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1. PREFACE

"THL STUDY ON THE DEVELOPhuNT PROJECT OF THE INDUSTRIAL PURT ON THE
- EASTERN SEABOARD IN THE KINGDOM OF THAILAND" aims at the formulation of
a maafer plan’ for the industrial port in the district of Reyong and the
execution of a feasibility study for a shoxt- term port development plan.
_ The study consists of two parts. The first is the port planning and
the seoond part is the natural condition survey..
Thin reporh summarizes and presents the results of survey on natural

conditions’ guch 48 topography, geology, goil conuitions, bottom materials,

tides, tidal curronts, waves, wind and so forth which must be taken into

account in prepdrinﬁ a master plan for the industrial pory,
For further details of the results of survey data, it is recommendod
to rerer to the annex. "Survey Data" prepared separately from this report.
With respact to the format of this report, we would like to expross
our sincere apprcciation to all organizations and individuals who contributed
advioces and aosistdnces ror their kind cooperation during our field survey,
especlally ‘to the Port Authority of Thailand and the survey veasel's crew.

wle



2 OUTLINE OF SURVEY

2=l Logation of Survey Area

The survey srea 1s located in the esstern seaboard of the centpa)
Thailand as shown in the location map (Figure 271)f lying betiween eastern
longitude 101° 00t and 101°15', and between norbhern latitude 12905 and
12°50 roughly.

The land area of the survey ares is approximetely 135 sQuare kilometers,
and is characterized by a coastal plain, The offshore area is apyrokimately
520 square kilometers, and is faced on the upper part of the Culf of
Thailand.,

On the west side of the survey area, a range of rocky hills and islands
named Laem Samaé San, Ko Samae San and Ko Nok between 100 meters and 170
meters high runs southwaxds. and the Sattahip Commercial Port is located
behind the rocky hills and islands,

On the other hand, the estuary of the Hayong river is seen on the east

side of the survey area,

P
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2~2 Contents of Survey

The feéhnical'field surveys and investigations on natural conditions

were carried out both on land area and on offshore area in the vicinity

of Rayong geaboard, _
The surveys wore planned to provide all necessary data of the site

to execute a feasibility study and to formulate a master plan for the

industrial port. _ _ _
The following is items of the performed surveys, “Phe quantities and

locetions of the surveys were siown in the Contents of Batural Condition
Survey (Table 2«1) and the Location Mayp (Figure 2-2).

1)
2)
3)
4)

5)

6)

8)

9)
10)
11)
12)

Control Point Survey

Topographic Survey (Mapping on land area )

‘Hydrographic Survey (Sounding)

Soil Inveatigation (both on land area and offshore area )

Geophysical Prospecting on land arvea
(Seicmio Prospeoting and Blectrical Prospecting)

Sonic . Prospecting {on offshore area)
Sea-Bottom Materlals

Tide Observation_

Tida} Current Obser#afion

Wave Obsefvation

Wind Observation

Littoral Dpift



Table 2~1 Contents of Natural Condition Survey

ITEMS

QUANTITIES

10

11

12

Control Point Survey

Popographic Survey
Mapping)

Hydrographic Survey
(Sounding)

So31 Investigation
Geophysical Frospecting

Sonic Prospecting

Sea-Bottom Materials

Pide Ovbservation

Tidal Current Observation
Wave Observation

Wind Obgervation

Littoral Drift

Control point: 52 points

Mapping areas appr. 152km2

Scale s /10,000

Total length of survey.linea: appr, . T80km

Boring: 4 points, total 125m Eland area)
4 poluts, total 80m
faboratery soil testing

Seismic prospecting 1 %.,06km
Electrical prospecting: 112 polnts

Potal length of survey lines: appr, 760km

Sampling: 31 poinis
Laboratory testing

Station: 1 point (Ko Soket)
Period : aug. 18 to Qet. 3, 1982

Stations 4 points
Period : 15 days and nights

Station: 1 point (water depth: appr. 8m)
Feriod ¢+ Aup. 1 to Oct, 21, 1982

Station: 1 point (Ko Saket)
Period ¢ Aug. 17 to Cet, 21, 1982

Fluorescent sand tracers: 3 points
Sand trap

sand trap tube:r 1 point

sand trap box t 1 point

offahore area
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2~3 8urvey Period

The periocd of the natural condition survey extended from July 20,
1982 to March 15, 1983 as shown in Table 2-2 which shows the time~table
for each survey ltem from the planning and prepuration to the submission

of the raport.
The field survey except mapping work was carried out from July 22

to October 12, 1982 and the mapping work was carried out from September

15, 1982 to February 11, 198%,

Table 2-2 Time-table of Natural Condition Surwey

_ 1978 2 1 9 8 3
ITEM = :
‘ July. Aug,| Sep. | Oct. | Nov. | Deec, | Jan. | Feb, Mar,
Planning & ]
Preparation-
Field Survey rA” # ¢
2947445

(except mapping}

Yapping . V/I///AV//A/////////

Data Analyses [w*
& Interpretation

Reporting

(Legend) E;: Z E ﬁ g /| + work in Thailand
! :+ work in Japan




2«4 Survey Equipment

The main equipments used in the field survey are listed in Table 2«3

with names, types anc specifications.

Table 2«3 List of Main Survey Equipment

TYPE

NAME OF EoUIPWMENT (MAKER ) SFECIFICATIONS
Control Point Survey
Distance Meterx 3800B (Hewlett Packard) | Accuracy: +(Smm+7mm/km)
Phaodolite M10C (Sokkisha) Reading: 10 second
Level B-2 (Sokkisha) Standard deviation fox
1km double run levelling
+1,5mm
Fapping
Stereo Plotter A=8 (Wild) 2nd class
Hydrographic Survey
Distance Meter HMAD1 (Tellurometer) Range: 100m to 100km
Accuracyt 1m43x1079D
Echo Sounder RS~61 (Rasa Blectronics) | Range: 0 to 61m 3
dccuracy: 3em+i0 7D
Frequency: 200 KHz
Sub~-Bottom Profiler | SP-2 (Kaijo Denki) Ranget O to 5S0m
Frequency: 3 Ko
Tide Gauge L¥T~3 {Kyowa Shoko) Range: 3m
Magnification: 1,20
Current Meter 0C-1 (Xyowa Shoko) Range: 0.1 to 4 knots
Wave Recorder DW~3 (Kyowa Shoko) Range: 3m or 6m
Operation: 10min. every 2
hours

Gaophysical Prospecting

Refracting Selsmic
Amplifier

Specific Earth
Resistance Tester

The4~24 (Oyo)

3244 (Yokogawa Blecirie
Works }

Channel: 24

Frequency: 3~95 Kilz

Range: O to 3000

Output voltage: 150, 300,
600V

Wind Obzervation .
Anemoneter

KbD~300 {Koshin Denki
Kogyo)

Kange: 2 to 70m/sec
(instantanecous vel
2 to 50m/s¢c

(average vel,)




2=5 Field Survey Personnel

The membexrs of the field survey for the natural c¢ondition survey are

Iiated helow:

A

-

Mr. Takeyasu KIKUTA 3 fTeam Leader, Chief Engineer

My, Takeshl YOBHIHARA Boll Investigation

Grand Topographic Mapping

-

Mr. Yoshikazu I1BUBUKIL
Mp, YMitsuru FUKASAWA ;  Sub«Marine Geology
Mr. Nobutoshi TOBARL 1 Hydrographic Survey

~edittomw-

Mp, Noboru KUSUMI
My, Hidetaka TANAKA ¢t Oceanographic Survey
Mr. Hirofumi YaFaUCHIL : meBitto~=

Fr, Yukio SATO : Geophyslcal Frospecting

Kr, Tolchiro MaEKAWA L

All above members are affiliated with Kokusai Kogyo Co., Ltd.



3 METHOD OF SURVEY

3«1 Control Point Shrvey

The control points are ‘basie for all surveys and mapping included
in this study to determine the exact position and elevation of the survey
points and survey lines. '

In this study, control p01nts werg established along the ehoreltne
of the survey area at the lnterval of about one to two «ilometers and
.in the mapping areu, using the exlstxng control points shown in Table Zwl,

Table-awl 'Existing ControllPoints

Contfdl Polnt | - o Co~ordinate Elev#tioh
Khao ILan ': B 713,787.785n 3 N 1,395,597.237n 90.28m
Ban Fhala | B 721,682.669m 3 N 1,400,495.550m |  3.16m

The results of the control point survey by traversing and levelling
‘are summarized in ﬂable 3.2 and Figure %~1. MNetworks of the controi point

_survey are shown in attached "¢ Burvey Data't,



Pable 3-2(1) flesults of Control Poing

LIt
[Control Co-orainate H ]
Point & | H L
10454 736,099.47 1,412,757.54 544275
— 10464 734,630.52 1,410,168.51 31.986
10465 ?40.868.25~_ 1,409,370.12 54.009 h
10474 7%5,830,41 1,406,115.49 15,054
10475 141,202.93 1,405,493.98 6.040
10476 741,824.94 1,406,822,49 24.343 -
‘10464 735,989.32 1,402,176.93 5.124
10485 741,500.70 1,402,799.50 6.570
| 11524 T44,144.55 1,404,969.34 5.723 ) )
11534 743,282,171 1,402,864.10 5.692
11744 728,577.45 1,402,674.37 '¥5f555
f 11794 732,023.28 1,406,044.58 20.696
11755 130,220.14 1,402,884.21 7.257
7_11764 733,002.17 1,407,754.82 35,562 -
11765 729,:334.87 1,409,895.46 59,055
- _

e——

UTM ZONE 47 CM 99°R

-1}~



pable 3-2(2)

Resultis 01: Control Point

L2
Tontrol _Co-ordinate ] "
| _Poing . - N - - ST
B%ﬁahn ' 721,682,669 11400,493.550 | 3,160 Contrel
K 1 721,139,878 1,400,470.315 2,882 _
K- 2 722,078.562 1,400,655.,236 2,399 A
Ke 3 722,550.727 1,400,688,715 1,376 L
Kw 4 722,809,084 1,401,150.981 7.668
K 5 123,299,801 1,401,254.916 2,694
K- 6 723,763.442 4,401,217.769 1.603 ~
K- 7 724,178,221 1,401,359.489 3,515
e 8 724,328,564 1,401,504.3%27 2.240
Ke 9 725,269.900 1,401,820.608 1.732
K-10 725,960,927 1,401,858, 184 2.134
K11 126,390, 181 1,401,853,2%1 1.900
 K~12 727,186,553 1,401,818.670 2.699 o
K13 727,662,136 1,401,839.208 2.574 |
Ketd 728,075.127 1,402,106,932 0,922 ~
K15 728,768,705 1,402,262.807 2,441 |
5 729,943.820 | 1,402,192.181 2.3%1 | L
K17 731,155,805 1,402,096.979 3,542
K~18 _732,284.698 1,401,958.874 4,807 | |
K19 733,023,281 1,401,895.508 5.040 o
K~20 733,265.217 1,401,816,945 1.754
K~21 733,917.362 | 1,401,725.972 1,956 R
K202 734,258,908 t,401,660,680 1.644

UTHM ZONE 47 CM 99°E
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Results of Control Point

Table 3~2(3).
L)
C%ﬁ}f,‘;‘ﬁl . Co-—ordiilj'tt,e . ~ H i
K.23 ?34,?35.?69 1,401,568.3-(_)_§_me 1.321
K24 735,2@9.002 ] 14401,505.587 | 1.993
K-25 135,742,952 1,401,417.837 2,223
- K~26 736 ,078.640 1,401,389.650 2.364
| K-27 736,500,871 1,401,356,621 2.644
K-.28 ?}6,819:“478 1,401,301,103% 2.236
| K-29 737,101,617 1,401,237.158 1.886
K-30 737,535,528 1,401,307.475 2.364 | 1
msa 738,095,605 1,401,315.757 2.194
K~32 738,680.490 | 1,401,303.664 2.852 | N
K33 739,300.411 1,401,248.216 2,658 o
K~34 740,045,835 | 1,401,141.761 2457
K-35 740,557,252 1,401,111,859 2,893
L K-36 | 741,166.866 1,401,104.623 3.27%
K37 741,674,004 1,401,040,517 }.1_§2 1
£-38 142,295,935 1,400,975.543 2,901 -
| K-39 742,673,665 1,400,931.781 2.908
F_Av_____u_756,121.158 1,399,012.232 14.213 —
KHAO LaM) 713,787.785 | 1,395,597.237 | 90.280 Gl
S 1| 729,831,238 1,402,224.735
| S-2 730,865,369 1,404,025.709 B
§- 3 731,191,921 1,404,584, 181
5~ 4 731,624,226 1,405,346,501 ) -

e

UTHM ZONE 47 CM 99°E
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Table 3_2‘4Jnquﬂesq§§§wof Contreol POiQE‘

|l
Control Co~ordinate - i ]
Point B N
m m m
S~ 5 732,293,838 | 1,406,500.918
5- 6 | 732,751,428 1,407,315.919 -
S- 7 133,013.414 1,407,748.869 .
3. 8 132 ,527.180 1,408,028.761
| 8- 9 131,136,685 1,408,828.573%
$-10 730,819.518 1,409,026.297
S=-11 730,11%.526 1,409,425,.887
34 2 127,726.564 | 1,410,683,117 160.46
Cbjective
P _133,1723.02 1,407,259.55 | point
W, ROUK 1"
(liin Khong) 727,945.09 1,400,380,35 ]
o, AN
(Rayong) 750,993.91 1,399,293.32 v
Kol 720,639.189 1,400,431.339 .
Kol w2 720,091.519 1,400,388,707 L
K-40 | 745,179.557 1,400,871,119 | B
R _ — -l

UTM Z0NE 47 CN 99°FE
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3.2 Topographic_sdrvey

The topogréphic survey for the land area shown in Fig. 2-2 consists
of a control point gurvey, serial triangulation and stereo plotting for
mapping by 2 photogrammetrio method, aivxuing broadly, ‘The generallzed
flow-chart of the topograpnic survey is shown in Figure 3-2.

