International Symposium

Innovative Geosciences
(ircular Economy
and Sustainaot hty

Ha Noi| VIETNAM NATIONAL UNIVERSITY PRESS, HANOI




TABLE OF CONTENTS

SECTION 1: SUSTAINABLE NATURAL RESOURCES FOR CIRCULAR ECONOMY

1.

A TRANSFORMATIVE AGRICULTURAL MODEL FOR BETTER ADAPTATION TO CLIMATE CHANGE
ALONG HAU RIVER, VIETNAM

Mai Trong Nhuan, Nguyen Tai Tue, Nguyen Doanh Khoa, Vo Minh Canh ... 5

DEVELOPMENT AND APPLICATION OF REMOTE SENSING-BASED ANALYSIS FOR
DETECTING GEOTHERMAL ANOMALIES IN THICK VEGETATION AREAS

Taiki Kubo, Hiroaki Gonnokami, Katsuaki Koike, Mohamad Nur Heriawan, Irwan Iskandar .......... 20

EFFECTIVENESS OF MACHINE LEARNING-BASED SPATIAL CLUSTERING FOR DELINEATING
METAL-RICH ZONES WITH CASE STUDY OF A HYDROTHERMAL DEPOSIT

Vitor Ribeiro de Sa, Toshiki Muraoka, Katsuaki KoiKe...............c.oooovieriieeeeeseseseeseseesesesesenee 26

QUANTITATIVE ASSESSMENT OF GEQSITES AS A USEFUL TOOL FOR GEOHERITAGE MANAGEMENT:
A CASE STUDY IN BINH THUAN - NINH THUAN COASTAL ZONE, VIETNAM

Duong Nguyen-Thuy, Huong Nguyen-Van, Phuong Hoa Ta,
Thai Nguyen-Dinh, Hong Nguyen-Thi..............cc.coovuriericinieiessisessissessisssssssssssssssssssssenns 33

AN INTEGRATED ECOSYSTEM-ENVIRONMENT-ECONOMY MODEL IN VIETNAM-LAOS
BORDER REGION IN THE NORTHWEST VIETNAM

Nguyen Duc Hoai, Luu Viet Dung, Tran Dang Quy, Mai Trong Nhuan .............c.ccooecvvcrrnnnccrrnnne. 44

ASSESSMENT OF GROUNDWATER QUALITY IN DONG LO AND PHUONG TU COMMUNES,
UNG HOA DISTRICT, HA NOI: IMPLICATIONS FOR WATER USE AND TREATMENT

Do Trung Hieu, Nguyen Phuong Anh, Nguyen Hong Ngoc, Nguyen Thi Hai,
Hoang Thi Minh Thao, Tran Duc Hoang, Le Hoang Son, Nguyen Thi Hoang Ha......................ccccc....... 58

GIS APPLICATION ASSESSING THE SITUATION OF WATER QUALITY
TAM GIANG - CAU HAI LAGOON, THUA THIEN HUE PROVINCE, VIETNAM

Anh Nguyen Huy, Uyen Nguyen Dang Nha, Khai Ngo Tan, Anh NguyenVan..............c.ccoocccnneccnnnen. 68

SURFACE WATER QUALITY IN THE CRAFT VILLAGES OF THANH THUY COMMUNE,
THANH OAI DISTRICT, HA NOI, VIETNAM

Thao Tran Phuong, Dung Tran Thi, Nhan Tran Thi Thanh, Trang Nguyen Thi Huyen........................ 77

VARIATIONS OF WATER TRANSPARENCY IN THE RED RIVER (VIETNAM) FROM
THE SENTINEL 2A SATELLITE OBSERVATIONS

Nguyen Thien Phuong Thao, Nguyen Thi Thu Ha, Pham Quang Vinh, Nguyen Thuy Linh............... 87

