
การประเมินศักยภาพของตะกอนไหลถล่มและนำปนตะกอนบ่า ในปี 2544 
บริเวณพืนท่ีน้ําก้อ อำเภอหล่มสัก จังหวัดเพชรบูรณ์ ภาคกลางของประเทศไทย

นายสมบัติ อยู่เมือง

วิทยานิพนธ์น้ีเป็นส่วนหนึ่งของการศึกษาตามหลักสูตรปริญญาวิทยาศาสตรดุษฎีบัณฑิต 
สาขาวิชาธรณีวิทยา ภาควิชาธรณีวิทยา
คณะวิทยาศาสตร์ จุฬาลงกรณ์มหาวิทยาลัย 

ปีการศึกษา 2548 
ISBN 974-14-2174-5 

ลิขสิทธ์ของจุฬาลงกรณ์มหาวิทยาลัย



E V A L U A T IO N  O F  P O T E N T IA L  F O R  2 001  D E B R IS  F L O W  A N D  D E B R IS  F L O O D

IN THE VICINITY OF NAM KO AREA, AMPHOE LOM SAK, 
CHANGWAT PHETCHABUN, CENTRAL THAILAND

Mr. Sombat Yumuang

A Dissertation Submitted in Partial Fulfillment of the Requirements 
for the Degree of Doctor of Philosophy Program เท Geology 

Department of Geology 
Faculty of Science 

Chulalongkorn University 
Academic year 2005 
ISBN 974-14-2174-5

431825



Thesis Title

By
Filed of study 
Thesis Advisor 
Thesis Co-advisor

Evaluation of potential for 2001 debris flow and debris flood 
in the vicinity of Nam Ko area, Amphoe Lom Sak, Changwat 
Phetchabun, Central Thailand 
Sombat Yumuang 
Geology
Assistant Professor Nopadon Muangnoicharoen, Ph.D. 
Associate Professor Kittitep Fuangkhajorn, Ph.D.

Accepted by the Faculty of Science, Chulalongkom University in Partial Fulfillment of the Requirements 

for the Doctor’s Degree

Thesis Advisor 

(Assistant Professor Nopadon Muangnoicharoen, Ph.D.)

Thesis Co-advisor 

(Associate Professor Kittitep Fuangkhajorn, Ph.D.)

lUcuiaAo'ว^ ( ï) ,~  น .! .! .! ........ Member

(Associate Professor Warakorn Mairaing, Ph.D.)

Member

(Assistant Professor Somchai Nakapadungrat, Ph.D.)

Member

(Sunya Sarapirome, Ph.D.)



IV

สมบัติ อยู่เมือง : ช่ือวิทยานิพนธ์. EVALUATION OF POTENTIAL FOR 2001 DEBRIS 
FLOW AND DEBRIS FLOOD IN THE VICINITY OF NAM KO AREA, AMPHOE 
LOM SAK, CHANGWAT PHETCHABUN, CENTRAL THAILAND อ. ที่บัรกษา : 
ผศ.ดร. นภดล ม่วงน้อยเจริญ, อ.ที่ปรึกษาร่วม : รศ.ดร. กิตติเทพ เท่ืเองขจร 297 หน้า. 
ISBN 974-14-2174-5.

การส ืกษาป ัจจ ัยท ี่ม ิอ ิทธ ิพลต ่อ การเก ิดตะกอนไหลถล่มและน ํ้าปนตะกอนบ่า ท ี่เก ิดขึ้นเม ื่อวันที่ 11 
สิงหาคม 2544 บริเวณพ ื้นท ี่น ํ้าก ้อ อำเภอหล่มสิ'ก จ ังหว ัดเพชรบ ูรณ ์ กระทำโดยใช ้ข ้อม ูลท ี่จ ัดทำและแปล 
ความหมายด้วยระบบสารสนเทศภูมิศาสตร์และข้อมูลจากการสำรวจระยะไกล ข ้อม ูลจากการสำรวจภาคสนาม 
และข้อม ูลจากการวิเคราะห ์ในห ้องปฏ ิบ ัต ิการ ข ้อม ูลด ังกล่าวย ังใช ้เพ ื่อพ ิส ูจน ์หลักฐานพ ื้นท ี่ท ี่ม ีเจ ักยภาพเป ็น 
แหล่งกำเนิดตะกอน บริเวณที่มีการเคลื่อนตัวของตะกอน และบริเวณที่มีการสะสมตัวของตะกอน รวมทั้งกำหนด 
เกณฑ์ท ี่สามารถแสดงดักยภาพของพิบ ัต ิภ ัยจากการเกิดตะกอนไหลถล่มและนํ้าปนตะกอนบา ในบริเวณลุ่มนํ้า 
ก้อใหญ่และเนินตะกอนรูปพัด การสืกษาวิจัยยังกระทำเพื่อหาความสัมพันธ์ระหว่างลำดับชั้นของตะกอนและการ 
เกิดตะกอนไหลถล่มและนํ้าปนตะกอนบ่าในบริเวณพื้นที่เนินตะกอนรูปพัด อีกด้วย

การวิเคราะห ์เพ ื่อประเม ินความสัมพ ันธ ์ของป ัจจ ัยท ี่ม ีอ ิทธ ิพลต่อการเก ิดตะกอนไหลถล่มและน ํ้าปน 
ตะกอนบ่า ได ้ใช ้ข ้อม ูลร ่องรอยการเก ิดตะกอนถล ่มและน ํ้าปนตะกอนท ่วมและข ้อม ูลท ี่เก ี่ยวข ้อง ม าท ำการ 
วิเคราะห์ด้วยวิธีของความน่าจะเป็นแบบตัวแปรเดี่ยว และการคำนวณค่าความสัมพ ันธ์ของปัจจัยท ี่ม ิอ ิทธ ิพลต่อ 
ก าร เก ิด พ ิบ ัต ิภ ัย จ าก ต ะ ก อ น 1ไห ลถล ่ม และน ํ้าป น ตะกอ น บ ่า ผ ล ก ารว ิเค ราะห ์ใด ้จ ัด ท ำเป ็น แ ผ น ท ี่แ ส ด ง 
ความสัมพันธ์ของปัจจัยที่มิอิทธิพลต่อการเกิดพิบัติภัยตะกอนไหลถล่มและนํ้าปนตะกอนบ่าขึ้นในพื้นที่

สำหรับการอธิบายถึงเหตุการณ์ของการเกิดและดักยภาพของตะกอนไหลถล่มและนํ้าปนตะกอนบ่านั้น 
สามารถสรุปได้ว่าเหตุการณ์พิบัติภัยดังกล่าวนี้ไม่ได้มิสาเหตุมาจากการทำงานของฝนตกหนักผิดปกติแต่เพียง 
อย่างเด ียวตามที่คาดกันไว้ แต่เป็นการทำงานร่วมกันของปัจจัยที่ม ิอิทธิพลหลายประการจากลักษณะภูมิประเทศ 
ที่มิส ิงปกคลุมดินเป็นลักษณะเฉพาะ คุณสมบัติทางธรณีเทคนิคของวัสดุรองรับในพื้นที่ และการหน่วงเพื่อการ 
สะสมตัวของซากต้นไม้และตะกอน การประสมประสานของปัจจัยที่มิอิทธิพลดังกล่าวเหล่านี้ได้ทำให้เกิดตะกอน 
ไหลถล่มและนํ้าปนตะกอนบ่าได้ กระบวนการดังกล่าวนี้ยังทำให้เกิดความรุนแรงมากขึ้นอีกเนื่องจากการเกิดแนว 
ชั้วคราวกั้นการไหลตามธรรมชาติที่ต่อมาได้พังทลายลงจากนํ้าหนักของนํ้าที่กักเอาไว้

หลังจากการเกิดเหตุการณ์พิบัติภ ัยครั้งนี้แล้ว สามารถประเมินได้ว่าต้องใช้เวลาอีกระยะหนึ่งก่อนจะเกิด
เหตุการณ์ตะกอนไหลถล่มและนํ้าปนตะกอนบ่าครั้งต่อไปขึ้นอีก เนื่องจากต้องการเวลาสำหรับสะสมชากต้นไม้ 
และตะกอนในลุ่มนํ้าให้มิปริมาณมากพอเลียก่อน