Since a topographic map have existed in terms of about left half
part of the survey area, amendment works of a existing map at scale of

118,000 wera carried out using the map and existing aerial pnotographs
to the area of approximately ?2,aquare kilometers. .On this area, primary
concerns - gave attontion to the land classification.

On the other.hand._new mapping works were carried out on the right
paxt of the 'surveyiarzea_s that is approximately 60 square kilometers, using
existiﬁg aerial photogréphs.at gscale of 1:40,000 which had been teken by
the Rbyﬁl Thai Survey.Departmént in 1981,

Fiéld investigatibns were performed with reference to items diffiéult
or impossible to identify on photographs, aiming at assisting interpretation
f§r mapping. The main iteﬁs investigatled in Llhe field were public office,
road, river, towh,'villagé and . their names, and the boundary of land use ete,

An analytical aerial triangulation was carrieu out by means of the
block adjustment method. Pasgs p01nts, sub~points and tie points were selected
on the contact prints and pricked on the positive films, and weére converted
into thé ¢o¥ordinate system using a computer after the measurement of the
co-ordindtee on the bhqtographs.

Ground control points, pass points, sub-points and tie points were
plotted on manuscript maps using the co~ordinategraph, and maps were drawn
using a stereo plotter after absolute orientation with special attention

to accuracy.
The mapping area is approximately 130 sguare kilometers in total,

w16



Mapping Works
Area: 60km?

(Amondment WOrké) :

Furchase of Existing
Aerial Fhotographs
(Scale 1140,000)

Y

Area: 72km2

Field Reconnaissance

4

Gontrol Point Survey

(Levelling & Traversing)

Reduction of Existing

>l Map (1:6,000) to

110,000

g

)

Field Investigation
for Road, River,; Town

and land use etc.

Field Investigation
for Land use

\ 4

Aerial Triangulation

Aerial Triangulation

f

Stgreo Plotting

stereo Pletting for
landclassification and
Amendment

|

|

Bditting and Inking

Original Kaps
(1110,000)

Fig. 3«2 deneralized Flow-chart of Topographic Survey

“for Land Area



3-3 Hydrographlc Survey

The continuous bathymeirle survey (sounding) was carried out to grasp

the topographic features of the gea bed in the survey area by using an echo

sounder.
on the shoreline in the survey area, the direct levelling was performed

In the shallow area which the survey vessel cannot be used in and

using a level. _
For the ponitioning of the survey veszsel on sea, an electronio positioning

instrument (Tellurometer) was uscd. It's sub-stations were settled at the
existing control points, that is Khao lan and khao Khrok, whose co-ordinates
are known.

The survey area extenas over approximately 22 kilometers on the shorve
and approximately 24 kilometers offshore as shown in Kigure 22, ''he survey
lines used in the sounding were the north-to-south direction as main lines
and eastwto«west.directiop ay complemental lines {(tie lines). 'The spacing
of main survey lines was 250 meters to 1 kilometer for the coastal area and
1 kilometer to 2 ki}ometers for ihe offshore area. The truck chart of sounding
is shown in Figure 3-3.

The sounding-data were correcteu for tidal variation and sound velocity
in sea in order to obtain actual depth. The correction for sound velocity
was performed py a Bar-Check method., after corrections of the data, the
water depth was read from the datum level. In this survey, the datum level

of gounding ig 2.19 meters below Mean Sea Level teing coincident with the

datun level at Sattahip Port,
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3«4 SOil Investigation

The poil investimation was carried out to grasp the soil structure,
aoil characteristios and the distribution of bed rock for the foundation
engineering of this atudy.

The investigation consists of exploratory borings with Standard Yene-
tration Tests (S.P.T.) and the following laboratory soil tests on samples
obtained from $.i.T.. The 5.F.T, and laboratory soil tests were practiced

in conformity with American Sbciety for Testing and Materials iASTM).

1) Specific gravity
2} Foisture content

3} Grain size distribution
Sieve anaglysis
Hydrometer analysis

4) atterberg limits
Liquid 1imit
Plastic limit

On the first plan, undisturbed samplings and laboratory soil tests of
unconfined compreasion_test and unit welght using undisturbed samples were
planned in clay layers. Howéver. mogt of soils were sand and weathered
granite, so undisturbed samples could not be taken.

Borings were carried out at four points on land area and four points
on offshore area shown Ln Figure 3-4, and the standard penetration test was
carried out at every one meter for each bore hole in priincipal, Phs rotary
boring method was mainly adopted for drilling, and the wash boring method
was partly adopted. The total depth of bYorings is about 205 meters, and the
quantity of laboratory soil tests is shown in Table 3~3 for each hore hole

and each poil test item,
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Tabie'3m3 Quantity of 3o0il Investigation

DRILLING

S‘PI‘I‘.

LABORATURY SULL TEST (Numbers)

BORING. DEFTH el STECIFIC [MOLSTURE|  GrRaiN S1ZE | LigUibD | FIAGPIC
MO | (etors) (Munboxs) | "Gouyrny | cOMET | DISTRLSUELON | LinlD | LiM1e
NO. 1 27;00 21 19 20 20 0 0
NO,2 . 37,01 28 26 26 26' 0 0
§O,3 22.50 21 20 20 20 0 0
N0, 4 38.50 34 53 35 53 0 0
NO,5 17.15 18 17 11 15 0 0
NO, 6 ' é1;23 21 19 19 19 0 0
'ﬁo;7 25.44 26 22 21 22 1 1
w.e 15;94 16 14 14 11 ' :

TOTAL 204.77 185 170 170 166 2 2




3-5 Geophysical Prospecting
There are various methods for the geophysicul prospecting, each having '

merits and demerits in terms of suitability and precision, depending on
geological conditions and purposes. In this study, the seismic prospecting
and electrical prospecting were carried out to understand_ﬂoil textures in .
the alluvial formation, and depths and distribution of the basement rocks.
On the first plan, the only seisnic praspecting was planned., However,.it
took much time to get a permission for using explosives, so the electrical
prospecting was performed in advance of the seismic prospecting.
Phe location of prospecting lines and points ig shown in Flgure 3-4,

and the outlines of the geophysical prospscting is shown in Table 35-4.

Table 3~4 Outlines of Geophysical Prospecting

Ttem Electrical Prospecting deismic Prospecting
Principal Purpose Studying distribution of studying subsurface formations
bedrock
Principal Specific earth resistance Refracting seismic amplifier
Instrument tester & recording oscillograph
Method of Wenner's four electrode flefracting method
Neasurement registivity scunding

Method of Analysis | Sundberg's standard curve Analysis of travel time

Quantity of standard depth of penet- Geophone spacing: 10 meters
Prospecting | ration: 52 meters Total length: 5,060 meters
Nos., of prospectingt 16 lines
112 points

“'23"’



j-5-1 EBlectrical Prospecting

Thexre are‘ueveral me thods of measuring earth resistivities (specific
earth resistances), most of which are variations of the metiod originally
goncéived by Wenner. In Wenner's four driven-rod electrode metnod, four
nloctrical contacts are made with the ground by driving into the ground the
metal spikes, 0611Fd olectrodes, Cis Pyy B, ond c, placed in a straight
1ine at equal intervals of « (m) as shown in Flgure 3-5(a), Between the
aurrent electrodes ¢ ang Chy @ current I {(A) is passed ana the resulting
tage drop (v) between the potentlal electrodes P, and P, is measured.

1 2
If the ground hag & uniform resistiviry , an equation of measurement

yol

is zttainad:

p = 25a¥/I » 2xaR (1w ) R=V/I (0)
shere R is the reslstance weasured belueen the potential eleclrodes. The
above equations are callédIWGnner's formala, which proved to ve very practical
in case the depth of driven elesctrodes is within 1/20 of the electrode inter-
yal SGparétiona . Therefore, earth resistivity o can be calculated from
the measured value of R,

The earth resistivity # in the wenner's formula is constant irrespective
of the eleeﬁroda separaiion distance a if the ground has a uniform structure.
Howover, the gréuﬁd is éenerally compased of more than one layer involving
rocka of differing resistivity. Thereflore, the resistivity calculated from
the above formula will not refer to any specific rock or layer but will be
a mean value of the individual resistivities of disiributed rocks and layers.
Sueh a ﬁeasured value Ls called Mapparen) resistivity", which varies according
to the electrode separation a and the position of the electrode system.

By obtaining the relatione‘between a and o with respect to a particular
ground, 1t is possible to roughly conjecture geclogical structure, layer
formatibn and location of underground water supplies, Standard and auxiliary
curves éhowing the relation between a and p are available, and by placing
upon them antJ~f>cufvé'made frém actual wmeasuvement, the approximate resist-
ivity and depth of each layer involved may easily be obtainea on the curve.
The resistivity thus obtalned is geﬁerally taken as a guide for elucidating

the nature of the layer.

P



(1) Principle of Specific Resistance Measurement

Now assume that in the drawing of Figure 3-5(b), a point source of
electric current having a magnitude of I {amp.) is placed at a point C
on the surface of a ground having a uniforn specifié resistance p {(Orem),
and that a potential P is applied at‘a point P ﬁnder the.ground. since the
electric current radiates hemispherically into the ground, the ourxent
density at the point P will be 1/2nr? (amp./m2) where CP = » (m). Aocordingly,
the micro~potential difference between b and a4 point separated by a diudstance

of dr is obtained as follows,

dy = . dr (volt)
£ 21rr2
Pherefors, the potential V at P due to the current I oan be expressed by the
following formula,
T
=~f dv:....[?..,...l (YOlt) 1P o0 s s saa b s ponne (‘I)
e 2rr

Then, assume a pair of positive and negative point sources of electric
current, ¢y with + I (amp.) and G, with =~ I (amp. ), placed on the surface
of the same ground as shown in Figure 3~5{c}., In this case, the potential
at the point P will be the sum of the potentials from Gy and Cp. Namely,
the potential ¥1 at P due to Gt s obtained from Formula (1) as follows,

v, =Lk o)
o P

b 2 %
$imilarly, the potential Vp at F due to C, is found as follows,
V, = e, o {volt)
2K C P

Therefore, the potential at P due to Cq and Cp is expressed as follows.
: pI 1
vV = 1; + v2 gx (,.,..IT - 2 ) (volt) eascosrers (2)

Next assume that as shown in the drawing of Plgure 5“5(&). four point
alectrodes, €y, Py, Py and Cp, are spaced with an equal interval of a (m)
on one straight line drawn on the surface of the ground. In this setup,
electric current {direct) is allowed to flow to the outer electrodes ¢4 and
Cy {current electrodes) so as to doliver electrioc current having the ma gni~
tude of 1 (amp.) into the ground, wnile a potentiometer (P is arranged so
as to wmeasure the potential difference‘between the inner electrocea ¥y and
P (potential electrodes), This electrode system is referred to az Wenner's
4-electrode system and it forms the basis of specific resistance prospecting,
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TTARITT 77777

Fig., 3-5 Principle of Specific
Resistance Measurement

Assuming the specific resistance of the ground is o ({3~ m; wniformiy,
the potential of Py can be obtained from Formula {2) as follows.

pI 1. 1
s s (g3 ) - (volw)

dimilarly, the potential of P, is found as follows.
pl 1 1

e (g - o ) (i)

Therofore, the potential difference ¥V between the electrodes E! and ké will

ve found as follows,
pI

MR T T

From the preceding equation, we can derive the following.

y
fo=2ralg)  (Qra)
= 270 R (Q’Dl )
R a _‘_E:i{!_ (ﬂ ) P R e YN YL T (3)

The equation {(3) is referred to as Wenner's Formula. The results calculated

according to Formula {3) show satisfactory agreement with seasured values
30 long as the burled depth d of the electrode is smaller than 1720 of the

alectrade intervala, A4s is apparent from Formula (3}, the value of

26



can be caleulated directly by determining R ( = “%“) . In this case, however,

1t is necessary to measure the value of V potentiomelrically. Unless the
potentiometer  1is of the type precluding the consunption of electric
current, it will be affected by the earth contact resistance of electrode
and therefore fail to provide accurate determination of R. .

In the practical application, if the direct current is allowed to flow
to the ground, it may have the possibility of causing polarization in the.
neightorhood of electrodes, It is likewise possible that natural current

will produce an error in the determination of potential. Fox these reascns,

alternating current is used generally.

a} Two-Layer Structure

Refer to Pigure 3-6(a),
d,t depth of surface layer
p1= gpecific resigtance of surface layer
w : depth of under lying layer
f%: apecific resistance of unuer lying layer

The potential difference bvetween Py and P, is nearly not affected by
underlying layer. 5o far as the distance between Cy and C, is small compared
with d1 the curreni flows through the surface layer.

However, the longer the electrode separation is the more the potential
difference will be influenced by underlying layer s shown in Figure 3-6(b)
and its value Ls changed from one in uniform structure case, that is, the
apparent specific resistance will be changed. When ﬂb >,ﬁﬁ ¢ the

apparent apecific resistance p will increase, and vice versa as shown in -
Figure 3-6(c) and (d) respectively. Accordingly, by measuring the co=-relation
between the electrode separation a and the apparent speciiic resistance Lo

we can elucldate how the specific resistance of the under grounu varies with

the depth,

2T =



Agsuma that as shown in Figure 3~6(e), a point source of electric current
¢ is placed at a point ¢ on the surface of ground having & 2«layer structure,
ard that an electrie current I (amp.) 35 allowed to low, Then, the potential
V. at'a point P separated from C by an irterval of a (m) can be expressed ag
fotlows,

. Fi.I' 1 . E Kn
e 42 ), S volt
p 28 ¢ avt v A% 4 (a'nc!.1 G ( )
where,
K‘ BM 445000080400t esibreseseaae (5)
Po P
(09 (e

ey e e = s [ {ampl}

S b
e (eads
i p ’\(&

(d) (£)

Fig. 3=-6 Model of 2-Layer Structure
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By the same procedure described befors, the potential difference between

the electrades Py and F, in Wenner's 4-clectrode system can be obtained from

the preceding formula as follows.

