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For more information on the

Depth Conversion Methods & Petrel Workflows
training course, please contact:
Alan Atkinson

Rockflow Resources Limited

1 Bernay House, Lower Street
Haslemere

Surrey

GU27 2PE

United Kingdom

Telephone: +44 7804 925645
Email: Alan.Atkinson@Rockflow.com
Web: www.AAGeophysical.com
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Course Description

rockflow

—_—

* ‘Depth Conversion Methods & Petrel
Workflows’ is a 5 day classroom course
comprising 50% exercises, 50% lecture

It is based on the successful ‘Depth

Conversion Methods & Pitfalls’ course which AR
was delivered ~40 times 2009-2019

— The Petrel specific course has been delivered -
a further fifteen times 2011-2019 - -

» All techniques are worked through in Petrel
exercises, fully documented in a 200 page
Petrel workflows manual

* Itis an ‘interpreters’ course, including 1 i
hands-on practice and theory
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— Depth conversion is treated as part of the

interpretation process, from tying synthetics,
to final depth maps calibrated to wells

Understanding and quantifying uncertainty in
the seismic image, horizon interpretation and

Vo,+k,Z

V,=Voi+k.Z

« Well and seismic velocity data analysis is bl [ S et e
comprehensively covered :

— SkKills are first learned independent of

software platform ;
— Techniques are then put into practice : |-
using Excel and Petrel :
Novel Petrel workflows have been
devised for this course

* Choosing an approach to depth
conversion and implementing the
techniques are taught: attendees leave

with

velocity model is comprehensively covered Voix
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Course Description —

Experience of implementing depth
conversion and with skills ready to
apply on current projects

with improved Petrel skills

A course manual and a detailed Petrel
workflows reference manual

Spreadsheets to aid velocity analysis
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Course agenda rockflow

Monday 1. Introduction
2. Geological factors influencing velocity
3. Sources of velocity data and their problems
4. Synthetic seismograms and time-depth relationships

Tuesday 5.  Analysing velocity data

wedsThu 6. Velocity model building methods

7. The process of depth conversion
Residuals analysis & tying to wells
Dealing with Geophysical Pitfalls

10. Depth Domain Seismic

Thursday

11. Quality Control: tips and techniques
12. Quantifying uncertainty

12. Dealing with Geological Pitfalls

13. Summary

Friday

Depth Conversion Methods & Petrel Workflows © 2020 Alan Atkinson, AA Geophysical Ltd

Course Objectives (extracted from course manual) rockflow
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* To give you the knowledge and skills
to perform a defendable depth
conversion with simple software tools

— Excel and a mapping package

* To show you how Petrel can be used
for efficient depth conversion and
velocity analysis

— With the aim to put you in control of
the software, not the other way
around!
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Learning Outcomes rockflow

Attendees will be taught how to:

review velocity data to determine best approach to depth conversion

construct geologically reasonable velocity models and depth convert using seismic
and/or well velocity data

create depth maps using appropriate well tie techniques

use sophisticated QC technigques to evaluate the impact of velocity models and well
tying

recognise when vertical stretch depth conversion is inappropriate

modify velocity function techniques (Vok) when geological factors (water depth,
uplift etc) lead them to produce incorrect results

QC and optimally use PSDM velocities and PSDM interpretation
recognise depth sensitivity and quantify depth uncertainty
implement these techniques in Petrel

...and understand how Petrel uses velocity data and builds velocity models

Depth Conversion Methods & Petrel Workflows © 2020 Alan Atkinson, AA Geophysical Ltd

l% Who should attend & brief Instructor Biography L,Q_Ekﬂﬁﬂ

Who should attend?

e Geologists, Geophysicists, and Technical Support staff engaged in producing
depth maps from seismic interpretations

Experience required?

