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ABSTRACT

Portfolio management, a common practice in the financial market, is essentially an optimization
problem that attempts to increase return on investment. The objective of this project is to apply
the state-of-the-art in optimum portfolio management to the gas storage field in order to optimize
the return on investment associated with well remedial operations.

Each year gas storage operators spend hundreds of thousands of dollars on workovers, re-
completions, and re-stimulations of storage wells in order to battle the decline in deliverability
due to well damage with time. A typical storage field has tens if not hundreds of production
wells. Each well will respond to remedial operations in its own unique way. The well’s response
to the remedial operation is a function of a set of uncontrollable reservoir characteristics such as
porosity and permeability and a set of controllable parameters such as completion and
stimulation practices.

The objective of this project is to identify the combination of best candidate wells for the
remedial operations that will result in the most successful program each year, and consequently
provides the highest return on investment. The project deliverable is a Windows-based software
application that would perform the analysis and provide the list of wells and their corresponding
remedial operation for each year based on the budget constraints identified by the user.

The state-of-the-art in intelligent systems application that is currently being used extensively in
the Wall Street is the methodology to achieve the objectives of this proposed project. This
methodology includes a hybrid form of artificial neural networks, genetic algorithms and fuzzy
logic. Columbia Gas Transmission Corporation is the industry partner of this project and
cooperated with the research and development team in order to ensure successful completion of
the project.

The software application that is the deliverable of this project and is explained in much detail in
this report is available to public free of charge. One important note about the software is that the
current, publicly available version of the software includes a neural network model that has been
developed for our industry partner based on the data that they made available. Once a storage
operator decides to implement this software, they should contact the principal investigator of this
project (Shahab D. Mohaghegh, Professor, Petroleum & Natural Gas Engineering, West
Virginia University, Email: shahab@wvu.edu - Tel; 304-293-7682 ext. 3405 — Web Site:
http://shahab.pe.wvu.edu) and arrange for development of a neural network model for their
specific storage field. In order to make the best use of capabilities of the software package, it is
recommended that the storage filed have a minimum of 75 wells (wells with data that can be
used for analysis).
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INTRODUCTION

Each year Gas Storage operators spend hundreds of thousands of dollars to combat the inevitable
decline in the deliverability of their production wells. The decline in deliverability with time has
two major contributors. The first contributor is geology and reservoir characteristics that are
uncontrollable parameters. The second sets of parameters that contribute to the decline are
associated with well damage that is addressed by well remedial operations such as workovers, re-
completions, and re-stimulation of the producing wells. The parameters associated with these
remedial operations can be controlled by the operator.

It is a fact that every well will respond to a specific remedial operation in a unique way. For
example, the deliverability of well “A” will increase two folds if a proper restimulation is
performed on it while the same operation performed on well “B” will result in little or no
deliverability enhancement. Same is true for workovers. Finding the best candidate for
restimulation or workover, each year, among the tens or hundreds of wells is a challenging task.
Consider another situation where well “C” will have a 70% increase if a restimulation is
performed but it would have a 65% increase if a far less expensive workover is performed.
Obviously performing a workover instead of a restimulation on well “C” would be more
economical this year.



EXECUTIVE SUMMARY

Portfolio management, a common practice in the financial market, is essentially an optimization
problem that attempts to increase return on investment. The objective of this project is to apply
the state-of-the-art in optimum portfolio management to the gas storage field in order to optimize
the return on investment associated with well remedial operations.

Each year gas storage operators spend hundreds of thousands of dollars on workovers, re-
completions, and re-stimulations of storage wells in order to battle the decline in deliverability
due to well damage with time. A typical storage field has tens if not hundreds of production
wells. Each well will respond to remedial operations in its own unique way. The well’s response
to the remedial operation is a function of a set of uncontrollable reservoir characteristics such as
porosity and permeability and a set of controllable parameters such as completion and
stimulation practices.

The objective of this project is to identify the combination of best candidate wells for the
remedial operations that will result in the most successful program each year, and consequently
provides the highest return on investment. The project deliverable is a Windows-based software
application that would perform the analysis and provide the list of wells and their corresponding
remedial operation for each year based on the budget constraints identified by the user.

The state-of-the-art in intelligent systems application that is currently being used extensively in
the Wall Street is the methodology to achieve the objectives of this proposed project. This
methodology includes a hybrid form of artificial neural networks, genetic algorithms and fuzzy
logic. Columbia Gas Transmission Corporation is the industry partner of this project and
cooperated with the research and development team in order to ensure successful completion of
the project.

The software application that is the deliverable of this project and is explained in much detail in
this report is available to public free of charge. One important note about the software is that the
current, publicly available version of the software includes a neural network model that has been
developed for our industry partner based on the data that they made available. Once a storage
operator decides to implement this software, they should contact the principal investigator of this
project (Shahab D. Mohaghegh, Professor, Petroleum & Natural Gas Engineering, West
Virginia University, Email: shahab@wvu.edu - Tel; 304-293-7682 ext. 3405 — Web Site:
http://shahab.pe.wvu.edu) and arrange for development of a neural network model for their
specific storage field. In order to make the best use of capabilities of the software package, it is
recommended that the storage filed have a minimum of 75 wells (wells with data that can be
used for analysis).



EXPERIMENTAL

No experimental work was performed during this project.
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RESULTS & DISCUSSIONS

This is the detail report of the progress made so far in the above mentioned project, which
consists of following components:

1- Project Overview

2- Data made available and its format
3- Neural Network Model

4- Genetic Optimization Model

5- Database & Software

PROJECT OVERVIEW

The objective of this project is to apply state-of-the-art intelligent, optimum portfolio
management to the gas storage field in order to optimize the return on investment associated with
well remedial operations. Columbia Gas Transmission Corporation is the industry partner in this
project and provided us with very valuable data and in-depth knowledge about their gas storage
field operations.

The data in very crude form was provided to the research and development team in the last week
of March, 2005. The team extracted valuable data and organized it in a form of database, with
generic make up in order to be reusable. Windows-based software was developed which can help
the user in viewing and later populating the data with easy to use interface. One of its modules
provides the user with all the valid stimulations required as an input for Neural Network. A
Neural Network was trained in order to predict skin for different stimulation parameters. A
Genetic Optimization tool was developed and associated with the trained Neural Network in
order to find the optimum stimulation parameters. The software ranks the well according to
maximum change in skin value or/and stimulation cost for a well. Then a decision is made to re-
stimulate a well or not accordingly.
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DATA MADE AVAILABLE AND ITS FORMAT

The research and development (R & D) team was initially provided data in MS excel worksheets.
On further request, some pdf files with well schematics, well test files and well summary files
were provided but still the required data especially relating to stimulations and well-tests was so
scarce that the team in July, 2005 went to the Columbia Transmission Corporation Office in
Charleston, WV to get more information. Retrieval of data from different files and thousands of
microfiche was taking so long at the office that it was decided that West Virginia University lab
facilities will be used to read thousands of microfiche. So, for the next few weeks the team
concentrated its efforts on data collection. That data could be segregated into five main tables,
each relating to specific characteristic features of the gas storage wells. The five characteristic
features are as below:

1- Well-bore data

2- Completion Data

3- Perforation Data

4- Stimulation Data

5- Well-Test Data

6- Reservoir Characteristic Data

12



WELL BORE DATA

It includes basic features of the well like location, depth, well name ... etc. Data about well-bore
was retrieved mostly from well schematics and well summary reports. The data already provided

by Columbia Transmission Corporation was also verified. The complete list of the data type
retrieved is as below:

API Number
Field Name

Well

Lease Name
Classification
Latitude (Lat)
Longitude (Long)
Section

9. Township

10. County

11. State

12. Operator

13. Total Vertical Depth
14. Formation

NN R =

Picture of one of the forms from which this data was retrieved is on next page
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The tables contained many minor mistakes like wrong Well API number, length, and

spelling mistakes. A picture of this correction is shown below:

many

A 8 C D E F G| H [ 1 K L
1_|Fiald MName | ¥l Leasa Mame AP Classdcstion | Latitude | Longitude | Section | Township County [State
| 52 [Lcas  TEEET ["SYLWIAC KROUT,ETALT 340059397 ACTIVE 408951 | 523058 17 GREEM  ASHLAND OH
| 33 |Lcas  TE0I2|P SHAFFER # 34005 BIEE000 | SPECIAL wnz@ = GREEM  ASHLAND OH
34 |LUcAS D021 |G W HINER #2 34-005-97321 ACTIVE 407353 £227193 VERMILLION ASHLAND OH |
35 |Lcas  TE9E [JOHW BUSLER # 34-005-BIIEE0000  ACTIVE 07106 £2235002  GREEM  ASHLAND OH |{
36 |ucas  Taeza Do kck# 40593828 SCTIVE 407103 E2261790  GREEN  ASHLAND OH |{
57 |wcas  TEoE W E GUTHRIE 34005 003 | ACTIVE ALEREA =0 g Ty GREEM  ASHLAND OH
38 |Lucas  TE0E2|H.J TRUMPOWER #1 4130601180000 ACTI] w0 & AP MOMROE  RICHLAMD OH
30 |LUCAS 3935 |1 0. ANDREWS #2 34-005.939 rong GREEN  ASHLAND OH
4l |Lcas 3839 |M. A MAURER # Number length VERMILLION ASHLAND OH
41 |Lcas  TE948 "RUSSEL J LFER, ET UK GREEM  ASHLAND OH
A [ocas TEo4E [COSMITH #1 05| E2350e GREEN ASHLAMD (OH 1]
43 |Lcas TE0E0 (G W PURVINE #1 541 601 230000 jve a7 E23453 MOMRCE  RICHLAMD OH
44 |Lcas  DE9S3 [0 H ROWE A 4139201580000 _SACTIVE A0ETE1 | E2.3417 20 MOMROE  RICHLAMD OH
| 45 |Lucas 3953 [wnd & MARY BRENNSTUHL #T34005.9996 ACTIVE 406228 E229159 HANDWVER  ASHLAND OH
| ap |Lucas  TERET |0 F. manc SHOOSEOCSA0000 ACTIVE dnEsE E23081 R GREEN ASHLAND (OH ]
47 |cas  TE0E0 |0 AE PARR# 34-005-93063 ACTIVE J0ETH 22337572 GREEN  ASHLAWD OH
48 |Lcas  TEST2 | H ROWE #2 34-139.93972 ACTIVE 405757 | 503408 24 MOMRDE  RICHLAMD OH
49 |Lucas  TEETE [W. & M. APPLEGATE #1 34-139.93976 ACTIVE A0EATE E2343473 WOMNROE  RICHLAND OH |
B0 |Lcas  TE97A A & CL GUTHRIE @1 400593378 ACTIVE 406606 E23613  GREEM  ASHLAND OH (]
| E1 |cas  TE053|E &M OSWALD # T41IE01S00000 | ACTIVE 40EATE  -B2357F  WMOMROE  RICHLAMD OH
B2 |Lcas D955 |5 EMOKENLEY # 34-005-93395 ACTIVE 407378 E2220E WERMILLION ASHLAND OH |
53 |Lucas  DE9ST [W. & M. APPLEGATE 2 34-139.93997 ACTIVE 406055 £2357612  WMOMRCE  RICHLAMD OH  |(
54 |Lcas 4008 [H &M MCGUIRE & HOBZIEOM0]  ACTIVE 405980 SL261470 GREEM  ASHLAMD OH
T e T e e e e
32 [Lucas  'DEEgy [34.005-93897 ACTIVE A0B9E1 -A2.3088717 GREEM ASHLAMND OH  Columbia Gas Transmissic
| 33 [Lucas 13912 340056026 SPECIAL 407133 -B2.247 GREEN ASHLAND OH  Caolurnbia Gas Transmmissir
34 |wcas  Dag21 [34-00503321 ACTIVE 40.7383 -H2.2719 3 WERMILLION ASHLAND OH  Columbia Gas Transmissit
| 35 |Lucas D992 |3£005 60265 ACTIVE 407105 -B2.235812 GREEN ASHLAND OH  Calurnbia Gas Transtissic
36 |Lucas  DIges 34005939 ACTIVE 407103 52261110 GREENM ASHLAND OH  Columbia Gas Transmissit
| 37 [Lucas  DEast 32005938 ACTIVE 40ERRE 82,3047 17 GAEEN ASHLAND OH  Caluenbia Gas Transtissic
38 |Lucas D392 [34139-60118 -62.3476 24 MOMROE  RICHLAMD OH  Columbia Gas Transmissit
| 38 |LUCAS 3835 |34.005-93935 Corrected -A2.247 2 GREEN ASHLAND OH  Columbia Gas Tranamissic
40 |Lwcas 03939 340059393 -B32.2375 25 VERMILLION ASHLAND ©OM  Columbia Gas Transmissit
41 |Lucas  haes|s API Number | gs7%7  GREEN  ASHLAWD OH  Columbia Gas Transmissic
| 42 [LUCAS JikE] 40056024 ATV wooron -52.33 18 GREEN ASHLAND OH  Columbia Gas Transmissic
43 |LUCAS ﬁgﬁaa—maum Active J06736 25324 MONROE  RICHLAND OH  Columbia Gas Transenissic
| 44 [lucas B £-138-20159 ACTIVE 406761 -B2.3417 24 MOMROE  RICHLAND OH  Columbia Gas Transmissit
A5 |Lucas  Daees [iF ACTIVE 406228 A28 HANCWVER  ASHLAND OH  Columbia Gas Transmissic
| 46 |Lucas ‘3957 (3400560259 ACTIVE 406993 -§2.3061 B GREEM ASHLAND OH  Columbia Gas Transmissit
47 |Lcas  TiEees (3200503060 ACTHVE 406739 A2 337518 GREEM ASHLAND OH  Colurmbia Gas Transrmissic
| 48 |Lucas 3972 3413993972 ACTIVE 406797 -B2.3408 24 MOMROE  RICHLAND OH  Columbia Gas Transmissit
49 |LUcAs  TIo7E 3413203976 ACTIVE 0GRS A2 340493 MONROE  RICHLAKND OH  Columbia Gas Transmissic
| 50 |Lucas 13978 |34005-93978 ACTIVE 40EADS -B2.335619 GREEN ASHLAMD OH  Columnbia Gas Transmissit
B |lucas  TiawEs 3413060159 ACTIVE 40EB3E  -A234573 MONROE  RICHLAMD OH  Columbia Gas Transmissic
| 52 lucas  '39es |3s005939s ACTIVE 407378 B2.2231 % VERMILLION ASHLAND OH  Columbia Gas Transmissir
B3 |[LUcas  TE0e7 [34.03R09997 ACTIVE ADERASE 82353613 MONROE  RICHLAMD OH  Columbia Gas Transmissic
Cd Niras ante |3 nne n4sn LTS A0Eo0T .poeidfin GEEER HCHI BN - Colyebiz Gas Tr isgir

