Bed 2 shows a probable correlatlon and Beds ‘4 and 5 possible
correlatlons-between the two wells; Bed 3 in JE-Ol however, .appears to
be‘absent in WWSW. The_oorrelétions indicate that.the:clayibeds vary

in thickness and thet the intervening sand bedsAare broadly Wedge-shaped.i

A marked change in the peak heiéht of Bed 4 between the boreholes

"brobabiy indicates a ohange in the clay content."

3.5 Discussion

. Synthesis of the‘information'from the three multi-well sites reveals five

main points?

a. The clay beds have a iimited continuity. At no site could all cley

" beds be traced between adJacent boreholes.

b. The thickness of 1nd1v1dua1 clay beds varies across the sites.
c. The clay content of some clay beds appears to vary_across the;sites,

probably reflecting.differing sand content.

'd. The clays vary in p051t10n with respect to each other and delimit sand

beds which are distinctly wedge-shaped.
e. Splitting of clay beds may occur and may result in the ‘development of

lenticular sand beds. L - : R

- Sedimentologically, the above'features combine'to present a picture of

a thick sand sequence cut by reletively thin clays, individually of
limited extent but as lithologicel units alweys present. The'cléys may
become sardy and die out 1aterally orvmay.in‘fact be cut out by erosion
at the base of the sand horizons. Such a sequence:corresponds well with
that found in fluviatile deposits. In the.Calanscio:Formation, the
presence of coarse grained sand horizons, positively shewed grain size

distributions (E P Wright, pers comm) and distinctive cross-plot patterns

—6-
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of skewnesaAsortiné and median size support this environmental interpretation.

In such a sedimentary model, the sands represent deposition within or adjacent

‘to channels, while the clays are'laid'down in bverbank lecations.

Finally, with regard to the lateral continuity of the clay beds, both

the ev1dence from the s*tes and the env1ronmental interpretation preclude
the possibility of reliabiy correlating individual clay beds from site to
sife ever.distances of several miles.f' In fluvial seqnences, such clays V
are notably impereistent, their cbnfinuity.being:controiled by such

factors as the size and morphology o the depositing sysfem} and the

- balance between. the rate .of .reworking ofuthe.floodfplain and the overall

rate of deposition. Unfortunately, although: some quantitative data on

.the continuity of clay beds w1th1n marine,deltaic and channel sediments have

" been assembled (Zeito, 1965), such studies do not appear to have extended

to river flood plain dep051ts. However field experience with such.
formations suggests that the lateral eontinuity of any.clay'bed~»cou1d

reasonably be expected to lie in tne range 2,000 - 20,000 feet. For

. example, Allen (1962) reports that in the Lower 01ld Red.Sandstone of

. Shropshire cyclothems comprising a lower sandstone member-overlain by

an upper siltstone member and dep051ted in a floodplain env1ronment, can
be\generally traced for distances of up to half a mile (approx 2,500 feet).
However, one such cyclothem in which the eandstones are notably calcareous

occurs over some seven miles of outcrep;(approx_ 36,000 feet).
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Regional occurrence of clay beds in the saturated zone of the Calanscio

-~

Formation

4, 1 General

) iced with the impossibility of belng able to correlate 1nd1v1dual clay

7 ~beds reliably across the reglon under 1nvestlgat10n, 1t has been

necessary to adopt-a more general approach.' The vertical distribution
of clay beds within the whole ef the saturated zone of the Calanscio
Fermatien has been investigated from plotted sections for each-site at
which IGS éamma logs Qere run, Statistieal measures of the freduency

and thickness of the bedsynecessitated by the fact that only about one

”i’»halfeof the boreholes logged.pehetrated the Formation.fully, have been

calculated and.their_regional<distribution plotted.

Since pumping'drawdowns iﬁ_the broposed productioﬁ well region have been
estimated at a maximum of 100 feet Below‘static-wafer level, more
specific data on‘the occurrenee of clay beds within this interval has
been collected and analysed. |

4,2 Occurrence of clay beds throughout the saturated zone of the Calanscio

Formation
The positions and thicknesses of all'the clay bede‘recognised in the
gamma logs are. shown in the vertical sections plotted for-each borehole
16gged (Figs 4 6 8, 9, 10 1, 12 and 13) The sections show that the
clay beds occur throughout the region'and-at all levels within the saturated

zone of the Calanscio Formation. There appears to be no .regional trend.

~towards the concentration of individual clay beds at any particular

horizon.