T POV e v Y e g )

Tne formula for the calculation of apparent specific resigtance for 2-
layer structure can be obtained by sub-stituting Pormula (6) in vienner's
Because QO = 2noﬂ£~, we obtain the following equations.

f’. by Jand (»L) - ijn; 1+n§(ala %

A . "ﬁ% ~ 1

P+ Py L
‘/or

Formula (3).

LR A A B R R N NN (?)

In other words, curves showing Llhe relation betlwsen d1/G and.p,fp1 are obtained

for various values of K OT Loy » For the convenience of practical application,

curves of the relation betweena/dy, the inverse number of 4,/a , amip/f%
are prevared as ihe "standard curve”. The values of P4 peand d1 s etc, can

be obtained by comparing measured curves of a and o with those standard curves.

Those standard curves are also usable in the case of three or more layer struc-

ture.

b) Thrxee or More Layer Structure

Analysis of 3 ox more layer structure is grounded on one of 2-layer struc~
ture. It can be considéred that 3-layer structure as shown in Figure 3-7(a)
is equivalent to 2-layer structure (b). If depth of first and socond layer
is 44 and dy = d1 ¢ respectively;, the upecific resistance ,92'°f equivalent
single layer of the first and sccond layers in Figure 3-7(b) is represented
as followa, since it can be thought that the specific resistance of the firet

layer and that of the second layer are connected in parallel.

“dGu



vl feds
L2 Py (dy=dy ) + pPod,

d

' .&.,....2

fg'a £y di ' '

Pi p2+-ﬁd"2ﬂ-1 '.‘.‘.’.f.'.l.‘..‘l"".."l."“(8)
'[01 dy

T "auxiliary curve" which bhOWS the relation between do/dy and ﬁefm sgainet
various value of 102/91 is used for elucluating of 3 anu more layer structure
with standard curve mentioned above, And for 4, 5 and more layers, auxiliary
evrve can be used by assuming an equivalent single layer of the 1~3% layers,

1~4 layers and more.

NZZ,
%

Fig. 3-7 Model of 3 or More Layer Structure

(2) Procedure of Analyses

Plot the relation of apparent resistance o and electrode separation a on
the semi-transparent log-log section paper, which should be egual in size with
the "standard curve" and the "auxiliary curve". analysis will be described on

the example curves a, b, ¢, and 4 in Pigure 3-8.

a) Divide the curve in increasing and decreasing part respectively,

¥} Place the curve upon the standard curve, a2no search the most identieal
one to the a, b portion by trying to slide in various way (the curve 1),
Trace the original point 0, (p/ Pr= Yy ey = 1) on the curve under
analysis. The value of a and p of this point 0y in scale of the curve
under analysis represents specific resistancep1and depth d4 of the first
layer. p o can be calculated [rom PQ’/"1 of the most iaentical stancard
curve and 4.

30~



c) Place 0y upon the original point (p,1/py= 1, dy/dy = 1) of auxiliary
curve, and trace a curve which has the same value or/o::._,,f,o1 a8 ohe of
Pot pq of the curve (I), (chain line II) on the curve under apalysis.

&) Again place it on the standard curve and sesrch a curve IIX which is most
identical to the b, ¢ portion sliding the original point of standard curve
on the curve II,

This traced point Oy gives the apyaretit specific reﬂistance&ldf' equivalont
single layer of the first layer and second layers and 02 of the second
layer in unit of a and p ,

Since /03/102'13’ in this case, corresponding to the fo.2/fo1 of the standard
curve, o, cap be caleulated rrom,o;”//oz.g and /"2' .

e) Trace the curve (IV) by means of the same method as described in 0),

f) 03 is obtained by means of the same method of d). 03 giveg .{03' and'd3 of
the third layer. Since Pd/psiis, in this case, corrsponding to thef’g/fH
of the standard curve, Pq ©8H be calculated from /0_4//03' and 103' .

4 P <p e,

PR -\,_\?fﬂsr
I . . )
| /\ﬂ”\
:\4_"”-. /ﬁ‘/l d -

QT e e

4

dy de d;

‘Fig. 3-8 Sample of Analytical Procedures
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3.5+2 Seismic Prospecting

Soismic prospecting 1s a typical method of geophysical prospoctings
vhich providé data on the physical ptoperties of material under the ground,
‘olomic method is divided Into two methods depending on the type of waves
uwhilized, One i the-"seismic refraction method in which relracted waves
are utilized. The other is the seismic reflection methoa making use of
ceflected waves. The former is theoretically applicable to the shallower
subsupface. With this technique, the rock condition of construction sites
can be investigated through the medium of the velocity obtained from the
1ire required for a refracted wave to return frow its original point to the
detector, Récently, the seismic refraction method, therefore, is widely
used in engineerihg study of the foundation of dams, tunnels and many othex
engineering projects. The latter is used more to research into the deaper

parts of the underground in search of natural resources such as oil deposits.

{1) Pringiple of 8eismic Refraction Method

A'near~3urfaéq“explosion generates several types of elastic waves such
as 1ongi£udinal waves, transverse waves rayleigh waves and love waves, which
propagate into mediaz depending on respective physical properties. In the
setsmic refraction method, used in this stuay, the first-arrvival waves from
the sﬁotFpoint to the détocting point were utilized, They are longitudinal,
direct and refracted waves. The principle of the seismic refraction method
is based on the law of refraction, so-called Snell's Law. This method is

explained as follows;

As 18 evident from Figure 3-9,

Sin.I““‘f?%— sin Ra.,%g_

30 that

i
:IE é = “3}*%* = ~¥%- { t: unit time)

~32m



: Veloci i
Incident wave A elocity of the upper medium

]
I V ¢ Velocity of the lower medium
¥
3
1

[ : Incident angle
I R : Refracted angle
Wave front o
V1 B Interface
Vo A A
D X Wave front

Refracted wave

Fig. 3~9 Snell's Law

As an essential assumption of the seismic refraction method, velocity
increases with depth. If the velocity 1s greatest at or near the surface
and the lower velocity layer lies below, the refracted wave is bent away
from the surface ana the refraction methous can not be usea theoretically.
So that ¥V, <{V,and R> I. When sinl = V1/$ y sin N becomes unity, and
R becomes 90°. This means that the refiracted wave does not penetrate into
the medfum, but travels along the interface. ‘he angle 1 = sin=1V,/ v,
is known as the "Critical ingle” of incidence for longitudinal refraction.
For any value of I greater than this critical value, there is no refraction
into the second medium and the wave is totally reflected. ‘This concept
of the eritical angle is the most important in seismic refraction work,
since the wave aclually used is the one which hits the top surface of a
higher speed bed at the criticzl angle, travels horizontally along this
gurface with velocity Y » anc eventually is refracted vack to the surface
at the same angle. :

This mechanism for transiission of a refractea wave in a hypothetical
two=layer structure is shown in Figure 3-10. The ray path mentioned above,
and the relation between the distance (X) and the time (T} ig shown in Figure
3-11. This graph representing the relation between (X) and (T), illustrated
in the upper part of Figure 3-11, is called the "Pime-Distance Curve",
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As seen in Figure 3«11, if a gelamic wave is generaled at point (s}
on the surface, the energy travels out from it in hemispherical wavefronts.
When a detecting instrument is at point (D)}, a distance (X) from (S), the
wave SD travelling horizontally through the upper wedium will reach (D)
vefore any other waves, if (X) is small enough. For large value of (X},
the wave travelling along the top of the lower medium, which has a ﬁigher
speed, will overtake the direct wave, anu so the refracted wave will arrive

first. Upon this basic principle, the depth to the interface can be ‘calcu-

lated as described later in detail,

(2} Procedure of Observation

The explosion maxes the ground vibrate., These seismic oscillations
are received with the geophone and converted into electrical energy to be
transmitted to the amplifier through the take-out cable and the relay cable.
This amall amount of electrical energy is increased by an amplifier and
enter into the recording units by way of a series of filters ineluded in
the amplifier, In the recording units, the amplified and filtered electrical
energy is converted again into mechaniecal energy by galvanometers which
correspond to the respective geophones. *This energy, at last, is registefed
photographically on recording paper. The block-diagram of instruments is
shown in Figure 3-12, and a sample of a record is shown in Pigure 3-13,

On the record, each first arrival of the water is characterized by an "upkick",

Electric
Power
Sgurce

PhoneJ

f /l Geophone I‘“’* Amphﬂer
Shot

Recorder
M,_,,~,_,.~~~'{_g:pophone F“*“{ Afnplﬂner }\*\h (With oscilio~
T graphic element

and camera)

T

Bluster Geophone [—{_Amplifier
with phone |

Fig. 3~12 Block~diagram of Instruments
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9.5 x 1/100 sec, shows the total time required for the
firgt arrival wave to travel to the geophone No.24.

fig. 3-13 sample of Record

(3) Procedure of Analysis

Various procedures for depth calculation were proposed in the seismie
refraction method, Ope iz the "Method of bifferences" proposed by T, Hagiwara
{(1938), 1In this:method the irregularities of surface and the inclination
of interface do not need to be taken into account in the procedure of calcu~
lation as well as in the "Rociprocal Method" by Hawkins (1959),

a) Two-Layer Structure

To determine the depth, a typical case, illustrates in Figure 3-14,
will be given where there are two media under the ground with respective

speeds of V1 and V2 y Beparated by a dipping discontinuity.
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{a) T-D Curves
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D"Dr D Vo

A:B t shot point

D t+ detesting point
V1 : . walority of the upper medium
Vot velocity of the lower medium

¢ : orlitical ankle

ay t dip of the interface

hA t lenath of the perpendicuiar AA!
hB t leneth of the perpendioular BB!
hn t lenath of the perpendicular DD

Fig. 3-14 Method of Differences
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In Pigure 3-14(a), a pair of T~D Curves % and Ty are called the
“Reoiprocal T-D Curvea” bestween A and B,
The direct wave travels from shot to geophone near the surface at a

apeed of Vy
so that

X
T o= -y

LR S A R LR R R IR I 1N I I T AT e (1)

The travel time along the relraction path AA"D'D is

-!*r W "W.l—
! AA A D DD
rlAD = mv1 V2 + """“"""'Vi L I L R P O PN (2)

This can be written in the form of

' "
. hA4c039+__1__SA dx._. , hD/eoss

AD vy | Vo Jpn co8w v,
- bAgool J....'j*‘_.gz._..;-[‘“.._...__
v? VE D (!08&0 l" "o W
Dli . .
. dx hD /6o
Sn COB Yy + V.l CEC L LI ORI B E DL LSO B (3)
i A' dx d Dn dx be resarded
ere, JA"63§ﬁT an p1 “OBED can be regarded as h, - tan 0 and hy + tan @,

and by making use of Snell's Law singa= V1/ Vz y equation (3) can Ve readily

transfofmed into

A
- dx oon b :
IPAD wv_e SD Ooﬂw + (hA ‘*-hn) v1 LEENERENFENFENEEREE] \_4)

In a similar way of thinking, Tpp and Taps along the path 880" D and AA B B,

aras
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¥ coOaw L V1

n .
Ly L S dx +(hB+h f‘o*‘*e R R R Y R ‘5}
2

B

T &

1g‘\ dv ‘+(hA+hB)°nRo IR EE RN IR SR BRI N L (6)

2/p °7"® Yy

From equation {4), (5) and (6), the following is obtained,

ﬂ?hnooﬂs e 1 e eT AT e s Rt bata gt dbaaarDas (‘Z)

Y4

P + T T

AD ' UBD T CAD

So that, the depth under D is

4 (8)
T L RN T N A AN I AU P

by = (Typ + Typ ~ Tyg )

2annl .

where V; y Tape TBD and Typ 3re given by the observation data (refer to
Figure 3-14). If ©, derivea from sin 6 = V,/V,, is known, the aepth hy

can be easily calculated. For that purpose, the speed V2 must he deter~

mined, When T;; is put as follows,

o w Tap * Tpp ~ Taz (9)
AD A})- I N I B R B ] P L RS PR
2
Tap is
h
T’ ’ A dx gcosﬁ (10)
%4 e + ® h sSSP TN A R LA sty
AD™ T v
5> JD AN/ 1

For small values of w, co8 w is approximately equal to uniiy.
Pherefore, eguation (10) can be written as follows.
' 1 hgnngﬁ

= % + {11)
v v, :

Equation (11) shows a si@ple equation with coeffecient of 1 /V2 . &0 that,
on plots of a group of TAD at detecting poinits on T=D Graph, these maka a
gtraight line and its gradient provides the speed of Va « This straight
line is called the "Veloocity T-D Curves" or simply the "' Curves",
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Now, the depth {o the refractor under each geophone can be determined
from equation {(8), When arcs with a radius equal to the value computed
are drawn at each detecting point, a smooth-line tangent to the arcs gives
the depth profile.

) Thyree oy More'Layer Structure

The method of depth calculation in the casc of three layers is derived
from the theory of considering the three-layer structure oy two-layer by use
of the concept of the average velocity of the first and the second layer.

To olarify the description, the following Figure 3-15 are given,

(a) D (Detecting Point) (b} D
‘i1 v
- S
d v Vo' g
2 2 2
V; V3

d, t dapth to the firat interface
d : depth to the second interface
+ Veloelity of the firast layer
V2 t Velocity of the szecond layer
Veloeclty of the third layer

V2' H Average velocity of the first and the second layer

Fig. 3~15 Method of Difference in Three-Layer Structure
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It thé average veloeity of the first and the seconu layer is taken as

- g
_wg% - % + %2 1 . (12)

the three-layer can be regarded as being two-~layer, mathematically in travel
time (Figure 3-15{a)). Then, the depih cl2 can be determined if the average
velocity V 5 is known. But the unknown quantiiy dg'is involved in equation
(12) to to solve for V g. In practice, the following procedure is done to

solve for d? .

