43 Present CondutiOn and Problems of $torm Water Dralnagé Faclluies

In Parallel: to the field investigation mentioned i Sec, 4.2, the’ study

" team surveyeéd: the pregent condition and: problems of ‘the Storm waker -
drainage facilities through field réconnalssance and” tnteYviews: with the.
resldents of the study area. ' The scope of the' investigation and the e
present hydrographic ¢onditions are as shown in Fig. 4.3.1,

4.3.1 Present Conditiens

(a) Present Drainage'CHnaitidns -

T

1) Central Pattaza Area (ProEosed Drainage Area}

- 2-:

- The storm water on the area runs ofE through 3 tributaries.
. ﬂﬂNo. 1 Tributary passes to the north of the proposed Northern

PRI

joins with No, 2 and’ No. 3 Tributaries, _and Tons down to
~ the mouth of the Pattaya River‘ (Refer té Fig. 4.3, 1)

= The rice field areas in No. 2 and No. 3 Tributaries geographical—
© . ly play a role as natural: storm water regulating ponds.

-ﬁ'At tives of heavy rainfall, there have been same floods fa the
environs of the swamp area which is located in the northeast
side of the Back Road._'

it is consxdered that these" floods were Caused because some
b.private land developers filled in the drainage’ channels with
.earth uhen they built the houses and. roads.

~ The stora water runs down along the western slope 6f these afeas and rons
off directly to the sea.__';ﬂ :

3) Pattaya Beach Area ﬂ;fq-?i:_;' : !‘b”3'

_ p & of the‘ each:ROad and through
the draxn pipes 1nstalled under the sidewaiks, an

© 18 ponded "fn thé low Yands. Hovever, big dasage. f

océurred due to. the geographiCal features of the area.

&) Southern Na Klua Area (ProEosed Drainage Area)

= Stornm water in the area between the Sukhumbit High?ay and the

. Main Residential Road is first ponded in the swamp area,’ and -
~then discharged fnto the sea thréugh the box culverts and open
.channels. " The existing drainage channel from the Hain Residential
Road to the coast has’ flow sections which ¢an be utiltized suf-
ficiently even after the ptopésed Na Klua Towns ‘aré developed.

= AU present, reclanation and- land adjuStment for the h0using sites

are rapidly progressing in the swamp areas’ in the northern part
- of the area. .
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On these housing sitées, however, a functional drainage system has
not been planned at all,

e im A ———

5) Northern Na Klua Area

- At the sh0pplng aréa located in the SOuthern part of the area,

: roadside ditches are provided and the roads have not fleoded
before. These drainage-facilities are tndér the jurisdiction
“of- thé Na Klua Sanitary District, however, it seems ‘that satis-
factory maintenance .and cOntrol is not’ perférmed.

- Storm water in the area located in the westérn and eaSCern parts

of the’ Sukhumbit Highway is directly discharged into the sea and
‘the Na Klua River, respectively.

(b Present Condition of RiVers

'1} 'HPattaya River :

b 2T

‘The catchment-area of the Pattaya River 1s wldely distributed to the

' f_east side éf the Back Road and the area 1is approximately 1,500 ha. -

“The Pattaya River ig divided into 3 tributaries as ‘shown 10 Pig. 4. 3.1.
No. 1 Tributaty consists of mountainous, valley and swanp areas. The
storm water is 'led to the swatp area behind the Back Road through the
'mountainéus aﬂd valley areas. At present,‘unplanned reclamation and
land - adjustment for the housing sites are belag ¢arried out in the
swanp aréa, greatly reduciug the flow capacity of the river. It is
estlmated that the reason why the damage to the environs of the swamp
area has béen caused by floods is due to the aforementioned unplanned
fecla.atiou and land adjustement.

No. 2 and'No. 3 Tributaries consist of mountainous, valley, rice field
areas and natural vateruays.i “fhe storm water is ponded in the rice .
field areas'thr0ugh the mountainous and valley areas. These rice field
. areas’ gedgraphiéally play a role as natural stormwater regulating ponds,
preventiﬁg an large amount of runoff touard the' downstream area.

The channe"EIOm,the junction oE No. 2 and No. 3 Tributaries to the
mouth of thé river downtown meanders in a conplicated manner with an
effective width of ' less than 3 metetrs at some ‘points © and th& box
culverts s talled on its: way are too’ ‘small’to cope with' the' peak
runof £ aftér development, ' The hotel wear the mouth. Sf the” river pro-

-vides ‘& welr: to use “the channel for’ aesthetié” appreciatioﬁ..w

“This ueit'Sééas to be' hydraulically undesirable but:déés not pose large
problems accordiug to “the” result of hydraulic calculations.

2) : Ha Klua River

A e e e e

: The catchae'i atea'of thé \a Rlua, iverfis widely dis ributed to the
cast side of-Sukhumvit Highway and ‘the’ area-is approximately 9,600 ha.
Iaprovement of the river is being madé only at the crossing :
portion with the Sukhumvlt Highway and other portions are. left untouch-
ed, Document $ recordlng the floeds of the Na Klua River are not avail-
~ able. MNowevei, as a vesult of fnterviews of residents living for many
years near the mouth of the river, it was learded that the river over-
flowed Once {n the past.
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Present Condition of Existing Drainage Channei
(Sout‘hern Ra Klua Area)

.‘Hi-:i's-'lin"g Box ‘Culverts (Southérn Na Xlua Avéa) |
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It is assumed that this flood was causcd because of the shortage of a
flow se¢tiona1 area of ‘the channel at the woodeén hfidge at the mouth
of the river. It is ptedicted that- overflow in the future will be on-
likely because the bridge was changéd to a reinforced’ conérete ong -
and the flow scétional aYea of the channel at the bridge Was ex-
panded, Thére is no problem of overflow 1n the widdié strean and up-
stréam of thée Na Klua Riveér,- judging from the configuration of ‘ground,
i€ the river is contréiled well, 3 R

4.3.2 Prohlem""

As a result of thg.field;inVestigation and Studiesffit éan be said that
improvement-of _je'drainage system will be necessary in the Céntral

nd-la”d;adjustménj for the hOUSing
swamp area ‘behfnd the

greatly réducing ‘ 7 ,
unplanned’ feclamation and' ind” aéjugiment are céntinued fufther with-
Gut legal control, it is predicted that a lot of ddﬂage by flooding may
be caused in the envifons of the swanp areas at tines of heavy tafnfall,

In additicn;’ the downstream of the Pattaya River neaudets radically,
the sectional areas of box culverts- provided on the way aré too ssall:
and there éxist narrow parts of the channel at some points. Therefore,
fuprovement of the existing channel will be néecessary to cope with the
peak runof f after future development.

