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(continued )

Issue Sawolo et al.
(2009)

Davies et al. (2009)
discussion

Remarks

Example: Was
a fracture
propagated
from the
wellbore
(Fig. 1D –
region marked
2) that finally
breached the
surface?

No, because:
� Well was

killed, it no
longer have
pressure and
energy
(Fig. 7)

� No associated
fluid loss
(Fig. 1A)

� Well did not
collapse and
BOP was able to
be opened
(Fig. 1B)

� Drill string is
a closed
system. A pres-
sure creep in
the drill string
does not repre-
sents a drop in
open hole
pressure (Fig. 7
of Sawolo et al.,
2009)

� Sudden press
loss was due to
bleed-off
pressure to line
up (piping &
valve)
connection
prior to
pumping of
soaking fluid
(Fig. 1A and B)

� High pressure
during injec-
tion tests
confirm well
intact and not
fractured
(Sawolo et al.,
2009)

Yes, shown as
a pressure creep in
Fig. 1D – region
marked 2.

Cherry picking
data leads to
a wrong
conclusion.

Dataset – leak-off test: technique, interpretation and result
Leak Off Test

interpretation
when oil-
based mud is
used.

Interpretation
technique based
on Fracture
Closing Pressure,
which accounts
and compensates
the high
compressibility of
oil-based mud
(Fig. 2).

Interpretation
technique based on
Inflection Point
during pressure
build up.

Due to the high
compressibility of
oil-based mud,
LOT is not
interpreted at the
inflection point.
Lapindo use
similar LOT
interpretation
technique as
Unocal, Santos
and Medco; the
latter two were
partners in the
drilling of the
Banjarpanji-1
well.

Leak Off Test at
the 13-3/8’’
casing shoe at
3580 ft.

LOT ¼ 16.4 ppg is
supported by
nearby offset
wells (Fig. 4)

LOT ¼ 15.4 ppg on
the table and
15.8 ppg on its
write up (Fig. 2).

Why Davies et al.
(2009), have two
interpretations
from a single LOT
chart?
Both Davies’
LOT values are
not supported
by nearby
offset wells
(Fig. 4)

(continued )

Issue Sawolo et al.
(2009)

Davies et al. (2009)
discussion

Remarks

Dataset – BHP methods and result
Main Bottom

Hole Pressure
(BHP)
estimation
method

Engineer’s fill up
method in
Banjarpanji 1
well

Method unknown Engineer’s fill up
method is a field-
proven BHP
estimation
methodResult at total

depth ¼ 12.8 ppg
(Fig. 5)

Result at 69860

depth ¼ 15.1 ppg
(Davies et al., 2007)

Supporting
methods to the
BHP
estimation

- Static Influx
Test (SIT)

- Mud weight
- Log –

Resistivity
- Log – Sonic
- Dc – exp

- No comments
- No comments
- Not advocated
- Not advocated
- Not advocated

These supporting
methods
arguably have
limitations and
lower reliability
that the main
BHP estimating
method;
however, when
used as a check
they enhance the
credibility of the
BHP estimate.
Davies’ 15.1 ppg
BHP is not
supported by
these secondary
estimating
method (Fig. 5)

Analysis method – taken at the drill pipe leg
Is the drill pipe

side (leg) valid
for pressure
analysis?

No, because the
float valve creates
a pressure
restriction in the
drill pipe (Fig. 7 of
Sawolo et al.,
2009)

Yes, because the
pressure restriction
is eliminated.

Mud logger RTD
shows pressure
restriction exists.

Analysis method – taken at the annulus leg
Is the annulus

side (leg) valid
for pressure
analysis?

Yes, because
there are no
pressure
restriction. The
well has not
caved in at the
time of the
measurement
and therefore
valid for analysis
(Fig. 1B)

No, it is invalid as
the well caved in
creating a pressure
restriction in the
annulus

Mud logger RTD
confirms that the
pressure
measurement
was taken about
before the well
caved in (Fig. 1B).

Other issues – no drags and unlikely to swab
Was there any

significant
drag when
pulling out of
hole?

