@ A T T A V 4 |
. TOURIBM
| | N . EVELQpMENT_ .

ﬁ"“"'%j,) %{31 R ' ) |
I WATER QUALITY
N, SURVEY

| PECEMEBER 1877
ot . R

ot o e e e e T S e .

JAPAN INTERNATIONAL TOURIST ORGANIZATION
COOPERATION AGENCY ~ OFTHAWLANR.... .

. [m-m?\‘.mu‘nm
Mrmenprosizgoad
s

uks

R S R ) . K
S - '

g T —rite g -
i .1';"' T e .

__. e
o ,..;;":‘\: s
S e



- A\ Lisrary

g

;@m hﬁ%m

°’ -nc,*—:n-m




PATTAYA
 TOURISM
DEVELOPMENT

| THAILAND

WATER GUALITY
- SURVEY

DECEMBER 1977

JAPAN INTERNATIONAL . TOURIST ORGANIZATION
COORERATION AGENCY OF THAILAND



iyt CONTENTS o0 v

Chap'ter‘l. OUTLINE er s et e ey .v‘t‘l i, .v e ; o » ‘. a .o Ly l-. -.n l:llI » o‘ o.o I- o::. B
2 - 52;1}1;,_;;B60k3r00nd li'li'b.!l!.lIlll’lllOUlIOII';l!!;IO!;I':L

: 1 ZPUrPOSeS Of Survey..pllioupupuoncpcloc;cllll'llt»lr

:;i Bj;,ﬂfStudy area and submarine topography .----,------.}f :

N o

"'frljﬁ;,;r;SChedule of gurvey_..,..........,.................%f”

Chanter 2. . SURVEY O CURRENT -,
S rrrﬁfi.‘,,:Qﬁtiin§39f:éurvéY}»},};{uyyf..r;¢;11@s}s--y-@-ki;rrrr-6
: 251,1;;'Furoose of.survey'.;;....;....:.r.{}{;;..;..ru....rﬂ'
2 if.i'r 2.1.2_;'Pe110d and location of survey ...........r....;...”ju?6

= f;ni“;;IZEltﬁ ;gSurvey items .........,f..Q.}......, .......;..;.;o;_iz*fjf

]-) Tide OlOOIlJbinclnu.o-i-i‘.onu!o‘o-"loc!ionlp‘l‘lh"-'.l. 12 ..

:"2) Continuous 15~day observation1.........,,.rg.,*‘512:{'
_ '_' f.3) Continuous 25- hour observation:......{..;};..{' 412:
"fizgi;4 f_Survey method e a e s e b e e e s e :'12_ o
2.2 Method Of AnAlysis wiaevsisihiii it iiei e Th
rz}zll- ir;de_},j..,,..,....,.,,..,.........;.;,;..,;;;..;. "14'
;2;?.?i_ cuiféntf......‘.;,........;.......,.;.r...,....L.{ ~'15[3
1)f Méthod of data compilatiou ...........,....l;. 15.':i
2)_:Spring tide ..,...‘..................‘....‘...33112;
3) Tropic Lide‘..................;............... '.18j:”
by 'Periodical component R PR R PR | 18
2.2.3 ConsLant current ................}.....{.......... - 26
2.2.4 Diffusion COREFACALNE Luiuiiiviine et ey 27
' ol) AuLocorrelaLion function ...........,...;f..., 3'f8r
‘ -2) Diffuqion coefflcient ...............;;;;.,..; 1311"
_2;3:_. ?Attachment ..,............;...,.......;}....}..;.."r33ﬁ"
2.3.1 Current compononL T 33o'
' 2.3.2 :aCurrent ellipse ................................‘.1 37
.213.3  :Current diagrdm-at spring tide: ................... .=44;
S 2,304 Current diagram aL tropic tide }.................. ' 57‘

2 2.3.5 'Constant current diagram ........................._' 70



Chapter

Chapter

Chapter

3!

3.1

3.1.1

S 3.1.2

3.1.3
3.1.4

3.2

3,2.1

3.2.2
3.3

3.3.1
3.3.2

4.

a1

4,2
4,3
4.3.1
4,3.2

5
5.1

5.2

-fPage '

SURVEY ON WATER -AND BOTTOM SEDIMENT

OQutline of survey e v e e r e it

PUrpose Of SUIVERY .uivssrcrvraaesrnanaartsaitssnes

1.0CREION Of SULVEY 4yersvesererncineeaiiiraanrssy
Sllrvey_ i.tGmS l?ll!_!ll'l'.h‘lliui!ol‘oolj“._ﬂ‘to".'lt

Sllrvey method l"."".'.d‘Inrl.llooboll.‘orinolIOo'lo‘O.;

E 1) Sampling method L ouioiviverioraninriieranannd

2} Analytical mechod .....;,.......;}[.;...;.....

Sur\!ey reSultS llrl!ol_lc.l_l’il_llqi'co-D.oo.o_oo.oou‘

Results of water quality SUFVEY .. ..uvoseeanisinne

 Results of sediMment gurvey seeesriorerrerecianros
Attachment ., ... iivii i irrcotinranassissenasaine

- Analytical data Eoi-water quality ‘survey reeervcen

Analytical data for sediment survey .,;.rrevvrsase

FINDINGS OF SURVEY

Cﬁfrent ;....;.......,Q,.......;...;.........a....
Water and sediment ....,.;......;,...}........J...
Environmental chéracteristics Chaer v e
Existing characteristics ..........,....;..;.,.;..

Environmental characterdstics in FULULE .eevesvses

. CONCLUSION

Tidal current B

L I I O I B N R I B Y S R Y

Water quality . and sediment conditdlon ,.u.iveeiie.n,

11

72
72
72
75
76
76
79
81,
81
98
103
103
106

131
117
123
123
124

129
129



CHAPTER 1 OUTLINE



CHAPTER 1 OUTLINE

SR R Back’ground |
_ The sea water quality stirvey was made as a part of the masterplan
study for the Pattaya ourism Development Project by the Japan Internation-
‘al Cooperation Agency.

Pattaya is now developing very rapldly as an ccean resort. However, :
':in preparing the masterplan for Pattaya, the Japanese survey Leam had
some doubts about the sea water quality which is the most 1mportant
determinjng factor 1n the development of ocean resort, and the avallable
data obLained from previous studies were insufficient to evaluate the pre-

'sent and future watew quality. Consequently, the fleld survey of the
water.quality including sediment condition and current survey was dectided to

_ conduct in order to secure the basis on which the masterplan stands,

The survey was made at Pattaya from 10 Aug. to 8 Sept. 1977. .

1.2: Purposas of Survey

The purposes of this survey are summarized as follows:
(;) to know the existing water qua]ity level to determine the

adequacy as an ocean resort.

(2) to decide what kinds of measures are required to maintain

better sea water quality at the Pattaya rvesort area.

Following three survey items, water quality, sediments condition

and current condition were surveyed to meet the objectives of the study.

1.3 The Study Area and Submarine Topography

. The location of this'stﬁdy is the offshore area of Pattaya which is
located at the east. coast of the Upper Gulf of Thailand., Please refer
to the location map on page 2 .

- Although field-surveys-dealing with marine environment generally
have to be conducted as widely as possible, the area Timited in scope of

‘this study is shown in Fig. 1.2. The study area was derived from the
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primary aim of this survaey which was to measure the effects of the waste

water discharged into the Pattaya'sca area.

Fig: 1.2 also provides the submarine topogfa?h& Thé'o§efégo wotorf
depLh in the Upper Pulf ig relaLively ghallow (15 m to 20. "), ' éignifi;'
canLJy, the deepest sea bottom which 4s 25 m to 30 m reaches the Ko Siohaog

-gea area from the Outer Gulf through offshore of Pattaya.

1.4 ScheduleofSurvey L : } L o .

‘Table 1.1 repoqu the schedulo of Lho fleld survey conducted at

' PatLaya. : - o : ' , R
'jTablé 1.1 Schedule of field survey
1) .
. ‘ . .
Date | Discription L Date  ? ';i-j"DiSCription
CAwg. | S I .{;'f*f;\ofmﬁgl T i N
10. | Arrived at Bangkok.' 17. ProparéLlon for Analytical = -
R . rooit; - Locate the Current <
11, Meeting with TOT. meter at St. C.
12, | Move for fattaya..} 18. Sampling‘for Coliform
Check. instruments. Bacteria. _

Sight inspection of river - : T
T 19. Check Analytical reagent.
13. | Check -instruments.

Sight inspection of sea 20.. ! Sea water sampling In Block-R.
1 area. T S ‘
N - 21, Sea water analysis,
14, | Setting up Current meter o
I at §t. B, (continuous 15~{ 22, } Sea water analysis.
day observation station). - Current analysis.
: 15.-1 Setting up Current meter 23, Sea water sampling In Block—A -
.at 8t. A.and C {continu- t 'Sea water analysis,
_ous 25-hour observation - ‘ : o
gtatlons). Check Current 24, Sea water sampling in Rlock-C,
meter at 5ty B (every day| = ‘
{check to. 30 Aug. ) 125, Sea water analysis,
: « b Current analysis,
16, Preparation for Analy"' 4 S
: tical room, Recovery - i 26, ; Water and sediwment
of Current meter at = = " ‘sampling in rivers.
St. A (Curtent meter’. = = . Sea water analysis,
was lost at St C). - ;f - | Current analysis.



Date .

. Discription

v.!\.ug *

27,

28, .

29,

34,

31,

Sep.

;Sea water sampling in Block-D,

Sea and river water analysis,

Sea water sampling in Block-D,
Setting up Current meters

at 8t,: C and D (continuous
25-hour observation stations)..

Sampling for Coliform

. ‘Bacteria,

Sea water analysiq.
Resebting up Current metey

at 8t. C.

Recovery of Current meter

cat st. D,

Setting up Current meter at
St, B {continuous 25-hour

observation station).

Recovery Current meter at
St. B, St. C and St, E,
Setting up Current meter

at 8t. F (continuous 25~hour

-obqervation station).

Sea water analysis,

Sea water analysis.

Sediment sampling

ian Sea area.

Sea water analysis,

Check and packing
instruments.

Data adjustment. -

(Reporting)

Reporting_

Sample transportation,
Reporting,

A visit to ATT,
Report bookbinding ,

A Report:éud meating
with TOT.

Arrived at Tokyo,
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CHAPTER 2 SURVEY ON CURRENT

2;1 . sui*.'sm'ar'y

 -2 1 l PurpoSe of survoy

ﬁ The present survey ig intended to gauge the distributions of the
"CUrrenL in Pqttaya sea waters. In this connection, the current survey
was conducted 1n the Pattaya region to ¢ollect basic ocean parameters
‘guch as the water quality and the current distributions, which are the

EundamenLal elements for dn ocean resort,

: 2.1.2f Period and location of survey

able 2.1 shows the collected data on the weather, wind directlon,
© wind: ve]ocity and operational processes durlng the survey. . The survey

©was conducted over the following periad:
From 34 Aug 1977 to 1 Sept., .19?7;

able 2.2 lists the locationq of the observation qLatlone, which

are in turn presented on the map of Fig. 2.1.

Téble 2.7 Locations of observation statiomns

Station Nd. o  Latitude (W) - lLongitude (E)

- A 13° 02' 05" . 100° 507 16"
B 12° 57' 48" 100° 49" 56"

c 129 51' 40" | 100° 48' 52" |
D 12° s2¢ 53" |  100° 51' 26"

1 & | 120 se' 20" | r00° 51t s
1 F 12° 591 04" 100° 52' 52"

-6 -



Table 2-1 Wind and Wave dondiﬁidﬁ'duriné”sufﬁéy period -

Date

hug.
10

11
12
13

14

15 |

16 |

'Disctiption

Weathey

‘Wind
~direction

Wind
force

Wave’
direction

Wave:
height

-Arrived at
Bangkok .