V
#  #  4 3 7 3 8 6 2 0 2 3  : M A J O R  G E O L O G Y

K E Y  W O R D : P O T E N T IA L  /  D E B R IS  F LO W  A N D  D E B R IS  F L O O D  /  G IS  A N D  R E M O T E  S E N S IN G  /  N A M  

K O  /  P H E T C H A B U N  /  T H A IL A N D

S O M B A T  Y U M U A N G  : E V A L U A T IO N  O F  P O T E N T IA L  F O R  2001  D E B R IS  F L O O D  IN TH E

V IN IC IT Y  O F  N A M  K O  A R E A , A M P H O E  LO M  S A K , C H A N G W A T  P H E T C H A B U N , C E N T R A L

T H A IL A N D , T H E S IS  A D V IS O R  : A S S T . P R O F . DR . N O P A D O N  M U A N G N O IC H A R O E N , TH E S IS

C O A D V IS O R  : A S S O C .P R O F . DR . K IT T ITE P  F U E N K A JO R N , 2 9 7  p p . IS B N  9 7 4 -1 4 -2 1 7 4 -5 .

T h e m a t ic  (G IS  a n d  re m o te  s e n s in g )  d a ta  in te rp re ta t io n , f ie ld  in v e s t ig a t io n , a n d  la b o ra to ry  

a n a ly s is  w e re  c a r r ie d  o u t  to  in v e s t ig a te  th e  p a ra m e te rs  in f lu e n c in g  th e  d e b r is  f lo w  a n d  d e b r is  f lo o d  ( flow -  

f lo o d )  o c c u r re n c e  o n  11 lh A u g u s t  2001  (8 /1 1 ) in N a m  K o  a re a , C h a n g w a t P h e tc h a b u n , c e n t ra l T h a ila n d .  

T h e  p u rp o s e  o f  s tu d y  w a s  to  id e n t i fy  th e  p o te n t ia l s o u rc e  a re a , ru n -o u t z o n e , a n d  d e p o s it io n a l a re a , a n d  

to  d e te rm in e  th e  e v id e n c e s  o f  th e  p o te n t ia l fo r  h a z a rd s  in N am  K o  Y a i s u b - c a tc h m e n t  a n d  its  a llu v ia l fa n . 

T h e  re la t io n s h ip  b e tw e e n  th e  s e d im e n ta ry  s e q u e n c e s  a n d  d e b r is  f lo w - f lo o d  o c c u r re n c e  in th e  a llu v ia l fa n  

w a s  a ls o  d e f in e d .

T h e  re la t io n s h ip  b e tw e e n  d e b r is  f lo w - f lo o d  a n d  re le v a n t p a ra m e te rs  w a s  a n a ly z e d  fo r  d e b r is  

f lo w - f lo o d  s u s c e p t ib i l i ty  a s s e s sm e n t. เท N am  K o  Y a i s u b - c a tc h m e n t ,  s c a r - s c o u r in g  lo c a t io n s  d e te c te d  

fro m  re m o te  s e n s in g  in te rp re ta t io n  a n d  f ie ld  s u rv e y s  w e re  c o m p l ie d  in to  a G IS  d a ta b a s e . V a r io u s  m a p s  

w e re  c o n s t r u c te d  fro m  th e  f lo w - f lo o d  re le v a n t p a ra m e te rs  d e r iv e d  fro m  th e  d a ta b a s e . T h e  p a ra m e te rs ,  

u n iv a r ia n t p ro b a b il i ty  m e th o d , a n d  c a lc u la t io n  o f  d e b r is  f lo w - f lo o d  s u s c e p t ib i l i ty  w e re  a p p lie d  to  a n a ly z e  

a n d  p ro d u c e  th e  s u s c e p t ib i l i ty  m a p  o f  d e b r is  f lo w - f lo o d  h a z a rd  in th e  s u b -c a tc h m e n t .

F rom  th e  d e b r is  f lo w - f lo o d  e v e n t re c o n s t r u c t io n  a n d  its  p o te n t ia l, it w a s  c o n c lu d e d  th a t th e  

d is a s t ro u s  e v e n t w a s  n o t th e  w o rk  o f  th e  u n u s u a lly  h e a v y  ra in fa ll a lo n e  a s  p re v io u s ly  c o n c lu d e d ,  b u t it w a s  

th e  w o rk  o f  c o m b in e d  p a ra m e te rs  in c lu d in g  th e  te r ra in  c h a ra c te r is t ic s  w ith  s p e c if ic  la n d  c o v e r ,  u n d e r la in -  

m a te r ia l g e o te c h n ic a l p ro p e r t ie s , a n d  t im e -d e la y  fo r  a c c u m u la t io n  o f  p la n t  d e b r is  a n d  s e d im e n ts .  

C o m b in a t io n  o f  p a ra m e te rs  c o u ld  le a d  to  a d e b r is  f lo w - f lo o d . T h e  p ro c e s s  c o u ld  b e  w o rs e  w ith  a n a tu ra l 

te m p o ra r y  la n d s l id e  d a m  fo rm e d  a n d  th e n  th e  d a m  w a s  d e s t r o y e d  u n d e r  th e  w e ig h t  o f  im p o u n d e d  w a te r .  

A fte r  th is  d is a s t ro u s  e v e n t , it s h o u ld  ta k e  t im e  fo r  th e  n e x t d e b r is  f lo w - f lo o d  to  re c u r  a s  a c c u m u la t io n  o f  

m o re  p la n t d e b r is  a n d  s e d im e n ts  in th e  s u b - c a tc h m e n t  w o u ld  b e  n e e d e d .

Field of study..... Geology,
Academic year 2005

Department........Geology. .Student’s signature... 
Advisor’s signature.... 
Co-advisor’s signatur



Vi

ACKNOWLEDGEMENTS

The Graduate School of Chulalongkorn University and the Ministry of Interior 
provided a partial funding for this study.

I sincerely thank my Advisor, Asst. Prof. Dr. Nopadon Muangnoicharoen of 
Chulalongkorn University and Co-advisor, Assoc. Prof. Dr. Kittitep Fuenkajorn of 
Suranaree University of Technology for their supports, encouragements, critically 
advises and reviews of this thesis. Appreciation is also done to thank Asst. Prof. 
Dr. Somchai Nakapadungrat, Asst. Prof. Virote Daorerk, and Assoc. Prof. Dr. Punya 
Charusiri, the successive chairmen of Department of Geology, Chulalongkorn University 
for supporting and allowing me to use facilities at the department during the study, and 
Assoc. Prof. Dr. Chaiyudh Khantaprab and Assoc. Prof. Dr. Wasant Pongsapich 
especially for their valuable ideas and moral support. I would also like to thank 
Dr. Supichai Tangjaitrong for technical support.

I would like to thank Prof. Dr. Philip E. LaMoreaux, former State Geologist of 
Alabama and retired professor of the University of Alabama, USA for encouraging my 
publication.

I sincerely gratify the Land Development Department of the Ministry of 
Agriculture and Cooperation, Geo-Informatics and Space Technology Development 
Agency (Public Organization), Royal Thai Survey Department, Thai Meteorology 
Department, and Environment System Research Institute (Thailand) Co. Ltd. for their 
permission to use essential data for this research.

The technical supports were provided by the staff of Geo-Informatics Center for 
Thailand (GISTHAI) of Chulalongkorn University and the staff of Geomechanics 
Research Unit of Suranaree University of Technology.

Finally, I thank my wife, Vorasa, my daughter, Thitikant, and my son, Sirawit, for 
their support and encouragement throughout this time of hardship.