10. SUSTAINABILITY ASSESSMENT OF COASTAL WETLANDS IN THE CONTEXT OF CLIMATE CHANGE:

A CASE STUDY IN DONG RUI AREA, TIEN YEN DISTRICT, QUANG NINH PROVINCE
Bui Thi Lan, Mai Trong Nhuan, Luu Viet DUNG..............coccccurrvennrreiissceiiseesiissssisssssssssssssssssssnens 97



viil | INNOVATIVE GEOSCIENCES, CIRCULAR ECONOMY AND SUSTAINABILITY

SECTION 2: EARTH AND GEOENGINEERING GEO-ECOLOGICAL ECHNOLOGIES
FOR CIRCULAR AND ECOLOGICAL ECONOMY

11. IMPROVEMENT OF SPATIAL MODELING ACCURACY FOR MULTIPLE GEOLOGIC DATA
BY ADVANCED GEOSTATISTICAL AND DEEP LEARNING METHODS

Katsuaki Koike, Vitor Ribeiro de Sa, Yusei leki, Taiki KUbBo ...............oooovoeeeeeeeeseeeseneennen 109

12. VOLCANIC ASH SOIL EFFECTS ON RESIDENTIAL RETAINING WALLS DAMAGED
BY THE 2016 KUMAMOTO EARTHQUAKE

Haruna Murakami, Satoshi Murakami, Tomomi Nishi, Hikaru Nomiyama.............ccccoocoonnevrrnnrrrnnne. 117
13. PORE WATER PRESSURE RATIO AS A FUNCTION OF THE PERIMETER OF CYCLIC SHEAR STRAIN PATH
Tran Thanh Nhan, Nguyen Thi Thanh Nhan, Tran Thi Phuong An,

Duong Trung QUOc, Le Thi Cat TUONQ ............ccoeveriieeiecriessieesiiessisssssisssssssssssssssssssssssssssssssssnes 126
14. USE OF FRACTURE CROSSING METHOD FOR A SLOPE ROAD DISASTER RISK MAP UNDER HEAVY RAINFALL
Shotaro Oda, Satoshi Murakami, Tomomi Nishi, Tatsuro Yoshimura...............coovvrvevrereeennce. 138

15. ASSESSING THE SITUATION OF COASTAL EROSION, ESTUARY GATHERING IN QUANG BINH PROVINCE
Cham Dao Dinh, Son Nguyen Hoang, Quan Nguyen Trong, Hang Phan Anh.....................ccccoeeecceeee. 144

16. RECONSTRUCTION OF HOLOCENE PALEOCLIMATE IN RED RIVER DELTA, VIETNAM
USING CARBON STABLE ISOTOPES

Tran Ngoc Dien, Dang Minh Quan, Nguyen Tai TUe.................omrrenecericeeiceeiiseeeeissessssseesseeens 156

17. APPLYING 3D GEOLOGICAL MODEL FOR OIL INITIALLY IN PLACE ESTIMATION
DONG DUONG OILFIELD, BLOCK 02/97, CUU LONG BASIN

Tuan Nguyen, Xuan Tran Van, Kha Nguyen Xuan, Thanh Truong Quoc, Khang Tran Le Dinh........... 163
18. BIOGEOCHEMISTRY OF ARSENIC IN THE VICINITY OF A METAL MINE IN NORTHERN VIETNAM

Do Trung Hieu, Tran Thi Hue, Nguyen Quoc Bien, Dang Bao Duong,
Bui Thi Hoa, Nguyen Thi Hoang Ha..............ccc.convvrinrriineesiessisssssisssssssssssssssssssssssssssssssnnes 184

19. ASSESSING THE STATUS OF LANDSLIDES ALONG KEY TRANSPORT ROUTES IN
THUA THIEN HUE PROVINCE DURING THE STORMY SEASON IN 2020

Nguyen Hoang Son, Le Van Tin, Mai Van Chan, Phan Huu Thinh,
Doan Xuan Tu, NGUYen NGOCDAN...............cocvriciseriecniiessieesissessissessssssssssssssssssssssssssssssssssssnes 194

