Tap chi Phat trién Khoa hoc va Cong nghé, tap 20, sé K4-2017 91

Petroleum system modeling in cenozoic
sediments, Block 05-1a, Nam Con Son Basin
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Abstract—Based on the update of exploration data
the oil and gas potential within block 05-1 are studied
through define the source rocks, Hydrocarbon (HC)
generation, expulsion and migration, focusing on
source rock Oligocene /Early Miocene and Middle
Miocene; Define the accumulation of hydrocarbon in
Lower Miocene targets; The results of assessments
for source rock, oil sampling analysis is used to
determine the relationship between in-situ oil or oil
migrated from other places. The workflow of basin
modeling is assigned to get output (migration
pathways, volume of accumulation), as well as data
calibration. Main source rocks include H150, H125
shales and H150 coal with Total organic carbon
(TOC)~1 and 47 respectively. These source rocks are
medium to good potential. At the present time, most
of the source rocks are in oil window, while the deep
parts is in gas window. Oil started to be generated in
Early Miocene, and started to be expulsed in Late
Miocene. Gas started to be generated in Quaternary,
about to be expulsed. The oil migrated mainly from
the troughs at the West and minorly from the East
and South to Dai Hung High. Gas started to migrate
from West to East and South West to North East at
the Western part. However, at the Eastern part, gas
migrated from the opposite direction. The results of
sensitive analyses show more oil in max source rock
case, therefore, a 3D model development is

Manuscript Received on August 7th, 2017. Manuscript
Revised December 25th, 2017.

The authors thank to PetroVietnam Exploration Production
Corporation for the support and permission to publish this
work. Contributing technical assistance and comments for this
manuscript from Ho Chi Minh City University of Technology —
VNU-HCM and PetroVietnham Domestic  Exploration
Production Operating Company Colleagues are greatly
acknowledged and appreciated.

Xuan Van Tran, Tuan Nguyen, Ngoc Ba Thai, Kha Xuan
Nguyen, Thanh Quoc Truong, Trung Hoang Quang Phi, Minh
Bao Luong, are with Department of Petroleum Geology,
Faculty of Geology and Petroleum Engineering, Ho Chi Minh
City University of Technology — VNU-HCM.

Huy Nhu Tran - PetroVietham Domestic Exploration
Production Operating Company Ltd)

Chuc Dinh Nguyen - PetroVietnam Domestic Exploration
Production Operating Company Ltd (e-mail:
ndchucl977@gmail.com)

* Corresponding author: Email: tvxuan@hcmut.edu.vn

recommended and identify the differences in
generation characteristics between Nam Con Son
and Cuu Long basins.

Index Terms—Modeling, seismic interpretation,
petroleum  system,  migration,  hydrocarbon
accumulation.

1 INTRODUCTION

ai Hung oil field is located in Block 05.1a,

Nam Con Son (NCS) basin. Up to now, Dai
Hung (DH) oil field has 37 exploration/appraisal
and production wells and 4 wells are ThN-1X and
DHN-1X, 2X, 3X which locate outside of field
area (Figure 1). The main objectives of this study
are to re - assessment the petroleum system in
block 05.1a and propose the upcoming exploration
strategy [1].
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Figure 1. Location of block 05-1a [1]

The 3D geochemical model is conducted based
on interpretation of well data, seismic data in block
05.1a and surrounding areas as well as evaluation
of the potential for oil and gas in NCS basin within
previous studies. This research included 2 phases:
Collecting and updating the data of previous
studies; Updating the seismic data outside of DH
oil field, extending to the regional cluster as Than
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Nong (ThN) and Dai Hung Nam (DHN) structures;
3D geochemical modeling for DH oil field,
extending to the entire block 05.1a and
surrounding areas. Model results will be used to
estimate oil and gas potential, migration potential,
accumulation for each structure, as well as assess
the remain risks [1].

