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Abstract— The purpose of this research is used to provide a formation assessment using a Pulse Netron Logging (PNL) tool that can work
in the casing or in the tubing. In the effort of enhancing hydrocarbon recovery, this study is done to apply an improved method of
determining thickness of Hydrocarbon Zone (net pay) by using the Pulse Neutron Logging (PNL). This tool is usually used in old wells that
have been producing for a long time and the purpose of this tool is to look for potential for unproduced hydrocarbons Pulse Neutron
Logging (PNL) is one of Porosity measurements in formation evaluation are intended to measure the hydrogen index found in rock
formations. The hydrogen index is defined as the ratio of the concentration of hydrogen atoms per cubic cm of rock to the content of pure
water. PNL logs do not measure the actual porosity of rocks, but what is measured is the hydrogen content found in rock pores. And the
other word the more porous rocks the more hydrogen content and the higher the hydrogen index. Thus, shale which contains a lot of
hydrogen can be interpreted as having high porosity.To anticipate this uncertainty, in practice, porosity interpretation can be done by
elaborating log density logging. Cased Hole Logging - Sigma Saturation and Carbon Oxygen, it can be seen that several zones that are still
zones of the prospect of Hydrocarbons. This study has shown that the Pulse Neutron Log is able to improve the reading of the net pay, so
the Pulse Neutron Log is able to improve the reading of the net pay 20 - 40 % Oil and Gas in formation. Production before before Pulse

Neutron Logging (PNL) job is 180 bopd and after Pulse Neutron Logging (PNL) job will increase estimate 220 bopd

Index Terms— Pulse Neutron Logging, CarbonSat

1 INTRODUCTION

N eutron logs are used to distinguish porous formations
and determine their porosity. This log detects the

presence of hydrogen in the formation. In clean
formations the pores have been filled with water or oil, the log
neutron reflects porosity filled with fluid. Neutrons are part of
an atom that has no charge but its mass is equivalent to a
hydrogen nucleus. Neutrons interact with other materials in
two ways, namely through collision and absorption. Collision
generally occurs at high energy levels and absorption occurs at
lower energy levels. The amount of energy lost every time a
collision occurs depends on the relative mass of the nucleus
that collides with the neutron. The greatest energy loss occurs
when neutrons collide with another material that has the same
mass as, for example, a hydrogen core. Collisions with heavy
nuclei will not slow the rate of neutrons too much. So, the
biggest decrease in the number of neutrons returned is
determined by how much water content in the rock formation.
Within a few microseconds, neutrons that have been slowed
through collisions will move spread randomly without losing
a lot of energy. The new neutron will stop when captured by
the nucleus of atoms such as chlorine, hydrogen, or silicon.

In this paper the author wants to provide a formation
assessment using a Pulse Netron Logging (PNL) tool that can
work in the casing or in the tubing. This tool is usually used in
old wells that have been producing for a long time and the
purpose of this tool is to look for potential for unproduced
hydrocarbons.

2 LITERATURE REVIEW

Carbon / Oxygen (Carboxsat)

Pulse Neutron is a device for measuring Carbon content in oil
and Oxygen in water. When this device captures water, the
levels of O atoms will be high and C atoms are low. If this
device captures hydrocarbons then C atoms will be high and
O atoms will be low. The ratio of carbon and oxygen
presented between water and hydrocarbons depends on the
salinity of water. In the C / O process this time it is specifically
only for oil.

4 c000000®
O

ol

H,O (Water)

Low C/O Ratio

Higher C/O Ratio

Fig.1 Atom Water and Atom Hidrocarbon




When inside a well, this tool will fire at Energy. The energy
shot is 14 Mev. From each energy level emitted by Pulse
Neutron we will get a ratio of several minerals and atoms C,
O, Ca and Si.

When we get C, O, Ca and Si from this tool. We can already
calculate from the ratio of C/O which we usually call RMT
C/O and the ratio of Ca/Si which we usually call LIRI. The
ratio of C/O and Ca/Si is used to determine the Saturation of
oil obtained by comparing the Porosity of the Open Hole.

