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Abstract

Nearly 100 years after the original discovery wells, the Permian Basin continues to challenge “conventional thinking” and provide
opportunities for new understandings and economic opportunities. In this current phase of unconventional Permian development (i.e.
hydraulically fractured horizontal wells), a significant case-in-point is the Alpine High focus upon deeper Pennsylvanian, Woodford, and
Barnett reservoirs. A comprehensive understanding of the Permian Basin: spanning the Delaware, Central Platform, and Midland Sub-basins
specifically; requires an evolving understanding of the interplay of thousands of feet and hundreds of million years of deposition.

Accessing regional interpretations of over 100,000 vertical wells, a time-equivalent framework of major Paleozoic sequence depths and
thicknesses is introduced. Using a database of well over 10,000 horizontal wells: drilling, completions, and production data are used in tandem
with geologic framework data to develop analytic models to isolate regional trends of major reservoirs. Engineering variations in well lengths
(and paths), proppant intensity, frac type, and more, are modeled from statistically significant sampling of horizontal wells using multi-variate
analytics techniques. Practically, this workflow “normalizes” the impact of different engineering decisions to isolate the impact of geology on
well performance.

What is clear is the significance of hydrocarbon maturity and depth (i.e. reservoir pressures) in the understanding of oil and gas prospects
across the Permian. While the core of the Delaware or Midland sub-basins may have 10 or more distinct landing zone targets (spanning the
Bone Springs/Wolfcamp and Spraberry/Wolfcamp benches respectively); the Permian Basin fringes may offer a half dozen or more targets
(spanning Wolfcamp/Pennsylvanian/Woodford/Barnett). What is clearly illustrated is that thousands of feet of potential play exist across very
large extents of the Permian, requiring increasingly more in-depth understanding of depositional patterns, lithology, mineralogy, geomechanics,
and more.

Using basic drilling and completions cost estimates, “penalty weightings” are estimated to better understand the relative economic viability of
multi-zone development across the play. As the “modern Permian” moves into more mature stages of unconventional field development, it is
critical to deploy optimized pad drilling and lateral/vertical spacing strategies, driven by grounded geologic input.
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An Adventure in
Bracketology....



Bracketology (according to IBM Watson...)

With “Big Data Analytics” do
we even have to play the
games anymore......."?



Delaware versus Midland



Gross Permian Basin Cross-Section

Delaware versus Midland

UTPB Website 2017



Permian Basin Formations

Delaware versus Midland
Leonardian versus Wolfcampian
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Basin Assighment
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20 Grids created across the Permian

GDS GEOLOGICAL COLUMN
§E§é Ni?llw::lsc:) DELAWARE BASIN MIDLAND BASIN E:::f:" EEEQ
o mmunuu\|||||uuh”||||]||u|muumumummm“||||umuuuuumnmmlm"i" nuummmuummu"m"mﬁﬁﬁﬁmﬂ"“hmmumh% OCHOA RUSILER leu‘ AUSTLER HUSTLER RUSTLER HUSTLER
B IHIIHl||||||\||||lIIIIIII\IIIHII||||IH||N||||H||||IHI|||H||||! |||mm|mummmmmm.mmunumwm|\IIIIIlIII l\IIIIHIIIIIIIIIIII\|||||||||II$I||||\I||HIIIIII!IIIIIHIII!IIIIIIIl\ i Salado Salado Salado Salado Salado
T TANSIL o LAMAR TANSIL TANSIL TANSIL
i = P——— VATES VATES
1 SEVEN AIVERS /{ SEVEN RIVERS SEVEN FIVERS SEVEN RVERS
CMONLPE QUEEN QUEEN QUEEN QUEEN
i IlllllﬂllllIlUllUlIlIﬂIUIIlJlIllllIJJIlI!lll[JJIII llllllllllll\l"IIIINIHIIIIIIIIIIII[IIIHIIIHIIIIIIII [ A IIIIIIII IIIIlIIlIl[lIJllIll { v*# aRAvBuRa grayauna ORAYBURQ
IIIII!I\I|H|||I||IIII|\||||4I|l|\|HIIIHII Ly I R 4l —~ T, SAN ANORED 8aN AnRES SAN AnoRES
i o F 2 """ =  MARKER
e / BONE SPRINGS UME “‘1_ T ?nunen \ QLORETTA SN ANGELD l
e R T T % < —
Clear fork M OEANEOHR Holt e \ UPPER SPRABEARY =~ g