2 METHODOLOGY AND
IMPLEMENTATION PROCESS

2.1 The methodology

Assessment for source rock: Overview of source
rock within NCS basin, evaluating the richness of
source rock, estimating the source rocks’ quality,
developing variation chart of Kerogen and Ro
versus depth. Determining the relationship
between oil and oil: for classification / comparison
between in-situ oil or oil migrated from other
places (based on oil sample analysis results) [2];
3D geochemical modeling in researched area,
identifying the hydrocarbon generation potentiall,
migration, accumulation of oil and gas, Assessing
the correlation characteristics of PVT parameters.
The appropriate software: 1P, Geo Frame/ Petrel,
PetroMod/Petrel are used to determining the
thickness of source rock, reservoir, seal; seismic
interpretation; 2D, 3D geochemical modeling
respectively.

2.2 Implementation process

2.2.1 Basin modeling workflow: Based on input
data and range of study, the basin is modeled by
following workflow (Figure 2).

1. Input
- Structure of Model (Horizons, Fault
Polygons)
- Lithology, log data, well tests.
- Age Assignment
Objectives
4. Understand
Calibration the Petroleum
Data v System(s):
(Calibrate with 2. Simulation/ -Source rocks
well data in DH Charge modelling :g;sllervmr
Field, DHN and _Maturation
Than Nong -Migration
Discoveries) -Accumulation
-Timing
A 4

3. Output
- Hydrocarbon pathways
- Hydrocarbon accumulations
- Volume of accumulated HC

Figure 2. Work flow of basin modeling

2.2.2 Input parameters

Source rock parameter input: Based on the
geochemical data of DH wells, the source rocks
(SR) of the study area are determined as H150
Shale SR (Oligocene), H150 Coal SR (Oligocene),
and H125 Shale SR (Early Miocene) [3]. The
H150-H200 SRs including claystone, coaly
claystone and coal are main source rocks in area.
Kerogen is mainly types I/l and maturity (oil
window). The H80-H150 SRs include claystone,
silty claystone, coal and coaly claystone. The
maturity of H125-H150 SR is mainly in oil and gas
generation window while H80-H125 is mainly
immature.

Reservoir parameter input: The reservoirs of
H80 and H100 are used because they are main
clastic reservoirs in DH field, where a great
amount of hydrocarbon has been produced and
found.

The depth of H100 reservoir is from 2,100 —
5,450mss. The porosity of this reservoir is from 4—
17.5%, good porosity is located inside the red ring,
>13% (Figure 2), and similar to the porosity from
well logs (13 — 18%).

Figure 3. H100 Reservoir porosity map [4]

The depth of H80 reservoir is from 1,750 —
4,600mss. The porosity of this reservoir is from 6—
21%, good porosity is located inside the red ring
(>15%), Figure 3), and similar to the porosity from
well logs (13-21%).
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H80 RESERVOIR

Figure 4. H80 Reservoir porosity map [4]

Seal parameter input

The top seal quality of H100 is from good to
very good (capillary pressure from 11.5-18.7 bar)
(Figure 4). The top seal quality of H80 is good
(capillary pressure from 9.5-14.9 bar) (Figure 5).

H80 SEAL

Figure 6. H80 Seal capillary pressure map [4]

Simulation: Pressure-Temperature modeling:
Temperature is simulated based on the upper
boundary condition determined as the surface
(seafloor) temperature, the basement heat flow at
the lower boundary of the model, and the thermal

conductivity of all layers in the model. For
pressure modeling, various compaction laws can
be modeled as defined in the lithologies and
pressure boundary conditions can be assigned to
account. Petroleum generation: Based on
database of reaction kinetics, the phases and
properties of hydrocarbons generated from source
rocks of various types will be predicted. The
models also describe the release of generated
hydrocarbons into the free pore space of the source
rock. Furthermore, the number of chemical
components produced in this model can vary
between 2 (oil and gas) and 20. Migration
modeling: The 2D, 3D migration modeling
technology uses flash calculations throughout the
entire model and its geologic history, which
improves the understanding and prediction of
petroleum properties and oil versus gas probability
assessments. Migration velocities and
accumulation saturations are calculated in one
step. Describing fluid migration across faults
requires special algorithms.

