3.7.4 Plan for Sewage Treatment Plants

‘Types of sewage treatment processes

(a)
The types of sewage _treétmc_nt ﬁroées‘Ses'ate classified as follows,
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The followlng are 5 typical sewage treatment proeesses._

_”(A)'@Trickling filtratfon process

(B). Convential activated sludge process
(C);_Rotary disk process

) HEchanIcally aerated oxidation pond
(E) Stabilfzatfon pond process

" Cenerally speaking, the 3 factors listed below are taken into considera—
tion when performing a comparative study.
= Efffelency :
.= Cost of construction
= Fa{ntenance and operation cost.

-Table 3 7 4 preseﬁts the results of the comparative study, for the
'present project, taking fnto account the 3 factors listed above. This
study assunées that the unit costs of the land aré the same and that the
quantity and quality of the sewagé are the sane. '

_As a comparative data, Table 3,7.5 preseats the costs of some sewage
treatment processes adopted in India.

Table 3{7;4 Qpegarative Analysis of Sewage Treatrcent stteﬂ

: g 6£ Index of Index of
Hethod of Treatcent ' : _ Construc- Operating and
_ : : Efficiency . )
: - tion cost Maintenance cost
(A) fficklihg"fiitetatioﬁ © 75-851 180 20
{(B) Convential activated 90-95% _ 250 25

'sludge process _
(c)'notaxy disk process’ B 85-90% - 120 15

(Df Hechanically aerated
' oxidation pond '

(E) Stabilization Pond  75-85% 100 ' 1
process .

0% : 70 2

‘Table 3.7.5 Annval Cost of Sevage Treatment?

s ' \T satrerit Pro - Annual Cost
ewage _rea rent Process ' (rupeesfperson)

" Haste stabilization ponds : 0.9 - ?.3:

_Aerated lagoons _ ; 2.8 - 4.8

Oxidatfon ditches 3.8 - 6.0

benvéﬁtienei éecéndary ' ' 3.5 - 13.2

treatmenlt processes - : :

x Central Public Health Engineering Research Instituté,
19?0._
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The sewage treacmeﬁt~prp¢¢ss¢s*(A).~(B),;éad’(c) have high ‘efffeicney,
and have been widely adopted, but ‘as seen from tha results of the

master plan, the conétrdction;cb$ts
and miintenance costs excéed by far

~present comparative study for'the p

‘taploca factorles, is recommended by

rily with processes (P) and (B).

are very high, and the operation
those of -process (E), ' Thus, the
urpose of the present plan deals prima-

(b)  Comparaéive Study on Tréatient Processes

1) Hechanically aerated oxidation

This method, which is used for seco

_ponds ST
ndary €reatuent of wastéwatér from =
tﬁé_Tﬁai-Eﬁﬁirbhménthl“hgency*.

In this rethod, mechanical aérétion'deQiCes_aie'attaéhéd to the ponds -, .

- are obtainéd,

which, by supplying the quantity of
in. the aerobic state so that pollut
In the present planting area, plann
to be treated aré as follovs.

’dissdlvéd_bxygen;_matﬁtqin_thg ponds
ants’ are removed by aerobic baéteria,
ed maxinun voluries of waste water

Na Kiua 10,180'h5]da§j.5’:"
Pattaya 12,220 m3lday -

If the treatwent plant is divided i
to'be'treated in”each unit wbqld_be

 NaKlua 5,090 o'/

ntﬂ”i#b-ﬁhité{'théfféspétfiée voluzes
as follows. : C -

: @ fday
- Pattaya 6,110 w’/day

The water;quélity of the influent v
mg/lit. and SS =_150_mgllit.y'ln Pa
BODs = 151 mg/lit. and S$ = 150 ug/

astewater fn Na Klua is BODs = 198
ttaya, tlhie respective figures ave
lie.,. } : . .o feo

Planned water quality after treatmént is BODs = 30 ngf/lit. and §S = 'S0 :
agflit. Assuming that 6 wechanié¢al aerators of 11 kw power weré installed’
- in_the aerated ponds at each treatr :
‘aerators and two 5.5 kw aerators we

at the Na Klua and Pattaya plants,

ent plant, and that two 3.7 kw . _ ;
re installed id sediméntation ponds '
respectively, the follgwing results '

_ _ : Ré Klua | :Péttazé” .
 Treatmént plant area . '39ha - h,S_ha
‘ CbnstrQCtiéﬁ cost 27.35 ME 18,72 .Y
{(including land) (;ﬂq}uding in-‘ g
S S plant punmps) . ‘ 5
"Haintenahce and super-  30.87 H.E . - . 26.68 Q;ﬁ
vision éosts (until ' _ : o

yeéar 2006)
in'using_ﬂeébahiééliy dekéted pﬁida
tionfponds‘a?gﬂﬁgteséatyfiﬁ order f
tated and removed, and tn order to

To renove aﬁd}trﬁat the prgpiﬁitaté

Eionnﬁﬁﬁds t§Ltr¢ap_ﬁéiage,zseaimeh;aj
or the sludge produced in the oxidation

dzéludge_ﬁdpjdep:vérg}dlffiédlt.

,_One'cahﬁbl'vbfy’géil‘tély7on'Hhvfﬂg'shéééééflﬁ‘féhdﬁihkf%}lzéélifofm

bacteria fron thé¢ mechanically aera

disinfection facilities are necessa

-*Design Guidélines for Trea
Industry Environmental Qua

ted oxidation ponds, and thus

£y to reduée the bacterfa before
iméﬁtioi‘ﬂhSteuaEet-froa T5bi¢c5 Starch
lity Standard Division Aug, 1976.
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the wagtewater is discharged tnto water bodles.
maintenance which 1s more complex than in the case of stabilization ponds,
and the costs are higher, On the other hand, they do not require as

much land as stabilization ponds, and therefore, substitute for stabfliza-

tion ponds in cases where it s fmpossible €0 ‘acquire sufffcient land for
the }atter.

The aerators require.

rd

. Bl f ol K oy e o Y L A i

2) stabilizatfon ponds

ing raw dewage Or sewage post-precipitatfon treatment and providing favora-
ble conditions for biological treatment and the bacteriological decomposition.
This removal efficiency of stabilization ponds is greatly influenced by
natural conditions, especially by temperatures, sunshine, and winds.
Stabilizatfon ponds have a long history of use as treatment facilities in
many parts of the forid. In Arerica there are at present arcund 3,000

- operating treatment plants which make usé of these ponds. TIn recent

years such ponds have come to be used in Israel, Indfa, and other tropical

‘reglons. ~Stabilization ponds may be classified into the following three
types. '

fSEtSiiiZéleh'thﬂé aré relatively shallow ponds for the purposes of stor-

Aiﬁnaerﬁbic pénds
= Pacultative ponrds
= Maturation pdnds

Charactéristics of these three types are explained below.

(1) Anaerobic pond
Theianaef05i¢ poﬁé has extremely high organic load and sewage is
easily precipitated. This pond is intended to process sewage within
a relatively short deteiation time. In order to keep the whole pond
“in’the anaerobic state, it is normally required to keep the BODs

._VOiumgti¢ lead above 100g BOD51m3. ‘

_ According to the reference* in the bibiography, the BODs removal
efficfency and the detention time are related as follows.

E : (Aésuming BOD : voluretric load = 250 BOD5/m3)
: - =Dgtehtioﬁ'time'kdéys) . BOD removal effﬁcienby {7)

1 - 50
2.5 _ 60
5 0

- Sinceé anaerobic ponds have high conteats of organic matteér, the supply
of oxygen: produced by the photosynthesis of the algae is insufficient,
and thé quantity of dissolved oxygen in the pond approximates zero as
time goes by. As a consequence, the aérobic bacteria die off and
the pond becomes anaerobic, L
Now, let us analyze these phenomena relating thea with the occurrence

- of objectionable stell. It is very often the case that M,S, which

7 is the ¢ause of objectionable odors, is generated when the pH of pond

- s low (pN £8).. When the pond is in the anaerobic conditions the
organic matter contained therein 1s digested by mainly the méthane

* Sewége;Treé(ment in’Hot'Ciimates;_Duncan Mara

* Pre-Conference Short Course, International Conference on Water
Pollution Control in Developing Countries Feb. 1978, Lecture Note,
Eavivonmeatal Divisfon AIT.
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bacteria, andfas'é'cqﬁééquéhcé;*;hé,and;ﬁQvég_fq%4td'afgﬁﬁjPh[_Q,_
However, ‘according té*réfefénpe;by‘&IT;ﬂit'js‘ségg:ﬁhat‘ﬁbﬁobjgéf:
tionéble'sméllfis"géhefaféd'ifﬂthb‘vblﬁﬁétrﬁétlbadidg of BODs is
below 400g BOD g/m3 and the concentration of sulfates in thé caw

sewage is below 100mg/1ft.. | | SR
Thus, in order to matntain the anacrobie pond fn appropriaté condi-
tions, the BODg volumetric 1oad should be mafntained within the °
range of 100z BOD./m3 to 400g BOD/m3, Furthermore, 1if the pH value
becaﬁes“ekééSSiﬁély"lbﬁj_it'sﬁpuld be compensated by adding alkaline
chemicals. [CaC03, etey]) R o
The ¢firculation of the“treated”water‘iéjaléb{SGEgéétéd as’'a nethod of
. preventing objectionablé odor. Siﬁcé?jh“énaeibbi&~p6ndsﬁtbeféfis
- a larger production of?sludgeTthan;ia;other;typgs”éf;péﬁds;ﬁitigé'
- mecessary to cleat up the sludge accumulated in the bottom of the
pond every 3 to 5 years. ' R :