Neutron Porosity measurements in formation evaluation are
intended to measure the hydrogen index found in rock
formations. The hydrogen index is defined as the ratio of the
concentration of hydrogen atoms per cubic cm of rock to the
content of pure water. Neutron Porosity logs do not measure
the actual porosity of rocks, but what is measured is the
hydrogen content found in rock pores. Simply put, the more
porous rocks the more hydrogen content and the higher the
hydrogen index. Thus, shale which contains a lot of hydrogen
can be interpreted as having high porosity.

Neutron logs are used to distinguish porous formations and
determine their porosity. This log detects the presence of
hydrogen in the formation. In clean formations the pores have
been filled with water or oil, the log neutron reflects porosity
filled with fluid. Neutrons are part of a chargeless atom but
their mass is equivalent to a hydrogen nucleus. Neutrons
interact with other materials in two ways, namely through
collision and absorption. Collision generally occurs at high
energy levels and absorption occurs at lower energy levels.
The amount of energy lost every time a collision occurs
depends on the relative mass of the nucleus that collides with
the neutron. The greatest energy loss occurs when neutrons
collide with another material that has the same mass as, for
example, a hydrogen core. Collisions with heavy nuclei will
not slow the rate of neutrons too much. So, the biggest
decrease in the number of neutrons returned is determined by
how much water content in the rock formation. Within a few
microseconds, neutrons that have been slowed through
collisions will move spread randomly without losing a lot of
energy. The new neutron will stop when captured by the
nucleus of atoms such as chlorine, hydrogen, or silicon.

This paper wants to provide a formation assessment using the
Pulse Netron Logging (PNL) tool that can work in the casing
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or in the tubing. This tool is usually used in old wells that
have been producing for a long time and the purpose of this
tool is to look for potential for unproduced hydrocarbons.
Below is a type of Pulse Netron Logging tool used by
Halliburton,

The limitation of the problem in this study is to look for the
potential of unproduced hydrocarbons by using a Pulse
Neutron Logging tool from inside the Tubing.

3 METHOD
The methodology of this study is:

1. Data collection

Data collection this time can come from the field. The data is
in the form of LAS, NTI, Open Hole Log data, Cased Hole
Log, Well Diagram and several historical files from the well.

2. Data Processing

- Depth Match is aligning or equalizing GR open Hole data
with GR Cased Hole data.

- Calibration of each Pass. Calibration aims to make the data
we have corrected with the well environment.

- Gain Stabilization

In this process all curves will be aligned to the Hydrogen Peak
Window.
- Pulse Neutron Interpretation

In this process, it will enter some data that is needed into the
system such as data Vshale, RhoOil, RhoGas, Litology, Bit
Size, TPor and others. Usually we can get the data through
Open Hole data.

On the Flow Chart above we can see the workflow in this PNL
data processing. In the final process we can see three columns,
namely Carboxsat, Sigmasat and Triplesat. For Carboxsat it is
intended to look for Oil saturation. Sigmasat to find saturation
of Gas and Triplesat in search of Oil and Gas.

To get Oil Saturation, you can also use a formula

1-035¢; _ AC/O
o1 AC/O+0.27p,, )

Soi1: 1.53 %

In the above calculation must include several parameters,



namely Total Porosity, Hydrocarbon Density and. obtained
from calculations.
ﬂ Cr"IJO - CJ’;Olneas - CJ';O“'et . (2)

Below is the flow for working on Carboxsat data
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Fig. 2 Carboxsat Chart Flow

Sigma (3’) (SigmaSat)

Sigma is one of the processes of interpretation in determining
oil from the formation. With this Sigma process we can
distinguish between salt water and oil, vapor and water, oil
and vapor. The Vapor here consists of Methane,
Carbondioxide, Nitrogren and Steam.

Sigma is the ability of an element or element to be able to
capture neutrons. To search for gas saturation you can use the
formula:

Zioq = Lpa(1-0-V ) + Z (S ND) + Z,(V,,) + £, (1-S,)(D)

o ®)

Fig. 3 Rock Model Sigma

To enter the formula requires data from open holes such as
porosity and Vshale data. In addition to data from open holes
we also have to enter data such as Sigma air, Sigma matrix

and Sigma water. We can get these numbers in the table below

If you see Fig. 4 you will see oil and Fresh water on the same
line, it is a sign that to process sigma on fresh water there is a
limitation because the sigma value in both is almost the same.
In the process of obtaining gas saturation by using sigma
ideally the fluid in the well must have high salinity. Below is
flow to work on Sigmasat data.
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Fig. 4 Log Response on SigmaSat and Carboxsat

4 RESULTS AND DISCUSSION

4.1 Research Flow

The main objective of the Reservoir Monitoring Tool (RMTI) is
to identify the remaining hydrocarbon potential in the
prospect zone, behind the casing, determine the type of fluid
and reservoir pressure before getting updated data reservoirs
for evaluating candidates for workover.