Fig2. Correction of Wrong API number in data
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Analysis of raw data vs.

refined data:

WELLE ORE DATA
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= =
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=k = s |=| 2 6| = 9
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Fig3. Data addition and refinement for Well-bore Data
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COMPLETION DATA

Completion data mostly relates to the type and depth of casing/liner/tubing run in the gas storage
wells. The data type retained for the database includes the following:

API Number

Field Name

Well Name (Well)
Completion Description (Des)
Date Tubing Run (Dt Tm Rn)
Outer Diameter (OD)

Top of Casing

Bottom of Casing(Bot)
Casing Weight (Weight)

0. Casing Grade (Grade)

200N R

Unfortunately the data was mostly in an excel file and had to be verified with well schematic
drawings. This led to the most unusual step in this project as it lead to reduction of valuable data
available to us. This was due to the erroneous and multiple data entry originally in the
completion table. Identification of the multiple entries and their removal from table was the most
focused act of cleaning the data, as omission of desirable records was unacceptable. Following
pictures show one of such flawed multiple data entries which were removed.

17



A ] 5 1] E [ G H I J R
1 |Field barne) Well AR e OtTmPun | G0 Top ol |Weight Grade
| 71 [LUCAS 73 [a+00590873 Casing 017 700 0 2043 200
| 72 |LUCAS a7 (400500373 Caging 03-Mar-Bd 550 0 208 17.00 Seamless
| 73 |Lucas  Tiedi |u-005-01981 Dt Pipe O-ho2d 1075 i B[ 400
| 74 |Lucas  Tiasi |u-005-01981 Surface Pipe (M2 BED 0 ¥ 40
| 75 |Lucas  Tiear [u-00591980 C:aging Dhee2d 700 @03 1931 2000
| 75 |Lucas  Tma [m00501980 Caging Q4-bew2d 55D 0 el 17.00
| 77 |Luces e [u00591330 Caging [-hBl 350 0 2684 520 Used
| 78 |LUCAS EWHI 400651381 Packer Mol SE0 Spad 366 Straight Anchor
7 |LUcas D193t (300591381 Packer (i :
| &0 (Lucas  Tieat |m00s 0138 mi] Multiple Data Strsight Anchor
UCAS 2008 | 3400592008 |Diive Fipe Entry I
CAS 340059008 Surface Fipe Am
CAS 12003 |:4-005-92008 Packer Larkin Lesd BH.
cAS 12008 | 3400593008 Packer
CAS 12003 | 3400592008 Cagin
CAS 4-005-93008 Packar
CAS 34-005-92008 Packer
Casing
CAS H-005-52006 Casin
CAS H-005-32006 Fackar
nehar i
CAS H-005-72006 Packar 2561
s 250
SWCAS 0 HO05-92080 Craging M-Cie: 1075 1 B4 4000

Fig4. Multiple Data Entries in Completion Table

In the completion table, the following notations used as casing description were replaced in place
of different notations being used to have a standard definition

NOTATION KEPT IN DAT ABASE Swface casing
NOTATIONS DISCARDED Drive pipe
Driver Pipe
Swedge
Two stage

18



Completion data was mostly re- checked for accuracy from the documents, picture of which is
shown below for a Well.

i R TLUCAS - =
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Fig5. Well-bore data retrieved from a file
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Analysis of raw data vs. refined data:

Please note that multiple data entry was the major reason for the reduction in the refined data
from the initial data.

COMPLETION DATA
& 5| @ = & =
e o | E = = = = @
DATA £S5 E| 2|5 2| £E| ||k 5 =|%
FIELDS ,E =3 Z|=|= o = o = [u] > =
= = g = & 1
& o @ >
o e | W = = =
=
INITHAL
DATA 2010 431 (431 | 431 2000 | 2000 | 2000 | 2009 2009 1781 | 1607
AVAILABLE
FINAL
DATA 2413 430 (431 |431 2413 | 2413 | 2413 | 2413 2413 1723 | 1607
AVAILABLE
COMPLETION DATA
3500
3000
oo L | [ [ [T ]
2000
1500 1
1000 1
500 1
JJLH (W (RN |
& o« & ﬁ & &5 & o & & &
@ o \b‘@ S of 3 ©
\ﬁﬁ'\ & ¥ F 40
(L-\Q ._I}‘E'
o 5
«D@
Number of Data Entries
o IMITIAL DATA AVAILAEBLE ® FINAL DATA

Fig6. Data addition and refinement for Completion Data
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PERFORATION DATA

This data set contains all the information relating to the perforations done on the gas storage well
like perforation top & bottom depth and shots per foot. Following are the data types included in
this type of data set:

Well API Number

Field Name

Well Name

Completion Type

Perforation Date (Perf Date)
Perforation Top (Perf Top)
Perforation Bottom (Perf Btm)
Shot Type

Shot Per foot (Shot Per ft)

Wbk W=

The picture of a document showing this information is shown below.
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Fig7. Perforation data retrieved from a file
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Analysis of raw data vs. refined data:

PERFORATION DATA
E =]
G e =
= Sle BEElole 58| =
DATA £ Ex 23 2l B 2 Q
FIELDS m = o |8l F -5 5
Es=R B2 2 20
E S
INITIAL
DATA
AVAILABLE 392 57| 57 57| 48| 392 392 392| 209 383
FINAL
DATA
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PERFORATION DATA
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Fig8. Data addition and refinement for Perforation Data




STIMULATION DATA

Stimulation data is one of the most significant datasets about the storage wells. Because of this, it
was very important that we have maximum records of valid stimulations. Following data type is
used to represent stimulation:

1. API Well Number
2. Well Name

3. Size of String

4, Stimulation From
5. Stimulation To

6. No Of Shots

7. Fractured by

8. Stimulation Type
9. Stimulation Date
10. Water

11. Acid

12. Gel

13. Foam

14.  Nitrogen

15. Alcohol

16. Cushion

17. Flush

18. Sand Quantity

19. Sand Type

20.  Injection Rate

21. Total Fluid

22. Breakdown Pressure
23.  ISIP

Unfortunately, initially we didn’t have much data about the stimulations being done in this Lucas
field. With this in mind, every record with Columbia Transmission Corporation was carefully
examined. The largest source of stimulation data came from the thousands of microfiche with
some data being found in well summary reports. Following is a picture of data in well summary
reports.
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Fig9. Stimulation data retrieved from a file
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Each Microfiche contamed dozens of
documents from mvelces to valable
stmulation and well-test data

Each scanned image of the nuerofiche
was searched and read for valuable data

Prgts were taleen of the
documents containung data
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Figl10. Microfiche to Database process

26



Following are pictures of some types of data formats for fracture jobs found in the records
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Figll. Different formats of Nitrogen Amount

During the data entry different sign conventions and unit conversions were carried out as

follows:

MEASURED
QUANTITY

UNITS IN
RECORDS

UNITS USED IN
DATABASE

SAND

1 zack
1 gks

100 Ibs

NITROGEN

52

52,000 5CF

LIQUID
PERFORATIONS

1 bkl
2000-2005 £, 10 shots
105

42 gal
2 shots /'t




The following notations were used in place of different notations being used in the tables:

NOTATIONS | WATER PETRO FOAM NITRO | WATER/T2 WATER | 1020
USED IN GEL GEL FRAC SHOT | FRAC FRAC SAND
DATABASE FRAC FRAC
Felled Petr] gel Foam whot Water / T2 water 10720
water
NOTATIONS frac
THAT Water | Petro Gel | foam Water M2 Dand
WEERE i3el Frac Fracture 10420
EEFLACED Petro gel | foam Water nitrogen
fracture | fracture
Water/M2 agsist
Water Fracture
w2 assist

All records of Nitro-shots were discarded for this database as they have no stimulation
parameters on record and are part of history now plus they also damage the well. Above all, they

will tend to degrade the Neural Network.
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Analysis of raw data vs. refined data:

STIMULATION DATA
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Figl2. Data addition and refinement for Stimulation Data.
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WELL TEST DATA

Well-test data is the most extensive dataset that our R & D team worked on. It has the maximum
amount of records nearly 3365 and 29 data types that control every aspect of a well-test. The data
type selected for a well-test representation consists of following:

1. Well API Number

2. Field Name

3. Test Date

4. Test Type

5. Time 1

6. Field Pressure 1

7. Flowing Pressure 1

8. Rate 1

9. Time 2

10. Field Pressure 2

11. Flowing Pressure 2

12. Rate 2

13. Time 3

14. Field Pressure 3

15. Flowing Pressure 3

16. Rate 3

17. Time Extended

18. Field Pressure Extended
19.  Flowing Pressure Extended
20. Rate Extended

21. kh

22. Skin

23. True Skin

24.  Non Darcy Co-efficient
25. n Value

26. C Value

27.  Delta Pressure Squared
28.  Peak Day Rate

29.  Absolute Open Flow
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Estimation of n, C, peak day rate & absolute open flow

Single/Open flow Tests:
The values used for point 1 and 2 are from different well-tests

1- Find AP?

—2 —2
1:10g(p _pwfz)z_l()g(p _pwf2)1

3- - (Where q is in MMcfD)
n logq, —loggq,
4 C= _2q—92 (Where q is in McfD)
(P = Pu )"
5- AOF =C(1150>-0*)"  McfD

6-  PDRate = (Cx250,000)" McfD

Multi-Point Tests:

Estimation of n, C, PD rate & AOF:

Same as above except that the points used are from the same test

NOTE: The n, C, PD rate & AOF values for more than 400 well-tests were manually calculated
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Estimation of kh, skin, true skin, non--darcy coefficient

1- From extended draw-down test plot (Pi-Py¢) vs. time on log-log paper. Draw unit-line for
un-stimulated wells and half-slope line for Stimulated wells. Find end of well-bore
storage effects after 1-1/2 log time cycle

2- Find values of viscosity, z-factor, compressibility of storage gas at different pressure
assuming Gas gravity = 0.585 & temperature =75 F = 535 R

Draw-Down Test:

1- Plot P, vs. time
2- Draw straight line after pseudo-steady state starts
3- Find slope m and P?Ihr
4 Kh = 1637qTzu
m
2 2
5- 5=1.151{p p”‘r—log( X 2]+3.23}
m ucr,
6- Plot skin vs. flow-rate. It should be a straight line

7- Slope of this line is D
8- Find True Skin (S') at g=0.

