(3) Cround water, publlc Haterworks and swamp

Quality of ground water was examined usiﬁg the exlsting uells near

the proposed treaticent plants, and data were. prepared regardlng the
anticipated effects of’ stabilization ponds on ground water after
operation of such treatdent plant is begun, =

Hith respect to the quality of ground water,’ the presence of ammonlac
nitrogen in the existing wells seems to suggest pollution due to -
nightsoll. Sfnce planning was made on the assumption that" the quality
of ground water would be as BODs Smgllit., this quality means that
the water was quite unfavorable as water for public waterworks.

(4) River and sea area -

Pattaya River and Na Klua River showed very high BOD5. As mentioned
in the répoxt entttled Envirénmental Survey of Pattaya, this fs due-
to the Fadt that sewage is directly discharged into Pattaya River from'
hozes, hotels and restaurants, . -

‘Na Klua River is probably cOntaminatéd mainly by sewage from tapioca
factories and houses,.

_Considerable unpleasant smell oécurs at’ the estuary of both rivers,

and thus: improvement of the’ sewerage systém seens to be essential for
amellorating the living environment of the' residents. o '

3.5.3 Topographic Survey

For the de31gn of the se'erage system, surveys were carried out at’ points
where bridges ¢ross the Na Klua and Pattaya Rivers, The survey results

will aid in the design of the Planned culverts and pipe construCtion for =
carrying wasteuater across the rivers.

3.5 -4 Direct Interviews

The results of the direct’ interviews with residents, hotel nanagers and
others are susmarized as folloas. y o : :

IntEIViEhs were carried out ‘at the following 45 spots as shown in Fig. 3 S. 9.
Hotels
Restaurants, shops
Bangalows
Houses g ‘ o
Houses using public uaterworks
Houses not using public waterworks
Houses jn inland areas
Houses in Pattaya downtown
Tapioca factories ’
First Grade Factory
-Second Grade Factory

:ﬁa Kiua'Aféa”

W AT A A

“Total | s

According to the suxyey, RoSE hétels are equipped with some kind of sewage
- tréatoent facilities. However, there are problems with the mafntenance’
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- and ‘management; and there were few hotels showing good results., The
- treated water permeates Into the subsoil at 4 hotels, 1s sprayed onto

the laims at 5 hotels, and 1s discharged into rivers directly by 2 hotels,
Septic tanks are uséd by restaurants and shops for the treatment of night-
5011, while various effluents are directly discharged into public water
body. Such septic tanks are cleaned once a year by the use of "Wacuum
car." ' The restauvrants and shops intérviewed also hope to see the const—
 ruction of public séwage facilities,

Bungalows are also using septic¢ tanks. However, there 1s no treateent
¢quipmrent for the tanks ¢xcept in one c¢ase where there s a “purifying
tank' for theé tredtment of nightsoil. An owner of a bungalow says that
sufficient treatwment ¢an be made by septic tank alone. The treated water
- 18 discharged by natural pérmeation fnto the ground. 25 houses investi-
gated wereé using septic tanks for the treatment of nightsoil,
-Thése aré cleaned once a yeéar in ¢he Inland area, while the dwellers in
thé area along the river do not feel the need for a periodic cleaning of
“tanks., ' o :

As for tapioca factories, stabilization ponds are used in 3 out of the 4
factories checked fa Che curfent survey,. However, only one factory has
a satisfactory stabilfization pond, and others have only a very small pond,
- | The surveéyed First Grade tapioca factory wishes to sée further construc-
'_tidﬁ'éf‘Iargé”Stabijizatiﬁﬂ'pcﬂds; The sewage from the tapfoca factories

is discharged into the publie water body. : :

. Wastewater Quality Survey at a Motel fa Pattaya
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36 Esumatéd Arnount of Sewage
P3.é}iyéﬁhngéemént'6f'lndﬁ§tf1a1 uastewéte:

: in the "s“'t‘iliiy_' area, the tapioca Factortes give risé to ‘the largest

problen of fndustrial wastewater, followed by slaughterhouses and

- concrete fa¢tories.:

As _compared with other industrial wastewater, that from the tapioca
factétiéhiéoﬁttibqtes'mOSf to ‘environmental pollution in both quantity
and quality, and this is one of the rost ivportant matters to be solved im
order to nmafintafn Pattaya as a resort.

At present, there are 22 taploca factories in the study area, only 2
_ factorfes ave First Grade, the ‘othérs are Second Grade. Arong
the factories of First Grade, the one located along Na Klua River already
has stabilizatfon ponds to treat wastewater, and its cleaning function
is clariffed in the preseént investfgation on water quality by JiCA.
According to the favestigation résults on water quality, the exfsting
stébilization'pdnd doeS;ﬂ6t’Eeet the requirezents of the standards set by
the Ministry of Trade and Industry of Thailand. Becauseé yery high contents
‘of BODy and’SS aré. contained fn the sewage froa starch production, it seems
very difficult to treat the sewage up. to 29-60 ngfl of BODg. Heowever,
- according to datd provided by the Thai Industrial Environcent Control
Division, soire times the treated séwage ultioately reveals a BODs less than
- 60 ng/l. . The government of Thailand intends to adopt strict resulatiens
to enforce ‘the sewage treatrent standards.

As ¢ompared with Second Grade factories, First Grade ones are produ~ing wore
~ than 10 times of the 'starthy thus, their sewage i$ also more than 10 tires
‘as great. - Flrst Grade factories seem capable of being equipped with
_treatgent faéilities to meet the requirements of the government regula- .
“tions,  Thérefore, in the present project for a sewerage system, it was
‘planned that the First Grade factories shall treat their sewage by
. themgelves, while the séwage from Sécond Grade factories shall be pouréd
into the public. sewerage systen, _ '

Howevér, 1€ First Grade factories should bé vuable to construct the

faéilitiés t61ﬁept-the requirements of the standards, their sewage must
also nécessarily be put into the public sewerage system. . Therefore, piping
~plans and treatment plant plans are made so as to be able to meet these

possible requirements, , : _ ' _

As for the treatwent plant in Na Klua Area, plans call for obtaianing the
" necessary land to construct 'a plant capable of handling the maximunm

estimated anount ‘of sewage in'1996. As for the piping plan, thé First

Grade factories In question are at the opposite side of the Na Klua -

Atea from the treatment plant. _Thus the part of the piping plant. This is

divectly influénced by sewage from the factériés‘is'aﬁ‘éxtensiop_pf'abdut
- 300a of 4800 fnflow pipe from the road to the tieatment plant. This is
- included in the piping plan to provide fn advante fO¥ the possible flows
- of sewage from the First Grade taploca factories, ' .

“Since the quality of industrial sewage poured into the public sewcrage
system must be less than 300 mi/l.of BODs, sewage would havé to be pre-
treated At éach' taploca factory individually in order to meet the require-
- ments Of the Thai regulations, '
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3. 6 2 Untt Discharge and Quality of Sewage

Sewage volumes were calculated from volume of water supplied to 5 types
of recipients as follows: hotels and bungalows, tesidents, day trippers'
restaurants, and factories,

This report will now’ consider, first, the volume of water supplied and

then the volume of water supply anount discharged into the propOsed
seherage system. ‘ : .

(a) 'Hctels and Buhgéloﬁs '

- —————— e i ittt =t Y

Dally water supplies per. room are caICUlated assuming a 1001 éperation
rate, with 1.6 guests per room and 1.5 hotel employees per room,

Hotel- lodging - guests o 2507 lit.lguést/day7 s

Enployees - o R 80 e

Restaurants (in hotels) T L1

Cleaning ‘ o ”21601;', "

‘Water supply for pool [T ‘ ilOO_J_ "

Water supply for air~conditioning 20 o
“Total - R _ 810 lit Iguastlday

Thus vﬁlﬁmé of ﬁafer.Supplied per room (1 6 guests) is obtatned by the -
following equation.

*1;392—1Itobg/day-*
1.4 wfroom/day -

870 liguestlday x 1.6 guestslroom

u'uﬂ

Breakdoum is as follows'*

1) Lodging guests at hotels

Hestern style bath: ' I ST
. 125-11t. frime x 1 timelday .. =.125 1it.[day
Toilet seat: ' R '
13.5-16.5 lit Itime x 4 timeslday'
Hand-washings -

f5&266111c°/d£y :;'

3 1it./tine b 4 lit Iday = '12 lit Iday
~Face-washing: : R :
10 1ie. Itine X 2 tines/day L e 20 lit Iday
Shiower: . SE oo T
24- 60 1it. Itime x 1 tinelday L= '24?60_litalday-j‘-

Totai'- 235 283 1it. Iday
Average. _about 250 lit Iday_:

€3] Eaployees

"~ Toilet seat : ¥ i :

"13,5+16.5 lit ltime X 2 timeslday

Hand-uashing. ; , o

: 3-1itiftime x 2 times]day T {' = _6 lit Iday
Face washing: : S

10 11¢./eine x 1 tiaelday
. :Shower.'