(2)  Facultative ponds

‘The facultative ponds are intéaded to process sewage with ltower

~Organic matter load than the anaerobie ponds, The facultative, ponds

have gederally a depth of 1 t6'1.5 metérs.  The facultative ponds

aré;ébmposéd'bfftwo'1ayers; i.e., the uppe¥ layer is in the aerobic

condition and the Yower layer where sludge is accunulated is ta the

 anaerobic condition. e T

In the aerobic layer, oxygen is supplied as a result of the photo-

synthesis of the algae, and thus, aerobic bacteria digest the organtc

matter existing therein., S R o

_As ¢an be seén froa the description above,.ithe efficiency of the

~ facultative ponds is widely influenced by the EUnshiné;.thé\témpera~‘
ture and wind. In the léwer anaerobic¢ layer the same process ‘as in

‘anaerobic ponds takes place.

CIn édditioﬁ,'tempéfatore,fhiﬁds‘have’Ah‘i@ﬁb&tant=iﬂf1uencé on the
process. | Conveétion cufrén;sfaré'generatgd in the pond as a ¢én-
sehuence‘bfrwihd.ahd:flucfuations_bfrtempergtufé,.and this correat
mixes‘the“dfgéﬁic’ﬁéttét;‘aefobic’ﬁaétetia;’élgaé'aﬁd3ﬂiséblved
oxygen. In additfon, thé current prevents "short cifcuits™ fa the
pond, improving process efficieﬁty'asfé'teSult. ,Theiiacultative
ponds present excellent'éharactetistlts_as:sewage treatment eethods
in tropical areas, L Lo e . -
in Et@pical”aréas,‘(ﬁaﬁks‘té the fafrly uniform long day tiime from

. sunrisé to the sunset apnd the high”témpéfﬁtutes;3thefg'is“an'active
"phdtpsjhthésis pf'tthalgae‘élI:yeat-tpqﬁds:ﬁhich_sppplie$ an abundant
quantity of dissolved oxygen to.thejaéfbbic,béctéria.j The month

. presenting. the mininun average tesperature should . be taken as a

) %éfe:gncg‘in thé‘dééjgn_of;faéyltaﬁiyﬁ'ﬁppds, “Accordtag to Pip,

__3.739,jSin¢e the;pH'va1uéwip;facUitéti?e:poﬂds is kept: above 7.5 -
night and ‘day, it {is 353u§eﬂythatinq;objeptionable snell is generated.

- However, since the processed water ¢ontatns large quantities of
algde, these must be removed in some cases. - :

A



l7ig.'"3.7.9 Diurnal variation of d:ssol\éd
oxygen and pH in faculalative

pond effluént
sh | DO ® oH _
9-4matt . W Oissitved Oxygen

) ' M
GA $ZN EPIL [Frat] 6AM
. Time of Oay '
Source: Coastal Water Poltulion Sury ey of
Chonbun Province — AIT

: (3) Haturat ion ponds

‘.The matutation ponds are used to treat urban sewage, and arée planned
’together uith the facultative ponds as conmponents of a series of
related sewagé facilities. Like facultative ponds, the Eaturation

. ponds’ generally have dépth of lm to 1.5m. Howéver, since the organic
mattér is removed in the facultative ponds of the preceéding stage,
thé maturation ponds are kept completely in aerobic condition, The
paturation ponds are chiefly intended to remove pathogenic bacteria
contalaed in the sewage. ' The colifora organisms and viruses are
alwost totally removed in ponds with depth around 1.5n in aerobic

- condition, and in some caSes no special sterilization facilities are

© required,

Thé BODs ‘removal efficiency of maturation ponds is not so nmuch, but

Af the water COEing froia the facultativepond of ‘the preceeding’ stage
‘has''a BODg ‘¢oncentration of the order of 50 to 70 mgllit.; it ¢an be
reduced to less thaa 25 mg[lit. by installing two maturation ponds

. in series, and’ treatfng sewage with a detention time of the order of
7 days {n respeétive ponds.* Since the maturatién ponds have high

:efficiency fn the removal of coliform organisms and viruses, but
have 1ow efficiency fn the removal of organic matter, the installa—

T tien ‘of ‘this type facility is not applicable in the treatment of
' industrial wastewater.,

To function as a sewage treatsent facilities, two or wore pords are more
.frequently afranged in one series, as shown in the following figure,
instead of USing a single pond irdividually

¥ dée page 110.
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. Typical Pond Layouts

M o>

S |

‘F: Faéultative ponds -
M: Maturation ponds
. At Anaerobié ponds

1f anaerobic ponds ave adopféd'in”fﬁé”Séféééffréatménfffaé{lity_6f'this
plan, the volumetrie load ‘of BODs should be kept above 100g/m® ‘in order

to keep them in the anaerobic conditien, o T
However, sinéé the Influent water of the treatment plané is planned to
have a BODs concentvatién of less tbénf?ﬂﬁmgllit;;‘1h76tdef_té'maiﬁtain the
anaerobic condition in the ponds with the BODs volunmetric load above
100s=g/tic., tﬁe’&etéhtion timé;sH6u1d‘béii@séitﬁanf2 days2;*Tﬁht_ﬁéturally
requires a reduced pond volume, resultfng in more frequent operations to
exclude sludge, inviting roré risk of objeétipﬁablé'saéllsfhndflowér_BODS
' removal efficiéncy, B R
Ac¢ordiag to tefefenceé*,€thé’dpt1mu9‘détehtidnjEimé infanaet0hi¢1bonds
fs 5 days, and in‘case‘detentién“tiﬂe-isrlqnge:;*thefﬁoﬁds,aequife;
facultative characteristics; instead of funct foning anaerobically, .

Thus, in ordér to keep thé:¢oiu$éfx1¢‘IQad“éf BﬁD5_éti1003 BODs /m® fday
‘with a detention tide of $ days, the quality of tﬁe:iﬁflqeﬁf-watef"shéuld;

have a BOD;‘cbncéntratiQn'cf‘ﬁbré than 500ng/11¢,

in thé”pfettrgatgeﬁg”otjseangefgith_high:ébncghgfafioﬁ;6f;6fgéhﬁc_.
mattérs, and as pointed out previously, they aré not appropriate for
‘tréating_genérél_késteﬁétet'§?¢m=£€$id€ntsk*:Ehﬁs;giﬂ?thé-Préﬁéhf plan,
sewage will be treated by weans 6E_¢ombihidg‘f§cglta;ﬁve‘ﬁ¢hd§ and .

maturation ponds, Thérflﬁﬁ_éhéitfbriﬁhe proc*sb'Is.pxeﬁehtea;hélbﬁ.

In view 6f‘the'&ésériﬁiiﬁn:abq#é;ftﬁé‘éﬁaerﬁﬁiﬁfpéﬁéé,éfejvéff'kfféctibe

fﬁfiueﬁ;

;‘i?ffiuéQf':"

A plan’to conbiné anacrobic ponds and facultdtivé ponds was adopted fn the

design stage of planning for the stabilization ponds at AIT, =
Howevéf,”aéébrqiﬂg‘td-ghé‘répbft pﬁ'AIT}lsiﬂgq“thégéctﬁaljqqaﬁfity'of_:
influent sewage is ‘of the of er of 1/4°6f the ‘planned ‘quantity, the pords
‘which aférplaﬁﬁgd'tofﬁokkfés'énqktdbiéféﬁééféfgiﬁﬁé§éhtly“§d}kidgfas;s‘;
facultatfve ones, ‘and the ponds planned té functfon-as facoltative ones .
are presently working as maturation éones, o I

% See ‘page 110.
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_Data'fefériﬁg tp‘tﬁégﬁOD load, detention time, efficiency, etc,, of the
AIT_stgbﬁl}za;ion ponds are presented below. The ponds planned to func-
~tion anaerobically are 2.4m deep., Their upper layer of lw depth 1s in

- the aerobic céndition, the middle layer of 0.5m is in the anaerobic con-
dition, and the final layer of 0.9m is’ the dead space, according to data
from AIT. : _

Acc@;ﬂing to tﬁb'data of AIT and the results of the water quality survey,
the BODi régOVa} rate becomes 87,5Z, and the effluent quality of the
faculative pond dbecomes 35mgflit, of BOD.. However, according to other

reportskl, the BODg quality of the effluent of the facultative ponds is
50-70mg/1it.