Mud logger RTD
28th May 2006,
shows a relatively
small overpull of
10,000 lbs
without the
signature of drag

A 30,000 lbs
overpull was
reported in the
Daily Drilling
Report 28th May
2006.

The overpull
reported in the
daily drilling
report is not
supported by the
mud logger RTD.
Must check key
statements in
reports against
raw data such as
mud logger RTD.

Was there any
swabbing
when pulling
out of the
hole?

The slow pulling
speed and
absence of drag
from RTD
suggests that
swabbing is
unlikely.

Severe swabbing,
which brought
large quantities of
formation fluids
into the wellbore

An influx into the
wellbore (a kick)
is due to
a formation
pressure that is
higher than the
hydrostatic
pressure exerted
by the mud,
including but not
limited to
swabbing (Unocal
Basic Well
Control, 2001)
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(continued )

Issue Sawolo et al.
(2009)

Davies et al. (2009)
discussion

Remarks

Other issues – amount of influx
What was the

influx volume?
w370 bbls from
mud logger RTD.

390–600 bbls
(Davies et al., 2008)
w750 bbls Davies
et al. (2009)

Davies et al. high
influx volumes
are not supported
by mud logger
RTD.
Davies was
inconsistent and
changed his
influx volume
estimate to
w750 bbls. Need
to state reasons of
change and
evidence

Other issues – was the well killed?
Was the well

killed?
Yes. Both annulus
and drill pipe
pressures were
bled off (Fig. 1C),
the BOP was
opened, and the
well did not flow.

No. An
underground
blowout occurred
on 28th and 29th
May 2006.
Ability to open BOP
was due to a cave-
in which formed
a pressure seal.

The well was
killed as the BOP
was able to be
opened and
circulated for 3 h
prior to the well
caving in (RTD
data, Fig. 1B
and C).
With the well
killed, there was
no pressure or
energy to
propagate
fractures from
the well.

Other issues – length of open hole section
Did the long

open-hole
section
jeopardize
well integrity?

No. The open-
hole length was
not unusual for
the area. Other
operators in the
area have drilled
longer open-hole
sections (Table 3).

Yes. Casing setting
depths deviated
from the pre-drill
design, and the
longer-than-
planned open-hole
section made the
well fragile and
prone to breach.

Open-hole length
is not a measure
of well integrity
as proven by
other operators
in the area.

Other issues – well safety and integrity
Is the well safe? Yes, kick

tolerance was
sufficient to
drill to total
depth.

No, the drilling
window was too
narrow.

Tingay et al.,
2008, used
incorrect input
data.

What were the
key inputs for
the safety
calculation?

Pore pressure¼ 12.8 ppg
LOT ¼ 16.4 ppg.
Based on
integration of full
dataset.

Pore
pressure ¼ 14.6–
15.1 ppg.
LOT ¼ 15.8–
16.4 ppg.

Tingay et al.,
2008, used
incorrect input
data. See
section on
‘Dataset for
analysis’.

Well Design
‘‘Design plot –
Base case 9-5/
8’’ casing’’
Fig. 11A

Safety check of
the actual well
condition with
5720 ft open hole
using Landmark’s
CasingSeat�
casing design
software shows
the well is safe

Casing design was
a significant
deviation from the
original plan and
resulted in
a significant open
hole section (Davies
et al., 2009).

Even with the
significant open
hole section,
Landmark’s
CasingSeat�
casing design
software
suggested that
the well
was safe

(continued on next page)

(continued )

Issue Sawolo et al.
(2009)

Davies et al. (2009)
discussion

Remarks

Other issues – was there a channel between the well and the mud flow?
Was there

a conduit
between the
wellbore and
the mud flow?

No. Such
a conduit is
inconsistent with
the high pumping
and injection
pressures.

Yes. The drilling
morning report
suggests a possible
channel

Pumping mud
downhole at
a high pumping
pressure and
high injection
test pressures
prior to
cementing
confirms intact
casing shoe.

Other issues – was the flow through the wellbore?
Bit was still stuck

two months
after mud
eruption
suggested that
the mud flow
did not pass
through the
well

At flow rates
around
100,000 m3 per
day, the wellbore
would be eroded
and the bit will
fall to the bottom.
Finding the bit in
its original
position two
months later
suggests that the
mud flow did not
pass through the
well.

