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Abstract

The separation of wax as a solid phase from wax- prone crude oils and subsequent accumulation in tubings,
flowlines, process equipment and pipelines is a major problem confronting the oil industry all over the
world with its attendant high operational costs. To address these problems, this paper seeks to characterize
waxy crudes for wax deposition tendency. Eighteen representative samples of crude oils from the four
identified Niger Delta waxy oil fields were obtained and characterized for tendencies to deposit wax. N-
paraffin distribution was measured with high resolution gas chromatography (HRGC) while WAT was
measured with cross polar microscopy (CPM). The compositional data of the waxy crudes were further
characterized to establish the degree of waxiness (DOW) using a correlation generated from n-paraffin
distribution. There are indications of wax deposition tendencies for all tested crude samples. WAT varied
from 20°C to 51.1°C. The DOW obtained varied for each well fluid and field. Variations were small for
well fluids from the same field whereas the variations widen across fields. Knowledge of the degree of
waxiness of well fluids could assist in the selection of wax remediation options and determining the
frequency of wax removal operations.

Keywords: Niger Delta (ND), waxy crudes characterization, CPM, wax appearance temperature,
HRGC, n-paraffin composition, degree of waxiness.

1.0 Introduction

Most crude oils including Niger Delta crudes have an amount of heavy paraffinic molecules
dissolved under reservoir conditions. Wax remains in solution until operating conditions are
favourable to its precipitation, a condition caused by changes in the temperature—pressure
equilibrium of the crude oil.

Upon precipitation, wax can be deposited anywhere on the components of the production system,
both on the subsurface and surface equipment. It could deposit in the reservoir, wellbore, tubing,
flow lines, and surface facilities. In the Niger Delta, it has been reported to have affected quite a
good number of wells® 2 3 The operational problems* associated with wax precipitation and
reposition has resulted in huge losses that amount to billions of dollars annually for the oil industry
all over the world® ®,
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Flow assurance issues resulting from wax precipitation and deposition are expected to increase
tremendously in the future because oil production from many regions has shifted to the low
temperature deep sea environment. Although a number of remedial measures exist to clean wax
deposits in production and transport facilities such as mechanical, chemical and thermal
techniques, they are very expensive and often times fail to achieve the desired results especially in
offshore environments. Presently, there is no universally effective treatment for wax deposition
problem because treatment methods are highly case — dependent’. A more proactive approach to
solving wax deposition problems would involve preventive measures.

Preventive measures require proper identification and characterization of fluid behaviour and
properties. Crude oil characterization plays major role in solving wax precipitation and deposition
problems® °. Another important consideration in the evaluations of the wax potential of a crude
oil is the climate of the area concerned?®. Detailed laboratory studies of the crude oil samples from
fields located in a given region such as Niger Delta are therefore very crucial to evolve suitable
solutions to address the region’s specific waxy crude oil problems*?.

The purpose of this study is to characterize and evaluate eighteen waxy crudes from the four
identified Niger Delta fields with a view of assessing the potential for wax to impact production
operations or transportation systems.

2.0 Methodology

The following techniques were used to characterize the eighteen waxy crudes identified: The wax
appearance temperature (WAT) and wax dissolution temperature (WDT) were measured with
cross polar microscopy (CPM), crude oil composition (n- paraffin) was measured with high
resolution gas chromatography (HRGC), specific gravity (SG) was measured with ASTM-type
hydrometers and viscosity measurement (according to ASTM D445) was done with KV- 8
viscometer bath at 40°C using Cannon -Fenske viscometers tubes.
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Exhibition, Al- Khobar, Saudi Arabia, April 21-24.

10 Misra, S., Baruah, S., and Kulwart, S. (1995), “Paraffin Problems in Crude Oil Production and Transportation: A
Review” Paper SPE 28181, SPE Production and Facilities.
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2.1 Experimental Section

The experimental procedure included preliminary sample preparation to ensure that only
homogenous samples were used for analysis. This was achieved by heating all samples for analysis
in a water bath at varying temperatures (above WAT) according to the nature of the crude oil to
dissolve all precipitated wax back into solution. Also all samples were subjected to high
temperature centrifugation prior to analysis to remove water and other contaminants.

