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1. Introduction 

Users not wishing to read the User's Mmual um go directly to Section 3.2 - M S T ' G  
CTLIFE2 (Page 3-3) to install and then go to Chapter 4 to calculate the example in that 
chapter. 

The use of coiled tubing (CT) in the oil industry is increasing rapidly for drilling, completion, and 

production applications. Advantages of coiled tubing include reduced costs, time savings, and increased 

safety. Fatigue failure of coiled tubing is a serious concern because of plastic deformation caused by 

repeated bending on the reel and gooseneck. Internal pressure in coiled tubing under operating conditions 

accelerates fatigue failure by causing an increase in the coiled-tubing diameter and a ballooning effect. 

To help predict coiled-tubing failure, Maurer Engineering Inc. developed a coiled-tubing life 

W i o w s  program, CTLIFE2, as part of the DEA-67 project to 'Develop and Evaluate Coiled-Tubing 

ans Slim-Hole Technology." This program is written in Visual Basic 3.0 for use with IBM compatible 

computers. The CTLIFE2 program runs in Windows 3.0 or later versions. - 
This model is based on experimental and theoretical work conducted by Dr. V.A. Avakov of 

- Halliburton. We want to thank Dr. Avakov and Halliburton for their assistance in developing this model. 
P 

The program describes the complex coiled-tubing fatigue failure due to plastic deformation and 
- repeated bending on the reel and gooseneck. The mathematical model is developed by utilizing low-cycle 

fatigue mechanics and coiled-tubing fatigue statistical data. The model is suitable for any coiled-tubing 

operation for both inland and offshore applications. 

The program predicts the consumed coiled-tubing life along the coiled-tubing string after various 

operations (e.g., logging and workover). Coiled-tubing fatigue failure is considered to occur when 100% 

of the life of the coiled tubing is consumed. 

1.1 FEATURES OF CTLIFEZ 

The key features of CTLIFE2 are its ability to: 

1. Model repeated bending of coiled tubing on the reel and gooseneck and the effect of 
coiled-tubing internal pressure on coiled-tubing life. 

2. Handle coiled-tubing strings with up to 15 different ID sections. 

3. Allow different internal coiled-tubing pressures for trips in and out for different well 
section depths. 

4. Graphically animate the coiled-tubing operation and the cumulative consumed life of the string. 

5 .  Simulate real-time operation with common 'weight-checking" pick-up routine. 



6. Model coiled-tubing life reduction due to acid corrosion and stress concentration in butt- 
welded sections. 

7. Predict the total number of strokes to failure. 

8. Perform sensitivity analyses on coiled-tubii OD, grade, wall thickness, weld types, and fluid 
corrosion. 

9. Update the current coiled-tubing life data for the next run. 

10. Allow use of English and Metric units in the calculations. 

The output window shows a graph of the percent of coiled-tubing life consumed in all previous 

operations, and the additional amount that will be consumed in the present operation. These data are also 

presented in a table. 

1.2 REQUIRED INPUT DATA 

There are four data files associated with CTLIFE2: 

1. Well information file (.WDI) - well name, well location, operating company, date, etc. 

2. Coiled-tubingloperation data file (.CF2): 

a) Coiled-tubing OD, wall thickness, section length, strength properties 

b) Reel core diameter, gooseneck radius, reel core width 

c) Coiled-tubing internal pressure, working depth (up to 200 points) 

3. Coiled-tubing fatigue life history file (.CLH) - previously consumed life on every 50-ft 
interval on the coiled-tubing string. 

4. Project fie (.PCT) - containing the above three file path names to load the data files and 
data automatically. 

All input data saved on the disk or in memory are in the English system of units. 

1.3 DISCLAJMER 

No warranty or representation is expressed or implied with respect to these programs or 

documentation, including their quality, performance, merchantability, or fitness for a particular purpose. 

1.4 COPYRIGHT 

Participants in DEA-67 can provide data output from this copyrighted program to third parties and 

can duplicate the program and manual for their in-house use, but cannot give copies of the program or 

manual to third parties. 



2. Theory 

2.1 APPROACH 

Figure 2-1 illustrates the conceptual approach used to model the areas of interest. Coiled tubing 

is spooled onto reels with a reel core (drum) diameter of about 4-8 ft. Coiled tubing is plastically 

deformed on the reel since the. bending radii is smaller than the. minimum bending radii to maintain elastic 

bending conditions. Table 2-1 lists the minimum bending radii for elastic bending of steel coiled tubing. 

For typical operations of coiled tubing, there is one bending-straightening cycle on the reel and two 

bending-straightening cycles on the goweneck for one stroke or one round-trip in and out of the well. 

Figure 2-1. Coiled-Tubing Bending on Reel and Gooseneck (Sas-Jaworsky 11, 1993) 

TABLE 2-1. Minimum EMic Bending Radii 
(Sas-Jaworksy 11, 1993) 

CoilerLTubing OD 
(in.) 

0.750 
1.000 
1.250 
1.500 
1.750 
2.000 
2.375 

M i m u m  Elastic Bending 
Radii (ft) 

13 
18 
22 
27 
31 
36 
42 

* For 70,000 psi, yield strength CT with E = 30 x lo6 psi. 



Due to repeated plastic deformation of coiled tubing on the reel and gooseneck, the coiled tubiig 

will eventually fail by fatigue failure. This program was developed to calculate the cumulative fatigue 

damage and predict when fatigue failure occurs. 

