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1. Introduction

Crude oil produced in the Central of Rong and Nam 
Rong - Doi Moi fields has high-paraffin content, ranging 
from 13.8% to 23% by mass. The asphaltene-resin content 
ranges from 3.69% to 18.8% by mass. The oil density var-
ies between 832 kg/m3 and 890 kg/m3. The pour points 
temperatures of the produced oils range from 30oC to 
36oC. The main properties of crude oil from Rong field are 
presented in Table 1.

The high-paraffin and asphaltene-resin contents re-
sult in complex rheological properties of the produced 
crude oil. When the crude oil temperature approaches 
its pour point (< 37oC), wax deposits form intensively in 
both the tubing and the gathering-transportation sys-
tem, leading to reduced pipeline internal diameter and 
increased pressure losses.
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2. Pipeline system connected to RP-1 platform

Initially, Vietsovpetro’s crude oil gathering, process-
ing and transportation system was constructed following 
field development model in Caspian sea. According to this 
model, pipelines were laid on the seabed without burial 
or insulation. After 1998, Vietsovpetro began insulating its 
subsea pipelines with composite or foam materials. 

Nam Rong - Doi Moi fields have the main platform 
RP-1 and satellite platforms of RC-DM, RC-4, and RC-5. 
Crude oil from RC-DM, RC-4, RC-5 is transported to RP-1 as 
gas-saturated oil, while the one from RC-6 is transported 
to RP-1 as a gas-oil mixture. The combined oil stream from 
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Parameters Values 
Gravity at 20oC (kg/m3) 832 - 890 

Para�n content (% mass) 19 - 23 
Asphaltene (% mass) 3.69 - 18.8 

Viscosity at 50oC (mm2/s) 5.6 - 27 
Pour point (oC) 30 - 36 

WAT (oC) 55 - 60 

Table 1. Main properties of crude oil from Nam Rong - Doi Moi fields
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these satellite platforms is then transported to 
FSO-3 for processing to meet commercial speci-
fications (Figure 1).

As mentioned above, the pipeline from plat-
form RP-1 to FSO-3 is uninsulated, while other 
subsea pipelines from RC-DM, RC-4, RC-5, and 
RC-6 platforms are insulated with composite or 
foam materials. 

Therefore, the most critical problem for the 
Nam Rong - Doi Moi field’s transportation pipe-
line system is to maintain flow assurance in the 
uninsulated section RP-1→ FSO-3. This is the sole 
pipeline transporting oil from this field to FSO-3.

3. Challenges in high-paraffin crude oil trans-
portation through uninsulated pipeline RP-1 
→ FSO-3

The seabed water temperature ranges from 
22oC to 28oC. Crude oil produced from RC-DM, RC-
4, RC-5, RC-6 and RP-1 platforms has high content 
of paraffin, asphaltene and resin. The pour points 
of the produced oils range from 30oC to 36oC. The 
transportation of crude oil through RP-1 → FSO-3 
pipeline faces the following risks:

- Paraffin crystallization: Wax crystal deposit 
on the internal pipeline walls, reducing the 
internal diameter and increasing pressure loss;

- High transport pressure: Required due 
increased oil viscosity when the temperature 
approaches the pour point.

Simulation results indicate that in the uninsu-
lated pipeline RP-1 → FSO-3, paraffin deposits can 

form a layer approximately 40 mm thick. While this solid wax layer 
acts as a natural insulation, reducing heat loss to the surrounding 
environment, it also causes significant pressure increase. 

As the seabed water temperature decreases, the oil tempera-
ture in the pipe drops rapidly, causing the transported oil’s viscosity 
to increase significantly and leading to high pressure drops. De-
pending on the seabed water temperature, the oil temperature at 
FSO-3 fluctuates from 32 - 35°C if pumped from RP-1 at 37 - 40°C. 
The treated crude oil has a pour point of approximately 32oC. When 
seabed water temperature falls below 23oC, the temperature of 
crude oil arriving at FSO-3 approaches its pour point. In these condi-
tions, the averaged pump pressure increases to 25 - 35 bar, creating 
high risks for the transportation system.

