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ABSTRACT 

 Generally Coiled Tubing operation has been on steady increase for post 
drilling completion operations such as well clean-up, balance/under 
balance washing, stimulation, production logging and testing especially in 
horizontal wells. In order to establish the feasibility of CT- assisted 
operations, a comprehensive engineering analysis which predicts the CT 
mechanical performance and its penetration limit is carried out. The 
predictive mathematical technique procedure was applied to a typical two-
dimensional horizontal well (i.e. with a Constant azimuth) along three 
major paths: (i) Identification of the well and Coiled Tubing mechanical 
data. (ii) Estimation of the CT hydraulic limit. (iii) Prediction of the limit 
of penetration (LOP) of CT in the horizontal well completion with a 
sensitive analysis of the LOP based on variable pipe frictional coefficients.  
This paper presents the theoretical analysis of the system hydraulics and 
Coiled Tubing forces based on the well/completion configuration, Coiled 
Tubing dimensions, and the completion fluid/formation type.. Case 
histories which validation of the technique with actual field data recorded 
during horizontal well completion operations were also correlated and 
recorded. 
 
INTRODUCTION  
 1_1 /4” Coiled Tubing has been routinely used to successful carry out 
pumping services and stiff wire line applications due to the access 
restrictions of the existing small completion tubing (2-3/8’ and 2- 7/8”) 
bores. The various applications of the CT operations is listed below; 
 
PUMPING SERVICES 
 Acid Washing/Stimulation 
 Fill Cleanouts/Sand Removal 
 Repair/Remedial Operations- 
SCON/Cementing 
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STIFF WIRELINE APPLICATIONS 
 Production Logging Data Acquisition -PLT 
In order to overcome the increased challenges associated with horizontal 
wells such as post-well clean-up and evaluation, CT is being utilized for 
clean out/washing and PLT logging in these well. Currently, many 
horizontal wells are being designed with extra which long horizontal 
completion sections (> 3000 feet) for maximum well developed ultimate 
recovery. It is against this background that this paper focuses on CT 
performance for horizontal wells. The results are presented in a 
spreadsheet format which incorporates the coiled tubing/well mechanical 
and completion fluid data. Attempt has been made to validate the CT 
force analytical model based on a industry accepted frictional factor of 0.3 
with the actual CT performance data observed in a horizontal well 
operation. 
 
METHODOLOGY  

a. Procedure and Equations; 
 The pre-set CT/wellbore fluid/mechanical data are first identified prior 
to a comprehensive analysis of the hydraulic and mechanical load 
limitations during completion. The CT force analysis includes the risk of 
buckling, axial and hook load effects and the corresponding compressive 
stress for the vertical, curved, tangent and horizontal well sections. 
The analytical procedure requires a careful and sequential consideration 
in order to show the difference in CT performance with changing 
wellbore conditions from the top of the well to the bottom or vice-versa. 
See Appendix I, The CT penetration limits were estimated using the 
latest available industry technique and sets of new analytical equations 
developed for predicting buckling of coiled tubing, hook load 
transmission, axial compressive load and maximum horizontal 
penetration length – (1,2,5). 
 
CT/ Well Data and Hydraulic Limit 
The pre-identified CT/well mechanical and wellbore fluid data are 
combined to accurately predict the maximum system well pressure 
loss/requirement and hence, the fluid hydraulic capacity for successfully 
washing out sand cuttings from the bottom-horizontal- hole section. 
The well system pressure loss is defined by the fluid/particle density, fluid 
pump rate, and the annular cross-sectional area between the CT and the 
slotted liner/production tubing wellbore. The minimum fluid pump rate 
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is determined by the terminal particle settling velocity (TPSV) required to 
ensure that the solid/sand particles remain in suspension and in motion 
while circulating out of the wellbore. Since maximum system pressure 
loss during the completion phase is expected while circulating with the 
highest density fluid, the limit is not established with the light-weight 
nitrified fluid designed for the under balance washing/circulation 
operation. The limit is therefore better estimated while circulating out the 
formation sand/solid particles with an incompressible Newtonian wash 
brine fluid. 
Assumptions: 
• The sand grains are rigid solid particles of uniform geometry with 
diameter, DrD (120 US Mesh) for the large size particles with a true 
density of 265 
(S.G.). 
• The TPSV(horizontal) is at least 10 times the TPSV required in vertical 
wellbore environment to maintain fluid/particle circulation without 
settling out of solids. 
The minimum effective fluid pump rate (Qmin bpm) required for a 
successful completion wash program with an exclusively brine fluid 
utilization is estimated by considering the largest annular area in the well 
completion configuration i.e. CT/5-1/2 inch SL annulus in the subject 
wells - See appendix A. 
 