e The Course can be undertaken by those who have no Petrel experience, but it
is better if students have at least been on an introductory Petrel course and/or
have had hands-on project experience

e The lectures are suitable for attendees with a wide range of experience, but
some exposure to interpretation is required to gain full value from the Course

* Those with limited interpretation experience, no depth conversion experience
and no Petrel experience will find the course demanding

The Instructor

e Delivery of the training course will be undertaken by Alan Atkinson, a
geophysicist with over 30 years of international experience in the oil and gas
industry, over ten years teaching experience, and who is a member of the
SEG, EAGE, SPE, and PESGB
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Introduction

rockflow
e ———

* A comprehensive manual documenting Petrel workflows
to implement the techniques described on the course is

provided

* Almost all of these workflows are worked through as

exercises in the class

« The workflow manual contents are shown below with

sections covered by exercises highlighted

Depth Conversion Methods & Petrel Workflows © 2020 Alan Atkinson, AA Geophysical Ltd
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3.

1 Introduction

rockflow

—_— ——
Exercises
Introduction 5. Synthetics and calibration
1. Log editing

Petrel basics 2. Edit checkshots (not recommended)
1. Petrel User Experience 3. Calibrate sonic log
2. Windows & Panes 4. Create synthetic seismogram Ex4.2
3. Input data structure 5. Extract wavelet
4. Depth direction 6. Tie synthetic seismogram Ex4.5
Velocity log analysis 6. Formation interval velocity analysis
1. CaI(?uch;\te Vi from S.OHIC log Ex3.1 1. Introduction and interval velocity definitions
2. Optimise well section 2. Formation interval velocity in Petrel
3. Median filter a log Ex5.2 1. TDR interval velocity Ex3.4
4. Create a zone log EX5.5 2. True interval velocity
5. Multi-well log overlay display Ex5.7 3. Formation interval velocity in Excel Ex4.1
6. Create a zone log filter 4. Formation interval velocity vs Zmid xplot

| 5. Formation interval velocity map Ex5.4

Checkshot analysis

1. Loading checkshots 7. Seismic velocity analysis
2. QC checkshot interval velocity points 1. Import & process stacking velocity point data
1. Create a Zmid attribute 2. Seismic formation interval velocity from TV points
2. Add zo i i L L .
mwwmdm_l 3. Seismic formation interval velocity xplot
I 3. QC checkshot interval velocity log Ex3.2 S S .
- — 4. Seismic formation interval velocity map
4. Setting TDR priority - -
5  Merai heckshot 5. Import & process stacking velocity cubes Ex5.9a
: erging checkshots 6. QC seismic velocity cubes ’
Depth Conversion Methods & Petrel Workflows © 2020 Alan Atkinson, AA Geophysical Ltd
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1 Introduction ——

Exercises

8. Well tying & depth conversion techniques using
Petrel mapping tools

9.

10. Linear velocity analysis & depth conversion
using Petrel Velocity Model Process

1. Tie surface to wells & QC Ex8.1
2. Linear V; depth conversion Ex6.3
3. Calculate V... for linear V,,; model Ex8.3
4. Seismic V,; OC

5. Seismic V,,; Smoothing Ex8.5
6. _Seismic V,,; calibration Ex6.13

Interval velocity analysis & depth conversion using
Petrel Velocity Model Process

1. Introduction
2. Well formation interval velocity calculation & QC
1. Create Pseudo interval velocity map & points Ex6.7
2. Create True interval velocity map & points
3. Add Zmid attribute to interval velocity points & xplot
3. Seismic formation interval velocity calculation & QC
1. Seismic formation interval velocity map Ex5.9b
2. Seismic formation interval velocity Zmid & xplot
3.  Seismic formation normalised velocity map Ex5.10
4. Well tying & QC
1. Constant velocity depth conversion Ex6.6
2. Depth profile QC
3.  Tying surfaces to wells in velocity model Ex8.6
4. Depth difference grid QC
5.  Tying depth interpretation to wells
| 5. Domain conversion — time convert OWC/GWC  Ex10.2 |
6. Excluding data from depth conversion