Table 3-5 Calculation Sheet

[ t t
Distance| d _Eg d,t* | p |(t=p)yy p | V¢ V2' | cosd| V2 d
2 v co8 0
B o 3
d1 : depth to the first interface
dyt estinated depth to the second interface
P = dil d,t

n = V1f v,
P = p+ {t-p)n
V.t ¢ average velooity of the first and the second layer

' - ~1
2] =  sin " V,'/ V3

f=7
.

depth to the seocond interface
In Table 3-5%, d1, V1 and V2 are given {rom the culculation and the

Reciprocal T-D Curves for the smaller distance, and V3 and Tp for the larger

distance.



First, d2'is estimated, and the caleculations proceed following a fixed
orrer, from loft to right, of the computation sheet. Thon, ds is obtained.
ird2> da', d2* must be estimated larger than de obtained above and dg is

ac ived again. In case qf dg <dp' , smaller than d, , is glven,

Thug thase procedures'of;cqlculation are continued until the estimated
d.' becomes approximaﬁely eqhal to d2 calculated within a certain range
r;garded-as an error accompanying each measured value. The last da is the
depth to the second refractor. A smooth-line tangent to the ares with a
vadius of dg shows the second veloclty digcontinuity.

Tn case of multi-layers, the concept of this average velocity is
cnployed in the same way as three~layer.

1+ 18 necessary to make a velocity correction for the slope of terrain,
because distances between geophones are horizontal., In the seismic survey
on the slope, therefore, velocitles obtained graphically from the gradient
of T' Curves are apparent values. When @, Va and Vt are used as the average
dip angle, the apparent velochty and the true velocity, the relation between

ther is Formulized as followd.

Vi
Vt . cosd

FIE EE B I S I TR R I N B I R I S B B IO I NN B LAY ) (13)

Thus, the slope correction is based on the above formula.

{4) Interpretation

Strata in goology are classified according to the meterials, such as
granite, slate, sand and so on, of whick the strata themsclves are composed.
This 38 called the rock-stratigrafic classification. In the meantime, velo-
elty layers are classified according to the difference between velocities.
It, therefore, may be sald that the former investigation is qualitative,
the latter is quantitative, and so they provide different information.

But it is important that the velocities cvrtained must be éeolégically inter-
pretated by correlating each other. JFor instance, granite with a speed of
3,0 km/sec shows comparatively weathered rock. On the contrary, the rock of

the Neogene systew with the same rpeed of 3.0 km/sec do not suffer from

weathering.
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Intevpretating the results of the selsiic prospecting finally, the
results of the electrical prospecting, by which specific resislance layers
are classified sccording to the difference beiween specific resistances,

the results of borings and other data shall be considered,

3~6 Sonic Prospecting

The sonic prospecting was carried out to ovtain continuous profiles
of gea beds and sub-bottom geological formations, using Sub~kottom Profiler

(Sonostrator) on the sea area sinultaneously with the sounaing,.

(1) Principle of Sonic Prospecting

Sonostrator consists of a transmitter, receiver, recorder, transmitting
transducer, receiving transducer and generator. The souna source oreates
a strong acoustic pulse which transmits sound waves io the sea bed and sub-
bottom., The reflected eneryy is receiveu by a hydrophone, amplifiea, {il-
tered and recorded on a time graphic sweep recorder., The block diagram of
the Sonostrator is snown in Pigure 3~16., The sound source of the Sonost-
rator consists of a magnetostrictive oscillation transducer which creates
an acoustical slastic pulse mainly in 1 10 9 Klz. The significant energy
{s vetween 3 and 4 KHz. The recorder provides the synchronized trigger
pulse corresponding to a writing stylus situated at the top of the recording
paper. The trigger pulse switches on the current which charges up to 1,500
volts, The current passing through the magneto-strictive cacillation trans;

ducer produces a loud gould of short curation,
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Fig. 3-16 Block-Diagram of Sonostrator

The main units of the

were installed in the vesgel,
nsducer were fixed alongside the vessel at depth of 1,5 metlers below

ing tra
gea level.

Sonostrator (transmitter, receiver, recorder)

‘and the transmitting transducer and receiv-

The illustration of the hydrographic survey ig shown in Pigure 3-17,

vhich also shows the positioning system using
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Fig. 3-17 1Illustration of Hydrographic Survey

(2) Procedure of Analysis and Interpretation

On the recording paper of sonic prospecting, the sounds are reproduced
as light and dark shades corresponding to the strength of the refleoted

signals from the sea bed and sub-bottom layers which are printed as geologic
informations.

Apalysis and interpretation of these records were wade ae follows:
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Intexpretation of Reflected Information and Selection of
Reflected Data

The rocords printed with a striped pattern of light and dark shades

a)

jnelude {nformations not only related but also unrelated to marine geology,
informations unrelated directly to geology are also recorded, such as multiw
Jpflections, side~rtflections, diffraction waves, elfects from depth of the
iransmitting and receiving tranducer, and effects of the oscillated wave
pattern, The multi-reflections from the sea bed and sub~botton layers are
vecasionally indirectly used as geologic informations, however, they gene-
rally make the real goologic data ambigious. Therefore, it is necessary

to eliminate those unrelabed data, taking into comsideration %he origin of
iha dété, and then selebting ohly‘thé geocloglic informetions, By this method
of interpreting, the bect geologic data are scelected from the records and

then geologic olassifications are made.

b) omparison with Other Records. Investigatlon and Crossa
cOrrelation of Records '

If the positions of the survey vessel are correctly determined and
thoroughly interpréfed;.the water depth, the réflected data and other geolo-
gie infofmétiona should coincide with each other where the two survey lines
cross. In general, there is a possibillty that the reflected data does mok
coincide at the crossing points even though the depths .coincide with each
other, This is due to'the'selection of the reflected data. On the other
hand, when the depths do not coincide with each other, the positioning must
be reviewed, taking into consideration the topography of the sea floor and
the reflected data. The same procedure must also be followed for the para-
1lel survey lines. By this method, the records are interpreted and compared
with other records, and finally 8 determination is made on the best reflected
surfacaes of each stratum and on the significance of other geologic information.
At tho same time, conflxmation and correotlono of the position of the survey

lines are made.
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¢) Pattern of Records and Interpretation of Lithofacies

In this stage, various geologic data are finally interpreted into
concreta form [rom the standpoint of geology. Depending on the pattern
of the records, the depth of the reflected data and its form, the lithg-
facies are interpreted for each stratum wnich was classfied from the'
reflected data. : S

At this juncture, 1t is necassary to ocompare the existing data with
geologic informations. Comparisons with available data obtained from '
borings make the interpretation complets, o _

In general, the pattern of the Quarternsxy lithofacies on the sonio

prospecting records 1s characterized as follows:

Glay silt, PFine Sand: Shows a light pattern,; sometimes has
several weak reflections parallel 1o
the surface of stratun,

Medium sand, coarse sandt Shows striped to bedded péttern, at
places includes many fine reflsc-
tions oblique to surface of stratum.

Gravel: Shows fine radial patiern congregated
irregularly (diffraction waves) and
wavy pattern that is congregation of
irregular reflections, Below this
pattern, records are normally poor
and too light.

At the surface of the rock basement, most of the sonlc waves are
reflected and are not absorbed, therefore relatively stronger reflections

are recorded. Below this, there is almost no trace of reflscted data

recorded.,

d) Depth Correction of Refledted Data

The depth information obtained from the reflectod data is determined
by the time it takes {rom the emission of the sonic wave to the hydrow-
phone (travel time) as computed by the following equations

D= 172 V¢ (n)
T = travel time (sec)
¥V = average transmitiing veloclty in water

| and layers (m/sec)
D = depth (m)
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However, V is taken to be constant (sonio wave velocity of 1,500 m/sec
in sen water), g0 only the travel time is used for determination of the

lepth,

a=7  Sea~Bottom Materials

Sea~bottom waterials sampiing was carried out in order to exsmine tﬁe
condition of the sea bed iu ihe area under survey. The sampling positions
asre shown in Figure 2~2 and a cylinder type bottom sumpler was used [or
sampling., '

The bottom samples sampled at the shoreline and on the sea were brought

in the laboratory for the soil testing of grain size distribution,

3-8 Tide Qbservation

The tide observation was carried out in order to know the tidal pro~
perties, expecially to calculate the harmonic constunts zna to correct the
tidal variation for sounding.

A hydnaulic recording tide gauge was installed at Ko Saket., Phe relation
hetweon the tide gauge and the Mean Sea lLevel at ko iak, which is the standard
level of topographic maps on land in Thailana, was surveyed by two methods.
One is the levelling from the top of Ko Saket, at which it is said that one
control point had been before and the elevation of this point is still known,
The other iz asimultaneous comparaiive tide observations at Ko Saket and at Ban
Phala, the elevation at whieh is known.

The period of the observation was approximately two montha: from August
17 to. Dotober 21, 1982,
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3-9 Tidal Current Observation

The tidal current observation was carried out to know the general
currents in the area and to svaluate its effects on the movement of sands,

The observation was performed in one layer of two meters below sea
surface at three points near the shorellne and in two layers of two meters
below sea surface and two meters above sea bed at one ofishore point,
using Ono's Current lMeters for the period of fifteen days and nights in
principal,

This current meter is designed o record mechanically the velocity and
the direction of tidal currents at the same time. The establishment of the
currvent meter is illustrated in Figure 3-18,

Drogue survey was also carried out in the shallow water area to know

the coastal current,

Current Maoter : »2: Plashing Light

abis

Survey Flag

\Y4

4 =
— ""””’f&“’l Sea Surface

Buoy ONO'g Current Meter

Fig. 3-18 Estsblishment of Current Metor

“49~



3-10 Wave Observation

The wave observation was carried out using a pressure type wave recorder
vnich was installed at the point of about elght meters water depth at the
center of the survey area shown in Figure 2«2,

This wave recorder consists of a sensory unit and recovrdsr. The

~ensory unhit conveys the hydraulic change caused by waves to a recorder

vhrough the pipe. In this study, the wave recorder opevated for ten minutes

vyery two hours.

As the hydraulic type wave recorder cannot indicate the wave shape
similar to the actual shape of ths surface wave on the record, care shnuld
te taken to read actual wave heights from data. "This is due to the reason
that even their heights are the same, a wave with a longer perioa has a
tonger wave length., Accoxdingly, taking the period for the wave length,
the longer the wave length becomes, the stronger the boitom pressure is
recorded. For this reason, even if wave heighlt is oonsiderably big, a
wave with a short wave length is not recorded clearly, Generally speaking,
in the water where the depth is greater than the half of wave length, the
wave at the surface don't affect the bottom pressure wave. Therefore,
when using this wave recorder, it is necessary to set it at ihe bottom af

such a water that has the depth of less than the half wave length of a

weve Lo be observed.

Since the hydraulic type wave recorder measures the change of bottom
water pressure and does not measure the actual surface wave height as
described above, it is necessary to perform the following procedure to
obtain an actual surface wave height.,

Suppose a wave with a height H, Length L is running at the water with
a depth of h, as in Figure 3-19. Assume tho period of this wave as T,
then the following relation theoretically exists between L andg T,

2 ‘
T ““&‘T"" tanh gf"‘b' IR (1) T L T
2 L

‘T -

Here, g is the acceleration of

gravity, which is 9.8 m/sec?.

T von vaa? LTI T
Fig. 3-19 Surface Wave
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Hence, the length of the wave is obtalned from this relation formula if
the depth and the period are known.  That is, the length of wave L, is
one-valued function of the perioed T, -
Then, the height of pressure wave, éﬂiyih = P, at a point B with a depth
of 2 from the surface is theoretically obtained from the following formula.

oah~2£§rb:3L)-
4 PB
P, a{S )= B |
s T S oorh 21h 000'--r(2’)

4
Here, p is the density of sea water which is practically considered

to be 1.0%. Therefore, the height of pressure wave at & point A& at the
bottom, - APA P, , is obtained from the formule (2), considering

IJ
& = h,.

1

2Kh

P, {2 n :
cofh —p— vereens(3)

§
Therefore, when the period T and tne height P of a pressure wave are Known
from the data recorded by a hydraulic type wave recorder, 1L can be obtained
from the formula (1), and then using the value obtain, H can be obtained
from the formula (2) and (3),. '
That is,

2ith
1A

corh -?Il.'_](;b..:,g'u)._

enrh

H= P (observed at paint B) veeas (20)

2

or

He P1 nonhhg%h_. (ohrarvad at point A) ' e+ (3+)
In this way, reaa the period P and height } of a pressure wave from the
record. And when the depth h at the place at the time is known, the height
of a surface wave i{ can be obtained.

The perlod of the wave observation was approximately two and half montha
from August 1 to October 21, 1962, The establishment of the wave recorder

is illustrated in Figure 3-20,
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Fig., 3-20 Establishment of Wave Recorder

3~11 wWind Qbservation

The wind observation was carried out using a wind recorder which was
installed at the top of Ko Saket in order to ascertain local wind conditions.
The period of observation was approximately two montha from August 17 to
October 21, 1982.

The wind recorder records the wind direction and the two kinds of
wind veiocities, that'is, average velocity during every ten minutes and
instantaneous #elocity¢

The meteoralogical data were also collected from the meteorclogical
station in U.Tapao as materials of the analysis and interpretation of observec

data,
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3~12 Littoral Drift

There are various methods for the Investigation of littoral drifts,
each having merits and demerits in terms of suitability and precision de-
pending on the conditiong of the area considered,

In this study, wethods of fluorescent sand tracers and two kinds of
sand traps were used,

Muorescent sand tracers, which have different colors, were set at
three points at the depth of aboul five meters shown in Figure 2-2, After
gsetting fluorescent sand tracers, bottom wmaterials were sampled five times
around the setting point at some interval to grasp the dally veriation of
the sand movement, and were brought in a loboratory to counter the numbers
of fluorescent sands. Then, the distribution of fluorescent sands can be
gained corresponding to the sampling time. fThis methou, so to speak, is
lagrangian method to estimate the littoral drift from places and times of
the setting point and sampling point.

Regarding to the sand trap, two kinds of sane traps were set at the
center of the survey area. One was a sand trap what is calleu a sand tube
for floating sands, and the other was a sand trap what is called a sand
bhox for sliding and rolling sands. The sand trap tube was set on the ses
bed at the depth of about five meters. The mouths of ihe trap were directed
to four directions (north, east, soutn, west), and the heights of mouths
were 30 cm, 60 cm, and 90 cm above the sea bed.