Mecting,wich
TOT . '

Move to-

: Pattaya, |
Check
instruments, -
Sight inspec~
tion of rivers,

.Check instru-~
ment. Sight
inspection

of sea area,

Setting up
Current meter
at St. B (con-
tinuous 15-day

observation
station),

“Setting up .
.Current meters
at S5t. A and C

(continuous 25~

hours observa-~
tion stations),
Check Current
meter at St. B
(every day

- cheek teo- 30

Aug.)

Preparation
-for Analytical
]_'()Qm'_ .
Recovery. of

. Current meter

‘at St. A.

“(Current méter
~was lost at

st. ¢.)

fine

... fine.

 fine

SSW

Niy -

In2

32

SSW

SSW

“ilem)

30

-1 50

: 50




- Table 2~1. Wind. and Wave condltion during survey period (Cont.)

Date

~ Diseription

Aog.
|
| 19
0

21

22

23

2

25

Preparation

for Analytical

room,-
Locate the

Current meter
Coat St.

C.
Coliform
bacteria,

Check water
sampling in

Block~B..

Sea watér
sampling in
Block—B.

Sea water’
analysis.,

Sea water
analysis ,

Current *
analysis,

Sea water
sampling
in Block-A.
Sea water
analysis,

Sea water
sampling
in Rlock~C.

Sea water
analysis,
Current

analysis.

'Sampiing for

fine

Weather

cloudy
after
fine

cloudy
after
fFine

cloudy
cloudy

c¢loudy
partialf
fine

cloudy
partialy

cloudy

cloudy

cloudy

* Wind
d;rectipn

SsW-

SW

SH

5W

SY

oW

WS

- 5W

| Wind

forece

13

12

2

Wave

directioq

5W

SW

5W

S

WSW

SW

Yave

height
cm)

(
50

40 (AM) |
70_(PM)

70

H
|
t

S50 (AM)
120{PM)

70 (AM)
100{PM)

50

50

30(AM)
40 (PM)

30




Table 2-1 Wind and Wave condition during survey period (Cont.)

Date

'biécript10n 

26

27

28

29

30

 Sampling

- Sea water

“Cutvent metery

~at ST. C and D
“{continuous 25~
~ hour ovservation

‘stations) .

‘Sampling for

Current meter
-at.5t. B

Recovery of-

 Setting up
~current metexr

31
| ystsy

Water and
sediment

in rivers.
Sea water
analysis,
Current

analysis,

Sea water
sampling in
Block-D,

Sea and river
vatar analysis,

sampling in
Block-D,
Setting up

Coliform
Bacteria ,

Sea water ana-|

lysis Reset-
ting up Current
meter at S¢, D.
Seccing up

Current. meters

“at ST. B, SC.

¢ and S5t. E,

at St. . Sea

' wate¥ analysis.|

e _,_..,,_'__I [

1 Weather

| wina + -

Ldirection

Wind.

forcé

VWave. ..

Wave " .

cloudy -

fine

fine

cloudy
after
fine

cloudy

after -

fine

Sea  water ana-= fine

Redovéry'of
Current meter

WSy

SW

SW. -

SW

SW

clean

1

2%1

rdiyeﬁti?q

SH

SW

SW.

SW(AM)
WSW(PM) ..

SH(AM)
W({PM)

height

30 

40

40

50(AM)
30(PM)

JET

20{PM)

at St, F. .

-
|
L




TaBie 2-1 Wind and Wave condition during survey péribd‘(Cont.)

iy Y . : : Wind Windl Wave | wave
Date ‘Discriptiqn weather;jﬁﬂirgggggn_ﬁgrce _direction| height |

Sep | | o o |
1| Sediment fine w1 W 30
' sampling '
in sea
area.

Sea water
analysis.

2| “Check and :
packing '~
“‘instrgments.

3 Data adjust-
. ment,

4 | Reporting,

5 | Sample ]
: transporta~. | -
tion,

Reporting,

6 | A visit to
CAIT, _
Réport book-
. binding,

7 | ‘A report and
"meeting with
TOT.

.8 Arrived at
Tokyo.

- 10 -
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.{2.1£3; SUrvey_items‘

(1)

(3

: observation are’ used at other stations.

period of 15 days:Ex¢h]14.Aug.

CRide

3 Thé.obseryation data of the tide during the corresponding

periad tb our survey were obtained-from the tide station at

Ko Sichang and examined by the harmonic analysiq.

_Contjnuous 15=day observation

When' the constant-coefficients by hérmbnic analysis are derived
from Lidal cutrent daLa, we can obtain -a lot of imformation'

about . Lhe characteristics thereof But it is very difficult

" ko ‘condoct a continuous observation sufficieut.enough for

harmonic analysis, Although there are some prablems, data
frdm a continuous 15-day or one moﬁth obsérvation ac 1 or 2
stations afe u%ually used to obtain harmonic:coefficients of
maln tide conponean while data from a continuous 25-hour -
In Lhis ‘study, a
continuous obsérvation was conducted at the Statiqn.B for the

'tojBO'Aug., 1977.

‘Continuous 25-hour observation

Fu_Continuous-25~hour observations were condudted at Stations

A, C, D, B and ¥ from 15 to ]6 Aug._and from 28 to 3) Aug. ,:

']9?7, respectively.

2,14 Methdd of-survey

The observatiou was made in the -so-called middle layer, and the

Emeasurlng instruments were placed under water aL depths shown in Table

2.3, Aprr determluing_the location, a bouy was anchorved at each station.

An-0C self- recordiné‘curfeﬁt meter hung on the buoy while continucusly

'jrecordlng the currenL for the period of 25 hours and 15 days, regpectively.

f(5ee Flg,: 2 z)

i

Table 2.3 Current meter depth under water

Station No..

Depth under water

8.0m

5.0m

rimlo Ol

4.0m

_.:12 —
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22 Me:'h'od‘ of Analysis

2.2,1 Tide
The Lide in each season as shown in Table 2, 4 was obtained by the

harmonic analysis of the tide data at Ko Sichang tide statlon during. Lhe

current survey period

Table 2. & Tide in each season

- 14 -

(AL Ko Sichang Vo = l 91.0m)
_Spfing Tide Neép Tide

T :'SPRING‘_SUMMER AUTUMN | WINTER | T | SPRING | SUMMER | AUTUMM | WINTER

o| o7s| 2.436| 1.s53| <319 of 2.510( 2.872( 1.539| 1.404

1| oz 2st0| rozag| .7s7lo 1| 23831 2,622 1.129| 1.126
“o| 1.763 | 2.596 | 1.979¢ 1.327| 2| 2.260| 2.331| .803| 912

3| 2.230 | 2.627| 2,249 1.930| 3| 2.190| 2.067| 620 .820

4\ 2,615 | 2.542) 2,441 ) 2.466) 41 2,198| 1.880] .616| .887

ST 2.833 | 2.303 | 2.486 ) 2.857| 5] 2.280] 1.792| .788 ] 1.118

6l 2,865 0 1,910 2.356| 3,063 6| 2.404| 1.795] 1.099| 1.480

7. 2.661 | 1.406| 2.067.| 3.086) ‘7| 2.521| 1.858| 1.488 | 1.916

gl 2.336| .369] 1.680| 2.986| 8] 2.574| 1.929| 1.883 2,349

ol 13600 .395| 1.289] 2.779) ol 2.520} 1.,959| 2.215| 2,704
10 1.633 | 079 989 2.592| 10| 2.338| 1.912| 2.448 | 2.923
11} 1.436| -.010| .860( 2.467| 11| 2.038| 1.777| 2.556 2.978
12| 1.416| w1851 943 | 2,433| 12| 1,660 1.570| 2.556 | 2.874
13| 1571 | .ss2| 1.227) 2.480| 13| 1.264] 1.334) 2.493| 2.647
14] 1.351| 1.115) 3,651 | 2.564] 14| - 920 1.128] 2.386] 2.356 !
15| 2.170| 1.747| 2,120 [ 2.619[ 15{ .691| 1,008| 2.310[ 2.067
16| 2.437| 2.341| 2.532( 2.576| 16| .617 1.018| 2.288 1.836
17| 2.564 | 2.807| 2.790| 2.386) 17| .711| ¥.174] 2.325| 1.700
181 2.508| 3.087| 2.842{ 2.034 18] .952| 1.464| 2.405| 1.664
19| 2.269 | 3.168] 2.683| 1.549) 19| 1.293] 1.841] 2.491) 1.708
50| 1,900 3.083] 2.361| 1.002] 20| 1.673| 2.242| 2.537| 1.792
21| 1.489| 2.895! 1.963 486 21| 2.030| 2.594| 2.502 | 1.866
22| 1,139{ 2,682 1.594 103| 22| 2.312] 2.837| 2.360| 1.888
23 940 | 2.516 | 1.347| -.765| 23| 2.491| 2.931| 2.110] 1.833
24] 949 | 2.438| 1.284]  024| 24| 2.564 | 2.867) 1.777| 1.703

“  Table‘2.5 ﬁafndmic cbnstant_of_tide_‘
o M2 -_sz" K2 K1 o1 Pl
v 530 . 220 060 . 690 - 427 230
K | 1347 189.6  189.6  162.5 121.2  162.5



2.2.2 CGurrent
1) Method of datda compliation

The data on the continuous 15~day observation were compiled in
such a manner as to vead the current direction and the current
velocity value every 10 minutes,. from which two vectors, namely,

the north and east compounents were resolved,

The velocity component diagrams were drawn on the basis of
" these components plotted on time-basis, and then each diagram_
was resolved into the harmonlc analysis, leading to the cal=

éulation of the harmonic constant (Table 2.6).

The current ellipse dlagram for the spring tide and the tropilc
tide was drawn. on the basis of the harmonic constant formed in

connection with the high water time at Ko Sichahg.

The data collected from the continuous 25-hour observation were
sampled every 20 minutes and the velocity component diagram was
dyrawn in the same manner as In the continuous 15-day observa~
tion,

In the rvesolution of the harmonic analysis per day, the velo-

clity component Vt was calculated as follows:

. B .(’A-_ :o-“ __..
_Vt = V0.+ Vlcos(IS L_kl) + V,cos(30%t kz) +y cos(GDL_k&)

2 4

Letting VO = ¢constant current,
then, the harmonic analysis is given by,

'-Vlcos(15°t—k}) = Diurnal tide

- V,e08(30°¢-k,) Semidiurnal tide

Y

Vdcos(ﬁﬂft—kﬁ) thrterdiﬂrnal cide.

‘In making up the data collected from the continuous 25-hour
_ observation at Stations A, C, D, E and F, the revised calcu-
lation on the high watér made using the harmonile constant
.obtainéd_frém_the con;iuuous L5-day observation at each:station

(Table 2.7).

These continuous observattions for 15 days and for 25 hours

were synthesized into the current dlagram for the spring tide

m -



and the tropic tide, and into the constant current diagtam,

A comptiter was used in calculating these data,

Table 2-6 Harmonic Constants .
(Continuous 15-day observation)
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{Continuous 25-hour observation)
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Spring tide .

The main current direction as shown 1n the chart, moves
nearly north (south) at the Statlons A, B and C, north-north-~
west (south¥southea8t) at P, and northeast (southwest) at o

and F, respectively.

When observing the current at the Statlon B, it was noticed
that the north current starts around Lhe low water. time at
Ko Sichang and reaches Ats erongeqt at Lhe interim tinie betJ
.ween the low water and the high water, while the gsouth current
starts at the high water timeé at Ko Sichang, and its eronge&L

at the interim time.

