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ABSTRACT

An empirical equation that could be used for
prediciing the viscosity of Nigerian crudes is
presented in this paper.

The correlation uses oil specific gravity as the main
rorrelating parameter, and alsd (ncorporates the
effects of reserveir pressure, temperature and oil
Sformation volume factor,

Lhgra fram well aver 400 samples of Nigerian crudes
were wxed for developing the correlation, with most
samples however, from reservoirs at or above
seturation pressiuce \The results show however that
the correlaiioncould have general upplicability.

The correlativg when compared with some earlier
works provid’io be more accurate for Nigerian
crudes. Graphical and Statistical error analyses
waderiaken suggest good performance and acciracy.

The correlation should prove valid for estimating the
viscosity of Nigerian crudes, as well as other crude
types haeving properides thee full withen the range of
the data wsed in thix work.

References, tables and figures are at the end of wext.

INTRODUCTION

The evaluation of the viscosity of hydrocarbons is
essential in the design of production facilities,
reservair engireering studies and in enhanced
recovery projects,

In many instances where viscosity of a crude is not
available, it is desirable to estimate it from available
field parameters such as reservoir pressure,
temperature, oil gravity and the ges-oil matio.

The development of correlations for viscosity dates
back 10 the works of Philips(!) in 1912, Since
then, several investigators have worked on improved
comelations. Correlations that have been formulated
have varied from simple empirical relations(2) to
complex mathematical equations3).  Such
comelations that have been ‘widely used include those
of Little and Kennedy(®), Lohrenz et all3), Chew and
Comally’), Beal(”) and Vasquez and Beggs®),

The accuracy of some of these correlations was
investigated for several samples of Nigerian crudes,
and were [ound not to be very accurate, This is not
unexpected, becanse most of them used data obtained
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Tahle 1: VISCOSITY ESTIMATES FOR RESERVOIRS ABOVE THEIR BUBBLE POINTS
Res Ppsi Ry, By TOF 5G Exp. p v | Vi Dev
i SCF/STB  rb/STR cp P
¥ 5947 10657 1.656 220 0617 0.34 0.32 560 030 11.98
I8 3719 471 1.246 184 0.789 1.64 1.37 16.34 1.42 13.67
28 1932 16 1.136 140 0.823 3.82 2.39 3732 2.54 33.54
3R 2197 264 1.114 134 0.865 7.09 5.98 1567 645 9.08
4% 2053 586 1.764 164 0.562 0.28 0.26 828 023 17.06
SR an7e 765 1.372 157 0.679 0.45 0.46 1,15 045 0.85
[T 3508 1237 1.627 183 0.609 0.30 0.31 014 0,29 3.78
TH 4593 1510 1.651 173 0.631 0.27 0.34 271.25 0.32 19.25
1 5027 1241 1,749 248 0597 0,30 0.29 208 027 11.47
08 4871 2060 2409 237 0.509 0.15 0.22 44.99 0.17 16.40
108 3282 318 1.125 144 (L855 5.16 4.68 9.31 5.06 1.97
118 4780 1740 2112 243 0,537 0.21 .24 12.53 0.20 5.25
128 4001 1034 1.504 180 0.653 0.38 0.39 182w, 0037 1.78
138 4247 1034 1.488 179 0.650 0.39 0.38 248 0.37 333
148 3230 386 1.197 174 0.823 2.86 2.39 16:29~" 2.50 12,45
158 0RO T27 1.366 164 (.688 0.52 0.48 6.80 0.48 7.12
6 Ak 1062 1.554 189 (645 0.35 0.37 568 035 0.50
174 4901 743 1.550 218 0.644 0.46 0.37 20.03 0.35 2385
188 3733 827 1.305 162 0.736 0.62 0.73 17,23 0.74 19.63
198 2349 657 1.342 141 (L66T 0.50 (.42 1582 042 15.63
2 i 1227 1661 200 0.643 031 0.37 18.02  0.34 9.69
218 4879 1900 1.990 200 0.602 0.24 0.30 25.03 0.26 246
it 5124 229 2,153 190 0,599 0.23 0.30 2880 0.25 213
238 s 3 1144 131 0.856 5.06 4.97 530 519 2.51
4B 3041 1130 1462 162 0,669 .39 0.43 930 042 T.06
238 U2 1543 1.818 202 0.610 0.26 0.31 19.54 0.28 6.88
268 3145 333 1.148 127 0.839 3.712 3.28 11,82 3.54 4.92
278 4378 1333 1.825 127 0.591 0.22 (.29 3026 0.26 16.15
Ink 3130 467 1.161 12940849 352 4.08 668 438 14.76
2u 4831 1726 1979 200, 0.577 0.23 0.27 1794 0.24 2.54
R4 J6AG 179 1.166 191 0818 235 2.19 697 232 1.12
318 314 165 1.13%8 141 0.862 6.14 5.54 amn 5.08 2.59
28 2379 312 1.141 155 0.817 2.70 2,15 2046 228 15.65
338 2729 385 1.231 167 0.752 1.15 0.86 2529 (.89 2294
348 4239 448 1.232 176 0.763 1.19 0.98 18.06 1.02 14.58
358 3588 i3z 1129 149 (.835 .73 3.0z 19.00 3.26 12.47
368 3983 636 1.251 165 0.762 1.00 0.96 .65 100 0.00
378 in3g 162 1.149 124 0.878 11.18 E47 2428 9,13 18.37
K4 K46 SR 1.600 227 0.640 0.39 0.36 769 034 14.04
398 2048 44 1.072 130 0.913 33.65 26.20 22.13 2889 14.13
AVERAGE DEVIATION 13.48 10.24
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The correlation was also compared with those of
Beul, Chew and Connally as weli as Beggs and
Vasquez correlatioins. Tables 3 and 4 show that the
eorrelation developed in this study performed better
for Nigesian crudes,