Does not prove well
remained intact
and that an
underground
blowout was not
occurring.

Lab report
showed hot
water came out
from the
eruption, not the
synthetic oil-
based drilling
fluid.
The well did not
suffer drilling
mud losses even
after the eruption
occurred.

Other issues – no near casing fluid flow
Sonan and

Temperature
logs taken
during well re-
entry shows
a quiet
response.

The quiet
response of the
logs suggests the
absence of near
casing fluid flow.
Absence of this
flow suggests
that there is no
underground
blowout

Absence of a near
casing flow does
not show that the
well was killed.
Davies further
suggests that the
fracture position is
diverted deeper
(Fig. 13) due to
a ‘cement
plug’

Cement plug was
laid one day after
the mud flow had
started. Massive
mud flow
diverted away by
newly laid green
cement plug is
unrealistic.

Other issues – can a newly laid green cement plug block a mud flow?
Can a newly laid

green cement
plug block
a mud flow?

No, it is
physically
impossible.

The original
fracture and mud
flow was through
the casing shoe.
Later, the cement
plug blocked this
flow, and created
new deeper
fractures at around
5000 ft. (Fig. 13B)

Green cement has
almost no
cohesive strength
and is easily
washed away by
fluid flow up the
wellbore.
It does not have
sufficient
compressive
strength to
withstand the
pressure required
to create new
fractures.

Other issues – well condition prior to pulling out of hole
What was the

condition of
the well prior
to pulling the
drill string out
of the well?

Mud losses cured.
Well stable for 7 h
(Daily Drilling
report and RTD
27th May 2006)
before the drill
string was pulled
from well.

Well unstable,
severe mud losses
in progress prior to
pulling the drill
string out of the
well.

Davies’ position is
not supported by
mud logger RTD,
which shows the
well was in
a stable condition
for 7 h before
starting to pull
out of hole.
Davies needs to
provide proof of
his claims.
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Fig. 1. A,B,C – Active tank volume, Flow in/out and Pressure vs. Time curve. These and
other mud logger RTD information show the well condition at any time. Davies et al.
used the Pressure information only, shown in Fig. 1D. Sawolo used the complete
dataset.
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3. Dataset for analysis

In the weeks and months after LUSI first erupted, publicly
available data from Banjarpanji-1 was limited, and so early analysis
from external parties relied on assumptions to fill the data gaps.
Since then, the full dataset has been made public by Sutriono
(2007) and Sawolo et al. (2008, 2009), and is further explained
and supplemented in this reply. This allows any interested party to
integrate the entire dataset into its analysis.

3.1. Mud logger’s real time data (RTD)

Mud logger’s RTD comprises the set of recorded drilling
parameters and other well data that is automatically measured and
stored in the mud logger’s computer. The Authors consider the RTD
to be the most reliable data, because it is continuous, quantitative
and unbiased.

Analysis on the well’s condition to determine what took place at
the bottom of the hole must be based on a full dataset or otherwise
its conclusion will be misleading. For example, the drill pipe pres-
sure decrease or creep (Fig. 1D – region marked 2) was interpreted
by Davies et al. (2009), as ‘fluids leaking from the open hole’. The
sudden pressure drop to zero was interpreted to be due to fluid
breach at the surface.

In the absence of any other information, Davies et al. (2009)
conclusion might be understandable. However, this conclusion is
quickly revealed as nonsense when other information from the
same period is integrated:

- The well was killed and it no longer has any pressure and
energy to propagate any fracture. See Fig. 7.

- There were no associated fluid losses. See Fig. 1A.
- BOP was opened and circulation was possible (Fig. 1B), sug-

gesting well has not collapsed
- The drill string is a closed system due to the non ported float

valve (Fig. 7, Sawolo et al., 2009). A decrease in drill pipe
pressure or pressure creep does not represent a drop in the
open hole pressure.

- The sudden pressure loss was due to bleed-off at the surface.
The drilling morning report shows the operation at the time was
to prepare for pumping soaking fluid around the drill bit and its
bottom hole assembly in order to get it free from the differential
sticking. This operation is also shown in Fig. 1B and C.