2.2 COILEDTUBING FATIGUE LIFE MODEL 

The model used in this program was developed by Dr. V.A. Avakov et al. (1993) with Halliburton. 

Full-scale tubiig fatigue tests were conducted to obtain the constants of the low-cycle S-N (strain versus 

life) fatigue line (Coffin-Mansion equation, Figure 2-2). 

where the first term on the right side of the equation represents the elastic portion of the total strain, and 

the second term represents the plastic portion of the total strain. 

Since coiled tubing is repeatedly bent in a plastic strain range, the second term of Eq. 2-1 is 

dominant and the S-N fatigue lime is simplified and defined as: 

S  = FENc (2-2) 
At C = -'A and assuming that life has Logweibull distribution for reliability assessment, we have 

(Avakov et al., 1994): 

where KQ is the reliability factor, and N, and S, are empirical tubing median life in cycles and tubiig 

median fatigue strength found by test data. The medium fatigue line becomes (KQ = 1): 

N S ~  = N , s , ~  = 1 (24) 

In general, KQ is: 

where Q is the reliability level, and 



COFFIN-MANSON EQUATION 
NOMENCLATURE 

c 

Fmtipue life. N Cyder 

Figure 2-2. Low-Cycle S-N L i e  
(Avakov et al., 1993) 

The test data from full-scale fatigue tests indicate that the median fatigue line (Q = 0.5) is given by: 

which is shown in Figure 2-3. 

FATICUE m. cydu N 

Figure 2-3. Median Fatigue Line (Avakov et al., 1993) 



For a higher reliabiity level (Q > 0.5), tubing life is reduced from N, to NR by the factor of KQ: 

In order to model the fatigue damage, the coiled tubing full equivalent uniaxial alternating stress 

is then defined. 

For bending on the reel, Eq. 2-8 becomes 
1.895 S, = S, + St 

For bending on the gooseneck, Eq. 2-8 becomes 

Sg = S + s;.rn5 
w 

where 

Cycle axial stress imposed on outer fibers bent over the reel or the gooseneck 

Loop stress on outer surface induced by internal pressure 

Coiled-tubing OD 

Moduhis of elasticity 

Current reel radius with spooled coiled tubing 

Gooseneck radius 

Coiled-Wig ID 

Coiled-tubing internal pressure 



- For one stroke of coiled-tubing operation, there is one bending-straightening cycle on the reel and 

r.c- two bending-straightening cycles on the gooseneck. The total number of cycles during one tubing stroke, 

as converted to the empirical tubing median fatigue strength S,, will be: - 

The fatigue damage or consumed life in percent from one tubing stroke at a given reliability level 

is then: 

Cumulative fatigue damage or consumed life is the sum from each tubing stroke. When the 

cumulative fatigue damage or consumed life reaches 1001, fatigue failure will occur. 

TFD = EFD, 

2.3 OTHER FACTORS AFFECTING COILED-TUBING LIFE 

Corrosive environments in coiled-tubing operations, such as acid or H2S, will result in 

damage to the coiled tubing. The following corrosion factors are used to account for this damage and 

modify the coiled-tubing fatigue life (Avakov, 1992; Comgan et al., 1991; Scott, 1994): 

1.0 for water and nitrogen 
0.66 for cement and acid 
0.50 for &S 

The fatigue damage from one tubing stroke then becomes: 



Stress concentration due to butt welds will reduce coiled-tubing life at the butt weld. The 

following stress concentration factors are used to account for this life reduction (Quality Tubing, Inc., 

1995): 

1.0 for non-welded tubing section 
0.9 for bias-welded tubing section 
0.6 for tapered bias-welded tub ig  section 
0.45 for orbital (automatic) butt-welded tubing section 
0.35 for manual butt-welded tubing section 
0.2 for orbital (automatic) tapered butt-welded section 
0.15 for manual tapered butt-welded section 

Figure 24 shows the welded section and the heat affected zone (HAZ). If the weld is not 

dressed, the stress concentration factor may be even lower. 

undressed weld smoothly dressed weld 

Figure 24. Butt-Welded Tubing; Dressed and Undressed 

The fatigue damage from one tubing stroke then becomes: 

The higher the coiled tubing yield/ultimate strength, the less fatigue damage will result from 

each stroke of coiled-tubing operation. An ultimate strength compensation factor (Avakov et a]., 1994) 

is used to convert the fatigue lines for various materials based on the test data: 



where RA is the reduction of area, in the form of a fraction: 

RA = 0.53 for QT - 700 CT and equivalent 
RA = 0.57 for QT- 800 CT and equivalent 
RA = 0.60 for QT- 1000 CT and equivalent 

the fatigue damage from one tubing stroke then becomes: 

FD, = 
1 N,  * - * 100% 

K;K;y, K,Nm 

where 

4 - coiled tubing wall (metallic) area, in.' 





3. Program Installation 

3.1 BEFORE INSTALLING 

CTLIFE2 is written in Visual BasicQ. It runs in either standard or enhanced mode of 

Microsoft Windows 3.0 or higher. The basic requirements are: 

Any IBM-compatible machine built on the 80286 processor or higher (with math 
coprocessor) 

2 megabytes of RAM; 4 megabytes is recommended 

Hard disk 

Mouse 

CGA, EGA. VGA, 8514, Hercules, or compatible display (EGA or higher 
resolution is recommended) 

MS-DOS version 3.1 or higher 

Windows version 3.0 or higher in standard or enhanced mode 

These are the minimum system requirements. We strongly suggest the program be 

installed on and operated from the hard drive. 