Build-Up Test:

1- Plot Py¢ vs. (tp+dt)/dt on semi-log paper

2- Draw straight line after well-bore storage effects diminishes
3- Find slope m and P?1hr

A khe 1637qTzu

m

22
5- Szl.lSl{M—log( K 2}3.23}
m gucr,

6- Plot skin vs. flow-rate. It should be a straight line
7- Slope of this line is D
8- Find True Skin (S') at qg=0.

We require time, flow-rate & Bottom hole pressure from the data which are present in two txt
files as bottom hole & surface recording files. The flow rates are at Wellhead so we match the
BHP & THP with time.
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The multipoint-test data is divided into Draw-down & build-up test and each one is analyzed

separately.

Figl4. Bottom Hole Pressure profile for Multi-Point test
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Draw-down test

Analysis of drawdown tests was done as described above and following graphs were obtained

FT1
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1.28E+06 4 - .
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Figl15. Flow Test 1 — Delta pressure squared vs. time
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Figl6. Flow Test 2 — Delta pressure squared vs. time
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Figl18. Log-log graph
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For well-tests after fracture half-slope line is drawn and for un-simulated wells unit slope line is

drawn to find end of well-bore effects and start of pseudo-steady state.

Gas production Simulator was used to find the values of viscosity, z-factor and compressibility
of storage gas at different pressure assuming Gas gravity = 0.585 & Temperature = 75 F = 535 R

that are also used by Columbia Trans.
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Fig19. Gas Properties Simulator

The slope from Pwf"2 vs. time on semi-log graph was used to find kh & then skin. The three
values of skin were plotted on Q vs. S graph and extrapolated to Q = 0 to get True skin (S’).
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TRUE SKIN
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0.00 1 | !
0 300 600 GO0 1200 1500 1800 2100 24D0 2700 3000
-0,50 1
-1,00 4
Qg
Fig20. Calculation of True skin
FLOW FLOW EXTENDED
TEST1 TEST T2 TEST
porosity 0.14 0.14 0.14
W 0.1458333 0.1455333 0.1458333
Ct 1.02E-03 1. DEE-03 1.04E-03
Uawv 1.28E-02 1.26E-02 1.27E-02
Zav 0.8558691 0.8635354 0859119
P 1143 1140 113473
Qav 1223 3668 30357039 1536.1134
Tav 533 533 533
h 1a 10 1a
m 2.00E+04 5. 40E+04 2. 20E+04
kh 5. B6E+02 5.36E+02 6. 67E+02
k 5. 86E+01 5.36E+01 fi.67E+01
plhr~2 1.185E+06 8. 000E+D5 1.128E+06
s 0.14 1.74 0.57
s -0.8202
D 0.0008

Table 1. Draw down Test Results
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Shahab D. Mohaghegh,
Razi Gaskari & Kazim Malik

Build-up test

January 2007

In build-up tests, the slope drawn for Horner plot is after the time when well-bore storage effects
were found to be minimizing from previous draw-down test. This slope is then used to find the

values of kh & skin. The True skin is found the similar way as in draw-down test.
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Fig21. Calculation of True skin Build-up test

Subcontract No. 3040-WVRC-DOE-1779
Final Report
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BUILD-UP | BUILD-UP EXTENDED
TEST1 TEST 2 BUILD-UP TEST
porosity 0.14 0.14 014

W 0.14583333 0.145833 0145833

Ct 1.02E-03 1.03E-03 0.001034
Uav 1.28E-02 1.26E-02 1.28E-02
Zav 0.85588 0.863535 0.85803

P 1090 852 1064
Qav 1223 86681 3038.704 1536.113
Tav 533 533 533

h 10 10 10

m 2. 10E+D04 4 S0E+04 2. 30E+04

kh 5.58E+02 6.43E+02 6. 38E+02

k 5.58E+01 6.43E+01 6. 38E+01

Flhr~2 1.31E+D4 1. 26E+D6 1. 28E+D6

H -0.14 218 052

5 -1.510

D 0.0012

Table 2. Build-up test results
DRAW-DOWN | BUILD-UP | AVERAGE ACTUAL
5 -0.8202 -1.510 -1.185 -1.17
D 0.0008 0.0012 0.0o10 001246

Table 3. Average Results

Due to large errors corresponding to estimating skin and kh values manually, it was decided that
for time being these values will not be entered in the database.
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Following are some pictures of the documents to show the different format in which the data was
presented in files and microfiche.
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Fig22. Retrieving flow-rate of an open-flow test

40



Laminar Inertial Turbulent (LIT) Test

Analysis of data from isochronal type test using Laminar Inertial Turbulent (LIT) flow equation
will yield considerable data. This method can also be used to find skin of a well from single-
point test when the value of permeability of reservoir is known from prior multi-point test. The
LIT equation is written as:

Al// = VR VW =0 +quZC

l ‘—> Pressure drop due to

Pressure drop due to laminar inertial-turbulent flow

_ flow and well conditions . )
Procedure for calculating Skin from LIT analysis for known permeability (k) value is as shown

below:

1. Calculate a; and b from equations below:
AY
PIPILEEDI PP S
a — qSC
t

quszc _zqsczqsc
AY
NZA\P—quczi

N= Number of data points

q
b — SC
quszc _quczqsc
2. Plot (A‘P—bqfc) vs.g,, on a logarithmic scale. The transient data points should form a

straight line. If they don’t form a straight line, calculate a; and b again with the data
which forms the straight line.
3. Calculate Skin (S) with the formula.

L a[xloé—kh ——log Kt - |+3.23
0.869 1.632x10°T pucr,

Where:

AY  : Delta Pseudo Pressure

k : Effective permeability to gas, md
h : Net pay thickness, ft

t : Flow time, hrs

0 : Porosity, %

Ui : Initial Viscosity, cp

Ci : Initial compressibility, psi-1

T : Temperature of the reservoir, °R
T'w : Well-bore radius, ft

S : Skin, dimensionless
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Flow Diagram of Well Test Analysis procedure

Following is the flow diagram of the well test analysis procedure and the type of values that we

get from the data.

‘Well-Test Analysis
FLOW DIAGRAM
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Fig23. Flow Diagram of Well Test Analysis procedure
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RESERVIOR CHARACTERISTIC

It includes some reservoir properties. The complete list of the data type retrieved is shown
below:

API Number

Well Radius

Reservoir Porosity
Reservoir Temperature
Gas Specific Gravity
Reservoir Thickness

S
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NEURAL NETWORK MODULE

The Neural nets are very powerful in predicting non-linear relationships. As the relationship
between skin and stimulation parameters is non-linear and very complicated, thus neural nets are
used which are very good at it. With skin values before and after the stimulation calculated and
stimulation parameters known, we can now use these valid stimulations to train the Neural
Network to use it as a prediction tool. Intelligent Data Evaluation and Artificial Network IDEA®
software by Intelligent Solutions Inc. was used to design the neural network. This software is
very versatile in making different nets with different training algorithms. Generalized Regression
Neural Net (GRNN) was used to train the neural net. The net had 11 inputs and 1 output as skin.
The source of data for the neural net is given in Figure 24.

Inputs Source

Tiatzbace

Diatabase

Som Fluids Zum of item
46,74

Frior-kh Dratabase
Water (bhls) (EY.N
Axid (bbls) £3:8
Gel (bbls) GA
Foam (bbls) G4
9 N2 {(McA) Ga
10 Sand Quantity (lbs) [REEN
11 After-T est Type G4
3- Multi- Point

2- Single-Pomnt
1- Open-Flow

Fig24. Neural Network Inputs and their source

Out of the 78 valid stimulations available, the Neural net was trained on 60 data items while 14
were used as calibration data and 4 as verification data. The Neural network showed very good
results for all three types of data. The screen shot taken from the IDEA software for training of
the neural net is shown in Figure 25.
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Fig25. Accuracy of training data for the Neural Net

The calibration and verification of the Neural net is shown in Figure 26 and Figure 27

respectively. After the accurate results of this GRNN, the software was updated to use the

GRNN generated files to be used in the Genetic algorithm.
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Fig26. Accuracy of calibration data for the Neural net
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Fig27. Accuracy of verification data for the Neural net
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GENETIC OPTIMIZATION MODEL

Genetic Algorithm was written to optimize the stimulation parameters used in the neural net. Out
of the 11 input parameters, 7 can be varied to obtain optimum skin. The range of these variables
was calculated and accuracy desired was determined to design the length of the chromosome of
Genetic Algorithm (GA) that will be required. The calculation is shown in the table 4. for the

chromosome length if all the parameters are selected.

G Tepui Acruracy dcouracy  Hanze Chmmeesa mn M Byin ax Byie
Para msler Max Range Ry wirel Sire e e e e
Water il 1] 345 145 1 1 145 9| 2 =2 =411
Aeid (bbs) bo| s et .
118 oot 100 1190 Il | =L024 2 1=308
Gelibbln) o 233 335 L 1 335 10| =52 2L0=1024
Fran (i k) 1} 17 7 0oL 1m0 L |27 =13 Fry=2 5
Nablef) 1} ] 368 L 1 68 L = Fu=iil
Sand Qrrndity () ] 30000 | 00 Lo ufn} ] 00 9| B =R Fa=511
Afier Test Type
1 k| k| 1 1 k| 2| =2 ¥l =y

Table 4. Calculation to determine the length of chromosome

The length of chromosome came out to be 9 + 11 +10 +8 + 9 + 9 + 2 = 58.

The GA characteristics that were used are shown in Table 5. These were the best but can be

changed as desired to suit other neural nets in the future.

GA CHARACTERISTICS VALUE
Crossover rate 60 %
Mutation rate 10 %
Population size 300
Mo of Generations 10
Wext Generation criteria Top 30 % ranked from previons generation
Crossover criteria Top 25 % has 75 % chance of Crossover

Table 5. CA characteristic

There are two optimization methods made available in this software. One is optimization just
based on skin and other, based on both skin and cost. The optimization objective function is
calculated using the following formula and GA minimizes this optimization objective function.




Shr— Sk, x Shin weight + Cost—Coast .
fir, — S, Cost_ —Cost

Cptinizanon Objactive Function= = Cost weight

Software compatibility and variability:

In the software user has been given many options to accommodate the particular situation that he
has and data availability if different from the data that we have used to verify the results from
this software.
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Fig28. Different options in the software that makes it versatile.

One of such variability introduced is that the software can use any other neural net if it is
required. The option menu of the optimization screen has the option to import any other neural
network. Plus, there is an option to select the available controllable parameters for the GA. For
example, if the user does not want to use or does not have foam and nitrogen, then he can
unselect them as shown in Figure 3.18. The length of GA will change according to the selection.

As the Neural Net has ‘Well-Test Type’ as its input, so the ‘Select Well-Test Type’ menu option
gives the user an option to choose the test the user wants the neural net to interpret the well-test.
With changing price of hydro-carbons, the petroleum industry is going through fluctuating
material cost. The stimulation material prices change frequently and are a factor of demand and
supply in that region. The software has the option to change the price of the stimulation material
before applying the GA to the available data.
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Analysis of raw data vs. refined data:

WELL TEST DATA
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Fig29. Data addition and refinement for well test data
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DATABASE & SOFTWARE

SOFTWARE BASICS
This software allows you to add/edit well data in the database and choose the data that you want
to look at, for a selected well. It also has a Well Test Analysis tool which calculates the well

deliverability parameters like n, C, Peak Day rate & Absolute Open Flow

The database for this software consists of five main tables

1. Well bore Data

2. Completion Data

3. Perforation Data

4. Stimulation Data

5. Well Test Data

6. Reservoir Characteristic Data

The APl number of a well is the primary key in this database so it must be known before adding
a record and cannot be duplicated

fe= assioraeesliaiaivasocces e iU TN DTty J \_ﬂa
Hopen B Desion Tnew | X | 2o T |EE|E
Cbjects Create table in Design view
1 Tahles | Create table by using wizard
.
_ETJ S ,J Create table by entering data
3 & Completion_Data
=5 F
nrms =] MaterialCost_Data
i Reports = Perf_Data
¥4 Pages 3 Reservoir_Data
2 Macros =1 stimulation_Data
= wellbore_Data
Modles il el Test_Data
Graups
%] Favoarites

Fig30. Screen shot of database showing different tables
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The software starts with the main menu screen with six options

Y¥ Gas Storage Technology Consortium E]

File Help

MAIN MENU

Edit Well Data Yiew Well Data ‘

Canditate Selection ‘

' ; West Yirginia University

7/28/2006 | B:03 A

Fig31. Main Screen of software

Complete list of items and sub-items in the above command buttons is shown below:
File
o Create Template
o Import Data from filled-out Template
o Remove all data from database
o Exit
Help
o User Manual
o Formulas
o About
Edit Well Data
o Well bore
o Completion
o Stimulation
o Perforation
o Stimulation
o Well Test
e Well Test Analysis Tool
o Reservoir
o Find a Well
View Well Data
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o Select State & county

o Select Wells

o Selection Options

o Select Well Data
Candidate Selection

File

The file menu can be accessed from the top left corner of menu bar. It contains four options.
0 Create Template

Import Data from filled-out Template

Remove all data from database

Exit

O OO

¢ Gas Storage Technology Consortium

FEE Help
Create Template
Import Daka from Filled-out Template
Remove all data from database
Exit

Edit Well Data Yiew Well Data i

Canditate Selection i

f West Virginia University

8/15/2006 e [ 256PM

Fig32. File Menu options
Create Template
By executing this option first the user need to select a location in hard drive in order to save
Template file.
Once the Template is successfully created in the hard drive, a message will appear indicating the
user that the template file has been created.

