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SPE#159346
Hydraulic Pumping Units Proving Very Successful in Deliguifying Gas Wells in East

Texas Jess A. Babbitt, Devon Energy; Kenny Vincent, Lufkin Industries
BRI 4H Devon 23 FIAESEEI SR AENAFH—FE Hydraulic Pumping Units PS8R,
HERA T AP S e H PR i < B (J55e ] Plunger, Soap, velocity string
AR ) EAREME AT ER E TE2% - ((HEATEAREE FRHAREAE R
e e SR GRIFEHRT ) -
(Fig.2) » 8eFFRMILL 6 SR H{RZE St L < A PR 2 o S R n 22 gk - (Fig. 5)
(HPU : Lufkin Industries ZNEJEMy) (World Oil, May 2012, pp.79-85)

Life Cycle of a Gas

Fig. 2: The incorporation of artificial lift in the overall life cycle of a gas well
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SPE#158935
Hydraulic Fracture Geomechanies and Mircoseismic Source Mechanisms
N.R. Warpinski, M.J. Mayerhofer, K. Agarwal, J. Du, Pinncale--A Halliburton Service

&I AAAE Marcel lus Sh. fiffeaa > MGG TR B IR R AR R DR S
Bl AHBAE T - (Fig.1) (Fig.18)
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Fig. 1—Example microseismic project showing engineering value (from Mayerhofer et al. 2011).
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Fig. 18—Example microseismic monitoring of a horizontal well with packers and ports showi g details of ate fract initiation
and growth (after Shaffner et al. 2011).

#159670
Subsurface To Surface Microseismic Monitoring for Hydraulic Fracturing
Olivier Peyret, Julian Drew, Mark Mack, Keith Brook, Shawn Maxwell, Craig Cipolla
IR Ed#158935 HA{PL » H BB r A1 FH 2 Baar it 2 7 BRI 2 2 ol - BREDR
LA A i FH IR B 755 S v e R A5 e i 4 e SR AR U -
(Fig.1) FHEAHYFFA B AT FREARE I ] -
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Stage Number
Figure 1 Number of events detected by different acquisition methods in a Fayetteville Shale stimulation.

#159536
Stimulated Shale Volume Characterization: Multiwell Case Study from the Horn River

Shale: I. Geomechanics and Microseismicity
O. Hurd, and M.D. Zoback, SPE, Stanford University

IEESAEI#158935 » & Horn River Basin Sh.3K Sh. Volume & Z# (Fig.1)
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Figure 1: Pad A well configuration and hydraulic fracturing sequence Each dot represents a single stage and is color-coded in
chronological order of completion

#160169
Reappraisal of the G Time Concept in Mini-Frac Analysis

R.C. Bachman, Taurus Reservoir Solutions Ltd., D.A. Walters, Taurus Reservoir Solutions Ltd.,
R.A. Hawkes, Pure Energy Services Ltd., Fabrice Toussaint, Dinova Petroleum Ltd., A.
Settari, University of Calgary
SERT M mini - Trac B EANTRITEERE T (PTA) LS ACHERE SR
HA R EN DN (various flow regimes ) &%y Bourdet log-log (>R ]l AL
8537 (Primary pressure derivative, PPD) SR REME — D ifEsR iR BN S
H e D@ B FIREJ) (Closure pressure determination) e

#159174
Quantifying Proved Undeveloped Reserves in the Woodford Shale: A Seamless

Integration of Statistical, Empirical, and Analytical Technigues

Kulkarni, Madhav M.; Cox, Stuart A.; Woods, Marcelyn E.; Van Meter, Gregory M.;

Jensen, Timothy, R.; Altemus, Rebecca L.; Marathon Qil Corporation

ia i Marathom Oi1 2 EEHMEAAE Woodford Sh. Ak AR REEE B E S e T
AbH#S#RE , (Proved Undeveloped Reserves ) AMAILUfGT ~ A% ~ pfTHlr =
JTHAREE S TGRSR © (References )
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#159360
Framework Increases Effectiveness of M&A Teams When Acquiring, Validating and

Analyzing Information from Data Rooms

Bob Harrison, Senergy Limited

BER T A R RS A R A 2.2 data room AR RIS &L > FERTEAr]
1T MESIERT T2 4 - WA B ET DD » e Data room £ Physical B¢
Virtual » EART ~ Agiirh ~ SO TERIEANIS - FRELH T REERIASE - (Table2, 3, 4,
5,6,7,8)



Comment

E) = essential absolute minimum of info needed to complete any study
‘-.-.'*. e valuable nice<to-have, info that can reduce uncertainty in key parameters or helps to accelerate the study
3 beneficial background, non-essential info that can help the study