20. ASSESSMENT OF LANDSLIDE SUSCEPTIBILITY ALONG THE AN HOA - AN TOAN PROVINCIAL ROAD,
BINH DINH PROVINCE, VIETNAM

Dinh Thi Quynh, Do Minh Duc, Dang Thi TRUY .............cooecvverriceeceiieseiisseesssssssesssssses 215
21. SEISMIC CHARACTERISTIC OF FOCUSED FLUID FLOWS IN THE NORWEGIAN SEA
AN NGOCLE ... ssssss s ssss s sssssss s s s b s s s b s sbsss s b sbssnnes 228



HANOI GEOENGINEERING 2022

X

22. BEHAVIOR OF SHALLOW TUNNEL IN SOFT SOIL UNDER SEISMIC CONDITIONS

Thai Do Ngoc, Hung Vo Trong, Chan Nguyen The Moc............cccoovveiineciinncicrinenissesissessiienns 236
23. EFFECT OF XANTHAN GUM ON SHAPING THE DRYING SOIL-WATER CHARACTERISTIC CURVES OF JUMUNJIN SAND

Thi Phuong An Tran, Gye-Chun Cho, llhan Chang, Thanh Nhan Tran............ccoooccoccrnncceeccnnnnns 245
24. HYDRATION LEVEL AND HYDRAULIC CONDUCTIVITY OF GEOSYNTHETIC CLAY LINERS

SUBJECTED TO AMMONIUM AND ELEVATED TEMPERATURE

Ta Thi Hoai, TOShifumi MUKUNOKI..............c.ooeeeieeeieeeeeeeese et ssssssssssssessssssssssssssesssssesases 252
25. METHODOLOGY FUNDAMENTAL AND PROCESS OF GEO-HAZARD MITIGATION

Tran Manh Lieu, DUONG Thi TOAN ............covevvieriiiiecriesiiessiissssisessissessiisssssssssssssssssssssssssssssssssssenes 262

26. OPTIMIZING CUT-OFF JETGROUTING WALL PARAMETERS FOR PROTECTING HISTORICAL BUILDINGS
WHEN TUNNELLING IN SOFT SOIL CONDITIONS IN HO CHI MINH CITY

Minh Ngan Vu, DucTho Pham, Trong HUNG VO .............corriiiriieriiseissessisessieesissssssssssssisssenns 274

27. CHARACTERISTICS AND GENESIS OF MASS-TRANSPORT DEPOSITS IN
UPPER PLIOCENE SEQUENCE, SONG HONG BASIN

Anh Ngoc Le, Oanh Thi Tran, Ngan Bui Thi, Muoi Duy Nguyen,
Hoa Minh Nguyen, Hang Thu Thi Nguyen, Man Quang Ha, Hung Dang Tran...............ccooccconnncvvunnnnee. 286

28. A CUSTOMIZED PISTON CORER FOR COLLECTING SEDIMENTS IN SHALLOW LAKES
Thai Nguyen-Dinh, Huong Nguyen-Van, Duong Nguyen-Thuy...............cooecmernncrnnerrinnerinnesrinnnnns 293

SECTIONS 3: SOLUTIONS FOR CIRCULAR ECONOMY AND SUSTAINABILITY
MULTISECTOR COLLABORATION TO ADDRESS A WICKED

29. MULTISECTOR COLLABORATION TO ADDRESS A WICKED SOCIAL-ENVIRONMENTAL PROBLEM:
CASE STUDY IN GORONTALO PROVINCE, INDONESIA

Masayuki Sakakibara, Hiroki Kasamatsu, Yuichi Matsumoto...............ccooocovmevrneerrnnerrinnerinnerrinnnns 307
30. RECOVERY AND UTILIZATION OF METAL RESOURCES FROM ACID MINE DRAINAGE
Sangwoo Ji, Gil-Jae Yim, Young-Wook Cheong, Dong-Wan Cho ..............cc..ccoorvmmrrcmmnrrinnnnrsnnsrisnnnns 318

