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CHAPTER 3, SEWERAGE SYSTEM

34" Introduction
3i1i1 Ceneral

- - Sewage generating sources in this planiing area can be roughly classified

Anto 3 grq@ps}_namely;jtheutoufism'1nduét;y_8uch‘as_hotels aid

‘regtaurants, eté,, residential, and Taploca factories. In the fnter— -
nationally famous seagide resdrt districe which corrésponds to this

‘planiing avea, sone 5ffché:ﬁgtélgiaﬁdQchef_faéilitiés which have been
coppleted hdve absolutely o public facflities for water supply and sewape

“treatment, and some parts of the seéashore are contaminated by non-treated
gewage. .. . o o : C
Pbllutidn:is°93pécially'badrinfthé”ddﬁﬁt0Wn'area located ‘at the southexn
end of Pattaya Beach and thé estusry of the Na Klua River. The Former

. geexs (6 be due té ché discharged scwage from restaurants and shops, and
“the latter séens to be'dueité'éeﬁééé?from”inhabitahfs_and wastewater of
“Tapioca factbries,_ It i3 thus very necessary to construct the sewage
facilities in order té maintain and devélop’ the sald area as a "beach

- Thé planning aréa in question is about 2,896 ha, and fs broken down as
follows, B - S S

Hotel area - i - . - . 127 ha

Residential area o - o 269 ha

Aréa to be preserved in present state 2,169 ha

Area for business and other activities . 281 ha

3.1.2 . Phystcal Charactévistics

(a) Geography - See Pig. 3.1.1

'1):fkt présent;;fhéféféfé tﬁqzéqvn céﬁt§rs7in_thé Pattaﬁa developrent
'study area, nanrely Ka Klva, a comaunity cénter, and South Pattaya
(downtown), a tourist center. R '

'2)a'Th¢‘afeajalohg tﬁé:shqtéyfine_haéiﬁeeh developed, but the inland
' area,: except a section along Sukhumvit Highwdy, has remained an
~agricultural land, S ' ' : :

3) . The tourlsm developent avéa is vacher ‘concentvated: from the ¢entral

tQ‘nqtthgfn'seét1§ﬂ§.bfith¢LStQQy avea. Commercial, industrial and
fishery activities are found at the northérn section of the study area.

hag éﬁoﬁt 80;ac¢6mmodafipnfunlt$,(buﬁgalé?'tipé and aparteent type)
and restaurants, S ) : SR -

_ﬂ)g-Thete'isjaﬁ isléﬁ&fﬁh‘th§'3ﬁﬁdy éiéé} naéé1j k§ Lan, Ko Lan island

'(b):'P§?§iéq} Féaturéé.*”Sée“ﬁig;'3;l;2"

1) The developent study area 18 generally ‘congosed of flat tand and
a geatle slope begins from the middie part of the study area.
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2y 'Pattaya hill, (100 o aboVe sea leVel) 1s located along the seashore
'~ at the niddle part of the study avea} and the hill has high potential
- to be a 1andmatk of Pattaya beach

:3)_ As @&’ special feature, the middle section of area between Sukhumvit :
o 4Highway ‘and ‘Highway 3135 15 a’ swamp area (+4 0 m) where 1otus and other
' g'VegetatiOn grou. ST
_(c)-,Geélogz 7

l)nghe downtowe area and southeta beach are” composed of beach sand and
. the area behind thea is chataeterized by flat alluvial land.le

2) Thete is a granitic hill at the central part ef the study area, and
rthis extends to the 1n1and terrace._- - )

'3)'”Rice flelds” are locéted in the rieh{alluvial soil and tapioca is e
: 'cultivated in the athét unfeftile atéaS.i: o

'k@?tnmne~sazng.ala L

1) The study area is fn the. tropieal rain fofest zone, and the climate
may be" clearly classified into a dry season (hovember April) and a
wet season (May Oetobet) _ : L

2) The average temperature 1s ab0ut 2? ¢ and, the' h{ghest and lowest
: temperatures are recorded respeetively in April and iﬁ December

"3) the average tenperatufé of Pattaya is 2° ¢~ 3°C highef than Hauaii
~add Miani, but a Mttle lover than Acapulco Mexico.  The temperature
dees not vaty greatly’ from the average temperatore, Humidity is
high all year round,_and the wet seasun 1s lon W{Houever, Pattaya-
~Beach is well 1gcated in the avéa whefe the average temperature is
“about 1°C louer than Bangkok; and theé nugbeé of rainy days and the :

:avount of rain are conparatively fess than other areas in Thailand
“so 1t ls suitable as ard océan resott ' i

'4); The prevailing wind direetidn 1is SOuth dr south Westerly duting
o February~3eptenber and northerly during October—January.'

"(é) Hater and Hydrology B

f?l);-Stotn wétér flows into the sea from three rivers (Na Rlua Rlver.;,

-Pattaya’ RiVEE ‘and Na Joa Tiea Rlver),uhich flow fnom three different
o rala catchﬁent afeas. T

'Lﬁ)f‘ihesé rivers, exeept the Na Klua, cover a rather limited area and -
Civwasté watersheds are’ f0und within the study atea. :
_.”(f) Vegetatién

}Host of the study area is either agtic 1tural land or forests of caeonut

treeg.; - Natuyral vegétatidn is only found at the seashore sand area and at
the hill uhich s’ covered by evergreen forestSa-f s

3.2



Hose of the agrfcultural land {8 planted with tapioca.  There 16 no existing
frvigatlon or other facilities for rice fields. As an attractive Inland
feature of the study area; coconut forests which create a natural tropical
‘ataogphere are found In various areas. o

(2) MNatdral Digastér

1) Host tropical typhoois sriginaté fn the Soith China Sea during the
- montha: of Juné"tﬁ_neéééﬁﬁf?éﬁd_Pﬁééf?hféﬁshithe_“Ofth¢fﬂ‘vi¢iﬁity of
 Thailand doriag June to Seépteémber and the Southern vicinity during
. 0¢tobe? ko December, - Ho Heavy damage has been recorded by tropical
- typhodins on the esstern side of the Culf, but on the westers side,
- some damage hag occurréd., ¢
2) Ko typhoon damage h4s been vecsirded 1n the study are¢a. Several years
- ago flooding 1a t) study. aréa oécurred, but this was due more from
~ humain error than'natare. N6 futurée natural disaster is anticipated
in the study avea.. ‘ o

Génétal:?iéw'df-ﬁétiéya”EESQH?Ehtayé'Hlll
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3. 2 Ptesent $tato of Sewagé Facahttés

The current state of sewage faciltties is as follows: -

3.2, 1 Hotel _ - ‘ e
Existing sewage treatment faci!ities 1n the hotcls surveyed were mos iy
designed to use the activated sludge method ‘A fow of the- hotels ave tteating

thelr sevagé’ Vety well with’ new'equipment, and some usiﬂg' he activaﬁed
_sludge method afe catrying 6ut fairly good maintenance and management.-

