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ABSTRACT

Reservoir depletion in the Bredasdorp Basin
such as exorbitant decommi ssioning costs an
depleted offshore reservoir also has many o
researchosksdyl osely at offshore aquifers oc
Basin, South Africa, as an alternative sourc
for 56% of South Africads popul ation, ei t hei
resourhceerse.f ofr e, exploring different water soL

of our water resource management and securit

Of fshore aquifer research bridges the gap b

geol ogy and hydrogeology, but is very rarely
due to propriety nrtieghtad iroens torfi steiiesmMmi .c and we
t he petroleum industry has demonstfrrag £H t h
groundwater modelling.

Groundwater reserves below the seafl oor ar
phenomenon with brackish to | ow salinity wa
water s, as the price of desalination process

on thaqldwheear ebys avlaiteirt i es measur i Bdp ptel iosw a

regarded as Tthreesalgpuwdteer .was interpreted acro
usi ngdiamexsi onal seismic survey to map the

wireline datwmo fwelm ¢ wiemtegxtract critical aqgu
water satwuration, water salinity and per meab
The eval uati on identi fied primarily sandst
packages ranmgtiongl % ompr 4ss sand. Porosities

bet weelnf% Owhi | e core analysis indicated per m
639 mD in sandstone | ayers, suggesting good
The aquifer, meaudismg ,rledl.art2abklme across a di s

Considering the City of Cape Town as the rec
aqgujfehe 14A sandstones host enough water t«
2.4 years ((3ThHebiéthowol ongi cabf freljei ¢ egneat s d



exploitation are stildl not we l | defined. I
extraction process could take advantage of

by South Africads oil and gas company, Petro
The overall results achieved in this study
sustainabl e water management in South Afric
Economic feasibility, environment al I mpact s
of frsemogroundwater are not wel | established
addressing these issues.



GLOSSARY OF

TERMS

Ma Million years ago

Ppm Parts per million

Ppt Parts per thousand

mD Milli Darcy

API American Petroleum Institute
Bw Water expansion factor

GR Gamma Ray

Vcl Volume of Clay

Rt True Resistivity

Rw Resistivity of water

SP Spontaneous Potential
AFFZ Agulhas-Falkland Fracture Zone
MMbl Million barrels

OFG Offshore Fresh Water

K Permeability

NTG Net to Gross

TWT Two Way Time

TD Total Depth

MD Measured Depth

TVD True Vertical Depth

TVDSS True Vertical Depth Subsea
PHIE Effective Porosity

PHIT Total Porosity
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Chaptetnfiroducti on

Of fshore fresh groundwater (OFG) aquifer res

documented in most continental mar gins wor |l
OFG is driven by their proposed use as an u
rising tiampge of water sustainability as popl
burden | ocal water sources (Morgan et al ., =z
extreme flooding events are common in South
(Zi ervoged0k4) .alAccess to sufficient amounts
of human being's primary needs and is cruci a
(Bakken et al ., 2011) . Therefore, as surfa
becomes-expleai tSodit h Africa has the i mpetus t
sources (Nkosi, 2021).

This study focuses on offshore groundwater |
wat er supply for human consumption. Usi ng
explore oil and gas all ows offshore groundw
water sehohaagwould otherwise be difficult to
l'imitations includehitdhle wiquhdercsatmdntni awyd
consumption, and the distance from the shor

pi peilnfnrreastructur e.

1. 1Background and context

A sustainable source of potabl e water i's cr
resources inmepadtissee¢yonomi c devel opment, | an
food producti on, geopolitical stability, h
(Contractadhj s 2@z0)l.t i n c ocnppreftdivitecirtonl i anmd ed w

resour ces.

Sout h Afrwataecasccomnt rAyccordi Fgod oandeAgricul
Organi zationds Aquasy atnkéladheisd sgad olhmti d Yy an

aver age ran nuffall4hmnd si gni fi cant | ygllodovadr atvheam gte
86 00M(Fi gune. The rainfall and the ,rwaistunl tlionngg r



periods of dr ouJgurty , i) n2 ORexww enegm etevor mr h@ace and
groundwater distributcomyertnd yt 8. 6 %a mIfe rrau me
proportion in tét 2ll)d ( Mol obel a

MALAWI

Mean Annual
Rainfall (men)

Fi gdt:e Annual average raiaf tbthtiolDWMERtOHL&E)n Africa) (

South Africads 6kbk ramatde ivnartihees wiensome rdn ap aorntg tto

eastern coast (DWAF, 2004). The main afrect or s
(1l)ts complex topography of steep mountain r.

( 2t)heeout hern African subcontinent i s surrounc
the east tcheecastd Bedguel a c urTryesdtn, 2200 bGe. west

Due to climate change, mean average temper af
| east 1.5 times the observed gl obal average
(Ziervogel, 2014) . Ri si ngewvampenatitronaeisfafiveerl d n
parts of the country and furt h(eMngcuonnit,r i o2
Presently, @diverl @9t00eanenh year through evapor
reser ¥Fogdfe.( This evaporated water i s esti ma
tot al surface storage capacity and nearly e

| argest damest (280nalk)h.t i n
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Fi ga:Annual average rainfall in Southern Africa) (DWS,

Precipitation is expecteldi mat e Mehsgd y2A2Q1l DD a
i ncrease i nl &adop earnatimrcg ease i n evaporation,

in the atmospbhemebealnyfdor mat iroan ncfi M;mdese2019)

Mc Br iede al . (2022) anal-yeaed detmnosdvefram1DD
i ndi ctatatngextreme daily rainfaldl events wil
precipitation wil!| have a hiigheesrulitntnegnsint yf |
FIl ooding incr easesoftdlaas sv aargi ab irleidtuyc eidn grrwm n d\

(McBride et @oéuth 2Mf2rRi)ca has experienced de
events as recent as Apr<Zul 20AN2t atwh® rcdiv il gedie nt ¢
448 dedadt e sam oyle2d UmGetae(ldtyt ps: / / rel i ef2Wwel2. i nt /
000 204.f.

Wat er guwaliittiyvails insee(EBEamsnhn@ateral diaasl2i0t2y3)

deteribrga®en(riviever oreaches receiving | arg
|l ncreasing ur ban and i ndustrial devel opment
redueiangr availability throuagll20ddntaminati on


https://reliefweb.int/disaster/fl-2022-000201-zaf
https://reliefweb.int/disaster/fl-2022-000201-zaf
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FigaB&roundwater quality in South Africa (WRC, 2012)

Current trends I nidsiscuaetse atrheat b ewcaotneirn g mor e
interconnarcd egpwoaches are required to resp
depl etion. Losses o f sur face storage t hrou
conditions have hindered the devel opment of

increasing interest iiemouagdi2zZnogitdlgr.oundwater (Ot

This study is motivated by South Afarnidcads
significant advances in OFG research. An im
and volume tohfe BF&@diarsdorp Basin wil.l identif
gaps and wuncertainties that exi st. This res

characteristics of the aquifer and present
vol umetric appreoraichiemg OBGchartabée Centr al Bre

1.2 Offshore fresh groundwater as a ¢

Of fshore freshened groundwater ( OFG) i s wat
fractures of rocks found beneathsohiedse@T D8
concentration bel ow that pP202s=Ve)awaOkT s h(oMiec

groundwat er, the focus of this study, refer



stored in aquifers beneasttlo tnid | $ ®afst ya ir cyddarm
deposited when the sea | evedt wals. TIhowse%i7 3t .haal ns

termed connate or fossil water in some insta
Posett (a2013) documented that continent al she
continents, harbour aquifer ssawhinch ys tgorroeu nldaw:

ot her wwordaprmous fres hawaaielaandlegssovablce f§ ar h

consumption. These convemedtkhy sdaaewateesr aate p
geol ogical timescale, these coastlines have
falling ganodb arli ssienag | evel s (Post2e@e®@2mnl ., 2013

Of fshore grourdcwgtrags esdasour ce of freshwater

Kohoutd4) (pe6bvided an extensive |ist of subma
Sea from Greece to Spain, Tno% eAd.TBen) .Roamaurr a l
geographer BStO.abtoo (2613 A. D.) described a subm
ofLat aki a, Syria, where spring water was <col
funnel attached (tkKmhaut eatlBadrdybunbe freshwater

t hrough ,t hwewdcghblel ectue d laass@dad source of freshw
2010Nearly t wo decades | ater, foll owing a
expedition along the U.S Atlantic continent
drilled wells up to 100 &tm d2020) he coastl in

n more recent timaxn, Weldrninlgltiomg dNaemwp Zie@n anc

explore offshore freshwater. aWelan nalttoenr ndattie
service counci l of Wellingtonbds water manage
intersect geologi cal faults and may retptur e
al2Q22). The Wa, wWwbkt aohaguxi & sdhse rhiagrhbtouurndemher
capped with a 40m thick | ayer vods maurdv it shiadn &ce
supply at |l east 20% of the water to residen
groundwater was found to have elevated iron
pi pe the groundwater directly terWelalbiamgtomrd
due to high treatmemt .co20d4()Warnner
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Figa#de Worl d map of topography d&nmnrde sbha tamydmebtrrayc ksi hsohwionf of

water occumRrendbédcks indicate occurrence proven by di
indicate freshwater mixing component inferred based o
significant meteoric offshore groundwater with indire
groundwater. (Post. et. al., 2013).

Mi c adtl dd210.20) have compiled more than 300 da:
that | ow salinity groundwahtaevre rae sgd rovbeasl bveoll ouw
16krmrasdepi ¢tFé gurender standing and managing p
resources is crucial for ensuring their sust
scarcity increase with population growth ani
renewabl e reserves agpravi descheanaitiewre rfeosro ufructeu r
(USGS, .2019)

1.3 Study Breaasdorp Basin

The Bredasdorp Basin is |l ocated on the South
Agul has and MesbashuBaglohleS5 basin is one of S
of fshoba&sismd within the | acagwer iOug eanOg@eBe B acsfi
kmin generally |l ess(Whad, 2D995) of ThimaBiredas c
formed following rift tectonics during the b
ago ( Bertoaal2.006 ; Catt yaRRaOmw ) and is bound by
Outeniqua Basin tet tahle98 95Ut hb YABtclhevn Ang titbhhea sw e ¢
souwdist and the I nfaeagtiAgriacsh¢ Brneadh @al20066) h

6
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Figdbe Locality map showing the Bredasdorp Basin and
OQuteni qguehBlabess of f the south coastFadfkl Saudt FrAfcrtiua ae. Z
forms the southern | imit of the eéont@ill®eén/tbal mar gin (N

The Bredasdsr pdepPasiini onal evolution refl ect
eustatic and sedi mentary processes Dwrirngni | |
the | ate Jurassic to Cretaceous periods, t h
weat hered sedi ments sourced from the subaer:i
submarine shelf edge (Davad)e®8Dulrdom7a ;t hTiisn kteirm

| evel was r.i sHonwge vgelro bfaidnltlyesr nmint ttehnet | oc al sea
byul ses of basin margin uplift, caused suba
highs and initiated sedi ment transport fro

environment as mass flows from areas of unst
t he WUdwoiomr d1tCIlkmIrakge) .

The depocenter of the Bredasdor p -bBoausnidn hcoornstta
and graben structures. At the time of the Le
approxi mar ebleyt bleb Opr es e n(tDisnegal el eevie lplost ul a8 a&Xy.
thduring thntshe iAgulwhaes ahdf pAasshi bMeyr et lseubaer
exposedaianfhi kely to enter the marginal hi gt

porous/ permeabl e sand)s.t ohlee r(dianffiualels tbB®eONf e p |



the formation-swatwattewi thDaro)wss (1999 2) reco
salinities as |l ow as 2000 ppm in the Basin.

Befdarhe commencement of hydr dder e Oesx plf o rSaotui

of fshore tbhasenswer e no geol ogi cal studi es
(Davies,1997a). The first exploratory boreh
Bredasdorp Basin in 1970 obvyerSotenwkoo rh umedivrieetdy wyes
been drilled across the basinheTlapl ocas i oon
gas, with |l ess attention given to the offsho
t heecoyeof pdttr oilssuumcommon for wells to be
aqgui fers. Consequentl ysspiecfidri matprompeahboets ac

I n the petrolapmroadihes rtyo characterising agq
capturing their i mpact on hydrocarbon reco
model |l ing (Fas3hhs etudly.)jBORB38)igates the di

units using tools otdlkamwa ctegq rekiasatiihaan eesat voi

1. ®bjectives and Expected Deliverabl es

The main objective of this study is to devel
extent of the€enyBraefdears dionapt dbemysiiamt i fy the vol

wat.er

Using dreskddpi nterpretational software (i.e.
(I'P) aXB&RBeDoft ware platform), the foll owing

T Map the top and base horizomandofultthenaitretl gr v
a 3D model using seismic interpretation tc
understand the internal geometry of the aqg

f Eval uat e tpheet rvoapripyosuissanelt er s such as vol ume
water saturation and permeability to gener.