The amount of calculation time depends to a great extent on the speed of the machine and 

the number of calculation intervals used. Usually, calculation time is less than 30 seconds on an 80386 

processor. 

For assistance with the installation or use of CTLIFE2, contact: 

Jiang Wu or Russell Hall 
Maurer Engineering Inc. 

2916 West T.C. Jester Boulevard 
Houston, Texas 77018-7098 U.S.A. 

Telephone: (713) 683-8227 Fax: (713) 683-6418 
Internet: http://www. maureng.com 

E-Mail: mei@maureng.com 



3.1.2 

The program disks you received are two 3%-in., 1.44 MI3 disk containing 21 files. These 

21 files are as follows: 

SETUPIClT.DLL 
VBRUN3W.DLL 
VER.DL- 
COMMDLG.DL- 
GSWDLL16.DL- 
GSW16.EX- 
GSWAG16.DL- 
SETUP.EXE 
SETUP1 .EXE 
CTLIPE2.EXE 
SETUP.LST 
C1TEST.PCT 
CTI'EST. CFZ 
CITEST.CLH 
(JTTEST.WDI 
CMDIALOG .VB- 
GRAPHX.VB- 
GRID .VB- 
THREED.VB- 
r n B . D B  
MDICHILD.VB- 

We recommend that all files for running CTLIFE2 be installed in the CTLIFE2 

executable (CTLIFE2.EXE) FILE DIRECTORY (default 'C:/CTLIFE2"). This can be done by a 

simple setup command described in Section 3.2. This will avoid possible inconsistency in Visual Basic 

file versions. Otherwise, the user may copy the .VBX and .DLL files to their Microsoft 

WINDOWS/SYSTEM subdirectory in order to save hard disk space. 

It is recommended that the original diskette be kept as a backup, and working diskettes 

be made from it. 

It is advisable to make several backup copies of the program disk and place each in a 

different storage location. This will minimize the probability of all disks developing operational 

problems at the same time. 

The user can use the COPY or DISKCOPY command in DOS, or the COPY DISK on 

the disk menu in the File Manager in Widows. 



3.2 INSTALLING CTLIFE2 

The following procedure will install CTLIFE2 from the floppy drive onto working subdirectory 

of the hard disk (i.e., copy from A: or B: drive onto C: drive subdirectory CTLIFE2). 

1. Start Windows by typing 'WIN" <ENTER > at the DOS prompt. 

2. Insert the program disk in drive A:\ or B:\. 

3. In the File Manager of Windows, choose Run from the File menu. Type A:\setup or 
B:\setup and press Enter. 

4. Follow the on-screen instructions. 

This is all that is required to set up CTLIFE2. After set-up, there will be an icon for CTLIFE2 

in the DEA Application Group as shown in Figure 3-1. Double clicking the icon will start CTLIFE2. 

[ ~ s t a a ]  ~ i r g l - ~ e p ~ m ~ w  I ! ~ . ~ i ~ o p p  ]:QDEAPPRIUTI ... I ;&c\ . . \c l~s51.~ 1 iw 

Figure 3-1. DEA Application Group Widow Created by Setup 

3.3 ALTERNATIVE SETUP 

Should the SETUP procedure described above fail, follow these steps to install the program: 

1. Create a subdirectory on drive C: C:\CTLIFE2. 

2. Insert source disk in drive B: (or A: may be substituted for B: in this procedure). 

3. Type: C: \CTLIFE2 < ENTER > . 



4. At prompt C:\CTLIFE2, type: 

Copy B:\CTLIFE2.EXE <ENTER> 

Copy B:\Cl'TEST.* <ENTER>. 

Copy B:\CTDB.DB CENTER > . 
Copy B:\VER.DL - VER.DLL <ENTER > . 
Copy B:\*.DL - <ENTER> 

Copy B:\VBRUN300.DLL <ENTER > 
Copy B:\*.VB - <ENTER > . 

Since GSW16.EX- is a compressed file, the user needs to expand it by using the program 

Expand.EXE in the DOS subdirectory. Type: C:\DOS\EXPAND GSW16.EX - 
GSW16.EXE. 

Similarly, execute file expansion for the other compressed files: 

Type: C:\DOS\EXPAND COMMDLG.DL- COMMDLG.DLL, 

Type: C: \DOS\EXPAND GRAPHX. VB - GRAPHX. VBX 

Type: C:\DOS\EXPAND GSWDLL16.DL - GSWDLL16.DI-L. 

Type: C:\DOS\EXPAND CMDIALOG.VB - CMDIAU)G.VBX 

Type: C:\DOS\EXPAND GRID.- - GRID.VBX 

Type: C:\DOS\EXPAND THREED.VB - THREED.VBX 

Type: C:\DOS\EXPAND MD1CHILD.W - MDICHILD.VBX 

Type: C:\DOS\EXPAND GSWAG16.DL - GSWAG16.DLL 

5. Type: CD.. CENTER > , then key in 'WIN" <ENTER > to start Widows 3.0 or later 

version. 

6. Click menu 'File" under 'PROGRAM MANAGER," select item 'New ...," click on 

'PROGRAM GROUP" option, then [OK] button. 

7. Key in 'DEA APPLICATION GROUP" after label 'Description: ," then click on [OK] 

button. A group window with the caption of 'DEA APPLICATION GROUP" will appear. 