Deep water bottom

11. Assorted workflow tips

1. Force vertical position
Create TVD Sub MSL & TVD Sub WB logs
Preserve gaps during Make/Edit Surface
Create a point set for selected wells tops
Create a velocity cube from a velocity model
Export surface along a line
Adding seismic to a well section
Create a velocity analysis format point set
Depth convert a seismic volume

©oNOOMLN

12. Data file formats
1. Formation interval velocity from checkshots
Well top spreadsheet
Stacking velocity point data
Formation interval velocity from seismic points
Make/edit surface mistie report
Advanced Velocity Model well points
Advanced Velocity Model report
Advanced Velocity Model well points Z to Z

O NODOHWN

Depth Conversion Methods & Petrel Workflows © 2020 Alan Atkinson, AA Geophysical Ltd

6

1. Introduction

2. Velocity Model process methods Ex22
3. _Linear velocity model outputs & QC

4. Linear velocity model parameters Ex23
5.
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EXAMPLE EXERCISE RESULT: Optimise log correlation L,&Ekﬂﬁ_"!
Result of Workflows 3.4, 4.3
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Filtered and unfiltered

velocity logs ...with checkshot
velocities overlain

...with colourfill
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EXAMPLE WORKFLOW: Single zone velocity log overlay

—

rockflow

—

Extract from Workflow 3.6

* A zone log and zone log filter
are used to display velocity
logs in a selected zone for all
wells with the zone colour (1)

* Deselect ‘Zz’ in Global well logs
(2) in order to revert to
colouring by well (3)

== Input

> Seismic

4 B (7] Wells
Y [ GRC
P [ penc
Mp (] DTC

Z! [¥] TvDss

4+ B[] Gobalwaliogs

Oul ] One-way time 1

4 2{*‘ Checkshots single file

m

& Function window

Zone log linked to 'Well tops_vertical’
4000
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Symbol legend

Symbal legend

Btp [ DTC_despike iltvs. TVDSS vs. Zone log linked to 'Well tops werti - Mmedfiltvs. TVDSS (Well 01)
p ] DENC_Gardner it vs. TVDSS vs. Zone log linked to "Well tops vert Ymedifiltvs. TVDSS (Well 02)
¥a = it vs. TVDSS vs. Zone log linked to "Well tops verti Ymediilt vs. TVDSS (Well 03)
- Log aifrbufes ilt vs. TVDSS vs. Zone log linked to 'Well tops verti Vmedfilt vs. TVDSS (Well 05)
E’; Ow it vs. TVDSS vs. Zone log linked to Well tops werti Ymedifiltvs. TVDSS (Well 08)
v» [T—— ilt we TS we Tona loc linlsad to Wisll tone warti madfilt wve TS AAall MOy
2 [@ L] Zone log linked to "Well tops_vertical' |-
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EXAMPLE WORKFLOW: Formation interval velocity map —_— =

Extract from Workflow 6.5

8k &-2Q@E-12-% &5 -d-E- RI5-Ed-

EEHE- v [

To annotate well velocity, turn on the

508000 510000 512000 514000 516000 518000 520000 522000
point dataset and average velocity g 18
attribute (1) K °
In the data point settings, toggle on
‘Show’ (2) and select ‘Bold’ g 18
3 Input
=7 |»| EXERCISEG.4 ] Coors |03 Operstions |03 Coloulstions | Variogram
\{,2 v TrueVavg Tedidn|  Swe  |@ oo [l Statisics  |[H  Histogiam
She Y ; g 2
=48 (] atibltes @ Symbol () Fis chat Azt anow g 2
tT O TWT pick||  Conmen | @ 2 ® )
1 T [¥] fiverage Color Black =
- zl[z Symbol O Square ~
£ Size 3 ~]
Material o o
Transparency. % §
Dverpost Alwaps post ? | 5 =i
Filter: &l
Change number of Showever: gt
decimal p|aces in Number snrotaton
settings of the e 5 g g
g . El‘,‘ Fort. | 12 v g 5
Geophysical 2 o 8es L5 | ) [ [ Wel1g 48
2 508000 510000 512000 514000 516000 518000 520000 522000
Template’ Average Map 0 1000 2000 3000 4000 Ssogom  [Average velocity [mis]
a 1940
Velocity County | Scale 11116225 ﬂggg
1:118208 4
< appy | [w0K | [K Cancal | o = : RS
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EXAMPLE WORKFLOW: Linear velocity outputs & QC gkﬂ%
Extract from Workflow 10.3

