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Abstract

As we explore for and develop more complex reservoirs the impact of borehole position becomes critical. When the bed dips
are highly variable and complex, the interpretation of the dip and strike can be difficult. In addition, a horizontal or vertical
well may pass through multiple structural domains within the reservoir horizon. While drilling, structural dip modeling (SDM)
offers the ability to interpret the stratigraphic position of the borehole before a dip log or image log has been run. After drilling,
SDM provides a means to fine tune both structure and stratigraphic position. In existing wells where dip data are not available,
SDM enables one to determine both structure and stratigraphic position with only a correlation log and directional survey.

The modeling process involves adding dips and faults until a correlation log from near a offset well, called a “stratigraphic
template”, matches the correlation log of the well being modeled. The modeling process generates a modeled template log and
a vector section™. The final result of the modeling includes formation tops as well as a structural interpretation.

One of the difficulties in dip interpretation in general is the visualization of the dips in 3D space. Many techniques have been
created for this purpose, but nearly all of them involve first projecting the 3D information onto 2D entities. At first glance, a
vector section appears to be a cross section, but it is a fully 3D object comprised of vectors perpendicular to structural dip
whose length is based on true stratigraphic thickness (TST). Vector sections can be projected onto cross sections or be viewed
directly in three dimensions. They can make realistic-looking cross sections with little interpretation.

The stratigraphic template is a log with depths in cumulative TST instead of measured depth. Templates can be created directly
from measured depth in vertical wells with low dip, but otherwise TST must be calculated from dips and deviations to create a
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template. The modeled template log is calculated by first adding or subtracting a constant TST to the template such that it is
aligned at a point common to both the template log and the correlation log in the modeled well. The modeled template log is
created by moving log values from the template to match TST calculated in the borehole. Examples are given of horizontal and
vertical structural modeling in the Canadian Rockies Foothills province using RDA Dip Interpretation Suite.



Using Structural Dip Modeling to Determine

Structure and Stratigraphic Position
by Charles R. Berg' and Andrew C. Newson’

'ResDip Systems, The Woodlands, TX, USA
‘Moose Oils Ltd., Calgary, AB, Canada

Calculation
Calculation of True Stratigraphic Thickness (TST)
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Using TST and Dip to Build a Vector Section™
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Making a Vector Section™
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Structural Dip Modeling

Modeling dips and faults while drilling
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Compare and Contrast
SCAT and Vector Sections™

At first glance, it would appear that the domains should be split at about 3300m, because of the large change in azimuth.
The azimuth jump, however, is caused by crossing the axial crest of Domain 2. The actual domain boundary is at 3150m.
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Vector Sections™ vs Vertical Sections

In Vertical Sections, horizons are assumed to be vertically above or below the borehole according to TST. Superimposed
dips will “cut through™ apparent dips on the 3D vertical section.
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In Vector Sections, vectors point above or below the borehole perpendicular to dip with vector lengths in TST.
dips will parallel the horizon lines on the 3D vector section.
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Vertical Wells

CALSTAN SHELL MOOSE SHELL HOME GETTY MOOSE SHELL HOME MOOSE
100/ 16-06-023-06W5 100/ 10-32-022-06W5 /00 100/ 10-05-023-06W5

KB = 6124.00 ft, TD: 4720m, R.R. - March 2, 1960 KB = 1658.50 m, TD: 3664m, R.R. - November 28, 1979 KB = 5903.00 ft, TD: 4675m,
* R.R. - April 30, 1977

