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ABSTRACT

Production Trends of Shale Gas Wells. (Decembe8R00
Wagqar Ali Khan, B.S., Engineering University PeshawPakistan

Chair of Advisory Committee: Dr. Robert Wattenbarge

To obtain better well performance and improved potidn from shale gas
reservoirs, it is important to understand the beiraef shale gas wells and to identify
different flow regions in them over a period of &nit is also important to understand
best fracture and stimulation practice to incrga®aluctivity of wells. These objectives
require that accurate production analysis be perédr For accurate production analysis,
it is important to analyze the production behawbrwells, and field production data
should be interpreted in such a way that it wikntfy well parameters. This can be
done by performing a detailed analysis on a nuroberells over whole reservoirs.

This study is an approach that will lead to idemti§ different flow regions in
shale gas wells that include linear and bilineawfl Important field parameters can be
calculated from those observations to help imprtmtare performance. The detailed
plots of several wells in this study show some goochbers for linear and bilinear flow,
and some unique observations were made. The pugidbés work is to also manage
the large amount of data in such a way that theybeaused with ease for future studies.
A program was developed to automate the analysigganeration of different plots. The

program can also be used to perform the simpleulzions to calculate different



parameters. The goal was to develop a friendly ustrface that would facilitate
reservoir analysis.

Examples were shown for each flow period, i.e. dme@nd bilinear flow.
Different plots were generated (e.g; Bob Plot (sguaot of time plot) and Fourth Root
of Time Plot, that will help in measuring slopesiahus reservoir parameters such as
fracture permeability and drainage area. Diffen@mtjue cases were also observed that

show a different behavior of well in one type aoftgirom another.
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CHAPTER|
INTRODUCTION

1.1. Problem Description

Shale gas reservoirs are unconventional naturateggsvoirs that are having an
increasing focus of activity in United States. &ctent years, interest has increased in
developing and producing shale gas reservbig.1.1 shows shale gas plays in United
States. Development of few shale gas reservoiratan 90’s demonstrated important
success in shale gas production. Shale gas is deoedi to be self-sourcing gas
reservoirs and these formations are extremely aminglorldwide. It is of major interest
in U.S but even after having several commercial arploratory shale gas plays its
properties and production analysis is still undejanstudy. Due to the complexity of
shale reservoirs in terms of fractures and very p@nmeability ( 10-100 nano Darcy’s )
there is still a lot of work that needs to be damerder to understand different flow
behaviors in these reservoirs. Production forecastd more economic production
techniques require understandings of shale gasvase Due to this complexity and
variability of Shale gas reservoir properties witHields and techniques that give good
results in one area might be of less interest rerst It is important to clarify shale
properties and fracture networks in order to ugebist engineering practices for better
economic recovery of gas resources from shale.

To make useful and productive future estimatssimportant to understand

This thesis follows the style &bciety of Petroleum Engineers Journal.



different flow regions during production analysif shale gas wells. By integrating
knowledge for drainage volume, OGIP, rate forecasservoir characteristics and
fracture network characteristics engineers can yagyast technology practices to

optimize production from future wells.

Black Shale Resource Plays in North America

Niobrara °2™MON  Excello/Mulky

Bakken New Albany
86-160 tcf

Green
River

Monterey :
evonian/Ohio

McClure 225-248 tcf

Cane Creek

Lewis and Floyd and
Mancos Conasauga
97 tef A
Barnett and et
Woodford : Caney and
Bamett Woaodford
25-252 tcf  Woodferd Fayetteville

Fig. 1.1 Unconventional gas plays-major U.S. shale gasbd¥Vestside Energy Corporatitn

1.2. Goals and Objectives of Research
The main goals of this research were to:
1. Analyze the production data from shale gas wells
2. Manage data in order to keep it in systematimét to keep track of wells for future
studies.
3. Make Production vs. Time plots (Log Log plot)ctwaracterize the flow behavior and

type of flow.



4. MakeAm/q vs.VTime plots (Bob Plots) to determine the slope amercept.

5. Generate water gas ratio, Cartesian, Semi Lod,cuarter plots to understand the
behavior of Shale well.

6. Perform the analysis from the information auagafrom the plots of linear flow in
future work.

7. Observe the behavior of different wells overdirand to clarify how different
fracture methods affect the production.

8. Perform the analysis from the information auagafrom the plots for bilinear flow.

9. Calculation of reservoir parameters like dragmacea, fracture permeability, OGIP.

10. Develop an excel based computer program capzbtoing all the above tasks
automatically and ;

11. Group wells for future predictions.

1.3. Resear ch M ethodology

This research is an effort to manage provided detid efficiently and to analyze
the data for different flow regimes and to underdtavell behavior under different
conditions. This research will help in identifyitige problem and identify any solutions
that can be helpful for better well production.

