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SUMMARY

This report presentes pvt and compositional data on samples

collected during the gas test in 31/2-3.

system accepted as being reservoir pressure, 159.4 Bara at

67.7°C.

The reservoir fluid does seem to be biodegraded because of low

n-alcane and light aromat consentration.

Representative data for the fluid system can be found on the

next page.

i
A The samples were recombined to 2.72 STB/MMSCF in our gas

condensate cell, constant mass and constant volume experiments

fl were performed at 67.7°C.

I The gas is not at reservoir conditions completely dry. Trace

amount of liquids are seen. The system temperature are
^ therefore close to its cricondemterm. The dew pt. of the
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Summary of representative data fron analysis

Reservoir fluid composition (mole %) Molecular Density

Carbondioxide

Nitrogene

Methane

Ethane

Propane

iso-Butane
n-Butane

iso-Pentane
n-Pentane

Cyclopentane
Hexanes

Methyl eye lope n t ane

Cyclohexane

Heptanes

Methylcyclohexanes

Octanes

Nonanes

Decanes
Undecane +

weight (g/cm )

1.69

0.59

92.73

3.71

0.42

0.36
0.04

0.05
0.01

0.01 ' 87 0.680
0.05

0.04 91 0.751

0.05

0.04

0.02 102 0.764

0.06

0.04 115 0.794

0.03 128 0.807

0.06 167 0.840

100.00

Reservoir pressure (Dewpt) : 158.4 Barg

Density of reservoir fluid: 0.113 g/cm
Molecularweight of reservoir fluid: 17.58

Gas formation volume factor 151.4 SM M
at reservoir pressure: (862 SCF/BBL)

Liquid dropout: Only trace liquid

observed below reservoir

pressure.

Note: Only trace amounts of Benzene, Toluene .and Xylenes are
found in the sample.

T •* T̂  n -* i ••*
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INTRODUCTION

Statoil prolab was requested by Shell Exploration and Production

Norway to perform PVT analysis of gas from well 31/2-3 (Ref

telex FOR 281013 28.10.80)

Sample decription;

A set of separator samples collected during the testing of clean

sand sone in 1435 - 1460 m perforated interval. The bottles

were marked:

Oil: 22024 / 26

Gas: A - 4920

See sampling sheets in appendix. Validity check of samples are

summarized in table 1.

One can of stable condensate fron the same test was also

supplied

Methods

Component analysis are performed using a Hewlett Packard 5880

gas chromatographic systems. For gas analysis, non hydrocarbons

are determined on a porepack R 1/8" x 3m steel column with TC

detector, and hydrocarbons on chromapack Cp — Sil 5 50 m x

0.22 mm quatz capillary column with FI detector. Oil analysis

are performed on a gas chromatograph fitted with chromapack CP

— Sil 5 25 m x 0.22 m quartz cappillary colulmn and FI

detector. To confirm GC analysis and also to determine physical

properties of C, - C- .. cuts a preprative destilaltion is

run on a Fischer HMS 500 mini destination still. Molecular

weight is determined by freezing point depression of benzene,

density by Paar DMA 602 frequency densitoneter and PNA accoridng

to ASTM 3238.

PVT analysis are performed on our Elf designed gas condensat

cell produced by ABC, Paris. This is a cell of the sloane type

and does offer a liquid readability down to 0.1 cm . Total

volume of cell is 3.5 1.
LAB. 81.12.
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Results

Compositional results are presented in tables 2 - 6 . Table 2

contains analysis of separator oil and gas and recombined

reservoir fluid. Table 3= 'contains the composition fron single

flash of the separator liquid. Table 4. contains an extended

analysis of the condensate liquid from the single flash. This

analysis is meant to aid the furhter splitting of the C

fraction in reservoir fluid.