In the block05-1a area, the P-T, petroleum
generation and migration modeling is bounded by
horizons from H80 to H200.

Charge modeling input data: Source rocks:
H150 Coal (TOC=47, Average Thickness ~ 2m),
H150 Shale (TOC=1, Average thickness=20-30m,
H125 Shale (TOC=1, Average Thickness ~20m).
Reservoir: H100 and Seal: H100.

3  MODELING RESULTS

The result of 2-D model will be shown in
maturation, generation & expulsion timing,
generated hydrocarbon mass, gas transformation
ratio, migration pathway & accumulation in
reservoir, as well as sensitive analysis.

3.1  Maturation maps

MATURATION MAP OF H150 SOURCE ROCK (SHALE)

Source Mature Oil window Wet gas
rock type | window (%) (%) window (%)
1 ~15 ~55 ~30
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Mature window
Oil window

Wet gas window
Figure 7. Maturation map of H150 SR (shale)

This output is based on TOC input as 0.96% and
HI of 244,

MATURATION MAP OF H150 SOURCE ROCK

(SHALE)
Source Mature Oil window Wet gas
rock type window (%) window (%)
(%)
11 ~15 ~55 ~30

This output is based on TOC input as 47% and
HI of 298, due to low organic matter content and
over maturation range hence it is not classified as

source rock.

MATURATION MAP OF H125 SOURCE ROCK (SHALE)

Source Mature Oil window Wet gas
rock type window (%) window (%)
(%)
11 ~25 ~55 ~20

Figure 8. Maturation map of H125 Shale SR

This output is based on TOC input as 0.95% and
HI of 231.

3.2 Source rock timing and generated
hydrocarbon volume:

H150 Shale SR: The time for the H150 shale
SR in study area started to enter the main oil
window was approximately 13Ma in Middle
Miocene (Figure 9). Most of the study area were in
the main oil window in Late Miocene (green zone)
while the area in yellow is in oil production in
Quaternary.

Bl Middle Miocene
Bl Late Miocene
[ Quaternary

M Mature Stage

Figure 9. Main oil window generation timing of H150 Shale S

The oil only pushed out of the source rock if the
oil transformation > 50% (outside red ring, Figure
10). Oil produced from the deep part (yellow and
green zone) has been expulsed where the oil from
depth lower 4,800 mss (green zone) primarily
migrated in Late Miocene and oil from 4,800—
4,100 mss (yellow zone) started to move in
Quaternary. The oil produced from the upper part
(from 4,100 mss) properly still stays in the SR.

Bl Late Miocene

Figure 10. Oil expulsion timing of H150 Shale SR
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The model result outlines the vertical window of
oil migration timing. Oil from Oligocene Shale
S.R in depth below 4,800mss section would be
expulsed from Late Miocene while those in 4,100-
4,800mss interval started to migrate in Quaternary.
Oil in sequence above 4,100mss has not been
expulsed from SR yet.

Oil Generation Mass, TOC=0.96, HI=224, Thickness ~ 20m

Figure 11. H150 Shale SR Oil generation mass

A mass of oil produced/m? is estimated very
differently from 0,5 to 138 kg (Figure 11), mostly
from interval of 3,700-4,950mss where the source
rock is in the main oil window (inside the red
ring). The mass of gas produced is estimated from
0 to 230 kg (Figure 12), and mainly from below
4,300mss.

AR,

Oil Generation Mass, TOC=47, HI=298, Thickness ~ 2m

Figure 12. H150 Shale SR Gas generation mass

H150 Coal SR: The time for the H150 coal
source rock in study area began to be in the main
oil window was approximately 13Ma in Middle
Miocene (Figure 13). Most of the study area were
in the main oil window in Late Miocene (green
zone) while the area in yellow is in oil production
in Quaternary.

