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A multi-function predictive tool has been developed for Fula pipeline thermal and hydraulic 
prediction and simulation during its operation. The predictive tool has been developed utilizing 
published mathematical models applied to thermal/hydraulic calculations in pipeline operation. 
Real field data has been entered into the tool and the outputs have been validated with the Stoner 
Pipeline simulator (SPS) using the same entered parameters. It has been found that the 
predictive tool and the Stoner software outputs are virtually alike. More accurate results of the 
effect of pipeline elevation profile (potential pressure) on the remaining pressure along the 
pipeline are gained from the predictive tool. This accuracy is indicated by zigzagged hydraulic 
gradient lines resemble to the pipeline route between every two pump stations. The predictive 
tool also has the capability of predicting the transient temperature and friction pressure 
distribution along the pipeline under shutdown conditions. 
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INTRODUCTION 
 
Fula pipeline is a spiral Seam Submerged-Arc Welded 
(API Spec 5L)  24 in diameter, 715.44 km length 
pipeline constructed in 2003 and commissioned by the 
first quarter of 2004 to transport the Fula field crude oil 
from CPF located in the south-west of Sudan to 
Khartoum refinery.  

To achieve the ultimate throughput pipeline capacity 
of 200,000 BOPD in phase IV, five booster pump 
stations have been designed; details as in table (1).  

Table (1) illustrates the elevations of the pumps 
stations along the pipeline and their distance from the 
pipeline inlet. The table shows that the target of phase II 
is achieved by operating three pumps stations (PS#01, 
PS#03, and PS#04). Figure (1) illustrates the pipeline 
profile. Figure (2) illustrates the types and ratings of 
pumps contained in the three pumps stations running 
during phase II operation.  

Fula pipeline has successfully achieved phase I 
throughput of 12,000 BOPD in 2004 and phase II 
throughput of 40,000 BOPD in 2007. 

This paper discusses a predictive tool developed for  

analysis of thermal/hydraulic parameters of Fula 
pipeline at different flow conditions for a selected phase 
(phase I through phase IV) 
 
 
Literature review 
 
Computer simulation now a day is of great importance 
in engineering educations and applications. For 
petroleum engineering discipline, in particular, computer 
simulation plays an important role in assessment and 
evaluation of many processes that associated with high 
degree of difficulty and/or high cost to evaluate them 
experimentally.   

We can divide the roles that computer simulation 
plays in petroleum engineering into two parts. The first 
one is the education-related role (e-learning) in which 
the usefulness of computer simulation is not far differing 
from other engineering disciplines. Examples of such 
usefulness are simulating of labs that are impractical, 
expensive, impossible, or too dangerous to run (Strauss  
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Table 1. Fula pipeline pump stations arrangement 
 

PS No. Mileage Km Elevation m Remarks  

PS#01 0 550.5 Phase I, Initial 

PS#02 165.5 584.3 Phase III 

PS#03 280.5 576 Phase II 

PS#04 468 412.5 Phase II 

PS#05 618.2 441.7 Phase III 

PS#06 715.42 404.88 Phase I, Terminal 

 
 

 
 

Figure 1. Pipeline Profile 

 
 

PS03 280 km PS04 468 km 

Centrifugal pump Flow rate=60 MBPD, Pressure=10 MPa  

Screw pump Flow rate=20 MBPD, Pressure=10 MPa 

Normal operation Stand-by  

 
 

Figure 2. Fula pipeline phase II pumps types and ratings 
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Table 2. Fula crude properties (Phase II) 

 

NO Item Result 

1
 

Density, (kg/m
3
) 940.9 

2 Dynamic Viscosity, (mPa.s)   

 29� 1600 

 35� 910 

 40� 620 

 60� 210 

 80� 100 

3 Solidifying point, (�) -5 

4 Saturation hydrocarbon, (m%) 38.5 

5 Aromaticity hydrocarbon, (m%) 28.1 

6 gummy matter,（m%） 13.69 

7 Asphalt matter, (m%) 0.6 

8 Acid number,（mgKOH/g） 6.1 

9 Wax Content, (m%) 13.5 

10 Flash point（OPEN）, (�) 168 

11 Ash, (m%) 0.4 

12 Remnant charcoal, (m%) 7.54 

13 C, (m%) 86.59 

14 H, (m%) 11.86 

15 S, (m%) 0.16 

16 N, (m%) 0.28 

17 Sand Content, (m%) 0.1 

18 Salt Content,（mgNaCl/L） 683 

19 Ni,（mg/kg） 18.3 

20 V,（mg/kg） 0.9 

21 Ca,（mg/kg） 1652 

22 Distillation range,（�）  

 Initial point 245 

 5% 301 

 10% 366 

 30% 496 

 34.6% 518 

23 Invariability,  grade 1 

 
 
and Kinzie, 1994), Contribution to conceptual changes 
(Zietsman, 1986; Stieff, 2003), source of open-ended 
experiences for students (Sadler et al. 1999), provider 
of tools for scientific inquiry (Mintz, 1993; White and 
Frederiksen, 2000; Windschitl, 2000; Dwyer and Lopez, 
2001) and problem solving experiences (Woodward et 
al., 1988; Howse, 1998), and contribution in distance 
education (Lara and Alfonseca, 200; McIsaac and 
 Gunawardena, 1996). 