TABLE OF CONTENT

Abstract in Thai................................................................................................................................. iv

Abstract in English............................................................................................................................ V

Acknowledgements........................................................................................................................ vi

List of Tables................................................................................................................................... xiii

List of Figures................................................................................................................................... XV

Chapter 1 Introduction....................................................................................................................1

1.1 Rationale.......................................................................................................................1

1.2 Objectives.................................................................................................................... 5

1.3 Hypothesis................................................................................................................... 6
1.4 Scope and limitation...................................................................................................6
1.5 Location of the study area.........................................................................................7
1.6 Expected outputs.......................................................................................................10

1.7 Research methodology............................................................................................ 10

1.7.1 Preparation...................................................................................................10
1.7.2 Field investigation........................................................................................11
1.7.3 Laboratorial studies.................................................................................... 12

1.7.4 Synthesis, discussion and conclusion.....................................................13

1.8 Components of the thesis........................................................................................15
Chapter 2 Literature review..................................................................................................... 17

2.1 Introduction................................................................................................................ 17
2.2 Definition and Terminology..................................................................................... 17

p a g e



2.3 Landslide classification system s........................................................................... 18

2.4 Landslide hazard......................................................................................................21
2.4.1 Scale factor in analysis............................................................................. 24

2.4.2 Knowledge types used in prediction of landslide hazard....................26

2.5 Disaster management.............................................................................................. 27
2.5.1 Geo-spatial requirements.........................................................................29

2.5.2 Risk assessment as central them e......................................................... 31

2.6 Use of remote sensing in landslide hazard assessment................................... 33

2.7 Geographical Information Systems (GIS) and landslide hazard
assessment.................................................................................................................36

2.8 Basic concepts on evaluation of the potential for debris-flows
and related sediment-flows....................................................................................41

2.9 Previous investigations on evaluation of the potential for
debris-flows and related sediment-flows..............................................................51

Chapter 3 Thematic data preparation................................................................................... 60
3.1 Phases of natural hazard analysis in GIS-based landslide

hazard zoning techniques...................................................................................... 60
3.2 Thematic data preparation from GIS and remote sensing techniques............62

3.3 Elevation..................................................................................................................... 65
3.3.1 Data entry.....................................................................................................65
3.3.2 Input map generation.................................................................................65

v iii

p a g e



ix

3.4 Geology.......................................................................................................................72

3.4.1 Data entry.....................................................................................................72
3.4.2 Input map generation.................................................................................72

3.5 Soil property...............................................................................................................74

3.5.1 Data entry.....................................................................................................74
3.5.2 Input map generation.................................................................................74

3.6 Land cover................................................................................................................. 76

3.6.1 Data sources............................................................................................... 78
3.6.2 Data processing..........................................................................................78

3.6.2.1 Image rectification and restoration.........................................78

3.6.2.2 Reduction of noise and image enhancement........................80
3.6.2.3 Image classification...................................................................81
3.6.2.4 Post-processing..........................................................................82

3.6.2.5 Accuracy assessm ent.............................................................. 82
3.6.2.6 Classification result....................................................................83

3.7 Infrastructure and human settlement......................................................................85
3.8 Flow-flood inventory: scar-scouring and depositional locations.........................86

3.8.1 Data entry.....................................................................................................86

3.8.2 Data processing..........................................................................................86

p a g e

3.8.3 Accuracy assessment of scar-scouring delineation 95



X

3.9 Rainfall intensity...................................................................................................... 100

3.9.1 Data entry..................................................................................................100
3.9.2 input map generation..............................................................................104

Chapter 4 Debris flow-flood hazard analysis in Nam Ko Yai sub-catchment.............. 105

4.1 Trends in landslide hazard zonation..................................................................105
4.2 Debris flow-flood susceptibility analysis............................................................106

4.2.1 Susceptibility analysis using univariant probability method............. 108
4.2.1.1 Relationship between scar-scouring and slope................109

4.2.1.2 Relationship between scar-scouring and landform
topography...............................................................................112

4.2.1.3 Relationship between scar-scouring and a sp ect............ 112

4.2.1.4 Relationship between scar-scouring and geology.......... 116
4.2.1.5 Relationship between scar-scouring and

soil group unit...........................................................................120
4.2.1.6 Relationship between scar-scouring and

soil thickness........................................................................... 124
4.2.1.7 Relationship between scar-scouring and land cover.....127

4.2.1.8 Relationship between scar-scouring and buffering distance
to drainage-line........................................................................129

p a g e

4.2.2 Calculation of debris flow-flood susceptibility 133



Chapter 5 Evidences and parameters affecting debris flow-flood processes
เท Nam Ko Yai sub-catchment.................................................................................................. 136

5.1 Evidences of geotechnical properties of rocks and soils
เท Nam Ko Yai sub-catchment.............................................................................136

5.1.1 Geotechnical study of point load testing..............................................137
5.1.1.1 Point load testing overview..................................................... 137

5.1.1.2 Rock specimen sampling........................................................140
5.1.1.3 Point load testing results.........................................................140

5.1.2 Geotechnical study of soil properties...................................................140

5.1.2.1 Soil sampling preparation....................................................... 140

5.1.2.2 Laboratorial study of soil properties......................................141

5.1.2.3 Study results of soil geotechnical properties......................141
5.2 Evidences of a suspected temporary landslide dam location and

channel configurations in the central part of Nam Ko Yai 
sub-catchment........................................................................................................ 144
5.2.1 Evidences of a temporary landslide dam location............................144

5.2.2 Evidences of channel configurations.................................................... 148
Chapter 6 Evidences of debris flow-flood activities in the alluvial fan...........................157

6.1 Recognition and characterization of the alluvial fan .......................................157

6.1.1 Defining activeness of the alluvial fan ................................................. 157
6.1.2 Defining geomorphology, local subsurface geology, and

stratigraphic recognition of the alluvial fan............................................ 166

x i

p a g e



6 .1.2.1 Geomorphology of the alluvial fan............................................166

6.1.2.2 Local subsurface geology of the previous alluvial
fan deposits.................................................................................. 167

6 .1.2.3 Stratigraphic recognition of the previous alluvial fan
deposits.........................................................................................168

Chapter 7 Discussion............................................................................................................... 179

7.1 Debris flow-flood susceptibility results............................................................... 179
7.2 Debris flow-flood event reconstruction and its potential................................. 182
7.3 FLO-2D simulation results for validation of the suspected

temporary landslide dam occurrence................................................................ 185

Chapter 8 Conclusion.............................................................................................................. 191
8.1 Evaluation of potential for the 2001 debris flow and debris flood.................. 191
8.2 Recommendation for more accurate evaluation of potential for

debris flow and debris flood.................................................................................193

References..................................................................................................................................... 195
Appendices...................................................................................................................................211

Appendix A.......................................................................................................................212
Appendix B ......................................................................................................................216

Appendix c ......................................................................................................................225
Appendix D......................................................................................................................229

x ii

p a g e

Curriculum Vitae 271



LIST OF TABLES

2-1 L a n d s lid e  c la s s if ic a t io n  s y s te m  b y  S ha rp e  (1 9 3 8 ) ........................................................19

2 -2  L a n d s lid e  c la s s if ic a t io n  a c c o rd in g  to  H u tc h in so n  (1 9 8 8 ) .........................................20

2 -3  L a n d s lid e  c la s s if ic a t io n  s y s te m  b y  V a rn e s  (1 9 7 8 ) ....................................................... 21

2 - 4 K ey  e lem e n ts  o f d is a s te r  m a n a g e m e n t (Van W es te n , 1 9 9 4 ) ..............................29

3 -  1 O v e rv ie w  o f th e  im p o r ta n t in p u t d a ta  th e m e s  th a t w e re

p re -p ro c e s s e d  a nd  in ve n te d  in th is  th e s is .........................................................................64

3 -2  M u lt i- te m p o ra l ae ria l p h o to g ra p h s  a n d  s a te llite  im a g e s  th a t a re  u sed

as p r im a ry  d a ta  s o u rc e s  o f th is  th e s is ..................................................................................79

3 -3  Land  co ve r c la ss ific a tio n  o f the  s tu d y  a rea  (on 2 1 st N o ve m b e r , 2001 ) ................ 84

3 - 4 E rro r m a tr ix  re s u lt in g  from  c la s s ify in g  tra in in g  se t p ix e ls ..........................................99