B Middle Miocene
B Late Miocene

[] Quaternary
W Mature Stage

Figure 13. Main oil window generation timing of H150 Coal SR

The oil was expulsed from the source rock
outside the red ring (Figure 14). Oil from

Oligocene Coal SR in depth below 4,800mss
section would be expulsed from Late Miocene
(approx. 9.3Ma—green zone) while those in 4,100-
4,800mss interval started to migrate in Quaternary
(yellow zone), and oil in sequence above 4,100mss
has not been expulsed from SR yet (blue zone).

B Late Miocene

[ Quaternary

= <0.5Ma, and Oil transformation
<50%

Figure 14. Oil expulsion time of H150 Coal SR

The rate of oil produced is estimated very
variously from 0.5 to 138 kg, mostly from interval
of 3,700-3,350mss where the source rock is in the
main oil window (inside the red ring, Figure 15).
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Figure 15. H150 Coal SR Oil generation mass

The mass of gas expulsed is estimated from 0 to
470 kg, and mainly from below 4,060mss (Figure
16).

Figure 16. H150 Coal SR Gas generation mass

H125 Shale SR: Within the H125 shale SR
started to enter main oil window approximately 7,5
Ma -Late Miocene (Figure 17). However, most of
the area began to be cooked in the main oil
window in Quaternary and about one third still
does not enter this state yet. Then, the primarily
migration phase from this SR could be around
5,9Ma (Late Miocene) (Figure 18). Oil expulsed in
Late Miocene from H125 shale SR at depth below
5,500mss located at a very small section, at the
edge of the South West corner (green zone) while
those in 4,200-5,500mss interval started to migrate
in Quaternary dominated nearly half of area
(yellow part), and the biggest part is the place
where oil has not been expulsed from SR yet
(above 4,200mss—blue zone).

Bl Late Miocene

Figure 18. Qil expulsion timing from H125 Shale SR

Similar to other SRs, the H125 Shale SR also
entered the Wet gas window somewhere from
depth of 5,150m at approx. 0,53 to 3,2 Ma, inside
the red ring. The rest of area is still not in the Wet
gas window yet (Figure 19).

Figure 19. Wet gas window generation timing of H125 Shale SR

The mass of generated oil from the H125 Shale
SR is less than the other SRs due to less time being
cooked properly and estimated from 0.5 to 43 kg,
and mostly from interval of 3,700-4,000mss
(Figure 20). While for the volume of generated
gas, this number is 0,5 to 84 kg, generally from
below 4,800m (Figure 21).
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Gas Generation Mass, TOC=0.95, HI=231, Thickness ~120
Figure 21. H125 Shale SR Gas generation mass

3.3  Migration pathways and accumulation in
reservoirs

In H100 reservoir, expulsed oil migrated from
the west & east troughs to DH High by both faults
and carrying beds, then trapped in production
reservoirs at DH field (Figure 22). The oil
accumulated to Northern area (blocks K, J, L, D
respectively to well DH-1P, DH-10P, DH-2P, DH-
7P & DH-4X; Southern area (blocks Z, T1,
respectively DH-21XP, DH-23XP) as well as
DHN discovery (DHN-1X). Meanwhile, there is
no oil accumulation at ThN Discovery (ThN-1X)
at H100. These phenomena are matching with the
real production situation of DH field. However,
those blocks next to block Z (B1) and South East
of DHN happen to accumulate oil at H100
according to the model [4].

H-108,
bH-2p

H100 RESERVOIR

Figure 22. Migration pathway of oil into H100 reservoirs

In case of calculating accumulated HC at
reservoirs, the model gives results as an estimate
as in table below:

No Blocks Area HCIIP
(km?) (MMbbls)
1 Block K + 1.08 + ~71
block J +block L 0.96 +0.47
2 Block Z 2.9 ~73.7
3 Block A7-1 1.8 ~21

For gas migration and accumulation, it started to
extract and move from West to East and Southwest
to Northeast at the Western part of study area.
However, at the Eastern part, gas migrated from
the opposite direction, from East to West and
South East — North West (Figure 23).