Statistical data on the frequency and thicknesses of the clay beds are
given in Table 2, while the regional distributions of the mean number of clay

beds per 100 foot of section logged, the mean bed thickness and the percentage

-8-
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of sectionliogged'occupied by clay beds are plotted in Figures 15, 16

and 17. From regional‘distribution of the mean number of clay beds

per 100 feet-of section logged (Fig.lS); it'appears that clay beds

are least common in an area coverlng “the centre of Concession 103, and become

" more common outwards from this area. Mean clay bed th1ckness is least

in a closed area only slightly further to the west (Fig 16) and values

increase markedlyt:the south-east. ATbe.total value of olay'within the
saturated zone of the Calansoio Formation as measured b&~tne percentage
of sectlon occupied by clay beds (Flg 17) appears to be lowest in

and to the west of west~ central Conce551on 103, that is between Fl- 103

and ‘B1-108. Values increase in all dlrect;ons away from this area and

iapproximately double both to the south-east and north-east. .

L.,3 Occufrence of clay beds within the upper 100 feet of the saturated zone

of the Calanscio Formation

. Examination of the vertical sections (Figs 4, 6, 8, 9, lO,Vil,_la.and 13)-

again shows no marked concentratlon of clay beds at any particular
horizon in the upper 100 feet of the saturated zone of the Calanscio
Formation. Frequency and thickness data for clay beds within this
interval are given in‘Table 3, while the regional.distributions'of

various parameters are given in Figures 15, 19 and 20.

There are fewest clay beds in the uppef 100 ft of:the'saturated zone of

the Calanscio Formation in a ‘narrow anea.extending between Nl—lOB‘and
K1-103 (Fig 18). Numbers increase quickiy to'the north-east and east

but less rapidly to the west. Mean clay bed thickness.(Fig 19) is,
however, high in the area of lowest numbers of clay-beds'and the region

of lower values occurs further west. The distribution of values for

the total thickness of clay showe the COmbined effect of these trends.

A broadtarea,of 1ower'tota1‘thickness extends from the'south of

Conce551on 103 north—west into Concession '108. Higher values occur to the

west and over a wide region to the north—east, east and south-east.

-9-



L. 4, Discussion

InAthe data both from tﬁe whole énd from the upper 100 feet of tﬁé
séturated zoéé 6f the Calanscio'Formation, £he area.of the fewest
. clay beds lies a little to tﬁe.east'of<tﬁat-of the thirnest clay beds.
‘The area of the least total clay-generally coinCides wifh‘that of
the minimum mean bed thickness indicating that this is a more important
factor thén the n;mber of-cla&'beds. ‘Regidnélly,_ﬁbth sets of data
show that the fewest clay beds, tbeAthinnest qiay beds and the-
least total qlay thicknesses all occur between south-central Concession
103 énd northern Concessioﬁ 108. Away from thi5~are§, clays are
‘éignificéntly-ﬁoré iméoftant.‘ |

S ° Possible zone of generélly more cléyey sédiments'in the upper part of -

thé saturated zone of the Calanscio Formation

- S.l General
A feature of all the gamma ldgs run-through_the Calaﬁscio Forﬁation is
a.general incfeésevin levels of naturél gamma radiation tqwards fhe
-top.of'the Formation. It is possible that this could represent a general
increase in the-amoﬁnthpf naturally-disseminateé clay within the Formation. .
. ) . o =
On this basis the Formétion hgs been divided into a lower zone of less \

clayéy sediments and an upper zone_bf more clayey sediments. The extent

“,

to which the latter occurs within the saturated zone of the Calanscio

}

Formation is discussed below.

- _ It should Se noted,ﬁowever that individuai clay- beds caﬁ still be
distingﬁisheq within the zone'of mére clayey sedimenté as their peak
heights are cofrespopdly higher than genefal background .levels. This
might suggest tﬁat in the upper zone some other influence has been
superimposed on the general pattern_of natﬁral gamma radiafion. _Such
influénées'coﬁld possib;y include the effécts of excessively high cosmic

radiation related to the generally clear atmospheric conditions prevailing

in the desert.
-10-
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5.2 Occurrence of the upper more clayey zone within the saturated zone of

the CalansciovFormation

Inspection of fhé vertical sections (Figs 4, 6, 8, 9, 10, 11,;12 and 13)
_ shows that atlelevep of the sites logged; the upper clayey zone exten§s
doﬁn into the_saturated zone of the Calanscio qumation. At the-
.femaining sités the base of the upper clayey zone 6ccurfed above the

static water level (Table &).

The regional distribufioﬁ of the thicknesSesvof the upper clajey zone
" occurring within the saturated zone of_thé Calanscio Formationvis.

presénted in Figﬁre 21. This map shows that in an area over the cent;e
- of Conceésidn 103 ana extending into northefn.Concession 108 the cla&ey-
zone exteﬁds ohl& a vefy little or oftép ﬁot all into the saturated
zone of the Calanscio Fofmation. 'jTo the north-east, éasg_and'soutﬁ-éasf,l
.the clayey zone(extends to much greater depthé within the saturated zone and
méy occupy the whole of the uppér 100 feet of the.saturated zone as at
- KK1-12 and K1-97. It should be noted tﬁat the very sﬁarp chénge between
§1-103. and 01-103 would seem to beAsomewhét anqmélous,and may reflect

some inconsistencies in. log-response or interpretation.