T I'nput the results of 1 ameéeshwboepdednct heh

reservoir



1. 85tudy Scope and Limitation

Seismic data provided by the Petroleum Oil a
Ltd (PetroSA) offers dense coverage of the s
Basi n, consisting of 3D and 2Doms&Db sseics rhiiane

survcewering a6Gokerri e etadd mothel aqui ftdre darso ns

From over 200 wells drilled acr o2weltlhse wBrtehd e
the Centr al part of tthhee bpaestirno pwheyrsel hseel | weechtbetdu
which have been selecomdletcoonrdepgrte, weave

watiem the 14A nsetqguenCentr al Br efchaes dionrfpo ranau d
gathered from these wells includes geophysic
well completion reports, core descriweéellons a

l ogs used in Hhiperstgadymareaga resistivity,

| ogs.

1. 6tructure of the thesis

The thesis outline of this study is as follo

Chapteprovi des a gene¢mwalt hientrred ewatnicen of of fs
studi es, gl obal of fshore fresh groundwater
addition, it describes the scope of the st ut

over vainedw,t he structure of the thesis.

Chaptprow2i des a | iotfiereavtiuaies rsetvickiwves rel ating
groundwater on cdrnt ialdemt ale sxchrdlbweess .t he deposi
continent al mar gins that har bour the OFG o

petrophysical met hods used to derive the vol

Chaptperrovdi des the geol ogi cal background of tt
the basin'"s geologichdt amdetercaodi cowvahdt whb
was generated. Particul ar -Batrtremt iacon pieg i gpidv @n

deposition of the 14A sequence, the focus of



Chaptprovides a detailed description of the
obtain the objectives set out i n Chapter 1.
aqgui fert hoawedh sei smic dat a, pearaphaei sal
[

continuity

—

hol ogy and ,roa@kd acrdidteiert g wo envaspa qtuh & er ' s

Ch a
area within the Cenihals®&remiacdiomfpmdBmpsemgt i o
t he

pteovédrs the results in two parts. First

surfaces and del i nea.tiSegc ardl yaquuisfienrg sp el

met hods. It begins with a wel/ correlation
high | evel of osftamed 14 A t saecpuodsnsoat he Centr al E
Bas.iAMf t er, tpheatr ophysi cal ppoamet eys watér ass
per meabitlgnyss nand water salinities are dete

Chapteal éul ates the volume of the pal eowate
seismic and petrophysical interpretation res

Chaptecontl udes t he findiiender itmei cadquinfger
characteristicsal bérmatpoetenwatadr resource.

advantages and | imitations associated with t

10



ChapteLi erature Review

2. Lntroducti on

Of f shore groundwater systems hahvieghdriagwnt iantgt et
significance I n addressing Waartieaouss csatruwd iteys
explored the poferetshalatef, opashocal arly al o
emphasising the feasibility of extracting t
including desalination and aquifer recharge
203). Additionally, Koehsceuatr c(hl 9c6o6n)d,u cMoeadr eb y( 1 9 €
(1999) expanded the study qf aofpfrsohcoerses gkrnoouw
submarine groundwater discharge (SGD). Mor e
the ecological i mplications of tapping into
met hods do not interrdphigachd®;d/an allod9an me nt s
Thegesearch ef fofrftssholrieghdriogilhndwaners'ustar ntab
wat er management strategies (Micallef et al
wor | dwihdee, characterisation and model |l i ng of

Bredasdonpf fBemossisi bl e options for eval uati ng

sustainability.

Continent al shelves harbour signifieantal agui
2012) . Based on well |l ogs and offshor-e seis
salinity water has been postulated in the We

(Bakken, 2012) . The continent al shel ves o f
docemted occur realcienmitteyff Ewtwending as far as
(Fassihi, 2023)

| hhe Bredasdor ps @8laisnint,y twatsed owas originally
oi Il well drilling in 1986 (Vos,sal9iori)t.y Dvaavti e
suggested to have occdrerveed dprwwhsgraendg! bbages

—+

he basin was exposed aerially, and meteoric

fractures.

This chapter wil/l protvhelef andbamedvualdavadeuct i
the multidisciplinary approach used to chara

11



t hwatleeari ng sandstone'ssispataatgedl q¢yanbdyé¢ oo
petrophysical approach. The methodol ogies d
information gathered from psedad otl @ udner indal sit m f
on aquifers and thus reduce the uncertainty
model.MTheg chapter wi || al so desndrirlse¢ andcegt
fundameetcalani sms favouring emploafcfesnmeonrte a nrde -

water.

2. Aqui fers

The aquifers in South Africa are estfofated t
groundwdWsSr, 2MdAt) of this cannot bet h®&bstr a
geol ogi cal ' i mitations of the aquifer, such
avoiding excesé6Koprpi Howwd. b vwEaxsc. e s 2100 )dr awd own ¢
coast camselaswad et gi taussingn t he water salinit
drawdown occurs away from the coapdagruahetwat
wat er frem aquwi fher is drawn into it ( Mouto
char ascsteft san aquuffoastismaobateg resource avail

al |l ociaatgiloobal and regional context

2. 2Futndamentals of Aquifers

An aquifer is a body of saturated rock that
adequate wateritoafmdbwr t®it@eughi t for a suffic
2019,; XKhladn),.

At a certain dept h, the pores of a rock are
zonkhe water in the saturated zone is at a p
at mospWee esditeyral202l0e zone above through whi cl
to reach the saturated zone is the unsaturat
zone is known as the whitegekl)dlTdakRrl evat@EekPr itad, el
| evel at whi c he quesdlteano sppr heesrsiua epr essur e. Above
wat er pressure is | ess (WbhbaessagmakRPWBeOi ng pr e

at mospheric pressure as a r ef drnenchee puonisnatt,urt

12



zone is due t o ecsaupitlilnagr yf rfoont cweast d ro mallbesau If e’

solids and the cohesi on md@Woeecsusledess atl2g0w2ak sd s ot
t he amount of water in the unsaturated zone
enough for gravity to pull water downwar d

groundwat gWo essysstteerm 2.02 0) .

Increasing Pressure
—————

atmospheric=0
Atmospheric ) 0 (+)
Pressure
|

one of Aeration
or

Pressures are negative
above the water table

Vadose zone

Atmospheric pressure (zero)

Copillacy Fringe at the water table
P = e m— e e e M — o ————

z

Pressure is greater
than atmospheric
below the
water table and
increases with

depth

N
height of column
of water

i : : [ - =
ke B R \‘\Pressu/re at ‘p z
F L Ry this depth

Fig2t:e A schemattihseait ueclast @didngone bel ow the water table

above, with the capillaryefralR@0bet ween them (Woesne

Aqui fers ar ecocnlfaisnseidf iaenddF augn@Pperi ¢ mrefdi ned aqui
are in communication wme&anitnhge tehaartt htols e sseur &

recharged by surface water and have no overl

to f | o®( Ffarsesé lhyi et al ., 2023) . On the othe
sandwi ched bet ween i tmip & r mepaf bklwesvn tl aacyreor sss it
i mpermeabl e | ayer is known gad)eanCamfuiined da pu
generally reqlurieald odné ptihimmumeal above the aqtl
and prevent flow across it toemaral2OPRlBée. eart
hydrostatic pressure within the aquifer S

pressure (2®awender

13



Per manent or temporary pwhehedthquwhaees mabipl
aconsi ddrabhbheacehlbeedndws.®efabed groundwater i s
groundwater separated from an wunderlying bo
zonlEi gkpr)e Perched aquifers commonly occur wh
i s deep and | ow hydraulic conductsiiginty i €stamat
retard the percolation of MaltjeWalttd .t he regi o

 Recharge Zones

Discharge Zones

Flowing
Artesian
well

Stream Springs » | bt
Wetland

Unconfined
Aquifer

Confined Q
Aquifer h&@

Figure 2.2: Simple cartoon showing three different types of aquifers: confined, unconfined and
perched. Recharge zones are typically at higher altitudes but can occur where water enters an

aquifer, such as from rain, snowmelt, river and reservoir leakage or from irrigation. (Khan, 2019)

2. 2ABQuifer Properties

The formation in which aquifers occur 1S cCTr |
the groundwater resource. The por oessisteyntd md |
factors detsdromcagpeagi t feand mobil ity of water
(Saletko2l018). iBorndiei tpercentage of a rock's v
which determines how mHkE¢cRO®ITher aiqgui €an mal d
ability to transmit water i s Kknownsiazse pa&mdne a

connectivity PafltsekeebpoB@®@rddgeol ogy, hiysdr aul i
the term used to describe permeability

14



2. 2. 2Polrosity

Por oismao ¢gfkosr ms <eidii Mampto s,i tliiotnho rf i ccamaliiomg of cr
roakmd is referred to as prdna8 y Spaeroangdiatry S
arisaesthe fadrrrreadd yr ock formation becomes exp:¢
such as compaction, ,wpamehaemonghi § ma¢ Weedssge
2020) .

Fig2Be Examples of primary (left) and secondary (righ

The prpomaoyity of granular materi al s affe
grains, the distribution of grain sizes, so
particles (FhgegwRelhasgree of cementation dur

rocks' | witlhli falcaa i @aimf ect the prjmad@3xy0Oporosit
Secondary porosity is the additional porosit
process. A rock telmdatharfs &frr aicttsuriendi toiralw f or ma:

por osWdegsehe2alld.Ohe main diagenetic processes

mechani cal o ocnopmasca liiodhat i on, chdmssal utcioomp,ac
cementation. Secondary pores include mol ds
individual grains and | arger volumes of rock
wh ch are tabular or more irregular pores t h:
conduits, which are elongated di ssomati meas f e
tur bulleoet of water. I ntercrystalline porosity

and i s usual(Hiyg &8edléd h d & & yWh2e0tlh6e)r. t he porosi ty

15



or secondary, t he &aroanbii meldu dad piem ¢t EklbBleet 1 v
(Woesenhewml ), 2020

Por os)i tiys (expressed as a percentage calcul at
in a rock compared to the ttEaqtualtli odhemd ypfi ceE

ranges in porosity of several diFife@redéedt geol

Equation 1

¢ “YE OUENN OEA@D O Q1 . QO b
——— T WP TITT
WE A osa®E QQI P

Unfractured £ d i
%— 22555 Volcanic rock

Fractured

s’ [ntrusive igneous and metamorphicrocks

Unfractured ¥
Limestone with cavernous openings Sol Id
, .
Limestone l\llthDu[EEVEIHDLSODEHII‘RS leeStone rocks
Mudstone
Pgr.tl ysorted, iNPIIHor:Pd,
t t t t
abundant cemen' ittle cemen’ Sandstone

—— Conglomerate

e G|acial till

i Siltand el
Unconsolidated ilt and clay
i Sand
materials p—

Percent porosity

Figure 2.4. Variations in porosity of unconsolidated materials (red) and rocks (blue)

The primary and secondary porosities are co¢cC
Porosity (PhiT) and Effective Porosithwe(PhiE
sum of primary and secondary por osiatrye teoxoc ep
small to all ow wat erxatmpl| pags s otmer @wgle.s FBdr cl ¢
fl ow because of their smal | scal e. These

groundwater system ahHedexnbangentfi pbantdwa

transmi sgsriooumdaovfat er ( WoexszGh®dre restt pmld.magy and

secondary porosity is essential for assessi
management e{ S a&ll0alkdo . Pri masrnywbposbeisttyohage ni
capacity, whil e issectohned aardyd iptoiroonsailt ypor osi ty ac

16



rock f or mat i ocnanprsoicgemsisf iacnadnt | y alntperoafeleow dy

availability in geoledg,i@d0all8)f or mati ons ( Sal ak
2. 2.2Pe2rmeability
Permeability is a combination of the size a

which the pores are etntalPO@aBheclTdds( 8af akes
fluid flows through a porous materiwmHhi.ch ar g:¢
all eawsy ,WHiolwe small er pores mean more fricti
water to pass only with diffiEud @ge (oRr incoet,
1996) .

High permeability Low
permeability

Figure 2.4: Permeability through larger pores (left) produces high permeability, whereas permeability

through smaller pores (right) produces a lower permeability. (alvinxihinton.com/2022)

Permeabilitgrueiagahabmesi n groundwater and de
water will flow to extract the water for oL
encountered in sedimentary rocks, with both
excellent aquifers (Fassihi, 2023). When aqu
rocks, they require a significant amount of
Permeabilities can be measured ., par maalyi di fy e
i smeasured in darcies (D) or millidarcies (

17



mat esrtiyapli cal ly range from a rirlalcit(dPeercryioo sya\ce
2023) .

2. 2.2Wa3%t er Salinity

Salinity I n aquifers refers to the concent
groundwater within those aquifers (Fassihi,
salinatgritical par anmeatteerr bgeucaal uistey iatn da fsfueicttas
uses (Gur messaAgeuti faelr.s, a2r0e2 2h)i.ghly valued as

when ¢bretyain | ow concentrafFasashbpfe20233p] ved

The salinity of groundwater can vary signifi

(1) The type of rtorcrk sw lgahncch  swead ieme nftlsows can

amount and type of dissolved salts in the
(2) Aridardrd scdmimates can | ead to higher sa
evaporation, which concentrates salts in t

(3) The deptdcheegderaqauqg diefresr s mi ght hanwe ehi gh
prol omgeasure to mineral dissolution

(4) Natur al processes such as mineral weathe

can contribute tetsaldR2Ba)ty (Gur messa

Salinity is typically measured in parts per
of parts RppmniiFlalsisonkri(gR2ORPBYsttreatm@esst ¢ ommo
categories used tofclahwiaterwdk®r 5gkalpipmy:; b
ki30 k ppm), salib@ekwppehyb(BOBek(>50 k ppm).