(b) Southern Na Klua Atea

a.oh- pa A
- functfonal drainage: system hés not béen’ considered at’ all-in these sftes,
“Therefore, there aight OQCUr local detention or flbéding durlng heavy
rainfall. ; : .

r el B L alignﬁent
*”ﬁot oﬁly'for the
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L 44 Effect of Storm Water Drainage System

As méntioned before, the present stornm water drainage system has various
problems..,- :

. However, by building permanent storm water drainage facilities of sone
scale centering around the development areas, chronic flooding of roads,
streets and buildings fn_the rainy season will be prevented, the areas
with low utility value will be* used move effectively and the soctial
environment, such as productivity or the like, will be fuproved.

Thereby, the public Helfate of the residents of the study area will be
furthet proﬁoted." . ;

'ﬂbreover, a proper drainage system will beneflt residents of the area,

which {8 a part of the important purpose of the 1nfrastructure project
" fo¥ tourism and regional developnent.

4. 5 Baﬂc Plan and Pohc:es‘

'& 5.1 Proposed Drainage Area

At the master plan stage, the pr0posed drainage area was considered for
rithe whole study atea.-

-:However through the field 1nvestigation of present conditions and
'field intetviews with the residents, it was suggested that the areas

along Pattaya ‘Beach and along the Na Klua vaer are free frOm danger
- of flood dauage.

' Aecordingly, this feasibility study covers the storam water drainage
system for the following areas.

7 - Central Pattaya Area (1 510 ha) mainly for the tourism industry.
‘ ln Southern Ya Klua Area (262 ha) for residential areas. '

However, roadside ditche§ is described separately as a part of the road
and street syeten at Chapter 2, Section 2.4.3 (b)

4, 5 2 Fundaaental Policy

The follouing 6 ttens are set out as thé fundamental policies of the

storm water drainage system.  Fig. 4.5.1 shows the flow chart of this
: feasibility study.

"j— To review the master plan. B

“The study tean began with a review of the mastet plan priér to the
- investfgation. In the master plan, the storm water drainage
osydten’ fundamentally afns at effective utilization 6f thé whole
'usable -area as the first conslderation and treats the drafnage

kLY the deVelopment aréas (city drainage) and the' drainage in

the rice iield and swanp areas (faraland drainage) on'the same

'1evel. '

cansequently, the systea in the naster plan expands
the scale of drainage Eacilities. As a.result the construction
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cost’ in the Phase 1 Project 13 estimated ‘ad 62 million Baht account~
fug for apprOximately 7% of the total infrastructure projéct cost.

To plan the scale of the system to meet the basic requirements.-'

It s thought that 1t kOUld be very difficult € maintain a"
‘financial balanée by the system itself, even 1€ present and
‘futdre 1and utilization’ and socfal capital conditions are taken'

inte account._ Therefore, ‘the: system sho%ld be rédueed in scalej3'
as far as possible.‘ -

Consideration of the present tooographie condition and future G
‘development. : :

_fThrOUgh the f:eld reconnaissance nade by the study team for the‘-.
- Central Pattaya Area, it was learned that the swamp -area behind:,
‘the Back Road and the rice field fn the southern part of the

area are always damp dué¢ to low level of the ground and play’

a role of natural’ regulating ponds at' tfumes of fl60ds, which

reduced the damage by flooding to the doanstream ‘area.. -The ..

- master plan proposes to use these areas as a central park with

* _ponds ‘and as general paddy~fields.:

L XE new main drainage channels are: equipped in such areas, it would

- have the disadvantage of bringing about an’ increased peak discharge
of the runoff resulting [rom the shortened tive of concentratiOn S

and- it wlll requ1re eXpanslon of the scale of the drainage facilities.

Iherefore, the dralnage plan in this feaslbility study attaches
importance to the present ¢ondition of these areas and utilize
them as natiral regulating ponds, and the plan does not provide
‘pain dralnage channels for these’ areas.

Oon’ the other hand; the Southern Ha Klua Area is now equipped wlth

- a drainage channel only betwéen’ the Main Residential Road and the

- coast and-is 10cally provlded uith drainage channels in the appeér
stream area, ' Since the two Na Klua Néw Towns are pfoposed to be
‘developed in this area, a plan for drainage channels will be made -
only for the development area. o ’

In case the landuse plan is changed as-a’ fesult of social ehanges
;in the future, that is, thée area being proposed as the green belt
is developed as residential and[or hotel axeas, a review: of ‘the
propOsed dralnage system will obviously be needed

A shor k= cut plan (as an alternatiVe fOr the Central ?attaya Area)

. As nentioned before, the Swanp area behind the Back Road, especlally
- the nratural waterways in the northera area, axe being reclaimed

!gradually for housing sités, whieh causes an overflow at times of
flooding. C : o o

QTherefore, legal control is nece,sary to regulate such unplanned
- ‘developuent at an early ‘stagé, | ASSUming that ‘the reelamation and
1and adjustment for the housing sites are continued in- this area,
- a short—cut plan_fn which the storm witer fn. the Central Pattaya

. Avea is drained by diverting ft with the Hain Resldential Road
will be studied as an’ alternatlve.
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- To make the system harmonious Hith tourisn,

--Since the storm water drainage plan afams not. only at enhancing
- the welfare of the resfdents but also at developing the infra-
;f'stfucturé fot toutism, the facility plan should be rational and
_at the’ pame time, apécial consideratfon should be given so ‘as

not to éffect the natural envlronment and other facflfties in
the resort area. .