The sand trap box was flatly set on the sea bed at the depth of aﬁout
four meters on the north side of the sand trap tube. The icside of the
sand trap box was divided into four rooms, that is directional rooms which
set to the airection of the north, east, south and west.

The establishment of sand traps is illustrated in Figure 3-21. ‘Phig
sand trap method, so to speak, is Kuler's method to estimate the littoral

drift from volumes of sands trapped in some points,

«53n



(a) Sand Dox | (b) Send Tube

e

A A

T

Sea Surfaoce Sen Surface

Fig. 3=21 Establishment of  -—- o | e A
Sand Trap T H s | =5 Sen Bed
"('!"a-“ 3 I
s /



4. RESULTS OF SURVEY

4~} Topography

4-1=1 Topography on Land Area

The fopdgraphical_features on land around the survey area are charace
tarized by hillg, terraces and low land plains.

Khao Khrbk and Kﬁao Noen Krapfok are'representative hills which are
distributed in the northern part of the survey area., The elevation of
these hille are approximately 400 metere.' Other typlcal hills are running
south to north around Sattahip adjacent to the west side of the survey area
and around Kﬁao Yai Da to Laem Ye adjacent to the east side of the survey
arca, The elevation is approximately 200 to 300 meters around Sattahip
and 600 to 700 meters around Khao Yai Da. Cénerilly speaking, the slope
of the hills oescenda at the gradient over 1/10.

Torraces expand from the au;rounaing of hills to thée vicinity of the
shoreliné; The'terrgee plain is gentle risc and full, being dissected by
smallQrifers' “The élo?e‘of the terraée plain'is senerally approximately
17100, and partly over '1/20. Bea cliffs are in the west side of Ban o
Pradu,. which 18 situated on the opposite shore of Ko Saket, and at which the
terrace fronts are’ close to the shoreline. The rela tive nelght of the sea
cliff 1s approximately 5 to 10 metera, In the vicinity of piedmonts of
hills, there ave recent alluvial fans. ' :

Low land plains are distributed rrom the eastern part of the survey
area to the v1cinity of Rayong and to the basin of the Khlong Yai in the
north part of Rayong. fThe low lands near the shorelinc are alternation of
sand bandé (sand-dpneé) and baok swamps parallel to the shoreline, 'The
low land of the'iﬁland area is mainly floodplain of the Khlong Yai, in
which swamps are widely observed, The slope of the low land plain is under
17100, _

The topographical map at socale of 1:100,000 raduced from the existing
maps is shown in Figure 4-1, and the‘topographical map of the survey area
is shown in attached map at the end of this report at scale of 1:30,000
including sea ‘area, This topographical map is reduced from the topogpraphical
mapg at 1:10,000 which 1ls the final reault of the topographic survey of

this study, and which is shown in the separate report "Survey Data',
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Fig. 4-1 TOPOGRAPHICAL MAP
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4-1--2 ‘Topography of Shoreline

The shoreline in the vicinity of the survey areu makes a big curve
ap ‘ne center of ihe survey area is put asidge to north, In the eastern
end and western end of the shoreline, the capes named Laem Ya and Laem
Sage Ban regpectively run out into the sea, ‘The cosstal area biiween
laca Ya and Laem Samae San is composed of a sand beach except the vicinity
of wontrol points "Ban Pnala', K-7 to K-8 (nesr lan Phayun), and k-13 to
£~14 (near Ban Nam Tok ) where rocky outcrops are observed.

Sea cliffs, ucacribed above, are observea at Ban Ao Pradu to Ban
Fh-la havihg o relative height of over 1.0 meter ip maximum at the north
part of control points K.13 to X-14.

On the other hend, in the east side of Ban Ao Pradu sand bands having
a »levation of 2 to 3 meters above M.5.L. (Koh Lak standard) are widely
observed in front of the sea.

Sweall rivers flow into the sea in the survey area and make estuarine
sand bars which vary their features all the time.

The representative topographici.l profiles of the shore zone perpen-
dicular to the shoreline are shown in Figure 4-2 based upon the resulis
of the shoreline survey. The number of these profiles is8 the control point
number shown in Pligure 3-1. Therefore, the proliles show the topographical
features of thé shore zone between 130 meters inland and 330 meters offshore
from the control points with a few exceptions,

Seeing the topographical profiles in survey area, the topography of
the fore-shore is diviaded broadly into four areas. The first one is the
west side of the contol point "Ban Phala" (K 721,683 km) having a gentle
gradient of about 4/100 between + 4 meters and - 1 meter with Chart Datum
level (CDL) which 1s 2.19 meters below Mean Sea Level at Koh Lak (MSL).

The second one is the area including the control points K-6 (B 723.763)

and K~-10 (E 725.961), which has a comparatively sharp gradient of about
12/100 to 15/100 between + 4 metera and + 1 meter above CDL because of

the sea ¢liff's approach to the shoreline. The profile of K-13 (& 72?.662)
s a typical feature in a roecky outcrops zone, The last one is the wide
area including the coatrol poiats 8 (B 729.944) to K~34 (B 740.046), namely
the eastern half of the survey area. The gradient of the fore-shore (+ 4m
to zero above CDL) ig 57100 to 10/100 and the gradient from zero to - 2m

is 1/100 to 1/200 in general.
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4=1=3 Islands and Rocky Qutcrops

The representative island in the survey area is Ko Saket, which is
the Tal ward for the_island of Saket., Ko Saket is located approximately
two kilometers offshore from the shorellne nesr Ban Ta Kuan which is called
thi Saithon Beach, and less than one kilometer in circumference.

On the west side of the survey ares, a range of islanas named Ko Raet,
Ko Samge Pan and Ko Hok runs southwards from Laem Samae San. On the other
hand, Ko Samet is located at gouth of lLaem Ya on the east{ side of the survey
arod,

Rocky outcrops, as described before, are distributed on the west side
of the.pipeline. Eapecially, “Hin Khong" outecrops 1.5 kilometers offshore
of the control point K~13 near Ban Nam Tok is typiczl and some rocky out-
erops are observed fronw the vieiniiy of Hin Khong to the offshore area of

Ban Phala. Many rocky outerops are also observed within 500 meters of the

surround ing of Ko Baket.

4-1-4 Bathymetry

Tha topography of the sea bed in the survey area is divided broadly
into four morpholegic sections, The first morphologic section is a
planation surface observed in the shoreline to the water depth of abaut
6 metersto 9 meters with the datum of Chart Patum Level (CDL = JMSL -
2.19 mj hereafter used CDL as the datum of hydrography), The second
rorphologic section is another planation surface observed on the offshore
area more than about 5.5 kilometers apart from the shoreiins. The third
morphologlic section is ﬁhe slope between the first section and the second
section. The fouth morphologic section is a depression like a caldron
observed in the southwest part of the survey area,

The isobath map of the survey area is phown in pigure 4-3 based upon
the results of the aounding, More detriled maps ai scale of 1:10,000 is
attached in the genersted revort "Survey Deta”, and the topographical map
reduced from the nbove mapr and including the lend ares ig shown in attached
map at gseale of 1130,000 at the end of this revort.

U) The first morphologic rection ie subdivided into four trects; nomely

the eart side of Ko Ssket, the vicinity of Ko Saket, the area between Ko
Saket and the plpeline, and the west slde of the pipeline,
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In the east side of Ko Haket, the sand bar with strikes NK and oblique
to the shoreline is roﬁnd in the shallow area less than % meters. The
pLumtion surface ;a apparent in the water depth of 6 to 9 meters,

The feature of the sea bed in the vicinity of Ko Saket is character-
fzid by rdcky outdrobs._ The sand bar with strikes ENE is also found between
Ko 3aket and the Ban Takuah beach.

On the area betwoen Ko Saket and the pipeline, the contour line of
6 »eters which is the outer boundary of the planation surface is 3.5 kilo-
meters offshore. This area have a wide and gentle planation surface on the

}ﬂle;I-GﬁfcropB, however, are found in the center of this area winich is
located about 1.3 kilometers offbhore of Ban Ao Pradu, fThe sand bar with
strikes NE is found between these outcrops ana the pipeline,

The sea bed in the west slue of the pipeline is flat on the whole till

the contour line of 6 meters. Outcrops, however, are scatterea all over

the area,

(?) ‘The second morphologic section is subdivided into two tracts. One
is the tbngue~iike salient distributing widely'from the'center of the west
gide in the survey area about 10 to 11 kilometers offshore towards the west,
having the water depth of 15 meters or so, In the northern and eastern
parts df_the above tongue~like salient, the depression of 16 to 18 moters
water depth.ls Tound. _

The other tract is the offshore area in the east side of the pipeline,
In this area, the water depth increases gently towards the southeast.
Small depressions are’ found here and there more than 20 meters water depth,

(3) The third mofphologio section ig the slope located between the above

firat section and second sectlon.
The average grade is about 471,000 between 6 and 13 meters water depth

on the western part, and about 6/1,000 between 6 and 15 meters water deplh
from the vioihity of.fhe pipeline to the ofishore area of Ko Saket. OUn
the eastern.part, the slope is obscure.

dome outcrops are found in the area of about 3 kilometers apart towards

the west from the pipeline.

(4) e last morphologic seotion is located in the southwest side of the

second gectlon described above and localed in the west side of the pipéline.

The feature of this section is characterizeu by the elliptic depression

with strikes NE which is found at the western boundary of the survey area.
On the southeast side of this depression, some uepressions anda salients

arg arranged extending southeastward.

w5 e



4-2 Geology

4-2~1 OQutline of Geology

The stratigraphy in Thailand ranges in age from Frecambrian to Recent

as shown in Table {-i,

Table 4~1 Stratigraphy in Thailand

ERA PERIOD Brown et al. C. Javanaphet ot al.
o
H
g Recent Alluvium Alluvium & River gravel
-§ § Pleistoconel Terrace deposits Terrace deposits
3 | &
2
8‘ .g Neogene Krabi Series Krabi Growp
+¥ >, ;
b |Faleogene | w.o 5ot Series pao Mob & L
Cretaceous Xhorat Group
Salt & Khok Kruat
o Khorat Series Formation
Wl ] e s e mn e e b e 6oy e mn m e sy e e e
e .
5 | Jurassic Fhw Kradung
E Formation
b
Priassic Lampang Group
Marine Formation
Permian Ratburi Group
Ratburi Limestone : ,
Carboniterous ' Ratburi Formation
o Kanchanaburi Series ‘Tanaosi Group
K
3 Devonian Kaeng Krachan &
o Kanchanaburi
@
- Silurian Formation
& .
Ordovieian Thungson Limestone Thungson Group
Cambrian Fhuket Series Tarutao Group
4 Interved f(rom
g Precambrian pebbles in
S Fhuket Series

0-660-

{REDECO, 1972)




Tha Btratigraphy of Sattahip to Rayong area consists of Frecambrian,
Pajvozoic, Mesozoic and Quarternary In age as shown in Figure 4-4.
Presambrisn baaement rocks are distributod around khao Yai Da and
fo Samet which axe adjacent to the eastorn boundary of the survey area,
. bagerent rocks may be divided into two typioal belts, One is composed
of quartz—mica achist, quartz—kydnite schist and other crystalline schist

rorks. The other ie composed of gneisses, amphybolite and cale~silicate

rDl_"kS ) .
Paleozoic may be divided into two groups. One is "lanaosi Group"

(. Javanaphet, 1969) distributed in the hills around the Sattahip area,
Tais Tanaosi group io composed of quartzito, quartz schist, sandstone,
metasandétono; netasiltstone, slate, phyllite, phyliitic shale, hornfels,
marble, limestons and other sedimentary or metamorphic rocks. The limestone
is often mixed with dalomatic and argillaceous rocks. ‘e group around
Sattahip.is considered to be of Ordovielan age (3. Sérapirome, 1982},

The other'group'of Paleozoic is named "Ratburi Group" (C. Javanaphet, 1969)
distfibuted in the east side of XKhao Yai Da. The Ratburi group is composed
of sandstOne, conglomerate, tuf faceous shale, cherf and other sedimentary

;@cks.' This group is considered to be of Carboniferous to Permian (s,

barapirome, 193?)
Granitio rocks szre distributed in the hills belt of the northern part

of the’ invostigated area., These granitic vrocks are characterized by coarge-
gra3ned porphyrltio texture of adamellite type and are regdrded a3 of Tri-
asaic age by an isotopic age determxnatlon.

As the Taertiary rock does not exist in this area, Quarternary deposits
overlie the above bedrock directly and unconiormably. Pleistocene terrace
deposits are fan deposits provided mainly from granitic rocks and are com-
posed of gravel, sand, silt and clay.

Recent deposits are distributed in the law plain of the Knlong Yai JasLo
and near the shoreline. ThesQ doposits are mainly composed of alluvium

and beach sand,

-7~
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4-2-2 Geological Classification

The stratigraphy'in the investigated area consigta of granitic rocks,
ter-ace deposits and recent deposiis as described above.

From the resulis of the soil investieation, the selsmic prospecting,
the electrical prospecting and'the sonic prospecting, the geolorical
eleysification of.the investigated aree and the characteristics of layers

clessified are as failowa.

(1} 8oil Investigation

The rerults of exvloratory borings ere shown in Figure 4-~5 as Drilling
loxg, With reerrd to the representeiive cross rsections, geological profiles

are shown in pitached figures at the end of this report inciuding the
results of geophysicel prospaatings.

It haa been mede clear thrt the stratigraphy in the investigated area
consists of granites es bapemeént rocks snd unsolid deposits of GQuarternary

age which overlie the grznites unconformebly,

a) Granite

The granite is characterized by coarsze-grained porphyritic texture of
rock=-forming minerals end by leucocratic rocks coampogsed of achromatic
mineralsy nemely querty and feldspsr.

According to the rerults »f exploretory borings, the srsnite is highly
weathered even in the deeper part hoth on land ares and on offshore nres.