24960 e, Itime X1 timelday

.-

'27 0 33 0 lit Iday

“10 11: Iday

1

t’iafso_lig./dgy;
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- Totals 67-103 1ic, /day
Averagc. about 88 1it.fday

-aHater supply volume 1s calculated from the figures per hotel guést,
by the follouing equation {if one assumes 1.5 employees per room)

88 11¢, /day f}:g - 82,5 % 80 Mt /day

thé. Since hétel employees are 1ncluded as residents, thetr fn-
hotel water. supply needs were calculated as less than they
would be in the case 1f they 1ived full tire in the hotels.

% Japanése book on afr- onditioning, hygtenic equiprents,
; and Operational data written by Yokota et al,
':'(3) Restaurants in hotels

According to thé naster plan, it is éstirmated that one hotel- lodging
guest takes: meals’ 2.1 times per day at the hotel restaurant, and
0 11e.’ of Hatér is estimated as being necessary for each meal.*

':1hus the uatet supply needed for oﬂe person per day is
.20 lit Ionce ® 2, 1 timeslday 42 1it./day = 40 1ie. lday
* Hanual of Air Conditioning and Sanitary Enginéering Vol. 11

(&) Cleaning

“The total arount of hotel bed linens, etc., to be cleaned is 4kg
(dty weight) per day per bed*. Water used for cleaning is 40 1it.
per kg. Thus,’ the water used per day per bed is 40 1it. x &kg =
_160 1ft. fday :

* Hanual of Air Conditioning and Sanitary Engineering Vo. 11

:'(5) Hater supply for pools

‘ Swimming pool°- Planning is made on the’ basis of existing condition
~in the various hbtels.

- Replacémént ‘water is estimated at 5 per day.
~Thé ‘curvént ‘nusber (quantity) of rooms and pool capacities are
sunaarized in the follouing table.

Table 3. 6 1 humber of Hotel Rooms and Péol Capacities

Name Of Hotél ~ - No. of Roous Volume of Podl
Orchid Lodge B : Y 597 @
Weekender . 120 - 639
Holiday Tam ~ © 340 600
Regent : .26 . 200
Nipa Lodge - 140 597
Océan View : ons | a2
Royal Ciiff 520 2,074
Asia Pattaya 266 1,620
Tétal 1,956 6,739 n®
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The capacity of pool per ool ‘of existing hOtels 1s3,449m3lroom.'_‘
6,7390% £ 1,954 rooris =3, 4496 /xoom : :

If water replac¢ment is SZ, the needed water supply 13 0 172malrooml
day. If lodging guests per room ave 1.6 persons, the water supply
per lodging guest ‘can be caléulated ag 8ppr0ximately 0, IOOm /guestf
day, according to the’ following fOrmula'_"-

0. 172m31roomlday * 1,6 =0, 107m3/guest/day 0 100m3lguestlday

(6) Hater supplies Eor cooling

A replacement rate of about 21 of the circulating water 1s c0nsidered
“standavd" in Japan ' circulatory water fn a refrigerator of turbo-
type eooling systém Is 13 '1it,/nla/RT, Toi per’ re[rigerator per_
one square metér, in hotel standards in ‘the United States.
is 0.019-0.027: " therefore, the water needed for cooling lm is
- 0.006 1ie. Iuin. ‘ '

o 019 0.027 ; x 13 lit.fhdderx o oz(zz) = o 0049 0. 007 lit Imin .m?
_ Average 0. 006 lit Imin n’

“The OperatiOn time per day is Eaken as 24 hours.--
The area per room: ‘averages 45m" (according to local: investigation)
Thus,-the watet needed Eor cooling one room is as follows.

0. 006 lit Join.m? x 60 afn % 24 hr x 45 m31:oom J‘:
388 8 it Iroom]day cel

if lodging guests per. roém are 1.6 persons, 1t can be calculated
that one lodging person requires the" following aﬁount ‘of water.

383.8 11t.ltooalday 2 6 guestslroom % 240° lit Iguestlday

% Kuki Sekkei Gaisuchi ' (Approximate Values for Air'Cohditioﬁingj
Osaka’ Eleétrlc Heating Co. Ltd. C -
Guideboos for cénstruction equipnent

Daily: average volune of sewage fron the hotel shall be the value derived
by dedueting the voluie used for air- conditioning and pool fron the total
vélure of water supplied: C _ .

 Watey supplies to pool : o 100 lit [guestlday

Hater supplies to air—conditioning. 240 11e, fguestfday
Tdtal - S ' 340 1t Iguestlday

Assuming the amount of water Supplied per hotel lodging guest is’ 8?0
1. Iday. :

. 870 lit Iguestlday —-340 lit, Iguestlday =, 530 lit /guestlday
:Sewage volume per ‘hotel- foom is as follows. ST AR .
530 e, Igueetlday % 1 6 guest/réom = 850 llt /rooa/day
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3) RgleEigeeﬁé955299_4eilzwezezeaenzglegs_eé“ﬁgzeaeleaéhégilz,weaieee

....'—....-..-.-,.-....-.p-_

- The daily average volume of sewage per hotel room is calculated assuming
1.6 lodgtng guests pér room, while the daily maximum amount of sewage 1s

_¢calculated dssuming 2.0 lodging persons per room and further multiplying
i the dérived flgurés by 1.5,

Therefore, the daily maxtmum VOlume of sewage is calculated as follows'

850 lit lroomfday x 2_9_2§£§9§§_ x 1. 5 =

3
1.6 persons 1.59 n’froon/day

(b) Residents .
1) Volumé of water supglied

i ot ke i e e w7

The volume of watér supplied to residents is obtained by dividing supplies
into "water fore’ living and ‘eatey for public use,

' (1} In calculating Hater for living per day per person (daily
. averagé) P Japanesé standards were adopted.

Fbr the water for llving, the follozing values can be considered.

Cboking . o 6 lit. /personfday

Boiling ‘ 6

Hashing of tablewares (by hand) 6 " ,
 Shower © O 24-60 ¢ " (42 lit.[personfday)

Laundry - (by hand) 20 " : _
'Hand-washing _ © 3 1it. x 4 = 12 lic.[personfday

ice~washing : 10 1ie. Ipersonfday

Tbilet 25

(Hotels use ‘a different

structure of toilet) _ _
Sweeping ‘ 7]
Hiscellaneous uses : [8]

h‘(Héan VDIUVE of water used) 127 1ic, Ipersonfday
(Excepting water for sweeping
S and miscellaneous uses)

{ﬁean volume of water used) 142 lic, [person/day
. : , (Including the above uses)
(2) Hater for public use

Rater for business {s obtained in accordance with the master plan
- as, follous. ‘Although in the following table the area of each
facility fn question is that of land area, the floor area of the
building was assuted as 252 of the land area.
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-'The primary schools have a land area’ of 16,000m% per school; and
- ‘caleulation were ‘made agsyming 2,000 pupils per school,’ According
o the eriteria vsed iw calculating the nurber of peérsons to be'
‘gerved in the various buildings*, the average number of pupils in
primary school bufldings s taken to be L/4 of those who could

- be simultaneously accon#odated at the maxinum,

Also, based on’ "the. data%, water ‘supply per pupil per day avérage 81.1
_lit.i The water suppiy to primary schools was thus calculated as follows:

2900 pupiis X 1/4 % 81.1 ke, Ipupillday = 40,550 tit. Idaylschool

In the ‘master ‘plan, 5 primary schools are planned In 1981; thus the.
" total watér supply will be 202,750 1i¢,/day, Comparing this figure
with the figure of 1,068, 600 lit /day obtained fron calculations on
the baaié 6f 1and area, 1t 13 about+19Z of the lattér., -Theérefore,:
._'the water for. public use 1s assumed, as a conservative value, to be
-25% of the value obtained from land area ¢énsideration. 'The popula-
tion to be supplied with water 1s estimated to be 42,300 persons in

1981 and 80,200 per50ns in 1996.: Thus, the water supply per person
can be calculated as follows:

:l.1931! 165, 669 14t. /day %ﬁﬁf‘QOOEpérSons iﬁ‘lit.fﬁefsoﬁfday
E 1996! 1 139,05? 1it. /day + 80,200 persons 15 lit Jpexsonfday

ﬁ Jépan Consttuction Center, Structural Standards of hightsoil'
: Putifying Tanks and Detailed Explanatiohs ‘of Then.

