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SUMMARY 

This report presents PVT and cornpositional data on samples from 

34/10-13. 

Compositional analyses are performed on 3 sets of samples, two 

bottom hole samples from DST no. 2, collected at 2003-2009 m, 

and one RFT sample, collected at 1940 m. 

Constant mass, constant volume and viscosity experiments are 

performed on one bottom hole sample at 74.6O~ (166~~). 

This report also includes a comparison of the crude oils from 

the Statfjord formation of 34/10-11 and 34/10-13. The reason 

for this comparison is to establish the similarities of the cru- 

des. Based on this, one should be. able to use TBP destillation 

data performed on 34/10-11, DST no, 1 from the Statfjord Forma- 

tion (Lab. report 81.25). 

Representative data of the fluid system are set up on the next 

page 



Summary of r e p r e s e n t a t i v e  d a t a  from ana lyses .  

Molecular Density 

Reservoir  f l u i d  composition (mole % )  weight g / c m L  

Carbondioxide 

Nitrogene 

Methane 

Ethane 

Propane 

iso-butane 

n-butane 

iso-pentane 

n-pentane 

Hexanes 

Heptanes 

Octanes 

Nonanes 

Decanes + 

3 Density of res. f l u i d  (g/cm ) 

a t  74.6OC and 233 Barg 0.662 

Bubble p o i n t  a t  7'4.6OC (Barg) 233.0 

Gas /o i l  r a t i o  from s i n g l e  

f l a s h  ( f l a s h  cond. 1 5 O ~ ,  
3 3 1 a t m )  (Sm /m ) 

Gas/o i l  r a t i o  from 

d i f f e r e n t i a l  f l a s h  
3 3 l i b e r a t i o n  (Sm / m  ) 

 ornati ion volume f a c t o r  
3 3 from s i n g l e  f l a s h  (Sm /m ) 1.507 



Formation volume factor 

from differential 
3 3 vaporization (m /m ) 1.491 

Viscosity of reservoir 

fluid at bubble point (cp.) 0.425 

Density of stock tank 
3 oil at 1 5 O ~  (g/cm ) 0.8330 

Mol. weight of stock tank 

oil (g/g mole) 204 

Densities and molecular weights are measured values from TBP 

destillation reported in LAB.81.25. 

* Calculated values (measured values from TBP destillation 
+ 

M1O 273, Density 10' 0.8695). 



INTRODUCTION 

Statoil ProLAB was requested by the 34/10 license to 

perform PVT analyses on three different samples from well 

34/10-13. Two bottom hole samples from DST no. 2 collec- 

ted at 2003-2009 m and one RFT sample from 1940 m. 

The request was to perform a complete PVT study at 

74.6O~ on one of the sarnples, and a short PVT program 

and compositional analyses on the other samples. 



2. SAMPLE DESCRIPTION 

2 . 1  RFT sample from 1940 m 

The RFT sample was t r ans fe r red  on the  r i g ,  and t h e  

labora tory  received t h e  RFT sample i n  Flopetrol  o i l  

sample b o t t l e  marked 20584-4. 

The opening pressure of t h e  b o t t l e  was approx. 67 barg 

and t h e  bubble poin t  pressure was determined t o  about 168 

barg a t  ambient temperature . 

2 .2  Bottom hole  samples from d s t  no. 2 

The bottom hole samples were co l l ec ted  during t h e  t e s t  i n  

per fora ted  i n t e r v a l  2003-2009 m. 
The b o t t l e  marked 2560-10 had an opening pressure of 

approx. 140 barg. A v a l i d i t y  check gave a bubble poin t  

pressure of about 202 barg a t  ambient temperature. 

The o t h e r  b o t t l e  was marked 8151-31. The opening pres- 

sure of t h i s  b o t t l e  was approx. 95 barg and t h e  bubble 

poin t  pressure a t  ambient temperature about 2 0 4  barg. 

See sampling shee ts  i n  Appendix. 



3. METHODS AND EQUIPMENT 

3.1 PVT ana lyses  

PVT a n a l y s e s  were performed i n  a Ruska v i s u a l  PVT ce l l  a t  

74.6'~. Constant  mass pressure-volume r e l a t i o n - s h i p  

and d i f f e r e n t i a l  vapor i za t ion  were c a r r i e d  ou t .  S ing le  

f l a s h  t o  s tandard  c o n d i t i o n s  (15OC and 1 a t m )  w a s  per-  

formed i n  a Ruska Flash Sepera tor .  The gas  w a s  sampled 

i n  a Ruska Gasometer. 

The v i s c o s i t y  of r e s e r v o i r  f l u i d  w a s  measured using a 

Ruska r o l l i n g  b a l l  v i s cos ime te r .  