4 -  1 T re n d s  in la n d s lid e  h a za rd  zo n a tio n  (Van W es te n , 1 9 9 3 ) .................................... 106

4 -2  R e la tion  o f f lo w - f lo o d  w ith  s lo p e  in N am  Ko Ya i s u b -c a tc h m e n t.........................111

4 -3  R e la tion  o f f lo w - f lo o d  a n d  la n d fo rm  to p o g ra p h y  in N am  Ko Yai

s u b -c a tc h m e n t .............................................................................................................................. 114

4 -4  R e la tion  o f f lo w - f lo o d  a n d  a s p e c t in N am  Ko Ya i s u b - c a tc h m e n t .....................118

4 -5  R e la tion  o f f lo w - f lo o d  a n d  g e o lo g y  in N am  Ko Yai s u b - c a tc h m e n t .................. 120

4 -6  R e la tion  o f f lo w - f lo o d  a n d  so il g ro u p  u n it in N am  Ko Yai

s u b -c a tc h m e n t .............................................................................................................................. 123

4 -7  R e la tion  o f f lo w - f lo o d  a n d  so il th ic k n e s s  u n it in N am  Ko Yai

s u b -c a tc h m e n t .............................................................................................................................. 126

4 -8  R e la tion  o f f lo w - f lo o d  a n d  la n d  c o v e r  in N am  Ko Ya i s u b -c a tc h m e n t ...........128

T a b le  p a g e



x iv

Tab le  page

4 -  9 R e la tion  o f f lo w - f lo o d  a n d  b u ffe r in g  d is ta n c e  to  d ra in a g e - lin e  in

N am  Ko Ya i s u b -c a tc h m e n t ................................................................................................... 131

5 -  1 The  re fe re n c e d  d a ta  o f s a m p le  n u m b e rs , s a m p le  lo ca tio n s ,

ty p e  o f s a m p le s , ro c k  u n it o f ro c k  s a m p le s , ro c k  g ra d e  te s t in g  

va lu e s , a n d  ty p e  o f la b o ra to r ia l a n a ly s is  fo r  e a ch  s a m p le  เท 

th e  s tu d y  a r e a .............................................................................................................................. 138

5 -2  A n a ly t ic a l re su lts  o f so il e n g in e e r in g  p ro p e r t ie s  o f th e  so il s a m p le s ............. 143



LIST OF FIGURES

1-1 Geographic setting of the study area..................................................................... 8

F igu re  p a g e

1 -2 a) Location of the study area with important reference locations, and
ช) three-dimensional drape of Nam Ko Yai sub-catchment and alluvial fan
b o u n d a ry  (b la c k  c o lo r  line ) o f th e  s tu d y  a rea  a n d  su rro u n d in g  te r ra in s .................9

1- 3 S ch em a tic  d ia g ra m s  illu s tra tin g  the  re sea rch  m e th o d o lo g y  s y s te m .......................14

2 -  1 G ra p h ic a l re p re sen ta tio n  o f h a za rd , vu ln e ra b ility

a nd  risk (Varnes , 1 9 8 4 ) .................................................................................................................22

2-2 O ve rv iew  o f la n d s lid e  ha za rd  zo na tion  ac tiv it ie s  (Varnes, 1 9 8 4 ) .............................. 23

2 -3  S ca le s  o f ana lys is  a nd  m ino r d e ta ils  (S gzen , 2 0 0 2 ) ........................................................25

2 -4  P rocess  o f R em ote  S ens in g  (Van W es ten , 1 9 9 4 ) ..............................................................34

2 -5  G IS  and  its re la te d  so ftw a re  sys tem s  as c o m p on e n ts  o f G IS

(Sgzen , 2 0 0 2 ) ....................................................................................................................................38

2 -6  P hases o f a G IS  (Sgzen , 2 0 0 2 ) ..................................................................................................39

2 - 7 Q ues tio n s  w h ic h  a w e ll-b u ilt G IS  sh o u ld  an sw e r (Sgzen , 2 0 0 2 ) ................................39

3 -  1 F low  ch a rt o f a G IS -b a se d  la n d s lid e  ha za rd  zona tio n  (Van W es ten , 1 9 9 4 ) .........62

3 -2  C o lo r -c o d e d  c o n to u r  m a p  o f th e  s tu d y  a r e a ....................................................................66

3 -3  C o lo r -c o d e d  DEM o f th e  s tu d y  a re a ..................................................................................... 66

3 -4  C o lo r -d ra p e d  re lie f m o de l o f th e  s tu d y  a rea  ( illu m in a t io n  45°,

v e r t ic a l e x a g g e ra tio n  X 3 ) ..........................................................................................................67

3 -5  D ra in a g e  s y s tem  o f the  s tu d y  a rea , in c lu d in g  m ic ro -c a tc h m e n ts

a n d  d ra in a g e - lin e s  (เท b lu e  c o lo re d  l in e s ) .......................................................................68

3 -6  B u ffe r in g  d is ta n c e  to  d ra in a g e - lin e  in th e  s tu d y  a r e a ................................................. 69

3 -7  A s p e c t m a p  o f the  s tu d y  a r e a ................................................................................................. 69

3 -8  S lo p e  m a p  o f th e  s tu d y  a rea .. 7 0



3 -9  L a nd fo rm  to p o g ra p h y  o f th e  s tu d y  a re a ..............................................................................71

3 -10  P re v io u s  g e o lo g ic  m a p  o f th e  s tu d y  a rea

(m o d if ie d  a fte r Y ooyen , 1985 , e t c . ) .....................................................................................73

3-11 C o m p ile d  g e o lo g ic  m a p  o f th e  s tu d y  a r e a ........................................................................ 74

3 -12  Soil g ro u p  u n it m ap  o f th e  s tu d y  a rea  (m o d if ie d  a fte r

L a nd  D e v e lo p m e n t D e p a r tm e n t, 2 0 0 2 ) ..............................................................................76

3 -13  Soil th ic k n e s s  m a p  o f th e  s tu d y  a rea  (m o d if ie d  a fte r Land

D e v e lo p m e n t D e p a rtm e n t, 2 0 0 2 ) ..........................................................................................77

3 -14  S u rve y  tra c k s  (p in k  c o lo re d  d o ts ) fo r  f ie ld  d a ta  c o lle c t io n  and

la n d  c o v e r  c la s s if ic a t io n  a c c u ra c y  a s s e s sm e n t เท th e  s tu d y  a r e a .................... 83

3 -15  L and  c o v e r  m a p  o f th e  s tu d y  a rea  (c la s s if ie d  from  L a n d sa t 7 E TM +

a c q u ire d  on 2 1 st N o v e m b e r 2001 ) ........................................................................................ 84

3 -16  In fra s tru c tu re  a n d  hum an  s e tt le m e n t m a p  o f th e  s tu d y  a r e a ...................................85

3 -17  Fa lse  c o lo r  c o m p o s ite  o f L a n d s a t 7 E TM +  (R =5 , G = 4 , B =3 )

a c q u ire d  on 5th J a n u a ry  2001 (b e fo re  8 /1 1 ) in th e  s tu d y  a re a ...........................89

3 -18  Fa lse  c o lo r  c o m p o s ite  o f L a n d sa t 7 E TM +  (R =5 , G = 4 , B =3 )

a c q u ire d  on 2 1 st N o v e m b e r 2001 (a fte r 8/11 ) in th e  s tu d y  a r e a ........................ 89

3 -19  N o rm a liz e d  d if fe re n t v e g e ta t io n  in d e x  (N D V I) o f L a n d sa t 7 E TM +

(R =5 , G = 4 , B =3 ) a c q u ire d  on 5 th J a n u a ry  2001 (b e fo re  8 /11 )

in th e  s tu d y  a r e a ............................................................................................................................90

3 -20  N o rm a liz e d  d if fe re n t v e g e ta t io n  in d e x  (N D V I) o f L a n d sa t 7 E TM +

(R = 5 , G = 4 , B =3 ) a c q u ire d  on 2 1 stN o v e m b e r 2001 (a fte r 8 /11 )

in th e  s tu d y  a r e a .............................................................................................................................90

