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Introduction

Boostof the dailycrudeproductiomandaccurateassessmertf remaining
potentiah maturdieldsrequiresntelligerformatioevaluatioforextended
reservoirfe

Lithologicalncertaintiestructuratomplexityjepletiomates,wellintegrity
Issuesalleffecturrenteservesstimatandfielddevelopmeptans

Caseeholeformatioevaluatiohasa primaryoleforthe propedescription
of the existingeservoisystemsto helpfindinghatadditionadropof oil or
assistingompletiodesigninterventioprogramsr plugandabandonment
operations

Currentechnologgtheenablervenntoughoggingonditions



The Role of Spectroscopy

Recentevelopments geochemica&bggingenablequantitativenineralogy
determinatidardetailediescriptioandextendedangeofapplication

HighDefinitiospectroscopy successfullyppliedo betterunderstancbck
compositioand improvereservoimodelsin compleXithologyand harsh
loggingonditions

Providingriticatontributione developmeandproduction
Improvedeservogeomechanics

Rockoropertie®rhydrauliracturing
Claysypingohelpstimulatiompompletioffluidselectiorflowcontroletg

A
A
A
A Partofaccurateverburdecharacterizatiorabandonment



From Chemistry To Mineralogy and Saturations
A Enhancedementafields and dweight A Quartz, Calcite, Dolomite, Clays,
_ Micas, etc.
Element Element Capture | Inelastic ) )
Symbol | Name A Matrix, TOC, Sigma value
Al Aluminum o .
Ba Barium © ]
C Carbon .
Ca Calcium o L]
Cl Chlorine o
o Copper ’ Elemental abundance -
Fe ron ‘ ¢ in earth’s crust .
Gd Gadolinium | e 0 467 o % o
— e Si 27.6 i
otassium L Al 8.1
Mg Magnesium o ° Fe 5.1
Mn Mar?ganese o Ca 3.7 — S 99 0/0
Na Sodium o Na 2.8
Ni Nickel B K 2.6
0 Oxygen . Mg 2.1
S Sulfur o ° S’ Tf, Gd’ Mn B
Si Silicon o .
Ti Titanium o Cﬂl‘bon
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I -)proac’m Hydrocarbon Saturation

p N . Total  Total
A TOC = Total Carlidmorganic Carbon Total Inorganic Organic

_ Carbon Carbon
o Total Carbon is measured
0 Inorganic Carbon is derived from Minerals

o TIC =0.120*Calcite + 0.130*Dolomite +
0.104*Siderite + 0. Mrikerite

A Saturation direct measurement from TOC

TOC r .- ()
rhc'xhc'fT

Shc=

Corgvalidation to core

A Saturation from formation Sigma

SIGF = f (GBw(Bigm),.... + £ (1- Sw) (Bigm, + (1- ) CBigm__..

Foasatert e 13k
CE S

— SIGF- fCSIQrmc 3 (1_ f) CSigrrrlnatrix Slgma can also

(SigM,qie; - SIgM.) & convertetb Salinitye et
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Improved Elements Analysis Behind Casing

High efficiency LgdBtectors
Improved resolution, statistics and logging speed
Caseehole standards
No external calibration

<

— High Def Spectroscopy [~ Standard Pulse Neutron

Electrical source o o
Green technology

Pulsed & gated measuremegwt:; | \%
% X

trary Scale)

b

Clean separation of Inelastig s

and Capture spectra \ | \/\ |
In situ Total Organic Carbon M\ \\\\\\\\

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

(TOC) akin to CO PNL Frerer e T
Formation Sigma

Rock fluids plus rock matrix
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Cased hole lithology, TOC and formation sigma used to improve open hole interpreta
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AHighdefinitiospectroscopgentifiea gaszonewhichwasby-passedbyconventionkdgs
AElementatoncentratiord potassiuntcalciumandsodiunenablesadvancednineralogguch
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Integratedpproachorcollectingewdatainexistingldwells
Mitigatindrillingisk
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Leadingosuccessfiiolegplugging

ISOLATION SCANNER
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A CriticapresentlayoilsaturatiofromTOC

Mineralogy: Fluidsin Difficult Conditions e
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Takingadvantagefnewtechnology collectlatainlargecasingandborehole

Large 11
casing; in front
of 14.50¢

[ High Def

spectroscopy.

44;'[/ o
Well integrity

Formation
testing

A FSAlestimatéromSigmaalsosheddinfightonthecomplexeservoienvironment
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I Enabling Critical Decision Making

Independent fluid A Complesru ronlaplayer

content derermination A\ \\W/Dresistivitgombinedo cased
holeneutrofdensitysinconclusive
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A High definitiorSpectroscopsgolvesfor
Quantitativemineralogyclays, matrix

Jan densityorcorrectegorosity,ockquality

andvariationaswellasfluidscontent

Calcite,
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A Accuratéastcarborcontentorcorrecsaturatioandreservesstimate
A TheconfidenesultenableihformedndfastdecisiomakingorFDP
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Adding Operational Efficiency

Saturation requires both Sigma and Carbon/Oxygen logging

Interest zone8H0ft

Standard Pulse Neutron acquisition

1 Sigma pass at 15@06 (~ 30 min)
3 CO passes at @b each~24hs 8hs x pass)

New Spectroscopy acquisition

1 Sigma + Spectroscopy pass dt/5Q@0 90 min)
1 short repeat pds20mir)

Ref.: SPE777095, 2015, U. Bustaa.