2.1.1 Specific gravity/ API gravity

Specific gravity/density is one of the preliminary diagnostic tests for wax precipitation and
deposition. An increase in density/specific gravity could signal the onset of wax precipitation.
Specific gravity of each of the crude oil sample was measured with ASTM-type hydrometers to
obtain SG@ lab. Crude oil sample temperature was recorded and with the SG@ Lab reading, SG@
60°F/ 60°F was obtained from ASTM 1250 chart. The water-cut of the crude oil was obtained from
Dean Stark distillation. The dry SG was then obtained from equation 1 below and API gravity
from equation 2.

SG @ 60°F/ 60°Fx100—water cut
100—water cut

Dry SG =

1)

— 1315 )

141.5
Dry SG

API =

2.1.2 Viscosity

Viscosity of crude oil samples is influenced by wax precipitation. The onset of wax precipitation
is signaled by sudden increase in viscosity causing a deviation from Newtonian to non- Newtonian
behaviour. Viscosity was measured according to ASTM D445. KV- 8 viscometer bath at 40°C and
Cannon -Fenske viscometers tubes were used to measure the prepared crude oil samples
viscosities. The kinematic viscosity was calculated by multiplying the efflux time by the
viscometer constant of each of the tubes used.

2.1.3 Wax appearance temperature (WAT)

The Wax appearance temperature (WAT) test is the most important of all the diagnostic tests
carried out on crude oil samples to assess a field’s tendency to wax precipitation and deposition.
WAT is critical because below WAT a solid phase of wax exists in the crude oil. The method used
for this analysis was cross polarization microscopy (CPM). The CPM apparatus consists of an
Olympus system microscope model BX51, a digital camera, a PC, a water circulation pump, T95
system controller, T95 linkPad, LNP95 liquid nitrogen cooling system (liquid nitrogen Dewar
flask) and temperature control software. The microscope is equipped with a polarizer, a condenser,
a light source (12V, 100W halogen bulb), a circular dovetail sub-stage assembly on which is
mounted a THMS600/720 temperature controlled stage, and four objective lenses of different
magnifications (5X, 10X, 25X and 50X). Only clean and centrifuged crude samples were used for
analysis and the cooling system was liquid nitrogen. A temperature analysis profile was selected
and on completion of the profile, WAT was recorded from the photomicrographs.
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2.1.4 Wax disappearance Temperature (WDT)

The wax dissolution temperature (WDT) was another parameter measured. It represents the
temperature at which the last crystal dissolves or disappears on a thermal stage. WDT is important
for accurate design of control measures for wax precipitation and deposition. The sample was
reheated upon the determination of WAT. The last temperature at which the final crystal
disappeared was recorded as the WDT for the crude oil sample analyzed.

2.1.5 N- paraffin distribution

It has been established that n- paraffins are predominantly responsible for wax deposition
problems (Misra, 1995). The understanding of the n- paraffin distribution of a crude oil can help
evaluate the components affecting the properties of waxy crude oil. The n- paraffin distribution
was determined with the Agilent 7890 A series high resolution gas chromatography (HRGC)
equipped with a flame ionization detector (FID). Analysis was performed with 1.5 ml of crude oil
sample using the loaded sequence for running the analysis.

2.2 Establishing degree of waxiness of waxy crudes from n- paraffin distribution

The wax content determination by quantitative gas chromatography (GC) or HTGC/HRGC is
oftentimes preferred to some other methods because it allows for compositional identification of
the hydrocarbon definitions and represents a reliable method for defining hydrocarbon wax
content!? . The wax content of each crude oil sample representing different wells from the four
identified Niger Delta oil fields was established based on the n- paraffin distribution analysis.
Recalling that macro-crystalline waxes (Cis — Css) are mostly responsible for wax deposition
problems®?, a ratio based on an equal interval between the fractions within the lower macro-
crystalline waxes range (Cis- C2s) and fractions within the upper macro-crystalline waxes range
(C26- Czs) was used to express the degree of waxiness of waxy crude oils. The use of wax
deposition index (WDI)* prior to DOW determination could be helpful in ensuring that only waxy
crude oils are analyzed for n-paraffin distribution. This could save time and cost where large crude
samples have to be analyzed especially during the early stages of field development.

3.0 Results and discussion
3.1 Crude oil characterization

The specific gravities of the crude samples ranges from 0.8282 (39.4°API) to 0.9532(16.9°API) as
shown in table 1 while viscosity measured at 40°C ranges from 4.11 to 34.60 centistokes

12 Tchouparova-Petzeva, E.D. (1999). “Petroleum Wax Deposition and Production Chemistry: Experimental Results
and Field Examples” PhD Dissertation University of Oklahoma, US.