3-21 R e su lte d  s ig n if ic a n t c h a n g e  d e te c t io n  o f NDV I th a t u s e d  to  

d e te c t th e  s c a r -s c o u r in g  a n d  d e p o s it io n a l lo c a tio n s  in th e  

s tu d y  a rea  th a t a re  c a u s e d  from  th e  8/11 flo w - f lo o d  o c c u r re n c e .......................92

x v i

F igu re  p a g e



x v ii

3 -22  a) S ig n if ic a n t c h a n g e  o f NDV I ( re fe rre d  to  F ig . 3-21 ) o ve r la in  

on th e  o r th o p h o to g ra p h  im a g e  a c q u ire d  on 9 th J a n u a ry  2002  

(a fte r 8 /11 ); a n d  b ) p h o to g ra p h s  o f fo u r lo c a tio n s  (n u m b e r re fe rre d  

to  the  lo c a tio n  in th e  m a p ) ta ke n  a fe w  d a y s  a fte r th e  8/11 e ve n t

s h o w in g  th e  g ro u n d  tru th  e v id e n c e s ................................................................................. 93

3 -23  E xa m p le s  o f h ig h  re so lu tio n  re m o te  se n s in g  im ag e r ie s

(a c q u ire d  a fte r th e  8/11 e ve n t) u se d  fo r c la s s ify in g  a c c u ra c y

a nd  v a lid a t in g  NDV I re su lts  th a t re la te d  to  d e te c t th e  s c a r -s c o u r in g  and

d e p o s it io n a l lo c a tio n s  in th e  s tu d y  a r e a ............................................................................ 94

3 -24  A c c u ra c y  a s s e s sm e n t v e r if ic a t io n  in tra in in g  a rea  (re d  b o x ) lo c a te d

เท L a n d sa t 7 E TM +  (R =5 , G = 4 , B = 3 ) a c q u ire d  on 2 1 s t N o v e m b e r 2001

in N am  Ko Ya i s u b - c a tc h m e n t .............................................................................................. 96

3 -25  S c a r-s c o u r in g  lo c a tio n s  in te rp re te d  from  NDV I c h a n g e  เท tra in in g  a re a ............ 97

3 -26  S c a r-s c o u r in g  d e lin e a tio n  d ig it iz e d  from  o r th o p h o to g ra p h  a c q u ire d

on 14 th J a n u a ry  2 0 03  (1 :2 0 ,0 0 0  s c a le )  เท tra in in g  a re a ..........................................98

3 -27  L o ca tio n  o f s e ve n  ra in fa ll-m e a s u re m e n t s ta t io n s  o f Tha i

M e te o ro lo g ic a l D e p a r tm e n t (TM D ) n e a r the  s tu d y  a r e a .......................................100

3 -28  G ra p h  sh o w in g  th e  p a tte rn  d is tr ib u t io n  o f ra in fa ll m e a s u re m e n ts  

in A u g u s t 2001 re c o rd e d  from  th e  s e ve n  lo ca tio n s

n e a r the  s tu d y  a r e a ......................................................................................................................102

3 -29  A v e ra g e  ra in fa ll v a lu e  (m m .) o f e a ch  s ta tio n  n e a r th e

s tu d y  a rea  d u r in g  1 -1 0th A u g u s t 2001 (b e fo re  th e  8 /11 e v e n t ) ..........................102

3 -30  G ra p h  sh o w in g  th e  p a tte rn  d is tr ib u t io n  o f ra in fa ll m e a su re m e n ts  

in A u g u s t 2 0 02  re c o rd e d  from  th e  e ig h t lo c a tio n s  n e a r  

th e  s tu d y  a r e a ................................................................................................................................103

F igu re  p a g e



Figure

xv iii 

p a ge

3-31 G ra p h  sh o w in g  the  a v e ra g e  ra in fa ll v a lu e  (m m .) o f e a ch  s ta t io n  

n e a r th e  s tu d y  a rea  d u r in g  1 -1 0 th A u g u s t 2 0 02

(one  y e a r a fte r  the  8/11 e v e n t ) ........................................................................................... 103

3 - 32  Is oh y te  m ap  o f ra in fa ll in te n s ity  d u r in g  1 -1 0 th A u g u s t 2001

in th e  s tu d y  a r e a ......................................................................................................................... 104

4 -  1 S lo p e  m a p  o ve r la in  w ith  s c a rs -s c o u r in g  lo c a tio n s  (g ro u p e d  in red

co lo r)  in N am  Ko Ya i s u b -c a tc h m e n t ............................................................................... 110

4 -2  M ap  illu s tra t in g  b /a  ra tio  as p ro b a b il i ty  o f f lo w - f lo o d  s u s c e p t ib il i ty

on s lo p e  in N am  Ko Yai s u b -c a tc h m e n t .........................................................................110

4 -3  H is to g ra m  d is tr ib u t io n  o f a) s c a r -s c o r in g  n u m b e r o f c e lls  on  s lo p e , a nd

b ) b /a  ra tio  on s lo p e  in N am  Ko Ya i s u b -c a tc h m e n t ............................................... 111

4 -4  L a n d fo rm  to p o g ra p h y  o ve r la in  w ith  s c a r -s c o u r in g  lo c a tio n s

(g ro u p e d  in re d  c o lo r) in N am  Ko Ya i s u b -c a tc h m e n t ........................................... 113

4 -5  M ap  illu s tra tin g  b /a  ra tio  as p ro b a b ility  o f f low -flo od  s u s c e p tib ility

on la nd fo rm  to p o g ra p h y  in Nam  Ko Yai s u b -c a tc h m e n t..........................................113

4 -6  H is to g ram  d is tr ib u t io n  o f a) s c a r-s c o r in g  n um be r o f ce lls  on la nd fo rm

to p o g ra p h y , a n d  b ) b /a  ra tio  on la nd fo rm  to p o g ra p h y  in

Nam  Ko Yai s u b -c a tc h m e n t...................................................................................................115

4-7 A s p e c t o ve rla in  w ith  s ca r-s c o u r in g  lo ca tio n s  (g ro u p e d  in red  co lo r)

in Nam  Ko Yai s u b -c a tc h m e n t ..............................................................................................117

4 -8  M ap  illu s tra tin g  b /a  ra tio  as p ro b a b ility  o f f low -flo od  s u s c e p tib ility  on

a s p e c t in  Nam  Ko Yai s u b -c a tc h m e n t................................................................................117

4 -9  H is to g ra m  d is tr ib u t io n  o f a) s c a r -s c o r in g  n u m b e r o f c e lls  on  a s p e c t.

a n d  b ) b /a  ra tio  on a s p e c t in N am  Ko Ya i s u b -c a tc h m e n t ................................... 118

4 -1 0  G e o lo g ic  m a p  o ve r la in  w ith  s c a r -s c o u r in g  lo c a tio n s

(g ro u p e d  in re d  c o lo r)  in N am  Ko Ya i s u b -c a tc h m e n t ........................................... 119



4-11 M ap  illu s tra t in g  b /a  ra tio  as p ro b a b il i ty  o f flo w - f lo o d  s u s c e p t ib il i ty

on g e o lo g y  in N am  Ko Yai s u b -c a tc h m e n t ................................................................... 119

4 -12  H is to g ra m  d is tr ib u t io n  o f a) s c a r -s c o r in g  n u m b e r o f c e lls  on g e o lo g y ,

a n d  b ) b /a  ra tio  on g e o lo g y  in N am  Ko Yai s u b -c a tc h m e n t ................................ 121

4 -1 3  Soil g ro u p  un it m ap  o ve r la in  w ith  s c a r -s c o u r in g  lo c a tio n s

(g ro u p e d  in re d  c o lo r)  in N am  Ko Yai s u b -c a tc h m e n t ........................................... 122

4 -14  M ap  il lu s tra t in g  b /a  ra tio  as p ro b a b il i ty  o f flo w - f lo o d  s u s c e p t ib il i ty

on so il g ro u p  u n it in N am  Ko Yai s u b -c a tc h m e n t ......................................................122