There 1s little difference among the stations'in the conti~
nuing tine of.the_tide as well as in the fime difference of
the tide.  The ouly exception was at Station E whose - tidal-
time shows approximately 30 to 40 minutes {My component)
earlier than that of the Station B under the influence of the

topography. (8ee Table 2.8)

Table 2.8 Current at cach station

M2 : : Wi consfant current
pincipa rvclncit:.r range | veloclty | range | :
Statiop depth | dircction] ratio oftag {.ratio of lag 0 | VY mjsec
4 0.942 | +8 1 1.244 -8 163 | 0.038

3.0

.0 8 |1.000f 0 {1.000 0 | 253 | 0.035
0.0 8 |1.167| -8 [1.674 =56 { 237 | 0.025
5.0 | 345 1.327 [-10 {1.246 ( =72 § 152 } 0,052
5.0} 44 10.8413-36 [1.020 | -92 | 211 | 0.037
4.0 27 to.949| +2 [1.726 [ -68 } 251 | 0,039

Mmoo O E >

‘Howevef, the distributions of a current as knowm, vary
undér_the influence of the moon at ney, full and both.quarters,
as well as seasonal ‘and astronomical conditions, respectively.
The vafiationé are indicated on the four seasous' current curve

at the SLaLion B. (See Blg 2. 3)

According to the curve, the currenl veleocity of the qpring
~tide is approx. O.lesec. at its peak (the stvongest}, but it

sometimes reaches approx. 0.6m/scc. at the new and full moons

- 17 -
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of the solstitial points in the summer and the winter when

the diurnal tide components Is preﬁalent.

Trople ﬂde

‘The current distributions of the tropic tide are alﬁoét the

same as.that of the spring tide,

The strongest soulh current velocity was observed at Station B

and was apprbx, 0.366m/sec., and it took place‘two hours after

. ‘the high water time at Ko Sichang,

The other current valocities at the time at each station wéré

read as follows:

Station A: 0.395m/sec.

TGy 0.4482mfsec.
: 0.530m/sec,
1 - 0.30im/sec.
: 0.387m/sec.

==

On the contrary, the strongest north current veloclty was

"~ observed at the Station B and was approx, 0.344m/sec. and it

took place two hours after the low water tiwme at Ko Sichang.

The other current velocitles at the time at each station were

read as follows:

Station A:  0.326m/sec.
C: 0.40%m/sec,
D;:  0.428m/sec.
i 0.230m/sec.
¥ 0.329m/sec,

Perlodical components

Fig. 2.4 reports an amplitude distribution of 24 components
(aﬁplitﬁde distribution of time-period components) observed
diurnally. This amplitude distribution shows that 12-hour
and 24-hour components have a relatively high amplitude,

clearly indicating that the current components form remarkably

regular flows in this sea area.

Morcover, the diurnal changes in the amplitude of 4-, 6-, 8-,

12- and 24~hour components are shown in Fig., 2.5. As scen

from Fig., 2.5, it has been found chat the 4-, 6~ and 8-hour

components have a minute amplitude and exhibit irregular

- 18 -
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changes, while the 12- and 24-hour components show an ¢bb and
flow under a certain relationship with the age of the moon and
the lunar decliration, respectively, Then, in order to analyze
periodical_bomponcnts of longer perlod, the amplitude distri-
bution of the respective time-periodical components determined
by aggregating all 15 days' data has been presented in Fig. 2.6,
As seen in Flg. 2.6, the peaks can be found 4in 12— and 13~hours

components (MQ’ 52) and 23- ~ 25-hour components (Kl’ 0], P]).

On the basis of these amplitude data, a contour line diagram
has been drawn as shown In Fig. 2.7, with the perioa (time)
taken on the ordinate and the date of chservation on the
abscissa and by entering the amplitude in the respecgive
lattice points, As shown in Fig, 2.7, the amplitude of those
components having a period of 8 hours or shorter exhibits an
irregular ebb and flow and the 12- and 13-hour components
present an ebb and flow corresponding to the change in the age
of the moon, while those having a longer period have a mutual
interaction, resulting in a contour line which runs in the

longitudinal direction,

Fig. 2.8 shows the change in the amplitude of the diurnal com-
ponent over periods ranging from 1 day to 15 days, representing
an aspect of the correlation of flow which is assoclated with
the time scale. According to Fig. 2.8, it can be seen that a
slgnificant corvelation of flow does exist up to the period of

1 day, while in the second day and after it is extremely feeble.
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2.2.3  Constant current component

A conétaﬁt_currenp is the flow influenced by the #eather, oéea;
ﬁograpﬁic condition, the. land water, the topography, ete, Simply it 15 gene~
rally the constant flow, though some siight change may be seen by daily
observation; B o .

The constant current in this sea area is weak over: the entlre area,
and'itICan be readily ﬁnderstood from the fact that even the strongest
value observed at ‘the Station D during the observaLion was comparatively
weak i e. 0, OSm/sec.

Oon the whole, the current components to the south -(as weak as 0.03 ~

- 0.05m/sec. ) are slightly recognized at each station.

These constant currents have a tendency to flow parallel along the

‘shore in the offshore as well as the sea coast,

It can be assumed that the distributions of the constant current

have.the similar trend 1n'both the of fshore and the sea coast.

what 15 most noticeable was Lhe fact LhaL the current from Laem—
Chabang 1arge1y curves Lowdrd the west at or around Na Klua and passes

Lhrough the offshore (north side) of Ko Lan island.

The_direction'and the velocity of the constant current at each

station are as follows:

" Station A: 163°N - 0,038m/sec.
B 253°W, 3,03%m/sec,

“C: 237°H, 0.025m/sec.

D3 152°N, - 0.052m/sec,

E: 211°N, 0.037wm/sec.

F 251°N, 0.039m/sec.

(See constant current diagram)

The constani current shows the trend as seen above, bul it also

- changes 1tself'day by day.

Fig. 2.9 shows the daily constant current diagram drawn on the
basis ofﬂthe-mean value‘of the daily current for 24 hours, namely, from
the zero o'cloék of a_day to-the'zéro o'cloék of the ﬁext day. From this
diagram, it ts found that the constént current indicates a considerable

daily change, which is rathér irregulax.

- 26 -



It may be, thereforve, proper to consider the idea that the
constant current component indicated here is entirely the one obtained

from the present observation somehow showing one of the patterns,

Fig. 2.9 Daii;r Co'nstant Cljrfent

BT O R R T iem e e

2 o8 o7

Resultant
- Current

2.2.4 Diffusion coefficient

A turbulent diffusion coefficient can be derived from an auto-
correlation function which, in turn, can be obtained from a statistical
analysis of current observations (éontinuoué 15-day observations at
S&atioﬁ'B). 'Futﬁermore;'an énalyéis of the resultant turbulent diffusion
coefficient will give a powér spectrum,:in'Which varilous periodicél com~
penents c¢an be seen, ' ' I ' |

The observations comprise time series data measured at a constant
time interval. Since setting the reading Interval to 10 minutes feéult
in 144 intervals a day, about 2,200 observations can be obtained over a
15 day period. If the current direction. (0°) and the flow veleocity (Vm/sec.)
of the observatilons are presumably decomposed into a main current direc-
tion component {(M-Comp.) and a normal current direction component {(X-Comp.),
respeptivgly;rthe values VM and'VX of these two components can be expressed
as follows: -

.VMﬂ'V coz{d ~ 90), _Vx.= V sin(@ —'90), -

"where Go is a main current direction, the value of which obtained from

" the main current c0mpbnent_in the current harmonie analysis,
By éﬁbéﬁituéing Vy and Vx‘By the respective deviations V' from
thelr Mean values ovér the entire observation period:
) | :V.r' | v v .V.-—l‘N—l.V .
~ where 1 representing component velocities. '

.-.2?.»



. n-1
. J 174 =
Th.eref.ore, Eo¥y ' CE) 0..
- The following analytical calculations have been performed on the
basis of this Vi'(t).

(L) Autocbrrelation'function

“The coorelation between the observation V' (L) at time t and
the value v (L + 1) at time t + 7 which is after the time
t can be -expressed as follows:

o) = VIO % VI FTY.

In this equation, if 7.= 0, C(G) - V2,

The normalized valué:R(T) of the autocorrelation function
€(r) can be expressed as follows:

: . C(T) Vi) x Vit + 1)
R(D = Gy ° Ey

The R(T)‘showsla correlation in the observatlons having a

time difference 7.

'”_Aséuming that the number of data are N, mean data value is
v and the observaLions are V'(t), the following formula can

'be obtained
— 1 N1
C(0) = V'2 = 1 V' (b).
t=0

‘Assuming that 7 = vaAt (¥ =1, 2, 3, ...., m), the value of

the correlation_Q(T) can be obtained as follows:

: 1 Ny .
CvAr) = ﬁ‘:; KEOV (K) x VY (K + )

In thls survey, the analytical calculation has been performed

on the assumption of At = 10 min. and m = 200,

The autocorrelation functions obtained herein are shown in
.‘Figs. 10 and 11. Iﬁ these dlagrams, "RAW DATA" shows the
results of the analysis of observed V'(K) while "Cut 60
Comp" is associated with the results of the analysis of

observations from which 6 hours components were eliminated,

The resultant "Raw Data" in the autocorrelation curves show-
ing a gimple harmonilc motion indicates that the flows at
this station are dominated by tidal current components, In

other words, the correlative peaks appearing at the curve

- 28 -
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values 12.3h and 24.7h répresent an existence of a semi-
diurnal and diurnal components of the tidal current, rves-
pectively, -

' shows that

 8imilarly, the correlation curve of . ""Cut ko Comp,'
the correlgtion disappears rapidly in a shorter time. There-
fore, 1t has been found that the flows in this sca area are
dominated by long périod components having a period longer
than 6 hours, with an extremely minute value of short périod
componenﬁs tema1ning after the elimination of those longer

period components.
(2) Diffusion coefficient

G, I. Taylor calculated a diffusion coefficient from the
following'equatiOn which was obtalned from an autocorrelation
function for flows at places the current goes to (Lagrange

type flow):
—_ QO
K = V2 fo Ry (T)dT

where VL'and R;, are observations of Lagrange's fluctuation

velocity and the autocorrelation function, respectively.

Howéver, it is difficult te practically observe the Lagrange's
fluctuation velocity and in considering the_diffusion phencmena
in coastal sea area, Lhe value of the autocorrelation func~
tion of Buler type flow (time series data at a fixed point) is
similar to that of the langrange type flow. The diffusion
coefFicient can be determined in térms of Euler's value by
giving 8 on the assumption that Ry(7) = Rp(¥) and 7 = BT,
Generally, the diffusion coefficient K is calculated from

~the following équation by letting B = 1:

: h
LK =T2 x {x c(/c(0)) x ot
where h is a value of k giving C(K) = 0. However, the periodi-
‘ cal components presumably contributing to the diffusfon are
_  th0Se héving a.pe}ipd shortér than several hours. Therefore,
~ in order to determine the diffusion coefficient, it 1g neces-
~ sary to eliminate longer period components such as tidal

current components before calculating the autocorrelation

L= 31 -



 function R(7),.

In this calculations, by taking 15 days.(360 hours) as one
unit of period, different 60 periodical components ranging

- from 1 to 60 periods'were'subjected to a Fourler analysis
-and the resultant sythesized values were eliminated from the

observations.

Calculated results of the diffusion coefficient are given in
Table 2.9, As the main current direction, a value (8°) was
adopted, which was obtained as a welghted average of flow
velocity amplitudes in the direction of the Lranseverse axis
of the ellipse of maln 6 current components (M, Sy, Ky, Ky,
01, P1) obtained from the current analysis, while a value {98°)
resulting from the addition of 90° to the value of the main

current direction was adopted for the normal direction,

Table 2.9 Diffuslon coefficient

st Layer Data Main-Comp X~Comp |
number Variance| K |Variance| X
em2fsec? | em?fsoc| ecmPisec? | emPfsec
B 10m 2286 29,9 (1.188( 20.1 [3.150 x
x 102 104
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2-'3. Attachment
2-3-1 Current component
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- 2-3-2  Current ellipse
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233 Current diagram at spring tide
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CHAPTER 3 SURVEY ON WATER AND
BOTTOM SEDIMENT



CHAPTER 3 SURVEY ON WATER AND SEDIMENT

N 3 1 _Outline of Survey

' f3 l 1 Purpose of survey

‘ “The major purpose of this study is to grasp the present water quality :
df Eattaya cqastal waters and to know how the discharge of waste water from

7-;he Tapibca factory and residential areas affects the quality of sea water.