Table 1: Hierarchy of data requirements

Drilling & Completion Data

% 4 Drilling & completion reports for every well In the asset portfolio, Including offset wells.

| Curves of drilled depth, budgeted cost, actual cost vs. time for every well,
1| Schematics of completed wells with sizes of OH sections & casing strings.
Detalls of leak off tests, squeeze jobs, plug backs

Drill bit records

| Daily driting operations reports
3 | Dniling & compietion fluid properties

Table 2: Driller’s priority list

Geologlcal, Geophysical & Geochem Data

! maps (structure, Isopach, petrophysical)
1| structural & stratigraphic cross sections
W “'t-'-‘f:’. seismic Interpretations

com posite logs

whole core descriptions

imaging & dipmeter data
previous depositional/environmental studies

3 past studies of all types (geochem, bicsirat)
pelrology (SEM, thin sections, water analysis)

Table 3: Geoscientist's priority list

Petrophysical Data

| routine core analysis

| digital log data for all wells

1| logdepth to TVDSS conversion
1| log header info especially temperatures, mud resistiviies & surface locations.

| ensure perforated intervals & well test/production rates of oll, water & gas are recorded.
SCAL | data (Kr curves, Pc-height)

3 SCAL Il data (R, FF, hydrostatic compaction, CEC)
- | previous CPis with petrophysical summaries

Table 4: Petrophysicist's priority list




] original lab reports on reservoir fluid PVT, same for injection fluids.
1 | crude assay & water analysis

summares of previous PVT or fluid property treatments, oil chemistry

Core Data

S, routine core analysis & SCAL

Pressure Data

= production tests, WFTs, DSTs, transient & static data

results of pressure analysis

Reservoir Studies

."'A"f"%'; T check input assumptions to models & QC history matches

Table 5: Reservoir Engineer's priority list
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Completion Data
, schematic of completion with dimensions of casing & tubing

perforations (type & depths)
workover results of acld washes & acid/hydraulic fracture jobs

eo fieid bottom hole pressure surveys with date & measurement depth datum

Stimulation treatment data - slury schedues, mte sched wes

dady wefl operations reports. completion fiukl properties
Oil, Gas & Water Production & Injection
-~, monthly production & Injection records
| neld separator operating conditions over time
"' allocation formula for tank bafteries of gathering centres

results of interference testing (f performed)
resufts from observation wells (If available)

results of inter well chemical tracer tests (if pefformed)

Surface Facliities, Fiow Line Constraints & Operating Environment
| description of fieid facitiy, inciuding overail capacity & layout y
design & operating parameters for each element, including flow rates & pressures.
supponting infrastructure Including export systams.
1| capex inciuding phasing.
o
&»3 government regulations concerning fleld development.
| national infrastructure including pipeline, rail, power & road systems.
| tocat equipment supprers & radricators

Table 6: Production/Facilities Engineer’s priority list

Commercial Data

1 | fixed/variable costs or economic limitper well, for a group of wells, & for the field.
.' E&P license terms (Including any tax arrangements)

| gas contract obligations

| Oil & gas prices realised in local markets and eisewhere

cost of dnlling & completing a typical well to each major horzon
well opex

platform opex

Table 7: Economist's priority list
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Asset / Field Name  aget ol o to right as per Pareto Analysis!!

Due Diligence item Flold C Flold B Flold A Exploration Prospect X
Safe. stable busmness envronment?
IDOR RISK | Trust vendor + his claims?
lent 1o an we
Regional . ] w
revised maps/QC
Geoptrywic: s e
Py answer MD/TVD discrep
R: disc iplay type- 1 well nigphi frac picture regional data above
but using Seller requested maps to
Volumetrics/risk awal review based on ? net pa
Q/C Reserve
Production Hist. matchy DCA / MBAL v
Well type, DO final ‘sudit based on reganal well
FOP conc number for
L " "
ICOSTS Facilities ; with revised wed count Wunm
Opexftransport ¢ Review post wildcat
¢
Timing efc. Review post widcat
[ECTOREIITS
T
. I8t
notes
CEGAL / Tie
ICOMMER CIAL L
Crude Ol Sales
w Commitment W ork Programme ef:
Environment
Table 8: Due diligence ‘traffic light' table
#162520