4. Optimization of high-paraffin crude oil transportation via 
uninsulated RP-1 → FSO-3 pipeline

The study focused on improving crude oil treatment us-
ing pour point depressants in combination with demulsifier to 
achieve maximum efficiency in lowering the pour point and vis-
cosity of the oil mixture. 

In general, chemical treatment efficiency depends on mul-
tiple factors: chemical dosage, product temperature, water con-
tent, produced water form in the product, among which product 
temperature plays the most crucial role. To maximize the effec-

Table 2. Dependence of incoming liquid FSO-3 on seabed temperature

Seabed temperature (oC) Temperature of incoming liquid FSO-3 (oC) 
23 32,2 
24 32,4 
25 33,0 
26 33,4 
27 34,0 
28 34,2 
29 34,5 

Figure 1. Schematic of the pipelines RC-DM → RC-4 → RC-5 → RP-1 and RC-6 → RP-1.
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tiveness of pour point depressant (PPD), Vietsovpetro 
implemented a method of  injecting PPDs through capil-
lary tubes at 2,000 - 2,500 m depth, where the crude oil 
temperature exceeds its wax appearance temperature.

At the Central of Rong and Nam Rong - Doi Moi satel-
lite platforms, chemical dosage has been uniform across 
all oil wells, without considering well-specific parameters 
such as crude oil properties, product temperature at 

pump locations, water content, and individual well pro-
duction rates. This highlighted the critical need for a study 
to determine optimal dosage for each oil well. 

The rheological properties of crude oil from each well 
were analyzed using different dosage of the PPD current-
ly applied in Vietsovpetro’s fields. The tested dosage was 
based on current operational levels. The results are pre-
sented in Figures 2 - 5.
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Figure 2. Rheological properties of crude oil of the wells 425, 424 RC-4.

Figure 3. Rheological properties of crude oil of the wells 15, 17 RC-5.

Figure 4. Rheological properties of crude oil of the wells 503, 506 RC-5.
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Figure 5. Rheological properties of crude oil of the wells 410, 407 RC-DM.

Wells 

Deposition of para�n (kg/m2) 
Temperature of bulk oil at 37oC 

Temperature of cold �nger at 32oC 
0 ppm 700 ppm  1,000 ppm  1,300 ppm  

20 6.75 5.39 3.27 1.75 
25 4.59 3.13 2.14 0.65 

421Б 7.01 3.80 3.26 1.27 
422 7.20 4.81 2.48 2.09 
423 6.88 2.53 1.42 1.21 
424 8.09 6.76 5.04 2.82 
425 8.11 6.55 5.11 5.01 
426 8.52 6.86 5.23 2.11 

Table 3. Deposition of paraffin of crude oil RC-DM treated by cold finger method

Wells 

Deposition of para�n (kg/m2) 
Temperature of bulk oil at 37oC 

Temperature of cold �nger at 32oC 
0 ppm 600 ppm  900 ppm  1,200 ppm  

20 4.23 3.39 3.12 2.02 
25 8.23 6.25 5.07 3.01 

421B 10.15 8.85 7.13 3.57 
422 5.25 4.98 2.21 2.10 
423 8.02 3.46 3.22 3.15 
424 8.05 7.79 3.54 3.08 
425 6.69 2.53 2.41 2.32 
426 7.32 6.51 5.23 2.84 

Table 4. Deposition of paraffin of crude oil RC-4 treated by cold finger method

Wells 

Deposition of para�n (kg/m2) 
Temperature of bulk oil at 37oC 

Temperature of cold �nger at 32oC 
0 ppm 500 ppm  700 ppm  1,000 ppm  

15 2.19 1.41 1.38 0.77 
17 1.79 1.32 1.23 1.17 

503 1.89 1.46 1.12 0.31 
506 7.02 2.51 2.44 2.18 
507 6.89 5.44 4.90 4.76 
508 6.57 3.42 3.30 3.22 
509 8.47 5.38 4.86 4.74 
510 2.78 2.76 2.71 2.70 

Table 5. Deposition of paraffin of crude oil RC-5 treated by cold finger method



51PETROVIETNAM - VOLUME 6/2024

PETROVIETNAM

Based on the study results of the rheo-
logical properties of treated crude oil from 
oil wells in the Central of Rong and Nam 
Rong - Doi Moi fields, optimal chemical 
dosages were determined and imple-
mented in field trials (Table 6).

