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1. Abstract

Pore pressure gradients have been estimated for wells 1/9-1
and 1/9-2 by the use of sonic, density and conductivity logs.
Based upon these estimates pore pressure gradient predictions
for wells 1/9-3, 1/9-y have been done.

Fracture gradients have also been calculated for wells 1/9-1
and 1/9-2 by the use of estimated overburden and pore pressure

gradients.
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2. HYDROSTATIC GRADIENT

It is not possible to calculate the formation water salinity
from the SP-curve in Miocene down to Paleocene in wells 1/9-1
and 1/9~-2.

The lack of good sand zones without gas makes it also diffi-
cult to calculate salinity from resistivity and porosity logs.

From the conductivity plots an increase in salinity can be seen
from about 2000 m in Oligocene. The salinity increases with
depth down to Paleocene.

In Maastrichtian the salinity is about 70000 ppm (1.02 g/cc at
240° F and 7000 psig). Further up in the wells it is not believed
that the hydrostatic gradient is far from this gradient taking
into account fresher formation water and decreasing pressure

and temperature towards the upper parts of the wells.

An average hydrostatic gradient of 1.02 g/cc has been used in
the pressure estimates.

3. OVERBURDEN GRADIENT

Figure 1. shows the integrated FDC-log versus depth for wells
1/9-1, 1/9-2, 30/19-2 (UK) and wells from the Ekofisk area.

The FDC- log for 1/9-1 is affected by gas in the interval 1000-
2000 m and gives lower overburden than is expected to be 'met in
wells 1/9-3 and 1/9-v.

The overburden gradient used is about the same as for wells 1/9-2

and 30/19-2 above 1000 m approaching the overburden gradient for
the Ekofisk area below 1000 m.
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4. PORE PRESSURE GRADIENTS

Two methods have been used to calculate pore pressure from
sonic and density logs. (see Appendix A)

1. The Equivalent Depth Method.
2. The Compaction Expont ‘Method

An attempt has been made to establish normal pressure trend
lines on a conductivity plots and to calculate pore pressure
from Compaction Exponent Method.

Clay porosity has been plotted versus depth and a clay porosity
pore pressure gradient relationship has been made.

4.1 PORE PRESSURE ESTIMATES FROM SONIC LOG

A straight normal trend line was drawn through the normal
pressured parts in the wells 1/9-1, 1/9-2. (Fig. 3 and 4)

The above mentioned two methods was used to calculate pore
pressure (fig. 14 and 21). The Compaction Exponent Method
gives too low pressures in the upper parts of the overpressured
zone and too high pressures in the lower parts. This is most
probably due to the use of a straight trend line which gives
too low normal log values in the upper overpressured parts of
the wells and too high values in the lower parts.

The Equivalent Depth Method gives the best estimates
of Pore Pressure gradients when using straight trend lines.

4.2 PORE PRESSURE ESTIMATES FROM DENSITY LOG

The FDC logs were plotted on lin-lin grLds and a straight trend

line was drawn through normal pressured regions in wells 1/9-1
and 1/9-2. -
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The Compaction Exponent Method was used with an exponent equal
to 10. The two methods did not give the same gradients in
Miocene and a normal trend shift for Miocene was established.
The resulting pore pressure gradients are shown in fig. 15 and
22,

4.3 PORE PRESSURE ESTIMATES FROM CONDUCTIVITY LOG

An attempt was made to establish some normal trend lines on
the conductivity plot so that the pore pressures calculated
from the Compaction.Exponent Method with an exponent equal to
1.2 would give a good fit to pressures calculated from sonic
and density logs. A formation water salinity change in the
middle of Oligocene gives a trend line shift. The new trend
indicates that the normal conductivity should increase with
depth. This is not what normaly is expected and the reason is
an increasing formation salinity with depth below 2000 m.

The resulting pore pressure gradients can be seen in fig. 16
and 23.