The research is focused on identifying the linsad bilinear flow in different
wells. Field data is used to do that and calcutstimmade for linear flow to measure
different reservoir parameters. Also bilinear flogv also analyzed which is a step

forward for more detailed future work.



1.4. ThesisOutline

The study is divided into seven chapters. The maithnd organization of this
thesis are as follows:

Chapter | present an overview of the problem dpson, goals of research and
research methodology.

Chapter Il presents a comprehensive literatureeveto cover the basic concepts
and to give an overview of the comparison of thiglg with the previous work.

Chapter Il details the data management portion gimds an overview of the
type of data.

Chapter IV gives details about the Computer progaaah its description and its
capabilities. Chapter V discusses different graghodservations made from this study
after plotting the data.

Chapter VI presents brief information about theadamnalysis and Chapter VII
summarizes the conclusions from this work and renendations for future research

work.



CHAPTER I

LITERATURE REVIEW

2.1. Introduction

This chapter review previous work done and diffeteshniques that are in use
for effective well production e.g. hydraulic fradng techniques and micro seismic
monitoring to understand fracture networks.

2.2. PreviousWork Donefor Linear Flow Analysis

Different studies are performed spread over thersy@m low permeability
reservoirs that include tight gas reservoirs amavflegions identified which tells us
about the behavior of the reservoir over a peribtinoe. Different Linear calculations
made in order to measure different reservoir patanigy the help of history matching
and flow behavior that helps in better future pcédns. Following is an overview of
these studies:

El-Banbi > and El-Banbi and Wattenbardepresented an approach for the
analysis of Linear Flow in gas well Production. Tsiidy presented new Laplace
transform linear solutions for the analysis of ptee and production performance.
During their study they presented that a more pecand practical approach is possible
for well test analysis in case of linear flow. heir study it was shown that constant rate
solutions are different than the constant pressaoiion and wrong approach and use of
equations results in erroneous estimates and sesult

Arevalo-Villagran et af.during their study back in 2001 on long term linflew

in tight gas wells presented a detailed approabkiristudy is focused on decline curve



analysis methods. They showed a simple analysiscédoulating different reservoir
parameters. The information in there analysis carused to estimate K xe, drainage
area, pore volume and OGIP. These calculationdeamade by finding the slope of a
Am/q vs.NTime plot and detecting for the point where outenrtiary effect occurgig.

2.1 shows an example of such a plot:

5.0E+06

e 4
4.5E+06 " o s -
¥

4.0E+06 ’ﬁ'ﬁ -
3.5E+06 . ?" -

3.0E+06 . > -

2.5E+06 o

X
2.0E+06 — k
. - \

1.5E+06 - [Slope = 25,000 |
) / 2
1.0E+06

5.0E+05

[m(p)-m(pynl/ag (psit2/cp/Mscf/D)

0.0E+00
0 20 40 60 80 100 120 140
sqrt(t) (days)™®

Fig. 2.1 Plot of [m(p;)-m(pw)] /dg vs.\Time,Showing slope before outer boundary is reachedlfitn and

Wattenbarger)



Table. 2.1 shows the formulae from their paper that can be used for analysis;

different formulations are used for constant rate and constant pressure cases.

Table. 2.1 Interpretation formulas for linear flow regime for both constgriroduction and constapi

production ( Aevalo —Villagran et af)

Constantyy production Constanp, production
Jka, = 808T [~1 j Jka = 1262 (~1 ]
V(@) \Mere A V(@) \Mea
_ 1287 [ fto _ 2257 [ \to
(Wgct)iLﬁ'(:RLh (Wgct)i Mep N
y o 128T {\/QJ _225T (fto
" (H4C.); Men, P (4yC); Mep,
oaip= 28T S (| | o 225TS, (i
(iugCth)i mCRL (lugCth)i r’ﬁCPL
b:M b:M
14241 14241
kt kt
Ye = 01591/ —== = 01779|—=
{CZE N (@),

Other studies include Agarw3l Thompsorf, Nabor and Barhat) Miller °, and

several other paperd ' discussed the long term flowig 2.2 shows an example of a

typically linear flow (half slope).
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Fig. 2.2 An example of half slope for linear flow on a llog plot

2.3. Previous Work Done Focused on Hydraulic Fracturing

When it comes to low permeability reservoirs itportant to understand how
the reservoir is going to be fractured what techegjshould be used to better fracture
the reservoir and better production can be obtaiinech fractured wells. Different
studies are performed few of which are summarizcoetow:

Wattenbarger and Ramé§worked on fractured wells for gas cases. Theitystu
uses numerical simulation to study the pressuresigat testing in case of fractured gas

wells. In their study it was suggested for gas €asal gas pseudo-pressure should be

used.