31. APPLICATION OF ENVIRONMENTALLY FRIENDLY AND NON-DESTRUCTIVE
SOLUTIONS TO TACKLE NATURAL HAZARDS IN VIETNAM

Rajinder Bhasin, Arnstein Aarset, Nhuan Mai Trong, DucDo Minh.................coooonnrrronnrrinnnrrrnnrrrnnnn. 323

32. POWER DEVELOPMENT PLANNING IN VIETNAM AND INTERNATIONAL
EXPERIENCE ON THE PROPORTION OF RENEWABLE ENERGY SOURCES

Phan Bich Hoang Thu, Phung Dai Khanh, Nguyen Xuan Huy, Bui Trong Vinh ..............cccccooecvennnnnee. 332
33. CIRCULARITY OF AGRICULTURAL BY-PRODUCTS TO BIOCHAR FOR CONTAMINATED-SOIL REMEDIATION
Dang Thuong Huyen, Dong Uyen Thanh ...............cco.ocercecceieccriiccesiseeesesssessssssanens 340



X INNOVATIVE GEOSCIENCES, CIRCULAR ECONOMY AND SUSTAINABILITY

34. EVALUATING THE POTENTIAL FOR DEVELOPMENT OF A CIRCULAR ECONOMY MODEL IN
AGRICULTURAL PRODUCTION IN YEN SON COMMUNE, QUOC OAI DISTRICT, HANOI CITY

Thu Do Thi Tai, TUAN TEANVAN ...ttt sss s sssssssssssssssssssssssssssssssssssssssssses 348
35. ROLE OF Sargassum sp. IN THE BIOREMEDIATION OF POLLUTANTS IN COASTAL ECOSYSTEMS
Pham Thao Nguyen, Koji OMOFi .............ccc.oovevieiineciienieciieciieesisessissssisssssssssssssssssssssssssssssssssnes 366

36. A REVIEW OF SOIL SALINITY ASSESSMENT BASED ON REMOTE SENSING DATA

Kinh Bac Dang, Thi Thu Huong Hoang, Hieu Nguyen, Van Liem Ngo, Thi Phuong Nga Pham.......... 377
37. RESEARCH AND PROPOSE SOLUTIONS TO BUILD CAN THO URBAN MODEL TO ADAPT TO CLIMATE CHANGE

Vo Minh Canh, Mai Trong Nhuan, Nguyen Tai Tue, Nguyen Thanh Van...............cooocorvnncccnnnnn. 391

38. ASSESSMENT OF ENVIRONMENTAL SUSTAINABILITY IN COASTAL AREA
OF THACH HA DISTRICT, HA TINH PROVINCE

Pham Van Lam, Nguyen Dinh Thai, Luu Viet Dung, Tran Dang Quy, Nguyen Tai Tue....................... 407

39. THE DEVELOPMENT OF THE OIL AND GAS INDUSTRY UNDER THE IMPACT OF
CLIMATE CHANGE AND RENEWABLE ENERGY

Nguyen Xuan Huy, Thai Ba Ngoc, Phan Bich Hoang Thu, Phung Dai Khanh................................ 416

40. THE EFFECT OF TEMPERATURE AND PRECIPITATION ON THE INTRA-ANNUAL RADIAL
GROWTH OF Fokiena Hodigsii IN KON KA KINH NATIONAL PARK, VIETNAM

0Oanh Nguyen Thi, Nam Le Canh, Hung Dinh VieT, Tich VuVan...........cccooececccrcenns 426

41. USING STEEL SLAG AGGREGATES: A GREEN MATERIAL AS FUNCTIONAL FILLERS
IN SMART ULTRA-HIGH PERFORMANCE CONCRETE WITH SELF-SENSING ABILITY

Viet Le Huy, Hung Vo Trong, DOng JOo Kim............ccccovirriciricciccriicceesiecsnsssscsssssasesssssnns 437