Following is the screen shot of the Template file showing the Well bore data.
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Fig33. Screen shot of Template file
It has six worksheets, each representing the table in the database of the software.
0 Well bore Data
Completion Data
Stimulation Data
Perforation Data
Stimulation Data
Well Test Data
Reservoir Characteristic

O 0000 o

1. These are the fields of the table. Each field represents one characteristic of the table and
each row is one record. If the user is not clear about any field, then he/she can drag the
screen cursor to that field name and the comment will appear like in the picture below
where it will give a little explanation, its format and an example so that the user
understands what sort of data to enter in each field

A B | ¢ | D
API_Number ie Kazim:
Unigue APL number of the well
Format: ##-###-F2844
Example: 12-345-67890

Fig34. Comments that shows format of some cells in Template Excel file

Fu | L | —
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2. This section has two sets of warnings for the user entering data. One is to not edit or

change number of Titles in all the worksheets or worksheet names and the other is to
add only unique 'API Number' in worksheet 'Well bore Data' and all dates in
worksheets where required.
This has been done as the data is retrieved from the template according to some
specific format and non presence of any data in elementary field might stop program
from using that record. All the elementary fields’ background is orange/red while
others are in green.

3. This section shows all the worksheets in the Template file.

Import Data from filled-out Template

¥ Gas Storage Technology Consortium

Fig35. Import data from filled-out Template
If this option is selected from the file menu, then the program will ask the user to select the filled
Template file from the location. The new data will be appended to the existing data.
Remove all data from database
If the user doesn’t want to append the data to the previous database but instead wants to up-load
a whole new data, then there is an option in file menu as highlighted in the snapshot below. This

option will remove all data in the previous database. After removing the data from previous
database, the user can up-load the updated data from the template or enter it in the software.

¥ Gas Storage Technology Consortium

Remove all data From database

Fig36. Remove all data from database
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Exit

The program can be exited by two options. One is to exit by using the file menu and selecting
‘Exit’ while the other is to select the cross on the top right corner as in normal windows based
applications.

¥ Gas Storage Technology Consortium E

Exit Options— | MAIN MENU

¥ Gas Storage Techrology Consortium

Edit Well Data view Well Data

Canditate Selection

“j: West Virginia University

815/2006 4:53 P

Fig37. Exit form file menu

Help
Another option that can be accessed from the menu bar on top of the main menu screen is the
Help menu option.

¥ Gas Storage Technology Consortium @

File Eg=st

User IV.Ian-uaI
Formulas E" M E " U

About

‘ Edit Well Data View Well Data I

‘ Canditate Selection I

; West Virginia University

weoos | e 1008 M

Fig38. Help menu options
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It contains three types of information one is the User Manual for this software and second is the
Formulas used in this software and third ‘About’ form which shows the system information and
software contributors. .

¥ &3

~ West Virginia University
Petroleum & Vatural Gas Enginesing

Fergion 1.0

GAS STORAGE TECHNOLOGY CONSORTIUM

Project: Gaz Storage Field Deliverability Enhancement
Product; Gas Starage *Wells information Databaze and Candidate Selection

Funded By: .5, Department of Energy

Contributors; Ok,
K.azim Malik, Bazi Gazkar, Shahab 0. Mohagheagh

Copyright: \est Wirginia University 2006

Fig39. “about” screen form help menu
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Edit/View Well Data

This screen has all the well data in the form of five tabs (for five database tables) that can be
edited / viewed or a Well Test Analysis can be performed in the Well Test tab.

b Gas Storage Consorkium

Xl

= =--- Main M
esewel |

| First Well IPreviuus Welll NeutWeII
[[]] |A_ddNew| Save I Undo I
APl Mumber Well Count
well 1 39 of 431 | Edit | Delete | Eind |

Wellbore T Cornpletion T Perfaration T Stimulation T Wwell Test

Latituude: |4E|_.T"43E|E

AP1WwellNo. [34.005-93933

Longtitude  [-52 2375 Operatsr  [Columbia Gas
Field Mame ILUC&S

Section |25

Wwhell Ma. 3939 ™D [ft] |23?‘9
Township  [ERMILLION
Lease Mame IM. A MAURE

Formati | i
County  [&SHLEND s o Clinton
Clazsification I—
ACTIVE
State IEIH

Fig40. Browsing through the well-bore data

| First Well I Previous Welll NE:H:I:'WE“ Last Well

i

To browse between different wells

To move to the first well, previous well, next well & the last well in the record, click on the
button assigned to it. The records are sorted in ascending order according to well number

APl Number & Well Count

(1]
APl Mumber Wwhell Count
Well # 39 of 431
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The progress bar shows the relative position of the record and well count shows the current well
position in the well bore database out of the total records. The API number of the current well is
also displayed

‘ < <--- Main Menu I

Back to main menu
Takes you back to the very first screen of the program

Editing Tools

|ﬂdd NEWI Save I Undo I

| Edit I QEIEI:EI Find I

These buttons will help you to add a new record, edit or delete it or find a well for which you
want the data to be retrieved if you know its API number.
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Different Tabs

WELL BORE:

‘Wellbore T Completion T Perforation T Stimulation T wWiell Test

Latitude |4D_?4SDE

AF1WellNo. 3400593329

Laongtitude |-82.23?5 Operatar ICc-Iumbia Gas
Field Mame ||_|_||:.-_\._5

Section |25

Well Mo, |3939 e 25
Township |VEF|MILLIDN
Lease Mame IM_ A MAURE Eornation -
e ASHLA_ND ICIlnton
Clazsification I—
ACTIVE

State IDH

Fig4l. Well-bore tab

This tab contains all the data pertaining to the name, location & some main features of the
current well.



COMPLETION:

el lbre: T Completion T Perfaratiot T Stirnulatiot T Wiell Test

| Completion # 4 of &

Field Mame LLCAS 0D [in] I?
Top [it I
wiel Mo, 7 P g

Biottam [ft] [75
Description Icaxing

‘weight [zt 17.00
[rate Tubing Run |1 1/241969
B Grade ISMLS USED

Next Eumpletiuné

First Completion I Previous Completion I Last Completion I

Fig42. Completion tab
This tab contains all the data relating to different completion run in the well.

To browse between different Completions

Nexk Eumpletiun} Last Completion I

| First Completion I Previous Eumpletiunl

To move to the first completion, previous completion, next completion & the last completion in
the record, click on the button assigned to it. The completions are assorted in ascending order
according to date tubing run for current well.
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PERFORATION:

Wellbore T Completion T Perforation T Stimulation T Wiell Test

| Perfaration # 2 of 3

Field Marme IW Perfaration Top [f] Ir
el Na. IW Perforation Battom [ft] Ir
Perfaration Type ISEt'T by Shot Type Im
Ferforation [1ate IE'SEDT Shats Per foot I'HJ—

MDD M

First perforation I Previous Perforation Last Perforation I

Fig43. Perforation tab

To browse between different Perforations

iNext Perforartion:

‘ | First perforation I Previous Perforation Last Perforation I ‘

To move to the first perforation, previous perforation, next perforation & the last perforation in
the record, click on the button assigned to it. The perforations are sorted in ascending order
according to perforation date for current well.
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STIMULATION:

Wellbore T Completion T Ferforation T Stimulation T Wiell Test
| Stimulation # 1 af 1
el Mo, |3932 Type IWater-N2 Flush [bbls] |3U
Size of Shing [in]|3_5 W ater [bbls] |5|:| Sand Guantity [bs] IBEIEIEI

StmFiom (M [zmos | | Acidlbbsl  [24 || SandType EZTH
stimTolt]  [zazs || Gel[bbk] [tzs | | Iniection Rate [bbls/mir] [z
MoofShots  [q3 || Foamlbll  [gaz | | Totsl Fluid [bbis] [zza87
Fractured by IW M2 [Mcf) |5|:|— Surmmary Total [bblz] IWE—
Date [ariaee || Mohollbbls] [zg || BeskedownPrlps] [2000

W DDA Cushion [bbls]  [z0 | | ISP [psi] [ioon

‘ First Stimulation IPreviuus Stimualtinnl Mext stimulation I Last Stimualtion I

Fig44. Stimulation tab

To browse between different Stimulations

‘ | First Stimulation || Previous Stimualtion | Mext Stimulation Last stimualtion

To move to the first stimulation, previous stimulation, next stimulation & the last stimulation in
the record, click on the button assigned to it. The stimulations are sorted in ascending order
according to stimulation date for current well.
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WELL TEST:

Wellbore T Completion T Perforation T Stimulation T Well Test Rezervair Char

| welTest # 3 of 9

Well Test Time [hs]  FieldPr. [psi] FlowPr. [psi]  Rate McfD] _
First Reading 0.75 [ 1030 | 560 [ 2028 Field Mame|LUCAS

SecondReading  [T075 [ 1020 B [ 1123 e e | I8

o TestDate [12/28/1333

ThidReading [ 075 [ 1015 [ o6 [ 1420 =S 12261193
|

04 BEE Test Tupe |puli-Paint

Extended Time | 2 |-||:|-|5

kh [rmd-ft] 44F MonD arcyCo-eff 3 DeltaP 2 [psi®] 250000 (% P[0 Rate
. 1 AOF
Skin 365 nWale 0630 PD Fate[McfD] | 1743 .5

True Skin | -2.5 CWalue 0.63641  ADF [McfD] G0E3 ) Al el Tests

| Well Test Analysis | _

| First WellTest | PreviousWeIITestI Next WellTest | Last Welltest |

Fig45. Well-test tab

To browse between different Well Tests

| First WellTest Previous WellTest Mext WellTest Last Welltest

To move to the first well test, previous well test, next well test & the last well test in the record,
click on the button assigned to it. The well tests are sorted in ascending order according to well
test date for current well.

Adding a new data
One can add a complete new well or just only a new well-bore/completion/perforation/

stimulation/well-test data by following method

Adding a complete new well data

1- Click on the Add New button @ while keeping your well bore tab as active.
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"1: Gas Storage Consortium

| ==— Main Menu I

| First Well | Previous Well Mext Well Last ¥Well

Ii | Add New Save Undo
AP Mumber Wwell Count
e || Adding Mew Wel-bore data | Edit I Delete I Find I

Wellbore T Completion T Perfaration T Stirmulation T Wiell Test

Latitude I—

AP well Mo, I—
Longtitude I Operatar I
Field Mame ||—
Section I—

Wwiel Mo, | WD [ft] |
Townzhip I
Leasze Mame I

Eon I— Formation I—
Clazzification I—
State I—

Fig46. Adding a complete new Well — well-bore tab

The following messages will pop-up. If you want to add the complete new well-bore data then
click No button b

If you don’t have the dates of Stimulation, Completion, Perforation & Well-Test data, then click

Yes ves | and then add them one-by one.

Gas Consortium ﬂ

@ Do wou want bo Add onky wWellbore Data ¥ Othenwise you must know the dates of Stimolation, Completion, Perforation & Well-Test

Yes | Mo I

Following screen appears if No is clicked:
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‘#5 Gas Storage Consortium

x|

| Z=-— Mamn Menu I

| First Well IPreviuusWell‘ Mext Well I| Last well I

Ii ‘ Add New I Save I Undo I
APl Mumber Wwiell Count
R sy e | Adding Mew wellbare data ‘ Edit I Delete I Eind I

Wwellbare T T Perforation T Stimulation T ‘Well Test

| Adding New Completion

Field Mame I— aD [in] I
Top [ft
Well No. e el I
Biattann [ft] I
Dezcrption I
wieight [bz/ft] |
Date Tubing Run I
Grade I

DD

First Completion IPrenriuus Eumpletiunl Mext Completion I Last Completion I

Fig47. Adding a complete new Well - completion tab

The background color of text boxes of all tabs including well-bore tab will be yellow indicating
that they are ready for entering data.