' ﬁydgogeoiogical impliéations‘

6.1 General

‘ Thé result of the gamma ray logging‘invéstigétions have éignificant ¢
impligations for the‘interpretatioﬁ of hy&rogeological'cénditions within
 thevsaturatéd zone of the Calanscio Formgfion;' 'Thoselétemming from

the studies of the frequency and.thickness.of individual clay beds are
considered first, fqllowed by those related to thé possible presénce of an

upper zone of generally more clayey sediments. B
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6.2 Signifiéénce of the clay beds throughout the saturated zone of the

Calanscio Formation
The ﬁydrogeolégical implications of this~section of'thé studies fall
ﬁnder fouf headings: |
a. Both the vertical éeétiohs (Figs 4,A6, 9, 10, 11, 12 and.13)
énd the‘statiétical dafa (Tgble 25 émphasise the multi-laye;ed nature .
of tﬁe Qhole,of.the aquifer in the éroposed Rréduction Well area.
Clay-beds ﬁécur throﬁghout and show‘ho.regional'trend to épncentration
- at any bartiqular hqrizon. |
'b. _,The.range of mean thicknesé values for the clay béds; up to §.3 ff"
(T;blé 2) is ;uch that the beds could éonstitute significant barriers
to ﬁertical flow, as was in fact observed duriné(puﬁping tests. At
some sites clay beds are‘sufficiently nuﬁerous and thick (Table 2) s0
as to form an appreciable propbrtion'of the saturated zone of the
" Calanscio Formation and thus significantly.réduce thé voiume of-.
proauctive strata aQailable for development in'wells.
“ ¢c. The within-site véfiatioﬁ in the gamma-ray peak heights of éome ciay

‘beds éuggests»a'variable clay content which.probably reflects differing

sand admixtures. It can be noted that peak heighté of clay bedé in the
Calanscio- rormation on oil company Schlumbergér'gamma logs are harkedl&
less than thoée'of narine clays inAthe underlying Lowersgnd'Middle

Miocéne{ suggesting that the former are générally more séndy. Tﬁis

cbﬁld be significant in térms of tﬁe vertical permezbility of the clay

beds. | |

d. tudies at sites where more fhan one well has been logged (cf Section 3)
indicate that the clay:beds bound sand units thch are wedged shaped'in
nature and.that the clay beds are variéblé in thicknesé. These_féatures

may §e significant hydrogeologically in that they cdulq affect £hé g

interpretation of the pumping tests and relate in particular to possible

-12-
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aieélyigyiatéonslin the amount of leakage through overl&ing clay layers.
The within-siﬁe’§;riébility stﬁdies further shoy that clay beds are
;laterally-imﬁersistent and ma&'occasibnally split into‘two. - Together
all thése factqrs preélude the reliable'cérrelafion of indi?idual

clay beds betwéen sites. ‘ | |

There ‘is therefore noidifect evidence as to the lateral extent of any
individual clay layer. Howe;ér from the hypothesis suggeStéd by the.
lithoiogical seéuence and the grain-size—freqhency>data.that deposiéion
took place invgﬁ alluvial plain environméﬂt, it may be inferred that ﬁhe

clay. beds generally extend over distancés in the range'of 2000 feet to

. -7 20,000 feet.- It.shbuld‘be‘noted that comparison with at least one

'
: A . . .

alluvial séquepce,the 01d Red‘Sandstone of Shropshife.shows agreement with
this raﬁge.
‘Unéer pumping éonditions,_the amoﬁnf-and extent of the‘élay_beds is
- significant in that it raiées the possibility of the vertical movement
‘of water followinéb'é step-Wige'patﬁ around the ends of the clay layers.
The quéntitative_importanée of this flow will depénd on. the cross-sectional
;rea 6f such conduits and their lengtﬁ in rélation to the head differences.
Ffom the statistical data on the vertical occurrence of the clay beds
(Table 2) and a range of assumea values for.théir lateral extent, comﬁined
. with leakage data from the pumping tests it might be p&ssible'to calculate
a range -of magﬁitude; for these flows. . Regional differences in the |
distribution and 6hafacté; of the clay beds (sée below)_would nécessitate
separate consideration of the.areas_of high and 1low clay content.