ERROR ANALYSIS

Ciraphic and Statistical error analyses were
undertaken to assess the performance and accuracy of
die viscosity correluuon developed in this siudy.

Graphic Error Analysis

This was done by making crossplots of the
estimated values against the experimenial values.
This is shown in Figures 4 and 5. From the

distribution of the data points around the 450
crossplot straightline, a visual assessment of the
correlation can be made,

Statistical Error Analysis

Two statistical criteria were used 1o assess the
accuracy of the correlation presented in this paper.

1) Avemge Absolute Devigtion (AADY

This gives a measure of the deviation af
estimated values from experimental data.

1 f Y-N
AAD = = [_*F_!

1

2) Coefficient of Correlation

B nd {Y ‘?}2
T SN
whene
1 d
Y =— =X,
nd 1
1
nd
> @y
% = Variance =-—
N
CONCLUSION

A simple‘correlation for estimating the viscosity of
Migerian crudes has been developed. The correlation
however, should perform equally well for other crude
types having properties within the range of data used
in this study.

The correlation presented in this paper proved 1o be
more accurate for Nigerian crudes than many earlier
works, and the statistical error analyses indicated
that the average deviation of between 3.96 - 11.78%
for various types of reservoirs, while the coefficient
of correlation is very close to 1.

Table 2 shows also, that even though not many

(4) samples below bubble point were tested, correlation

developed bere could prove to have more general
applicability.
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NOMENCLATURE
abed - Constants as defined in Equation 1.
B, Oil formation volume factor, rh/sth.
P - Reservoir Pressure; psia
§ - Variance
T - Reservoir Temperature, of.
X - Constant defined in equation 2.
Y - Experimental Values
Y* - Estimated Values.
Y - AvermgeY
Yo - Specific gravity
L - Viscosity
K* - Viscosity (with Specific gravity as
only correlation parameter).
Subscripts
o - 0i
5c - . Standard Conditions.



mainly from other regions. Since every reservoir
s s own unigue composition and since the
properties depend significantly upon the interaction
ol the various components(?), it has become needful
to develop correlations essentizlly based on Nigerian
crudes,

In developing empirical correlations like the one
presemted s paper, there ang perhaps three major
possible wchniques.  The first is 10 use the
graphical approach, while the second approach
utilises lincar or non-lingar multiple regression
analysis. The third approach is a combination of
the earlier two techniques. This paper uses this last
appraach, Graphical technique is first used, and the
resulls Fine-tuned using a simple linear regression
technique. The results show that nil specific gravity
could be wsed as the main correlator [or viscosity of
Nigerian crudes.