New Guidelines Document Assists With PRMS Applications

W. John Lee, University of Houston; Satinder Purewal, Energy Equity Resources; D. Ronald Harrell,
Ryder Scott

A EBIA Reserve and resource Z2EKMEE A AG (Guidelines for

Application of Petroleum Resource Management System) B#fS PRMS (Petroleum

Resources Management System) sC{FEogrdETaaiA -

#158053
The Effect of Water-Induced Stress to Enhance Hydrocarbon Recovery in

Shale Reservoirs

Perapon Fakcharoenphol, Sarinya Charoenwongsa, Hossein Kazemi, and Yu-Shu Wu,

Colorado School of Mines

a8 ey am A LM 2RBFZEK o AR AREIK s EUEHR R ~ CO2
EOR- 5555 » KR MR ILIAIE S » 5[4 KAREBIZ (Natural macrofracture)
Be R plAE LT BB o RIS A BT (Matrix block) ZepfizEf/ NI
B o ] DUE ISR -

#160002
Integration of Microseismic Data, Fracture and Reservoir Simulation into the

Development of Fractured Horizontal Wells in the Cardium Formation — A
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Tight Oil Case Study
David Quirk and Ali S. Ziarani, Trican Well Service; Scott Mills, SPE; and Kevin Wagner, Nuvista; Cheney

Chen, Trican Well Service
SEE A INEER Card i um SUASH G AR S TR SR AP HR AR - 6517 3D g
RS I TR AR (Workflow) s o

#158501

Eagle Ford Shale: Hydraulic Fracturing, Completion, and Production Trends: Part I
Sergio Centurion, SPE, Randall Cade, SPE, Xin “Lucy” Luo, Baker Hughes

iE AR Rl SPE#249258 » #4F 1 SE[#] Eagle Ford Shale 200 FIH:LAE » 3,000

FEE: (Stages) WM TAE - MRS SRR ~ SRR « REREG I - Wi

M SR~ BRI IR - LA E e BRI Eagle Ford SEMIE S

i Bl e i R A AR ELfE i

#159892

Eagle Ford Shale: Hydraulic Fracturing, Completion, and Production Trends: Part I
Sergio Centurion, SPE, Randall Cade, SPE, Xin “Lucy” Luo, Baker Hughes

E T T AR EE K 10 A TR AR B B S it -~ 2R AR 20 - BRI

i IS ERR e 4 Discrete Fracture Network( DEN )» 2 ffiZf Enhance Fluid

Flow (EFF) > F5] DEN Bd EFF & 22153 S S fi . A S PR AR B B IS o RS B

Stimulated Reservoir Volume (SRV) °

#159956
Analysis of Unsteady Responses of Natural Gas Reservoirs via a Universal Natural

Gas Type-Curve Formulation
Ayala H., Luis F. and Ye, Peng, SPE, The Pennsylvania State U.
— RN A EE MREHDAR TSR PR Fe tkovi ch SR AR
Pseudo-pressure 9 pseudo-time FHACE rate (FER) -time (K ZEEEIE &K
Sadhaise (fitting) 2REEA > AFREELEAR - B SR ol i sz 38 Se B Eh
(Boundary dominated flow, BDF) KIRFEHATGRE. LM » I AR IR S
FR A FE BRGNP SER R R » (513225 o (] IER /KRBT R A S )
(Fig.2)
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Figure 2: A universal type-curve for BDF analysis of gas well décline

#159910

Experimental Investigation of Wellhead Twin-Screw Pump for Gas Well
Deliquification

Gerald L. Morrison, Ryan Kroupa, Abhay Patil — TAMU; Jun Xu, SPE, & Stuart Scott — Shell;

Sven Olsen — Leistritz
ia— RS ARE Leistritz BYEERE pump FITEA WS R RI T < B HAEHE -l —
AR T 55 [HEREE F KRB 6 BRI E &S H: - (Fig.1, 2)
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#159147

Gas Well Dewatering Pump for 2% inch Production Tubing

Kenneth Sears, ZiLift Ltd

ek TAE ZiLi Tt A FPASE AN MEFF A R R ARG R/K L pump » AT DAL
PERE - A 2 3/8 INNHVETIBEF] » mI=5 58 [HER A IE b K S BRI 6 SRfhrs st
e 85 - (Fig.1, 7)
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7 Figure 1 Life cyclé of a gars weH“(Source BP)

#160045
A New Family of Nanoparticle Based Drilling Fluids

Mukul M. Sharma, The University of Texas at Austin; R. Zhang, China University of Petroleum;
M.E. Chenevert, The University of Texas at Austin; L. Ji, Q. Guo, J. Friedheim, M-I SWACO
N AT U= R ey IR PRy N VA O S gw il Vet B ey e Sl i ey Nt ava el
NI e ARy AR B B e 28 A S » R ik A e HFi it B e Ty fee B TR > LK
FERLYEARE ] SEE M1 - SWACO 28 RISl St A et < TR EA TR Y
W e