- The regional séudies éf'fhe occurrence of  clay beds throughout the
sgturated zone'qf the Calanscio Formafion (Figs 15, 16 and 17) reveal the
presence.of a region of minimum clay whether meésﬁred by numbers of clay
beds, mean bed thicknesses or percentage of the section occupied by clay.
fThis region covers the western part of Concession 103 between Qla-103

and extends west into Concession 108 (Fig.ZZ).- |

-13-
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.18, 19 and 20) and the lateral extent of the beds is represented by a

In this region thickness of productive horizons is maximised, while the
number and thicknesses of potential barriers to vertical flow are
minimised. Since the region also corresponds in a general way with

a region of increased saturated thickness, it would seem to constitute

" an optimum region for any proposed production well field. -

" To the north-east, east and south-east the clay cbhtent increases markedly, -

and it is conceivable that this cou1d<pbssibly-affect the h&drochemical

characteristics of groundwaters within the formation in this vicinity.

6.3 Significance-of'clay beds within the upper 100 feet of the saturated

.zone .of the Calanscio Formation

"~ The partiéular_significance of the clay beds in the upper 100 feet of the"

aquifer lies in their leakage>characteristiCS»and the extent to which they

will affect the onset of water table conditionsaftef the commencémeht of
lérge scale and long term pumping. The points made in the previous section
regarding the variebility in thickness and in clay content of the clay beds

in relation to leakage are equallj valid.

With regard to the question of the degree of confinement within the upper .
" 100 feet of the saturated zone of the Calanscio Formation a critical factor

'is the lateral extent of the individual clay beds, and as discussed above,

this unfortunatedly remains unknown. One possibie solution to ,this

4 problem‘would'seem to be to set up a series of conéeptual three-dimensional

models_ofihe uppef 100 feet of the aquifer in which the vertical frequency

and the thicknesses of the clay beds corréspoﬁd with the regional

distribution of the data obtained from the gamma logs (Table 3 and Figs

selection of values taken from the range 2000-20,000 feet suggested by

consideratiohs of the depositionél environment. Within this framework,

~1b-




using appropriafe values for the leakage througn thé clay beds and
consequent head changes, it would as before, appear possible to assess

the effects of vertical flow following a stepwise path between clay beds.

/

;Regionally the existénce of an area appreéiably def@cient.in clay
(Eigs i8, 19 and 20), exten&ing north-west from -southern Concéssion 103,
is sigﬁificant, In such aﬁ area, barriers to vertical flow ére at a

' miniﬁum, and the onset of water fable conditions is likely to takelplaée'
more rapidiy4tﬁan elsewhere. This area overlaps that of minimum .
clay within tﬁe*whole of the saturated zone of the Formation (Fig 23).

6.4 ‘Significance of the possible zone of more clayey sediments within- the

- upper part of “the saturated zone of the Calanscio Formation

" The pfeéence of this zone, if in fact it represents an actual increase in
dispersed clay within thé'F;rmation,will decrease permeability values énd

-possibiy create én additional'confining effect. | The regional occurrence
of the gone‘with its_g;eatly increased thickness to the east indicates
that its effect will be additional téjﬁhat of the individual clay layers.

_ Where these are least important to the west, .the developmént of the -

{

. clayey zone below the static water level is either small or non-existant.
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Table 1

Details of intervals gamma-logged by IGS in boreholes penetrating.the saturated
zone of the Calanscio Formation

Base of Calanscio Fm - Interval logged within saturated
- (Dete;mined from logs Static Water Calanscio Fm
site Weill' of adjacent Wildcat 0il Level
- : Vell) _ Base Top
FT WRT SL FT WRT SL FT WRT SL P WRT SL
P1-103| JB-02 -139 - -139 +25
.(8)
' JB-P -139 - -131 +96
JB-01 -139 +156- -139 +156
WWN -139 +159 -113 +159
J1-103| wws -123 +140 -78 +140
(x) ‘

: JC-01A -123 +140 -123 +140
F1-103 WWSW -128 +118 =118 +118
GE) : ‘

- JE-01 =128 +118 -63 +118
G1.-103 WWS Cc-120 +126 -52 +126
Bi -108 WW +40 +226 +40 +226
D1-108 wW -123 +68 -114 +68
E1-97 | wwN -179 +115 ~163 +115
_Cl-12 JD-01 . =157 +119 -157 +119
¢ D) :

KK1-12 WWE -183 +91 -167 +91
Qla-103  WWNW -158 +95 -108 +95
C1-103 WWE -225 +137 -78 +137
S1-103 WWS ~247 4137 -136 4137
(JAa)

Ki -103 WWW " -207 +123 -109 +123
N1-103 WW -229 +117 =102 +117
Fj -108 w9 +134 +253 +134 +253
S$S1-6 wi +91 +258 +91 r +258
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Table 1

Details of intervals gamma-logged by IGS in boreholes penetrating'the saturated
zone of the Calanscio Formation