.3.1}2 iocation of survey
Fig 3.1 shows survey station for water quality., The sea area was
'been conveniently divided into 4 b]ocks which are representatives of Lhe

local charapteristics,

_ :Block_A:represeﬁts the northern shore waters including the Na Klua
river'moﬁth‘ Block B is Pattaya beach Qaters; Block € is the southern sea
.‘area of the Na Chom Tien river mouth; Biock D consists of the offshore '

gsed area of Block A B. and C.

_ Locations of survey statlons within each block were chogen in
order to. evaluated the average water quality of each block and the effect
of ppllutants_from the land.

As regard the River Na Klua and the River Na Chom Tien, they were
shrveyéd at the river mouthes and the upper part of rivers.

' Sediment were also surveyed for the same underlining purpose as

described ahove,

Water quality test on coliform bacteria was conducted at the other
_survéy'stations because of the difference in survey objectives; this case

conducted with a view of the sanitary aspect for a swimming beach, Fig.

3.2-shdws survey stations for coliform bacteria test.
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Fig. 3-1 Location of Survey for
Water and Sediment
Sampling
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Fig. 3-2 Location of Survey for
Coliform Baeteria
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.Table 3-1 Location of Sea Water Sémpling Stations’

Bléck_ Station Latitude _ Longituﬁe _ Remark‘..
o % St. 1 13° 01' 24" | 100° 54' 00"
5 2 12° 501 53" | 100° 54' Q0"
A 3 | 13° 00' 44" { -100° 52! 28" _
" Cenit .o (Current,.
- *. | 4 12° 594 04' | ],QO“ Sl;:— 52 SL.. F (SUI’VBY )
% 5 12° 57! 36" 100° 52 48"
* 6 [ 12° 57' 08" | 100° 52' 32"
B % 7 12° 56t 22" | . 100° 52' 08" o i
' o . S Ent " Current
A 8 12° 56' 32" 100° 521 43" | St, B (Suwey )
' Current
) o 1 o 1 1]
B I 551 52 100° 52' 24 st. C (Survey )
: £
| x 10 | 120 57" 11* | 100° 51° 00" | st. D (gﬁzzzg )
p | 11 | 12° 57° 48" | 100° 49 56" -
12 12° 517 40" 100° 48' 52
13 12° 52' 53" | 100° 51' 26"
# 14 | 12° 517 52" 1 100° 52' 50"
¢ = 15 12° 50! 46" 100° 52' 58"
& 16 12° S1' 22" 100° 51' 04"
17 12° 491 2% 100° 51' 32"
- 18 | 12° 520 04" | 100° 45" 09"
D n o o | Current
19 13° 02' 05 100° 50" 16 st, A (Sumey )

b e e et

'3.1.3  Survey items

~According to the purpose of the survey, survey items were declded
in order to grasp the present water quality and the effect thereon of

- waste water discharged from the Tapioca factory and residentlal area.

'fSurvey items

fa) Sea water QQality f

- 1) Adir temperature S 2) Water temperature’
-3} . Transparency: 4y opll : 5y DO
SN ) S T: TR AR ) B o 8) cop 9) Total-N
10) Organie-N - _ 11) RNOg=N 12y NO2-N
S13) O NH4~N - 14} Total-P 15) Organic-P
16y PO4-P 17) ToC " 18) CN-Ratio
.19} i n-Hexane Extracts B 20) Colliform Bacteria

(n~Hexane Extracts only were measured from St, 5 to $t., 9)
B =75 -



'b)  River water quality

All'itemszlisted above except for wn-Hexane Fxtracts and

coliform bacteria test were measured in two rivers.

¢} Survey iltems on sediment
1) -Ignition'Loss 2 O cop

4) TOC: . 5) Grain Size

LT “Survey method
1) Sampling ﬁethods

a) Water.Sampling

3) - Total-§

. Sea water was collected by the use of the Van Dorn sampler at

three different water depths {1,e. surface, middle

{about 5w) and bottom layer (about 10m)} at the same sta-

tlon..

Concerning the river survey, surface water was collected

at the central axis of the stream,

Fig. 3-3 Van Dorn Type Water Sampler

F, » Fo = Rubber stopper
Gy Gy = Wire for rubber stopper

W, Hp = Wire clasp for rubber -
stopper

I = Wire fixing device

Jy 5 J2 = Rubber tube of pinch
: cock for discharge

K = Transparent cylinder

A = Messenger

B = Wire (or rope)

¢ = Messenger recelver
D = Rubber string

=l
)

Wire clamp

- 76 -
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b)

S

Water samples were put in polyethylene bottles and then
stored in the ice box until chemical anélysiq started,
Atmospheric and water temperature were ﬁeasdred on board
at the survéy station. '

Sediment sampling method

The bottom saﬂpies'were collected with the Kokéﬁ'Type_Grab
Sampler.' Samples were prepared as a mixture oEéSediment§ 
collected gseparately three timeé'at3the‘same statibn.
Differeﬁt kindé of materials such asIBAnd ahd'mﬁd,_

colour and smell ﬁere observed~oﬂ=boatd ét-thefsame time,
Samples.wefe frozen in order not to change the quality and

then transported to Japan where they were analysed in the

'1aboratoryﬂ

Fig. 3-4 Koken Type Grab Ssmpler

- Rope

‘Sémpling layer and time

In: the sea area, water samples were collected from the survey

stations both at the time of Jow tide and high tide from
the water depth of Om, 5m and 10m (and onlf from the water

ndééthfof‘Sﬁ at St. 12, 18 and 19), Water sampling depth

".'qt‘ééqh station 1is shown in Table 3.2,

=77 =



' Table-3~2 Sampling Time and 1ayér

Staﬁibq':'ﬁgmpling time .Sampling layer | Sample Number:
| uigh Tide 0 Se. 1.
St;. ] sreemeeeea A Iidtd SRS AL LI IEREES (LR eawean PN g
R - Low Tide 0 st. 1.1, :
Co | migh Tide | o S¢. 2.H
Sto 2 i I‘ow Tide . ...(.)...: .............. . ...éi:.'...é....iJ ........ |
0 St. 3.H.0
High Tid : )
o > e 5 | St. 3.1.5
.St!._ 3 carrssspsamarrrarrrrrarr=l it craecc et ipr e anmseeacafra s n e m sy
L . ' 0 st. 3.L.0 [
. . T . . . 1}
Low Tide 5 St. 3.1.5
' 0 St. 4.H.0
1 T .
- Iigh Tide 5 8t. 41,5
p g freeeere b T T
. ™ . 0 St. 4.L,0
Low Tide © 5 St. 4.1.5
| High Tide 0 St. 5.L.5
St. 5 . .-.--------ovo-------------------v-.‘ .................................. AR
" . Low Tide : 0 st, 3.1
Tl High Tide L0 st. 6,0 -
St. 6 ..... heversauensravnrasrafrar et e e R R memmee e
- Low Tide 0 _ St. 6.L
N . High Tide | 0 st, 7.H
st 7 ~ Low Tide 0 st. 7.L
1 High Tide 0 St. 8.H
. St.8 freivencan '-.-r. .................................................................
s - Low Tide . 0 st. 8.4
: ‘High Tide | 0 St. 9.H
ey 9 beesrireeemciiiiins I ECUSTUOTRURURN R TR
_ Low Tide . 0. St. 9.1
3 0 St.16.11.0
High Tide 5 St.10.1L.5
86,10 | SRR R S 5¢.10.H.10
: i 0 $t.10.1..0
Low Tide 5 $t.10,L.5
10 St,10.5.10
0 st,11.H.0
. High Tide 5 St.11.H.5
' ' ' St.11.H.1
SELEL L ,".".“.“.}9 .............. o ?E.l.uﬁ.npu.
: . . 0 ’ Stll]—oL.O
Low Tide 5 5t,11.L.5
- o - 10 $t,11,L.10
St.12 e 5 St.12

{(to be cont'd)
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Station | Sampling time | Sampling layef |  Sample Number
B T o T T seasano |
, High Tide 5 SEL13.H.5
Stll3 B T e R T R R R R A R (R i —— iz}. ..... (.) ......
- . 0 St.13.L.,
| Low Tide 5 St.13.1.5
B 0 St,14.1.0
ftigh Tide 5 St. 14, 1.5
SELalh. b e T fe e
. : 0 St,14.51.0
Low Tide i 5 SE.14,L.5
- ' o T8, 15.H.0
. Hig‘ﬂ Tide 5 5
1s | e e ) s ] st.15.0.5
. . e 0 St.lS.L.o :
Low Tide: 5 St,.15.L.5
0 St.16,4,0
High Tide
SEu L6 1o 4 LS st.16.H.5 -
- 1 5t,16,1,.0
Low Tide 5 S;.]é.L.S‘ .
B o 0 s6.17.0,0 |
: Righ Tide '
sei7 Lo s s
, 4] st,17.1.,0
Low Tide 5 | st.7.L.5
st.18 - 5 st,18
St.19 - 5 5¢.19
St.R-1% | ... ﬂf?ﬁanﬁé ................. SO St.R-1.H -
_ Low Tide 1] St.R-1.L
St,R-2% - 0 St.R-2,L
St.R-3% - 0 St.R-3.L
St.R-4% . gfgﬁu?féfn.“ A St.R-4B -
Low Tide 0 St.R~4.L
% River

)

Water

Ahaiytical method

' _Téble 3.3 shows the énalytical method of water quality and

“Table 3.4 shows the method of sediments condition analysis,

Most of chemical analysis were carfied out in the land'

1_laboratory in Pattaya whlle other chemical parameters were

analy?ed in Japan o
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Following item3'weré analyzed in Péttaya

R Air_teﬁpérature' 2} Hater teﬁpérature
i 3) Transparency 4) Do ~5) pH

© 6) cCOD 7) NO3-N 8) Nop-N 9y NH4-N
-10)  PO4~P o : o

'(Coiiform bacteria analysis was conducted by A.I,T)

Samples for n-l

lexane Extracts, S5 and CN ratilo analysis were

propérly_p:étreated to send to Japan.

" Table 3-3 _Anélytical'Methbds for Water Quality

Ttem- B Analytical ¥Method _
Alr Temperature .Alcoholic Thermometer
‘Watef TempegatureA_Me%cury‘%;;;momé;éf ﬁ
Trangpaiency - P, Se;;;;+5esk a;'Sea, Tra&g;lftance meter at
river
2y Modified Winkler's Sodium Azide Method :
pH Glass Electrodéfﬁethod ; B
COD—“ﬂMm f;;;;;ssium ;;;ﬁanganate'Metho;uwuw S
Chlofinity Salinometer Method (Convert-Sal;nity into “
' Chlorinity by M. Kaudsen equation)
88 Glass Fiber Fillter Method
Nﬂq—N ;;;;ﬁheuol Blue Method )
—;;;i;Fﬂ_*dm(ﬁﬁﬂWﬁnlﬁzo Dye Formation Meth;;ﬂ -
NQ3-N - Azo Dye Formation Metho&iwith Cd-Cu Reéuction
Column
Total-N “The Sam of N4-, Nop-N, NOy-N and Organic- |
PO,-P Ascorbic Acid Method o
Total-P Ascorbic Aci&“ﬁethod after Wet B;é;;EIS;__-ﬁﬁW
—;:é;;;;;mg;;;;;;m”_Solyent Extract Method o
f;;;“*”w““” Combution Infrared Methéd
CN-Ratio CN corder
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Table 3-4 Analytical Methods fox Sediment .