4.4 PORE PRESSURE ESTIMATES FROM CLAY POROSITY

Clay porosity (¢ clay) was calculated from sonic and density
logs and plotted versus depth. The shales are believed to
consist of a mixture of sand, clay and water. The log respons
in dry sand and clay was selected to be:

pbsand = 2.65 g/cc At sand = 55.5 us/ft

pbclay = 2.85 g/cc At clay = 140 wus/ft
The respons in formation water:

pbwater = 1.02 g/cc At water = 189 us/ft

The quantitative calculation of sand and clay fractions and
the clay porosity are not believed to be very reliable. The

relative changes will be most important in the pore pressure
calculations.
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The clay porosity plotted versus depth for 1/9-1 and 1/9-2

can be seen on fig. 9 and 10. The plot for 1/9-2 seems to be
fairly good but the plot for 1/9~1 are influenced by the gas
effect on log responses. The correlation of the 1/9-2 plot with
sonic and density plot and also the Dc-exponent is good. A
straight normal trend line was drawn through the regions which
are believed to be normal pressured. A relationship between
the pore pressure gradient and ¢clay/¢clay normal was then
established based on the pore pressures calculated from sonic
and density logs. This relationship can be seen in fig. 17.
The calculated pore pressure gradients can be seen in fig. 18
and 24.

4.5 CONCLUSION PORE PRESSURE GRADIENT ESTIMATES

The estimated pore pressure gradients for well 1/9-1 and well
1/9-2 are shown in fig. 13 and 20. They are based upon the cal-
culations from sonic and density logs using the Equivalent
Depth Method. o , sl

The quantitative pore pressure estimates above 1000 m are more
uncertain in both wells due to the greater scattering in the
data. The clay porosity indicates overpressure in well 1/9-1
but not in 1/9-2 above 1000 m. All the other logs indicate
overpressure above 1000 m. The estimated pore pressure gradient
seems to increase more rapidly up to maximum pressure gradient
than reflected in the mud weights used. (fig. 12 and 19), which
may indicate that parts of the two wells are drilled under-
balanced. On the other hand, the maximum mud weight used on
well 1/9-2 seems to be slightly too high.

5. FRACTURE GRADIENT ESTIMATES

The fracture gradients for wells 1/9-1 and 1/9-2 are calculated
by using two methods (see Appendix B):

l. Eaton & Pennebaker
2, Andersen, Ingram & Zanier.
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In method 2 the shale porosity used in the formula was cal-
culated from the sonic-density crossplot using the same matrix
and fluid responses as given in 4.4. In fig. 25 and 26 the
results from the calculations are presented using different

but constant Poissons ratios. The discreapancy is big in nor-
mal pressured zones because method 1 is primarly depending upon
the Pore Pressure gradient while method 2 are more depending
upon the overburden gradient.

A variable Poissons ratio with depth (see fig. 27) will give
a better fit between the two methods. Method 1 reflects the
lower fracture gradients in normal pressured zones much more
than method 2.

It should be emphasized that the fracture gradients in these
calculations relates to silty or sandy formation or a relatively
weak formation with high quarts content. Shales with low quartz
content have higher fracture gradients,. and act more elastic than
silty or sandy zones.

From the pore pressure estimate an abrupt decrease in pore press-
ure is seen in Lower Eocene and in Paleocene.

From a calculation of quartz, clay and porosity content (see fig.

29) well 1/9-2, intervall 2700 m - 2900 m, it can be seen that a re-

latively high quartz and low clay mineral content is seen were
the 9 5/8" csg shoe landed. (2856 m). In well 1/9-2 a lost return
problem G&ould probably have been avoided if the casing shoe had
been set above 2800 m where the pore pressure gradient is higher,
and the formation has a higher fracture gradient. The fracture

gradient calculations indlicates that the fracture gradients further
into Paleocene are lower than measured from leak offs at the 9 5/8"

csg shoe in wells 1/9-1 and 1/9-2, (1.84 g/cc) because the pore
pressure still decreases when drilling into Paleocene.
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5.1 CONCLUSION ON FRACTURE GRADIENT ESTIMATES

The calculated fracture gradients for wells 1/9-1 and
1/9-2 indicates approximately the strength of silt or sand
formations with the same pore pressures calculated for the
two wells. '

The fracture gradients should be considered to be a quali~
tative indication of how the fracturing strength changes
with overburden and pore pressure in such weak formations,
more than to be a quantitative estimate of the'fracture gra-
dients for the two wells.