Brackish water is increasingly seenedsraer e:
osmosis requires | ess energy than previousl
economi cal(lPjosvi, ab20el 3) . Approxi mate subsurf e

esti mat ed from measurement s of f ormati on W a
(Fassi hi, 2023)
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Eﬁgﬁy waker
50+ ppt

saline watexr
seawater, salt lakes
30-50 ppt

o

brackish water
estuaries, mangrove swamps,
brackish seas and lake, brackish
swamps

.5-30 ppt
Black Sea - 18 ppt
Limit on agriculture
Irrigation - 2 ppt
Drinkil ponds, lakes, rivers, streams,
wm':gll ppt  ‘traditional ways to express salinity is in “parts aquifers
per thousand” or ppt 0-.5 ppt

Figure 2.5: Water quality is defined by salinity and uses. (Summerlin, 2011)

2. 2A8ui fer Heterogeneity

Aqui fer heterogeneity refers to the variabil
and per meaban iagui fweirt himassi hi , h&t0e2r39 g,e Md d u sa
and the degree of heterogeneity varies- with

scal e ovwerormsgltaarlgee vari ati o Mad v e2rd 1k6i)l.o met r es

Aqui fers exhibit heterogeneity both | aterall
callagered heterogeneity, mainly refers to
vertical direction between strata. Later al

horizontal direction within the strata (Mali

19



Several factors nfl uence: the heterogeneity
(1) Variations i the sedi ment compo,sindi on a
sorting
(2) sedi ment, wliomp o spsrtoiaounby o f the depositior
facies
(3) throughwhdiicahg etnhees irsock has wundergone
(4) through structural geol ogical processes
Di fferences in permeability structure betwee
to differing textureéedhneardhdhleacetimeptstofyl ¢ heasrd
by diagenetic processé&é®990pchatzinger et al
Aqui fer heteromgeswelit yf cam @t swctural geol ogi
and faults. The tlhaet tcoormpaan noefend aahl ti &duii foenr | f
acts as a permeability barrier or i f di spl
confini (Fg gsutry¢aM2al 6 va, 2016) .
A
Y Al
Land Surface -
I o
?:Jlrt'er formations
unger =
approx. Edwards and / than Edwards
3600 associated ,
feet limestones "

formations older
than Edwards

y adapted from Ewing & Wilbert, 1991

faults

water

saline
water

7

Figure 2.6 : Explanatory diagram along a dip section of an aquifer indicated a large number of faults
that disrupt the continuity of the aquifer (www.edwardsaquifer.net modified from Ewing et al., 1991)
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2. 30f f shore Fresh Water

Of fsHoreshwstered i n porous sediments and ro
These submari ne ognpaomeddevohre icrar wed watedri,guempac
antdher modearriiced fl uids (Bertoni et al ., 2020
sedi malwOOs megtres deep) on continental shelves
water of metdomricoo mpgargesoms,edi ments up to a f

burial depth cexpalhegpoby tobmpasti on. (Berto

Two broad categories of of fshore aquifers e
( Harerta2a0l0.1) :

Unconfinednagquiefrarisnat e at t he ¢ orktiil memettealr ss
from the shorel,i n20 1(2Ba.k kTehne seet oaflIf.s hor e aqui f
freshwater recharge withowatar, irmefpilleni athi mg

aqgui fers through mperdmealrlual repvaetlh veeasdi t i ons (

al . 2018et Kaol2001; Bakker, 2006) . iRord etpheensdes soy
whet her the onshore water table is high enou
and whéaydenuli c conmbedtwiewint yt hex iosftfsshor e agqg

onshore recharagé¢.are@d®d&1@Post et

Confined submarine aquifers occur where water is trapped during periods of lower sea
levels, such as during ice ages, when parts of the continental shelf were exposed
(Groen et al., 2000). Water entrapped in the aquifer is called paleo-groundwater (e.g.,
Meisler et al., 1984; Essaid, 1990). Buried paleochannels and canyons are known to

contain paleo groundwater in the Bredasdorp basin (Davies, 1997)

Pal-gooundwater with | ow salinities is though
glacial wa«n mamel ves were -eepebeblodusétagdsed
al. 2018) . Groundwater systems are slow to
hydr ol ogi cal condi t,prods aat sekaht hdhesuvuespoas
salinity mixing due to changes in sea | evel
of these rali¢s 20R®9i. et

Calculations of the global volume of fresh water (Total Dissolved Solids (TDS) < 1 gl

1) along passive margins were estimated by Cohen et al. (2009) and Post et al. (2013)
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to be 3 x 10°km3, while Brackish water (TDS < 10 g/L) is estimated to total 5 x 10° km?3
(Post et al., 2013) and later revised by Micallef et al (2020) to be 5 x 10% km®. These
estimates have significant uncertainties due to the scarcity of offshore data (Knight et
al., 2018). Additionally, this estimate includes only 16% of the present-day coastline,
and the total global reserves are most likely much greater (Bertoni et al., 2020).
Furthermore, brackish water, with an upper salinity limit of 30,000 ppt (Post et al.,
2013), is becoming more sought after as the economic costs of desalination could
considerably decrease using extracted water with lower salt content (Bertoni et al.,
2020).

The occurrence of Offshore Fresh Groundwater (OFG) has been observed in most
continental margins, with 73% of the records in passive margins and 27% in active
margins. Passive margins generally have thicker OFG bodies, while active margins
have a larger proportion of OFG bodies in deeper waters (Micallef et al., 2020).

2. 3Characteristics and Controls of OFG

The general characteristics and emplacement mechanisms of OFG are primarily
sourced from large-scale geophysics and borehole data, mostly from industry-funded
and confidentially protected sources (Morgan et al., 2022). To a lesser degree, data
from marine electromagnetic (EM) surveys, observations of submarine groundwater
discharge, and potential onshore indicators (e.qg., fresh coastal groundwater dating to

the last glacial period) are sourced (Micallef et al., 2020).
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Figure2.7: Map of Of fshore Fresh Water records and
two or more reported emplacement mechanisms. Scientific holes refer to sites drilled by the
International Ocean Discovery Program (IODP), Ocean Drilling Program (ODP), and Deep-Sea
Drilling Project (DSDP) in continental margins with no record of OFG (Micallef et al., 2020)

Five main mechanisms are known to be responsible for the emplacement of OFG
(Figure 2.7):

(1) Current meteoric recharge through permeable offshore-onshore aquifer
connections: Offshore groundwater presence in such aquifers is influenced by the
aquifer's capacity to transmit water, which is determined by factors such as
hydraulic conductivity and thickness, along with the extent of the semi-confining

layer above (Morgan et al., 2022).

(2) Meteoric recharge during lower sea levels: Relic OFG bodies have been found
where current recharge is unlikely due to a lack of hydraulic connection with
onshore aquifers or low onshore hydraulic pressure (Post et al., 2013). Recharge
primarily occurred during glacial periods when reduced sea levels exposed more

continental shelf and coastal plains, allowing meteoric recharge. Rainfall, river
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systems, and freshwater lakes contributed to vertical recharge via localized breaks
in confining layers (Micallef et al., 2020)

(3) Diagenetic processes: Alterations in sediment after deposition can release fresh
water, forming freshened water accumulations in marine sediments. Diagenesis of
minerals like silica, gypsum, and clay plays a role in pore water freshening in these
settings (Myhre et al., 1995). As sediments undergo diagenesis, the expelled water

moves through available permeable pathways (Miall, 1997).

(4) Sub-glacial and proglacial water injection: Techniques such as groundwater dating,
stable isotope analysis, and numerical modelling show that recharge beneath ice
sheets can affect aquifers on the continental shelf (Micallef et al., 2020). Sub-
glacial melting may reverse groundwater flow compared to modern patterns and
reduce permeability due to permafrost, directing groundwater toward ice-free
discharge areas (Person, 2003). Freshwater recharge rates on ice-covered

shelves can be significantly higher than today's (Person, 2007).

(5) Decomposition of gas hydrates: Gas hydrates, which are ice-like crystalline
structures primarily containing methane, release low-salinity pore water when they
break down due to changes in temperature or pressure (Hesse, 2003; Micallef,
2020).

Entrapment of connate water in subsiding basins and landslides has been
documented on a lesser scale as a contributor to OFG. In the Norwegian Basin, a
coastal sediment slab hosting freshwater slid into the deeper basin where pore water
was preserved (Micallef et al., 2020).

In conclusion, meteoric recharge during sea level low stands is the most common OFG

emplacement process reported by the literature (34%), followed by diagenesis
(10.2%), and OFG emplaced by multiple mechanisms 3.9% (Micallef et al., 2020).
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2. 30EG in the Bredasdorp Basin

During the early exploration phase of the of

PetroSA), wells drilled to target hydrocarbo
was done on the salinity dflo9f9@r matsiimrg wnatsd r
data (SP Cwhere)awaidl,abl e, water samples from
salinities of the water wvarying between 200!
t he well s. Davies (1%F7T)onm Smodiuacteed oa S9 thikd yi
Basd niin which he postulates that this | ow sa

of the reservoirs.

Poett al. (2013) reviewed OFG along continent
he recogni zed dfhfestporees efnrcestofwater i n Bredas
more than thirty | og observations, measurin

occurring at a25doeOp tnn.s Mifc a2 0,@® n teitn wailng (t2MWe 0w
Post et atlr.i e(d20tlo,3)quantify théreoshwateroheth

Bredasdorp Basin using the following criterd:i

(1) Looking at meteorically recharged water
(10 000 ppm)

(2Bsti mating the volume of OFG per km of sho

profil e

(3Assuming a porosity of 45 %. Then, assuming
volume is |l ost to briitnecaduwril rag 3epdeers dkait n a3t6i
shoreline of desalinated water the avaadstadl

city of Cape Town.
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Figure 2.8: OFG thickness and minimum salinity plotted on a global water stress map.

According &b MMCx2ad),efCape Town, the coastal
considering the <current popul ati on

hi ghest potential of wusing OFG iFn gt@&Bge. Br edas
This study intends to calcul ate the

and methods thatanwi lof elhiemiumateeg t ai nt i

Micall ¢20Q0D) al

2. 4Aqui fer Detection and Il dentificatio
Adeep ofafgsuhdree¢ can be described and characte
of data generated by three key subdisciplirt
geol ogy, gemphgseicephysics (Fassi hi et al .,
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present the essenti al concepts that form th
aqguifer model s.

2. 4Géol ogy: Basin Analysis

Basin anal ysoifs gesosxi waekdéwnwaltoped and fina
petroleum industrigt (Sov&khabs, t B0619)yocesses

areas with a high probability of containin
(OkprevyAn 20”2donventional groundwater resour
characteristics much | i kceonsiildeaedhegvabdAe n t
groundwat er resourcreenéewabt er meldrd agompageeher
repleni shment is Fameted bettgad2000PBet.est o

A major part of basin analysis is to compare
of a basin in order to build up a picture of
First, the dynamics of tectcoomita odr achees sgeesn eat
accommodation space through ther mal domi ng

(Al'len 20138} . DaAvtala, s2nball7l)eer scal e, tectonic |
arrays that provide the template foandgpati s

determine the pathways of etedalZn@h?) source to

Secongdé di, ment deposibtifeom mi stuwaedgraphy. ( Al
sedi ment is derived by weathering and erosio
(Dayal, 2017) . The functioning od Isadiment
gross depositionalsteavigopambhnts @gaohd2.01 2)s. (
These areas of accumul ation coul d,obe shakés,
areas. A | arge amount of sedi meamg sttwmdg eddepds
our Earatrh nies amadt hoinrldy iosneterre3bei abt aAl L &ncl
of sedi ment t hat accumul ates in a marine r e:q
depth, densi theof the andumempeedtupbpekpl ayin

in fogedingentary rock (Dayal, 2017).
For aqui fer characterisation, t his histor.
processes providesfan umpbdersaandibagi she | ik

geol ogi cal systems present atalthe20i2®¢ .o0f de
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2.4.1Qvler vi ew -wat edreegpr chi tectural el ements

Deepwater depositiomagi emvi wlheamead demeleatsi an

ofsedi ment , typically below the wave base i
compl ex interaction of wvarious sedimentary p
as Gross Depositional Environments (GDE), th

continlkopeas, s s-ucbammayroinnse, channel and!|l eveebanhkg
deposHitgsOle ( Mut t i et al ., d2e0e@p8 ) er Udedpeponsti an
environments plays a vital role in the exploc

Thi s sfeocctusoenst he maion dewted @wlpsnent of deepwat €

the variability of sediment transport proces
Bas'
"N way, di
reCUOn
The Field’s
Delta Canyon  gjope channel Fan channel(s) ' .., ronmentof

Channel levee Deposition

Fi g@®:e Schematic illustrating the sedimentological te

environments (Modified from Reading and Richards 19814

Canyons commonl-d/i pf orreng itchres ugpf submarine chan
restricted to the wupper areas of continent a
di splschyapved valleys cut into the continental
for tordansyg sediments from the continental

turbidity currents (Janocko et al ., 20183)
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Submarine fansshaped aggekei, megmtnary structures

ocean floor at the mouths of Submarine cany

primarilydemesat eédriby,disteyd-i cavdrarhe nftlsows dr i ven
( Bouma, 1985) . The key structur al el ement s
|l obes, and overbank deposits (Mutt.i et al .,
Submarine channel s, whi ckhi |coanme texetsesrhca | H uwbrwd rmeac

or shelf armasi naeatenvdier@pnment d kearfealtanmrg,s t(rl

al ., 1991) . These channels are shaped by bc
exhibit a variety of shapes, rfaonrgmsn g( Jfarnoont ksot
al ., 2013) . Submarine channels are typicall

when sediments overflow from the main chann:

tend t osobd ewdlel lIwhereas the | evees usually <cor
al ., 2017) .