8. Click on menu 'Filen again, Select 'NEW. ..," click on 'PROGRAM ITEM" option, then 

[OK] button. 

9. Key in "ClUFE2" after label "Description," key in L%:\CTLEE2\CEIFI3.EXE" after label 

'COMMAND LINE," then click on [OK] button. The CTLIFEZ icon appears. 

10. Double click the icon to start the program. 



4. Example Run of CTLIFE2 

4.1 INTRODUCTION 

CIZIFE;! runs in a Widows environment. It is assumed that the user is familiar with Windows, 

and that his or her computer is equipped with Widows 3.0 or later. 

For information about Widows in a concise and convenient form, 10 Minute Guide to Microsoft 

Windows 3 by Katherine Murray and Doug Sabotin, published by Sam,  is recommended. 

These quick start, step-by-step example runs of the program take the user rapidly through the 

program. To save time and space, data will be input from prefabricated files, TEST.SD1, TEST.CT1, 

and TEST.CLH, which are included on the program disk and which were stored in directory 

C:\CTLIFE2 during the set-up process in Section 3. 

4.2 STARTING CTLIFEZ 

4.2.1 om Crouo Mhuby 

To run CTLIFE2 from Group Widow, the user simply double-clicks the 'CIZIFE2" 

icon, or when the icon is focused, press <ENTER> (Figure 4-1). 

Figure 4-1. DEA APPLICATIONS GROUP Widow 



4.2.2 

In Program Munager, choose Bun from the 'me" menu. TW 

C:\CIUFE2\CIZIFE2.EXE <ENTER>. 

4.3 EXAMPLE RUN OF CTLIFE2 

1. Figure 4-2 is the first window of CTLIFE2. 

$ R o j c u t o  Develop And Evaluak CollcckTublng And 
SIimHde Technology 

1 sy 
Maurcr Enalneerlna Inc. . 

This mwriohtcd 1996 confidential remod and canuvtsr m m m m  a m  lor (Le sok  use 1 
WI P~o&.~B on Ddlllng ~ n ~ l n e e d n i  Auoodatloi~EA-i7 i i o j e u  and their f l ~ ~ a t c s ,  
and arc not tn be d l s d o ~ e d  tm other ~ a d e a .  Dab  OLIDU~ kom *e pmgnm a n  bc I 
disdoecd b mlrd pallles. paflldpant. and thclr . t ~ l i a t r s  arc hce (. makc mples of 
(hie repod and program lorthclr In-house use only. 

The omonm I s  denlooed lo mmoarc M a u e  llfc of mlled Nblna afk-d bY SIZG 
# n d c  Gci and goosc"c& dlmen;lonr &The model data rcri obtslncd by tull-salc 
kaia  r s l r g  ~ c r l c d t y  amnped CT u n l  and eontlnuouaty runnlap Nblng 0 fanun. In 
field ooer8tiine. tvbina lifrcould be reduced due la  varislion d Scld mndiione from 
Ideal k6I  mndltlons. h a 1  IHe rlll ny  lmm am. 0 urw, rhh vn* pedonnaocc. ctc. 

< 
1 Maurcr Englneerlng I n r  m a k e  no mmnty or rcprcsentdon eilher rxprceecd or 

;; implied riUl respect la ihe pmgnm sr documcn(.lio~ induding thcir q u s l i .  

j pedonnanu. m e r l a n a b i l i i  or llinees lor a particular purpose. 

Figure 4-2. Information Widow of CTLIFE2 

2. Click the [OK] bottom to open the program Main Window (Figure 4-3) or click [Exit] to 

terminate the program. 

3. There are four features in the Main Widow (Figure 4-3): 

a. Menu Bar and Toolbar: controls the flow of the program 

b. Analysis Model Option: selects one of the two options 

c. Filename Box: indicates the data files to use 

d. Calculate Percentage Indicator: indicates the ongoing status of the calculation 



Figure 4-3. CTLIFE2 Program Main Window 

4. The five pull-down manus in the menu bar are: 

a. File 

b. Input 

c. Run 

d. Customer Units 

e. Help 

5. The toolbar buttons allow the user to easily and quickly access the same commands in the menu 

bar: 

a. 1 - Same as [New Project] or [New] 

b. - Same as [Opn Project.. .] or [Open File ...I 

c. I - Same as [Save Project] or [Save] 

d. - Same as [Print Project ...I or [Print ...I 

- Go to preceding Widow (in the order displayed in the Input Data Window) 

- Go to Main Window 

- Go to WDI Widow 

4-3 



- Go to TDI Window 

- GO to HDI Window 

j. - Go to next Window 

k. - Same as [Run ] 

1. - Same as [About ... 1 

6. The two analysis options in the Main Window (Figure 4-3) are: 

1) Whole CT String, which is the default 
2) CT Section 

The Whole CT String" option is to calculate the cumulative coiled-tubing life of the whole CT 

string consumed during field operations, while the 'CT Section" is to predict how many strokes 

will fatigue a coiled-tubing section. To choose an analysis option, click on one of them. 

7. To run the 'Whole CT String" analysis, two data files have to be input: 

TDI - Coiled-tubing/reel operation data file 

HDI - Coiled-tubing life history data file 

Another data file is for documentation purposes: 

WDI - Well information data file (optional) 

8. To run the 'CT Section" analysis, the user does not need to input a data file first, since it 

initially takes the default data, or data from the 'Whole CT String" analysis, when available. 