13 Misra, S., Baruah, S., and Kulwart, S. (1995), “Paraffin Problems in Crude Qil Production and Transportation: A
Review” Paper SPE 28181, SPE Production and Facilities.

14 Nwachukwu, A.N., Chukwu, G.A., Onwukwe, S.I. and Chukwu, F.I. (2016), “Establishment of Wax Deposition
Index from Saturates, Aromatics, Resin, Asphaltenes Analysis”. Journal of Petroleum Engineering & Technology, 6
(1), 2231-1785.

Petroleum Technology Development Journal (ISSN 1595-9104): An International Journal; January 2017 - Vol. 7 No. 1 -




(Table 2). Specific gravity and viscosity measurements are basic preliminary tests to assess wax
precipitation tendencies. A decrease in API gravity and increase in viscosity usually signals the
onset of wax precipitation (Figure 1).

The Wax appearance temperature (WAT) test is the most important of all the diagnostic tests
carried out on crude oil samples to assess a field’s tendency to wax precipitation and deposition.
The measured WAT for the eighteen Niger Delta crude samples varies from 20°C for crude oil
sample W9 to 51.1°C for sample W5 (Table 3).

Figure 2 is a photomicrograph of sample W3 with wax crystals visible at a WAT of 37°C. The wax
dissolution temperature (WDT) is another important wax assessment parameter measured by the
same CPM apparatus. For all samples measured, the WDT values were higher than the
corresponding WAT (Table 3 and figure 3). Ideally the WDT and WAT ought to coincide at the
true equilibrium solid-liquid temperature because when oil is heated, the last crystal is expected to
dissolve back into solution at the true WAT. The difference has been attributed to the difficulty of
obtaining true thermodynamic equilibrium in the laboratory due to supercooling and superheating
effects from fast temperature scanning rates'>®. Some literatures reveal a difference of 5°C to
15°CY" and 10°C to 29°C*8. In this study the difference ranges from 1°C to 21.2°C, showing
superiority over those reported in the literatures except for samples W11 and W15 that exhibited
abnormally high WDT of above 60°C. The abnormal phenomenon observed for samples W11 and
W15 could be useful when designing control measures for wax precipitation and deposition for
these two wells.

N- paraffin components are very important when describing wax formation. This is because the
WAT and phase behavior of the depositing waxes are dictated by the behavior and amount of the
longer chain paraffins'®. The amount of each of the n- paraffin components present in any crude
oil usually show up as a peak on a chromatogram when measured with gas chromatography.
Although eighteen samples were measured, only four crude oil samples chromatograms are shown
here (Figures 4, 6 8 &10). Very few crude oil samples (W1, W2 and W5) had n- paraffin
components up to N-Cao.

15 Zhu, T., Walker, J.A and Liang J. (2008), “Evaluation of Wax Deposition and Its Control during Production of
Alaska North Slope Oils”. US Department of Energy, National Energy Technology Laboratory, Dec

16 Hammami, A., Ratulowski, J., & Coutinho, J.A.P. (2003). “Cloud points: Can we Measure or Model them?”
Petroleum Science and Technology, 21 (3-4), 345-358.

7 Zhu, T., Walker, J.A and Liang, J. (2008), “Evaluation of Wax Deposition and Its Control during Production of
Alaska North Slope Oils”. US Department of Energy, National Energy Technology Laboratory, Dec

18 Elsharkawy, A. M., Al-Sahhaf, T.A., Fahim, M. A and Al-Zabbai, W. (1999), “Determination and Prediction of
Wax Deposition from Kuwaiti Crude oils”. SPE paper 54006 Presented at the SPE Latin American and Caribbean
Petroleum Engineering Conference Held in Caraca Venezuela, 21- 23 April.

19 Deepstar IV Project (2001). “Flow assurance design guidelines”. DSIV CTR 4203b-1, April
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Majority of the samples have n-Cze as their upper range of detectable normal paraffins. A plot of
measured weight percent of n- paraffin versus carbon number (Figures 5, 7, 9 and 11) gives a
clearer picture of the n- paraffin composition of waxy Niger Delta crudes. There is a remarkable
difference when compared to a chromatogram and weight percent of n—paraffin versus carbon
number distribution of a non —waxy crude oil sample (Figures 12 and 13). The difference was
exploited to establish the degree of waxiness of Niger Delta waxy crudes (Table 4).