Additionally, subsurface investigations (Bou
1994) revealmat hae dkeepe channel s undergo
devel opment. These include phases ofstergesi on
sinuoarsnelh f dingak®)éolnanocko, 2013).

Analysis of submarine channel depos-iotrs Vfr om
shaped boundi(migg®ud { Deps uck et al ., 2003) .
generally have sharply defined erosional b a
confined within the depressions carveldopent o
regions, where canyonst ,antdhev adrl exismaar ef iprless
toget her and are characterized by coarser,
Furthedi,pgdwre sedi ment f il can extend beyoni
mi xture of coarser and finer sediments depen
source (Posamentier et al., 2003).

|l n dihssteadches of the fan, the channel s Dbecome
further upstream; they spread iokud gmerdke lamye rt

define the outer MiBotzepgarit, &f01t7he | obe
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i s | iwhiitcehd ,maayu skeed by topographicaltsednméntain
supapllhyi.s results in thick, vertically aligne.
andpdsition (Miall, 1985).

Later al stacking happens when shifts in sedi

or tectonic activity cause channels to over/l

compl ex web of interconnected deposits (Mial
Furthermore, the stacking pattern can shift
While this is common, the precise cause of t
potentially arising from | ocal, subtnlcee chan
(Mayal, 2006) .
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Figure 2.11: Stacking pattern models of submarine channels related to confinement degree, channel
dimensions (width/depth ratio), rate of deposition, aggradation and sinuosity (Bozetti, 2017 after Clark
et al., 1996a)

2. 5Geophysics: Seismic I nterpretation

Seismic techniques, which have been commonly
now increasingly applied to studying aquifert
underground formations (Fassihi et al., 2023

t heoundaries and thickness of aquifers.

The process of collecting seismic reflection
of the Earth. Sound waves are generated fro
These waves reflect back at different points
The data is then processed and interpreted t
al ., 2021).
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Seismic survey
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(array) (streamers)

llustration of a 2D marine seismic survey Acoustic energy

Figure 2.12: lllustration of a 2D marine seismic survey whereby acoustic waves are propagated from
a source into ground and reflected back at different times to various receivers

(www.nopsema.gov.au).

While recording, part of the seismic wave er
there Iis a change in impedance (which is th
returns to the surface. The remaining energ
reflfefctaddi ti onal |l ayers at ogreater depths.
travel from the surface source to a subsurf s
i's referreday ot iame t(WIOWT) (Brown, 1999) . Wh
gat her ed i algd reg pa od idli enelnisme®,nad tswo smi c | mage

placing multiple sources and receivers acros

l ines,damehseenal seismic survey can b-e obt a
di mensi orneali mem stironal datasets are then proce
to generate seismic profiles or other visual

are aendllyy geol ogists or geophysicists (Fowl

2.5S@i smic Wave Propagati on

A wave is a rotational or dilatationialn di st
this case, the rock, and they are considerec
ti me scales (Zhang, 2016). The displ acement
tvel s at a velocity through the medi um, an
(amplitude) from seismic waves are wlaotet ed a
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andre described with the sAmesteaermhms.di Bianwa\

two crests forweopemktswo orroughs. The frequenc
t hat move through a given point in one secon
frequency is called Hertz, and the formula i
Equation 2
Y- 1)
Wher e:
T=ime i n seconds
f = frequency (in Hertz)
The period is the duration of time required
point. Velocity of the wave is described by
Equation 3
w _"Q (3)

WherVe= velocity

Seismic energy is recorded as sinusoidal, b .
trouBBhgre(8. A peak and a trou@ghphasedéminf ma
or zero phds&asegl arhodlvyifthe. peak and trough rept
geol ogi cal contrasts in depth betaeen 2003) .c

The wave can dbiestpalnoctet efdr oans t he i nitial sei s mi
constant, or as time from the initial seism
(Figatig
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Figure 2.13: Anatomy of a seismic wave. Displacement is plotted on the Y-axes, and distance or time

is plotted on the X-axes. The positive and negative nature of the wave is termed polarity.

When a seismic wave that i s initiated at t h
encounters an interface between two units w
seismic wave hits the interface, some of the

is refracted (abrdapterrgnsemi tattled 2021)

| i gwrld an incident wave encounters an int
refl ected, and part of the energy is refract
angle as the incident wave arrasveas.wakllee mefwr

a new medium with a(Reswswsskisemi Thhve) o2bDR2grted

wi || continue to a new refl ectortiasnd erfelfelcet-cet
once, and then returns to the source, I s ca
that is the object the survey is designed to
in dwhesurface Iis called a multiple and is a
energy that is not a pritnoagreyt hreerf(l Bescatpoerir sceatn ab
2021)
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Figure 2.14: Reflection and refraction of a seismic wave at an interface separating media (medium 1
with velocity v1) and (medium 2 with velocity v2) where v2>v1. (Alsadi, 2017)

When sound waves are reflected, the reflecti
determined by the product of the wvelocity
nei ghbouring subsurface | ayers afMakhebebent
2022 )mpedance | £qdafdiasedt hien product of wveloc
Vel ocities and densities are commonly obtain
in well s. Byuatpipdyhing i mpedance is then wus
reflectivity, or reflectiomsecsoefafliuei eretpr eR @)

proportion of seismic r ay(sShreerfilfefc,t eld9 7b7a)c.k t o

Equation 4
zZ = 4)
Equation 5
RC "2a2 "lwl /202 ™Mol @7 dld2 (5)
Wher e
RC: reflection coefficient

P1: Dens¥tywyf(d.hemupper strata
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Vi: Vel oi by ¢(mesupper strata

P2: Densi)tyf(d.hembottom strata

A synthetic trace is produced when the refl e
wavelet. Where the real seismic data iIs rec
trace is calculated as a functi-b@eio$tmideept h
process is then established to bridge the da
measured from the borehole as a function of
When tying wel!/l and seismic data wusing soni
calibrate the sonic |l og with the checkshot d
(Fassi hi e.t Whle.n, ¢2h0e2c3k)s ho't data i s acquired
energy, during which time a geophone is | ow
records the time it took for the waves to tr
the rethisgselnis mdpgeptled ti mes in -depgeh ¢tor e
(Fasethial .., VEOe2n3 ) t-cheeptthi n,eur ve i s establi she
coefficient is then convolved w({FftigRddwavele
(Mondol , efigureg 20106) depicordead sefnisens cotra

trace consists of one recording correspondin
energy recorded at the receivers arrives at

receivers from source. (Mondol et. Al ., 2010
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noise (Mondol et. Al., 2010)
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Figure 2.16: Recorded seismic traces. Each trace consists of one recording corresponding to a single
source receiver pair. Seismic energy recorded at the receivers arrives at different times because of

the distance of receivers from source. (Mondol et. Al., 2010)
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2. 5S82i smic Resolution

The minimum thickness of geol ogi cal feat ur es
the vertical resolution of seismic data, whi
frequency of the seismic. Essentially, seisn
can move across different subsurface I|itholo
velocity, frequency and resol ution of sei s
representative geol ogical model s.
Equation 6
0 Q1 OIODRINECRE & 6 OT0E & (6)
Wher e

s wavelength (m)

f= Seismic frequency (Hz)
V = Seismic velocity (m/s)
Hori zont al resolution on the other hand is t

geol ogi cal DOiesactounrtei n(uei.tgy. caused by a faul't

dip) |l aterally on a seismic data (Brown, 19
Fresnel zone, a minimum distance required to
wavelengtbgatd, tbeel ogi cal features small er
be di steidnmgua sshkei smic section (Hubral et al ,
with depth, as velocity increases and freque
1999, Ve e k.eTnh,i s2 0b0e6c)o me s i mportant when scal
information from well |l ogs (often down to cc¢
from seismic data (usually with wavelengths
While the fundament al equations wused to int
simple, they quickly become more compl ex as
( Draper et. al ., 2021)
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2. 6Petrophysics: Wi reline |l ogging

Wireline | ogs are geophysical tools that me:
and provide information about the geol ogica
during drilling (Cat unTehaen uf,i r2s0t0 6c o niparl e hvean, s i 2v(
of ASubsurface Geophysical Met hods in Ground
Jones and H. E. &rkd bsitreke, itnhel 9b5®bphi sticati o
has evolved (KegnendbpupFThgo8ilngle most I mport e

has dd nmihe use of gebpldysosigeasl dlheg ggiorsg iim r el
uni t vtaHpre daufct ( Maliva, 2016) .

Wireloge run for aquifer characterisation ar
construction, prior to the instal lTdtei onosdf ¢
commonly useidt HolgpggggwGemna Ray and Spontaneou
LogfResislbbgei tgducti on, Laterol ogRhorMikigt®y r e s i
(i Senic, Density )anddnudie bigogal bgper, Djip met

Figeaitg@g. The | ogs are run in one di mearse on,
|l imted | aterally by the tools (Catuneanu,
integrating | og data with other sources of

information acquired across the entire stra

i mportant t o not e t hat | ogs ar e indirect

petrophysical parameters directly, rat her, 1
measurements recoWwidd ilaynstilep. tWheén (QCdR28 dal
retrieved from the borehole, it provides inv
and should be used to calibrate the well |l og

This sectigeoplykisc altd @ reicvhend qfuressonu ri malds sa frfys h c
data relevant to |l ocating and understanding
measurement thheugmplwasis.i s on the types of
obtained from the various |l og$igudet Re 1I6i mhietp
t he well |l og curves which are used in this

sections bel ow.
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2. 6Gamma Ray Logs

The gamma ray |l og is one of the most widely
investigations. Theogthiskkd udentoiff itcmti on of
stratigraphic correl atWidd iiammsqgp)en .oralcas d 2K

The gammpaolvagiesnti nuous recording of the int
radiations emanating fromhehsifgoamaticompr ( ki

ray emissions at different energy | evels fr
(40K), Thorium (232Th) and Uranium (238U) an
series (Of wann ag,e s2aOnldls)f.on e s , carbonates and d
|l ittle radioactive content while clays or sl

cont endx hainbdi t a relatively hiFRihg 2Aamntar arcaky 1l)c
(Lui,) 2017
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Hi gh gamma ray reading may bat tiocosfs $rbahdyit o a antpil
sands such as potassium rich feldspathic, |
(Ol ajid&As 20068). gamma r alyi tlhoggl ogya dd infgfse rfeorrt i
good knowl edge of the | ocaHurgeelrampma( Baysi o
response is also influenced by the compositi
within the borehole, presence of casing and
(Mal ivlag) .2 The standard wunit of measur ement
l nstjtwyei)cal ly dbdr (k& lgrRaingg et rodfMkdl 1 v a, 2016)

Applications of the gamma ray | og in aquifer
(1) defining the depth and character of | ith
(2) well to well correlation,

(3) grain size indicator

(4) quantify clay proportions and

(5) detect and evaluate radioactive minerals

2. 6Spontaneous Potential Logs

The Spontaneous Potential (SP) Il og is the ol
by Schl umberger in 1928 (Serr a, 1984) . |t
bet ween the downhole movable electrode and :
measumedni il ( mvVOft wan a, 2011) . The SP observe
electrokinetic and electrochemical origin, t
to thceurdassiouni, 1994). These el eachhouwtc hem
by theendiefsf eirn salinities bet ween mud fil tr
resistivity (Rw) within permeabl e beds. ( As
Because a conductive fluid is needed in the
cannot bencoeduicnive (i .e. oil based) drill
The SP |l og can be used to distinguish betwe:¢

porous asngreacaer al ly foll owsGamaray (Hiaggdnmiégl ar t o
trackCotyelation of the SP | og swihtant stthreatli @
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response i n shale formations fall on a str

(Bassiouni , 1994) . Permeable units are i dent
shale baseline (Maliva, 2016). I n permeabl e
C omtstt bet ween the ion content of the for mat
drilling mud filtrate, c¢clay content, bed thi

bed boundary effect (Ol ajide, 2005).

Appl i saft itomeaBP: | og
(1)etdect permeabl e beds
(2ptdct boundaries, of permeabl e beds

(3ptdrmine formation water resistivity

(4ptdrmine the volume of shale in permeabl e
(5Dt Hol ogy indicator for <correl @&taisem hwi tehh . o
2023)

2.6S8nic Log

A sonic | og measures the propagation speed
formation, calculated from the time taken toc
|l nterval gir ansmeasumed (in microseconds per f
sdwness, is the reciprocal of vel ocity (Var

introduced for sei smic velocity determi nat
became widely wused in oil and gas industry

formatison ypovrad ue could be extracted from th:

Sonic logs use the velocity, amplitude, and
waves to obtain information on the physical
2007). The three main sonic waves of concern

their time of ar r(iPv ava,v essiijeip we,y ®asmdc a3t onel ey W
(fluid waves) (Lui, 2007).