In order to get physical properties of C, - C-.,+ cuts (mole

weight and denisty and PNA distribution) a preprative

destination is done on the condensate sample supplied. These

results can be found in table 5. It was found that this

condensate was much lighter than what was produced from single

flash of separator liquid. The difference in density 0.799 -

0.779 g/cm is possibly due to the different processes by

which they became stabilized. In order to confirm this, gas

chromatographic analysis was run on the sample destillod. These

data are presented along with the destination data in table 5.

The chromatographic traces of these two samples are presented in

Fig. 1, and we can clearly see that they are similar. Molecular

weight, density and PNA distribution are measrued on cuts Ce -b
C.., . Results of the PNA analysis are reported in table 6.

The separator gas was charged to our gas condensate cell and

separator liquid was added to yield 2.72 STB/MMSCF. This value

was corrected for shrinkage of separator liquid (1.065) to 2.90

sep.bbl/MMSCF (345208 SCF/sep.bbl). The resulting volume in the

cell was approx. 1.5 1. The sample was allowed to get in single

phase while pressure was kept at 195 Bar and temperature at

67.7°C. The system pressure was then gradually lowered in

order to determine a dewpt. This was not possible, but wetness

on the windows was observed at 145 Bar. When the system was

expanded maximum ie. 3.5 1 the pressure was approx. 90 Bar and

the amount of liquid gathered in the cell was approx. 0.2 cm

ie. 0.003 % of total volume.

LAB. 81.12.
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In order to perform a full PVT analysis, the sample volume had

to be reduced, so single phase reservoir fluid was transferred

to 600 en storage bottles, leaving approx. 500 cm of

sample at reservoir conditions for the analysis.

A constant mass pressure-volume relation was run at reservoir

temperature. Trace of liquid was observed at pressures below

145 bar (Table 6.). The liquid amounts were not at any point

measureable.

The system was again single phased and a constant volume

depletion was performed, results of which can be found in table

7. The mole balance during the experiment came to 100.02%.

Chromatographic analysis of the gas produced is reported for

every stage.

Discussion

We can see from the PVT experiments performed that the system at

reservoir conditions is very dry. Its temperature is close to

the cricondemtherm of the system but inside the two phase

region. The amount of liquids dropping out in the reservoir is

very small so it can possibly be neglected in recovery

calculations.

It was for reasons of low liquid content not possible to

determine a dewpoint. We therefore accept reservoir pressure as

our dew pt. We did see liquid 10 bar below this pressure.

The oil and gas are rather peculiar in nature. The amount of

normal alcanes are low, n-C,. and n-C_ are only present in
b /

trace amount in the gas and liuqid phase. Also benzene and

toluene are present in low concentrations. The doninent

components are napthenes. This fact is typical for a

biodegraded oil.

LAB. 81.12.
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Table 1. Validity check of separator samples

Gas composition (Mole %)

CO 2
N2

C.
1

C2
C3
i""C4
n-C.4
1"C5
n-Cc
C6
C7
C8

0.59

1.69

92.93

3.71

0.42

0.36

0 .04

0.05

0.01

0.06

0.10

0.04

Separator conditions:

Bubble point pressure of

separator oil at 37.8°C:

Opening pressure of gas

bottle:

Calculated gas gravity

from composition:

Rig value:

100.00

22.4 Barg (325 psig)

37.8°C (100°F)

21.7 Barg (315 psig)

22 .0 Barg (320 psig)

0 .600 .

0.615

LAB. 81.12.
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Table 2. Hydrocarbon analysis of separator products and

calculated reservoir fluid composition (Test sep) .