- If the claim of fractures and breaching to the surface is true,
then the pumping of soaking fluid would not result in a pres-
sure increase such as shown in Fig. 1C. A pressure increase
would not be possible in a fractured well.

- Results of the pressure tests suggest that the well was intact
and not fractured (High injection test in Sawolo et al. (2009)).

This other information does not support such a claim. Using
a more complete set of information, Sawolo et al. (2009), can
interpret the condition of the well and able to substantiate with
more accuracy than an interpretation based solely on a pressure
data (Fig. 1D).

3.2. Leak Off Test (LOT) data issues

In order to measure formation strength at the casing shoe, a LOT
is done after each casing string is set and cemented (Bourgoyne et al.,
1984). In Banjarpanji-1, the interpretation and value of the LOT is
different between the Authors and Davies et al. (2009), as follows:

The position of the Authors is the LOT at the 13-3/8’’ casing shoe
of 16.4 ppg calculated by Lapindo Brantas is valid and consistent
with wells in the region.
Please cite this article in press as: Sawolo, N., et al., Was LUSI caused by d
(2010), doi:10.1016/j.marpetgeo.2010.01.018
The position of Davies et al. (2009), is the LOT is lower at 15.4–
15.8 ppg, and claimed that Lapindo Brantas used a non-industry-
standard LOT procedure.

3.2.1. LOT data
The 13-3/8’’ casing shoe LOT at Banjarpanji-1 well was per-

formed by the Drilling Foreman from the cementing unit. By
staying at the pumping unit, the foreman controls the volume of
mud being pumped to the well and at the same time records the
pressures to determine the LOT. Standard industry practice is to
take pressures from the cementing unit pressure gauge which is the
most accurate pressure gauge at the well-site.

Davies et al. (2008), reported a completely different LOT data
from an unknown source. The Author suggests that Davies clarifies
rilling? – Authors reply to discussion, Marine and Petroleum Geology
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Fig. 2. LOT curve showing a smooth curve that is typical of LOT done on shale using oil-based mud. LOT pressure was interpreted as 16.4 ppg by Sawolo et al. (2009) (red circle) and
15.4 ppg (Davies 1) 15.8 ppg (Davies 2) showed by Davies et al. (2009) (blue circles). (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article).
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the source of LOT data and the accuracy of the pressure gauge. Was
the test result taken by the responsible person? Did he have control
of both mud volumes being pumped and direct access to the
resulting pressure readings?
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Fig. 3. Structure map of Banjarpanji-1 and the nearby Wunut, Tanggulangin and Porong w
Wunut field structural closure, hence the Banjarpanji-1 LOT should resemble Wunut’s.

Please cite this article in press as: Sawolo, N., et al., Was LUSI caused by d
(2010), doi:10.1016/j.marpetgeo.2010.01.018
D

3.2.2. LOT technique
There is no universally accepted LOT procedure and inter-

pretation, so LOT methods vary between companies (Lapeyrouse,
2002). In general, the LOT is done by closing the BOP at surface
ells. It shows that at the casing shoe depth of 3580 ft. Banjarpanji-1 well lies within

rilling? – Authors reply to discussion, Marine and Petroleum Geology
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Fig. 4. The interpreted values of LOT by Sawolo et al. Davies 1 and Davies 2 are plotted with typical LOT from Wunut and Tanggulangin wells. It shows that the Banjarpanji-1 LOT of
16.4 ppg (Sawolo et al., 2009) is in line with nearby offset wells at a similar depth.

Fig. 5. Banjarpanji-1 Bottom Hole Pressure (BHP) estimation. The BHP is estimated based on a number of methods with differing reliabilities. The most likely BHP is estimated at
around 12.8 ppg. Davies’ BHP of 15.1 ppg is too high and not supported by other BHP estimation methods.
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and then pumping mud at a constant rate until the desired test
pressure is reached or until the well starts to take whole mud.
The pressure at which the formation begins to ‘leak’ is called the
‘Leak Off ‘ pressure. In a plot of mud-pump pressure vs. time, this
is where the curve starts to deviate from the straight line. This is
how most oil and gas companies interpret the LOT graph when
using non-compressible drilling fluids such as water-based mud.