Fig. 3.7.10 shoWs the relation between BODg removal efffclency, tempera-
ture and detentfon time at the facultative ponds, presented fin referencek?,
~ The causes of the differences found therein were not clear yet, but the
dfffexences in the concentrations of the various types of influent sewage
‘ate suppdsed to be an important factor.  For the sake of safety, in the
preseant plan it Is assumed that the effluents of the facultative p

. . ST s _ ponds
‘have ‘a BOD. concentration of 60sg/lit., with a further, reduction to 30ug/
He. after; the treatment at the maturation pond. Two maturation ponds

 4re planned in ?ne_Series,'with a detentién time of 7 days in each pond.
flowever, as shown in the water quality sucvey of AIT, a further improvéd
- removal efficiency can also be expected. The facultative ponds and the
maturation ponds are planned in accordance with refereace*l, In the
-anaerobic ponds’ there is the problem of objectionable smell, but since in
the facultative ponds and in the maturation ponds the pH value is kept
above 7.5, objectionable snell would not be generated.

However, ddringjthe rainy season, whea the sunshine time becones 5hbftgr,
and the rafn increases the quantity of influeat, the photosyathesis of

the algae becozés less active, causing reduction of pH value and odors may
be caused by H,5 in the sewage. To prevent the objectionable smell under
. such conditfons, a bypass piping will be installed, aiming at recycling
treated water and discharging excess influent directly.

When the treated water is-.recycled, it will stay at the surface of the
pond, because the treatéd water has higher teaperature than the influént
séwage teasperature. In addition, since the treated water contains larger
quantities of dissolved oxygen, it contributes to incvéase the pH value.
This method 1s ictually in use in a sewage treatment plant in South Africa,
with ex¢ellent resvlts. In the present plan, the quantity of recycled
watey is scheduled to be 1/6 of the influent sewage. In the stabilizatfon
ponds, besides the probleam of objectionable siell, the treated water
contains large quantitiés of ‘algae, and they may cause pollution problems
1€ discharged directly In the public water bodies. :

Ag: can bé“séen from the results of. the vater.quélity survey in the AIT
stabitization ponds, the value of $S is higher in the effluent water com-
pared with the !nflﬁent water, and the treated water has green color.
These facts are’easily attributable to the algae which propagates in the
ponds. o _ :

xl 'Sée page 110, _ o

a2 'Héste Stabilization Pond W.H.O., Geneva, 1971, Gloyna, E.FP.
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Nitrogen and phosphorus can: be removed in the facultative ponds and

in the maturation ponds, and the rvemoval of algae from the: discharged
water is of fundamental importance in maintaining quality of the water
discharged into the public water bodies, - The present plan proposes the -
‘removal of algae by means of flshes and microstrainers._ it 4s reported

that the type of fish best suited for removal of algae is the guppy
- (Pla Hang Nok Yoong in Thailand) ‘

The guppy is-a viviparous freshwatetflsh of the killitish family originally
of South America, and is found worldwide ‘as an ormnamental! fish, ihis .
fish has multiplied in Southeast Asfan puddles and ia’ effiucnts of spas.
in Japan, becoming a natural enemy of lavvae’ of mdsquitées and other
insects, 1In Thailand, 1t {s repocrted that the Saﬁitary Authorities of
the city of Bangkok have introduced the guppy into pools 6£ wastewater,
as a deliverate measure to remove mosquito larvae.* '

The présent plan propéses thetefore the- introduetion of the guppy in the
stabilization ponds with the ain of utilizing then ia the removal of
organic material, Hoaever, unfortunately, quantitative data régarding the
recoval of pollutant by guppies are wot yet aVailable. this, 1t is
considered that the introduction ‘of goppies into the stabilizatioﬂ ponds
of the present plan are experimenfal rand that the subsequent collection_
‘of the ¥equired scientific data will be of signiflcaﬁce for ‘the future
development. Siace guppies have an exttemely high vitality 1n waste-
water compared with other frésh watér fish, it is supposed that it is
perfectly possiblé to raise them in the stabilization pOnds. Guppy is: a
tropical fish, and requires water temperatures abhove’ 10°C to survive,
In Pattaya, the annual ninimum temperature is 25°C so there will be no
problen for their survivali

Following tablé is a rough estimate of the ‘constyuction cost 1f the;fi@w
chart is assumed : S

Influent -~ Fatultative| [Maturatien Haturation ~ effluent
i “pond - : ~ pond © poad . S

" Na Klua sewage = Pattaya sewage
) treatwent plant o _treateent’ plant
Avéa of the R o :
Pranta. s 29,8 ha | 22 ti ha .
'Cbnstruction cost g e . g
(including 1and) - 3&{66 “'ﬁ ‘ - 29°§1 H7K -
Operation and = P T
- mainténance costs .. 15,59 M. . 1,02 u¢

(up to year 2006)

x Scientific Honthly, VOL. 23 No 10 Improvement of Arbiental
Hygiene by Using Living OtganiSms, Hanabu Sasa.
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_ In thc tfeatment method utilizing stabilizatfon ponds, the operation and
painténance 18 c¢asfer than other treatment methods. Operation and -

maintenance réquive the removal of grass from the ponds and in the water

edges in order to prevent breeding of larvae of mosquitces and gnats.

Sludge’ layers which float on the surface of the anaerobic’ ponds when

_the témperature becomes’ higher than 22°C must also be removed.

In_the fatultdtive ponds the a¢cumulated sludge should be removed at
intervals 6f-10 ¢to 15 years.

From the discussion pregented above, 1t is concluded that the method

atitizing Btabilization ponds can be applied with the most moderaté costs,
fncluding costs for operation and rajntenance, and is ‘also easy to operate

‘and maintain,’ Thus, in the present sewerage plan the method utilizing
: stabili?ation ponds 1s recommended. ‘

- The following are the details of the dewage treatment with stabilization
_ponds.

e e e e e e R ————

The planned SEHage treatment facilities take 1996 as the target yeav,
fncreasing the number of ponds in proportion to the quantity of sewage
. to be tréated. ‘Since the detention time of theé sewage to be treated is

“relatively long, the’ daily average quantity of sewage should be taken
into’ cpnsidefation in the design of the ponds.

¢)) Plaﬁlchaft of the sewage treatment plant
a. ﬁqulua Avea

5 systens

By i
. ) ] l
o Lift Fac?in H§tura H?;ura :Hixin ! Discharge
Infivent . "ié tative tion —jtion ' ond : —
e jstation pond pond - pond l.p | to rivers
' : ' ] I, 3

Return water = a3yt

linject10n|
b. _Pattaya Area
_ 4 systems
Lift | - _ . A | r_i_‘.i Discharge
statién Facul- Matura-| = [Matura- "Mixing! waterway
T tative jtion Tyuion j1poﬁd t
Influent Apond pond pond W I to the
[ t-——--- ] regulation
: ponds
Return uatér 'bhloifhé}
linjectioE;
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(2) Design condltions
a. Quantity of sewagé to be treated

' The quantity of sewage’ to be treated as taken into consideration in
the design s the datly average quantity in 1996 as follows.
‘Na Klua Treatmeﬂt Statfon’ = 13 360 m?ld (iﬁgi?g;n§0§:s§ggﬁgii
Pattaya Treatment Station : 9, 430 mald and buﬂgaIOHS sery
'Generally speaking the quantity of 3ewage tfeated in each unit of
stabllizdtion Ponds is 2,500 @ /4. Thus,’ the Na Klua plant
-rcqulres 5 unfts, and the Pattaya treatment planf requites 4
Units. P
The quantity of sewage to be treated in each unit is given as‘
follows. : : . . ,

Na Klua‘Treatﬁent Plant:
(13, 360;33fd)15 units .

Pattaya Treatmént Plant:
(9 430&3/d)/4 units

f

2 680 nalday per unitf

w

2 360 m3lday per unit |

b, Hater quality of the influent

The water quallty of the influent is calculated by dividing it into
thrée components,-naﬁely, general démestic wastewater, industtial
wastewater and groundvatei.  Quality of the 1nfluent vaste- :
water of the Na Xlua Treatment Plant, .

Quanti y - . BODs

General domestic wastewater . 5,630 m’/d 200 mg/lil:
~Industrial wastewater - 15,000 " - 400 ¢
Groundwater R 2,730 " 5 ¢

Total 13‘,;-360_:;’]«1
Influent BODs= ' o

5,630m° Ja x zoomgh 4 5 000133 Id X 300ﬂgll 2 730m3 Ia X 5mgi1
13,360 o [4 -

= 198 mg/lit

In thls case, the BODs of the’ grounduater is assumed for
the sake of safety, to be BODs = SHgIIit., based upon the water
quality study. ‘

. Quality of the influent wastewater in the Pattaya Sewage Tréatment
Pléant: .