4.2 Information on Wells

The RMTI is a tool for evaluating gas and the potential for oil
inside. Sumur X is located in East Java

The RMTI (Sigma Mode and C/O Mode) was applied to the X
well on 28 November 2014. At this RMTI it was run on the
inside 4.5 "liner and at intervals 7860-7650 FT MD. For the



RMTI Sigma mode run on 7 "and 4.5" liners and at intervals of
7850-5600. But for processing only at intervals of 6000-5640 FT.

Environmental Correction has been done for the RMTI which

includes

The SigmaSat Module is used to obtain Gas Saturation by
calculating Sigma Intrinsic and Carboxsat Modules. The goal
of the calculation is to get Oil Saturation by calculating the

Case size

Casing thickness
Bit size
Litology
Salinity of water inside the casing

C/O ratio from the RMTI.

Depth

Original

Fig. 5 Well Diagram
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Fig. 6 Tool Diagram

4.2.1 Data Quality Analysis

All data will go through some RMTI Process Modeling for
Stabilization Energy Gain windows and environmental
correction, with the aim of minimizing the effects of wellbore
and tools in the well that might affect the effects of the
calculation. Before working on the RMTI data first through the
stage, the data is prepared first. In the sub-section below, it
will be discussed about data preparation.

4.2.1 Sigma Data Preparation

Below are the steps for preparing data for sigma



- Step 1 Gain Stabilization (Relog for spectra)

Parameters for Pass1 with input pass pass1 Up

Name Descoplion Zanel) 035595
FRANCOR Fan G Conmetion? Fefuto
FMANGAIN Fan Manusw Gain? [ FGAINCOR -Maruil i

FOFFSCOR s Dife Ccrection? Hyduso
FUANFFS Fan Manuss Ofset in Channels? ((FOFFSCOR-Marall | 00

FHPELDW iy Conl. M Pesk Charmel? o

FHPKHIGH Fan i Cont Mo Poak Chanel? =0
FHPKWINW  Far Hy Windw Width n Charres? [

FHPKAMIFL Fan i ok Ampliade birinem Flaio? in

FRSFILTA Fon Recupsive Fbe Facice? 10 < <1) o

e O Charnal? BOTH HEAR/FAR 120
et Oy Ceriel R [BOTH NEAR/FAR) 20
oeact e CorholFactor? Btk ea L Fo) az

FasTAR a2 Cor ) Cmm ] (Ccaen ]

Fig. 7 Parameter input for Far Detector

Parameters for Pass1 with input pass pass1 Up.

Hene Besaiplon Zonen : 0- 3333
NGANCOR Nest Gain Conestion? Fo dulo
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OxFACT Oipgen Contol Factor? (Bath Near & Fa 0z
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Fig. 8. Parameter input for Near Detector

- Step 2 Environmental Corection

Environmental Correction can enter data from Vshale and
Total Porosity. In (Figure 11) is a table for entering the Vshale
parameter. In (Figure 12) is a table for the Total Porosity
parameter

Parameters for PN Vshale with input pass RMTStudio_Final

MName Zonel : 0 - 33339
» shell . - |

cleant clean value of SHALINT ]
shalel shale value of SHALINT 100
anonlinl Mon-Linearity Methad #17 Linear -
steibl steiber value of SHALIN1 1.0

Groups:

111111 » Ok, ] [ Apply ] [ Cancel

Fig. 11 Input parameters for Vshale

Parameters for PH Porosity with input pass RMTStudio_Final

Zonel : 0 -93333
k|

Groups:
EPORZ from TPOR resul &5 v ok | [ ey | [ Cancel

After entering the Far Parameters (Figure 7) and Near
Parameters in (Figure 8), a picture such as the Log below will
be obtained (Figure 9). If the log has not gotten good results,
then it changes the curves again in Far and Near Parameters.