H100 RESERVOIR

Figure 23. Migration pathway of gas into H100 reservoirs
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The volume of gas accumulated at reservoirs
based on the model is assessed as in table below:

No Blocks Area GIIP

(km?) (BCF)
1 Block A7-1 1.8 ~1.03
2 ThN 1A 4.07 ~4.67
3 Block R 1.53 ~10.9

DH-3X
.

DH-18P

In the case of H80 reservoir, expulsed oil
migrated from the west & east troughs to DH High
by both faults and carrying beds, then trapped in
produced reservoirs at DH field (Figure 24). The
volume of accumulated oil at reservoirs at blocks
which the model results show an estimate as in

table below table:

No Blocks Area HCIIP
(km?) (MMbbls)
1 Block N1-N2 4.6 ~75.8
2 Block T1 + 036+1.4 ~19
Block A4
3 Block A7-1 1.8 ~0.19
4 ThN1A 4.07 ~61.4

H80 RESERVOIR

Figure 24. Migration pathway of oil into H80 reservoirs

Gas migrated from the troughs at the West and
the East to DH High, accumulated to potential
structures, mainly in ThN area (Figure 25), still not
reach DH High vyet.
accumulation is as in table below:

The amount of gas

No Blocks Area GIIP

(km?) (BCF)
1 Block T1 +Block A4 036+1.4 ~0.03
2 ThN1A 4.07 ~0.3

ThN-1X8  pH-23xpff B

.
DHN-1X

H80 RESERVOIR

Figure 25. Migration pathway of gas into H80 reservoirs
3.4 callpraton aata and sensitive analysis

The data of the PSM are calibrated by well data
from DH, ThanNong & DHNam discoveries.
Particularly, in the area, there are three main
source rocks, the H80-H133 (Lo. Miocene), H133-
H150 (Lo. Miocene) and H150-H200 (Oligocene).
These formations have organic matter content
ranging from 0.5% to 4%, average 2+2.5%, HI
from 150+400, average 250mg / g, Kerogen
mainly types Il and Ill, it produces both oil and
gas. The results of the geochemical analysis
demonstrate the oil is produced at a depth of 3,300
+ 3,500m, the threshold of gas at about
4,800+5,000m. At present, 70% volume of H150-
200 SR, 50% volume of H133-150 SR, and 30%
volume of H80-H133 SR fallen into the oil
window respectively.

To understand the effects of source rock
properties, fault seal capacity, this study has been
carried out several scenarios as follows: Source
rock optimized case: Source rock properties
assigned with higher quality of source rock; Fault
seal capacity: close and open faults cases.

The high TOC of 2% is input for sensitive
analysis, other boundary conditions such as close
fault, reservoir and seal of H100 remaining the
same. The model output is represented in Figure
26. The oil in maximum case is mostly distributed
in the North and East matching with the real
situations. Nevertheless, gas accumulates in the
DH field which should not be. This case gives the
result of too much hydrocarbon trapped in
structures at DH field, even places found no oil.
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Figure 26. HC volume of maximum case

In case seal of fault (combine with condition of
TOC=1), the model output results in an irrelevance
in reality: too much HC accumulated in outside
structures of DH field, whereas, inside the high
blocks, where most oil are being produced at the
moment, there is very little oil accumulated
(Figure 27). On the other hand, the fault is
assumed to open (Figure 28); it is too little HC to
be accumulated in structures, even places found
much oil in reality.

