AWSuURsi8vavnasUs:n1AUA Site vaunaasaviulasunis

nunuvnan‘luns\uan

nsvinwd insa auauannsahu\lv'munoﬂonssude )
« vuooniuulnsiaslosiunadnenistiiaiuduaauing 2 .
d9Unaoy s.9 '
ms'[ulnsa\luaoannnssuwau‘[mnnUs.Iauuaaan :
nasus: unn‘[umsehsaaonmnmumumulvlvh‘(ua'\ué'lsoo b=
nunauwunmunaau'm F1Ua913 SNUNDILESIY N &




san‘[se‘lﬂﬁqwmm‘l%"us

guanlniazainvinlsalni Run- -of-River wmﬂf/ama"m75Zwa°z/aou7mwﬁssmmmiumlml?z/a

memaﬂﬁﬂw%‘wmm mmdRedoufn vl itiuiienafiuih L.wﬂ,ufuzuvmmﬂumhﬂwﬁwwaamﬂsvmwwlmmmamummmamsaﬂﬁwmm
iumuﬂmwummLﬂammmiuqmmmﬂl,wamemﬂmwiumimamvl,w% 5% mmmaaﬁuaqum aﬂiﬂwﬂ‘mmﬂmstiUimiiJaaEMmiwamu
Tsalfhaonluduieiwinduihilnadnaimsdumiethveddsduih Goni Tsdwimdnhuuuthivariu wde Run-of-River foghansiam
Tsalwindiuuuilverlusisssme Toun miwwuﬂaqlw%waqmuuauuﬂiu UiymﬂmqmauaumiwGuuﬂiqlWﬁwwaquﬂuu,mmmuu
anewdnluusziesoainie TugiinAeidens Tuoonidesls uiialw%waqmLLuuuﬂMamummmswuﬂu winnwadialsaliflh Run-of-River uviawsn
Uuauuﬂmmumq Tu gud.an mﬂaamimamwammmlwa RN “Iﬁﬁw%waﬁm lopzys” Inefuidndiiann Aeuiem dia wnes Siia ivww)
V30 CKPower flasusnundssuazen Iummmﬂmﬂumsmaamu Husinsefunndeu warasumusy neldmelulaindsnuhasiouas
AFINTIUAEN TNV

“The Design of Xayaburi Hydroelectric Power Plant : “Transparent Power Plant Concept”

Tsslunaasin '1°?jEl°"U'§ é?ﬂasiﬁl,mqiﬁzmw% 9E1199NUATIANNTEU UM STiAle | Uszana 80 Alawns
(aamwﬂmnuaaﬂmaqﬂswmﬂi‘ma Anfiudaninuiu gnshnduasdminiae) fifdinsuanfinga 1,285 wneSnd
LLaumammmamwamul%lﬁﬂmmaﬂ 7,600 Erumiesiad Imamm‘diumﬂLwawamiw%awm@ @Suasaaissnm
wazAnLTuA M ILTe U ssmAlneLaratl.am

‘Viaﬂﬂq'i'ﬂaﬂLL‘U'U w’m'smﬂiiuaaﬂLmumLamauimmaﬂﬂmﬁu’mﬂummmwaﬂ “Transparent Power Plant
Concept” LLW@@MM?@MLLUUINiWﬁWWﬁWMUU “Tussla” LﬂummﬂuaaLmaammmimmamma AN
IUﬂqiﬁiUﬁJiVlN‘H"l N13T2UNYRLNDUANUTITUTIA Uaz N1ToNNVDIUAN L‘U‘Ll(ﬂu “Zjﬂﬁaﬂﬂﬁaﬂ(ﬂﬂu Preliminary
Design Guidance for Proposed Mainstream Dams in the Lower Mekong Basin (PDG 2009) ﬁuaﬁﬂmuﬂiimﬁmi
LL;J“LJ’]I"’N (MRC: Mekong River Comm|55|on IuiﬂLLU‘U Run-of- River Mi@IﬁﬂiWﬁﬂwaﬁmLL‘UU‘qu‘Wﬁmu Ui’]ﬂﬁ]’m
BWQLﬂUu’]LM‘UBIﬁﬂiWﬁ’] LLaubLllllﬂTiﬂﬂLﬂU‘Ll'] llﬂ']‘ﬁU‘ﬁM’]’iﬁ]@ﬂ’ﬁu’]IﬂEJﬂ']‘ﬁUE‘IE)EJU']N’]NISQVLWﬂ’]ﬁ]?uﬂim’lmuq’ﬂﬁﬂ
‘1/]1‘7/18L%’]I‘Nlﬁ/\lﬂ?ﬁﬂﬂﬁ‘iiwmﬁlaaﬂﬁ‘ﬂ’]EJ‘LH naMAD Nﬂ?iﬁ]i’)ﬁ]’maﬁﬁ’]ﬂ’]iVL‘Viﬁ“UENUWMNWQWﬂWWULMu@ISQVLWW']
LLay'mLqumiwmﬂWﬂﬂwuﬂwamuisﬂw%aaﬂamauﬂuam’]mmumua

“Navigation Lock” maé’masﬁawuaua 1&1@3561’%@31

v
v

Iﬂiaas’mmaﬂiﬁﬂw%EJﬂiwﬂuﬁﬂﬁmﬂuuuavmwﬂqwﬂﬁmié’msmq
o anvaanszunaiulgezys SanuazainaaontuliinevluiSouds
fiflvunalug Taglsslwdimaa lwezy3 gnesnuuulvildomnuiuEe
sumﬁfl:wmawsmiulmmmam‘wum Ao 3pUUAEUA VUIANIRB LAY
500 fu lgnSonifu 2 nau (2x500 ton convoys) lunandeaiiu Jaguudl
LsasaumaumLLawLiafvnmmemaamsmmaumﬂsﬁw%wmu lalsinnn

uniay 7 ad fisaunsninesieusinsaiaes (Tractor and Trailen) dwy
angadoruadnvessmdilufuiliuduriiuuinalsdwilldeds
dzanuazUaensiy

funuulselnindnduan
mﬂmﬁﬂmqumﬁmﬂmLLuuﬂﬁuaammaLuaﬂ mlﬂamiwwumav
wamwmusywmwmmuwmuauaLLaymwmwammﬂmﬂuﬂaﬂmﬂﬁzj
AULVU Multi-System Fish Passing Facilities Lwaslmuwmaumu
mnwmﬂwawuaawuﬁﬂm maamﬂwmawmulmmaammiﬂﬁqaiw
1salniin Vl\islua’JUﬂﬁaWEJWGﬂuﬂﬁ‘“LLﬁuWLLa”Ua’]E]WEJWVl’JUﬂi”LL&‘LJ’] qquwmmwuwﬂmqu;mlhumsuuusnmsgukﬂwﬂq
uaﬂﬁmumLaaﬂiﬁumwummﬂuummwm 130 Fish Friendly Turbine  ¢n5y mumwMuaﬂwmuamwwu
smLUuﬂwuLmumwmaUm'ﬁvmum fiuluiatesdiielivaiisn
mﬁammmaq

ﬂ‘i“’i‘li“"UqEJ‘L!']LLﬁ“"S“’UqEWI“'ﬂ@u m"lammwaa Run-of-River
prfusvadtsalnimani lwezys VIZJIﬂiQﬂi'NEﬂ’J 820 A5 Ap fdu
suaaisq"LWﬁ%wmﬂiﬂmm ImEJaﬂﬂiwmuumulmaaiwumﬂi £RITUY
178N Spillway $1Wau 11 U1 1/1mmmmmsawﬂumausmiwms
SyUen Lwaﬁmsnamiwmil‘viamawmaumaﬁﬂﬂﬁﬂmmﬂumamw
muiﬂamam mwmmwLﬂuﬂiumwmammammmLamt,aummawumm
Tugy Fudulnssatrefisidudmsulssinihilidenaiuinm

WnsgIUANUYARAfEgeEavatlaTaT1elselniln 66 Tssluitngach logzys LﬂumamummmL'msuaamiml,wﬂiuia&l

I“VLW‘W’{WNW logzys ’e]aﬂLLU%ﬂaﬁi’I\im’mu’lGl'i%’]Uﬂ;JL’]iJUIaE]GmEHHﬂ °Iumswam‘lw%§l'1ﬂ’mﬂnunﬁml,aamfmaau iieassrNuSEunana sy
UHUALLMISZAUgIEn inmualneaaznIsuntsweuinglan (Inter IﬂaumwLﬂumul,mummmnismLﬂummaaaurmaauamwwu

national Comm|55|on on Large Dam: ICOLD) wazaa1303093utInan . s 8o 2 ay
4 X . - wisusnvasniniae@ensiusanidels 9%
geanie1aindulaluseusnnda 10,000 U v

Iﬁql‘vmmmimswmmLﬂjqaﬂluwuw LLauUiumwﬁaﬁUinwuﬁlé’%’U
HansgvuanMsiaulssiiih Sufugunuynszduvemihsnunie
$5iiAates mwanaaswmaamﬂﬂm amaiiwwmﬂu wazdnasi
a’lﬁ’]smﬂiﬂﬂmmmmmuma%ﬂwm“ iammmmimﬂmﬂjwimmu
aamﬂaaauiamasuad aUU.m's ‘mwEJnivmﬂivL%ﬂlmﬂuﬂi“mﬂmm
W1 nUsEeruRuaInauena tnedidunesiglaasiSeu
solvesszinshitiosndt 15 §1ufv FellagtudnnuaiiGounifiseld
auurnneudiuInninsesas 98.7



» Geoharbour Group is a global professional entity specializing in research, design, consultancy and informatization
! detection services in the field of coastal soft soil reclamation and harbor foundation construction. The group owns
a series of patent technologies of high vacuum dynamic compaction and has completed more than 1,000 mega

5 projects foundation construction. It is estimated that our services help saving billions of RMB and 10,000,000 tons

of CO2 emission in the past 10 years.
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No.29 Bangkok Business Building Center, Unit No.1901, 19th Floor, Sukhumvit 63 Road, Klongton-Nuea, Wattana, Bangkok, Thailand 10110
Tel : (+66) 92 268 1228
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Wattana Concrete

“Quality Made

Prestressed concrete pile”
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Geosynthetic Bentonite Liner (GBL)

» P Description

Our GBL is a type of geocomposite that is frequently used in
environment containment applications and is an alternative to a
traditional compacted clay liner. GBL consists of two high strength
geotextiles and sodium bentonite. Fibers of the two geotextiles are
interlocked by needle-punching process. Geosynthetic Bentonite
Sheet Liner

(GBSL) is a special GBL which covers one side of geotextile layers
with High Density Polyethylene (HOPE) sheet. GBSL is desinged for
projects that is required additional chemical resistance and in harsh
environment.

» P Application Flood control, Irrigation Waterproofing Dams
Waste Management : Landfill Municipal Solid Waste Waste Water
Containment Lagoon Liner Systems Cannal Liner Systems Tunnel

Wiremesh
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More Green

ENVIRONMENTAL |
MANAGEMENT :
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OHS Approved '
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| 1S0 9001
[ 1S0 14001

Scan for
Perfexperience

@ accounts@perfectconsultant.com

\ 02-557-2164, 086-704-1133, Fax 02-557-2165
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CT SUPER JOINT CO., LTD.

USuUsusouriolnsidaswioes19s na:Aannv
Expansion Joint nns:uufusnud:wau na:nwens:=au

fouUs:aunisnd vedynoAyuseng AGUIN31 30 U
ISuAVIG U 2532 |L‘ion§\1rh\1'1uagiu§l§n ndan (nanaus) 90m
lulasunasasunens:nunasuldadlnalogsoununaslia
SOUIUNU USBN 3.N1S8W l1a:USBn Watson Bowman Acme
Corp 1ol 2535 BuntUUIFSTUIA IBUALVENUGSUIKUN
ARV Strip Seal & Modular Expansion Joint Systems l1a:I¢i
Ame TUs:UUAU 9 LrvgnvsFoItion aUTEWRIUANoAITUUSEN
AlKUSNsAnuTogAsUovasiul 2559

Service : Plug Joint, Compression Seal,
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‘ Geotechnical & Foundation Engineering Cos, Ltd.

We are
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Our Service “The Geotechnical Expert

h
a \ Geotechnical and Geological Investigations

. In-situ and Laboratory Testing

E Feasibility Study/ Tender Design/
Detailed Design

Construction Supervision
Geotechnical Instrumentation

Research and Development

Building Information Modeling

Contact Us (B1N)

TEL: +662-363-7723

FAX: +662-363-7724 v contact_gfe@gfe.co.th GFE.Team

Beung Kum, Bangkok, Thailand
10230
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Conceptual DeSign Of BOeng Suttisak Soralump*
Cheung Lake Dredging Project Arishelc Srestha

Kobid Panthi*
*SILA Geotechnique Co. Ltd., Bangkok, Thailand

Abstract

The paper presents various slope stability techniques adopted for the dredging of sand from Boeng Cheung
Lake at Cambodia. The sand required for the construction of a new airport was supposed to be extracted from
this lake and was also to be used for soil improvement through the vacuum consolidation method. From the
data of 17 reported boreholes (BHs), a 3D lithology of the area was created using software, Rockware, and the
various regions were good quality of sand could be extracted were delineated. Using the minimum value of
strength parameters, limit equilibrium method (LEM) was adopted to evaluate FS for various slopes. Slopes that
are either in 1:3 or 1:4 ratio were found stable. With these slope ratio analysis was done for each BHs and
critical ones were suggested. Through the use of finite element modelling software, PLAXIS, the extent of
movement of the area upon dredging was also investigated. The maximum distance that will be affected by
the excavation work was found to be 300m. Furthermore, probabilistic slope stability analysis was also performed
and boreholes demonstrating lower FS in terms of slope stability were reported. From the numerical modelling,
the minimum permissible water level to be maintained after excavation work was also determined. For slope
1:3 reducing water level was prohibited whereas for 1:4, water level is permitted to drop by 5m. As for the
preliminary instrumentation plan, installing inclinometer at every 500m interval was suggested and monitoring
it after the dredging work. From research in the market, cutting suction dredger was recommended in place of

jet suction dredger, considering the type of soil the area possessed.
Keywords: Boeng Cheung Lake, Slope stability analysis methods, Dredging

1. Introduction

Conceptual design of excavation work at Boeng Cheung Loung Lake project is awarded to SILA

Geotechnique Co. Ltd., Bangkok, Thailand by Cambodia Airport Investment Co. Ltd, Phnom Penh, Cambodia.