Howevef, many hotels are, for all ﬁracEicnl putposeS, not tréaglng their

sewage at all. A few of the' hotels ufilized oxidatton poﬂds aﬁdlét -séptic

: tanks, but in most casés, 1t was fouad that they did not seém to be' qanaging or
maintaining these facilities properly. Most of the hOtels were’ utiiizing

after-tréatment seyage on their lawns, Some hotels uere

Spreading untreated sewage on’ théir lawns. : x

;

3, ? 2 Réstaurant :

}Restaurants alcng Pattaya Seashore are discharging theit Seuage 1nto the sea
directlya REVRR I ; ‘

Night soil i$ temporarily storéd fn' segtic tanks:without bOtt _ lates,
discharggd into the soil aad: seauatet ¥ -fatural seepage.  Host of such
tanks areé washed SVer. by the tides. “Thode restaurants using septic tanks

w1th concfete bottoms usé vacuum—caré to clean residual sludge. :
4

3 2.3 Residences .

. There aré 2 types of tésidences._ thosé built next té thé beach oy along
~the side of streams and those built inland. i :

 Septic tanks are used for treating the night soil from the houses built
inland. - Thése septic tanks have no bottOB plates. and as. résidents _
reportéd 1n direct interViEHb; the ténks ‘are’ cleaned Once in 1—3 years.

_Almost all the domestic after tteatment sewage is sprayed én the gtdund

Septic tanks are also used for ‘the-treateeat of ‘sewage from’ houses :
existing along the beach or ‘on riversides, However, residents in thése K
areas clain that no periodic cleaniﬂg is ddne. _ if

;_At the estuary of the ¥a Klua Rivcr where watet 1evel is éensitive to
the tide, and thus ténding to pish out the siudge from the’ septic tanks,

donestic sewage is dischargéd directly into the public vater’ bodies.;

 The sofl’ donditions in the planning area are, generally speaking, saédy
and have light perueability. ‘Both' thesé factors make it especially:
' easy for sewage to seep ffom septic ténks into thé environméﬂt..f _ %

i
'

3 2 4 TapiOCa factory

In 19?6 176 tapioea factéries were in opetation fn- ChonbuYi Provinée.
Anong them, 22 faéto:ies were in the project area, of wh{ch 9 facdtories
_have since stoppéd.
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These t&pibcé factéries are-located: ‘along the Ha Klua River, and the tétal
produdtion 6f taploca starch is 172 tons pcr day by 13 factories.*

In these 13 factories, the awount of sewage generated in the production of
1 ton of starch 1s estimated to be 30-10n”.

' Regarding the qual{ty of the sewage, the centrlfugal system is erployed
to make the starch separate from raw mllk BODS 45 3000-7500mgflic and 8S
{s 1500—2500mg/lit in the case of séwage from First Grade Pactories, while

'thes? f{guves are’ 1200-429%ag/11t, and 1000-2909ug /11, respectively, in
the case of sewage: fro- ‘Sécond CGrade Pactories.

Yor the treatient of wastewater from tapioca fartory, stabil{zacion pond |
3ystem 18 adoptcd at present.

.Acéording to the reference data* there are 5 SECOnd Grade Yactories and ;
- one Firat Grade Factory which are’ ‘equipped with the treatwent facflities,
:whilg the vemaining 16 Second Grade Fictories have no treatment facilities,
The Ficrst Grade Pactory has a ‘rather high capacity for the treatment of .

sewage. For details, zention will be made in the’ survey on water quality

: discussed An Section 3, 5.2 ‘of this’ report. Fig. 3.6.1 shows the laocation
'of tépiéca factories._

3, 2. 5 Other Probleas

There are strom water drainage along the streets in a part of the Na
 Klua a¥ea and in downtoun Pattaya, and dulverts have been constructed at
: seVetal other places for drainage. Various effluents are discharged from
.housés to the side ‘ditches for ratn-drainage in the Na Klua area and
downtown Pattaya and the residents have been complaining about the _ ;
abject{onable odor caused théreby. The side ditches are from tire to tiwe
cleaﬁed by a pump car \hich ¢an renove sediuent by pressured- water.

3.2, 6 Effluent standards in Tbailand .

' The following table shoas the effluent standards of the Miaistry of

Induqtry and the recormended values for effluent standards of Hanistry of
Public Health.

£ MiniStty'of'Indﬂstry by Departoent 6f'Induétry'H6rks Factéry Control
Division Data on Taploca Fattories in Bang Lamang

SR Répért'oﬁ Snvitonmental'survgy of Pattaya Environsental Stqhdatd
Quality Division, The National Envivonment Board, July 1977
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“Table 3,21 Effluent Standavds in Thafland

Lol T Recomnendéd Values -?Higisﬁiieggnzgdgz;ry )
- Characteristices* - - of Hlniétry of . 2 d 4 ial
< | iy Pablte Healtw | Sewage and Industria
L S - Hastewater

oo T Tl ek -
Rac I .1,‘.5°~-'7 - fdependins on’ dilution o

con "i" o 1{-¥"5:”i602: : - s DR
suspended ‘Soltds g0l e se
'Heavy Metals (total)"‘ o ; 501f SRR EEEEE "ilLé o
Arsenlc. : ' P ‘ﬂ;l_L ' - |
zZine | 20 |
Copper .| 2o | o
Iton :”1 ‘;A ;_3 - o ‘ﬁ'?§;64;i  ‘_ 1 _J.;¥ - Co
CYanide :;‘:‘:.: (e ﬁf.‘”‘ ?}f;O} ": ': I Y 2
Ammonia Hitrégen ;‘ | - ifSQQJ' | _;-kr‘-':E 1;.H9 
'Sulphide EE ] Y300 :- ol 1.0 '
_mlamimﬁﬁe?*.“ff‘-§=1Sd'=* 1

Tar l | = rone visible | ‘nil _
Phenols Cees L 1o
Pestictdes - . | e | At
Detetgents | A 1.5 . o ‘_~.7--”‘
Total Dlssolved Solids 2000 | i 2000

F 2 I T N Y T
'Permanganafé'Valﬁés : R R ] Vf '50 S
hidétme - b 50 ) B 0

rTemperature o o j ;"fﬁ&bc : o ;  40°c£

‘ﬁ_All'Values'ate:in:ﬁg?l;‘expébl*ﬁﬂ and temperature,
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The folloﬁing are thé standatd valuea atipulated by the industrial
‘Estaté Authority of Thailand as effluent standards in the Bang Poo
Industrial Fstate located in the aouthwest area of Bangkok. : '

:1he quality of uastédater from 1ndustries before discharging
S inte tne ,entral treatment plant at Bang Poo 1ndustrial estate:

'i1.' B o D, (5 days 20°c>

th'@are thah L GOO‘EéIi
2, Suspended Solids o SRR 200 mp/t
3 opu value R . Between 5 -:10
4. The tcmperature _:.hot more’ than  45°C
5. Permanganaté value"  S  60' ng/l -
6. Sulfide (Hps) " 1 wpfi
7. Cyaﬁide (eny " 0.2 ngld
8. 011 and Grease ‘nﬁd@ér
9. Tar . &qhg'
10 r&iaéiaeajdé.' " Not more than- 1  mgll
"1l Phéﬂal'aﬁd p;ésols" S 1 egft
12, Free chlorine o 1 mgh
13. ziae, Chroalum, | " 1w/l

E -_Arsenic,‘silver,
'_Selenium, Lead,
;Nlckel

14, =Insecticide, . Nome
Radicactive . o
ubstanca '

Regulatio@ for the Béng Poé Industrial Estate.
There is a- plan £6¥ the waste water discharging ‘control at the

Bang Poo’ Industrial Estate which is located south west of
V'Bangkok. IR : :

-Standard setting by the industrial estate authority of. Thailand.

