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Optimum well design for drilling water injection wells *

Yuya Hiraizumi ™", Shogo Ikematsu ™, Hisashi Matsui"*, Takeru Tsuchiya™, Takeru Okuzawa™

Naohiro Tominaga™, Hisataka Ido ™" and Toshihide Izawa ™"

(Received August 2, 2024 ; accepted August 21, 2024)

Abstract :

From August 2022 until October 2023, ADOC, Abu Dhabi Oil Co., Ltd. (Japan) drilled four water

injection wells in offshore oil Field A for reservoir management purpose. The wells were designed as deviated and long
horizontal wells with high hole angles to position the targeted water injection intervals of the injection wells as far away
from oil production zone as possible towards the structure flank to maximize the effectiveness of water injection and
minimize early water breakthrough. There were several technical challenges to drill these wells and those challenges
were considered in this well design. However, numerous downhole problems and liner cementing issues occurred
while drilling the wells. To address these issues, well design and drilling programs were updated on a well-by-well basis.
Eventually, the last (the fourth) well was drilled without encountering any major troubles and issues. It was successful
with significant improvements compared to previous wells and completion within the planned time frame.

Keywords : Optimum well design, Water injection, Hole cleaning, Hole stability, Well trajectory design, Liner cementing

1. Introduction

ADOC, Abu Dhabi Oil Co., Ltd. (Japan), was established in
1968, and since then has been conducting stable operations
through the utilization of the best production technology that
fully adheres to not only the operational rules and regulations,
but also those for environmental protection. A new oil field
(Field A) was granted as an additional oil field to its three
existing ones when ADOC renewed its concession agreement
in December 2012. Development of Field A commenced
in 2016. A total of ten producer wells were drilled achieving
zero-discharge operations and commenced production
from 2017 with natural flow. After the commencement of
production, four water injection wells were planned in Field A
to maintain the reservoir pressure for reservoir management
purposes due to sharp declines in reservoir pressure, and the
wells were drilled from August 2022 until October 2023.

2. Background of the water injection operation

TR 6 AR R MBI A EFRESEATM S R YT A YU B
F DO E— 2R 7R T3OL F —ba SRkt rl /st 2 0 BTN T
Ci#iE  This paper was presented at the 2024 JAPT Drilling Symposium
entitled “The Challenge of Well Engineers Towards Diverse Energy Supply
and Sustainable Society” held in Tokyo, Japan, June 4, 2024.

oy 7y eaimkiat ADOC
ey 7y emimk ettt (B X E#PEZE)  ADOC/Current JX Oil &
Gas
Corresponding author : E-Mail : y_hiraizumi@adoc.ae

Copyright © 2024, JAPT

Field A is located in shallow water areas of the Arabian Gulf
and approximately 100 km west of Abu Dhabi, and the field
has three hydrocarbon reservoirs (zones A, B, and F).

The development drilling was conducted from 2016 to
2018 and a total of ten producer wells were drilled to the
top of structure of the oil reservoir zones A, B, and F. Then,
natural flow production commenced in 2017. However, an
unanticipated sharp decline in the reservoir pressure was
observed just after the initial production had started. An
integrated reservoir management team was established
to address the issue in the shortest possible time by
implementing the best possible reservoir management
approach, and the WI (Water Injection) method was adopted
to accelerate pressure restoration of the reservoir. The clear
objective of WI implementation was not only to restore the
reservoir pressure with improved sweep efficiency, but also
to extend the period of the plateau oil rate and to increase oil
recovery factor, allowing wells to produce as per maximum
designed oil rate with natural flow as long as possible. Four
water injection wells were planned in Field A for the reservoir
management purposes and were drilled from August 2022
until October 2023.

3. Basis of well design and technical challenges

It was important to position the targeted water injection
intervals of the injection wells as far away from the oil
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production zone as possible, and these were located in
the structure flank to maximize the effectiveness of water
injection and minimize early water breakthrough as shown in
Fig. 1. Consequently, the water injection wells were initially
designed as deviated and long horizontal wells with high hole
angles.

Typical casing design of injection wells were same as that
of offset production wells; after setting the 30” conductor and

18-5/8” CSG, the mud losses zone was drilled out using a
16” BHA and isolated with 13-5/8” CSG. The shale formation
interval was drilled with a 12-1/4” BHA and covered with
9-5/8” CSG. Subsequently, the reservoir interval was drilled
with an 8-1/2” BHA and covered with 7” liner and cemented
for zonal isolation. The water injection zone was drilled
horizontally with a 6” BHA and 3-1/2” or 4-1/2” TBG with a
swellable packer was installed to segment each targeted sub-
layer from other untargeted sub-layers of the reservoir. The
typical well trajectory and CSG set depth of water injection
well is shown in Fig. 2, and a typical well profile is shown in
Fig. 3.

There are several technical challenges for the well design to
drill horizontal section in the structure flank. The wells were
kicked off in the 23” open-hole section below 30” conductor to
build up hole angle and maintain tangency in the zone prone
to lost circulation. The maximum DLS (dogleg severity) was
3 deg/100 ft above the 12-1/4” open hole, while maintaining
tangency in the shale formation (Shale 2), the maximum
inclination of approximately 43 deg was designed. The angle
was greater compared to those in offset wells. However, since
the vertical interval between the 9-5/8” CSG set depth and
the water injection target depth was only approximately180
ft, the maximum DLS of 8-1/2” drilling BHA was limited.
Therefore, the planned well trajectory reached below the
target reservoir depth, and then was built up to target water
injection interval with +/—91deg. inclination. The following
technical challenges were considered in this well trajectory
design:

- Early kick off design (in 23” section) .

g
?':Illlllllll h
L | m—. 13 38
= 5%
'ﬂ_r

Vertical Section at 128.30° (2000 ft/in)

Fig. 2 Typical well trajectory of water injection well
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Fig. 3 Typical well profile of a water injection well

- High hole inclination (~ 43deg) as in shale formation
interval (12-1/4” hole).

- High DLSin 8-1/2” hole (> 6-7 deg/100ft).

+ 77 liner casing running and cementing (max inc. > 90
deg).

+ Drilling long horizontal section.

+ Acidizing with Coiled Tubing for long horizontal section.

4. Downhole issues in shale formation
intervals and well design optimization

During the drilling operations in the first well, numerous
downhole problems were encountered and sidetrack (ST)
was finally conducted due to pack-off and stuck BHA incidents

that happened while tripping the string in shale formations.
The main causes of the troubles likely resulted from higher
hole angles and insufficient hole cleaning. As the result of
these troubles, the well design was not only revised to reduce
the hole angle in the shale formations to +/—40 deg, but the
operation procedure was also revised by adding the following
for better hole cleaning.

+ Circulate to clean the well until returns at shaker
become clean (Three full circulation should be required
at least.).

- To clean the well, circulate mud at the maximum pump
rate and pipe rotation speed.

+ Use Hi-Vis/Hi-Weight mud to clean up well.

+ In the shale formation interval, trip in/out strings and
circulation without rotation as much as possible to
minimize mechanical damage to the shale formations.

+ Adjust the mud weight in the shale formations
depending on the size and quantity of caving shale.

After the revision, the second well and ST of the first well
were completed without specific hole trouble. However, pack-
off and stuck BHA incidents happened again while tripping
the string in shale formations in the third well.

Based on the result of drilling the third well, the well
trajectory of the fourth well was redesigned and the hole
angle in the shale formations was reduced to +/-34 deg
to minimize the hole stability risk and to improve the hole
cleaning efficiency. On the other hand, a higher DLS (up t07.7
deg/100 ft) was required in the 8-1/2” hole section due to
change the well trajectory to lower the hole angle. Therefore,
two separate BHA runs were required to drill out high dogleg
sections, which was to drill a high dogleg section with the
minimum required MWD with a motor assembly as the
first BHA run to secure high DSL and was to drill a build-up
section with the full MWD and LWD and RSS assembly as the
second BHA. As the result of all above revisions, the fourth
well was completed in 81 days without any major troubles as
almost same as 80 days original plan.

5. Optimization for 7” liner cementing

7” liner cementing is one of the most important factors
in our drilling operation to isolate the un-targeted reservoir
water zone and oil zone and to avoid early breakthrough of
injection water. Therefore, 7” liner cementing was planned to
get good cement bond as per the below pump schedule:

a) Pump 250 bbls of 9.5 ppg NaCl brine by rig pump. —8
bpm.

b) Pump 150 bbls of 9.5 ppg chemical wash by rig pump.
—8 bpm.

¢) Pump 60 bbls of 13.0 ppg Mudpush Spacer by rig
pump. — 6 bpm.

d) Pump 90 bbls of 15.8 ppg expandable cement by
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Fig. 4 Drilling chart comparison 1st well vs 4th well

cementing pump. —5 bpm.

e) Drop Dart.

f) Pump 10 bbls of Fresh water by cementing pump. —5
bpm.

g) Pump 260 bbls of 11.0 ppg mud by cementing pump.
=5 bpm.

After setting the 7” liner hanger, liner cementing was
completed as per the planned pump schedule. Good
indications of shear dart and bump plug were observed as
shown in Fig. 5.

However, cement contamination was observed using USI
(Ultrasonic Imaging) log for the 7” liner cementing of the
first well and the most severe contamination was indicated in
the 9-5/8” CSG and 7” liner overlap interval and around the
7” liner shoe. As a result, cementing program was updated
for each well. Considering’ the results of 7” liner cementing
at each well, the following points were updated in the initial
cementing programs:

- Take sonic calliper log while drilling to optimize
cementing volume calculation and simulation.

- Apply a higher pump rate while cementing to improve
mud displacement and mud cake removal.

+ Pump 90-100 bbls of spacer ahead of cement slurry for
better mud displacement and mud cake removal.

- Utilize heavier density cement slurry based on ECD
simulation.

+ Pump 5 bbls of cement slurry behind the wiper plug.

- Change the centralizer for the liner from rigid type to

semi rigid type for better standoff.

In this water injection drilling campaign, it was the third
well to get the best practice and the good cement bond of
7” liner cementing. The updated pump schedule, which was
devised for the third well, is described below.

a) Pump 250 bbls of 9.9 ppg NaCl brine by rig pump. —7
bpm.

b) Pump 150 bbls of 9.9 ppg chemical wash by rig pump.
=7 bpm.

¢) Pump 60 bbls of 13.0 ppg Mudpush spacer by rig
pump. —7 bpm.

d) Pump 123 bbls of 16.7 ppg expandable cement slurry
by cementing pump. —5 bpm.

e) Drop Dart.

f) Pump 5 bbls of 16.7 ppg expandable cement slurry by
cementing pump.—5 bpm.

g) Pump 10 bbls of Fresh water by cementing pump. —5
bpm.

h) Pump 264 bbls of 11.1ppg mud by cementing pump.
=7 bpm.

Actual 7” liner cementing conducted for the third well was
completed on original planned pump schedule and simulation
and good indication was shown in Fig. 6. As the result of
USI log, the cement bond was largely improved compared to
previous wells (Fig. 7). On the other hand, the actual top of
cement depth turned out to be at +/-200 ft MD shallower
than the expected wiper plug depth because the cement
dropped with gravity force to lower (heel) section due to
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pumping 5 bbls of cement slurry behind the wiper plug. such as hole cleaning and cementing, which was presumed to

6. Conclusi be one of the causes of the aforementioned downhole issues.
. Conclusion ..

S To address these challenges, several revisions were made to
The well trajectory with higher deviation and longer well design and the drilling programs by ADOC, including

horizontal length had a negative impact on circulation effects, revising the well trajectory, refining hole-cleaning procedures
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during drilling, and optimizing cementing procedures on a
well-by-well basis.

Eventually, the fourth well was drilled without encountering
any major troubles in the shale formations and the 7” liner
cementing was also successful with significant improvements
compared to previous wells and completion within the planned
time frame. Based on the experiences gained during this
drilling campaign, the following are the recommendations
learned through the drilling operations:

- Hole cleaning and hole stability

- Circulate to clean well until return at shaker be clean (at
least three full circulations should be required) .

+ To clean well, circulate at the maximum pump rate and
pipe rotation speed as much as possible.

+ Use Hi-Vis/Hi-Weight mud to clean up well.

- In the shale formation intervals, trip in/out strings
and circulation without rotation as much as possible to
minimize mechanical damage to shale formation.

- Adjust the mud weight in the shale formations
depending on the size and quantity of caving shale.

- Well trajectory design

- Keep lower inclination (<40deg.) inside a shale
formation to reduce the wellbore stability risk.

+ Keep lower DLS (<1.0 deg/100 ft) or no plan to build up
hole angle in a shale formation.

- If a higher DLS is required when drilling the 81/2”
hole, two separate BHAs can be run to drill with
minimum MWD and motor assembly only as the first
BHA and to drill with full MWD & LWD and RSS
assembly as the second BHA.

- Liner cementing

- Obtain and utilize open hole data using the calliper log
for calculation of the extra cement volume and fluid
volume and for running cementing simulation.

+ Use heavier density slurry based on ECD simulation to
improve cement bonding.

+ Pump 90-100 bbls of spacer ahead of slurry for better
mud displacement and mud cake removal.

- Maintain a higher pump rate for better mud
displacement and mud cake removal.

- Using semii rigid type centralizer for good standoff.
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Development of CCS/CCUS technical guidelines and its application in JAPEX

Junya Minami, Gota Yasutake and Saori Wake

Abstract :  In October 2020, the Japanese government declared an ambitious climate goal, targeting net-zero
greenhouse gas emissions by 2050 and aiming for a 46% reduction by 2030 relative to 2013 levels. In alignment with this
goal, JAPEX, in collaboration with other consortium members, has been selected for seven projects by JOGMEC. These
initiatives are strategically aligned with achieving the 2050 carbon neutrality objective and securing a stable energy supply.

In March 2022, JAPEX introduced technical guidelines for CCS/CCUS, with a particular focus on new wells, the
utilization of existing wells, and the plug and abandonment of wells. These guidelines, based on international standards
and expert consultations, are designed to facilitate the practical application and commercialization of CCS/CCUS
technologies. A significant application of these guidelines was demonstrated during the well workover carried out in 2023.

The technical specifications contained in the guidelines mandate the installation of two cement barriers for well
abandonment and include specific measures to prevent CO, leakage. The implementation of these guidelines in
the workover operations, transitioning from a deep depleted gas layer to a shallower oil layer, conducted by JAPEX,
emphasizes cost-effectiveness and considers the potential for future CCS/CCUS projects.

This initiative highlights the continuous efforts and the necessity for periodically updated guidelines to ensure the
effective and reliable deployment of CCS/CCUS technologies in achieving Japan® s carbon-neutral goals.

Keywords : CCS/CCUS, technical guidelines, workover, CO, corrosion
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Case Studies of Observation Wells in Domestic CCS Project (JCCS)

Takashi Shimizu

Abstract :

One of the technologies for achieving carbon neutrality in 2050 is CO, capture and storage technology,

which captures and stores carbon dioxide (CO,) in geological formations. Japan CCS Co., Ltd. (JCCS) was established
in 2008 by 33 private companies for the purpose of research and development of CCS technology. JCCS has been
commissioned to conduct four projects, one of which is a large-scale CCS demonstration project at Tomakomai called
the “Tomakomai CCS Demonstration Project.” From FY2012 to 2015, the design and construction of facilities, drilling
of injection wells, and preparation for demonstration test operations was conducted, and the project achieved 300,000
tonnes of CO, injection in November 2019. Thereafter,JCCS has been conducting monitoring, maintenance of facilities,
and functional improvements, efc. This report summarizes the outline, results, and achievements of the JCCS Study,
commissioned by the Ministry of Economy, Trade and Industry (METI) and the New Energy and Industrial Technology

Development Organization (NEDO).

Keywords : CCS, CO, Storage, observation well, CCS monitoring
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Introduction of offshore CCS appraisal drilling campaign in Australia

Shigeru Endo

Abstract :

INPEX was jointly awarded a greenhouse gas storage assessment permit located in the Bonaparte

Basin, Australia, for geological storage to support carbon dioxide capture and storage (CCS) activities. In the preparation
for upcoming evaluation and appraisal work for the CCS development project, two appraisal wells are designed to be
drilled in 2024 to obtain comprehensive logging data, fluid samples, and collection of full-hole cores in this field. This
paper describes the general well design and operation program including the injection test and abandonment plan for the

wells dedicated to the CCS project.

Keywords : CCS, Appraisal Well, Well design, Australia
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<«

Seal A

7" TOL
9-5/8" CSG

Reservoir A

Seal B

1\ h—

Reservoir B .
Perforation Gun

7" Liner

3 Injection Test # ik

#wIKE

ik

BIEE

§30"x13—3/8" CP

Seal A Plug #4

9-5/8" CSG
Plug #3

Reservoir A

Seal B Plug #2

Reservoir B
Plug #1

8-1/2"TD

Well A
X 4
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U, JFINDSEERB O T 7D 2RET D5 EL TN
%, WBCU I %Y —ILR1E, OF — > JNEE
WAH LT 7 2BrET 57290 Casing Scraper, @i
O¥E FICRET RO >4 F—NIHHELET
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i# 9 % 7= ¥ @ Downhole Filter Tool, @ Blowout Preventer
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PrvTa 2 IBRETSEZHD BOP Jet Sub, G 77 Top of
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7= ® Circulation Tool 72 E 219 2 FE TH 5.

Injection Test Kf D LT X % X 3 12789, Injection string
ELT, 51/2" X 41/2" DIRGTA XKD Fa—ET
BEELZ, Fa—E 7Y ARFERTIE, Fa—-8
ST A RO CEIEAL—NE, BEERDKRTES
EEMEII2L—2a il TatE Lk, £z, EAEDE
BENTFEIVES THRRERRE D WL — N TOEADN
MRELEBD LD, THRBOH D 51/2” X 41/27 BE
A REEEL T,

5. EUEE

FEHUEREIZ DWW T, BENER 5 TN ES OB
(NORSOK Standard (2021), OIL&GAS UK (2018) # &
U OIL&GAS UK (2019)) IZHEMLL, BHiED SIEKRBESIE
A NT T T EZRET DT ETHYNTNY 7 ZEFERT 25
ETHD, MiHOEIEIEREEZN 4R, BIHE A

#wKE
EE

| B

N
| ; 30"x13-3/8" CP

Seal A Plug #3

Plug #2 7" TOL

9-5/8" CSG
Reservoir A
Plug #1

Seal B
7"Bridge Plug
7" Packer

Reservoir B

7" Liner

Well B
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Australian Government, Department of Industry, Science
and Resources, 2021: Offshore Greenhouse Gas Guideline
for Declaration of Identified Greenhouse Gas Storage
Formation (including under a Cross-boundary Greenhouse
Gas Assessment Permit) and Notification of an Eligible
Greenhouse Gas Storage Formation.

NORSOK Standard, 2021: NORSOK D-010 Well integrity in
drilling and well operations.

OIL&GAS UK, 2018: Well Decommissioning Guidelines Issue 6.

OIL&GAS UK, 2019: Well Life Cycle Integrity Guidelines Issue
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Updates on Efforts Toward Applying Digital Technologies in Drilling

Shungo Abe, Atsushi Oikawa, Takuya Nagaoka and Ryosuke Sato

Abstract :

The application of digital technology to oil and natural gas fields began with the spread of big data

analysis and the Internet of Things (IoT), followed by advances in robotics, drones, Al, and efforts have been made to
integrate digital technology to achieve efficient and safe operations. At JOGMEC, the Digital Transformation Group was
established in FY2019 to explore the applicability of digital technology in each stage of E&P activities such as exploration,

development, and production operations.

In recent years, tools that promote automation and personnel reduction, such as centralized data management and
operation optimization through the application of digital twins, have been increasingly used in services provided by
service companies. In addition, the advent of generative Al has also triggered initiatives aimed at improving internal
operational efficiency through the use of digital technology. On the other hand, the development of elemental technologies
that contribute to improving productivity and avoiding operational problems is facing the issue on generalization, since
conditions such as formation and reservoir properties are greatly differ from field to field and insufficient data related

with problems are available.

This paper introduces JOGMEC's activities to apply digital technology to the field of drilling in three themes:
“Prediction of stuck pipe”, “Detection of mud pump failure”, and “Detection of sand production”.

Keywords : Artificial Intelligence, Machine Learning, Prediction of stuck pipe, Detection of mud pump failure,

Detection of sand production
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Memory) 5§ fi# #7 1258 & D & % CNN (Convolutional
Neural Network) 7% EWREE FIEOEAERFICOE
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EYHETINEMAEDELEFE O\ 7Yy RETID)
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Stuck Type DFNZI, HEESNDMEB DY 1 7 (RTer—
Z 1% unknown) Z;RLTHD, 2FEOWEE T 2 H N

1
- Stuck caseA
0 L /\_AL\
0 [
K1 N 7Yy REFIIEAOWZEROE RS O VAT 1:UATE)

R1 BAREE / BRBRAIEE O RS R

Model No. Model No. M ol lN M d lN
O

1 |pack off - O unknown X unknown - - unknown - -
2 |pack off - | - 17 |unknown A X 32 |unknown — | = 47 |unknown - | A
3 |pack off ©) X 18 |unknown — X 33 |unknown - | = 48 |unknown - | A
4 |pack off - - 19 |differential - - 34 | pack off - ©) 49 |unknown - O
5 |pack off - O 20 | pack off - O 35 | differential - - 50 |unknown - A
6 |pack off - |0 21 |pack off — | O 36 |pack off - | = 51 |unknown - O
7 |mechanical O | X 22 |pack off A 37 |unknown - | - 52 |unknown — | A
8 |differential - A 23 |mechanical - — 38 |unknown - X 53 |unknown - O
9 |differential X O 24 | mechanical - | - 39 |unknown - | A 54 |unknown — | O
10 |unknown O O 25 |mechanical - - 40 |unknown - A 55 |unknown - A
11 'unknown o 0 26 |mechanical — | O 41 |unknown - | A 56 |pack off @)
12 |unknown A X 27 |unknown - | - 42 |unknown - | - 57 |pack off -
13 'unknown A X 28 |unknown - | A 43 |unknown — | X 58 |unknown O
14 |unknown O X 29 |unknown - 10 44 |unknown - | A 59 |unknown X
15 |unknown O X 30 |unknown - - 45 'unknown — — 60 'unknown X
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RLTWS, BFERXD, fTLET—ADS5, MO
54 TaMHd 5 EREOHETIEL <BH (O) TSk
ZEMINoTe. Fiz, RIHTEIZL, BBAIEE O BGEE
ERERLTWD, ABELENEZEDT Y ZHAaL,
130 Hop & LeT =2kt L, GRIRHI O F AL S 2 EE L
7o 130 A DT = D55, 37757 — X THMRAIN R S
N, DB 9T —ARXDVTIRY T —OHEICK D
HgAzECELEBREINS D, 237 — A3
DR ML ZEBRIENSBDOTHD, BRI EH
EITRETIFRNEEZEZ TS, INLERLS 57—
DNTIE, HEHIHREENS BEREZRET LI LENTE
BIpo 7z 2 EMMSEABI B L7z, BAlbEd& D, 130 HFH
fHEZRGE L 2 SCEL 2B Ao TS5, DXOH 1[H
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FEDQBBRMNFEETZ2HOD, SEFEEN (ADF—2
EEB LA ZNL LOKET, B TRAEZRE
MIDIEDTERDSTZHMBEOTIKERAS ZEMTE
HIATLENWD T ENTE, ERFENERETLHI AT
LAZFAFETEDDOHIOTIIRLOMNEEZ TS,

5l &t & TICMRAKE E OREM, KRN LICE T SR %
WS 21D, AP ATLAOEALP RIS DESEH
el

3. RAPID O>V -7 A (Ry RRVT
EBEF70)

TFYARFEF—AT 1 P EMET S, BHIEHEME
EREHEEL, TORRKNZMET SV -2 T A
RAPID (Rig Automation and Performance Improvement in
Drilling) 13, 2015 4FICE%L SN, AHBAFEMEE (NOC,
I0C72 &) RWHIO> bI 75—, F—EXRMENAR>

Fully Automated

2D Images +
3D Point Cloud Data

Skid feeding cuttings and
cavings from the shale shakers

Rear

~

4" female adapter for trash
pump (water supply)

Fully enclosed,
controlled-lighting
environment

3D laser scanner

High-definition
camera

Built-in conveyor belt
= controlled-speed of cuttings
= high-quality 3D data

2 Front

B Cuttings trough is used for disposal
and can be integrated with existing
solids control infrastructure

Adapted from Prez et al. (2023)—SPE-212569-MS

2 Cuttings sensor & hole cleaning automation

K2 RAPID 2>V —>T7 LB I N7 —&

RAPID-Hydraulics: multi-phase flow / hydraulics model with coupled temperature and MPD control
RAPID-Kick: backflow fingerprinting for kicks / breathing diagnosis

RAPID-Clean: hole cleaning software

RAPID-FRA: friction reduction / pipe rocking advisory

RAPID-Dynamics: Lumped parameter modeling framework

RAPID-Catch: Stuck pipe risk prediction

Cementing Software: mud displacement and cement placement using ANSYS

Directional Drilling / Geosteering Advisory Software

Bit Damage Forensics Software: automated bit image classification

Various Data Analytics Routines: wells portfolio-based integrity analysis (Day 3), bit damage index and bit pull criteria,
connection recipes, PPFG prediction, motor failure detection, etc.
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S Alert E ; Alerl.
o —_— Training window (6 hrs) @ — ~ Training window (6 hrs)
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Elapsed Time (hours)
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Challenges specific to methane hydrate development and efforts to resolve them

Motoi Wakatsuki and Atsuo Hirata

Abstract :

This paper presents an overview of the technical achievements obtained through past pore-filling type

methane hydrate in sand (MH) R&D efforts, with a particular focus on drilling and production technical challenges.
Additionally, the remaining technical issues to be considered in the future will be introduced, along with a description of
the current status of our efforts to address these technical challenges.

Hydrocarbons are necessary as a material and energy source even in a carbon-neutral society. Methane has low CO2
emissions and contributes to a low carbon society. Research and development of methane hydrate is important for Japan’
s energy security. As a member of the MH21-S consortium, JMH will continue its efforts to achieve the goal of resource

and industrialization.