However, when using compressible drilling fluids such as the
oil-based mud in Banjarpanji-1, the LOT interpretation technique
needs to account for fluid compressibility. The compressibility of
oil-based mud is almost twice the compressibility of water-based
mud (Bourgoyne et al., 1984).

Lapindo Brantas followed the Unocal Operating Guideline
(1998) for oil-based mud, in which the ‘fracture closing pressure’
is interpreted to be the formation strength. By using the fracture
closing pressure, defined as the pressure at 10 s after the pump is
switched off, the effect of fluid compressibility is minimized. This
technique is detailed in Sawolo et al. (2009). Similar techniques for
oil-based mud LOT interpretation method are used by other oil
and gas companies in the area, including both partners in the
Banjarpanji-1 drilling; Santos, a major independent Australian oil
and gas company, and Medco, a major Indonesian oil and gas
company. As confirmed by their drilling engineers, Santos use the
fracture closing pressure similar as per Lapindo Brantas, and
Medco use the maximum injection pressure as their leak off
pressure.

Davies et al. (2009), claim that Lapindo Brantas LOT technique is
‘contrary to all industry practices’ is false.

3.2.3. LOT interpretation results
The Authors’; interpreted LOT at the 13-3/8’’ casing shoe at 3,

580 ft. as 16.4 ppg; this is plotted on Fig. 2 in the red circle. This
interpretation is based on the fracture closing pressure to
account for the high compressibility of oil-based mud (Sawolo
et al., 2009).

Davies et al. (2009), interpreted the LOT at the inflection point of
the curve with a LOT value of 15.8 ppg (Davies 2). Another value
was suggested in his summary as 15.4 ppg (Davies 1). It is unknown
why Davies suggested two LOT values from a single LOT curve, but
these two interpretations are shown in Fig. 2 in blue circles.

3.2.4. LOT results bench-marking
LOT results should resemble those in analogous nearby wells. In

the case of Banjarpanji-1, the nearby wells are in Wunut and
Tanggulangin fields, some 2 km and 3 km away respectively. The
Wunut field is especially analogous, because at the casing shoe
depth of 3580 ft., Banjarpanji-1 is in the same structural closure as
the Wunut field as shown in Fig. 3. Comparison with the Porong-1
LOT is less significant since it is some 7 km away in a different
structural setting.

The different values of Banjarpanji-1 LOT interpretations are
plotted with Wunut and Tanggulangin LOT in Fig. 4.

The Author’s Banjarpanji-1 LOT of 16.4 ppg at 3580 ft. is
consistent with offset wells in the Wunut and Tanggulangin fields.
In contrast, Davies 1 and 2 interpretations are not supported by the
offset well data. Similarly, Davies’ claim that Sawolo’s LOT of
16.4 ppg is ‘unrealistically high leak off pressure’, ‘overestimating the
pressure the well could tolerate’ and ‘an erroneous value to use, is
contrary to all industry practices and is an extensive overestimation of
formation strength’ (Davies et al., 2009) is false. This baseless rhet-
oric has no place in science.

Consequently, the value of LOT to be used in the Pressure
Analysis section is 16.4 ppg at 3580 ft. The much lower LOT value of
15.4 ppg and 15.8 ppg (Davies 1 and 2) are used in the sensitivity
analysis as its worst-case scenario.
Please cite this article in press as: Sawolo, N., et al., Was LUSI caused by d
(2010), doi:10.1016/j.marpetgeo.2010.01.018
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It should be noted that all offset wells in Wunut and Tang-
gulangin fields were drilled using water-based mud. Using the
non-compressible water-based mud, there is no issue of inter-
preting the data, and these LOT pressure were picked at the
inflection point similar as Davies et al. (2008). One key well,
Wunut 2, was drilled by a different operator, Huffco Brantas Inc,
and their LOT was found to be in line with the rest of Wunut and
Tanggulangin wells.

3.3. Bottom Hole Pressure (BHP)

Apart from the strength of the formation (LOT), Bottom Hole
Pressure (BHP) is another important piece of information to
calculate the pressure at the casing shoe.