- Correlation with the sewerage system. (Refer to Chapter 3)

As is ptéposed in. the' sewerage system, the storm water and waste
water will be treated separately.

The 3torm water fn the development area is to be led to the main
‘open ¢hannéls through the roadside ditches and branch open channels,
while the tréated water from the Pattaya Sewage Treatmént Plant
1y discharged tito one of the main storm water dratnage channels
‘through an independent discharge channel The discharge rate of

treated water s very low (0.17 m3/sec.), and there will be little

effect on the scalé of storm water drainagg facilities.

Pig. 4.5.1 Flou Chatt of Feasibility Study
: . for
Storn Water Drainage System
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46 Study of the Storm Water Drainage System
4.6.1 Design Criteria and Procedure

The design critetla and procedure for the rainfall analysis, tﬁnéff
analysis and’ facility plaa shall _bé set up based on the hydrometeorolo-

gical’ data, topographical and geographical data in the study area and
_relevant technical docunents, as follows. ;

{a) Rainfall Analysis

- Design Frequency of Rainfall: 5 yeafsfj‘
- Rainfall Intensity. _ h .

" The rainEall intensity is calculatéd ffom the follouihg Taibot
~ formula,’ uslng the rainfall intenslty—duration curve collected
©in Chonburi Province at the time of thé master plan._ (Refer
to Fig 4 6 1 ‘and Table 4. 6 1) ,

g - - 8,000 -
tt 34_

where

i=5 year tainfaii intenslty 10 mm pér hour
= Dufation of tainfall in minutes

Fig 4.6. 1 Rainfali Intensity—duration Curve in
Chonburi Prévince
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fable'4.6.1 Rainfall Intensity i Chonburi Province

Duration of Rainfall (hy) Rainfall Intensity (zm/h)
e 181.8
142 125.0
RS S ‘ 85.1
2 51.9
i3 37.4
il 29.2

5 24.0
6. 20,3
7 '17.6

8 15.6
9 13.9
S 11 IR o : : 12.6
11 : 11.5
12 Co 1 . - 10.6

(b) Runoff: Analysis

e Runoff Analysis. Rational Hethnd_
Ly :
Q=3 C-1t-a

;4where"

: Runoff in cubic peters per secoud
‘ Runoff coefficient

. Raiafall intensity in = per hour
Dralnage area inm hectares

D e O
(| R S

- Runoff Coefficient

The coefficicnts are established as shoun in Aable 4.6.2.

Table 4.6.2  Runoff CoeffiCIent

Atéa‘ _ Runoff Coeffcient V'C"
‘Residential areas B 0.50
Hotel areas . o S 0.50
Rice.fields ) ¢.70

Othet‘atéés_ - 6.20
- Time of Concentration ' ﬁéfer to Fig; 4.6.2.

l‘.==t1+t2

wheve
= Time of c0ncentration in ninutes

1~ Inlet tise in minutes
t,= Time of flow in-minutes ~

4-16



Fig. 4.6.2 - Calculation of the Time of Concentration.

Tlme of ConCentration (t =ty + t2)

Tnlet o o TR ' .
Time {tf)_ S jlme 6f~?low (t-) : Time of Flow (tz)i'f
T : : bt 2l —*1
(Kerby s © (Reiha's ' { (Hanning 8
Formula) _ . Formula) Formula)
'Houﬁta!ﬁ : Valley Open channel
~ 3w _
* Tnlet Time: 'kérb}‘s‘fdréﬁia
T i
where : |
o= -Inlet time in minutes
£ = Length from the nost remote point in meters B
: = Stope of ground sutface S
a _ ='_Coefficient determined by ground sutface con&ition.
{0.02 v 0.80) :
* Time of Flow.-
Vallev. ‘Rzfha' s Formula IR
Sty = ?{%* e -gw-*f?b;(r“%“") 0-6
whefg 7 : :
‘ t2'.= Time of flou ia seconds .
= 'Horizontal length from the jnlet point n meters
W = Velocity of flow fn- ‘meters pér, second

h = ‘Head Erom the’ inlet polnt 1a meters"“ﬂ
Open Channel Hanning & Forieula o
0 2/3

€, = v . v= —E—-- R lllz'

.whété . B

t2 = Time . of flow in seconds “_ -
g = Length [rom the fhlet point in Eetérs

v = Velocity of - flow in neters pex second

n

= Coefficieat of roughhéss

#%17
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R = Hydvaulie radius fn meters

= ( _flow area of section
- wetted periceter

)

_ I = Hydraulic gradient
- Ponding Périod: ‘

" The allbwable ponding period of sztorm water in the regulating pond
is: geﬁerally in the range of 16 to 24 hours, In this féasibility
study, 16 houvrs 1s utilized considering the future development
of the upstfeam area of the ponds. :

The calculation procedure and the example {rice field area in
No.2 Tributary of the Pattaya River) of ponding are shown in
Fig. 4 6.3 through Fig, 4.6.6 and Table 4.6.3, as fol!ows.

‘ (i) - M- v curve 1s obtained from the existiag contour. {Refer to
Fig. 4.6.4)

(11) The 3llowable ponding 1evei is to be within 30ca. above the nor—-
mal’ ponding level, The allowable ponding volure, that.1s, the volume
betwéan the normal ponding level 6f 5.00 wmeters and the allowable

- pondicg level of 5,30 meters, is estinated as 136,000 cu, meters,:
(Refet to Fig. 4.6.4)

(iii) The total fnflow volume is caleulated from the catchmeat area,
mean runoff cOefficlent and time of concentration. FPor eéxample, the
- 4nflow volume to the pcnd after 8 and 10 hours from the bepinning
“of rainfall {s givén as and in Fig. 4.5.5,

' respectively. (Refer to Fig., 4.6.5 and Table 4.6, 3)

(iv) .The inflow ¢urve shésm in Fig. 4.6. 6 is given by plotting the
'_total inflow volume calculated in Table 4.6.3.

The préposed ponding period is 16 héurs ¢onsidering the life
period of plants ia the water (1-2 days) and the future devéloprent
14 the upstreém area.