Keywords : The MH21-S R&D consortium, Methane Hydrate R&D program, pore-filling type of methane hydrate in sand,

Deepwater Drilling, Methane Hydrate project

1. FL®IC

HARAY N1 KL — hE#KEASE CUF, JMH)
12 MH21-S BFZEfEa >V —> 7 LAD—BE LT, RiKE
EEMMERTHWERAY N1 RL—K AR, MH)
DOWFEBIFRERICBML, TITHUHHIREIESE, #ieeE R
BoOAXRXL —& —EBEEHBL TWhD,

IO TIE, INETOMER MH LT TEIC
B s il & U T A TE TR S NIRRT
L, ZN056ORaRiEE LTSN HfREicOnT
AL, TS OEAMEBRENOTIEDO R D FH AR DN
Tk 2%,

BB, 2018 FEETO MHFEHFE TCOA XL —2 3 >~
ICBI9 B REMIE, SRR 30 FE A BN i 2B FHREAE
ML >R DT A TEEHFHKIZKD [T 24X
L—2apxP AN ELTHL#MEINTVWSD

O 6 A A i 2 B M A IR S R U T A [
By # Dk — 2 Ak 7 T )L F — (45 & Frfet v g it D EH T
[A]V} CJ TikiE This paper was presented at the 2024 JAPT Drilling
Symposium entitled “The Challenge of Well Engineers Towards Diverse
Energy Supply and Sustainable Society” held in Tokyo, Japan, June 4,
2024.

THAARAY N RL— N EKA A Japan Methane Hydrate
Operating Co., Ltd. JMH)
" Corresponding author : E-Mail : motoi.wakatsuki@jmh.co.jp

Copyright © 2024, JAPT

T, TOFBE5HTBRVWEEERN,
2. WEZ MH R HYDFE

9, 1990 FRICMH Z2H L WEFE L THET S Z
EEEZEZITL, TNNEZIMEL TWBHDN, &
IR TAY U HZAEWMO T, TNETOMLINE
G ABRFEOBEGEHEM /S ZEMTE20Mh, Lo
T EIAMBANCH TS 2%/ T, TNoNERFETL
zo BBEA N, BRBICIPMEDH AT LE I A S OHETH
SNMHDON, BEHLNDEZATIN, T I13EMH
WCAEMETDZENMRETH D ZEERTHENH D EL T,

3. BIEREDHE

MHZREZICHEL TWHOMNICEL TIL, MERE
T=HICXOPBBLFHETED LD >TEELA,
1990 ££1213 2D HiEBHRA 7 —% E TR S 172 BSR (K
BHLURZ ST © Bottom Simulating Reflector) & IEIEN % ki
72 RIS K> CTHEE o MH OFEEZ#ETE L TWE
U7/, BAETIE 3D ERE T —% E TR 115 MH
EC K D FRIRIE/R &0 S IRERF O ZEMMIRIR N D ZHEE L,
THREICE > TEBBIFORBEEDIIEZITADLDIC
R0 EL,

ERTH 2 MHIZ, BB THRT S &ETH EAH
AT DHIENAEEERDET, MH Z240f# T 5729



HH O K- FH 289

IR OISR ) 544 % il REMABE L T MH
DEEFBEN ST, 7 I AIOHERETIRNT 2 &
NKDENET, RO MH EitidH &iao72hTF 4
LM~ o > =TI F it~ v 751 b AR
~VUw ) TOREHRBRTIE, YINICEKEZRSDZET
MH O fRzEITWE LD, BETIRE DRNRGIEE
L CHINZHIET 5 Z &TMH 2083 % HiEN R
NTWET, 7 I NIV EIT K DA 7RI IR BRI RE 55
MIZRADBNWOTERAIN THER A,

MH O HEBRICER UM L 2 @ EIcOWTiE, BEF
DOFAMAABERTHDON TV DY EER, BHTHILET
Kl TETHBD, 20X IR O TR 725
ABHHBHL TEE L,

FTDO1IDPEERIA NI HIHETH S5, HALE
@ MH BIFEF SHHIZIE N E 2 A TH 1000 m §itg D KK
TSI/ EEINETA, MH IR E 2 i ag i = o
T=OMEECEET 2 HADENNE VR TIE RN, Z
UK U, FERBIG MR ZABFE THW S D KRG
WG SET, EREREDOEWENCOMA SN SRS
o THBD, BERKBVWDWDDNA ARy 7 b1 E
ER>TWW5, MHBAFSTIZZ DX DI\ A ANy 7 7k
INER L, MEREDARY 7 2Rk L, HEfHS
7SI & 5130, VIR TOKMKHE (BiR) i
BEMT D ERETHHTTA O HRUMETEH I &N
aREE T2 D, AR — 3 > OEHEL I A N OHEE R
HifFcEE9, JMH Tld, EED AT LZEHAL DD,
MH O ARy ZIZHbES T ETh—=4ILIZT X 2 H
T2 Z EnEE M SR O B A TR D, Fink
BEOZY LML, VINT —4% OERIRES AT ADOHERLE
THEZETFDDOHDXT,

F MR RERENHEEE 2> TVET, BE
B MH Tl AERENEBEOERVWHEOZD, WiEsEL
THROKFHEEL TH 5T, MH D ET 5 2 & ThHit
IR o I RIS B FETRAR & & BITHIFEAAN - THN
T 5k, INEAERELBRSBNEIDICAIY—>
TMADZEMTELONMNBEERD ET, FrICHRES
RO TNWBHDN, MM kddKDRAT U — 3R
=9 5HE, ROWEBTZAIZU—20NHEED LTHEL T

AFERIEDTLEIBETNAH D, £<BBTEZLDIC
T2 EHBHNTOWOMEIZ L 5% BRPOREDT
O—2ahBEDRTTNERILTLESRNANHETE
£9, MH2I-S 2>V —3 7 ATRT ISy 7258
IEIEBMEEOZ T Y — T SME, EBRETOE
B, AEMEABRCOMMAEREZEEA T, BEEFTma T
F-BTHROBEALED CREZED TNET,

BEHIECHEHEL T, EETDIHRAEKEYINT
DEELTENTNNDO T A > THEMET D HIEE, A
AKZESEEET —HEITAEE (I ETHEE) 325k

MHO, TN E>THIECHHT R TORE
P RBEBMENLDLOET, EB5E5HEBEOME

HiB TSN E LD, KRAFEAREND D7
W, TNHEEZEELEGIHTFASA ONEETDH D,
FORWHEMOBIREZNICEL /A XL —2 3 >
FikERHH T,

HIEAN T COMBEE L TE, SAT—L A TORER
BETIROMY, WMEHENTOYIRIERZMA, SHEO
YHRETROSNDT—YZRET 52 &2 EITERL
TEELED, SRBITEEEDN LTSI 5 LD 72K
i~ R AR O FIEMN AR 5N TNET,

4, INETOAY 2 NA RL— AR
FRU—2a Ul HE

REWFZINETOHAN T MH 25 H E LA R
L —2a>n—ETY,
FNFNOARL— 3 > TOHMEFERED N E Y 7
2 ZBHICHHL TWEET,

1) AFF< Uy TOERIEHIEH

1995 4, MUIFOEEEEEE D [ 8 RENAMB LT
AR R 2R T 2 EIRBAFE 5 AERHE] ZEDIRIC, £ 0
AR RS 1999 4RI 2 FLntik st [RiE N o 7] T
EOIMH ZZT TR EHO MH HIENHET D &
ZRDEON, MHDEREL TORT > vILa2EERL
X5 LTLHHADOMHEMZEMRE O 27 FOIKFED T
Uz, IN&EZ T THUHRO AWM & K 10 fhi2 X 55
BIBFGE TAS >NA KL — MBIFEEA] Atz 0, Had
#E [FME N2 7] OWHEITRRDRRENESND KD /et

K1 AINMTOP2 T4 =)V RARL—2 50—

1.| 715 % Mallik SZiEHHI FY 1997
2. ELriakdt (i h > 7 FY 1999
3.| 1% Mallik % 1 [EIRE I 1R FY 2001
4.| FEWERASE [~ RRET | FY 2003
5.| 7154 Mallik 55 2 [E1ki L e HiGABR FY 2006-2007
6. %5 1 [l pE AR FY 2012
7. 55 2 e pE AR R AT ~BEYT/ESE) | FY 2016-2018
8.| R3 £/ LWD fii| GEEEN:Sih,  H Ak FY 2021
9.| R4 421 LWD fiH| GEEEN S FY 2022
10.| RS £EEfE 5 A pE IR GREE ) FY 2023
11| 7 5 X 7 K HIkE L g H A B FY 2023-2024

J. Japanese Assoc. Petrol. Technol. Vol. 89, No. 5 (2024)



290 AZ UNA R — MHFERA OE, 25 OFRIZHIT 250

M1 ~UvIirEX

e EZED E Lz, ZOHAMRE (ML= 7] 2m
JC, MH OFENT TIZHERINTNDET 1 —I)VRT
HBIU YT, WAPOHNZHMIEL TH I ELaHW
& LR H ORI fTONE Lz,

RUwrZonr— g 3dtiicml T80, EFF
R &> TWTHEBREDA > 7 7 b2 IRt
T, ZMNCHFE LN EFMALZY A A0— REESTY
THMEREL, 1998 F2 A 3 HD 40 HiHIZH=D
MRFED 727 1150 m DFEFEH 2 HEIL £ L7z,

Fp T, MHENEBRES WS T—5 Z2RTHDMH,
g & VSP Ik > THERR L 7= 2 & &, filHlEAir & LT3,
MH @ a7 &z HWE LB O3 7Y > 75— PTCS
(Pressure Temperature Core Sampler) ZBF L7722 & T9,
PTCS i3 MH JE DY > 7 )V % in-situ DA & #E 2 RFF L
EFEHRMT <RI NE L, 2OV —)VIHTE
THEZHERD, 4HHHPTC VEIRATHETA, 37
DB, EIRFF ORI BN ITENY —ILELT,
7 7 A S MR BENRE #iR) 07 ERIUEETHAE
AT LEAWE T BUSEENERE N,

(2) MRSt [rEvE s 2 7|

AFHTIE, 1999 4E 11 A~ 2000 4 2 A D 88 AfICH=>
T, FEEHOMERBIN A X OERIL EPFET, ENTHDT
MH @2 &EHEOHW TIHAISNE Lz, ZHNITKD
BSR THEE T TW/= MH OfFEfE%, PTCS THUSL/=a
7 ERREYERIBIC K > TiMIiT 2 2 &N TEE L,
HIFATAIZIZI MH @2 BSR O FE T D W TH A 212
EHIET, TA Y- L A TLREITHHIEBTES Z L0
Mol &R, T4 P —L ZAEETIE ROV IL 2R
EIZBNWTHEDEETH D, EEBEIUEEREDEZDIT
UL M) —FHRHNEDY =) THH I EREEZLD
T L £ L,

BISAIT T DO HERERSE [Hifgrh~FET ], 2= D

g 895 55 (2024)

WECEPE AR, 2 @D LWD (Logging While Drilling) f#Hil
E¥IRE, 5FTMHRESEDOHEE T, HANTY —
TN BL— MEBTIZEEL TW 3 <, WEFEED
Gl - S A PEEBRA MH EHIC 7 U —H ADEET 5
ZEERTHOTOHRERD L L,

(3) AFHF<VU w7 TOH 1 [alkE kiR

AEFEE (2024 /£ 6 AR) BITE, 7 7 A CERHIEE
FEHFBRZEEBL TOETH, #E 2 BOkE-EHRER
WFEHZREHIL - FY DO v ZICTEmBINEL
77 e EFEHGER O 1B HIX 2001 4 12 A ~ 2002 4£ 3
A (79 HM) IKHEINELL, FRENELT, K
EERICE D MENETO MH EHARES, 71 VvI1 > Y —
JL (MDT : Modular Dynamic Tester) 12 & % /NS R/ i8+
ETCOFENRE, MH & ORI 2 B1H THET 51
MCTh2HIHMBEREDERNETSNE L=,

FREE LTI, 5 AT A70m® O R 2 AL, HR
THIOTMHENS AY CHADAEIZKRIILELEZ,
5 1 DREREEED, MDTIZL > TMH EZTEL ZE
NF—2Z2RELEZET, ZHICED MH BoEBE
MHERR I N, DIRIIINEEDN S TRIVF =R O B WETE
BEANEHRBT D EoNTIRDE L,

IS TTH BRI O O REiFEA/ NS o
ZEWh, BELET—I 0530 MmEeEmzEn s 2 &
MTEERATLED, &HIHDCSG (r—>7) )N
A THMINZIR DR T R R E R E Y 7 7 1 N—
/r— 7)1 (DTS : Distributed Temperature Sensor) 1 &k %
BET—% OB L, ZOHAMEN ST D% b E
EHRBRCTIEHAIN L DI ELE,

(4) FERERASME ORI~ RE ST |

<Uw 7 TO1EHEE 2 BHOEHGRBEORMIZ, FfEi
#E [RUGIh~REEREE ] EBmSI N E Lz, 2004 41 H~
5H® 121 HRE, BB, &R R~ F R LR D JA W
FIZH T2 MH O EFRNEZHEL, R TCOERZ
DFlizd 5 LT, BSREBODETLHAERLOIEX
$ 75 MH Jife & ERROIAFIRILZ LWD & a7 12K > Txf
T 572005750 0ELE, £RRICGHEINT
WA 1 B B OB it T 5 2 E b HE
LTWELAE, 6GOFTRKEDO MH OBFICHIELELRS
EEZSNDEH] - H: LT ER O % iR 21T o
TWET, 3RO 16 HiR TR 32 SidEdI s, =D
MERIZ, LWD16 51, a7 #1251, WLHE & YiINIRES
RE 25T, FEiBH 21 E o TwET, NS 0hE
AL DK 13 720 m ~ 2033 m OHFPHIZE/-180D, TT
T4 =L ZAMEITIEI SN E Lz, EiRD L ST 16 #h
RMRZFINWTRIZBVWTHEERNO N ZOE IR SN
FHATULR, FEMOELEEL TIE, DISTr—7)L &
FL PRI EMFTN D WERICHET ST — 5 I
SATLTKRD, MUERERALERNEZEmL, Xz
81/2” J1C MH B ~ND/KER 0 2L L £ L7z,

5) FF<VY w7 TOH 2 Bk bR R

55 2 Ik FPE AR, 25 1 Eh S 5 EED 2006 FE D



HH O K- FH 291

BEEIC LD EHEER
= f #2oFn
I}i}
1 kown

=Dkl Pa 2

KENE

[FERSY—2-|

A INAFL—fR

pE===e A
RlEsee )

Bridge plig

B2 e E R TN

&KL, 2007 EEQXD2EICHEST, Muor— 3>
THEMEINELRE,

i D5E 1 [mIRe b B TFM L 7= MDT Ik > T,
MH Bi2shz2HT2 2 EMNnh>72DT, ZOFA b
TIE IRV F—FNRDE WIRETRIC K 2 PE B 2 FhE L
L7

FT1IATIE, WHRTINITHA L CHZEL TLE S 2D,
FERERE] (12 R CHZBIER 830 m’) T o—25kb - T
LEWELE, ZZTROKXIEMHEZY > R U —2
TESOTEETANEITY, 6 AR EMA TH A
13000 m* 24 PEL £ L7z, HIE N A &IZ 2000 ~ 4000 m*
TL7=.

I TCOEBEIZL, WEENENSEETFETHD Z
ERERL, AU =2 EITk D IR D E B AR
HL-ZETT,

(6) 55 1 [FREERE kB

TSI O T D MH P HEERIT 2013 £ 1 H~ 4 A (66
HR) THEML L7

S [HMEMP~AETTHE] THRHIAEL 2 16 RO
s, BEYE~EELEOMWMAE BEEEINEL
N, EEAIHIEBENHA 2 I S NE L, VTR
JAMSTEC OHIERETREREM [bEw 5] Z2#HL £ L7z,

BREELTIE, HRTHO CEBEETO MHEN 5D
HADEFEIRN L2 Z T, BEKICKD, 6 HREIC
b= > THPER 20000 m®, FEFHI 120000 m® O H 2 O 4 pE
ERBLE LU, WETORTEOEBICLESHEHECES
ZUY TP ATLADENCHERET S ZEERIEL THE
o FRAEFEKIPAREEZRELZL TND I L E2HATE

SELEMICEDD [BEp 5| (20235F68)

Copyright © MH21-S

K3 HERFEAFEAMR [5E0 5]

Tl L TWET, ZORBRTIIHBHEE LTI S
NN ZZRALELEN, TOo0— 3 JICXBHIRAN
OHIAEETLEY, 6 HMTAERBRZRA D Z LI
BOELEZ, ZOEHRBROEE, 3 DOORMME, Hip
K, KikorEE BHORBEREE TSI U0
LI ATFL hETFenElk,

(7) 55 2 [ERF e RS

2017 F4 H~7H®D 100 HRIZHZ>T, HB1EEFH
oy — g TEEHZ25EIL, BY [5Z09 D]
o TREINELZ, B, 551 [EHEHEEHHBR T
B 5 78 - 7 R E OB R OMGE T, FFfE & D
WAEPFERNBZ 200, o> ThW Oz EMvs7F—%
BEDZD O XD EW OO EEES OHIE S &
W, GHOI E I EREMEER EANDOTD ANk

J. Japanese Assoc. Petrol. Technol. Vol. 89, No. 5 (2024)



292 AZ UNA R — MHFERA OE, 25 OFRIZHIT 250

IHBHIETLR, HF1EEEENABRTO 6 HEE WD
AEHMTIIAR T THo DT, H2ETEED T,
AR 7 0 — S @ TERERE T Z2HEL LD LD
HEDTULR, 3DDEMMED S B, MRk E L T,
HE1MED T S5 N)L)Sy 71 Z T GeoFORM™ &5 £,
BORY =%, SINTESEETHESIBDE, &K
MEYA X 2RO THLI B0 2EOY 1 TE2Fh
TN2ARDOEFESFTHAL LU, [URTEERNIRYGER &
L%, E#R> 7 (ESP : Electrical Submersible Pump)
ZHINICEL ZEIIAUTTN, [URZEZENEES 551
NAR—=ZZIE<ED, ERVINERSS > Tl EL
o TAY = 2T L1F, YIDBELEREEROTE ST —
JF—=N—=TFAH¥F—=2 25, (WCP/EDP) #HHL FL
7z FEEIZ 2 51T 36 HREITH 725 TEFKI 260000 m* D
HAZEET D ENTEE L, BMES, HREK
DAL — &, EEHFEENHOSEEICBT 5 E -
JEHT—% 2 EGRNICEEL £ LA, BIPERIZDOWTIE
1yiE CRHW oD 12 HHIZRBREFILL 722%, 2 51H
Tld 24 HREHW 2MA THEE E U Tz A FERI % 2k
LE L&, SINGEREET 1 51H TIEEWRIR D B 2R %
FER L E LD, 2H5H TIRHAENE L, MIEZED S
72O ESP 2 R < B L7272, Tl Qi) BT 2 KR
EERNIRMN S ETEWRIRTBERNE T OEIRN TE X
HFATLE. ILWT =T F—N=F A= 257 A3,
TA P — OHEEIRFH, KBEFHEIED Z 15— 0 #E LI
MZEMTHIEMNTE, R RoN/REoFh CER
B 2 R Kb T B 2 EMTEE L2, £ ROMEFEIE
HEREBRICIANT C, R4 —3 3> FOHEE L TH
WIREOER EMK, FINKIK T BEO U, REDEREK
ANOXM RIS EEB#H L E LI,

(8) R3 & R4 LWD H-HmHI1EZ

2021 AF 5 & 2022 HEEEIT, (1 5 AR pE SRR S 5 TR E O
=@ LWD #iHIE¥ %2 EEL THWET, 2021 FEITE
FE BB X VA AT 4 HiHE o LWD Hh & 1o o %
T A7 HEMEHIL, 2022 FEIZEEEEWT25HO
LWD M-zl L £ L7z,

I 5 OFEET MH J8 O FTE & R 2 349 2
ODOTF—FREEZTEHMEL, MH OBEERZHRL T
WET, RMHEMNBERORREE LT, AP —1L 2
TO MDT 1% M#ER < F2ha L 22N T ok,

(9) RS Gkdi - 1 5 A= e 25k

P LICIAT = 70 Y = 7 b & BLR A 7= R A
Bz RET 57— REGEHWIC, EEEEWO
2DOFMEMR CHiH) THSHMO7O—%25rHE L £
L7, BREBMNSEMO N T TIVNLH L CREsEpE
T BEN T TEEHATLE,

L BIEEORBRZRT &, 1 AHIZWIEL CTEHHE
EBUOSHM7O—92bREEL - NOEELETET
7, 2R (D% OBERFTH 2N T 2R
JE DY B ENIZ 7Y — HAWFTEAL TN KL —
RAVERLL, MBI E RV E 7 O—MBE TR

g 895 55 (2024)

13600 13630E 137.00E 13730 13800E 138:30E 13800€

Shima
Peninsula

”

Off;h-;Jre
Shima Peninsula

2" E
.('\G Oce
c)

No““ o

136:00€ 13630 137.00€ 13730E 13800€ 13830€

B4 R R AL E M

EOFETFTHRTLELE

72iZl, AR —2a OREL TS, EES AT A
EINETIOEE - 2O TINEBTFTFIDHDELT,
JiO¥%E, 4 F—o/NEREE 50 U 7= & f1E L
Al &mEFeongd, £z HAREENAICE
NEtEREL T, HibaREE ToELEEZO TEREIT S
ZEWTHIIL, ZAFONFEL TNWD I EE2ERTHIE
MCEZOHRETT, b TV L ADT—FlREs
AT LEFEEL, EWIGHTERR, WEOY X7 0N
TFHEEI AT LERINS T E L,

TR UELZD, 2hiH0> 5, RICEAILZ 1Y
BERICHANTNDMRIN, OV T—F THHADKE
HERBTET—INEENTHET, TNETAYNAT
JBV L IR I 3 2 O TIREMIC 7 U —H 3 FEE L
EEZTWELED, M6hOMHT HETEDZT—4
W< BET) 7Y —HAELUTHEEL TW I RED &
DET,

2L, ZORIRRZETINICRE L THRERYT 2 EHET
JO—ikEoZ L, FOROT—FiaENS, HAE
JEMN M YE/K FLE T 1.045sg F2E (7K 3 1.035s¢)
ERNWZEHIILTHBY, 5%bBLTY—HABICHE
WLAEHAETSH, BRITHLTZ I ENEE & HE L T
EJCIR

(10) 7 7 X 1 ke b Gk

20239 H 19 H CGRHIKRD) 75 ESP OEHL & IH,
MBIEEZBG L £ Lk, ARHIEF (2024 4 6 HARBITE)
® P A B 2 ke T

7 A F1kE FEHEABROAE AT, AN ORI S
NTWET,

- HATTHITE S N2 50 F CRIPEHHBR 2 FZH B

RO T —F 2
- WEAPER EER TS & OEARAYFRE O MR O RFE,



5 7 I A K EMRE L R ALE X
(RT3 )L F — T4 43 [8] MH B P8 E R 2Rt L 0 Hok)

A ETEEETE

e P aEH BFt (STW)
7 {834 (GDW) (PTW-1) (PTW-2) (20185 12A EALX)

D@ D-hydrate
B25-5yh)
RmAS$750m

Side
core

B B-hydrate

B15-79h)
R, 5$I900m

o1s/pAas M
DSS §
Pressure |

U - EEHL (BYICESR) - mE/gEr Y —E
SIE/*J—IQI (BE®DFHH S54ED]) (BI/DI?J‘SSEE—D CEBZHUSTHRELT
cEBZHUSTRELT . m/ﬁ' 2tz Y-8 b3 ]
= ¥ Lzzill -EflE,. F—>>J8

S/=JAL=>3> % HECEM
AIRERREE TR

PTW-1 (BEDHHSERE) TEHSRRER

K6 7727k FE BRI TNX
(EHE T )L F — 575 43 [8] MH BIFESEMER A RS O Hoke)

293

J. Japanese Assoc. Petrol. Technol. Vol. 89, No. 5 (2024)



294 AZ UNA R — MHFERA OE, 25 OFRIZHIT 250

EHAFEICE S EOMHZTTD 2 &,

L7z —% Oftt, BHEHRBICTRWES
NZERI E %R T . — e ik & uic
M EEHIET.