Base of Calanscio Ty
(Determined from logs

Static Water

Interval logged Qithin saturated

Calanscio Fm

ite wéh of adjacent Wildcat 0il Level
: Well) , Ba A
: - \Se Top
__l FT WRT SL - FT WRT SL FTWRT SL | FT WRT SL
F1o3 © JB-02 -139 - -139 425
) A ‘
- JB-P ~-139 - -131 +96
JB-01 ~139 +156 -139 +156
. WWN 139 +159 -113 +159
J1-103 | wws -123 +140 -78 +140
c) A : '
JC-O01A =123 +140 -123 +140
i;103 CWWSW ~128 +118" =118 "+118
) . ' '
JE-01 ‘-}28’ - 4118 -63 +118 .
~103 wWS Cc-120 +126 -52 +126
1108 WW +40 +226 +40 +226
D1-108 L -123 +68 - =114 +68
97 | wwN -179 +115 -163 . +115
C1-12 JD-01 . =157 +119 -157 . +119-
) _ _ . :
-12{ WWE -183 +91  -167 +91
Qla-103 WWNW -158 495 _ -108 +95
c'-103  WWE -225 +137 -78 +137
S1-103 WWS -247 4137 -136 +137
(ghr) - :
1‘103 WWW -207 +123 -109 +123
N1-103 |. Www ~229 +117 -102 +117
108 | w9 +134 +253 +134 +253
SSS1-6| ww +91 +258 +91 +258
i - 17 -



Table 2

Frequency and thickness data for clay beds throughout the saturated zone
of the Calanscio Formation

: . Total
: Logged Mean Thickness of Clay Beds Thickness |Clay Beds as
. Number of | Number of
. Site | Well | Interval of Clay Percentage
‘ Ft Clay Beds |Clay Beds Beds of Section
; Per 100ft ). Maximum |Minimum |Mean Ft
Ft Ft Ft

‘P1-103] win 272 8 3.0 12 2 8.1 .65 24
(JB)

Gl-103| wws 178 5 2.8 10 ‘3 5.8 29 16
'B1-108| ww 186 5 2.7 6 3 4.4 22 12
§01-108 wW 182 5 2.8 17 3 6.2 31 17
F1-97 | wwn 278 8 2.9 12 A 7.3 58 21
C1-12 | Jpol 276 7 2.5 10 3 6.k 45 16
{.JD)

J1-103| wWws 218 6 2.8 10 4 7.7 46 21
(JT) .

kK1-12| wwe 258 11 4.2 13 3 6.5 71 27
Qla-103 WWNW 203 7 3.5 8 3 4,6 32 16
01-103| WWE 215 6 2.8 18 6 9.3 56 26
S1-103| WWS 273 6 2.2 17 5 7.7 46 17
(JA) ’

K1-103] www 232 6 2.6 16 4 8.5 51 22
Ni-103{ ww 219 4 1.9 11 6 8.8 35 16
F1L-103| JE-01 200 4 2.0 10 2 6.3 25 12

- JE) '

F1-108| w9 119 4 3.4 8 6 6.5 26 22
 5SS1-6( ww 167 7 4,2 40 2 4.1 29 17
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" Table

Frequency and thickness data for clay beds throughout the saturated zone -

2

of the Calanscio Formation

me

. | Total . ,
Logged Mean Thickness of Clay Beds Thickness Clay Beds as
. Number of .| Number of .
Site Well | Interval of Clay - Percentage
: Ft Clay Beds Clay Beds : o Beds of Section
. - | Per 100ft | Maximum | Minimum |Mean | Ft : :
Ft " Ft Ft
1-103 WWN 272 8 - 3.0 12 2 8.1 | .65 24
. {JB) . o ' : } ) .
E-103 WWS . 178 5 2.8 10 '3 5.8 29 16
-108| ww 186 5 2.7 6 3 - | k. 22 12
' '11-108 WW 182 5 ','-2.8 17 3 6.2 31 17
-97 | wwN 278 8 2.9 12 A 7.3 - 58 21
-12 | Jpol 276 7 . 2.5 10 3 6.k 45 16
-103| wws 218 6 2.8 10 4 7.7 | 46 21
(JC) : , o 4 :
.!u-lz WWE 258 11 L.2 13 3 6.5 71 27
Qla-103 WWNW- 203 7 3.5 8 . 3 - 4.6 32 16
-103| WWE 215 6 - 2.8 18 6 9.3 | 56 26
-103| wws 273 6 2.2 17 5 7.7 46 17
(Jn) ' ' o : - oo
”!-103 WWW 232 6 2.6 16 b 8.5 51 22
Moozl w | 219 & 1.9 1 6 8.8 35 16
E-ldz JE-01| 200 4 2.0 10 2 | 6.3 25 12
E) | ‘
<108| w9 119 4 3k 8 . 6 6.5 26 22
'51-§ W 1167 7 4.2 40 2 4 29 17
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Table 3

Frequency and thickness data for.clay beds in thg upper 100 feet of the saturated
zone of the Calanscio Formation - ' ' : .