'Assumiﬂg that the inflow, voluue to the pond is drained ina 16 hours
and the ponded water 1s constantly dischatgcd the planned max,
'ponding volume and discharge rate are estiwmated as 55,000 cu. meters
and 3.0 cu. meters per sécond, vespectively., 'As the spillway is
planned to be. 1nstalled at the discharge polat of the pond in this
'-_feasibility study, the actual discharge rate of water at the spillway
fluctuates drawing a curve, however, thére is no problea in the
 desiga if the water is considered to be constantly discharged.-
(Refer to Fig. & 6 6) :

“The ponding water level “in éase the planned nax. valuue of 55,000
cuy meters {s ponded, '3s éstinated as 5.13 meters from Fig. 4.6.4,
satis[yihg the allowable ponding level of 5.30 neters,

4-18



Fig. 4.6,3 Calculation Procedure of‘Pending

-
.
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+
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.

Preparation of H-v curve
(Refer o }ig. 4 6 4)

Set-up of allowable

B ponding VOIUFQ and leVel
_ (Refer to Fig. 4.6.&) ‘

Check’

Calculation of inflow

f=_solume (Refer to
Fig.‘ﬁ 6.5 and
';Table 4.6. 3)
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- Determinatlon ‘of : ' :
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by the inflow curve
(Reier to .
ig. 4.6.6)
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Fig. 4.6,4 Example of H-V Curve
(Catchment area = 570ha,
Mean runoff i:oeffic_ient = 0.27)
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Tablée 4,6.3 - Céléﬂlatléﬁtﬂkéﬁﬁl;‘éfwiﬁEIOW'Voluﬁe (Catehment
- arvea =570 ha; Mean tvunoff " cOefficient = 0 217,
Time of concentration a 4,4 he)

Tize (hr) [Average rainfail Rate’d[ - | Rate of _Toétal
intensity .| inflow inflow inflow Volume
(ir em/he) (3/see) - | (m3/hey | - (m ) :
.0 _@_0 : : 0 0 0 '
4.4 - -26.8 11.46 | 41,256 90 800 ..
5 1. 24,0 ] -10.26 36,936 | - 103,400
6 - 20.3 1° . 8.68 31,248 | - 118,700
7 . 17.6. : 7.52 | 21,002 | 129,900
8 : 15.6 6.67 . | - 24,012 139,300
9 13,9 | 5094 | 21,384 145,400
10 | o12.6 _ 5,39 | 19,404 151,400
| R A ¥ Y 4.92 wne 155, ,400
12 : 10,6 4.53 |- 16,308 159,800 :
13 9.8 4.19 | 45,0861 162,900 -
14 9,2 3193 ] 4,748 -1 . 166,900
15 8.6 3.68 | 13,28 169,600
16 8.0 3.42 | 12,312 . 16%,900
17 7.6 3.25 | 11,700 | 173,200
18 1.2 3.08 '} 11,088 L 175,200
19 6.8 2.91 | 10,4767 | 176,000
20 6.5 2;785» "7105008* ;“ 1?8 100 -

Fig. 4.6.6 Calculation Example of Planned Ponding Voluae and Discharge Rate
' (Catchmer.t area = 510ha, Hean runoff coe[ficient = 0,27
Time of com‘:entration = 4 4ht)

s
‘g o -~ —

" " Iaflow fnreé
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a, pendfeg voloze < - T 0 0
-
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RN R A R N I O IO{FII
T Tize {u Esars
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E_((:_)  Faéllitg;?lanhiqg

- Study on scale of open channels and box culverts:

. Manﬁing's
Formula
where
" 'Q = Discharge in cubic meters per second _
A = Cross-sectional area ¢f flow in square ceters
Vv = Velocity ‘of flow in reters per sécand
"n,R,I : Refer to Sec. 4.6.1 (b)

- Coefficient of Roughness:

. Xype of Structure : Coefficient of Roughness "B
. Condrete box culyefts ' 0.015
Open channels with stone :
" asonry o 0.030

- ‘Study én'Dischaigejof Spillwvays:

o - 18812

‘where

Q = Ovefflog_distharge in cudic wmeters perISecond
- B = Width of spillway in meters
~h = Overflow depth in meters

4 6.2 'Proposed Drainage Area

‘ The proposed -drafnage areas are classified by topographic conditions
and developnent plans, ete. as shown in Fig. 4.6.7. Fig. 4.6.8 shows
theé catchment area and mean runoff_coefficient by drainage blocks.

Fig. 5.6.7 Proposed Drainage Area
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4.6.3 Alternative Plang for the System

(é) Céﬂir31 Pa£taya Area’

1) . ‘Alterative Plan 1 :  Integrated Drafnage Plan

. Thig plan’ 187t lead the storm water in the Central Pattaya Area col-.
lectively fnto the Pattaya River., ' The storm water in Aj and B) blocks
s led té the rice fleld area, and the storm water fn Cj; C» and C3

- blocks to Ehe 'régulating pond in C4 block for poading. The ponded™ - -
~water pagsés thiough the spillvays; box culverts and opén channels, and
joins with the storia water in Ap, B2 and'D bloécks and then discharged
intoe the sea. .

The regulating pond in C3 block is utilized mainly for:the purpose of
regulating the storm water, as well as a buffer for tourfsm and
residential areas and also for aesthétic appreciation,

iThé existing river from the juaction to the coast should be improvad
for the-following reasons:
'-‘:‘Ihé"’éxis‘i_:i-n!g Tiver zeanders radically.

—:-'__The'ffl;dw seccional area of box culverts on its.wéy cannot suf-
- flciently cope with the peak discharge of runoff after develop-
v cmenty T o

~ The changel 1s narrow in places,
Fig. 4.6.9 Altevdative Plan 1 -
. ¥ Ponding Area

; 'f/’ . | .
o ! 1V X Ponding Area

O Spillway

b
52 _ N Opén Cnannel
. I:; : 2;445 _ — ;
. ALYie - — Ao 044:;
C {’Z ‘ /
. . . L 2 -

Junption 1»

Sea
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2} Alternative Plan 2, Shoftécuf Plan

....._._._......._.-..-.-..—_—u—p-..--..‘._--.-‘...__.._..‘....