42. VULNERABILITY ASSESSMENT FOR SERVICE SECTORS UNDER CLIMATE CHANGE AND
SEA LEVEL RISE IN THE SOUTH CENTRAL COASTAL AREA OF VIETNAM

Hoang Anh Huy, Nguyen Tien Thanh .................ooorcrcceiecsiiseeeesissseessssssesssssss 445

43. AN INTEGRATED FRAMEWORK FOR INVESTIGATING DRIVERS INFLUENCING BEHAVIORAL
ADAPTATION TO CLIMATE CHANGE IN AGRICULTURE

Huong Ho- Xuan, Hai Le-Dinh...............cooovvriiriicisnsiessissssissssiissssssssssissssssssssssssssssssssssssssssssssnes 458
44, LANDSLIDE VULNERABILITY ASSESSMENT: A CASE STUDY IN NAM DAN COMMUNE, NORTHERN VIETNAM
Ta Thi Hoai, Mai Trong NRUAN ...t ssisssssssssssisssssssssssssssssssssssssssssenss 471

45. WATER SATURATION PREDICTION FOR RESERVOIR MODELING FROM
WELL-LOG DATA USING LONG SHORT-TERM MEMORY NETWORKS

Dai-Khanh Phung, Xuan-Huy NQUYEN..............corrrirssiessisssssisssssissssssssssssssssssssssssssnes 483

46. RESEARCH ON THE USE COAL BOTTOM ASH FROM THERMAL POWER PLANTS FOR
MAKING CONCRETE LAGGING AT UNDERGROUND MINES IN QUANG NINH COAL AREA

Van Kien Dang, TFONG HUNG V0 ... ssiisse s ssssssssssssssssssssssssssssssssssssssssns 496



HANOI GEOENGINEERING 2022

bl
47. EFFECTS OF CLIMATE CHANGE ON LANDSLIDES AT NAM DAN COMMUNE AREA,
XIN MAN DISTRICT, HA GIANG PROVINCE
Tran Ngoc Tu, Nguyen Trong Van, Nguyen NGOCTIUC............coccovcrineciicciecriiecniiscsisecsiisneens 508
48. MICROPLASTICS IN THE RIVER WATER OF HA TINH PROVINCE
Nguyen Le Tuan, Mai Kien Dinh, Dao Van Hien, Pham Hoang Giang, Pham Van Hieu...................... 521

49. MODEL OF DOMESTIC SOLID WASTE CLASSIFICATION AND MICROBIOLOGICAL COMPOSTING OF HOUSEHOLDS:
A CASE STUDY IN DAI TAO VILLAGE, XUAN GIANG COMMUNE, SOC SON DISTRICT, HANOI, VIET NAM

DucToan Nguyen, Van Doanh V... sisssssssssssssssssssssssssssens 531

50. ASSESSING THE CLIMATE RESILIENT LIVELIHOOD IN THE COASTAL ZONE OF TIEN HAI DISTRICT,
THAI BINH PROVINCE, VIETNAM

Nguyen Ha My, Mai Trong Nhuan, Nguyen Tai TUe .............cooccvvumecrrimneceriieccreiseceeiisecenssssessssssnnene 541
51. CHARACTERISTICS OF NUTRIENTS IN RIVERINE WATER FROM HAU RIVER, MEKONG DELTA, VIETNAM

Nguyen Doanh Khoa, Le Thi Khanh Linh, Truong Huu Duc,
Nguyen Tai Tue, Luu Viet Dung, Mai Trong NRUQAN..............cooonnerirriccesiiesiisessissssinnee 554



SEISMIC CHARACTERISTIC OF FOCUSED FLUID FLOWS
IN THE NORWEGIAN SEA

Anh Ngoc Le
Hanoi University of Mining and Geology, Hanoi, Vietnam.
Corresponding author: lengocanh@humg.edu.vn