4 -1 5  H is to g ra m  d is tr ib u t io n  o f a) s c a r -s c o r in g  n u m b e r o f c e lls  on so il g ro u p

un it, a n d  b ) b /a  ra tio  on so il g ro u p  u n it in N am  Ko Ya i s u b -c a tc h m e n t ........ 123

4 -1 6  Soil th ic k n e s s  m ap  o ve r la in  w ith  s c a r -s c o u r in g  a n d  d e p o s it io n a l

lo c a tio n s  (g ro u p e d  in re d  c o lo r)  in th e  s tu d y  a r e a ................................................... 125

4 -17  M ap  illu s tra t in g  b /a  ra tio  as p ro b a b il i ty  o f flo w - f lo o d  s u s c e p t ib il i ty

on so il th ic k n e s s  in N am  Ko Yai s u b -c a tc h m e n t ....................................................... 125

4 -18  H is to g ra m  d is tr ib u t io n  o f a) s c a r -s c o r in g  n u m b e r o f c e lls  on  so il 

th ic k n e s s , a n d  b ) b /a  ra tio  on  so il th ic k n e s s  in N am  Ko Yai

s u b -c a tc h m e n t ............................................................................................................................. 126

4 -1 9  L and  c o v e r  m a p  o ve rla in  w ith  s c a r -s c o u r in g  lo c a tio n s

(g ro u p e d  in re d  c o lo r)  in N am  Ko Yai s u b -c a tc h m e n t ............................................127

4 -2 0  M ap  illu s tra t in g  b /a  ra tio  as p ro b a b il i ty  o f flo w - f lo o d  s u s c e p t ib il i ty

on la n d  c o v e r  in N am  Ko Yai s u b -c a tc h m e n t..............................................................128

4-21 H is to g ra m  d is tr ib u t io n  o f a) s c a r -s c o r in g  n u m b e r o f c e lls  on la n d  c o ve r,

a n d  b ) b /a  ra tio  on la n d  c o v e r  in N am  Ko Ya i s u b -c a tc h m e n t...........................129

4 -22  B u ffe r in g  d is ta n c e  to  d ra in a g e - lin e  m a p  o ve rla in  w ith  s c a r -s c o u r in g

lo ca tio n s  (g ro u p e d  in re d  c o lo r)  in N am  Ko Ya i s u b -c a tc h m e n t .......................130

x ix

F igu re  p a g e



4 -2 3  M ap  il lu s tra t in g  b /a  ra tio  as p ro b a b il i ty  o f flo w - f lo o d  s u s c e p t ib il i ty

on b u ffe r in g  d is ta n c e  to  d ra in a g e - lin e  in N am  Ko Ya i s u b -c a tc h m e n t......... 131

4 -2 4  H is to g ra m  d is tr ib u t io n  o f a) s c a r -s c o r in g  n u m b e r o f c e lls  on b u ffe r in g  

d is ta n c e  to  d ra in a g e - lin e , a n d  b ) b /a  ra tio  on  b u ffe r in g  d is ta n c e  to

d ra in a g e - lin e  in N am  Ko Yai s u b -c a tc h m e n t .............................................................. 132

4 -2 5  F lo w -f lo o d  s u s c e p t ib il i ty  in d e x  (FFS I) o f N am  Ko Ya i s u b -c a tc h m e n t ............. 134

4 -  26  F lo w -f lo o d  s u s c e p t ib il i ty  m a p  illu s tra t in g  fiv e  c la s s e s  o f v e ry  h igh ,

h igh , m o de ra te , low , a n d  v e ry  low  s u s c e p t ib i l i ty  เท N am  Ko Yai 

s u b -c a tc h m e n t .............................................................................................................................. 134

5 -  1 F ie ld  tra v e rs e s  a n d  s a m p le  lo c a tio n s  เท N am  Ko Yai s u b -c a tc h m e n t ..............137

5 -2  O r th o p h o to g ra p h  (1 :2 5 ,0 0 0  s c a le , 9 tfl J a n u a ry  2 0 02  a fte r  th e  8/11 e ven t)

il lu s tra t in g  the  s p e c if ic  c o n fig u ra t io n  o f N am  Ko Yai s tre a m  เท th e  c e n tra l

p a r t o f th e  s tu d y  a re a .................................................................................................................145

5 -3  C lo s e d -u p  o r th o p h o to g ra p h  in f ig u re  5 -2  il lu s tra t in g  th e  lo ca l g e o g ra p h y

o f N am  Ko Ya i s tre a m  th a t is s u s p e c te d  to  b e  a na tu ra l te m p o ra ry

la n d s lid e  d a m  lo ca tio n  (N D ) in fro n t o f th e  lo c a tio n  o f T ad  Fa w a te r fa l l .......145

5 -4  P h o to g ra p h s  ( lo o k in g  e a s tw a rd  d ire c t io n )  il lu s tra t in g  th e  c o n fig u ra t io n

o f N am  Ko Ya i s tre a m  c h a n n e l a t lo c a tio n  N D  ( re fe rre d  to  f ig u re  5 -3 )  

th a t is s u ita b le  fo r  a c c u m u la te d  s e d im e n ts  fo r  b lo c k a g e  a to r re n t

s tre am  a n d  fo rm e d  a na tu ra l te m p o ra ry  la n d s lid e  d a m ........................................... 146

5 -5  P h o to g ra p h s  ( lo o k in g  e a s tw a rd  d ire c t io n )  s h o w in g  th e  d if fe re n t

re lie f o f a b o u t 20  m b e tw e e n  T ad  Fa w a te r fa ll ( lo c a tio n  re fe rre d  

to  f ig u re  5 -3 ) a n d  th e  d o w n s tre a m  V -s h a p e  c h a n n e l th a t is s u ita b le  

fo r  in c re a s in g  w a te r  tu rb u le n t to  fo rm  f lo w - f lo o d  o c c u r r e n c e ............................ 147

XX

F igu re  p a g e



5 -6  S lo p e  m a p  o f the  u p s tre am  a n d  d o w n s tre a m  a rea  a b o v e  and

b e lo w  th e  s u s p e c te d  na tu ra l la n d s lid e  d a m  lo ca tio n  (N D ) เท

N am  Ko Yai s tre a m  c h a n n e l........................................................................................... 149

5 -7  E le va tio n  m a p  o f th e  u p s tre am  an d  d o w n s tre a m  a rea  a b o v e  a n d

b e lo w  th e  s u s p e c te d  na tu ra l la n d s lid e  d am  lo ca tio n  (N D ) เท

N am  Ko Yai s tre a m  c h a n n e l........................................................................................... 149

5 -8  T o p o g ra p h ic  s h a p e  o f u p s tre am  an d  d o w n s tre a m  a rea  aw a y

from  th e  s u s p e c te d  na tu ra l la n d s lid e  d am  lo ca tio n  (N D ) เท

N am  Ko Yai s tre a m  c h a n n e l........................................................................................... 150

5 -9  P h o to g ra p h  sh o w in g  th e  s o ft a n d  n o n -re s is ta n t v o lc a n ic  ro c k s  o f

Lorn S ak F o rm a tio n  เท th e  u p s tre a m  from  th e  s u s p e c te d  na tu ra l

te m p o ra ry  d am  lo c a t io n ............................................................................................................150

5 -10  T h ree  c ro s s -s e c tio n s  ( lin e  A -B , C -D  a n d  E-F) a c ro s s  N am  Ko Yai 

s tre am  ch a nn e l a n d  its v a lle y  a t th e  u p s tre am  a rea , th e  s u s p e c te d

na tu ra l la n d s lid e  d a m  lo ca tio n , a n d  T ad  Fa w a te r fa ll, re s p e c t iv e ly ................ 151

5-11 T h ree  c ro s s -s e c tio n s  ( lin e  G -H , l-J  a n d  K -L ) a c ro s s  N am  Ko Yai 

s tre am  ch a nn e l a n d  its v a lle y  a t th e  d o w n s tre a m  a rea s  from  the

s u s p e c te d  n a tu ra l la n d s lid e  d am  lo ca tio n  (N D ) ........................................................152