Boeng Cheung Loung Lake is located at Kandal Province, Cambodia approximately 35 km south of
Phnom Penh, capital of Cambodia. The soil investigation was conducted at 17 locations having the area of
approximately 1.5M m2.

The distance between the airport and proposed excavation site is around 1.4 km. The location of
proposed airport and zone of excavation is shown in Figure 1. The sand required for the construction of the
new airport was proposed to be extracted from the Boeng Cheung Loung Lake. Therefore, slope stability
analysis was undertaken to ensure that the dredging of the sand could be done without failure and excessive
movement of the area was checked.

The yellow boundary shows the dredging area for the extraction and this study is focused specifically
at this area. Likewise, the requirement of instrumentation for monitoring the movement of the slope in future

and the possibility of sand flow was also analyzed.
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Figure 1. Yellow boundary representing dredging area

for the excavation

2. Analysis of boreholes

The location and information of different
boreholes were used to create a database in Rockworks.
Through the database, visualizing the site in 3D,
calculating approximate volume and acquiring required
section for slope stability analysis were done. Information
of 17 boreholes were provided by the client. In
Rockworks the studied area is divided into two

rectangular areas. The lithology of each borehole was

imported in the data base of Rockworks and for ease
in visualization, 3D multi-log view was generated as
shown in Figure 2.

Four boreholes, namely BH 21 to BH 24 comprised
area B, while area A consisted of boreholes, BH 24 to
BH 37 as shown in Figure 3. From the boreholes, it
was found that mainly 4 types of soil and Sandstone
is present at the site. According to USCS, the soil of
the excavation site is classified as Silt with high
plasticity (MH), Sandy clay (SC), Clayey sand (SC), Fine
Sand (SM).

-
[oaer s
B
[

lwc‘ﬂ

Top

Figure 3. Approximatd study areas A and B

2.1 Volume calculation

The aim of the excavation is to extract
the sand required for Vacuum consolidation during the
construction of an international airport at Phnom Penh,
Cambodia. The clean sand (SM) and other soils including
clayey sand (SC) and even sandy clay (CL) through a
thorough washup can be used for VCM. It was found
that the most predominant soil at the excavation area



is the clayey sand, followed by sand and sandy clay
respectively. The most desirable soil that can be used
without much treatment will be the sand which is
found in the leftmost part of the area A and more at
area B.

If it’s possible further investigation with a borehole
at the left side of the excavation area can be done to
ascertain it and the quantity of this soil may be
increased accordingly. The client plans to use clayey
sand too after washing it up. They are abundantly

Table 1. Approximate volume of soil from the study area (1:3)

dronssuUgwna:gausan

found in both of the areas and the sandy clay which
requires the most cleaning (if appropriate to use) is
found sparsely.

RockWorks15 was used to generate different
sections of the study area which were then imported
in AutoCAD to calculate the volume of materials
(manually) that can be acquired at excavation slope
of 1:3 and 1:4, and are shown in Table 1 and Table 2
respectively.

Soil Dredging Area, A Dredging Area, B Total Volume (m3)
Silt with high plasticity (MH) 4,594,975 1,578,925 6,173,900
Clayey Sand (SC) 11,447,374 5,465,764 16,913,138
Sand (SM) 2,489,070 3,027,075 5,516,145
Sandstone 3,781,091 1,599,040 5,380,131
Sandy Clay (CL) 681,000 1,847,010 2,528,010

Table 2. Approximate volume of soil from the study area (1:4)

Soil Dredging Area, A Dredging Area, B Total Volume (m3)
Silt with high plasticity (MH) 4,557,031 1,564,725 6,121,756
Clayey Sand (SC) 10,559,335 4,893,390 15,452,725
Sand (SM) 2,117,850 2,577,122 4,694,972
Sandstone 3,247,610 994,800 4,242,410
Sandy Clay (CL) 621,810 1,765,775 2,387,585
Legend i
3 J
2.2 Investigation of different section f | section1 3
From the information of boreholes s s e | '
Section 2 1
provided, database was created in Rockworks 15. _ , ]
Investigation of different section of the study area was 5 | section3 {2
then carried out to determine the most desirable as = ez
well as undesirable area for the excavation. Three 2 B ’

sections were considered for analysis as shown in

Figure 4.

Figure 4. Delineation of Section 1,2 and 3 for

investigation
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BH 32 - BH 31 - BH 30 — BH 29 — BH 28 - BH 27 comprised Section 1 and is at the leftmost side of the
study area. BH 33 — BH 34 — BH 36 — BH 26 — BH 25 comprised Section 2 and it lies at the middle portion of the
study area A. The third section (Section 3) is extended from the rightmost portion of study area A to B and
consists of boreholes namely, BH 35 - BH 37 - BH 24 — BH 23 - BH 22 - BH 21.

a) Section 1 (BH 32 — BH 31 — BH 30 - BH 29 - BH 28 - BH 27)

. L— : : L
Figure 5. Section 1 (BH32 - BH31 - BH30 — BH29 -BH28 -BH27)

The thickness of soil layer for silt with high plasticity soil (MH) is low for this section (within 5m) and hence
is considered relatively safe from slope stability considerations. The area under BH 30 is the most suitable area
to get high amount of sand. Throughout the other section, there is abundant amount of clayey sand.

b) Section 2 (BH 33 — BH 34 — BH 36 — BH 26 — BH 25)

Figure 6. Section 2 (BH 33 - BH 34 - BH 36 - BH 26 — BH25)

The thickness of the undesired soil layer, silt with high plasticity (MH), increases as we proceed from BH
33 to BH 25. The thickness of MH is the most at BH25 area (10 meters) and hence it can complicate the
excavation process. Also, the amount of desirable soil is quite less for both BH 26 and BH 25 as only a small
portion of clayey sand is sandwiched between MH and sandstone. In this section the most suitable area is
under BH 34 as abundant clayey sand as well as sand is found under this zone.

c) Section 3 (BH 35 - BH 37 — BH 24 — BH 23 — BH 22 — BH 21)

Figure 7. Section 3 (BH 35 - BH 37 - BH 24 - BH 23 - BH 22 - BH 21)

(1]

0.0

-258.0
-25.0



This section is extended from study area A (BH
37- BH 35 - BH 24) to study area B (BH 21 -BH 22 -
BH23 — BH24). BH 24 is a bridge between area A and
area B and the area under BH 24 is the most
undesirable section as there is a presence of thick
layer of high plasticity silt (MH) (more than 10 meters)
as well as sandstone is present from 15 meters to 30
meters, hence the amount of usable soil is very less
(considering SC to be usable). In area B, the most usable
area is under BH23 where the thickness of MH is low
and sandstone is absent. There is also a presence of
sand (SM) at deep depth (around 15 m) and clayey
sand (SC) at shallow depth.

3. NUMERICAL MODELING

The numerical model of Boeng Cheung Loung
Lake was conducted using SLOPE/W and PLAXIS 2019.
All the parameters used in numerical analysis was used
from the result of soil investigation report conducted
on December, 2019. The slope stability analysis helps
determine the soil mechanical properties, the shape

and the location of the possible failure surface.

3.1 Slope Stability Analysis:

Slope stability analysis was performed
to determine the safety factors of the lake during and
after the excavation using limit equilibrium method
Morgenstern Price Method (Zhu, Lee, Qian, Zou, & Sun,
2001). The limit equilibrium method (LEM) (Duncan,
Wright, & Brandon, 2014) is the most common method
of analysis because the calculation method is
straightforward with accuracy comparable to rigorous
methods like finite element and finite difference
approach. This analysis was carried out for various
cases to design the excavation slope at multiple
locations. The locations used are based on the soil

investigation report conducted on December, 2019.

a) Worst Case Scenario:
Analysis was preliminary conducted for the

worst-case scenario to determine the slope of

dronssuUgwna:gausan

excavation. This analysis helps in determining the slope
of excavation for when the strength parameters
are minimum. Strength parameters used in this analysis
was taken from the results of each borehole
investigation. The strength parameters were
determined from quick direct shear test. The plot
between cohesion and degree of saturation for various
boreholes is shown in Figure 8. From this plot, the
value of cohesion was selected as 5 kPa for preliminary
analysis as shown in Figure 6. The degree of saturation
plotted are in the range of 83.51% - 96.92%.

Combined (all boreholes)

Degree of Sa
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Figure 8. Cohesion and Degree of Saturation for Soil

Samples for Various Boreholes

Similarly, the relationship between friction angle
and depth for samples obtained from various boreholes
is shown in Figure 9. The result shows that the friction
angle increases with depth and hence 3 values of
friction angle was used for the analysis and is shown
in Table 3. Furthermore, the relationship between unit
weight and depth of samples obtained from various
boreholes were also plotted and is shown in Figure 8.
The result shows that the unit weight increases with
depth and hence has been categorized into 3 values
of unit weight. The parameter used in the analysis is

shown in Table 3.
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Combined (all boreholes)

Combined (all boreholes)
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Figure 9. Relationship between Friction Angle and

Depth for samples for various boreholes

Figure 10. Variation of Unit weight with depth for

samples for various boreholes

Table 3. Material Property used for the worst case scenario

Material Properties Used

Cohesion (kPa)

Friction Angle (D)

Unit Weight (kN/m3)

First Layer 5 8 20
Second Layer 5 20 20.5
Third Layer 5 28 21

The result obtained from site investigation was used in numerical analysis using SLOPE/W. The model used
four slopes (1:1, 1:2, 1:3 and 1:4) for the preliminary slope stability analysis. From the site inspection and
discussion with client representatives, it was determined that the water in Boeng Cheung Lake is always full
and hence the analysis was based on lake with full ponding throughout the year. The analysis was not
conducted for the case with drawdown of water. The summary of Slope stability analysis for various slopes
(1:1, 1:2, 1:3 and 1:4) with ponding is presented in Table 4.

Table 4. Factor of Safety for Various Slopes for worst case scenario

Case Slope Water FoS
Case 1 1:1 With Ponding 0.64
Case 2 1:2 With Ponding 0.87
Case 3 1:3 With Ponding 1.12
Case 4 1:4 With Ponding 1.36

From the preliminary analysis, it has been found out that the slope is not stable at 1:1 and 1:2 and it is
highly not recommended to use these slopes during the excavation work. Slope of 1:3 and 1:4 have factor of
safety greater than unity, and hence detail analysis was further carried out at each borehole locations and

section to select the suitable slope for the excavation.
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b) Analysis with soil layers from each borehole
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From preliminary analysis, the design slope for the excavation of Boeng Cheung Lake has been identified

as 1:3 or 1:4. Detail analysis was further conducted at each bore hole location to determine its safety factor.

Various materials found from soil investigation result was separately categorized to identify the variance in

material property of each soil type. The plot between cohesion and friction angle was obtained for various soil

samples as shown in Figure 11. The material property of each soil type was identified from the plot and was

used in numerical analysis. The material property used for the analysis is as shown in Table 5.

40.00
Silt with high plasticity (MH)
35,00 f 4 Silt with low plasticity (ML)
. "1 Sandy Clay (CL)
30.00 - i Clayey Sand (SC)
¢ sand (SM)
25.00 ;, Sandstone
@
)
<
< 2000 ;
2
k]
& 15.00
10.00 3
5.00
0.00 .
0 10 20 30 40 50

Cohesion (kPa)

Figure 11. Plot between Cohesion and Friction Angle for different materials

Table 5. Material Properties used in Numerical Analysis

Soil Types Cohesion (kPa) Friction Angle ((D) Unit Weight (kN/m3)
CL 12.74 10.17 20.7
MH 4.61 3.55 16.6
ML 8.82 8.5 17.4
SC 1.84 20.37 20.5
SM 4.51 24.83 20.9
Sandstone (CL) 45.63 18.47 21.4

Cross section was plotted at location where soil investigation work was carried out for slope 1:3 and 1:4.

The detail analysis is presented in Annex 1 and result is summarized in Table 6. The allowable factor of

safety used for this analysis is 1.3 and the cases that are below 1.3 are highlighted red.
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Table 6. Factor of Safety for slope 1:3 and 1:4 at various borehole locations

Factor of Safety

SN Borehole no.
1:3 1:4
1 BH 21 1.55 291
2 BH 22 1.30 1.61
3 BH 23 1.45 1.85
a4 BH 24 1.32 1.71
5 BH 25 1.06 1.26
6 BH 26 1.06 1.26
7 BH 27 1.31 1.81
8 BH 28 1.37 1.77
9 BH 29 1.34 1.76
10 BH 30 1.70 1.96
11 BH 31 1.34 1.73
12 BH 32 1.38 1.80
13 BH 33 1.43 1.82
14 BH 34 1.38 1.78
15 BH 35 1.55 2.00
16 BH 36 1.29 1.68
17 BH 37 1.29 1.67

c) Finite Element Modelling:

PLAXIS (Brinkgreve et al., 2016) is a finite element program for geotechnical applications in which soil
models are used to simulate the soil behaviour. It’s implementation consists of three stages, known as input
stage, calculation stage and postprocessing stage. Input stage contains model design,assigning the material
parameters, boundary conditions, loading and meshing.

To determine the factor of safety using the FEM, repeated analyses are performed, each time reducing
the strength of the soil by a slightly greater factor, until an unstable condition results. This unstable condition
is evidenced by failure of the solution to converge. The term strength reduction factor (SRF) (Dawson, Roth, &
Drescher, 1999) is used rather than factor of safety, FS, although SRF and FS are the same in principal. Like the
factor of safety, the strength reduction factor is the factor by which the shear strength must be divided so that
the reduced strength is in barely stable equilibrium with the shear stresses. All borehole profiles were analyzed
in FEM and the material properties used in the analysis for each borehole. E modulus of the soil were chosen
based on the correlation with SPT otained from the test report.