Agarwal et al® presented numerical solutions for finite condugtifractures
and also discussed how to analyze past performamteoredict future performance of
low permeability gas wells by massive hydrauliagdiinite flow capacity type curves.

Al-Hussainy et at? in his study shows a rigorous gas flow equaticat thas
developed by changing the variables in an equatidhe form similar to the diffusivity
equation. The change in variables can be usedaw gseudo pressure for gas flow that
replaces the pressure or its squared used in @asAlpplication of the real gas pseudo-
pressure to radial flow systems under transiemadst state or approximate pseudo
steady state injection and production is considered

Recently Mayerhofer and Lolof? performed a more advanced study for the
complex fracture networks presents the resultsntggrating micro-seismic fracture
mapping with numerical production modeling of fraet networks in the Barnett Shale.
An approach is presented, where the fracture n&twwgasured with micro seismic
mapping is approximated with a numerical producsonulator that discretely models
the network in both vertical and horizontal welldis study is an effort to show how
production can be improved by fracturing the wella better way by using micro-
seismic monitoring technology (Shown king. 2.3) in order to fracture wells. Fracture
networks were analyzed and it was observed thgetafracture networks are more
productive. Also different stimulations suggestiovese made.

In another paper Fisher et ‘l.showed optimized horizontal completion
techniques using micro-seismic fracture mappingizdotal wells are of great interest

now a days in case of shale gas reservoirs andowra@rstimulation treatments that
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incorporates multiple stage perforations (Showrrigqu 2.3) and hydraulic fractures is
widely in use. Above two papers are of great helprtiderstand these cases. Fisher et
al.*® also explained how the shale gas reservoirs (fthest Barnett shale) have complex

fractures which are shown as belowFig. 2.4:

feet
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Fig. 2.3 A micro-seismic monitoring of horizontal well fiace networks. Showing different Frac Stages

(From SPE 9005F)

A Simple Fracture B. Complex Fracturing C. Extremely Complex

Fig. 24 An Example to show the complex fracture netwankshale gas reservoirs ( From SPE 9(}8}51
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2.4. PreviousWork Donefor Bilinear Flow Analysis

Bilinear flow is also of major interest for prodist analysis. It is detected in
hydraulic fractured wells and also in natural fuses. Also bilinear may be observed in
tight gas reservoirs and in Shale gas reservoirshakill be shown later in this study.

Bilinear flow can be caused because of severabrsa®ifferent studies showed
occurrence of bilinear flow regime. Cinco-Ley angh&niegd’ introduced the bilinear
concept for the first time and introduced a techaitp analyze data on the bilinear flow
period for analysis. This study will show many exdes that show bilinear flow and a
effort will follow this study in order to understdrbilinear flow in more detail and to
make calculations from such observations. A quasitgre on a Log Log plot as shown

in Fig. 2.5 below shows bilinear flow.

el 2

10000

o .{/7_’*‘“\
—

100

Production Rate, MCFD

10

1 10 100 1000 10000

Time, Days

Fig. 25 An example of quarter slope indicating bilinglamf on a log log plot
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CHAPTER 11

DATA MANAGEMENT

3.1. Introduction

In order to do the analysis on the data provideds itmportant to properly

manage the data so that it can be easily understoddised for future studies. This was

also part of this research and data is managedrdingoto the usage. This chapter

discusses details about the type of data, its idivignd guidelines about how it is

managed.

3.2. Type of Data

Field data is provided by EOG Resources for se\aahett Shale gas wells for

production analysis. Data for around 378 wells was/ided. Following is the type of

data provided:

1.

2.

3.

Gas production rates.

Casing and tubing pressure.

Water production rates.

Oil production rates

Data for Important field parameter like porositypottom hole

temperatures, and fluid densities.

Data for detailed drilling reports provided irrder to investigate
perforations intervals, type of fracture fluid, andmber of stages for

perforations during a fracture job.
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Schematics for different wells are also part ofdaé to observe stages and perforations
in the wells with different well lengths shown dn i
3.3. Division of Data

Data is divided in a well-managed format. The wHadtl data for Barnett shale
is divided over different countieBig. 3.1 shows the zone of counties for which the data
is analyzed during this studyable.3.1 shows the details and statistics of complete data
provided divided over different counties mainly weeén counties in east and west

region of Barnett shale in Forth worth area.