3-11



Stabilizat16n pond Ak First Grade Taploca Factory
: S (e Rlba) RRERT
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oo

i

ééi_&léhtiél area along the Na "K'_lua' River,

‘Paltaya down town area,
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33 Pollution Commi by Sewerage System

A Sewerage system plays a role not only in enhancing the" living
. environment In an urban avéa; but also plays a rolé fn solving the -
'problens of water pollution in watersheds for public uses.

In general, i is becoming mofe’difflcu
natu¥al’ t‘esé" ce iture, and |
Can alsé be”f

'Ihus, ia ox“der Ato
be necessary’ o try € £
thr0ugh a higher?degfee-"

tor)' uses,
atetsheds.

' telatior\ship between sewage and water res()urces. .

Flgm“t Ci‘f'__é*iiiatio.r?féfc'fé’ o

__ Comacl w:th aﬂd
1o a!ong ground

Evaporation]

- éaﬁe_s;s umer'g’rmd}'

R'Yf‘-f"'gfa-.‘et' I;ke -1—{ Undefgfourd waler]
water 523 waler I
- lntakebyammals
and p!ams Human v
L |peoductionand L
i an:miues = i

e ] [eaeen - [Gamar
&2 b g lré{n Sl Meom DRSS R lhelea‘cesof
marine achvmes Slhetes ) ammak i B p!anls

- E\raﬂmahén !mm R
waiersu;lec-e '
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Afsewefage éystemgin.the‘planniﬁg area ¢an play thc:folloﬁing r&iesz

: _3 3 1 Improvement and Protection of Living Environment of Region

(a) Improvement of qﬁgléaal eavirénnent -

“lhe sewage frOm residences and factories 8 discharged 1neo. the covered
culverts and removed prémptly, thus eliminating open accuriulatfons of
 sewage where mOSquitées or flies can breed. This 18 an important way in

which Ehe tegional environment can be iapioved,

'1he pollution at’ the astuarles of the Pattaya River and the Na Klua River
will bé climihited, and residents in those areas can be fres fron the -
. environméntal pbllution dué to unpleasant odors.

:'(b) _pprovement of living modes }

The conventfanal. toilet can- be replaced by the morewpleasant and h}giehic

flush toilet. - As for the currént systen of septic tanks, its sewafe
“_treating functiOn 15 low and it is not sufficently rmaintained.

problem uill be solved by the.construction of a sewerage system,

. (c) Preventioﬂ of cént gious dfseases

'Contagious diseases can be prevented by iwmproving the living environnent

(d) Preventioﬂ of flood

::By imprbvement of dralnage in low—lying Earshlands, it will be poassible
- to prevent [loods of the rivers in the area. '

3 3 2 Hatet Pollution Control in Public Water Bodles

A seserage systea," by playing an, 1rportant role in the. cleaning of the .
. public watershed, is an essential condition for human health and pléasant
1iving c0ndition uhich ‘cannot always be reasured directly, :

For example:

_(é)}”Animals and plants in Hater channels and by the seasidé,cad be
P protected from the naturat environreat, - - o

7(5) water resource can be protected

(é)' The seaside environnent can be maintained for recreational
P activities._ :

The Pattaya area is developed as’ a seaside’ resorkt, and maintenance of the

water- quality of the public water bodies, - especially the sea area, is
essentiai. L -

‘Tﬂe follouing tables indicate scwage volunes and BOD pollution:
- loads uader the COndltion of a future sewerage- system and by COrparison

under thé conditions of a Continued 1ack of such a systen.
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3 3. 3 Clrculatory Uses of Hater R230urces

By putting the treated sewage water into the cycle for re—use, effective
-uge ¢an be made of it as a new resource.  As mentioned above, a-
systen recelves the sewage after clean water taken from public water
bodfes such as rivers, ete., is used for huwan lives and activities, Tt
- plays an impbftant role in returning Yesdurces to the water vodles for
i publlc use again, after the sewage has’ been treated up to the quality of
water that was uriginally used :

In’ the absenca of a treatment system, che advance of pollution 1n the
7‘watcr bodies for public uge would force a lower quality of current water
_ re30urces.; The position of Pattaya as ‘a seasidé resort would be lost, and
"ptoblems df énvh‘onrental hyglene will be’ aggravated for the residents. '

- 3, 4 Basic Plan

A plan fOI sewérage systém was made in accérdance with the followlﬁg
procedure‘ - :

Fig. 73.4-;1 " Flow Chart of the Basic Plan of Sewerage System .

PROBLEM . SURVEY .. PROSPECT  ANALYSIS . EVALUATION
Urderstanding Curient. Griginal unit Facitity plan Anang&men_ﬂ — [Eavironmental criteria
of purpose - stafus of - of water- ta s pe ' : ""’“for_w:aterquatity
Wy 1T : - |Culverts . ]| Scale -
- population | {quaatity | : ; ‘ -

' : R . o ‘ f;’::;gn _ Steucture _*Higfﬂand plan
Lbderslandmgof “foustent || [Original unit {1 {Planned : : - ‘ {Urban plan)
administiative - | - |sfatus of ——3-Jof water: - | polition '__T{e?‘"‘e"l" Function _ ! :
nteds and demand] . . :ndus‘m,- [ Javatity . - ] jload plamd . | L

T . N » : ‘ -‘*lCilizén&'opiniénl
: Natutal | | Estimate of Yeaely plan R
Lii“_".‘?l‘i"i population § | ' . J{Financial plan|
_— 1 IDEA - [Operationst cost) SR
cmx{lpﬂv 1. . | Operauo.nalcosl —
ar eat ' ;
amﬁdemam ' i o ﬁmm‘f
R I S Cntenaform ‘
()| | dueninerex
Ianduses ' )
sewerage system )
‘Tl,e-a'_l_meht_ -
system
Extentof 1
| pleaning area

The landvuse plan and the pOpulatlon estimate weve abstracted Erom the
master plan prepared by JICA in 1977,
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34,1 Bas!c Policy for the Project

{a) Stepwise transfer from present hotel Sewgge treatment to public
‘ facilities S Co e .