With the material properties as input for various soil layers, finite element analysis was carried out for

excavation slope of 1:3 and 1:4 to determine the displacement in the horizontal direction and factor of safety
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was calculated based on c-phi reduction method. The results of the analysis are tabulated in Table 7. Safety
factor obtained from both LEM and FEM vyield identical results. The factor safety of BH25 and BH26 for both
1:3 and 1:4 is less than 1.3 and requires preventive measures during excavation. It is recommended to avoid
these boreholes and area to their vicinity, if possible. Likewise, it is also recommended to maintain the slope
of 1:4 for locations with borehole BH26 and BH37.

Table 7. Displacement and FS results from FEM

Displacement (ux), meters Displacement (uy), meters Factor of Safety

S.N Borehole no.

1:4 1:3 1:4 1:3 1:4 1:3

1 BH 21 0.0863 0.0971 0.1058 0.1068 2.272 1.749
2 BH 22 0.1083 0.1417 0.2334 0.2514 2.108 1.774
3 BH 23 0.1213 0.1332 0.2982 0.2981 2.153 1.684
4 BH 24 0.07306 0.08305 0.1871 0.1865 1.726 1.491
5 BH 25 0.0622 0.09232 0.1503 0.1495 1.254 1.052
BH 26 0.058 0.06963 0.1091 0.1093 1.244 1.057
7 BH 27 0.2307 0.2535 0.05181 0.06297 2.273 1.895
8 BH 28 0.1481 0.158 0.3634 0.321 1.691 1.296
9 BH 29 0.117 0.1303 0.3093 0.3076 2.157 1.705
10 BH 30 0.08375 0.09679 0.2223 0.2214 2.152 1.641
11 BH 31 0.06593 0.07688 0.154 0.1524 1.685 1.321
12 BH 32 0.06485 0.07654 0.1539 0.1528 1.711 1.324
13 BH 33 0.04589 0.05064 0.1112 0.1111 2.254 1.823
14 BH 34 0.04702 0.05162 0.1128 0.113 2.18 1.722
15 BH 35 0.03979 0.04669 0.1041 0.1038 1.772 1.496
16 BH 36 0.1006 0.08242 0.1574 0.1632 2,671 1.237
17 BH 37 0.1055 0.09905 0.1601 0.1998 2.509 1.239

Furthermore, displacement of the slope at various locations was obtained for BH25 and BH27 for
excavation slope of 1:3 and 1:4. BH25 was chosen in this analysis as this location has the minimum factor of
safety and has the maximum chance of failure. Likewise, BH27 was found to have the maximum displacement
among all borehole location and hence the detail analysis was conducted in this section. The graph plotted
between total displacement and depth shows the movement of sand after the completion of excavation work.

Depth in the analysis is measured from bottom to the top.
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Figure 12. Total displacement of BH 27 (1:4)
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Figure 13. Total displacement |u| at different chainage (BH 27; 1:4)
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Figure 14. Total displacement |u| at distant location from excavation (BH 27; 1:4)

From the analysis, the maximum distance that will be affected by the excavation work was found to be
300m. The displacement at 300m for BH 27 was 1.25mm and 1.45mm for slope 1:4 and 1:3 respectively. So,
the possible affected area by the excavation shall be not more than 350m from the point of excavation and
hence it is recommended to maintain the buffer distance of 350m. It is also advised not to place any heavy

equipment in the buffer zone.
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d) Probabilistic analysis:

Engineering data on soil or rock mass properties are usually scattered and hence simple probabilistic
methods are useful in summarizing the scatterings to get a better understanding of the data - and of the
corresponding uncertainties associated with engineering performance. The concept of probability (Griffiths &
Fenton, 2007) with various geotechnical uncertainties was used for determination of probability of failure.
Coefficient of variation was used to determine the variation of soil properties (i.e. cohesion, friction angle and
unit weight). The coefficient of variation was separately determined for various material obtained from site
investigation and was compared with the available variation values from the literature. Coefficient of variation
is the ratio of standard deviation to the mean. The result of coefficient of variation for different material is
shown in Table .

Table 8. Coefficient of Variation for different soil properties

Mean Standard Deviation Coefficient of Variation (%)
Soil Angle of Unit Angle of Unit Angle of Unit
Cohesion Cohesion Cohesion
Group Friction Weight Friction Weight Friction Weight
(kPa) (kPa) (kPa)

©) (g/cc) ©) (g/cc) ©) (g/cc)
MH 8.70 9.06 1.59 2.31 2.29 0.05 26.53 25.24 2.98
ML 10.68 8.65 1.72 1.62 0.23 0.03 15.17 2.68 1.54
CL 21.14 12.94 1.89 8.59 3.27 0.11 40.63 25.31 5.80
SC 11.18 26.67 2.00 2.98 2.44 0.07 26.66 9.16 3.41
SM 7.79 30.27 1.99 1.82 2.38 0.05 23.32 7.87 2.62
Sandstone 49.46 19.27 2.09 4.14 0.59 0.04 8.36 3.08 1.69

The probability of failure was estimated for slope 1:3 and 1:4 at the locations where soil investigation was
carried out. The probability of failure was estimated based on quality measure of likelihood and probability
proposed by (Santamarina, Altschaeffl, & Chameau, 1992). The factor of safety estimated from mean value of

strength parameters and probability of failure for all borehole location is presented in Table 9.

Table 9: Probability of failure for slope 1:3 and 1:4 at various borehole locations

S.No. Borehole Slope Factor of Safety Probability of Failure (%) Remarks
1:3 2.50 0.00
1 BH21
1:4 3.15 0.00
1:3 2.01 0.00
2 BH22
1:4 2.48 0.00
1:3 2.30 0.00
3 BH23
1:4 2.95 0.00
1:3 2.29 0.00
4 BH24
1:4 2.98 0.00
1:3 2.23 0.18 Acceptable
5 BH25
1:4 2.72 0.10 Acceptable
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S.No. Borehole Slope Factor of Safety Probability of Failure (%) Remarks
1:3 2.23 0.30 Acceptable
6 BH26
1:4 2.17 0.10 Acceptable
1:3 2.54 1.00 Acceptable
7 BH27
1:4 3.05 0.20 Acceptable
1:3 2.35 0.00
8 BH28
1:4 3.09 0.00
1:3 2.36 0.00
9 BH29
1:4 3.06 0.00
1:3 2.38 0.00
10 BH30
1:4 3.15 0.00
1:3 2.32 0.00
11 BH31
1:4 3.03 0.00
1:3 2.45 0.00
12 BH32
1:4 3.14 0.00
13 1:3 2.52 0.00
BH33
1:4 3.25 0.00
1:3 2.40 0.00
14 BH34
1:4 3.16 0.00
1:3 3.00 0.00
15 BH35
1:4 3.82 0.00
1:3 2.25 0.00
16 BH36
1:4 294 0.00
1:3 2.24 0.00
17 BH37
1:4 294 0.00

Borehole BH25, BH26 and BH27 has the possibility of failure and requires propoer attention during the
excavation work. It has been determined that the slope 1:3 is acceptable for all boreholes except for BH25 and
BH26.

4. Allowable water withdrawal

All the previous analysis has been conducted with an assumption that the water in lake will not be af-
fected by the excavation work and will remain full throughout the year. But the analysis was also conducted
by numerical modelling to determine the minimum water level that is permissible after the excavation work.
The analysis was conducted for BH25 with slope 1:4 and BH37 for slope 1:4 and 1:3. It has already been dis-
cussed in previous sections regarding BH25 and need of avoiding this section during the excavation work. This
analysis presents the impact at this location with removal of water. Similarly, BH37 was used in this analysis
because this location has the minimum permissible factor of safety along the borehole location tested. It has
been determined that, if excavation is continued in BH25 with slope 1:4, the water level should never be re-



duced. Similarly, it is not recommended to excavate
the lake with excavation slope of 1:3 as factor of safe-
ty will be less than 1.3 even when the lake is com-
pletely filled (Figure 15). Likewise, for the excavation
with slope 1:4, the maximum permissible reduction in
water level is 5m and it is advised to consider this
result during the excavation of Boeng Cheung Lake.
It is recommended to closely monitor the slope
if the factor of safety is less than 1.3 after reduction
of water level. It is required to investigate the source
of water nearby that might be required if the water
level reduces again. Likewise, if the factor of safety is

Factor of Safety
0.9 1.1

Water Level (m)

Figure 15 Factor of Safety Vs water level
for BH 25 (1:4)

5. Instrumentation

There are specific instruments that geotechnical
engineers install for the purpose of monitoring the
behavior of geotechnical structures during its construction
and operation. Its purpose is multi-fold, serving both
investigative and monitoring functions that are in part
a necessity to ensure the economic feasibility of the
project operations and in part due diligence to ensure
safe operations. Investigative functions includes
providing an understanding of the ground conditions
for prefeasibility and design purposes, providing input
values for design calculations, and checking for
changing ground conditions as workings progress to
greater depths. Installation of instruments for
monitoring the behavior of slope after the excavation
is recommended for Boeng Cheung Lake.
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less than 1.1, the water level should be filled in the
lake and people nearby should be alarmed regarding
the impact that might occur in coming days. If the
factor safety reaches 1.0, the nearby area should be
evacuated as soon as possible for the safety of people
living nearby. It was informed by the client represen-
tatives that the water level will be constant throughout
the year, this analysis was conducted to determine
maximum permissible reduction in water level. If any
unforeseen circumstances lead to the reduction in
water level, there might be the necessity of further
site investigation and further analysis

Factor of Safety
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Figure 16 Factor of Safety Vs water level
TorBH G#(1:3)
(Y —— Excavation Slope (1:3)
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Transition Zone

—— Not Recommended for
Excavation

< Inclinometer Location

Figure 17. Plan View showing the proposed Location

of inclinometer

49



50

AUGIVENA:zWEIUIIAINSSUUFWIAzZIuSIN N1AIBI1IAINSSUlEST

AUIFIONSSUANARNS UN10NII1AaUINUASAIIENS

On the basis of site investigation and FEM analysis, it
is recommended to install the inclinometer (Stark &
Choi, 2008) every 500m and monitor constantly. The
inclinometer should be placed close to the excavation
slope and location should be accessible for monitoring
the results. It is recommended to install the manual
inclinometer as the probability of failure of the slope
is low and impact due to its failure is not severe. The
preliminary location of inclinometer is shown in Figure
17. It is recommended to install 14 inclinometers. The
proposed number and location of the inclinometer is
based on the preliminary analysis and its final number
and location should be based on geological topography
of the location. Likewise, it is also recommended to
install the permanent benchmark in nearby location.
The benchmark should be used to record Easting,
Northing and Elevation at the location where inclinom-
eters are installed. It also helps in observing the move-

ment and settlement of the slope, if any.

6. Dredging mechanism and recommendation

Dredging is an excavation activity usually carried
out at least partly underwater, in shallow seas or fresh
water areas with the purpose of gathering up bottom
sediments and disposing them at different location
(Bray, 2008). The operation is undertaken by special
floating plant, known as dredger. A dredgers can dig,
transport and dump a certain amount of underwater
laying soil in a certain time and can dig hydraulically
or mechanically. Hydraulic digging make use of the
erosive working of a water flow. The flow will erode
the sand bed and forms a sand-water mixture before
it enters the suction pipe. Hydraulic digging is mostly
done with special water jets mostly in cohesionless
soils such as silt, sand and gravel. Mechanical dredgers
come in a variety of forms, each involving the use of
grab or bucket to loosen the in-situ material and raise

and transport it to the surface. The choice of the

dredger for executing a dredging operation depends
on conditions such as the accessibility to the site,
weather and wave conditions, anchoring conditions,
required accuracy and so on. Cutter suction dredger
and Jet suction dredger are the two possible dredging
equipment that can be used for the excavation.

To determine the type of dredger for excavation
of Boeng Cheung Lake, consultation with the manu-
facturers of both cutting suction dredger and jet suction
dredger was done. It was found that the clay layer
needs to be removed first to extract the underlying
sand layer. The general excavation depth of cutting
suction dredger is 20m and if this remains true, it is
highly advised to extend the excavation area and
conduct additional site investigation work to obtain
the same amount of sand. Since, the manufacturer
has agreed to modify the dredger as per the require-
ment of the client (30 m depth) , the excavation work
can be executed with cutter suction dredger. Likewise,
we also know that the lake consists of clayey sand and
sandy clay, and for using it, it is recommended to use
additional sand washing machine.

If we are looking to just suck the sand without
digging, then jet suction may be used but it can take
overburden of around 3m only, so for the section with
clay deposit greater than 3m, it might not be usable.
Theoretically, the jet suction dredger can only be used
for the extraction of cohesionless material (pure sand)
and since the lake consists of sandy clay and clayey
sand, the use of jet suction dredger is limited.

The presence of fine content and plasticity index
in clayey sand is shown in Table 10. The soil contains
high amount of fine content material and has high
plasticity index. This soil cannot be extracted using jet
suction dredger. Hence, based on the site investigation
report, it has been observed that the jet suction dredg-

er can only be used at certain sections.
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Table 10 : Plasticity Index and Fine Content for Various Soil Property

S.No. Soil Property Plasticity Index (PI) % Fine Content (FC) %
1 Clay (MH) 199 -34.6 76.8-93.3
2 Clayey Sand (CL) 16 - 278 50.5 - 83.2
3 Sandy Clay (SC) 72-128 26.7 - 443
4 Pure Sand (SM) - 13.1 - 33.7

Therefore, cutting suction dredger is recomnmended
for the excavation of Boeng Cheung Loung. It can be
used for the excavation of clay layer and extract the
sand. The clay should be properly relocated before
extraction of sandy materials. The jet suction dredger
as mentioned before can be used only at some loca-
tions where the depth of clay layer is less than 3m. It
is also recommended to consult the manufacturer in
detail about the possible equipment to be used since
the capacity of the dredging equipment to meet our
demand greatly depends upon the specifications of
different models existing in the market. Nonetheless,
whichever equipment is used, settlement will occur
upon extraction of the sand which by the analysis
shows not to be affecting area greater than 350 m.

7. Conclusion

Conceptual design of for the excavation of Boeng
Cheung Loung Lake is proposed in this report.
The analysis was based on the results from Site
Investigation, LEM and FEM analysis. The conclusion
and recommendation has been listed below:

1. It has been found that the location with BH28,
BH29 and BH30 have sand layer in shallow layer and
it is recommended to start the excavation from this
section.