Fig. 3.1 Barnett shale map showing different counties

After initial observations of different wells anfeft has been made to divide the

data according to different observations i.e. tgpow, usefulness of data and counties.



Table. 3.1 Division of data over different Barnett shale ctes

14

Total Number of Files:

Four

Three Excel Sheets

Contains Plots and YWell data

One Summary file

Contains Description of Sheets

East Counties Data

Counties Names

Johnson, Hill Ellis

County Name-Year

Total No of Wells:

Total No. of Wells

378

Johnson-07 a8
- Johnson-06 147
No. Ofwili:i;:‘;‘;?h County JohnsonE =
Johnson-03-04 29
Hill-Mov-06-April-07 a
Ellis-May-07-0ct-07 3
302
West Counties Data
Counties Names Jack, Palo-into, Parker, Wise, Erath, Hood |
County Name-Year Total Ho of Wells:
No. of Wells in Each County
each year Jack, Palo-into, Parker, WVize 45
Erath, Hood 28
7B

The data is plotted for the above wells in the séormaat. Once the all the wells
were plotted a sample of around 130 wells was ssleghich was of more interest for

further analysis. The next chapters will explaiattim more detail.
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CHAPTER IV

COMPUTER PROGRAM AND USER INTERFACE

4.1. Introduction

In order to handle a large amount of data, a coerpgutogram was required to
robust different tasks and provides a friendly ustgrface to analyze and view the data
without getting into loads of raw data. This chamtiscusses the computer program and
guide lines for its use. It is also shown what flpr@cedure the program follows to make
the calculation easy and to perform repetitive sagih a click of a button.
4.2. Program Interface

A friendly interface was required to perform taskgomatically and to reduce
hassle involved while analyzing loads of data. phegram is developed using the most
popular tool i.e. EXCEL and its VBA interface wased to do the jolig. 4.1 shows

the initial format of the program.

B = D E F & H J 3

1 O _DATE | oL | GAS | _waTER | FTP_ | cP_ |
z 5/30/2007 ] ] 0 0 ]
3 5/31/2007 0 65 1784 280 1280
7] 6/1/2007 0 95 2963 380 1300
5 6/2/2007 i 1632 3255 510 1280
6 6/3/2007 0 2052 3072 541 1260
7 B/4/2007 ] 2052 2830 541 1260 ——
] B/5/2007 i 1875 2880 541 1260
3 6/6/2007 0 2255 2210 467 1078
10 6/7/2007 0 2115 2210 146 1085
11 B/8/2007 i 2371 1850 441 1061
12 6/9/2007 0 21491 1020 422 1066
13| /102007 i 2317 2080 168 1030 Show Chart
14 §/11/2007 0 2233 1300 352 1032
15 | B/12/2007 0 2266 1430 367 1017
16| 6/13/2007 i 2292 1300 308 1001
17 | B/14/2007 0 1147 340 589 1050
18| B/15/2007 0 1483 310 681 1059 DelzE e
19| /16/2007 i 347 520 1406 1339
20 | B/17/2007 0 0 0 1454 1443
21| B/18/2007 ] ] 0 1454 1443
22 | G/19/2007 i i 1300 427 1059
23 | B/20/2007 0 0 156D 238 1020
24| B/21/2007 0 2675 310 406 1004
25 | B/22/2007 i 2691 1040 398 380
26 | /232007 0 2533 1040 376 978
27 | e/z4s2007 i 2456 1300 384 3@ [
P8 | B/25/2007 i 2421 1040 374 360
29 | /262007 0 2014 390 1296 1289
30| B/27/2007 i 1255 390 1286 1289

cincinng F o T ican T

Fig. 4.1 Initial program interface
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Following are the steps to follow in order to ulse program:

1.

Import the raw data in the proper format onhi® tnain raw data sheet as
shown in the program for several wells but limited65k rows due to
Excel limitation.

Update the well info sheet for different knowallparameters.

Once done with putting in the required inputadalick on Generate
sheets button. This will generate a separate dloeetvery well with
individual calculations and seven plots for evemsllvthat is required for
analysis. Depending upon the amount of data thghtriake few minutes.
Once the sheets are generated properly. Notimesto look at the data.
Click on the Show Charts button that pops-up arfétieuser interface to
view at individual well. As shown iRig. 4.2 below.