Generally speaking, the reasom why the weathered layar of granite is
distributed in broad rengee comparing with other leyers is considered to
be the physical and chemical properties of grenite iteelf, MNemely, the
rranite is.easy {o be weathered by the physical weathering becsuas of its
large crystals, Under the conditions of the repctition of heating and
coaling for a long period, the combination of minerals is decompossd because
of the partial concantration of the atroragn’ by expansion and constriction
eorresponding to the physicel characters, adding that, the mica and feldspar
of rock«forming minervals of granite are pvhysically and chemically unstabdble
romparing with quarts. and are eranulatsd and transformed into secondary
ninerals like alay and so by the cheminal weathering,

“69=



the granite in the investirated area has developped joints and oracks,
and  is abundant with feldspars which sre essy to be weathsred.

On the other hand, outcrops of unweathsored granites are ohserved at
Ko Saket, in the noastal area from Ban Nem Tok to Ban Phala, and at Khao
Khrok located Ln the north part of the inrestizated area.

By the obsaxvation of boring samples, it was clarifled thet feldspars
hava throughly been decomposed into cléyéy gecondary mingrals in the
uppermost part where the weathering ls in its final stage., The quartz,
however, remains sranulated rravels of 2 to % milimeters in diameter,

We call this westhered part "Uighly Wenthered Granite", The thickness

of highly weathered granite is approximately 13 to 17 metera_on the shorae
area, namely at Borina Point No.l1, No.2 and No.3, snd vexy thick on the
inland area, namely 31 meters or more »t Boring Point No.4. Though the
original rock structures can be also found in highly weathered granite,
it is easy to crush down by finger~tips.

With respect to the degree of weathering, it bscomes weaker with
denth, Therefore, it is difficult te distinguish clear boundaries of the
degree of werthering, In thls study, we call the grenite in lower stagze
of weathering "Weakly Weathered Granite" judging from the time spent for-
drilliing snd the observation of samples, _

On this exploration boringe,; the fresh ersnite could not be found aut,

b) Quarternary Deposits

The auarternery deposits ere composed of fluvistile and marine una.
consolidated clastic deposits and divided into terrace deposits, sand
dune devoalts and alluvium.

The terrace depogsits widely overlie the . granits both .on land area
and offshore areay and are meinly asomposed of pertiecles of granite origin,
These derosits sre clessified into clayey sand, clayey sravel, sandy oley
and erevely rlay. Sand and gravel mainly aonsist of auartz and aravels
are pebble as much as 2 to § milimeters in maximum diameter. Fine~grained
roils are abundant in clay and sticky,

The gand dune devosits ere distributed in the noagtsl erea of the
easst side of the pipeline and consist of fine=grained sernde, which were
reconsnized at Boring Point No,Z.

Alluvium is saen in the law plain alonzg the rivers and covers terrare
deposite. and composed of very loose ssnda.
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¢) standard Penetration Test

The stendard penetration test was carrled out to grasp the relative
goll strength at the same time with the exploratory horings. The results
of +1e standard penetration tests are shown in Drilling Logs and Pligure

4=b Flgure 4~6 shows the frequencles of N-value for each layer,

(Rocent Deposita)
Sand ¢ Nevalue is under 10 for the momrt part, The majority of Nevalue

ig less than 5. This means that the gand ig vary loose,

(Terrace Deposits)
Claysy sand : N-~value is between 6 and 45 for the most part, and

the majority is lese than 30.
Clayay gravel ¢ HN-~value is between 20 and over 70, and the frequency
over 70 is high,
Sandy gravely clay ¢ N»valué is between 6 and over 70, and betwaen
o ' 6 and 25 for the most part.

(Granitic Rocks)
Highly weathered granite 1 N~volue is between 10 and over 70, and
the FieQuency over 70 is high.

Weathered granite : Nevaluo is entirely over 70.

d} Laborratory Sail Test

Laﬁoratory soil tests were oarried out using the samples obtained
by the standerd penetration tests roegarding phyeical soll tests, nenely
specifio gravity, molsture contenit, grein size distribution, liquid limit

and plastic 1limit,
The results of the laboratory soil tests are shown in the attached

sheets at. the end of thls report, and are shown .in separated appendix

“"Survey Data" in details.
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(Speoific Gravity Gs) ,
ithe Bpeoifio gravity is ‘oetween 2.50 and 2,65 for the most part,

seeing - for each la,yer, the apecific gravity is 2 605 to 2,649 for Alluvium
sand (A8), and 2,582 to 2,658 for clayey sand (Ts), 2.534 to 2, 643 for
elayey p;ravel (Tg)s 2.57% to 2,670 for sendy gravely clay (Te) within
terraoe deposits, and 2,560 to 2. 648 for highly wen thered granite. :

(Natural Moisture Content ¢ Wn)

The nptural Mo bure. content is 7.8 to 22, 3% for s, 1. 2 %o 26.4%
for Ta, 10,7 to 15,2% for ‘I'g and 8.9 to 24.8% for Tec. Thet of highly
wathered granite is _6._1 to 28.4% and have a tendency of deeréésé with depth'.

(Grain Size Distribution) . B

Alluvium gand is composed of sand fxa.ction and gravel fractlon with
the content of sLout 90% , and contains little clay. Terrace deposits
contaih'fmuoh silty and clayey contents; especially clayej contents,
Ragarding:.the highly warthered granite, the coese-grained soil fractions
fnorease with depth corresponding with the degree of weathering, In the
uppex pert of the granite lﬂyer, the contents of sands end gravels are

about. 40 to 50%.

(Attorherﬁ Limits) _
Atterberg 1imits were carried out using cley samples of terrace deposits

(fe}. The results are 30. 8 to 46, O% for liquid limit (LL) and 17.1 t»
2%.1% for plestic limit (PL). The plasticli_ty index (PI) s caloculated as
13.7 to 19.9. .

12) Electrical Proapecting

Resistivity ' depth ourvea, namely F=a curves, gained from field
data are shown in the separated appendix "Survey Data", As the results
of the electrical prospecting, subsurface formations &are clasml‘ied into
the following five layers according to the resistivity 1nterpret1ng,ﬂ—a
turves,

Bl



Phe first layer with relatively high resistivity of 300 to 1,000
(?-m is5 considered to be surface soil.

The second layer with resistivity of 100 to 300Q-m is considered
to he terrace deposits,

The third layer with reslstivity less than 100 Q-m is conaidered to
highly weathered granite. In the case where this layer is distributed
in sea area, the resistivitly becomes lower.

The fourth layer with higher resistivity of 20 to 500 n-m than the
third layer is conslidered to bo weathered granife.

The last laysr with high resistivity more than 5000 -m is considered
to be fresh granite.

Cenerally speaking, it is said that the electrical resistivity in
the investigated area is relatively low., Table 4-2 shows the summary of
the resistivity classification by electrical prospecting with the velocity

clagsification by seismic prospecting and other classifications.

{3) Seismic Prospecting

Travel time curves gained from fleld data are shown in the separated
appendix "Survey Data". As the results of the seismic prespecting, subsurface
formation are classified inte the followipng five layers sccording to the
velocity interpreting the travel time curves. The geological profiles
for repregentative cross sectiong are also shwn in the attached figures
at the end of this report as the velocity clesesification together with
other classificaticns.

The first layer with the geiswic velocity less than 1.0 km/gec is
congidered to be surface sgoil, This layer hag a thickness of 2 to 9 meters
in general. The thickness on the terrace plain and around ths eastern
coastal area, however, is wmore than 6 meters i{n some places.

The second layer with the velocity of 0.6 to 1.4 km sec is considered
to be terrace deposita composed of sands, pebbles and clay which have been
provided fan-shapely from northern highlands of granite. fThis layer has
a thickness of about 10 meters in genenal, and as much as 20 metars in
some places on the coastal area.

The third to the fifth layer i3 censidered to be granite., According
to the velocity, this granite layer is classifled into three layers,
namely the third layer with the wveloolty of 1.t to 1.4 km/sec, the fourth
layer of 2.4 to 2,6 km/sec and the fifth layer more than 4.4 km/see which

e VL



are considered to he highly weatherved granite, weathersd granite and fresh
grar.Lte resnectively. The third layer has a thickness of 20 meters in
paxiaum, and does not exist around the eastern coastal area where the
gecnd layer overlies the fourth layer directly. fThe fourth layer hasg

a thlekness of 15 to 20 meters,
Pigure 4~7 shows the depth of the granite surface, namely highly

wea:hered granite surface, by contour lines with %the datum of M,.S.L.

(Kot Iak}.
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{4) Sounic Prospecting

The'stratigraphy of the submarine geology in the investigated area
gay 1€ classified into three layers, which we ¢al) Gegroup, D~group and
pepeaber from the lower layer to the upper layer.

(G-Group) ‘ _

The G~group ia recorded with the blackish and digpersive pattern on
the origlnal recording paper, and. the surface of this group 1y undulated
ag #hown In Figure 48 (1),

This group can be c¢orrelated with "Weathered Granite" of the stratigraphic
chassification on the soil investigation, and with "Porth Layer" of the
velocity olassirication on the seiamic progspecting. This means that the
i~value 1s more than 50 and the pelsmic velocity 1is more than about 2.5
kn/zeCs | '

Figure 4-9 shows the geéldgical feature of the Q-groupts suzface on
offshore area and of the forth layer's surface on land area at a scale
of 1:100,000 scaled down fiow a large original which is shown in the attached
map at the end of this report at a scale of 1.150,000,

(D-Group)

The D-group is recorded with twa typical patterns. One is the darkish
and zimple c¢aloured pattern ag shown in Pig 4-8 (1), and the other is the
vedding plane as rhown In Fig. 4-8 (2).

This group may be subdevided into two formatiens on #ffshore area,

The lower formanation Ls called "D2~formation" which csn. be mainly correlated
wlth "Terrage Deposits" and the lower part of which can be coxralated with
"Highly WOathered_GranLte" * In other ward, this D ~formation can be correlatud
with the “Sécohd‘an& Third Layers! of the velooity classification on land

area which_have 0.6 to 1.4 km/éeo in selsmio velocity and about 15 to 50

In Nevalue, '

The upper formation of D»group is called “D -formation" which is
distributed on offshore area only having s water depth more than 15 meters
and a distance more then 7 kilometers from the shoreline, This D1~formation
wy be composed of gravels, sands and silbts in age of later pleistocene
vhich has about 15 t¢ 30 in N-value.
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The geologlcal feé.ture of the D=group's surface on offshorse area is
ghown 10 Frig. 4-10 poaled down from a large original which is shown in the

attachiad map at the end of this report.

(A-Memher) - o :
Phe A-member ig recorded with the light and simple coloured pattern

under the see bed which in recorded_w_ith blackly coloured line as shown in
Fig. 4-8 (2). R |

This member RN be correlated with “Becent Depositslt w'ni,ch are mainly
compoged of‘ the very loosa med Lum a.nd coarse sands less than 10 in N-value,
on ofrshore area deeper than about 14 meters water depth, this member includes
clay and shelis,

The thickness of the A-member on offshore area ia shown in g, 4~11
gealed. down from a large original which is shown in the attached map at

the snd or thle report.

(5) gea-Bottom m‘atetial.a

The reeults of the sea~bottom materials are shown i,n Table 4-% and
Plgure 4-42. Table 4-3 shows the results of grain ‘glze distribution with
50% (D,jo), 25% (D95) and 75%([) ) of the grain size distribution curves
vhich are shown inh separated appendjx n"gurvey Datan,

Seeing the resulta, the materials on the shoreline arg composed of
COAYEE 3anda with 0.53 to 1.0 millimetera in ])50 except the sampling pointas
K=2 and K-14 composed of fine sands, K-33 of medium sands and K-6 of gravely
sands. -On ofrshore area more than 14 meters water depth, the botwm materinls
includs clay and qhells. on the other hand, grnvels are observed on the
vwest slde of the pipeline and offshore aresa,

~01.



Table 4-3 Results of Sea-Bottom Materials
Sarmpting O 5010 251D 75 Materials{iSampling O 50 |D 26 |D 75 Materigs
No. No. o
k-1-2 10.8510.65| 1.3 | ¢S 8 5 10.80]065{ 1.0
-t — -]
K--2 |oi3losof o2t | (s | 8 7 10.73]0.60] 1.0
Rl ] L
K—6 |11 [026]25 [ SG B8 [1.2 {08518 {
— i - T
K-10 |078|052) 1.2 | ¢S D {44 (3.0 {87 sh
[ k-14 [018 [012| 035] (S 19 |13 ] 070] 23] sh
S 0.53f 0.30] 0.82] ¢S 20 (075] 015] 1.6 | sh |
o T
Pipe Lind 0.63] 0.28} 093 ¢S 21 095| 0.63| 1.3
#-20 |ossloso[ 11 | cs || 23 lo90 0.40] 30| sn |
k-24_[0.65] 038] 1.0 | cs 24 |o078]0.25/1.3
K26 _{0.56] 029 1.0 | ¢S “ 25 __10.55 0.40| 0.80| sh |
k-29  10.75| 0.50| 095! ¢S 26 |14 |o0095{ 40 | |
k-3 3 [0.411 022] 070 mS I 27 |©08)] — | 9.0 sh
%k-37 |1.0 | 09812 | ¢S | 29 |30 (%8 |70} N
Y—0 1.4 | 0.90|2.2 30 |11 |e22] 35| sn |
R-0 |064] 0360.95 31 |11 joso| 1 | ]
6—0. |0.42| 0.20]0.80 T — ]
( Note ) D 50 : 50% of grain size distribution
D 25 : 25%% of grain size distribution
D75 : 75% of grain size distribution
cs 1 coaxse sand
ms ¢t meddum sand
£S : fine sand
G : gravel
sh : shell

Q2



i

11 4.4
29 27
&
3.0 =

Legend
20 s—— Sampling No.

(:}mm——SampHng Point
Sand

Q.D.. .0 K
s Gravel 0 1 2 3 & 57

SCALE

Vo S Y SO O
Gﬁb Shells

0.75 b 50 {mm)

Fig. 4-12 Distribution of Sea-Bottom Materials

e X




4-2~3 Civil Engineering Study

(1) Roek Excability

Tt {g well know that the seismic velocity have a good corraelation with
the excability which means difficulty in excavating. This empirical coxrelatf,,
i shown in Flgure 4~13 with a working efflciency of a bull-dozer and a
ripper-dozar for 20 minutes. .