5 -12  P h o to g ra p h s  il lu s tra t in g  a) th e  tra c e s  o f e ro s io n a l fe a tu re  เท th e

o u t c u rv in g -b a n k  a n d  b ) h u g e  lo g s  o r in te r tw in e d  b a m b o o  c lu m p s  a fte r  

th e  8/11 f lo w - f lo o d  e v e n t เท Nam  Ko Ya i s tre am  c h a n n e l a t lo c a tio n  X  

เท F ig u re  5 - 1 1 ................................................................................................................................. 153

XX i

F igu re  p a g e



5 -13  P h o to g ra p h  sh o w in g  g e ne ra l c h a ra c te r is t ic s  o f th e  h ig h - re s is ta n t

v o lc a n ic  ro c ks  o f Lom  S ak F o rm a tio n  (Ls ) in the  d o w n s tre a m  from  the  

s u s p e c te d  na tu ra l te m p o ra ry  d am  lo c a t io n ................................................................ 154

5 -14  P h o to g ra p h s  o f the  fla t v a lle y  a rea  w ith  g e n t le  s lo p e  เท N am  Ko Yai

s tre am  ch a nn e l a t lo c a tio n  Y  เท F ig u re  5 -10  il lu s tra t in g  th e  ro c k  b o u ld e r  

d e p o s its  a lo n g  the  b o tto m  c h a n n e l, as w e ll as th e  e ro s io n a l b a n k  th a t  

p re v a ile d  th e  p re v io u s  d e b r is  f lo w  d e p o s its  w ith  f lo a t in g  te x tu re , 

u n so rte d , a n d  u n s tra t if ie d  c h a ra c te r is t ic s  o f a b o u t 1 .2  m th ic k ........................ 155

5 -  15 O b liq u e  ae ria l p h o to g ra p h s  a lo n g  N am  Ko Ya i s tre a m  ch a n n e l. The

p h o to g ra p h , a t lo c a tio n  z in F ig u re  5-111 illu s tra te s  th e  flo w - f lo o d  

t ra c k  a lo n g  p la n t d e b r is  a n d  s o ils  h a d  b e en  s t ro n g ly  e ro d e d  and  

tra n s p o r te d  from  its b a n k s  b e fo re  re a c h in g  th e  o u t le t o f th e  Nam  Ko Yai 

s u b -c a tc h m e n t .............................................................................................................................156
6 -  1 A eria l p h o to g ra ph  (1 :15 ,000  sca le ) a cq u ire d  on 24th D e ce m be r 1974

show ing  ch a ra c te ris tic s  o f the  a lluv ia l fan a t th e  canyon  m ou th  o f

Nam  Ko Yai s tream  w ith  co n to u r in te rva ls (เท the  so lid  red -lin e  b lo c k ) ................ 159

6-2 O r th o p h o to g ra p h  (1 :50 ,000  sca le ) a cq u ire d  on 6th Ja nua ry

1996 show ing  ch a ra c te ris t ic s  o f the  a lluv ia l fan a t th e  can yon  m outh

o f Nam  Ko Yai s tre am  w ith o u t s ig n if ic a n t c h a n g e  เท la nd  c o v e r ........................ 160

6 -3  O r th o p h o to g ra p h  (1 :25 ,000 sca le ) a cq u ire d  on 9th Ja nua ry

2002 (a fte r th e  8/11 flow -flo od  o ccu rre n ce ) show ing  the  d is tin c tive  ac tive  

a lluv ia l fan depo s it. The m a in  a rea  on the  no rthe rn  b a n k  o f Nam  Ko Yai 

s tream  w ith  p o p u la te d  s e tt le m e n t o f B an  N am  Ko Ya i (b row n  co lo r  

zone  su rro u nd in g  the  อ loca tion ) w a s  s t ro n g ly  d a m a g e d ....................................... 161

x x ii

F igu re  p a g e



6 -4  E xpanded  fea tu res o f o r th o p h o to g ra p h  (1 :25 ,000 sca le ) a c q u ire d  on

9th Janua ry  2002 (a fte r the  8/11 flow -flo od  o ccu rre n ce ) sh ow ing  the  

c le a r tra ce s  and  tra cks  o f flow -flo od  from  the  e v id en ce  o f the  d is tin c tive ly  

ac tive  a lluv ia l fan d e p o s it (in b row n  co lo r area) tha t m a in ly  co ve red  and  

s e v e re ly  d a m a g e d  h ouse s  a n d  o rc h a rd s  in the  no rthe rn  b a nk  o f

Nam  Ko Yai s tre a m ........................................................................................................................162

6 -5  Tw o  o b liq u e  ae ria l p h o to g ra p h s  p e rc e iv a b ly  illu s tra t in g  th e

c h a ra c te r is t ic  a n d  e x te n s io n  o f a la rg e  v o lu m e  o f d e p o s ite d

s e d im e n ts  as e v id e n c e s  o f 8/11 in c id e n c e ...................................................................163

6 -6  F ou r p h o to g ra p h s  s h o w in g  s o m e  e x a m p le s  o f s e r io u s ly  s tru c tu ra l

d a m a g e  o f h o u se s  a n d  o th e r in fra s tru c tu re s  in B an N am  Ko Yai 

(in  the  a rea  b e tw e e n  A  a n d  B in f ig u re  6 -5 ) b a tt le d  a n d  c a u s e d  b y

th e  fa s t-m o v in g  8/11 f lo w - f lo o d .............................................................................................164

6 -7  D e te c tio n  c h a n g e  o f ND V I v a lu e  in th e  d e p o s it io n a l lo c a tio n  o f

th e  a llu v ia l fan  (e x p a n d e d  from  f ig u re  3 -21 ) o ve r la in  on th e  

o r th o p h o to g ra p h  (1 :2 5 ,0 0 0  s c a le )  a c q u ire d  on 9 th J a n u a ry  2002

(as sh o w n  in fig u re  6 -3 ) ............................................................................................................. 164

6 -8  H e ig h t m a p  o f th e  f lo w - f lo o d  le ve ls  d e te c te d  from  th e  m u d  tra c e s

on th e  tre e s  a nd  h o u se  w a lls  (as il lu s tra t in g  in th e  a tta c h e d  

p h o to g ra p h s  b e lo w  th e  m a p ) in th e  s e v e re ly  d a m a g e d  a rea  o f

B an N am  Ko Yai a fte r th e  fa s t-m o v in g  8/11 f lo w - f lo o d ........................................... 165

6 -9  Loca tion  m ap  o f th e  seven m easu re d  s tra tig ra p h ic  p ro file s  and

a line o f five  re s is tiv ity  su rve y  p o in ts  u se d  fo r  in v e s tig a t in g  the  

s t ra t ig ra p h ic  re c o g n it io n  a n d  lo ca l s u b s u r fa c e  g e o lo g y  o f 

th e  p re v io u s  a llu v ia l fan  d e p o s i t s ........................................................................................167

x x iii

F igu re  p a g e



6 -1 0  C ro s s -s e c tio n  o f th e  re s is t iv ity  s u rv e y  in te rp re te d  from  th e  fiv e

s u rv e y  p o in ts  (N K  01 -  N K  05 as sh o w n  in f ig u re  5 -9 ) th a t re ve a le d

fo u r s e d im e n ta ry  u n its  ly in g  le ss  than  100  m b e lo w  g ro u n d  s u r fa c e ...........169

6-11 P h o to g ra p h s  il lu s tra t in g  the  ac tua l lo ca tion  o f th e  seven  m e a s u re d

s tra tig ra ph ic  p ro file s  (zo ne s  P ink, G re en , B lu e l,  B lue2 , B lue3 , Y e llo w l

a n d  Y e llo w 2  ) a lo n g  th e  e ro d e d -b a n k  o f N am  Ko Ya i s t re a m ...........................171