3.2 Compositional a n a l y s i s  

Component ana lyses  were performed using a H e w l e t t  

Packard 5880 gas  chromatographic system. For gas  ana- 

l y s i s ,  non hydrocarbons are determined on a poropack R 

1/811 x 3 m steel column wi th  TC d e t e c t o r ,  and hydrocar- 
t m  bons on chromapack Cp - S i l  5 50 m x 0.22 mm q u a r t z  

c a p i l l a r y  column with  F I  d e t e c t o r .  O i l  a n a l y s i s  are per-  

formed on a gas  chromatograph f i t t e d  wi th  chromapack c p  

3 S i l  5 25 m x 0 . 2 2  mm qua r t z  c a p i l l a r y  column and F I  

d e t e c t o r  . 

Carrier gas:  Helium 

Over temp. p r o f i l e  

f o r  o i l  ana lyses :  l o 0  ( 4  min) 

4O/min 

310° (200 min) 

Over temp. p r o f i l e  

f o r  gas  ana lyses :  -50° ( 4  min) 

3 2O/min 

160° 



Molecular weights are determined by freezing point 

depression using a Knauer molecular weight instrument. 

Benzene was used as a reference substance. 

Densities are determined by Paar DMA 602 frequency 

densiometer. 



4. RESULTS 

Results from the RFT sample, 1940 m, bottle no. 2584-4 

The constant mass pressure-volume analysis gives a bubble 

point of 197.5 barg. (See table 1 and fig. 1) . Results 

from single flash and the calculated reservoir fluid 

composition are given in Table 2. 

4.2 Results from bottom hole samples 

4.2.1 Bottom hole sample no. 2560-10 

The bubble point pressure is determined to 233 barg (see 

Table 3 and Fig. 2). Table 4 presents the results from 

single flash and the calculated reservoir fluid 

composition. 

Data from the differential vaporization are given in 

Table. 5 and Fig. 4. Viscosity data are given in 

Table 6. and Fig. 5. 

4.2.2 Bottom hole sample no. 8151-31 

From Table 7 and Fig. 3 one can see that the bubble point 

is established to 232.9 barg. Results from single flash, 

and the calculated reservoir fluid cornposition are given 

in Table 8. 

4.2.3 The comparison of crude oils 

The four samples compared are crudes from single flash 

of oil spstems ProLAB has analysed from 34/10-11 and 

34/10-13, StatE jord formation. 



Fig.  6 and f i g .  7 show t h e  chromatograms of c rudes  from 

34/10-11 s e p e r a t o r  sample and 34/10-13 RFT, and f i g .  8 

and f i g .  9 show t h e  chromatograms'of t h e  c rudes  from t h e  

bottom ho le  samples from 34/10-11 and 34/10-13. 

4 .2 .4  A c o r r e l a t i o n  between o i l  systems 

i n  t h e  S t a t f l o r d  Formation - - - - - - -  

Fig.  10 shows a p l o t  of GOR vs  bubble p o i n t  p re s su re  a t  

some of  t h e  PVT samples P ~ O L A B  has  analysed from t h e  

S t a t f j o r d  Formation i n  34/10-11 and 34/10-13. 



5. DISCUSSION 

RFT and bottom h o l e  samples 

The two bottom ho le  samples are ve ry  s i m i l a r  bo tb  i n  

cornposition and PVT p r o p e r t i e s .  I f  w e  compare t h e  two 

bottom h o l e  samples t o  t h e  RFT sample, t h e  r e s u l t s  from 

RFT samples i n d i c a t e s  a heav ie r  r e s e r v o i r  Eluid system. 

The p l o t  i n  Fig. 10 shows g r e a t  d i f f e r e n c e  i n  PVT proper-  

t ies .  The l i n e a r i t y  of t h i s  p l o t ,  however, i n d i c a t e s  t h e  

s i m i l a r i t y  of  t h e  o i l  systems, and it i s  most probable  

t h a t  t h i s  d i f f e r e n c e  i s  a r e s u l t s  of leakage o r  bad 

sampling techniques .  

5 .2  Comparison of  t h e  crude o i l s  

The "ower-lay" method shows no d i f f e r e n c e  between t h e  

f o u r  crude o i l s ,  when comparing t h e  p a t t e r n  of t h e  

chromatographic peaks l y ing  between t h e  s e v e r a l  n-paraf- 

f i n s .  Also t h e  r e l a t i v e  d i s t r i b u t i o n  of n -paraf f ins  i s  

almost  i d e n t i c a l .  