5. KilTREDEE

PRI W EEO NS LT, WFE MH &2 0M%
Hili sk 5N 2 M a % £ T,
- B RO MH 2 EET 5 DIAKEE VWD 5
B
- T F 200 ~ 300 m FREE O F VR IC I ST A

INTW5D
- IFEEMNS BEET, ABMICEAMETHZ, KiZh

FRLTHSAET S (TRIVF—IGD 5 H 72T
EERM)
- REFEEN S DEFEDZD, MH O fRIZIE> THRE
Tk (R, K EE&bicHkmsELRT 2 (i
KB X 7)
- AEPFERAROWEE S IRRERESMK LS, YINN S 4 E
A4 DRPTHEHNAT RL— MU CHETZY X7
ARy SR
- GINOEIE, MH 05K 2 4EEKOEHZNS.
RFEEOBSENS, EMAEETIEESZIHE~AD
WoRnmnsEEEZ 5015,
LFREOBENHRAET 2 S FIEAEREENH O, B
RTEUTOESITEEDENET,

1) AMEZAT L GEFEDEOEES X T LK)
55 2 [ pE Had B CIR QIR B R ora Ex B &
LT, EHHEENWTREER D XD ITRD KSR CSG /N1
T EDHDLEEOREIMMBL, AL CSG IS TNEFEL
THPEL, BEL /= AEPEKIE ESP T CSG Ak ic#% i L /-
X247 Ly I AR—AEFHALTCEET AN
LEL7, ZO%O RS HBEERKRTIE, K[UREEEZE
FTIHINOREZ AL, JIOEEEZNICDORNS T
A=A TOHREZITW, ESPHANY RS —Z2H0
[F, HAKIEOREBREERKICHIELZbDELEL
7o ZHUZE D THIHDOZ U LML - BEITHEIIL TE
I, ROMBAEEEBRTIE, K7ICREBORRIC, JTOM%E
DORES, HEZHIE L, 5il0l O E HBRIE D 1 H—
INA T DY A XH95/8” CSGISA T THo=DITxL
6-5/8” DCDP (Dual Channel Drill Pipe) ZffifiL 57X k%
kL, ZOFTANTRAI D TINTEELEREZD 2
HEORBED S B1 > —HOFRKE D H % i 5 7= £ FEER
EL, 72 a5 A ORI NER LA KER T
TELELDICLTWELRE GERICIHEHLRN ).
SINOf: BT HE, KBRS LT 2E VWS RTIE, A
AIKZE G BEL IR NT O 2 IVAERET B RIS S 0
FIH, FEOMIERE F T, K> 7 FHRTHEEN
FL<IEOTLED EHAY v FREBRETTIEENT RL—
MEWSEE TS A 2T/ 7IBTLEIVRINDD &
WO RN H O ET, JINTHAKESHET 2 HET

g 895 55 (2024)

13, FINOEESEME RS> TLED &, £RERICHX
LIKDLYEENTE D DT TIRRND T, HEFEDET THN
ARL—=MELTSA 2 EFEESRDUAVIIMKARELT
HO, TNEEDLSITLTHSDOD, W N D
DET,

R TOBRP &L T, REWZBDELTESP %
Jet Pump 23287 o k9, ILAMEDH 2 ESPIE A Y N\
OB TH L HEHINTEELED, HN—TE5%
R4 E R OEN RS, BRTr— T OEKNT T
WDUZTINHO, HAKINKELBRDZEHNZROY Y
BRIV TEETERLSBEOTLEIENSEREDDHD
7,

Jet Pump {35} 5 PTREZR 2B JE R DWE, T A /K LI HIBR 23
3L, NI—=T—=TIHREENSZHEND D ETH,
BAEORMELTE, FRTZNT—TIL1 RBKEITH
T, ZHUIWTERY >0 DERNES T3l nwz &, U
H—2KEUTEERKEEDITM EITRE> TL 5729,
WHERENTERWERIE, BMETIIEABXL TER
W5rd 2 Z RO SN, LRSHEFBLHEIZ SN EE
RO TLEDEMETONET,

EPERERIZ T G & Um7Z T T3 < ¥ EH
BUZEMOMEIRTHM A2 hE HifdgiEmet 250
TW3EZATY, PFETEET T, TANER SR E
WEE2 S EETOREH S EMmFTE2To> T E
T, INEDZEEEDT, (LR, AERiEofs
{LIEO A FHIC KR ELS DRNBPEETHD, [lESHEH
BT —~< &R TVWET,

(2) HiDxHR

BEEZ ) —OREEICELUT, %1 [EHEEE-HR
Bz, Hibozoice HHICL Tz T LR, F
2 [EIEEPE B TIE, KO EWHIEIChAE> TARE
T ERHETEIENSHEEHREL, HEIIA S
Beft, $7abbY > Ra> ho—)b A E S i
EBoTWELRE, B1EWEHEEHEKBR TCRALLES
TRy 7 TOMWHEKEL T, 72 a7 XITHRH
Lz o) Ro—rtignrsoryo—ick-
THLBRIsh A7) —>NTo—Ya>lizdnd
DFUANMESI N ENS, F2 EREFEEHRER T
X, TNy 7 FRICEAT, 72 a7 Ao ER
T, A U—=ERITO—Y a3 icilm<, MhORBEE
EDEHMEER AT —20BEEET LTI THD
PATFLELTR—H—k 12— X8O GeoFORM™ +
E—XA1 >y —Fr2HEHALELE (M8, HEELLTT
O—2a DI TINWVERETLZIEEHDEFATL
7z R5 85 HEPFEEBRTH GeoFORM™ + & — XA > H—
FEERHALELREDN, NAELEOHEEICHK) LI ET,
FINDEHZ FFTH, HEDOENNT5IT T T
Mo ZEMHBHLTWET, flichbzo—2a > %
STEDITT TN ENLD BT TNy 7 &L
T, WEwERMBLEZYZ SNVoREL (EE) % SRT
(MH & EiRE) TH 7 7))V 2T 2 EksE O



HH O K- FH 295

>!§= . Z| '! r\‘—‘ﬁ (\
> B1EICE2M LD, B(CEE - AVUA (&

> ZRUIDEE ULISHE. ROVTIE(F,
> EERAORLESIER) UL T 2872 &R,
» BROROVTOBLL, REBOEBEL NG

> 3 SHEkS /SRS
» 2D AT LA ZEMR
- HEVIDMUA : 5AF. MRICIHMERN S
> RAEVIDAUA : 22864 1K) D MA DS, WD
BSRIDLEL B

> fE
> BASMELSM: RUILTOFP TR (186F) ©IHE

LERIROV/(RIL
tRZS)OLT

M FRUDREELEE

LY ORZaA>h

& o

" ETET) DR LRE

TRIROV/ (RIL
TRIZz2)ULT

ROKBIRDS

BIEBEEBR | B2E R _ MBEERR

%W(ﬁﬁ) RIBHH 1EIZE (BOP)
E&(ton) #1300
98 x (M) #94.5 x 14

X7 Him,

SUEEZEABOP Sl iES 767N
80 340
#4 x 8 1.5 x 23
ﬁUD%ﬁbgyﬁﬂJ_

(WJET MH 7 o+ — 7 L 2023 i &R 0 Hok)

H-ER TNSEAHLEAXRL =2 a > FEOMHEE
MH21S a3 >V —> 7 AE L TRODHATHET,

HFES AT L, BHROESZLFICEEDET,

- HIC K BHEAZED X 7B L TR, A RABZEICB 0
THHEWORNERE L TSI EIERAT ) =2 NERX
NTWEN, WIIWICE> THMREE>TLES Z
SR S R, B IT MH BT IC B W TR
JENSAEFET DDITA T Y — R IRNBEE L,

C RPTOHRBHER L THRBERA T U — 2 2RI
E7ZH, MH B3R <, EHMTHHZEL T
LEDSURIND B,

< A7 — IBEE oAl &2 s A LT MH B F 15 IS
L&A 7 DT B EH,

BRI EE<SIRAS ZETAZY = DHEEZS| &
FEVLT Z LI FTRE/ZDY, KREODOKZEBNTLES U
TodHB, KNETEDL LIRS ETFENTIWETE
TR0, AR PETK DUFEFRZEN T E 720 S KU E K,
DT ESD L ESP OHifHER TIIA ROy V&L Z
LTCLED,

« ESPIZEL TWAIED & 5 /K= ITH i TE 5 ESP
MEURTIEI~Y—7 v ML, ORI TS ATLD
FEEMEL T D,

CHINS AT LMSEFET A >, HAUEEER 75 & i
NS EETORMOED Tk 22 &3 In
NS DRETRE,

(3) P MLy

WEIEAN & LTI, AR LD OEERIEZ i85

ZENTIDOBE T, KRR DEWIGET T OAREHS
JECREBMALEEZLEL CGERT AL ELETF YL >
PTYL, HoBOH ETHEETHE, IHITNRAN
AIHEINH TS 2D TN—=RILZEND £T,

8 GeoFORM™ (1w RETIL)

ﬂ%"iﬁﬁﬁﬁfﬁﬁ%~%ﬁﬁj”smf AR

1281/2” YUT X B EHIH DR 2 £t L kth L TH 0,
m$f#®ﬁME¢m&m%;T%T%é_&#ﬁﬁjf
WETH, FFRICESERO —2 3 > OGO 1D &L
TEALBNTWEERYEEMOO T — 3 > Tl3, MK
MWH& =4y NEETOEEMEL, BRI SRS N7
WEDOHT, KON RKEBRMEARE G L THERFL,
KA AR 2 T 5 2 S BR OB Tl L w»
EHWTL TV ET, RITIUIERWIFZE RS R ARINE
282 2 & &, REAHIENTHRET 2R EVIZE
KEBHEMAREZERT D LW E R0 ET,

BHE1 DOMIRE L L THRFZHED THD O, a2
7H =54 TDtw NFETYT, HINEEBESZZ25324
D= TRIREREREEZADIEINRDEND =
D, THRBEEINELNDLDICHHEERES T TEE
ICBET D EMRDENFETH, TNETELHEFES
BRET DI ENTENE, ROBIZ T a>TAINATEIC
M7= EAHE O K2 B <D ZENTE, K0EERT
JOAD Z ENAREE D T, ZHUIERHED 2 TE5
FEUERWRENSHBD D &, ThbbFyId TR >

J. Japanese Assoc. Petrol. Technol. Vol. 89, No. 5 (2024)



296 AZ UNA R — MHFERA OE, 25 OFRIZHIT 250

Deviation (m)

500 400 300 200

0 -100 -200

water depth :1420m

] -

KOP 90m 100

/ | 150
/ 3 200

-Topof MHCZ | 250

TVD (m)

Bottom of MHCZ

300

350

400

—wenir |

450

500

MHCZ: Methane hydrate Conc Zone

B9 FEARR RS BRI O

100 0 -100 -200
0
" water depth :1420m
h‘—% 20"casing (0-60mbsf) 50
KOP 90m 100
/
150
Vil
200
74
% Tonoii | 50
/‘/ Bottom of MHCZ ~
TD MD330m 300
—_— 350

10 BUIR T OILEAY MR

r (KOP) # TEZEJE<THZETHHVET, =
DEDHOAHERELT, LR ETHWLENTWDS I Y
Z—NNA TR BH 72 a7 > h—HROEADKG
EIRD TNAMl, REFE TR S D WHIBNZ%ZE L TRl
AREZERTEDLIBHEMOMEOEENTVET, =
7z, EERHROREIRICAEE S L TE LTS 0 oft |
IR O T 1 > HEETHHENH D LT,
FXRL—2 3 >OWETIE, KKEEKTIEH 2D EHIEE
BRIZELS, 2720 ThNTHSEEEIZHDEEA
7Y, RS AR TN T B YIBRIE RN DR R AN TH D
B O KRIETICXK 2 E#IT R TOERMIER® VIV (Vortex
Induced Vibration : JiAH OREERENIC K D IEE R ED
FPRODDIEFWIEREDO N T TV EFIEREIT) Wi
EDMIzARL —2 a AR ENET, [FREFICHK
I IUSERG U & FRCEH] - f: LT %729 0% ERK) 72
FRL =2 a OFEBRAL TN Z LRV ET, £
o, HREOHHVINEBE LA SWMEOH DA F 75—
INA T OBREHEOTR, VT L— SREBEBRRKED 7

g 895 55 (2024)

2 2 MH BFEICRAE L 72855 72 ) 7 DB FE D it
IREMNMHEE L TEITSNET,

6. ITEREDE L

- WER MH O G m i L CERET 2 HikIE
Mo CTET=,

c EPEIATLAFIATY) - OREIESEE TR, BRE
AYICHAETET 5 2 EMNTE D XD BHEOWIGERRH 2t
FTn<,

- IR E L TR E 5 e AR — 3 > ORE1L,
BhERALSL, RIKE THRWIBHIERE T O miER 0328,
MH BAFEICHAL L 72 ) 7 75 E RS2 RS & 08 A
REMINMSLDOHBEE L THEIT LN,

7. &% % IC

TEBEAICWDNS XD Ik h—R>Za—bI)L
HAETIHMEEREI O IR I N TWETH, ik
RFBEIMEFR TR F—JE A ELUTHRETHD, A
7 03 CO, P B EMDia<, BEROENWTRILF—
Thd7®, BRFRTIIRREMICERT 5 Z ENHIfFS
NTVWET,

72, HEROI RN F—ZE2REOEHANS D, EEL
FIF—DYDALE L TDOAY N1 KL — MIFFERFIZ
HETHO, JMHIZ MH21S FZERE I >V —> T LD
—B&ELT, SBHBMBETIIH 20 MEBFAREH2RT
TWE, HE8T 2 &L, FEELOBEERICANTED
HATHWEET,

E

AFERIE, WEWHERE OLRGCE 2T, MH21-S HHEpsE
A2V =27 LORERFEDO R E L TH SN HERITHE
DNTVWET, [REHAL TN REERERRS
IZMH21-S IV =37 L, E5ITETNETAL 2\
I RL—=h7Ba2 27 FOBONERICHEZRL XY



HH O K- FH 297

Z EZ X ™

AHERPAFR NS, 1997 @ Rk 9 FERFHE [
TP —=TINHIZBIT DAY NA R L— NI
HERIEZE] i3 4-18.

M AR ARt , 1998 1 SERL 9 FE [vy > P—
FTIHIZBIT DAY NA R L— NFEIEAIHEIESE] 8
Hs 3 1-2, 27, 37-41.

GMEFEB TR RS, 2000 © SERE 11 FEEEPN A - K
R AL Wy R AR (R b D T IRAR S
&, 1, 26.

GIMEFEB TR RS, 2004 © SERE 15 FEEEN A - K
BRI ZHMEFE BELUOAY N1 KL — N EJRBAFE
g% g BILEREASE [Sfgrh~REUTEE] HEHIEESE, 173

aimE AR 2, 2008k 19 FE [y r > P—
TINHIIBT B A NA R — NEERE N RAE I
Aurora/JOGMEC/NRCan et al. Mallik 21-38/ Mallik 3L-

38/ Mallik 61-38 fiiHll# &2, 1-4, 27.

GIMEA 2, 2018 © Sk 30 4R B A B 7 o 5 ZR i
DUEHTA S >R T L EEHHIK [T 24X
L—2arXRIACN.

BRI F—)T, 2023 EJFR T %IV F—J75 43 [8] A
5 2NA R — TSR T2 ER <RI A & 2N
1 KL — b OWIgERS > 7 5 A 1 ke 1P it B
BVEE DAY & BRI

WEBAY NA RL—~T74—F 4, 2023 : il - 5
e SRR D R

SEHSERE, 2024 : MH21-SWFZEBA%E T > — > 7 L (MH21-S)
T —2L4 JMH).

WEEAY N RL—RFT7+—F L, 2023: 7 7 A ke
FrEHGRBROMER: - BRI | -

I, 2024 : MH21-S#FZERRFE O > — > 7 s (MH21-S)
EfE FRER BT —24 JOGMEC).

J. Japanese Assoc. Petrol. Technol. Vol. 89, No. 5 (2024)



298

MR RE 5 89& W5 e

(FFI 649 H) 298 ~ 308 H

Journal of the Japanese Association for Petroleum Technology
Vol. 89, No. 5 (Sept., 2024) pp. 298~308

A

o)

p:!

Lecture

HH Z I BT % BFY T O BEVUEE HFIE N

i AT IR SR B

Z N 3]

" =8 e

(Received June 26, 2024 ; accepted July 31, 2024)

Case study of legacy well abandonment in Nakajo Oil & Gas Field

Kazutoshi Ichikawa, Yukio Tasaka, Yasuhiro Kuno, Hirokazu Watanabe and Yuki Miyake

Abstract :

The strategic abandonment of inactive wells is crucial for maintaining the integrity of oil and gas field

operations. In 2019, prior to full scale introduction of JX Well Integrity Management System (JX WIMS), we assessed the
integrity of all wells under our operational management. This assessment revealed that within Nakajo Oil & Gas Field,
there was a legacy well at a high risk for well integrity issues, which had already shown signs of potential failure. In
response to this finding, a plan was established to abandon this legacy well along with other inactive wells in the field.
This paper presents a case study of a specific legacy well that was abandoned in Nakajo Oil & Gas Field during
the fiscal year 2023. We detail the methodology employed, the technical and operational challenges encountered, and
the solutions implemented to effectively mitigate well integrity and safety risks. The successful abandonment of this
legacy well serves as a demonstration to our commitment to environmental safety and project health. It also provides
valuable insights into the best practices for legacy well abandonment, reinforcing the importance of regular well integrity

assessments to preemptively address potential risks.

Keywords : Legacy Well, P&A, Well Integrity Management, Alternative Material, Annular Barrier, Epilogue
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Ty al =2 7 EE NS, (42 E]
OMED =D, 1503y 7 2D A MEFEALLE
WIORLEMNER I N T Wz, T TOANLEE, 4
DIEFRHIEN ST 2 & 51/2" 7 —> > 7 DR iz
DT, 95/8 X 133/8" 7 =25 A BEOCTY =z
TA) DT EEEZEZLNT,
FHALREG : 5-1/2, 95/8 r— Tt A R
51/2" r—3 20, 95/8 r—3 27 EBHIT, A
N DOFBEEENLFN— (FEILE - HAE) OF vy
Ty IEREEFINTTHDHIE, BEYICHIZ>T
X, BN U THHNY 7 OFRE, Wb
Frw Oy T OETHBEIRDD, EBE507—
PR AT N HWENLEIRIRNTH D /-,

2.2 fiHfEeM EOME

A ZHITB T % BMGUIF D BETUEESEFIRE ST

Z 2T, fMHIFFIZEE X #1172 Cement Bond Log (CBL)
T95/8" r—> 2T ALRNDRYT 1 2T Wi
BTCEDIRBEET2SmETTHD, FEILEEHLD
11, 2BETIEEAS MPEFEL TH 5T SCP O
AR THDHEEbNZ, LirL, EE550EbHE
EhRzniEEEm< /<, 5MPaziAx % SCP D
BN DINRIN D Tz D8, A FEINTWaRWN
Pl 11, 12 g ofl, HufEE )3 m W FEE LE» S
HHAMRAL TNWDEBZ SN,

2) B, C7ZaS5RADEHER
1974 4, HNEAHTHEWB 7 =27 AL T
200ksc DIESI T A M &EFEML TRl Lz itk n
T, i, K72 NEBLKE, B, C7=Za2T5 A
DIENZEFNFE CIZRo bk N TH 0, A
JET A NDOEMIZED 95/8 7 — >IN H—D
=IVin) = LkEEEZ SN
1988 4F, EPFEREZE W O /- O IBIEE N E NG X N7z,
ZOWBEEEPIZ, BMS CTY =T AITHIRIGER
MEmIN, 95/8 7r— 2 7 MNEE 35 millD TH
AL TWAZ ENRERI N,

3) AT=Z25ARDSCP (Fa—E>IU—7)

BROERYUHERE EOMENER S N/, BT, 1988 4, AU w2 T4 MEHEITT23/8" Fa—E>
FiHE A X2 PARELERRFNICH > TEED D TINEE AS2m T A=Y LTHD, DEANDT 7t
M, ARGIERL Y RO — Sl S N =B mid, 5 AMARAICTH B Z EDER S NI,

Lk, C7 =25 XIZHBF % E W Sustained Casing Pressure

. EHEE
(SCP) 75, 133/8" > 2 —FHE O HIEHHIE ) & A 5 7] 3. B

REMERD 722D Th 5, SEIOBEYIEXEL, A XM TR 25 F£.50 OHEfEIC
1) C7Z=Za25 XD SCP 720, JXWell Pack DN, U J{EHET 7 = —XITBT
5MPa Zi X % SCP R INTWz, A7=2F ¥ 70t X & BE L7z JX Well Delivery Management
AMBSERE U =Y > TIVH A DD ks Bm 5, System JX WDMS) 230 CTHEH AHIEMA SN D7 —

SCP DY —ZFWTNADOFEILETH 2 Z I35 » Z&Txo7z (H3),
ThHol=. AGIHITAEER TH LR (T3> 7 > — MEK)

> 12~14 months >
D (Stomemm

MODU Contract
2 (4- 6months) >
[Well Stage Gate 1] [Well Stage Gate 2]

Well Integrity Design MODU Safety Review
Review

]
' | = B
' 1 = || 3 2 =z s 2 J
\ T s |29 E o e ﬂ-g
Vo2 |E B igg 3 27| ¥z ol s
85\ |zpe 8582 |3 on| Bz || B2s
I (w) = 'a . he) 3=
1 g | RYZ |33 3 388 280523k
. @ 5 3 |[23= 3 sg5/ (33 b
8 ) 2 |13°z 3 "3 3 8332
,' 1 = - ® a %'.'4
I =

g 895 55 (2024)
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O, ZFOLMIET BHILE (RS HAK) HE
WTWA72%, BEHICHZ> TIEENZFNORIZH L TE
TREMICF vy TOw 7 LR 0D EEORERL NIV
TN 7 2 RE T 20ENH > 7z,

UL, AR U YT > - (A oRE, BXU
HELtE EORMEN SEHE DO HIETIREN T EMNTE
T, TSI TH D IEF IR SNIZEHR L0z,
FEVIRTE O EEF v L > P2 THh O EZET L &
2> 7=,

—HDOBREMIE, 95/8" 7 —2 2 7B A Y MARRICER
TECTZaTADEWVSCPNB 7227 AICHEWML
TLESTWBHIET, TN/ 2" r—2 TN H—
DY —=IVTHA VAR (EBEOAT—=)VERONTES—
JVIERE DN D) EHE- T, BRC T 22 T A B%E
WHIELBWIRD 51/2" r—3 > 72 3ET B ENT
RN EITH T,

- B&ECTY =25 ADEWSCP () — Z P8, i AR :

REH7Z M5k 2 nlREME S Y

C HIOEBONH— N ==V OFHA O ARH,
< HHIRE, CY = a ZAITHIOASFEIAHOE A > b
ZE A,

AFEETHDHMRE ORI IZE B ML, FO®%ITK< E
POFELEICHT 2F vy Oy 7EIEO DI 51/27
= P RPETDRENRD DN, FOROICKHELER
5B&C 7= T ADSCPMILEZEZEDXDITEET 2 DOn
ML s>/, SCPY—ZXThrEEDODN-CT=a
T2 U CHESENRIITEEREEE B L 2 NWEZATHS
7Y, PRHIRFICIEA S N2 OE A > M SEEICTR S
THY, 51/2" 75— > TENERTT—FNO CT
Za I AEMBEE T EEBVIRITH - -,

3.1 BELiEtEA £

EE D@ EORMREZ A 72 BRI 2 EE0
FKITTHO, EBREENIET D) ZATNENT ENfEIR
TN TDD, FHREBR O A= HIVNY T ERER
Lkt 6N HEZRHAT 2 2 & 28— 0FRYIGHH S8t &
L7,

£z, YUOPRAARHTH B 2 & 5 R CEHE A E AL
TEHuRE b EMN o220, U TEEORE - HiET 2
RORERBUZFIEE L, SEOU JEETIIZELFE

WERTET EHRENCDRND LD, Y2 FEYIEHENT
ROREEIT/R> T2 B&C 7 = 2 7 X OFRIIRIL O AHE
MEZMRETHIEE2FEEAMEL -,

3.2 EVIFTEHEE

HER BB L OIS L TONY 7 2ENENDEIC
HUTENBENICFY Yy 7Oy 7 ERVEDRERL
NIVICHRBET DRENH DD, N 7 REEED
WES, REHEORMEIELDOZDIC, £TIEBKE 7=
FTADKR T4 RN E BT 2 T EMBEARRRT
Hot., I T, RHUDOIEEXZT Y FELT, SLB#0DiK
Habilir—EATH 2B, CliY =27 ADFREYIRN %
—FEIZE Y % & & AY Al fE 7% Epilogue Dual-String Barrier
Evaluation # £ 9 25t & U7z (K4 BEViFHEMEED
Operation Step No. 3 B XU 1),

DI D BT FIEE, HAMIIE FEE» 5 BEYUNY 7 %
RELUTCWLEETHD, TTHDITHEIT DHELEIZ
51/2" = 2 JERNICE AL N TS5 7 %3 ETHIET
BREINDRAATH >z, 7272, TO®RITE < BHILEIC
WIBF vy Ty VETEEICDOWTE, @, £5U
THEAIN TEMSHEEZRAE S 2 2880 - I,

BRI, 4 @ Operation Step No. 5725 No.9 OF
EZ72 %03, 51/2" r— 2 7ERNNS CT =2 T AITxt
LT 7 OfEEET A MOfEIEEEERT 272012,
ETRITIMICBY 22T RAICEA MERELTL
TOENZEWT 2, TDK%, LA MLEEREIZT
51/27, 95/8 O 2&E S — > T = MEETHEIAL, C7
Za T ADHERET A NOMHEBIEXERERT D, LD D
DTH5,

ZDEDIT, ZLORHEFEEZMNLDFTHTH > &M
5, SEOFHEIC CEIZTET 2 I SIFHEETF v L >
DT THBEEZ, WOTHY TIE¥XZHELETHZY
AR RT 2 ENTE DA TRYUELITHAL,

BB, 51/2" 5= 2 TENNS DIEEITEL S B&C 7
Za T ZAOSCPHMIEICIE, Mich, fAEE > a>3
1) > 77 % Perforate, Wash & Cement (PWC) 72 &, KDO»
DOHFEMEZSNZM, OB&C 7 =2 ADFEHEYPRMN
MARHATH IR TIIEITIEDOH ZFTH 2L TS Z L3k
LWZ &, BXUQARRINTH oG, w2y JEE
EHBILYIHFES AR R D ENTERNI LN HIE

&1 B-CYZa7 ADFHEEHE EHAY

v ar FHMIEE - B

B7=a252%A - EMIRMIIE S 72 P87k O [E 53 BRI D 3, Isolation Scanner 12 & % &R, HRIA,
[ (A AH DA 1 i 78
*B7Za7 A0 AL NREBEEZEDNY T REREOIEITHIA,
CEME (R RV U R) O/ R T4 27 IRMIZE o T, Perf & Test iZ
LBMREENY 7 &L TORRIERREE DL H #it,

C7=a5 2R CRADNHIE Yy RV Y RBREICK DR T 1 > T i,
< FBYINY Y OFREFEERE, BIOSCP ORI DIAA, 72 EITFIH,
- & ZHORAEREN BRI KBEN S —)IVIERE) 12BD 2 87 O,
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B ETEHE

. Time Estimation
No. | Operation Steps
Day Cumm.
1 [Tree removal & BOP installation 2.5 2.5
2 |Tubing recovery 2.8 5.3
3 |Log B & C annulus contents 2.2 7.4
4 | Abandon Shiiya formation 1.3 8.7
5 |Cement B annulus No.1 2.8 11.5
6 [Annulus seal integrity check (below Nishiyama L15) 3.0 14.6
7 |Abandon below Nishiyama L15 1.5 16.1
8 [Cement B annulus No.2 1.5 17.6
9 [Kill C annulus & abandon Nishiyama uppers 5.2 22.8
10 |5-1/2” production casing recovery 1.2 24.0
11 |(Option) Recover 9-5/8” casing 1.0 25.1
12 [Surface cement plug & wellhead removal 2.6 27.6
STEMRIOSE @

1) BIEERRD. XNV P 2R TEBEETFIRZER
2) UJVEEERU/GTHY A ROVE]EE
3) RIER. FHIRRAERTT

= &M, HYFvL OIS IRFIRN BB

O B&CPZ15ADZLMEIBE (GERFHHETE)

= YIARYRER#EL. TBG spool/BOPRICS — MULT (TIVRT ) %88
O B&C7Z15ADFEIEYIRIREFT

= EPILOGUE. Dual-string Barrier Evaluation®3Ejt (SLB#t)

Suspect 9-5/8" casing
hanger seals damage

V727

Xmas tree: 2-1/16" 5K

TubingSpool
/16" SKx 11" 3¢

aaaaaa

inghead:
13-5/8" 3K x CSG threads.