¢ fa olle

RN Bstimated daiiy average water Supply
'?ater for living and water for public use are added as: follows.

Water for living + Water for pubiic use
= 137 14¢./personfday (1981) -
C15% BRI Ipetsonléay (1996)

3(&) Relation between estinated voluhe of daily averagg and
daily maximu- water supply

‘The maximum water supbly is assumed to be 50¢ pore than the planned
daily avetage, in accordance with design standards used in Japan.

' Planned maxinum.water supply
= 1.5 x (137 1, Ipersonlday - 157 1%t./personfday)
$ 210 1it./personfday ~ 240 lit. Ipersonlday

Planned water supplies. : _ o
1981 1986 _19'9.1 o 1996

patly average . 137 144 150 157
Datly maxioum - 216 220 230 T 240

Unic: 'lit.lpérsonlday
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..._._-.-.....-.---..n--—-..-._.-.q-.—o. el e

The unit for tesidents shall be thé same as that of water supplies..
Planned sewage volumes. ' - SR

C 1981 1986 1991 1996
Daily avérage . 'ilj? ‘ 144 150 - 15?, _
Daily maximum 2100 220 5 230/‘: 2460
_ ' ) ﬂniti‘ iit, Iperson/day;
(c) “Day Trippers
: 1) Unit deaand cf water §ggglx

‘Planned daily water demand of day trippers is calculated below.

Sites wheré such guests use water are to be restaurants, parks and
amenity core. . :

 Toilet seat (13 $'11k. letee = 16,5 lit Itine) x 2
' ' = 27433 1it. /personlday L
'_Hand~washing -3 litsltime X 2 6 litalpersonlday
. Meal : ~.-‘(1o—20 lit./cime) % 1:= 10 20° 11t.lperson/day
: (restaurants) N _
Total - 43-59 i€t. Ipersonlday 7
'Averégé C Sﬁ lit /ﬁefsonlday

Among then, supp031ng that the. rseals. would ‘be taken at restaurants,
© this amount would be duplicated, thus 20 1it, Ipersonlday 18 dedacted

and 30 1it./person/day of unit démand is obtained for planned daiiy
average water supply. TR P L

' Planned daily average ‘watér supply. 30 iit Ipersonlday o
Planned daily waximun water supply: 4571it; IpeISOn/day

The volure shall be the sane as those of uater deﬂand

Planned daily ‘average sewage‘ 30" 11¢., Ipersonlday
Planned daily maximum sewage: 45 1it Ipersonlday
(a8} 'REStaurants

1) VWater voluze o

: The unit of planning daily average water deuandtr
20" lit lpersonlday o

The unit of planning daily naximum water demand*
' 30 1ic. Iperson]day -

;The volume shall be the sare as those of water’ denand-

‘Planned daily avérage sewages 20:11tslpersonlﬂéy :
Plarned daily maxioum sewage- 30 1ic./pérson/day
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(é)‘ Industrial Hastewater

It is mostly composed of wastewater from tapioca factories. Thus, planning
was made on the basis of the wastewater from such factories,

1he sites of factories are shown fn Fig. 3.6.1. The volume of sewage was
“caleculated as 4540m31day, but this includes the sewage from factoriés that
have since then stopped operations. Tn the above volume, 2,400n3/day s
sewage ‘from First Grade factorfes.* '

The voluse of 'sewage‘fr'om each factory {5 shown in Table 3.6.3.

A First Grade Taploca Factory and its Stabil:iza'tion Ponds in Na Xlua.
(Factory No. 1l on Fig. 3.6.1) '

x: Data of Taploca Factories in Bang Lamung
Rorks Fattory Control Division, Pepartvent of Indust:y,

Minlstry of Industvy.
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Fig. 3.6.1 ' Location of Taploca Factories

b/

e @ Arnphée Bang Lanung

N3 Kfua District Atea
LEGEND
o A With Freatment Plant
L) neeus Some Improvement

O Hatd to be lmproved

: <> First Grade Factory . B
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Tablé 3.6.3 Héstewater from Tapioca Factories
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(£) Quality of Sewage
1} Hotels and bungalows

L TP e R P ) Sy e

The water quality of sewage. from hotels and bungalows was estimatcd as
BODs 200 mg/iit, and $$ 150 mgllit., on the basis of watex quality survcys.

2) Reésidénts

e pr

(1) Pollution load per person in Japan is as follows.'

~ Table 3.6. 4 Standard Values of Pollution Loaq_per Pefson
: ' ' (Unit' g/petSOn/dayI

Ieem [ 1970 | 1990 _  T Rema;ks;ij;'
' ' “Increasing at the .
 rate of 12 gl

_BODS _'\45 ' :64‘_ 84 'personlday, every
: 'Zyéar ' cL
'ss | 40 ) s8-76 | ssiBob = 0.9:1

Table 3 6.5 Pollution Load per Person, Divided 1nto
Hater for Miscellaneous Uses and bightsoil

(Unit: glpersénlday)

- g0 o -?]990:_..-15 "
iones | Water for | oo . | Water fo¥ | o -
Ttem | Night- miscella- Night-|  {scella- Rematks
sodl sodl | 0T :
neous uses | . negus uses
: . : | values in.
Bops | 13 31 13 | 512 71 (|1970 wexe
- B DR R . | based on the
‘ -1 ———| Survey by
s a0 [ Mendstxy Qf
55 10 30 ) 10| 48 - 66 | chpseruction

- & Japan Sewage works ASSOciatiOn, Desig1 Critetion for -
© Sewage Horks Fncliities. ,

(2) The quality of domestic—sewage can be calculated by dividing the
standard value of pollution load per: person by the caxfimunm Sévage

' vélune per. perdon per day, Iu Japan, che ordinary BOD5 and SS are
. about 200 meflft, . '

Fion the above: calculations of ¢611ution load oer pestn, Aan estimate
~ I$ sade about the poliution’ 16ad of the present projece area and the
quality of water for do estie use 1s calculated
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 Thede figures correspond to the fi

| gures applicable to Japan around
the year 1965. . :

Table 3.6.6 Pollutioh load per Person
' (Unit: g/person/day)

S Water for - S
Item | Nightsoll ] miscellancous Total
L uses L
*1 ' .
BODs | 13 | 23 36
, ' %2 o
'ss 10 22 1 32

17 3172 15 x5 = 23
#2: 'S$:1BOD = 0.9:1 |
0SS 36 x0.94.32 32~ 10 = 22

.Planned water quality of donestic sewage:

_7The quality 13 Calculated fron the above unit of pollution, with o
“the volune of sewage estimated as 240 1lit. Iperson[day.

© BODs i =36_
. 8S :} 32

als.

260 x 103 = 150 mg/L
240 x 103 133 5g/1

'Although the above’ values are obtained, planning was nade with
BODs = 200 ngflit and-S$ = 150 mgfiit,

3)',Day Ttiggers

'Pollutidn 103d was calculated with the sare values as that of residents

BODs ©.200 mgllit.
- 8§ 150 mgllit.

ﬂ ﬂ

4) Restaurants.

_—-..-.--_.-.--——

Tests of water quality of sewage from Yestaurants revealed the water teo
be highly polluted. The tested BOD, values were especially high since
" the tested wastewatér was stored in tanks after having been used for
washing, If this wastewater was nixed with otheér wastewater, its BODs
load tould reach 200 ngllit. and SS, 150 ngllit.

5) Hastewater fron factories

-a—...__..._......_......._,__...__.__.______.

As mentioned in 3.6. 1, planning was made on the basis of sewage
" froa tapioca factories with 80Ds = 300 ngllit; and S$ = 200 ngflit,
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3.6.3 Annual Amount of Wastewater

The annual asount of vastewvater was calculated by classifying feg"
sources into: .

(a):_Hotels and’ bungalows
~ {b) Residents

{¢) Day trippers

{(d) Restaurants

’(é): Industry

“The procedure for calculating the amount of wasteuater is shown in
Figa 3-.6.-2- .