2- Enter the data in all the tabs. The dates for completion, perforation, stimulation & well
test job should be known.
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¥ Gas Storage Consortium x|
| First Well I Preyious WEII| Next wWell || Last Well I
Ii | Add New I Save I Undo I
APl Murnber well Count
| Adding Mew Well-bare data | Edit I Delete I Eind I
Wellbore T Completion T Perforation T Stirulation T Wil Test
Latitude |4|:|_;-'355
APPwellNo. 13545 57831
Longtitude |.32_252? Operatar IETNS
Field Marne ILUD’-‘-.S
Section |33
Well Mo, |5?331 TV D [ft] |-| non
Township IGHEEN
Leasze Mame IKAM
Farmnation i
County  [ASHLEND [Clntor
Clazsification ACTIVE
State IDH
Fig48. Adding a complete new Well — entering data for wellbore
"'g: Gas Storage Consortium ll

| First Well IPrevious WEII| Next Well I| Last Well I

Ii | Add New I Save I Undo I
AP Nurnber el Count
34-005-5 | &dding Mew Well-bore data | Edit I Delete I Find I
Wellbore T Completion T T Stirmulation T wiell Test
| Adding New Perforation
Field Hame [ Perfaration Tap [it] [1675
Wwiell No.

Perforation Type

Perfaration [ ate
bR ADD Sty

ITubing-Packer

IDS£2B£2DDE

Perfaration Batton [ft]

Shot Type |5'Ia’2"
Shots Per foot |2

|1B?E|

| First perforation I Previous Perfuratinnl Next Perforartion I Last Perforation I

Fig49. Adding a complete new Well — entering data for perforation
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1 "'F Gas Storage Consortium

= =-—- Main Menu
| First Well I Previous WEII| Next Well I| Last Well I

Ii | Add New I Save I Undo I
APl Mumber wéell Count
Adding New Well-bore data | Edit I Delete I Find I

whellbore T Caompletion T Perfaration T Stimulation T wiell Test

| Adding New Stimulation

Fluzh [bbls] I
Sand Quantity [Ibs] I
Sand Type I

Injection Fate [bbls.n"min]l
Total Fluid [bbls] I

el Mo, I— Type

Size of Sting [in]|3— W ater [bhls]
Stim From [ft] IF &cid [bbls]
Stirn To [ft] Iw Gel [bbls]

Mo of Shots IQD Foam [bbls]
Fractured by IKAM— M2 [ck] Summary Total [bbls] I

Date Igggzggzum Alcohal [bbls] Break-down Pr. [psi] I
IR ey Cugzhion [bbls] I ISIF [pi] I

LT

| First Stimulation IPreviuus Stimualtiunl Next Stimulation I Last Stimualtion I

Fig50. Adding a complete new Well — entering data for stimulation

"'F Gas Storage Consortium

== Main M
| First Well IPrevinusWeII| Mext Well I| Last Well I

Ii | AddNew I Save I Undo I
APl Mumber wiell Covint
SRR e | Adding New Wellbore data | Edit I Lelete I nd I

Wellbore T Completion T Perfaration T Stimulation T Well Test

| Adding New Well Test
—Well Test

ime [hrz Field Pr. [psi] Flow Pr. [p=i] Rate [MefD]
I I I Field M ame

Well Ho.

| | |
| | | Test Date [09/26/2005
| | |

First Reading

Third Reading

Test Type I

T
Second Reading I

|
Extended Time |

kh Imeh] | NonDarcyCoveff] DeltaP 2 [psiz] | @ el Test

C FD Rate

skin [ nvale | PDRateMeD] | | | Ola0F
True Skin I CWalue I AOF [MefD] I Show Chark

Well Test Analysis

| First WellTest I Previous WellTest I Next WellTest | Last Welltest I

Fig51. Adding a complete new Well — entering data for well test
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3- Click the Save button LT[

Result of adding of complete well data

V Gas Storage Consortium ll

<< --- Main Menu
| First Well I Previous Well| Next Well I| Last Well I

|A_ddNew| SAYE I Undo I

Wl Count
Wiell # 433 of 433

Qeletel Find I

Wellbore T Completion T Perfaration T Stimulation T Wl'ell Test

Latitude an_?ggs
Longtitude |-82.252?' Operatar IETNS

APIMwel Mo, [12.345 g7ag2

Field Mame ILUE.&S

Section |33

whell Mo, |5?352 D [f] |1E|IZID
Townszhip IGHEEN

Lease Name IK'&'M

Formation IEIinlon

Covirty IASHLAND

Clazzification I—

ACTIVE

State |g|-|

Fig52. Result of adding a complete new well

Warnings — If API Number is not entered

Gas Consortium

@ This APT Well Murmber is not walid - Enter again

Warnings — If APl Number entered is already in the database



Gas Consortium ﬂ

@ This APT Well Mumber is already in Database

Note: The dates for completion, perforation, stimulation & well test should always be
entered as the output of the software is directly dependent on the chronology of
events. The format of date is also specified for the user where required. A close
picture of that format is below:

Perforation 0 ate 1140641971

MDD A

You need to enter API well number only once in the well-bore tab and it will be automatically
copied in the rest of tabs and procedure is the same for editing. The format for entering well API
Number is:

AP well Mo, [92.345.67890

If wrong format or well API number is entered for a new well, then you will be greeted with the
following message

Gas S5torage Technology Consortium ['5_(|

L]
“ld‘) APT wWell Mumber Format is nok correct Correct Formak: 228-F3#-228s

Adding only well-bore/completion/perforation/stimulation/well-test data

1- Click on the Add New button @ while keeping that tab active for which
you want to add the data.

Only for well-bore tab following message pops up:
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Gas Consortium

@ Do wou wank ko Add only Wellbore Data ¥ Otherwise wou must know the dates of Stimulation, Completion, Perforation & Wel-Test

fes | i[e] I

Click Yes *= | button to add only Well-bore data.

The background color of all text boxes of that tab will be yellow indicating that they are ready
for entering data.

2- Enter the data. The dates for completion, perforation, stimulation & well test job should

be known.

3- Click the Save button LT[

Editing data
One can edit complete well or just only a new well-bore/completion/perforation/
stimulation/well-test data by following methods:

Editing a complete well data

1- Click on the Edit button while keeping your well bore tab as active.
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Following screen pops up:

Gas Consorkium

Select accordingly.

V¥ Gas Storage Consortium

Yes | i[e] I

| First Well IPreviuus WEII| Next Well I| Last Well I

ENENENNENNENENNENNNNENNNENED
APl Number

Well Count

Editing "Wellbore [ ata

|&ddNew| Save I Undo I

| Edit I Qeletel Eind I

Wellbore T Completion T Perfaration T Stimulation T Wiell Test
Latitude |4D.?385

APIwellNo. [12:345.67852
Longtitude |.32_252? Operatar IETNS

Field Mame ||_|_|m5|
IE?892
Lease Mame IK."—‘-.M

Clazzification I—
ACTIVE

wiell Ma.

Section

B
Township  [GREEN
[onianD
State fon

County

TD [ft]

I1EIEID

Formation

IEIinlon

Fig53. Editing well data

@ Do you wank ko Edit only Wellbore Data ? Otherwise vou must know the dates of Stimulation, Completion, Perforation & Well-Test
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i ¥ Gas Storage Consortium |

==———Main M
| First Well IPrevinus WE||| Mext Well I| Last Well I

|n_ddNew| Save I Undo I

Well Count
Editing "Wellbore Data | Edit | QeletE| Eind |

whiellbare T T Perfaration T Stirulation T Wwell Test
| Editing Completion Data

Field Mame LUCAS 00 [in] I
Top [it

el No. EETEEE 2l I
Battam [ft] I

Degcription I
Wweight [Ibaft] I

Date Tubing Run |g;25;20|:|5

MM/DDAYYY Grade I
First Completion I Previous Completion | Next Completion I Last Completion I

Fig54. Editing completion data

The background color of text boxes of all tabs including well-bore tab will be yellow indicating
that they are ready for entering data.

2- Enter the data in all the active tabs. The dates for completion, perforation, stimulation &
well test job should be known.

3- Click the Save button LT[
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Editing only completion/perforation/stimulation/well-test data

1- Click on the Edit button

edit the data except well bore tab.

while keeping that tab active for which you want to

Y Gas Storage Consortium x|
| First Well IPreviuus WEII| Next Well I| Last Well I
EEEEEEENEENENNNENENENNNEERER | Add New I Save I Undo I
AP Humber el Count
12-34567832 | Wwiell # 433 of 433 | Edit | Delete | Find |
‘Wellbore T Completion T Perforatian T Stirnulation T wiell Test
| E diting Completion Data
Field Mame I|_|_|m5 arC [in] |5
Top ft |
well No. iR op [ft] 1650
Bottom [ft] |1 Gan
Dezcription ISurfaceCasing
Wwieight [Ibs/ft] I
Date Tubing Fun /2642005
MM/ADDACYY Gl REd
First Completion I Previous Eumpletinnl Next Completion I Last Completion I

Fig55. Saving completion data

The background color of all text boxes of that tab will be yellow indicating that they are ready

for entering data.

Enter the data. The dates for completion, perforation, stimulation & well test job should be

known.

Click the Save button LT[
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Result of editing only completion data

V¥ Gas Storage Consortium

X

First Well

MNext Well I| Last Well I

APl Murnber wiell Count

Wiell # 433 of 433

|n_ddNew| Save I Undo I

| Edit I Qeletel Find I

“Wellbore T Completion T Ferfaration T Stirnulation T Wiell Test
| Completion # 1 of 1

Field Mame ||_|_||:'.f_-._5 00 [in] |5
Top [t

well No. =5 p [f] I‘I £50
Eiottom [ft] |1 £80

Description ISurfaceEasing
Wwieight [lbssft) I

[ate Tubing Run 9426/2005

MM/DDANYYY e k-5
First Completion I Previous Completion | Mext Completion I Last Completion I

Fig56. Saved completion data

Deleting data

One can delete complete well or just only delete completion/perforation/ stimulation/well-test

data by following methods:

Deleting a complete well data

1- Click on Delete button while keeping your well bore tab as active

Editing only completion/perforation/ stimulation/well-test data

1- Click on Delete button while keeping that tab active of which you want to delete

the data except well bore tab.
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¥ Gas Storage Consortium 5[

| First Well IPreviuusWeII| Next Well || Last Well I

|ﬁddNew| Save I Undo I

wWwell Count
el # 433 of 433 | edit | pelete | End |
whellbare T Completion T Perforation T Shirmulation T whell Test

| Perforation # 1 of 1

Field Home ILU CAs Perfaration Top [ft] I
WellHo. IE?BE‘2 Perforation Bottomn [ft] I
Perfaration Type I B T I—
Gas Consortium :
Perforation D ate IDS!2B£2DDE L
tk DD Y

First perforation I Previous Perl

Fig57. Deleting perforation record

You will be greeted with the above message to make sure that delete button is not accidentally
pressed.

2- Click on yes Ll if you want the selected record to be deleted.



Undo the edit/add operation:

To undo the edit or add operation before they can be saved click undo button

Finding a well

Follow the following procedure to find a well for which you have some idea of its API well
number:
Find

Click on Find button

The following screen is displayed:

[addhew| sove | wndo | Select ‘Find’ button
Edit Delete Find = - 7
e ¥ Type Well Number to find E!
Start Twping ‘Well Mumber
W

»

g —
- There are 430 Wels

¥ Gas Storags Technalogy Conaortium

| First well |mnw|wu| Nent Well E Last well | St M

L ] Al N I I
AP1 Number Yool Cound
WARZa 1 [eox [ ooete | e |

Weollboes | __Comolston |

Pedforstion | Stmudsior, | WelTest | Reserves Char

AP WelHe. [34500 02420

Lorgtiude |52 29 Cipmmt st Cokarins Goac
Fiekd e [[3CAS

Secton 7
welMe.  [i1imm ™M [Fm

Township  [HENOVER
Lease Hame [EDitta LaND

Fearnn.