The Authors used the ‘fill up method’ to estimate BHP at
Banjarpanji-1 at 12.8 ppg. This method is used by field engineers
after a loss circulation has occurred; it is field-proven and a reliable
method. Other pore pressure estimation methods based on mud
weight and indirect methods are less reliable and have their own
limitations. Although individually these methods may be less reli-
able, when used as a group they can be used to check the result
from the primary method to arrive at the most credible BHP. The
results of these various pore pressure-estimating methods are
plotted in Fig. 5.

The Authors’ estimated BHP of 12.8 ppg is supported by the
other pore pressure estimation methods except for the Dc-
exponent method, and so is used for subsequent pressure anal-
ysis. A maximum BHP of 14.7 ppg (Fig. 5) is used for sensitivity
purposes. This range of BHP estimate is supported by all pressure
estimation methods that are based on actual well data and not
‘misleading and essentially contrived’ as claimed by Davies et al.
(2009). This claim must be substantiated.

Davies et al. (2007), BHP estimation of 15.1 ppg is not sup-
ported by basic well data or by other pore pressure estimating
methods. Davies et al. (2007), justified the 15.1 ppg by proposing
that the ‘drilling of the over-pressured Kujung limestone caused
a kick’. The speculation that the well penetrated any carbonate
formation is not supported by cuttings or calcimetry increases.
Secondly, the statement that the well took a kick is incorrect. The
well suffered a mud loss not a kick when drilling at total depth,
so the bottom-hole pressure has to be lower than the 14.7 ppg
mud weight used while drilling. A 15.1 ppg BHP is physically
impossible.

3.4. Other data for pressure analysis

Other data required to perform the pressure analysis are:

1. Maximum casing pressure ¼ 1054 psi (Fig. 7)
This is the highest recorded casing pressure after the BOP
was closed, at which time the casing shoe experienced the
highest hydrostatic pressure. At this time, the well has not
caved in and forms a pressure seal (Fig. 1B), so the pressure
data was valid.

2. Fluid density at the top of the well ¼ 8.9 ppg (Daily Drilling
Report date 29th May 2006).

This fluid density was measured while circulating out the
influx and shown in Fig. 6.

3. Mud weight used during the well kill¼ 14.7 ppg. (Daily Drilling
Report date 29th May 2006).

4. Method of analysis

Sawolo et al., 2009, estimated the pressure at the casing shoe by
analyzing the annulus fluid column, whereas Davies et al. (2008),
rilling? – Authors reply to discussion, Marine and Petroleum Geology
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Fig. 6. Density of the influx was found to be 8.9 ppg. After the well was killed, the influx was circulated out and found to be saline water with a density of 8.9 ppg.
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limitations are discussed below:

4.1. Pressure analysis of the well

Wellbore pressure is estimated at the casing shoe, typically the
weakest point of the wellbore, and compared with the LOT. If the
pressure at the casing shoe is below its LOT, then the casing shoe is
likely intact, and vice versa.

The wellbore pressure at the casing shoe can be estimated from
either the drill pipe or the annulus, typically referred to as the ‘legs’
or ‘legs of the U-tube’. Both approaches will give the same answer
provided the input data and assumptions are reliable. We will
illustrate the different approaches and reasoning of Davies et al.
(2008), and Sawolo et al. (2009), in performing their analyses.

4.2. Pressure analysis on the drill pipe leg (Davies et al., 2008)

The drill pipe side is the common leg to perform a pressure
analysis as it is full of homogeneous drilling mud of known density.
However, for Banjarpanji-1, this approach could not be used due to
the float valve on top of the drill bit. This valve acts as a one-way
valve, restricting wellbore fluids and creating a pressure disconti-
nuity between the drill pipe and the open hole section. Therefore
Please cite this article in press as: Sawolo, N., et al., Was LUSI caused by d
(2010), doi:10.1016/j.marpetgeo.2010.01.018
wellbore pressure cannot be reliably estimated from drill pipe
pressure. A schematic of the mud circulating system that shows the
float valve is shown in Fig. 7 of Sawolo et al. (2009).