6 -12  P h o to g ra p h s  il lu s tra t in g  la tera l and  ve rtica l s tra tig ra ph ic  cha ra c te ris t ic s  

o f th ree  se d im en ta ry  un its (d e b r is  flow  unit, coa rse -g ra in e d  fluv ia l unit, 

and  fin e -g ra ine d  fluv ia l and  d eb r is  flow  unit) o f the  p rev ious  a llu v ia l fan

th a t w e ll e x p o s e d  a lo n g  th e  e ro d e d -b a n k  o f N am  Ko Ya i s t r e a m ...................172

6 -1 3  P h o to g ra p h s  il lu s tra t in g  d e ta ile d  s e d im e n ta ry  a n d  s t ra t ig ra p h ic

c h a ra c te r is t ic s  in v e r t ic a l a n d  la te ra l s u c c e s s io n  o f th ree  se d im en ta ry  

un its (d eb r is  flow  unit, co a rse -g ra in e d  fluv ia l unit, a nd  fin e -g ra ine d  fluv ia l 

and  d e b r is  flow  unit) o f th e  p re v io u s  a llu v ia l fa n  d e p o s its  a t the  zone

G re e n .............................................................................................................................................173

6 -14  P h o to g ra p h s  il lu s tra t in g  d e ta ile d  s e d im e n ta ry  a n d  s t ra t ig ra p h ic  

c h a ra c te r is t ic s  in v e r t ic a l s u c c e s s io n  o f tw o  s e d im en ta ry  units  

(coa rse -g ra in e d  fluv ia l unit, a nd  fin e -g ra in e d  fluv ia l and  d e b r is  flow  unit)

o f th e  p re v io u s  a llu v ia l fan  d e p o s its  a t the  zones  Y e llo w l and  Y e llo w 2 ...........174

6 -15  P h o to g ra p h s  illu s tra t in g  d e ta ile d  s e d im e n ta ry  a n d  s t ra t ig ra p h ic

c h a ra c te r is t ic s  in v e r t ic a l s u c c e s s io n  o f th e  f in e -g ra in e d  flu v ia l a n d  

d e b r is  f lo o d  u n it th a t o v e r la y  w ith  th e  s h a rp  c o n ta c t m a n n e r on  to p  

o f th e  c o a rs e -g ra in e d  flu v ia l u n it a t th e  z o n e s  B lu e l 1 B lu e2  a n d  

B lu e 3 ..............................................................................................................................................175

x x iv

F igu re  p a g e



6 -16  P ho tog raphs  illu s tra ting  th e  g e n e ra l c h a ra c te r is t ic s  in th e  u p p e rm o s t  

f in e -g ra in e d  flu v ia l a n d  d e b r is  f lo o d  u n it a t th e  z o n e  P ink  

( re fe r re d  to  f ig u re  6 -9  a n d  6-11 ) a n d  th e  p re s e rv e d  la rg e  w o o d  d e b r is  

a t th e  lo w e r p a r t (PLW ) a n d  a t th e  u p p e r  p a r t (PU W ) lo c a t io n s ........................ 177

6 -  17 C lo s e d -u p  p h o to g ra p h s  o f th e  c o lle c te d  w o o d  d e b r is  s a m p le s  from

the  p re s e rv e d  lo c a tio n s  a t PLW  an d  PUW  (as sh ow n  in f ig u re  6 -16 )  

i l lu s tra t in g  th e ir  g e n e ra l c h a ra c te r is t ic s  o f c h a rc o a l c h a ra c te r is t ic  

w ith  f ib ro u s  te x tu re  a n d  p a le  b ro w n  w o o d  w ith  ra th e r c o m p le te  

w o o d e n  te x tu re , re s p e c t iv e ly .................................................................................................178

7 -  1 T h re e -d im e n s io n a l d ra p e  o f th e  in te rp re te d  s c a r -s c o u r in g  lo c a tio n s

(g ro u p e d  in re d  c o lo r)  th ro u g h  a 1 :2 0 ,0 0 0  b a s e -s c a le  DEM  in

N am  Ko Yai s u b -c a tc h m e n t ................................................................................................... 181

7 -2  T h re e -d im e n s io n a l d ra p e  o f fiv e  c la s s e s  o f v e ry  h ig h , h ig h , m o de ra te ,

low , a n d  v e ry  low  s u s c e p t ib ili ty , re s p e c t iv e ly , th ro u g h  a 1 :2 0 ,0 0 0  

b a s e -s c a le  DEM  in N am  Ko Ya i s u b -c a tc h m e n t....................................................... 181

7 -3  T h re e -d im e n s io n a l d ra p e  o f fa ls e  c o lo r  c o m p o s ite  o f L a n d sa t 7 E TM +

(R =5 , G = 4 , B = 3 ) a c q u ire d  on 5 th J a n u a ry  2001 th ro u g h  a 1 :2 0 ,0 0 0

b a s e -s c a le  DEM  illu s tra t in g  th e  g e ne ra l c h a ra c te r is t ic s  b e fo re

th e  8/11 f lo w - f lo o d  o c c u r re n c e  in N am  Ko Ya i s u b -c a tc h m e n t

a n d  its a llu v ia l f a n ........................................................................................................................183

7 -4  T h re e -d im e n s io n a l d ra p e  o f fa ls e  c o lo r  c o m p o s ite  o f L a n d s a t 7 ETM +

(R =5 , G = 4 , B = 3 ) a c q u ire d  on 2 1 st N o v e m b e r 2001 th ro u g h  a

1 :2 0 ,0 0 0  b a s e -s c a le  DEM  s h o w in g  d is t in g u is h  c h a ra c te r is t ic s

a fte r  8/11 flo w - f lo o d  o c c u r re n c e  in N am  Ko Yai s u b -c a tc h m e n t,

a n d  the  d e p o s it io n a i a re a  o f a llu v ia l fa n ..........................................................................183

XXV

F igu re  p a g e



XXVI

7 -5  F L 0 -2 D  s im u la t io n  re su lts  o f th e  c h a n n e l f lo w  c o n d it io n s  o f w a te r

h e ig h t from  th e  c o n d it io n  w ith o u t d am  w h ile  th e  ra in fa ll a c c u m u la t io n  

w a s  m o re  than  100  m m  a t 8 p .m . on 9 th A u g u s t 2001

(a b o u t 31 h o u rs  b e fo re  th e  8/11 e v e n t) ...........................................................................188

7 -6  F LO -2D  s im u la t io n  re su lts  o f th e  c h a n n e l f low  c o n d it io n s  o f w a te r

h e ig h t from  th e  c o n d it io n  w ith o u t d am  w h ile  th e  ra in fa ll a c c u m u la t io n  

w a s  120 m m  a t 3 a .m . on  10th A u g u s t 2001

(a b o u t 24  h o u rs  b e fo re  th e  8/11 e v e n t) ...........................................................................188

7 -7  F LO -2D  s im u la t io n  re su lts  o f th e  c h a n n e l f lo w  c o n d it io n s  o f w a te r

h e ig h t from  th e  c o n d it io n  w ith o u t d am  w h ile  th e  ra in fa ll a c c u m u la t io n  

w a s  m o re  th an  140  m m  a t 3 a .m . on 1 1th A u g u s t 2001

(0 .5  h o u r b e fo re  the  8/11 e v e n t ) .........................................................................................189

7 -8  F LO -2D  s im u la t io n  re su lts  o f th e  c h a n n e l flow  c o n d it io n s  o f w a te r

h e ig h t from  th e  c o n d it io n  w ith  d am  w h ile  th e  ra in fa ll a c c u m u la t io n  

w a s  120 m m  a t 3 a .m . on  10th A u g u s t 2001

(a b o u t 24  h o u rs  b e fo re  th e  8/11 e v e n t) ...........................................................................189

7 -9  F LO -2D  s im u la t io n  re su lts  o f th e  c h a n n e l f lo w  c o n d it io n s  o f w a te r

h e ig h t from  th e  c o n d it io n  w ith  d a m  w h ile  th e  ra in fa ll a c c u m u la t io n  

w a s  m o re  than  140  m m  a t 3 a .m . on 1 1th A u g u s t 2001  

(0 .5  h o u r b e fo re  th e  8/11 e v e n t) ..........................................................................................190

F igu re  p a g e


	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