At preseﬂt, almOSt all hoteleLin Pattaya_arég have th ir_ewn séwage
treatment facilitles.i Two:of'three hote $ ‘are obtaining treated water
with 'a good quality. At some hotels 1n'hhich managemént and’ Ope?ation

are net in good condition, sewage direetly seeps inté the earth without
any treatment. L . i :

i Therefore; it is reco ended that sewage ftOm he: 1s'be treated through
" a public sewerage system, - Tfansition from’ privaté’ 23 public sewage treatment

will be” implenented gradually,”starting with thOse hotels whose current
operations are unfavorable.' .

However, the choice of whether sewage from hotels is to ‘be tfeated by S
public sewerage facilities or by the hotel’s own facdlities 187 1eft o’ the
hotéls themselves. - In ‘¢ase ‘those hotels' treat- theit sewage themselves,,
vater qualtfty standards £67 treated water must be clearly explained to '
:the hotel managerents and these standards must be maintained.

.'(bj Serviee ratio fer residents

In the master plan, a 100% setviee ratio was assumed for ‘the sewerage system
" in the residential area designated in the land use plan, while a 70%
- servide Yatlo was assumed’ for the inhabitaets 10 other aréas. However,

~in this Eeasibility study, a 1001 service tatio was planned for a seherage
systea extending to atl- the inhabitants. -

" Howeveér, no planning was vadé. in this feasibility study for ‘the serviceuj
,_piping to the inhabitants in rémote areas fron the exiéting main roads,

. . order for residents to" be able to make use . of public'seuage Eaeilities,
it must be_expected ‘that residents will have to bear. eonsidecable éxpénses.
for the installation of ‘housé drain aad for {nproverent of “toilets, -~ There is
thus some Treason to fear ‘that fa  sére ‘¢ases the diffusion rate of the new
sewerage systea might fafl to reach the levels speéified fn"tiHe plan,

A system of monetary loans is suggested as a possible means 6f OVercomiﬁg
‘the problems involved : .

‘(c) Poliey with respect té tapioca faetories

Detailed explanation is made in Section 3‘6 1 with fegard to the treateeat
of industeial wastévater. The Coverament pf_Thailand fssues strict vegula- -
tions on wastewater from tapioca faé¢tories fn keeping with;1ts" fatention
of maintaining a ¢lean envitéﬁment._ Thus in’the present project, treat~
ment facilities should meet the requiteaents_of the Gavernment's standards,
-and the sewige frOm First Ctade Factorfes néed not be received by the public
. sewerage systén,: 1¢ is planned that " ‘séwage froa the Second ‘Grade Factorles
be treated by the public sewerage systém, - Provisfon should be made, hosever,
. for the eossibility that sewage fedm Fiest Grade: Factories tn which
factlities bight fafl to meét the Governmeat's criteria ¢ould be treated .
"by the publie’ system. Thus,the plan’ should take ints account the possibi-
"1lity of secéuding the neéded” land and extending the necessary pipes Lo cope
with such. situatloﬁs.‘ LoE . o
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" ment avea, In facilitiés

‘3 4,2 Planned Target Year '

The target year for ' the planning of a sewerage syatem shall be 1996, and
the planning is wade for the facilities needed to mect the expécted L
requirements at that time. ' Howe¢ver, the estimatiéns for the construdtion
costs and naintenance costs are made for facilities to bc COnstructed bv
1986.

3.4.3 Study Area

‘The study area was. designated in accotdance uith the Land Use Plan of
the master plan, The study area shall extend from: the southern end of
Buddhist College to the auto race track, vhile the east and west

Highway and Ké Lan Island respectivelyi

The total area is about 3 400ha. The $tudy area may be r0ughly divided
by type of land use, 1nto “the Eollouing 5 types of ‘landi

'Hotel & Bungalow area L j"_1 _' 177 ha
Residential area - AN 269 ha
Area to be preserved in present‘ tate 2,169 ha-
Aréa for business and other activities - 281 ha
Others C : e - 522 ha

3.4.4 'Raﬁge'én'd' Scope

-(a) Population forecast

GEEIE from the
treatment facilities, as well ‘as’ the alloteent: of%populatioﬁ by region,
based on the estiaates of futufe populatlon madé in the master plan.

Fig. 3 4.3 shous ‘the population uhich is*expecte

“The study area can be roughly divided into the follouing~3 areas, namely, .

Na Klua Area, Pattaya Avea and Ko Lan Aréa,: Na Klua“, *1éc1udes-
residences, tapioca factories and partial bungalows, while:Pattaya ‘Afea

- includes hotels, bungalows, restaurants “and residences.' Ko Lan Island
includes housing sites and resort facilities. : '

{b) Collection system

‘A separate system vill be adopted for tbe cdllection system. The
_average rainfall in" the study are jis ‘about 1,500ma per yéar ‘c¢oncenf-
‘rfated fn ‘the wonths: from April Tt October Periods of unintertupted .
* 'rainfall are generally short (usually 0 more'than L1415 hourdsi thus the
“combined  systém would prove té be- ‘uneconomical because of the gréeatness’
in size of the culvert sectiOnS in cowparlson with the sewage volume.'

' (c) Amount of sewage

The planned sewage voluge was obtéinpd frOm the fo:écasts for the vblume .

of the public water: supply. “Table 3.6.18 shows the planned daily average¢
voluze of sewage and the plan: 4 ﬁaximum volume of sewage fn éach”’ treat-

her than hotels and bungalows, “the unit of

- sewage-voluze per peEson was: taken €6 be the samé as that of the volume
of watex supplied As Eor hotéls and hungalows,*thé adOpted sewage
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: volume excluded water supply for air conditioning and swimming péols. -
‘The volume of underground water was regarded as 20% of the planned
,‘maximum volume of “sewage, . In thig cale¢ilation, the fact that the level

of undefgrouud water is very ‘high durfng the tainy season was taken

fnto consfdetation, 'as were also the "Master Plan on Sewerage, Drainage

and Flood Protection Systems*" and the "Design Guideline for Sewerage
Systenm and Lts expladation '(1972)%" of 'the Japanese Sewerage Assoclation.

" As a tesult of thege calculations, the daily maximum planned volume of

' sewage is 13,240 n Id at Na Klua Area, and 12,600 n3/d at Pattaya Avea

-,3a4 S Relation uith Hateruorks Plan

'1heré até close relations between the plan for vater supply and that for

‘sewérage systém, although the forder is not included fn this feasibility
study,

: _We ﬂegﬂtiatéd durlng the surVey period with N.E, S D.B. (hational Econonmic
"~ and Soélatl- Developing Board) in charge of water: supply, and thus were

able to make an adjustment of the water supply and séwérage  systems.
lateér,;’ fesponéibility for ‘waterworks was . transferred to another institu-
tion. Up to the' present, no data has been avaflable on current plans for
waterworks fn ‘the Pattaya Afea. Im calculating the voluze of planned
 sewa3e, ‘the standards vhitch we assumed, ‘wére derived from the planned
voluze of water supply as c¢aleulated to be in keeping with the information
“obtafned during the- survey ‘period. :

© For more details, see Section 3.6: Estimated Amount of Sewage.

