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3D seismic proves its value in Bakken geosteering
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Williston Basin stratigraphic column
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Williston Basin stratigraphic column
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Shale strikes not just a WPX problem
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Republic Plaza is 2 miles from
where this photo was taken

Middle Bakken is about four
stories thick (yellow bar)




How did we get the 90% reduction in geosteering errors?
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3D processing history: Converting to depth for geosteering
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3D processing history: Processing progression - Post Stack
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3D processing history: Processing progression - Pre Stack Time Migration

T\+Eﬂ'DED[h[’] Density Al RC Wavelet(7] Log Vel [f/s) Synthetic Trace . .

Time/Dept..| Density Al RC Wavelet GR Log Vel.(fis) Y 4 S p e Ct ra I W h Ite n I n g 6_84 H Z
GE_11-2H...|Merge_HZ_ GEF_penin_rado. . [reme=rE==erge_HZ D.. = = o L | L

(351 Points) RHOZ (0) (Sonic) fake_radonsb r=0.807

— 2

o

1000060000 -0 10000 20000
il | |

T * PSTM Kirchhoff Migration

_ ; z J
* Residual Velocity Analysis
* Radon Filter, Horizon Based
* Post Stack Spectral Balancing
zanpao 7% j Upper Bak

88— &8 88

] ; ; = Three Forks ?

1000

OO0

Bakken {

|The Computed Wavelet
| 1 | b [ |
, R
] v ] Upper Bakken Thickness: 15-25’
Middle Bakken Thickness: 25-45’
» Lower Bakken Thickness: 25-40°
' First Bench Three Forks Thickness: 40-60’
p , oo, | \ | |
-0.2 =01 0.1 0.2 125.05 187 575
Time (sec) 62525 HZ Equency (Hz)




3D processing history: Gather panels
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Processing progression: Pre Stack Time Migration Hig Frequency Extender
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Processing progression: Pre Stack Time Migration HFE
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3D processing history: refining HFE volume
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3D processing history: HFE
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3D processing history: HFE
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Converting time to depth: Isotropic Depth Conversion

PSDM
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Converting time to depth

* After the tomo passes have converged on an answer the PSDM volume is interpreted at key
horizons
Interpret
shallowest
horizon

Adjust top

consistency

and fit with
wavelet

Velocity
perturbation

 Go to second shallowest surface and repeat process of comparison to tops
* Andso on down to last surface
* Provide fixed tops and interpreted horizons to processor
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Well tops and their accuracy

Suggested seismic Greenhorn pick

Greenhorn

__4 Seismic pick

Original pick




Well tops and their accuracy
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Well tops and their accuracy
et * Wells to north showed deepening
" * Related to syncline at Charles Salt?
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Well tops and their accuracy

* Error of 40 ft/sec is only 0.4%
* Puts the lateral in the Upper Bakken shale

Upper Bakken

Three Forks




Well tops and their accuracy
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Well tops and their accuracy
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Depth calibration of wireline/CBL and MWD/LWD logs
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Depth calibration of wireline/CBL and MWD/LWD logs

CBLGR }I EMWD GR
Tk
Lo

¢ 13 |4

¢ 12 !

St |

{ ( {3

5 R

IE

g: < ::' i* Tiee e / A
S o

o
S [N
f 'Y

i f

)5 !> H I

L] s
A

1t

i

1} i .................

| (

|

; ‘1“’

i i

MWD GR correlation to CBL GR :
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CBL has opportunity to be tied in with different markers

at different depths SHORT JOINT: 8602-8620"
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One choice was to shift MWD GR to CBL GR

Posting TVDSS depths of Upper Bakken top does not
suggest that MWD should be shifted to CBL

Shift CBL GR to MWD GR and shift all shallow tops!

Upper Bakken TVDSS
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Conclusions

Pre-dril

’ /]
< 10,000
= [ . | | N g
5[0 target zone (thinner than ~ FHE— —F . ,
g H — 1+ total Middle Bakken thickness - 4 / '
i "] —thisis not a shale strike) e actual lateral

* Post drill surfaces modified by lateral GR interpretation
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