* ‘Velocity logs’ gives synthetic logs derived from the velocity model
* QC the velocity model by overlying output logs on the input data

e The TDR data (rather than raw Vi logs) should be displayed to make the comparison
valid, as it is the TDR data that has been used to calculate k

[ [ Input

T B Sesmic
24 [¥] Wells
=B [V Ghbalwallogs

— ¥ [ GRC
? oo
&t ] pTC i
; - ]
Make velocity model | Hints O [] Onesway time 1 '3 l‘;... B s Tty
O Create rew: Z] [ TvDss "

) [7] Checkshots single file

®

(&) Edit existing 3\!" Welociy model B2 Yok all surfaces| - N
= v [ vint

Convert from: TWT & tor z ] Ymedii ETep Chate
Datum !m Zone log linked to "well taps_vertical f

@ Time: TosRD [ ¥ [ Welosity [Velocity modsl B1 Yok) _

O Other &, [ DTC_edh 1 e o

&t [ wint_edit
A Dwwue N wr
hee Top Tnanda;

Base Co
S| Suface &I TWT1 Base Teti | Welllops [[ W |v| Welocity [Velocity model B2 ok all surfaceq
By Surace 5 TwT2BaseChal | Welltops |[] L Al_wels/Calibrateds oricTmeDenth
B Suface i TwWT3 Baze Cret Welltops |[1 =38 v Abutes
| Suface 88 TWTd Top Triassi | Welltops  |[] zl =z Top Lower |
| Surface TwWTETopLwr Tr | Welltops  |[J £l ] TWT pickedt
B Surface TWTE Top Zechs Welltops |1 HO] ] pp
= Surface & 7w T7 Top Rotlie Wl tops [ % Wl
<] — ‘{3D Aveage vebod: I
— IV [ intervat veiocitr v
B Conectionandoutput  |[#  Well TDR estimation | [%) \ :
Thickness

d] Depth tolerance: |E ¢ Timetolerance: |4 A 8 el points 21+ Top Fomegd
Sufaces E [ Time logs Velocity logs .

s 4 . a £ T2 Caten

=inc: (B0 Interpolation method: | Convergent 1] E [ Time-depth Velocity -
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EXAMPLE WORKFLOW: Linear velocity outputs & QC fockflow
Extract from Workflow 10.3