6. Pore pressure prediction, well 1/9-3

The pore pressure expected to be met in well 1/9-3 is shown
in fig. 30. The estimate is based upon the pressures cal-
culated for wells 1/9-1 and 1/9-2 and adjusted according to
stratigraphic depth prognosis.

Two bright spots on the seismic indicate possible gas at 560 m
and 1760 m. The mud weight should be increased to 1.3 g/cc
when drilling out the 20" c¢sg.

The rapid pore pressure gradient build up calculated in well
1/9-1 and 1/9-2 indicates that mud weight should be increased
to l.8_at 1500 m and increased to 1.82 - 1.83 at 1800-1900 m.

The pore pressure decrease in Lower Eocene is expected at 2760
m. The 13 3/8" csg should be landed above 2760 m in the higher
pore pressure gradient zone to avoid lost circulation problems.

A pressure gradient increase should be expected in Lower Cre-
taceous (1.7-1.75g/cc) and Jurassic (1.75-1.85g/cc) based upon

experience from wells drilled to Jurassic in the Eldfisk and
Valhall field.

CAre should be taken not to increase the mudweight above
1.75 - 1.78 g/cc before setting casing in Lower Cretaceous
due to the weak zones in Lower Eocene, Paleocene.
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7. Pore Pressure prediction 1/9-y

The pore pressure gradient expected to be met in well 1/9-y
is shown in fig. 31. The pressure estimate is based upon the
pressures in wells 1/9-1 and 1/9-2, and adjusted according to

stratigraphic depth prognosis.

Bright spots on the seismic, indicating possible gas, is seen
in the intervals 1100 m - 1300 m and 1630m - 2100 m.

Rapid pore pressure build up below the pressure transition zone
means that mud weight should be increased to 1.8 g/cc before
1500 m and then gradually increased to 1.82 - 1.83 g/cc.

The 9 5/8" c¢sg should not be landed much lower than the stra-
tigraphic prognosis showing Top Lower Eocene (2635 m) to avoid

lost cirkulation problens.

Again a pore pressure gradient increase should be expected
when drilling into Lower Cretaceous and Jurassic.

8. Conclusion

From the pore pressure ¢radient estimates it seems that the

mud weight should be increased to 1.3 g/cc below the 20" csg
when drilling out 13 3/&" csg.(or 16" csg. in 1/9-3) mud weight
should be increased relatively fast to 1.8 g/cc and then grad-
ually increased to 1.82 - 1.83 g/cc.

Pore pressure gradients of 1.7 g/cc up to 1.75 g/cc is expected
in Lower Cretaceous and 1.75 g/cc up to 1.85 g/cc in Jurassic.

The fracture gradient calculations show weak zones in Lower
Eocene and Paleocene. (Casing should be set before drilling
into these weak zones about the Top of Lower Eocene.




9. APPENDIX A

Pore pressure gradient calculations are based upon the

following two methods:

1. The Equivalent Depth Method

PP PO - (PO-PN) DE/DI
PP Pore pressure gradient (g/cc)
PO Overburden gradient (g/cc)
PN Hydrostatic gradient (g/cc)
Dg Equivalent Depth (m)
DI Depth c¢f interest (m)

2. The Compaction Exponent Method
PP Po - (po-pN) (LN/L)EXF
LN Normal log respons in shales
L Log respons in shales
EXP Exponent depending on the log used
EXP 3 for the sonic log
EXP 10 for the density log
EXP 1.2 for the conductivity log




10. APPENDIX B
Fracture gradients was estimated using two different methods.
1. Eaton & Pennebaker
H
PFT = (PO-PP) + PP
1-H
where
PF = Fracture gradient (g/cc)
PO = Overburden gradient (g/cc)
PP = Pore pressure gradient (g/cc)
H = Poissons ratio

2. Andersen, Ingram & Zanier

= PO + a

2y _1-3p
1-u

PP

= 1-(1-29)
= porosity in shales calculated from density
and sonic log
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1. Abstract

Pore pressure gradients have been estimated for wells 1/9-1
and 1/9-2 by the use of sonic, density and conductivity logs.
Based upon these estimates pore pressure gradient predictions
for wells 1/9-3, 1/9-y have been done.