Modern acoustic |l ogs allow for the digital r
from whS, chand fluid arrivals cani \aalaysepad at

4 2



(Mal i va, 210i 1s6 ) d e pTehned e n t upon both ITithology
formations matrix velocity must be known to
clastic sedimentary sugtdesseasses Wheh vahae
compaction of sedi ment s, and hence also dec
deeper sediments are more compacted and | es
compacted sedi meqgitws | |t hedFcygRlABen dbifcates t he t

ti me and swvaeed of P he most common mineral s &

Material v, (m/s) At (us/m)
Anhydrite 61006250 164163
Tight limestone 64007000 156-143
Dolomite 7900 125
Halite 4600-5200 217-193
Light sandstone 5500 182

Oil 1070-1320 985-757
Methane (1 atm) 442 2260
Air, 0 °C 330 3000
Shale 18303962 548-252
Steel 5340 187
Drilling fluid 1530-1620 655-622

Figure 2.18: Interval transit time and speed of P-wave of the most common minerals and rock (Lui,
2007)

Applications of the sonic |l og are to:
(1yopide porosity dat a

(2yopide indirect data to distinguish betwee

(3ptablish and monitor state of stress
(4yopmdehanical properties
(59ei smi c ttidee ptnh tcionfeWa@s si bin et al ., 2023)

2. 6Nédutron Log

Neutron | ogs are used to determine the por«
hydrogen ion concentration in a formation |
neutron | ogs are potentially the most usefu

4 3



applied to groundwater investigations, becau

hydrogen and twetefofKepnssettal., 1981) .

Il n wel | |l oggi ng, neutrons ar<€lardi Siysit@Iml, y ai
effect of the enviromeaestur eth tKeysnERéga@ah. |
neutrons collide with the nuclei of the form

some of i(tLsi ueene2rBgyyduse the hydrogen atom i s
to the neutron, maxi mum energy | oss occurs

hydrogepLiatpom2DOegnef or the maxi mum amount of

of a tfioornmbas hydrogen concentration. (Asquith
Because hydrogen in a porous formation is ¢
energy | oss can be related to the formationé
gas rather than oil or water( Manleiuvta,o M2hOpls6er)o s
occurs because there is | ess concentration
water. A |l owering of neutron porosity by gas
Neutron | ogging tools are st an(dRirg2ujrbetdr aucski n ¢
4) Logs are typically scaled in apparent | imn
API units (Maliva, 2016) . Neutron | ogs are &
the type, of fluid in the borehol e, or the
borehol e, the adverse &efflealtes lodggmund caakde i
cementing in cased hole applications. (Al 1l en
Applications ofnokutteon | ogging

(1Provide accurate | ithology and porosity de:i
(2P§Provide data to distinpgandh between oil an

(3Provide porosity data for(WwWaserhisaetwur aadal on

2.6DBNnsity Log

The density |l og, al sogmaenimar i ed),t oneasutrles ¢ &«
electrons in a formation. This density of el

density of the formation (Maliva, 201r6) . Thi
4 4



invol ves bombarding the formation with gamn
measuring the intensity of backscattered r a
receiver (PickEhiseattahuatil®®w09f backscatte

to an effect called Compton scattering.

Compton scattering occurs when emitted gamm
collides with electrons in the formation, ar
the electrons (Maliva, 2016). After every c
|l og the electron and then continues with
scattered gamma rays wil/l reach a detector a
the formation density while the amount of C
el ectnesntgeof theufd2maii on (

This intensity is smaller, the | arger the nu
he
hi
20

nce, the number of gamma rays detected is
g
1
function of mineftAs$oggit lanéeThpea kcoosnib®i§n7a)t i on of
d
e
n

her and increases as tHre ghrménarddiml dgrasit

6) . Bul k density of the formation is quar

an sonic | og responses at a given irnotcekr.v al

Th acoustic i mpedantwseismileni esedvhiemewslyint

Cc a be extracted to tie the borehole infor me

Wireline and Testing, 1989).

Applications of the density | og
(1Provide accurate | ithology and porosity de:i
(2yatvuvuation of famrdmati on density

(3yopi de por owaitteyr dsaattau rfacotri (ofma slit leir me tn ada li .o,n =2

2. 6R6sistivity Logs

Resistivity | ogs are commonly wused in grounoct

provide information on porosity, |l ocation of
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and |Iithology (Maliva, 2016). Resistivity 1|o
for differentiating between hydrocarbon and

Resistivity is the inherent property of all/l
resist the flow of an electric current. The
1986). Current flow in porous hreodlorimatmainn lwy

Sso that the parameters that affect formati

resistivities (Bassiouni, 1998) . The greate
called salt concentration oghern ntHeromanduwant iw
therefore, the | ower the resistivity (Lui,
therefore provide critical i nformation on fo
The resistivity of water is not only a func
hi gher the temperature i s, the | ower the re
resistivity will wvary according t o ntietmpeesr aatrue
commonly expressed in parts per mil |l ion, w

kil ogram (Bassiouni, 1998).

There are sever al measuring technigues in
groundwater investigations (Maliva, 2016) , e
an emitter made up of an electrode or coil,
el ectromagnetic field, into the formation. A
theemeasures the response of the formation af
increase in spacing of the system results in

exepnse of vertical resolution (Serra, 1984).

The resufig,®gt Blpocghr(esent s shal | oerwg a dnerdg uomy r vaen
The shal Iroewc ocrucnignegg mal | est radius of investig
of the flushed zone surroundingt oeddles bomehnt e
on pads which are applied againseéesithtei hiol ¢ o
flushed lyonwi rtue of their very shallow dept
medi um curves indicate the resi sturvvietsy sohfow h
the resistivity of the uncontaminated zone,

although even the deepest reading curves ma\
filtrate (Var haug, 2016) . Long spacing devi

4 6
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Figure 2.19: Environment around the borehole (Lui, 2007)
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along with porosity and a permeability est.i
ulti mate production (Lui, 2007).

Applications of resistivity | ogs:

(1ptermine the thickness of the formation
(2¢)sti mati on of groundwattlgminegsi stivity and
(3i)denti fication of per meianbvlaesizoonnes from dr i |
(4yopide information for correlation purpose

(5)dentification of fracthaesi mindetbedldi g2 ®2:

2. 6Cdl i per Logs

The caliper |l og is a measure of the diameter
changes with depth, critical for the interpr
(Keys et. al ., 1981). The tool uses two, fou
and out dssttwet hdowmawn f riMan itvhae), . b2oDriiesdh onhoet i (0 n
recorded electrically and transmitted to th
2011) .

Calliper |l ogs are generally run as part of e
if the data are to be quantitatively interprt
geophysical tools cannot be accurately int

boreholes (Maliva, 2016). The |l ogging produc

and receives any type of artificial pul se,
radiati on, i's dependent on the distance betw
ad the collector (Maliva, 2016) . I'n groundw
secondary porosity features, suthuag2bDddctur
Applications of <caliper |l ogging

(1) Borehole size and

(2) | od Fawsasliintty et . al ., 2023)
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ChaptefGedl ogi cal Setting

3.1l ntroduction

This chapter di scusses the geology of t he
tectonics and basin evolution and therd focus
the Bredasdorpndéeudyamdierag the depositional
interpreting petrophysical parameters and m
i mages his inter ptrheet atto toanlp avhogladcrdes ofm t he Br ed
Basgmoundwater resources in South Africads o

3.2P1 ate Tectonics and Basin Evolution

The st rewcotlwrtalon of supercontinent Gondwana
Juraésili80 Ma) through | ithospheric stretchin
mar iDre Wit et alr.e,a,kluP 9) i f T ha gs,e pbaergaabia owni tohf t
Gondwamanp(r Ast aghMadagasoecarrali aWeshdGahdwada
(compr iSoiund Aaedlficiaca) al ong t he e€astrearvre nmadry

mantl e plumes and (poBiliag, o019 ™Mapma

During the Late Jurassic, -dayticogptocentr ed
America began to break away from the Africar
bet ween these two continents produced a majo
Agul hd« | Bad Fractur(eBrooande e(tAFTFaZe. AFRD 06 pans
bet ween the Agul has Pl ateau near South Afric
At | alhit g@8.1)¢ and played a crucial role in facil
the African and South Amdeberman PO0O@G4)s (Uenze

During the-CHertlayc etoou sMiadhot her pul se of tecton
Fal kl and | sland plateau passed the seouther:r
Fal kl and Fracture Zone (AFFZ) forming a righ
ma gin (Broad et al, 2006) .
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Figure 3.1: Pre-break-up distribution of rift basins within south-west Gondwana (Modified after
Jungslager, 1999).

Tectonic activity persisted, until the Apti a
continued between the Falkland Pl ateau and t
AFFZ (McMill an tertangatienanlseOnlar’l) .stSr esses asso
AFFZ triggered normal faulting along the ol d
the Cape Fold Belt (CFB) (Tinker et. al ., 2
basins as a s etr ihgaslafbdewnrpibn g qtutee rlidt estl 2RI angi

Ma)Th(omson) . 18868r major depocenters known as

Gamt oos and Al goa basins, with the smaller
(Fi gdR)¢ Tankar d, 2009) . The Al goa and Gamt oo
with maxi mum depth of 12 km, and the broad

mul t-fi ahlet basins with a maxi mumEdadeptbsaushifn ~6
is saped by ridges of Palaeozoic metasedi mer
et . al ., 1983) .

Variations in the structural-basiyhne, afl oomg Wé:

East are depmidBt®ead miment highs and | ows, hor
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and their rel ated faults are |
(Jungsl ager, 1996) .

mmedi at el

Basement High

g (L " Faults

e AGULHAS s Depth (km)
ARCH R " to basement
— “A_ |ines of section

Figure 3.2: Map of South Africa's south coast showing the Outeniqua Basin with its sub-basins with
major tectonic elements (Van der Spuy, 2003 and PASA, 2012)
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Figure 3.3: Schematic profiles across the South African margin showing simplified structure and
sediment distribution across the larger Outeniqua basin separating it into sub-basins a.) Bredasdorp
basin, b.) Gamtoos and Algoa basins c.) Pletmos d.) Southern Outeniqua (Tinker et. al., 2008). The
1At1 unconformity forms the boundary between the rift and post rift sediments.
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The rift phase on the south <coast ended in
unconf oFringiBYef 61 | owed by at | east three phas
continued dextral shearing which ultimately
Fal kl and I slands fUemzeé¢ehkmalBdmieaddiphvatradad @44
tectonics due to intermittent reactivation
devel opment of Southern Africabds continent al
(Tinker et al., 2008).

3.3The Bredasdorp Basin Tectoni cs

The Bredasdorp bas-wast soff oMassedl sBayh (Br own

approxi mately 200 km |l ong and 18 km wi de,
180@QG(FIi gBAe (Broad et al., 2006) . -bElseé nBraeadlas
part of a -escehreileodnaasfiurbsn wi t hin the Outeniqua |
| nf antian atrtlceanrddvegg bl has ar chand sweetfoalt ey an
et. al., 2023).

‘ -

i

BREDASDORP
BASIN

AGULHAS ARCH

INFANTA ARCH

Tor

INFANTA
EMBAYMENT

|

Figure 3.4: Detailed map showing that major structural elements of the Bredasdorp Basin roughly
follow WNW-ENE structural trend (modified after McLachlan and McMillan, 1976; McMillan et. al.,

1997).
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Faulting in the Bredasdoraqr nbaals ivmaiua ttcswarxrme d i I

WNWENE trend, inherited (Ffirgo3w)éthee Vatp ee tFoald. ,B
Majority of the faults are restricted to thi
the -pokt su@EcegsBBjeORoni bare et al ., 2015) . A

showing aSn'S ENNWPFReingdu3r4e was ascribed to Subs
movement al ongFatlhkel adglulFirassct ure Zone to the
(Ramphaka, 2015).

3.4The Bredasdorp Basin Stratigraphy

Stratigraphically, the Bredasd®egemasisedi snem
deposiFtiigoBbe( ( Br own , Thk9 9p7a)t.t ern of sedi ment a
Bredasdorp basin has been | argely control
superi mposed on regional tectonism (Davies,
subdivided by Jungsl ager (1-986) grianpthoi ¢ f opuhra
(Fi g36)e namel y

T Preift,

T Symwift,

T Trans+4etairry ft, and

T Drift.