. ”Eil§Einngéﬁgjﬁ;'Rééervoif fdfﬁk@gei Supply
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35 FieldSurvey
- The survey on the éxisting CwOrag
.in the period from Dec._19, 1977 (%

3 '“uﬁdéthOUﬂdf“
waters i} e3 (homes),
factories and testaurantsa An outline is 31Vén aé foiiéusz =

'3 5 1 Survey of Subsoil Conditions

Fig. 3. 5,1 indicates the bore hole polﬁts._ The SurVey showed_that the _

. seaside areas ‘of Na Klua and Pattaya ﬁéﬁgiét of-gaﬁd hiils: ?Q*Sm depth
underlaid by’ hard clay and ; atues ‘were quite high”

surveyed points, namely, the values werejabout 15 up to G L.«Zm, 40 up to

G.L.~ Sm, and Over 50 in the strata belaw -Sm.

L1 { cOmpute the felétive density,
the interior frlctié__l angle and thelbearing pdwer ¢ R
- these are shown graph1éally in Fig ' : ‘

The relativé density of the soil at
is as follohs.‘ o

l'N—values ,f--;QRelatiVe, énsity (Terzaghi Peck)
'l —,-ﬁ_j_.,E-g;Very loose R L ‘
'lQ -'30 - Medium ' o

-30 =750 ' Densé

'>50 _ j Very dense

; Sité considerations - when the B- Values are below 10, the soil allows easy

.. digging by shoVel, at values “above 50, digging bécones véry dtfficult._ :
Briving sheet piles 4146 becomes difffcule, “The allowablé bearing pover .
“of mat foundation above sand subsurface, acéording to Terzagh{ and Peck
1is given below. R BT

Table 3510 Allowablé Béarida Power 6f'nac Foundatién },7
I above Sand Subsurfaée S : S

':3f2§.‘



FIG 3.5.1 LOCATION OF FIELD INVESTI
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~ Table 3.5.2 - Relation of Conststency;
' N-Values; and ¢y~ -

' - : g e ff:  ; Unlaaxial :
 Clay N-Valges Qﬁ_Site Qbservatibhs’_{g. Compréssion
Consistency | B R A (kglcm )
Very soft - <2 .. }Easily penetrate 10cm with'

L | Hse
Soft ' 2 - 4 :Easily penetrate IOcm with '

; -"_‘l:‘humb a
Mediun ‘ C g 8 ﬁHith effort pénetrate locm:
' o T ] efen ehemd , { ;. S
Stiff 8 =15 | can make’ impression ulth ';i:D - 2ig

SR SR 'thumb but not penetrate i‘pjf T
Very stiff . |7+15 - 30 | can nake a marx with ' ; ? 14,0 §5.
- = o finger nail B . I IR N
Hard T >30 : Difficult to make a nﬂrk ”? " }4,Q{7 :
B _ . ‘ 'uith,finger natl Sl el :

* Péck-Hanson-Thornborn

The 1evel of groundwater is very hi$h._ In the portion of the
planning area to the west of Sukhuavit’ Highway (which registers the lowest
levels during the vainy seéason), the: groun&uater level is; approximately

-1.30 during that season.’ In the dry season,’ according to thée inhabitants,
the ‘level of ‘groundwater ; is" reduced by 3 on the: castern: mountain A
;side of Sukhumvig’ Highway. However, according €0 the soil survey, there'
(is relatively little on the western. side’ of Sukinvit. Highway. Namely,t,'!:
- groundwater level was about -2.0am during the’ dry ‘séason. As for the ¥ e
permeability fndex for ‘the surface soil in this area, the Survéy produced
K—values of 102 - 10 cnlsec.r'" ‘wa R :

‘“The permeability of the soil is given in terns of the coefficie f of_::h_
permeability (k). Perméability is judged acc0rding to the va1ue (]arge
LOY” small} ‘of the’ coefficient, .

Terzagh' ranking ‘of permeabiliry is giVen belov. ;:“‘

1% 1070 calsec or abbve B

v ;,Very permeable e ik =
" Moderately perméable [k = 1 3'10‘ =1 X, 10° f’q‘:safsec_
Slightly permeable . k-=.1% 10 ’4-1 C 107 ¢nfsee
Veiy slig’htly permeable K=1% 10°-i1 x 10 ks Pemfsec
hOt permeable : “k ='1;3_10 calsec of below :

The Aworfcan DeVelopﬁeﬂt Agehcy ﬁivéslfhéﬁfollouing ranx{ng.

Permeable - k= 1% !10" cafsec or above
Rather permeable . % = 1% 10%% 1'x 108 cafsec -
Not permeable "k =1% 10" cnlsec or below
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From the abovc resulta, the follo;ing policies were established for
this feasibility study. o

1. .EXCavation uill be done uP to the depth of G. L.~2 Om
i without timbering. _

2, The sheet" pile technique wIll be adopted for excavations at
o depths of over G.L.~2u.

-3, jDrainage wérks will be provlded for excavations at déepths of
: Ovel‘ G Ln"'2 ﬁm. )

4. _Clay linings will be laid on the boteonm of ponds because of
the higher ground pérmecabiifey index. S

5. As the level of underground water 1s rather high, € was
‘_planned to avoid as puch as possible the deep pipe laying because of
. the’ difficulty of thé dé¢per exéavations., Thus, as this will
-}lead to difficultics with constructfon, it is planned to
‘conatract 2 iife stations {n the Na Klua Treatment
Area and 4 stations in the Pattaya Treatment ‘Area.

';: 6. Because Of the high R-value, the use of mat foundation piles
o in cOnstructién becomes uinecessary.,

However, it will be neceSsary fo conduct more detailed soi} quality

" tests in the Detail Design. e

: 3 5 2 Examination of Hater Quality

(a) Lﬁcatldn of saapling points

" Water quallty was examjned for sewagé sampled from hotels, tapioca
" factories and Yestauradts, ueils, and water fron public water

. supplies, pOnds,'rivers and sea. o '

' The examined spdts ate shown in Table 3.5.3.

Hl(b) Investigated 1teas and tesults

: Itens examined ate as follows‘

?mlyb_PR . ' "12) - cColifornm Bacteria

2) A Temperature ' 13)  Manganese
3) Watér Temperature - 14) ~ Ferrous

&4y BODs (at 20%¢) - 15) * Turbidity :
'5)';Suspended Soiid S - 16) © Alkalinity as CaCOa

6) Ccop 17)  Hardness as CaCOj
: 7)-%Tbtal-Nittogen ' . ) .
~8) N0y - Nitvogen |
' 9) Total Phosphorus
- 10) _DPissolved Oxygén
n) Chlérldes )

| The tésults are shown in Table 3. S 4.