County ASHLAND -
Clssslicabion. [y

Setn OH

Lokl [41636

Fig58. Finding a well
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WELL TEST ANALYSIS

To perform well test analysis on a well and draw graph of Peak day rate and Absolute open flow,
use the option / command buttons below:

(® PO Rate

) AOF

() Skin

0 Allvwell Tests

iShow | I

Fig59. Well-test Analysis Option in well-test tab

Peak day, AOF, Skin, and all well test graph

Select PD rate , AOF, Skin or All well Tests option button and then click on the Show

button

Sl : : : :
. The following screens will appear according to the option selected:
[ S GasSiorape e chnploEy Gonsoriun \_3
STIRULATION & WELLTEST DATA  WWELL # 34-139-34075
=== Peak Day Rate = Stimulation
5000
]
o 4000 5
& =
= 3000
st
= 2000 15
& -
1000
1]
= = = = - = = = — = =
£ &n £ B & = &n o B o 2,
— — — - — — e — — - (X3
= e =2 2 % -3 9 = =2 a =
b | (=11 o Cad — [ =] L=l -l (=2 (=2}
Date
Date Min |[5/11/1917 Date Max|7/1./2005 View

Close

MRS P

Fig60. Show Chart — Peak Day Rate
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S O S e e o O Oy S L |

STIMULATION & WELLTEST DATA, . WELL # 34-132-94075
= A0 = Stimulation
20000
]
B
o 15000
= -
=
S 10000 1w
=]
g 5000
=
0
& & 8 B 2 3 & g B 2
— — — e — — e -t — —
2 g g £ = g 5 = = =
= E=1] o Lo ka — [—J [T=] e | L=r]
Date

SoOTiD

Date Min |g/111917 Date Max|7/1/2005 | View

e e

Fig61. Show Chart — Absolute Open Flow

S Gasistorapes e chnpl gy Gonsorium
STIMULATION & YWELLTEST DATA : WELL # 34-135-94075

=== Zkin Value = Stinulation

0.0

fi

Lar=1"g
Lo
o

i
L=

05

CoEl len
EL 280
Pda] IEF]
L Ll
gﬂll'\l
T
11
TEOFTEL
ol Fod M-
AP RLF
LEEHLH
L]

Il

-1.0

0
=4

(=L ArAaria
L
L

OFELICD
VR THEF

L,
=

1.5

2.0

25

Skin Value

3.0

35

4.0 w

4.5
Date

Date Min [5/1/917  Date Max[7. /2005 View

Fig62. Show Chart — Skin




[,

S Gasistoras e e Chnpl oy Gonsori
STIMULATION & WELLTEST DATA : WELL # 34-139-94075
=me Cipen-Flowy == Zingle-Point == fAUi-Foint = Stimulation
o
=%
= .
= >
E
=
=
= = = — — [—] = = — = =
= i £ L = =1 en b £ = =]
— - ek — — - — - — — [
= w o o o ] o = o 0 =
a [ Py = n & -1 =] oo =1 =
- o w ) 4] - = w -~ = =
Well-Test Date
B t ;
Date Min |2/11/1917 Date Max|7.1./2005 | Yiew

wirerry ey

Fig63. Show Chart — All Well Tests

WELL TEST ANALYSIS TOOL

The user can do three types of Well Test Analysis in this software:
1- Simplified Analysis (for calculating n, C, PD rate & AOF)
2- LIT Analysis (for calculating Skin if ‘k’ is known)
3- Build-up Test Analysis (If Detailed Multi-Point Test data is available)
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¥ Gas Sierape Techmalogy Consortium

[ rirstwell [ previous wel| mestwel | vast wen | oo
' ] I I
AP B wed Counit

12567090 Wel 620l 432 | e | petete | pod |

Welbos |  Completion |  Pedosfon | Stomdstion | fwiell Teafl | Feservs Char

Welleit § 7ol 8
Pl et Tima FebdFr. [pa] FowPrpa]  Fesin[MoD)
it Feading s [ e [ 3@ Fieki HasnefeBLD
SecordResdey [ 075 | @0 GG &% WelHo. [1224 [ well Test Analysis
Thind Feeading | nms | 872 [ [&s Teit Date [7.12/2004
Estercied Timo = i [T &= Teat Type: [uitiFont

khimd#] [ 123 MonDacyCoe 1 DekaPifpei’] | 250000 i FD Rais
A
Sin [ 163 Ve [T0860  PORepcD) [ 606 =

Tinas Skin 1 W s (IE41T  ADF MeiD] 18853 Alwel Testy
wiell Test
| First WellTest |hrmmw=l'rut| mewt WellTest | Last Welltest [

Fig64. Well Test Analysis button

The analysis tools are very similar for Simplified and LIT Analysis except where mentioned. The
interface below will appear when you select ‘Well Test Analysis’ button. It will give you a

glimpse of what has happened on the well since it was drilled.
™ WELL TEST AMALYSIS --->> 12-345-67890
Well Tests) 1 Sienplified Analysis LIT Analysis

|&PI_Number  [Date |TestType  [kh

| Skin | PeakDavFiate| &0F | Detailed MP Data
 5/11/1965 Open-Flow -2.38 195

5M12/1965 Open-Flove
11/8/1965 Open-Flows
4181966 Open-Flows
4/24/1963 Open-Flows
9/29/1969 Open-Flows
7412/2004 Multi-Foint

Double click the well test in the Grid that you want to select for °Simplified Analysis’ or LIT Analysis
2 Single click in the 'Detailed MP Data’ column to estimate permeability for the well-test where "YES' is witten

—3— Open-Flow & Single-Point B Multi-Point W Setected Test — Stimlation

Heoe—fone

2
=
z
L
] 3
p4 e = p 2 e pt = - p =
= = = = = = = = = N =
S S < 2 2 2 2 2 g H 2
E g g S g - g g g

Wel-Test Dale

Fig65. Well Test Analysis Module

1. This section contains all the data in a grid form API Number, Date of well test, Test
Type, kh value, Skin value, Peak Day rate, Absolute Open Flow and information in
‘YES’ or ‘NO’ form if the Detailed Multi-point data (Pressure profile & flow-rate vs.
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time) is available for a given test or not. The back color of selected well-test is yellow
while of stimulation is purple. The first well-test is selected by default.

2. This section contains instructions as how to select well-tests for analysis. Single click on
any well-test will make it the current well-test with background changed to yellow and by
double click; it will be selected for Simplified and LIT Analysis. If the Detailed MP Data
for a well-test is given, then it can be selected for permeability analysis (build-up test) by
single click on the cell where ‘YES’ is written. This way the build-up test analysis
module will show up.

3. This section shows the time of different well tests which are indicated by three types of
markers and stimulations on a well which are represented by straight blue vertical lines.
The selected well have the similar marker according to its test-type but its color is dark
green.

Once any well-test is double clicked, it is selected and added in the list box of simplified and LIT
Analysis.
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Simplified Analysis:

The screen shot of Simplified Analysis tab is below with Well-test # 2 to # 7 selected for
analysis.

1.

¥ WELL TEST AMALYSIS --->> 12-345-6 7890
Well Tests T Simplified Analysis LIT Anabpzis

Selected Well Tests

W) 20 12-345-67890 - 5121965 ¢ DpenFlow
W 3 12-34567890 - 1181965 : Open-Flow
v 4 12-34567890 - §18/1966  OpenFlow
o 50 12-345 - 4/524N : Dpen-Flow
o B 12-345-67890 - 972911969 | Dpen-Flow
7 12-345-67890 - T2/ 2004 | Mub-Poant

log Delta-P sgr
A
()
o

log Rate (McfD)

Il'-'lemova Points Ilir:aEl:P:i:u__n_j:E}}E Clear === o= SO | << Calculate n |

well Deliverability Parameters Calculated from above value of "n '

Selected Well-Test C value | PDrate [McfD] |  ADF [MciD] ~
3 =
o | o
| Save Results I Calculate C, PDR , AOF |
—p— Open-Flow &  Single-Point B Multi-Poink O Selecled Test == Stimudationd

a

=

-

: =8
(=] =1 (=3 2 — — (=] =] (=3 [=] <
= = = = = B e = = = =
= = = & = = = B = 5 2
4 E3 " & 2 z 2 =4 &1 =) &=

Wel-Test Date

Fig66. Well Test analysis tool

This section contains the list box which has the entire well-tests selected for an analysis.
Any test now again can be selected or de-selected by using the check-box in front of it.
Once the well-tests are selected, then they can be drawn on log-log graph of Flow-rate
(McfD) vs. Delta Pressure Square (Delta P sqr) by selecting the ‘Draw Points’ button.
This graph can be cleared by selecting the ‘Clear>> button also if the well-tests drawn
need to be changed.

Once the data points have been drawn, the user can draw a line in the picture box keeping
left mouse button held down like shown below:
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nplified Analpziz

=
w e
o 7
&
= 7
=
=
log Rate (Wcil)
Shopeofline J[——m—rs "
n= 127220432 I Frel a2 I

Fig67. Draw a line and calculate the slope

Select ‘Calculate n’ button to find the slope of the drawn line. The slope will be

calculated in front of ‘n’ text box.

Now the user can select the well-tests that he/she intended to the simplified analysis on
them. Then a line should draw based on the selected well tests in the picture box (Figure

68). The slop (n) will be calculated by mouse clicking on the “Calculate n”” Button. The
values of C, Peak Day Rate and Absolute Open Flow will be calculated and shown in the
grid as shown in the picture shot on next page. These results can be saved in the database

by selecting the ’Save’ button.
Y WELL TEST ANALYSIS -—->> 12-345-67890
‘el Tests 1

-BM2M9E5:
-11/8/1965:

Open-Flow
Open-Flow

| 20 12-345-67830
| 3:12-345-67830

T e [ S oy
51234567330 - 4/24/1363 : Open-Flow
6:12-345-67890 - 9/23/1969 : Open-Flow
71 12-345-67830 - 741242004 : Multi-Point

LIT Analysiz

lag Delta-P sgr
o

g log Bate (MciD)

Slope of line

<« Calculate n

Aemove Points | Draw Points = Clear == n= 13700437
H o of "y !
Selected Well-Test C value | PDrate [MciD] |  ADF [MciD]
2 12-345-67890 - 51241965 : Dpen-Flow 0.00022281 7029 1641 1365
3 12-345-67890 - 11/8/1965 : Open-Flow 0.000219591399 1618 1ME7

el ITEEE

Save Results

Calculate C, PDR , ADF |

Fig68. Simplified well test analysis tool
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Note: If there is only one well-test before or after the stimulation, then the value of n can be
assumed and written in the textbox in front of label ‘n’ as shown in the picture below. The value
of ‘n’ cannot be assumed for more than one well at a time so if there is more than one well-test
for which the value of ‘n’ has to be assumed, then they should be selected one by one.

¥ WELL TEST ANALYSIS --->> 12-345.67890
Wel Tests | Simphified Analysis LIT Analysis

Selected Well Tests

2 1224567890 - 5/12/1965 : Dpen-Flow
3 12-34567890 - 11/8/1965 : Open-Flow
4 ;1224567890 - 4/18/1966 ; Dpen-Flow
5
&

11234567590 - 4/24/1369 : Open-Flow
: 1224567890 - 9/29/1963 : Open-Flow

71123456

7350

=

: OpencFlow

log Defta-P sqr

7 log Rate (McfD)

Aemove Points | Draw Points = | Clear == | S= S!Inpe e [ << Calculate n

Selected Well-Test PDrate [MciD] ADF [McfD]
1:12-34567830 - 5/11/1965 : Open-Flow 0000781533248 195 1034

Fig69. Simplified well test with one well test before or after stimulation
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Laminar Inertial Turbulent (LIT) test Analysis:

The screen shot of the LIT analysis is below:

¢ WELL TEST ANALYSIS --->> 12-345.67890
Woell Tests [ Simplified Anabyzis LIT Analysis

Telected well 1ests
v 2. 1230567890 - 571271965 Opentlow 3

v 30 12-345-67890 - 11/8/1965 : Open-Flow
4: 12-345-67890 - 44181966 : 0 pEﬂ-Frgw

v 50 12-345-67890 - 4/24/1969 : Open-Flow
¥ 2 12-385-67390 - 71272004 . Muli-Pont

@ 2 %

log Delta mip)- bg2

log Rate (MMciD)

I Remove Points | Draw Points > > Clear >>

TIT Parameters Calculated

Selected Well-Test Al | klassumed) | Skin
00252621877 12.3 41124

Save Results

Fig70. LIT well test analysis

1. This section is the same as for Simplified Analysis.

2. In this section, the well-test points are drawn on log — log plot of ‘Flow rate (MMcfD)
vs. Delta pseudo pressure — bq”’ . There is no need to draw a slope line in this plot.
Instead, the points can be selected by visual inspection that they form a straight line
and that they were conducted preferably within 2 years. In the snapshot above, well
test points 2,3 and 5 have been selected to calculate Skin.