The stratigraphic classification on the investigated area is shown in
Table 4-2 degeribed before, The soil and rock classification at the right
column in Table 4-2 corresponds with the clagaification of Figure 4-13.
pamely, we divided the c¢lassification into Soil I, Soil II, Soft Rock I,

Soft Rock II, Hard Rock I, Haxd Rook II and Hard Rock ITXI. Boid I, Soil

IT and Seft Rock I, Sofk Ronk IT and Hard Rack I, Hard Rook TIT and Hard

Rork ITI, Hard Ronk ITI ara ocorrelated with recent depositis, terrace deposits,

highly weathered granite, weathered granite, and fresh granite xespestively.
goil I'IT and Soft Rock I°'II1 may be excavated without the task of blasting,

Hard Rock I¢IY may be excavatied wifh rippar«dozer. Doulder blasting,
howaver, may be required occasionally depending on the weathering degree of
granite.

Hard Rock ITT may be exclusively excavated by blasting. The excavation
by blasting is considerably deoreased in efficiency comparing with other
methods. The dynamite consuming ratio for excavating the velocity layers
of 2.4 to 2.6 km/sec and more than 4.4 km/sec may asmout 300 to 400 g/m3
and more than 1.000g/m3 reapectively.

It is conoluded’by sayipg that the efflciency of excavation is set a
1imit to the highly weathered granite with the veloclty classification of
1.1 to 1,4 kun/sec,

On the other hand, the criteria of the dredging on offshore area are
shown in Table 4~4.

The dredging of A-memberx, D1wformation and the upper part of Dewformathm
may be possible by & suction dredger and or a grab dredger. The lower part
of Dzwformation may be possibility of s rock-cut and a blasting iz required

to G~group.

wO -
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(2) pearing Layer

uacent deposits arse mainly composed of loose sands and clayey sands
jess iheh 16 in N-value, therfore it is obvious that this layer is inadequate
for ¢ beering layer.

verrace deposits vary from silts to gravels on their compositions.

pecavie of this unstable oompdsition, it is recommended to avoid this layer

vearing layer though Nevalue ig around 50 in some places.

Highly weathered granites are approximately 20 to 50 in N~value, therefore

e tayer is also inadequate for a besring layer becavse of the low N-value,
fn conclusion, the most veliable stratigraphy for a bearing layer ig

yeathered granites which ere c¢lassified ag G-group by the sonlc prospecting

and the fourib layer around 2.5 km/sec by the velocity classification,

for &

{3) Quarry

there ére two proposed sites for a quarry to expleoit rock materials.

gne slte is the granitlc mountain located at the northern part of the
investigated srea. 1In spite of the advantage in the locality, this site
is concidered to be not adequate entirely for a quarry because of the weathering
and the unateady distribution of granites.

The other site is loocated at the highland close te Sattahip, where some
live~stone mines and quarries for rock materials are at work, This rocks
are composed of Tanaosi sedimentary rocks and metamorphic rocka. This site

ig comsidered to be adequate for a quarry.
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4-3 Tides
. Phe hourly tidal levels obtained from the tide obmervation at Ko Sake:

for the period of about 1.5 months are shown in.-the separated appendix "Su ovey
Patal, Maximum and minimum tide levels observed during the poriod at Ko
Saket are as follows. _

Maximum Tide Tevel ¢ +0.76m {18:00, Sep. 15)

Minimum Pide Level t =1.57m (11:00, Aug. 20)
Where, the datum of tide level fs the Mean Sea Jevel at Koh Ilak (hereaftex
called MSL).

4-~3~1 ‘Tidal Harmonic Analysis
The results of the tidal harmonic anolysis by T.I. method are shown

in Table 4~5. In Table 4-5, the left column shows the regult using the data
during one month from Aug. 19 to Sep. 18 {Bpoek Sep., 3 means the central
day of this perlod), and the right column shows the result during one month
from Sep. 3 to Oct. 3 {Epock Sep, 18), Comparing thege raaulté, the values
are nearly the same. Therefore, the result from Sep, 3 to Qet, 3, namely
the value of the right colurn, is uwsed hereafter, _
Pinrnal tide constituents K1 and O1 prevail in the investigated arvea,

followed by P1 and gemi~diurnal conatituents Mé and 32. The tide type is
given by (K,+ 0,)/ (M,+ 82) in general, In this area,

K1+ 04 0.601 + 0,357

Hy+ 5, ~ 0.191 + 0.087

= 3¢45 > 1.50

This means that the tide type in this area is a diurnal tide which has the

high water and low water once per day,

4-3~2 Tidal Diagrxam -

The short period of obaervation at Ko Saket does not allow to prepare
& comprehensive tidal diagram in the investigated area, A final tidal diagrsd
was declded updn by using the existing data. from Satitahlp Commercial Port
and so on ag refarence as shown in Plgure 4-14, In this diagram, the tide
level is shown with the Mean Tide Ievel : MIL (local Mean Sea lavel at

nga,.



xasakﬂt) and MSL {Xoh iak gtandard ). Criteria for determining each ide

jevel nre given below.

{IGHEST HIGH WATER (HHW)
. Iighest tide level at Sattahip Port (1970)

MEAN HIGHER HIGH WATER (MHHW)
t Maximum value using the following equation for Proplie Tide 3

Hye cos (29t = K, ) + (H' + H ) . cos (15% ~ ﬁlngﬁﬁa )

where, Hm’ Km : amplitude and phase lag of M2 constituent

Ht, K* 1t amplitude and phagse lag of K1 constituent

Ho’ Ko 1+ amplitude and plase lag of 01 constituent
namely, K= 0e19Mm, K = 91.7°
H'= 0,60Mm, K'= 149.3°
= 0.357Tm  Ko=112.0

MEAN SEA LEVEL (MSL) _
: Mean Sea level at Koh Lak (Datum of Elevation in Thailand)

MEAN TIDE LEVEL (MTL)
t lLoecal Mean Ses Level atk Ko Saket

MEAN LOWER LOW WATER (MLLW)
t+ Minimum Value using the equation for Tropic Tide

LOWEST LOW WATER (LLW)
t loweat tide level during observation

CHART DATUM LEVEL {(CDL)
1 Towest tide level at Sattahip Port (1951}
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pable 4-~5 RESULT OF THE TTDAL HARMONIC ANALYSIS

STATION #% KQiSAKET TIME KEPT 59 o7
LAT, 12+39= 0 Ny LONG, 1OLl~10w~ O E UNIT OF HEIGHT av

## HARMONIC CONSTANT ##

TOURATION ONE MONTH ONE MONTH ]
EPOCK 1982/ 9/ 3 00-00 1982/ 9/18 00=00 "’ﬂ
CONSTI= | MEIGHT KAPPA G || HEIGHT KAPPA 6
TUENT IN METER [N METER
(LONG PERIOD TIDEY A N S

M 00961 30,93 34,74 0Q.0661L | 42,50 | 46.3Y
THSF 05,0569 | 239,28 | IE6 33| 0. 0619 [ 268,38 | TS 5
Q1 0.0762 90,09 ° _93.61 1 86,04
01" 6,365 BV I Y 111,96 T 108 .73
M1 0.0388 233,36 182,76 183,04
KT T 0.5963 147757 1R 3L Y 153 TR
J1 0.0256 300.56 258,81 | 266,74
001 0.0242 149.56 176,65 | 168.%;
£y 01976 | 144,82 | 146,51 | 150,09
(SEMI-DIURNAL TIDE) L . N
A7 0402056 33L0.3% 317,68 LF SRS ¥
N2 0+0531 83.20 62,95 59,10
W2 "0.1866 TRRTET 51,68 97,24
L2 040324 92,10 108,53 112,89
52 0.0871 146,36 164,03 0,0865 142,16 149,82
25M2 0.0097 84.22 | 99.00f 0,0145 92,53 107,31
Y 00237 151706 [ 159.30| 0.0235 146,24 154,43
yU2 010103 8388 8litall 0,0085 66,80 64,06

T2 T 160051 [ 144,03 154410 o0,0051 | 14¢,1¢4 147,52
{THIRD-DIURNAL TIDE) .
| M03. | 0.0088 | 118,36 | 115,35f 0,0094 | 131.52 | 128.5]]
) TT0.,0043 763,17 264%.00]| 00,0031 240,49 | 241,92

MK 3 0:0069 168462 173,300 00,0081 | 230.80 [ 235,48
BUARTER-DIURNAL TIDE] B I B

TMNG ] 0.0037777 28698 | 284428 0,0036 | 250,68 | Z247.99

| M4 0.0134 275.05 276416 0,0124 261,12 | 262,23
SN% 30058 31489 31930Y 0, 0019 289,83 7294, 2
MS4 0.0120 355,69 3491 0,0108 341,25 349,41

(SIXTHDIURNAL TIDE)
2MNe 00032 125,138 1230007 G.0040 6 A0 T 14425

Mo 00021 115,77 | 117431 0,0033 162,86 164,52
MSNe 0:0029 [ 7TTT5VET TR0 AN 0,00286 5T 04 62,01
2MS8 0.0015% 23.26 32.04fF 0,0011 271,40 280417
75Me 0.0035 [ 68,37 34.26Jll 0.0033 | 103,86 | LL9.75]
: —
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Ko Saket Ko Lak
M. T L. Standard
4172 ] +1.52 Highest High Water(HHMW.)
=1
+1.00 +0.80 Mean__Higher High Water(MHHW.)
Mean Sea lLevel(M.S.L.)
4020 {5 -1£0.00 (Ko Lak Standard )
+0.00 - .20 Mean Tide Level(M.T.L.)
e ]
~0.93_ | -1.13 Mean Lower Low Water{M.LLW.)
=137 -1. 57 Lowest Low Water(LLW)
e e 7 ]
=189 ) ~2.19 Chart DatumLevel (C.O.L.) 3
Fig. 4-14 Tidal Diagram at Ko Saket
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Rogarding the Local Mean Sea level & Ko Saket (MIL), the annual MTL was
obtained by the correction of the following procedure.

{m}

MPL for the same period at Sattahip .
MTL for the long period at Sattahip (see Plg. 4-15)

Difference between the short veriod MPL and the

lon# period MTIL at Sattahip

MPL for the long period st Ko Saket

(Datum: MSL)
MI'L for the period of Sep. 3 to Oct, 3 at Ko Saket

H

*
H

(about =0, 20m)

~0,166m
~0,070m

-0, 09651

~0,197m

Perlod:1940-1965

051 26years average
Q.4
0.35
0.2
o A
| M. S L{to Lak) .
lrem TV 1 S
"’T ‘M.1.0{Satlahip )
\-\-_.m.——-—v/
~05+ .
I | ! I ] I I I | |
Jan Feb Mar Apt May Jun Jut Aug Sep 0ct Nov Dec

~102-

‘Fig. 4«15 Mor_xthly Mean Tide lLeve) at Sattahip



4 Gow

. camparison between Ko Saket and Sattahip

the exietine harmonic constants of tides in Sottahip are shown in Table

464

The barmonic constanis at Ko Saket are menerally small as compared

yith that at sattahip, The tendency, however, is nearly the same in height

and vhagse lag for principal constituents.

{ndires are as followes

Pable 4-7 Characteristic

geeline in details, the characteristic

Indax of Tides

| Characterigtic Index Ko Saket Sattahip
“TGum of Principal Four Constituen*a [ 115.6%9cm 179, 6hom
) (K, 5 04 5 ¥y, $,)
aum of Prinnlipal Ten onetitusnts 163, A8cm 176, T3em e
(_[(1’ 01-'[‘121- 820 P1!'K21 Q.19 N2 ’
Order of Heights First (K,) 80, 07em 5y 4dcn
. Second (01) 35, 74cm 42.04em

Third
Fourth -
Pifth (32)

(P1) 19.88¢cm
(He) 19.05¢m
8.65¢cm

(MQ) 25.68cm
(5)1&2mm
12.24¢m

Pide Type (K1 +O, /Kyt 82?