4.3.1 of 'Whole CT . . 
1. When the "Whole CT String" option is chosen, click the 'W" button in the toolbar or 

"WDI" in the pulldown menu under the 'Input" menu (Figure 4 4 )  to open the 'WDI" 

Window (Figure 4-5). 

COILED TUBING FATIGUE MODEL 

Figure 44. CTLIFE2 Program Main Window 

Compnny Nams: 7 1  - = - 
03-23-1 996 - 

Figure 4-5. Well Information Data Window 

4-5 



2. Click the 'Open File" button in the toolbar or click 'Open ..." under 'File" in the menu bar 

at the top of the Well Information Data Wdow (Figure 4-5) to open tbe data stored in the test 

data file, 'cttest.wdi." Select the C:\CTLIFE2 subdirectory and 'cttest.wdi" filename and 

click the [OK] button in the 'File open" dialog box (Figure 4-6). The required data are 

retrieved and entered into the Well Information Widow (Figure 4-7). Of course, you can 

change the data by manually typing in the desired changes. 

Figure 4-6. File Open Dialog Box 

Rojed Hams: D M 7  

Horizonlmkl 

Well Citymals: Hou*fl- 

... . . . . ..... .. . ..... . ..- . ... .. ...... . ..... .. . .-.... .. .... . ...... .. . ..... . .. ..... . .. . ... .. . ..... ..... 

Figure 47. Well Information Data Window - Showing Entered Data 

46 



3. After the well information data has been input, click the 'T" button in the toolbar to go to the 

TDIw Window (Figure 4-8). 

Coiled Tul~litg /Reelinperatlon Datn Input 

.... ... . . .. ... .. . . . . . . ... . .... . .. .. .. .. . . 

Figure 4-8. Coiled TubingIReel Operation Data Window 

4. To help users understand the terminology used in data input, a 'CTLIFE Input Help" Window 

is provided. Click 'J=ontentsw under 'Input Help" in the menu bar or the 'Input Help" button 

in the middle of the window to open the 'CTLJFE Input Helpw Widow (Figure 4-9). 

CTUFE Input Variables Glossary 

CT -Id rndurlion tndur 

CT job mnonion tndor 

Hael drum dinmatar 

Roal drum nidm 

Figure 4-9. CTL,IFE Help Input Window 
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5. Move tbe mouse to point to any of the variable names and click; the defmition of that variable 

wiU be shown as in Figure 4-10. Click *Backn button and then the 'OK" button to go back to 

the 'TDI" Widow. 

Figure 4-10. Input Variables Defmitions 

6. Click the 'Open" file button in the toolbar or the "Open .. ." under : 'Filew in the menu bar to 

open the 'File Open Dialog Box" to retrieve data stored in the data file (Figure 4-1 1). 

Figure 4-1 1. File Open Dialog Box 
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7. Select C:\CI'LFE2 subdirectory and 'cttest.cf2" filename. Click the [OK] button in the CTI 

File Open dialog box (Figure 4-1 1) to retrieve the stored data and enter them into the Coiled 

TubinglReeYOperation Data Widow (Figure 4-12). 

Figure 4-12. Coiled TubinglReeYOperation Data Window 
with Example Data 

8. Again, any data can be manually changed by typing a new number or selecting new conditions. 

Additionally, there is a 'Coiled Tubing Data Base" associated with the window. By clicking 

[CT DataBase] button, a file open dialog box will be displayed (Figure 4-13). 

Figure 4-13. File Open Dialog Box to Open Data Base 
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9. Select C:\CXUFTL? suixhectory and 'CTdb.db" filename. Click [Om on the File open dialog 

box to open the coiled-tubing database (Figure 4-14). 

Figure 4-14. Coiled Tubing Data Base Window 



10. By selecting the coiled-tubing type needed and clicking the [Export Data] button, the coiled- 

tubing data will be sent to the Coiled TubingIReel Operation Window (Figure 4-12). There is 

also a simple estimation of coiled-tubing internal pressure at the gooseneck from pump 

pressure. By clicking the m t .  pressure] button, a small window will be shown to input pump 

pressure and CT inside pressure drop (Figure 4-15). Click [Esti.] button to calculate 'CT 

pressure at gooseneck," and then click [Export] button to send the result back to the 'Coiled 

TubmgIReel Operation" Window. 

Coiled Tmbhg IRoeliOper~tioa Datn Input . . ...... .. . . ...... . ...... . ..... .. .. .... . ...... .. . . . .... . .. ... . .. . . . ..... . . . . .. .. . . . ..... .. . . ..... . . . ... . . . . . . .. ... . . ..... . . .. . .... . .. ... . .... 
R 4 T  D Y  ICT *.lion f r o l  ck*n)ds Jc=b O r a r r l i n  Dad [*la Lu h sUr%d]  

Figure 4-15. Coiled-Tubing Internal Pressure Estimation 



11 .  Click the 'H" button in the toolbar to open the 'HDIw Window (Figure 4-16). 

Figure 4-16. Coiled Tubing Life History Data Window 

12. Click 'Open . .." under Tie"  in the menu bar to open the "File open dialog box" to retrieve the 

data stored in data file. 

Figure 4-17. File Open Dialog Box 



13. Select C:\(JIZTFE2 subdirectory and file 'cttest.CLH." Click the [OK] button on the HDI File 

Open Dialog Box to retrieve the data stored and enter into the Coiled lhbing Life History 

Widow (Figure 4-18). 