- Vertical Modeling

Mississippian

b Al NEEEEN R RN gy LT
B | / LU j&il RDA - E:\My Documents\RDA\PROMOVAAPG 2009\Panel 5 - Vertical Wells\vertical modeling\vertical modeling.rda - [Vector Section Window] _
il _‘.---. ‘: / { é _}JJ File Project Edit Plot Program Multwell Options Geostatistics Settings Depth Window Help - 0 X
%g S i Upper Devonian | T Map View Section View | pick Structure | Fold Axis
aEEEEEEEEEEEEE __=E=:" EE 5 Euum 1|.||'E|:'t Sec‘tlun T}rpe | | | | | | | | | | | | | | |
T i 1 ] In | A_II| . | ) | ~ None 1000 1RAN 000
< i B Available Profies (" Vertical i
; i ; |E-E|:tiun B-B° »| | {» Concentric
i — o Dhbhl
3 i i g Profile Properties | | ¢ Similar
0 i A Prognosis | [~ show AlDips  |1000 == Cs Marde—s (s Marker
in S [ . . Cv W
M TTEEe] W i [ Show Prognosis [Section Depths i
l bt e |- —H da d - _ a
miiki Upper Canfibrian H __w% : ; Trﬁ:; :1 - S000  Tor o Cp
Tz B i i “n E; " MNone 1800.00 Base [ Cpsh Cpsh
P 111 N . ** ki
s i &= Right Way Up {+ Depth Thickness Source Ce
; B 3 Upper Cambrian : .
S Strata 3 { " TVD fe" True Dip= N
$ 1 . 3& . ¢ TVT (" Averaged Dips
1 / *
1 !}7 ,@" L (" Structural Dips
; Middle Cambrian R il ; 1} |*I 00.00  spacing || Ce
3 B sis \ v Perpendicular Horizen Type —_—
3 ) :ﬂ [~ Plot on Right (" Key Bed i F
il ! Define Tick Origin || | Stratigraphic
) Fmi b Dip Color Type ¢ Contours gp
i d
et i R : fe None | [ 500
‘-“‘ | 3
ettt = ™ Azimuth
1] ?; : _zm'!u Top= and Column
Upside Down i i " Quality . _
‘ Upper Cambrian 5; ™  Dip Type Pick Axial Plane L
. Strata 3 ] [~ Show Axial P!
. g il  Tops ow Axial Plane
| ; J [~ Show End Labels
3 ; Define Key Bed | Vector Sections | -
“ 11 =
; RS ) Colors | Show Grid | |Vectorsectiond j Cs Marker -
i R ——
§ é IOt il dines ‘Hefresh il PRINT | View Calculations E
b a oo i | RETTESN
e ¥ “I“ L
‘ L e Cs Marker
IH 0% e .-‘ft%_'_-—g‘u ll v
% s e -——%—-— i TR
& T3 Tt Lo aadeenttN L — 3 \\\ﬁi\ B 8%
gun® 301 e [} 0 I B
I-rrTTTEA 41 Right Way Up = BUE==<py
--lllllll‘ % Upper Cambrian \ I:pSh
--I% !-“'- = ‘I:_j Strata 1] e
SEEL LEm il i % 7 L g
ws® | i ]
. I < =
: lﬂ—’_— Ea .3 ) it i:_
I ] u N
: g { \
I {
e | Stephen % u |
I i
£ 5 ¥ Fault2(
i 775:77 ‘ Sba/e = ir = ? 7777777’577 =
¢ ““‘ =] i |
TUHR s ‘I“ r - _z i
lnnu.-ll"'---wj' ------- \!t‘é_---------ﬁ----- = EDI:H:I
- FST_FAULT / $ APprox. 20 kilometers of displacement | " " W 1 .S - - - -
e e W T THR ON s - _ -
e e -MOOSE mou EAD RMATI® I 3 TR |
I H E
oUNT
: ¥ o ? 3 LMNITS IN METERS . i
I ORMAT! | =g 1000 1500 2000 2500 00— -
i ER \/ALLEY ? 7 : I | I I I I | I I I I | [ I [ I | [ [ !
! URN Fil f , 4 [ b
I N - 3} Mississippian
L B 10 { L) s
_ RMAT i
f 3 gKO FO 1 ] [ | |
] and EKI (T
é; |ON }
il DA pORMAT il :
1\ SHUN = ;
g Al = i n [ u u
; i b - n n I‘ ] r ]
FF FOR il i
AN v witin) ,
Ll == ) i T T n | [ | [
o e Independently drawn cross section with essentiall
3
J
0 100 200 300 400 500 meters 3 Moose Mountain, Alberta
e — } Detachment Folding in the Paleozoic of the

x-sec apr08

[ | |
1:1 Scale: 1:2000 : Moose Mountain Thrust Sheet th e S a m e I n te r re ta tI O n
A.C.Newson [ deeh-fold I Revised April 2008 u