TItem ' Analytical Mgthod _
Ignitio; Loss . Weight L;;;W;;—900°C . ' —“ﬂ—jﬂT
T | pactasstun Pernanganate Hethod
‘”‘“";;;;""”i'?‘ o iéet_higestion'ﬁéthOd |
| jotal-sulfide |  Steam Distiilution Method
 Grain size Scandard Sieve and Hydrometer

3.2 Results of Survey

Al

1 of the data obtained here are compiled in the final section

as an attachment, the results are summarized as follows,

3,2.1 Results of water qualiby survey

* Water Temperature

3=

Water temperature, having been reflected by high daytime
temperature, remained substantially high at more than 29°C

at all of the stations except these located at the upper rivers,
Furthermore, no temperature variation was observed during high

tide, low tide er vertically,
Transparency

Transparency was genevally low throughout the study avea,

especially in the'coastal area of Pattaya beach (Block B) and

- offshore of .the Na Klua river mouth where the valiue was less

than 5m. The offshore area (Block D) shows the transparency of

around 13m.

pit

~ The value of pli-in the sea water was in the range of°

B8.47 showing no extraordinary level, the same hold true for the
pll value in fhe river water. Stations 7 through 9 of Block B,

Pattaya Beach coastal afea,jhaa a relatively high valuye, which

was over 8.40.
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cL

“The distributions of C% contents are shown in Figures 3.5 and 3.6,

C% contents 1in the sea area are relatively sﬁall between iﬁ%om 17.5% ,
Especiélly gmaller values were cbserved in Block A and B, From
this.fact it may-be deduced that tﬁe sea water movement is weak

in these Blocks by the topographic characteristics,

The obsgervations were made both at the time of low tide and high

tide, and almost same results were ohtained,

Tn the river area, the sea water reaches more than 2 km above

the river mouth hecause of the weak river flow.

Do

DO contents in the sea water is affected by waler temperature and
the CL content. The higher the temperature and C4¢ content, the
lower‘the oxygen saturation rate, Oxygen content in this sea area
was slightly lower than that in the Japanese coastal area because

of the lower oxygen saturation rate,

Figs. 3.7 and 3.8 show the distribution of the oxygen saturation
rate, 'High oxygen saturation rate can be seen in all of the sea

stations except the river mouth area.

The Na Klua river had no oxygen at the time of low tide both at
the river mouth as well as at the upper river. It is no biological

production under such an anaerobic conditions,
con

COD value in the sea area was low excluding the coastal area

of the Pattaya Beach (Block B), whose COD value was quite high,
especially at the time of high water having shown 2 ppm (which

was more than the standard level in the Japanese swimming beaches) .
Figs. 3.9 and 3.10 shows COD distribution of the sea area. As
regard the river water, very high COD value especially at

St, R.2.L. with 91.8 ppm, R.1.L and R.3.1 with over 10 ppm was
evident indicating that the river water was quite polluted by

organiec pollutants,
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Fig. 35 The Surface Distribution
of Chiorinity %
High Tide
Aug. 1977

Loern Chobong

Bon No Kiva

polityo Busch

Hao Chem Tien

© 8=1/240000 _ _'

.83 -~




Fig. 3.6 The Surfacs Distribution
_ - of Chilorinity %
‘Low Tide
Aug. 1977
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Fig. 37 The Surfaoa Distrubutlon : : et
of DO Saturatlon degree % | ' ' ) __;_;c:_: P
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Fig. 38 The Surface Distribution.
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Fig. 39 The Surface Disteibution
of COD (PP} *
High Tide . =
- Aug. 1977
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® Suspendéd Substance

Guspended Substaucc content was low In general with some exceptions.

The load of 85 was consjdercd 1ess in the co1respondiug sea area.
: *:Nitrogen Compound (Org."N, N03~N,.N02wa NHAMN)

‘Total Nitrogen Value was found high at the Na Klua river mouth
and low at the other area., But the Ammonia-N(NH4~N} which is

extraordinary high in comparison with other sea waters is consist

of more than 80% of Total-N,

. We observed éhat the River Na Klua was heavily polluted. having
700 ng. at Total-N/% at the mouth and 1,200 ug at Total-N/2 al the
"upper paft of river.

Figs, 3,11, 3.12 and 3.13, 3. 14 show surface distribution of

Organic N111ogen and Tnorganlc ViLrogen (N03—N + NOy-N + NH4-N)

respectively.

. This shows‘that;lnorgahic Nitrogen content along the PatLaya -
Beach was high, indicating that this sea area could be progressive-

ly undertak_ing eutrophication.,

* Phosphorous

Fig. 3.15 and Fig. 3.16 show the distribution of PO4~P content
on, the sea surface at high fide.and low tide respectively,
POauf contents are generally low except for the river area énd
Patta¥a Beach area (Block—B) thereby deplcting the same paﬁtern
-as Nitrogen compound, Tt will be well to remember that the
' “Organic phosphate is also low except for the viver érea.
% TOC
o conteht.is'generally about 0.1 wg/2 in the ocean and 5 mé/ﬁ
.iﬁ an inlet area,’ Our_observation this time came across a relatively
{ high vaiue as'a whole with the range between 3 mg/2 thyough 10 mg/?
in the seé areaﬁ_ Figs. 3.17 and 3.18 show the distribution of
o TOC. The Pattaya beach area (Block B} and the offshore area

= (Block D) had higher values Lhan other area's stations.

5
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Fig. 3-11 The Surface Distribution
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Fig. 312 The Surface Distrlbut:on
of Organic N (ugat/sz)
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Fig. 313 YThe Sutface tf),i,s;tr'ibuti_on
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Fig. 314 The Surface Distribution of
~ of |norganicN(ligat/2} '
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© Aug. 1977
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Fsg 3.15 The Surfaca Distnbutuon
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Fig 3 17 The Surlace Distrlbution
_ofTOC(mgfﬂ) o
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* CN-Ratdo
{Cﬁ~Ratio 1s a useful imdlcator to presume the source of suspended
,':subétahce,.which is the ratio of Orgaﬁic Nitrogen and Organic
Carbdn. The CN Ratio observed in this sthdy varied drastically,
buﬁ_thé tendency was for a lower rate aloﬁg the cbast. R.1.L and
R;é.L Qf Ma Klua river had extremely Yow values, both of which

were Less than 10.

¥

n-Hexan Extracts
n~Hexan Extracts were determined only in Block B which is the

) nearshqré area.of Pattaya beach. ALl the stations excluding

$t.7.L showed no n-Hexan Extract,
* Coliform bacteria
,CplifprM‘bacteria‘tests ﬁere'conducted twice on Thursday and Monday .

to become aware of the difference between weekday use and weckend'

use. The first test surveyed on Thursday showed low values in

all statidnsf But we had -a slightly higher value at the time

of the second test, St. 2 and St. 9 in particular recorded more

than 1,000 MPN/100 me.

3.2.2 Results of sediment condition survey
% Ignition Loss
1!Thé value of;Ignitidn‘ioss is generally used as an indicator to
determine the organic matter contents of sediments., The results

of this survey show low values at most of survey stations.

But St. &, St. 10 and St. 16 had more than 10% which is considered

to be relatively rich 1n organic matter,
% TOC
E‘TOC contents had the tendency to increase toward the offshore

area from the nearshore as shown in Fig. 3.19. St. 10 and St. 16

had‘highef vaiues than other stations.

* COD
Fig. 3,20 shows the distribution of COD. COD values arve low as
a whole and tend to increase toward the offshore area from the

fiearshovre area., -’
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Fig. 319 The Sedimant Dis-
tribution of TOC {my/g}

Lot Chobang

Ho Chom Then

U S=1/240000;




| Fig. 320 The Sediment Dis
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* Total-$

Fig. 3 21 shows the distribution of Total S contents. The
results of the survey generally gave 1Qw values, Tptal~g contents
are velatively low in comparison with other survey items.
Grain size

The . sediments are mostly composed of saud and conLain about 10/

of f{ne silt and colloid, excluding the river mouth.
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Fig. 321 The Sediment Dis-

tribution of Total
- Sulfide {(my/g} -

Aug, 1977
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33 Atachment o
331 _An'alytica_! data for water guality survey
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1) SeaWater - THE RESULTS OF WATER QUALITY SURVEY