_ _ _".Quantitx'r _BOD,
General doresti¢ wastewater 2,050 w3 /d 'ZGO:QQIIir.
(Including hotel wastewater) SRR e

_ Grounduater R 52,330 wrf/fd .5 ﬁéflit. ;

“Total TR
_Influem; sons— S | |

7,050n%/d x 200a g/l 12,3803 /d x Smgll
| S 94308
= ¥51 mgnit.,
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i {3)f1ﬁé$ign of thg ponds
a. Paciltative ponds

The gcaign of the facultative ponds is determined by the surface
loading of BODS.

According to the reference* the permissible surface loading of BODg
. fo¥ purposes of design is. given by the following two equations:

as = 7.5 (1,054)T
7113. urface loading of BODg kgBOD fha.d

T_f Hinimum monthly average temperature throughout
the yéar °F

CAs's ZOT' - 120

let Hlnimum monthiy ‘average terperature throughout
; the year °C

By aSSUQing a sinimun monthly average temperature of 25°C in the
Pattaya Area, the 2 equations above give the following value of
‘ the permissible surface loading of BODs:

is
xs’

7.5(1,054)T ;'?.5(1,054)(5 x 254 32) _ 430 kgBODs /ha. d

e
[t

207T'-120 = 20 x 25 - 120 380 kgBODs fha.d
The shaller one of the two values calculated above, i.e., 380

~ kgBODg [ha.d will be taken as the permissible surface loading

~-6f BODs in the design of the facultative poads.

 The removal ‘of BODs in facultative ponds fs given by the
followiag ' expression, according to the reférence.*

(Influent BODS quantity) {(Effluent BODS quantity) +
{Quantity of BODs réooved by
biclogical oxidation)

Thé'relation above can be expressed as follows:
LiQ

= LeQ 1+ KjleV 'bi: Influent BODs mg/l (g/m?)
' ‘ Le: Efftuent BODs ngfl (g/n?)
| LE‘ = —;*éji;ir;; Q 3 Quantity of wastewater 1/d (m’ld)
M 1+ K (D) 'Ky BOD, venoval efficlency a-?
Do : Q V : Pond's volure md
;'Légjj S 1'75 t*: Detention time in the pond d

A i Required area of the pond a? (ha)
D : Depth of the pcﬂd n

Lii."1+xlt*_
Thué, the detention timé €% will be given as folloas.

SPRATED S ¥
-.‘*_‘ 1(1(_“1’_’6""1)
And the required area of the pond will be givén ds follows:
' =—R—< . = * :
A Ky ( _=-1) = Qt*/D.

fjéée"bage-llo.
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Here, the efficiency of removal of BODs (Ki) glves the speed
of biological removal of BODs, It is greatly influenced by '
temperatuse. ]
The rélation betiveen the BODs  removal’ efficiency KT and the ;
temperature T°C will be given as follows, as a’ funetion of ite
value at- a given tempetature (20°C in this éase)

KT = Kzo QT—
khere: _ _
'KTis BODs removal eff1c19n¢y at the temperature T“C d
o ': BODs removal constaat . '
©1.05-1.0% in case of stabilizatiOn pOnds _
K:3: BODs removal. efficiency whee the temperature is

T—20°c o
"(4n South Afriea Kzo— 0. 3d° “1)

In the. present “plan the valué: 0=1.05 1s assuméd for the sake of
safety; - aad. K29=0.34 “tas-1a South Africa.gf

Since in the Pattaya Area the ' mlnimua nenthly average temperature
. during a year is 25°C; the BOD$' removal efficiency Kzs at the

.. facultative. pOnds will be given'as follows:.

T=Kmﬂim=03x(105)252°'0383&'

The depth of faeultative ponds is generally 1to

1.5 neters. Since the area of the plan is located in a tropical
-area, . with a "oininun monthly average temperature of 25%¢ through-
out” the year, the facultative. ponds of the. present’ ‘plan will have
a depth of 1.5 meters. (The BODS concentration in_the sewage to
be treated in the facultative ponds is assuued to be 60mgllit.,
according to reference*)

A safety" allowance of 40cm is taken in the pénd height and the
slopes will haVe a gradient of 1:2, The net required areas of : ¢he
ponds’ will be’ caleulated to correspond with the areas of the :
horizontal sections at a point of 1[2 the watér depth

b. Haturation ponds

‘A deténtion time of 7 days is assumed 1n the maturation ponds,:
according té ‘referenée*; and ih ' the ptesent plan ‘2 ponds will be
arranged in one’ series. " Thé BOD§ rémoval’ efficiency in the matu-
ration ponds is 16w, but slnée the water’ treated fn the facultative
ponds ‘will ¢oté with a BODs conéentration’of 60 mgflit., 1a ‘the
present plan it is assuméd that’ the water treated in the -aturation
ponds will have a BODs concentration helow 3033’11[.r

The temoval of feeal colifora in the stabilization ponds
is given by the following EXpresslon.“ff

N hi/1+Kbt* 'W

Hhere ; ) o
C N coneentrétion of feeal”eelfforu”in_tﬁe
_ infiuent wastewater H?NIIOOel

* Sée page 110.
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Ne : Concentration of fecal coliform in the
effluent water

Kb ¢ .Removal efficiency fecal coliform d-?!

t* = Detention time d
(in each pond) assumed as 7 days.

If_n-pqnds arglarxanged in one serfes, the removal of fecal coliform
will be given by the following expression:

: N
(14kbt*;)(1+xbt* }---(1+Kbt*n)

The=efficiency ‘of removal of feeal coliforn is fnfluenced

by the temperature. Whén it is T°C, according to the
‘reference, Kb is given by the following expression:

Kb(T) = 2.6 (1.19)T-20  Since in the aréa of

the. present plaj the temperatg;e &s T°C = ¥5°C, Kb(T) is given
as follows: Kb(25)=2.6(1.19)*°"%=6.20 ¢~

A conéentration of 4x10) MPN/100ml (most probable nusher per 100mm
liter) of fécal colifori is assumed for the influent
wastewater, and less than 3x10* MPRf100ml for the treated water.
The matutation ponds will have the same construction as the
facultative ponds.

Ne =

c. ;Calculati@ﬁ of pond capacities
1., Na Kldaisé#ége't;eatmeﬁt plant

Facultative ponds

Quantity of sewage to be treated 2,680 fd. unit

- Influent BODs 198mg/f1

Effluent BODS 60mg/1
Required detention time

R L1198 -

(X = ﬁ (l_e - 1) = Kys \ 60 1) 6.901 days
='Required area : -

_ 2,680 - 198
A= DKT Ge- D = 5% X35 gg = D

~ 10,729a2% 1. 67 ha.

. Since the surface loading of BODs is ‘ '

. L2y 680m /4 x 198ng/1) + 1.07 ha = 496kg.BODs fha.d > permlssible
surface loading of BODS “380kg.BODs/ha.d

This is highér. than pernissible surface loading of BODs.

Ihe required ‘area A will be given by

A= (2 680m /14 x 198ag/l) * 380kg.BODsIha d = 1.40 ha
Thus, the ponds will be planned with an avea of
70 x 210n = 14,700x%.

The detention time t* will be given by
14,700’ : 1.50 - _ 8.2 days
2,680a°/a

In thls case, ‘the BOD cOncentration in the effluenis will be

_t* =
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RPRERE DI
Le ?.(i‘qriz*{;) x I o | |
1 R L o e

(1 T Kz£§h§~§} x 198 @g/i}tf.-_48 @3(litfi-
Matuvat fon pond

Detention time: 7. days x 2 ponds
. Depth HERS .Y l!l — : - R ; -
The ponds will be 66n x l90m = 12,5400 with'a aéteniion‘cige
of 7 days. -

The' concentration of: collform organisms in the: treated water
will have the following value.. : _ i

o PRt e
,(1+xb(T)t*Fac)(l+Kb(T)t* t)2

s, zi'sxzi(()lm"éxy)e— W1 HPN/loﬁml < mf" "PN“O“H‘

-

2. Pattaya seuage treatment plant--5

‘ icultatxve pond

Quantity of wastewater to be treated‘ 2 360 2 /4. unft -
1Influent BOD, : o o 151 mpfL
Effluent BOD £ o S T 60 mgll

'Requ1ted detent1on time!

t* = *-—'( =~ 1) = 4,0 days
L K25 ) . .y
‘Réqhired av€ai : | 7 - -
CALBgs0iiasy e,
A= ¥ 5xK25 (60 -1) =6 230m. = .62 ha
The BODg surface 1oading will be:

(2,360m /d x lSlmgIl) 0,62 ha = S
575 kg BODsfha d > 380 kg BOD;[ha f;

and this value exceeds the permissible surface IOading of BODs..f
- Thus, . thé required area A obtained by dividing the BODS load by the
permissible surface BOD5 loading will bei .

C(2.3600 /4 % 151ugf1) ¢ 380 kg BOD /ha.d 50,95 haa?;

Then, ponds with an area of 53 X 190m 11 020:32 will be adOpted in
the present plan.j:' - S o

" The detention tiae t* will be'

11 020m %* 1.5n
2, 360mzld

‘Under the COnditions CaICulated above, the BODS concentration in

Ttk = 7 0 days. ;: o

'effluent will be:
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SRS I
Le = .(1 +m’. X I3

. AR ' :
(1 T 5 % 7.0} x 151mg/l = &lmgll

Maturatfon ponds :

Detention time: 7 days x 2 ponds

Depth:? 1.5a
The maturation ponds; like the facultative ones, will be
58m ' x 190m = £1,020n", with a deteation time of "7 days.

