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Research subject: Prediction of the wellbore temperature during the
downhole operations and its effects on the stress condition of the tu-
bulars is one of the important factors in design of the completion, pro-
duction and stimulation operations in oil and gas wells. Temperature
changes during the life of the well can change the stress condition of the
pipes inside the well, such as the tubing and the casing, and cause prob-
lems such as wellhead displacement or buckling of the tubulars, which
is dangerous in both terms of safety of the well and personnel and it can
also be economically inefficient.

Research approach: In this study, various operations during the life of
a well such as running the completion string, production start-up, the
well shut in, acid injection and other common operations in oil wells
were simulated in a practical order. Temperature changes during these
operations and their effect on the stress condition of the wellbore casing
and tubing were investigated.

Main results: The results showed that long-term production of the
well causes the most temperature changes in the well. This increase in
temperature reached a maximum value at a depth of 430 ft, which is
the mud line depth. Further, because the pipe is fixed, it buckles and
creates torque at deeper well depths. The results also showed that the
time required for the temperature to be completely stable is about a few
months, and this should be taken into account in the tubing pressure
test analysis.
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Conduction into the sea and air, and
heat transfer via currents and wind.

Vlertical heat transfer via convection
and conduction - only relevant in
high heat flow areas such as near
the seabed.

Free convection in liquids creating

both radial and vertical heat transfer.

Heat transfer by conduction in
the formation, through liquids,
muds, metal casing and cement.

Forced convection in the

tubing, frictional heating and
conversion of mechanical energy.

Temperature change caused
by fluid expansion (J-T).
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Figure.1 Heat transfer mechanisms.
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Table 1. Numerical methods of heat equations in the simulator

Model Formulation

Solution Method

Flow Stream: Heat
Balance

Alternating
Direction Implicit

Thermal

Wellbore: Heat Balance

Implicit Radially
Explicit Vertically

Formation: Fourier

Finite Difference
Implicit Radially
Explicit Vertically
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Table 2. Operations performed on the well after 375 days of cementing operations and their details

Operation
1 Bullhead Squeeze Cementing
2 Circulate 12.5PPG OBM
3 Displace Completion Fluid
4 Spot Cement Plug
5 Pull Out WS/Run Completion
6 Production Start Up
7 Shut-In after Initial Production
8 Stimulation Job_01
9 Shut-In after Stim_01
10 One Year Production
11 Shut-In after One Year Production
12 Stimulation Job_02
13 Shut-In after StimJob_02
14 Gas Lift of Depleted Zone
15 Acid Fracturing Job
16 Coil Tubing Clean Up
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Figure 2. Undisturbed temperature profile, wellbore temperature after completion fluid displacement and after pull
out the string /running completion
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Figure 3. Undisturbed temperature profile, wellbore temperature after initial production (2 days) and after the long-
term production (1 year)
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Figure 4. Effect of flow rate increase on wellbore temperature
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Figure 5. Undisturbed temperature profile, wellbore temperature after the long-term production (1 year), subsequent

shut-in, 2nd stimulation job and shut-in the well again
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Figure 6. Tubing temperature changes over time from the start of production after several (a) days (b) months

10000
&8 2000
ai2000
e

18000

160001

18000

20000

22000

# Undisturbed

T T T T T T T T T T T T T T T T T T
0 WS 1200 X 150 s B0 65 20 XS M0 25 20 M5 00 M5 30 M5 M0
Ternpeeatine (°F)

0y Jlo 5 ) dmy ole o esliialsjge sla alg) olos Slpis VS

Figure 7. Temperature changes of wellbore tubulars after one year of production
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Figure 8. Bar chart of length changes in the production tieback casing (casing_4 in Figure 7) after one year of
production and after the acid fracturing job
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Table 3. Length changes of production tieback casing after one year of production

Measured Depth(ft) Hook’s | Buck- Ballooning(ft) | Thermal(ft) | Total(ft) | Buckled
Law (ft) | ling (ft) Length(ft)

Top Bottom
30.1 15500 -3.02 -0.02 -2.05 5.1 0.00 3864.5

a5 Jlo S 5l am ol ey sl 2 015 slag s polie F Jga
Table 4. Applied loads on production tieback casing after one year of production

Measured Depth(ft) | Axial Load(lbf) | Dogleg (/100ft) Torque(ft-1bf)
2000 321625 0.00 0.00
3000 289625 0.00 0.00
4000 257625 0.00 0.00
5000 225625 0.00 0.00
6000 193625 0.00 0.00
7000 161625 0.00 0.00
8000 129625 0.00 0.00
9000 97625 0.00 0.00
10000 65625 0.00 0.00
11000 33625 0.00 0.00
12000 1625 0.21 0.6
12500 14375- 0.5 2.2
13000 30375- 0.79 43
13500 46375- 1.08 6.9
14000 62375- 1.37 9.8
14500 87375- 1.67 13.1
15000 94375- 1.96 16.7
15499 110375- 2.25 20.5
15500 149585- 0.00 0.00
16000 158285- 0.00 0.00
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Figure 9. Applied axial loads on tubing at production Start-Up and One Year Production
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