#135155
Numerical Modeling of Induced Fracture Propagation: A Novel Approach for Lost

Circulation Materials (LCM) Design in Borehole Strengthening Applications

of Deep Offshore Drilling

Saeed Salehi, University of Louisiana at Lafayette, Runar Nygaard, Missouri University of Science and
Technology

AR 3D AR CREEH P EH SRR TRIR AT A s e HFL AT - Doyt
P AR 20 AT B RE - AR B = TR Re BOa DBE R » PURMIE . H
ZE > DU SR Lo < FEF -

#156188
Pushing the Limits of Downhole Sand Control: E Field
J. Thilagalingam, SPE, Natasha M.S, SPE, M Jadid, SPE, Petronas Carigali Sdn Bhd
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AKiFie Petwnas 2N EILENGHD TAE L B 28 58 FH A L b el FH Ad( Stand
along screen, SAS) MYMHFEHsS » EAIRMHECHD T4E L2 2% -

#159273
A New Method for Earlier and More Accurate EUR Prediction of Haynesville Shale

Gas Wells Xueying Xie, Michael D. Fairbanks, Kevin S. Fox, Rena L. Koinis, Shell
Exploration & Production Company
Al BB B A R A B AR IR (Estimated Ultimate Recovery, EUR) &2
Pt - P —{lElRHEAT Arps NREHER T (Decline Curve Analysis, DCA) - {#H
BRI IERIfL 7R (Pressure Normalized rate) HURUHERAERE (real rate)
M AR KJE < BUR G ERE EL 25 {EE -

=~ 101.10. 11 BRAA A AEZISER] Aus tin FESN B VS Jn) — S qbbesty

B TER GCCC - Afam¥hd T CCS S ikt N EHF TAFE BBy - BIAL

FEAERRIILRE CO2 HA A - GREIR 10 H 17 H BN —XIEFREA C02 49 3.3
g ) -
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PetroSkills

HYDRAULIC FRACTURING
APPLICATIONS

Alfred R. Jennings, Jr.

© Petreshitis, LLC. 2012, Al
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PetroSkills

Vita
ALFRED R. JENNINGS, JR.

Alred R. Jennings, Jr. Is a well simulation consultani with Enhanced Well Simulation, Inc
located in Athans, Texas, approximately 75 miles southeast of Dallss. He actively provides well
stimulation consulting services throughout the world. Prior 10 establishing Enhanced Well
Stimulasion, Inc., in 1995, he worked for Mobil R&D Carporation and Mobil EAP Services, Inc
While working for Mobd for aimost 14 years, Mr. Jennings was involved in various applications
of well stimulation (acidizing, acid fracturing, and hydraulic fracturing) throughout Mobil's
worldwide operations. Prior to Mobil he worked 15 years for Halliburton Services in all aspects
of hydraullc fracturing research and field appiications

Mr. Jennings is & registered Professional Engineer and has authored and co-authored 95 US
patents pertaining 10 applications and techniques for well stimuiation. He has written several
technical papers and articies and has served on numerous SPE Commitiees. He received a
B.S. Degree In Chemistry and an M.S. Degree in Petroleum Engineering from the University of
Oklahoma.

PROFESSIONAL EXPERIENCE

Enhanced Well Stimulation, Inc. - Athens, Texas (Sept. 1995 - Present)

. Weil Stimulation Consultant / President

Established business in Saptomber 1995 to provide both domestic and international well
stimulation consultation
Consultation and on-site assistance involving various successtul fracture stimuiation
Iroatmants in sandstone and carbonate formations throughout the world
Conducting field studies to assess wll stimuiation candidacy and priof treatment resuits
and then providing on-site consultation and assistance during proppant fracturing, acid
fracturing and matrix stimutation treatments for “enhanced” afer-stimulation well
performance.
. and imple of hydraulic fracturing and acid
fracturing design techniques and procedures for Saudi Aramco in Saudi Arabia
for stimulation of deep, sour gas wells for the Hawiyah Gas Plant Development
Project (during a rotational contractual assignment, 1987-2001).
Development of Acidizing Guidolines and Sand Control Guidelines for two different
international ofl companies.
Davelopment and presentation of well stimulation sc
Mexico, Saudi Arabia, Venezuela, and the U.S
Involvament with selection of candidates and development of strategic applications of re-
cturing in low permeability gas wells completed i multiple (8-12) interva
Extensive well stimulation consultation for PEMEX involving several asset areas
involved In oil production and gas production from both carbonate and sands
raservolrs
Assessment of service company products and services related to wel stimulation

. techniques and practices

Jonings, Atired R, Jr. CV Page 1016 30-Jo112

s in the U K., Indonesia,
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