7 %

4 BEYIRHHEIREE

TNz, SEOBESIEEICHDTRAZ ik 2.
4. F¥RERE

SHEEB O DO HIETOREYL &3 S 7aho F= N EREIC
TYUTEEERK TT DI ENTER, RETIIEBOFE
TERIRMEZ R ONAN T 20, BYUNY 7 O EEEICk
AU CREMZ IR E RS Lz 2 &0, BEVTERT O
EAEIZRKNTHEND Z Lo Tz,

41 1 =

#1128 H @ {E 3% 5 Wi (Technical limit, no contingency
included) 1ZxfL, ZEHE59 H &A500 EORERD#H2 - 7=
MY T EMERALZENMEEZREICKRTTHIENTE
2o HEHEEORINE, MR TTHRT 2 5HER IS R
IR 22 ENTERNDRZEZAIZHD, ZDHER,
ENREBERET PN/ TH 5,

512 7% U 7= 31 Wi & % #f @ Operation Outline & Well
Barrier Schematic ® &350, FEOD LH/)N\N—I12Kk9 2 FETT
IND 7 ORREFEE, BRORELHENGHE ST E < B
5bDICEoz, TOM, BREZATY T THE2Y—7x
AEAY BT ST OREITHID, EEL Tz 95/8”
= RN OBEE36~45mTI Y > 7 LRI,
133/8" =T 2 A= T b —ICHI > TLE-
LT, REAAMHTINITIRAT 2 b7 7T s b/,

DIF, 4HORV{EETROELESRRA > N THo
B&C 7 =2 S ADIRMABE X T, BRI FEIVIRIIC
DNTEBEOTHIRIN 2L X THMNT S (Operation Step
No.1-3and 12, X 5),

At 89 & 55 (2024)

4.2 Tree removal & BOP installation

BOIRTH, SEOFETIES1/2” 75— > TERNM
SOMERICKD, —BNMIOCT 2T AZIENY =R
ETBHB&E 7= 2T ADSCP #METERITIUL, &K
BT a—EX TN =2 L TE5Y/2" r—2 27
Z %35 Z & (Operation Step No. 10, [ 4) 73T &7
W, ZOBAIF TIEEETHEI 2285 0WEE
AT\,

ZDkD, U ITEENE - YIS ARD RERD T —R
IZfEA T, BOPAY v ZEDIL Dz D AT ZF)VIN
V7 ELT, 71/16” 5 KD 7 I)VAR T & — NV 7 % BOP
AE 7 EFa—ETZT =)V ORI 11372 (46),

4.3 Tubing recovery

HERBEIZHTZ T4 U =NUT7DEEK, BXO
B&C 7 Z a2 5 A O FREWRMFAE I D 72D, 2-3/8”
Fa—E TR 70y a )Ny h—EENSEIT S
WEMNH STz, HEAAHTOBEDEYT - IETORR
TlE, Fa—E Y - 5= 27 EHITHAKEDFNE
Dizino iz (BALKFBIZL D ERUILEFEE), FE
452 m DHF A—=JIZDNWTIE, axrrahbdy >/
T RLTWBAREEAE W EE X, L, EBEOIR
VI FREEITEZD, BLWERICKXOFREEICTTF 12—
E 2 TERBRTIN TN,

BREE 160 m ARICTE A L v RICIEEIERE N,
200m AEN S I3 F 2 —E VERICOBZHOE >R —
IWMBOHFIZIEINBZDDREZIOHDDBH > U X6
cm), 78PB, WKL, HE4A2m NRbBE<S, ENL
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5HE vs Efa:
StiE27.68(C L. =4&59.0H,

O FAFRRZIERCIEETETESY . AENASREES HOZE
MBEICBOf, 7

O LY\ (fEsE/mELE) AP E>EIEhT .
2R ABRIEICT, 13-3/8" Y-J125 3> OAMANBIRAIC
AN A2 Te ORI 2B NN,

= VJLAFREICTMER T (2024858K)

Topcap:
54 ACME X 7-1/16" 5K

Surfac

Top of /P No.d @227m
95/8" C56 et @310m

Cement @344-40m (CETT

Plan Actual

No. | Operation Steps
Day |[Cumm.| Day [Cumm.

Nishiyama (L11): 592-609m

1 |Tree removal & BOP installation 2.5 2.5 2.0 2.0 -
2 |Tubing recovery 2.8 5.3 6.2 8.2 Toc @725m (Bl

3 |Log B & C annulus contents 2.2 7.4 5.4 13.6,

4 | Abandon Shiiya formation 1.3 8.7 1.4 15.0

5 [Cement B annulus No.1 16.5

FIT: L7IEMW @1004m
NK3%a.

Nishiyama (L151): 10111211 m

9:5/8°S/C @1229m

10 |5-1/2” production casing recovery 1.2 240 23| 36.0

Kill C annulus & Abandon Nishiyama Upper 9.4| 454 110G @24856m (CBX)
11 | (Option) Recover 9-5/8” casing 1.0| 251 48| 502 N B Bes B\ Bl | [ Topofc/pros@iseim
12 |Surface cement plug & wellhead removal 26| 27.6 8.8[ 59.0] . ewsissm 51/2 AH packer @1625m i i

51/2"B/P ©1635m. 51/2"B/P ©1695m.

51/2° Ri packer @1703m

Shilya (G-)) @1673-1803m
5:1/2"Shoe @1798m

5 FHH vs SEAEME T

T, S LEORESIZRRD, FBFmICEaEN
HEITLTNWEEZAEHZ2BOO, HEARMITIZSE - N
EBHITEBOEEIZIFETE oz (K7,

4.4 Log B&C annulus contents

SrlEl, AYiH AR EIIRE TR T 572912, &
HEEBEH(EZT Y T THo7B&&C T =2 T ADFHEY)
RIFEM 21T, SLB #hDR#it A > bR > R g —
E Z T & % Epilogue Dual-String Barrier Evaluation % f& Jf]
THZ LIl

Z DFHEEAGE, 2 E THEAMIZIZ Single-string TL
2 iis (R PIICE A7t A Y MR EICE B R F 1 > IR
6 71/16° F— kLT IZDWNWT, FRFCHEIE L7230 - kMg cLs7—%
EERHFTOTIVIY XL THENTT % Z &2 X U Dual-string
DR>T A 2 TFHENTEZHDOTH D, HFiRM - HIE
F—4 FEIZ L 5 TlE, NORSOK D-010 12 & 2 fd 4 Gk
Bisk 2/~ 97, Azimuthal/segmented 7278 > 5 « > 7 ZAf
ETHRERDHDTHS (M8,

PUF, FEBEOHIHRN E B&C 7 = 2 5 2 O F PRI
FHAEREZFEN T 5, FHETLIHRNERELTUL, oF T
TE¥EEIEIZH -0 IR Z EMICIBETE TB S I1E¥
Figt e KIgICEE T D20 ENAECEZ &, KRR, ‘el
EKhid 52 ENTE=FHa ORI AL D FEMNIR
S5NTVEZDTHD, ZOREIZITGEWVTIHEHDOD,
ZOMDOREITECOEMGHICHBTL2HDTHD EWN
A5,

1) HmiAHKR

OF > 7EMICHZD, EHERZERT 2 X< 51/27

7 Fa—E2 7 DIREE@ 452 m
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Deep-array multimode sonic measurement

Transmitter system
(monopole, cross-dipole)

Axial and azimuthal receiver arrays

Multimodality ultrasonic measurement

Formation

B-annulus

A-annulus (liquid)

Inner tubing or casing

Outer casing

360° scanning

8 Epilogue Dual-String Barrier Evaluation (SLB #7017k —+)1)

= TERNICT)w T I 7 EFRELRE, LML

1000 psi TOJETI 7 A MTHRIML, ZTOHBIEML 7z —H D
KMHEDORR, MW—EZEHEL TWE51/2" 7 —
DT I RO—= IO EBITIIEREFTIC) — 7 b >
T2l ENVHBAL 7=,

® 512 5= 2 INH=— =)

T 2N —ENSKE@NFEEL TND D
R

@ 5120—->>9:

U — 7 EEEARH, EEERTY —2 L TWw2 ke
a0,

INSDOY—=TIZENT A MIXODEL =R g H
5HDDOREIUWEXRNSHEL TWebDTh D EHEHIS
N5,

WROSEZHDZDFIVA N > 7 2B LIERFATR
ZEM, SR RBAKCIOIMEZINODY —Z )XZAAD
OZ2EES7ZH0D, KRELTODOY =T )X M5
B&CT7 =2 T XD HADTINITIRAL TWHIRETH D
OF > TEEERBEDZDIE DI EHHANTIVE LD
ENGR AN VAT AN NNl A

2) FTEEE

FTEBKE 7 22 T AOREWIRMEFEL, TOHE
Ra5EIZSCP ORA G iEERET HFHTH>72HD
D, EBIZIIMEHEEEZEBEL TWES/2"r—2 >
JI2NRO—=TZHEBEO)—INbD, HEERELTRD
AHETEENEL, (EEUVA7DOEWB&C T =25 AD
SCPMIEZ#SEMR TERITIUL, BEYiIfEEzPILeS5%
SIS VVIRIE I T2 D 72,

M EIT AR RN Mmoo 2 EHH D, HED
Ja—TJUr—2 a3 ickdSCPHMIIEZ NI4T DT &
WHERE S EBEE Uz, 7272, AT O X S 2/E¥E EOlR
OARMEEEEZND > =72, SCP HJEIZHD THEHETH A
S EHEHIE N7z,

cCT7ZadADONYTILRNO—=TEFTA—TU3 8

g 895 55 (2024)

Wz, by REFOYILES % 5.5 MPa f2EIZHl
R 20ENHD D &,
*cB&CT7ZaTREBENETY—RFTTTHIEN
TERWI &,
cCTZaTARBEAINZFHMAHOE A FDF
Fo MEDLR—FDOHIZIE, TOEAL MDD,
FHZTHTINAY RTERNnELHZINTVLEHDD
HoT,

« B&C 7 =2 7 ADQIESERITNA, TOEND51/2
BRNIZHEREL TV T &,

UL, 20X FRIIKL, EEIZIZIB& 7=
FTAEBHPRKTHEMT DI ENTER, BAKDY 2—T1
T—2a VIZKORLZIZIETINTND, 1EEMANS 3 H
HIZB&C 7 =25 ADIENN 1.8 MPa £ T Fhio/z&
BTN H—=2=IVInS D HZIN T IV I £ 5 &
21720, LI, EHICB&C 7 Z a5 ADHAZTY —
RA 792 ETHRANDHTARADNK I 50T & 2T
BTER, ZOWRFATSIB 25 0F > ZE¥O R Al
NH7z72%, B&C 7 =2 5 A QO FEWIRMAEICHE AL
(39,

3) B&C 7 =215 ADFIEWIR LM

OF > ZERIIMER AL—XE T Lz, oFhs
WEIEEICE < OBHRNE SN, LIS BEYITEE D REIC
FELEDITTHEH, ABTIIZTONOHThd2H
BOVAL MR EWLDRT 1 2 7RG &, &)
T2 A O BEYURIL 2 ST 2 /= IS M E R R o —
HRIZDWTHNT 5,

® C(9-5/8" X 13-3/8") 7ZaSRADKRYT 1Y

R

JEHIRFICHUS U7z CBL &4 RO R > T 1 > 78R
L, £7, M10DtEZI 3 >@QI2DN0T,
JHHIRE D CBL THHRH REFIRR > T 1 > 7 DR
TX/=00, %A 1229 m @ 9-5/8” Stage Collar (S/C)
MOEE25m BV ETHo7=0ITHL, FElT



W FfR - HIR wEME - BT

@1004m

1011-1211m

| i |

BANT WERR

Toc@72s Toc@72s

1011-1211m

9:5/8"s/C 9:5/8"5/C

Toc @146

Toc @158
S1/2°RH

=
= e

9 B&C 7 =25 A®D SCPMIEIEH

Step-3: Log B & C annulus contents

@ #RRE1450-1600m:

19734
20244:

TOC@1465m (CBLD#)
(F(F—2, TOC1450m. 1475mElZR(ZHigh Bonding,

@ EE750-1400m:

19734

20244

9-5/8" S/C (@1229m) fHEN5725mFT (CBLOFH)

9-5/8" S/CLURE. 1st stage cement®TOC@1465mETIEZ

T4,
750-1400mZFTHigh Bonding
= 9-5/8" S/CRLRIZ, HE/IYRYUYRTIRIT1 oI e8E

® FE350-500m:

19734%: EHIEE. R7-135R(C150sxDEXY MEEA (GEHIARER)
20244: 13-3/8"Y1— (@352m) BUETRIFT1oIENT W,
FEE500m&BEDFETModerate Bonding&E¥fi.
= QEFHRICHIE/NSA PTROT1o D& EEBDNS.
@ FE0-350m:
1973%:  #EHIF. @7Z135R(C150sxDEA> MEEA (GHHlANER)

20244F: XRE#FFELTIELow Bonding, 9-5/8” CSGOEIUR@310m s
EEIEEELRDNE (RE, Fia. ROF12JENTWBERFBD) .

A - 8 M- = ikt

305

9-5/8” S/C LA T ® HE 1400 m & 7= U % T High
Bonding Tdh % EiHlic Nz, FRXEDIRAEDLT v
RYUy RIRETR T4 7 MBEEEINZED
Th b, FEkIC, 133/8" =T A 75— 27
Ta—MMHERESNOmHZD ETORKI0DEY
2ar@IzonTiE, bEbE, A RINTK
LRETIRBWHOD, BIERZR T 73NT
WBZENGhoTz, TORT T a il THHE
iz, lBEe~xy BV Uy RIRERTR> T 27
INE I EMNRERTER (K 10),
AEOREHEETIE, EBEONY 7 EREREPKRE
FHIEMEHE &3 D RIZ 2 H DI 12hITTdHh
L, TOHMIZ RO EB DR & BIR T
KT a0 2 TRADES 27O Tholz, THUL,
A ZHDEAEISET S HEENH D, Rk
WEEBHITR T4 o TNREIND ZEDHIRET
EDHENDZETHY, BEYIEZDIFEROTIHAE
KO RELICET 2 IEHWITH AR A AAER T
7=,

BB, HFEHZICRS T > T RMRTEZXM
IZDWNTIEt A > FESL @ Alternative Material 12 &
5HDTHDHAREMENE WD, FNSXKEON,
FEGUNY 7 ORSRE R L1255 DWW TiE, OEUK
Well Decommissioning Guideline (2 (D &, O /4/ T
friE Z MR L 7= 2 &2 A Perforate & Test & % fi
LTHENT—IVEREZ MR L T (Alternative

2

1
e |
ki, BB

5 &l 3 B

Toc @725
=

@100am

@

-
1011-1211m

9-5/8"8/C

-1396m

‘@
ToC @158 {

e@1611m

K10 2EEDERAY MREICKDR T 1 > 7 IR
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Material/Annular Barrier) ,

Single-string TO O 7 H IS LGSR Z i L 72,
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A b2 &) 12T, Epilogue iCk 3 2EEDR > JETH D ENMHRTET-,

T T HEDMERE TE S O KGEE 2T > 72D THE BB, ZOFIHITTHENME L 7= Epilogue Dual-String

BT THNT 5, Barrier Evaluation 784 TORHIDr — A E7xo 7=

VEEE, &0 AHTEARTIHOMIZEMTIHZ (X 11,

HI1IABEFILTHBO, WIEENS > 7L T BEIERE

Hol=FD 1 AHDOHHITHBWT, Dual-string FE{f 48] @ Epilogue Dual-String Barrier Evaluation 1213,

EHoERMICTA > F—r—3 > 7 %2EILT T IR 1 Sonic Scanner % 83 % #: J& 12 Isolation
13-3/8” Annulus (Dual-String)
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(Epilogue Results, SLB)
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T
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(Epilogue Results, SLB)
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G2 89%& 5% (2024)
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Step-12: Surface cement plug & Wellhead removal

O 9-5/8"5—>>%JEIR
© RE36-47mTIU I EIE

O REHADAA :
- 13-3/8"RAOEBNT
> T1933XFAMIT, RE36-44.5mICar B EHERR.
- RENNEC FTRICEMI BN R,

= VILAHIETBEL. VIERERT (HIETHEY)

RRBEANEER I

{e
\s
\

Top of damage
between 36-44.5m

e
BTy

o
TS

WellLock Resin / HALLIBURTON

13 REHAWAL T T

Scanner Zffi [l L7201 7243, REEIT TRAK 2 A
JiH O BESTIRI 2 7T 5 728, Isolation Scanner
TR LB (51/27 X 95/8") 7 =25 ADIKM
IZDOWTH, 2O—-fafndsd (M12),
traa (FEEO~25m) ITT51/2” X 95/8”
7 Z a7 ADREWRIANIEE ITEMEIT RS T
%, ZOFRKAIEZE, B& 7Y =27 XD SCP#IED
FOWEBLZY) 2 —TUr—a > (J/KIEE:
138 ~151sg) DETHAD EEAZLN, L
ML, 7 arb (FEE36~45m) IZDOWT
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512" r—2 2 0MW1 2 aA > MERIZERL TY
5D TN EHERIE N,

LoLl, #H, RRMICTS1/2" 45— > 7 Tlik
5L, 95/8" =M1V aA r NERIDEE
LTHD, 51/2" 75— > JITHEL TW e Z EME
HNTHhHo=EHLENTIED T,

4.5 Surface cement plug & wellhead removal

REDIEHEAT Y TEBEY—T 2 AVA N T TD
BEIZDNWTHNT 5.

w, OB DD, FFHEA T S (ML
2o7bDD, B&C 7 =2 T X OFSHEYPIRI A O K
EHEICLYN— (HERE - PEILE) [T 2N T
DHRBEETERTDHIEMTER, LL, RECY—Tx
AVAL NI T RBBETIRIERT TE0nHEZA

T, ¥LTHMENRET D EITR> T,

Y—T AV AL NTSTOHRBEDD 95/8" 77—
U BENNT BRI, HEE36~45m TTEBL Ty
A bDIYTHIC133/8 =T T AT =32 T H—
FICHIDTLED 2 &ITh D, Z0EmM 5 EREH AN
NIZHEAT D Z &iZieo 7,

95/8" r— > BN L%, JEAT A MIT 133/8”
Y—T A= OOy TIXEE 36 ~ 445
miZH 2 ENERTER, TDRD, =T At
A2 NI I TRIKES —FEICHER L XS5 &Lz, B
HEREEMIEFICEK <, A ML 2B OHIEE
a2 z2@5 ZENRETHD, EEAANY—T 2
YA NT ST ERTITLUES 2,

C OB TR ONOFFICL 0 U FEEOHKR I HIFEA
HURD, VIEEEKRTTHIEITRE L, 1B,
LROFADBK I e =T 2 A A N TFTICDNT
&, #%H, WellLock® Resin (HALLIBURTON) % f#ifHL T
WEHEMEEEZZE T Lz, —EHOYFRN 2K 131TRT

WellLock® Resin iIC D W T H AR THH L = HEA D7 —
A&7,

5. ¥ & ®

EHPIHEZESR TSI E0—FOHL X1, +osbidt
MR N=0, EYUNIEEGIHE A REL, EERTOH
BETHZENNETHDZ EFERHBLTNDA, SHE

J. Japanese Assoc. Petrol. Technol. Vol. 89, No. 5 (2024)



308 A ZHITB T % BMGUIF D BETUEESEFIRE ST

DBV — A TIRIFICFDMPICE L S hid > 7=,
AT, FRCEMBFRIESE TR WA ARENTOESE
EIZHT=> TlE, HEET—E R - BEMITEANICIT
FHRNCEL TB<BENHDHO0, HFiiHEHA Lk
HTDAME - FREFEZ2ETHN=T BT OEMD
P—ER - BEMERMFEL THB 2 &F, BHARN»S
WEMTIIRL, EZEXTEFRLTBLDONEVND HIZD
WTHELWERZBESNS,
LSEIOBEYHEGZ D &1, WNTHIHOREMED &K OME
VREENL— R TIIBSBWEIERBERZNAS Z
EMTEDIPNGHROBETH 5,

B

IR OERS (ERFE) 121E, WEEEEEN/ZLELE
MR AHDRETUEREZFITICE KRB IHhz2ESEL
oo WO TESHILEL EITET,
CIATA LIV ZT Y IR A

S = W= ) 2 B

- RSt BRI > YL S > b

s TNV Y kA

- M ER PR FE R Ut

T NUN—=F> e F—=N—=> =X UIFv R

g 895 55 (2024)

50 B X M

NORSOK, 2021: Well integrity in drilling and well operations,
D-010:2021.

Norwegian Oil and Gas Association, 2017: NORWEGIAN OIL
AND GAS RECOMMENDED GUIDELINE FOR WELL
INTEGRITY, No.117 Rev.6.

Offshore Energies UK, 2022: Well Decommissioning
Guidelines, Issue 7.

Offshore Energies UK, 2022: Use of Barrier Material in Well
Decommissioning Guidelines, Issue 3.

American Petroleum Institute, 2021: Annular Casing Pressure
Management for Offshore Wells, APl RECOMMENDED
PRACTICE 90-1 SECOND EDITION.

American Petroleum Institute, 2016: Annular Casing Pressure
Management for Onshore Wells, APl RECOMMENDED
PRACTICE 90-2 FIRST EDITION.



Al R 0 89% W5

309

(R 649 H) 309 H

Journal of the Japanese Association for Petroleum Technology
Vol. 89, No. 5 (Sept., 2024) pp. 309

&

4

RIS RO A"
[GiHHAN# OBk - Zhk7a T 3L F— ks EFppi rlae7a b2 O T AT T

Drilling Conference and Symposium

Discussion on “The Challenge of Well Engineers Towards Diverse Energy Supply and Sustainable Society”
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Miocene calcareous nannofossil and diatom biostratigraphies
of the eastern Hokkaido and offshore Yufutsu, Japan

Chikara Hiramatsu

Abstract :  Calcareous nannofossil shows sporadic occurrence from the Miocene formations in Hokkaido, possibly
due to its nature province mainly in the pelagic ocean in a low latitude. Despite the rare occurrence, it is significant data
to assign the fossil zones and designate the accurate geologic age for the deeper formations under the ground where the
index fossil diatoms for the Miocene are dissolved by the diagenesis for the silica mineral phase transition. This report
indicates the useful calcareous nannofossil biostratigraphy of the Miocene distributing deeper portion of subsurface in
eastern to southern Hokkaido.

Calcareous nannofossil assemblage interpreted as being in CN3 (Okada and Bukry, 1980), with NPD3A (Yanagisawa
and Akiba, 1998) diatom assemblage is found from the Well-A located in the Nemuro area, eastern Hokkaido. The
calcareous nannofossil assemblage is characterized by associating Helicosphaera scissura but missing Sphenolithus
heteromorphus and Discoaster species.

Calcareous nannofossil Catinaster coalitus ranging for the CN6-8a zones occurs from the outcrops of the Chokubetsu
Formation in the Ishiizawa section in the Atsunai area, 130km southwest direction from Nemuro. Its occurrence from
Hokkaido is the first discovery. The same samples are assigned to NPD5C of diatom zone. The occurrence shows the
province of C. coalitus expanded to the Atsunai area during early Late Miocene.

The boundary of Major interval F and E defined by Young (1998) where coccolith size of genus Reticulofenestra
drastically becomes smaller to upwards is recognized in the Well-B situated offshore Yufutsu. Discoaster quinqueramus is
found from the interval E of the Well-B and the outcrops of the Nina Formation in the Biratori area (Okada, 1981).

The occurrences during the CN3-4, CN6-8a, Major interval F and E and CN9 are considered to relate with the
intermittent warm water current reaching Hokkaido for a short period in Miocene.