The second role of computer simulations in petroleum 
engineering is their use as tools for controlling real field 
processes. Computer simulations are the only way to 
evaluate, assess, and control processes in far-to-reach 
spots such as reservoirs and deep-water pipelines.  

 
 
 

 
 
 
 

A good reference of reviewing computer application in 
petroleum engineering is a paper written by Dougherty 
and Ershaghi (Dougherty and Ershaghi, 1986) in which 
the authors have reviewed historical trends and 
attitudes of petroleum engineering schools toward 
computer applications, discussed the state of the art, 
and suggested a syllabus to take advantage of the 
potential benefits of computer-aided instruction (CAI) 
and computer-aided design (CAD) in petroleum 
engineering education.  
 
 
Calculations procedure 
  
The calculations are performed using mathematical 
models regularly applied to pipelines thermal and 
hydraulic calculations. To include the variation of the 
rheological properties (viscosity, fluid consistency, and 
flow index) with temperature, empirical equations are 
formulated describing these variations before entering 
the input data.  
The following are the main equations used for normal 
operation calculations: 
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Equation (1) calculates the temperature at any distance 
L along the pipeline. The calculated temperature is then 
used to calculate Newtonian viscosity or non-Newtonian 
fluid consistency and flow index using the empirical 
equations created before. Experiments carried out 
during the Fula pipeline design and commissioning 
provide evidence that Fula crude always exhibits 
Newtonian flow above 29 C, which is the minimum 
environmental temperature along the pipeline. Thus the 
non-Newtonian fluid consistency and flow index need 
not be considered and only one viscosity-temperature 
equation need to be formulated. This relationship is 
most probably linear [1] following the equation 

BTA −=µlog . To formulate the viscosity-

temperature equation we dealt with the data contained 
in table 2 to attain the curve and associated equation 
contained in figure 3. The constants A and B are 
introduced to the program as input data instead of input 
a single value of viscosity because temperature 
markedly affects viscosity which in turn affects friction 
losses along the pipeline.  The friction pressure is 
calculated using equation (2).   
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The viscosity-temperature experiments shall be re-
carried out whenever there are changes in operation 
conditions to update the rheology constants.  
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Fula Pipeline Temperature-Viscosity Relationship

y = -0.023x + 3.7776

R
2
 = 0.9761
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Figure 3. Fula Crude Viscosity Variation with Temperature 

 
 

 
 

Figure 4. The Software GUI 

 
 
The software 
 
The software is an appropriate quick-prediction tool for 
Fula pipeline thermal/hydraulic prediction. The main 
graphical user interface (GUI) of the software is 
illustrated in figure (4). Actual field data can be 
introduced into the operation condition input form figure (5). 

These input data will be processed in accordance to 
the mathematical models.  
 
 
The software capabilities 
 

Different output can be obtained in tabular or graphical 
forms. These outputs include the following: 
 

Operation Condition Output 
 
1- One-km friction pressure distribution and 
temperature distribution along the pipeline as in figure (6). 
 

This output emphasizes the scientific fact that friction 
pressure increases with temperature reduction. 
2- Hydraulic gradient: the hydraulic gradient line is the 
line which shows the distribution of the available 
pressure (pumping pressure head plus the elevation 
difference head minus pressure losses due to friction) 
downstream to pump station. To obtain this output the 
separate form shown in figure (7) is to be filled. The  
of running pumps is selected then the remaining input 
data are entered accordingly. Pressing Fula 
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Figure 5. Operation Condition  Input Form 

 
 

 
 

Figure 6. Fula Pipeline Temperature and one-km Friction Pressure Distribution 

 
 
Pipeline button automatically introduces the default Fula 
pipeline data for the selected case. 
Figure (8) is the output hydraulic gradient line of Fula 
pipeline in phase I (only PS01 is running with discharge 
pressure=9.2 MPa, flow rate=60 m

3
/h) . Whereas figure 

(9) is the same output in phase II (PS01 9 MPa, PS03 
8.7 MPa and PS04 9.2 MPa are running, flow rate=265 
m

3
/hr). 