. I M EU':”TI: 1|_|"|_=l._|:‘t SL:'.J:“U” T}rpe | | | | | ] | ] ] ] ] | | | | | | ] | ] ] | ] | | | | | | I | | I I I | | | | | | | | | I | ﬂ | ] ] | | ] ] | | | | ] ] | | ] ] | | |
In | A_II| _|_| _| " Mone B 1000 2000 3000 4000 s000 | G000 K.CODY 7000 a000 g000 n 4000 5000 G000 K_CODY JO000
I V Available Profiles ™ ertical —-5000 2 -500
I I I |E-E|:ti|:|n A-A' w|| {* Concentric B s K- FRNR
Profile Properties | | ©  Similar - : -
B B Prognosis W Show &llDips | -
[ Show Prognosis | Section Depths B )
Tick Marks S000.00 Top
Type — —-5000 -5000—
~ None 12300.00  Base i ]
{¢ Depth Thickness Source K-MDDYy
{~ TVD (" True Dips i ]
(" TVT (¢ Averaged Dips | 7
KD
h t tl TM th (" TST " Structural Dips | - _EE%P%T
[he vector section™ on the near T awecs| spAversans [ 000
. . . v Perpendicular Herizon Type B . !
ht d d f [ Plot on Right (" Key Bed u _ -MRSN
right was made using dips from o cn | _
- (" Contours
] . Dip Color Type i i jﬁﬂéﬂﬁﬂ
{* Mone | J'F‘—F'E
" Azimuth — 2000 -B000— N
| | Al
Top= and Column
" Quality B _
t- I t- ] th f . ht P St Pick &xial Plane | .
vertcal section IS on tne t1ar ri b - _ _
g - i [~ Show End Labels |
Define Key Bed | Vector Sections - 1
Colors | Show Grig | |VecterSectionl |1 aaqg -8000—
“Hefrezhil PRINT | View Calculations | |
Had th Il been fully vertical | -
d e wWe Uiy : _ _
| | | | | - -
the vertical section would basically
[ | | i ]
be a vertical line. | _
— -11000 -11000—
| | | | | 0 1
['his well is in the U.S. part of the | |
n = _
Rocky Mountain Overthrust Belt
||
Wertical Vector S=ction Wertical ‘.."at-'.:ur Se=ction
B UMITS IN FEET . LIMITS IM FEET
1000 2000 3000 4000 2000 G000 Tooa G000 G000 4000 000 G000 Tooo
B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I_‘r | | | | | | | | | | | | | | | | | | | |




Structural Dip Modeling Examples

Steep dip 3D Side View

Zoom: Vect. Section Type

T ﬂ S| g :
ﬂ j J L : - _:_;i"f'lew 3D Vector Section
Awvailable Profiles " Vertical —-200 £ 2000
|Secti|:|n A-A j {»' Concentric :

Profile Properties | | ¢ Similar

Prognosis [~ Show Al Dips
[ Show Prognosiz | Section Depths B 1
Tick Marks |25|:||:|.|:||:| Top
Type
- |42ﬁ5.55 Base
{+ Depth Thicknes= Source
(" TVD {* True Dips B ; A
{ TVT {— Awveraged Dips - _ FE:HE
{ TS5T