Select a well by either clicking at the Nexttt®a or by selecting a well
from the Selection List located at the left bottoomner. This will connect
the user interface with the database. Now selecplbts of interests from
the top right corner to view at different plotssé®wn inFig. 4.3.

In order to understand the type of flow on LogglPlot (Top Left plot)
flexibility is provided to measure Linear and Béiar flow. To enhance
the proper understanding of a problem, models agated. Click on
Show/Hide check boxes for particular case and ntlogdine by clicking
on the arrows at the bottom of the plbtg. 4.4 shows the linear and

bilinear lines shown after clicking on the checkés.
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Production Dala Analysis for Barneit Shale Wells

[ Select for a Chart to Yiew
I” Log Log Plat

il

L] e
I™ SemiLog Plot

I™ Declin Plot

I™ Carkesian Plat

I water Gas Rakio Plot
I Bob Plat

I™ Quarter Pk

— Modify Praduction Time
J 4 } J ‘ ! I add these days ta

Praductian Time and
emert By click Update
Update

— Modfy Slops for b Flct

—

Coordinate X1 i
Coordinate X2 40
Coordinate V1 120000
Coordinate V2 1130000
Slope from Bob Flok

Inkercept from Bob Piot

— Sefect Well Below

71 <Previous Next >

Update Slope:

i

Fig. 4.2 Program User Interface to view individual wells

duction Data Anal for Barnett Shale Wells

— Select for-a Chart to Yiew
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(Log Log Plot) (Cartesian Plot) ¥ LogLag Plat
I ShowHide Linear Slope Line
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&
g I” Bob Plot
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= 8 40
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Fig. 4.3 Program User Interface after selecting a well
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Well BH-1
{Log Log Plot)

WellBH 1
(Cartesian Plot)
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= Select For 3 Chart to Yiew

¥ LagLog Plot

v showHide Linear Slope Line:

— Modify Production Time:

Add these days to
Production Time and
Click Update

—

Fig. 4.4 Program user interface after selecting show hidsslIfor linear and bilinear flow

Production Time, Days ~0.5

Close

Well BH-1
(Bob Plot)
o 100E+07
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1 400E+06
§ 200E+08
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Coordinate ¥2 1130000
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Update Slope

d

Fig. 4.5 Program user interface showing bob plot and fiéigtio calculate its slope
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7. Four different charts can be viewed at a time byedmg the

corresponding check boxes.

Fig. 4.5 shows Bob plot and input to calculate the slop8ab plot that
is a useful parameter for different calculationsp® can be calculated by
entering values in the available text boxes antkitlg on Update button
calculates the slope and intercept (if any) forglos.

If required production time can be modified lewfdays by entering the
days added or subtracted in the modify productiometarea of the
interface and clicking on update will update a# fhiots according to the
new time. Original plots can be viewed by addingubtracting the new

time in reverse order.

Fig. 4.6 shows plots and data for individual wells on safmsheets.

D_DATE OIL WATER FTP cP Pt =T uboir] P -Casin miPi) mPW | m(Pi-m(P m(Pi-m(P Time (Day SQRT (Tif (Time) (0. YWGR kil Effective Tims)
5/30/2007 o o o o 1 1.000 1.000 01
5/31/2007 1764 280 1280 3273513 1K 9 R ARFE+N; 1 57E+0 HHFE +0 H144FRR 1.414 1189 2744615 0 xz
[3 613 1.7
5 Well BH-1 062 Well BH-1 2 Well BH 1
B, (Log Log Plot) 677 (Semi Log Plot) 24 (WGR Plot)
3 677 24
g ; 10000 - Z;g 3500 g 10000
) 5 a
s Z T Z |em 3000 £ 3 &
B, = ., '°ooo =Ea ] £ |837 2500 — = 31 T . 1ooo
6 £5 i ] |1 % |a17 2000 — \.‘\ £ 34 EZ
6 E% 100 = 2 [579 1800 P £ 34 =% 100
sl == T g == 5 B R v H 3 =
(7] I 1o £ [sz5 T ima ] T | oad = 1o
61| B F le3g S5 SW© e gy £ 29 2
B/1 1 301 o E) 1
8/1 10 100 1000 10000 |01 1 10 100 1000 10000 | 4 1 10 100
gg Production Time, Days 213 Production Time. Days 42 Production Time. D:
B/1 o 4
6/19/2007 1300 EEH 1053 21 4583 2141 13
6/20/2007 1560 EEL] 1020 22 4690 2166 14
B/21/2007 a10 406 1004 B04.8425 1188.733 B.5EE+08 96709076 4.53E+08 1716706 23 4 = A0 o}
B/22, 5| 4
WellBH 1
5/23/] Well BH- 1 1 Well BH-1 : { Quarter Plot)
gg;? {Cartesian Plot) g (Bob Plot) g
6/26/| Bl 5 1.00E+07
67274 17 1.00E+07 £ “
gﬁg; = H & 0005 s Z  B.00E+DE
g
8/30/] ERE 6.00E+06 5 -O0E+08
741/] ~ ik 5
7724 g4 4.00E+06 5{ = £ 400E+05
am—ct T &
;’E:f 3 ; 2.00E +06 g «  2.00E+06
i L P I E— 5
745/] o s 0.00E+00 3 0.00E+00
;":g": 1o 150 o0 250 a0 ) o 10 20 30 40 £ 1 2 3
7/ Production Time, Days 3 Production Time, Days ~0.5 6 Production Time, D
el 3 [3 n
7/10/2007 910 305 942 4820471 1114.102] 556E+08| 85182910 4.71E+D8| 2039614 a2 6.481 2545 394.2791 34