Table 1: Specific gravities and API gravities of 18 ND waxy crude oil samples

S/N | FIELD NAME | WELL NAME | SPECIFIC GRAVITY API
GRAVITY
1 X w1 0.9532 16.9
2 X w2 0.8282 39.4
3 Y W3 0.8634 324
4 Y w4 0.8712 30.9
5 Y W5 0.8752 30.2
6 Z1 W6 0.8334 38.3
7 Z1 w7 0.8486 35.2
8 Z1 w8 0.8533 34.3
9 Z1 W9 0.8686 31.4
10 Z1 W10 0.8513 34.7
11 Z1 Wil 0.8702 31.1
12 Z1 wi2 0.8516 34.7
13 Z1 W13 0.8511 34.8
14 Z1 w14 0.8613 324
15 Z2 W15 0.8768 29.9
16 Z2 W16 0.8909 27.3
17 Z2 w17 0.9007 25.6
18 Z2 W18 0.8525 345
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Table 2: Viscosities of 18 waxy crude oil samples from Niger Delta

S/IN | FIELD NAME | WELL NAME KINEMATIC VISCOSITY @ 40°C
(Centi-Stokes)
1 X W1 34.6
2 X W2 3.73
3 Y W3 7.89
4 Y W4 10.52
5 Y W5 11.07
6 Z1 W6 411
7 Z1 W7 4,71
8 Z1 W8 5.67
9 Z1 W9 8.03
10 Z1 W10 491
11 Z1 W11 10.33
12 Z1 W12 5.02
13 Z1 W13 5.00
14 Z1 W14 7.95
15 Z2 W15 11.21
16 Z2 W16 14.68
17 Z2 W17 20.4
18 Z2 W18 5.74
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Figure 1. API gravity vs kinematic viscosity @ 40°C for the 18 ND waxy crudes
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Table 3: Results of WAT and WDT of 18 Niger Delta waxy crudes

SIN | FIELD NAME | WELL NAME | WAT (°C) WDT(C)
1 X W1 31.0 39.8
2 X W2 25.9 44.8
3 Y W3 37.0 40.0
4 Y W4 36.0 575
5 Y W5 51.1 60.0
6 Z1 W6 25.0 30.0
7 Z1 W7 26.0 29.9
8 Z1 w8 26.5 28.3
9 Z1 W9 20.0 25.2
10 Z1 W10 27.0 30.0
11 71 W11 26.6 65.0
12 Z1 W12 25.5 40.0
13 Z1 W13 25.0 27.8
14 Z1 W14 305 39.8
15 72 W15 24.0 63.0
16 Z2 W16 38.0 445
17 72 W17 24.0 38.0
18 72 W18 24.0 25.0

SRR W e

Fig 2: Sample W3 cross polar microscopy photomicrograph of WAT at 37°C
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Fig 4: Waxy oil sample W1 HRGC- FID Fig 5: Measured wt. percent n- paraffin
chromatogram Field X Niger Delta versus carbon number of crude oil sample W1

Petroleum Technology Development Journal (ISSN 1595-9104): An International Journal; January 2017 - Vol. 7 No. 1 -




Nomm. ]
Sample W2
18004
7.0000
16004
£.0000
5.0000
-
c
¢ 40000
:
2 30000
3
20000
1.0000
ﬂmo I\I\ T T T T T II | III I III
B COC2CACeCEC0 46 AB0E2 A3 G8M
g5 2 R
R 'R Carbon Number
8 h
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Fig 8: Waxy oil sample W3 HRGC- FID chromatogram Fig 9: Measured wt. percent n- paraffin vs
Field Y Niger Delta carbon number of crude oil sample W3
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Figure 13: Measured weight percent n-paraffin
vs carbon number of crude oil sample W19
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3.2 Degree of Waxiness (DOW) of Waxy Crudes