Component Separator

liquid

Mole %

Carbondioxide 0.10

Nitrogen 0.03

Methane 8.08

Ethane 1.58

Propane 0.53

iso-Butane 0.98

n-Butane 0.17

iso-Pentane 0.47

n-Pentane 0.17

Hexanes 2.41

Heptanes 12.59

Octanes 20.90

Nonanes 15.24

Decanes 12.65

Undecane+ 24.10

100.00

Separator and recombination data:

Primary separator conditions:

Calculated separator gas gravity

GOR at separator conditions:

Coresponding total CGR:

Reservoir fluid properties:

Moelcular weight:

Separator

.gas

Hole %

0.59

1.69

92.93

3.71

0.42

0.36

0.04

0.05

0.01

0.06

0.10

0.04

-

—

100.00

(air=1.0) :

Density of reservoir fluid at res. cond.:

T »n c i i ->

Reservoir Mole

fluid weight

Mole % ni

0.59

1.69

92.73

3.71

0.42

0.36

0.04

0.05

0.01

0.06 87

0.13 91

0.08 102

0.04 115

0.03 128

0.06 167

100.00

325 psig, 100°F

0.600

61479.6 SM3/M3

345208 SCF/BBL

2.72 STB/MMSCF

17.58 g/g mole

0.113 g/cm3

Densi

(q/cm )

0.680

0.751

0.764

0.794

0.807

0.840
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Table 3. Hydrocarbon analysis of oil and gas fron flash of

Separator oil

Component Oil Separator gas

wt% mole% Mole %

Carbondioxide - - 0.94

Nitrogen - - 0.26

Methane - - 76.14

Ethane 0.049 0.21 13.14

Propane 0.080 0.23 2.99

iso-Butane 0.321 0.71 3.21

n-Butane 0.064 0.14 0.40

iso-Pentane 0.261 0.47 0.51

n-Pentane 0.093 0.17 0.17

Hexanes 1.648 2.60 0.77

Heptanes 9.600 13.96 1.12

Octanes 18.604 23.34 0.35

Nonanes 15.992 17.05

Decanes 14.699 14.15

Undecane+ 35.589 26.97

100.000 100.00 100.00

Properties of stock tank liquid and single

Reconbined Mole* Density

separator fluid weight
3

Mole % rai (g/cm )

0.10

0.03

8.08

1.58

0.53

0.98

0.17

0.47

0.17

2.41 87 0.680

12.59 91 0.751

20.90 102 0.764

15.24 115 0.794

12.65 128 0.807

24.10 167 0.840

100.00

flash results:

Density of oil at 15°C: 0.7994 g/cm
Mean molecular weight: 129

GOR of separator liquid: 97.7 SM3/M3

Skrinkage of separator liquid: 1.605 sep. liq/stock tank liquid

* Experimental values from destination.

T.aR PI 1?

See table. 5.
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Table 4. Extended analysis of condensate liquid by

Component

cl
C2
C3
ic4

iC5

C6
C7
C8
C9
C10

C12
C13
C14
C15
C16
C17
C18
C19
C20
C21

Experimental mol. weight: 129

Calculated mol. weight from this composition: 129

gaschromathoqraphy

wt %

0.049

0.080

0.321

0.064

0.261

0.093

1.698

9.600

18.604

15.992

14.699

11.209

8.046

6.400

4.714

3.538

2.163

1.238

0.699

0.357

0.165

0.060

100.000

Mol wt

16

30

44

58

58

72

72

84

96

107

121

134

147

161

175

190

206

222

237

251

263

275

291

Mol %

.
0.21

0.23

0.71

0.14

0.47

0.17

2.52

12.90

22.45

17.05

14.15

9.84

6.45

4.72

3.20

2.21

1.26

0.67

0.36

0.18

0.08

0.03

100.00

P The grouping of components are made according to Katz and

— Firoozibadi, Jpt Dec 1978 p. 1649. Molecular weights are also

f from this article.

I LAB. 81.12.



1
1
1
1
I
1v

1
I
I

1
1̂̂w
I

I
1
1
1
1

Table 5

10

Preprative destination of condensate sample

and comparison with chromatographic analysis.