2. The amount of fine sand is found mostly in
areas under BH 30, BH 29 and BH 28. Under BH 30, the
sand is found at a depth nearly of 5 m whereas for BH
29 and BH 28 they are found at depths of 20 m. The
red zone BH 26 — BH 25 and BH 24 consists of thick
deposits of high plastic silt (MH) and is underlain by
sandstone too. It is recommended to conduct further
soil investigation (3 bore hole investigation) proximity
to BH 30 to determine the soil property in this region.

There is a high possibility that this region might have
clean sand. The detail description of the borehole
investigation result is as shown in Figurel18 .

Section dominated by

/ Clayey Sand

Sand Found in Shallow
Depth (Sm)

Sand Found in Deep

-.: e
Depth (20m) E

Sand Found in Deep
Depth (17m) |,

Sand Found in Shallow

1 ]| ==
/ = - i - | Depth (5m)
Section with thick Layer of } Hi ! i
Ee i S

Figure 18. General information obtained

from different sections

3. Soil Investigation at BH21, BH22 and BH23
shows the presence of pure sand layer. BH 23 and BH
25 consists of sand (SM) and are found in deeper (17
m) and shallow depths (5 m) respectively. However,
in area B the stretch available for the excavation is not
enough. To utilize the material of this section, its width
needs to be increased and excavation should be
carried out accordingly.

4. The factor of safety at location BH25 and BH26
is very low and if possible, it is recommended to avoid
this area. If avoiding is not possible then slope of 1:4
(Figure 19) must be strictly used in this region with
constant monitoring of the slope whereas in other
boreholes 1:3 is satisfactory. If not, there is a possibility
that this slope might fail during or after excavation.
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W —— Excavation Slope (1:3)
Excavation Slope (1:4)
; Transition Zone

—— Not Recommended for
Excavation

B8 suffer Zone
- Requires Additional Site
Investigation

Figure 19. Plan view showing the proposed

excavation slope and buffer Zone

5. From FEM results we can see that the high
displacement in x-direction occurs for BH 27 and BH
28, ranging from 21 -25 cm, being more for slope at
1:3 than at 1:4. This is because of the low SPT values
reported and the E modulus shall correspondingly
decrease. Similarly, BH 23 also reported for lower SPT
values throughout its depth (less than 10) which
resulted in relatively larger displacement (27 cm for
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4—increments of cliff retreat

% & & &

proximal slope
segment

distal slope segment(s)

\ downlap
k  slope knickline
[* + =l grainflows, cohesive debris
=+ s|flows, creep lobes
deposits of cohesive debris
flows and torrential floods

t

rockfalls, alluvial
fan deposits

Fig. 1. Generalized scheme of talus-slope development. A. In an early stage, talus
accumulations are of gentle slope, and are dominated by deposits of rockfalls and
ephemeral alluvial runoff. B. Upon continued aggradation, a proximal talus-slope
segment develops that is graded to the mean angle of residual shear of gravelly to
cobbly material (30-35°); this angle cannot be exceeded upon further slope
aggradation. Under continued material input, thus, the talus slope progrades. Slope
progradation is recorded by downlap onto underlying deposits.

Sanders (2010)

5U# 5 (n) nMmaneussenielaesuiuivuneedns (v) furesnddadis () Huflalady (3)
WAYALANOUTAYILGY (2) NTLUIUNITETUNENTAEANMIVDLALIUREN B LB LUNLN (91984

910 Sanders, 2010)

60



4. RANNIIAIII

mydviaamanumunulihsonisdrsiaiae
Ausunulninusng Meuiienidn Resistivity survey)
91989119557 ASTM D 6431-99 Wunsdrsramesnu
saliland endovdnnsddnyiin “Sagsnsuiindu (Fu i
uisn e 1) deudidmudunuliihiunnsaiy”
(wansfrog1sArnNAunuliifiwestanfaguil 6)
Tneluususzneuivluudenlanfidnuaeduauiulnd
wiilesnnvesimusssuviluilofuuas i wu gusu
sopuen uazsosunn (Hudu fuhiidflossunouszqliih
fne 9 Ustuey Wlelossuvieusaluilutiiadoulva
synhtesiusetesidluileiunasiiu vilnssualvid
Inalaianuls anwnisveulinszualuirlnaniunie
anmenuinunuliiinvesTandasuansnaty Juogiy
anmniseeuliinszualiinlnanunaz tadewindouves
Ul o Prenandisae endregatu nsdsin i
fumuliinluggiuuazgguds waflsazianuunnsiig

SranssuUgwnazgausin

fundiduiuiiieatu fidmszanimnissenlinszua
iv\IWWIMamuﬁmmLLmnsi’mﬁ’umﬂmm%umquma

ydnmsdsaiaranusumulnih uansiaguil 7
uazgUil 8 duiunislasmsUdesnszualulit () asgiiudu
aeuvislang C1 uaz C2 arwdminudanseialniinss
(direct current, DC) wseldnsvualniraduiidaanudsm
Ugovasluluiuegsdn 9 adenszualiiiinss aintuin
Frmusnedng (V) idatuldRanu Ineldurdans P1 uas
P2 faddeinTesiletarannudumuluiih Tnsriay
sunmdli i inldluaunsdumanusmmliiiusing
(Apparent Resistivity, Pa) A1U130AUIULAINANATT

Pa =k* (V)

AAnusuulniising Geviu-uns)
Apusndngiiaatulaian Gas)
Anszualiihasgiuiu (wouus)
Geometric Factor (Faafi %uag:ﬁugﬂl,wu
nsetaloifi

e Pa
vV
[ =
K

Resistivity in ohm.m

3

10° 10’ 10'5 1067 10 107 o001

Granite

Diorite
Andesite
Basait

Gabbro
Hornfels
Schists

Marble
Quartzite

Slate
Conglomerates
Sandstone
Shale
Limestone
Dolomite

Marls

Clay

Alluvium

Oil Sands
Fresh Groundwater
Sea Water

95% Pyrrhotite [
Near Massive Galena
95% Pyrite
Hematite ore
Magnetite ore
Graphitic slate
Anthracite
Lignite

0.01 Molar KCI
0.01 Molar NacCl
0.01 Acetic acid
Iron

1

10° 1067 10° 16° 10' 10° 001 01

0.1

6 7 0

10 10 100 1000 10 10° 10" 10° 10’

Wet

or?

5 ] 7

10 10 100 1000 10° 10° 10° 107 10® 10’

g‘d‘ﬁ 6 fogaAImNmUIUlNTvedian (M.H. Loke, 2001)

61



AUGIVENA:WEIUIIAINSSUUFWIIAzZIuSIN N1AIB1IAINSSUlEsT
ANUIAINSSUANARNS UKIINII1ALINBASAIENS

» - >l
o\
&Y
V=RandR=pL
| A
p=VA
IL

p = Electrical resistivity

®

V=R and R =pal

| A
pa—VA

pa = Apparent electrical
resistivity

JUN 7 ndnmsinatmnusunulnihsasfuusiiieites

Resistivity
meter

Current
----- Voltage

Resistivity meter and equipments

JUN 8 sUuvumsdainaianuiunuliiuaziasesilenttlunisdisia

62



5. A159UUINITEIID

ﬁé’ﬂwmuﬂuumtﬁumq Juusnafiannsansnuis
IamuuwummuawmmuﬂﬁummwaﬂaaamuLLal‘V\Iﬁ']
aqawuﬂuLLauaﬂmmmmqﬂﬂeﬂw%ﬂmLﬂﬂsuulmmaamLLua
81599 LLUQE‘Hi’Jf\]LﬁuvLﬂVI\‘iaﬂ‘HmuLLU’JiWULSEJULLau
WUV Tuﬂimwumm'amiwm’nm miw,wmuma
fimsBeannndy 10 a3 MNUUITEAY aufiusuninadi
ANAINANES- mwaqwuwiuiﬂmﬂimammLmai dmiu
mmanmaumamiawuasmmmanmaanwuﬂamﬂw
fOInIg GmmmaﬂiuummmmﬂmwaqLmeiwauum
Uszanad 0.2 Wihwesanue nssliunisasiiiiveun
wazdpansAuAnnsulanuliitosndt 20 wns 910
sEAURIAY Asluund1sidgneenuuulniaiueily
Uean31 100 WAs Inene1e1uwuld1sIaliRnuIeiu
fanslnalyinnign

6. IMUIULAZAIIUYIILUIAITID

WuId15IIRAIAINANA UM IUlHH 1 HTuau
Wavua 3 wua mmLami’ﬂuiﬂw 2 AN
i 500 LuRS (suauLﬁummsmLuumuﬁzﬂmmmnmi

ﬂ

V9V
d1513ldtiosnia 400 1wms) Usenounle Wuan 1 A8
200 A3 ’J’NWJE]EJ‘VI’NV]WI”UUE]@HLQENL‘I/T‘IJE]I‘LJWHV]W]U“UU
4n Lme 2 ANE1Y 200 LIRS mamasﬂuwummaqm
wazuufl 3 A1 100 1IR3 ’mmasﬂuwuwmumﬂam
7 ﬂ’]'i?’]ﬂ“u’ﬂ‘l/\lﬂ’lLLau‘J‘ULLUUﬂW‘JLﬂU“UaiJaiuﬁU’liJ

C1 P1 P2 c2

e

k= pi.n.(n+1).a

(a) Wenner-Schlumberger Array

JAonssuUgwia:zgausin

1¥n1591999u0U 4 Electrodes LLaJLmULLuunuLuaﬁ-
YAULUDITUAT (Wenner-Schlumberger Array) mmm
Geometric Factor (k) (n1AU J'In(n+1)a LLamm‘J‘U‘w 9 (a)
Ingmualisze 295zl (Unit spacmg, a)
wuawa@ A 5 WUAT fuEmml,mummmmmmmuwmwum
Baaonuuidisa Mntuiinsvegssezesndusiuiy
i1 (na) lUAnEan N 1IgeEnveIwwIdn 9 et lul4ly
ASAS N INAAVINTNADS 2 1@ (Profiling, 2D) GUERED
LLammamﬁULLUUﬂﬂia’WU’ﬂWﬁWLLam'ﬁLﬂ‘umauaiuwum
mgﬂ‘w 9

8. N15E319NINANYI9T1a99 (Pseudo-section)

NsLUaAMNMNES N YL §IRINEN lARIAWNANTN
31NV8YANINFAYINT180980UNAY (Inverse Model
Resistivity Section) Falgannsuszaanasslusunsy
Aoufimes Tnonsthramaud iyl finsatale
Tuauuanysznana deyadanuiuuliihiialily
AUINANUINILUAANUNNIBULUUEDUNRU (inverse
modeling) wazasrududoyanminvinediaesdoundu
(Inverse Model Resistivity Pseudo-section) fglusunsy
LLUammmLiaiULLUU 2 1# (mmaamaﬂwamimﬁma
Buwmasiilen) nwdnsTaedeunduiitintuazgnusu
LUaausUmaaqmqasmmﬂmmmaamﬂamﬂwama
el el luauy anduisuamim
MUNYANWAULTIING AR IAY

P1P2 c2

w| s, || 8, , =
C1 P1 P2 c2
| 4, fa]l, @, e
C1 P1 P2 c2
nd I L da |a| N l—B-—
C1 P1 P2 c2
n2 .} a i}
C1P1P2C2
ni a a a
[h} Electrode arrangement L
| berger) {c) R y acquisition and electrodes spreding
0 10 20 (Electrode number)
A U 0 o R ) O [ S )
n e O e o © c 0 © c O 0 o o o0 o O © 4] a=5m
ng ° c 0 © o O © o o © o o O o o © L=1DCIm
m ¢ 6 ¢ 0 0 & € 0 0 0 0 O O O
n 0 0 0O O 0 0 © 0 O O O
ns ¢ 0 0 © 0 0 © 0 0 O
(d) Sequence of measurements used to build up a pseudosection-in this case the length is 100m

5Uf 9

v
=

(a-b) gUuuunsMetlniuuuRues-¥EUaTIAs (0) NM1InTIIRALAYN1TVEETEEEY (d) AuvtiawaeAdy
AnuansnaiuveINITn IR aussegvinsestaliiiiuyy

63



AUGIVENA:zWEIUIIAINSSUUFWIAzZIuSIN N1AIBI1IAINSSUlEST
ANUIAINSSUANARNS UKIINEI1ALINBASAIENS

9. WANIFANITIILALNITHUAAUNRUIYAN WAL
sy ARIAY

NAN1TA1TIAUAZNITLUAANRUIYAIAINATUNIU
TihusnamaRusuuresiuiifnudgmnsndoush
vonnanuluiuiivytiunesdrsveauundianad 1, 2 ua
3 anansauansRagud 10

(n) wud157adi 1

1AUBIVBILUIFITID 200 WIS M9l ULLINE T
pnidsaniio-neTuoonidedld waruiiufinzdgniy
AN U'%nma;m?:uqmeuammﬁﬁw (fiszey 200 lns) of
Tndfumianiiu amnudnvesnsuvannudniian Fadu
amiAnluuInMgeRNaTeLIdSIa finnudnyszana
40 W5 NITHURIAL NaTldnuIIndTILER Ay
aun Ul ARy Ussuna 2-1,024 Teviaiuns dnnsn
syaemuarauLUsUTILTIAIAuAunulni oy
nansdnwazidunguioulsifinnusoidesiuluuuisfu
UTNAUAUVUVDILUIFI TN LU ULV IAIAIILAIUNIY
Twihiigsninuinasuans

AABALUIAITIT AINIIQNUNAGUAIEAZNBULATYAY
sualnguazdufuvienzneuauiudae (Colluvium
deposits: Qc) ﬁLﬁﬂmﬂmsﬁmw*mﬂﬁuﬁgLsmaqmazam
luvinad weilidesanduiluansranugumlnd
Uszanas 16-1,024 Tevisl.iums ludnuaizuuungunaunany
dnwaigiiuasy (Boulder) ogsnuuunasauLId1ID B9l
ANudenAdesUdN YU sIENUTINgogUInMAIAUYS
w529 ndnvazvesiaudun i AT
mMetuienafinumnussnia 20-40 Was WShasu
S9gANALUIUINABILNAT IR A uEnUsana) 5-25
PMNTEAVRIAU wansmInudumulninuseune 1-16
Toviuiuns Tnsuananisnszaeduuulisaiesiuluwn
seiu unsniegludunenoumiiubann Snvnedina
deaduaranudumulwiihdfauni (Low Resistivity
Anomaly) fienatinainnsunsnduvesirauiiliusim
Sufﬁfﬂﬂé’aaﬁwuumawwa;m (Wet Zone) iflesanimie
AuTuazdsnataniarauduniuliiifanas e
NTAUNINAMUANUAZVUIN AIAITUTIAIAINAIUNIY
TWisRnUnAdfuusnadiiinislavomaildnu

(¥) uwud15adl 2

ogfinasnuaziiAnsziuanugaiosniuumdinai

(%

1 ULWId159988ANe17 200 WAT N9 ULLIRETUAN
Boanile-nySusondeddd winshuituiimzugndunius
U3ngRUgnTEIUIETIY (lsvey 200 wns) eglndfy
W AuRAdELLIE a7 1 ANUENEEATRINITUUAAIY
"Luu’%mm‘mﬁmmwaaLLméi'mﬁ] fauanuszunad 40
AT INTERURINY HaTILFNUIMUIEITITNERIAIAIY
fumulninlaRfy Uszane 8-16,384 Loviu. s uSiiod
AIUUUINITATEINEAILALAULUTUSIUVDIAIAIY
sunuliih Insuansdnvazidunguieulidausieios
Aululnsyau UShawmuansansdnuaiduinanuvse
Hufty ferwudedesiulunwssdunasiiuunltumaiy
suymilaifihigedununnudniidiuiy

WEMNEA-SCHLLMILADLR. Bon Dl Ching_13-HL.07 1530 Line 1_300m B SE

Line1

EEEENODDED  EDEEEE
[T T T I I ]
Bty b sbm

1w’ ot Decvade Spaung e E 00w

WENNER- SCHLUMBERGER, Ban sl Chang 1.7 1030 Line _Wo0m

o Line3

e
tos{an .