Fracture gradients have also been calculated for wells 1/9-1
and 1/9-2 by the use of estimated overburden and pore pressure

gradients.
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2. HYDROSTATIC GRADIENT

It is not possible to calculate the formation water salinity
from the' SP~-curve in Miocene down to Paleocene in wells 1/9-1
and 1/9-2.

The lack of good sand zones without gas makes it also diffi-
cult to calculate salinity from resistivity and porosity logs.

From the conductivity pldts an increase in salinity can be seen
from about 2000 m in Oligocene. The salinity increases with
depth down to Paleocene.

In Maastrichtian the salinity is about 70000 ppm (1.02 g/cc at
240° F and 7000 psig) . Further up in the wells it is not believed
that the hydrostatic gradient is far from this gradient taking
into account fresher formation water and decreasing pressure

and temperature towards the upper parts of the wells.

An average hydrostatic gradient of 1.02 g/cc has been used in
the pressure estimates.

3. OVERBURDEN GRADIENT

Figure 1. shows the integrated FDC-log versus depth for wells
1/9-1, 1/9-2, 30/19-2 (UK) and wells from the Ekofisk area.

The FDC~ log for 1/9-1 is affected by gas in the interval 1000~
2000 m and gives lower overburden than is expected to be'met in
wells 1/9-3 and 1/9-7;

The overburden gradient used is about the same as for wells 1/9-2
and 30/19-2 above 1000 m approaching the overburden gradient for
the Ekofisk area below 1000 m.

K
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4, PORE PRESSURE GRADIENTS

Two methods have been used to calculate pore pressure from

sonic and density logs. (see Appendix A)

1. The Equivalent Depth Method.
2. The Compaction Expont ‘Method

An attempt has been made to establish normal pressure trend
lines on a conductivity plots and to calculate pore pressure
from Compaction Exponent Method.

Clay porésity has been plotted versus depth and a clay porosity
pore pressure gradient relationship has been made.

4.1 PORE PRESSURE ESTIMATES FROM SONIC LOG

A straight normal trend line was drawn through the normal
pressured parts in the wells 1/9-1, 1/9-2. (Fig. 3 and 4)

The above mentioned two methods was used to calculate pore
pressure (fig. 14 and 21). The Compaction Exponent Method
gives too low pressures in the upper parts of the overpressured
zone and too high pressureé in the lower parts. This is most
probably due to the use of a straight trend line which gives
too low normal log values in the upper overpressured parts of
the wells and too high values in the lower parts.

The Equivalent Depth Method gives the best estimates
of Pore Pressure gradients when using straight trend lines.

4.2 PORE PRESSURE ESTIMATES FROM DENSITY LOG

The FDC logs were plotted on lin-lin grids and a straight trend
line was drawn through normal pressured regions in wells 1/9-1
and 1/9-2. -

X
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The Compaction Exponent Method was used with an exponent equal
to 10. The two methods d4did not give the same gradients in
Miocene and a normal trend shift for Miocene was established.
The resulting pore pressure gradients are shown in fig. 15 and
22.

4.3 PORE PRESSURE ESTIMATES FROM CONDUCTIVITY LOG

An attempt was made to establish some normal trend lines on
the conductivity plot so that the pore pressures calculated
from the Compaction Exponent Method with an exponent equal to
1.2 would give a good fit to pressures calculated from sonic
and density logs. A formation water salinity change in the
middle of Oligocene gives a trend line shift. The new trend
indicates that the normal conductivity should increase with
depth. This is not what normaly is expected and the reason is
an increasing formation salinity with depth below 2000 m.

The resulting pore pressure gradients can be seen in fig. 16
and 23.