Development of the Correlation

Since the work of Enskog in 1917 which
investigated the elfect of densily on viscosity, nearly
all empirical models developed w date incude density
as a correlating parameter. This paper has also used
specilic gravily as the main correluting parameler,

Data from about 400 samples were examined and a
plot on semi-log paper was done for viscosity
versus oil specilic gravity, The least squares
approach of Noble(!™) was adapied and used 10
tlevelop an equation that described the curve

This equation did not give very accurate predictions.
This ubservation is nol unexpected as speeilic
gravity alone cannot be used 1o develop a very
accurate correlation for viscosity. I is evident that
the effects of eher parameters such as wemperature,
gos wrovily, pressure and solution gas-ail ratio must
be accounted for,

A simple way of accounting for these elfects is the
uae of 8 "multiplication, factor”, which depend on
some of these variables: This "multiplication
factor” was used 1o fine-tune the earlier equation.

RESULTS AND DISCUSSION

The correlation developed is of the form

4
(a+by, +oce )

pL=ke

where,
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k = f(P, T. B, )

1/4
log P

log q%

x = B~ (2)

In Egs. 1 and 2, ab.cd are constanits whose values
are a3 follows:

a = - 24 3623085
b = 1.465319171
c = 0.002655228
d. = 8.110263689.

Also, Bp and Y are defined as follows:

By = oil formation volume factor, rhy/sth
Yo = oil specific gravity al reservoir
conditions.

If however, only the oil gravity at surface condition
is available, corrections can be made to estimate oil
gravity at reservoir conditions. The following
equations can be used:

Y, (T, 14.7 psia) = T:;;:

Y, (T,P) =4 (T, 14.7 psia)

where
- - 460 + T 1.579
B 520
1
) P+ 147 " 3)
J_giu

2

These correlations were applied to over 400 samples
of Nigerian crude. The distribution of the data is
shown in Table 2.