S (a) Hotels and Bungalows

1) Prevalence ratio of sewage

._.....-_..._—_.-.-..-...-._...._._......._._

In the present plan 100% of the hotels’ and bungalows will haVe sewage
treatment facilities. Presently, 2 or 3 hotels possess sevage trédtment
facilities which are operating’ satisfactorily.- It is assumed that ‘hotels
with sueh facilities will gradually change by discharging thel¥ tréated
water into the publie sewerage system, . The present plan assumes that by
1986 the wastewater of alt hotels will be treated by the public system.

- With regard to the bungalows located along the 1o~ lying beach area be-
tween Na Klua rod Pattaya, the collécifon of wastewiter therein is very
difficult, and it would be necessary to iastall pumping stations in order
o pump up the wastewater €0 the treatment plants.

Thus, in the present plan 1it'is assumed that the bungalous will tréat
their wastewater 1ndividually. lowever, the treatment plant will be
provided with an area and capacity sufficient to tréat wastewater from

- the bungalows. With regard £t the piping of wasteévatér to the treatment
plant, the diameter of the pipes wild inot be significantly 1afluenced
because the voluwe of wastewater ‘fronm bungalows will be" insignificant.
The pipes have been designed, takiag- into’ consideration the possibitity
of acc0mﬁodating the wastewater from the bungalows.._ :

_ 2) Distribution of roons

Ia the" distribution of rooms of hotels and bungalows, 3 600 r60ms of the
actually existing hotels are taken fnto consideration.; 1he number of g
rooas (700 vocis) to ‘be added in Phase 1 (1986) are assumed to bé dis~ -
tributed in the area where hotels already exist, and 4,400 roods (hbtels-
3,000 rooms, (bungalows 1,400 rooms) to be added in’ Phase 11 (1996) are
assurned té be constructed in the hotél and’ bungalosw zones in the 80uth.

The number of hotel roons fn 1936 and 1996 is shown in the following
Table 3. 6 7. :
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" Table 3.6,7 Number of Hotol Rooms

Year Situati&ﬁ ‘AiAFea : Q'Afea :C.Aﬁfg _ ¥§1223 . 5 Tot51 
Sxeom | . . room - roon| - roomf " Yoou
Exiscing| - 90 2,260 | 1,170 80 3,600
1981 | Futore | - Lo - - -~
Total | - 90 2,260 1,170 g0 13,600
extottng| 90 | 2,20 | 1m0 - | 3,600
1986 Future = 430 : .:1_00 ?5.0 7()()
Total 90 2,690 a20 |30 | 4,300
Bctoetog| 90 | 2,260 | 1,170 - | 3600
1991 | Putwre | - w0 | 2a00 [0 3,000
Total | % 2,_'55-0 3',57'_0' B 250 B is,'_SOON :
'E'xist:m'g :90 2,260 - i i,l?b - 3,600
1996 ;Fﬁéﬁrej . - '430 ;E'iZ;SOO ‘égo g ;:.115;1b0?_
Total 96 2:,:690. _'":5,610 250 . _"3,:7‘00'“

& By 1986, the: 80 Yoos on Ko Lan Island will be used '
- as residences of euployees._ s

" Axeéas A B and c are shown in Figure 3. 6 3.3

Hith regard to ‘the distribution of réons, existing hotels Hith 100 or

are assuped to retain thefr’ present nunber
and the other roons being ailoted to: ‘the bungaloa areas. 'With

ZOore roors shown seperately,

of roons,

the exception of Tropicana Hotéal uhe

expansion plan.
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Table 3.6.8 'Ejéséni;bigt;iﬁuflpﬁ 6f'h3té1fﬁboé§‘r
' © (10T, 1978)
". HO; : Of

T [ Accommddation[
Number 4n Pattaya | . Name

19 | oeehtd tedge | 1r0
9 | wyace vateaya | a2s0
ar | meopteana | 110
10 | ‘woltday tn | 370
21 RegentHPétkaﬁa'- - ??éﬁ
16 | ‘wipa lodge - -  : | ;fiﬁﬂ B
18 | oceanview - .l 110
©3t | sten Bayshote | - 280
45 | Heekender Motel . | 100
26 | Royal carden Hotel' | = 1%0
25" | ‘Reyal'ciiee | 650
1 L i .f;ag'i‘a‘t&atcaya_ i R 2?0

R Y. B SR TCR X

- H-

- —

Total | R C | 2,80

The distribution of tbOmS?ih:hbtélé;éﬂdiﬁﬁﬁééléﬁgﬂiggég folloss.,
Table 3.6.9 shows the distributfon of the éxisting and new rooms in the

hotels in the blocks (A) (B)”(C),'éﬁd'(D)‘iq‘?iggre:316£4;

Table 3.6.9 Distribution 6f Rdous in ﬁbféls“éﬁ&’nﬁﬁgalbis s

B Avéa

sitwatton | . | ® | @] o “Total

Extsting | 210 | 1,400 | 370 | 286 [2,%0

Futire B 200 | 230 '—t - 7@3§‘ f'f:?f

total - | 210 - | 1,600: | 600 | 280°] 2,690
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Por the detatied distributidn in respective bloeks, the number o[ Yooms

of the largescale hOtels meat foned before is first determined. The .
distribution of the remafning rooms is obtained from the nvmber: of bungalows
counted from a 1/2000 scale map and data’ provided by the T O.T, Pattaya
Office. '

(A) block: 'The existing 210 rooms are distr{buted as. shown in
the attached figure.:

(8) block: The'existing 1,400 Tooms all belong te’ the large
' “hotels. The new 200 rooms to be added will belong to
“the Tropicana Hotel. ;.

(C) block: "Of the 360 exlsting r00ns, 230 beIOng to the existing
two latge hotels, and the recafning 140 rooms to be
allocated to two hotels as shown fn the ‘attached

' figure coﬂsidering the distributlon of bungalows.

" Thé new 230 tooms to be added are assumed to be
distributed th A block hhich was determined optimum
‘in the Haster Pian.

(D) 'Block: The existing 280 rooms will belong to a slngle large
hotel - ]

The existlng and the new rooms ‘of hotels kere distributed as described
above, and the quantity of influent vastewater to each sewer pipe was
calculated, . :

{b) 'Residents-

.__......._____._..-.._..._.___...__..,.__._

A 100% prevalence rate ‘of sewage facilities anong the residents 1s assuced.
Although 1a the master plan, a prevalence rate of 100%’ is assumed in the
planned residential areas, and 70% is assuxed fn thé areas where the
existing situation will’ be retained

The present plan assunes a prevalence rate- of 1002, with sewage treatment
facilities to treat the wnole quantity of vastewater from the: project
avea. :

.__._.___-..__._____...__—.._..._.._._.......—.-..__.._..._......

.(l)l Phase 1

In Phase I, the population density fa respective blocks wlll be calcu-
“lated based upon the land use’ plan,’ First, in Phase 1, population is
allocated into respective bloeks, based on' p0pulation density deter-
~mined by the land ‘use plan, Total volume of wastewater is calculated

- by ‘eéach bléck aCcordingly. and- Phase 1 plan wlll be iaplemented based
on the unit discharge obtained per unit area (ha)

' Na Klua To-..-n A

In Phase i, Na Klua Town A will be divided into blocks A B, and c,
as shown in Fig. 3.6.5. “The ‘population distributlon 1 teSpeetlve
blocks are shown in table 3.6,10. ‘The arount &f wastewater per ha.
is ealeulated accordingly as shown in Table 3 6.10 :
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fable 3,6,10 Amount of Wasteyater per ha.

" (Maxfuum hourly quantity of wastewater)

Bléék';k yogulétion . ngntity of Hastewater

IR engity Domestic { Groundwater Tbtal
- ' peesonfha m3*fsec.ha =-:c:’_.lsec.h.ex'_hl o fséc.ha
A 78.1 0.000434 | 0.000043 0.000477
B - 58.8 0.000327 0.000033 0.000360
e 139.9 0.600778 |  0.000078 0.0600856

. MNa Klua “Town Bi :
© As shown in Fig.' 3.5. 6, Na Klua Town B s divided into blocks

" A and B.

The poPUlatlon distribution 1n these two blocks and the

amount of wasteéwater therein are shown in Table 3.6.11.