Figure 4-18. Coiled Tubiig Life History Data Window 
with Entered Data 

14. The coiled-tubing life history data can be modified by: 

a) Delete section 

b) Add section 

c) Initiate life 

By choosing a location on the coiled-tubing string and clicking the [DELETE SECTION] 

button, a coiled-tubing section (SO-ft long) will be deleted at that location. 

By choosing a coiled-Wig location and clicking the [ADD SECTION] button, a coiled-tubing 

section (SO-ft long) will be added at that location. 

By clicking the [INITIATE LEE] button, a dialog box will be shown (Figure 4-19). Inputting 

the coiled-tubing locations of 'from" and "to" and the coiled-tubing life initiation value, and 

clicking the [OK] button, will hitiatelreset the coiled-tubing life data for that section of the 

coiled tubing. 



Figure 4-19. Input Box for Coiled-Tubing Life Initiation 

15. Click the 'M" button in the toolbar or the 'Returnn under 'Eile" in the menu bar to go back to 

the Main Window. Note that the three data filenames are recorded in the filename boxes in the 

Main Window. If any data window is manually input without retrieving a data file, and you 

do not save the data into a data file, 'Undefined" will be shown in the corresponding filename 

box of the Main Window. 

Figure 4-20. Main Widow - Displaying with Data Files' Names 



16. A project file is designed to store the three data filenames and paths. Clicking the 'Save File" 

button in the toolbar or the 'Save Project As . . ." under 'File" on the menu bar in the Main 

Widow (Figure 4-21) allows you to open the 'Project File Save" Dialog Box (Figure 4-22). 
If you type in "cttest.pctW as the project filename, and then click the [OK] button, the project 

file named 'cttest.pctW is established. It can be used for opening the project and retrieving all 

of the data from the three data files automatically next session. The Main Window now 

displays the project filename (Figure 4-23). 

!LED TUBING FATIGUE MODEL 

Figure 4-21. Saving Project 

Figure 4-22. Project File Save Dialog Box 
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COILED TUBING FATIGUE MODEL 

Figure 4-23. Main Window - Displaying Project Filename 

17. Click the 'Run" button in the toolbar or 'Start" under 'Run" on the menu bar in the Main 

Window to start computing. The 'Calculation Percentage" indicator will display the percent 

of the computation finished. When the indicator reaches 100%, the 'Output" Window will be 

displayed (Figure 4-24). 

Figure 4-24. Result Output Widow 
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18. An animation feature is built into the program. Click the 'Animation" button in the middle of 

the 'Output" Widow to view the cumulation of coiled-tubing consumed life as the operation 

is being performed. 

19. Click the 'Print" button in the toolbar or 'Print Report" under 'Eile" in the menu bar of the 

'Output" Wmdow to print a report for the results including all of the input, output data and the 

predicted coiled-tubing life plot, as shown below. 

COILED TUBING FATIGUE MODEL 
Maurer Engineering Inc. 

Project File Data 

File Name: C:\CTLIFE2\CITEST.PCT 09-26-1996 

Well Information 0 1 ) :  C:\CTLIFE2\CTI'EST. WDI 
CTIReel Operation Data (TDI): C: \CTLIFE2\CTI'EST. CF2 
CT Life History Data (HDI): C:\CTLIFE2\CTIEST. CLH 

1. Well Information 

File Name: C:\CTLIFE2\CITEST. WDI 09-26-1996 

Company Name 
Project Name 
Well Name 
Well Field 
Well CityIState 
Date 
Comments 

Maurer Engineering Inc. 
DEA-67 
Horizontal- 1 
Bellaire 
Houston/Texas 
09-26- 1996 
Test well 

2. CTIReeUOperation Data 

File Name: C: \CTLIFE2\CTTEST. CF2 09-26-19% 

(1) CT I Reel Data ( l3 sections start from bottom of 0: 

CT section OD (in.) Wall (in.) Length (ft) 

1 2.000 0.188 m!a 
Total: 1OOOO 

(2) CT Weld Location (measured from downhole end): 
--- 
No. Weld location (ft) Weld Reduction Factor 



CT Young's modulus (psi) 
CT yield strength (psi) 
CT job corrosion factor 
CT weld reduction factor 
Reel identification 
Reel drum diameter (in.) 
Reel drum width (in.) 
Goose-neck radius (in.) 
Design reliability 

(3) Job Operation Data (starting from the surface): 

Job step Description Pressure(psi) 

Start Job 
Run into hole 
Check weight 
Run into hole 
Check weight 
Run into hole 
Check weight 
Run into hole 
Check weight 
Run into hole 
Check weight 
RIH, TD 
POOH, wash 
RIH, TD 
POOH 
End job 

3. Coiled Tubing Life History Data 

File Name: C:\CTLIFE2\CTIEST.CLH 

No. CT Location Previous Life Current Life 
(ft) (94 ("m) 



.................................................................................................. 
No. CT Location Previous Life Current Life 

(ft) (%I 



No. CT Location Previous Life 
(ft) (%) 

Current Life 
(W) 



------------ 

No. CT Location Previous Life Current Life 
(ft) (%) (%) 



- ................................................................................................. 
No. CT Location Previous Life Current Life 

(fi) (%) 

COILED TUBING UFE CONSUMED 
I cumnt I Prn*OUS 

*** End of Report *** 

Click the 'H" button in the toolbar of the 'Output Windoww to go to the Coiled Tubing 

Life History Data Window to update the coiled-tubing life history data, or click the 'M" 

button in the toolbar or 'Return" under 'Eile" in the menu bar to return to the Main 

Window. 