N D )
A% N N X WM M B nm
nohmn

Ut Dectrade Spaiing = M m.

5U# 10 HaN5E1TIAUAENSWUAANMENEAIAINAUN I
T usnaanausuuusesiuninulagmnisiaaoum
vosaRuluNunvd iUt

USIUALUNYBMUIFITIT AIAINgNUNARNALEY
PTNOULABAUTUIA A LETTUAUNS DAL NDULAYALLTIY



Wasantulsanaamnudunulninussunm 32-2,048
loviaiuns Tudnwaziuungunesundednuvazivasgat
ATUUUNADALUIEITID TILANUFDAARDINUSNYEULTIUN
U5IN4) 08 USAUIAUYDILWIATI INNYULIDIANAIY
UM U IAATY AnInTulotadinnuruIUseunn
5-40 A5 TududnenuanUszaa 5-15 3NSEAURIAUY
LAAIAIAMNUA ULl UsEINL 8-32 TaviuLuns tae
LARINISNSEA8MBUULABLN AUl ULUITEAU kNTNFN
ag‘lu%’umzﬂaumwﬁu@mw Snwazsnaniddnduaanu
AuUUNAEIRAUNR D919 FRNNISUNTNTUVD LN
inliusaduilussdinuuianizyn 1Weeanudivse
& | Y] a v ~ P
ANUTUIEdIaTaniA1ANAun Ul Nanas e
NITUINAMUANLAZVUIN AAINUSUAIAUAIUNY
InieReUnftduusnaninisluavewmsirldfuday
U3naansgn uansdnwaizilunanuiviaduiiy feny
1 d‘ % U a % 1 v Ql‘
sotlaanuluwLITEaUkaEiwLULAIANUAT UMW
£ AV IS0 ' ]
gelumuanudniinIy Tnguaniatnauaiuniulii
Uszanad 512-16,384 1aviu.luns Anddudiduduiu
574370 (Rock Foundation) AdnwauziduLlataviunun
(A) WUIFITIAN 3
[ o d‘ N0 ) Q’{d
Juwndrsanegdasan wwidsatidaiue 100
Wes M9 lukune S unnResniia-nyTusandudld win
| v N & Ao i z A
NIUlAUIULRULazWUNIEANY (Filled materials) v
ANWULNURITIVS LU Imaﬁmaﬁ’uﬁ’mu’mLﬁﬂagjé’mumm
W19 ANUNANgeanvesni1sklaninluuIiuge
A9NAN9VDIUIANTID UANUANUTZUN 20 LUAT 3INTEAU
RIAU NN EANUITLUIFITIAAIAIAINUAIUNIU AN
TaRAAY Uszaney 2-1,024 Taviauns Jn15nseanesiway
AMULUSUSIUTBIAIANUA ULl Tnewansdnuae
Junguieuldfianusaiiosiuluwuisziv
AABALWIFITIV AIAIIQNUNARUMERZNBULAYIY
YA haTUAY Nogludnuniz vedauiunznouTY)
wagdanay iWeasnntuiliansanumumulninysyann
32-1,024 Toviuluns ludnuashuunguiounseanwue
unsgagiuuy FellmnuaennneIiuaNvMesIANUIIN

feguTnARIAuYILIdITIALarAseL e uNaTla

° a AN =~
INBUIEIS7 1 waz 2 Tesaindnduilanadaninumun
Uszunaldtdaenin 20 wes

g S - ¥
wazuanINUluTULNALENUSEUIM 5-15 91NTLHU

dronssuUgwna:gausan

HaAU LanamA A umuliinuseane 2-32 Tevi. ains
LLMiﬂmaaaiu%um ZNOULAYAULTILYN aﬂwm Fananatl
fmL‘Uummmmmmuiv\lﬁ’]mmmﬂﬂm F9191An9nA1T
Lmiﬂ%mmﬁwuv‘fﬂﬁu‘%nméméfﬂﬂé’wfﬂLLUUL@WW@
dosminerutiuazdwaTagdamudiuvluih
fianas Wefiarswiainanudnuazauin AmAIIUSHA
A umulidAnUnatluusnadiinisivaves
ety

10. a@3Una

31NN1370YaNan13d1533TInAIALA U Ul
mmsmaﬁmaaiﬂmamimiwmu

. wuwmiwmﬂﬂﬂammw yNOULABAUTUIA VR
LLaz%gumuwagiuaﬂwmumaﬂmwummaummLLauaa@am
Tunsuinadeglndiutudeu Tnsunaquusiduuiiom
NEXAININANUEIVEINTUNARNUTEINN 5-40 LIRS

. wudnwaraanudunulnieRaUnR (Low
Resistivity Anomaly) fionatinainnisunsnduvesiiay
ylusnadumludeduuuanmeyn unsndegludu
LAYRAUAZNBUTUYT 5-15 1WA INTLAVRIAY wazduuwl
TWwesiiianisluasediesiu meﬁagﬂﬁ' 11

. UShauwids99 2 Wusudisiaieniing
Araudumulninfiatadndutufiugiusin (Rock
Foundation) Ing31ssagliRafuuszana 5-10 s

. USnauwndsad 3 %ﬂ@&ﬂﬂéjﬁUU%Lﬁmﬁﬁﬂ’li
\nAoUTeaRY WUsnwazAmANEuUlnisRn
Uﬂaw%u%nmﬁﬁmﬂmmawmﬁﬂéfauag"[,m”ﬂaau
Useund 5-15 Les

65



AUGIVENA:zWEIUIIAINSSUUFWIAzZIuSIN N1AIBI1IAINSSUlEST
ANUIAINSSUANARNS UKIINEI1ALINBASAIENS

66

558000 558200

ptl . 5 = Lo
u%lim#uﬁq‘nﬁﬂﬂﬁaﬁwmﬁﬁmam-ﬂﬂnmn
) ! v -
msmansailanimsisoiamanumumuhivh

J = umsdisameldiasamsa aligtiv

A a
{ — — HUITDULUNATUNUNT i
1 © dedunamsal ow-03 3 k :
47 Wet zone/Low resistivity anomaly A & Y
S nawdmlszinm s- 150, TR Tt

SSEBOO 557000

UM 11 n1saansalfianienisivavesuTinaiunguulaiafy Useann 5-15 wes
M IETIVIAAIAIUIIUNILLNTN

11. 1NE15919949
NIUNRIWINRY, 2561. TayauuUTIaITEAUaLduaY (DEM5m) kazdayanimargniseinidlageiniAeulsaudu.

ASTM D6431-99, 2010. Standard Guide for Using the Direct Current Resistivity Method for Subsurface Investigation.

Diethard Sanders, 2010. Sedimentary facies and progradational style of a Pleistocene talus-slope succession,
Northern Calcareous Alps, Austria, Institute of Geology and Palaeontology, Faculty of Geo- and Atmospheric
Sciences, University of Innsbruck, Innrain 52, A-6020 Innsbruck, Austria.

Loke, M.H., 2001. Tutorial: 2D and 3D electrical imaging surveys. www.geotomosoft.com.



N1sdisdooAULEIKILA: m:)aen\)
MsEDULBUUIUWNDIAYTUWUR

UIUQD BV

cuaNld 2NDULESDY YVKIQLBYVSIE

dAonssuUgwna:gausan

8slug doun

Nsdur 91UNIWNSINS
Sysssu dalswns
9181U N=NSH

UWNS a&in
SA.AS.ANSANA ASAUW

MHeITBNIT00NLUULALITEAUIAINTIUUSH

AUGITILAE RN IAMNTINUTILAZFIUTIN IS EATAENS

1. Ui

miUuAeet1e MuaI dnailes Jminlesny
LUuwuwmemmﬂmmﬂiuLwﬂiummammLLWﬂmmw
A Imsmaauuwummﬂﬂﬂaumamum ¥NOULAYRULT LU
mﬂﬁlmumwLammsmﬂmimaaumﬁuaqmaﬂﬂuwuw
FlormstuBdeulssuanudemes auufinsiedeuns
gaiulddn vilirnihuiianuinninatumenisei
wiAnlusuian uendningthunestredsoglumiuiii
@5 unansenunenudssenisiauduAuln Tnends
mﬂmmmﬁmumumulmL@Jmum 5 WeBAAY N.A.2557 U1
wﬂmﬂammwmwaaiﬂﬂsmgmmLﬁammu GRUGR
mﬂmmmimuumlmmmims’mmmLawwamaauLasm
AuEITIMNITUUgiLargIuIIN mm’mmaamwmmam
lmmLuummﬂmwwmmwmum Y w2557 ety
wdeR NS IANSARTRURLT Wy nsannansyuns
Lﬂﬁauﬁamaaﬁuiuﬂﬂﬂﬁ’u WHudu %ﬂlé’@ﬁ’%ﬁumsﬁﬁmmm
Laswnmawmwnmﬁwasﬂuummwuwmmm Wil
Ui“LmumwauLLszmmmwasJamaELuwumiwmmmm
Uaensy LLavf\mamﬂwmmwﬂumﬂmwgLLavmﬂUgum
AUY9T090U LaglNUNNVIDRUNALIT8Y SINNIIATIN
@:uaLLuzmmSﬂaaswmuummwummmumu’mm
mhenuiesiu Wehluussgndliuazdosonlunisiuiy
muluituisely

2. N1981599AMUTINIINIIN1BATNVDINUT
nyitiuneetns

mthupeedUseansunaseseanidu 3 nyluwe
A1UAIT Usenaueie Usenaumeviin 3 Ununeedng, viy
=i b Y 1ol v v ' °
#1 26 Uruneet9dy wagviyi 27 Uruneetnelnl n13dsa

AAEEEMIN e R siuTt a9 Tasiuns
mamquﬁy’q 3 vy Usenaulumenisdrsinenans seauen
LasNISAAOUSITEIEINAY auY AUNITURY Tionvdiwa
AoAusuAIwese1ns sadunisdrsianazUsediusag
F1UAILAENTEOUNNAMULELNIEAINLIIUDIDI1ANTUIU
Sou Imamiﬁﬁaﬁ]Smmﬂmii’mim%aﬂammﬁmﬁﬂ
ondelufiuiningldviinisdsaliannnssdunisnsia
aouenAsAinALLdsvnetuluT w.e. 2557 n§aa1niin
wiuAulmadilvglufwiadesadieTud 5 nquniau
W.A.2557 é’fﬂgﬂ‘ﬁ i Lﬁ@izwﬁmeﬁ&?waqﬁmﬁﬂmé’f&J
uiazvdslidnou ndsantuisldsfiunsdisauasiiu
oyalutrsszninedud 12 fis 14 nsngrA A, 2563 Ha
Usefluanudemeiisioavisoananisdisaaianed
2l
NWNa LA
mMsdrsaensiiieUssdiuanulasnsibveteinsd
ogodaUsErmuluiiufinianienmdasasn (Visual

NANNSE1529ANULAL M8 LATIAS1991AS

Inspection) wusoantUu

1) AMsETINTINANUEIMEYDI81ATS LAKA
o1msiadeusi n3am fses3n vielnnsadeven
991015

2) NMsd1TIANUEEevealAIEs e tawA Lan
AL LaEiiL

3) mydsramnnuanUnenssu laun aida Usee
NAna By warrdenn Wudy s1udansdsiausn
anmsouUsathy Wy auy funsiuiy 3 Hudu

ﬁuﬁmié’ﬁwgﬂﬁﬁmLawwu%nmﬁlé’%’ummlﬁa

67



68

AUGIVENA:zWEIUIIAINSSUUFWIAzZIuSIN N1AIBI1IAINSSUlEST

ANUOFIONSSIUAARNS IUN10NE1AgdINBASAIANS

mewazusnalndifes lnewvsesndu 3 withudszneu
é”awﬁ 3 1/1:,3'171' 26 LLazmﬁ 27 37U 38, 19 uay 50 %
AUAIRU FeAstudeudivhnsdrsiaisnuiuiiaau
107 v ad Igedunsdrsafiuiithunesdns sewing
Fuil 12-14 nsngnen w.e. 2563 dwiuusznyiiuuag
snnuvdsuiiuitdrsiauddldsmsed 1 wdndudy
mydmaasatuudesudlidnvhunuiinanisdrsaeins
Lwﬂmuﬂizmwmmﬂmmlé’ﬁ’agﬂﬁ 2