Fig. 12 Parameter input for Total Porosity

n — -
s PO hey mman
o
" = PEACY =
= s aaha u
==l [ salua rorer  lu mora ]
s
=
A L Hala mh gl i
o
=
H P
!
L
b =T | (-
=]
=
-4 ™ \:E T S
- R e B
el L ]
.| [ -]
k)
1 |

e
T eT
I ;
Ly )
3 J AT
i
I A,
)]
[
LY
A7
7l
| )
D)
[ )
I A i

Feod
= et ||
i i o
el =
TN
= [
= Fd
i
o S M )
NN RERENN
L =1t o]
;h—.___<\ |
=
N ABENANAND
=]
= =1 T4 [~
N AUNNARNE
Lepmi ]
) 1
Nine NN RER; N
**z.-‘_,dq—_-\mﬁ__
ot Feoet
- ‘\
. e N P |
l | = = ]

4.2.2 C/O Data Preparation

Environmental Corection on C / O is used to correct C / O
data against Borehole size, casing / tubing size and borehole
salinity. Salinity in the well is corrected by 5000 ppm NaCl.

C/O data has been corrected with an o0il column in the casing
and tubing. Following are the data preparation steps for C/O

- Step-1 Gain Stabilization (explanation on Sigma data
preparation)

- Step-2 Average spectra from multi passes

Different from data preparation in Sigma Log, for C / O Log



data there is one part that is added, namely Average Spectra
Log. At this stage, you will collect 3 pieces of data to become 1
pass data. The purpose of this step is to see the average data
from each pass. In (Figure 13) and (Figure 14) are the Input
Tables to enter several parameters. Results of Average Spectra
Log as shown in (Figure 15).

Name
MNGANCOR
NMANGAIN
NOFFSCOR
NMENOFFS
NHPKLOW

NHPKWNW
NHPKAMIR
NGSFILTR
NFECTL
NFECHN
IOXCHN
I0XCTL
OXFACT

3 NHPKHIGH Nea

Description
Near Giain Correction?

Near Manual Gain? (If NGAINCOR=Manual)

Near Offset Comection?

Near Manual Dffset in Channels? (If NOFFSC0R=Manual)

Wear Hy Cent, Mirimum Peak Channel?

Near Hy Peak Amplitude Minimum Ratio?

Near Fiecursive Filer Facter? [0 ¢ X <1)
Near Fe Control Ratio?

Near Fe target Channel?

Oygen Channel? [BOTH NEAR/FAR]
Onygen Cortrol Fiatin? (BOTH NEAR/FAR]

Onpgen Control Factor? (Both Near & Far]

ZoneD: 0193393
FeAuta

1.0

Hy Aut

00

194.0
1720
20
nz

Parameters for Finalwith input pass RMTStudio_AvaSpec

Groups:
NEARSTAB

v ok ) [eenk |

[ cancel |

Fig. 13 Input Near Parameters for Log Average

Hame
FGAINCOR
FMANGAIN
FOFFSCOR
FMANOFFS
FHPKLOW
FHPKHIGH
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FFECTL
FFECHN
10XCHN
10%CTL
OXFACT

Desciiption

Far Gain Conection?

Far Manual Gain? (If FRAINCOR =Manuall

Far Oifset Conection?

Far Manual Offset in Channels? (If FOFFSCOR=Manual)
Far Hy Cent. Minimum Peak Channel?

Far Hy Cent. Maximum Peak Channel?

dh in Channels?
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Far Recursive Fiter Factor? [0 ¢ X <1)

Far Fe Corlrol Ralio?

Far Fe taiget Channel?

Owygen Chamnel? (B0TH NEAR /FAR)
Orygen Control Ristio? (BOTH MEAR/FAR)
Onygen Control Factor? (Both Near & Far)

Zoned: 093939

Fe Auto °
10

Hy Auto °
00

Parameters for, Final with input pass RMTStudio_AveSpec

Groups:
FARSTAR

v (o ] [ ey |

[ Cancel ]

Fig. 15 Input Far Parameters for Log Average
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- Step-3 a C / O mode Environmental Corecction (explanation
on Sigma data preparation

4.3. Interpretation Model

After going through the above process it is expected that the
data that has been generated is data that has gone through
several stages of correction. This correction is used so as to
minimize errors in reading the tool because there are too many
disturbances in the well. In this interpretation there are two
models, namely sigma and C / O. Sigma is used to search for
gas and C / O the goal is to find oil.