. ltems Ar Trans- Wator - g - T s
P \ Date Time Tide Tmn[fcmhuv .D.W“‘ parency Tm:rf::mlum ol cq Do :i)g‘};'ég::c CoD 35 TotatN | Qrzanic-N| NO4--N | NOy-N Nilg~N | Total-P | Owganic-P [ PO4-P TOC - | CN ratio u"r!f:-;:]‘lf:
_Ne,_ = — e LY | ) (on ) Ce) | | ) | Coomd | (%) | (pom) j Lpom) Gmav) | Gead | Giran ) | Ggar) | Gman®) | (an ) | (agat 2) (ngan2) | (a2 [ (c/N) | (ppm)
e g 823 é?:f;" Iigh 280 ) 820 X 303 8.3 5 V67 477 {106 |TTea 57| s 5717 [ oes | (uos XTHNE 089 039 3 570 H
ST 13:’2“2 n-oé‘":"g";—"g"‘ ﬁ%;%g._, 30 g9z } 837 152 663 [ 966 § 146 4 | as | o029 | (oos | €009 3.5¢ | 098 | 063 0.36 o 498 .
. 823 07195 %Low 279 eag ;"-? 30,07 E37 6.0 XX} Wed {097 s 36 0y (¥ 005 329 059 058 TI6 [ 520 -
ST Ne : 2 : _5. 9 )29 | 828 157 .5 1 962 | 154 g | 36 | o025 | (005 | €008 3.35 .26 | 089 0.37 % | 620
T3 N s 12379 High 2175 10.30 6.0 300 a3s | 162 6.86- 1026 699 5 3.2 ¢49 {0.05 {005 2.91 0.76 071 {0.05 ® 580
3oM-5 e . , : 101 832 165 6.2 4 94.0 0.85 5 2.8 03z [ 0458 011 L.92 0.94 056 039 5 600 .
O 0650 Lew '] 2710 880 4.0 2902 833 | 197 632 - 928 1.8 6 4 ] 003 6.13 {005 180 | 090 .53 0.37 2 90
_____ T ) _ 29.1 833 158 6.63 e | a4 |4 | 48 ] 010 {005 | €0.05 470 0.98 0.54 0.44 6 390 |
St. ; o s 12910 High 2 8.0 11.00 5.0 2.9.4 830 6.6 6.16 96.0 i | 5 16 055 00577 (006 7| 154 662 | 033 0.29 6 12¢
Cn o | 823 _ . : _ ' 30.0 832 165 626 940 40 6 44 018 013 {0.0% 1.38 0.66 0.6 1 {006 6 400 B
:! s | 66:25 Low 7.0 7.00 15 204 834 159 6.5 ¢ 971 L3101 4 4.5 0.15 0.05 {0905 1.30 0.76 044 6.32 5 430
U B TP N I i ) : - 292 | 832 162 628 |- 925 14 ¢ .4 0t | o0& 0.23 T 0.13 868 | 083 | 033 0.50 4 oeie | ]
S5t. 5 .4 220 08:12 Itigh 275 630 - 1.0 “291 833 ] 151 3E I S ¥ e S I S R X A ¥ L Y ET 7.6 3 250 0.53 3 iz0 |- 1
SR W 13:25 | how 280 |- . 510 3.5 296 | 839 1 149 6.6 5 974 1.6 8 2 64 { D10 0.08 | {005 6.21 | 083 | 044 0.39 6 200 (1|
St. 6 .11 gap | VBidS High 275 700 5.0 291 CEI) 15,1 6.4 2 932 [ T8 214 o304 020 | (008|137 083 [ 078 {005 ) 130 i
6. | 13:a8 | Lew 280 590 4.0 296 | 836 | 150 6.8 4 1003 1.5 6 z £.0 027 0.08 {006 7.65 g.90 0.37 | o054 5 240 o
1.7 .1 .50 08:58 High 215 670 5% 208 8.4 4 151 667 | 982 218 Tz | HA IO R REL 104 0.5 7 | 047 CETTUUVAETTTUY
[ S P 1340 Lhow | 276 590 4.5 2938 847 150 ! 686 100.8 1.5 6 2 5.5 619 0.05 {005 5.26 108 0.6 5 0.43 4 340 1
1. 8 .11 220 07:50 Thigh 215 160 4.6 90 . | 841 is1 | 621 00z | 218§ 2 § 58 006 {has | {005 T B R A= I YO S 33n T
8.k 1310 Low | 280 3.90 3.5 | 297 842 150 6.65 918 INE 3 2.9 0.05 {0.05 {005 2.88 104 0.55 0.49 8§ 540 )
1.9 .0 g0¢9 | 07:38 High 215 480 4.7 29.7 840 15.0 646 948 | 176 p) 6.7 003 | ©G10 | 005 657 | 008 0.5 1 0.47 5 | et T
O e — 13:01 Low 207 400 3.5 297 840 162 659 | 968 3.4 0 2 7.5 0.17 {005 {005 7.33 Lot 0.6 0 0.4 4 250 {a
Se.10.01, 0 303 8372 173 G199 [Te44 ] i R S R B R N I {005 (SN 7 70557 0E0 T {005 -5 T600 ]
to. 1. 5 14140 High 271 1730 7.0 304 8.22 162 6:0 3 90.9 .80 2 7.7 0.31 008 {0.05 7.33 0.6 2 0.5 7 {005 5 250
10.H.10 8.27 : S ' 299 821 ET.5 555 843 109 3 9.21 012 {605 G009 {0.05 0.6 6 0.5 1 {005 5 9200 B
10.1. 0 ' ' 31901 8.24 V6.6 6.19 632 i.156 2 12 0.03 0.20 {0.05 ilLs 044 0.39 {0.05 1 150
19.L. 5 98:37 Low 29.0 1530 | 100 300 g3z | 171 600 921 .33 i 13 0.05 095 {0.05 129 S 0.6 9 0.6 4 {005 4 140
16.L.10 S 299 828 7.4 497 F 7653 | 137 2 1% 048 | 050 0.32 10.7 .04 0.B G 018 4 150
Se.11.10, 0 _ 301 832 1 7.0 6.3 2 956 oo [T 30 0.03 {005 {005, 2.97 0,55 6.5 0 {005 4 G20 .
11.8, 5 - - ts5010 High 217.0 2120 8.5 30,2 824 172 611 939 1.66 .2 10 {002 0.08 {005 10.0 -0.76 071 {06.05 6 180
L. H.10 227 . : _ 209 gz2 | 1175 57 4 871 001 3 1.9 0.34 061 {008 0.a7 | 0.83 0.78 {005 5 1700 n
11.L: 0 ' ' _ 30.0 832 "1 6.6 6.3 8 246.0 1.9 1 I.4 0.09 (005 | (005 .31 0.8 3 078 {005 4 13040
11.L. 5 . 0910 Low 21.3 1875 1. 130 298 822 | 166 6.10 487 1.6 8 1 0.52 0.27 {005 {605 0.25 0.76 0.7 1 {005 2 3400 .
______ 13.1.,10 STV U - e : 299 822 | 175 557 845 Led |2 3.4 014 0.6 8 ota 2.3¢ 1.0 1 0.2 6 (0.05 8 | 630 ]
st.12 .. |.828 11:05 Low 270 1700 5.0 300 |'827 | 174" 6.15 .| 93] 170 1 74 | 009 005 {005 333 | 048 | 043 | {Ed5 T S A
$1.13.1. ¢ 12041 High 2 8.0 1050 8.0 30,0 8.34 17.6 6.4 4 974 | 1.1.3 1-4 1.3 014 | {005 065713 0.34 29 I {a6s | 4 | ra60 | -
13.H. 5 524 T & ) o ' 30.0 838 1 7.0 6.3 6 96.1 .05 5 2.7 017 {0095 {8.05 2.60 0.37 0.32 {0.05 4 690 __
13.5L. 0 ' 06102 Lo w 2 7.0 8.5 . 2904 829 169 5.6 7 846 0.40 i0 2.4 0.0 3 0.78 0.06 1.53 0.48 008 0.40 5 800
. 13.L. 5% ’ R AR ' 30.0 8238 17.2 5.4 17 82.7 040 | 4 5.7 008 061 | (065 5.01 0.55 0.3 5 0.20 7 340 | ]
St.14.H. 0 : . e : 3100 837 16.6 6.6 3 007 0.99 4 15 {02 {003 0.05 163 0.6 2 6.5 7 {0.05 3 120
pas |, t4:27 | than | 278 | J040 1 70 208 | 839 1 6.8 6.4 8 015 | hLs2 4 9.5 005 } {006 2005 540 | 0758 0.6 1 {005 5 200 _
14.5L. 0 - 8 07:28 ow 2 7.0 0.6 5 - 29.6 832 1 6.6 598 893 0.7 9 4 1.2 0.02 {0.08 {0.05 119 0.55 0.50 {005 5 1600
14.6.5 | |.CET 2 R IR ’ 297 | 832 162 | 582 865 0.8 7 3 2.2 6.30 025 o1t 1.63 0.6 6 0.6 1 {005 7 850
S1.15.H. 0 14:05 | Migh 2 7.8 06 7.0 30,0 833 167 650 979 3 13 5 AT 0Z% [ X005 | {005 73| 05 S 050 LowE T SN S B 7 2
15.H, 5 8.2 4 P ’ . : ; 24.8 8318 169 6.5 0 979 1.39 3 i4 0.4 7 {005 {0.05 0.88 0.62 0.5 7 {005 5 1600
15. 1. 0 07110 Low 5 7.0 035 | 7.0 296 833 16.9 6.05 990.7 0.7 3 4 10 {oD2 0138 {0.06 0.88 2,69 038 0.31 8 186
15.L, 8 : . - ‘ ' 297 | 833 | 1869 5.90 885.5 0.6 1 A 23 0.05 0.33 {005 1.89 0.73 0.25 e3s | 4 210
$t.16.M..0 13210 | ftisn 2 7.8 10.10 2.0 30.0 2839 16.9 6.5 9 994 133 2 iz g5 [ {605 | {005 13 [ e85 | 650 o5 T 2000
16.H. 5 8.2 4 ‘ ’ o ' 20.9 839 17.0 6.5 7 99.1 G.B5 2 i {00z {0.09 {005 i 1.0 0.6 9 0.6 4 {005 5 180 .
16.5. € - 06227 Lo 2 7.0 56 ~36.6 207 8.3 4 171 592 $9.0 0.85 3 t.2 0.01 6.28 {005 0.88 0.5 86 0.5 0 {0.08 6 1500
16.Le5 ' v o - ' ‘ 29.8 825 7.1 5.85 88.3 .57 2 5.1 002 6.51 {0085 4.54 0.6 2 0.5 17 {008 5 380
$1.17.H. 0 e ; . : 2909 838 172 6.4 4 974 089 3 13 0.0 5 {005 QYT i2% 0.5 9 0.5 4 {0.05 5 150
TR I 13132 | High g7 [ 1210 7.0 29.7 8.3 8 {93 6.2 6 944 | 139 1 4.0 o9 | <005 | (005 376 | 0.609 0.6 4 {005 5 180 B
17.L. 0 “7 1 o650 Low 2.7.0 270 297 8.3 6 1 7.0 6.05 91.0 0.7 7 2 2.6 0.31 0.13 {0.05 2.08 0.98 0.5 8 0.40 6 710
17-L. 8 - . T ' _ 298 835 17.0 605 91.2 1.0 1 4 1.7 040 | {005 {0.05 1.25 9,76 0.7 1 {0.08 4 1100 |
$t.18 828 | 12:00 Soow | . 287 2350 | 1256 2900 8.3 1 174 628 0563 .33 3 XX 608 7005 BCXI 0.81 034 | 020 (00§ 5 2000 | -
Si1,190 - 828 (1000 | Low 212 1620 13.0 239 822 1 6.4 6.2 6 937 ) 107 {17 |7 6d8 0.33 XX {005 050 040 | 7035 {006 q 2100 -
-2} RiverWater
: : \ : = LA . Trans- . W Do - . - ' ' ; » . i
Sample ?\_em; Pate Time - . Tile Tempeiatwe | parency Te?::;ﬁmm pH C.Q DO Sataration | €OP §S .| Tolal-N | OmpanicN| NO3-N NG,--N NHg-N | Total-F Organic—P PO“WI_ . TOC  [CN-wto,
No. . = IR P (ec) -1 (em) (t) | { %) (pom) (%) {ppm) Coom) | (anar/2) | Curan) | (ingar/2) Guar ) | rav) | (egar ) | Goear ) | (e /2) ety | (o)
| St.RJ1. 0. b p 14330 1 Migh | 3090 30 - '33.0 839 i59 7.90 1254 259 1 s _ A5 ¢.15 1.4 2 043 2.50 1.68 036 0.82 4 410
I E 826 07:20 Low' 250 100 283 | 7154 126 | <001 — ] 168 37 70 2.3 .6 6 105 105 54 3.0 0 51 31 9.6
S1.Ri2. L. .| 826 | 08743 Low 260 L5 | 278 | 685 | 04 | {00t [ = 9L | 592 1200 | 43 "~ 0.68 {005 1186 | 286 L33 | 183 18 8.3
‘$i.R.3:L. | 826 08:10 | Low 270 135 28.2 1.3 4 1.0.9 486 | 663 | 154 34| 30 0.43 4.21 0.9 6 335 543 218 3.25 10 92
St.n.4.4. ] 826 | 15:00 | High 285 230 R 841 | 65 | 686 | 1058 .98 8 26 0.20 1.6 1 {085 0.78 Li2. 0.97 015 | 3| %0
n.4.%L. t 227 | 67:30; Laow 1., 267 730 207 7.8 | 16.8 1453 679 3.31 13 T4 {002 1.36 {005 0.95 158 [ 090 0.68 & L40D
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The Results of Coliform Bacteria Survey

\\\\\\ Items e Water Temperature COliform.Bacteria
Sample Depth |. O {MPN/ 100me) |
'Not\\\g\\ (m) | First Time | Second Time | First Time | Second Time

St 1 1.1 30.7 30,8 B 3
2 1.4 0.5 | 310 5 1,600

X 3 — - ) - - T WY““_‘_“W‘““

& [ o9 | s | s 170 540 |

s | 36 | 308 30,7 <2 46

6 3.2 30.8 30.2 <2 49

7 1.0 30,2 302 | 22 33

8 | 0.9 30,9 10,4 14 540
9 0.9 30.4 30.3 < 2 > 2,400

10 4.7 30.6 30,3 <2 49

11 50 | 30.4 30.2 <2 9

T | a2 T 30.3 | 30.2 < 2 13

13 2.9 30.3 ©30.0 280 33
14 3.0 | 30.7 30.1 2 1

15 3.5 | 0.4 30,0 2 2

sampling Date : First Time 18th Aug,
Second Time 29th Aug.
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| - 332 'Analytical_data tor sediment survey
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" .Analytiéal Data_ for Sediment Survey

NTtema | oo o | -
N Ignisg}qn ~Total~ ToC | COD
Samgi?‘. loss (%) ?;;ﬁé?e (mglg) a/g)
se. 1 4.6 | 003 | -05 | 1.5
Se. 2 5.3 |  0.04 1.5 | 2.6
Cse 4 | 1006 | 002 | 2.9 | 2.5
skl s ) s 0.04 | 1.9 0.2
s 6 | 4.3 006 |° 20 | 1.5
st. 7 6.6 0,02 2.5 1.9
st. 8 | 2.9 | 0.04 0.9 | 1.1
Tse.9o. | 56 | 0.06 | 2.3 2.0 |
56,10 | 24,5 | 0.06 | 7.2 | 2.6 |
“Se. 14 5.9 | o005 | z2 | 19
8,15 | 5.0 0,03 - 1.8 1.5
SE.16 18.5 0.02 | 6.7 2.5 |
'2)_'*' River.
\ Items" _ _ :
: ' Tgnission | Total- TOC CoD
| Samgo‘f’ loss .(z) ?:gge (mg/g) | (mg/g)
ka1 | 02 | 001 | 07 | 06
st,R2 |- 3.1 [ 008 [ 5.8 3.0
| stRa | 2.7 0.06 | 2.5 | 2.2
St.R.4 1.1 0,02 | 0.3 0.5
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~ Relationshlp beiwesn Gra!ﬁh__ﬂgg_wggﬁ_‘_ﬂglgpr Porcent of Smailer Grain Size
‘ Spacmc Grovity. 254I