‘The concéntration of fecal coliform in the wastevater
“to be treated will be! -

' Ne = Lo - N,
(I*Kb(T)t*Fac)(1+Kb(T)t*uat)

. .. 4 % 10 ‘
(l+6 2x7)(1+6 2x17)"

470 MPN/100m1 < 3x10° MPN/100ml

Stabilfzatfon ponds ave designed in the present plan as described
above, hoyever, it rust be necessary that the execution of tests be
carried out’ wi;h the mini-plant at the treatment site prior to ac¢tual

construction.
3. . Tr{ailqaléulétion of BODs reinoval
x Case'i: Using testirng results in A.I.T. ponds.

" Trial ealculation of BODs removal by facultative pond and paturation
. pond is made for the proposed stabilizatfon ponds using a velocity of
.-BODs rémoval. This study. is based on the current test results of

-n'water quality in thé stablilfzation pond of Asian Institute of Technol-

Ogy (A I.T.) Thailand

jFormula fa the reference. (Sewage Treatment in Hot Climates by Dﬁncan
Hara) could be ‘applied to study a velocity of BODs removal in A.I.T.'
'pOnds.
1 + Kt
where Le Effluent BODs mgli (gfn’)
~Li:  Influent BODs ngl/t (gin®)

K : BODg removal efficfency (day ')

K Le =

't + Detention time im the pond (day)
Fron Table 3.7.6 and Table 3.7.7 a velocity of BODs removal éan be
expressed [or facultative pond and maturatien pond as follows.
for facultative pond. (KP) and for maturation pond (Kﬂ)
G o i -Le 420 - 35 -1
F o Let T 35x 9

= 0.270 day
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Using these results an effluent BODS frbm the propo'séd 'Sfabiii_u
zation ponds can be caleulated, g :

for proposed Ra Klua plant:
facultative pond

198 L
le " 3 ¥o 370 w87 = 92 g BODs /% |

maturation pond (fiist)

i 62 . A Ha
e =1y 0061 % 7 43 mg BoDs/d

' maturation pond (second)

. 4 . 30 we BOD. /)
YT TTF 00T k7 < 30 me Bovs/e

for‘proposed'pactaya“plaﬁti
fachftative:pond'

151

te = T3 0.270 k7 = 52 mg BODs/A

maturatlon pond (first)

ST LR S U
te STy Yoei w7 < 36 me BODS/L.

naturation pond (Sécond) _'

36

‘Le = 1 ¥ 0 061 o i =25 nmg BODslt 4

:As shown above BGD5 at the last effluent uill be not nore’” than
30 ng/e based on the current .data-is ALL:T, ‘ponds. This figure

i could be-accéptable, Thé result-is not only econbmical but-also
technical. .

% Case 2:. Using saﬂe velocity of BODS removal for facultatiﬁé ﬁond
and paturation pond . S Do

: Velocity of BODS renoval in {acultative pond- 0 383 day -1
. Velocity of BODs renoval in maturation pond : »0.383 day
for prOposed Na Klué plaht"t

naturatlon pond (first)

: ) 48 o
e =y CEB 13 0 BOD"”

e naturation pond (second)

Le 13 = Ly L) -.75:.' o
ke =y 6“§§§";”7“ =4 mg BODS/L
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for proposed Pattaya plant:

,_maturatién pond (first). ’

e 41 |

matufation pond (second)

- 3 S e
be = 170383 %7 - 3 neBobs/t

f:Tf maturation pond acts on BODg renoval with the same quality to facu1~
i‘tative pond, "BODs of the last effluent of the proposed stabilization
" ponds: @111 be' léss than 10 nglé.

4 Qnsideration to be taken on implementation.

: : - : . %
-:Prépo§ed;system-in this ceport based mainly on the references
;_shdwn at'the'end of  the chapter.

?Planning Bf the stabilization ponds, however, is depending on natural

-,cond{tions of the site such as temperature; energy of sunshine, wiad
and 50 on. 1t 1s recorviended to bear in mind some consideration

_ prior to and during operation of plants as followus.

- A executiﬂn of tests to be carried out with the mini-scale test
:‘plant Lo fecheck.the design criteria as surface loading of 380kg/ha, day.

e Honitoring of the efflueat quality at the first series of pond to
be made and,

_ gxperienée dn the first installation to be taken in consideration
- for the second series of pond.
;'?(ﬁ) Installation désign in treatcent plant

Cai Na Klua treatnent plant

(Quantity of sewage: 12,6890 63Iday,'unit)

Final
1996

1981 | 1982 | 1983 1984 | 1985 | 1986

Dafly mean sewage
voluue (n? Iday)

5,850 | 6,540 | 7,250 | 7,800 | 7,970 | 8,150 |13,360

Rp;‘of=required .

- 3 5 5 3 3 5
units . .

b. Pattaya treatment plant

.(Quaniity of SQHQgé:_f2;360 n?ldai! unit)
' ' Final
. 1996

sost | 1982 | 1983 | 1984 | 1985 | 1986

Daily mean sewage-
volume. (w*/day)
Ho,'bf,required‘
units

1,660 | 4,150 |5,570 {6,450 | 7,010 | 7,910 | 9,430
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(5) Design of . punping facilities installed in tréatment stations
a, Na Klua treatment plant -

l. Lift pump (Submerged sewage pump)
4300 x 6.95n° Imln % 15m x 37kw

e IETPUNE BOVOLE Bpewn: mvcwet 5T rrn
. . '-*-”“.F%%ﬁ”“-*”?-”$-4%9<H%L
Daily mean SEJage s : E : —— ~

volume (m /day)

ié}ibo'14;526 16,300 [17,730 |18;190 18, 66026 950

'units

(ene f)ump will be Spal‘é )y

2 Réturn pump (Submerged pu&p) :
' $125 x- 1 SSm Imin X 5 Sk x 2 pumps (ene of them held i reserve)'

e_Beeause the puap eapac1ty is designed for the target year (1996) two

purps are fnstalled even from the besinning. Amdunt of flow will
be regutated by valves out. : . e

b. Pattaya treateeat. station
Return pump (sﬁbmersible punmp)
4100 x 1.09n /mmn X 3. 7kn X 2 pumps (one of ‘the is for spare)

Because the pump is designed t6 be iastalled in the target yeax (1996)
two pumps are installed from the beginning. ‘Amount” of flow will be
_regulated by_valves. .

3.72.5. Design“fer Disgesal;ef.ffflnéntf.
*(a) Discharge of Effluent

'_Possible discharge systeas for effluent are’ the following three ‘f
types, as déscribed already in Section: 3 7. l-(C) Treatment systea-

1. Diseharge into rivers

2. DPischatge inte’ fields and mountains for irrigation purpose.
3. Diseharge into sea

In the case of alternat ive 1 If there 15 4 river nearby with

suf ficiently large flow to acc0mmodate the final effluent Erom the
_treatment plant, i is’a very reeomeendable discharge systea because
"the large purificétion by rivers can be expected to the final effluent

-~ and ‘also’ beeause Ehis systen is’ economical..,

;‘Qlihe flows 6f the Na Kiua® River: and the' Pattaya River in the preject area,

are aluost negllgible in the dry seasen. Therefore the pﬁrlfication éffect

‘of the- fivérs’ in the dry season cannot be entirély rélied upon. §lnce the
upper layer of - soil in this planning area is sandy, and since thé maxlnum

‘. x
3
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quantity of effiuent at both treatment stations is about 13,000 m Iday

a considerable amount of theé disposed watér could be expected in the éry
season, to dnfiltrate into the earth before reaching the river-mouth,

The environmental influence of pollution would be permissible.

Alternative 2 i e, discharge water into the fields and mountains for
'irrigation and reusing it for cultivatfon is the superior system from
the peiﬂt “of . yiew of water use and also from the point of view of pollution
. _¢ontrol, But the influence ‘to crops by nitrogén, phosphorus, etc., in the

: dispbééd water. is not understood at present. It is proposed to introduce

it only aftér furthér detafled investigation and examination usiang a model
plant. -As_discharge sites, places close to a treatment plant would be
bétter from. the’ ‘politt of viéw of economy. Proposed irrigatfon sites for the
- Pattaya and Na Kiua Treatment Stations are shown in Fig. 3.7.11.

- The 1rrigation prOcess would require a considerably vast land, and there-~
' fore 1t should be carrled out jointly with other organized activities

Alternative 3 discharge into sea, would have little influence on the
‘seashore as already described. If the effluent has undergone secondary
treatment, the fnfluencé to marine resources 1s smaller than primary
treated water. - But the cost of construction is the highest among the
“three: propbsals, if subuerged discharge pipes are installed in Na Klua
and Pattaya, - r0ugh1y e¢stimated construction cost reaches 58,000,000 Baht.
Theréfore Alternative 3 shall be recormended o11y if Alternatives 1 and 2
‘ate 1npossible.