Fig. 4.6 Plot showing generated sheet for Individual weth calculation made and plots generated
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4.3. Program Flow Chart
Fig. 4.7 shows the flow chart involved in running the p@gr Input is taken
from different worksheet while the program runsttimeiudes, Sheet names, P Table,

Input Calculation, Well Info and Raw data Sheet.

Main Data Sheet Names

+

P Table Generate Sheets™*

Calculate mipi}
and m{pwf)

Input Calculation ] Well Info

Individual Wells
Check for Time [* Sheets
3

Ifat Time 1
Production=0

Draw 7 Graphs
|

[fat Time 1
Production =0

Draw 7 Graphs

' ¥

]
Check County Indlwsdhuea;t\;\:‘ells

A

Copy Plots to single Workshest
according to county Names

Fig. 4.7 Flow Chart showing the program interface andwatons involved

4.4. Program Calculations
Before generating different calculation some neagssalculation needs to be
performed related to gas analysis. Following detdik calculation to plot to the right

data:
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1. Bottom hole pressure needs to be calculated ffoiming and casing
pressure. Module is built in the program that dibes job. Cullender and
Smith*® method is used to do this.
2. Real gas pseudo pressure m(p) is calculated thee available initial
pressure and bottom hole pressure in order to nilaé&eBob plot. A
separate module is built to perform this task.
4.5. Type of Plots Generated for Analysis

Fig. 4.8 to Fig. 4.14 show types of plots generated for different wells:

Well BH-1
(Log Log Plot)

10000 h
© 2 o geee |
[0 1000 - LR ?:: |
5 % |
Q0 g
5 = 100 8
= %
o 10 1 H
@ | g
O

1 | ‘
1 10 100 1000 10000

Production Time, Days

Fig. 4.8 Log Log Plot generated showing gas and waterumrah



Well BH-1
(Semi Log Plot)
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5 QO 2000 = N 2
S & 1500 - RN \ =
o E ‘ AO ‘ "?‘“ . e
& < 1000 R pu
g 500 o ¥ &
S ST g

O T T = T
1 10 100 1000 10000
Production Time, Days
Fig. 4.9 Semi log plot generated showing gas and watatymtion
Well BH- 1
(Cartesian Plot)
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£ Q9 2000 ¢ - . ...‘.\‘ 3
2 3 1500 fe-* S £
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© LY
O w T T AE Ww ity

0 T T { T ﬁ
0 50 100 150 200 250 300

Production Time, Days

Fig. 4.10 Cartesian plot generated showing gas and wabeiuption

22



Well BH-1

" (Bob Plot)
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Fig. 4.11 Bob plot generated showing gas production aopesl

Well BH 1
(WGR Plot)
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1 10 100 1000 10000
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Fig. 4.12 Water Gas Ratio plot generated showing gas ptaduand WGR bbl/MMscf



Well BH 1
(Decline Plot)

10000 s
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Fig. 4.13 Decline Plot generated showing gas and watsfymtion rates

Well BH 1
g (Quarter Plot)
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»
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Fig. 4.14 Quarter Plot generated showing gas productiginséope in case of bilinear flow
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4.6. Suggestions for Improvement

The program can be improved for more tasks to aaterthe analysis and make
it easier for the reservoir engineers to understamaell behavior. Following are few

suggestions for improvement:

1. To be able to link program to different datalsaiseorder to display several files

at the same time.
2. To do the important well parameter calculatibkes drainage area, permeability

etc from with in the program. Right now it is perfeed separately on a different

workbook.