M13197 1 asudnuaedssianinu

o o o " AUIUNAY
ANAUN Uszanunu Al q q
11581529
1 Pl (leinan) 6
2 Pulgl 23
3 Uruyunasll 34
4 TupauNIALESUWIaN 41
. Unudsznnuuudue) wu 8 s
shuiulikaztnumrdnaiiaun

waftlgnnsdmnluiiuiinuhdnvagenudeme
AAnfueAthuinerde awnsautseenidu 5 sUuuy
Fa913197 2 Beannisdrsanuienudemediulvaiie
NnivnnsalisuAUlmg 2.1 Fee51eTud w.a.2557 undn
wazusdAnnuuAulmd ufnsgduTmAunIs
\ABUFYBsAU NG JUT 3 wansunufidnwazAuEY
MeveseImsluusassULuy
2.2 WaNsATI9TBBUINLAYANTLARB UGV
AR
NMsdTTseskenuarirInsAAsuf ey
Auuinmiuilasamstiunesdns wuidumisdiduling
\dous dsnaliAnanudevnefiintuieins fuws
fudu saustsouuluufivatiu Ganmsiedeusiidnuaus
Hulanzan (Local Failure) Uinaufiiinisindeusnanneg)
Tntuuuasesihmualvguesiiuiiv 3 msindeushdau
Tvglulufiens unnuazme Funnidedld fuandlusud 4

LALFIDYNANLULTOYLANIIIUUDUUNLNINUAY wandlu
sUn 5
Y

Thuaeeing
fhwani dunemias
JmiTaduise

| D ;T

| — vouvamit T
5 — nuy = Ia3u ll'ﬂfu

M ra U A A
MUHUIAANIMoNI0
D Crackmeter

B inclinometer (Installed 2020)

2191200

@ Observation wells

ddyiunzgnom
1, 20200

558900

Dy

5UN 1 fud151aoianstnuneedna (Mun: anSana wazmany, 2564)



dronssuUgwna:gausan

D iu R Msana sz
S fhwaeudna dwand sunewinsie Y iaidosn
s Fyinw
— aun — soafilin .
A Anniafadanisaile 8
o bz O Crackmeter =
[ P WO W pclinometer (tnstalled 2020)]
.. thuld & Observation wells
| rnfumanlsf "
B Vneuntautunidn *.
(1\1‘1 i dguaz Tilmin sda !
l’un:l'[uu 0 it o 0
i sy yna L —
v imedemaas e (G, 20200 NMeters
558600 556700

o,

a

JUN 2 91esuenmuUsziavinuiliinisdsarluiuniiuneeds (Mun: grsdng wazane, 2564)

wrumnaaaransdiziivaBEamwe1ms
thuneoiia muand duaemini Smiaiuasy
dnyanuo
—ouu —doahlng  AwieRaniosito
- L @ Crackmeter 8
::I:;"“m““m B Inctivometer (Instalied 2020 [ 2
. s @ Observaton wells
. doafielid
! npalnuaron -
- Ao s i _‘*.
1 4 W doudmiusndiuTnaTnuado sl Creep !
- - ol - U »
iy @@7 ; iaut Sy y - —
3 o Vi werier i o i, 2000 Mowrs
58000 88700

ANA WazAY, 2564)

€an
c
=b.
=
=
=b.
>
)
=)
=)
o
=4
aN
ee
pimd)
s
o)
=
-]
=
2D
(e
=~
)
o
®
D)
>
mb]
al
=p.
=
=2

=2
=
=)

69



AUGIVENA:zWEIUIIAINSSUUFWIAzZIuSIN N1AIBI1IAINSSUlEST
ANUIAINSSUANARNS UKIINEI1ALINBASAIENS

70

M13197 2 asuran1sdITIENBlEANNEEeRiniuaImsUuinefy

A dnwazAnudmefifiniuainns FIUIURAY Andulesay
1 o1A15Und ldlasuaudeme 37 34.6
2 UGUEIRRERNA 11 10.3
3 91AINTAMTUANBIENS LTI 21 19.6
4 215 bASUAIEsIEINLRUALLI 23 21.5
. mﬁlﬁl,ﬂﬁ'auéiwiamiqmmﬁmmuﬁﬂm/ amsAdeuUUAul . 100
NOANTIUNISAUVIAY (Creep)

!lﬂuﬁ!l'ﬂﬂﬂﬂﬂﬁ]ﬁﬂ‘ﬁﬁﬂﬂ!ﬁ:‘ﬂ!!ﬂg

& o a

: ﬁﬂmﬂm‘i!ﬂaﬂuﬂwmwuﬂu

| Thuseaing dwand sunewiasis S indeane
E o ¢

— sesnsnuasimumsndAouds  — o — janhilug

—— youwAn ™

wamsivA I AnINg aunmlsiafandosile

. lnd & Crackmeter

W foahubia B Inclinometer (Installed 2020)
@ Observation wells

2191200

| maTnavmog

I iomamnududuTin B %ﬁ ,
A v e oA A oA 3
W doudmdwmuiuhafumdownsi Creep 1
irToo . wwoe
e anSmnmElyfisynan | S —
VIV AS TS (GERD, 20208 Meters

559500 55700

UM 4 nan13d1sIasesuenLaziaaNsIAde Ul veINuAUUI MU U Ut
(un: anadnm wazmAy, 2564)




5UN 5 Magadnunizseswnning uinaiiuiyiiuneede

dronssuUgwna:gausan

‘:-.

-

71



72

AUGIVENA:WEIUIIAINSSUUFWIIAzZIuSIN N1AIB1IAINSSUlEsT
ANUIAINSSUANARNS UKIINII1ALINBASAIENS

3. faegensuiuussenasinadeluiuiichy
MDY
nsUsulsemsiinandelafiansanandnuyaieAIy
Fevmevedlassadeiiilusiunuanudemediulng i
dmanuluituiituneedns ety nsdeunsuses
uwandnserihaauazn nsYenuafideme Jud
ﬁ'ﬂﬁlﬁaaziﬁlﬁﬂuél’aasmﬁm%’umseﬁauLLsnummswé’ﬁuq
1 luunanuilldiiauesogansdenusilamiiunis
wEnata sail
3.1 MsUTuUTssessseinda ke
INN1TATIVADUANWULAIULAI NI NUTOE

WANKENTENTINATUNTIATFUN 6 LAnTuTasannslale

umanuuInieszrIaiunds Wemeiaslasuuse
FuaziiieuanuiuAulmnilslaneniesnanandaiadu
SOULANUUIN LYY

5UN 6 souANTERIIRETUNT

WUININTYRNUIUANTOV LA LAENNSainT DY
uﬁﬂ%ﬂﬂﬂa%ﬁq%a“ﬁﬁ&yuﬂéﬂﬂqﬂ(%uqﬂﬂﬁﬂuﬂﬂﬁZO%N)
mmmusumamam‘l,uiﬂw 7 U'liJ’WL‘U’e]ﬁJL“U']ﬂUmﬁﬂLﬁiiJ
aeluan L‘W’EJL‘U‘Llﬂ’]il,ﬁillﬂ’l’]ﬁJLL‘U\iLLNLLauL‘Wllﬂ’ﬁi‘ULLi\‘iﬂﬂ
FENINLALASNTN %aﬂQ’]ﬂUUQ']U‘Uu‘Uﬂ%EN’JN’iuWJ’NLﬁ’]
LAZNTY iUW 8 uﬁﬂﬂuUUﬂﬂWUﬂWi%@N&%MiaﬂuMﬂiqﬁ
FERINLALATNIY ua”%uWQUﬂﬁi%auuﬁﬂuﬁﬂﬂﬂﬂiﬂﬂ 9
0913

= LARN RN
50x50x3 mm. (2.33 kg/m.)

0.20

ﬁﬁ@]"]%“lﬁ‘l&’l

= RB6 #1737 20 .

&
bIANMN &M

L
sURNUUY

JUN 7 wuurgemanann

LbBIULIARNRN
LAB AT 96659

—2)

wilanady

AN

o

s1Uem n-n
9

JUN 8 LUUVEILNTYRUUTY
SOYLANS NI



dronssuUgwna:gausan

U7 11 MSLESEANLLT T UazRLN1T UL IR esEIing

amazkis lnenislamanann

]

JUN 10 dnwazaeuninaniild (AwinaNend 20 gu.) 5UN 12 MIUTUATo8UANTENINUATLATNI

73



AUGIVENAzWEIUIIAINSSUUFWIIAzZIuSIN N1AIBI1IAINSSUlEST
ANUIAINSSUANARNS UKIINEI1ALINBASAIENS

LUINIINTYDU LA LD ST TUUNDUNTUDU LT
wansluguil 15 SuInnsinasssuumdulasaiausy
U 2 AU WAIFITDLENANDDN IINUUNDATIILEN

a a < U & q' )
AUNIALEsUMAN LV TUIUIR 20x40 %3, TABANTIUIU
WIaNLESUAINLAY 4 (DB12) vdudu 8 (DB12) wéu 57189
WudnnuminUaen Aawansuutensialuguil 16 way
TJupaugauugalugu 17 fi 23

X_ I- .?__"-----,:_:.' -
4 anflladu o SowsruBunon
wrrnaflews
{—— T —— inlindndy
o Bedusndredu (2) Sodaen
3.2 msUSulsereNLaLe
AINNNTHIIVFBUANULALMNEUDIUIUNTINL
NUIMAANULAIMYNATUAULENUTIY AB WUNITLD R ILAY )
LANSIIVBWEIVUIN 20x20 FY. USNUl5I98ATaNLNUNY ]
{NEUM 4 | P, L
|
L
(3) asruainy (4) pasandndy

5UN 15 LuurgnetunaunIsnedsne

_ 2DB12
|
- RB6 ©@0.20m.
o ®
(@] : : a
¥ +—— apB12 (LHN)
| Il K
RB6 (LB3)
!
2DB12
0.20
Ul 14 dnwaizianiidnisiBesiuazuanin U 16 uuuB BT INSToNLT

74



5UN 18 ms3eLaLAteen

dAonssuUgwna:zgausan

5U# 20 nsAnaslduuuianlu

75



76

AUGIVENA:zWEIUIIAINSSUUFWIAzZIuSIN N1AIBI1IAINSSUlEST

ANUIAINSSUANARNS UKIINEI1ALINBASAIENS

‘X

5UN 22 M3nealiiuy

JUN 23 SnuaiziaInoUNINESUMIANNEMEIN SO

4. @ayd

HAN1N13E1T1991ASUIURN DAL DAL BEANYIY
mmLasnmasummu‘wﬂmﬂaiuwuwmmumaawmiﬂmm
mwummmﬂmmmimLLmumulwamaqwamL%amef[,umau
WewAIAN W.A.2557 Wundn wazuisduinainurufy
T Lﬂummmmam‘umimaaumsuaqmamuma UONN
uu,a’;emwumwmaamsﬂuimqaiwau q fivadininen
nsindousivesaiy Wy auy funeuAy Judu ma
audidealsdentuiosuiunsdenuemdudununlu
asudludius i 3 ud LLaU”meamﬂmmﬂmwﬂumﬂ
wqngLa mﬂﬂg‘ummmwamu uaz Lﬁ]'mu'mmamum
RERNLN ﬁ’Jﬁ,JVl\‘ﬁlﬂ‘Vl’lﬂlJaLLU‘“u’]ﬂ’liﬂaﬁﬁ’NU’MU’iL’JmWUVI
mmumﬂwmmqaummaLwauﬂﬂﬂiuqﬂﬁmmmaam
Tunssdueiluituiidely

uenanil guiifoudildsuotuoun 1735duunAn
lun1sdnnisaunisneasndlaenisiduntygiivusumse
Yonnasyy ileltlunisauuniseaiisenmstuiou
Tusuanilidanudasndenindsiu lnsdagiuey
331/1’;'1&miﬂisﬁqwﬁaLLazaaﬂiwaﬁﬁaﬁmiﬁaLﬁaeﬁwLﬁums
okl



5. L@NE1591999

qw%ﬁﬂﬁ waTANE, 2564. NTANYINGANIIUNITLAN
Aunauiionistestunavadrssyuuiieudoiuoanlufiui
mamile: #ufiguuuuthunesdns siuaii saneudase
Jiadoene (szoedl 3) $1e9eenAdvatuanysal,
AUNNUANENTINNTITUULWIR, 1auelag Audideuas
WAUIIAINTTUUTANLALFIUIIN ANLIAINTIUAENT
WA UNEATAERS

dronssuUgwna:gausan

77



AUGIVENAzWEIUIIAINSSUUFWIIAzZIuSIN N1AIBI1IAINSSUlYST
ANUIAONSSUANARNS UKIINEI1ALINBASAIENS

Identifying flash flood potential areas
using morphometric characterization
of watershed

Thapthai Chaithong

Geotechnical research and
development center,

Kasetsart University, Bangkok, Thailand

International Conference on Sustainable Water Resources E-mail: thapthai.c@gmail.com

78

Management Global Challenges & Opportunities

(September 10™,2021)

Abstract

This study aims to identify potential areas of flash floods using drainage morphometric investigations in the Khong
watershed, Mae Hong Son, north Thailand. For this study, the Khong watershed was divided into thirteen sub-
watersheds using both the ALOS-PALSAR digital elevation model and a geographic information system. Seventeen
geomorphometric parameters were used to evaluate the flash-flood-prone areas and categorize areas of potential
flash flooding into five classes of susceptibility of vary degrees (very low, low, moderate, high and very high).
According to the flash-flood-susceptibility maps produced, two sub-watersheds pertained to the “very high” degree
of susceptibility class. The similarities between the geomorphometric parameters of these watersheds indicating this
categorization included high relief, stream number and stream length, including large basin areas.