As a result of the above investigations, Alternatlve 1 wvas adopted as the
discharge system for the planning area. The discharge facilities of Na
Klua and Pattaya Treatment Plant and their influence to the sea at the
river-mouths will be deseribed below.

(b)' Diséharge Eaciiities

1) ba Klua Treatment Plant

S S R . b

Na'Klua Treatnent Plant is planned to be located along the Na Klua River,
and the discharge ‘site is the Na Klua River.

Daily paxinun water amount 16,360 m3[day (in 1966)
Hourly maxicun water amount 29,990 m3lday (1, 250 m3lhour)

' The discharge facilities design is based on maxieum hourly water amount.
' Diameter of the effluént pipe is $700 and its length is. about 70 m,

1he effluent of Pattaya Treateent Plant shall be discharged to the Pattaya
River by storm water channels. In the vicinity of the tieatment plaat,

a regulatiug resevvolir is planned for the flood control. The area is
presently used as a paddy field, and open ‘channel should be coastructed
to guide the discharged wvater to a storm walter drainage channel about

-l 700 reters downstream.
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Fig. 3.7.11 * Proposed rrigation Site -




The planned effluent volumes are as follows.
' Daily maxfmum water volume 14,280 m?/day (in 1996)
Hourly maximum water volume 26,180 n/day (1,091 m’/hour)

The planning of the facilities shall be carried out based on the maximun
hourly water volume.

Hourly’ maxinum flow Q = 0,303 o /sec
The coefficient of
roughnéss’ of the  m=0.03
channel _
The cross section of the channel is planned as follows,
1,500

HEL =]
T
500 30J

l 1,200 |

(1.2 % 1,5 x
‘1.2 ¥ 0.522: %
A 0.675

A 0.675 i
s

R oo A =r=———' =

A"

I Wh

N R
N fout

o no
o M
mou

d
o
ot

s T 72.26

= 0.449 n
1”2= "V_' = 0'“9 = 0.02999
Y 0.3012/3

6.03 * Y

-

- I =0.0009

Accordingly a water channel of 1,670n long with 0.9Z gradient will be
"installed. . .

.(c) Influencé to Sea Area at River-pouth

¥hen treated water is dfscharged iato rivers, it is considerably diluted
by storm water in the rainy season. The range of fnfluence on the sea
_area is calculated on the assumption that in the dry season the treated
effluent from Na Klua and Pattaya Treatment Plants will be discharged
unchanged (1. e., not' mixed with or further purified by river water, which
may be’ drifeéd up'in the dry’ season) into the sea at the river—mouths.

- The conputing formula is shoun below.

Studies are carried out regarding the influence to the s¢a area when the
‘_effluent from the Pattaya Sewage Treatment Station is discharged to the sea.

In the pollution analyses In the sea area ‘the influeace of pollution is
cakculated by using the formula for dilution and diffusion of Joseph-
~ Seadner.,
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= (50 - 5){1 - expl~ ;31, (- w)}l 8

where .S:- water qual!ty at the’ point of y (ppm)
: . So! wastewater quality _ (ppm)
Sy:  seawater qualiey . -~ (ppmo

d: mixed depth in wastcwater region ' (m)
p: dispersing rate (1 30.5 ¢m/sec in. the ocean)

Q: wastewateér quantity R R € Jday)
'y: distance from the original polnt | (m)
vy:  radius of tange of fnflyence (m)

Calculation uill be made by using the empitical Eorvuta 6f Hr. Nitta for
deternining the area’ 1nfluenced by wastewatet.

103(71 y = 1. 23 logQ + 0.086

Q! wastewater quantity (m’/day)

The dispoaed Hater volume fn 1986 Q" 12 ,220' malday

ll. : ll

The disposed vater volume in 1996 Q = 14 280 o’ /day
Hhen we con31der the above tao cases, namely, i
' The case ‘of Q = 12 220 n Iday (1986) '

S I DT
103(7‘ -1 log 12 220 +0.086 103(1;5ﬂh)'s,5;1131
ﬁ j - | o
( 5 ) = 1.297 x 10
1 % 290 n

The case of Q = 14 280 m3lday (1996)

log(l—wwé 1.23 log 14,280 + 0 086

iog(¥§—39'=“5.1963

o N
i

1,571 x 10%
.",§5 %'3ib'm;"

In either case. the range influenced by discharged effluent is A
extremely sitall with radfus erzgﬁﬁ in the case of =12, 2201&3]day(1986),
and radius Yi= =320n in the case of Q~l& 780 m3 Iday (1996)

' CalculatiOn u111 be aade on the dispersal c0nditions of é{fluent wastewater
 on the assucption that thé BODg value of ¢pen sea water is 2 ppm and the
BODs value of the ‘effluent wasteuater from the treatkent plant 1s 30 ppm,

and also on the. assunption that- the’ mixed depth is d 1la and the dispersion
speed in the ocean is P= -1, 5 cn/sec._

(So - 81)(1 ~ EXP[“ ;gg ('%";: ),l ¥ 31
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(1) In the case of @ = 12,2200°/4 (1986)
o = 30ppm,'81'= Zppm, Q ¥'12,220 w /d
d = lm, P = lenfsec = 864nmfd, v, = 290n

- & ¥Y=10m spot :
PRV 12,220 1
= - - - - —=
(39_2)[1 expl wxixhs G0 290)}1 + 2
S & 11.9ppnm
s Y=20m Sf)Ot
: ' 12,220 | S
= - -—
8 = QoD -expl- 00 G - 200031 + 2
.8 = 7.3ppn
° —SOm spot
12,220 1
= - etV . _
5 < (30-2) [1-expl- “wxlx864 <50 290)}1 t2
8 T 4.0ppm
o ¥=100m spot .
e (209 1 awnf_ 125220
= (30-2) W-expl- TR e (oo 290)}] +2
S = 2.8ppn
o Y=150n spot
ANl 123220 (Y
= 00-2yD-expl- TR 156 290)}] t2
o ¥=200n spot
' - Cog 12,220
S = B0-2)[1-expl- T et Gos - 290)}l r2
'S £ 2.2ppn
Distance fron Planaed
Discharging Outlet Values _
{w) “(ppm)
10 11.9
20 7.3
50 4.0
100 2.8
150 2.4
200 2.2
290 2.0
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In the case of Q = 14 280m ld (1996)

(2)
d= Zm, P = lcm/scc = 864m /4, Yl

& Y=10m spot
14 280 ‘
(30~2)[1~exp{ Eﬂfiggz (10
° Y=20n spot A { ;;
14,280 1
(30 2)[1"8)([;){— m 20

(14,280 , 1
ﬂxlx364 50

. 16,280 1 -
w864 (100

Y= SDm spot
(30—2)[1—exp{

° Y=100 ‘
- (30-2) (1-expi-
° Y=150n spot
5= (30D [1-ex P( ?%%iiﬁg (150
° 7 2009 spot — ‘1 5@
= {30- 2)[1 exp{ “lﬁigﬁg? ey
- Ax1x864 200
o Y"?Sﬁn spot ::
S = G0-DU-exnl- ni"lfa‘? 5 -
Distaﬁcé from
Discharging Outlet
. (m) '
10
20
.50
- 100
150
200
250

290

So = 30ppm, 31 = prm, Q= 14 280m?ld

| 320@::
330'-'?,’;"' Vo
1 ﬁﬁm e
S
don e
3;;»1:“ %: |

320)}} + 2

'é %.35;2§pm
| 5 % 8.1ppm
) 5 ; 4f€ppé:.
.:é-é 5.0ppﬁ
. $j;'2.5ép9.

S'% 2.3ppm

PN 42 5% 2,15

“Planned
Yalués .

(ppm)

13,2

'8.1:
e
3.0

: ?”2,5

XY
2.4
f‘z.o
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Fig. 3.0.02 Diffusive Condition of Wastewater ja Fattaya Sca Asea i!)

thn Case of Q=12.220 m’ iy 11385))

¢ T Dtarwce ()

fiz 1.7.1} DPilushe Contition of Wasleapter in Fiitaya Sea Aseat2)
{Ia Case of Q=14,250 m* ay [1995])

40



Fig. 37.14 Diffoshve (_‘ér_ﬂiiibn Drawing of Wastewster In Pattapa Sea Area
< ee . UnCase ol Q= 12220 0 ey (1955)) . )

Pattaya Rises

Fig 3.7.15 Diftushe (.‘oﬁdlﬁoa Drawicg of Wastea sier ia fn!u) 252 Aiea
tla Case of Q14,250 m’ sy {1996])



'2} Na Klua Area

-u------..-—-..-..—

Catculation vas carried out in the same way
: the influence to thc sea area when'th

The influence of pollution in the sea area is calculated by using the
Joseph-Sendner s fornuila,

S = (So = Sl}(l ~_exp[ —gg ('“' ~ —“)}] + 5

Calculation will be made by using the em .
 Cal it fon pirfical formula of Mr. Nitt
determining the area influenced by wastewater. : " for

'Log("% ) ='1.23 logQ + 0.086
The disposed water voluwe inal986 Q = 10,180 n}/day
The disposed vater volume In 1996 Q= 16, 360 n’/day

The above two cases are studied narely,
-The case oE Q = 10,180 m® /day (1986)

103(1!51) = 1.23 log 10,180 + 0.086
e
102(11:-!—“-)'= 5.0155

1.036 x 10°

Yi m
(*%5—0

260 o

ell»

. Y
~ The case of Q = 16,360 u’/day (1996)

log(]i—v) 1.23 log 16, 360 + 0.086

103(%—'1) = 5.2690

I
(J'-'z—'"—) = 1.857 x 10°
Y1 = 340 @

In efther case, the range influenced by discharged eéffluent is extremely
small with vadius yi=260n fn the case of Q=10,180 malday (19386), '
and radius Y.—340m in the case of ¢-16,360 m3/day (1996).