Degree of waxiness is an empirical relationship that gives an idea of how waxy a crude sample is
and could be used to determine the type and /or extent of remedial measures to be applied to
specific wells with wax problems. The application of DOW index established in this study to the
eighteen Niger Delta waxy crude oils from four different fields produced unique results. The
estimated DOW varies from field to field however, the variation is smaller for different well fluids’
in the same field (Table 4). The heaviest crude oil sample W1 has a low degree of waxiness. The
explanation is that the degree of waxiness of crude oils does not only depend on the weight percent
of regular wax components (Cis- C3s) alone but also on the weight percent of the lighter
components (Cg- C14) in this case. This phenomenon could be attributed to the fact that the lighter
components of crude oil help to keep wax in solution and at same time also increase their
solubility?® 21, When there is a large Cs to C14 component fraction, the crude oil tend to have a
higher degree of waxiness compared to crude oil samples with smaller values even though these
samples may have larger regular wax components defined by this study as summation Cis to Css.
For instance Sample W1 with (API gravity 16.9, > C1s to Czs =73.54 wt. %) was expected to have
greater DOW being heavier and with a much larger regular wax components than sample W2 with
(API gravity 39.4, YCis to C3s = 62.36 wt. %). The unexpected higher degree of waxiness of
sample W2 could be attributed to higher weight percent of lighter components (11.01 for W1 and
29.48 for W2). The trend was observed in all the four fields. This is not peculiar to Niger Delta
waxy crudes. Crude oils with unexpected high wax content usually have a large lighter components
fraction to help dissolve wax in solution. Light oils may have as much wax as the heavy samples
because of large fraction of lighter components that enable more wax to be dissolved??. This trend
IS most obvious on a field by field basis (Table 4).

20 Elsharkawy, A. M., Al-Sahhaf, T.A., Fahim, M. A and Al-Zabbai, W. (1999), “Determination and Prediction of
Wax Deposition from Kuwaiti Crude oils”. SPE paper 54006 Presented at the SPE Latin American and Caribbean
Petroleum Engineering Conference Held in Caraca Venezuela, 21- 23 April.

21 Zhu, T., Walker, J.A and Liang J. (2008), “Evaluation of Wax Deposition and Its Control during Production of
Alaska North Slope Oils”. US Department of Energy, National Energy Technology Laboratory, Dec

2 7Zhu, T., Walker, J.A and Liang J. (2008), “Evaluation of Wax Deposition and Its Control during Production of
Alaska North Slope Oils”. US Department of Energy, National Energy Technology Laboratory, Dec
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Table 4: Results of degree of waxiness of 18 Niger Delta waxy crude samples

SIN FIELD SAMPLE DEGREE OF Wt % Wt % COMMENT
NAME NAME WAXINESS Cis — Cae) Cs—Cus)
1 X w1l 1.5362 73.5423 11.01 Waxy
2 X W2 2.3866 62.3623 29.48 Waxy
3 Y W3 1.4602 78.8160 8.38 Waxy
4 Y w4 1.4026 74.9212 11.00 Waxy
5 Y W5 1.3794 74.2659 10.94 Waxy
6 Z1 W6 3.2347 63.4928 30.02 Waxy
7 Z1 W7 3.0667 70.3146 23.42 Waxy
8 Z1 W8 3.1877 70.3761 23.28 Waxy
9 Z1 W9 34719 64.7356 28.86 Waxy
10 Z1 W10 3.1344 70.4053 23.35 Waxy
11 Z1 W11 3.3789 65.9824 27.46 Waxy
12 Z1 w12 3.0406 70.4298 23.05 Waxy
13 Z1 W13 3.0619 70.0624 23.19 Waxy
14 Z1 W14 1.7674 69.5562 25.66 Waxy
15 Z2 W15 4.4107 66.2642 26.31 Waxy
16 z2 W16 4.3255 66.0033 14.29 Waxy
17 Z2 W17 3.6865 66.1492 14.35 Waxy
18 Z2 w18 3.9018 77.2843 14.90 Waxy
19 Z1 W19 NA 0.1799 0.7772 Non-waxy

4.1 Conclusion

Regional waxy crude oil characterization is necessary to evolve suitable solutions to wax
precipitation and deposition problems of a region. The eighteen Niger Delta crude oil samples
characterized exhibited wax deposition potential.

I.  Results show that waxing tendency is not restricted to heavy crude oil samples. The light
crudes are also susceptible to wax problems.

ii.  Thewax appearance temperatures as measured by the cross polar microscopy showed some
high values of WAT. Samples with WAT as high as 51.1°C is a cause for concern that wax
precipitation could start early in some wells in the Niger Delta.

iii. N — paraffin distribution has been utilized to extract useful information from waxy crudes.

iv.  The estimated degree of waxiness (DOW) of the eighteen Niger Delta waxy crude samples
showed unique results for each well and field fluids. Variations in DOW are wider across
the different fields but narrows within wells located in the same field.
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