This plan is for draining the storm water in the Central ?3ttayé Area
by divertlng 1t with the Hain Residential Road, . The stora water
‘fallen on the south sfde of the road is discharged fnto. thesea by . .
the same way as in Altefnative Plan l ‘whilé the’ storm water failen on

the north side of thé réad,: namely, thé storm watey’ in €y ‘and Gy blocks,

is collected by open’ channels and discharged: 1ato the sea: gassing
the short cut box QUIVétt fron thé Back ROad to’ the Beach oad

rhis box culvert is approximately 500 meters ldng.é The béxfculvert fs
buried undet. the existing road because it 1s exge¢ted to be

.difficult
to sécourée the iight of way for an_open channel e¢ause’ of the concent—

ration of hotels and . stores, etc, betueen the Back and Beach Roads. 

. iFiﬁ"4'6'10‘7A1tﬁf"5f1€e’P15n"2'J o

W G vondtng Avea
E E] V No Ponding Area'
Spillway

——-*-Open Channel

!f*——*iBOx Culwert

C3 1 A
/’”O‘- Bates %

'/7})/1////////////////// /??)VJII?ﬂ
' Sea
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(b) Southern Na Klua Avea

Only the system shown in Fig. 4.6. 11 can be applicable for the drainage
systen 1in the Southera Na Klua Area,

" The" system plans to lead the storm water in
._the sea.

thE'Areé ébllébtiVélj‘into” '
aThe storm water 1a El block 1s ‘led into the open channel installed 1n a
Na Klua New Town' A, ‘and Joins with the storm water in E2 block and then
discharged into the sea. The existing channel is uséd for drafnage

‘from the Hain Resldential Road to the coast because it can sufficientl}
cépe with the peak discharge after develoPment.-

Fig. 4. 6 11 Drainage Systen in the Southern Na Klua Area

il;
Open
Channel

Ep

Opcﬁ ;
Channel

: 1 .

Sea

-4 6 4 f Outline of the Drainage Facilities

'An outline of storm water drainage facilities for the Central Pattaya
and SOUthern Na Klua Areas is as shown in Fig. 4.6.12 through 4.6.14,
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4.6.5 Selection of the Optimun Systén

Selection of ‘the optimum storm vater drainage ‘system shall be made only for
the Central Pattaya Avea,

'(a) Evaluation

n Eeﬁésxgseiee_ﬁegsﬁ

Total cdnstruction costs for Alternative Plans 1 and 2 are as shown in
Table 4.6.4. The construétion cost of Alternative Plan 2 is higher by.
approximately 25% than that of Alternative Plan 1 but there is no ¢if-
ference in total cost including the land ¢osts between the two plans,

‘Tabla 4.6;5' Total Construction Costs of Alternative Plans

L | Alternative | Alternative
 Ttem : .- | Plan 1} Plan 2
, o - - (1,000 Baht)| (3,000 Baht)
| Main Open Channel | 12,190 12,110
Construc- - | Box Culvert 4,250 *1 9,980
tion Spillway _ 7060 660
Costs | Branch Open Channel - 4,270 4,270
IR Land Grading of Regulating 750 490
- Pond : - :
" sub-toral : 22,1500 1 25, 510(124)
land costs o 1 23,110 *2 19,420
Total | 45,260¢100) 46,930¢103)

Tn the above table;‘théfe'Is a great difference in the’ construction cost
-~ of the culvert (*1) and the land cost (*2) between the two plans for: the
followlng reasons}

: AL Altetnative Plan 2 requires a box culvert approximately 500
__meters long between the Back and Beach Roads.

*2'fA1ternative Plan 2 requires a snaller regulating area than that
“ of Alteérnative Plén 1 because the storm water in Altetnative
‘Plan. 2 is drafned by diversion. :

2) fEffect oa the Sea Area

e e e e S e -

Q) Alternative Plan 1:

As the. storm water fin A, B and ¢ blocks is ponded in the rice Eield

aréa and the regulating poad, suspended solid in the water will be
considerably deposited. COnsequently, the effect of turbid water

‘on the sea area would be spaller than Alternative Plan 2,
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3)

(2) Altetnative Plan 2:

- The storm water on’ the south stde of the Main Resldential Soad,
that is, the storm water fn A, B and C3 blocks would pose less

problem for the reason stated above,

= The stoim water on' the north side of the Hafn Residential Road,
that is,” the storn water in €y and ¢y blocks is directly dis-
charged into the sea without ponding, - Conseqiently, the afféde
of the turbid water would be large. Furthermore, as'the dig-
charge ‘pofint is locateéd in the sea-bathing aréa, 1t might éffest

the toukists and sea-bathers.

‘Maintenance  and ﬁéététidﬁﬁ

A e

(1) Alterndtive Plan 1:

- The maintenance and operation of the system will be conducted
by patroling of the channels, A E

~ The contents of which fs scheduled below. _

* Removal of floodwodd and obstacles, ete. in the open

channels. TR o S . .
% Removal of sediment ia the culverts. o
"% Repair of dasaged parts of the channels.

(2) Alterpative Plan 2: '

natiye Plan 1. 1

—iﬂaintenahcg and'operation'ﬁtéééddfes‘afé fhe“sa¢g as in Alter-~

'~ As.the box culvért (for a short-cut) from the Back Road to the

- Beach Road is long, approximately 500 méters, maintenance and
operation will require quite a 1ot of panpower and time,-.

(b)'igéléctjon:_

As"it}ié'cleét frém‘tﬁé comparison above, Alternative Plan 1 fs superior
Eo Alternative Plan 2:{n terms of: economy, environmental: ;
‘aad mainténance: and operation. ' Congequently, Alternative Plan-1.is - -

conservation,

adopted as the best storm water drainage systea ih'the:Céﬁt;al-Pattayat‘

Area in this feasibility study.