3. Allow the user to select the region of intefflesin the plots.
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CHAPTER YV

GRAPHICAL OBSERVATIONS

5.1. Introduction

This chapter shows graphical observations made fr@rdata for the different
cases. Linear and Bilinear flows are shown from ¢hginal production data for
different wells. Cases are shown where mixed floas wbserved. Also those wells are
shown for which the data is not clear. Water preiducrates were also plotted along
with gas production and water gas production plotserved for any unusual
observations. Also different data variations weoanfed out. Few of the examples are
shown in this chapter while complete list of weBsavailable in a report by Kh&h
available at Department of Petroleum Engineerirgxab A&M University.
5.2. Linear Flow Observation

Number of wells were observed showing a very clesar flow for longer
period.Fig. 5.1 andFig. 5.2 show few examples of wells that showed linear flévg.
5.3 andFig. 5.4 show linear flow on a log log plot with both watmd gas production

rates plotted as shown.

well H-1

10000

1000

—
w\\
100 .

Production rate, MCFD

1 10 100 1000 10000
Time, Days

Fig. 5.1 Observed Linear Flow in a well H-1 —Half slope wimdoy the black line



Well S-1

10000

1000 - \\N

100

Production rate, MCFD

10

1 10 100 1000 10000

Time, Days

Fig. 5.2 Observed Linear Flow in a well S-1 —Half slopewhdy the black line

Well A-1
(Log Log Plot)
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Fig. 5.3 Observed Linear Flow in a well A-1 —Half slope simoby the black line along with water

production
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Well B-1
(Log Log Plot)
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Fig. 5.4 Observed Linear Flow in a well B-1-Half slope simovy the black line along with water

production

5.3. Bilinear Flow Observation

Several wells were observed showing bilinear flegions.Fig. 5.5 andFig. 5.6
show some examples of Bilinear flow cases obserfegl. 5.7 and Fig. 5.8 show
bilinear flow on a Log Log plot with both water amgs production rates plotted as

shown.

Well B-2
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Time, Days

Fig. 5.5 Observed Bilinear Flow in a well B-2—Quarter slg®wn by the Red line



Production Rate, MCFD
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Fig. 5.6 Observed Bilinear Flow in a well C-1 —Quarterpgshown by the Red line
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Fig. 5.7 Observed Bilinear Flow in a well M-1- Quartergoshown by the Red line along with water

production
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Well K-1
(Log Log Plot)

Mscf/Day

Gas Production Rate,
Water Production Rate,

1 10 100 1000 10000

Production Time, Days

Fig. 5.8 Observed Bilinear Flow in a well K-1- Quarterpgoshown by the Red line along with water

production

5.4. Mixed Flow Observation

Several wells have both linear and bilinear flogioas. In most of the cases a
bilinear flow is followed by a linear flow. Usuallpe bilinear flow last for first couple
of months followed by a long term of linear flowtbn some cases linear flow is also for
a shorter periodFig. 5.9 to Fig. 5.10 show some examples of mixed flow cases
observedFig. 5.11 and Fig. 5.12 show mixed flow cases on a Log Log plot with both

water and gas production rates plotted as shown.
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Fig. 5.9 Observed Mixed Flow in a well C-2—Quarter slopewsn by the Red line and linear by Black

line

Production Rate, MCFD
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Fig. 5.10 Observed Bilinear Flow in a well BU-1 —Quarterpgashown by Red line and linear by Black

line



Well B-3
(Log Log Plot)
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Fig. 5.11 Observed Bilinear Flow in a well B-3— Quarter slgh®wn by the Red and Linear by

Black line along with water production
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(Log Log Plot)
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Fig. 5.12 Observed Bilinear Flow in a well BT-1 — Quartesps shown by the Red and Linear by

Black line along with water production
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5.5. Unrecognized or Scattered plots
Few wells were observed showing a random and sedttgata on plots and

doesn’'t show any proper flow regiokig. 5.13 to Fig. 5.16 show some examples of

mixed flow cases observed.

Well BL 4
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1 10 100 1000 10000
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Fig. 5.13 Figure showing a trend that is not exactly quastepe due to scattered data

Well M5 -1
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Fig. 5.14 Figure showing a trend that is not exactly hatpsl due to scattered data
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Fig. 5.15 Figure showing a trend that is not exactly haipsl due to noise in the data
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Fig. 5.16 Observed Scattered Plots, production trend netr cle
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5.6. Water Production Rate Observations

Water production rates were plotted along with glas production rates in order
to see the behavior of well and to understand eanater production rate changes over
the period of time. Water gas ratio, bbl/MMscf gletere also generated to see the water
effect more clearly and to understand the well bemaFig. 5.17 to Fig. 5.20 show

some of the examples.