" Table 3.6.11 ° Anount _of Wastevater per ha,

{Haxinum hdurly quantity of wastewater)

Population

Quantity ‘of Wastewater

Block  density Doaestic H Groundgater Total
o person]ha o ¥sec.ha | mfsec.ha atfsec.ha
Y B - i ' i T
A 86.3 0.000479 | 0.000048 0.000527
B 96,5 . 10.000536 | 0.000054 | 0.0005%0

horthern New wan:-

In yhase T, the Northern New Town is divided into three blocks,
-namely, A, - B and C, as  shown in Figure 3.6.7,

Table 3.6.12 shows the ardunt of wastewater, calculated as in the

preceding cases,
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Tabie,3;6.12, Amount'df HastéQatéf,p6f5haQ._

(Hax[mﬂh‘hoﬁrly'Quaﬁtity'of gaStéwater)

Block P‘o‘ffulétion Quantity of Hastewater i
| denstty Domestic Groundwater N Tbtal
personfha n?/sec.ha lsec.ha N _m Isec.ha
A c1ra | olooos3e | @.oooo_é;a' | 6’.‘()06'4?‘32
B 1907 0000643 { - 0000045 | 0.000487
¢ 98,9 0.000349 | . 0.000055 | “0.000604"
(2) Phase T o \ -

The aréas covered in Phase 11 are’ ‘the same as in Phase 15 Since sone _
of the details regarding the réads and streets are: still unclear,
: subdivision is nade to those roads and streets already knoun.

Na Klua Town A'

As shown in Fig. 3.6.5, Na Xlua Town A uili be divided intd two

blocks D and E. P0pulation is distributed to each block according
to the land area calculateéd by land use plan (iacluding areas for
public use) as’ shown in the: attached table. -The volume of waste—

water per hectare is’ obtained based on population dénsity as ‘shown
in the table below. : L e

_Table 3 6 13 Amount of Hastehater per ha

.

: (Hagimum hbutly quantity'éf wastéﬁa;et)

Block _Pﬁﬁﬁlatiﬁﬂ - Quantity of Hastewater e
- 7 densiey ' DOE&StiC Groundwater;f - Total
person/fha 2] Isec ha ‘_m’Isec ha m’ISEC;ha

D 95.1 0.000528 | 0.000053 | o.000581°
B e 0.000648 | © 0.000065 | 6.006211

'Hdrtherh New Town: . ; .
The horthern New. Town is divided into biocks D E and P, as

shown In Fig. 3.6.7. The amount of uastewater per- ba.
@aluclated as in theé’ preceding cas&ﬂ is presented in Table 3 6 14,
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Table 3.6,14 Amount of Wastewater per_ha,

(Maximum hourly quantity of wastewater)

=Blo¢k. r,iygpq;atipn N Qu?ntity'of géfffyater
density gques;ic Groundwater Total
person/ha n’/sec.ha | n®/sec.ha w?/sec.ha
110.8 0.000616 |  0.000062 | 10.000678
1031 0.000573 | - 0.000057 | - 0.000630
1061 0.000578 | ~ 0.000058 0.000636

3) MHotel avea . | |
In the hotel area (fncluding the east side of the Road T-1; refer to
Figg'3s6.8) the'pdpulé;iqn of 8,000 inhabltants is assumed to be distributed
uniformly dvér the hatel: area, the ¢omsercial area,and the "azenity core."

' The hotel area:

EH’ain 2

Awenity core 5.5 ha
. - Northern 1.4 ha
. - Sub tota}l 32.9 ha

: QOaméréjal érea-_ 6.8 ha

3.1 4+ 3.7 =
Hotel area =~ - - : o
'3&.2+19.4+3'1.9+3_.6+9.‘3+9;3 = 107.7 ha

- Total

;?opﬁlationé' §,000_1ﬁhéb1iants S )
“Average population deasity: 54.3 inhabitants/ha

147.4 ha

Tablé 3.6;15f Amount of Hastewétét per ha,

-(Saxiﬁua'hour1y3quantity of wastewater)

4

PQbﬁiétion ' ',Quéﬁtity of MWastewater

. -density Domestic | Groundwater | | Total -
- person/ha ‘a¥fsec.ha | n?fsec.ha m"'lseelhaJ
543 0.000302 | 0.000030 | 0.000332

.

e o

e o At i i g e o o e P e v o o — =

in:fhgfépgéﬁfofﬁe ﬁéinféiﬁed in it§ pfeéent condition, the volure of

_residgntial_quﬁgkﬁter_ihléhf?ill’béfdiécharg?d fnto public severage system
leulated by allocating the residénces to the nearest trunk sewage

' 'was “da

ll:neSu'
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Fig. 3.6.5 Population Density in Each Area of Na Klsa Towir ‘A’

\ Ve

851 perion/ha -
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Fig. 3.6.6 Populatioﬁ Density in Fach Area of Na Klua Town ‘B’
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(c) Day Trippers

The number of day trippers is anticipated to follow the trend shown in
Table 3.6.16 according to duamastcr plan of JICA.

Table 3.6.16 ég;jg}patéd Trend in Number of Day Ttiﬁf?fﬁi__

Year =:i¥§81_‘ . : 1935.[? ; 1§§5'
1 7 f§é551é7; 'pgﬁbié’f\ people
Annval [ 458,000 .| 625,000 | 960 ooo
Nomber of | . .. R I T
Datly 5,500 | - 7,500 {12,000
oy axiaum e 2o ;
trippers: . ‘ - 2 o
paily | naa | e Lo
Average S 1,300 F 1,700 | 2,600

In Phase I, 7 soaday trlppers are expected to v131t Ehé nofth stte |
of Pattaya H111 and in’ Phase 1I, the following numbers are expected.

North Site of Pattaya Hill‘ a4, ODO persons
South Sfte of Pattaya Hill’:'__. '8, 000 persons

The north site. of Pattaya Hill should be planned based vpon ? 500 -
people of Phase 1.. Hoaever, since the “aft” discharge of day
trippers is relatlvely small, the dlameter of the pipings can be
designed based vpon 4,000 people 6f Phase 11° (1998) ;- Thus, in

the presen{ ‘plan the piping diaﬂeters are determined based upon data of
Phase 1L, : :

“Since the day trlppers are assumed to conéentrate in the awenity core

and on the beach, 'the present plan assumes that the wasfewater will go

‘into the upstrean point of ‘the pipeline serving the arenity. corée and the beach.
‘The day trippers-at the ‘north: site of Pattaya- Hill ‘are; ssuzed to”

concentraté in the hotel area, with the distiibution shown in Fig.‘3 6 9.
- A sewerage systea prevalence ¥ate of 100% 1s° assured
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Fig. 3,69 Dii!:fb(;libl), of Day Tripper
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(d) Restaurants

Iike the day tvippers, the restaurants will be distributed along the -
amenity coére and the Pattaya downtown area.’’ The distribution of restaurant :
users will be similar to the distribution of day trippers.

According to the master plan, SOX of the day trippers and 90% of the
hotel guests will usée the restaurants,

(e): Industrial Hsstewater -

. Q

uantity of industriai wastewater expected for 1996 is
*4
5 000 i Iday (daily maximum) - _

o

The anount of wastewater in the various fattories 1s calculated
based upon the Data 6f Tapioca Factoxles In Bang Iamung. !

®  The factories existing in Phase I area of . Na Klua Town A.are not

eliminated, because they already exist in Phase 1.

° Since the future situatfon of the factories which are not
presently in 0peration is not clearly known, they are not assumed
to be eliminated efther, Houever, since the quantity of wasteuater
froa Factory No. 20 is not clearly knoun even ‘in the data -~
sentioned above, 1t 1s taken hére to be zero. Assum{ng a total

'quantity of 5,000 m?/day, wastewater fvonm various factér{cs will
have the following distributioﬂ*'

Table 3.6.17:'Amduﬁt sf Hastewater from Various Factories

Kusbers Jisii-.,‘;fer rumberk) 20T eter
3]0 | : .i _ m%TE%_
1 180 13 | 120
S22 w0 | ‘1| 120
3 as0 | as 120
& | 120 ] 16 | 270
s o0 a7 | an
e | o120 f 18 | 120
7. wo - | © | 2
8 120 | 20 u] o =
9 w o} o2 | s0
10 i | 22 | - 1s0
R I ' e
* Noi is shdéﬁ”fn‘figifﬂ.églinx‘ - ‘f'f



LlfFactory Nosll is Flfst Grade, and is provided with 1tg oun wastewater
ju‘treatment facility, ‘being theréfore excluded from the present plan.
~The' planned volume of wagtewater in respective years, which were- cal-

ﬁ_ culated based Gpon the conditions mentioned above, are presented in
Table 3.6. 18 and ‘Table 3. 6.19.