Keywords: Flash flood, Morphometric, Watershed, Khong river, Mountainous area

1. Introduction

Flash floods are among the most destructive hydrological
hazards, causing both infrastructure damage and human
fatalities. The general characteristics of flash floods are high-
velocity runoff, short lead times and rapidly rising water
levels. The severity of the damage depends on the amount of
rainwater, the geomorphic features of the watershed and
various human factors. Regarding rainwater, flash floods
derive from high-intensity, short-duration rainfall. Regarding
human factors, land use and changes in land cover enhance
the severity of the damage. Land-use changes affect the curve
number associated with peak flow. Meanwhile, urbanization
may increase the value of the damage caused. In terms of the
geomorphic features of the watershed, flash floods mostly
occur in watersheds less than 1000 km2 and featuring
complex orography. Hence, watershed morphometrics
constitute a critical influence on the hazard. (Spitalar et al.,
2014, Shehata and Mizunaga, 2018, Abdel-Fattah et al., 2021,
Alam et al., 2021)

Geomorphometry describes the science of quantitative land-
surface or topographic features analysis (Pike et al., 2009).
Numerous research studies have applied morphometric
characterizations of watersheds to assess their risk of flash
flooding (Perucca and Angilieri, 2011, Adnan et al., 2019,
Abdo, 2020). Watershed morphometric analysis involves
measuring channel network linear, areal and relief features,
which together represent a quantitative description of the
drainage system (Algahtani and Qaddah, 2019). Extracting
morphometric parameters utilizes geographic information
system (GIS) and remote sensing (RS) data.

Building on this background, this study uses
geomorphometry to identify flash-flood-prone areas and
produce a flash-flood-susceptibility map for the Khong
watershed in Mae Hong Son, northern Thailand.

2. Study area

The Khong watershed (No. 0104) is a sub-watershed of the
Salawin watershed (No. 01). The Khong watershed is located
in the Pang Mapha district of Mae Hong Son province in
northern Thailand. The total area of the watershed is
approximately 684.22 km? (Fig. 1). The Khong watershed
features mountainous topography, and the major types of
land cover are agriculture and forest.
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3. Data and Methodology

Digital elevation models were used to capture essential
input data. More specifically, an Advanced Land Observing
Satellite-Phased Array-Type L-Band Synthetic Aperture
Radar (ALOS-PALSAR) digital elevation model with a
spatial resolution of 12.5 metres was downloaded and used to
extract information about the drainage system’s elevation
and the sub-watershed boundaries. The steps followed for
this study’s geomorphometric analysis are presented in Fig.
2, and the elevation map of the Khong watershed is presented
in Fig. 3.

ALOS-PALSAR | | Fill

DEM |—'| Flow direction |

- Fl
I Streanl order H Stream Link |<— Accum?lﬁtion

| Stream to feature |—-| Pour Point l—-l Sub-watershed I
Linear features Areal features Relief features

1

Normalization

1

Flash Flood
Susceptibility map

Fig. 2 Steps of geo-morphometric analysis

There are 21 geomorphometric parameters, which can be
categorized into the following four main groups: basic, linear,
areal and relief features. Table 1 presents the
geomorphometric parameters belonging to each group.

Table 1 Geo-morphometric parameters

Basic parameters

1. Watershed area 5. Basin Length

2. Perimeter 6. Stream order

3. Maximum elevation 7. Stream number

4. Minimum elevation 8. Stream length

Linear parameters

9. Bifurcation ratio 12. Drainage density

10. Mean bifurcation ratio | 13. Length of overland fow

11. Stream frequency

Areal parameters

14. Circulatory ratio 17. Lemniscates ratio

15. Elongation ratio 18.Compactness coefficient

16. Form factor

Relief parameters

19. Relief 21. Ruggedness number

20. Relief ratio
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Of the parameters shown in Table 1, 17 parameters were
selected to guide the development of the flash-flood-
susceptibility map. The analysis separated the 17 parameters
into two groups. Group I comprised ten parameters, including
watershed area, circulatory ratio, relief, relief ratio, drainage
density, stream frequency, stream number, stream length,
bifurcation ratio and form factor. Group I parameters were
assumed to positively correlate with flash flooding (Adnan et
al., 2019, Mahood and Rahman, 2019). Conversely,
parameters in Group II were assumed to negatively correlate
with flash floods. That is, they are inversely proportional to
the degree of flash flooding. If the parameters in Group II
demonstrate high values, flash-flood-susceptibility is low
(Adnan et al., 2019, Mahood and Rahman, 2019). Group II
comprises seven parameters, including elongation ratio,
compactness coefficient, length of overland flow, ruggedness
number, mean bifurcation ratio and lemniscates ratio. Group
1 parameters were normalized using equation 1, and Group
II parameters were normalized using equation 2.

Ranking score = 4(wj +1 (1)
max Xmin
. X—X
Ranking score = 4(—"‘“} +1 (2)
Xmin 0 Xmax

when Xmin is the minimum value of each geomorphometric
parameters. Xmax is maximum value of each geomorphometric
parameters.
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4. Results and discussion

There are 13 sub-watersheds in the study area, as Fig. 4
shows. The maximum stream order is sixth. The highest
elevation within the Khong watershed is 1873 MSL, and the
lowest elevation is 257 MSL.
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Fig. 4 Sub-watershed in the study

Fig 5 presents the flash-flood susceptibility map. Flash-
flood-susceptibility was divided into five classes: very low,
low, moderate, high and very high. Watersheds 1 and 5 were
considered to be very highly susceptible to flash flooding;
meanwhile, watersheds 3 and 8 were considered to feature
very low susceptibility. Given their mutually very high
susceptibility to flash flooding, there are many similarities
between watersheds 1 and 5, such as a high value for the
relief parameter (ranking above all other watersheds), high
stream numbers, long streams and large watershed areas.
Meanwhile, watersheds 3 and 8 shared similarly high
elongation ratios and mean bifurcation ratios.

5. Conclusions

Flash floods are natural hazards. They often occur in
mountainous areas featuring steep terrain or complex
orography. Accordingly, the geomorphometric technique is a
useful tool for identifying the areas most susceptible to flash
floods. In particular, a GIS has been developed over a long
period of time to support the geomorphometric technique.
However, other factors influence the severity of flash-flood

damage. Future studies should consider the impact of land
use and rainfall on flash-flood susceptibility.
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Failures by age of failed dams (less than 10 years old)
Ruptures selon dge du barrage (inférieur @ 10 ans)

(a) Pendant la construction

fiun: Bulletin 99 Dam Failures Statistical Analysis (ICOLD 1995)
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5. Anuiiigndasdmiunisudana

Arudeng o Wasuuasunan ngialds (Rule of
thumb) vnangitlsigndies enaairsaandnlenin 1hllg
msagUiifinnun (mislead) dufuguuadomiiu 319
dounazAnwIMAII uazaeumuiuamufifudfey lu
duillfihussaunmsaiusdnmosunedunsdng el

nsngasvesdudeulsiiiu 1% @esmnugaudou)

Tu Design Small Dams 483 USBR Tutla.a. 1987 il
253 iy 255 ¥t NMsBBNLUY Camber (faguil 3 ATn
Gld) asdiuin nguesinldsilidmiuimunszenie
mqmﬁwmmsquﬁamaﬁw (Consolidation) wassfadiou Lite
nstesfuihdudnududou TiAedestu memgasail
uansnsfusuesiviAnsesusnluidouls uaziitouly
el mﬂ%uaaﬂiﬁugmsmquﬁamaﬁﬂﬁ BNTIAIUNITNTAR
fidudeuazannnin 1% vesmugadou

dronssuUgwna:gausan

sdsaninilude e 2003 Robin Fell Adufidamny
fudmnssudenain New South Wales University 1ot
AnngingAnssunismiadvesdouluBeada wagiugih
ANBRIININTAALUIEEZEN) (Long term settlement rate)
dwdutanouiidufunagiiu fimseil 2 uag 3 Auddy
AsmsnmiadaluszerenillivdanaudivesTanay
(5718957U570)  wenmieandagdiuniimsadiieuiu
Agadiou (%Crest Settlement) dmsudouildaudy
nauun 10 ¥ Imsuesisinmmiadiluszezen
#e lunsdifidewdnsesunnsosusntuiidudou dosnm
YFAFITLETIGIIN ) UARSEINNT strain MiUABULYAS
uimnsesuANTitiamnanMsIAdufvesaaty WUl
dadusewinnisindeusilagnismgad (Displacement
and Settlement Ratio) ﬁmqﬁu deuiifinsesunnain
nsiAdeusiiazdidnsidiu Displacement/Settlement
Fovazidu nils

(d) Camber.—Camber is ordinarily provided
along the crest of earthfill dams to ensure that the
freeboard will not be diminished by foundation set-
tlement or embankment consolidation. Selection of
the amount of camber is necessarily somewhat ar-
bitrary. It is based on the amount of foundation
settlement and embankment consolidation ex-
pected for the dam, with the objective of providing
enough extra height so that some residual camber
will remain after settlement and consolidation. This
residual camber also improves the appearance of
the crest.

Impervious embankment materials placed at
densities roughly corresponding to the Proctor lab-
oratory maximum consolidate appreciably when
subject to overlying fill loads. It is expected that
the major portion of this consolidation will take
place during construction before the embankment
is completed; therefore, the expected foundation
settlement is the more important factor. For dams
on relatively noncompressible foundations, cambers
of about 1 percent of the height are commonly pro-
vided. Several feet of camber may be required for
dams constructed on foundations expected to settle.
A method of determining foundation settlement is
given in [54] and in USBR Design Standards No.
13, chapter 9. Straight-line equations should be
used to vary the amount of camber and to make it
roughly proportional to the height of the embank-
ment. These equations are easy to use and usually
correspond well with the camber lines as con-
structed in the field.

Ul 3 nguesihldazesnsmgnsi 1% 1191nn1588ALUY Camber 189 USBR (1987)
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A1919% 3-25 Embankment crest region, typical range of post construction settlement and long-term

settlement rate

Core Properties Crest Settlement (%)"? Long-term Settlement Rate "
Classification | Core Moisture | 3 yrs 10 yrs | 20 to 25 | Steady/Slow | Fluctuating
Width content yrs Reservoir Reservoir
CL/CH Thinto | Dry 0.05to |0.10to | 0.20to 0.04 to 0.50 0.09 to 0.57
medium 0.55 0.65 0.95 (most < 0.26)
Wet 0.04to | 0.08to | 0.20 to
0.75 0.95 1.10
Thick all (most | 0.02to | 0.10to | 0.5to
dry) 0.75 1.0 1.0
SC/GC Thinto | Dry 0.10to | 0.10to | <0.5 0to 0.26 0.06 to 0.37
medium 0.25 0.40
Wet 0.15to | 0.20to | < 1.1
0.80 1.10
Thick all (most | 0.05to | 0.10to | 0.10 to
dry) 0.20 0.35 0.45
SM/GM Thin to All 0.06to | 0.10to | <05to <0.10 0.03 to 0.21
thick 0.30 0.65 0.7
Very Broad Earthfill Cores - most CL | 0.0 to 0.0 to 0.05 to 0.08 & 0.44 0.07 to 0.70
and dry placed 0.60 0.80 0.76 (most < 0.35)

Note:! excludes possible outliers.

2 crest settlement as a percentage of the embankment height

3 long-term settlement rate in units of % settlement per log cycle of time
(settlement as a percentage of dam height).

flun: Hunter and Fell (2003)

157971 3 Post construction total crest settlement and long-term creep rate for CFRDs

Rockfill Classification Total Post Construction Settlement Long-term Creep
(% of dam height) Rate, OL**
0,
10 years 30 years /ity @)

Dumped Rockfill 0.6 to 1.0 1.0to 1.5 03to 1.5

Well Compacted Rockfills:

- Medium to high strength* 0.15 to 0.4 - 0.05 to 0.25
- Very high strength, quarried* 0.06 to 0.2 - 0.02 to 0.10
- Gravel Rockfills 0.2 to < 0.05 - <0.10

Note:  * Rock substance unconfined compressive strength medium 6 to 20 MPa, high 20 to 70 MPa, and very high
70 to 240 MPa.

** %strain = OL (log T2 - log T1)

ﬁmz Hunter et al (2003)
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Use of geosynthetic clay liner as a
remedial measure of claystone
degradation in Lam Ta Khong
hydropower plant

Suttisak Soralump, Avishek Shrestha, Apiniti Jotisankasa,

Chinoros Thongthamchart and Rattatam Isaroranb

Abstract

In this study, the downstream slope of a dam impounding the upper reservoir of Lam Ta
Khong (LTK) hydroelectric energy storage in Thailand was found to slide at a higher pace
during the rainy season. After a thorough site investigation, laboratory tests, and numerical
modeling to identify the main cause of the movement, it was found that as rainfall infiltrated
the upper soil layer, the claystone of the downstream slope deteriorated when in contact
with the water. As a remedial measure, 174,750 m2 of geosynthetic clay liner (GCL) was
used to cover the entire downstream slope of the dam, and proved to be an effective and
economical solution for reducing the ongoing movement. The GCL included a textured high-
density polyethylene (HDPE) layer for improving the resistance and minimizing the slippage
at the interface between the GCL and underlying rock. Before the dam's remediation, the
settlement point demonstrated a movement of nearly 0.1 m/year. In contrast, after the
placement of the GCL, almost all settlement points moved less than 0.1 m for a recorded
period of more than 4 years.
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Bang Chak, Phra Khanong
10260 Bangkok - Thailand
Tel. (+66) 02-042-5503
email: info@sisgeoasia.com
www.sisgeoasia.com
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Inclinometer Casing Digital Inclinometer Systems Tiltmeters Digital El Beam Tiltmeters
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Crackmeter & Jointmeters DEX & Digital IPl inclinometers ~ Borehole Rod Extensometers H-Level Settlement System

Resistive and VW Piezometers VW Strain Gauges Total Pressure Cells DMS Wireless System

Your Asia’s Geotechnical Instrumentation Partner
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CIVIL AND STRUCTURAL ENGINEERS Co,, Ltd Civil And Structural Engineers CO., Ltd.
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Environmentally Friendly
Piling Innovation

@ Full Center Auger with Pile Toe
Grouting : FC-PTG

@ GreenPile
@ JackinPile
il %

WWW.paco-group.com
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THE PATHUMTHANI CONCRETE CO., LTD.