The optimization of chemical treat-
ment using PPDs was implemented on 
platforms RC-DM, RC-4, and RC-5 with the 
optimal dosages mentioned above. Af-
ter field trials, the pour point of crude oil 
pumped from RP-1 to FSO-03 decreased 
from 31 - 32oC to 29 - 30.5oC.

In addition to optimizing PPD treat-
ment, demulsifiers are also used on the 
RC platforms to treat the produced liquid 
mixture, improving water separation and 
reducing mixture viscosity.    

Lowering the pour point helps reduce 
the pressure drop in pipelines. The trans-
portation operations from RP-1 to FSO-3 
remain stable, with all system operating 
parameters consistently maintained with-
in allowable technical limits.

Well Used dosage before Optimization (ppm) Optimized dosage (ppm) 
20/RC-4 900 1,200 
25/RC-4 900 1,200 

412B/RC-4 900 1,200 
422/RC-4 900 900 
423/RC-4 900 900 
424/RC-4 900 1,200 
425/RC-4 900 600 
426/RC-4 900 1200 
15/RC-5 700 1,000 
17/RC-5 700 500 

503/RC-5 700 1,000 
506/RC-5 700 700 
507/RC-5 700 500 
508/RC-5 700 500 
509/RC-5 700 500 
510/RC-5 700 0 
2X/RC-DM 1,300 1,300 

405/RC-DM 1,300 0 
406/RC-DM 1,300 1,300 
407/RC-DM 1,300 1,300 
410/RC-DM 1,300 1,300 

Table 6. Optimized PPD dosage
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Figure 6. Rheological properties of crude oil pumped from RP-1.

Figure 7. Wax tendency of crude oil pumped from RP-1, before (a) and after (b) optimized treatment.
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5. Conclusion

The transportation of high-paraffin crude oil through 
uninsulated pipelines is inherently risky and complex. 
The main problem is intensive heat loss, which promotes 

paraffin deposition on the inner surface of pipelines and 
increases fluid viscosity, resulting in substantial pressure 
loss during transportation.

The study results indicate that crude oil properties 
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Figure 8.  Operating parameters of RP-1 → FSO-3 pipeline before (green zone) and after (yellow zone) optimization.

Figure 9. Operating parameters of RP-1 → FSO-3 pipeline in the latest period.

Table 7. Deposition of paraffin of treated crude oil pumped from RP-1

Chemical 
Deposition of para�n (kg/m2) Deposition reduction (%) 

Crude oil pumped from RP-1 
Before optimized treatment 7.20 

70.8 
After optimized treatment 2.45 
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vary significantly among wells within the same satellite 
platform. Notably, the effectiveness of pour point depres-
sant treatment fluctuates considerably from well to well. 

For optimal PPD usage, applying uniform dosage 
to all oil wells can result in either ineffective treatment 
or chemical waste. Through rheological and deposition 
studies of crude oil from individual wells, optimal treat-
ment regimes can be determined. The optimal PPD dos-
age should be established based on well-specific treat-
ment requirements.  

In particular, the uninsulated RP-1 → FSO-3 pipeline 
operates with oil temperature approaching the pour 
point, leading to increased average pump pressure and 
creating high risks for the transportation system. 

Therefore, PPD treatments enhance pour point re-
duction effectiveness, lower viscosity, and minimize wax 
deposition. However, the conventional approach of ap-
plying uniform dosage across all wells has not adequately 
reduced back pressure. The well-specific optimization 
approach has proven to be more effective in maximizing 
PPD treatment efficiency.

The study results of the Central of Rong and Nam 
Rong - Doi Moi fields demonstrate that implementing 
these concepts has significantly improved crude oil treat-
ment efficiency. As a result, the field’s crude can now be 
safely transported through the uninsulated RP-1 → FSO-3 
pipeline.

The results of study have been applied for another oil 
fields produced by Vietsovpetro, especially for the small 
and marginal oil fields.
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