Sln¢e the seuage plpings are’ planned to be constructed together wlth the
‘ roads, the actuval quantity of wastewater: dlschatged into the sewer pipe

: _will be smaller” than the planned quantity for 1981

In 1986 the ccnstruction of the pipings of Phage 1 will be finished, and

as' a consequenee, the quantity of Influent wastewater will coincide with

the planned quantity Pigufe 3.6.10 and Figure 3.6.11 show the coastruc-
tion works o be executéd in respective Years;

Tables 3,6, 20 and 3.6.21 show the quantity of influent wastewater in
respective yeérs in the plan.

(E) Groundwater

. In the cése of separate segeragé system besides wasteuater,groundwater
"fléws into the pipes from jointed polats of the pipings.

Thus, when planning the' collection pipe and the wastewater treatment

facilities, the quantity of groundwater should also be taken into cen-
sideration.

T gn the present plan, the quantity of fafluent groundwater is assumed to

‘%fibe 20% of the daily maximum of wastewater by 1996.

The follouing shows the volure of grounduater in the Ra Klua area and in
the Pattaya atea.-

" Na Klua'Area 13,630 a3/d x 20% = 2,730 a3/d
(Excluding ‘the wastewater . :
of First Grade tapioca 11,080 m3/d x 20Z = 2,220 w3/d
L factories and bungalows) _ :
: Pattaya Atea 11,900 n3/d x 20% = 2,380 u3/d
- {Excluding the wastewater o
of bungalows) - 11,570 m3/d x 201 = 2,320 w3/d
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Fig. 3.6.41 Development Pian in Na Klua Town ‘A’
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Fig. 3.6.02 Development Plan in NaKlva Town ‘B’
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. . Fig. 36.13 Development Plan in Nosthern New Town
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:'3.7: Sewadé Tr'ea:lfneht Plan
='3 ? 1 Study 6f treatrent systen

:(a} Concentrated Treatment and’ Indlvidual lual Treatment

A Seuerage system plays a big role in the establishment of pleasant and
hygienie Hying modes. Flush toflets must be connected to the public
sewer system of to purifying tanks for individual treatment,

Houever, small purlfying tanks tend to perform lover quality treatment and

‘to be poorly maiatained. Filthy drainage will flow out, and periodical
cleaning is necessary. 1he,best systenm is for flush toilets to be ¢onnected

to a public sewer system. As’ c¢larified by the present investigation,

- the existing sewage treatment: facllities in some hotels are not well

operated. 1t 1s because of the unfavorable mainterance.
it is preferable, however, that even those hotels with currently well-
operating faeilities be conaected to the central treatment system.

(b) Dréinage Systees (Separate Systen and Cormbined System)

There ave’ 2 systers for collecting the sewage. The separate system is to
drain se?age ‘and ‘stora uater by different pipes, and the combined systen
. means the draining®of sewage and storm water by the same pipe.

'Features of both systeas arte -as followss.

Separate systens’ an ‘be sub- divided into the conmplete separate system,
in which both pipés for sewage and storm water are laid.  This
'sewage—separating system is operated by laying the sewagée pipes,

only while draining the storn water by the conventional channels.

© Ta this project, the sewage-separating system is planned Storm water
will be drained by the repalr or remodelling of conventional waterways.
Also, ditehes along the sidés of roads will be coumpleted for use in
draining stora water. Thus, pipes will be used only for sewage, and
“their sectional diameters can be smaller than would otherwise be the case.
“The sewer pipes located in the upper positions may become deposited with
sedinent, while middle and lower positions show less sediment because of
the constant and sﬂeoth Elou.

‘In a separate system, even after rains, all seuage is transfered to the
treatmeént plant through the sewage pipes,. but deposits on the road or
in separate water drainage pipes will be discharged directly into the
rivers by the flow of stora water. Seuage pipes can be of small diaweter,
 but their SIOpe nust be great enOugh to obtain the necessary flos-speed.
"Thus sewage pipés: in. a separate ‘systea should be buried deeper and
1ife stations will he more nuoerous in comparing ‘with the combined
'system, | Because the pipes for sewage alone will be sealler in dfameter,
“construction costs will be less, the working petiod for construction will
be shorter, and the construction efficiendy will be higher.

7‘Iﬂ this system, pipes uill be’ planned by calculating the flox of the
cbmbined volure of - eewage ‘and stora water.  In general, however, storm water

1s up to 50-100° timés wore than thé volume of sewagei and pipe dlameters
aust be decided fa conpliance uith storm water volune.
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Therefore, sewdge takes up less than 107 of the pipe on a flne day, while
on rainy days, the pipe is nearly filled with sewage, and storm water.wz,
-Because the water ldével fn the pipe fluctuates so much filthy patter may
becone deposited on the pipe walls, On fine days, the’ water level in the
pipe is lower and the flow—speed 1§ low becavse’ filthy matter is Liable o
to be deposlted and putrefied.- Objectienable 0dors may spread widely ‘
from openings of stora’ watér. On rainy days,,the pipes in a combined -
system will discharge untfeated sewage into the rivers miXed with storm f :
water. S

Especially in the initial stage’ of a rainfall the flow of the erers ls

still relatlvely low, and thus negative influence on water quality will
be grave. : . .

However, in this system, the pipe is larger in diameter, maintenance is
nwore conveniént, and because the pipe is favbrably ventilated,” there is ‘
less stagnation of gas.

In this system, determinatlon of pipe diameter is very difficult slnce ff
- the flow céndition is completely different on fine and rainy days, and o
' thére is no ideal decision Hhieh satisfies both cases.;

In view of ! the above characteristics ‘of both systems, i the preseﬁt
project, the separate systea was adopted fron the follewing Yeasons:

(1) The’ prOJect area 1s a resort area, and there is thus a high

:neeessity to prevent water pollution. Establishment ‘of a sewerageﬁj
system is quite urgent. -

{2y Conventional drainage channels can be rather easily remodelled
and thére is' no necessity to lay pipes for storm water. ‘

'(3) Construction eost is less.

,(e) Treatmenl Systels‘

A comparatiVe study is made about the following & alternatives of the :
"Coneentratlng ¥ethod of Treatzent",

;Treatment System No. l

S 1) Seuage discharged into the seawater aftef primaty treatment.; A

In this system, the raw sewage," after passing-through’ sedimentatién ponds,
is sterilized with' chlorine, and '1s cavrried off-shore by meaﬁs of dis—-
‘.charging pipe fostalled on theisea bed. - ... ;. '
Thus; dischatge wiil be nade in the séa water’ and sewage wlll be treated :
by natural. purification and diffusion as well‘as by ‘dilution. “1In the
weést: coast of the USA, especially in: California, thls aethod has been
w1dely adopted. : .
Receatly, this systea of diseharging water‘after primatyjtreateent ‘has’

" been veviewed by E P.A. (The US Environmental Protection Agéncy), and 1t
was decided that afrer 1982, all dewage ‘should be given seédndary, treat-
" ment’ before it is diseharged._ If this method g applied to the Pattaya
area, the sedieentation pond must be constructed An' an’ inland area.,ll___
There is no possible eonstruction site aldng the eoast doun ‘to the
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 pattaya’ Hlll 1n the south. Pattaya faces an enclosed bay, and the
purification efficiency will be inferior compared to the open coasts

" 11ke Californta, The bay has many possibflities for future development
of 1ts coasts., Thus the pollutfon load should be kept as small as pos-
sible, and the protection of marine resources is essential also. In
this project, the alternative of discharging the primary treatment water
was rejected

For reference, calculation was made on the envivonmental effect when

Jprimary tréatment water is discharged to the sea by the way of submerged
pipe on thé Pattaya sea-bed, as follows:

_(l) Study on sea-bed discharge pipe
‘1.' prography of sea ~bed

The slope of the sea- bed avound a discharge pipe in the area would
be about 1/150 - 1/400. The sea-bed is mainly composed of sand
- -mixed with fine clay and colloid matter.

2. Flow

_The flow in. fhis area arises from tidal current, showing regular
flow. There is a northern flow at flow tide and southern flow at
ebb ‘tide, with average current-speed at mean high water of about
0.4m/sec.  Fig. 3.7.2 & 3.7. 3 show the flow at mean high vater.

-3.; Water teaperature

" According to the survey data by JICA in 1917, ‘the water remperature
is alvays reflecting the high atnospheric temperatures in the day
tize. At the tiwe of the survey in 1977, the water temperature was

" more than 29°C, and there was no large variation vertically.