Abstract: This study uses 3D seismic data, covering an area of ¢. 25000 km? in Moring basin, offshore
Norway. The study focused on the interval of 2500 ms below the seafloor. Five key surfaces have
been mapped including seafloor marked from Ks2 to Ks5. Pockmarks are intensively developed in
the study area, approximately 50 single pockmarks (from 150 - 300 m in diameter and 12 m in deep).
They have a higher density in the shallow sequences and are populated mainly in the high topography
area. Some pockmarks are associated with the vertical pipes which are characterized as distorted
seismic signals. The pipe is characterized as vertical zones of acoustic wipe-outs pull-up reflections,
rooting from the deeper sequence with the length of c. 800 ms. The pipes are possibly formed by the
overpressed reservoir in the deep section and the faults also play a significant role. The occurrence of
focused fluid flows and pockmarks indicate an active petroleum system and hydrocarbon-filled traps
may be leaking to some extent.

Keywords: 3D seismic; Focused fluid flows; Pockmarks; Norwegian sea; Moring basin.

1. INTRODUCTION

Focused fluid migration as hydrocarbon leakage phenomenon in marine sediments
is getting the attention of many geoscientists in the context of environment discussions
(Berndt et al., 2005). However, it is still not well understood. The technological
developments during the past two decades have led to the discovery of a range of focused
fluid flow systems, including pipes that are pathways for hydrothermal pore fluids and
brines, and gas chimneys that primarily conduct free gas. Many different processes
cause fluids to migrate in the sedimentary basins and reach the surface (Berndt, 2005).
A hydromechanical model proposed for the formation of shallow pockmarks indicates that
the sedimentation rate cannot generate the overpressure required for pockmark formation
on the seafloor. Thus, it is suggested that hydrocarbon migration from the deeper
overpressured reservoir. It is well proposed that pore-pressure increase within porous sands
can cause their overburden seals to be ruptured and then lead to sand fluidization and
centimeter to meterscale soft-sediment deformation (Davies, 2003). In addition, focused
fluid flow systems have also been quoted as release mechanisms for submarine landslides
and related tsunamis (Bugge et al., 1987). They reach the seabed where they are evidenced
as different kinds of pockmarks, craters or mud mounds (Hovland and Judd, 1988).

Direct observations of hydrocarbon leakages are difficult for the obvious reason that
they take place below the Earth’s surface. Evidence of the active leakage of oil or gas and
associated formation water is, therefore, most commonly found on the surface, on the
seafloor, or in seawater while remnants of subsurface palaeo-leakage anomalies may be
found in the outcrops (Cobbold and Castro, 1999; Parnell and Kelly, 2003). Active subsurface
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leakage is commonly imaged indirectly by seismic or by other remote subsurface imaging
tools or observation in well cores or wireline logs. Among those, seismic images provide the
most extensive available indications of leakage (Cartwright et al., 2007; Lgseth et al., 2009).
The objectives of this paper are to investigate the occurrence and also the controls of the
pockmarks and focused fluid flows in the Moring basin offshore Noway, using 3D seismic data.

2. GEOLOGICAL SETTING

The study area is located in the Moring basin, on the More marginal High. The
evolution of sedimentary environments in the Norwegian continental margin since the
Early Carboniferous is directly linked with the evolution of the tectonic framework of the
broader region of the northern North Atlantic. The area has been tectonically active from
Carboniferous to late Pliocene time with the main tectonic phases in Late Paleozoic, late
Mid-Jurassic-Early Cretaceous, and Late Cretaceous-Early Tertiary time. However, the
More Basin was generally tectonically quiet throughout the Cretaceous and Tertiary
periods, experiencing mainly continuous subsidence (Brekke, 2000; Evans et al., 2002;
Ichaso et al., 2016). This study focused on the interval of Neogen sequence in the shallow
marine environment.

Study area
N

Figure 1. Study area is located in offshore Norway, covering an area of 25000 km?.