3. When the ‘Calculate’ button is pressed, the program uses the permeability value ‘k’
from the nearest well-test and calculates skin. The new value of skin can be saved in
the database by selecting ‘Save Results’ button.

Note: Multi-point test points give erroneous calculations if selected with other well-tests as they
are recorded one flow after another simultaneously, not like Open Flow and single point tests,

which are recorded once a year.

If the selected well-tests are not within 2 years, then the following message will appear giving
the user choice either to select other well-tests or continue with the well-tests selected.
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WELL TEST AMALYSIS --->> 12-345-67890

\ ? ) The time between the well-tests is more than 2 vears, Do you wank to continue 7

Build-up test Analysis:

If any Multi-point well test has a detailed data (pressure and flow-rate profile vs. time), then the

‘Detailed MP Data’ column in front of that test will show “YES’. It means that the data for this

well-test can be analyzed to estimate a value of permeability.
& WELL TEST ANALYSIS --->> 12-345-67890

e

Well Tests Simpified Analysis LIT Analysis
AP1_Number | Date [TestType [kh  |Skin  |PeakDayRate| A0F | Detaied MP Data
155

1] 1234567830 5/11/1965 OpenFlow

-2.98

12.345.67890  5/12/1965 Open-Flow
12-345-67890  11/8/1965 OperrFlow
12-345-67890  4/18/1365 Dpen-Flow
1234567830 4/24/1369 OpenFlow
12-345-67890  3/29/1363 Open-Flow
12-345-67890  7/12/2004 Mult-Poirt

Double click the well test in the Grid that vou want to select for 'Simpliied Analysis' or ‘LT Analysis’
Sinale click in the 'Detaied MP Data' column to estimate permeability for the well-test where “YES" is wiitten

—¥— Open-Flow ® Single-Point B Mutti-Point O Selected Test s Stimulationt

L L

=

i

-

@ r

o= 1= )
= = = = - - = I = =] &
o & o ] o s = @ &= m =
= - = = = = I - = 5] wa
£ g ] ' ] £ g & g g g

3 -

Well-Test Date

Heading the Data

Fig71. Multi point well test analysis
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If the cell with value ‘YES’ is selected the software will read the data from the excel file and
progress bar will become visible like in the picture shot above showing that the data is being
read.

After the complete data has been read by the software, the following screen will appear showing
the pressure profile of the well-test.

N: WELL TEST ANALYSIS ---==>12-345-67890

Input Data
tp [floweproduction time] hrs 2 Temperature [F) 75
Whellbore B adiug [ft] 1R Specific Gravity 0585
Parosity (7] 014 Thickneszs [ft] 10

Pressure

Time (hrs)

Select the Extended Buid-up Test with left mouze button down

Fig72. Well extended pressure profile

All the Input data is retrieved from the database and if it is not found, then default values are
inserted. The value ’tp (flow/production time’ is 2 hrs by default but can be changed by the user.
The Extended build-up test for 2 or more hours should be selected by keeping the left mouse
button down. The green lines will indicate portion of build-up test selected.
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& WELL TEST ANALYSIS --->> 12-345-67890

input Data Permesbilty Analysis
tp [Aow/production time] hrs 2 Temperature [F] 75
Wellbare Radius [ft] 15 Specific Graviy 055
Porosity [%] 014 Thickness [ft) o

Pressure

Time (hrs)

Select the Extended Buid-up Test with left mouze button down

Fig73. Selecting the build-up section from pressure profile

If by mistake draw-down data is selected, then the following message will appear informing the
user to select build-up data again.

-
- | } Select Build-up Test
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After the portion of build-up data has been correctly selected, the permeability analysis tab will
show following graphs. The first one is the log-log diagnostic plot between ‘Del Pressure’ and
‘Del Time’. The user should select the first point which does not fall on the unit slope line drawn
by holding the left mouse button down. The initial pressure ‘Pi’ and flow rate text box values
will be selected from the build-up portion of the extended well-test selected. The graphs will be

drawn again with a green line drawn on the Horner plot indicating The End of Well-Bore Storage
(tewbs).

¢ WELL TEST ANALYSIS --->> 12-345-67890

Input Drata Permeability Analysis
Diagnostic Plot

e

-~

Select the first point
which does not fall on a
unit slope line

Log Del P

Del T (hrs)

Click the firzt point which does not form a unit slope line
Pi [psil |71967 Flows Rate McfD] |25

| Redraw Diagnostic Plot

Horner Plot

a1}

=

o

o

z

o

= Slope shquld be drawn to

o - . .

& the left of this line

Lag Harner Time (hrs)

Gl ] Ii Draw slope on the left side of green line | e T T,
Permeability [md] Skin | |I3Ia|::ulate 5kin| Save |

Fig74. Diagnostic plot analysis

The slope should be drawn on the Horner plot on the left side of the end of well bore storage line
shown in green on Horner plot.
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V WELL TEST ANALYSIS --->=> 12-345-67890

Input Data Permeability Analysis

Diagnostic Plot

Log Del P

Fi lpsi] {71967

o
IIIII -
Del T thre)
Click the first point which does not form a unit zlope line
Flow Rate [McfD) [g25 Redraw Diagnostic Plot

Horner Plot

Draw Slope by holding left
mouse button down

a1}
=
(]
o
a1}
=
(=]
=3
= .,
b "o, .
o Press after slope is drawn
Log Homer Time (hrs) l
S T Diraw slope on the left zside of green line ‘ Redraw Lorner Plot

Permeability [md) |10 82

Skin[1.719

Claculate Skin Save

Fig75. Calculating skin from Hornet plot

After the slope is drawn, the user can select ‘Calculate Skin’ button to find the skin of the well.
The respective graphs can be redrawn any time by selecting the ‘Redraw Diagnostic Plot’ or
‘Redraw Horner Plot’.

The value of permeability and Skin can be saved in the database by selecting ‘Save’ button.
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SELECT WELL DATA

In this form the user can choose to select the data of the wells that he wants to look at. Following
are a few ways he can choose the data:

Selecting a well by State/County:

The user selects the state first and then the county. All the wells will be selected for that county
in the selected wells list box:

—SELECT

COUNTY

ASHLAND

RICHLAND

Resekt

~SELECTED WELLS

APl Well Humber

] 24-005-01272
[[] 34-005-02420
[] 34-005-02857
[]34-005-02883
[]34-005-02337
[]34-005-0230
[ 34-005-02307
[] 34-005-02309
[] 34-005-02911
[[] 34-005-02960
[[] 34-005-10044
[]34-005-10516
[] 3400510517

Select All |

Fig76. Selecting Ohio County

Selecting wells by stimulation year:

The user can select the option button for stimulated year and input the year values. If Select

Wells button I

Select Wells!

these years will be shown in the selected wells list box

J 1s clicked, then all the wells that have been stimulated between
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V Gas Storage Consortium

SELECT WELL DATA

—SELECT
STATE

COUNTY

—SELECTED WELLS —————
APl Well Humber & Year of Stimulation

[k 996
[[]34-005-93872, 1995
[[] 34-005-60265, 1535
[[] 34-005-20407, 1592
[[] 34-005-60230, 1994
[[1 34-005-60248, 1536
[[134-005-60243, 1996
[[] 34-005-60263, 1993
[1 34-005-60250, 1536
[[] 34-005-22487, 1593
[]34-139-20515, 1593
[134-005-22579, 1534

<<-- Main Menu

| Select Well Data I

—SELECTION OPTION

(+  Stimulated between year |1 g9z  and [1935

8 I Krn Off-set Wells

| iselect wells! I

Selecting offsets wells form a well:

Fig77. Selecting wells according to stimulation year

The user selects the offset option and the well near which he wants to find the off-set wells, and

then enters the distance of off-set in kilometers. If Select Wells button is clicked, then all the

wells that are off-set of the selected well will be shown in the selected wells list box

"'8: Gas Storage Consortium

SELECT WELL DATA

'+ ~SELECT
I STATE

Reset I

COUNTY

—SELECTED WELLS
API Well Number
[] 34-005-01272
34-005-02420
[]34-005-02887
34-008-02897
34-008-02901
[]34-005-02960
[]34-005-10977
34-005-11052
[]34-005-93963
[]34-005-95839
[] 34-005-96225
[] 34-005-97782

=<-- Main Menu I

| Select Well Data I

—SELECTION OPTION

| Select Wells I

= Stimulated between year I and I
i |2 K Off-set wells

Fig78. Offset wells
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Display the selected wells data:

When the wells for which the user want the data to be retrieved have been selected, click the

Select Well Data button |

Select Well Data

| and select the parameters.

Table Names

¥ Gas Storage Technoloav £=5aortium

WELL BORE DATA COMPLETION DATA PERFORATION DATA STIMULATION DATA WELL-TEST DATA RESERVOIR DATA
v/ FigldMame 3 & || TestDate A i
el DT mBun Ferflr ate SkimFram = v TestType
Lease ame oo PerfTop StmTa v Timel Temperature
Classific:ation TopCasing PerfBottam MalfShats | FieldPresz1 GasGravity
| Lat Bt ShotType Fracturedby v FlowingPress1 Thickness
v EC | 1o ShotPert Type -
Section Grade ShimDate TimeZ
Township Wwater FigldPress2
Caty Aid Field12
State Gel RateZ
Operator Foam Time3
Taotalerticall epth Mz FieldPres:3
Formation Aleohal FlowingPress3
Cushion Rated
Fluzh TimeE stended
D S andQuantity i FieldPressExt
FlowingPressExst
InjecT R ateE st
W \TotaIFIuid -~ __‘N*
Select all well-bore | | Select all Completion | Select all Perforation | | Select all Stimulation | | Select all WellTest | | Select all Reservoir
| << Select Well | Beset I Show Well Data |

Fig79. Selecting Well Parameters

Click Show Well Data to retrieve the data.
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Gas Storage Technology Consortium

SELECTED WELL DATA
AP|_Mumber | FieldMame [ Lat [Long [TestDate  [TestType [ Timel | FieldPress1 | FlowingPres| Ratel
12-34567830 | ABCD 2062222 -B2.27472 972941963 OpenFlow 1138 0
12-345-67890 | ABCD 2062222 -B2.27472  4M8/1966  OpenFlow E73 0
12-345-67830 | ARBCD 2062222 -B2.27472  11/841965  OpenFlow 1070 i
12-345-67890 | ABCD 2062222 -B2.27472  BM2A1965  OpenFlow £33 0
12-345-67890 | ABCD 2062222 -B2.27472  BA1A1965  OpenFlow 465 0
12-345-67890 | ABCD 2062222 -B2.27472 472441969 OpenFlow 522 0

12-345-67330

ABCD

2062222

-B2.27472

7/12/2004 | Multi-Paint 0. 230 246

<< Select Parameters Export to Excel

Fig80. Result of the wells & parameters selected
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CANDIDATE SELECTION

This module will appear on selecting the ‘Candidate Selection’ button from Main Menu.

¥ Gas Storage Technology Consortium gj

File Help

MAIN MENU

@

‘ Edit well Data Yiew Well Data

‘ Canditate Selection

2

’ :j:: West Virginia University

#428/2006 203 AM

Fig81. Start Candidate Selection form main screen

For intelligent candidate selection of wells, it is very important that only valid data is given to the
Neural Network (NN) for training. Valid data is one which will not degrade the performance of
the NN and is useful in NN training.

¥ Optimization E
Cptions
Ho. [API_Mumber | FieldMame [wel | LeaseMame | Clagsificatior| Lat | Long | Section |
i ] 12-345-67830 fARCD 11234 e SPECIAL 7752222 TT2RAY2 10
| 34-005-10517 10517 L. &E. JENF ACTIVE 70333 .285 3 b
| 8 34-005-10527 10527 E. M. DAHL ACTIVE 7075 28833 N
| ] 34-005-10549 10543 ZADA GUTEH ACTIVE 58472 e 17
| 34-005-10552 10552 W C. SCH& ACTIVE 71222 22444 1
E 34-005-10575 10575 ZELLABITT ACTIVE 70972 2828 N
| 34-005-10857 10E57 JOHM THOE ACTIVE 54472 J30E1 32
B 34-005-10676 10676 BERMARD | ACTIVE 1 59833 29806 9
| 3 34-005-10795 10795 ROGER F. £ ACTIVE 74883 27227
flo | 2400510838 10293 FORESTE. ACTIVE 72778 30345 32
i1 | 2400511023 11023 OHIOFUEL ACTIVE 72778 3277 A
iz | 3400520202 7359 E. HUMGEF ACTIVE 57634 33667 13
iz | 3400520370 8549 H. D. KEYSI ACTIVE 36917 337 19
i+ | 3400520373 8538 ESTHER Hl ACTIVE 57861 A3E39 19
fi5_ | 3400520388 837 C.C.LEIBO ACTIVE 71806 31194 5
I1FCI WNNR20R1T Tavn w- RO47 b HIMNFE # 47T _.. FPRAT I 4
R E— _PI
Type of Analysis Optimization Method
= all'wels (® G4 based on Skin 3
Apply GA
) Single Wl ) GA based on Cost &nd Skin -
m ,_ l_ £¢-- Main Menu

Fig82. Candidate Selection main screen
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When this module is loaded, each row in this section of the grid represents a valid
stimulation as shown in figure above. Following, is the criteria for valid stimulation
selection:

Valid Stimulation — It should have skin value before & after stimulation.