4.3.1. Sigma Saturation Log (Sigmasat)

Sigma Saturation Log (SigmaSat) is one of the interpretation
modules for Pulse Neutron which is used to calculate
saturation of sigma

In this discussion, the author wants to explain the results of
processing Sigma Saturation (SigmaSat) and Carbon Oxygen
Saturation (CarboxSat). The Sigma Saturation module is
intended to calculate gas from sigma intrinsic. While the
Carbon Oxygen Saturation (CarboxSat) is used to determine
the oil saturation in the well.

Sigma 5.1 Interpretation
5640 - 5676 ft interval

There is a cross over between RNF and RINC because of the
gas in the borehole and in the annulus.

5676 - 5700 ft interval

This smaller cross over between RNF and RINC may be due to
gas in the borehole and water in the annulus.

Interval of 5724 - 5742 ft

SGIN values are observed around 10cu and wet Sigma is
around 14 cu, this makes the separation between SGIN and
Sigma Wet which results in gas saturation. There is a cross
over between RNF and RINC where water is in the annulus
and gas is in borehole. Effective porosity around 13-25 pu with
1 -5% vshale and gas saturation around 20 - 40

Interval 5775 - 5788 FT

SGIN value is around 10 cu and Sigma Wet is around 14 cu,
there is a separation between SGIN and Sigma Wet which



indicates gas saturation. There is also a Cross Over between
RNF and RINC because there is water in the annulus and gas
in the borehole. Effective porosity is around 18-25 pu with 1%
vshale and gas saturation around 60%.

5800 - 5825 ft interval

SGIN value looks around 10 cu and Sigma Wet is around 14
cu, this makes a little separation between SGIN and Sigma
Wet which will produce Gas saturation. Cross Over between
RNF and RINC because of the presence of water in Annulus
and gas in borehole. Effective porosity around 15-30 pu with 1
- 5% Vshale and gas saturation <20%

5.1 Cabon Oxygen Interpretation

TABLE 6
VALIDATION FOR MODIFIED CONSTANT VALUE
(kt/ T Cey)0S ri equation, ft r; simu- rri, %
lator, ft
X y=(1/1491)%3x
44946.66 1164.02 1170 0.51
5387.63 139.53 140 0.34
11920.07 308.70 309 0.10
20314.98 526.11 527 0.17
1975.733 51.17 51.2 0.06

7674 - 7686 FT interval

Oil saturation is around 20 - 40% and effective porosity is
around 15 - 35 pu. Gas Water contact at 7700 ft

7764 - 7768 FT interval

Oil saturation is around 20% and effective porosity is around
18-25 pu. Water in Borehole

4 CONCLUSION

1. Based on the results of qualitative interpretation, Cased
Hole Logging - Sigma Saturation, it can be seen that several
zones that are still zones of the prospect of Hydrocarbons,
where Residual Gas Saturation is located at the interval:

e Depth of 5775 - 5788 ft, with Shale Volume prices of
1%, Effective Porosity of 18-25 pu, and Residual Gas
Saturation of 60%.

e depth of 5724 - 5742 ft of gas zone with ambient
saturation and effective porosity of around 13-25 pu
with shale with Shale Volume prices of 1 - 5%,
Effective Porosity of 13-25 pu, and Residual Gas
Saturation of 20 - 40%.

e Depth of 5800 - 5825 ft with Shale Volume prices of 1-
5%. Effective Porosity is 15-30 pu, and Residual Gas
Saturation is <20%.

Based on the qualitative interpretation of the Cased Hole
Logging - Carbon Oxygen Saturation, it can be seen that
several zones that are still zones of the prospect of
Hydrocarbons, where Residual Hydrocarbon Saturation is
located at the interval:

e Depth of 7764 - 7768 ft, with Effective Porosity prices
around 18-25 pu and Residual Hydrocarbon
Saturation at 20%.

e Depth of 7674 - 7686 ft with an effective price of
Porosity of 15 - 35 pu and Residual Hydrocarbon
Saturation of 20 -40%.

Limits of Gas - Water (Gas-Water Contact) can be detected
through a device that is at a depth of 7700 ft.

Production before before PNL job is 180 bopd and
after PNL job will increase estimate 220 bopd
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