Exaninatiéns of uater quality weye performed by Dr. N, C. Thanh Dr. B.
N. Lohani, Mrs. §. Muttamara of ALLT, Environmental Engineering Pivision

‘and their staffs.
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Table 3.5.3 List of Seuplivg Statioss

Sampling .

Hotel Regent Pattaya -

hr)

Sampling - c . ' No’_éf afplil T P T No.of
Station - Locatien Sam-{ Stdtion Location . Sam>
No. pling Ko. - pling
1. _Orchid Lodge -2 A7 Ra Klua RiVer (Hearby 1
2 Weekénder Hotel 50 RO IR ‘Tapioca TIndustiy) - o
3 Holiday Inn . -2 1 18 | 2nd Grade Taploca 2
4 Nang Nual Restaurant 1 ;;g*‘;5irFa¢tory o '
5 Siam’ Bayshore ' 1. 19 - {2nd Grade Tapioca 3
6 Pattaya Canal . 1 Py Factory : 1
7 Royal Cliff s S 20 | NaATKlda Rivar (under-i 1
8 Asia Pattaya L2 - | neath the bridge on’ _
9 | Nachém Tien River 1| | 'sekhuavie ‘Highway) o
(underneath the bridge R 21 - | Ra'Klia River® (River S I3
;.Sukhumvit Highway) | - ‘ 3 Youth) S
10 Nachoa Tiea River 1 22 Hater supply: well. (Ha "1
(River Mouth) | I | Xlua Residentfal Avéa)f -
11 Ist Grade Tapioca Fac-| 5 23 | Pudbiic Water supply 1
: tory (Cho Chaiwat) ot Tap SN o
12 Water supply well 1 24 Svamp : N oA I
13 Water supply well 1| T 25 | Sea (Offshore of Na f' S |
14 Ist Grade Tapfoca. Fac- - 8 | Klua) N
S ‘tory (Xoh' Chang Eah) | 26 Sea (Offshote of hang !
15 Water supply well oo N Kual Restaurant) ’
16 Hater supply well i 27 - |Sea. (Offshore of - . N
' ' B South Paitaya) '
Ssaf;"t‘i‘;‘f ' LecatLon Xou of Samples
R

9 sanples (2& ht sampling, onte every 3
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Location of Sampling Stations

" Fig. 3.5.4

Cot1e
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Table 3.5.4

Vatiation of Influent and Effluent Wastéwater Characteyisiics

at Hotel Repent Pattaya (Sampling Date - Janyary $-9, 1978)

—— -~ e A [ —
%o | tocatton |1tee) poos |00 | 00 | 55 Jrovat w]totat ] pu [ F. [UNEF Remarks -
2-1-2 | Tafleent e Jas ] o ] o] sos | s | hs % | T
2-1-2| E€f1veat | 1000 0 |95 ] o8| s afd {047 A 30 | 58 ] tiev « 13005 w3 /0e
1-3-7| EffLvéal 9 oy ] | 2| 47 }ie| i on
from Saad : ) : .
Filter . .. ! . - : i T :
R-2-1| Infloect we |18 |3 o sk | ey | B B T > for
2-2-2] EfEteent 10 Jerfod o oae ] w2 frstw | R :
SR R UL N IFTURE P R TR BTN S sl |0 flov = 9.6 a%fbe |
x-3-2§ Efficest ' 12 s¢ J o5 | M 3.’:3- _-‘:6 G- 3l | oW : R
B3l Ioficese | | 110 222 ] -0 |20 a2 18l n. | n ftiv s 13,48 Y
2421 Bifteent 15 e |eadosn]ise | tes Jaa] %1 3 R
e-5-31f tarteese |0 | 1287 fanf o 1 aso | ae frafe ] n o toflesst” |
E-5-2} Efflvest s o} sl s |izg]a wigon
vd|ofteec Lot aw feso o |l o [ e | nif M ratrvest
&2 Eiflzeat | |03 120 | e | sz} 6.3 |88 28i 4| n ST
Br-r| Yefloest |y |- ) - = - - okl I L nS faftvent aod
R-7-2 zutc.—u L < ~ - - = - = = ks I el!!ue;t ;
el tereee 1 71 s |- sl T o r;w-xs.es.’fnr L
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K-2-2 | Efflnest JRqns 110 133 aser | sz el 23 31§ 2 ade, a3 1lea stopred
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Frjeificenr | 2 Fssilos [ s | rafn )]
Table 3.5.5 Hastewater Characl:eristics of Discharges from Hotels: aﬁd
Restaurants (Sampling bate - Janu.ary 8. 1978)
Statlen] | tes | 5005 ) 00 F 0o | ss [retat | rormr o] o Taie Water] '
. Lcu:#!ou Tize wzfileaft YogfL |eaft | =is 2l - ?! ‘l’esp- reap. l;u:h
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. |or<bid bodze | 1oz - . S I i (on:::-.‘l saus!lctorlly :
1-2 6ol ss) w4l o8 xoc el | ] . S
2-1 o bao) ol o] Cas] ezt | aa | 7osdsns | 2ns] hetivaten s!u-!;t vas
¥eskexder 11:15 : LI i : . ’ 2§ cot im cieratioo, ot
z-2 : 5 = - = = - - = - 1=t I.I:éu ¥is ©o efflueat. -
B N T I Y D R ‘ .Sq luatunr, sjslca. S
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Table 3,5,8 Water Qualicy in Rivers (Sampling Bate ~ January 8, 1978)