Sampte*  iNe ST — i

¥ foren sze ETRE o8t oz [ 025 | 0w i
Slwegne %) | ..779.) 892 | 424 | 3t9 [ 255
£ L loomsaemm o052 10037 10,023 {0013 (0009 lo00s {0003 | QO91] .. R S S
23 watem % i86 | 1.7 7.2 I
Somple* (Mo ShLe=2 . m~__ mi- Specltlc Grovity 2534
Famsurn | 508 | 351 | 254 | 101 [ 052 [ 476 04z [ 025 [ ooty
lweem %4 L4 b {688 |$36 | 416 | 267
£ % loramsnem | 0050 10035 10,022 1 0,013 100093 (00086 S 1S S U
§3 [ wont %[ o3 {uoa | 1es 133 I3 | 13 a N

Specific Gravny 2947
J.o8¢ | o4z | 025 0.105 | Gl

831 | 688 | 468 | 377 | 338

1

Frye v

oM T ) Seecific Geavity 2513
952 | 476 | 2.00 | 084 | 0.42 | 0.25 0105 Gt

66.5 | 55.3 | aL6_| 304 |

| -
I O A

FLYTT

Sample * i No SF“6 o ‘m~T"  m. Specitic valty 2 549

FToomscoen | 508 [ 381 [ 254 | 180 [ 952 | 476 | 200 | 08¢ | o4z | o5 | 005 " Gurh_
) wemt % . 11 oo | ses | 830 | 509 | 466 385 | 20.4
z 4 foomsnem | 0051 | 0037 J0.023 | 0013 Jooose jocossoooss jooora | | . boooh
§% wuon_ %[ 222 | 182 {122 102 102 {102-] 86 | 76 (o

m o w Specitic  Gravity 2.56i
952 T 476 |20 [ o8t | ouz | 025 | o mu et

ﬂ

[ ] — i —— — PRSEREEN SE

< .

ol S “,mﬂg_g?___,._azﬁ_,-ﬂ_9._53,._#_?_@@ 702 | 240
p 4

5 b.0097 logosalooozalocora {1 Lo b
s 79 { 79 | 74 ] 74 R

T aeseny
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Somple . :Na S?'—S . Do Speclflc Oravity 2556

¥ lomsio | 508 | 880 | 254 | 100 | 952 | 476 200 1084 | 042 | 025 | 0105 | s
_.:_ w.rdm % X B * ‘___._w.ﬁ,_.;.-_.-_,-‘_,.#; 100 685 W_t_i.2g-l L _2;&_3._9__._'_17.8_‘_-: iz _'
2§ foonsuemm 10053 10037 10,023 0013, Joooge Joooss lo0oss [ocoal H S R
£ 5] wolon % 84 | 16 76 | 8.1 | 8.1 5! | 84 | 84 N
sompler  iMb_ St i om~ o omi Spaflc Grovity 2.856
2loomsuaon | 508 | 380 | 254 [ 193 |82 | 26 | 200 | 0.64 | 042 | 025 | 0.10t " Gvia
e % 1 {100 [9sa | s2.0] eae | 705 ! azs
£ foomsuemm 10,086 10036 [0.022_| 0.013: /00094 |a0067]0.0033 | 0001 B S S
{8 ) vaem %] 226 | 179 | i70 123 (‘114 | 104 | 99 | 8.0 _-_L_w,,;t”;@_;'_,-
Somple* T iMo, L S1o-10 0 me  om}  Speelflc Grovity 2564
2lorainsuenm | 508" | 381 [ 254 | 190 | 962 76 | 200 | ol 0.42 | 0.25 oms_; 0.074_
Slweene % o b |100 | 875 | 69.4 | 597 | 66.5] ass | 416
s { ez lo.049 | 0035|0022 o013 Joooszloooss|ooosslooos| [ | 1 7
€5 ] weiom %] 315 | 280 1257 238 |23 | 203 j.132 | 75 ,
Somple © NQ_S_I_-",I_/‘}-__'P"F_M'_ Spacific Gravity 2 645
< foromsueom | 508 | 383 | 25.4 | 199 [ 952 [ 476 | 200 [ 08¢ | 042 | 0.25 | 0.105 | .67
5 th__% e . 160 ?a.oH 6.2 gg:gkﬁga.v_”. 20.3m
53 joomsnem 10050 l003s lo.022 |oots |ocosalooosslocossfocors| | | N
$5 wane %] 160 L isa | 117 | 99 | 9o | o1 | 65 | 6s .

m ~ w ) Specific Grovity 2,598

..... ey

476 | 200 | 084 | 042 | 025 | o__ms ou,.z
246 _

100 | 8t | 703 | 56.5 | 367
0.0087|0:0033 /00013 |

23 | 7.7 | 77 .

1
|
e |

Sompte: . fNa - St.=-i6 0 om= m!  Seecitic Grovity 2465
2 loromsuoom | 0.8 | 360 | 25.4 | 19.0 | 952 | 4.76 | 200 | 084 | 642 | 0.25 | 0.105 | 6wt
lween % | N |10 | 800 | s6.2 '53__4_____39.9_:; 324
Fijeonsmm 10050 | 0036 Joozs |0.013 | aooasjooosslocosalocora | | | B
) waem %) 282 210 | 188 1157 J a7 | 1z6 | 115 ] 92 o
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prSTY™

A039%

20roW

1030

Sampte’ . iMo  St-R-1 o oms o.om] Sveciﬁc Grovity 2.593

Eluonomm | 508 | 381 | 254 | 150 ] 852 | 436 | 200 | 66 | oap | 025 | 010 " i
e %] ) 1 Jioo | eea| 780 s | e | as] 12 ' o
Floomsuerm | - N L U SR N Joen SN VR
S wetght % ' ' | . _v_m____!____‘ .J‘-.-..,-;_.":
 Sompler M Sk=R=~2 wm~  wi Spacific Gravity 2495

hrmaseem [ 508 [ 301 | 264 [ 18 [ o5 | 46 ] 200 084 ] 042 | 025 | 0.005 f '6317
* | watgpr % ) o . __{__I_QQ_‘ 926 | 69.3 | 624 | 929 | 33.4 ! 271

srolnsize ™ [0049 10034 [0.022 10,013 (00092 10.0065]0.0032.]00013] | -

weight %] 248 | 22,9 | 220 202z | 188 | 185 | iv6 | 14.9 R

Ao.lnmf_
!

somple® . ‘Mo St.-R-3 L om m i Specsﬂc Gravity 2,411
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_ CHAPTER 4 FINDINGS OF SURVEY

o 4,1_ current
The characteriqtics of tidal currents will be studled on the basis

"of Lhe harmonic constants obtained from the continuous 15-day obaervation

'i'and the conLinuous 25~hour observation,
Generally, the. type of the tidal current is classified as fcllows.

K} + Gy

Ty 5 ) 0.§ g ' :"Semidiu?nal type

0,5 ¢ “Fﬁf"’i* < 1.5 ¢ Mixed type
1.5 < "ﬁ gt- B  D1urna1.type

'_Table‘ﬁ.l shows the coefficlents which were obtained at each survey

. station by caleculating the équation explained above,

Table 4.1

. sration | st.a | st.B | st.c !l st.p | Se.E | SELF

wﬁLr—l( JLJ 0.64 | 0.67 | 0.42] 0.40 | 0.35 | 0.31
2+")'2 :

The fol]owing equation has been used for the data of the contlnuous

; 25ahour observationf

U - My+Ss Mo

From tﬁe above-mentioned table 4.1, 1t is obvlous that station A and B
have a miked-type, while the other four stations C, ', B and F have a
‘bemidiurnai type; This shows that the offshore of Pattaya peach is the
' area at which the pagular tidal current from the outer sea encounters
the mixed type tidal current influenced by the topographlc condition.
- In other words, ‘the study avea 1s considered to be divided into two
pes areas such as South of Pattaya and North of Pattaya. This pattern
is clearly shown by the curvent diagram. The average current directions
at the time of the flood tide, the ebb tide and the Furn of tidal current
are shown in Fig, 4.1, 4.2, 4.3 and 4.4. AL the time of the change in
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current direction toward the ebb tiﬂé from the flood tide,. the. flow near
Laem Khlong located at the north end of Pattaya beach tends to }oin the
strong main current which flows in the west sea water area of Ko Lan,

On the othex hand, at the time of change in the cdrrent directioﬂ-
toward the Flood tide from the ebb tide, the flow in South of Pattaya
changes the current direction in advance, and then the Flow near Laem’
Khlong has the tendency of going down to the south along Pattaya beach,

This is also recoghised‘from the constant currvent diagfam which. shows.

the comstant curtent toward Ko Lan from Laem Khlong.

_ Thefefore; the clockwise current. in the Upper Gulf heéds for the
middle of the Gulf at the offshore of Laem Khlong and then flows out

toward the outer Gulf,
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4.2 Watar and Sediment :

The water quality of Pattaya 1s polluted to some extent, although..
it {s not a critical conditlon from the view poinc és an ocean resort.
Thefpollution ﬁroblém has resulted from not only the waste water discharg-
ed'ditecfly_ihto the Pattaya.sea but also the'polluied sea water of the
Upper Gulf. '

As'régard the pollution prqblém in the Upper Gulf of Thalland, AIT -
and Dr. Ludwig calculated the average BOD value in the Upper Gulf on the
basis of the flushing timé and the total 1oad_of pollutaﬁts. The‘result
was about 2 -ppm in BOD value. While, about 1 ppm COD value was observed
in the offshore area in our water quality suvrvey. Although the correla-
tlon between BOD and COD values is uncertaln, these results show compava-

tively good condition in the Gulf of Thatland.

The waste water discharged from the taﬁioca factories and the
rééidential area is the main source of pollutants. Since most of the
: tapioca_faétorieglwere not in full operation, they gave no serious in-
fluence on the sea water quality. But the results of the survey show
“high TOC content ‘in comparison with COD value and low 55 content, pointing
"~ out that most of them were in the form #hich is hard to decompose; such
as collold or dessolved materials. These organic matters presumably
resulted from taploca factories and were distributed widely because of

very slow sedimentation rate,

the river Na Klua and Na Chom Tien are severely polluted., Especially
in the case of the river Na Klua which had almost no dissolved oxygen as

well as other indicators proving that the level of pollutant contents was

extraordinarily high.

. According to Tigs. 4.5 v 4,12 which show the correlation between
pollutants and chlorinity therefore the existence of a mixture of sea
water and fresh water, the Inflow of pollutants into the sea 1s easily
recognized. However, the influence on the sea water quality was not of a
significant nature because of the small quantity of the river water dis-
chafged during the survey period. Poll@tants moved into the sea primarily

by . tidal fluctuation.
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Relatively good conditions were Irecognized in the survey of
gediment. Sediment ave mainly composed of gand with fine silt
and colloid. Most of the colloid presumably vesulted from the discharg-~
ed waste water from the taploca factories.. The sea gediments had
slightly higher contents of pollutents than the river sediment. The reasons

of which are deducted as follows:

(1) The waste water discharged from the tapiloca factories contains
very fine suspended substance which is hard to resolve. As
the.sedimentation rate is very sloﬁ, there was less accumula-
tion 1vn the riﬁér and most of fine suspended substance wére

conveyed into the sea,

(2) Pollutants discharged into the northern part of the Upper Gulf
were transported to the Pattaya sea by the clockwise comnstant

current and weve gradually deposited,

The reason that the condition of sediment was relatively
clean is due perhaps to the fact that the regenerative capacily

of the sea water is sufficient enough to check the pollutants,

On the other haud, the most important aspect of the sea water
quality survey is to evaiuate the present water quality level.
It is only through this survey that the questlon whether or not
the present water quality level is favorable for an ocean resort
area, can be answered., The Japanese water quality standard for
beach resorts are set up in 5 items such as pH, COD, DO, Coli-
form Bacteria and n-Uexan Extracts as showm in Table 4.2, This
standard will be used to discuss the water qualfity level with
regard to COD, Coliform Bacteria and n~Hexan Extracts. pH and
DO can not be discussed on the same basis because of differences
.'iﬁ water temperature and characteristics of the sea water

betwaen the Japanese sea and the Gulf of Thailand.