Keywords : calcareous nannofossil, diatom, biostratigraphy, Miocene, Hokkaido, CN3-4, Catinaster coalitus,
Major interval E and F, CN9
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“ Ishiizawa section
(Fig.3)

200 km

Fig. 1 Locality map of the Well-A, the Ishiizawa section
and the Well-B
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(Fig. 2), ZD5 BEE 604 m, 617.9 m, 620.9 m, 633 m D 4
BN S BRI D Crucidenticula kanayae 45 (NPD3A)
78 W 3 X 7= (Table 1, Fig. 9(6)). Kisseleviella carina,
Paralia sulcata, Stephanopxis J&73 E, HEiEEREZRT ()
R, 1996) BHEENAETH 2, 4ilBHT X THhHS(bAHER

/N
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IZHZh7s C. kanayae 3 X U Crucidenticula ikebei 1335 1Y
IZ i & 41, Yanagisawa and Akiba (1998) @ C. kanayae
HICEREEI N, TOEMRIFZFHFHHTDH 5, HE 633 m
K OENFHED S DEEEALA DM HIEERD 51 7a,

2.2 AIREF >V /L REE

T 604m ~ 633 m XE D 4Bt D 5 5, HE 604 m

Table 1 Diatom occurrence chart of the Well-A

Diatom Zone (NPD) 3A 3A 3A 3A
(o3} (o3}
Sample Depth (m) <« =~ o o
3T 5 L 8
Abundance C C C C
Preservation M M M M
Marine Diatoms
Actinocyclus ingens Rattray 3 1 2 1
A. sp. 1
Actinoptychus senarius (Ehr.) Ehr. 2 2 5
A. Spp. 1 2 2 +
Arachnoidiscus sp. +
Cavitatus jouseanus (Sheshukova) Williams 2 + 1
Q C. miocenica (Schrader) Akiba et Yanagisawa 1 +
[ .
) Cocconeis costata Gregory 2 1 1 +
bob C scutellum Ehr. +
O (4= 604m C Spp. 2 11
= ~CN4, Coscinodiscus marginatus Ehr. 4 5 5 3
NPD3A C. Spp. 4 15 13 14
Crucidenticula tkebei Akiba and Yanagisawa 2 1 2 1
C. kanayae Akiba and Yanagisawa 20 8 11 11
Delphineis Spp. 1 3 3
Grammatophora Spp. 3 1
_' _' Hemiaulus cf. polymorphus Grun. +
5o : H. sp. +
i g 3 ITkebea tenuis (Brun) Akiba + + 1
E: 8 :: Kisseleviella carina Sheshukova 21 2 3 3
5 S :: K sp.A 1 1
iz 0 :: Medialia splendida Sheshukova +
i (&) : Navicula spp. 1
E: o :: Paralia sulcata (Ehr.) Cl. 2 25 26 12
E: % :: Pyxilla gracilis Temp. and Forti + + +
E: ) :: Rhaphoneis amphiceros Ehr. 2
o v R. miocenica Schrader +
; Stellarima microtrias (Ehr.) Hasle and Sims. 2 4 2 1
Stephanopyxis Spp. 18 20 21 37
Thalassionema nitzschioides (Grun.) H. and M. Perag. 6 4 2 7
Thalassiosira Spp. 1
Thalassiothrix longissima Cleve and Grunow 1 1 1
Fi . Triceratium condecorum Bright. 1
ig. 2 Geologic column . . .
of the Well-A and Trochosz.m ' spinosa Kitton 1 1 + +
occurrence point Nonmarine Diatoms
of calcareous Aulacoseira granulata (Ehr.) Simonsens. 1. 3 2
nannofossil. Diatom Total number of diatoms counted 100 100 100 100
zone (NPD3A) Resting spores of Chaetoceros 67 23 26 30

indicate late Early
Miocene around 604
m in depth.

Abundance (A : Abundant, C : Common, F : Few, R : Rare, VR : Very Rare)
Preservation (G : Good, M : Moderate, P : Poor, VP : Very Poor)

J. Japanese Assoc. Petrol. Technol. Vol. 89, No. 5 (2024)




314 JEHRHE RS K VBT BT RO EIKE I > /b a8 & EE b a =)

Table 2 Calcareous nannofossil occurrence chart of the Well-A and the Ishiizawa section

Ishiizawa
S| 8

| |§|%
Well name and locality number g é é

g

=y q 8
GPS No., depth (m) © — |
Nanno zone (CN-) ~4 6-8a | 6-8a
Abundance C cC|C
Preservation M-P M| M
Braarudosphaera bigelowii (Gran and Braarud) Deflandre + - -
Calcidiscus macintyrei (Bukry and Bramlette) Loeblich and Tappan - F|F
Catinaster coalitus Martini and Bramlette - F|F
Coccolithus pelagicus (Wallich) Schiller A C
Cyclicargolithus floridanus (Roth and Hay) Bukry F -
Dictyococcites antarcticus Haq F F
D. productus (Kamptner) Backman - -
Discoaster cf. bellus Bukry and Percival F
D. variabilis Martini and Bramlette - F|F
D. spp. - F | F
Helicosphaera scissura Miller C -
Pontosphaera multipora (Kamptner) Roth + - -
Reticulofenestra gelida (Geitzenauer) Backman (5-7 /tm) - - A A
R. gelida (Geitzenauer) Backman (>7.0 zm) - - A A
R. haqii Backman C
R. minuta Roth C
R. minutula (Gartner) Haq and Berggren C
R. pseudoumbilicus (Gartner) Gartner ( 5-7 ;£m) - -] C|A
R. pseudoumbilicus (Gartner) Gartner (>7.0 £m) - - A A
R. spp. (smal<5 /tm) D

Abundance (A :Abundant, C: Common, F : Few, R : Rare, VR : Very Rare, B : Barren )
Preservation (VG : Very Good, G : Good, M : Moderate, P : Poor, VP : Very Poor )

Relative abundance of species

(D : Dominant (>50%), A : Abundant (10% -50%), C : Common (1 % -10%), F : Few (<1 %))

KBS > /b G DERNED SN, BENEIT/N
D Retzculafenestm spp. (smal) 7Y80% Ll k7% 58 % B
IREEEEINA T, T 3UT Coccolithus pelagicus, Helicosphaera
scissura Z1£> (Table 2, Fig. 9(2) and (3)).

ABEEN 513 CN3 D LR % B 9 % Helicosphaera
ampliaperta D T %7 T & 2 H. scissura D3 S N 5.,
AFEOPEH FEDH CN3H D FE & S (Perch-Nielsen,
1985; Young, 1998), f&ikiEh (1991 T H. ampliaperta
& H. scissura M O HREHEIZFRC TH O, ZOFH
% NN4/NNS SR & L TWab, Zizxtl, dERIEFE
BF % Helicosphaera J& @ 3 ) J& 4 % W 9% U 7= Boesiger
etal. (2017) \C& B &, H. scissura O I8 JE HEIE NN5
(CN4 77, 14.022Ma) T, HiBIEY%EIZ NN2 4% (CNlc 7
20350 Ma) IZHDEINTNWS, RIBFICEDEMHMRT S
&, VEFE 604 m Ol kBHE CN3 4 ERR & 0 FALICH LS N
b, BEORFICHE D &, HE 604 m OitEHE CN4 #F
-CN1c H D& (FF A i~ B g g i) 1ot b
INBDZ LD, WThITL A, AREF > /J{baks

A e 89555 (2024)

DA T AmRE IR ER DR LD, FRLAEXSD
12, BEEbad X455 O NPDSAHICREI NS Z &5,
i ORI (EliEditns, 2013) ITED< &,
AEEL Okada and Bukry (1980) @ CN3 fHiICE b &
g E N5, LL, Okada and Bukry (1980) @ CN3-4
RO B Sphenolithus heteromorphus 13 % > 7= < ¥
HEn<, UN®H Discoaster J&DFEH HFED 53RN,
LMo T, AIREF > 7L aREED A TIL CN34 7 &
WETDZEFTERW, 1R ClEd 20, HElah
O NPD3A #FIZAHY 3 2 AT g it OB SRIZ BT 2 A IKE
;2 MEAREO AR I N 2 LI, AEROERE
Wb 5,

3. ERthiiOBEREMNSEL LZAIK
&> /1tFA Catinaster coalitus

3.1 BEHEHEREU S SR DRI
At i HERTHRRTJE N O P I ALIE S 2 A HIR D St
TFZELE, RREE - — /B8 (1983) TS LA RUEHE M VR
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Table 3 Calcareous nannofossil occurrence chart of the Well-B

g & & & E&
T
Nanno zone (CN-) NZ 9 8b9 8b9 6-8a 6-8a 6-8a 6-8a
Abundance VR F R R F VR F F
Preservation v P P P P VP P P
Calcidiscus leptoporus (Murray and Blackman) Loeblich and Tappan 3 1 2 1 1
C. macintyrei (Bukry and Bramlette) Loeblich and Tappan - 1 - 2 1 - - 2
Coccolithus pelagicus (Wallich) Schiller 1 16 30 12 11 12 40 30
Cyclicargolithus floridanus (Roth and Hay) Bukry + + + - - -
Dictyococcites antarcticus Haq 1 2 3 1 1 6
D. productus (Kamptner) Backman 1 4 25 32 1 4 + 4
Discoaster cf. bollii Martini and Bramlette - +
D. braarudii Bukry - - - +
D. quinqueramus Gartner 1 - - -
D. variabilis Martini and Bramlette 1 1 - - - - -
D. Spp. 1 -
Helicosphaera carteri (Wallich) Kamptner 1 - - 1 - 1 1
Reticulofenestra gelida (Geitzenauer) Backman (5-7 ;tm) 2 10 6 14 1 11 12
R. gelida (Geitzenauer) Backman (>7.0 .zm) 1 1 - 39 13 40 29
R. haqii Backman 4 21 7 1 5
R. minuta Roth 12 10 10 3 - - 2
R. minutula (Gartner) Haq and Berggren 7 5 8 3 - 1 -
R pseudoumbilicus (Gartner) Gartner (5-7 ;tm) -2 4 3 9 1 4 3
R pseudoumbilicus (Gartner) Gartner (>7.0 £m) - 1 - - 5 1 2 4
Sphenolithus abies Deflandre - 3 4 1 3 1 - 1
Total number of nannofossils counted 3 100 100 100 100 34 100 100

Abundance (A : Abundant, C : Common, F : Few, R : Rare, VR : Very Rare, B : Barren)

Preservation ( G : Good, M : Moderate, P : Poor, VP : Very Poor)

\ ff A110.1
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ﬂw? " .‘..\‘.\?L_“ i
'[N\ NN
. MIM 2005 s 1
) / L N
ufg A
\
T .as " oy
e \\\/ -
y GSI Web Map
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Fig. 3 Sample locality map of the Ishiizawa section
is from the digital geographic map by the
Geographical Survey Institute

+: present
NZ : not zoned

INTWTC, AEEHSPERL 72z MIM2005, MIM2006
WIRKEE - — B (1983) D AR79-471 ~ 477 O HiPH I HI 24
U, =OMEFERI BRI P a1 & NS Denticulopsis
hustedtii Zone @ Coscinodiscus yabei Subzone @ &N & E 3
(RZE - — /B, 1983), Thalassiosira yabei 4 (NPD5C #)
(Yanagisawa and Akiba, 1998) IZE8E I 1TV 5,

GHRMSEIE N7 2 5B (MIM2005, MIM2006)
WO AKEGF > /et I N (Fig. 3). 2ilkHT >
JVRETHO, fiH: (1961) 12Xk 2HEKED EF K71
HEOCE, EHITHENBEITET 5, 25En 5 OREHEE
IR EFEE CRIFREBIIFRETH 5, BENEICIDONT
WEAEKEF > /{baREHER (Table2) [TRL 7,

3.2 MIM 2005, MIM2006 7 5EH L7=AKE

aHE

Ml SRE T 2 A IKE T > /LA BEE DRI,
Reticulofenestra J& 2 8 5 &5 2 EIth b, &< I
Oy 33U ZDEREN7um %A % KB O Reticulofenestra
gelida <> Reticulofenestra pseudoumbilicus O FE HIBEE 73 5 W,
R. gelida \3EHEEHI TOHERTLRBFETHD B X
53T % (Perch-Nielsen, 1985) .

RALEHEN 5 AT, Reticulofenestra J&HS KT
SN ZICER T B 81T, A <BIE N5 EELN

>/
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FEEAEm & U THEE SN TR D, %k 9 5 Major interval
EBXUFHOEREINTNS (Young, 1998), Z DEE
513 Okada and Bukry (1980) @ CN8a/8b i D5 5124
fbansd, Lan->7T, WalkHI Major interval E B X T
CN8a #fitr @ FRK U Fzicxftbansg (Fig.4).

7=, WiakklD S Catinaster coalitus O FEH TR I N
7= (Fig. 9(5)), AfE @ Hi Bl 13 Okada and Bukry (1980)
DO CN6H#H DK ZETHET D, F£7z, Young (1998) T &
&, AFEOHIII NN HORE (CN6HHEEFL)
T, HHEANNIOHOFRICHDEL TS, LA>T,

Okada and Bukry Young (1998)

(1980) Major interval

o| CN8b F

S A

3 CN8a

§ CN7b Chokubetsu F.

Q E (Ishiizawa)

7| CN7a MIM2005, 2006
CN6 I

— CNbb D

Fig 4 Calcareous nannofossil zones of the samples
from the Ishiizawa section

MRl E BIC CN6 T E B, ZNX D EICERESI N5,
PLEORMECEREOFEIRD S, Wik Major interval E
B B 1iF CN6-8a #f (NN&-10 i) o i JH N Ikt b &,
TomEFEMRIIBMAP R EE L 5N 5 (Fig. 4,
Catinaster calyculus 3 & T Discoaster hamatus 7338 5 3
BNDT, CNTH LD EMTICIEHS LN ET RS
AHECH DA, T Tl QR AR S s
W E RN b AR IR Thish, DL EOEREF
ICHEDSE, mMaletE HITHEE - — /B (1983) DFREL
ENE, TabbERE (LH) Tk ns EEZS
na,

4. ZE1h;% Well-B T D Major interval F/E
HDER

— Iz, AIRE OYUHER E  RICHH E E e U 725
&, BEEEEs Sl L CTHRE S > /bnEERT S
r— 2130, BIA WellB (Fig. 1) 7» 513, HR
HEE L CHEENEDSNEDT, LN SIEICERT 5,

IHTCHEL 7= 20 Bl S B, 8tk (680 m, 760 m, 980
m, 1080 m, 1580 m, 1740 m, 1780 m, 1920 m) 7» 5 5 /K &
T eapmE Nz, EHEEIZIFEAEOHETH
TR, RERBIZEVWERICH 5, FEENRICDONT
1% Table 3 DAHIKEF > /b EEHRERIC, HIKES > /(b
GREFCHEIRICDWTII Fig. 5 1Tk &z, b, HEb

Sample dopth Well-B Calcareous nannofossil zone
{m) ?
120(m) -
B, i8 £8
8 23 a3
g—b & B i
=]
BE g 2 5
540 —p= m 23:?' .g
L i I D D s .
760 —p- O © O
— O @ @ © CN9
i e © —© —© O F
- A
1660 —po | 1050 o o ©® © © CN8b
1180 —pm 1180
=]
-5}
1380 —p E ~OMa
1500 —j= ';.;0
1500 - @ @ O O © O CNSa
1740 —- ©)
1780 —p= 8 © =~ 8 E
1920 - 1920 © ® O O O L —— (.:N.G-
(= o e E € £ -] o 4
22 22 3 4 3 & % E  @Abundamt  =10%
= E-3Ts] m o - -
ES Eo zm . ] » 5 s
s 3% fg 2 % 4o & £ OFew-Common 10%~1%
s %3 = £ 3 2 % 3
22 =@~ £E = 2 = .
g, 2 (< § = 3 £ Rare =1%
g~ = 5 . E 3 @ 2
w o S & o o b
2 2 3 s 8 @
] 2 =2 3 2 o
5 s T £ g
2 2 = @ a
5 5
@ x

Fig. 5 Calcareous nannofossil assemblage and its nannofossil zones from the Well-B located offshore Yufutsu

g 895 55 (2024)
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AFEKE S > /b aZERT 2 kN S 3B RERH
WIZEREHTH O, (LAHOREIITERN, #E 120 m
~ 680 m, 1180 m ~ 1500 m 3 & X 2000 m D FX k5 13
GIREF > baniz e A LB E T (Fig. 5, Table 3),
mbam (baWE~altha) EFEL,

4.1 FE 120 m ~ 680 m fi, EHEILE~EBILEH

(Barren-Rare)

T 2 K U 72 RN B W TI(b A ~ B b A gDy i
ETHTRO SNz, RXENEZD LEICHS T S, kL
BieEye B IbA OB EBON D AIRERF 22 <E
TWa,

4.2 RE 760 m ~ 108 m [ (Major Interval F [ZXLE)

AEBENSFIZERSumE D /NI 2/NE O
Reticulofenestra J& (R. haqii, R. minuta, R. minutula) 3 I N
Dictyococcites productus % F Kk & U, Coccolithus pelagicus
EESHENTED NS, (LAWREICEEREEL T
1d, ¥ 760 m 5 Discoaster quingueramus 73 H S 1
7o L7221 T, A{EHI Okada and Bukry (1980) @
CNO wIZREE SN, T OMEERIIBI PR R & &
AH6N 5, HEE 980 m ~ 1080 m [l 513 Bk U 7= #E1C
R. pseudoumbilicus (5-7 1tm), Sphenolithus abies % [ifi 9
LHENFEDS5NS, Young (1998) @ Major interval F 47
# %113 Okada and Bukry (1980) @ CN8b-11 #IZi¥E
N5, ULEMNST, D. quinqueramus DEHZEET 5 &,
P 760 m ~ 1080 m {3 Young (1998) @ Major interval F
5 T Okada and Bukry (1980) @ CN8b-9 ¥ o i
MIZHK L E N, Mg ERIIBNR RN C TIN5,

4.3 RE 1180 m~ 1500 m f, TERE/LEH (Barren),

R 2000 m

A DALAHNREE SN/ b AR ORI D E, T
DEAV A7 H1E Major Interval F/E B FUTH LS N 5, 728,
BINTHA U723 2000 m Otk s LG TH o7z,

4.4 RFE 1580 m~ 1920 m f5 (Major Interval E [Z%tEt)
KX SHENT 2 AKETF > /LA BE DRI,
Reticulofenestra & # & 5 & T2 EICH b, £ I
Ty aY ZDERNT7um A2 KEORGTE R gelida
(Perch-Nielsen, 1985) <> R. pseudoumbilicus O F& H#8 FE 73

&<, ZHUT Coccolithus pelagicus Z1E >,

TALEHEMN S EALIT A DY, Reticulofenestra J& 73 K
BN S /NN 2T 2 JgHE (O JJ ZDERNT
um X 0 KE N Reticulofenestra J&DHIKIEHE) 13, JA<B
RSN 5B/ LEMER & U TR INTH D, Major
interval EB XU FHOER EIN, TOHFEMRMIZHI
Ma Td % (Young, 1998), Z @ ¥% 513 Okada and Bukry
(1980) @ CN8a/8b M4y DEELFICHH Y 9 5 (Fig. 5, L
MLOEHE (B 760 m ~ 1080 m ff) THRH I N/ KB D
Reticulofenestra JTE DK EDHEEFZE T 2 L, AXMD Lk
FR 13 Major interval E 35 & OF CN8a i+ @ LR & U FALIC
sz,

A X M DD 513 Coccolithus miopelagicus 73 F > 7=
<kt E iz, JERELEIZBT D C miopelagicus D ¥

11 317

U8 8 UE 1, Martini (1971) @ NN7 & -NN8 &5 [#] (CN5b-
CN6#7) ITfriE L, ZDFEEIX 1023 Ma 2N TW 5
(Takayama and Sato, 1987), 7z, H A gl # JbHE Iz
BT C. miopelagicus DIk JE 413 CN5 7 -CN8 47 D i
PIRNICHEET D EE AN TS CERIER, 1997),
512, Young (1998) 2Kk % &, AFEDHWIL NN7 & Lk
FR (CN5 7 & CN6 DS B DI 6N T, dt
38 B ERHE IS BT D C. miopelagicus O FE H & B 13 B e
TR0V, UEORREESRYT 5 E, AEOEH FRIZ
FIF CN5 H#i & CN6 HOEFRICBRE SN D, RXEN S
C. miopelagicus DNE > 7= <M S NZNWDT, CN6HZEH
O, FTNXO EMLOLARICRE S ND TR m Y, L
72> T, XML Major interval E & % W13 CN6-8a Hr D
HIPHNIZR LI N, 2 OB FERII IR F il &5 2
5N %, L, GHRTHRIBENE C coalitus DX 573
fREEABREINAENDT, RBEI N/ baHOEEE R
K<, AXMEO FROFERIZDNTIEIAREEENE S,

bEofbamiEicko & FHELGH (FRE
1180 m ~ 1500 m [¥]) D J&¥E|Z Major interval E % & F ¥
BEF, & %W IE CN8a Hif & 8b BiiF R MMET 5 &%
AH50N, IMafiBOFEANEAS5NS (Fig. 5.

5. B8 —1t/BERA Well-A ~FEE B 1L+
Well-B [CH (T 5 HHHEDOAIKES >/
LR &% -

NSN3 &2 LT CWREBFEET 50, GIRE
FMCA R TS b E L TOERYRE, 204
BRI ICH 502 <, LarbelTo%
Ml <, EERFOEA L D EHENILAIRE S > /1L
G KRR g TR E S T & /= (Perch-Nielsen,
1985). — 4, EREEICRD EERERES L, HENE
MHH L7570 (Eil, 1976), {bfamz e T 2R
LG DEHPIRD THEWGS, bbb REGRED A
YIMER X (GrAdipE) QAR EE B % WIZAMAl O sk iz 3
W, (LAWK ERET D ENRBRIBENH L, £
DEARBID 1 DHILHFEDOTHH TH 2 EEA 5N 5,

A CIEBAMRRERTIEd 528, deifpEkEE S L 0N
WORFHRMNSERT 2 AKE ST > J{baHEERT &
T, JREORHTE CHIRE T > A BT E U TR
BHDEIERT 5,

5.1 CN3-CN4 & (FUHAH iR R~ R AR i R HR)

(Fig. 6 D)

WellA @ & 604 m /) 5 FEH U 7= BE (b 6 BEH
NPD3A# Z /R L, AIKETF > /L AHEIZCNIFHOD
TEEMEN R I NS Z &N/, L L, Okadaand
Bukry (1980) @ CN34 1 & 5 # D \F % Sphenolithus
heteromorphus |3 F > 7= <72 <, U ® Discoaster
B OEHDHHED S N W, S heteromorphus B £ O
Discoaster |&\IBEHEM D =EEFE (Perch-Nielsen, 1985) T®
%, WellA ORHINIE S LRFORIERE TH - 12729, =
MW Y 79 PREINBNEVNIRREIRETH D
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M, EEEOHREMAE (B 20X Crucidenticula |8) 13%
HENTNWD, SRFOHEHFRENRE CTIH o2 H DD,
S. heteromorphus 35 X U8 Discoaster Jg D R{EIZHK D < &,
AIRE T > /b O—FRO 53 AR Al BT T 25 BT O 38 5
WETHMEILT DI ENTERN S RN E W, B
BRI PBNT, 1HEOHET—FICEDSMRTH D,
RO THRILIZZ LWz, S 5725 pE s D FE B E
Th2,

ZOFERICPBITHIHABIIECEGHEOLEENS
Climatic Optimum & U TH1 5 3% #ii i~ Fp 3 v g7 1 o 1 1%
fEA X2 (F, 1986) THD, BN L HEGE RO
WEREE TR DT 5 NS M OIREIEIL B ARSI A <
L, ZOAtBRIEAE HEICET S (BH7E, 1986),
BERKEER T E T, AAEMECIEHAtH S FEE
FTHAMAL TWD ERFROEBMEED, URHIITZ2NILET
SAiEINT TWEZ &2z ($4PE, 1986). Z DJEHELR
ZFEIE D (2005) MR U 72w IR 0 B LRI E N,
Kamikuri ef al. (2007, Fig. 10) @ Climatic optimum 1 Z #f
95,

WellA TR 5N GIRET > /LA BEEIX Z OFEE
O—FRHHIC BT DA E R/ OMEREREZRL TH
b, ARESF > LA, ZORMR, dtiE#EEE TH
il & )5 F 7=k (H. scissura, C. floridanus 75 & Table 2)

MERLTWE—HT, #MEILTS2IENTERNS
7= B BE (S. heteromorphus, Discoaster spp.) 73\ % 0] fg
PEaIR U7z, HARMMIE AL S ik C A < CN3-5a ##)347
MLTHO (i 1982 SFRIEA, 1997), dtiEEDH
A OILEEGHE [EFRHE] OBOIRE, FEEH (X
] OBEWRIE NS B S. heteromorphus I3FEH T 5 (HefE
2y, 2003), AvHEEFE R Tl A BT C OB
2140 m 7» 5 CN3-4 #5279 S. heteromorphus O FE i H3 e
FXNTWD (Hanagata and Hiramatsu, 2005), b5
HICBIT 2 CN34A FOREDRN DI L TS, w5
BT TR AR ENZ WS, DLEoEREE S
DEELUTDEBODTH S, CN34AFORENATHS S
heteromorphus % £ 5 BEIFRIE H A HE ] TI3 R Jb sk & T
LTW/iz, —J, S. heteromorphus @ 347\ At 18 FE EE A
5 HEETIEE LI & WellA O S oI E LM RIE
9, CN34 #ZRETE LA, TARDEARMEDEY
MR HEIPHO LR Z OXICHFEET 5 Z L& /RBL T
D,

H: ¥ 1t &1 @ Crucidenticula kanayae #; (NPD3A ; 16.6-
17.0 Ma) 13db#gE CIXRAE O IE (% - R,
1970, Akiba, 1986), H & 1LfREE P o LAFETE 5 E IE
M, 1999) BLUIENHIE (Akiba, 1986) 75 PEHIAH S
NTns, WellABAIKE T > /e & & BITRITRE

Martini Okada and Bukry Young
(1971) (1980) (1998)
5 i | '70' quinqueramus CNiba — ‘ —
b & i NNT1B CNgb @
[0 = 6
8 2 A primus:t F| Okada(1981) Nina F.@Biratori
HEE el e onea Interval-F @Well-B
= . _ y
= 5 || AWD- qe’”ql‘_f_’fb’mus ~— A Cieb D loebl &D. neoreclus|__| @
é 9 ol 'WH plumbilicus > 7y — - o A <
kel AT D. hamaius
o ] NG ‘%70’- caeuns e | |nterval-E @Well-B,
o | A——D hamatus \Z) Chokubetsu F.@lshiizawa
. 5 L %C". coalitus cne W
:_ NN7 CMNSb
] A p kugleri
25|, NG CNsa
g D
E § . vis. heteromorphosus i
% . o Japan Sea side,
b= Yufutsu Oil and Gas field
B vy amplaperta Hanagata and Hiramatsu (2005),
T | excluding Well-A (NPD3A)
17 N4 CN3 @ &
V¥ Last occurrence
e A VYV L .
S belemos S heteromorphosus A First occurrence

Fig. 6 Stratigraphic positions of calcareous nannofossil assemblages from the Well-A, the Ishiizawa section and the Well-B.
They are additionally written to the summarized figure of Young (1998)

g 895 55 (2024)
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late Early Miocene
| CN3 & NPD3A

Japan Sea

f

Pacific Dcean

g o

early Late Miocene
CN9 & NPD6B?