Stailon)l  Descrlgtfcn Ttes of | Bogs {torize | 50 | 55 |Torek nf total £ ] , _Aiy [ Water
- of Location Sampling | =2/l e2fl Y epfi] wpin | epiv ezf1 2 X _Tffé?. !ssc.p.
§ | Pateays canad ] gaiss |45 o a7 1 5.6 2.7 Jesfaoxiot| 2s.s {2ns
o Xa Chon Thea River _ B ' .
9 “(undeipesth the T | 15:05 | o5 8.5] 61 1.3 o 2.0 930 22.5 } 8.5
cl Sskheavit Bridge) i : :
- Ead:cu Tlea Piver : - ) .y Creater .
LI oo Wheedte 15:45 < Jaas | 1.2 o 0.3 o 7.1 thaa n | 2
- _ . 2,47
C Ka '!lurat:ilﬁ\'e:' o S . . : -
17 (Kear Taploca TS ) BT 1.4] 25 5.7 1 a6 [6.7 - 28 | 3.
i | Faitory) : :
- ‘M Elus Kvée ' | o o . i ) : : .
20 | {ooderceath ¢ | 16 | teze ofinn { &s.2 5.2 43 1,100 s Lass
Pl Subhanvlt Bridze) Lo - ’ B
) | ne st b5 | <5 |asso | 2zl s | oo ]
2| Gver ey 15 | <5 250 | 3.7 1 ¢.6 0 631 10 26 | 28
|
 Table 3.5.9 Quality of Sea Water (Sampliug Date - January 9, 1278}
statide " rosatfon tf:-e‘_ef 035 § hlorecel 00} 55 fvotel xfreear e | e Py S
Fo.: -, heta) Sazplirg | =21 wgf2 Jrat] wann} xana et | ¥ [adea | TR
i) ses (offshors of B IR 1. _ .
35 | %i Klua Plex) 10:15 ] <5 | 000 ] 12] o] o3 o |2 rséd |2ns | 25
A ?W - . o )
] Sea (offsnore of _ ‘ N
& 1| Fatteya Beach, . ; N ; . .
26 | xag Saal testaucaany] - #995 | <5 (| 19,230 | s.8] as 6 o |1s] ssojies §zs
’ =) m - - . : :
Sea (‘c;f"tsSpr,e of . Lo ) )
g South Paltass bIN, . : 4 EE ‘ : . .
1 ‘:".t:,‘“'““') 9:35 | s | w000 |61 3 o ois fraf <3| s Jis
> a . ’
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(e) Evaluation of Exahlnétion'

1) Hotels ‘and restavrants

v e e e e

e

The results of examinations of ‘the water quality of sewage from hotels

are sunmarized below. '
~ The sucmary utilizes data on BODs, 00D and SS.

Calculation of pollutfon- load avounts are divided from the water qualityi

surveys.

Average vater quality in Hotel Regent Pattaya (Bxamination was done at:

‘three-hour intervals over a 24 hour period )

Table 3.5.10 : Average Hatér Quality ot Sewage .
from Hotel Regent Pattayé :

Tine Boo [ cop | ss” ' Remarks
8th Jan.'78 ‘mefi] wgit mgfl
10:00 120 28 | 83
13:00 135 335 113
16:00 130 298 133
19:00 | 110 222 | a0 e
22:00 o 125 234 74 " no influent
9eh Jan.'78 | _ o |
. 01:00 - 120 _ifb_ 17 *¥no fnfluent =
kO S _ e ‘no fnfluent &
04:00 - - no effluént
07:00 155 -. 268 94 SRR e T
110:00 - i 272 91
Average 133 5_267___ 92 L
- . S e I
- BOD oo 58 | Remarks "
Minioua 110 222 70
' Maxiuun 171 335 133
' Avéragé 141 é?Q - -ibfﬁ
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Tabie 3.5, 11 Average Hater Quality of Sewage
- from Hotels except egent Pattaya

~ BOD

cop

Ss

Orchid Lidge

Weekender
Holiday Inn

Siam Bayshore ‘

Royal Cliff

Asia_PatLaya " 

360
120

wgli

180

257
- 210
*250'

 wgfl
384
160
549
336
364
384

139

83

315

87
159

139

- Average : -

220

.3585

mg/i

154

‘ i .

Tire of satpling

'Remarks

- 10:30
11:15
13:20
11:45
14:15
16:25

' Tahle 3 5 12 Hater Quality of Sewage fron D
: Hotels includiggﬁRegent Pattaya

_BOD

_cop

Oréhid lﬁdge f

Weekender
Hbiiday Ién‘

$1an Bayshore -

Royal €l4Ff
Asia Pattaya

300
0
180
257
210
250
141

Regept'#é;taya

‘ Average

208

T: mgll'

384
160

540
316

364
384
219
347

139

- Remarks
.
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From the above results, mean values on BODs, 00D and $$ én the water
quality of sewage or wastewater from hotels ave as follows: '
' Regent Pattaya Hotel Alllﬂbtéggj

BODs . 141 mg/y 208 mgf1

CoD : 279 mglt 347 mg/l
_ ss . oZwmg/L- 0 146 mgll » s
Water qualiti'Hf"SEwégéigegg?éte&‘frdm_hﬁtkis iﬁ”fh1§fféé?ihi[ity?ﬁtﬂdyffof
3 séwerage system was régarded as BODg= 200mg/lit, and S8 = 150mgflie, -
These figures take 1nto account water quality ‘testing éxPeﬁiepﬁefQQ'f ‘

Japan and the durvey values obtained at the aBbﬁe”hotélg.

As for the examination on water quality at restaurants, the biggest
restaurant (Nang Rual): $n Pattayé_Aréa was tested, and it was ‘foudd ‘that
various effluents were' directly discharged. from the restaurant  into the!
sea area. Also, water for cooking was brought from the river divectly
to the cooking room of the réstaurant., - R P :
Although the volume was not large, the water taken was highly polluted..
The value DO = 3‘8mgllit;fobtéinéd_ff6g the water quality test séems to.
~ suggest so@e‘natﬁral*éératiéﬁ'duéfto;thefpiadticé:of"?éshing the dishes:
~in’ the container used fér water ¢ollection. - R -

The exéﬁinacioh;quyatet qﬁaiitj.ai“pabiqca:féétotiés‘aaé*ﬁeifptmed at
2 factories of First Grade and 2 fadtories of Second Grade, The
difference betwéen the two grades is 1n the manufacturing process.,
As shown in Fig. 3.5.5, the centrifuge nethod is used for manufacturing
tapioca starch in First Grade factories, while sedfmentation-decantation
is used ia Second Grade factorfes, A higher asosnt of ‘sewage is dis- |
charged from the inoxe effictient FiféthIQQQ_factbfiég.5’Theté’3fé SO -
differences in the sewage quality between 2 types of factories,’ B
The manufacturing procésses in the 2 types’ of factories axe shown in -
Fig. 3.5.5. : o } R R A
As shownrin'thé_ghary, there are 2 typéé3¢i seéag51diégﬁétgédifrﬁé"théié .
taptoca starch factories, one befng wastéewater from washing the tapfeta -
and the other being the surplus water left when the tapioca is made inte
starch. ' ' : s s ' S
‘The survey tean's results éfé'sumﬂafizéd a8 follows: -

(1) Quality of sewage fron tapioca factories -

PR of sewage from factory was as low as 3.5-5.5 in the original sewage.

‘BODs was as high as 1300*3500&3/11&;-in wa$Hiﬁg*vthfjénd_20Q0—7800

~in the surplus water, and quatfty of mixed sewage was within the

following range. ' _ : T o .
BODs ' 1,680 - 4,500 wmg/fiic.

g . 2,140 ~ 2,760 wg/lit.