Mechanical Load Limits; 
The coiled tubing limitations can be established by mechanical load 
analysis such as axial compressive load transmitted downhole in addition 
to the hook/drag load while tripping-in and out of the bottom-hole 
completion. This analysis are useful in determining the critical 
compressive loads of the CT in different wellbore environment and 
hence, the impact of excess load application on the expected tubing 
buckling behaviour.(5) 
 
CT buckling is usually initiated by the application of axial load in excess 
of the critical load for the particular wellbore configuration and the tubing 
first takes the shape of sinusoidal buckling. As additional load is applied, 
the helical buckling load is reached and helical buckling shape is 
developed with a smaller buckling pitch length compared to that for 
sinusoidal buckling (6). There is a significant increase in the frictional 
drag and the wall contact force during this period such that the load 
transmitted through the helically buckled CT is highly reduced until a 
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“lock-up’ condition is reached (i.e maximum load transmission at which 
there is no further CT movement downhole). 
 
RESULTS DISCUSSION 
Irri-29 (Horizontal Well) 
Irri-20 was planned to have a medium range horizontal drainage section 
length of 3100 ft ah with an average build-up rate of 3.75°/I00 ft and 
LD/TMD of 8090/11190 ft ah. The use of a tapered 5-1/2”? 4_1/2M 
slotted liner completion assembly in order to facilitate the installation of 
the completion liner across the entire horizontal section drilled has 
resulted in a -27% reduction in radial clearance between the CT 01) and 
the 4-112 slotted liner ID at the lower end of the horizontal section - See 
analysis report.  
 
The CT was unable to penetrate further than the depth of —9528 flab due 
to some possible restriction in the 4-1/2 SL bore.  
The estimated maximum circulating pressure for the I- 114”, 1.251 lb/ft 
CT during the planned pumping operation with the non-nitrified low-
weight brine (SG. -105) is —3000 psi. 
 
The validation of the CT performance prediction model has been 
attempted with actual tubing load behavior in the well - See figure 3 and 4.  
Irri-21 (Horizontal Well) A 1-1/2” tapered —1.8 lb/ft CT was selected for 
the post rig-completion exercise at Opukushi-22 horizontal well. This was 
informed by the need to avoid the unexpected incidence of CT hold-up 
mid-way into the completion liner as in the preceding well. Well 
trajectory was fairly similar with a planned BUR of 3.9°/l00 ft and 
LD/TMD of 7929/10430 ft ah. 
 
The CT was successfully ran down to the bottom without any incident of 
lock-up. This performance was sufficient in eliminating the some of the 
uncertainties that surrounded the hold-up of the 1-1/4’ CT in the 
preceding well. This has confirmed the PC-based simulator and 
spreadsheet prediction that there will be no lock-up. Maximum LOP 
calculated from both techniques was 100% higher than the section 
penetrated in horizontal section at HUD. 
 
CONCLUSIONS AND RECOMMENDATIONS 
Analysis of expected CT hydraulic performance during the planned 
pumping operations such as well clean-up is critical in order to determine 
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if the operating envelope will fall within the maximum allowable CT 
working pressure limit. 
 
Analysis of 1-1/4” CT mechanical load behavior in horizontal wells shows 
that the CT will buckle at the heel end of the horizontal section as the 
helical buckling load for this well section will be exceeded during CT- 
assisted completion operation.  
The limit of penetration predicted from the 1-1/4” CT axial and hook 
load distribution while tripping-in is less than the proposed total well 
measured depth (TMD) for horizontal wells with similar completion 
configuration (Lw > 3000 ft). A higher capacity-CT e.g. 1-1/2 is 
recommended for CT-assisted operations to be technically feasible in 
these long-drainage-section horizontal wells.  
 
Coiled tubing penetration performance in the horizontal well application 
can be enhanced by adjusting the radial clearance between the tubing and 
the surrounding wellbore, increasing the wellbore fluid density, or 
changing out the tubing to a larger size CT unit. 
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