Qalculation will be nade qn the dispersal conditions of effluent wastewater
on the assuaption that the BODs value of open sea water is 2 ppn and the BODjs

value of the effluent wastewater from the treatment plnat is 30 ppm

= (So‘— Sl){l_é'exp{ Egﬁ (-— - '——)}] +2

1like'in the caSe of:Pattaya area.
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(1)

In:the case:of'q- 10 180m3/d

(1986)

= 30ppm; S1 = 2ppm, Q'= 10,1800/
d = lm, P = lcm/sec = 864mld Y1 ='260m

° Y=10m spot

10 180
. =" (30~ 2)(1—exp{— ifi—ﬁgz
- % 10.5ppm ‘ :
o ¥=20m spot :
- 10,180
S (30 2)[1-&)([){- rﬁ:@-ﬁ—l‘
S % 6. Sppa
‘o'Y SOm Spot
10 180
- 49,100
= {30 2)[1 exp{ T
3.69pm - 8
o Y= 1009 spot : R
- 10,180
§ = (30-2)[1 -exp{+. ;;iiggz
S 3 2.6ppm ' '

o Y=150m spot

- _lg,lﬁg_
§'= (30-2) [1-exp(~ 1x864
S £ 2.3ppa . '

oY =200§! Smt

e TR T 130
$ .= (30-2) [1-exp{~ ——2- ¥x1x864
S % 2.ippa

Distance from

' Discharging Outle
()

19
20
' 50
! 1ﬁﬁ '
150
200
260

" 32130

1.

535)}] + 2.

1 Ly
(iﬁﬁ "‘536)}] + 2

‘ﬁ“ - 260)}] +2

(200 260)}] t2

Planned
Value
“{ppm)
10.5 -
'_':6?5 "
3.6
2.6
2.3
2.1
2.0



(2) In the case of Q = 16,360n°/d (1996)
“So = 30ppm, S} = 2ppm, Q = 16,360n3/d,
d = lm, P = lcofsec = 864nfd, Y1 = 340nm
¢ Y=10m spot

(RO frnn (L 16,360 -1 1 o -
S (30-2)[1-exp( m 10-'3—4'6)]] + 2 S = l4.4ppm

o y=20n spot .
o - ot texef. 162360 (L L
S = (30-2){1-exp{ <l o86h (20 - 326)}] + 2 S = 8.9ppm
¢ Y=50m spot
' - i . 16,360 .1 | -
- . - — TV = T -5
$ = (30-2) [L~exp{- 0 Gp ~ 390 + 2 S % 4.7ppm
s y=100m spot |
o = N oY1 __16,360-1'1 ' e
8 = (0-DM-expl- L Gigo ~ Ta0? M1 +2 8 7 3.2ppm
o ¥=150m spot
L IS 1% [ e | 1 ez
8= GoDl-expl 5iges Gisg W@ P * 2 5 2.Gpem
o ¥=200m spot o
e (4. 162360 1 Lo, B
s = (30-2)[1 exp{” YY) (200 340)}] +27 S = 2.3ppm
° Y=250m spot
C amovi1 g, 16,360 1 1 | e o
| S = (30-2){1-exp{ YY) (250 350)}] +2 S = 2.2ppm
e Y=300m spot
e o f1ooq 16,360 1 1 .
§$= (30 ?)[1 exp{ 10864 (300 3“})}l +2 S$=2.1ppa

‘Distance "from Plaaned

‘Discharging Outlet Values
(m) - (ppn)

10 14.4

20 8.9

50 5.7

100 3.2

150 - 2.6

200 2.3

250 2.2

300 2.1

340 . . 2.0
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15 3798 Diffushe Condition Drsalng of Wastew ster in Na Klos Sea Area
tIn Case of Q=10,850 m? 31y §49559)

Fig 3219 Diffeshe Conditicn Drawing of Waste stes in N2 Kiea Sea Area
e Crte of Q = 16360 m® [day {1965
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3.?;6 Séwagc TrEatﬁéﬁE ?lén?for'k0 Laﬁ Islaﬁd
(a) Basi¢ plan

8 km offshore to the west of Pattaya Béach;_1t;¢onsist3”m93t1y_Qf'?bck'
formations.. The project area fox séwage treatment includes the fishing
settlement of Ko Lan Village and tourfsm areas ‘such as Ko Lan Vacation
Beach, Ta Van Beach, Tien Beach and Sa'Mae Beach; as shown in Fig. 3.7,20,
As Ko Lan Vacation Beach [isﬁdevelopédfby_hfprivaté'én;érprise; B
it 1s'exéludE&-irﬁm_thié_pléh; and the remaining beaches and the

village are included inde,” - - e

Ko Lan Island is an 1élén3fcﬁ&érlﬁgfépéa?ééﬁof‘5566t]522'ﬁa,.aﬁﬁfoilmafely

On Ko Lan Island, mountains vange from north to south in'the centey,
and the beaches are séparated, so it would be very uneconomte¢al .

to carry out centralized sewage treatment by collecting all waste-~ o
water in one place, . the period of use of ‘the rvespective beachés except
the fishing village is limitedf&uertélthe:édVerée‘éffeét§'caused_by'the
wind and wavesi the period of use of Ta Van Beach and Tién Beach is from |
'~ March to September, and that of Sa Mae Bedch 1s from October to Pebruary.
FOf the aB6vé}féasons;,jtjiéfdgtérmlﬂd,tﬁét'the,tteatméﬂt Df sewage on
Ko Lan Island will use septic tanks and sewage will be treated
individually'in;respectiﬁé-béaphés. S :

(b) b SewageTrea I:.!lz.x-é_'nt{j Plant _':

) Tourism facilities

The nucber of touriéts'tb Ko Lan ié;aﬁ&"is planﬁed as stated below fn
the master plan, ' g ' :

' The nucber of visitors to the whole_éréa'bf Ko Lan Island fs estimated
as follows. SRR IO L c

1981 | 1986 | 1996

Fo. ‘of visitorsfday . | 1,600 {2,000 2,900

These visitors afe'distributéd"%ﬁonh four beaches, On Ko Lan Island,
the serviceable beaches vary with the 'seasons because of the adverse .
effect on them from wind and waves! the Yainy season is from Harch to

. Septeaber, and the dry seasoh’from October to Fobruary. Estimates of
nurber of visitors is'as follows. L e s S
Lo [ - From Hareh to Septeiber

1961 | ‘1986 | 199

Ta Yan'Beach | 900 [1,120 | 1,630

Tien Beach | 380 480| 690
Ko Lan Vaéation | il il o7
Beach S 320 | -400 | 570

CTotal . 11,600 [ 2,000 (2,900 |

NI



From October to Pebruary

1981 | 1986 | 1996

Sa Maé Beach 1,260 |1,570 | 2,280
Ko Lan Vacation . T ‘

| Beach n | 30| 43 e20

" Total - 1,600 | 2,000 | 2,900

-.Service facilities are planned between Sa Mae Béach and Tien Beach, and
4t Ta Van Beach. “According te the master plan, the number of toflets
1 the servite facilitles is" three per 100 visitors. = The estimated

_numbér of visitors to use the tollets at the beach resorts is expected
to bé approximately 1/4 of the number of visitors.*

As a result, on Ta Van Beach, a septic tank for 300 persons will be
installed, and on Sa Hae Beach one for 400 persons will be installed.

In 1986, the total population of Ko Lan Island is planned to be 2,820
Fpersons.; of them, 300 persons are estimated to be xéesideats in Ko Lan
Vacatiﬁn Beath however, it is considered that 2,820 persons in terms of
family méshers. reside in Ko Lan Village. Accordingly, assuning that one
_Eamiiy consists of six mesbers, 470 families are to reside in the village;
on this _basis, it is deternined that a septic tank designed for 7 persons
will be installed AR each house.

