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Abstract

With the advent of resource plays dominating current drilling programs, geophysics has gone from the driver of selecting drilling locations into
a secondary role as engineers and landman attempt to modify the drilling process into an assembly line structure. While to a certain extent the
drilling and completion procedures can be duplicated over numerous wells over a significant area, seismic data helps in differentiating geologic
changes across the basin. Staying in zone, drilling the sweet spots first and avoiding geohazards is priceless when comparing the costs for
acquisition of a new 3-D survey or reprocessing and inversion of existing 3-D seismic data in comparison to drilling a well that encounters
those problems as mentioned above. In order to assist the drilling department in the design of the horizontal well path and to circumvent
geohazards, today’s geophysicist must not only use traditional data sets but also incorporate techniques like bandwidth extension, inversions
both poststack and prestack where several rock property volumes are generated and coherency applied either on a surface or upon a volume.
Converting horizon surfaces to depth using multiple techniques that render the same answer is also critical. This poster will demonstrate how
an interpreter can utilize these techniques in order to provide benefits in drilling resource plays.
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geOhaza rd PRICELESS Fasken Ranch holdings consist of more than 220,000 acres of mineral and surface just north of Midland. Nine seismic surveys consisting of surveys - ‘l ‘ 2“:;5;::0 0 S;me:szz:mm !
acquired between 1996 and 2010 were merged together providing over 530 miles of continuous coverag. Fasken recently completed the = :ll

reprocessing of over 550 sqg. miles that was made up of 9 surveys vintage 1996 to 2010. The entire area has post stack inversion and a portion has
had prestack inversion by Geotrace and depth conversion by Fairfield.

The examples in this poster uses Seisware as the interpretation system, Fairfield for reprocessing and depthing, and Geotrace for the bandwidth
extension and inversion.
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, . o : = - The Interpreter has optlons when plcklng the data and the consequences of those decisions are reflected in your time picks that could give
The second thing | have advocated is to have your data processed by at least 2 vendors. The next 2 slides contrast 2 versions of processing. Note vy - : - 5 = unintentional erroneous time picks. Typically when going to depth | will use both a raw gridded time map and a smoothed time map and look for
the differences in the resulting structure. These 2 slides contrast 2 versions of processing. Note the differences in the resulting structure. any diffeences.
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This example demonstrates the use of Bandwidth Extension to get better resolution from conventional seismicand Inversion to see the geology that gave usthe seismic _ 2 . bl I . M i
reflections to begin with. The gamma ray curve overlaid shows a very good correlation with the inversion result. 2% <1° 09|10
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Two things | have advocated over my 30 yrs as a processor and interpreter the tirst being to per’rorm at least post stack inversions. In duscussmns ..... m e e : : o i - i“
with contractors they told me that less than 40% of clients do poststack and less than 25% do prestack inversions. There main reason why | go the 217 E iy : 1680 J —g , R
extra mile and expense to do prestack is that the deliverables you receive are rock property values that the engineer and geologist can use to

highgrade their locations and reserves.

This example demonstrates that by choosing the right volume with the proper scaling and coIor an interval in the Wolfberry highlighted that During my analysis I'm usually working with 2-4 volumes. | have several windows that are linked together so as I scroll through the data I'll be
contains higher productivity then wells not in this anomaly. Seismic allows selection of the best locations first helping in cash flow and optimizing looking at an inversion, be set and a coherency set at the same time picking on one with the cursor highlighted on the other versions.
reserves estimates.

N . N Varying the velocity from gives the following depths at well 319 as illustrated slides
\ | S
N Variations MagnltUde of Depth Calculations below 13800 =-7494 14000=-7537 gridding determined=-7553. Time peaks not ambiguous

/%—

e Strawn Depths (ss) Posted - I ™ s e 3 b e G A A = — g —[5 " I — — ,_" :
et e s Rt 1611 Jo12 o 115 - f/" ff ofﬁ fﬁ fﬂ f” ?2 3 . 0 Mive -,:: 3: 1 31’ ~7m ' g’ e
3@13‘ JToe Jmos a7 - : X M7 | 520 If-s §10 s:t scj 495 |490 485 i 160 455 |850 445 440 435 43(| 08 e 4 '7 1 e . . .
- W e S | |13 fa1s 415 a3 14 413 13 413 a3 413 413 fi13 413 415 413 41 ~r 308 Critical for Volume and Horizon Time to Depth Conversion
5% 78 . 1712 ” StE 1 & 312
: 1 4 3615 388 1618 g2 _ i\ [ '! -7482 = 3
SP ! ‘-:\ , \ b . r - 313 .74“ A ! g ' )
P ol ‘ : . 1 ( 1. 7494 311 Determine the right volume to pick on, (sometimes 2 data sets) and look at
e ‘ e g ‘ g - 462 smoothing time before converting to depth
= NWM_STRN SNP_1_19__ -7537 -
S d . ST end . e = - - ~
4 A o e : {eded Picture Size 2560X 768 = 7680 KB with 64M Colors T Crid Determine your depth conversions by various methods (1 layer, several layers)
§ ém Rm m um m” i g -7494 and compare them to one another to see if they are reasonable
05 g