Therei ft phase is associated with basement r

to the formati or goefd t(h-el 3\9a |Maan)g ilikiaain Bec ® b fi og n
20325 S9yhei ft phase refers to the period of ac
associated with the early stages of contin
Trans-iEar Brgi ft ref ewd ftto pthlaes ep ®dt t her mal Subs
oceanic crust cooled and subsided, and the
( Brdoaet . al ., 2006) . Dri ft phase refers to t
Af rica and Sout hr i Afmerse@queddhe a&rych drift sequ
a regionally develofFedadsmnd wWncocedfagr mi tpyas s i
setting-Al MognerR006) . Further events regardi |
t heir ti mingbealragewdd idsecpuFscsge@lf.ei n
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Figure 3.5: Generalized chronostratigraphic map of the Bredasdorp Basin (modified after Brown et
al., 1995; PASA 2017) with the 14A deposition, the focus of this study, indicated by the red block.
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3. 4Pt-ei ft

The basement rocks of t heofBrae dGaspdeo rGr abnaistien b
core of Cambrian a@edoviddil ammwiean b¥yabtlhee Mount
guartand etshereaft drackvesrllaatiens boyf bt he Devoni a
(McMillanJubhg8V7ager, 1996

ThAgul has andched$ anbai Ag basement highs, ar e
Supergroup sedi ment s, met amorphic rocks, an
overlain with varying thicknessesTlhd darilfite st
of the post basieiments edinche ptrse compri se mai n|
sandstones and shal e, deposited in continen

environments aj.Davies, 1997

3.4Sgmi ft

The synrift succession of the Bredasdorp Bas
Synrift Il Synrift I correspond to the ini
Mi ddl e JkEmrasyi €retaceous aged sedi ment s, bo
uconformity (Baiyegunhi et al ., 2020) . Synri
where continued rifting resulted in more def
deposited in Synrift 11 are often fineg thar

and deepening basin (Van Rensburg, 2016) .

3.4.2.%ynrift |

Syni ft sedi ment ati oMi ddlgen & sFa sgc3der Wheraes i ni t
ri fting was characterised by the devel opment
stress Beigyampeunhi )eSty-nalf.t, s2e0d2WOmeabhsf il |l ed hal
consist of continental clastic deposits er o
Cape Supergroup and sandstones and shales

constituted t he Cape NBau nyteggiumsh i atet t MRdte s ¢ i12n
continent al clastic sedi ments were intercale
di stinct I|ithogenic units recognized by Mc Mi

rift sequence,d |lbayr aelty veo mtorumldlag y faul ts ar e
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T a | ower fl uvi al cilnatyesrtvoan e sc,0 nssainsdtsitnogn eosf, ar

deposited in alluvial fan and fluvial env
T a |l ower shallow marine interval that res.t
the bascsomsi fttsauefoni ti ¢ sandstones repres
beach deposits.

T an upper fliusvinaald e Indtpevovfall f |l oodpl ain and

deposits; and
T an upper shall ow mari necicutr ecgefna el anaa kreidt
sandstones of | ate Valanginian age.

The 1At1 unconformity marks the terminatior
|l ) and the beginning of a renewed rifting
movement along the AFFZ at appHauitmat eli yan
boundariyw)egubBai et al ., 2020).

3.4.2.3ynrift 11

A second rifting episode was initiated at t
earlier master faults formed during Synrift
I phase. Renewed extensional forces region
| ocal iaarvee rfsalodhi ng which provided structures

and gas accumul ati omProOBmpead enappalng, r20e&) e
and graben structures and inferred dissithnri but
(Aremu, 2000) .

Sedi mendartiimoq@ Hwsriifntt [ ulenced by tectonic evVve
changes and a rapidly cooling basin along th
ti mes (Davies, 1997). A rapidly drowned basi
second riftuhgeghiaset hrek and extensive deep
over tilted fault Dblocks of the 1At 1 uncon:
phase gfabehfinfilling is markEedSh@a)b.he26At 1
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3.4DBi ft Succession

The drift sequence is di vwaisdckdad oinnttcee cttvomima jden
and deposit{({Bnahdh, g8wamgl, y

f transitional to early drift sequence and

T late drift sequence

Théransi t Eoambrti ftto sequence i s bound by the 6/
sands at the top and hasdDeifespeqnuiekeldy byar d e
14At1 uncanflefemm s yto the time when the two ¢

had fully cl| e(@aReetdr celaecuhm oAgheenrcy of South Afri

3.4.3.TIransitional to Early Drift Sequence

As the rate of ther mal subsidence started t
transpressional event caused uplift in the b
6At 1 uncoBoodempy 1B®2i ment ati on wmaesc wrhrag mtct
epi sodesprogalanédt a ggraddegptoisgwti it bn f r equeat depo
shal es scuwr ilmdggelst ands-f aodr bassa@ar voir sseandsto
|l eMeolwst ands (Broad et. al ., 2006).

During periods olfowsesluabtmavrei nsee ac aneyvoenls and c he
in the Bredasdorp Basin from(Dheieis.el BLoOOt®T J |
types of conduits provided routes for turbi
basin, particularly the succession between 6

in the central part of the basin (Davies, 19

The devel opment of a stabl e depositional
sedi mentation rates and sediment st amrivalh i on
mu d (Davi es, 1997). These muds were deposi
bet ween 1Atll samdatli3gAtaphi c markers (Burden,

The tectonic action of the Falkland pl ateau
uplift and the associated intensive subaeri a
the 13At1 unconformity (Brown et. al ., 1995

itnroduced restricted cirfcauMauried dep ashiet iboans i
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richd, mparticularly in the central and sout he
1997) . Renewed active turbidity deposition
mari ne transgression whereby por ous and p
sandstones swerea, demd er bedded with these sou
1997, Broad Tehesad .deel@ 9wgr.i ne sandstones for
serve as reservoirs for t he storage of b
interbedded with amaliesds uwihiedh, act as a seal

these aquifers.

3.4.3.Rate Drift Sequence

The start ofmatrtkied plyagerei smi d Al bani an 14At 1

al ., 2006). The 14A sands, which are the foc
the 14At1 (~108 MapwBueéqgonfnodr neartey ddommonl y r
hydrocarbon bearing reservoirs (Broad et. al

During this time the basin was subjected to
by events of basin margin uplift and subaeri
of the 14A sequence were transported from t
mar g basement hi ghs downsl|l ope into the depo:¢
(Broewn,all995). Transport oc,exrtreendiwiga i :nltmp d h
southern parts of the basin from the western
sands iaacglkestth towards the basin axis and thi
sout hwestern flanks (McMill an, 1997) .

The sands of the 14A sequence have been studi
SOEKOR Reports where | ow salinity water was
salinity watesodedi ohtenetepric water fl ushi
sandstodédss flushing was sa)gd esotltexdu ebrye dD advuirei s

t he -FPllaiostseaehevel falls caused by .Abrthatn
ti me, various topographic subsea highs aroun
extent,reé hef cem¢ basin, would have been expo
resulted in a reduction in sandstone cement a

some sandstonea)(.Dalvhiee sd i slt9s9arb u ni 6y wht Powi s

59



be controlled by geol ogi ca-perfmreadllirleist ys ulcay e
pal eochannels (Post et. al., 2006) .

Subsequent cycles of basin sag and accompa
Bredasdorp Basin yieldedisdckap ocessi thi absniant hweiyddede
i nt efMhalsstook place until the basin experien
formed the regional 15At1 unconformity (Brow

Another period of sediment starvation occur |
or garniicch muds were deposited (McMihkaboat h

African and South American plates had compl e
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ChapterMe4:hodol ogy

3.4 ntroducti on

This chapter describes the methodol ogy use:q

namely, to calculate the volume of OFG in th
study is an sawtdl iwiiet hof the various methods
coll ected data is classified into two main

core dat a, and a 3D seismic sarmrmreoyv.i delel bdyat &
Petroleum Oil and Gas Corporation of South A

3. 5Met hodol ogy

The f | ofichineg edr esemrtesc d he iprurtshuiedi pt adgssTh

foll owed the following sequence

T Review the previouwatldart eirmttulree Brne doaad ceoor p E
tectonic and depositional hi story of the b,
1T Review available data of the study area, s
sequence and a seismic survey which covers
Load seismic data inteoePsmel tamd check we
|l nterpret horizons for the 14At 1, 15At 1 wun

interval and structur al i nterpretation
Create isochore maps

Load wireline | og data and core data into
|l nterpret | og data and calibrate with core
water saturation and permeability
Determine cut offs and compute aquifer suml

Using surfaces interpreted in seismic and
Gross Rock Vol ume&€a(p@rRV)t,y ftNdPrRa/ge and Ori gin
in GeoX software (OWI P).

1T Develop written report
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Reservoir

Summations

(

Petrophysical
Evaluation
!
Data Loading into IP
!
Data Editing:
Curve Splicing, Depth Matching, Curve
Normalisation
[ Data Interpretation
Volume of Clay ‘ Porosity ’ Permeabiltiy
L
'S
Water Core
Saturation Validation

Figure 4.1: Flowchart of methodology and processes followed in this study.

43Sei smic I nterpretation

Seismic stratigraphy aims to define the aqui
geometry. It also serves to assess the thick
compl é&xirt f.his study, the focus narrowed dow
bound by the 14At1 andhé5AaleshcB8Df semismies.

as 2012 Central Basin Survey provides a good

Fi key horizons have been: identified and i nte
(1s)ea fl oor
( 2b)asement
(31)4 At 1,
(4)4AS and the
(51)5At 1 surface.
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4. 3Data | mport
The following types of data we#wefealelnectde P ed

project, guided by the study objectives set

Formation tops

3D seismic surveys

1

1

T Navigation dat a

T Wells with wireline | ogs
1

Cultural data (e.g. maps, i mages, polygon

4 . 3Wel | to Seismic Correlation

Wehlsei smic ties were performed in this stud)

t he well s tnmedmesputrhe ddoimmai n, to the seismic dat a

By comparing seismic data at a well 1l ocation
shales of tahe Imagodatia peaks and troughs ir
(Martinez et. al .i,d2e0n2t & )hinanphaipsh oe i azbolne st ops o1

f or mata osnpeci fic reflection on the seismic s

4. 3F8ult I nterpretation

Major faults were picked on the seismic dip lines and mapped to study structures
throughout the area. Building the structural model is based on the position of the fault
pillars. The faults are interpreted as fault sticks in the modelling software. All the faults

were then converted to depth using the velocity model.

4. 3Hdri zon I nterpretation
The horizons are mapped manually for single
on 3D seismic processed |lines. Positive ampl

reservoir sands on sei smic dat a refl ection
st andard 200 beyr 0280 i nenl i ner ement was appl

interpretation of the regional unconfor miti

6 3



basement, 14At1 and 15At 1. 3D auto trackin
interpretation f@Qoifdiel t henhgapzoandnrencertai

4. 4Petrophysical Eval uati on

Wireline | ogstswdrwmlliltweweye welod aneecttreadt i fnrgo nw a
saturated sands in the centr al Bredasdorop
softwasesed for alll petrophysical evaluation.
alias names as per the confidentwas auviyevagd ee
in conjunction with image files and well C ol
the data was received in LAS format, acqui si
nucl ear detectwerrreoburatvar habbke. For thals re
correawteiremts applied to the | og data. A flow
eqguations in data editing, data interpretat:.
i Fi gdRe
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Curve Splicing

l

v

Determination of porosity from Neutron -Density log

an
=
= ;
S Depth Matching
(1]
@
o
©
Q 1
Well Markers
Det inati f Clay Vol
etermination of Clay Volume Rl = GR = GR,1puy
GRshu(’e - GR(!eun
v
Determination of porosity from Density log
Phi = Rhomatr!x - Rhob —Velx (Rhomatrix - Rhociny)

Rhopatric — Rho}'!uid

2 2
. (N¢+D¢)VZ

c
o 2
=
©
]
(o]
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o
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]
-E o ) ) Phie = pma - plog Velay » pma - plog
— Determination of Effective Porosity = Voma—pft /=7 Upma— pfl
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©
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v SWindonesia = VR
Determination of Water Saturation ' ‘ Vshli-0aVah) + [ o
vV Rsh ‘\ a.Rw
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L J T 2 m[?+-1)+_
Determination of Permeability k= O.IESW .
Gross Interval: Av o

@ Av Sw
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k= Av K
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ke ;

= NetReservoir: Av ¢, Phi>0.8

o ’ :

(%]

£ Av Sw

AvK, K>1mD

Figure 4.2: Flow chart of petrophysical process
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4. 4Data Editing

Dat a editing i nvol ves t he identi ficati on,
i nconsistencies i n t he raw petrophysical (
measurements and | aboratory tests.

The following data editing techniques were ¢

Curve Splicing: Merging valid data from separate logging suites to produce continuous
logs from total depth (TD) to the shallowest reading. All twenty-two wells

required curve splicing (Appendix I).

Depth Matching: Alignment of key features such as formation boundaries across the
set of logs for each well (Appendix I1).

Curve Normalisation: Gamma ray logs of all the wells in the study were normalised.
This ensures consistency and comparability across different datasets or

measurements (Appendix ).

