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To convert time reflections to a depth surface we need
to know the velocity. depth = velocity x time. The
velocity of a rock is a fundamental physical property
related to its hardness.
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Integrating seismic with well logs
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seismic responses of the different lithological

" discontinuities, calibrated by the well, are highlighted.

The synthetic section, at this point, is inserted and

compared with the seismic profile at the well.

Del Ben Anna - Interpretazione Sismica - Tarature




Well Geological Data Records

Mudlog
Completion / Composite Log

Computer Processed Interpretation (CPI)

Core Data

* Biostratigraphy
 Other—Fluids, Pressure, Samples, Reports etc



Mud Log

A mud log typically displays ROP, depth,
cuttings lithology, gas measurements and
cuttings descriptions along with notes on mud
rheology or drilling parameters.

 How to read a mudlog (YouTube)
— https://www.youtube.com/watch?v=P6yly2mHU1s&t=4s



https://www.youtube.com/watch?v=P6yly2mHU1s&t=4s
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COMPLETION LOG

This is a graphical log containing all the primary
measurements in a wellbore.
As a minimum it will contain
— Well header data
— Primary well logs.
The Composite Log should integrate the geological
columnar section with selected petrophysical logs i.e.
— a lithology indicating log,
— a porosity log and
— a resistivity log.
— Geological zones
— Lithology core intervals
— Testing intervals
— Casing / liner seats



Completion Log

COMPOSITE WELL LOG 1:500

APINO.

WELL 1/3-8

: BT 557 03636 DO

>

PHICAL DINATES ]
OPERATOR AMOCO NORWAY COORDINA UTM  : 493230.8 X !
COUNTRY NORWAY 63020111 Y
AREA South Central Graben UTM : 4932388 X
LICENSE PLO11 :  GATES =y
BLOCK 13 LONG © 02832075 E UM S0t Y
NPD PERMIT NO : L8SS K.B. ELEV 41 m TOTAL DEPTH . 5201 mﬁ
GROUP INTEREST:  Amoco 30% ) ) ' -
Shell 50% WATERDEPTH : 68.6m BOTTOM HOLE FM Triassic
Canoco 20%
RIG : TRANSOCEAN NORDIC
PRE-SPUD CLASSIFICATION : WILDCAT DAILLING CONTRACTOR : Transocean
DATE ON LOCATION : 09-Dec-96 WL - LOGGING CONTRACTOR : Atlas Wireline
MWD - LOGGING CONTRACTOR : Atlas Wireline
SPUD DATE : 12-Dec-96 MUD-LOGGING CONTRACTOR . BHI
DATE T.D. REACHED : 08-May-97
COMPLETION DATE . none vil;‘l;‘sl:lf pﬂ:.’:uomm ' COMPILED BY :
RIG RELEASE DATE : 28-May-97 Stuart Robinson Jonn Hopkine
. Steve Critténden
WELL STATUS :P&A Alan Willlams Astrid Midtun
WELL CLASSIFICATION : Dry Hole lan Clement
CASING RECORD MUD DATA
CAEING HHUE HOLE THTERVAL REMARE L ':-‘-: '.‘.l.q N e
WELL PROFILE WELL LOCATION MAP




EARLY PALEOGENE
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CPI

* Well logs data are the most widely used data to evaluate
subsurface rocks, their petrophysical properties include
porosity, permeability and fluid saturation.

* Well logs present a concise, detailed plot of formation
parameters versus depth. From these plots, interpreters can
identify lithologies, differentiate between porous and
nonporous rock and quickly recognize pay zones in subsurface
formations. The ability to interpret a log lies in recognizing the

significance of each measurement.

https://www.slb.com/resource-library/oilfield-review/defining-series/defining-log-interpretation
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Atlas of Log Responses

Gamma Ray Resistivity Resistivity ~  Bulk Density & Magnetic 1 Borehole htt ps :/ / WWW.SC r| b d .com / d (0]

Lithology &SP 0il Based Mud  Water Based Mud Neutron Porosity Acoustic Resonance Distribution Image

c/191399572/Log-
Responses

The document discusses formation
evaluation and provides a general
log matrix showing expected
responses for different logging
tools in various rock types. It
includes lithology, resistivity,
density, neutron, and other logs for
materials like shale, sandstone,
salt, gas and oil.




Integration of Core with Log Evaluation

* I[mportant Parameters derived from core
— Porosity
— Permeability
— Grain density
— Rw
— SW

e SCAL data — not discussed
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CORE PHOTOS
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Damage due to gas expansion on rapid POOH with “low” permeability core. Core shattered and wedged
into inner barrel. Required to slab with liner in place. 15/12-12 (Varg field) Oxfordian sandstone.
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Metrics vary

* Apparent disparities between core data and
CPl data may be down to

— Depth discrepancies

— Bed thickness (averaging)

— Environmental influences

— Measure core at effective stress






Vertical Resolution & Depth of Investigation - Comparisons
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Collecting data from the subsurface