Davies et al. (2009) state two actions that purportedly elimi-
nated the pressure discontinuity between the drill pipe and the
open hole section.
� Mud was pumped (slowly) through the drill pipe during the
initial casing build up which opened the float valve and
removed the pressure discontinuity, thereby allowing reliable
annulus pressure estimation from drill pipe pressure.
This slow pumping was not done. Pressure restriction can be

eliminated by slow pumping (equivalent of 2–5 strokes per minute
by idling the mud or cement pump) that just barely opens the float
valve without causing an excessive pressure on the drill pipe. The
mud logger RTD showed pumping was done at 42 strokes per
minute (Fig. 1B and mud logger RTD) to fill the well as part of the
‘Volumetric’ well control method. At this high pump rate, frictional
pressure losses in the drill string are significant, and so pressure
estimation at the bottom of the drill string is unreliable (Field
Evidence, RTD in Sawolo et al., 2009).
� The (float) valve has a small hole allowing pressure
communication.
This is false. Lapindo-Brantas drilling standard is to use a non

ported (no hole drilled) float valve, as shown in the Banjarpanji-1
rilling? – Authors reply to discussion, Marine and Petroleum Geology
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Fig. 7. Pressure time curve during the well kill. This plot showed the pressure in the drill pipe (blue dots) and the annulus pressure (red dots). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article).

1. Bottom Hole Pressure ¼ 12.8 ppg at 9297 ft.
2. Leak Off Test ¼ 16.4 ppg at 3580 ft.
3. Maximum surface casing pressure ¼ 1054 psi
4. Mud weight ¼ 14.7 ppg
5. Surface fluid density ¼ 8.9 ppg
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pressure (around 500 psi) being higher than the annulus pres-
sure (around 280 psi) when the BOP was shut in (Field Evidence,
RTD in Sawolo et al. (2009)). If a small hole was drilled in the
float valve, the drill pipe pressure reading would be lower than
the annulus as the drill pipe is full of heavier drilling mud
whereas the annulus is filled with a mixture of drilling mud and
lighter influx fluid.

The pressure restriction in the drill pipe was not eliminated.
Therefore, pressure reading in the drill pipe is invalid and should
not be used in any pressure analysis.
1. Bottom Hole Pressure ¼ 14.7 ppg, being the maximumpossible BHP (Fig. 5).
2. The Leak Off Test ¼ 15.4 ppg being the lowest LOT (Figs. 2 and 4)

suggested by Davies et al. (2009)
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4.3. Pressure analysis on the annulus leg (Sawolo et al., 2009)

Davies et al. (2009), claimed the well caved in and packed off the
drill string, thereby isolating the wellhead annulus from the open
hole annulus, and making downhole pressure estimation from
surface annulus pressure unreliable. The evidence cited was the
lack of fluid flow up the annulus and the inability to circulate mud.

A close look at the mud logger RTD reveals that the well had not
caved in at the time pressure measurements were made. Fig. 1B
shows that circulation remains unrestricted until around 14:30 h
on 28th May 2006. This is the time when the well finally caved in.
However, annulus pressure measurement was taken six hours prior
to when circulation was lost, and so was valid.

The pressure data is shown in Fig. 7.
The kill process was successful and the well was finally killed,

both drill pipe and annulus pressure were bled off and the BOP was
opened within three hours. The highest pressure recorded at the
annulus was 1054 psi for use in the Pressure Analysis.
Please cite this article in press as: Sawolo, N., et al., Was LUSI caused by d
(2010), doi:10.1016/j.marpetgeo.2010.01.018
5. Pressure analysis result

The inputs for the pressure analysis of the casing shoe are as
follows:
For the worst-case sensitivity analysis, the worst-case inputs
were used:
The analysis based on this data and the mechanics of con-
structing the pressure analysis curve are described in Sawolo et al.
(2009), and summarized in Fig. 8.