Table 2: ESTIMATED BUBBLE-POINT VISCOSITY

Res  Ppsi Rg, B, TO9F 5G Exp.p V¥ Dev [T Dev
Mo SCF/STB  /STB cp op
405 M6 110 1326 161 0.855 0.66 0.70 653 071 6.97
At 2i6h 114 1.346 167 0.855 0.63 0.68 718 067 6.95
4a7 2632 us 1.265 162 0.863 0.90 0.81 1054 082 B.63
404 2575 116 1.346 160 0.855 0.63 0.71 1214 07 12.02
a0 25m 178 1370 166 (.84]1 0.42 0.56 3382 0.56 32,20
410 4741 226 1.833 271 0.839 0.25 G.33 3125 029 15.94
411 4415 267 1.574 255 0.806 0.20 0.27 3260 023 13.99
112 06 120 1.380 181 0.839 0.49 0.49 0.55 049 0.73
413 4070 179 1.5649 217 0.932 4,72 3.85 18.41 3.63 2317
414 2630 i 1.300 160 0.925 4.30 491 1427 49 15.59
415 2871 73 1.218 167 0.885 1.50 1.21 19.02 _1.26 16.01
416 4175 62 1.197 203 0.895 227 1.14 4997 © 119 47.66
417 3175 286 2.006 221 0.825 0.30 0.36 18.77  0.30 1.13
418 5052 211 1.774 240 0.844 0.32 0.37 16.10 - 0.34 5.09
419 3751 134 1.360 150 0.919 4.20 3.73 1513 3.7 10.34
420 q1m 7% 1.564) 164 (LBTG 0.85 0.95 1223 093 9.08
421 5620 182 1511 220 0.852 0.57 0.44 2209 043 24.93
422 3250 53 1.250 215 0.928 3.00 3.46 1543 353 17.60
423 3290 116 1.450 217 0.803 0.20 0.30 48.19 029 42.80
424 2626 70 1.211 160 0.925 4.30 4.92 1433 5.11 18.75
425 2650 105 1.313 161 0.860 0.85 0.97 983 077 9.14
426 3970 196 1.563 239 0.840 032 0.38 17.85 035 10.55
427 4751 178 1.614 258 0.833 0.29 0.32 11.26 0.30 332
42K 2250 687 1.390 175 0.846 0.56 0.59 506 0.57 2,66
429 3160 647 1.360 214 0.841 045 0.43 354 043 4.85
4 W) 13715 L 1.450 205 0.831 0.37 0.40 7.55 038 4.00
411 614 950 1480 214 0.826 0.29 0.36 2489 0.35 19.84
431 2283 503 1.290 183 0854 0.67 0.63 524  0.64 493
433 2575 521 1.310 188 0.861 0.80 0.68 15.54 0.68 15.53
434 X0 598 137 186 0.B45 0.53 0.55 348 054 1.38
435-— 2965 1053 1.720 216 0.834 0.37 0.40 8.58 036 2.16
476 3710 1137 1.640 212 0.806 0.23 na 3293 0.28 22.90
<37 3963 1232 1.660 216 0.807 0.22 0.30 3722 028 26,43
438 2470 Ti2 1.440 185 0.838 0.54 0.49 844 048 11.68
439 bl 100 2885 234 0.807 0.23 0.28 2220 o021 8.38
440 4340 3100 2385 215 0.800 0.23 0.28 2378 0.21 7.03
441 2384 520 1.320 185 0.856 0.62 0.64 3.66 0.64 3.20
2 23 516 1,320 182 0.857 0.66 0.68 316 0.68 2.37
443 1989 268 1.150 170 0916 3.84 3.42 1096  3.58 6.82
441 22m TON 1430 178 0.853 0.67 0.65 350 0.62 6.84
4435 1989 Zod L.150 170 0.916 3.84 3.42 1096 3.58 6.82
446 1680 210 1.138 154 0914 391 3.79 3.00 398 1.83
447 2636 773 1.435 154 0.827 0.46 0.49 736 048 4.85
448 2020 690 1422 170 0.825 0.44 0.47 6.79 045 3.25
449 . 2655 1237 1712 180 0.809 0.31 0.37 1814 033 7.19
450 1560 519 1.347 187 0.839 0.49 0.54 10.74 0.53 7.83
451 1840 384 1.230 171 0.867 0.96 0.89 678 091 5.15
452 1420 314 . 1201 158 0.862 1.22 0.94 2291 0.9 21.24
453 2760 908 1.546 188 0.832 037 0.45 2033 042 13.34
A5 2858 977 1.566 188 0.828 0.37 0.42 1441 040 7.36
455 2736 119 1.580 183 0.822 0.30 0.41 36.11 038 27.29
450 2951 1042 1663 219 0.9 0.25 0.28 1282 026 2.87
AVERAGE DEVIATION 15.84 11.78
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Table 3: COMPARISON OF RESULT OF VISCOSITY (ABOVE BUBBLE-POINTS) ESTIMATES

B - R

Res 5G Exp. p  Est. p Dev Beal Dev Chew Dev Beggs Dev
0.A07 1.87 1.92 286 074 6043 0.92 50.80 1.15 38.50
0.701 0.58 0.53 8.38 0.27 5343 0.26 55.17 0.42 2759
0.790 1.94 1.46 2469 090 53.61 0.93 52.06 1.08 4433
0,905 2350, 21.76 724 1150 51.06 11.82 4970 1342 4289
(1.452 5.04 4.70 666  5.70 13.10 10,43 106.94 6.92 37.30
0.821 3.07 247 19.57 0,70 7720 0.87 71.66 1.18 61.56
0.865 7.00 6.45 9,08 5.00 20,48 3.69 27.95 5.44 23.27