Pacific Ocean

’ 0_100 20!:!!!

Land area Present coastline

wellp Warm waters = > Cold waters

Fig. 7 Paleocurrent map during the short period in late Early Miocene and early Late Miocene of Hokkaido and Tohoku
region based on occurrence of warm water species of calcareous nannofossil and fossil diatoms. The figure is mainly

based on Hanagata and Hiramatsu (2005).

B At 13 Crucidenticula J& (Yanagisawa and Akiba, 1990) 73
BEMT DT EMmE, YRFOWHEITHE D BIR OB E R £
TRATWEZEIZMETH S, BIRRFETH D HKE
I > A1 D Sphenolithus heteromorphus 3 & ONE: &AL 17
D Crucidenticula kanayae D FEIR % 2E 12 LT, HAHH
TR O & #gi7i %2 781 U 7= Hanagata and Hiramatsu (2005,
Fig. 7 1ZmEEL, mrfid g 2 iicmatE Uz SHEE
SN E TRAIT/RLZ (Fig. 75 LD, 245D B
EEW DL DMDNHW LM EERTHR (subtropical front)
DALEZ, ALEEEERIC B W THREN AT I XR U 72k R
(Chinzei,1978) LI TH %,

CN34 o R A THDLAERES > /LA
S. heteromorphus @ 5y Ai 20 5 HWr LU C, deiEE H A
MBROCBELFELETOIMBERBICBNT, KED
HE - WK Z R IILAREESFAEETSH 2 — 4,
Well-A $it 53 o At i BE L TS, Bl S O A& R T
EOSRD, (kaBEEmMZBITL2 I EETERN,
7272 U, Helicosphaera scissura 758 H S iz 2 &0 5,
CN4 7 ERR K DIE FALICH 2 3 2 JE HE DRREITRIE D,
FUCBENEREILAHONPDIAHICHEEINEZZ &
T, S. heteromorphus \ I H S LW, HRKEF >/
fLAH D CNIHITEEND T EMMRE N, T
S. heteromorphus O R8 7% HHIZ CN3-4 77 O A GEMEN S &

SNHRBNT EERL TS, DA CNba i LR &
HE T % Cyclicargolithus flovidanus O FEH & Well-A T
ST, S. heteromorphus DIFEH TN/ WD T, EHEM
B CI3 CN4 717 & CNba i DBl T E IR EHER S N S,
CN3-4 HDRENAUEETH D EnG, AKREF > /b
113 CNba Hity EBROBEICETH 5.

5.2 Catinaster coalitus ® FE i, CN6-CN8a &, & HA

FEERTHER (Fig. 6 D@)

JENHIB O GIRE 7 > a EEN S ERNED S
T=AIR'EF > 7 4bh C coalitus V3 HARHHAF LS D F —
BT S OEHIIBRF R ETlE SN THian, Z
D JEUEI R HIE Tl L)1, Frstis TldTFmiEicizix
MreEn, ARKEOFEEMIbazEEAERER LN
JBUEICHIYS T D Gk, 1978), ZiUTHL, AFEH DN
V& DL kAR D E RSB S G D 2. (BT
PRI MT BETE (LE) 2o ARMOELNED S
NnTHH (Fig. 8), FOREUHEITEESE/AEF D NPD5B
(Denticlopsis praedimorpha 77) [TH%ST 2 HIR , 1999),
AFEI5TH%72 Catinaster calyculus V3, 8 55 W5 ) sk C g
HlZN/ZN2AKR—1 > 737 (4% 219.50-219.64 m) @
LR L, MEmE, SREINTWS WD,
1998), = DikkHI CN7b-8a THICRAE I NTH D, [H UMK
B D HE L1713 NPDSD & N8 (Denticulopsis dimorpha
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Chokubetsu F.
C. coalitus
NPD5C zone

Hatatate F.
. C. coalitus
NPD5B zone

Taga Group
Minamiisowaki F.
C. calyculus
NPD5D zone

200 km

Fig. 8 Sample locations and Formations of yielding
calcareous nannofossil Catinaster coalitus and
Catinaster calyculus, and their diatom zones
(NPD) based on Yanagisawa (1999) and
Yanagisawa et al. (1998).

) OICHY T 5 (MR IE,, 1998). Catinaster J& 13 K
PEVEIRE R CEEICEH L, BAMERINS AT
C. coalitus & C. calyculus 1317 CHELRFNCH D, #%EFIX
HENSHENLZEZZ 5N TS (Raffi ef al., 1998).,
fjff & %12 Okada and Bukry (1980) O R¥#E{vfAifEE LT
HhusnTng, BRIENS O Catinaster JE DPEHNT, H
R CTAFHHRICBIT 2RO THS (Fig. 8).

AHEOEMTHEEE Y, GHREIa>TIE2HED
A THHEIN TS, LEN->T, FEHEENATED
EWHIREEDORNIAIET 2 Z L3N D 5N DM, bk
HEME L COMB - WIREEZZET 2 2 LT TERN,
A OFERIL, C. coalitus 73T O — K B2 58 3R A Hh
WETHMAEILTTHBD, RiEbE & U TILfEE O ikt
THHHAETHL I EERET D, 2/Z0, HARMmGME
JLHGIT BN T Z OBUEN S OHIREF > /LG DREEHIZ
MRINTWRYL, LEN>T, ZORY® C coalitus O
PEHTC/RIE X N BRI RIS H AW E TR A TWRWATEEN:
Nd 5,

5.3 Interval Efg & F R DEFR (CN8a,CN8b EEFR),

#9 Ma (Fig. 6 DQ®)

A CT7x L 7= Young (1998) @ Major interval E # &
Fa&DBMIL koM (Martini, 1971 ; Okada
and Bukry, 1980) DFEKRTERZEIN TVRWERTH S

g 895 55 (2024)

M, FEOGEKRE S > JMEERELNT, EEETDH
% Reticulofenestra J& D 1 1) Z BBV A ANEALET
LS, ROEHFETHRSRAIRXEMD1DTHS, &
BRIFARHEE CTH O, HilrEOEITrE S AIKE T >
JbADOEN LD RIS EBRT 2 2 ENEHEIN TNV S
(Young, 1998), 7=7-L, ZDOEE5FITHAWERIO FHEn
S5O ENTE ST CERIEN 1997), D &bt
E HIER D KO TTIB IR ] REZR T X > N Td 2 nREMEA A
VW, FHREFICMET D2HRFICBNT, BHHETH D KR
@ Reticulofenestra J& DIHIKEEIIRENES T, Lhrd
AR AREF > /MeaEEmME U THHANRETH D,
Coccolithus miopelagicus DFEIR EHHE THFT 5 &1
Lo T, MEOHERTEHE X VRET D Z EMNAEEICRS
EEZ NS,

5.4 CN9 7, Discoaster quinqueramus EEH B4, %ER

FEHERER (Fig. 6 D@)

fE B (1981) 3 Ab i S B b 35 D b 3508 Hh sl i A =32 e 7
55 CN9 # 2R T D. quinqueramus O M 28 & L T
W2, Z O CN9HNHERSNF U 0B b3
NPD6B # Tdh % CkiEMn, 1981), CN9 13 5.6-8.3 Ma (H
WA, 2013), NPD6B #7113 7.7-8.7 Ma (MR - &3,
201D DERZERT I EMNS, KB OFENRIL 7.7-8.3 Ma
DEIFHPN EHD THEWEBICRE S N5,

A Tl B A Well B D#EE 760 m i S D. quinqueramus
DEHZEHE Uiz, EHNEGELRWDT, C coalitus D
Ly CRERIC, PEMEUENARED HB] S HIRIC R D BUE S
N5 CNIHZBETDHIEWAEETH DM, {baiueEm
ELTCOHB - HRBHEZEET 2 I LT TERN,

B (1988) 13 CN9 W ICHI ST 552, FhHEILES
OEEF)IE SR OREE-—EN» S ®mEL, Wb 5
[BEFR D Z)S8A 27| LN S8R oI EHR, it
RO HAL B AR B RILMHIC D KA T EEBRRTN
%, LMo T, Ll Tl 507z D. quinqueramus P
YT B AL S THE SN TV 2 EHEITH T
T 0HEMEDN D D, CN9 HHTHH 249 % 5% 1] b 3 11 4% 441,
D. quinqueramus H3EH T BT £ TRIBENEEL - &
#EL, CN3HDEA EFKEIZ, Hanagata and Hiramatsu
(2005) DIZMmEEL, Fig. 7 (GX) ITmRU7&z, HAREIZ
BASHANT U 72 CTH - 25 DD, KBRS H A HEHI
HAL I BB N DRI D i A —RERYICEIE L Tz &
RIND, BEFIZAH (199D) 13127 Ma DM 210 L,
10 Ma Oiff#f LR ZR L TWWD, HAWES I KR
ML S & B ICERPEBWT DR ANMEILINTS
0, AN HERRITELRTIEN 199D 2URLzEBD
ThaEEZEZ2END, TORHNIZHNT, D TET
BEBEROBAZEHE L /DN Fig. 7 (FX) ThHhd, ZD
JE %13 Kamikuri et al. (2007, Fig. 10) @ Climatic optimum
SITHMT B alREENid D, ZDEHETRIRRAEEREILAGD
FIE BRI B 2 DN EFND Z EIFRREN T —
Thbs,

Fig. 7 C/R U 7= WiiRE B OB R A3 AL 5 D AbiE re 670 &
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HEETEL, UYROEERERE TSIV b ThokiF LCTWw3,

e R I A IKE T > ) T N b BR Uz dtisE o Fiktn ol sz a g+ > /b
O, A X NERIC TSR o 2bD EEZ BN 5, GOPEND, JLEEHEI SEH O E Z O TH#ET
NS DT —Z 1AM & U Tox IR E L TH ELHLEEEST, LadbEFGNIcENET, WellA a3
MTHD R, ARET >/ (LhDENNGEET D RtZ o alDXdBHuEmlERzE R alfErtErEmn,

EROHMBROEITCICHEN R T —F IR 0155 2 & &R8 LML, ZOLOREREHSNUDHAEL, B

Crucidenticula kanayae

Fig. 9 Optical micrograph of calcareous nannofossils and diatom from this study.

Magnifications are the same for all photos, and scale bar indicates 5 ;«m. Nannofossil specimens (Photo 1-5) are shown as both open-
(right) and cross- (left) polarized light images. Photo 6 of same diatom specimen shows 2 images under different focus depth with left
side shallower.

1.

2
3.
4.
5
6

Reticulofenestra spp. (small), Well-A, 604 m in depth

Helicosphaera scissura Miller, Well-A, 604 m

Coccolithus pelagicus (Wallich) Schiller, Well-A, 604 m

Cyclicargolithus floridanus (Roth and Hay) Bukry, Well-A, 604 m

Catinaster coalitus Martini and Bramlette, MIM2005, Ishiizawa section, Atsunai

Crucidenticula kanayae Akiba and Yanagisawa, Well-A, 604 m
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BIPHEEREL, S56R5T—YEHETHILET,
tE IR OAIRE T > LA OENERT S H D &
HEEans,

6. & & &

A TR AL e E R~ O R 2w RIT L C,
AREF > /b e ER T2 EEZRO BT, TO
BENEERLUZ, WellAD G #HifE R 5, HEMLGOD
Crucidenticula kanayae (NPD3A) #HIZBWT, JbiFiEHE
HE O ENT = GIRE S > /e ERE (Helicosphaera
scissura, Cyclicargolithus floridanus 72 £ ) M4 H L C
W/=— T, DfizEET2ZENTERN -0 ER
(Sphenolithus heteromorphus, Discoaster spp.) 73\ 5 1] GE
PEAVRIR S N7z, RIS A HIRDOER]E2 S Catinaster
coalitus DFEH Z M U, AFRITHBIT 2 A8 D HRILD 75370
FLERTCTH D Z &Rz, B Well-B Tl Young (1998)
@ Major interval E4if & Fir & DR 2 BH L, WERDIE
fEfE (Martini, 1971 : Okada and Bukry, 1980) DFEIR TE
TINTWRWERTHDZE2EMLE, TEMETH
% Reticulofenestra & D 1 1) A ERY A ANALT S
EnS, FELDSLTWREEETE LT, BEMOEHICZ
LWHEEICAET DAICBNWT, S8 LR HKED
B EER &b EBE R 5D, £z, Discoaster
quingueramus % FEHT % CNO HHZH Y T 2 [BHEDY, FIA
SR THER I, [BBIRO 2N 7] EEiEN
DM DAL EBG A, Aotk o st B A EIE 22 L
MO ALHREBE L, SFEMBIC S RAEZ EERLTZ,

INSOAKRET > /b OFER,  JbiEE R EEE oM
FiE NS I ETICER T2 ERLaNIZEACHREIN
L5 OETEEICH L, FRREO—BERD T
Ehitiansg, £/, Iho0GREF > LG RED
PERIE, MURFOMEREREEICBIT 2BIROME LRGN
HBHEEZLND,

B

AMEERFEEASLITIIARRORERZEZFTTL T/
Wiz, R A AR FTIT O =in a8 7 RITI30IR e
BOFRICHZEBL TWEEE, ARARIA NEWEE
Wiz, FURHRBUCIZ A E IR A2t OB IR K,
RO NIND >z, AREF > JLGHRIHATA RO
RIALERZ, 2 AR TIR, EEIARKRO Sk U 2 Hific &
b, BELDEHRENSWEFEWEAEREIA S MIFED
WEIZ KWL S 72 L ED S 2 IR OB ZEL £,
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Origin and migration-accumulation mechanism of methane gases present
in shallow layers of Tokyo Lowland and their disaster risks

Tetsuro Tsuru, Toshiro Yamanaka and Sumihiko Murata

Abstract :

Origins of methane gases present in shallow layers in the Tokyo Lowland have been investigated. The

methane gases have often leaked during construction works such as pile driving, causing fire accidents and sometimes
explosions. Based on observations and composition analyses of gas bubbles rising from canal-beds and river-beds, it was
clarified that the gases have two kinds of origins: the South Kanto gas field and bottom mud microbials. Since the former
is known as the largest gas field in Japan and has a huge amount of gas reserves, the potential risks at the construction
works will be never reduced for a long time in the future. From this point of view, a natural gas production and carbon
dioxide capture, utilization and storage (CCUS) might be the best solution to reduce the disaster risks from the methane

gases in the Tokyo Lowland.

Keywords : Tokyo Lowland, methane gas, fault, South Kanto gas field, seismic survey, CCUS

1. FC®IC

BE AR DI AL E 2 HEURHTlE, FTOFIRR
RR—U T HIOWHEI7R EDHEF T HEORRIC VTR
FUHAMBEHT D ZENAMLNTNDS (ELRmE,
2007), Fig. 113 1958 4ELARRICHAE L = X ¥ > H A HEHIE
WOBHERLTED, INH5DOBFOL TAKDFHE
LTW5, £/, =)V RTIKICE D b > RIVIEHIRED A
ZIEFEER (P, 1994) < 2 R—)LNTOH 2 IBRE
W (&AW, BEHEA S, 2022) Enoz AR
WEICESFERBDH D, TNSOKKDBFEERIT, &
THI R 10 m OBEEITIKTE T HE%E A Y > AMNFHL
IERESTRELEZDBDTHDEZEZLNTND,

—%, #1000 m 22 DETICBETEIAY AR
WWERHNTZEEZLNTWEHERBFHELTNWDS (&1
1L, HAUHHUE R A RS, 2014). 2005 4E, HAUHRALK
O FIEHIE Y GEHIZGEE 1500 m) ICBWTr— 27
NOWEAEEIFICKEORAH A (RITAY P HRA) HE
HL, BoREENCBENWCS> a7 7> b—%—
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HEER, MENBICEZN5, BROEBRKDOKBEERLA
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(modified after MLIT 2007)

Fig. 1 Locations of methane gas outburst accidents
in the Tokyo Lowland. Red circles indicate the
locations of methane gas outburst caused at the
construction site such as pile driving.
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2 OB AN L E o /-, BITEE, TEROEHE
HZHD A TEENMTHIN TN D,
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BEEE, 1979 5 Nk, 1984 5 ARIEA, 1998), Fiz, 2017
LK, KB AE——ZREE U THEM L SHEME
A LK TOHZRBUC LY, EaEIbE o L Wi o
I R 7~8 mAHTICER L CRATAENEEL THD
ZFNSDERGMNAY > ThHhd I ENRI N EEIF),
2021, 51, HEFEEMZRNZENIDONK T TH KA
AAEOEIEN RSN (FER, 2023), 205 DRKHHE
HEBRA W TR 6Nz A @D —fFl%, Fig. 4 1R7,

DL, HEEMB I OERBILHERLELL
BHEOM FIZIE, AY > E2ERDETDREH AN H
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Fuel Resource Map "Kanto Region",
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Fig 2 South Kanto Gas Field (from Fuel Resource Map
“Kanto Region” published by Advanced Industrial
Science and Technology in 2015). An area filled
with red color, around the northern Tokyo Bay,
indicates the South Kanto Gas field. Its outer
areas filled with yellow and dark-ocher colors
are that likely containing gas and that rarely
containing gas, respectively.
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(modified after MLIT 2007)

Fig. 3 Natural gas production wells drilled for economic
revitalization after the second World War. A total
of 40 wells were drilled at 30 locations (green-
filled circles), where methane gases dissolved in
brine were collected at depths of 550 to 2050 m
until December 1972.
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Fig. 4 Natural gas layers imaged on seismic profiles in the northern Tokyo Bay and along the Arakawa river. The top of the
uppermost gas layer, detected by velocity analyses, are marked by semi-transparent paint-out zones with purple color.
Red solid lines and broken lines show faults and flexures, respectively. TAL represents the Tokyo Bay Aqua-Line. SF
and RB are the seafloor and the riverbed, respectively. The depth scale of the seismic profile was converted from the

two-way travel time with 1500 m/s.
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LHHEHAHTIEINDTEBEH R, & 2WITEFRKIENE
A AGER E N7z (HFIHE, 1956) .

ARTIE, BT R DG & SHEBRE T — %
M5, HADRES I VOEMA T Z X LICET 2R
EREMA D, £z, BT 2EERNRKED X
D EIRRT=D AT, KEEBRT 5720 DKREKAZFFE,
B, TS THEU L2 HERL T OMHRIRBEE L
7= W bk F M FIF R (carbon dioxide capture, utilization
and storage : CCUS) #1259 %,

2. FREILEAFREICET DB A XD
2.1 BEHR
H1ETIRAZE DT, HEUEHB & CREGEILITOH
TIRIBAY > & EHS ETDRAAAMIEL 4L TW

5, TNSDOHADRIFEEHSNMIT 2720, KETII,
BB L ER IR ORI R ETHEH L TW D A%

At 89 & 55 (2024)

R - 3 L7z R I DWW THE T %,

B TIE, 1990 FARITE P Y IC i S N7z i
KFDAY ARBERIEIZLD, g L TIEEmWiBED A
HHAMBFEL TWBS I ENHSNTWE (&1,
AT IE N, 1994 5 EHIE D, 200D, FNHED ALY DR
HEL TR, HWHLPEBECR SN S (A2 H,
1987), A3 K B R D HENE LN 5 O 5 8 D
AIREMEDNRTE S 7 (PATIEDY, 1994), F7m, BEEH
(Lo AED<IED) TAY VRENEICEN T &N
5, TOXIBLTORIRTOIEFIBAY ERE KRB
Nz GEHIF, 2000, 2018 4F, EEH S, BEICHFH
G LI VISR S N2 ORI DR ITHT 5
m OBEEEZELAS, EHLUTEEHRERR - o0
U7z (#81FDy, 2021, ZOD#ER, 968%MWMAY > THD
ZEMHALNTIR S T,

—7, BT, REGE IR R O RO T BV
HHAZDHEHBART, H<hsk<AsNTwE, Zns
DAZDEPRE LTI, FEE D HERIIE W RR IR MK
WTHESAONDERFOMAEMNFHET LAY > (-
& %1, Capone and Kiene, 1988) THAH EHZEZABNT
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Wz, TNHDAE L, KR OFEE, H50IE, DENWEEZEZSNTWS (FRIZD, 1994).
fbRFBLOKRFBREDIEENS A D AEREICK > TE 2.2 BHHADERE

RIND, INHDTEMND, RFBTIEIRAY VERDY EFHSOWRT N — T TEBLIZAE) (2022) BLT
TH DIEPRITIHEEN S O OFABRET L > TEERA R (2022) 75 E QFEMSH AR - pHFgEIC & o T,
WG I ND 20, AY DHEDORT > v )UEhis FRUB AR R O FE R I OFE A A OFEJE & L T,

S ”/@) .
vos's
BEEts L/ J/
Kashima-bashi L%:;;Hi
/‘ﬁ':il?
n -
n||e= || il ;
HIEE — 5 saron-gawa (b) Sampling methods
Mi - hi
itate-bashi g n g}
® & z C
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(a) Sampling locations

Fig. 5 Gas sampling locations and sampling methods. (a) Gas bubbles rising from canal-beds and riverbeds were sampled
at a total of nine locations. Red, green, blue and brown circles represent origins of methane gases; possible gas-field,
bottom-mud-microbial, both and unidentifiable, respectively. (b) The gas bubbles were sampled by hand or using an
extendable rod.

Table 1 Gas composition, carbon isotope ratio and bubbling-up pattern

Composition Concentration (%) 6"C(%) |Bubbling up Orici
Location 0, N, CH, C,Hg Co, CH, pattern rgm
WETERHEPN TUMSAT™! 3.16 17.03 79.40 ND 041 —82.0 | Scattered Mud™®
HIHE K Mitate-bashi 2.89 18.74 77.59 ND 0.78 —749 | Scattered | Mud™**
37 %:)1| Tachiai-gawa 0.41 11.48 84.62 ND 3.50 —60.1 | Scattered Mud™®
2B 1| Ebitori-gawa 0.38 11.38 85.69 | trace level 2.55 —67.7 | Clustered | Gas field™*
KAEJ1 Oyoko-gawa 0.78 11.77 86.66 | trace level 0.79 —72.6 | Clustered | Gas field**
J23t)1] Sakon-gawa 5.92 21.81 72.18 | trace level 0.09 —70.4 | Clustered | Gas field**
2O & Yumenoshima 12.86 44.18 42.72 | trace level 0.25 —69.6 | Clustered | Gas field™*
75 P94 Saikado-hashi™* 0.55 2.02 96.89 0.020 0.51 —65.9 | Clustered | Gas field™*
J¥s 555 & Katsushima- bashi 7.85 87.60 2.12 ND 2.43 —24.6 | Scattered | unknown
J# 5545 Kashima-bashi 11.12 83.27 1.39 ND 4.22 —52.5 | Clustered | unknown
*1

: Tokyo University of Marine Science and Technology
*2 : Mutsuzawa-machi, Chosei-gun, Chiba
: Bottom mud microbial origin

: South Kanto gas field origin

*3

*4
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B ERZ U7z, HRAZEERR, £REHBESTF2—T7R
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L7 (Fig.5h), 22T, HEURITKT OMEMIZK S
ZHERZER <7T=9IZ, XYL oz AWk (10 w/
v%) Z 1 mLiEA Uz, HARINZEIT > 72 O, REI
JEEKE RNBIOEBER)ITRICEZ < OBHNES
N7z,

PRELL 7213 H T R DR M s SR & Table 1127R9, [A
RITIE, HEOD, FEBEETAHOEREMIEO 1 DTH

5 TREREERIT O PHPIFE CTERELL 72 T A Dffl k& G T
RUT. TS DHADRRRIIITITIE, KERA I 1L
s (FID) % A 7= SHIMAZU GC-14A 3 &L O Agilent GC
T80AHN AT T Z5 7% MEHA L, ZOFHRERNS,
BEiE S EEBER<BEEAZDERMNIASY > TH O,
REZ72~87%Thok. £/ WERUI, KEJI, £
ENBLOEOETHRR LT ANSIEIMED LY > h3kR
Mz,
51T,
IEARFEE LB DGR S BUER
(“Scattered”) &, HDFEDLZITMN S HHM D D W ILRH
REJIZHERICTHER > THH T 2/8%5 — > (“Clustered”)
MM DT ENpIno iz (Table 1), “Scattered” 133 HLHFLE

M INE N (2021) T XniE, HEHIEEIC
WCEHT Ny — >

R?=0.5592

Ethane concentration (%)
L J

@ Mizusawa-gawa

(2 Saikado-bashi West
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® Magame-gawa
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(After Matsui, 2021)

Fig. 6 Ethane concentrations in the leaking gases versus gas reservoir depths. Concentration of ethane decreases with
depth of the reservoir because ethane is selectively lost in comparison to methane by the chromatographic effect of

sediments during migration (Schoell, 1983).

CH, +2H,0 -> 4H,+CO,

T CH,| (Hydrogen by steam reforming) ﬂcoz
[Separato w |
|
Production (X) L H,0 dl N Injection

Mud (Cap rock)

CH, Sand (Reservoir)

UMethane gas from microbes
in recent sediments

Fig. 7 Concept of natural gas production and CCS for disaster prevention.

A e 89555 (2024)
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Overview for the industrial trend of exploration and development of oil and natural gas in the world based
on the BP/EI Statistical Review of World Energy (Part 1)

Atsushi Nabetani

Abstract :  BP statistical review of world energy published by BP since 1952 until 2022 has been transferred to the
Energy Institute (EI) since 2023 and published as the EI statistical review of world energy. However, in this text, since
it has been known and familiar as BP statistics in oil and gas industry, the author has decided to refer the statistical data
published by EI since 2023 to as BP statistics or BP/EI statistics.