(%)

* Japan Avchitectural Center, 1976 ed.
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Fig. 3.7.20 Arcas on Ko Lan Islaid 16 be Served

by Sewage Treatuient Facifities

ety

'S

5

2 FISHERMAN
T VILLAGE

oty
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'38 Eslimated Work Costs

3 8 1 Construction ¢osts

The construction costs with soue detail Eor ‘the respectlve years
are shown fn Tables 3.8.1 and 3.8.2,

3.8.2 MaihténahCe and Operation Costs

The maintenance and operation costs aré shown in Table 31.8,2.
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3.9 Exedution Plan

© 3.9.1 Construction Plan

- The ¢construction work shall be commenced in
the!start of service so that the work will be completed by the start of
serylce. The puwy, pond, et¢. shall be added so as to correspond to the
" water volumes of the respective years. The construction plans of Facili-
tieg in relacion to othér construction work {(road, etc,) in the respective
years are shown in Table 3.9.1,

the respective years preceding

: 3‘9;2 ‘Correlation with Other Construction Work
s Rélafjon to the road work:

In the case of the works of sewage, since they are laid under the roads,
the work will be advanced taking the years of the road construction plan
inté account; the roads will be constructed after the sewers are laid

- undet” the ground. B :

" Repatding the sewers undér the beach road of Pattaya, since laying of
géwers ‘n the downtown aréa fs perforaed before execution of the road

plan, the work of the project road will start after restoration of the

pavément of the existing beach road.

Beach Road of Dowmtown Pattaya
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.‘6.1 1 Basic Policy for the System

A pr0per storm “water. drainage system can be cOnsidered to ‘be an Indis-
pensable part of the f{nfrastructure from the point of view of prevent-

ng damige {6 private and public propertics by floods ‘and Eo prodote
an effective land use.

,:In the drainage_system Pfoposed fh the master ‘plan, ‘farmland drainage,
'"that is, dra_nage in ricé’ £ield and swaip areas, and city drainage,

 that s, dralnage fa'the deVelopment areas, were considered to be of

the same level without taking the ponding effect into account, As a-
regult, the scale of the system need to bé considerably large, accounting

~ for approximately 7% of . the total construétion cost of the Phase 1
In[rastructure Project up.to 1986,

However, through the field investigation conducted at the site, it was
revealed that the’ rice field and swamp areas fn the southern part of
}the Pattaya Area topographically play the role of ‘a natural storm water

jregulating poud preventing a large anount of runoff toward the down-
-stread area, - :

In’ this feasibility study, therefore, the stor- water regulating effect
(ponding effect) fn the rice field and swanpp’ ‘areas was taken into con-
sideratibn to’ensure reduction of the peak discharge of tunoff ‘into

the development area, and an economical and functional drainage system
was. prOpOSed. :

" “fhe proposed drainage area in this feasibillty study was 11nited to the
-.following areas in view of the field investigation results, such as

the present’ condition of drainage facilities and damage by floods in
_ the past, ete.

Lo Areas which require new drainage facilities under the proposed
' development and’ land use prograsms. j

- Areas in which the existing drainage facilities need to be
improved under the proposed development and land use programs.

- Areas uhich suffered fron floods in the past.

© The Central Pattaya Area and Southern Na Klua Area fall into the above—
" mentioned aveas. (Refer to General Plan) -

4.1.2 'brapasea Drainage System’
(a) Central Pattaya Avea

Concerning the storm water drainage system in the Central Pattaya Area,
the following 2 plans were studied.

?1)5 Alternative Plan 1: . Integrated Drainage Plan

Thls plan is to lead the stora water 1n the Central Pattaya Area coi—'
leetiVely faté the Pattaya River.,_

The storm water in each drainage block is ponded on its way to the
‘tegulating ‘pond béhind 'the Arferial Tourism Road’ {(hereinafter referréd to
-as Back Road) and 1n the rlce field areas on’ the southern part of the

- . s Al



area and fs then discharged into the sea thr0ugh the spillways, box
‘culverts and open channels.

2) Alternative Plan 2: Diversion Drainage Plan SShOrt~Cut Plan)

S S A A e R B e e i e g e T e R G0 e e IR e ot B R A R e it £ ]

This’ plan is to~ drain the stor- water in- the Central Pattaya Aréa by

diverting it with ‘the Hain Resident{ial Road

The storm water fallén on 'the south side “of the road is drained 1n the -
same way as. in the éase of Alternative Plan 1, while ‘the ‘stotm water fallen
on the north stde of the road s diseharged 1atd ‘the sea threugh the

opén channels and box culverts {oné of which is approximateiy 500

meters long between the Back and Beaeh Promenade Roade)

in this: feasibility study, Alternative Plan 1 Was addpted as. the storm
water drainage system for the Central Pattaya Aréa for the fOllOHing

reasons HI

= In the Aitetnative Pian 2, the storm water fallen o the nerth

- side of the Main Residential Roid is’ ditectly discharged into
the sea withéut ponding, theréfore the {nfluencé on the sea '
from this turbid water can not be neglected

Furtheruore the dlrect discharge will give nuisadce to the

tourists and sea~bathers because the discharge point is locate&
in the sea—bathing area.;

- The mainténance of a box eulvert, approximately 500 meters long
between the Back Road and Beach: Prorenade Road (hereinafter referred
to as Beach Road), requires considerable manpoaer and time.

(b) Southerﬂ Ha Xlua Area

On the other hand, in the Southern Na Klua Area a stora water drainage
system consisting of néwly:fnstalled- drainage c¢hannels in Na Klua New
Town A, box culverts and existing drainage chénnéls from the Main
Residentlal Road to the eoast was adopted

4.1.3 Construction Cost for the System

The Phase 1 construétioa’ costs up t6 1986 for the Central Pattaya and
Southern Na Klua Areas are a8 shown below.

Table 4.1.1 Phase l Construction Cost Eor Storm
Hater Drainage System

Area - . c?ﬂ??fgction | Land cost | Tortal ..
b eost . . O . . L

| 1,000 Baney | (1,000 Bahe)] (1,000 Bahe)
Central Pattaya | 15 393 ‘11,131 32,5307

Soutern Na Klua ?_5#? S - L,306 | 8,853
Total g 22,9&0_ ' '”;18,443 . ‘.rf41,333‘15

'  The total construttiﬁn ¢ost for this system estimated in this feaeibility
StudYs 41 lillion Baht , aceeunts for 67X of the 62 afdifén Baht which:
was originally estimated in the master’ plan.
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4 2 F!eld invest!gatlons

The field 1avestigation was ' carried out for about 1 month from Ma¥ch,
1978, for the following purposes.

To grasp the present conditions and problems of storm water
drainage facflities: (1)

sofl fnvestigatfon : (2)

Topographic survey :  (3)

)

Collection of other data necessary for the storm water drainage
. plan ' : - (4)

The outliné of 1tems (2), (3) and (4) s described hereunder.
Iten (1) 158 described later in Sec.ﬁ 3.

4,21 9511-1nVeétigation

The study tean carried out’ a boring favestigation with a hand auger

and field permeability tests to estimate the soil characteristics of
the fouindations for variecus substructures and the runoff coefficient.
The investipated points and areas are shown in Fig. 4.2.1.°

(a)_ Soil_Conditlens

1) Eeszéxe,ézee

The soil of the Pattaya Area is generally composed of a tight sandy

- soll layer (sand, silty sand, sandy clay, etc.) down to 5 to 10 meters
under the ground with R-value in the range of 10 to 50. This sofl

layer has a sufficient density to fora a foundation for various sub-
structures.

]The permeability coefficient ' is considerably high and in- the range of
1072 to 10” % nfsec. -Judging from the sandy soil layer with a high
permeability coeffiedent, the vunoff coefficient of the Pattaya Area,
excluding the paved andlor developed aréas, is estimated to be very
low.

Under the sandy soil layer, a densely tight and hard clayey layer is-
distributed.

~2) - Na Klua Area

~ Na Klua Area also ‘shows simflar geelbgieal features.

;(b) GrOund Rater Table

i'Ihe ground water tables of both Pattaya and Na Klua Aveas were estimated
by the water lévels of the boring pits and existing wells. The ground
water tables of both areas vary depending on whether 1t is ‘the rainy
seasén or the dry season; however, thdy are conparatively high through-
out the' yeat and in the range of 0.30 to 2. 0 péters under the ground.
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FiG 4.21 I.UGATIBN MAP OF SOII. INVESTIGATION
~ AND TOPOGRAPHIC SURVEY
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4.2, 2 Topographic Survey .

For . the purpose of estimating the allowable flow capacity of the exist-
ing rivers and opcn channels, the study. team conducted a ¢cross-sectional
- survey at typical points along the existing 4nd future main drafnage
routes, The survey points'are shown in FPig. 4.2.1.

4.2.3 Other Collected Data
,Following data have been collected to add to the above.

-~ Data on Rainfall Intensity.

The daily rainfall data for one year in the areas of Baug Pra and
Mab Prachan reservoirs. .

sk The data on the coastructiOn naterials and their unit ceosts for
the drainage channels and uater gates, ete.

- Présént Na Klua River Estuary
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