4.4 PORE PRESSURE ESTIMATES FROM CLAY POROSITY

Clay porosity (¢ clay) was calculated from sonic and density
logs and plotted versus depth. The shales are believed to
consist of a mixture of sand, clay and water. The log respons
in dry sand and clay was selected to be:

pbsand = 2.65 g/cc At sand = 55.5 us/ft

pbclay = 2.85 g/cc At clay = 140 us/ft
The respons in formation water:

pbwater = 1.02 g/cc At water = 189 us/ft

The quantitative célculation of sand and clay fractions and
the clay porosity are not believed to be very reliable. The
relative changes will be most important in the pore pressure
calculations.
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The clay porosity plotted versus depth for 1/9-1 and 1/9-2

can be seen on fig. 9 and 10. The plot for 1/9-2 seems to be
fairly good but the plot for 1/9-1 are influenced by the gas
effect on log responses. The correlation of the 1/9-2 plot with
sonic and density plot and also the Dc-exponent is good. A
straight normal trend line was drawn through the regions which
are believed to be normal pressured. A relationship between
the pore pressure gradient and ¢clay/¢clay normal was then
established based on the pore pressures calculated from sonic
and density logs. This relationship can be seen in fig. 17.
The calculated pore pressure gradients can be seen in fig. 18
and 24.

4.5 CONCLUSION PORE PRESSURE GRADIENT ESTIMATES

The estimated pore pressure gradients for well 1/9-1 and well
1/9-2 are shown in fig. 13 and 20. They are based upon the cal-
culations from sonic and density logs using the Equivalent
Depth Method. . .- , o

The quantitative pore pressure estimates above 1000 m are more
uncertain in both wells due to the greater scattering in the
data. The clay porosity indicates overpressure in well 1/9-1
but not in 1/9-2 above 1000 m. All the other logs indicate
overpressure above 1000 m. The estimated pore pressure gradient
seems to increase more rapidly up to maximum pressure gradient
than reflected in the mud weights used. (fig. 12 and 19), which
may indicate that parts of the two wells are drilled under-
balanced. On the other hand, the maximum mud weight used on
well 1/9-2 seems to be slightly too high.

5. FRACTURE GRADIENT ESTIMATES

The fracture gradients for wells 1/9-1 and 1/9-2 are calculated
by using two methods (see Appendix B):

1. Eaton & Pennebaker
2. Andersen, Ingram & Zanier.

v
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In method 2 the shale porosity used in the formula was cal-
culated from the sonic-density crossplot using the same matrix il
and fluid responses'as given in 4.4. 1In fig. 25 and 26 the
results from the calculations are presented using different
but constant Poissons ratios. The discreapancy is big in nor-
mal pressured zones because method 1 is primarly depending upon \
the Pore Pressure gradient while method 2 are more depending
upon the overburden gradient.

A variable Poissons ratio with depth (See fig. 27) will give
a better fit between the two methods. Method 1 reflects the
lower fracfure gradients in normal pressured zones much more
than method 2. '

It should be emphasized that the fracture gradients in these
calculations relates to silty or sandy formation or a relatively
weak formation with high quarts content. Shales with low quartz
content have higher fracture gradients,. and act more elastic than
silty or sandy zones.

From the pore pressure estimate an abrupt decrease in pore press-
ure is seen fn Lower Eocene and in Paleocene.

From a calculation of quartz, clay and porosity content (see fig.

29) Well 1/9-2, intervall 2700 m - 2900 m, it can be seen that a re-
latively high quartz and low clay mineral content is seen were

the 9 5/8" csg shoe landed (2856 m). In well 1/9-2 a lost return
problem gQould probably have been avoided if the casing shoe had
been set above 2800 m where the pore pressure gradient is higher,
and the formation has a higher fracture gradient. The fracture-
gradient calculations indicates that the fracture gradients further
into Paleocene are lower than measured from leak offs at the 9 5/8"
csg shoe in wells 1/9-1 and 1/9-2, (1.84 g/cc) because the pore
pressure still decreases when drilling into Paleocene.
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5.1 CONCLUSION ON FRACTURE GRADIENT ESTIMATES

The calculated fracture gradients for wells 1/9-1 and
1/9-2 indicates approximately the strength of silt or sand
formations with the same pore pressures calculated for the

two- wells.

The fracture gradients should be considered to be a quali-
tative indication of how the fracturing strength changes
with overburden and pore pressure in such weak formations,
more than to be a quantitative estimate of the fracture gra-
dients for the two wells.
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6. Pore pressure prediction, well 1/9-3

The pore pressure expected to be met in well 1/9~-3 is shown
in fig. 30. The estimate is based upon the pressures cal-
culated for wells 1/9-1 and 1/9-2 and adjusted according to
stratigraphic depth prognosis.