4, Hater‘quality

The water quality of this sea area does not show particular con-
tanination as a whole, There are several points with respect to
water quality as a beach resort which deserve attention. Especially,
“the ‘pollution probleans 6f Na Klua River and the sea in front of
.Pattaya Beach need caution. 7The pollution of Pattaya Beach and
frontal sea area is’ produced mainly due to housé sewage discharged
‘directly into the beach area. Water Quality Survey, 1977, JICA.

 '5. Study on discharge systea

A certain degree of water depth is necesqary for the discharging

system into Eater. Water discharged by jet system is mixed and

diluted with seawater, before discharged watér reaches to the

surface of the sea. The discharged water does not affect the shore

when the location of the outfall is set far away from the shore and
: also whean dispersion on the surface part is in s$mall range.

6. Seléction of locatfon of the discharging point

In considering the discharge to the ocean, better effect for dilu-
tion can be obtainéd by deeper discharging, and less pollution
affect seashore whén the outfall 1is installed far away from sea-
shore and the dispersiOn is fnto small area. However, a far off-
shore outfall requires high cénstruction eost. 1In deeiding the
location of the diséharge point, it is necessary to pay atteantion
not only té economié aspects, but also to the influence on the deach
as a result of dispersion,
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A Studﬁ'on JQSpéfaioﬁ

Sinple method to éstimate dispersion is obtained from the

technical report by Japan Electrle Central Research I

- by Joseph and Sendouer s fornula,
a, Data on sea—bed discharge systém 1in the study area.

Dis@hargiﬁg qﬁaﬁt1ty

Relative density
Discharging systea

humber of discharging

Pattaxa Ares
14,280 n’ fday
0.025

Horizontal under—
water-discharging
systen

aboratory and

Na Klua Area

16,360 w® fday

0.025

Horizontal under-
water-discharging
systen

| 8 8
‘A'nozzle o
| Dlageter of discharging ' 100 en 125 om
4 nozzle

’:Flow rate (quantity) 0.620? m3fs

“per nozzl 0.0237 /s
e . .

' .Piow speéed at diSCharging 2.62 ﬁ?ls 1.93 n'/s
nozzle
" Depth of water of position 2.0 m 7.0 m

‘of discharging nozzle

Surrounding waterdepth

Eov’er 10.0 » over 8.0_m

b, Result of study

Fig. 3.7.4 shoas the result of prospect on the diffusion area with
the dilution ratio S=1:500.

Pattéyé Avea:
) Diffuslon area in thé quiet condition of current has a radius of
about 290m (Anzﬁo 00032)_ In case curreat is flouring, the
~akrea of dispersion is generally considered soaller than the
dispersion area fn quiet condition. The dispersion area is
considéered to lie primarily in the direction of the flow when
there is a flow. Fig. 3.7.4 indicdtes this fact. The position

of a discharge polnt in the Pattaya Area would be 1,500a offshore
- at a water depth of -10m or deeper.

Na Klua Area.

ilThe dispefsion area in quiet condition of current has a radius
560a (A = 1 niilion m2), There is almost no influence on the
seaside in Pattaya Area. Therefore, the position of aa

outfall’ in Na Xlua Area would be 1,400n offshore at a’ water depth
of -8.0n or deeper. :

-*Fig. 3.7.5 and 3.7.6 show the vertical dispersion rates calculated by
compiiters when the outfall pipe is installed on sea-bed for Pattaya
Area aad Na Klua Area. The dilution ratio on reaching the sea surface
$s 112.4 times in Pattaya Area and 61.9 times in Na Klua Avea, 7Fhis
differencé is caused by the variety in water depths.
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Fig 318 Diffusion Rate In Pattays
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Treatment System No,2:

. L L o e o o _

TETAT I TSN et i e ar d it it B b oy ket e v Pk e o b o Sl s e o

In this system, ‘the sewage after secondary treatuent is dischargeéd fato:the
water channel. 70-90% of BODs will be removed at the treatment stations,
BODs after tréatment’ will become 20-60 mg/lit. as compated to raw séwage
BODs of 200 mg/lit. There may be no prqbléﬁ”in'djsbhafgiﬁg:50¢hftteated
water in rainy season, because of dilution with storm water, but!sludge
may be deposited_in‘the”dtyjseaéqn.,VSiﬁcé'thc“khblé'pfbjeétiaréé 18 made
up of sandy ground, however, most ‘tvéated water will pénetrate fdto the
‘ground, and the discharge into the sea will be greatly reduced. ‘This is
the most economical discharging méthod. This system was considered as the
first alternative in this project, o :

Txéatmént:system No.3:
3) Discharge into sea vater ig done after secordary. treatment | . -

T e e e e e e e e e e e e e e e :

i e i i e -

- This system is a combination of the,ébbve‘altefnéfives=1);An§ 2)¥j'Iﬁ‘this
system, pollotion load is less than that-of altérnative 1) because of the
discharge of se¢condary treated water into the sea-béd} hoWever, c¢onstruction

cost will be high because of théjneééssity'of_seédﬁdaty;ttéétment5aﬁd'sea—_
‘bed facilities. Thevefore, fit is considered only as one of the altérnatives.

Tréatment System No.4:

mountains

4) Secondary treated éekége éfflueﬂt'is scattered fnto fields andfor

~ In the ¢ase of using the ‘effluent for frrigation puiposes, as in the case.
of peretration iate the ground without any other ‘economic purpose, purifi-
. catfon is carried out by a combination of physical, chemical and biological
processes. Physical éffeétS'are'filttatigh;jabSOfbtiOn and ventilation,
while cheémical effécts fnclude oxidation and ion-exchange, ' Generally
- speaking, the ‘earth 1frigation-ﬁethod'expects“thé-deéoapoéition-dfa@dgf
lutants by aerobic mféroorganisms in the soil. Howéver, with'réspect to
the present plan, décomposition by aerobic drganisms is ot a major factor '
since the effluent to be scattered would have already undergone” sécondary
treatment.. This méthod way be roughly subclassified fnto three ‘types as
follows. o x o | a
1. TIrrigation nethod . . -
2. “Surface’ flow iethod L
- 3. Pesetration-filtration rethod e . S
“The ierigation method céh b¢ a¢6pted“tq7gqétjtypés:of-sbll;=1ﬁ¢1uding sand
~ and clay, but! s most applicable to soils with good pérmeability. Thé flow
- rate {(cafweek) is, however, low. . The method 1§ excellént for the frriga-
tion of crops. - - ] : ‘ ' R R

~The surface flow methdd can either utilize existing freigatidn channels
making the wastewater Eléw'déwn'alongﬁdeclinbing'sibpé;(QISChatgiﬁgithe
¢ffluent’ to the natural streams) or sprinkling the effluent on slopes,
csllecting 1t fn'drainage ditches at the end of fields for secondacy ir-
rigation. By this nethod, the effluent vhich penetrate into the soll is
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limited to the area near the surface and the amount 1s small It is
“gsuited to dolls with low permeability like clay or loam rich with clay.

“The slopes need the gradlent from 2% to 6% so that the effluents flow
down over all the surface of the earth swoothly. A part of the purffica~

_jtion process ¢an be accomplished by planting grass along theé slope for

- _breeding bacteria._ One may consider that the surface flow method has
-alnost no influence on ‘ground water, and thus the problen of protecting

the purity of gtound water is not importantly affected: by site selection.

By the penéttatlon filtration method, effluent ls kept temporarily stand-
ing on the ground surfacé with a depth of 0.3-0,6 meters. Sand, gravel,

- loam rich {n sand, and sand rich in loam are suited to this method, The
_method cannot be used, howevér, for the cultivatisn of crops, The neces-
“sary site 1s going to be located for discharge treatment of Na Klua and

. Pattaya fn penetration filtratfon method, the most efffcient among the
three types discussed above. In the calculations below, a low flow load
rate was uged bécause of: feleasing effluent water {nto the soil. However,
fn a plan like the présent one in which secondary treatment is conducted
before irrigation, it would seén possible to make use of a higher flow
1oad rate.

'g—-'
_________________________________________

Thé follbwlng values with reéspect to the penettation Eilter nethod are

- réported’ fn “Al€ernative Haster Management Technigues for Best Practicable
Haste Tteatment, EPAY. '

Flow load rate: C 0.3 - 1.0 frfweek
{2-30 cofweek)
Yearly applicable _
volume. S 18 ~ 500 fr/year
S A {5.4 - 150 m/year)
I,Rqé@sﬁafy‘depth to :
. surface of
'ground water: - about. let (about 4.5 n)
In. this project area, the depth to ‘the surface of ground water in the
rainy seaSOn is G.L. -1. Sn." It is considered to be somewhat lowered in

"the dry season, but’ it Still is only about 1/3 of the necessary depth
of -4.5a given above.