* Velocity-depth functions Velocity ys Depth
- 600 -800 -1000 -1200 -1400 -1600 -1800
derived from the TDR for e
- E E © TVDSS ve. Vmedf!n Ed!l el 017
each zone are output in g 2 [
¢ y TVDES wa Vmedfi?t Ed?‘ (Wil 04)
QC data’ on the models metanced o
o e TVDSS vs. Ymedfit edit (el 07)
tab § 1 r ‘Q TYDSS vs. Ymedfitt edit (wel 08)
TWDES vs. Ymedfit edit (el 09)
. TVDSS :z szdf:n zun (W:H 101
] r = TVDSS “medfit edit (el 117
* These can be displayed L VoSS e Ve ot e 12
. . . E 1 *g TVDES va Wmedfit edit (Well 14)
= ' TVDSS we. Vmedfit edit (el 130
I n a. fu n Ctlo n WI n d OW an d = = =yl 01 V?‘FDR’]”'E\/'DIA4ED1 85285202; k=-1 57747133
- - % ] " wvel 03 (TDRY: vO=1295 48799133, k=-1.57747133
= Wyell D4 (TDR): vO0=1540 94403427 k=-1 57747133
Ove r I al n O n th e I n p ut a’l = wyell 05 (TDRY: vO=1298 58390165, k=-1.57747133
% FDG' 1 é < = Wyell 07 (TDR): v0=1272 53042765, k=-1 57747133
= Wyel_08 (TDR): vO=1071.03157154, k=-1.57747133
d ata. tO Q C th e k & VO E " = - W;[w ETDR; xu=1193 48530993, k=-1 57747137
. § 1 —a—Well_12 (TOR): vO=2058 48267812, k=-1 57747137
calculation (WF3.5,6) . x
8 x
@ Corection and output |27 Well TOR estimation .}:’: Urncertairty ]
¥ Interval welocity Lir locil o
% ]
2] 2 ¥ wiell 01 [TDR) v0=1401 86262025, k=-1.57747133
o [ “well_ 03 [TDR] «0=1295487993193, BFTATIA3
] 12 [¥] well_04 (TDR) wD=1540.94403427, k=-1 57747133

-14 17 (] wiell_05 [TDR): vD=1298 85390168, k=1.57747133
s 12 ¥ wiell_O7 [TDR) v0=1272.53042765, k=-1.67747133
17 [#] well_08 [TDR], vD=1071.05157154, k=-157747133

Output 2 [ wiell_10[TDR} wD=1193 48630993, k=157747133 3
B [ Timelogs [ Velocity logs D inc: 12 [ wiell_12 (TR}, vD=2058 45267512, k=1.57747133
12 [ Time-depth bl e 12 [ well_13x [TDR): v0=1407.20468859, k=-1.57747133

[ [ TimeAvelocity functions

o
> 0 Data points [ ] Zone: TwT2 Base Chalk tied - TwT3 Base Cretacenus tied merge ]
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EXAMPLE WORKFLOW: Linear velocity model parameters [2Kflow

Extract from Workflow 10.4

8B Conection and output [ el TDR estimation 2 Uncertainty

IG’ Interval velocity F?

e ‘Optimise for estimation of k’
establishes the best fit gradient for all

N _ Methods
wells, honouring the gradient of @ Minimum depth  Min number of TOR samples: |4
- P Optirize for estimation of K
|nd |V|dual We“S ) Mimimum velocity  Min % of zone sampled by TOR: |50
Velocity (ft/s) 0 Velocity (ft/s) 25,000

Optimised for estimation of k - 0

i.e. Best fit gradient to individual wells,
but optimised for all wells

Not optimised for estimation of k
i.e. Best fit gradient to all data points

Petrel help:
Dptimize for estimation of K
This option estimate the coefficients W0 and K that
give you the minimum errar in depth or velocity that
still honars the rate of increase of velocity. The plot
of the data together with the fits shows that this
o option honor the rate of increase of velocity better
¢ @ than the standard fit
) o
[N o
&
Honor the rate of increase of velocity
A

Normal

() ydaag
£ ¢ § ¢ ¥ 2 & § ¥ ¢ 8 ¥ P E ¥ % %
(1) wdag

10,000
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EXAMPLE WORKFLOW: Deep water bottom E_Ekﬂﬁﬂ
Extract from Workflow 10.5

shlg B A FoRaEWL B0 DEE

» Correct parameterisation of the linear
velocity model in a deep water setting

— Constant Vo values were used in the
model described above

— Vo is the velocity at datum i.e. WB

* The velocity model that results has
velocity contours parallel to WB, not MSL
(see right)

Depth Conversion Methods & Petrel Workflows © 2020 Alan Atkinson, AA Geophysical Ltd
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