Two bright spots on the seismic indicate possible gas at 560 m
and 1760 m. The mud weight should be increased to 1.3 g/cc
when drilling out the 20" csg.

The rapid pore pressure gradient build up calculated in well
1/9-1 and 1/9-2 indicates that mud weight should be increased
to 1.8 at 1500 m and increased to 1.82 - 1.83 at 1800-1900 m.

The pore pressure decrease in Lower Eocene 1is expected at 2760
m. The 13 3/8" csg should be landed above 2760 m in the higher
pore pressure gradient zone to avoid lost circulation problems.

A pressure gradient increase should be expected in Lower Cre-
taceous (1.7-1.75g/cc) and Jurassic (1.75-1.85g/cc) based upon
experience from wells drilled to Jurassic in the Eldfisk and
valhall field. |

CAre should be taken not to increase the mudweight above
1.75 - 1.78 g/cc before setting casing in Lower Cretaceous
due to the weak zones in Lower Eocene, Paleocene.

Neatne aBas 2 B
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7. Pore Pressure prediction 1/9-y

The pore pressure gradient expected to be met in well 1/9-y
is shown in fig. 31. The pressure estimate is based upon the
pressures in wells 1/9-1 and 1/9-2, and adjusted according to

stratigraphic depth prognosis.

Bright spots on the seismic, indicating possible gas, is seen
in the intervals 1100 m = 1300 m and 1630m - 2100 m.

Rapid pore pressure build up below the pressure transition zone
means that mud weight should be increased to 1.8 g/cc before
1500 m and then gradually increased to 1.82 - 1.83 g/cc.

The 9 5/8" c¢sg should not be landed much lower than the stra-
tigraphic prognosis showing Top Lower Eocene (2635 m) to avoid

lost cirkulation problems.

Again a pore pressure gradient increase should be expected
when drilling into Lower Cretaceous and Jurassic.

8. Conclusion .

From the pore pressure gradient estimates it seems that the

mud weight should be increased to 1.3 g/cc below the 20" csg
when drilling out 13 3/8" csg.(or 16" csg. in 1/9-3) mud weight
should be increased relatively fast to 1.8 g/cc and then grad-
ually increased to 1.82 - 1.83 g/cc.

Pore pressure gradients of 1.7 g/cc up to 1.75 g/cc is expected
in Lower Cretaceous and 1.75 g/cc up to 1.85 g/cc in Jurassic.

The fracture gradient calculations show weak zones in Lower
Eocene and Paleocene. Casing should be set before drilling
into these weak zones about the Top of Lower Eocene.
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9. APPENDIX A

Pore pressure gradient calculations are based upon the

following two methods:

1. The Equivalent Depth Method il

PO - (PO-PN) DE/DI

PP =
PP = Pore pressure gradient (q/cc)
PO =  Overburden gradient (g/cc)
PN = Hydrostatic gradient (g/cc)
DE = Equivalent Depth (m)
DI = Depth of interest (m)

2. The Compaction Exponent Method
PP = PO - (PO-PN) (LN/L)EXP
LN = Normal log respons in shales
L = Log respons in shales
EXp = Exponent depending on the log used
EXP = 3 for the sonic log
EXp = 10 for the density log
EXp = 1.2 for the conductivity log




19 . APPENDIX B

Fracture gradients was estimated using two different methods.

1. Eaton & Pennebaker

1= (PO-PP) + PP

Fracture gradient (g/cc)
Overburden gradient (g/cc)
Pore pressure gradient (g/cc)
Poissons ratio

2. Andersen, Ingram & Zanier

PF =

where

2y 1-3y
1-y PO+ T 0 PP
= 1-@1-9)

porosity in shales calculated from density
and sonic log

N

.




| T | 1 a1 1 _J L }

Estimated Overburden Gradient, Well 1/9-3, 1/9-3%

o—
————— l/g-'
\ ".. ------------- Ekofisk area
\ : e EST. 1/9-3
[ ]
s |
I
1000 —
E
b
-
a
[TY]
o -
. 3000
4000
‘ 1 1 1 1 1 ‘
. _ 18 - 19 2.0 2. 2.2 (g/cc) A
— : ™
15.0 5.8 16.6 I7.5 18.3 (Ib/gh) g
. 78 82 87 -9l .95 (psi/ 1) gigy ‘