Depth of investigation

Tool

vertical depth

20cMm 20cm

Gamma Ray 40cm 10cm e E E‘S?E'm:::i%z’z H E
Density 20cm 10cm E — Zoem 20w _;Ei
Neutron 40cm 20cm ;EE: :Eizi
Resistivity 35/60/60cm 25/75/230cm ;EE Eé
Sonic 60cm 20cm [ — :g

DENSITY SoNIC
. . . TooL TooL
Average tools at average logging speeds in average holes RECEIVER RECEVER

10cm

Qe 0

RES_DEP RES_MED  RES_SHA

BOREHOLE

3135

230cm 75cM  25cm

RESISTIVITY
RECEIVER
. 60cm 35cm

Average invasion depth:
WBM: 60cm
OBM: 5cm

UNCERTAINTY
MEASURING THE INVADED ZONE — NOT
VIRGIN FORMATION
AVERAGING OF BEDS

L 17an -

QCHIH

22



Resistivity Tool Vertical Resolution
Conductive beds v resistive beds

1/2’ bed

1’ bed

2’ bed

4’ bed

2

10

Resistivity (OHM.M)

20

1/2’ bed

1’ bed =

2’ bed

4’ bed

0.2 0.3

rm1TrrT T T T

1 2
Resistivity (OHM.M)

20

Shallow Resistivity
reading

Deep Resistivity
reading

True Resistivity
reading



Integrating Core and CPI data into the Reservoir Model
Reservoir Engineering Data Sources

Wireline Porosity Resistivity Well
Log Tools Tools Flow Test

! | |

Seismic Fluid
and Reservoir Saturations Fluid Flow
Geological data Pore Volume Hydrocarbon Characteristics

2D and 3D inPlace

! !

LABORATORY Routine Single and Multiphase
DATA Porosity Permeabilities
(Overburden corrected) PVT Data
Laboratory
MERAIES
m, n and Capillary
Pressure

Reservoir
Engineering
Model

Oil Recovery
Predictions




Summary

*This talk has focussed on how different types of data sets can be calibrated
and integrated to create a reservoir model

*Exploration and the drilling of boreholes results in large volumes of geological
information

*Huge databases of information are available in the form of plots and reports,
commonly free of charge

*UK, Eire, Norway, Netherlands and Denmark (including Greenland) all have
national repositories that are accessible by the general public
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Mowrth Saa

ATty https://www.nstauthority.co.uk/data-and-insights/data/
=% UK National Data Repository https://ndr.nstauthority.co.uk/
o https://www?2.bgs.ac.uk/gsni
GSNI&:%‘" ps:// g /gsni/

Ireland

.‘ https://www?2.bgs.ac.uk/gsni/tellus/data_licensing/index.html

UK Onshore Geophysical Library i SI/EREEAVEL I

A9} SOKKELDIREKTORATET Norway https://www.sodir.no/en/diskos/wells/

Norge Diskos Well Data https://www.sodir.no/en/

NLOG https://www.nlog.nl/en/oil-and-gas

Dutch Oil and Gas portal

G Geological Survey of https://eng.geus.dk/products-services-facilities/archives/well-data-archive

Denmark and Greenland . L . L
https://eng.geus.dk/products-services-facilities/data-and-maps/national-well-database-jupiter

GEUS
https://pub.geus.dk/en/publications/?pageSize=50&ordering=publicationYearThenTitle&descending=true&showAdvanced=false&andCo
nceptlds=2c027024-e5f5-4383-98c1-51c842f6df13&allConcepts=true&inferConcepts=true&searchBy=RelatedConcepts

http://gis.dcenr.gov.ie/internetIPAS/servlet/internet/IPAS2IHome

Integrated Petroleum Affairs System
Department of Communications, Energy and Natural Resources

Spanish Geological maps https://www.geamap.com/en



UK Onshore Geophysical Library

https://ukogl.org.uk/archives/
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Graphic Logging - Reference

Journal of

. Joumal of Sedimentary Research, 2013, v. 83, 723-745
SEdlﬂlﬂIltﬂl‘}" Research Article

DOl: 10.2110/jsr.2013.52

Research

GRAPHIC LOGGING FOR INTERPRETING PROCESS-GENERATED STRATIGRAPHIC SEQUENCES AND
AQUIFER/RESERVOIR POTENTIAL: WITH ANALOG SHELF TO SHOREFACE EXAMPLES FROM THE
ATLANTIC COASTAL PLAIN PROVINCE, US.A.

KATHLEEN M. FARRELL,' W. BURLEIGH HARRIS.> DAVID J. MALLINSON,* STEPHEN 4. CULVER,® STANLEY R. RIGGS,
JOHN F. WEHMILLER.® JESSICA PIERSON MDDRI:',"I JEAN M. SELF-TRAIL,” axp JEFF C. LAUTIER"
! North Caroling Geological Survey, Raleigh Field Office and Core Repository, 1620 Mail Service Center, Raleigh, North Caroling 27699-1620, U.5.A.
* Department of Geography and Gealogy, University of North Caroling—Wilmingten, Wilningron, North Caroling 28403, U.5.4.
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* Department of Geological Sciences, University of Delaware, Newark, Delaware 19716, U5 A.
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