To update the coiled-tubing life history data, click 'update" under 'Eile" in the menu bar 

of the Coiled Tubing Life History Data Window (Figure 4-16). A File save dialog box 

will be shown to allow you to assign a filename to the updated life history file (Figure 4- 

25). After selecting the updated filename, click [OK] button to execute the update. The 

third column data (prev. used life) in the Coiled Tubing Life History Data Window is also 

replaced by the fourth column data (cur. used life) as shown in Figure 4-26. 



Figure 4-25. File Save Dialog Box for Coiled-Tubing Life History Update 

Figure 4-26. Coiled Tubing Life History Data Window - Updated 



4.3.2 of a 'CT S v  . 
1. When the "CT Section" option is chosen, no data files are needed. Just click the 

'Run" button in the toolbar or 'Stanm under 'Bun" in the menu bar of the Main 

Window (Figure 44). The following 'Total Strokes" Widow will be displayed 

with the defaults "CTIReel Data" and calculated total strokes curve as a function 

of the coiled-tubiig internal pressure (Figure 4-27). This 'Total Strokes" Window 

can also be accessed from the 'Output" Window for the Whole CT String" 

(Figure 4-24) by clicking the 'Strokes to Fail" button. 

Stroks Graph 
He-calmme 

-- z ~ d ~ b o t m  1 

Cl OD (in] - 
CT rd t h i i s  (in] = 

CT drkg kmdh - 
CT m* d.plh IRI = 

R e d  dnr m i -  
Rml b u m  wid& (in] - 

6-ck I ~ L U  W - 
:A k.lrl!m~ Ji6mn&ar 1in.t = 

Figure 4-27. Total Strokes Window 

2. By manually changing any of the 'CT/Reeln data, and then clicking the 'Recalculate" 

button, the total strokes curve will be updated. The table beside the graph shows the 

stroke values for the curve. 

3. Click 'Print" under 'file" in the menu bar of the "Total Strokes" Window and the 

following report will be printed. 

4. More than one curve can be shown and compared in the graph by activating the 

'Sensitivity Analysis" list box. To do this, select one item from the list box, such as 

'CT OD," (Figure 4-28) and click the 'Recalculate" button (Figure 4-29). 



Figure 4-28. Total Strokes Window - Sensitivity Analysis Selection 

Figure 4-29. Total Strokes Window - Sensitivity Analysis Graph 



COILED TUBING FATIGUE MODEL 
Maurer Engineering Inc. 

CT Section Analysis Data 

CT OD(in.) 
CT wall thickness (in.) 
CT string length@) 
CT working depth (ft) 
Reel drum diameter (in.) 
Reel drum width (in.) 
Goose-neck radius (in.) 
Reel bending diameter (in.) 
CT Young's modulus (psi) 
CT yield strength (psi) 
CT job corrosion factor 
CT weld reduction factor 
Prediction reliability 
Previously consumed life (56) 

No. CT Pressure Strokes to Failure 



STROKES TO FAILURE 

0 

CT INTERNAL PRESSURE, PSI 

5. Click the 'Graphs - % Life/Strokesn button to show the consumed coiled-tubing life 
per stroke for varied CT OD, wall thickness, GT Grade, weld condition, and 
corrosion condition (Figure 4-30). 

Figure 4-30. Consumed Life Per Stroke Graphs 



6. Click 'R" button on the tool bar of Figure 4-30 to go back to the 'Total Strokes" 

Widow (Figure 4-29). Then Click the 'Graphs --- Total Strokes" button to show the 

strokes to cause the CT failure for varied CT OD, Wall thickness, CT Grade, Weld 

Condition, and Corrosion Condition (Figure 4-31). 

Figure 4-3 1.  Strokes to Failure Graphs 

7. In the Main Window, there are five items under 'Help" on the menu bar: 'About," 
'Assiitance," 'rneoretical Model," 'Field Example, " and uw Feedback." 

Clicking on "About . . ." opens a Program Information Window listing the equipment 

used to run the program (Figure 4-32). Clicking on "Assistance . . ." opens an 

Assistance Information Window with the name, telephone, fax and telex numbers to 

contact regarding program support (Figure 4-33). Clicking on "Theoretical Basis . . . " 
opens an Information Widow showing the source of the theoretical background (Figure 

4-34). Clicking on Yield Example" opens a field example graph showing the importance 

of predicting CT Life (Figure 4-35). Clicking on "User Feedback" opens a form to let 

user make any comments and send to Mamr Engineering (Figure 4-36). 



O W 7  
R o l c d O  D m l o p  And Evaluate SlkhHolc h d  

Collc+Tublng Tcchndogy 

Intel 80486 

Wlndan Mode : Enhsnccd Unk 
Wlndan Vcnlon : 3.35 
Free Mcmoy : 32276 KB 

Figure 4-32. 'About" W i o w  

Maurcr Englncedng l o r  
2916 Wed T.C. &.tr  
Hw.(.n. lX 7701 1 

Phone: 71 3-68M227 
F W  713-6836418 
TelPc 216556 

Figure 4-33. 'Assistance" W i  



Coilcd Tublng Fatlguc Model 

1. AVOW VA. 'Colled Tublng F8tlgue Ufc Ev8lu8tlon' 0th Englnccting Corp, 
Dallas. lX August 199E 14 

2. h t w ,  VA. Foster. J.C. and Smlth EJ, 'Coilcd Tublng Ufc Prcd1dlon.l 
Rcscntrd at OTC-03 Cont, In HaustDn lX M y  3-6.1993; OTC Rpcr  7325. 
Roacdings, V0l.C SPE. Aichadson. lX 1993; 627-634. 