- 317 X:5038824 Y:1759964 Z:1387214 ' ‘ OK | Cancel : .y - - a
e ltop fror ' / Incorporate additional data in order to intelligently vary your extrapolated data

} mwm 1 ' D;??}}}}}

: 4QSTRAWN
; 1633 1633 |

' LOWER STRAWN X4 ) ﬁé‘ﬁ ; d} d
i 4 T, ‘

i »

A -7506 was well top from drlg

A, - 320 NM:1_STRN SNP_1_19__ -7553 4 Seisware is looking to pick values on Inversion data and to bring

Nw Midland 4. inversion data into the depthing process as soft data
2 : 2 421354114100 Si

et

—

))”‘ 20 ,,."mm STRN SNP_1_19_ -74394 3
L, PR — - i\

; l
> This north to south running line shows that wells 301 and 313 have the same time value for the Strawn and their subsea depths vary but 35" and = T s _ This results demonstrate that we as interpreters need to integrate additional information into our velocity gradients. Currently Fairfield is
E | Y £ 08 a2 | their apparent velocity by 800". When there is this much variation | immediately check my time picks for that formation and then see if there is This slide compares the magnitude of the depth calculations forthe 319 by varying the apparent velocity across the structure. Over 40’ of utilizing stacking velocities and well control to convert volumes to depth. Seisware is looking to vary gradients by integrating inversion pwave

The next series of slides address velocities when converting horizons to depth. Posted on this map are the subsea values for the Strawn any variation in the stratigraphy of this interval that is visible by the aforementioned tools. structural change in changing the velocity by 200", velocities with well control to modify the velocity field to better reflect the geology.

=)FASKENjs




OBSTACLES AND PITFALLS OF THE EVERYDAY I
The Role of Geophysics in Resource Pla

Ellenburger Horizon with Faults interpreted from Conventional 2-D line picking : - TIME SLICE ON MAXIMUM CURVATURE VOLUME 1950 ms (Elbg)

TIME SLICE ON SEMBLANCE VOLUME 1950 ms R S

2012_ELBG_PSTK o ) BB S R ‘ a3 - 10 A - "\‘ n - - ‘ . I .cv
. 3 v F Ak 2 <

.
-

Green-Below Wdfd

| . Red-Strawn s - " C\:‘ - ‘ .’.’%"! 0
" f‘ < - .- .\V)‘ : - - E
- - - & [
~ ¢’ > - . “ »
. N ' }’ ™
: o  # R N
: "™ &

e 1= ' o O W P
When picking faults | typically use 2 methods depending upon how critical fault identification and location is. Having a horizontal drill path through a fault is . N
different than reservoir enhancment due to fractures associated with a deep seated fault. These faults where picked by hand placing contacts on the seismic -~ ‘
lines and then a fault polygon was drawn. > o . } Here is that same time slice but now the maximum curvature attribute has been applied.
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This figure is a combination of critical data used to optimize and understand the unconventional reservoir. A seismic volume co-rendered with ‘ ‘ e :
similarity data on a converted depth volume to highlight variations in multiple Wolfberry zones. A structure map on a deeper formation that This image has contours displayed that were created with projected and unprojected well control pts.

demonstrates how it influences later deposition and possible fractures and faults. Microseismic location points distributed in the reservoirs all | also typically plot both contour sets generated by 1 or by multiple layers. If there are significant differences | go back and review the data for
correlated back to a geologic log at the well bore. (Courtesy Summer Brown-Seisware) those discrepancies.
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Utilizing depth maps on key horizons from the 3-D Seismic Survey the drilling department was provided target intervals and well paths were then
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1360 ] (’ ?f . ? ‘ _ This could be the future drilling pattern for the Wolfberry Play. By analyzing the microseismic events and production, future producers will use a
: I combination of vertical and horizontal drilling. Formations that are identified as horizontal candidates in 2 or more formations, will be drilled in
Results of the microseismic survey was then utilized to formulate a multi-well drilling program highlighted in the light green The drilled path was monitored through the drilling until its completion and compared to the original path | Current and future Horizontal targets of the Wolfberry Play in the Permian Basin between earlier vertical drilling programs made up of 7-10 stages.
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The results of a surface Microseismic survey using 192 phones over a grid of 22,500" X 16,500" demonstrates that a significant number of

Top View
Events colored by stage
Bubble size by S/N

White dashed lines 400 feet on
either side of well show that

most imaged events fall within
this boundary

microseismic events are within a frac length of 400’ of the well path.
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A horizontal path of a well recently drilled well in the Permian Wolfberry completed for more that 700 barrels/day, that was drilled adjacent to
producing vertical wells. Supposedly the adjacent wells did not suffer any production declines.