Table 4,2 Japanesec sea water gquality standard for beach resort

pH 7.8~ 8.3
| cop - Less than 2 PPM
_M____m_- po. . | More tham 7.5 PPM
Coiiforﬁl Bagzeria LeéE“EEEE*ETEBBﬁEBEYIBGﬁEEw“
E:ﬁExane'E§E¥§EE“E511) undetect o
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The survey area was voughly divided into & Blocks to analyze
the Jlocal characteristics. The water quality characteristics
of each Block are summarized as follows in comparison with the

Japanese standard.

In_Block A, only one survey station had more than 1,000 MPN of

Coliform Bacteria and COD contents were less than 2 ppm at

all survey stations. Moreover, the periodical surveys conducted

by NIB show.mbre than 1,000 MPN of Coliform Bacterla in some
points. Although high level of pollutants was observed around
the river mouth of the Na Klua, Block A shows favorable sea

water conditions as a whole.

In Block B, some survey stations registered excessive values of

COD; Collform and n~Hexaun Extracts in comparison with the Japan-
pse standard. The NEB‘S survey alsQ indicated excessive Coli-
form Bacteria along the Pattaya shoreline. Cafeful attention
wili be required‘to kaep the water quality of Pattava beach in

good condition.

The water quality in Block C was relatively better than the
Japanese standard. Only the xiver mouth of Na Chom Tien had

the COD value of 3 PPM,

In Block D which includes Ko Lan, the water quality survey

shows satisfactory results.

4.3 Environmental Characteristics

From the foregoing descriptions in Paras. 4-1 and 4-2, the environ-

mental characteristics of Pataya coastal zoue can be summatrized as

follows:

4.3.1 .

Fxisting characteristics

As to the state of the current, the effect of the clockwise
constant flow at the Upper Gulf can be found also in the Pattaya
coastal zone, producing a constant southward flow, However,
since the velocity of the constant flow is weal, 1t can be
safely gaid that this coastal zone has a relatively high sensi-

bility In terms of the state of the current, The character-
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istica of the current at the offshore avea of Na Klua River
differ from those at the south thereof., That 1is to say, a re-
markably varying mode of diurnal tide is found at the offshore
area of Na Klua Rivér, as compared with a relatively regular

semi~diurnal tide found at the south,

Concerning the water quality, it can bé cpncluded that the
water at the Upper Gulf is not contaminated so severely, on the
basis of the results of analysis of water sample& at the offl~
shove pdints:which can he regarded as representing the quality

of basic water at the Upper Gulf,

The Pattaya coastal zone 1s belng subjected to an increasingly
larger effect of domestic waste water and that of the waste water
dischafged form tapioca factories; However, in this coastal zone,
since the quality of the sediment has not detertorated so

seriously from the direct inflow of the domestic waste water,
it 1is suggested Chat this sea area has a'rélatively high sea

water self-purification,

4.3.2 Environmental characteristics in the future

Assuming that the Pattaya. coastal zone has a waste water load
of 41,800 tons/day (the quantity based on the sewage plan In
the Master Plan) in 1996, about 20 years from now, in addition
with an assuméd waste water quality of 200 ppm under conditions
without treatment facilities, the distance (rédius) to a polnt
where approx. 1 ppm improvement in the water quallty can be
achieved can be determined as 1,500 m in accovdance with the
Joseph-Sendner's equation., However, assuming that waste watey
is discharged after treatment through treatment facllitles teo
achieve the water quality of 30 ppm, the water quality improve-
“ment range corresponding to I ppm of improvement can be detey-

mined as approx, 250m by the same equation.
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Watey qgality estimate based on Joseph'Sendoner's equation

Water
quality .

W
'I,B'C)Um
Big(r)

“Therefore, with a_remarkable ihcrease in the quantity of waste
1water:in the fntufe,'the water quality in the ?attaya Beach
coastal zome will tend to deteriorate if no treatment facility
is provided, cbnseqﬁently'aggravating the conditions for the

subsistence of the beach resort.

However, since the diffusion coefficlent cannot be taken account
of in the Joseph~Sendner's equation, study on the affected range
through the use of a diffusion coefficient based on the obser-
yat;dns.obtained in this sea area resulted in finding that the
~distance needed for achieving a 0.5 pbm improvement on the pre-
sent level under conditions without tyeatment facilities is
only 150 m. Tn waste water after being subjected to a treat-
ment, there can be hardly any contylbution of the distance to
the 0.5 ppm improvement in the water guallty. Table 4.3 shows
a relationship between the distance and the concentration of
waste water determined by Twai's equation on the basis of the
quantity of waste water in the future, Additionally, as seen
from the relationship between the radius and the waste water
concentration according to the JosethSendner‘s formula given
in Table 4.4, the distance is reduced to as small as about 500 m

after the completion of treatment Ffacilities,

Therefore, apart from the effect of the pollution that will be
transfoerred from the Upper Gulf, it is expected that the
Pattaya coastal zone can wain tain a clean water qualilty afeer

the waste water treatment Faclilities have started their operation,
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Several equations are known for determining the dilution and
diEfUSioh'of waéte water in a séé area, including‘theiJoseph—
Sendner's equation‘in which the diffusion coefficlent (K) is
proportional to the distance (r), By applyiﬁ@ this Jogeph~
Sendner's equation to a continuotis gource df‘ﬁaéte water and
considering the transferrable term, the conéeﬁtration {8) at
the distance (r) from the waste water équrce éan1>e expressed
dn the following equation. | L _
8= {8 - &) (1~ exp.{~ dp(Q?" -?) 1+ 8

Also} {1 a sea area having a steady flow (u), fhe gsolution of
the distribution of two-dimensional horizontal diffusion where
waste water flows out continvously from one point in the sea
area can be expressed as follows: o

q exp. (xu/ZKx)U (u)V X2 z;i
2udvRx Ky Kx Kx

S =

where K (y) is a secbnd class transformation of Béssel function.
‘Here, assuming that Kx = Ky = K and y = 0;

5= exp. <§%Ko(§-§->

5
2ﬂdK

With variables of a large value, Bessel funetion can be approxi-~
mately expressed as Ko(y) =”{§; + exp,{~y), the soclution can
be ds follows: '

s - 2dvnKux
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Table 4,4 (Joseph Sendoner's equation)
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" . CHAPTER 5 _CONCLUSION

| The findings, which were obtained through oux survey on tidal
'f:current water quality, and sediment condition as aforementioned, can be
_Snmmarined,ae_follows-.:‘ '

‘6.1 T!dal Current

: According to the snrvey results, 4e 15 clear that the tidal current
‘:in the Pattaya beach area is. influenced by the fluctuation of tide. - The
' currenL usually flows north .at the time of the flood tide-and into the
'f'opposite direction at the ebb tide,. The maximum current speed measured.

at the time of spring tido is about 0 4 m/sec and almost the same value

.'is obtained at each survey station

As to the constant current, though some variations in i¢s speed and
-“direction werd ohserved during the survey period, it normally flows southe_
o ward._ Even though such low velocity of the current as 3-4 cm/sec is

' registered at Station B, prevalling direction of the current is the _
south' the current flows south into the oentral area of the Gulf of Thai-
: 1and passing the north eide of Ko Lan island. Judging from the time
difference of the tides (MZ) in the Upper Gulf a rea, it is understood
:LhaL the tidal current in the Upper Gulf ‘mdves clockwise as a whole.-
'Since this movement has an inclination to concentrate on the deep sea
.:area off Pattaya, e assume that the constant current in the Pattaya area

is also influenced by such a 1arge scale tidalucurrent circulation.

Diffusion coefficient obtained £rom the curkent speed survey at _

. 8tation B was relatively large for a coastal area, Comparing the velocity
of the current regietered at other stationa wiLh the ‘velocity at Station
B; we can.infer that the diffusion coefficlent at those stations will be

almost the_same in valqe-ae.the_one at Statlon B,

6.2 . Water Quality and Sediment Condition
" he water in the Pafteya gea area is rather c¢leanm on the whole.
There exist, tiowaver, several problematical points that should not be

‘ neglected“to naintain the'area as a beach resort. _Especially,
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contamination of the Na Klua River and Pattaya beach (shown in parameters
such as COD, coliform and n-Hexane extrécts) gives us a waraing., Pollu-
tion in the Pattaya beach area is mailnly caused by the domestic sewage |
directly flowing inte the beach avea. In our sutvey, we found that the
water of this area contaiued congiderable amount of'nqtrient salt (¥,P.)’
with the v&lue of 0.5 - 0.6 nugat/l at PO4. Incidentally, one of the "
survey stations marked the value exceeding 1.0 ugat/1,  In ﬁwcompound
examinations, we also found that the contents of the inorganic nitrogens
(NO2-N, NO3-N and NH4-N) were slightly higher than desirable and we

suspected‘that the eutrophication might be in progress.

One of the vital requivements for a beach resort is, needless to
say, to have clear, lucid water around. In Pattaya beach, however, rhe
lucidity of water can not necessarily be said satisfactory, for presently
the lucidity in Block A and B is 5m, .

From the conclusion mentioned above, we recommend precaution be
exercised over the following points for the conservation of the marine

envirvonment in the Pattaya area.

1) The extent of pollution in the Gulf of Thailand as a whole is
not so advanced yet as to be worried about seriously. However,
since most of the pellution sources are located north of the
prer Gulf such as the Chao Phuraya River,‘which rung through
Bangkok, the'polluted vater [rom this area flows inte the Gulf
and 1s picked up by the current moving clockwise going down
sQuth. This situation needs close watching heveafter. Further,
constant attention should be paid to the rubbish and the waste
water to come out of various devcldpment projects taking place

on the north of Pattaya.

i) The problem move directly velated to the subject area is the
pollution of the Na Klua River and of the Pattaya offshore area.
As regards the Na Klua River, major sources of pollutants are
“the domestic sewage and the waste water from Taploca factories,
The main flow from the Na Klua River goes toward Ko Lan island
‘ and,pért of this flow rﬁns south along the coast toward Pattaya
beach. Thé éituatiqn being such, steps to improve water

Quality in the subject area are desired to be taken urgently,
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Contamination in the Pattayva offshore area is maiuiy caused
by the dirvect inflow of the domestic gewage, This problem
‘will mostly be-éolved with the completion of the sewerage
work, details of which ave being studied in the Pattaya
Tourism Develoﬁment project. Buring our survey, n-Hexane was
detected In the water off Pattaya. This extract is considered
to have come from the waste abandoned from tourist ships.

Such abandonment, therefore, needs strictly be regulated.

Because the veloelty of the current in the Pattaya area is
high and the diffusion coefficient is large as aforestated,

it is naturally assumed that the polluted water in this area

is spread fast aund diluted with ease. In case the inflow of
the waste water from the north of the Upper Gulf is controlled,
the sewerage in the Pattaya area is completed, and the waste
water from taploca factories is properly regulated, good water
quality essential to a Dbeach resort will be guaranteed for

this area.

Reviewing the whole results of our water-quality survey, we
can conclude that the water quality in the subject area ade-
quately satisfies the standard values regquired in Japan, and
so the values can be utilized as a reference in controlling the
water quality and in maintaining good marine environment in

Thatland.
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