Figure 27. HC accumulation in case of close fault

N
B
DH-7R.. pH-10
OH4X & . DH2P
“bH-sbsT2

“H100 RESERVOIR

Figure 28. HC accumulation in case of opened fault

4 CONCLUSIONS AND
RECOMMENDATION

Based on the results of modeling oil and gas
potential, the petroleum system within block 05-1
are defined, main source rocks in the study area
are H150 shale, H125 shale with TOC~1 and H150
Coal with TOC~47. These source rocks are
medium to good potential. At the present time,
most of the source rocks are in oil window, while
the deep parts are in gas window. At DH field,
source rock is in mature stage only. Oil started to
be generated in Early Miocene, and started to be
expulsed in Late Miocene. Gas started to be
generated in Quaternary, about to be expulsed. Oil
migrated mainly from the troughs at the West and
minorly from the East and South to DH High,
accumulated to production reservoirs at DH field
and potential structures outside DH field. Gas
started to migrate from West to East and South
West to North East at the Western part of study
area. However, at the Eastern part, gas migrated
from the opposite direction, from East to West and
South East — North West. Qil and gas in DH field
are either migrated from West, Southwest and East
side but not from below source rock.

Uncertainties and recommendation:

Sensitive analyses show more oil in max source
rock case: this is unrealistic, not fit with well
results. The case of fault closed and open all the
time show less oil in the field. Therefore, a 3D
model, which allow to model fault properties at
different time is recommended. The charge area
not cover whole area; hence the study area should
be open to adjacent blocks to achieve better and
more accurate on source of hydrocarbon migrated
to block 05-1a.
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M6 hinh héa hé thong dau khi trong tram
tich Kainozoi L6 05-1a, b¢ Nam Con Son

Tran Van Xuén, Tran Nhu Huy, Nguyén Dinh Chirc, Nguyén Tuan, Thai B4 Ngoc
Nguyén Xuan Khéa, Truong Quang Thanh, Phi Hoang Quang Trung, Luong Bao Minh

Tém tat—Trén co' s¢ s liéu thim do cip nhit,
tiém niing diu khi 16 05-1a, bé Nam Cén Son dwoc
danh gia thong qua tiém ning da me; sét, than tudi
Oligocen, Miocen sém — giira, xac dinh tich tu diu
Kkhi cac ddi twong trong Miocen ha; danh gia quy md
phan bd (bé day, tich khdi) ciia lat cit thng chira
trong pham vi nghién ciru. Két qua nghién ctru dia
héa, phin tich miu diu, d4 me va mdi twong quan da
cho phép phén loai/ so sinh diu tai sinh véi dau di
cu tir noi khac. Xac ldp quy trinh mo hinh héa hé
théng déu khi tir d6 x4c dinh qua trinh di cw, quy md
ciia tich tu diu khi, cudi cung danh gia do tin cy cia
két qui. Trong khu vue nghién ciru da me chii yéu la
cac tip sét H150 va H125 véi TOC x4p xi 1 va tap
than H150 véi TOC xép xi 47. Tiém niing sinh dau
duogc xép hang tir trung binh dén tét. Vao thoi diém
hi¢n tai, phan 16m d4 me roi vao cira sé tao diu, phin
day di dat ngudng tao khi. DAu bit diu dwgc hinh
thanh tir Miocene sé'm, phdng thich trong Miocene
mudn. Khi bit diu dwoc hinh thanh tir Dé Tt, va
dang bit diu phong thich. Dau di cw chii yéu tir cac
dia liiy & ria TAy va mot phan tir phia Pong va Nam
1én khéi nhd cia mé Pai Hing. Tai khu vwc phia
Tay, khi ciing bit diu di cw tir TAy qua Péng va tir
Tay Nam qua Péng Biic. Tuy nhién, tai phin phia
Pong thi huéng dich chuyén hoan toan trii nguoc.
Cic yéu t6 khong chic chiin da me c6 thé sinh lwong
diu 16n hon nhung khong khép véi két qua khoan,
chua dinh lwgng véi trwomg hgp dut gay kin va hé,
nhw viy cAn phat trién mé hinh hé théng 3D ciing
nhw nhan dién va so sanh sy khac biét ciia diic diém
sinh diu giita bé Nam Cén Son véi bé Ciru Long.

Tir khéa—M06 hinh héa, minh giai dia chin, hé
thong dau khi, di cw, tich tu dau khi.