However, 1€ it is difffcult to aquire’'the required land for the planned

regulating pond, or if unplanned reclamation and land’ developheat for

the housing sites contirnue without legal controls in the swamp area
behind the Back Road, the Alternative Plén‘zrgayAcppg,intaltbe‘pidture,
though there remain probléas of eavirénmental conservatjon and. -

maintenance and eperation, _ o
In addition, 1E the required land for the proposed channel between the -
Junction of No. 2 and No.' 3 Tributaries of the Pattaya River to the

couth of it is not secured in future, the proposed drainage Youte would

be changed to smect the future land requirenents,

4-31
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- In’ the basfe ‘plan in this study, swarp area behind the Back Road (T-1) is

'dbsggneqzasfaVSéries of storm water regulating ponds and as a park area.
And this drainage system 1s Planned to be the rost feasible arrangements

. 80 as to minimize the earth works based on the existing topography and
proposed landuse in the future,

If it is desirable to provide wider area to the park, that is, €o narrow
regulating ponds, it is possible technically by following measures:

- Loweriﬁg the top elévation of spillway
. = Excavation of the earth and reroving it on the bank

Taﬁle'ﬂ;ﬁ.s Sh¢ws‘rélatioﬂship between the basic plan and three alternatives
namely A, B and C. Other details aré shown in drawings ST-003, -004, -005,
~006 ‘and -015. .

Taﬁle 4.6.5 Area of Storn Water Regulating Pond and
-'Speecification of Spillway

P o e of o of e Voo oy,
Basic'  EL. 4.00 140,000 7.50 2,000  Proposed System
ALEA EL. 3,90 110,000 5.00 6,000

ALE.BB - EL. 3.80 90,000 4.00 9,000

Alt.C  EL. 3.70 76,000 3.00 11,000

~ The area of pond and the specification of spillvay will be determined
in the detail design stage after detailed topografic survey.

?ig,i4;6.1523h033 the proposed drainage network in the Central Pattaya
and Southern Na Klua Areas.

Present Pattaya River

432



) /,.,,. *o
4 W #
i) L )
N
L ' '
L K%
.
s
y *u

\
Y
.
\
a
%
by
N Y
|
g
N
v .
4
\ 4
' :
"
. 5
> * .
LN \
A
1
o L
- % .
- N \
)
b .

B
H
¥
N\
Q
. //{

it HighwaY &
’“/
4
Vs
g

Sukhumti
v
%
/

Lk

b4
2

Central Pattaya Area

h Promeasit

Bead

ﬂa':kmé Avgs ©

7 .S'du(he'r;r!
i

rraEmrehme e

PHASE

PHASE |

LEGEND

FACILATY
OPEN CHANNEL |

.

BOX CULVERT
| SPILLWAY

FIG 4.6.15 PROPOSED DRAINAGE N

@

EXISTING DRAINAGE FACILITIES

PONDING AREA-

4-33



Lighway L2

3
3

.

‘Central Pattaya Avea

éé-.

Southerit Na Kiua Ar

LEGEND

PHASE

PHASE I

T¥T

15 PROPOSED DRAINAGE NETWORK

FIG 4.6

i

P

DRAINAGE FACILITIES

5-33

o







A7 Cost Estimation

”’The integrated calculation of construction costs, land- ¢osts and mainten~

‘ance and’ operation costs was made according to the flow chart fllustrat-

“ed below.

. rig.‘a;}.i*

% Quantlty

“Jealenlat ion
ot dtainage
Jfactlifties

7} Caldulation of

land requiced

for the systen

"izUﬁit‘QOSt ~N
- by'type
~of work

F¥low Chart of Cost EstiéétiOn

- foxganization

Study én
maintenance
and operation

Land costs
by area

-

[ integeated
calculacion

Jtion costs

- Jof ‘construc.

Integrated
caculation
of land
costs

f& 7.1 Construction “and Land Costs'

Integrated
calc¢ulation
Of mainten-
ance and

operation costs

The construétion and land costs for the stoim water drainage system for

Phase 1 (1981 to 1986) are as shown in Tables 4.7.1 and 4.7.2.

Refer

to Tables 4.7.3; 4.7.4 and Fig. 4.7.2 concerning the quantity of
‘drainage facilities, unit cost by type of work and land costs by area.
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g . % .
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Form virk - o] ma - s8.62 - 16,02 " 6.03
Pelaforcssent vl 9,159, AT - $33.50 - 2916 asreo .
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D | Mastary (mafs 4 : o - ’ B £4 &
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‘lefen chazrel) . - 15‘5-00 : - a81.10 : 1320 . 3.10
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Badertcs W nas S B R - - 0.3
Su;lng o n’; . 15,08 - 5.47 - = 0.50
l.-tsa Gradley ol xE B _ 240 .- - .10
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4,72 Haiﬁtehaﬁcé énJVObéréinn
The organization for maintenance and operation of the storm water drainage

system should be: established taking into consideration the scale of

facilitiea and length of channels, etc., of the proposed drainage system,
as shown in Fig. 4, ? 3.

Flg. 4.7. 3 Organization for Haintenance and Operation of the
- Storm Water Drainagé System

- Offlge Clerk (1 person)
of fice fi):7Lah§r ﬁanageaént'6f site workers
~2)., Control of repair materials
3} Others
[Site Workers (Z persons) |
> ] .
Site ‘_Patrol ‘of . - Removal of ‘Removal of Repair of. Etc.
channeIS' " Eloodwood  sediment damaged
‘.~ - and éther . in the parts of
-obstacles . ¢culvertg ‘the channels
in the -

channels

Tablc 4.7.5 shows the yearly maintenance and operation costs for the
storm water drainaoe ‘systenn in the Central Pattaya and Southern Na Klua
Areas based on the aforementionad maintenance and operation organlzation.