eanan

| 3HO SAND CLEARFORK 4
e o r—— F
ABO w0 sa0 -~ WICHITA ALBANY WICHITA ALBANY R‘-L—w—— |

PERMIAN

WOLFCAMP
waurcaus WOLFCAMP =
L - o ey s P =3 £ :
] ooy 1111 11111111111+ s | e I = S sy o L i
== = —i = v = P :
e M watis ik e B [le¥, (Wot) m‘i Si3chermidoe || fa's:l?
| = ey T 1 aooa o arona o |, CANYON CANYON
z o ) (Missourt)
e oo e Mrse il B [—— —F
R m— — | oo
i.,. = Iy e e BSCESEAIL e | — === T 5 Ous Monesif
e o
) ATOKA
; e BIBOTITONg oo (Bend)
ki onows o >
— == 1 ¢
- o sasman i e i MORROW Morraw MORROW
i .:: s FusseLn I::\‘:uu russeAn —— FusseLAn pr— 3 Lowst Morrow Lower Morrow, ‘ﬂ{“ MARBLE FALLS ;
i owTOTA MorioTA omtom MonTOTA wontona o cncrmaron SPAINGER SPRINGER
R —
CHESTER || w y TEHN DETAITA - -
|| sweo — — o — [ - MISS BARNETT poem BART R WMISS BARNETT CHESTER z
Mekee adil 3 MERAMES LOWER Mi5s  ~~~——| (OowER WIS LoweR miss | LOWER MisS | LOWER M85 MISS LIME MERAMEC
g OSAQE OSADE 3
_— I s | NOERHOOK anoenvoox| §
e, Euemaumen emaumaen [e— WOCOFORD WODOFORD WOODFORD WOUDFORD WOOOFORD WOO0F0RD
” o | e — i — l i UPFER - X ok UPeER z
-
el w0 O B | woous i = [IIULOouANuganGnS woous
T P ey o T T Pt g T ] iy T LOWER s DEVONIAN LOWER
sones || nornwesT svELr | DELAwaRE BASN NI CENTAL oo MIDLAND BASIN EASTERN SHELF senes s —
SOUTHEAST EASTERN
DATA DELAWARE BASIN MIDLAND BASIN DATA
BASE |NEW MEXICO Copyright 1990 Geslogical Dota Scrvices Ine SHELF BASE

IHS - 17177 Preston Road Suite 200 Dallas, Texas 75248 - phone 972-783-8002 fax 972-783-0058

The Source
L o e P and e



















Wolfcamp Benches in 3D with Horizontal Wellbores
Landing Zone Assignments



Wolfcamp Benches in 3D with Horizontal Wellbores
Landing Zone Assignments






“Sweet Sixteen” Well Liquid Production and Number



“Sweet Sixteen” Well Liquid Production



"Sweet Sixteen” Liquid Production per foot



Horizontal Wellbore Lengths by Formation



“Sweet Sixteen” BOE Production per foot



Liquid Production per foot — go deep/big



Cum Liquid Curves out to 6 Months



“Final Four” Liquid Production per foot



“Final Four” Liquid Production per foot
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Permian Basin "Final Four™ — Penalty Weight by
TVD/Fluid per foot



Wolfcamp A

Wolfcamp B

Wolfcamp C

Wolfcamp D

Permian Basin “Final Four”

DELAWARE

Wolfcamp A

MIDLAND

Lower Spraberry

Lower Spraberry

Wolfcampian

Wolfcamp A

Clear Fork

Upper Spraberry

Lower Spraberry

Dean

Wolfcamp A

Wolfcamp B

Wolfcamp C

Wolfcamp D



Delaware 2" Bone Springs Sweetspot






Outlier Analysis



Predicted versus Measured 6-mo Liquid



Predicted versus Measured 6-mo Liquid



Optimization Plots for Production Predictors









Workflow Highlights

Identify and Classify features for Multi-Variate Analytics



BEG Basement Faults
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