2 0851 5.96 4.62 2252 6.60 10.74 6.54 9.73 8.10 3591

9 0.890 14.62 13.20 9.72 1100 24.76 11,69 20,04 14.80 1.23

10 0.875 9.30 B4l 9.61 4.40 52,69 4.05 56.45 (480 4839

‘11 0,797 1.79 164 842  0.60 66.48 0.69 61.45 0.76 57.54

94 0.863 7.10 £.20 12.69 7.40 4.23 7.70 B.45 9.40 32.39

Y5 0818 2.35 232 .12 1.80 23.40 1.70 27.66 330 4043

96 0.792 1.50 1.51 066 070 53.33 0,72 5200 0.78 48.00

97 0.866 5.16 f.63 28.58 3.00 41.86 3.20 37.98 3.59 3043

9% (1854 1,42 4,94 4450 290 15.20 3,10 9.36 3147 1.46

99 0,838 2.83 3.46 22.16 1.40 50.53 145 48.76 1.68  40.64

10797 1.59 .63 2.74 140 11.95 .30 18.24 1.45 RE1

101 0.862 6.14 5.98 259 270 56.03 2.70 56.03 340 4453

102 0.850 4.73 4.40 5.06 3,20 3235 295 17,63 4.0 1522

1030812 2.03 2.10 368  0.80 60.59 1.10 45.81 1.01 50.25

104 0.888 12.97 1214 6.39 5.70 56.05 5.30 59,14 6.15 52,58

105 0.858 7.56 5.38 28.89 3.60 §2.38 3.50 53.70 3,95 47.75

106 0,846 4.50 4,08 9.44 3.30 26.67 3.20 28.89 1.65 18,89

107 0.817 2.70 2.28 15.65 1.30 51.85 1.30 51.85 1.50 4444

108 0.920 39.72 38.59 285 18.00 54.68 22,10 4436 20,62  4B.09

109 0,901 16.56 19.16 1568 960 4203 9.90 40.22 11.87 28.32

110 0.886 11.05 11.85 726 {420 61.99 420 £1.99 5.15 53.39

110891 1246 13.56 .81 6.80 4543 7.15 42.62 7.83 37.16

1120427 52.70 50.26 4,63  43.00 18.41 57.00 B.16 6225 18.12

113 0,923 34.50 42.83 2413 52.00 50,72 71.90 10841 6195 79.57
114 0,906 22.90 21,70 086 32.00 39.74 36.50 59.39  38.75 69.21

115 0,923 34.70 42.82 2340 2’?:00 22,19 37.60 B.36 4695 35.30
1160917 3445 34.29 D46 2240 34.98 30.40 11.76  41.67 20.96
117 0.903 19.37 2045 358 1500 22.56 20.80 738 2741 41.51

118 (0.892 19.99 14.46 2768  11.50 4247 12.80 3597 1576 21.16
11910.884 13.50 1107 18.01 6.50 51.85 B.20 39.26 9.40 3037

120 0.870 0.06 7.46 17.61 3.90 56.95 4.06 55.19 5.70 37.09
121 0.835 3,73 3.26 1247 2.35 37.00 245 34.32 3.36 9.92
122 0.893 13.04 14.79 13.40 5.60 57.06 6.40 50.92 B.45 35.20
123 0.861 5.96 5.84 2,09 3.00 49.66 3.03 49.16 4.19 29.70
124 0.893 7.44 14.27 69.09 5.50 34.83 5.60 33.65 7.68 9.00
115 U.snl 3.58 5.85 4.80 2.40 56.99 2.65 52.51 3.43 38.53
126 0.829 .10 2.84 3527 1.25 4048 1.43 31.50 1.83 12.86
127 0.860 4.86 5.68 1697 235 31.65 2.44 49,79 3.36 30.86