Table 4.7.5 Haintenance and Operation Costs for Storm Water
Drainage Systea

-~ Rurder of. Uﬂit Cost | Maintenance and
Item Persons (B/year) | Operation Costs
- (B/year)
Centyal |-OFflée Clerk 1. 14,400 | . 14,400
Pa:t;“ﬁ . Site workers 2 . 9.000 13,000 .
Area y : Repair ‘t’ork ex- = ConSt‘rﬂctilOﬂ Cost 123 100
penses and others % 0.8% : _ Lk
Sub-total . - 155,500
South r.: of£i¢e‘c1égk' 1| . 14,400 " 14,400
PuLNeI N cTte workers 2 "§,000 18,000
Na Klua . :
Reﬁéir work ex- " Construction Cost '
A¥ea 60,400
| pénses and others . x 0.8% | :
. Sub- total - 92,800
Total - . 248,300
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4.8 Emerge'hcy'h.ttioﬁ 10 the Flood Area near Wat Chalmonkon
4.8.1 - Present Condit{on : T L o o
According t6 the' ‘tleld investlgatibﬁ and’ intcfvlews tb the residents, it

is known that this area is flooded: voiy often in wider area of approxi-~ -

mately 15 ha. as ghown {a Fig. 4.8.1, Magnitude of the floods are -
repor ted as fol lows. .

- iIn light rain, flooding remains Eor 2 of 3 days.

~ In heavy: ¥ain, flooding continued for a feu weeks, Stérm water
depth veaches about 0.5 n above the’ gr0und.l Water comes up to
0.Y n above floor of houses at some sppts in this area.

- Stom watev comes from. the north and goes ‘to the éast,

~ Flood in this area was not serious beforefthe earth banking fn
the swapp was made on: the downstream.

4.8,2 E(,‘au"scs:s:'o'i_’ Plood .

'ﬂwugh we' can confirﬂ thé real cauvse of floods only after technical -

analysis by détalléd topographic suweys, ‘the- followiﬂgs seen to be the
major causes.

= Wat’ Chalmonkon area dées not have adequate storm water drainage
systela. ol

- Earth banking in the suamp on the downstream without any con~
sideratlon to! the effect on storm water I:o l:he Pattaya rivef.

5.8.3 Emergency Drainage Plan

The following two. alternativas al‘e proposed as an energency drainage
plan for ‘I-'at Chaimnkx)n areay (Refer to Fig. 4.8.1. )

(A} Alternative 1‘ .'

’Ihis plan fnténds to provide enough éapacity of flow to the downstteam -
area._ o - :

Actii)!f_li KD UEPO Replace pipe culverts at @ and @
R by larger: pipes and reset lower than the e
i o o existing level. S : o

Actiont 2 ,..i.... ‘Enlarge channéels at the speci[ied locatiou as
o ' follows.‘
4 from pofnt. © I:o point
@

~ from poiat . to point
- fron point (B to the rice: field

CAction: 3 L..ion.. Open channels along the sm.nth tourisn access -
Co : road ('1‘-2)

4'—"39" .'



(6) Alte¥native 2:

This’ plan will drain flood water to the beach using a short-cut pipe
culvert’ crossing sand dune.;—

. Action' ;.........;. Embed pipe culvért undey the ground :
- : : between point (), and point ®.

: Alterﬂative 1 iairecoj 'able for an emergency countermeasure to the
:flood area nea_;ﬁat Chaimonkon by following reasons, .-

: pip 'Altetnative 2 1s not desirable from technical
point of vielr because it will’ be difficule’ 6 have a suffi¢ient

hydraulié gradient due to limLtation from tidal level and earth

cover for pipes.f:_,

- Pipe laying WOrk‘;n AltefnatiVe 2 may require a long tine and
-troubleﬁ_g¢ause the sité have been developed with residents
hOUSes, shops and restaurants with heaviest traffic voluLe.

Seétion of pipes and OpenTchannels ‘will be determined after the detailed
topographie shrvey and hydraulic éalculations of ‘the ‘area.
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| Fig4.8-1 jl?iozoﬁi‘_':at:(_zé"ﬂear Wat Chaimonkon and F@etgenéy" Drainage Plan
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CHAPTER 6 SOLID WASTE COLLECTION AND DISPOSAL SYSTEM

6.1 Introducuon

I conjunction wlth the tourisu deve10puent plan of Pattaya (the beautiful
" international beach'resort in Thailand), it is deemed urgent to eatablish
environmental infrastructures such as wakter supply systen, sewerage systen,

storm water drainagé network, and waste collection and disposal systems.

This chapter deals with' the results of the Feasibility Study Part IL con-
: cerning collectlon and diSposal ‘of solid waste from the study area.

This rep0rt 1s compiled from various naterials collected in the' course of
a field survey conducted about 50 days starting from early Hay, 1978.

. As the range and area of the study is wide, there might be points where
further fnvestigation is still needed. Xt is expected that these points

_ will be given full consideration and thoroughgoing examination during the
;;detailed design stage. ‘ . . '

‘5o Coilectuon of Da!a

'lIn Thailand data were collected mainly on the following items, with the
;;co operation of That counterparts, the Office of Sanitary District, and
. the Pattaya Branch of the Tourlst Organization of Thailand.

IGeneral

- Service area

- Percentage of service

-~ Basic number to be given service (nua. of residents, num. of hotel
. room5, etc.) :

.~ Unit amount’ (residents, hotels, restauvrants, beaches, etec,)

= Composition analysis of solid waste

Collection

7~'Collection trucks (num. of trucks, type capacity, etc.)
~ Collection frequency
= Study of ¢olléction times by following the collection trucks
.¥:Loéatlon of -truck terminals
~ Type of. containets (restidents, hotels, restaurants, ete. )
:'e'Charging rate for collection '
~ ~ Running unit costs
- Amount of labor for solid—waste collection and d1sposal

isposal

-~ Dumping site-area distance :

'~ Water quality test of ground water around the Eorcer dumping sxte
. and the existing duzping site |

"~ Topégraphic survey of the proposed dussping area

.~ Land ¢osts at the proposed durping sites
4'Survey of the surroundings of the proposed dumping sites

5-1
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6.3 Prosent S:tuat?on of the Co!lectwn and D:sposal of sond Wasfe in thy -
Pro]ect Area

5.3.1 Summayy : .
The ¢ollection and: diSposal Of solfd waste in! the préjeét area (Fig. 5 3 1)
is implemented by the Sanitaty blst?iét Office 6f Na’ Klua.

A summary “of the data collected about sblld waste collection and dxsposal
in this avea is shown 1n Table 5 3 1.