Because of t h i s ,  w e  can assume t h a t  t h e  crude o i l s  from 

34/10-11 and 34/10-13 w i l l . b e h a v e  s i r n i l a r i l y ,  regard ing  

t o  t h e  PVT- and chemical p r o p e r t i e s .  



6. CONCLUSION 

6.1 Sample v a l i d i t y  

Fig.  1 0  shows g r e a t  d ivergences  i n  PVT d a t a  i n  o i l  

systems from 34/10-11 and 34/10-13, S t a t f j o r d  formation.  

The t w o  d i f f e r e n t  bottom samples from 34/10-13 c o l l e c t e d  

from t h e  same pe r fo ra t ed  i n t e r v a l  are almost  i d e n t i c a l  i n  

PVT p r o p e r t i e s  ( t a b l e  4 and t a b l e  8). This may be an 

i n d i c a t i o n  of r e p r e s e n t a t i v e  samples, and w e  can assume 

t h a t  t h e  r e s e r v o i r  f l u i d  p r o p e r t i e s  of t h e  bottom hole  

samples from 34/10-13 can r e p r e s e n t  t h e  f l u i d  system i n  

t h e  S t a t f j o r d  Formation. 



TABLE 1 Constant mass pressure volune analysis of.RFT sample 

at 77.8OC 

Pressure Relative Compressibility 

Barg Vol ume Y-f actor of saturated oil 

383.4 0.9709 

303.0 0.9818 Average compressi- 

292.2 0.9838 bility .above bubble- 

246.1 0.9915 point: 16.0 x 
209.8 0.9981 vol/vol/bar 

197.5 (Bubble point) 1.0000 

196.1 1.0021 3.37 

178.3 1.0326 3.31 

159.2 1.0747 3.23 

132.7 1.1648 2.97 

97.1 1.3900 2.65 

67.2 1.8081, 2.40 

-l > PB = bubble point pressure 

VB = bubble point volume 



TABLE 2 Analysis of products from single flash of RFT sample 

from 1940 m and calculated reservoir fluid composition. 

Reservoir 

Components Oil Density* mol.weight* Gas f luid 

wt% mole% g/cm g/g mole mole% mole% 3 

Carbondioxide - 
Nitrogen 

Methane 

Ethane 0.042 

Propane O. 196 

iso-Butane 0.146 

n-Butane 0.551 

iso-Pcntane 0.561 

n-Pentane O. 867 

Hexane s 2.158 

Heptanes 4.876 

Octanes 7.318 

Nonanes 6.453 

Decanes+ 76.832 

100.000 

3 3 Gor, SM /M 
3 3 Bo, M /M 

Density of oil, g/cm3 : 0.8321 

Gravity of gas : 0.83 

Density of res. fluid, g/cm 3 

at 77.8O~ and 197.5 Barg : 0,680 

Mol, weight of oil, g/g mole : 193 

* From TBP destillation reported in LAB 81.25. 

**  Calculated; measured values from TBP destillation are 0.8695 and 
273 respectively. 



TABLE 3  Constant mass pressure volume analysis of BHS sample 

from DST no. 2  at 2003-2009 m, Bottle n6. 2560-10 .  

Pressure Relative Compressibility 

Barg Volume Y-f actor of saturated oil 

3 9 0 . 8  0 . 9 7 4 3  

3 6 5 . 3  0 . 9 7 8 1  Average compressi- 

3 0 4 . 5  0 . 9 8 2 3  bility above bubble- 

2 6 7 . 2  0 . 9 9 4 2  point: 1 6 . 3  x 
2 3 3 . 0  (Bubble point) 1 . 0 0 0 0  vol/vol/bar 

2 3 1 . 4  1 . 0 0 1 8  3 . 8 7  

2 2 5 . 1  1 . 0 0 8 7  4 . 0 5  

2 1 9 . 2  1 . 0 1 6 2  3 . 8 9  

2 0 7 . 9  1 . 0 3 1 8  3 . 8 0  

1 8 5 . 3  1 . 0 7 1 7  3 . 5 9  

17'2.6 1 . 1 0 1 4  3 . 4 5  

1 6 6 . 7  1 . 1 1 7 1  3 . 3 9  

1 4 3 . 7  1 , 1 9 6 2  3 . 1 7  

1 1 4 . 7  1 . 3 5 6 4  2 . 8 9  

PB = bubble point pressure 

P VB = bubble point volume 



TABLE 4 Analysis  of p roduc ts  from s i n g l e  f l a s h  of BHS DST no. 2, and 

c a l c u l a t e d  r e s e r v o i r  f l u i d  composit ion.  B o t t l e  no. 2560-10. 