" Structural Dip= =

| spacing |

W Perpendicular Horizon Type

[ Plot on Right (" Key Bed
Define Tick Origin || | * Stratigraphic _
Dip Color Type { Contours 57 Walverine
f* None n g«ﬂc—j T z ]
" Azimuth = 885 .3 ’
- Tops and Colurmn s = o — 11 5
~ . O O (D (0 [ le g
Quality — I Z 0 m = ; 54
" Dip Type Pick Axial Plane : - ii .
(" Top=s B | ; | T
W Show End Labels [~ =00 /00— |
Define Key Bed | VWector Sections
Colors | Show Grid | |Vectersectionl ﬂ
Refrezh | PRINT YWiew Calculations = YT
i S5 o i
02
om 5
F oo 0 () () o o= Ty Ok~ 0Oh
e e | 2 = £ g gpaoa
S O — [ [ [ (S = Sy
= |
i
T i AR ] il I'|
_ 7 8 8 = 8 8 : e A A red A g N
=T} = oo T i o P -i.F' J 1 : |
, ST & L - - - N _ :
frat= — & v |
L L] - &«
el Lﬂu& 5 ! m 1 "
e oo | A
i ! o
Y I—;—

| 4000 -4000—

UNITS IN METER:S
500 1000

JNITS INETERS

Multiple Thrusts

; Vect. Section T i ] . o .
] . Elr e ﬂ 2l View 3D Vector Section
In| Alll +| - { " Mone 3
Available Profiles " Vertical

|Seu:ti|:|n B-B° j {» Concentric =
Profile Properties | | ¢ Similar

Prognosiz [~ Show AllDips |
[ Show Prognosie [ Section Depths
Tick Marks 447037 Top

3 -ﬂ- -
Type » ’_—_'f‘- T -
{ None 8247.24 Bass ‘\:-.a. : ﬂ———‘

: w et "'l-_“' -
{»" Depth Thickness Source o AT, . - o -f'--- e
£ TVD (+ True Dips 3 e ' Rl G ff frﬂd
" TVT " Averaged Dips |asb . ' 1 :
[ ) ¢ I

L ™ Structural Dips |-

|1 0.00 spacing ||

i Horizen T Bl = s
v PerDEnleular - vpe R 2 = o E :r% -%'
[~ Plot on Right Key Bed x5 5 = ek @ T 2
Define Tick Origin ||| * Stratigraphic F - 5 %
: "~ Contours - = -
Dip Coler Type o tms - e = C C o g=
+ None T Na m = 2 I = = o o = =g 5 =
= = = = (7] (T = = = == (7] (T e = =
" Azimuth -
Top= and Column
" Quality
 Dip Type Pick Axial Plane
~ ;Dps B — -5000 -5000—
~ IF Ehﬂw EndLﬂI}Elﬂ It II|IIII|I II| III|I I|IIII|IIII III|IIII|IIII T | III|IIII IIII| | I|IIII|IIII| III|IIIIL|TII|IIII|ILIIII IIII|IIII|II | |III|IIII IIII|I II|IIII|IIII|IIII|IIII|II
Define Key Bed | Vector Sections E E Eo2 8B 2 E 2 BE 2 B8 ® BmoE B E B _g E 2 E 2 E B B E BE =2 E B 2 E E B8 B B /M _
- : i 2 2 @ f E B 2 28 8 8 5 58 8 8 8 2 2 28 @ 8 5 r 2 2 93 3 3 5 5 9 %9 8 9 i o i e I
Colors | Show Grid | |VectorSectiond ﬂ £ £ 2 2 ~RRR i ! ‘.E i
{Hefresh il PRINT | View Calculations — o = = & - ~ om = Em5 o b '."t }T ;
- EE E T~ T~ E E — E:-l m i i EH o o — - E ] ] . Ie
== = o o = == = = == o n =2 = = 3 B oo Ak
= - -_
i 2 X 23z
T T T 1 [ I T (B} I I I ,.!L! I I ~ ‘L I ‘il I I T T T el ._! II A T L I | T I 1 1 i‘ h ’ J‘Ihl_!uﬂu
B E = = :l- CE = =] E (=] C:E‘G = = E = o E = ':' . |
z g 5 BE 29 gig g s 33 § ¢ 8 ! s
: : R A TS o ' = ol L ] 4 5
L L THETH L o 1
— -S500 = -3500— N
Z_ 28 S .
D: g [ T T -
Z= 5% i S ]
- : il
.. !
II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII IIII| Iyrer IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
] ] =] ] ] ] =] =] ] o [} o ] ] ] ] =] ] =] ] =] =] o] o [} o [} ] ] ] =] ] =] ] ] o] i — S — —_— =
2 2 &8 B 2 E &8 B E E B B B B % 8B B B A ®BR 2 Z 0% =2 2 B A B B B 3% EBE OB B i A LT
B ] - ] - l | ! | ! | ! l 7 111