" As a characterlstlc of thls area, a: c0n31derable amount of waste is d£s~:
posed from hotels, restaurants, and beacheés in add1t1on to the waste fronm

residents. © The ratio of waste ‘¢oning  from resldents s estinated to.

be approximately 30 - 40% of the total” wasté ‘at ptesent.

Table S 3 | B8 Data Summarized

Ltenm ; A :Unlt L . Améunt and Explanation: B
1) Area SRR k3 | _'_. 22,2
2):vopulat10n-ép§fak‘ | persons 76,000

3}.Population collected B
from ~ approx

4) Collection charge b monthfhouse | "6 ( for house)
- : B wonthfroon | :t’; ( for hotel)
5) Contafner barrels | o 20072001 baveéry
_ ' o : . 300 (100 1 barrel)
6) Collection -.-érkers N A 22 fo¥ itaek)
o - persons 79 ( for beach)

D Trecks - | 36 103.3 capacity
: 1 ueit b of 3.2 Capacity
PR B oé 1y ‘capacity’

8) Colleition frequéncy Cttmesfday | 1 1-2 for house, ‘1"£6r hotel

9 fruck teips | weipsfaay | 23

|10} Land avaiiable 1 om0 2.4
11) ?réatgéﬁ; af;e?fdumping ot ir e 1';i”f69éﬁ bﬁ%ﬁihg
12) Volume collected ComMday Ul L so- 120

13) Yer capital awount | 1/efddy. | 310408 (iﬁcluding hotel)




Fig, 5.3.1 Present Conditions of
- Solid Waste Collection
and Disposal fn Study Area



5 3.2 Tracing Survey fOr Unit Amount of Solid Haste‘

The amount of waste per resident per day is estimated to be in the range
of 600 - 750 ¢ at presenty’ judging from the volume of waste fn the Na

Klua dlstrict, and from the ¥ésults of the quest;onnalre.‘ Regarding
hotels,. questionnaire sheets wete distributed and a tracing survey of
solid waste collector trucks was conducted,’ and from these surVey findings,
it was estimated to be 6 & 8 kg per room, per day. ,

The same tracing survey of solid"‘aSte céllectiOn't:ucks, as uell as’ the
questlonnalre sutvey on’ ‘the’ beaeh_aaeepers were undertaken concerning the
Cambunt of waste fron the' beach and a’ waste’ volume of 2+ 3 ol per ‘day.

" per hectare of the beach’ -area was obtained, Hohever, this volyine 1ncludes
~ a considerable amount of wasté” from resident$, and therefore it {s neces-
sary to reduce the figure' when considering the wasté from the beach alone.

As regards restaurants, satlsfactory results sere not obtained frém this
survey. : ;. . o ,

" 5.3.3 Quality of Solid waste if"

Concerning the state ‘of wasté a survey tasg conducted.on the bulk density and

composition’ of Haste through on the- -spot investigation.

U In calculating bulk density, waste collected fn one solid waste collectién
truck was weighed by large tapiéca*truck 5éighing machine, and ‘divided ~

by volisie of wastes, Results of tbis survey. afe shown on Table 5.3. 2

- Table’ 5 3.2 ;Bulk Density of Haste

; Type of truck _Capacity ;Bulk DenSity ?{ Colleétion Area
1) Toyota : V= 9n3 fi) 0.41 tlm3 ;Nofthern Pattaya o
S SRR I 2 T e | (acluding 7 mjox hotels)
2)  Benz v=10md3 | 1) 0. T "Na' Klua
. | g R ) e I N R R
3) Nissan v=3.203 1) 0,26 . 'Natrcm rda’d i;_ﬁ'w\
~ {smalt) - | ci 42 0as. ‘ . ERR
4) Tsuzu v=10a3 ﬁi) 0.35 - f i80uthern Pattayé f,.- :
ol iy 032 - f(including 4 major hOtels)
5) Open Dump V= 4.3a3 fi)-f0;3ﬁ_ ‘35 Béach and resideﬁtial
: . : T 12) 0,27, I area ' i
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local consultant fn Bangkok,

~Composftion Analysis of waste, on the other hand,

‘ Yefore, we covld not est
“enly. from these data.
- tlgures of bulk density and com
 waste garbage was disposed predominantly,

position anal

‘Table 5.3.3 Analysis of Solid Haste Quality

was conducted by a
al consul | . The resvlts are shown in Table 5,3.3.

These data on thé quality of solid waste :
in the yeav, therefore,
- quality,

were the outcome of anly one déy‘
d no imate all thé characters of the
~But 1L rifght be énough to guess from the
ysis that comparatfively wet

Ften " Heo.l ' Ne.2 Ho.3 Ha.4
A. Results {n average .
1. 'COméﬁsitidh o
(weight %, as wet) _ _
(1) Pood waste 401 | 388 | . s6.s 9.4
A2 Paper | 12.2 120.3 1. 6.6 -
- (3) Yard waste & wood 5.8 13.0 11.6 3.7
" (4) Plastic, rubber & R AN B
" leather Al 5.8 ‘2.3_ 33 6.7
(5) Metal & glass 5.2 1.8 8.2 | 2.8
(6)  Tektiles 0.5 4.9 0.3 1.4
(7) Hiscellaacous 30.4 [ 13.9. | 18.2 [ 19.4
. Tetal 100.0 - 100,08 - | 100.0 100.0 -
2. Moistire o | | |
ﬁ'ﬁ. '.»7‘_;_ :_' . 2- & . ; . .1
" (weight 1) 51.0 52.5 9.1 65
B. Rematks |
1. Date of sacpling - July 10, |Jely 30, | July 10, | 3wy 10,
L o - 1978 1978 1978 1978
2. Place of sarpling lExisting [Existing [ Existing | Existing
sire site . | sifte site
: '(In)an'd) (Inland) | (Inland) (Xo-Lan
} _ - ' Village)
-3.4'; Hunber of: s;mpling 3 ‘ o 3: 3 1
4. Rame of collection Truck #5 |Treck #2 | Truck #1 | cart
truck {Isuzu) (Benz) (Toyora)
5. Collection area Beach Ha Xlua | Wotel | Ko-Lan
nainly - mainty Village
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