12870:898 23,72 17.55 2603 1150 51.52 10.90 54.05 1549 34.70
129 0,878 11.18 9.13 1837 250 74.06 3.20 71.38 5.25 53.04

130 0,865 6.83 6.46 543 3.30 51.68 3.20 53.15 3.90 42.90
131 0.859 4.55 5.56 22.30 3.10 31.87 3.30 2747 2,15 52.75
1320913 33.65 28.89 1413 2850 1530 42.60 26,60  50.00 48.59
1353 0,906 2638 2246 1485 2100 20.39 28.20 690 40.33 52.88
134 (.BR7 11.84 12.16 27 8.20 30.74 8.60 2736 1532 29.39
1350849 4.93 4.52 B35 5.80 17.65 6.90 3996 11.58  134.89
136 (.83 19.51 14.30 2671 11.00 43.62 11.20 4259  13.55 30.55

AVERAGE DEVIATION 12.29 46.50 4535 37.55
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Table 4: COMPARISON OF BUBBLE-POINT VISCOSITY RESULTS
Res 5.G Exp. p Est. o Dev Beal Dev Chew Dev
N0.
137  0.855 0.66 0.71 6.97 1.40 112.12 1.35 104.55
138  0.855 0.63 0.67 6.95 1.40 12222 1.35 114.29
139 (LEG3 0.90 0.82 8.63 1.45 61.11 1.60 71.78
140 0855 0.63 0.7 12.02 1.40 12222 1.35 114.29
114 (541 0.42 0.56 32.27 0.90 114.29 1.00 138.10
142 0,819 0.49 0.49 0.73 0.82 67.35 0.82 67.35
143 0432 4.10 3.63 23.10 3.40 2197 3.30 30.08
144 0925 4.30 4.97 15.59 3.90 9.30 4.30 2.33
145 0885 1.50 1.26 16.01 1.60 6.67 1.65 10.00
146 0.895 2.27 1.19 47.66 2.30 1.32 2.60 14.54
147 D825 0.30 0.30 1.13 0.24 20,00 0.24 20.00
148 0919 420 3.77 10.34 5.00 19.05 8.00 90.48
1449 0.876 0.85 0.93 9.08 1.55 8235 2.00 135.29
150 0.852 0.57 0.43 24.93 0.69 21.05 0.74 29.82
151 0.928 3.00 3.53 17.60 6.00 100.00 5.80 93.33
152 09253 4.30 511 18.75 4.30 0.00 4.30 0.00
153 DREN 0.85 0.77 9.14 1.50 T76.47 1.80 111.76
154 0846 0.56 0.57 2.66 0.50 7.14 0.55 1.79
155§ 0841 N.45 0.43 4 85 0.41 g.82 0.42 6.67
156 LH31 0.7 (.38 4.0G 0.32 13,51 0.31 16.22
157 0.B26 0.29 0.35 19.84 0.28 3.45 0.27 6.90
158  (.854 0.67 0.64 4.93 0.66 1.49 0.70 448
159  0.861 0.80 0.68 15.53 0.72 10.00 0.73 8.75
160  0.B45 0.53 0.54 1.38 0.55 7 0.55 wnm
161 0.834 0.37 0.3a8 2.16 027 27.03 2.7 27.03
162 0.838 0.54 0.48 11.68 043 20,37 0.42 2222
163 0854 0.62 0.64 3.20 0.65 4.84 0.67 8.06
164 0.857 0.66 0.68 2.37 0.67 1.52 0.66 0.00
165 0916 3.84 3.58 6.82 3.30 14.06 4.00 4.17
ey 1853 0.67 (.62 6.84 0.37 0.00 0.68 1.49
167 0916 1.34 3.58 6.82 3.30 14.06 4.00 4.17
177 0.822 0.30 0.38 27.29 0.28 6.67 0.31 3.33
AVERAGE DEVIATION 12.01 42.41 42,87
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