- pH o 43 -5,5.

cop 3,520 - 8,040 wg/iit.

t
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Also, the follouing values ‘are reported on the sewage from the
factories surveyed.*

BODs 3, ooo 6 000 mgllit.
'S8 1, 000 ~3, 2600 mgllit.
pH 3.5 -5

* Data of the Tapioca Factéries in Bang Lamung ‘
Mintstry of Industry’ ﬁepartment of Industry Horks Factory
Control Dlvision. _

Foreover, according to the report* in 19?? by the EnviOrnmental
Bureau, 40n’® of Séwage is generated in manufacturing one ton of
tapioca starch in a First drade factory, and the BOD; is reported
o be 5000mg/14, . : A

* Repért on Environmental Survey of Pattaya e
Eavitonmental-Standard’ Quality. Division
The Natiénal Environnental Board, July 19?7

“Also, the above report says that a pollution load of BODS 17 230kg :
. £ discharged 1dto Na Klua River: Erom the factories. “Accordlng to -
‘theé report* on. the system of treating sewage’ from tapidca factOries,'- '
the operating period is 11 nonths fréa June to wext April '
(except fa the biggest factories where Operations are carried out
all year round), and 40-60 n® of sewage is disch&rged per_ton of

 tapioca staich from First Grade factories, or 20- 402° 1in the case
of Sécond Grade Factoriés. Water quality of sewage is different

in each factory, but in general BODg 15 teported ‘to be 3000-5000

mg/lit. and SS 1000- 3000mglllt., and pH is reported to be 3,5-5. -

* Design Guidelines for Treatment of Hastewaters
fron Tapioca Starch Industry
Dr. Pakit Kiravanich, Mr. Yothin Augurawasapoon,
HMr. Adisak Thougxaimook
Environmeatal Quality Standard Division, Aug. 1976

(2) Removal rate in stabxliZation ponds at tapioca factories

Treatment ¢onditions at a certain Fifst Grade factoty having stabili—
zation ponds - in the study ‘area are as follOws. TN
“The factory is located on a siteé ‘along Na Kiua River 3 Skm to the
east of Sukhumvit. Road. The output of this factory is 60 tous of
starch per day.
-Sexage is generated to the arount of 2 40033Iday* _and the' layout
and standards of the’ stabilization pond in this factory are shawn:
in’ the followlng Tablte and Figure.r o : :

% Report on EnvirOnmental Survey of Pattaya },_-?;fil7
(0ct. 1976 - Jure 1977) L

Eavironmzental Standard Qualify Divisién REB
July 1977 | =
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- F:ig'. 356 | Ssmplih@ Point of Wa’t’er"Qu’a!iiy in S!labilizgtion Pond of Taploca Faclory (1)

. [
Tl |
“influent i : By
/!

i‘ 1w

AF‘ZCl.OI')'
1® L
I efluent o () Ro.ofSampiingPoidt

[ ] Pond So.

Y HoMing Pond
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In the dtagram, (1) - (8) shou water collccting points used in the
present water quality survey.

Table 3.5.13

Area and Capacity of Each $tabilfzation Pond

Pond

Nb!

Area ‘

Caéacityf

Remarks

'2 860mz

-SQ?éoh’

Hatct depth
2.0n -

3,666 -

','5;499§

Hater depth
1.5--

4,320

6,480

watét depth
1.5 :

Sub Total -

7,98

11,979

\.-\

,3;1

2,580

5,160

Hater dépth
2.0 -

3-2

4,812

7,219

Hater depfh
1.5 L

Sub Total‘h

7,392

12,379

4—1:

:_?5186

2,756

Watef’dépth
. 0'35 K

42

2,612

1,456

Water depth

Sub Total

12,098

4,212

0.5

2,732

1,366

Water depth

Total

133,068

35,656 |

0.5
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The results of the éurvey are surmarized in the f6110wing table.

Table 3.5.14 Qualfty of Water at Fach Station

[Scation

No. | ®o» | com ss | e
1 | © 3,500 | 6,151 | 2,462 5.5
B | |
B I 7,800 | 12,388 | 1,978 5.5
3 4,500 { 8,036 | 2,138 | 4.3
. ’ : - : : i
4 2,560 | 3,793 648 | S.1
—— : ‘ .  - . - }—‘ . [
5 2,060 | 2,923 274 5.3
: T . J :
6 f 1,065 | 1,822 1% | 6.4
7 | 420 725 229 | 7.3
8. | ) 804 162 | 7.2

" Unit is ogflit. except pH.

Table 3;SL1§‘ad§ FigL 3.5.7 show the survey resvlts for the loads
- of BODs, COD and SS as well as detention time fn each pond.
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_ Fig3$7 . Rélaﬁdh between Relenii_()n‘Tinlc and Removal Rate in Stabilization Pond

Q=2,400 m® ] day

50001 Y,

Derisi.ty'(ppm_) L

Removal Rate

X 3 B n AL
ol 5 S 15
Retention Time (day) . '
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Su poains that the discharged volume fmm a tapioca factory is
EOOm /day, 90% of the BOD lcad can be removed when the deténtiOn

period in the stabilizatibh pond 1s 15 days.

Other survey reSUIts on the removal tate at stabilization poiuis m the '
tapioca factories as well as water collecting points are as fol.lows.

Fig. 3.5.8 S;nipling Point of Water 'Q't':al_it"yjin Stabilization Pond of Fa pi:ofé Fa‘é::i'}'.ty (2)

- _Faclofy

"'(1”5)5.' |
. I i

effivent _ ( ) No.ofSamplirgPoint. . . 7

N
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Toble 3.5.16 Beéul€8=of'g§£gz;ggélify Sorveys 4n Stabillzation Ponds at Tapfoca Factories

lnﬁustr!al_!nvl:bn:ebtal:Coatrol'Dlv!sion
Trdustrial Control Depariment
June 27, 1928

L: 8op' { P

: Baiéh_?;

20D

-

| Haven ) 28
N B B

3

EOD

pH

Fof ‘

5,891.9 4.7

1,342°) 4.6

913

.55

4.9

100

2,812 ) &.7

4,792 | 4.3

5.0

4756 -

46

5.7

2,900

et

k616

6218

4.5

Aprtiin,’vr8

§5°

, 750

‘&5

§ 324

3958

5.65

€66

— i

80D

e

4, 831

5,238

5,045

2216

4.9

L4Es

5,324

5.0

2,604

6.1

T

1697

5.9,

350

5.3

a9

1,721

7.1

440

6.5

'7‘i

297 Eigi

43

17

746

. 433

7.25

1.8

250

L1t

950

6.8

71.78

125

1o

94,032

Apvil 26, *is

pH

———

sS

—

¥ay 10, '78°

Z0D

P

55

1

Approxirate
area

{u®)

4.6

SR

4.52

L;IJQ

823

b 050

L620

L1449

616

510

243

A

H

3,

498,

,185

274

§ 63

4.63 f,328

F;ZOO

1,247

=
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1L,In

3
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#Lz'
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T
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-

;}ri

159
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_ 1.

1.8

- 210

229

10

8.28

59
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6.91
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I

SRR

3%

169§
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3,213

1,225

1.3
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4,352
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48
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