3. DATASET AND METHODOLOGY

This study used open access high-resolution 3D seismic reflection dataset from
offshore Norway to investigate the occurrence of the pockmarks and focused fluid. It
covers an area of 25000 km?. The water depth range from 600 m and 1000 m. The 3D
seismic data include 1300 inlines and 2600 crosslines. The investigated interval is about
2s below the seafloor corresponding to Eocene - Pleistocene sequences. Standard seismic
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processing was applied to produce zero-phase seismic data. The positive and negative
impedance contrast is displayed as red and blue colors on seismic displays, respectively.
The vertical seismic resolution is ¢. 20 m.

Interpretation has been carried out using Petrel software with fine grid
interpretation of 50 x 50 m; auto-tracking was then used on all the surfaces and resulted
in good quality surfaces. Dip maps and attribute maps were generated of all five surfaces
to assist detailed geomorphological analysis. The morphology of the pockmarks, their
distribution, and orientation are revealed by a dip map of the seafloor and key surfaces
based on the 3D seismic dataset.

——— = = “Naust Fm (PIiooene~Pl®tocene)
channels = e e

o S e

Figure 2. A seismic section illustrating the geological structure of the study area. Five horizons have
been mapped and marked as seafloor, Ks2, Ks3, Ks4, and Ks5 corresponding to the Eocene - Pleistocene
sequences.

4, RESULTS AND DISCUSSION

In the study area, based on 3D seismic data, pockmarks and pipes have been
investigated. Five key surfaces have been mapped (Figure 2). The Naust formation is
corresponding to the Pliocene-Pleistocene sequences and is bound to the based by the Key
surface 2 (Ks2). The Miocene sequence is bound to the top and base by the unconformity
Ks2 and Ks3, respectively. Uplift in late Eocene-Oligocene results in the major
unconformity Ks3 which is a highly erosional truncated surface (Figure 2). Beyond these
sequences is the Eocene-Oligocene sequence which is bounded to the base by the Ks4. The
Ks4 shows the abrupt change in seismic facies from highly faulted, discontinuous, low
amplitude reflection below to continuous, sub-parallel, low to high amplitude reflections.

4.1. Pockmark distribution
There are many pockmarks has been observed on the major unconformity (Figure 3).

Pockmakrs have cone-shaped circular or elliptical depressions ranging from 150 m to 300 m
in diameter and up to 12 m in depth (Figure 4). Pockmarks generally concentrate in the
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high topography but there are some pockmarks also observed in the central of the study
area. They often appear like isolated patches named single pockmarks. On the Ks5, there
are two single pockmarks observed in the southern part. On the Ks4, there are c. 30 single
pockmarks which populated mainly in the northern part. They are identified along the
curve lines correlated adjacent to the channel patterns. Pockmarks on the Ks3 reduce the
number compared with those on the Ks2. They are populated mainly in the southeast area
with c. 23 single pockmarks. On the Ks2, up to 50 pockmarks have been observed,
covering the entire study area (Figure 3). They appeared along straight or curved lines.

Oip angge [oeg) Dip angle [oeg)
70,00
6000
5000
4000
3000
2000
1000

N N
Ks5 _tskm 4 Ks4 ]
N N
Ks3 __15km__ f Ks2 15 km f

Figure 3. Pockmarks and their distribution on the different key surfaces from Ks2 to Ks5 are
revealed on dip maps. Pockmarks are mostly developed on the Ks2 and Ks4.
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4.2, Seismic expression of Focused fluid flows (pipes) and their distribution

Some pockmarks are associated with pipes (focused fluid flows). On the Ks3, there
are 5/23 pockmarks associated with the focused fluid flows. On the Ks4, there are 18/30
pockmarks associated with the focused fluid flows. The two pockmarks on the Ks5 are
overlying pipes. Most pipes in the study area are located in the half eastern part.