Reservoir  

Components O i l  Density* mol.weight* Gas f l u i d  

w t %  mole% g/cm g / g  mole mole% mole% 3 

Carbondioxide - 
Nitrogen 

Me thane 

Ethane 

Propane 

iso-Butane 

n-Butane 

iso-Pentane 

n-Pentane 

Sexanes 

Heptanes 

Octanes 

Nonanes 

3 3 Gor, SM / M  : 162 
3 3 Bo, M / M  : 1.507 

Density of o i l ,  g/cm 3 
: 0.8330 

Gravi ty  of gas  : 0.83 

Density of res. f l u i d ,  g/cm 3 

a t  74 .6O~  and 233 Barg : 0.662 

Mol. weight of  o i l ,  g /g  mole : 204 

* From TBP d e s t i l l a t i o n  repor ted  i n  LAB 81.25. 

**  Calculated;  measured va lues  from TBP d e s t i l l a t i o n  are 0.8695 and 

273 r e s p e c t i v e l y .  



TABLE 5 D i f f e r e n t i a l  vapor i za t ion  of BHS, B o t t l e  no. 2560-10 

from DST no. 2 a t  74.6OC. 

Pressure  Re la t ive  So lu t ion  GOR Density o f  G a s  s p e s i f i c  Z-factor 

Barq volume (l) RS(2) sa t .  o i l  g r a v i t y  gas  

atm* 1.050 

a t m  

a t  15OC 1.000 

1) Cubic meter of  o i l  a t  i n d i c a t e d  p re s su re  and temperture  p e r  

cub ic  meter of r e s i d u a l  o i l  a t  15OC. 

2)  Cubic meter of gas  a t  a t m .  and 15OC p e r  cubic  of r e s i d u a l  

o i l  a t  15OC. 

* NB' 1 atm = 1.01325 Bar. 



TABLE 6 Viscosity at reservoir fluid vs, pressure at 74.6O~ 
of BHS, from DST no. 2. Bottle no. 2560-10. 

Pressure Oil viscosity Calculated* Oil/Gas 

Barg centipoise gas viscosity viscosity 

centipoise ratio 

233.0 (Bubble point) 0.425 

218. O 0.441 

79.9 

45.6 

atm 

* gas viscosities are calculated from Lee, AL. Conzales 

and Eakin's Correlations, J,P.T August 1966, p. 997. 



TABLE 7 Constant mass pressure volume analysis of BHS sample 

from DST no. 2 at 74.6O~. Bottle no. 8151-31. 

Pressure Relative Compressibility 

Barg Vol ume Y-f actor of saturated oil 

441.3 0.9668 

405.0 0.9717 

375.6 0.9760 

345.2 0.9807 

317.2 0.9853 

287.3 0.9903 

257.9 0.9957 

232.9 (Bubble point) 1.0000 

223.1 1.0113 3.88 

211.8 1.0268 3. 71 

202.7 1.0403 3.70 

192.0 1.0596 3.57 

179. O 1.0874 3.45 

159.2 1.1428 3.24 

145.6 1.1927 3.11 

115.0 1.3633 2.82 

104.7 1.4491 2.72 

93.2 1.5709 2.63 

78.9 1.7731 2.52 

69.6 1.9523 2.46 

Average compressi- 

bility above bubble- 

point: 17.0 x lo-' 
vol/vol/bar 

Y-factor: PBpP (iB l PB = bubble point pressure 

VB = bubble point volume 



TABLE 8 Analysis  of p roduc ts  from s i n g l e  f l a s h  of BHS, DST no. 2. and 

c a l c u l a t e d  r e s e r v o i r  f l u i d  composit ion.  B o t t l e  no. 8151-31. 

Reservoir  

Components O i l  Density* mol.weight* G a s  f l u i d  

w t %  mole% dem g/g  mole mole% mole% 3 

Carbondioxide - 
Nitrogen - 
Methane - 
Ethane 0.019 

Propane O. 116 

iso-Butane 0.101 

n-Butane O. 383 

iso-Pentane 0.448 

n-Pentane 

Hexanes 

Heptanes 

Oc t a n e  s 
Nonanes 

Decanes+ 

3 3 Gor, SM / M  
3 3 BO, M / M  

Density of o i l ,  g/cma 

Gravi ty  of gas  

Density of res. f l u i d ,  g/cm 3 

a t  74.6O~ and 232.9 Barg 

Mol. weight of o i l ,  g /g  mole 

* From TBP d e s t i l l a t i o n  repor ted  i n  LAB 8.l.25. 

**  Calculated;  measured va lues  from TBP d e s t i l l a t i o n  a r e  0.8695 and 

273 r e s p e c t i v e l y .  
