Based on BP statistics (2024), the author has reviewed the industrial trend of exploration and development of oil and
natural gas in the world. The results show that since 1970, the annual production of oil in the world has been increasing
rapidly, but the reserves-to-production ratio (R/P) of oil has been on a slight increasing trend, as proved reserves have
also increased rapidly. In the BP statistics (2024), there is only data on proved reserves for 1980-2020, so I can only
discuss the R/P ratios for 1980-2020, but the R/P of oil, which was 29.7 years in 1980, gradually increased to 53.4 years
in 2020, the longest. This increase was due to the fact that Canadian oil sand and shale oil in the United States, which had
previously been considered as unconventional resources and had not been added to proven reserves (until then treated
as mining), were approved by the US Security and Exchange Commission (SEC) to add to the proved reserves of oil, and
the authorization came into effect on January 12010 (SEC, 2009). The rapid increase in oil production and reserves from
these resources has a lot to do with it.

It also found that the R/P of gas has remained flat since 1970, as the world’s annual natural gas production has
skyrocketed, but proved reserves have also soared. In the BP statistics (2024), there is only data on proven reserves for
gas from 1980 to 2020, so we can only discuss the figures for 1980-2020 for R/P, but the R/P peaked (62.1 years) in 2001
and decreased slightly to 48.8 years in 2020. It became clear that there was no significant difference compared to 1980.

Based on these results, I would be fortunate if I could correct the misunderstanding that “there is only 30 or 40 years

of oil left” that has been whispered in the public for decades, and to spread a correct understanding of R/P.

Keywords : R/P ratio, proved reserves, average daily production, annual production, OPEC

other major producing countries, US SEC

1. (FC&®IC

BP AV 1952 FE DA K, 2022 FF EF TREL TELWVWDWD
% BP #%t I (BP statistical review of world energy) 13 2023
4 DA%, Energy Institute (ED 12 % % & 1, EI statistical
review of world energy & U TINEREIND KD ITR o720,
AT, INFETHMERITBWTBP it & UTHEA
SNBILENTEZREDDH DD T, 2024 FFRNED 4%
M B RS BP #iat £7/213 BP/ Elfiat LIERZ ST Uiz,

A K R HT X B R D AR AFE L (reserves-to-production

" Corresponding author : E-Mail : maryline.honshupref-75610k@s8.dion.ne.jp

Copyright © 2024, JAPT

ratio : R/P) 13 [& %4 QA KK 51 C ORI & + 2 3%
FEOEMAFER] TEEIND, AL TIE, BPHNESE
6 HZARHDHR—LR—TRBLWHYO S BP#aE&
WHRINTELMFERDS B ELICK > T 2024 4£ 6 AT
NEENREER (Bl 2024) 1ICHOWT, HALHE -
25 sk O TR TF TP R (B I e AL 2 3 7 Ve
BENIIND) EAEEOBRIREZOEBBLY, Thb
MERD SN B MR DM ZIRILHFE O BIRZ B L, =
ZR/IPOEBEZWNSMI L, ZL T, TOREITHED
WTETERN S R TI I0onnTnd [HillEd
L300 ENM A0 FER ULES TR ET5EMEIET
EEBHIT, R/PIZETBIEL WHRZ LY D B TASIE



HMEIN,

T XK > THM—ROFBMN DL THIEL WA
LZENTENL, EHFEOLENDOEUNTHS, /23, BP/
EIMEHCHB N T, ARESTORIKBEREFRD AR S
FHEAERRET RV F— (renewable energy) IZBI3 S et
T—=FHRINTNDD, AL TIEIAMRA T X B D B
IZDOWTakimd 2 2 &IC Uiz, AIBP#HGTOIEL Wik
BHERT 1 DODIREERD ZENHIFEINS, AN,
FOEODE 1IEEMEDT NS, #DIZ, HERICE
DOLHBIZOWTEHRLTRID

(B EICEH 5 AEDEE]

il % DM K72 IEH AHITEFET P T ADRETH
% [FthE R (OIP: original in place) 1 [[EIYZ]| (RF:
recovery factor) U775 D7 [ n] ERilEE] (URR:
ultimate recoverable reserves) T 2, RIICRIZE < D
HEZSIHZAHICEL > TED LIRS &L X)Lk -
TEDD, BEOHNL NVIZBWTIZ@EY, WHOS
1L 30%itg, HAHDFEIL 60 ~80% & nbhilTnb
(ENEOS, 2014), #1Z1E, & %I 100 /N L)LY @
FIEHREN H > 7= E L TH, BEOHENL NLIZHBNT
13 30 BN L OVEREE L BN T & 780y,

K TR E ) 5 REHE EE (CP ! cumulative
production) %y U 7zl 2% [57F ] i & ] (RRR:
remaining recoverable reserves) TdH 5,

HRFEDIAE > TWARWIA ZHIZDWTIE, JEMn]HE
= TR PO R, JeMR e[ PO O H O, WA
ZHMNTRICHIET 2 ETAYD E B350 5780,
BN SIRNTIEEANA - BHFIZT v L > P TER0
DT, RYDRBENEIL- A ZBRO 2 ONEETH D,

BEAREREICDOW TR R BFEWICE
AlEBEOWMEEICEDNT, [#HHEMEKE] (proved
reserves), [#EEMEE] (probable reserves), [T AR ji
] (possible reserves) @ 3 FEIC KHIZN D, KIFZHHI]
FRC B35 2 A3 AR [HRERE] OB %2
HTDLZENFEH DT ENTND DT, F1EOEH (annual
report) TI& [HEaEHE R | (proved reserves) (FHLIT [
M| (reserves) EHildNTW5D, [FEHEE] 1% 1P
MR S BIEEN, (MR 1T [HEEEmaE] 2N
AT B OV 2P R, 2P MREIC [TAMRERE] 2Nz
726 D13 3P W E S IFEN 5, U EDOER EONE T
HIznL, UTodraXicEzLvons:

URR = OIP X RF o))
RRR = URR — CP (2)
1P reserves = proved reserves 3
2P reserves = 1P reserves + probable reserves 4)

3P reserves = 1P reserves + probable reserves
+ possible reserves 5)

fEl 2 DWHSHAHE LT, 205 DRFTH 2 &E -

Y 1 barrel = 1.589874 m’

ik 333

KoMK EEZR L S FL2HROLES, 50 L0
REICDWTRIRL TW2ONERT 2HENDH D, HilH
PRy MEEICBWTL, EOHKEICOWGRETVS
DIMHSNMTL TORBRWEENE N, & 2HMERIEITNT
DRGSO BRI OB T — & Lin/an
LA ICHEE SN 5 PR RS R R (expected
reserves) EIEIENDM, ZHUILFERD, HEEOKN
HIFR R TH 2 DT, SOFHRO KD IRERZLET
BRI NRBNZ ENEFTDH 5,

EBE, KEEHWEIATIC RSB T 5 A MRt FERITBN
THHESNTVDETIE, FITIEbOVowEa, &
BOiHOEEIZ O [HEMERE] 72O T, BTN
WMEIND2MEAMNH 2, FERWMEETZE, ELHMEDHD
W FAHMEONTNIZBNTS, RERZHEY-/-ER
mEN, KiFZMEIZES (US. Securities and Exchange
Commission:ifi% SEC LMEX115) K0 EEEBLFIVT 1
ZREeNLZNETH S,

—J5, #%TihR25XS51Z, OPEC jiEE (15>, 15
7, Jur—h, YUPTIEY, XXAXLI, UET,
UAE, 7)IV>oxV7, #4277, AR, REFZ7,
a2 IHMEO 13 M E) 2 OEE Gilaths L Ok
FBROAMBSHENNEL TWARERMKRICDOWTIE, +
DR EELHERENEI > 0 LW ENE WA, BP
HetlicB W T —ImETN s O FEEFE LD X T & 1
HTNn5D,

R/PIX [ 2 FEDOFEKK R TOMEREME (RR@the
end of each year) ~ 4% EDEMEFERE  (annual production
of each said year : AP &£H§d) TEHEINZHDT, KAT
EIns:

R/P = RR @ the end of each year +
AP of the said each year (6)

723, BPHEETOERT 2 KX TIXAME HFLT)
&3, B (crude o) & = — )L A1 )L (shale oil),
FANY 2 RAA), T2>F >t —1 (condensate),
NGLs (natural gas liquid), =4 > (ethane), LPG (liquified
petroleum gas), KA H A DEFHEDOBEITHKAET S F 7
(naphtha) X VD k%, T 72b BiEMEILAKFE (iquid
hydrocarbon) ZEMKL TW%, £7/z, BPDFEFETZH A
N, PR ETHAD 2V TA VIV SN KRR
ZVEkE< A%, GTL (gas to liquids) "CHkAH Bt /K 22 1T 5
INDRBHTAZTELTNS,

2. HRKE  ZEOEREFERE L
AEEH XU R/P DIFIK

2024 £EfiK @ BP/EI #iatic DWW TR FE - FHilsgo
REREHEREEAERERIUR/PZOMOBIRZ X1
ICE LD,

EI (2024) T3, fAHB L ORLBA 2D TIE 2023
O EFERNRIN TSR, 2021 4 LI O iR
TFHEEINRINTOWRWN, A TRTMATZD R/PII,
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BP/EL gt & R R OEMRAT X OERILBHFHE B DOV T OB (2D 1)

2020 £E AR S ORI F MR & & 2023 fE D EFERICHD
WTEHRE L TW3,

7 A ARG 1AL O REMIE T H % 723,

#&1 BP/EI#

i@ R/P

73 10 4K OPEC M E 72 & & bR D & B IT/NE N
Hl%a27%, REICBWTR/PAI3EEZBA-FIZ
1980 ELIFE, 2011 ~ 13D 3FEF T TH D, ZD/INS

g (2024) WTHED < FEEE T A E O A ERTUE D

Z ZC BPD 3 barrel/day @&, BCFPD 2 billion cubic feet /day @&, MM (3 million @ #&, TCF {3 trillion cubic feet D %, BP
#at (2024) T, AMBIUORAT ZITDNTIL 2023 FOVEEERINRINTNDSAY, 2021 FLAFEOHEEN/RIN TN
B, Lo T, FRTRTMAZADR/PIL, 2020 ERK SOMER & 2023 FEQEFRICKEDOVWTHEL WS, [ ik
no data & BT %,

A D A AR A0 RIRHT A DA FEIRTL I A
. MR AERER HE R ey, |AOHER| TAEER | HAHE =
a4 - dgh (Billion bbl) | (1000 BPD) ?41; (1000 BPD) (f(HJ (% FIJ;PD) (TCF) (BCFPD) 7 X(E)R/P (BCFPD)
@ 2020 K | @2023 4 @2023 @2020 fEK | @2023 F @2023 F

17> 157.8 4662 92.7 1817 2604 1133.66 24.35 127.6 23.8
127 145.0 4355 91.2 875 1219 124.61 0.96 355.6 1.8
79z —b 101.5 2908 95.6 411 1309 59.85 1.31 125.2 2.2
bor 297.5 11389 71.6 4052 3289 212.57 11.04 52.8 11.0
UAE 97.8 3922 68.3 1139 1259 209.73 5.38 106.8 6.5
TNz U7 12.2 1074 311 440 657 80.49 9.82 22.5 4.5
JEY 484 1271 104.3 50.49 1.58 87.5
FM2zUY 36.9 1540 65.6 529 193.28 4.23 125.2

= 7.8 1150 18.6

O > d4EHn 2.9 278 28.6

HR > 2.0 223 24.6

REF =T 11 88 34.2

NFALT 303.8 853 975.8 396 1303 221.08 2.87 211.0 2.9
OPEC &t 1214.7 34048 97.7

hE—=v 25.2 1,772 39.0 370 429 871.06 17.51 136.3 43
U 2.5 40 171.2 9.49 0.29 89.7

Y7 h 3.1 610 13.9 742 795 7549 5.52 37.5 5.8
FazT7 0.4 38 28.8

F~x—2 5.4 1049 14.1 233 435 23.53 4.18 15.4 2.9
ATIA> 3.0 49 167.7

UK 2.5 715 9.6 1325 1219 6.60 3.34 54 6.1
IV — 7.9 2022 10.7 213 226 50.47 11.28 12.3 0.4
ik 26.0 4198 17.0 16577 18484 296.59 22.67 35.8 39,.2
12 RxRY 24 638 10.3 1604 1242 44.22 6.22 19.5 44
XL—7 2.7 565 13.1 930 955 32.07 7.84 11.2 4.5
1> R 4.5 728 16.9 5446 5085 46.63 3.06 41.7 6.1
F—AbLZU7 24 383 17.2 1056 235 84.39 14.68 15.7 3.9
bd 168.1 5653 81.5 2351 1954 83.13 18.41 12.4 11.7
USA 68.8 19358 9.7 18984 18429 445.63 | 100.17 12.2 85.8
AF O 6.1 2040 8.2 1962 1558 6.29 3.44 5.0 94
FJZH—FR 0.2 72 7.6 33 140 10.24 242 11.6 14
IU7 R=)b 1.3 475 7.5 287 196 0.05
ao>eEy 2.0 777 7.1 484 501 3.04 1.17 7.1 1.3
T2 11.9 3502 9.3 2567 2290 12.31 2.27 14.9 2.9
TIVEF 2.5 1074 6.4 690 580 13.62 4.02 9.3 43
a7 107.8 11075 26.7 3635 6781 1320.48 56.73 63.8 43.9
AFTRAE > 30.0 1891 43.5 349 400 79.71 2.98 73.3 2.1
TENWNA T x> 7.0 620 30.9 130 150 88.42 3.44 70.4 1.5
MVIAZRE >~ 0.6 194 8.5 146 271 480.33 7.38 178.3 3.6
Z DAth CIS 0.3 44 18.7 102 67 0.10 0.03 9.1 0.6
CIS &35t 146.2 13868 28.9 4636 8421 1998.89 74.84 73.2 57.7
Z;mﬁﬁ@ 22.6 3037 20.4 30601 28155 242.39 27.87 23.8 122.4
iR EE 1732.4 96376 49.2 | 100221 103498 6641.84 | 392.74 46.3 388.0

ERl ST TR

89 & 55 (2024)



R/PIZ, 7 AU BT 286 a3 KGRI AT
BRI LN RKFETH O, B0 ORI I & O
MEHOTS5NTND I EEFEBRL TS LD ITEADN S,

3. BE - BMBORMKAIADEES &
HREREL LURRFH

3.1 AHICDNT
2023 DML FE - FHIBOAMOFEHHERDOE S
BM1OEBOTHY, 1965 ELIED HMEEROHY
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BM2DEBDTHD, HFREMED 9640 T/N L)L D1
HFERE®DS B 35.3% % OPEC MME HFH TS, L
Liams, HROEMEZY AU A THO, 5213 OPEC
JNHEOY TP THDHDDH 3 id OPEC 75 A Tl
HDHMMOPECIZHHEL TWwianwos 7 Th b,

1980 4 LA 0 32 B3 vl [l O BRI R & & B pE R D
BT, TNETNHIBLUVHA4DEBOTHD, T
FIZHB T 1998 4F 70 5 99 FF1TH 1T T e 8 LR 7 3 2 4
LTWas DL, 7ILN—4%JN®D ERCB (Energy Resources

Average daily oil production of each major oil producing countries
in the World (2023)

Source: EI (2024)
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Billionbbl  Hijstorical Proved Oil Reserves of each major Countries in the World
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Conservation Board) /i F TIEARM & HARL T
FANY 2 REJFRZERME R TBORICIRE L /-2 & &
RESHRLTVRD, ZOEWBITED, 5 ORI
BIEAAINY > REEGDTHST Y ORI L 1998 4
MS 99 EIINT TR L, MRS 1965 FLFE, o
NI EEIME A S N T W B AY, 1999 DI, A1 Ly >
R 5 QAMAEDTEIE L 2D Tldzs .,

1965 fE LI D R O AM O A FE R SR EER L O
R/PDHBIZOWNWTIEKSIDEBD TH S, FNIZLD
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&, 1970 LR, AW OFEMAERERITEHE L TV B,
AR L TSSO T, GO R/PIZEM
W Cd %, BP/EI#EaF (2024) 1235 W Tld 1980 ~ 2020
FEOMREKEDT—% LOFELRNDT, R/PIZDN
TH 1980 ~ 2020 4F Ol L Mnidiam T E 72125, 1980 4F
121 29.7 FE 725 7= R/P D3R 2 IZHEI L 2020 £ ICI3RED
534 fEIT/E oz, ZOMINE, FTNE CIEERAMEHE R
BRINTHERERICMA SN TV >/ (ENE T
mining % \Y) HFF DA A I H > RRRKE DS = —)bF

Average daily gas production of each major gas producing countries
in the World (2023)

Source: EI (2024)
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AN ENGIMOMREERICMA S Z EMNSECITL S
TERu S NIAFRAI 23 20104E 1 A 1 HITHE L= Z & (SEC,
2009) & 2010 4ELARE, TS EFRM S O LMD A ER &
MR BN 2L 2 ENRE<ERL TV,

3.2 RRARIZDNT

2023 FOMGLEE - SR DO KA X DN HFEE D
HERZK6DEBOTHY, 1970 ELIEDLEFEROHES
BR7DEBDTHD, HHE 1L ALOMEN AEITKETH
0, H2hIo>7, HIAIA T THD,

TR AR D 39274 (535 7« — N OEHAERD S
% 15.71% % OPEC fIEA 5D TWEH D0, HOFY

AMEEICHDZEE (35.3%) ICHART/IEL, AlER
IR THZEFEOHFICBT 2EEENHEE CHE T &
ZRLTW5,
M70&EB0, 1970 FLIE, O 7 ORATAEER
WSHHEEAITH D HDD MV T AZAY NIBT DR
IFEHELTNW20DT, & CISHEONZAAEERIZEHEL T
Wo, iz, 2007 FELEE, T AU OH R EFERN D
LTWaA, ZIUIEICY IV HADEFERNZEEL T
WBZEEEBRLTWS, ZOMERED 2 AR S WiE
HETH 5,
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&, AT OEERITBIEL TWBE—7F, KENT 21 #
AR N 5 B, 2 OfEE O EERIIMINTH 5.

B9 D EBD 1970 FLAKE, 5D KR A DR A e
BIIAML TW5, HRAEEERLAML TW5H0DT,
A D R/PIIHITNTH S, BP s (2024) IZHBNWTIZ
1980-2020 F DRI E D T — % UM FEL R WD T,
R/PIZDWTH 1980 ~ 2020 4= DEE L 2vidiam T X 72025,
1980 4R 1213 49.8 4E72 5 7= R/P 73 2001 4RI E— 7 (62.1
) 12720 2020 113 48.8 FEITH T MITHE A L 7208,
1980 FIT AR TR EIREWILIR W,

4. £ &£ &

BP/EIl #:3t (2024) I DWW THFOAM KA Z DB
SLBRFE G A E L 72,

T DFER, 1970 £ LARE, 5 O i o AR E BT
AWML TVWDY, HAEEELSHEL TV DT, Al
D R/PIZOCHENMERTH 5 Z EMNHS NI/ /=, EI
(2024) 1ZH W TI3 1980 ~ 2020 4E DFERHEED T — 4
LMEELIRNDT, R/PIZDWTH 1980 ~ 2020 4F D
il Ui CE /a8, 1980 4EIT13 29.7 472> = AiH D
R/P MR 2 1ZHEIN L 2020 F 1213 & D 53.4 FFIT732 o 7=,
ZO¥EIME, TNk TITERBER & A7 S N CHE RS
BIZMASN TWAEN> 2 (FNE Tld mining V) 7
FEDAANY > ROKED L = =)V A A IV is ENGIHD

BHREICINA S Z EMNSECIZ& > TR I NFEE™
AV20104F 1 H 1 HICHFEZI L 7= (SEC, 2009) #%5H, 2010
LR, NS AR S OAIMOEFER &R EIR
WUEZENMRKRESERLTVS,

%7z, 1970 LR, RO KRH X DEMEERIZE
HLTWSD, HMEEKEGRHELTVWLDT, H2A0D
R/PIIHEITNTH 2 Z ENHAS NITR > /=, BP st (2024)
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Fault slip experiment using
the Spring-Slider Earthquake Machine
and numerical analysis
of rate-and-state dependent friction law

- EvaluationoftheinfluenceofinducedseismicityonCCS
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Fault stability analysis for CCS using regional-scale
3D geomechanics model integrated
with commercial pre- and post-processing software
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LF

Carbon dioxide capture and storage (CCS) 3B (L D%
FRELTHEHINTBD, ZOIEMROL M ZHEE
TB5IATCO, DEFZEHEVKEETTHT S &Mk
5N TW5, MxHRBEHRIL, CCS7EiITBWTHENER
IR & JEBNEFRIADN 5725 MR 0% E 2T )LT 55
ATHERNT A=Y TH D, HEROMHMNZBROHEIE S
HIE, A6 37 REHTR U TEWEEEZ2 0 ) 7= £ & £
TRHMBEND STz, UL UIEFETIEA A= 2 T HiiDm
k<>, graphics processing unit (GPU) 72 EDFIHEAEH D
mEicko, FAIMEINEZEGETIL (KD KT
BWMART T 2L —2a T, HMREREZHET S &N
T&E5X DT> TE7= (Jiang and Tsuji, 2017 ; Suwandi
etal.,2022),

FIBR NS D AR OAIXHZ B RIZ S E I ERBERITEX
LB EZT D, BIAE A6OMBEBIRE VWS A
Bt (Benson et al., 2013), —AHDFAARN @ < FLiEi5E S
(interfacial tension : IFT (Jiang and Tsuji, 2015)), ik @
KiME & E (Tsuji et al., 2016), ENIE/R ETdH D (Lefebvre
et al., 1973) . Lenormand & (1988) 13, ZfLE AT O
ZHBOFENE, KEREF Y ETY - E NS HRIT
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1 Bentheimer WA & E— X)X 7 EF )LD =Kt
TIOYIINEAETIVHI

BTHATE 2 EMEL TW5 (Lenormand ef al., 1988;
Yamabe et al., 2015), % Z T Suwandi 5 (2022) 1%, XL
TWEITH T D IEFENEIREK OISR ER (K,) S E
SELKMEE D) EFrETY—% (Ca) TRIEL,
NG 2 ORI E K, DEEREHS ML, Ln
L, TOMETIZ 1 DOEAICH L TOAHFHEL TND
ER, FYESY N0 ' UFTHETE TRV &
ne, BEEAT—IVOETY > FIFHAT 2012507
et TE T,

A T MG TR Y R AEEHNT, SESE
mEalTe U IR EOREFEISEME GFrETY —H&
RitEED) 1T U7z CO, D& E & K, Z5tR L7z, £
L0, BT —)L® CO, DEFHZRKER THIT S
A F— I DWESE Z il AT,

2. ¥ %

2.1 ZHREFRIVY T UE

KT8V < > (Lattice Boltzmann method ; LBM)
1, ik E A RIE O RRE O E & Fr D ARR 7Skl T DR S
EHIRL, TNEDRFOERENMHEZFET L2FIETDH
b, =RICTRMAET DEEITEAEROMTEHREL, K
R FIIE T D/ — R RITHEET S ERKET 5,
KRR 19 BEOEENRY MLERD, 5 DZ%ERH
MICEER L S N7 b oA &, TE A & S OBEE L
E-> T, GHREBEOAMMPRIBIIMAS ZENTE S,
LBM |3 M A 24> 2 LN TE (Hasert et al., 2014 ;
Liu et al., 2016), #HE/REIBRMIE 2+ D KRG LN D LA
WMEHEFHETHOAT, W47 Ju—FLELLN
5 (X2, ZOFFEEANTS T WM (A,
ME, RN E) TR FEH I alb—Taatnaigs
/2% (Jiang and Tsuji., 2016)

22 TUHINER

A7 OCT AF ¥ iZ&ko THESLNEZEAEADEREE
ROWIE T —ZIZBWTHIR &SR F2KBIL, ThszE=
RKIAL T2 ET, TOXIELAETIVERBELE (KD,
FAFETIE, RBEGOMITKEDITS DEDREEN
B2 AFEOE -y 7 ETIVEMBEL .
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2 LBM Tath & /=N o ik 5 i 4. = £
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bt tnwsg, LInLIKS, 4 THSMREDIZ, K, 13 M,

Ca DEMITE > TRESENMT D, —D CCSTIE, M
BFRELEBFEDLSRWD, Ca lZEATIHNS OFE#FC X -
TRELEILT 2, flZIE, EATFEEOIEEICHBN
TIEWENABSTER S 1, EALZREOFE A E N

(CaREV), ~HTEAMENSEVWIFEEIZBNWT
WERAEEAGEN (Ca 2V/NE W), ZHICEDIENWATr—
VT ORI E T Ca DIICKEIEVWNEL, K, R
25 2 ENHERIEND, 1B L ZMHEBR Y v T2 N
H52ET, ZOXOBITREBEREOENE IR 2 OHEE
MEREIC/Z D, IFEEEN O CO, 280 FHIE Ea LD
BN 5%, THIT Ca & MIZHTEEE DIREES CO, DJEAS
EICK > TR ED /20, AR THIEL=FiEEf AT
1L, CO, ZRhRIZIFETH I EDTEBLRMEEZHSNIC
THZEMNTES (Tsujietal., 2016).