) - Thicknéés.of Clay Beds 1
Number ' ' Tota
Site Well - Thickness
of Beds . -
. .. of Clay Beds
Maximum Minimum Mean _ Ft
Ft Ft Ft
P1-103 WWN 3 12 2. "~ 6.3 19
- . (JB) A
G1-103 WWS 3 3 4.0 12
B1-108 WW 3 5 '3 4,0 12
D1-108 WWN 3 A 3 3.7 11
F1-97 JD-01 A 8 .5 7.0 28

© Cl-12 WNS 4 10 3 7.0 28
(JD) _ - _ o
J1-103 WWs A 10 4 6.8 27
(Jc) - ' :

"KK1-12 . - | "WWE 6 13 6 - 8.3 50
Qla-103 WWNW 3 8 3 5.0 15
01-103 . WWE 3 18 6 10.7 32
S1-103 WS 3 17 5 9.7 29
(Ja) - .

K1-103 WWW 2 16 12 14,0 28
N1-103 WW 1 8 8.0 8
F1-103 JG-01 3 - 8 2 5.0 15

- (JE) . _ ‘

F1-108 w9 5 8 6 - 6.8 34

. SSS1=6" WW 4 6 L. 4.8 19 .

- 19 -~
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TABLE 4

Elevation of the base of the upper clayey zbne of the Calanscio Formation

. and its thickness within the saturated zone

Base of~Upper

- Thickness of Upper

Site -Well Clayey Zone Wafziaz;:el Clayey :Zze Below

FT WRT SL FT WRT SL FT
P1-103(JB) WWN +136. +159 23
J1-103(JC) |  wws +127 ¥140 13
F1-103(JE) | JE 01 +152 " +118 )
61-103 " WWS +165 +126. 0
B1-108 W +221 4226 5.
D1-108 WW. +76 +68 0.
F1-97 WWN 47 +115 108
C1-12(JD). Jp o1 482 4119 37
KK1-12 WWE -18 +91 109
Qla-103 WWNW 479 " +95 16
01-103 WWE +43 +137 94
$1-103(JA) WS . +134 +137 3
K1-103 WWY +105 +123 18
N1-103 v +118 +117 o
F1-108 w9 - +253 0
SSS1-6 vy +256 +258 2
ALLP-5 WW +242 +155 0

) . =20 - "Ly oo




R

' . . . . . . ., . . s
. c. K . . ., . ) ) .
. . s, .. . - : .

TTT T NTTET

. Lo .. i
AL 7
P e o T
. ’ W
. ) o
o

- »

Q8 .

" |Qle=1g 3(JF),A ‘

| sssi-6f:

O - lo N

: o)
FlI-97 -

I= IO3(J

-~

-IO3

=103 (JC)

o

1+

-

= .
o .

A

~
(-]

1 AREA (SOUTH-

CENTRA

L)-.v' ’

DHACE-I
FOaaARST |

DRILLING

SITE

-~

‘
o

CONTROL . .
POINTE I.G.S.
GAMMA LOGS

. CALA
RUN

o

NScIO .
/ A
b ’

Miles

10
et

¢l LIMITOF

T

Kllnmntrcs

" a0

l: POST{MIDDLE
" OUTCROP...

MIOCE

"=

NE -.-

-

P o

10




" ol
|8
\ T

4
'




e

.

'1 Ty o
. . FIG3 .
'ua:_-bg" )

< JB-P

200 Feet

-
60 Metres-

" vosom.
|

.

o~

a1

of

2-465m .

o

" WWNORTH .

 WWSOUTH

7-nt
.2 3-610m




B

<en

"LEVE.

{3

ROBRDLE

I

cevey

BLE: CoRAEL

(s ]

I

I SPTER

CoRRELATI o vz

i ¢
F
4

ATION:-

1-°

g
0SS
) 3

1

PREPRN




S B .

NORTH WATER WELL =~ = "

100 150Feet

- 30 .\.‘“stetres"V"

SOUTH * ' NORTH | e = S
WATER  WATER - .o Uc-01A gi4dom
. WEL'L"Q.O‘SmWEL:%|£)'m - _- rrhh _’_Qiéoﬂ o)
o JI_?;‘TOW' ‘-(_)tolpm - o ST 'JCfP_ce;s'irig top

ﬁ'} Site JC: Site plan and clcva_tioris : L R

~ . RN P B il
~ : - o 4 ' H . R ;
. : ) . M M - . N
.
- - . i e e ... . B . B
- L P LU, “ T PEVEPEUE P . .




FIG 6

P&{!ABLE :

3

i)

e

Sk )




30 Feet e el
00 Feet . :
100Metres

""" Estimated position\,
T T of F1-103

SF1-103

R o iy A

T WWNW

- P L T

Site JE: Site plan ;n‘d cievations © -




J

or

. CD_RQ'

e

siaL

s

ELATI

-t
.