4 . 4 Wel | Mar ker s

The stratigraphic zone under investigation i
maj or unconformity 14At 1.Tthe majr&krersnaoref o mmit
from geological well rbeoponrdtag ilkeassreedc aogmasmeayd e
an abrupt increase i n gamma ray response bel

intervals and concurrently a dcdcyr @d&G@&5)f res

The next step was identifying the 14A sand o

recorded from the well compl etion report anct
that the marker is cutting through the middl
|l s have been made. An essenti al part was <cr
|l ogs with the seismic interpretation. 14At1
mai ntain consistency in the study and to min

66



4. 4CBay Vol ume

Clay volume equation chosen to best fit are:
igneous and the occasional evaporite. The Ga

for this environment using the equation:

Equation 7
oY 0 —— (7
Wher e:
GRI : Gamma Ray I ndex

GR: Gamma reading off the | o0g

GRcl ean: Gamma Ray in the cleanest sand
GRshale: Gamma Ray in the shale

The GR |inear method is used for all the wel
on a-bwedlll basis between the 14At1 and 15At1
are further subdivided where there are | arg
resnpsoe in a given zone. A table of all the p
each wel/l caAppendioximmd\Wiumal ity check the fir
neutron cross pl ot is produced and compared
Vcl . Achlbrirbwfattitoins computed Vcl is done by cr
(Fi gduY3eand is used to evaluate the consisten

study area.

Eile A Edit Format Type L7)]
Interp:VCL (Dec)
Multi-well Interval histogram well

Allwels
10000 [41U-J1

7500 [2)U-D1

(5] U-J2

[B] K-t1

5000

2500 jﬂgi

Murmnber of Points

0
-0.1 0.02 0.14 0.26 0.38 0.5 0.62 0.74 0.86 0.98 1.1
193718 points plotted out of 193718

Figure 4.3: Histogram demonstrated Vcl calculated for all wells in this study
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The multi wel!l hi stogram was performed on th
unconformities.!a@eandfHpet 1960e nt heel@re used as
GR clean and GR c¢clay in the volumeds equat.
verification of the ranges calculated to mai

clay of wells selected.

4. 4Pdrosity Determination

The porosity from I ogs can be estimated fror
sonic) and a combination of porosity | ogs (M
from | ogs without correction for clay cont e

Effective porosity (PHIE) is the resultant p
of cl ay. Estimation of porosities from wire
core data which include¢ Aasaa mi mEt.n) i &l .a,nd2 P o

Th ombi natDems iN&guirot@h owas sel ected for thi
t h eutron |l og displayed pobguwat8iqawalsi tuys edda t
to calculate PHIT and PHI E.

D
O

D
=)

Conventional core analysisTWwascpeefdamadi nnol
derived porosity of eleven well s, in the fo
into I P software and plotted with the | o0g
applied by visually matchi ndyertihvee dc oproer opsd rt o/s
measurements allow for -déri cad i poradeiothyw eli ttH

and can bAppeadianV.

4. 4. 4Polrosity from Density Log

The porosity deriveid)f nesmdted e nkean iyt ¥ hleod o( |
(Wyllie, 1963).

Equation 8

00 8)
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Wher e:

Rhomatrix : Matrix density

Rhob : l nput bul k density | og

Rhocl ay . Wet <clay density

Rhofl uid : Filtrate density, calcul ated i
Vel . Vol ume of <cl ay

4. 4. 4Po2rosity determinabemsni fyomodNeutron

The porosity der i vbDeedn sfirtoym ctohmeb i Neauttiroonn | og i s

Equation 9
%0 — € (9)
Wher e
a PorEosity
Na = Neutron Porosity
Do = Density Porosity

4. 4. AEf3f ecti ve Porosity

Effective porosity can be calculated from th

Equation 10
0N —— QR AKYd—— (10)
Wher e:
Eval Phi e: Effective porosity from density
Jjma : Matrix density (g/cc) taken
J1l og : Log bulk formation density
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4. A WAt er Saturation Determinati on

Water saturation was colmpwe @ux usalngo thef drorue

Al ndonesi a@Pcecujuart ¢ awmx , Téaeél)equation is best
estimating water saturation (Sw) in shaley r
formation waters with salinities of 20.000 N
The I ndonesian equation is as foll ows:

Equation 11

1 (2/n)

Rt

bu’lndonesm = Vsh_(lff).ﬁv.sh) \/(ﬁim
( v Rsh ) * a. Rw

(!
Wher e:
Rt : Deep resistivity from | og dat a
VcIVol umel ay
Rcl : Shale resistivity, chosen interactivel

resistivity value of representative shale se

Phi : Ef fective porosity determined from Rho
Rw: Formation water resistivity at formatio
a, m, n : Archie parameters ; 1, 2, 2 or fro
Various parameters are required as an input
the I ndonesia equation:

The vol umd Vafl )clway fecalmc GIRatl e cheadr. §(,s3ee sect i

Archi e pamaman ealnAdr crhi g usd®@52n t heeduwaltoincemns i ¢

(EquatlijJoamre taken from Special Core Analysis
constants, a, m, and n are related to the po
from the SCAL core data when availabl e, othe

val ues dfAplp,end,i x2 VI )

70



Three core studilesUfanridh WwbdbWw Uhese constant s
= 1.64 aKdl:welm =WwW. 82 and n = 2 in 14AS sand
(Appevidi x

Temperature Résadivemnt: formati on temperatures
compl etion rédapades amdolromati on of wells. The
against True Vertical Depth Subsea (TVDSS)

gradient of the field. A |inear regression \
3.AGel sius per 100 Fm gwadde. cal cul ated (

0
0]

Ble v EdtFomat ZAwes v Fugin * Q- R-[RA- QU FLOM S @
QC:Temp / QC:TVDSS
Multi-well Interval plot

el

HP
HH

Muaz

Gradient BIVET
72 ~ 3,75degC/ 100 m

B KA1

Y
&

x X X

(1) HAT
n2ke1
naHe2
N4)HD1
5)HET
N6 WK1

QCTVDSS - M

B
1

2882

3600

0 60 120 180 240 300
QC:Temp - C
213406 paints plotiad cut of 219652 (25 outbers, E251 null)

Figure 4.4: Formation temperature of each well plotted against depth (TVDSS) to calculate average
temperature gradient.

Wat er SaAlpiprriotxyi:mate salinity measurements of
recorded in the wel/l | ogs. Formation water
Pickett Plots and Rwa analysis over <clean s

be 100% water saturated

The salinity of formation water i n a marine
t hat of seawater i.e. 35 000 ppm NacCl. For t
Brackish water at 30ppt is considereme as | o

calcul ati ons.

Core GrainGmhainsidgnsities are needed for the
provide the density |l og with a reading which

the rate of change of density porosity equa
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Grain densities also provide some insight [

general formation evaluation constraint

|t i's beyond the scope of this project to a
contained i n the reservoir rock matri x. B3
approxi mation across the study area, trace 1

basis odsyi cghoa matri x FlgmMblety of 2.655 (

Core_Final:RHOG (g/cm3)
Multi-well Interval histogram well
350 N4)HD1
. . njuA2
. Core Data Multiwell Histogram
Core grain density
250 Mean = 2.655 %
£
= 130 12 H81
N4HD1
—
[omza
50 Lawn
[anmez |
g.s 2.55 2.75 28 2.85 29 2.95 3
Figure 4.5: A multi-well histogram plot using core grain density (RHOG).
4. 4P6rmeability Determination
The permeability values in this study are

derived per meadbddarliived amar ncebabei vVedy peComeabi | i
measured in a | aboratory at reservoir condi
|l oaded into I P as an ASCII file.

The Choo equad0ildOh (€hosed to calcul ate per me
and have been validat ed by comparing agali
permeabilities. Evaluation of the core dat a
equation which coowvades a Yobdi mpuch. pr

The Choo equation is as foll ows:
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Equation 12

e -

- — "!rg_

k=0.125 G
Wher e: (2
K = Permeability
Phie = Effective porosity from | og calcul at]
Rg = rock grain radius
C = compaction factor
Vel = c¢clay volume (from |l og calculation)
Vsi =silt (used O as silt is not in the mode
m= Archie cementation factor
6 = Clay Perm Factor
After analysis of key well s, the parameters
permeability of the core data. The foll owing
K_Choo=.125((2000000**2) *Phie**(2((2/1.1)+1
4. 4Réservoir Summati ons
Net/ Gross ratios are nmootl uenemmomriIsy t osa®fi ne
an interval that i s conNseitdetroe dgrtoos sb e sr eas epravro
to the volumes <cal cul atPeld fnoert ptahliecok nweastseers sw
to some property of thé& ¥Varmaetyoofbéaogosat
when determining the cutoff values to be i mp
previous studies within the basin, porosity
small variatobnthe pheawmal ee
T Gross Sand: Vot ag 08l where
T Reservoir: i Vtlearyv ad s4 Okt eaBnétl Phi
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For the Vclay cut of f, it is seen tixshtal @ 4079
intervals. Qualitatively, porosity | ess than
20% as medium and the percentage exceed®i.ng 2
F, 2004) and as such a porosity of 8% i s usec

studies in the area.

4 . 5Vol umeEvrailcuat i on

The objective of this section is twatceal coaf at
the 14A sands. ,tThdk4aAd Hi eavnec otntiiog mi ty i s used

14AS and T14AS for the tFoipg 4bfehtolwes & chiei fparo cea
and equations foll owed in order to achieve t

Determination of rock volume
GRV =A.h
E l
=
(]
3
g
E Determination of water in place NRPV = A+ hx*NtG =@ = Sw
B
£
3
°
=
7758.A.h.NtG. §.Sw
Determination of recoverable reserve OWIP = Bw

Figure 4.6: Process for volumes evaluation with equation

4. 5Ghoss Rock Vol ume

The Schl umb&r Pack@g® is wused in this study
volume (GRV) and ultioatepli ebhwatesenbeshef

GRV represents the total volume of rock with
top 14A sand, down to the base of the 14At1
from PETREL in an ascii format. The GRV is t
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Figure 4.7: Gross Rock Volume calculated in segments along contours, A*h.

Equation 13

GRVY = A. nh (13
Wher e:
GRV: Gross Rock Vol ume
A Ar e a

h: Height

The GRV computation only considers the surf
average gross vertical thickness between th
properties of the rock Tchoentdaméedti vk n d1s 1 méteh
for calculating GRV allows one to model the -
a tabl e-aofd ddiecpktinrhess for a selection of cont ol
This reduces a | ot ofc tthe pwsnaedr tcai otf ¥ einn exeéo

geoemt ries (James et al ., 2013)

4. 5Re@serves Esti mates

Conventional approaches to estimate reserve
probabilistic methods (Derakhshan, et al ., y
by adapting a probabilistic method addresses

c alactuilons. By creating a P10, P50 and P90 ge

di stribution of valwues for porosity, water s
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values for the reserveThBemakhhssmibananedt maki mu

for petrophysical properties porosity, wat e
Chapter 5: Results.

The inputs use an oil field approach where t
change in water volume iIin the formation a v

condiiltiisonsssumed to be c¢close to

4. 5N8t Porous Rock Volume ( NPRYV)

Equation 14

6Y0 ®bz®0 0D 27Y0

4. 50diginal Water in Pl ace
Equation 15
5 oOb 888 88
Wher e:
OWI P = Original Water in place
A = Area (acres)
h = height (m)

| =porosity (deci mal)
Nt G =t ®depbss

Sw = water saturation (deci mal)
Bw = water formation volume factor
7758 = conversiohedtactorbdadmrmoen @acr e

(4

(3
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ChapteReS5ul ts

5.1l ntroducti on

The following chapter di scusses results in

interpretation and petrophysical evaluation.
results wused for groundwater studies, rat he
woubd required by an oil company. The emphas:c
on determining parameters required as 1 nput

thesis namely, calculating the volume of fre
The seismic wandeneriernt aa iPent rel Software into

and twevmwmt yweelrlesaddd gur e At hpugh the work i s |
sections, the interpretation was | argely don
and include or exclude well data which did n

Figure 5.1: 3D seismic line in a north-west to south-east direction depicting the 14At1 structure map
along with the wells selected in the Central Bredasdorp basin. A red dashed line indicating the study

area evaluated inthe v o | u roadcalation.

The chapter begins with a seismic interpreta
036060k mwhich was | ater croppe€dstbhias faireat oé
inteFegure 5.1 indicates the studgedrea ahe
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vol umetric Calagpuleat i6an v oil u.merter ima i Ev aolby atcit a nv
seismic interpretation is to delineate the :
bottom of the 14AS aqui ftlerandl hle5 Auitnlc,o nwWhoironh ta
top and base of the 14 sequence are al so ma,
on seismic acquisition and all owed for the n
streamline.

Furthermore, the petrophysical evaluation i
software to calculate the Aingredientsodo nece
vol ume of ¢l ay, water saturation, net tbegro
average summations S used together with t
calcul ate t@bhapbéumés Val umetric Evaluation
5.25ei smic I nterpretation

A review of the dataset was wundertaken at t|
validity and applicability to the scope of t
cover agecomelpaxdgqu !l ang of the acquisition of

t her e ar e sever al seismi 8l sauuk vysexaVarhbhabhb
(Fi gbt)e, ultimately one 3D seismic survey the

the area of i nterest .

The first step was to make sure that the ge«

by comparing them to those reported in wel/l
deviation surveys. The seismic cube was then
byomparing the seismic surveys in vertical

bet ween them was checked and the time shift

mar kers and well depths recorded for top and
reportuseaindn the | P petrophysical analysis a
correct data has been i mported

The 2012 survey cookmsananiaceades a velocit
which time to depth conversions could be run

78



T g
PLETMOS
o . W BASIN »
5 %, *
.;( INFAVTA
ARCH

—

INFANTA

BASIN
BLOC]
s
N T BLOCK
BREDASDORP BASIN o
W_ "B

COLUMBNY
NSULHAS

BLOCK
8
[I] SHALLOWBASEMENT  SWOCK LICENCE BLOCK NUMBER
-~ R FAILLT Y W A
A F-APLATFORM 9 W r_ % W p
7! SOBATH IN METRES hm .