5.45

2;67
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Table 4-6 Tidal Harmonic Constants of Sattahip
. Zone i =7
CONSTI- |HET GHT g CONSTI- H.EIGHT Q
TUENT | INMETER| IN DEGREE|] TUENT! INMETER | IN DEGRE
- : . . e
LONG PERIOD TIDE SEMI;DIURPAL PIDE
Sa 0.2070 297.9 2 0,0044 2439,]
Ssa 0.0162 5,0 N2 0.0376 88,9
Mm 0.,0064 36.9 M2 - 0,2568 121,4
Mef 0.0230 136, 2 L ¢.0188 153,
ME 0.0298 69.8 s2 0.1224 190,9
DIURNAL TIDE K2 0.0296 189,3
QL 0.0704 91.3 2 0.0060 116.6
01 0.4204 112.1 T2 0.0046. 66.8
ML 0.02170 144,2 282 0.0148 106.,2
Kl 0.5944 160,6 . | THIRD~DIURNAL TIDE
Jl ©0.0308 203.7 MO3 0,0028 207.5
001 . 0.0272 207.5 MK3 0.0024 301.0
Pl 0.1820 161.2 | QUARTER-DJURNAL TIDE
1 0.0060 . 119,1 2 O 0.0034 331,9
Sl 0.0048 176, 4 M34 0.0058 67.9
2Q1 0.0048. 55,3 SIXTH~DIURNAL TIDE
M6 Q.0002 26,6
2MS6 0.0006 121.0

( 20 = 2.1936 m }
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sable 4=7 showa that the tide type at Sattahlp is elso diurnal tides, ond
that “he oum of constituents at Sattahip la larger than Ko Ssket by about
5 cenfimeters in case of principal four constituents and by about 10 centimeters
tn caie of principal ten conatituents in height«_

on the othexr hand, Figuke 4-16 shows the tidal curve at Ko Saket and.
gattznip from Aug, 19 to Aug.‘21, 1982 as an example, The occurence tiﬁe
of the high water and low water 1s neawly the same at both station. The
nelglte however, is different between Ko Saket and Sattehip. HNamoly, the
neight at Ko Soket has a tendency lower than that at Sattahip by about twenty
centineters on this period.

e e R

Fig. 4~16 Tidal Cuxve of Ko Sakat and Sattahip
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4-4 Tidal Curxenita
4=-4+-1"" Fregquency of Tidal Curzants

The average velooclty and direction of every 20 minutes obtained from
the tidal current obgervatibn are shown in the Separated appendix "Survey
Data®,

Figure 4-17 and Table 4-8 show the fresuency of direction and velocity,
hcecording to the frequencies, southward to westward'currents'prevéii in flood
causing by the topography and east northeastwerd currents prevail in ebd
at 3t. 4 off Ban Fhala., At St. B lacated between the nipeline and Ko Saket,
south to wesiward currents prevail in flood and east to southward currentg
prevail in ebb, and at St. ¢ located to the direction of east goutheasgt,
west fo wast northwestwerd currents prevall in flood and northeast to east
northeastward currents prevail in ebb, At St. D in offshore area, westward
currents prevail in flood and east to east northeastward currents prevail

in ebbdb,
The maximum current velocities during the observation period at each

station are as followsy

: 3d4em/sec (dir. 320")

St. A (2m below sea surface’)

St. B ( ’ } 1 48em/sec (dir. 293°)

st. ¢ ( ’ } 1+ 39cm/sec {dir, 218")

st. D ( s )t 48em/sec (dir. 103°)

St. D (2m above sea bottom ) : 3tom/sec (dir. 247>282°)

On the other hand, Figure 4-18 shows the tidal current curve at St, D
for nerth-south component and east~west component as an example., The periodleil
of tidal currenta is clearly recognized as a whole, When the moon's declinatio
is small, the type of tidal currents becomes semi~diurnal currenis and when
the moonts declination 1siarge, the type of tidal currents becomes diurnal
currents, For example, the moonts declination was on the equator on Septenter
6, and the maximum south declination on Avgust 30 and the maximum north
declination on Septembaer 12. |

Tidal current curves are shown in attached figures at the end of this

report in the gross.
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4-4~2 Harmonic Analysis of Tidal Currents

The results of the harmonic analysis are shown in Table 4<% for each
statibn. Flgure 4-19 shows the tidal current ellipses at St. D as an axample
and all tidal current ellipsesg are shown in attached figures at the end of
this report. According to the analysis, four constituents of K1, 01, M2

and 8, are praevalent in the investigated area, of which l{1 and M2 make up
2 vrelatlvely large share.

Thé constant current is very small, namely less than 4 om/asen.

Additionally, the principal direation of tidal currents is east goutheast
(approximately 100 ) - west northeast (approximately 280 ) as shown 1in tidal
current ellipses.

The tidal current chart predicied using the harmonie constants'is shown
in the atteched map at the end of this report. Thir chart shows the hourly
variation of tidal currents in the investigeted srea with lunar time., In
this chart, the high water means the time of the hieh water at Sattahip

Port.

4~4~3 Drogue Suxvey

The results of the drogue survey are shown in Pigure 4-20 with the
mean velocitfes among the positioning points.

The direction of the coastal currents is along the shoreline as a whole
and is west northwestwsrd on the west side of the pipeline., On the east
gide of the pipeline, the direction is west northwest ward on September 17
and northeast to east ward on September 27. That means that the direction
varies day by day depending on the meteorological esnd oceancgraphical conditien
on the eaet side of the pipeline to say the least. '

The averare velocity of drégues was approximately 10 cm sec to 50 om faer,

=1)JQ~



Table 4% (1)
List of Harxmonde Constants of Tidal Currents
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Table 4% (2)

List of Harmohic Constants of Tidal Currents
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4-5 Waveas .
4-5=3  Frequency of Waves

vhe frequencies of wave helght end wave period observed on this study
are thown (in Table 4-~10 and Flgure 4~21 for each mohth.

aceording to the freauencles of occurrences, the wave height less than
one u.s-;ter' is prbmtn‘ent through all the period of the obgervabting in the
jwveptigated area and the wave haight more than twe meters {# reldom obeepved.
The waximuin wave height was 3,20 meters on Ausust 11, followed by 3,03 meters
on Avttust 16. '

the wave height Bhows a steady decraase day by day from Auiust to October
corresponding to the decrease of wind velocity as deseribed later, Especially,
the wave height more than 0.5m could not be observed on Oetoher,

Wwith respect to the wave period, the period between 3.0 geconds to
§,0 seconds .is prominent in tne investigated ares.

4-5-2 3tatistical Ana].ysié of Wavesa

Pable 4:-41 shows the daily meximum wave (Hmex. Tmax), 1/10 maximum
vave (111/'10. ‘P1/10),- stanificant wave (H1/3. '1‘1/3) and meanr vave (Hmean,
Tmean), Here. the values of [11/10. H‘t/5 and Hmean are the mean value of
those of ~every two hours. namelv the mean value of twelve values per dav,

Oon .August vhen .the sea condition was most rough, H 1 /10 is 0.44meters
to 1.80 meters, '“?/5 is 0.33 meters to 1, 41 meters and Hmean is 0, 20
zeters to 0, 90 metsrs,

The relation among wave heights and wave periods was investigated using
the 81'/3, H1/10, Hman, T1/5' ‘I'V,]Oa_nd 80 on. As a result, the following
relations for wave heights are obtained by the least squares method as shown
in Figure 4=22, Between wave helght and wave period, and between wave period
and period, however, sisnificsnt relations could not be obtained,

Hoax ® 1319 Hy, 3 + 0,145 (r= 0,959 )
Hy go = 1+253 By 5 + 0.044 (r= 0,996 )
By g = 16558 Uy + 04034 ((r= 0,99 )
Hax = ++222 By o + 0.084 ( x= 0.971 )

=1l1l5-



Bysp0 ®1.945 0 . + 0,089 ( p= 0,989 )

Hoax ™ 20356 H, .+ 0,201 (2= 0,951 )}

Where, v 15 a coefficlent of correlation.
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pable 4-10 Frequency of Wave Height and Period
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Table 4=11.(2) . Daily Wave Data
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Table 4«11 (3) Daily

Wave Data
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4-6 Wind

The results of the wind observation at Ko Seket are shown in the separaty
appendix "Survey Data" in which the direction, average velocity and instantaneoua
velocity are shown every ten minutes. fThe wind data and other meteorological
data every three hours during the survey period at U~Tapao Airfield are shown
in the aseparated appendix, too.

Table 4-12, Figure 4-23 and Table 4-13, Pigure 4~24 show the frequencisg
of the wind velocity and direction for average velocity and instantaneous
velocity, respectively.

According to the freguencies of occurrences, the wind veloclty shows a
decrease from Auvgust to October. The prominent average velocity on August,
September and October was 4.0~7.0m/bec, 3.0~6.0m sec/and 1,0~ 4.0m fec,
respectively. The prominent instantaneous velocity was 5.0~ 8.0m/sec on
August, 4,0~ 7.0m Aec on Septmeber and 2.0 ~5,0m/fec on October,

The maximum veloecity observed during the survey ﬂariod at Ko Saket was
12.7w sec on August 20 for the average velocity and 20.0m/sec on September
6 for the instantaneous velocity.

With regard to the wind direction, the prominent dirsction was aocutheast
to south southsast on August and September, north northwest on Q¢tober. In
Thailand, winds are characterized by the northeast and southwest monsoen.
The northeast monsoon season is from middle of (Qctober to middle of February,
and the southwest monsoon season is from middle of May to middle of Cotober,
Corresponding to the monsoon saascon, the southeast to south southsast winds
prevail on August and the north northwest wind prevail on Qatober in the
investigated area.

Table 4-14 showa the daily wind data at Ko Saket during the observed
period from August 17 to October 21, 1983. The items are as followsj

Average Vel, ¢t Dally average velocity of Averagd Velocity of
every 10 minutes,
Prominent Dir, : Daily highest frequent direction.
Direction in bracket is the second frequency.
Maximum Vel. : Daily maximum velccity of Average Veloclity.
Maximum Dir. ¢t Direction of Maximum Veloecity. |

Faximum Instantaneous Vel,
t Daily maximumveloeity of Instantaneous Velocity,
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raple 4-14 Daily Wind Data at Ko Saket (1}
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Table 4-14

Setenber, 1982

Daily Wind Data at Ko Saket (2}
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Pabhle 4-14

October, 1982

Daily Wind Data at Ko Saket {3)
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4~ Littoral Drift

The results of the sand tracer (fluorescent sand) is shown in Figure
4~2% as a distribution of sand tracers in every sampling times. The resulis
of the sand traps are also shown in Flgure 4-26 on sand tube and in Figure
4-27 on sand box with the weight of trapped sands.

From the vesults of the fluorescent sand tracers, the trend of litioxral
drifts was discovered to the direction of west and southwest off Ban Phalx,
to the direction of northwest and northeasi between the pipeline and Ko Saket,
and to the directicn of northwest and southeast on the east side of Ko Saket
in general,

The results of sand traps show that the materials trapped by the send
tube were fine ailt and eclay, and were gmall in velums, The sands trapped
by sand box were medium sands and the largest quantities came from the south,
The next largest quantities were from the west,

Judging from the data on littoral drifts together with the resulis of
tidal currents and waves conducted during the same period, the followings
may be concluded ag mechanism of littoral drifts in the investigated area.

During the southwest monsocon season at the leest, waves from the direction
of southwest which prevailed during the aurvey period vary perpendicularly
to the shoreline on the coastal area by the affection of sub-marine topograrhy.
After that, the coastal currents partly flow westward, namely to the direction
of Ban Phala, and partly flow eastward, namely to the direction of Ko Saket,
near the shoreline. As the botiom sediments are believed to move along with
the coastal currents, the mechanism of littoral sand may be illustrated as
Plgure 4-28,

Quantites of littoral drifts, however, may be considered to be not zo
heavy at the offshore ares at the least becauwae of the next reasons, By
checking the sub-marine route of the existing pipeline by divers, the depressio
couls be observed along the pipeline at the survey time when it had been
pasgsaed about one yesr after setting the pipeline. Seaubottom'materials are
composed of coarse sands vwhich are hard to move. Wave helghts in the in-

venstigated area are not so high.
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5, - SUMMARY

i1 natural condition suxvey was conducted to find out the natural
conditions such a8 topography, geology, soil conditons, bottom maierials,
tmgg,tidal currents, vaves, wind and go forth in the project area as
gropouzd sltes for the development of the industrial port on the eastern
geabossd in the Kingdom of Thailand in order to obtain basic informations
for praparing a master plan for the industrial port. It is considered that
the natural conditions of the investigated area have been considerably grasped

through this survey.
mhe conolusions are summarized as follows

1) Topographical Map

The topographical maps at scale of 1:10,000 were drawn with five meters
gontour in principsl by the method of the aerial triangulation using existing
serial photographs of_1:40,000 goalea,

The topography of sea béd wvas drawn with one metex contour by sounding

ag igsobath maps at scale of 1:10,000.

2) Geological and Soil Characteristics
The stratigraphy in the ipveatigated area consists of granitic recks,

terrace deposits and recent deposits,

The granite is characterizcd by weathering and classifisd into "Highly
Weathered Granite”, "Weathered Granite" and "Fresh Granite®,

The thickness of highly weathered granite is approximately 13 meters
o 17T meters on the shore area and 31 meters or more on the inland area with
the N-value of between 20 and 50, and with the sefsmic velocity of 1.1 km/sec
to 1.4 kmrssec,

The thickness of weathered granite is 15 meters to 20 meters with the
b-value over 50 and with the velocity more than about 2.5 km/sec. Thisa
layer was classified as G-group by the sonie prospecting and reliable for
a bearing layer, The geological feature of the G-group's surface is shown
&3 a isobathio map of Gegroup.

The fresh granité hes the seismic velooity more than 4.4 km/sec and
could not be found out by the soll investigation. The out crops of unweathered
granite are observed at Ko Saket, in the coaztal area from Ban Nam Tok to
Ban Thala, and at Khao Khrok located in the north part of the investigated

area,
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3) Oceanographieal Characteristics
(a) TPides

Diurnal tide constituents K, and 0, prevail in the fnvestigated area,
followed by P, and semi~diurnal constituents M, and S,. The maximum and
minimum tide levels during the observation period at Ko Saket ave as follows;

Maximum Tide Ievel : MSL + 0.76m‘_
Minimum Tide level 1 MSL - 1.57m

{b) Tidal Currents
The prominent direction of tidal currents on offshore area is westward
in flood and east to east northeastward in ebb. The maximum curxent velocity
during the observation peried 18.43 cm/8ec, '

(¢) waves
The wave height less than one meter is prdminent through all the observation
period. The wave height shows a steady decrease from August to October
corresponding to the decrease of wind veloclity. fThe maximum wave height
was 3,20 meterg, followed By S.OSImeters.
The prominent wave period was between 3,0 seconds to 6.0 seconds,

(d) Littoral Driﬁt _
The principal diraction of littoral drifta neay the shoreline is westward

off Ban Fnala loocated at the west side of the plpeline, and eastward off
Ban Takuan looated betueen the pipeline and Ko Saket.

The quantities of littoral drifta, howovar, may bs conaidered to be
not ao heavy.
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s) Meteorological Characteristics

e wind velooity shows a decrease from August to Qotober. The Maximum
veloci by during the obsexvation period at Ko Saket was 12,1 m/sec for average
celoch by and 20,0 m/sec for instantaneous velocity,

fhe prominent wind direction was southeast to south southeast on Au-g'a;ust
and September, north northwest on October.

Jantly, the tide, wave and wind observations are recommended to be continued
for & long term to grasp the monthly variation on the investigated ares.
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1. Ssummary of Soil Test
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.  SUMMARY OF SOIL TEST
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3. Tidal Current Curves
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4., Tidal Current Ellipses
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5. Tidal Chart
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