CORRE LATION:

5.'._*

Sy TR




FIG 9




FIG10

B
. . v

. . - R -




FIG 11

|

]

i1

1oil

RN
foi:

aibeies

3
H

| T

Lotd 04

o
-4

fro

Boves

i

H
s

1

§

s bt iefeeieyonn

.o . ’

. : . . - . .




>

7

4

BAcE br

[ 2

i-

MEC




-

FIG 13

[, S

1
T e

3

P

[
T

HIN

il

44

]




. - . . ¢

{0 e

|

foo mievas




e’

Lo . . . S Lo . . ‘ o \o ;"/:'ug_ila‘.:
o e 3 N B SR EIET | AP S Pe _ :
- Ain Sidi Mohammed . . o - ° T o - F R

= R . . s 1

“l29°
‘

[

EROR

| | SATURATED CALANSCIO FM: | . .| .
LOGGED INTERVALS ' N

20" ,,/
o MEAN; NUMBER of CLAY BEDS|
per 100 FEET jof SECTION o

contROL [ | 4 |
@ FoINT caLAnscio /o
. . o - O,’ 1!\_ l; .

v U U _.
i LIMITOF [

.\ POST:iMIDDLE MIOCENE

s , : ~__OUTCROP__ e

o 15 s 0 " Miles - 10 . 'lzo ' .

p—
= T o I

10 .

N

1. 1

LS U ’
g 5 0, 10 20 | 30 o . ©
20’ t 130 _Kilometres 140’ ! 150 o 21 10

N B . . - L L - 1 B -
. . . . . . - . . . . ' f
. - ) : : R ' : B ORI Trayen” FRRTREE s ” e ’ . N C
g X . r n T - - to
’ ~




! . M . * I - N

', g Ain Sig
. ST
=t

|

“{29°.

LR R T

tmvre, e

)

e Gy s oty

: sol

A

v
"

.
FUPP RPN

L P AR ]

PRI
- ‘

SO AR BRI

30"

SATURATED CALANSGIO - FM{’ _
LOGGED INTERVALS L e

L N

20"

| MEAN THICKNESS of
- CLAY [ BEDS. {FT). o thar |

\\\

I
Inl

CONTROL .

POINT .Cf“'j‘ NSCIO 1 /.. U :

Fd

Aen? -
10

¢! LimiIToF
I POST3MIDDLE MIOCEINE " J _
"__OUTCROP__ — e 12

Miles 10° 20

1 —

o

°
. T‘S
(4

-0O

‘ : y ' . 8}

0 10 20 30 . o . ‘
0 _Kilometres (40’ 3 150" o 21 10 |

»
~
)

. . 5
_[20 ] 3




|

\

T

Y

[
*

¢ 327

B AYYi
A 4

Avegerarg e e

PRI TR RO

T D ‘

b -

.»o'-.‘

' SATURATED C
LOGGED INT

ERVALS|

ALANSQIO " FM{.

" of "SECTION..

CLAY BEDS o

5 PERCENTAGE| .

10°

.CONTROL

POINT

CALANSCIO

o /
P

Miles 0

b

=htad =]
>

V. FOsT
\:’..Wo UTCROP.__

20
A

LIMIT OF
POST {MIDDLE

] hY

[

MIOCENE

‘121

10

3 .
3 :
2.
. 4
l .
l .
'
e
I.

~

. '(“—



|29

". L-. A

~ Ain Sic

\

Clse’

’ . . . v . . . \ .
’ T "‘.- ." . " - oo .o

t |30’

TN

RV

20

lupper

| SATURATED C/

100 FE

\LANSC
ET

1O FM:|

)\

NUMB

ER of

o -

CLAY 1

AYERS

) 10'

CONTR

@ rointj

ot

CALA

(4] 4

\NSCIO . !

N4
r'd
! \.
y £ 4’(‘

10

5 -0

Miles

20’

10
:

—_t ]
e B
10

Y
J

] 10
Kilometres

T
U

20

21

< - ) - l\ :/
el LImMIT OF e
\i: POST;MIDDLE MIOCENE
" _OuTcROP_ |l |

‘ . . R

5 0
1 130

140"




.

. - . e R : . : R '
.., Lh et ay e b A Lo
B N EORN [ G Ty
e s . .
3. T
"

o

B
SN
I
K \
’

i
.