The software also output the operation results in tabular 
format as in figure (10). In this table the first column is 
the temperature distribution along the pipeline every 
kilometer. The second column illustrates the 
accumulated pressure losses for the segment from the 
pipeline inlet. The third column illustrates the pressure 
losses within every km along the pipeline. The fourth 
column identifies whether the flow within the current 

kilometer length is Newtonian or non-Newtonian. For 
Fula pipeline up to now the flow is always Newtonian 
because the crude pour point is very low when 
compared with the soil temperature.    
   
 
Shutdown condition output 
 
Figure (11) is the input form of the shutdown condition. 
The key input parameters of shutdown calculations are 
shutdown time, the calculations time interval, and the 
flow rate before shutdown and after start-up.  The input 
data shown in figure (11) result the output shown in 
figures (12)~(15), which are tabular and curves out put 
of temperature and friction pressure distribution along the 
pipeline after every time interval. 
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Figure 7. Hydraulic Gradient Input Form 

 
 

 
 

Figure 8. Fula Pipeline Hydraulic Gradient Line (Phase I) 

 
 

 
 

Figure 9. Fula Pipeline Hydraulic Gradient Line (Phase II) 
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Figure 10. Operation Tabular Output 

 
 

 
 

Figure 11. Shutdown Condition Input Form 
 

 

 
 

 

Figure 12. Fula Pipeline Transient Temperature Distribution Table (Unsteady State) 
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Figure 13. Fula Pipeline Transient Temperature Distribution Curve (Unsteady State) 

 
 

 
 

Figure 14. Fula Pipeline one-km Friction Pressure Distribution Table (Unsteady State) 

 
 

 
 

Figure 15. Fula Pipeline one-km Friction Pressure Distribution Curve (Unsteady State) 
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Table 3. The Studied Case Input Data 

 

category Input parameter Unit  Remarks  

Pipeline system input data Overall heat transfer 
coefficient 

w/m
2
.C

o 
Assumed=2.5 (a little change has no 
significant effects on calculation) 

Outer , inner diameter m 6.1, 5.92 

Flow rate M
3
/hr 265 

Heat capacity j/kg.C
o 

2000 

Inlet temperature C
o 

80 

Soil temperature C
o 

29 

Solidification temperature C
o 

9 

Fluid Rheological constants 

*These constants relate the 
variation of crude rheological 
properties with temperature.  

Av, Bv  When flow is Newtonian 
(viscosity variation with 
temperature) 

 

Av=0.023, Bv=3.7776 

Ak, Bk,  

Not considered for Fula 
crude as    the flow is 
Newtonian at all 

Non-Newtonian flow (fluid 
consistency  variation with 
temperature) 

K=Ak*e
-Bk*T 

 

Not considered 

An, Bn, Cn 

Not considered for Fula 
crude as the flow is 
Newtonian at all 

Non-Newtonian 

Flow index variation with 
temperature 

N=An
2
*T+Bn*T+Cn 

 

Not considered 

 
 

 
 

Figure 16. Temperature and Viscosity Distributions along Fula Pipeline, SPS Results (Fula pipeline phase II detailed 
design, CPPE) 

 
 
The software results validation 
 
Table (3) shows the data that input to the software. The 
same data are used for the pipeline phase II detailed 
design hydraulic calculations and simulation that 
conducted by the China Petroleum Pipeline Engineering 
Company (CPPE) using the Stoner pipeline software 
package (SPS). Figures (16)~(19) show a comparison 
of the results obtained from the software with that 
obtained using  the Stoner software package.  Figure  
 

 
 
(16) and (17) show identical thermal calculation results 
in form of temperature distribution along Fula pipeline. 
The viscosity-temperature dependency is clearly 
illustrated in figure (16). The same dependency is 
illustrated in figure (16) as friction pressure-temperature 
dependency which is obviously logical as friction 
pressure is markedly dependant on viscosity.  Figure 
(18) and (19) show similar results of hydraulic gradient 
lines between pump stations. By comparing the curves’ 
shapes of these two figures, more zigzag is noted on  
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Figure 17. Temperature and one-km Friction Pressure Distribution along Fula Pipeline 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 18. Hydraulic Gradient of Fula Pipeline, SPS Output (Fula Pipeline Phase II 
Detailed Design, CPPE)  

 

 
 

Figure 19. Hydraulic Gradient of Fula Pipeline, (the Software Output) 
 
 
our software curves. These zigzags represents the 
pipeline profile, hence our software shows real potential 
pressure distribution between pump stations.    
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