M & Ca ZERTHHRHIE, W8T A—F PERITTH
5ZLETHD, 2D, MBEAT —IVOMATESNZ
WL, BHEBAT—IETATr =7 v 795 ENE
BThD, Ko THAWIETHE L MHRER< v 713,
CCS®AMETFET—RMWICTHWSEN TS IEE R —
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RN—=2T2HENDH D EEZOND, K- EMER
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NETIDBHEOERWITEE X7 — )L O CO, DEB) T
HINE[REE B EEZEZ BND,
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1. [T C&®IC

fMDOEZSY T FETIHERES 2 T ENEH L WIrE
g2 ET, ML —HilBOBEEENFEES> TS, M —
THBTIE, KL T TBR & TAT] oL —90H
WHN%, ik HANL—UTIE, WROREEHPIIITK
FFIET 2 MEb Rk > CRBIATE T 4 >, W&y, FALARIT
FRE) NHWLNTEE,

A, BREDO “MEME (£5) AN —H &
LTHHTS [AEM L —9k] O FREE=SY >
TIZBT2ERENRBINTWS UhKIEHN, 2020).
MAEME S IMEMOELETHD, HARBEITEMEL T
W3, MiEZELKERBICE> THRINTBD, Th
5 Hlpk (EDQLSBMEN, EDXDRBEETEENT
WM BEREZEICEL S TWS, MEM ML —SikE
&, BREFOMAEY SR EBYMEES L CRHATSREES
FUTFETHD, et GEEKRE) 75 DNA ZHh
HU TS ZRHEL, &EN2MEMHEOHREINT S
ZET, dBAHRT HREICDWTERES S, T4F
RALZMHOE=S Y > TOERAMEMRBINTWS
(Kobayashi et al., 2023) ,

ARWFZETIE, ZOMEW L —PEEREROHA N L —
B (RIS 4 2 7a EAE2E0 1) SHAEOE2HHE N
AF - BRIV F ML —Yik] OFEEEENE L.
SR U 72 KGR DAL (AE B L —4) &
(LR R N L —) Z26ifT L T 2 2 & T,
BN ST IEROMRGEM L 2BRGEL 7z,
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F11H P15 P11, EAH2H 1 E12) 25
Bl &2 BREL L 2L 2ot EMAEYI AT U 7=, e B,
HEPERRDRITIZIZIKBOAZFHA L=, WELZHRY 7
OE L o AE&ICEHZ 500 mLIZEME, 71 I)Ly—5iE
WK OB WA ZBIL T—20CTHRELZ,

DNA @ #ii H : DNeasy PowerWater Kit (QIAGEN #: )
ZHWTDNAZHIH L. 55N DNABKZ S 5
IZ NucleoSpin gDNA Clean-up Kit (Macherey Nagel #.) %
FIWTHME L, IR ~%0 10 ng/ 1L @ DNA ¥&#E 20
uL #1577,

16S rRNA j& &+ O ¥ 0E « K&k 2y 5 fft i L 7= DNA
ZHEMELT, ¥—H—#ET THh > 16SRNAE &
FZ&PCRICEDIRL 7=, AREBRTIE, WELWHAED
O zE —~EOMTTHES Lz BT, MEEH
MEm S ORBP AT THE2LN—F N T 513 —
U789F (5’-AGATACCCBGGTAGTCC-3") & U1068R (5
-CTGACGRCRRCCATGC-3") OXT7 ZHWw/i=, 2D T 541
< —13 16S rRNA EZ FIZEHE EN TS, VIV D nf 4
KD DB, V6EEZENEL T,

DNA S i B Offzi s 7 /7 —3a >  PCRICK D15
5N ECH] 2 MiSeq2500 (IMlumina #) 12 & D #1127
e LTz RIS —7 25 —f@iTIck > TH 537z DNA
RS T — % & 5 T RR PR AEDEMATITH L
Joo KM —F 2 —Ic& BT —213%07H D 16S
rRNA &5 T D REF) i3 D DNA B 72 DT, INA F 1 >
T AT AU ARHTITR D, HRatBIRT AT Re 7 gt
WMEYE T — 5 ZIERT 20 END S, RREHTTIX, NA
FA2TFRTA VAT Ty b7 +—A4QIME 2 2 H W
7z. QIME 2 TiZ, BiHT—% ORifLE (FRATICAE R
FDRRERE, XYL R —ROHER, AYT—5T7
AIVDIER), EAIDOHFEMICEZ 7 FA&Y T, ik
A (OTU) OfERL, OTU O BEMIMAE AR & ORERITEIC K
LRRET ) T—ay, BT /) T—ariliBA—
IN—2 T A —DIERK, fRITH T —% OEREFTIR- 7z,

BMENL—Uo A>T o7 —xE%
AWT, men/zitktoKEFO Cl, Na®, HCO, ™, HBO;,
Br~, Ca’", I, K", Mg*", Fe* " D+ F > s, BIOMBHE,
pH Z#E L7z,

3. ERBELUEZR

FNENDOY > T OFEL ~)L OMAEYHRZK 11275
T HHBIE LT, AMKEEAKTIIMAEDBRRNAKE
<HE-oTwi,

WA R OBEUMEICEDWT Y S 285 Y > TR %
FolfRER 21RT, VIAFY 2 71F, a8A 2%
LU DOBTEIEIC L DEEICE ST S AY Y > T %1To
Tz DU A ERE L, n RILEMTO, 2D0OXT K
VXY ot EERELT A2HERO1IDTHD, —1
M5 1ETOMERD, HHENRKEVWIZE2DDOXRY K
NOFAMMEIFIELS 2%, EREPATHDE, 2DDNY
FMVZRIC AR EFBRNSFEDMEEZRT Z &ITR
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P-5 P-6

P-7 P-8

Others (Lot %65%38)
PseudothermotogaE @&
AminivibrioB &
AcetomicrobiumE &
mSphaerochaeta Wi #
mXanthomonadalesH #88
|| Pseudomonas/BifE
1 MarinobacteriumB &
mHalomonasB i
mComamonadaceae i@
wShewanella chilikensis
BFirmicutesFI#E
mThermanaeromonasB &
Thermanaeromonas/B i
= Thermacetogeniaceae ¥ i ifi
u Thermacetogenium phaeum
EThermacetogenium @&
EWThermosyntropha/Ri8&
m Syntrophomonas & i8is
mPelosporaiEE
mNRB23E&E
mDTUOT4E8H
Anoxynatronum /& &
mFusibacter B
Fusibacter/& &
AcetobacteriumBE i8S
ClostridialesH #1#
w Caldicoprobacter R8E
mThermodesulfobacterium/B B
B Syntrophotalea &S
®Desulfuromonadaceae Bl &
mDesulfovibrio alaskensis
®Desulfomicrobium/RiEiE
mDesulfosarcinaceae A%
W Sulfurospirillum & §#E
" ArcobacteraceaeB#EE
Arcobacteraceaetd i@
mPseudarcobacterf & B
m Acetothermia bac terium
®Methanosarcina B i 5
mMethanolobus® &=
mMethanothrix thermoacetophila
mMethanosaetalf &8
mMethanoculleus/B S 8E
EMethanomicrobiaceae® & #iE
EMethanocalculus/® 188
murcultured Archaeoglobus
®muncultured Archaeoglobi
EThermococcus/B & #E
muncultured Methanothermobacter

T
N

P-9 P-10 P-11 I-1

mMethanothermobacter % & #i&
" Methanobacteriumil & i

B1 /G E QKB O #ERL L (FEL X))

70% - I I
60%
50%
40%
30%
20
10%
0% . .
P-5
_{:ms

P-7
— |aam-3
P-8
P-9
[ P-100 73 A%—4
P-11

B2 /KGR D iAWy s Lk O 391 BB O #f
FERRIC KB SAE ) 2T

%, UEORENS, a9A HEMEIZ2 DOXT MLD
HUMEZEREIT D 2 ENTESD, AWETIE, FhEh
B TIE, WMEN MEW L ~MEY ) OEIEEGE
R ET D, nRLONT MV TEHRT LI ETEHAELE
JYA HEREERN, 725D U@Lz o
FTAZY T DFER, 13DKiEHI4 DD T 25— (1
~4) 200k P1&P2) IZHEINE,

#0 T A8 —B XN M AE A 2 Ltk &
MM L, &2 524 —, slEHTE S EmED
EREEBEREOE— Yy TR 3ITRT, VIAY—
2, 3, 4BXUP1, P2Tld, HEEREFEDOHENERE

A e 89555 (2024)

ICERT 2R - HFEEOMAENRE (A% 2 E kbl bR
2E) BRUOBHAMEDOMEYRE (Thermococcus J&
HRE) PRHINAEDIHL, EAK2Y > TINDOT
A —1Tid, MERREREDRVWERICELT DK -
R E OB EYTE  (Pseudomonas JEM BRI E) MBEEIC
RoNEONREHE - 7=,

JUGHH O KRB O MM B L —S T OfERZE 11ITR
T WS DMNDOEFEKTIE, MEEHT L NETEA T 2 RE
MEM D 7,

BRI OLFHKE e — b~y TITL, K207 5
Y —EEICEDNWTH B A DER4ITRT, L T
[ 5 A5 —NOKAB DL FEAKLD b L > RIZFEPIL T
BY, WAEYEMRSACEHRICHBEND 5 Z EAVRE S
Nize 1272, 7 IAH—=30DP7EP8TIE, WAEMHEM
KTIRFEALCYZ 9AY—IZBL TWAIZHhnb 6T, (L%
LD b L > R > T,

FROWMAEH N L —Y EEE N L — Y DOOTRERB RO
BT ER EORTIHOEHRZ i U, /\KEilHO M T
HEx EDRMEEHREHE L . &hiHdot LiTEE2X
50TRT, EFEKOEE, #HirdEpITRVREICEN
EIVRFIIRNA A — I — A A R, 23>0
WL BT oEERTOEE~NOKITERE O H5E, HEH
DERAMEB L PIEAKT LA 7 2N —IT DN T DORENE
5Nz, BlAVE, AEFEI P1 B X ORI &E S H
HINTWD A P-2, P4, P10 TIX, Thermococcus J&t
M AV 1T S Nz, R 80CHTE DBREE & i ®
HFOBESBERTHL ZEMS, CEONA A —H—T
HBHERBINS,

BB, VIAY—=3ITHEINEZ2DDOEFEFT, PT
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; 2 3 + ﬁﬁﬂ‘]f;
R EEEEEEE
o L+ I A A A Ao A A A a0 o o R
ThermococcusBe#liE HEMMRE fRIEmSE - -
ThermodesulfobacteriumiB#iE WERT RS _ - P-1
Thermanaeromonasi@iiE FATERT RIS _ -
PseudarcobacterBfliE #EF E HEEE WA~ ~
Arcobacteraceaefifil #EHRE, LEEE WA~ iR 7&5‘&5]
MarinobacteriumBH#iE ERRE, BEXREHEE | REiEFSE
NRB23EME X4, fmmETomy | memsike [EEETN P2
SyntrophomonasEiiE RENBERESE [ofia 343 _ )
Methanothermobacter@ &l X7 V&R (KFREIL) R _ - ‘ 55252
ThermacetogeniumRiiE ErEE:E Eemse | EaE | ’
MethanothermobacterB&a#iE X5 4R (KRE(L) RS _ I5R59—-3
M. thermoacetophila A% %R (BFEE&E1L) RiEmSE _ - - ISR —4
B3 &7 IZY— - FHIREI R EMREOMIR & it RE—F~ v 7
K1 JUEHEDOKRE O
P1 P-2 P-3 P4 P-5 P-6 P-7 P-8 P9 P-10 P11 I-1 1-2
Cl (mg/L) 6310| 8150/ 11000, 10700, 9150, 10100| 12200| 6280| 10900| 8380 9450| 7750, 7840
Na (mg/L) 4470| 6060| 7700| 7590, 6800, 7210| 8570| 5180| 7770| 6460 7010| 5800, 5820
HCO, (mg/L) 1260/ 1480/ 1620| 1640| 2110; 1790, 1700| 2740| 1740, 2060, 1900, 1590/ 1600
HBO, (mg/L) 193 242 350 311 317 348 344 316 349 337 353 268 271
Br (mg/L) 31 31 71 59 58 58 81 35 85 37 59 48 37
Ca (mg/L) 73 60 42 38 30 37 50 15 40 30 24 47 47
1 (mg/L) 8.2 9.8 19 20 ND 18 ND ND ND 14 17 13 12
K (mg/L) 37 46 48 92 42 38 47 38 36 42 45 40 45
Mg (mg/L) 19 12 13 11 12 11 20 6.6 16 11 9.7 12 13
Fe (mg/L) 0.13 1.1 5.1 3.2 0.96 24 9 1.8 ND 1 0.65 2.1 2.7
R (mS/m) 1900 2100| 2590| 2630| 2320| 2470| 2880| 1800| 2670, 2180, 3400, 2030| 2050
pH (25C) 7.72 7.35 7.72 7.65 7.87 7.8 7.48 7.62 7.8 7.85 7.65 7.8 7.8
\$BE/” 5, P8IZBEE CHABEEINTHS, P8 £ i s 8 i
KOWTE, BMEMNL —HRECBEOD DA, HH Sowzseon o ~
c = N R e T - R A . A iy
L —HIZCEBOLONRERATWSAgEEND 5, —i% o L L o oo Ao o o o o o oo
VT TR EE SR VA WD VAR < 73 % lBIAIAS B % 7 iﬁﬁ)
W, BAEW L —FTEPT EEHL TN ENBFEL HCO, (marh
I AT —=IZBLTWDN, LFEMEDO ML > RIZP7 & HBO, (mg/l) .
IFEBDEREB O EHRPTE S, Br (mg/l)
PEED, BAEMNL—BERROEA N —Y (EH e E’“gj:;
. mg
A F IR E) ERMICAHHTSZET, LD RIRED bl -
EWHITOREMBEBEICOVWTOHBENESNDS Z EAVR Mg (ma/h ||
BEh, Fe (ma/)
YBIEmS/m) |
pH (25°C) ]

E il

AWFFEIE, HERZ ER AL INPEX O K [FAMFFEE L
T, #lath INPEX & HEK%, B K OHAR AR iRE 2
Pt B FE 2 (21K04691, 24K01414) O H2TH
7,

5%
4 feERsomitiEE—bxy 7
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Experimental study of weak gel for deep profile control:
transportation evaluation through porous media
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1. MIRER- B

KREEDPEA SN TN L OMBETIE, U4 —%—
Ty MISEINT SHEICET L TWs, ZOFRKELTE
FEIFERERNBET S5NDD, AW TIXERIBERD A —
HIZ X2 KOEMRBIERICERH Lz, U+ —F—hv b
D3 U 72 B B SIRAAR LB Al 3% 0 FEIE P RCE DG B E &
ARSI A I DRSO EESEATH O,
KA 2 W TR Z T 2 FIEOWFEMEE I N TV DS
CERIZD, 2014), LoL, IFRENICBIT S HEKAIOR
EMEOHEHBLY, &HkoTory()ba> ho—)b
BRI DR > T D,

FIT, AFRTE T ZUINT I RRUR—%ER—R &
L7V (BUF, RUS—=5)0) &AW T/KD -G %
KL, a7 #RWREGABRICEZ R =)L D
K ORREEHIH B KO, HEWEIRFEMIC A, EEE TN
# (LL'F, scanning electron microscope (SEM)) 7% W
TR ERME 21T 5 72,

2. REBFE

2.1 RUR—TIVOES - B#E

RUS =L OEAEB X, R 2T CdH-
DFEMATHR)—TIVOERBIY, BEZET>7, #
AUAREE, RESGZEZRL FRFIHEEZK1ICEED S,
Sydansk and Southwell (2000) 237K U < —4 )L OFFAMiE &
LT, RUR=FNMNA-ER N E EFRIEESE, T0
BIRICE>THA T3F2T5FiE CUN, ANV TA )
EZIRBLTED, KEOY > SIVEMBINEHETES
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ENS—BIICEREINTVS (K2, AWK Cldire
JEN TR =T IVDKBGEIC K > THENIT2 2 & T,
HERVERMILEPIC RSN &2 L CY 1 T E £/213F
#H =7y hEL, Weak FI)LERR LTz, BESRMAEELT
JEIRFTHIC Weak 7L 2R L, D% EWIH Weak 7 )L @
WEEREDOY > IINERET DI EE LR, TIVERIAR
1HBEICAHR LT A 2TV, LIBOERTITEE SN
FEELEORY =L E2HNTITo 2,

2.2 RUR—FROLAODC 45T
BESNZRY T —=7IVORY X —EROE IS,
S AWEE & OGRZE, BRI EST (Brookfield

tt, DV2T) ZH W THIE L,

2.3 WEIT7TEAWIRKRER

AU =)L DU KEF A O 72 DI f Bk B 2E & (Vinci
ft, SRP350) &AW TREGAH 21T > /2. RERODEWN
K DWAEDENEERT D202, RizDEBELRHT
HAHEEFLIT (F150mD) EEEERITT (K300
mD) OWEIT 2w (£2), K, WEMzfT-o
2%, WHEEREIOEDT 30—V 7 2K3H
1T > 72 R TIE, HOIKKEZTY, WAHE
HEIN<2ETIFo, KITKRY X —A# % 0.2 pore
volume (PV) EAL, {HEM#MT1IHAMBEIETTIVE
I®m, RERICHEKBGEZEMOMAEH I N /s3
FTITo /2. WU X —IRIRITEART & EAR D KBGERF DL
AEHB X, MFEINRZ LT D 2 & Tl 2
fIo7. 2B, IXRTOTETOHEIT 0.4 cc/min TIT
W, KEIRT MR T EE, T2 2 7 LREGABR T
60°CDEMTIT> 7=,

2.4 SEM % FH\\ /=BT

R =B EEALTFIALS a7 2EE 0%
FrciliL, UMmEEHR L2, ZOK RUY—7))
12K B FLERPAZERSE 2 SEM Bl 5 R LU 72, AT, T
FIF—rr BB X #5076k (BLF, energy dispersive x-ray
spectroscopy (EDX) IZ X B ItHE &7 T ETHRY X —
TV DEASENE E MR L T2,

3. EBRER

3.1 RUR—=FILDER - ZEE
R1IOEBDERERELRNHTEREAGL, 1HBEITH
MLTFARNZEITVWRBRBRSR) =TIV EER L, 20
W H, > 7)1 B2 (FLOPAM i JZ 0.5 wt %, PEI J4 &
0.4 wt%) OFF, HHFE< Weak 7ILiZ72 0, NDOEHM
Weak 7" )L 2 DWE 2 HOH > TN TH 5 T &6 HE
INT2(F3), LI, 9> TIVB2 2 L TERZTo 7=,
3.2 RUT—FBROLAOD—HHAE

BTV B2 ORY X —IEE O AWIRS, BEETA
Wi & DRt ZE, RIEZHERTEZHWTHIEL 2, A
Wi 2 NS5 S AW ZEmL, HMEIE TS
DR E S (M3, ZTOZENSRY X —IARISHE
AVERIA T H % Z E DR S NIz,
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&1 HHRES X ORESMF

FH 4 BE (wt%) 7 f& (g/mol)
T4 NaCl 0.5 58.44
RY<— FLOPAM 0.4~0.6 10.3~13.0x10°
RUIFL A3
i ~
ZEFEH (PED) 0.3~0.6 600
&AL B 1E A F AR 0.005 76.12
X2 WHI7 oYM
N SURIZIER | KIZIBR | fLERIRFE LR AR
(mD) (mD) (cc) (%) (%)
Berea 117 173.63 146.97 17.54 20.10 63.95
Berea 103 438.37 311.07 1941 22.40 60.25
7K NaCl  FAhsk FLOPAM PEI | Y v——m | | RY~=—" |
vz # . >
4 20 5 ~
i g, 5 07
E E=3 LA

XIFRI1Z400 rppmTIT o 72,

K1 RYUS—4)LOEETE

'J‘}'? V%

A B C D

B2 TIEEICKDYA THIToK

3.3 MEITERWERKRE

RY =)L DKM D /=128 > TV B2 2 Hn
TRBGERBZETT> /2. MEBEEFOIT T, RN —IEK
JEARTOKBERE & 0 &R Y ¥ —IRIKITEAE DKL RO
FWEAENB I, HENERNEHWER SR, @G
BRAT OFHIMERIER T T KO HENCR OIS O
Bilkok (M4, ZOZEMSRYR—ILMKDE
BUREEZEHZEL, RV Y —BREARX D HARNFHEIIZL
<IzoTWwa EEZSN, TR EBXTY, HMmzE
ERDZ MR I N,

3.4 SEM % B\ /=R N4 3T

SEM ZJHW TR Y ¥ =7 )i & D fLIREAZE RS 2 1%
L7z REGRBRBOWETT 2 W TEADMIIOBRZ

A e 89555 (2024)

o7& 22, #30um DFLERF ISR AR D AY
EEOTWD I EEMR L (K5), 7z EDX DR,

REDRHBINZZEMSRUR =TIV TH D T &R
Nz (K6,

4, EZR - iEw - RBE
4.1 # =
SEM #&ic k> T, RUT—4 )2 30 um DAL %

PHZEL CTWD Z EMNfER I N, £, — (20200 271-o
7z, SEERL A7 EREEOYMEEZ R OmEQ
7 & RWZAKBAR D D A =512 & B FLERE A E RS R
£5 &, AR THERI N30 m OFLEIT A K
XN A XDFRTH D Z EDERSIND (M7, AT,
DL BN TH [FFRE QYA X DEHFEME & K D&
BRI NN, NS WH A XD EAZERE & FF D TS
BaINLhoiz, TOZENS, NSNWARRICRY ¥ —&
Wﬁﬁxbfmmm:aﬁﬁ%éhéaﬁUV—ﬁwwﬂ
B EREZITO DA TOREE LT, INSWFLRITERY
R —BRERASE DL HEOHSINETOoN D, 0% E
LG ARY R —F IR e R Ao L Aoy —
HEzELTWAZENS (K3), KEZENEE2Z
ETRY X =B OKEZ RV, hSWABRICBREASE
LI ENMAREEEBEZABND, INbEEEDDE, HRE
a2 ha—)IVT 5 ETRY =)V OREN B HE AT



3 FMEBETHELLAERYIY—=TIVOR MLVTZ MER
W (wt%) 7 ALIEEL
TN
FLOPAM PEI 5H% 7TH#% | 10H#% | 30H#% | 75H%#%
A1 0.3 B D E E F
A-2 0.4 B D E F -
A-3 04 0.5 c D E F F
A4 0.6 c D E F F
B-1 0.3 D E F F F
B-2 o5 0.4 E F F F F
B-3 ’ 0.5 D F
B-4 0.6 E F
c-1 0.3 D F
c-2 0.4 E F
0.6
c3 0.5 E F
c-4 0.6 E F
250
0.04 [ Y = 0.0056x04351 388 Berea 117 (147 mD) STen
& i e g e R — 200 [ 56.53 )
E 0.03 _ ﬁ'/\,ﬂtﬁ}fﬁjj ....... 1 600 g 1943 I o
£ : . —_ o 1ot '
: - u R
< o _ 500 Dg E oo | HY v —ER RY 2 —BR
E 0.02 ¢ 1 400 4y B EARTKISE EAKIGE
P L | o | — EAED
£ of - 300 32 - ERE
2 0.01 ¢, 3‘5_&;60 soxoses | 200 ol
- . ° i 0 2 4 6 8 10 12 14
B g e ® ettt o 100 PV
0 | 1 I 0 250
B 103 (311 mD Y 70.05
0 25 50 75 100 D (311 m 53611 iy y
+ AWTEEE (1/sec) 5 | N
= 150 |
3 EHEREEHT £ B R U Y —EEL A O U g N O I
3 EARIABGE EABKBGE
s0 | — EAEH
AECTH D EHREIND, y —-— EE
4.2 0 0 2 4 6 3 10
B2 TN B2 AV RBGRICE > T, BTk v
K4 WAEIT7BICRY =)V &AW REGAR

FEARTE O B R X —VEHRE AR D5 8K B T# R O
AENBRY, MWEIENGDNRERDBGONI &5,
R =TI 1SRN B 2 Z DR S Nz,

B

200 m
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(REERIY &, &EERIT 1)

RN R—="IVEARAE T O SEM BIZ1E 4
(£ WOy, rho : WFEIE 300 1%, 45 © Wi #1%2 1000 %)

BTEMEASE |

80

170
4 60
1 50
4 40
4 30
120
1 10

80

170
1 60
1 50
1 40
1 30
1 20
1 10
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Niz. G, NEWTA ZOABENDOREHIHZEEL,
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AU —EROMEZ D> bO—)VT 5 FEERET 240
ENd B T NIz,

4.3 BE

SROBEELLT, HEGURS SEM B% 2|l T, i
BAMIC R DHAKMED K REMEDENZFHEY %, K7z,
X## CT 72 & & W THFNR R Y ¥ — ISR O IR BN 2 7
i S 2 HHEDHEL ZRET L T D,

B o®
AHESEIZ ISPS FHIF 22 JP2AK08317 D BBk & 21T 7= & 0
<,

SI B8 %% (SPE R

md X 986923 E —16 = m?
wt 2% = mass%

cc = cm?®

530 B X M

— {EME 2020 @ KIE M IREIKBOEIC BT B EAKP DA
TR EMHR K OEGREOFRNRICEZ S
&R KRB E R &R AL

BEIRIEM - =3 AL - 2014 © EOR. AiHIL MR, 708,
717-718.

TR - BEH O - HRRAISC - @k E, 2014 : g
A DR, AR FEMEE,  550-563.

Sydansk, R. D., and Southwell, G., 2000: More than 12 years’
experience with a successful conformance-control polymer-
gel technology. SPE Prod. Facil., 15(04), 270-278.
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OO OREEBO I T TWELEL I E
20 L AamERMERASEOEBRHETIINE
T, IUOIZ, ZoHEBHEOLT, MaERS ICEER
BOHIRIFICE, HEIOBGRIEEIC ZHEE KB
B0, BE#zEL EF-wEBEWET, S4ETIHERZE
WA 2UHROREORICHIZHZD, IhETIILL
Db H PR E LT TE a6 d 5 Aamiina s 2o
2EOEBOEIICHOBIEHELENTT. HS5EDT,
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LB SBREIAEANREEL TORBERD T2,
BlaRIFICHLET2HE - A - #F - ¥EBHS, FH
mEhEEbhE, REDOARIFITESTHLLTHR&RIC
SECAHE D IaAbE - fTHEEREL TN EBNET,

ITC, MEDHAEREIRVIKRDET L, OS> -y
SAFES, A A5 TIV - )N AF TS EDEEK 5
DR EFOEME, ZHCEBRDERNS TRV F—
LEMRMANDBE ERHIHEATL N LZOHEEZZIT T, it
REETBIT 2 T3 F—RLREOEE LD T
WIS N EBWET, 5%, * - BN RER»S
WL BF L BRERI RN F—OFEHAEEINET
2, A REBAZMMERDO—RITRIF—DRNT—E
BREIELSARZAVEITZHDEEZET,

— 5T, b2 S GMAEERICES T, 4lFK
EREEELAEOTHH D T, [UEEFINOHD HL
BRI F LS OFBUCIANT, AR E L T
B, U THAERERE OZITIE U TRRITHIET %
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