- ‘ 2.9

o -

©
4o

-

/

)83

g3 P e

A

A

N\ INTISAR.
E\ (D °
N~

R

Ty

B A LT
S T

(o)
o

AT 2 Ik

g

[0)
a? IV

T

~cth
g

Ik ion g
A

i, e

UPPER

100 FEET

SATURATED CALANSQIO FM:

A

3

| MEAN

CLAY

. THICKNESS of

-

@ roINT

CONTR

BEDS. (FT)
o]

ot. CALA

10’ 9 ) ol o,’,.ﬁi.lf.:
P A=A * Ut ] ’
L LUMITOF - -
X ° d ~ \i POST:MIDDLE MIOCENE .
l'.’_..o.u_rc ROP... SR B

20”

==

0 Miles

I
1

b
10
i

R :

5 90, 10
; 130" Kilometres

10’




w

’ . v . - -
. . . . . .- . v, . . :
- L - - - ’ - ) - - - - -‘
. . B SRR LI R S U S PP SRR T R S R T PIE T VRS R Ty PRy S T v
. Ny EA MANVEIRS K PR SOREETEINE ] s A ) 5 [ R . e
, . . (e . 3 . . EEREEERV A N K . i .

\

N e

A

20°.

~AM Sid

o / o1
.t .V.

28

@

>

O

b

O

UPPER

SATURATED CA
100 FE

\LANSC
ET .

O FM:| T

TOTAL; THICK!

NESS. oft

@.PQINTi'

CLAY (FT), -

- !
CONTROL.

CALA

INSCIO |/

;-
/
o/ \_ ’
L £ L’n
N/ .

o |'
! LIMITOF

I POST MIDDLE

_OUTCROP__

-MIOCE

1\_4

oo " - " e
. . ) . f

0 - S0 Miles 10
10 1'ﬂ1 '% 'x“z% ;
o 0
20 \ 30" Kilometres 140 !




o~

oy e
t . F
-
O-

]
o]

1
+

P

-y Ain Sidi .
—i-

L

I
. 3

RAKB ‘.b
1

e

|.©

., -,

¥
L]

lagt s |

AR NNRY e e
W W

" gyt

“Is0

A Jorares e e
SR I

-0

R I BEEUE

30"

. o

_l20

CALANSCIO

| UPPER| CLAYEY ZONE of

FORMATION

\

| :
| -THICKNESS w

ithin SATURATE

D -

- {10

| ZONE (F]) .

CONTROL
POINT

'CALANSCIO/

o/

7

;. A
h*

C g
’
A
Ja
7 -

N

¢ LIMITOF
I POSTiMIDDLE MIOCENE

"'__OU,TC'ROE_; ST NN (SRR PO

0 5 0 . . ,2 3 , © .
: 9" Kilometres {40 | 150 o 21 1w

b

. . . . N L 1 N -, . o . .
e o .
B A N




. e
o . .
'

~ Ain Sid

: ICR
o TAL . Jo

- s

@ S (A,)‘*j\\\\‘- :

29° | .

_ Y RPN ‘iN.TI_éAR . ~< | 1]
S L .' S L B ' ,_ \ o o : o) e. §\
. zob » /7 L 4~ NN N, gy © -

N ‘ : 1 :
N TR I

SO

-

. [
o i
AN : L
- B

SATURATED CAIANSCIO FM:|. ‘| = _.°
o |' " |LOGGED INTERVALS | - | o

§\§\§ REGION of MINIMUM CLAY R °
‘_.-'.--,M.E!AN BED |THICKNESS o

- = MEANNo. of CLAY BEDS per 100 FT.4f SECTION= -
. === CLAY BEDSlas .| o
o PERCENTAGE of “SECTION

CONTROL. - -
Q@vroin ri

CALANSCIO/,* / o

;A
“1i/a
At

~
~

-

q

q

e d
r=N °

-
‘LIMIT OF
l: POSTIMIDDLE MIOCENE
Y. __ourcror__ - 2

(R

) ; 0
/]

10 5 0
{ 130

.10 20 -
N .

’

10 . : X :
Kilometres |40 1 150 ) 21 10’




s

- 1 v ; . S : '
. M )
- v,

. '\,.

'7' -

fl

|

‘..

1ol

" |29

~& Ain Sidi Mohan

.o o
——] L

. sol

- TAII

D S

.

- \\..

\\\

|

1

* -

b9

ATED C/

"o

0.

SATUR/

: -UPPER

100: FE

‘REGION “of M

1 OV T
TINIUT

hd BEs Y
LERLEANY4

&

— .No. o

J

CLAY B

LANSCIO EM:
3 AR R

NIMUM CLAY .

SATURATED—FOR

EDS -

5

0
yurnd

Miles

10 -
4

10
1

5

t—l:-i;—'ﬁ—a t

0
i3

»

CROP_..

“2-4- MEAN CLAY BED THICKNESS o ’
me—ete- TOTAL CLAY. .
o =
CONTROL - <L
@roint| . | CANSCIOA e
° ' / J\-,’:\
A\l pe) ] ] N '\_ ’\ 7
' LIMITOF T _
I POSTIMIDDLE MIOCENE o
_.ouT .

!
i

20”

. 10
Kilometres |40