(m) RKB

DEPTH

STRATIGRAPHIC PROGNOSIS

1/9-%

1/79-2 1/9-3
0 -
101
-y
QUATERNARY QUATERN ARY QUATERNARY
et
to to to
PLIOCENE PLIOCENE PLIOCENE
945
1000 - ~ —282 U. MIOCENE U. MIOCENE =
U. MIOCE NE : 1138 : ns
> 1238 MIDODLE MIODLE
= MIDOLE MIOCENE MIOCE NE
MIOCENE
1708 |
1765 1 L MIOCENE 1795 1795
L.MIOCENE 19I5
2000 — 5 60cENE OLIGOCENE
OLIGOCENE
2358 2325
Ziﬁ;
ol
U. EOCENE o U. EOCENE U.EQOCENE
~ ' 2708 2635
2735
B L.EOCENE
L. EOCENE L- EOCENE ,900]
29758 PALEOCENE 2970
3000 -—{ PALEOCENE PALEOCENE 3570 ] DpANIAN 3080
3U1S FDANIAN 3130Q]
DANIAN 3208 MAASTRICHTIAN —
MA ASTRICHTIAN MAASTRICHT AN CENOMANIAN
3550
~ 3660
i ;_@m_ ARTAN 8 L CRETACEQUS  »700
) LCRETACEUS 3880 JURASSIC 3890
4000 _ JURASSIC PERMIAN SALT
= = <




' ESTIMATED PORE PRESSURE 8 FRACTURE GRADIENTS-WELL I/ 9-1.
Dept
1 .-
m<a
l \ MUD WEIGHT
wsmeme= PORE PRES. GRAD.
l ------- ««.FRAC. GRAD.
Eaton & Pennebaker
‘e FRAC. GRAD.
l Andersen, Ingram & Zanler
1000
l B DST
® Leak off
I o A Lost circ.
I 2000 -
! |
_ L.o- /.28
. ’5000 -----
»]
1 f
‘ 9 L]
J
4000 -

PRESSURE GRADIENT (q/cc)

T T T 7 !  — T T .
g i L2 13 1.4 I5 8 L7 1.8 19 20




_—y

e em g b

e

—
]
|

] 1 T
u-h-'l-

_;al - &2
i

|

" -
_ R

€ | 1 |
- -

! w O

Pore Fressure Predicton

Strat.
Prognosis. 0
; WELL 1/9 —3}
Quaternary

) —— Possible gas
Pliocene

U. Miocena 000-

P e o e @ees e

L. ity 208 %,
v L.0. 1279 2%

M.Miocene
(“Miocene o
2000- f-

)
Oligocene *"

."

, .
U.Eocene | / el -y
_________ o) 2os %,
L.Eocene 2 e L0 U] 1.§F€

CC V-2 18 A

éoloocono 3000,

Raolon
: . : v oo, Ve
Maastrichtian 2 02 9/(';
enomanian : ..' '
.Cretaceous ‘ 9 5/8 ‘ <

T Froc. Fatr.

Jurassic 4000 -

|

i v v v . v

| L 12 13 14 15 1.6 1.7 1.8 1.9 20—
; Pressure gradient (g/cc)

!

; / L
i %z'/ wo,¢¢7qu S Fig.30




Strat.
Prognosis 0 -

-

WELL 1/9 ¥

l.l
’] |

1" -! Pore Pressure Prediction
)’ | |

]

, . *20“

Quaternary

l

_l Pliocene
ll U Miocene 1091
|

!

l

|

{ .
M.Miocene
[

L.Miocene
’ 20004

COligocene

]
5

‘ L..Eocene

Paleocene

Oainian 3000

M oostrichtion

!

Cenomanian A7"

l..Cretauous

Jurassic _ : .

,F'erm.solt 44004 - | . .
] } i 12 3 L4 15 1.6 .7 1.8 1.9 2.0 ———>
|

Pressure grad:ent (g/cc)

&
- ‘

Fig. 3l