440000 480000 520000 560000 600000 640000 680000

6160000
0000919

2012_survey

6120000
0000Z19

Map
Cox Scal
s Block boundary
Block Contour inc
License User name

Pateim

6040000
0000%09 9

Model name |Date
04/29/2024
Horizon name | Signaturs

0 10 20 30 40 Skm |
OO — —

1:1282226

.............................................................................

440000 480000 520000 560000 600000 640000 680000

Figure 5.2: Block 9 Bredasdorp Basin boundary with 3D seismic surveys available across the block.

2012_survey is used for this study.

After a comprehensive analysis of the petroj
decided to exclude four wells from the final
reasoslsl: No neDlsamNd, nMvlsasdl inity <calcul
freshwhtestbBld Falls outs.We I-sf ZD Meamtlrk ey

have stildl been used to guide horizon mappin
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5. 2wWel | Correlation

The well correlation is done to quality <che
Using the wel!/l |l ogs the Gamma Ray | og (GR) a
a guide to picking wel!/l tops. By correlati ni
thahe well to seismic ties are calibrated i

ensures that -tenfeermpermgierctg Yevtemdh-abasempdat ad

such as the wells and seismic surveys, <corre
Once the well to seismic ties are calibrate:t
scale depositional environment in that part.

t he AApAltbhiaan ti me.

3
¥
H
-
#
¥y

Figure 5.3: 2012 3D inline in a NW to SE direction indicating well U-D1 well markers aligned with the

surfaces on the seismic survey.

Wel ID1WFi(gwbBeaccounted for well mar kers to fi
recorded in the well completion report and e
associated seismic Figlul.echhedne amarskerns iinncl u
22At 1, 17At 1, 16 At 1, 15At 1, 14AS, 14At 1, 13A
S5At 1.
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5.2H@8rizon I nterpretation

Hori zon interpretation begins by creating s
seismic reflStcaritoinn gs ensimiewlr. it Z® n t hiec kmiorsg, di st i
hori,a®nit is the sihsaltlhevefsitr shtorstzeopm i n qual i

seabed topography w#®g$2O00onadreeds oaltuta on0.0Onmt sho
on the shelf and progressively deepening tov
bl ock ranging fr omtapep rsohxail nhaotweelry d4eSpm hast t o 1.

sout heast.

£40000 580000 580000 £00000 820000

6160000
o

i

o

000091 8

Gradualdeeping

] 10000 20000 30000 40000 S0000m

1:801518

520000 540000 560000 Y : ¥ " e20000

Figure 5.4: Structure map of present-day seabed
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5.2B8sement

The basement, whi ch alisfot repcesfeart mi ttyh,e ipsr e
underlying sedi meat amyc basgi bhaciegluthece ibc. tbs @ nt s
the current geomorphology related to the con
from South Americas. Mappi nge odnstthreu clb a st ehnee
evolution stages of the basin and more speci
of the main faults in the Central Basin. Tec
depositional patterns 8foaddi h6eA6%. i nto the

520000 540000 580000 580000 €00000 620000

+

6160000
0000919

000019

0000019 0000219

-

1 . — § : ~ ~

Elevation depth [m] N ot : - NIl
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-2000.00 < !

2500.00 v , y
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1:881515

540000 : Y " 800000

Figure 5.5: Structure map of the basement across the Bredasdorp basin study area

Figbbdepicts the resultant depth structure
ranges from 1000m to 9000m, red to purple r
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shall owest dept h, and the purple, tohrea ndgeee p er
highs in the northwest and southeast indicat

Arches respectively.

The erratic nature of the basement compositi

and discontinuous on the seismic. The baseme
and slates (Davies, 1997), |l eading toesdiffer
in the seismic reflection. No wells in the s

mapping was mostly guided by overlying more

Bel ow t-$E tNWending I nfantas Arch, a steep to

depressions Eiagbf®e Sderse( depressions, al mos:t
and | ocated along the shoreline are indicat
steeper topography indicates a paleo shelf
more gradual sl ope can be seen.

Bet ween the two highs (Agul has angr albrefnasnt a
orient a$EdamMN& i dentified with a structur al t
having been associated with tectonic activi
Gonawé@e Wit et)Aatoncépddal -gpdbenscsércasbal fs
depi c tFiegubr. a6

(@) Intra-rift source area Rift margin source area
e (footwall island) (hinterland)

| I

Intra-rift transverse
sediment input
eag

o—/ —

Rift margin transverse
sediment input
—

Sea-level
Hane. Footwall
Footwall crest 3."9"”9Wau *
-drainage divide- "PSlopg  ~——__ Uplift

Hangingwall

Figure 5.6: Conceptual model of half-graben cross section and its main components (Muravchik,
et.al., 2016)
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5. 2. 144 At 1

The 14At1l represents an erosional event <cau
Ssimultaneous, sea | evel fall (Broad, 2016) .
pl aced below thedetsaAisdard drydai peak while it
a strongFitgwmlegh Where the 14At1 reflector S

di scontinuous reflector, the 14AS sand refl
mapping. The 14A sand runs quite parallel t
portrays the same geometrical distribution.

Figure 5.7: The 14Atl peak with the 14AS trough placed stratigraphically above

|l #i gbBe the structure contours represent boud

sout h/ sout hwest with a deepening of the bas

depressi on, circular in shape. The bounding
pal eo shgradwat hshope into the basin depocen
the south indicates the deposition over an
sedi ments are interpreted as trending from a
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Figure 5.8: Structure map of the 14Atl horizon over the Bredasdorp Basin
5. 215At1
The structure map showing the geometry of
Fi gbB.e The map shows a range of contour val
Basin ranging from 400m in the shall owest r
|l ow, colours ranging from yellow to purple
acrossastine brhe 15At1 refl ecotwog oi & hprckmisrmhan te
deposited both below and above it
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Figure 5.9: Structure map of the 15At1 horizon over the study area in the Bredasdorp Basin

I n the north, a high, now identified as t
expression in comparison to that FprgahBleousl!l y
On the other hand, the high in the south of

i's more noticeable along the 15At1 structure

further into the basin with a genetpecentepe
is both smaller and steeper. This is iIimporta
the 15At1 was for med, the Bredasdorp basin
subsidence with an overall higher gl obal sea
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5. 2F6@ult I nterpretation

The structur al model of the Centr al Basin is
as these could potentially compartmentali se
sequence. For purposes of this study, it is
intered faults, because the study aims to ca

i nvest hgatwater migration path.

5. 2F&@ul t Orientati on

The structur al framework consists of pol ygo
from seismic and is constructed at the s ame
(Figbit®. The few selected faults interpreted
Bredasdorp Centr al Basin are id&wWtobfiedtasio
to the m&imgodffi®ul tFau(l t r eact irviaftti osnt aageo nt a hteh
unconformity was | argely =experienced during
t her mal subsidence, and tilting (Broad, 20

subordinate faul tsoffiemtthe omain f aul

Th&8Dsei shigwrld shows the faults at ti mes re

sequence, al |l deep rooted, but Regwodhd@r eachi
Faulting in the Central Basin have | argely |
sequence in which faults orientated | ateral

combination of stratigraphic traps pesgébobher

pal eo water.

87



Karoo Basin

Outeniqua
Basin

FigbtePl ate tectonics |l argely controlled the main fau
a NSVE t rneonddi f(i ePASAa2012)e r

Figure 5.11: SW-NE seismic section in the Central Bredasdorp Basin exhibits deep rooted faults
cutting into the 14A sand played a role in the combined stratigraphic and structural trapping in well U-
D1
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Seabed

14At1 horizon

Figure 5.12: Pillar gridding of fault horizons in a 3D view illustrating depths of the faults below the
15At1 and above the 14At1 horizons.

5. 21 8ochron Maps

An isochore thickness map was usaedquibemgui ki
map was generated by using seismic surfaces
top of 14AS (T14AS), the |l atter being taken
with the Gamma Ray I|kigg®mifg i ndi vi dual well s (

=l

Fi gbt8&8Mapping of the hlodrAtzlonasnd 14AS
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The boundaries of the aqui f ernd sangrldaludeex teexrttr
techni ghe eeFRisgndicé r epr erseesnetrsvoa r t hickness |
where high amplvdluideéatvead uwist h gamma ray | og
are correlated withVahythgr asaothuldatpiocnt ef
depicted in the thickness map, wi tath &S nd p

metres.

Based on the <contours of the structure maj
directions are inferred on the mapThter alvdeA | i 1

sequence shows extensive sandstone devel opme

extending in an easterly TWhe ek4 A ome pmd ve 1t the
of dweetper deposition and indicates a channe
sedi ment supply is observed along the basin
ending i s8idi$l @lowedsdanstediTIment transport dire
the diminishing sediment supply with increas
source.

Seismic data shows only subtl e fohanrthe aemctl
channels have been broadl Fimgabpg@gddtheddd At s alnidm
are distributed across the study area as two
the northern | imb and the southernstiaoigl y he
confchadneli sed sands while the southern | im
channdhs. combination of a | ocal sea | evel f
basin is thought to have prompted the sedi me
the influence of gravity, while the basin ge
a vitatheotiesini bution of the sands.

The main purpose of the sand distribution ma
critical for the <calculations of the gross

Eval uati on.
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Figblid3D seismic depicting the 14At1 structure map along with the ewe

reservoir taccamesshemalpasin




5. 3Petrophysi cal Eval uati on

Sei smic i ntdeerl p meetad teiso nt h e aqui fer boundari e
di scussed 52n Bewé¢évemn, petrophysical data i s
freshwater volTUulmgectdiolutstseespetrophwli € ke

t weftnye wel | s i ntersecti®gtndhphyk4d LA ak e puerpoe:
estimated through quantitatainde c@mnta&d ycsatlsc wlfa tt
the subsurface distribution of porosity, S
reservoir rock. These properties are essent
subsurface f or nvaatliuvuocantsi nggn d hfedarr e@otent i al as
Themphalkeérsedeitser mi memmput f dtahtar esh wat er vol u

calculations desthapsed. i n the

Theectcioommences with a wel/l correlation acro

which of fleewela thriggthd of the sand distributio

basi n. Foll owing, the results of the various
porowater saturation and permeability) are |
in order align the results with the deposit
interpretation. Lastl vy, a table of tthlee fi na

vol umeds calcul ations are tabul ated.

5. 3weél | Correl ation

Well correlation aims to understand the cont
bet ween different wells by observing the gar
|l ocation on the seismic interpretatiom of t
aqui fer characterisation allows one to ass:¢
stratigraphic interpretation for further fie
Three well correlati®n3,5ar3e5p RandBdt3gd . Adleow

14A sands are essentially confined within twv
the noandetrime southern channel and | obe comj
done as foll ows:
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1. Across wells which have int:&wifdecwWwdad,+ Wa5s5!|
R1 anAd2.U

2.Wells across tboate nbetbhbannéei mkKi#iRd ,6 -A®b-e Uc omp
D1 anMl K

3. Wells intersecting tchansneut hmerdn IWsibirp- cfmpt le
B2,-KW,-J U anAd®.U

5.3.1. Regional Overview!|l bpeAl ong shelf

Sand deposition in the Central Bredasdorp ba
N W, W and SW of the basin and deposited mai

depocent er sT heeasstiwvgrld .fi ed well correlation of
T1,-TW,-RXK,-A2 anrbdl hrea in a NW to SE direction
a local overview of sand deposition in more
|l ndi vidual well stack(Fmiggypraeg t®2rhs) are as fol

W-T1 32m stacked mass flow and channel sand, 6 km from the K-R1 well. The
gamma ray log motif shows a blocky behaviour (GR~35 API), indicative of

massive channel fill sands.

W-T3 composed of two sand packages separated by a 12m claystone with
Interbedded siltstone streaks. The upper sand between depths 2386.6 i
2420.8m show sheet like deposition of sands while the lower package at depths

241171 2421 m TVDSS are separated by claystone layers less than one meter.

W-T5 drilled into massive blocky channel fill sands (GR ~25 API). Core taken in well
W-T5 indicate average porosity measuring 20% and core permeabilities as high
as 300 mD.

K-R1: 31m stacked mass flow and channel sand was intersected at 2427.8 m TVDSS.
The well was drilled 4.8 km W-SW and slightly up-dip of the of the U-A2 well.

U-A2: 42.5m stacked mass flow and channel sand. A fining upward character of the
gamma ray at the top of the sequence appearing as thinly bedded sandstones

and claystoneds is postul at edipwelts. be gr ade
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Figure 5.15: Wells W-T3, W-T1, W-T5, K-R1 and U-A2 intersecting along the shelf-slope

DepositionCrodt ddeous ddr i ft sequenkieg@illbong we
i s a-sdloglef setting. The mass sand and channe
interpreted to represent dense, turbulent se
hi ghs. Residual tur btibkdentty rderdrderdt/ 4 adne p@ad ietdi
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