3. A w k ,  V A  and Fostcr. J.C, 'Coiled Tublng Ute-Stnimfbllsbillly Fundon' 
Rcsenkd at 2nd InL World41 Cont. 6 Exhlblclon on Coiled Tubing Technology 
Houston TX March 2931.199C 1 

P.O. Box 1431 
Duncan OK 73535-0409 U.S.A 

Phmc: 405-251-31 48 
Fuc 405-251-4667 

Figure 4-34. "Theoretical Model" Widow 

Arm WimMmer. 199% mnduded a CT iob d Rudhoe Bav 
whers 80% oiths Cf lnt igin lib was used d h n g  one job. This 
shows 8 e  impor&anas of making CT lite calollaiions h e n  
planning and-running 6eld jobs- rjgrJ 

ARC0 COXXSIXBLtG 1.lFT;' 
I w I L r n  m 

= 

Figure 4-35. Field Example of CT Life 



User Feedback 
Modal: RWUR w r  1.0 Tima 9/24/96 1:24:48 PU 

User hformation: 

Figure 4-36. User Feedback Form 
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6. Bug Report or Enhancement Suggestion Form 

- Name: Company: 

Address: City: State: 

Phone No. : Fax No.: 
&Mail: Date: 

Bughblem Report Enhancement Suggestion 

Program Name and Version Number: 

BugiProblem Description or Enhancement Suggestion: 

- Other Cornmen&: 

17 Wd be mailed on diskette Wflbefaxed !J Attached None 

MS-DOS Version No. : MS-Wlndows Version No.: (Win 3 .1Nin  95) 
OS2 MSWlndows NT Version No. : 

other 

Please mail, fax, or e-mail to: 

Lee Chu 
MAURER E N G ~ ~ N G  INc. 

2916 West T.C. Jester 
Howton, TX 770187098 

Ph: 7131683-8227 Fax: 71316W6418 
EMail: mei@maureng.com 
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Appendix A 
International Keyboard 

All DEA computer programs developed at Maurer Engineering Inc. are written using the 'U.S." Keyboard. 

Under this keyboard, the '1000 separatof is a comma, and the " d e c i i  sepatatof is a period. Thus, the number 

one thousand, two hundred and thirty-four and twenty-twoI100 is written 

1,234.22 

Numbers input into the programs are filed in this format. 

Problems have occurred for some of our Participants who use the "International Keyboard," as is common in 

Europe and South America. Here, the same number would be written 

1.234,22 

Here, the '1000 separator" is a period, and the decimal separator is a comma. 

European and South American users firad that their computers garble input data b e i i  loaded into our DEA 

Programs. 

This problem can be readily solved by changing the Windows 'numbers format" from the International to the 

U.S. format. This is accomplished as follows: 

1. From the DOS prompt, type 

WIN <ENTER> 

to open WINDOWS. 

2. From the Menu bar, choose Windowneither by clicking on Windown or keying in 

<KT> W 

This brings down the 'Select Window" menu screen, as shown in Figure A-1 . 

Figure A-1. Windows Menu Bar 

A- 1 



3. Select 'Main" by clicking on 'Main" and then cliclring on the 'OK" button. This brings down the 

"Main" menu screen, as shown in Figure A-2. 

Figure A-2. Main Menu Screen 

4. Select the 'Control Panel" icon from the 'Main" menu screen. This is done by pointing the mouse to 

this icon and double clicking. 'Ibis brings up the "Control Panel" menu screen, as shown in Figure A-3. 

Figure A-3. Control Panel Menu Screen 



5. Select the uIuternational" icon from this menu screen by pointing to it with the mouse and double 

clicking. This brings up the 'International" Menu screen, as shown in Figure A-4. 

Figure Ad.  International Menu Screen 

6. In the lower right hand corner of the 'Iutemational" menu screen is the 'Number Format." If the 

number under the words 'Number Formatm is 

1,234.22 

The DEA programs will run. Click on the "Cancel" button in the u p r  right of this screen and back 

out to the YWindows"menu screen to run your program. 

If the number under the words 'Number Formatm is 

l.234,22 

it must be changed before a DEA program will run successfully. 



7. To change 'Number Format," click on the 'Change" button in the 'Number Format" box on the scmn. 

This will bring up the 'International - Number Format" screen. The '1000 Separator" box will be 

highlighted, as shown in Figure A-5. Key in 

This will erase the period from the '1000 separatof box and replace it with a comma. 

Figure A-5. International - Number Format Screen 

8. Either point the mouse to the box labeled 'Decimal Separatof and click, or key in 

< TAB > 

This will highlight the 'Decimal Separatof box. 

9. Key in 

<DEL> . 
This will erase the comma from the box and replace it with a period. 



lo. Either key in 

or point the mouse to the "0K"button in the 'International - Number Formatn box and click. This will 

return you to the 'Lnternational" menu screen, as shown in Figure Ad. 

Figure Ad. International Menu Screen, with Correct Number Format 

11. Click on the 'OK" button to return to the "Main" menu screen. 