UNITS IN FEET
200 00

[ 1 1500 2000
D‘EDDD I [ [ [ | I I I [ | [ J| I I | [ [ I I | I —EQDD:’j
1 b

Crossing Cres 3D, Down-Plunge View

Foom: Vect. Section Type T

| I | | I I I ﬂ =“ . .
;i Yiew 3D Vector Section
L E ) e I 5 1200 -  View 3
Available Profiles (" Vertical
|Secti|:|n AN j {+ Concentric Pjﬁﬁsag :
. =
Profile Properties | ¢ Similar - = -
- =
Prognosis V¥ Show All Dips & <
[ Show Prognosis [Section Depths acsage bed
Tick Mark=s 3224 52 Top
T}rp.E Ii —-20040 -2000—
Baze
r None 4339.00 _
Color Dip Type Key -
{* Depth Thicknezz Source
{— TVD {* True Dips - Beds
| 5 .
{ TWT "~ Averaged Dips IHI'%S?EE %E. Plfr'}lfg Conductive Fractures
Fbaldonn Partially Open Fractursz
SR " Structural Dip= & v Op
|1|].EIEI spacing |I_
[w Perpendicular Herizon Type
[~ Plot on Right (" Key Bed
Define Tick Origin ||| * Stratigraphic = B - _ _ls
: (" Contours N 2 c w @ = o LR~ i = - \ -
Dip Color Type = E E E E = = E HE 1 i - * 3 Calor Dip Type Key
(" None T= T = = = = = - £ E 2 5 £ -
~ Azimuth & o © = ™ = I = @ 3 i3 2 . g g g & "
= Top= and Column o oos = E = E ) - i L o g 20 8 @ ® 1 ' | q' ] Lrcbadun Flicira
=~ Quali = o 9O o = = = o - o o o B & ] 3 x4 o
Quality — c X a3 = = = = o > o o il 18185 = . : ; g Ptahy 0o Fich
I R Pick Axial Plane 2 S E B = o E = > 5 E : & : o1 - ; i : i g
 Tops [~ Show Axial Plane "|' 114 1 . y o F
N ¥ Show End Labels ‘ | l |
Define Key Bed | Viector Sect?uns | o0 2E00_ | I
Colorz | Show Grid | |VecterSectiond j ) | | .
CHETREER| PRINT | View Calculations LJ, v i
HE e - 1 #
MALAAY PN
2 8 e : -
(! o i ;
L L L J
' T
|
i ""l . N N
- | | | || |||||| |IIII|II I||| Frri | | ||||||| | I||III| =1 T'"I"lll | Tkvfi-‘ll'ti:\:}h-}a 1',_,“_# "H"H "l
o o C o C o = ] ] -0 ] o fo g | ] ] ] [ gl o= fo A A ¥l I_I 1 ! L ;""l"IT“'H' i LU TR e
S E® §5858 E E E 52 B B5 52 8 B T 25§ 8 -’.IEXEE:E-;;E;:;;;E; A T
- 2878 = = = 28 Egrg.ll_‘q';!fgz;‘:li*-il:a?
%_ w w w w m w m £ %% 3 2 E ooz s o v
Faiel ' a a0 a0 R T A5 & g ] E 1%
— — — i — — a L N a I -4
- T— T T — ) T - 53 - 5 b
=2 2 z 3 = = 3 ¥ S T
= E — — E = = E :I: ] ] _ ;_' -'-:. E
= =B
— -30040 -3000—
UMITS IN METERS PUTS INNETERS
500 10040 1500 - T I
| | | | | | | | | | | | | | | |

gl 1

ki _ »




Reference

Tearpock, D.J. and R.E. Bischke, 1991, Applied Subsurface Geological Mapping: Prentice Hall, 648 p.