The pipe is oval with depressed high-amplitude reflectors. The pipes rise to 800 ms from
the highly faulted interval to the Ks4 where they terminate in craters with collapse structures
(Figure 4). The seismic character of pipes is described as pull-up reflections (Figure 5).
The flanks of pipes correspond to the lateral termination of up-bending of strata. On the
flank of pipes, there have small-scale truncations of seismic reflections against the flanks
or fronts of some particular pipes. The acoustic anomalies are interpreted as seismic
chimneys or pipes and suggestive of fluid flows migration from deeper levels
(Hovland and Judd, 1988; Tingdahl et al., 2001).
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Figure 4. (a) Seismic expression of pockmark associated with pipe that expulsed on the Ks2. (b) 3D
view of seismic cross-section (a) and TWT map of Ks2. (c) Two-way-time map of Ks2 showing the
pockmark on the map view.

4.3. Driving mechanisms for fluid movement

Different mechanisms have been proposed for the driving forces that control the
movement of fluids and the migration pathways that lead to the occurrence of pipes and
pockmarks (Gay et al., 2007). In this case study, there can be two causes for fluids to rise
from deeper levels and terminate on the Ks4 surface. The first reason may be hydro-fractures
above highly overpressured reservoirs leading to violent fluid expulsion. Another reason is
that the presence of a widespread normal fault system may provide vertical fluid escape
pathways. The occurrence of the number of faults below the Bryggent formation may create
the migration pathways for fluid o migrate from the deep section to the shallower.
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Figure 5. (a) Seismic expression of pockmarks associated with pipes on the cross-section and (b) dip
map of the Ks4 showing the pockmarks on the map view.

For the first cause, in some cases, reservoirs can release fluids very fast (Berndt, 2005).
The proposed generation model for these pipes involves an increase in pore pressure
within the petroleum reservoir until the pore pressure exceeds the competence of the seal
and gas blows out to the surface in a short-lived event generating a diatreme. The pipes
get blocked after a blow-out and that later blow-outs may not use previously active pipes
(Berndt, 2005). This type of pipe has been reported from offshore Nigeria, up to 1300 m
high of pipe are rise from the gas reservoir (Lgseth et al., 2009).

The existence of high-density faults below the Bryggen formation may also act as
the conduit for fluid migration from deep levels to the shallower (Figure 2). Most of the
pipes observed are associated with this faulting zone and terminated in the sequence
above it. There is no direct pipe rooting from the reservoir observed. Thus, most of the
role of faulting in this area possibly plays a key control on the fluid migration and also
the formation of pipes and pockmarks.

The study of focused fluid flow is one of the most important fields in marine geology
in the future. In terms of the petroleum system, the occurrence of such fluid flow systems
can help in predicting the distribution of hydrocarbons in the subsurface. The observation
of pipes and pockmarks in this area indicates an active petroleum system and also the
possible risk of trap integrity.



SECTION 2: EARTH AND GEOENGINEERING, GEO-ECOLOGICAL TECHNOLOGIES FOR CIRCULAR

234 AND ECOLOGICAL ECONOMY

5. CONCLUSIONS

This study has focused primarily on describing distributions of focused fluid flows and
pockmarks, investigating the seismic characteristic of pipes in Moring basin, offshore
Norway. Pockmarks are widely distributed on key surfaces 2 and 4. Some pockmarks are
associated with pipe which is terminated on the Ks4. Pockmarks generally concentrate in the
high topography, have cone-shaped circular or elliptical depressions ranging from 150 m to
300 m in diameter and up to 12 m in depth. Some pockmarks are associated with focused
fluid flows which penetrate through the highly faulted interval and terminate on the Ks4
surface. These acoustic anomalies are seismically characterized as pull-up reflections
with a length of 800 ms. The occurrence of pipe is interpreted to be caused by
hydrocarbon leakage from the reservoir in the deeper sequence and the range of normal
faults may also play an important role as a migration pathway for the fluid escapement
from the reservoir and expulsion on the unconformity 4. This indicates an active
petroleum system and hydrocarbon-filled traps may be leaking to some extent.
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