1339 Arwan Building Pracharat Sai 1 Rd., Wongsawang, Bangsue, Bangkok 10800

PRODUCTS

Prestressed Concrete Spun Piles
Size : 250 mm to 800 mm

Prestressed Concrete Piles

.. @ Sguare - Shaped Pile
L Size: 150 x 150 mm to 525 x 525 mm

. X |- Shaped Pile
Size : 180 x 180 mm to 500 x 500 mm

Precast Concrete Products
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0 pacopile

e e

. admin@paco-group.com
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Pump FASTER
HIGH PRESSURE

RELIABLE
GOOD QUALITY

CVC SYSTEM

Separator
Tank

4 ,

K
’
Perforated
Pipe

»
N [

PVD

LTE

CONSULTANT

LTE Consultant Co., Ltd. was found in 2011 by group of professional engineers
who aim to provide one stop service of property development. The company
perform Engineering Consultant for Construction Management and Engineering
Design of new set-up project, renovation & modification project. Our services of
property development are starting from business development, product development,
multi-construction activities of construction management till project handover.

) 02-440-0949 510 301, 080-556-9292
2= Iteofficemanage@gmail.com
n LTE Consultant
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SYNTERRA

Senmsanvieds (wds waz Tamzia)
PIPELINE ENGINEERING (ONSHORE AND SUBSEA)

Seramssalassashs (@eds wenmeds uae lamzia)

AFINGTHYIDUWIAS
RISER ENGINEERING (RIGID AND FLEXIBLE)

MR HMYATA [stfq R uanmmfe}
GEOTECHNICAL ENG. (ONSHORE AND OFFSHORE)

s MSnaENILaLHan s
CONSTRUCTION/INSTALLATION ENGINEERING

TennsgUnsninsiias
INSTALLATION EQUIPMENT DESIGN

A6 (B

Contact Us:

STRUCTURAL ENG. (MARINE, OFFSHORE AND SUBSEA)

RELIABLE SOLUTIONS,
TAILORED TO DEMANDS

I Semmmels
COASTAL ENGINEERING
5 SmmmdaiSauazsruuiale
~ | NAVALARCHITECH AND MOORING SYSTEM

f%\ msUsziiuammwenawdasldnuuazmstaony
2= /| INTEGRITY ASSESSMENT AND LIFE EXTENSION

AenEsiaNa Wasiu
RELIABILITY ENGINEERING
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)| DECOMMISSIONING

$ MIvANLLY o HA
3D MODELING

129/9 Soi Hatsadisewi, Sutthisan Winitchai Road, Huai Khwang District, Bangkok, Thailand, 10310

www.synterra.co.th, Tel: +66 2087 0935, Email: admin@synterra.co.th
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Ins/nwnd: 038-198-441-442, 038-346-385-386
Mobile:  094-796-8080, 086-338-9238,
083-239-5622, 094-985-3666
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E-mail:psd@phansadejconcrete.co.th,

sales@phansadejconcrete.co.th
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CONSTRUCTION
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Tel : 02-248-2536 Fax : 02-643-1026 Email : tntcon@intcon.co.th Website: www.tntcon.co.th
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Thai Wire Products Public Company Limited
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150 %001

PC WIRE 2U1@ 4, 5, 7 tav 9 Ny, 4BN.95-2540

PC STRAND 2U19 9.3, 9.5,12.4,12.7, 8 15.2 §N. 4DN. 420-2540

STEEL WIRE 2116 2.8, 3.0 wav 4.0 §¥. ydN. 194-2535

GALVANIZED STEEL WIRE STRAND

UG 25 sq.mm. 35 sg.mm. LaTr 50 sq.mm. Nan. 404-2540 .‘ \
GALVANIZED STEEL SOLID WIRE 2174 4.00 mm. §af. 71-2532 N 7

Tel. 66-02-5203855-64 Fax. 66-02-5203865-66 E-mail : info@thaiwire.com www.thaiwireproducts.com
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BATHYMETRIC SURVEY & SUPPLY LTD.,PART.
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. Beach Profile Survey d1s09A0anBUBIgENzIa
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. Settlement monitoring of survey @15999ns1N1sNsAAIVaNIASIASY
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. Ground Control by GPS &15999AAUALIILATSIINANUAU
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Facebook Page : hn.unsiumsnisasiogiouadwwate  Tel : 02-060-9707

www.ppmicropile.com

@ 0813572199 @) ppmicropile@gmail.com @) © ppen.co.th

E-mail : Depthsurvey@gmail.com Fax : 02-060-4201




MAA CONSULTANTS CO., LTD.

Comprehensive all around Engineering Consultancy Services
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N.S. PLUS ENGINEERING CO.,LTD.
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Fenannaunmadeuiasaieennis
meafuiinupenln danuanlasa’ne ufilaanansngs

3.085-114-3733

* Home Inspection asaatiu aeuln ndulay thuiledes

* Building Inspection msaaaeuerpsniungusng

* Structural Inspection amagevlassaiermsmniszinn

* Electrical Inspection nsaaauszumlningszdqdl

* Pile Test ﬁnmaummaugﬂﬁmﬁwﬁ Seismic Test uaz Dynamic Load Test
* Structural Repair deuusulasedssanns

* Underpinning idsugusn uflsainisnga

* Consultant iandine puasemriesiie

FB/nsplusengineering, Line 1D/@nsplus
E-mail . infos.nsplus@gmail.com
Tel&Fax : 0-2115-2223,085-114-3733
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CERTIFIED . -
* Railway and
High Speed *Bri
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HAS

> SUCCESSFULLY
IMPLEMENTED

MORE THAN

500 PROJECTS

* Expressway . " =Highway
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AAUIADIIHLI:AU (Feasibility Study)
-Mass Rapid ) 2RI UU (De:taf!'fd Design)
Transit i Industrial Estate AJUAUANISAodS1V (Construction Supervision)
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THE DUCHESS HOTEL AND
RESIDENCES BANGKOK

8 THONGLOR SHOPI
http://8thonglor.com SOMERSET HARBOURVIEW

SRI RACHA
akyra THONGLOR BANGKOK

eakyra.com L , www.somerset.com

WE BUILD
WHAT YOU DREAM

WE FOCUS ON SOURCING FOR THE MOST EFFICIENT AND
THE NEWEST MACHINES/EQUIPMENT AND TECHNOLOGY IN
THE CONSTRUCTION INDUSTRY.

PATTAYA

S #4 coMING
SYNTEC CONSTRUCTION | www.synteccon.com Y ;% sooN [P

CITADINES GRAND
CENTRAL SRI RACHA

www.citadines.com
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ASIA GEOTECHNICAL INSTRUMENT CO., LTD.

Strong Ground Motion
Accelerometer

Shaope Accel Array

Software

Advance Gebtechnical

Weather Station =
Daom Instrument Laboratory

i ary — - — - 0 = Line ID : agi_instrument
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Contact : www.agiinstrument.co.th TEL :0970404933
sales@agiinstrument.co.th FAX :025780380




THE FOUNDATION
OF SUCCESS )\ SEAFCO @

is the leading deep foundation specialist in thailand e O
SEAFCO with more than 47 years experience. E S G 1OO Forbes ASIa
We specialized in : S Bored Piling © Barrette Piling — UNDER A
© Deep Excavation ™ Diaphragm Wall  Substructure Works BILLIDN

© Ground Improvement ™ Ground Enginerring © Other Civil Works 202 1 2020

Q www.seafco.co.th (@ info@seafco.co.th €3 (662)9190090-7

Q Head Office 144 Prayasuren Rd., Bangchan, Khlong Sam Wah, Bkk 10510 WE BUILD SUSTAINABLE FOUNDATION

—

- — . TEMPORARY STRUCTURE FOR
L-Soluhon

2% UNDERGROUNR\WORK:
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USEN 10aWIdU Bowd 1I8UIITUSY 911A
s P N SPN SOIL ENGINEERING CO.,LTD.
SOIL ENGINEERING 55/507 Kijfi 2 n.Asuzosiitios o.UIENsY 9.4nsUSINS 10570
Tel. 098-8504610, 088-3031640 Email: spnsoiltestegmail.com
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1v1:Aulne5383nany (Wash Boring)

wraulne38191:=0u (Rotary Drilling) Plate Bearing Test




Consultation Construction, Communication, Finance and Transport
37/ 1 Ruamprasong Bldg. Soi Phetchaburi 15 (Soi Somprasong 3), Phetchaburi Rd.,
Kwaeng Thanonphayathai, Ratchathewi, Bangkok 10400, Thailand
Tel : +662 653 7541-5 Fax :+662 653 7546
E-mail : info@ampgroups.com

BNN DESIGN AND CONSULTANT CO.,LTD.

Soil Boring and Testing , Surveying , Geotechnical Structure and Slope Protection Design
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Field Vane Shear Test

Plate Bearing Test

Field De.nsity Test - : ’ . -
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(Survey Engineering)
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(Engineering Design & Construction Management)

TOPCON-467
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i E-mail : gekec.in@email.com, kecsurvey@gmail.com,
K. ENGINEERING CONSULTANTS CO., LTD. cchrsuliarveboo o Keshcdarrnal cor)
Augy. 136 aUUINIIATIAA YoB 4 AuuAs AN, 10400 kecbilli@gmail.com
Tnsdinn 0 2691 9322-5 Tns815 0 2691 8366 Website : www.kecconsultants.com

fiona W.A. 2508

G‘:TS SOIL TESTING SIAM
www.soiltest.co.th “The Leader in Advanced Testing Equipments Supply” www.soiltest.co.th
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Asphalt
Non Destructive Test, NDT : AS p I] a It

Non Destructive Test, NDT

Tel. 02 907 4820 Fax. 02 907 4822

Line : @soiltestingsiam
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MEGATECH CONSULTANTS CO.LTD.

103/41 wyjtulnsas auuyszundu uvaMEN WAIAINT NFIMWA 10900
TnsAwyi 02-587-7912 , 02-911-9766 1wsa1S 02-911-9868 Email : mgtcon_2003@yahoo.co.th
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E TEN CONSULTANTS CO.,LTD.

GEOTECHNICAL ENGINEERING SERVICES

Services cover wider range of Geotechnical Engineering i.e. Soil
Investigation & Survey including Laboratory Test and Soil Test Report as
well as recommendation on Load Design, Settlement Analysis, Bearing
Capacity Analysis and underground water Penetration for Sub-structure
and Footing Design.

TOPOGRAPHIC SURVEY & MAPPING SERVICES

A Topographic Survey conducted to obtain the data needed for the
preparation of a Topographical Map which include the following
disciplines.

1. Total Station and GNSS RTK (Topographic Map)

2. Hydrographic Survey or Bathymetric Survey

3. Drone or UAV Survey

DESIGN AND CONSTRUCTION SUPERVISION

Design Services include Architecture, Building Structure and M/E/P.
Construction  Supervision covers ranges of Construction
Management, Bidding Documentation, Quantity Survey and Cost
Estimation.

ENVIRONMENTAL ENGINEERING SERVICES

Services concerned with the description and monitoring of environmental
changes, Soil and Water Contamination Investigation, Urban Design
Assessment, Environmental Impact Assessment (EIA), System Design of
Water Supply and Water Treatment, Environmental Operation Planning,
ZEMAPX Services, Environmental Survey and Mining Remediation Planning
& Design

BUILDING AUDIT & STRUCTURAL STRENGTH TEST & IN SITU TEST

Services include Building Audit & Structural Survey and Tests, Management of
Building Safety, Calibration of Building Equipment and Building System as well
as Investigation of Renovated or Refurbished Building which is not conforming
to proven Engineering and Civil Standard.

MIS & GIS SERVICES

Services include GIS Mapping and Application, Photogrammetry, and
Real Photo Translation, Zone area planning for tax collection, local
election as well as Management Information System (MIS) for
Corporations and Government Agencies.

589/53 Central City Tower 10th Fl., Debaratna Road,Kwaeng Bangna Nuea, Khet Bangna, Bangkok, 10260
Tel : 0-2745-6315-6 Fax:0-2745-6068 www.tenconsultants.com
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MANGO PROJECT MANAGEMENT 08 210UtWunNsantduviu AamMmu Asdv&ou
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063-565-4594, 098-828-5742 n Mango Consultant www.mangoconsultant.com
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umous ENGINEERING AND CONSTRUCTION PUBLIC COMPANY LIMITED
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UNIQUE &

..4———-H-NI'QUE ENGINEERING AND CONSTRUCTION PUBLIC COMPAMY LIMITED
0-2582-1888 / EMAIL : IR@UNIQUE.CO.TH / WWW.UNIQUE.CO.TH



RIGHT TUNNELLING =

’ RIGHT TUNNELLING PUBLIC&E)MPANY LIMITED _:\i
m" d‘t '.-|i
- Pipe Jacking & Horizontal
Tunnél"-&*Shaﬂ Works @ Directional Drilling|
el e Other Works o

- Slope stabilization' =3

Dam Construction

. - { » Earth and rock excavation
and Irrigation-System

Geological exploration’ dﬂ"ll’l%
» Grouting works

Road & Bridge worksi™ d
Mining works P e

® Railwayworks 3 :"}j

ONLY  THE BEST-WE DO Rivs— N

\,.-.o“lﬂ

_—
Keeping Ahead in Engineering and Geotechmcal Construction with Customer’s Satlsfactlon Always
“Safety and Quallty are Our Main Concern” : -

Right Tunnelling Public Company Limited

292 Moo 4 Bangna-Trad Rd.(km26), Bangbor, Bangbor, Samut Prakan 10560 Thailand.
Tel : +66 (0) 2313-4848 Fax : +66 (0) 2313-4849, 4787 Email : rt@rtco.co.th www.righttunnelling.com
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GPAC

GREEN

Construction Solution
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Smart Concrete Public Co.,Ltd.
24 Soi Bangna Trad 25, Bangna Nuea Subdistrict,

Bangna District, Bangkok 10260
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TnsAny 0-2716-1600 nsans 0-2716-1488

dneiEn1sa9Ans e 3802-4 Tnsans 0-2716-1494

www.itd.co.th E-mail: cccs@itd.co.th
fb: Italian-Thai Development Public Company Limited “ITD”
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GEOTECH & ENGINEERING SERVICE LIMITED
435 Muang Thong Thani, Bond Street Road, Tambon Bang Phut, Amphoe Pak Kret, Nonthaburi, 11120 THAILAND
Tel : (662) 0590351-60 Fax : (662) 0590351 Ext. 199
Email : geotech@reco.co.th