Molecular Density

Component wt % wt %* weight at 15°C (g/cm )

C,1
C2
C3
c/i4
C5
C,
O

C7
C8
C9
C10
Cll*

Loss

Toluene:

Benzene:

0.06 0.055

0.19 0.140

0.20 0.622

0.42 0.183

1.19 0.820

3.79 3.691 87 0.680

16.74 17.222 91 0.751

24.12 26.363 102 0.764

16.97 17.044 115 0.794

13.62 13.326 128 0.807

20.82 20.494 167 0.840

98.12 100.000

1.88

= 100.00

0.056 wt %

0.008 wt %

Properties of condensate sample:

Experimental molecular weight: 114

Average density at 15°C: 0.7793 g/cm3

Calculated mole weight from destination: 113.5

*Results from gas chromatogrpahic analysis

T MJ Q 1 1O
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Table 6. PNA* analysis of cuts from the destination

Cut no

C7
C8
C9
C10
C1

Refractive

at 20°C

1

1

1

1

1

.41105

.41925

.43877

.44445

.46308

index

at

0.

0.

0.

0.

0.

Density

20°

7470

7602

7899

8027

8366

Molecular

weight

87

91

102

115

128

CA %

0

1

10

8

11

Weight ?

CN %

.2

.3

.3

.3

.5

61

55

46

49

40

.8

.3

.3

.1

.1

l,

Cp '

38

43

43

42

39

*

.0

.4

.4

.6

.2

* ASTM mehod D 32 38

LAB. 81.12.
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Table 7.

Pressure

(Barg)

207.4

194.2

184.4

174.1

165.1

158.4

157.4

146.1

138.8

128.0

117.7

108.9

97.6

88.7

76.5

66.2

12

Constant mass pressure volulme relation at 67.7 C

Relative vol Liquid Z-factor

(V/V SAT)

0.774 0.886

0.823 0.883

0.862 0.878

0.912 0.877

0.960 0.875

1.000 Reservoir pressure 0.876

1.003

1.078 Trace

1.137

1.240

1.349

1.480

1.639

1.807

2.086

2.444

Gas formation volume factor: 151.4 SM /M

(862 SCF/BBL)

T.nn 01 1-5
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Table 8. Constant volume depletion exp. at 67.7°C

Hydrocarbon analysis of

Component

Carbondioxide

Nitrogen

Methane

Ethane

Propane

iso-Butane

n-Butane

iso-Pentane

n-Pentane

Hexanes

Heptanes

Octanes

Nonaries

Decanes

Undecanes+

Mol wt of c ,
11+

Density of C., ,+

produced wel Istream

Reservoir pressure (BARA)

158.4

1.69

0.59

92.73

3.71

0.42

0.36

0.04

0.05

0.01

0.06

0.13

0.08

0.04

0.03

0.06

100.00

••

: 0

138.3

1.59

0.73

92.92

3.56

0.41

0.35

0.04

0.05

0.01

0.08

0.15

0.09

0.02

-

—
100.00

167

.840

118.7

1.70

0.72

92.84

3.56

0.41

0.35

0.05

0.05

0.02

0.08

0.13

0.08

0.01

-_

100.00

100.1

1.64

0.68

92.97

3.56

0.41

0.35

0.04

0.05

0.01

0.07

0.14

0.07

0.01

-_

100.00

79.5

1.65

0.72

92.88

3.58

0.41

0.35

0.04

0.05

0.02

0.08

0.14

0.07

0.01

-_

100.00

55.0

1.69

0.70

92.88

3.56

0.40

0.34

0.04

0.05

0.01

0.08

0.15

0.08

0.02

-_

100.00

34.4

1.52

0.72

93.00

3.58

0.42

0.35

0.04

0.05

0.01

0.07

0.15

0.08

0.01

—_

100.00

Real gas deviation

factor, Z

Mole % Produced

0.876

0

Cum % of initial 0

0.883

11.6

11.6

r TI n o

0.881

12.1

23.7

i 11

0.894

12.0

35.7

0.910

12.4

48.1

0.93

18.

66.

7 0.960

4 12.9

5 79.^
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