Valid Perforation — Perforation just before the stimulation.

Valid Completion — The smallest size completion run before stimulation.

Valid Well-test — Well-test having skin value just before or after the well-test.

Two types of analysis can be done on the wells: One option is to apply Genetic
optimization on wells one at a time and the other is to apply it on all wells. If the ‘All
Wells’ option is selected, then the ‘Select Well” button will be enabled and the user can
select the well the same way as shown in the previous section of the user Manual for —
Find a well.

:W: Type Well Number to find E|

Start Twping *well Mumber

Type of Analyziz 00510517

0 Allwells / 24-005-10527
®Sinaie v 34-005-10549

34-005-10552

34-005-10675
I Select Well I 34-0058-10657
34-005-10676

34-005-10795
34-005-10532
34-005-11023 %

Double click to zelect

| There are 81 Wells

Cancel

Fig83. Selecting a well for candidate selection process

This section of module relates to the Optimization methods available. User can optimize
the stimulations according to only change in skin criteria or may choose to select the ‘GA
based on cost and skin’ option where he/she can give different weight ages to cost and
skin.
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Optimization Method
(" GA bazed on Skin

(W34 bazed on Cost And Skin

Cost Skin I_
‘wieightage % a0 ‘wieightage % a0

Options Menu:

This software can cater for many varied situations. These options can be selected from the
‘options’ menu bar on the top of the form. It contains following items:

Select controllable parameters
Material cost

Import NNet

NNet Input values

GA characteristic

Export the Grid to Excel
Select Well-Test Type

Following is a screen shot of the items in the Options menu tool bar.

Optimization

Cptions
Select controlable parameters fell
Material Cost P34
Irnport Miet 0517
MMet Input Yalues 1527
5A Characteristic D543
Expark the Grid To Excel D552
Select Well-TestType D575

e e Rt o

Fig84. Options to control Candidate Selection process

Material cost can be changed by the user as the prices fluctuate. These prices can be saved in the
database by selecting *Save’ button and Default values can be retrieved by selecting ¢ Default’
button. The screen shot of material cost is shown below and price is just an estimate and can be
changed by user.
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¥ Material Cost

Cost

Water Injection %/bbls 23.1

Acid $/bbls
Gel $/bbls  |3970
Foam %/bbls
Nitrogen %/ Mcf

=

T

Sand Quantity $/lbs
Open Fow Test $/Job 10000
Single Point Test $,/Job 5000

Multi Point Test $/Job  |10000

Save Default Close

Fig85. Cost analysis module

Mo, |API_Mumber [Lat [Long [ ater [ cid | Gel | Foam [n2 | SumFluids | SandQuantil| Priorkh | After TestTy
1 12-3451 ] 222 i 172 255 12 131 0 50 12100 123 Open-Flow
2 34-00%- ] 333 i 255 1.2 13 0 o0 12100 123 Open-Flow
3 34-005- ] 4 133 295 2.4 136 16 80 13600 335 Open-Flow
4 34-005- ] 172 i 1.2 75 0 0 5000 378 Open-Flow
@ 34-005- ] 222 144 265 24 140 0.2 ] 13650 100 Open-Flow
5 34-005- ] 372 B 255 1.2 130 0 45 3500 5233 Open-Flow
T 34-005- ] 172 10 48 375 01 126 13100 362 Open-Flow
8 34-005- ] 333 06 234 24 129 0.2 &0 11000 210 Open-Flow
3 34-005- ] 383 72 0 48 155 0.3 837 13300 557 Open-Flow
10 [34-005- ] 77s 5 0 24 435 01 75 24400 1374 Open-Flow
11 [34-005- ] 77s w7 5 435 01 75 20000 288 Open-Flow
12 [34-005- ] 394 w70 a 0 0 0 2000 793 Open-Flow
13 [34-005- ] 317 B0 1.2 24 0 2000 134 Open-Flow
14 [34-005- ] 361 33 0 1] 0 0 0 2000 120 Open-Flow
15 [34-005- ] 306 194 0 1] 0 0 0 1700 141 Open-Flow
16 [34-005- ] 383 |3 0 1] 150 0 0 2000 1210 Open-Flow -

Fig86.Inpurs that used to train the Neural Network

If the user wants to look at the Neural Network inputs being used, then ‘NNet Input’ option will
take the user to a new form as shown above where all the inputs are shown. Keep in mind that
this grid can only be seen once and that only after the Genetic optimization has been applied.

If some material is not available for stimulation, then still the user can optimize the stimulation

by de-selecting that material from the ‘Select controllable parameters’ option. The materials not
enabled are the ones that are not being used by the Neural Network in use.
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Select controlable parameters
according to availability

[ [v Foarn
v ater [w M2
v Acid [

v Gel

-
[w SandQuantity [
-

Close

Fig87. Select the controllable parameters in optimization process

A new Neural Network can be used if the data is changed or appended by importing its ‘ida’ file.
When a new Neural Network is imported, it might change the optimum GA parameters. The user
can change them from ‘GA characteristic’ option. The default values are always loaded at startup
as shown in figure below but can be changed by user.

GA Charaterictics

Population Size Iﬁ
Cross-over Rate % [en
Mutation Rate % [10
MNoof Generations  [1g

Cloze

Fig88. Setup GA pentameters

If one of the Neural Net inputs is well test before stimulation, the type of the wells test in
optimization process should specify here.

Well-Test Type
{* Open-Flow
" Single-Paint
" Multi-Point

Fig89. Type of the wells test in optimization process.
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When all the parameters for GA have been selected and user selects the ‘Apply GA’
Apply GA

button, then the screen below will appear showing the values of optimized
stimulation slurry and change in skin due to this stimulation. The picture below shows the GA
optimization done on well # 12-345-67890.

Opkions
3 Lat [Long  [wiater  [Acid |Gl [Faam [Nz | SumFluids| SandQuai| Priorkh [ After TestTyy| GA After-Skit| GACost | Del Skin
1| 2082 227 203 11 2437 165 29022 24848 3B275 123 1 -4.301 834678 1.821
-
Kl

<¢<-- Back / Stop

GA OPTIMIZATION : WWELL # 12-345-67890

- 4332 - 4392
- 4452 - 4452
- 4512 \\\ 4512
- 4572 - 4572
_ -4E3 fim 4532
483 - 4602
- 4752 = - 4752
- 4812 = - 4812
- 4872 - 4872
- 4932 - 4932
- 4932 - 4932

Fig90. Optimization process for one well
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If the optimization is applied to all the wells, then we can rank the wells according to the change
in skin by selecting ‘Rank the wells’ from Options menu bar on the top left corner of the form as
shown in snapshot below.

Y Candidate Selection

Options
| [water  |acid  [Gel [Foam  [M2 | SumFluids| S andQual| Priorkh [ After- TestTyy| Ga After-Skit] GA Cost_ [ Del Skin
7 7 675 1134 12185 163 25277 14157 4697 123 1 5.024 458092 -2.044
e — 0E8 1052 161.08 17 16204 17397 510763 295 1 -4.959 BO5277) 11013
3 = 32 338 617 15375 165 27294 16495 G340.51 kI 1 5.043 575179 13871
4 71 2 405 11.21] 10203 003 4603 118.32 2383562 100 1 -4.457 309857 17965
5 71 25 10.8 571 7R45 17 20596 96EE 320767 5233 1 -4.882 01995 12657
5 B4 ki 0 957 12447 17 31543 13584 0A063 352 1 5.048 470431 09724
7 07 23 1218 645 23481 163 13755 25506 11742 210 1 .04 G55E0E) 14872
8 75 27 27 814 1025 167 16348 11502 786693 557 1 4,797 87383 05144
9 73 31| 27208 1189 4345 003 356438 7186 2864971 1374 1 5782 1598780 -0.859
10 73 n 27 1135 13283 163 22757 14858 111546 288 1 5.042 495185 -1.0263
i 5B ] 10.8 245 189.32 17 247.01 20427 240708 7a3 1 .05 G945 -0.7E01
12 &7 3 5.4 257 21128 1.7 19516 22095 1819.95 134 1 5.043 774901 -1.5019
13 5B 34 1148 a7el 2180 17 41.05 23504 510763 120 1 5.043 73018 -1.654
14 72 ki 81 Ol 21128 169 109.45 22807 217221 141 1 5.039 FT0S0E  .0117
15 7 32 10397 1188 44662 04 3644 BE2E7 2964775 1210 1 5E99 1B37575 26374
16 72 x| 873 955 144.34 164 17788 16432 5938.26 233 1 5.043 536300 14835
17 73 K] 27 775 18252 167 22325 194E3 146771 401 1 5.026 673442 11274
ﬂ 1a e 7 | 180 2R 11 32 447 71 nR2 ART 9R FAN A3 290R0 R7 1770 1 -RAF? 1R4ARATR -1 ane?

Fig91. Optimization result for selected wells
The wells are ranked according to change in skin as shown in the figure below. These ranked

wells and the optimized stimulation data now can be exported to excel by selecting ‘Export to
Excel’ in the Option menu of Candidate Selection module.

Wells Ranked according to Change in Skin

V Candidate Selection

Options

No. Lat [Long  [water [Acid |Gl [Foam  [N2 | SumFluids| SandQua Priorkh | ARter-TestTyg| Ga After-Gkir| GA Cost | Del Skin
64 171 36 0 303 2437 167 2665 24841 369853 957 1 5.049 882874 6,459
35 167 23 1.35 584 16421 17 23477 1731 E810.18 105 1 5.046 E107494 28672
15 173 32 10397 1188 #46E2 04 3644 5287 2964775 1210 1 5693 163757 26374
43 166 23 203 165 19245 169 33343 19782 17613 3087 1 5.048 713794 22202
65 171 37 20457 1187 4712 019 34273 E87.62 2934123 1712 1 5879 1727329 21033
1 07 28 675 1134 12185 163 25277 14157 46967 123 1 5.024 458093 -2.044
61 171 36 14246 1175 50781 007 34712 BE209 2835616 1880 1 5834 1855764 20423
69 171 35 7.43 926 22273 169 7202 24116 410.9 576 1 5,048 80941 20098
7 171 34 0 652 23481 1.7 15051 24304 146771 100 1 5,047 956434 19297
24 0.7 23 7.43 269 21233 165 8498 22409 339217 100 1 5027 774084 -1.8304
18 174 31 18026 1133 44871 053 36295 640.83 2906067 1770 1 5872 1646979 18082
4 17 2 405 1121 10303 003 4609 11832 2383562 100 1 4,457 389854 17965
[ 172 36 26128 1185 45603 11 3536 73027 2612524 1317 1 5747 1673867
59 1.74 il 338 882 17208 166 25598 16869 228963 117 1 5 B4007
19 172 23 1.35 37 20553 167 27222 21226 0 122 1 5,024 75735
3 168 34 1148 a7e  218.08 17 4105 23504 510763 120 1 5,043 79301
7 1.69 23 3.38 244 26515 167 14187 27283 11742 209 1 5,045 96381

ﬂ n 1RR W nRRA nna 243 R9 17 RRRY 4R N4 34 AR R 1 R N4q 17240Mm

Fig92.Rank the optimization result based on delta skin in order to find the best candidates
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CONCLUSION

The main aim of this study was to find the re-stimulation candidate wells with the given data
without trying to spend thousands of dollars on well-test and gas reservoir simulators. Detailed
analysis of well-tests performed on the storage field was done and intelligent tools like Neural
networks to predict the Skin and Genetic Algorithms were used to optimize the stimulation and
to select the best stimulations for a well. The following conclusions can be drawn from this
research:

1. The Artificial Intelligence Tool can predict Skin with high degree of confidence.

2. The Portfolio Management for re-stimulation candidate selection provides a cost
effective method for taking full advantage of annual budget for remedial operations.

3. This software is the first successful attempt to combine Data editing, Well-Test
analysis and Artificial Intelligence in one software package.
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