 “As for thé soil conditions, the upper part is conposed of sand, and its

.coefficient of permeability fs 163 cafsec (0.864m/day). Regarding the
flow-load rate, the above valués seems to be too great considering the
necessary depth to the surface of ground water, Thus, the follouing
alue was taken as a mean value between upper and lower limits.

Flow load rate' . 0,65 ftlweek {(0.20 mfwéek)

1Cbncerning the yearly applicable volume, water filling should be pade
intermittently in order to maintain the permeating speed. Thus, the
-folloving value was adopted ‘with the drying period of 2 weeks and water
filling for 3 ueeks, in reference to the example of Flushing Meadows in
Arizona._ . . S

Yearly applitable volume'

0.65 ft!week x 52 week/year x %%—— 20.3 ftfyear (6.1 mfyear)
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(1) Na Klua - Area
early maximum sewage. - :
116,360 m3/day x 365 days x 2;35*5" 3, 930 933 m3lyeér
'A = 3 930 933 % 6 1 mlyear = 652, 612 = 65 3 ha
Thus, the’ neceSsary area is 65 3 ha.

(2) PettQYa Area - _
Yeatty'maxipem'seﬁégé: . B
'14 280 m3lday x 365 days x ”ilsl = 3, 4?4 800 m3lyear -
= 3,474,800 ¢ 6. 1 mlyear = 569,638 = 57,0’ ha

Thus, the necessary area s 5? 0 ha,

" In view of the above results, for this project, the method of diséharging
the secondary treated water iato: the tivér was. adopted as’ the fi¥st alter~
‘native.  In the future,’ hoaever, i€ 1§ desirable. to caryy out -a detailéd
'Survey, irrigation of the mountain area, with a view to- preventing a horm,
sendlng of water quality cooperating with other facilities.-.

r3 7. 2 Plan’ of Sewage collection System
The piping plan was madeé in compliance with the followlng rules

1. The natural gravity flow: system sball be eﬂployed as cuch

" as possible, and the installation of “punp : shall be avoided
as much as possible.;', .

2, Even if. it is necessary to install pumps, the number of
pumping stations and the head of punps sball be as low as.
possible.- S o Coe -

" Ia the pro;ect areéa, there are nusErous hetels and restaurants along the:

‘seaside, There 1s scaréely the space for building tréataent stations,
and it is thus impossible to ‘locate the sewage treatment: station At the -
centér of the resort; it was 1nevitab1e o’ plan its. lo:ation .On ‘the : _
mountain side., Therefore, it wag difflcult to- have piping systens: USing
natural’: topographié slopes and we were obliged to constiuet” pumping

. statlons, ' Fig. 3.7.7 shows the piping plan.

As for the position of the pipe along Sukhunvit.koad 1t shall be buriedr
under the side slépe, '

Since “T-1 Road is as wide as 3lm, the main pipe is’ buried at the center _

- and a Service pipe is buried at the edge of. the ‘road. Pipes afe, as a.
rule, planned to be 1aid on the north or east sides of ‘voads for the pur—

pose of coordinating them with othey’ ihfra—structures (waterworks, f B

'eleetricity,telephones, t¢.) and in the road with pedeStrian road, the
seners are to be installed under 4t . N
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}htefﬁg;g‘fot pipc$ (Culvert5):are of concrete, asbestos cerent, and
reinforced prestressed concrete. However, the pipe around the pumping
stations shall be ductile cast iron pipe. _ '
_The cost is the highest in the case of reinforced prestressed concrete
- pipe, followed hylasbcﬁt¢s'cément pipe and concrete pipe. Therefore,
concrete pipe will be employed as much as possible, while pressed trans-
'ppft!ng:part will be of asbestos cement and retanforced prestressed
concrete. ‘

Types of pipes used are listed by pipe-diameters in Table 3.7.1.

Table 3.7.1 Types of Pipes Used

Concrete ‘Asbestos S?ihfPTCEd
- . %4200 _
- %4250 -

- *4300 -
*$400 - 4400 $400
24500 4500 4500

- *4600 #600 4600
. | - #4700
*4800 | - 4800

* Uéihg.pipg type.

At points where piping crosses rivers or storm water drainage channels,

- it is planned to construct pipe beam bridge and fnverted siphon culverts. .
A difference from the master plan is that Na Klua Town B is iacluded into
a Na Klua' Tveéatment Arxea. In ‘the master plan; Na Klua Town B was divided
into 2 aréas according to topography, but as Na Klua Town B is one

. developing: area, it is unified futo the Na Kluva Treatment Area. Also,

~ the pumping stations along Pattaya béach were veduced.

" 3.7.3  Plan fornPumpihg'étations'

(a8) Pumping Stations

A_létél_bfiﬁ_puﬁpiﬁg stations were planned, 2 in Na Klua Tréatment Area,
. and ‘4 in Pattaya Freatment Area. 1In the present préject area, a rather
flat topography 1$ observed on the sea side to the west of Sukhumvit Road.

. Accordingté geological sviveys, it is geaerally situvated on bard subsoil

with R-values reaching over 50 at depths of -4 to -5m from the grouad
surface. The groundwater level is about -2m below the present ground

surface even in the dry season at the shallow point. 1In such circomstances

1f the excavation is deep, it is apparently disadvantageous technically
and ‘economically, -
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It should be remarked ‘that average ¢{dal level' 15 i), 0m along the Sea-

shore thus deeper excavation séems to' be very difficult, and should be’
avoided. Therefore, along the sﬁaSidé'raéd;"pipbsfshpﬁlé not be lafd so.
deeply. As regards'pumpjhgféqﬁlpmeﬁt,_Sgbﬁarged;pumﬁjjS‘adobted.f;Thq"
sewage flows into:the"phhpihg;stétibhb tbfbb’ppl?éiiicdjby;a comainutor -
and flows down into the ﬁump'pit."A_spatéfpﬁmb?is??b'béﬂihstaligd;V_ N
Pumping'statiOBS”Shéli'bé”conStﬁpéféd-iﬁ.céhC%été*Bﬁfldihgéi and ' pile.
seems unnecessary taking hard soil condftion fito consfderations,

(b) Pumping Stations in'the”ftéétmenti?lanté
will be no pumﬁiﬁg'ététibﬁ in Pétféya“iféalﬁentfPléht,'ﬁba 2 pupping
statfon substituting for_the“pumpinglstatioﬁ in the treatment plant,

Na Xlua Treatment Plant will tnstall one pumbing;ﬁtatioﬂ. There

Regarding the spetifiéétidps of thé,puﬁpiﬂé’siatioh in Na:glpa TYeatment
Plant, there will bé fustalled 3 units of sudherged punps with diaméter

$300nm and 5w in head, ' : L _

Pump fnstallation plan in respective 11f¢ pump statfons is shown in the

following tables. o ' : '

“One of the Proposed Pumping Statfon $ite fn Central Pattaya,
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1) Plan of 1ift pump_stations
(1) Ma Kiua Area .

' Table 3.7.2 Necessaty Number of Pumps
{period 1981 through 1946)

L {Submerged sewage pueip)

S.tf;ﬁfqn Spf*g}f;ﬁ:?"m 1981 | 1982 1983 | 1984 1985 | 1986 (Flig“;sl)
o (R e o] o] 2| o
f{:o'.z ﬁgo:szg‘ﬁ“t“ % H'zf. 2 2 3. s 3|
o s T

(One pump will be spare.)

-:"(2): Paftaya Area

Table 3.7.3 Kecessary Number of Pumps
: (period 198} throuch 1986)

" (Submerged se_—.vagé pomp)

Lift’”f‘; o - _ i
Station | Specifications 1,44, 1955 {1983 | 1984 | 1985 | 1986 | Final
e, . ' of punp - : 1¢19%6)
oo $200x3.85 Jotn

Nol Mxtmmxzdiw | 2| 3 [ 3] 34 3] 3] 3

R ﬁSUx_ﬁg 1w fmin x: ‘ ' _ :

M2 dissaxsiwe |2} 3] %) A} 4] 4% 4

- § #100x1. 1m® /min x . .

o3 { $100x1. 10/ 2 | 2

No.3 o 2l 2 2| 2] 2 |

e 5 1 4150x3, 12 /min x
B h?‘é | 6m x 11 kw | 2 2 ? 2 i 2 :

No.s | $10050.7203 fuln N O e

X 190 x 7.5 kw 1
o : (One pump will be spare.)
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