Well B-8
(Log Log Plot)
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Fig. 5.17 Water Production rate shown on Log Log Plot



Well B-4
(Log Log Plot)
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Fig. 5.18 Water Production rate shown on Log Log Plot
Well BK-2
(WGR Plot)
~. 10000
©
Q
3
s 100041 . ......l TR
IS R heh
Dg: 100 g ‘E-g
8 7o .‘:;_5%.: -
=] . B .
3 10
o
" .
@©
o 1
1 10 100 1000 10000

Production Time, Days

Fig. 5.19 Water Gas Ratio shown on Log Log Plot
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Well BK-1
(WGR Plot)
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Fig. 5.20 Water Gas Ratio shown on Log Log Plot

5.7. Some Unique Observations

This part of the chapter show some unique obsemnstbbserved from different
plots. Fig. 5.21 to Fig. 5.24 show some examples of Gas Production vs. Log ofeTi
plots. A straight line is observed with a slopeoat i.e. showing radial flow, even if it

shows a different slope on Log Log plot.
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Well BK-1
(Semi Log Plot)
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Fig. 5.21 Unit Slope observed on Production rate vs Logrétplot 1
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Fig. 5.22 Unit Slope observed on Production rate vs Logrétplot 2
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Well B-1
(Semi Log Plot)
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Fig. 5.23 Unit Slope observed on Production rate vs Logroétplot 3
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Fig. 5.24 Unit Slope observed on Production rate vs Logroétplot 4
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CHAPTER VI

DATA ANALYSIS

6.1. Introduction

In this chapter production data analysis is briéfly linear flow calculations to
obtain drainage area by using slopes. Also desmniptf a spread sheet was shown
which is to be used in connection with the Progreom user interface to do the
calculations for individual wells in case of lindaw.
6.2. Linear Flow Calculations

In order to make future predictions and to imprduture well performance
linear flow region can be used to make certain irtgmt calculations. Right now the
formulations for linear and bilinear flow to caletg fracture permeability and drainage
area for Shale gas are still under study for anglification. The following equation is to

be used in order to calculatgA

A V(@46 \ Memt

An excel sheet is developed to make these calouktior different wells that

shows linear flow and thus their slopes can beutailed. These calculations and

analysis need further improvement in future wdiig. 6.1 shows an example:

|k = 0.00000015
] [Agsuming Same Slope m3=md)
Well name mihalfslope) Begin 172 Slope [sqrt{Km) Ac Acm h Xe | sqrt{kf) Aew Acw Kf
) (ipsi¥icp) / Mscfd) / {Days)™* days sq. ft. ft ft sq. fi. mD
BUA 63250 22531 | 183962252 | 150.00 | 2.720.00 22531 16,000.00 0.000762375

Fig. 6.1 Example of excel sheet to make calculations. Torpeoved in future work.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

7.1.Conclusions

This study presents the production trends of diffiershale gas wells. It is
concluded that different flow regions are identfiguring the analysis of wells.

Linear flow cases were observed in the majorityefis. Bilinear flow cases
were also observed. Some of the cases shown atsemal of bilinear flow followed by
long term linear flow and in some cases a very tstesm linear flow. Bilinear flow
followed by short term linear flow might be becaw$¢he production for lesser number
of days.

When Production rate is plotted versus Log of temenit slope cases were
observed which were not unit slopes on a log lag. (Beveral of these cases are present
in the sample of wells used for analysis.

Actual field data was managed and used to perfévenanalysis. Different
calculations are possible when the slope for differflow region can be measured
showing the outer boundary effect on Bob plot.

Using the computer program make it easy and roloudb the analysis and
generate different outputs.

Water production was also analyzed besides thepgaduction to see any
important trend or effect on production. Water gatio plots can be helpful for this

purpose.
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7.2. Recommendations for Future Work

In order for more clear understanding of obsemnwetls these wells should be
monitored and updated data should also be analyzedier to see the behavior of wells
after years of production.

Computer program should be made more comprehemsidemore tools and
flexibility should be added to it so that bettedambust estimates should be made in
future.

Data should be handled in proper format in ordeketep track of it.



NOMENCLATURE
A, = Cross sectional area
A,, = Cross sectional area

B, = oil formation volume factor, RB/STB
Kt = Fracture permeability
Km=Matrix permeability, md

m = slope of the log (WOR+C)/C vsydplot

Greek Symbols
¢ = Porosity, %
p = Density, Ibm/ft

U = Viscosity, cp
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