This curve shows that the pressure at the casing shoe was less than
its fracture strength (LOT), which confirms that the well remained
intact. Note that in Fig. 8, even at the worst-case condition (15.4 ppg
LOT and 14.7 ppg BHP), the wellbore pressure at the casing shoe is
below the LOT, and the casing shoe remained intact. Davies et al.
(2009), claim that the Authors have taken ‘an unrealistically high
leak off pressure and unrealistically low pressure’ in its pressure analysis
is again proven wrong, as the sensitivity test is performed using the
lowest leak off pressure (Davies 1 LOT in Figs. 2 and 4) and the highest
possible bottom-hole pressure (as shown in Fig. 5).
rilling? – Authors reply to discussion, Marine and Petroleum Geology
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Fig. 8. Pressure analysis showing a pressure profile in the well (internal well pressure) at different depths, shown in ‘Dark Blue’. The formation strength is shown in ‘Light Blue’
dotted line. The pressure in the well (‘Dark Blue’ line) stays below the formation strength (‘Light Blue’ dotted line) confirms that the well is intact. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article).
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With the well remained intact, there is no connection between
the well and the mud volcano. The underground blowout hypoth-
esis suggested by Davies et al. (2007, 2008, 2009) is, therefore, not
supported by pressure analysis.

6. Others issues

This section discusses other related field data and observations
on the drilling of the Banjarpanji-1 well.

6.1. Mud losses that coincided with earthquake

Sutriono (2007) and Sawolo et al. (2008, 2009), revealed the
Banjarpanji-1 drilling dataset to interested parties, and demon-
strated that this dataset does not support a connection between the
well and the mud volcano. The papers note two mud losses coin-
cided with the main Yogyakarta earthquake and the aftershocks.
This information is provided for sharing purposes and to provide
a platform for other researches.

As stated in the introduction of the Sawolo et al. (2009) paper,
proving or disproving other hypothesis for the mud flow is beyond
the scope of the paper. These include: mud volcano derived from
over-pressured diapiric shale through fracture zone as conduit
(Sunardi, 2007), fault reactivation (Mazzini et al., 2007, 2009), very
long tectonic propagating fracture network aligned with the
Watukosek fault zone (Istadi et al., 2008), earthquake (Davies et al.,
2008, 2009; Manga, 2007; Mori and Kano, 2009) or geothermal
activity (Sudarman and Hendrasto, 2007).
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6.2. No drag and unlikely to swab

Davies et al. (2009) suggest that the statement of Sawolo et al.
(2009) of ‘no apparent drag. unlikely to swab’ contradicts the
Please cite this article in press as: Sawolo, N., et al., Was LUSI caused by d
(2010), doi:10.1016/j.marpetgeo.2010.01.018
daily drilling report which stated ‘overpull encountered over
30,000 lbs’.

The daily drilling report of 28th May 2006 does indeed report
30,000 lbs of overpull, but this statement is not supported by the
mud logger RTD, which shows a relatively light overpull of around
10,000 lbs and no tell-tale signs of drag. In a really bad overpull
condition, the ‘hook-load’ record will show an erratic with an
increasing trend, whereas in a rough hole condition, it will simply
show a bumpy erratic motion. The RTD record does not show any of
this tell-tale sign and therefore the Authors believe that it is
a smooth hole and no drag.

The RTD also shows the pulling speed was a slow five minutes
per stand (Sawolo et al., 2009) with mud replacement. This data all
suggests that swabbing was unlikely.

This is an instance where one has to decide what is the ‘‘harder
data’’ – the daily drilling report or the mud logger RTD. The Authors’
position is the underlying mud logger RTD carries more weight
because it is automated, continuous and quantitative.

6.3. Amount of influx

The estimated influx volume in Davies et al. (2008), is 390–
600 bbls. However, a significant increase to w750 bbls is reported
by Davies et al. (2009). This inconsistency in Davies’s claims,
suggest a lack of understanding of the downhole conditions, the
actual operations and the use of many assumptions in the claims.

The earlier Davies et al. (2008), influx volume is close to the
Author’s estimate of w370 bbls. The Author include a caveat to
determine the exact influx volume, which is due to the number of
simultaneous operations occurring at the same time:

- Mud loss due to the top drive wash pipe leaking (RTD data
w06:30 h)

- Circulating of mud downhole (RTD data w07:00 h).
rilling? – Authors reply to discussion, Marine and Petroleum Geology




