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1. WATER SUPPLY

1.1 Master Plan

1.1.1 Present Condition

Present water Supply'of'the Btudy Area can be classified inte two
categories, namely phblic pipe-water supply by Ao Udom waterworks and

private water supply of ekisting-industries.

A Udom.waterworks, which was established by'the Ao Udom Sanitary
DlStflCt Ln 1970 ié loCated'in thé east of the Study Area. ahbout & km
away from the route 3. Aécofding to the “Feasibility Study for the:
Nong Kho-Laem Chabang Water pipeline Project" (hereafter the "Pipeline
Study"), the Ao Udom waterworks w1th the water treatment capaclty of
1,200 ma/day is supplylng water to the populatlon of anprox1mately
4,300 whlch malnly 1nhab1ts in Ao Udom town area and along Route 3241
wthh runs north of the ESSO and Thai Oil Reflnary as shown in Fig,
V.l Inhabltants at preuent residing in the area planned for port,
industrial_eétaté and_uf5an devélopmeht are not provided with public
pipe water supply. They mainly use rain water or water from shallow

dug-well for their domestic use

There are sevéralxindustries iﬁ the Study Area which possess their
own water supply_fécilities; Théy are Thai Oil_Refinery (TORC), ESS0 |
0il Refinery, Siracha Industrial Park Estate (SIPE) and the siracha
Sugar;Factdry (SSF). - Present and future water consumption and water

source of these industries is summarized below.

Water [se Puture Water Present Water Future

Industry 982 Sources -~ . Water Source
(108 o) (106n37yr) L
TORC 0.9 : 2.041 _ Bang Phra Bang Phra
ESSO 0.8 1.5/2 Sea Water Sea Water
) Groundwater
SIPE - 0.4 1.3/3 i Nong Kho
Stream '

S8F 0.8 . 0.8 Huai Yai River Nong Kho
Total - 2.9 5.6 - N

/L : From 1987
/2 : From 1985
/3 : From 1987 v -1



TORC gained an approval from the Royal Itrigation DepaLtmenL {RID)

already on the w1thdrawal of 2.0 # 106m3

from the Bang PhLa

reservolr after 1987, ESSO_whlch et pLesent'utilizes sea water hes_a
plan to increase its.production_capaqity by 1985. ReSU1tant increase
in water consumption will be satisficd by the expansion of desalination
_ facilities. Siracha Industrial‘Pa;k Estqte'cutrenﬁly depends on -
groundwater and stream fiow_fof‘water source. In future water will be
snppiied both to SIPE and SSF by wetep:pipeline néﬁ beinQ planned to
conneéﬁ_Nong Kho reServoif'and.the Laem Chabang Complex. Location of

each industry is illustrated in Fig. v.1.1.

1.1.2 PreviouS'Studies

Tne Pipeiinezstudyewas bonduéted.by=JICA.dnfinq:the.pe;ioa.between
August 1983 end March 1984 aiming at.formuiéting.an dntimnm deveiopment
plan of- the ‘raw water plpellne connectlng the Nong Kho reserVOLr
constructed by RID 1n 1983 and the Laem Chabang Complex‘ Based on the
water demand and supply balance study, analy515 on route selectlon and
an alternative analy51s of the most economlcal phased development plan,:
the Plpellne Study proposes to construct the plpellne in two stages
with' gravity Flow to satlsfy water demand in the target year of 2001
Pr1nc1pa1 factors relevant to the present plannlng is summarlzed as

follows.

1) Location of the receiving weli_is:planned in the Pipeline Study
to be in the new town area about 1.0 knt anay from the satellite
station to the sonth"'Its ground elevation is MSL + 35.0 m and
H.W.L. of the recelvlng well is M.S.L. + 36.7 m, In the Pipeline
Study, 1t is assumed that the filtration plant wlll be located

next to the receiving well,

2) Principal features of the pipeline is summarized in the following

table.



Description Unit 1st State 2nd Stage

Commissioning Year - 1988 1944

- Transmission Quantity 10603 /gy 21.6 21,5
Length of Pipeline

Nong Kho - Turhoutﬁé km : 10.95 10,95

Turnout ~ Receiving well km - : 3.49 3.49

Inside Diameter of Pipe
Nong Kho — Turnout mn 1,000 1,000
Turnout ~ R.W. ' mm 900 . 900

/1 ¢ Facility to withdraw water to Ao Udom waterworks.

Raw wéter demand of the_dévelopment area as demarcated in Fig;
V.1.2 has been esfimated by the Pipeline Study to be 13.2 x
lOGmB/day in 1991 and 32.1 x 106m3/day'in 2001, The plan
for.pipeline has been formulated on the basis of this water
_demand. In the Study, however, the water demand estimatéd by the
Pipeliﬁe Study has been adjusted according to -the industrial

development plan and populatién‘projecticn conducted by the'Study.

1}1.3 Water Demand -

Future wéter demand is projected for the Laem Chabang deyelépmént
area, which includés'Laem Chabang Complex ahd'surrounding area e%pected
to be urbanized as a result of the governﬁent«oriented developmént in
the Complex, s0 &hat_regiohal water balance is reviewed comparing water

resources availability and projected future water demand.

Water demand in the Laem Chabang complex is composed of domestic,

industrial and port water demand.



1)  Domestic Water Demand

Water ccnSUmptidn is aséumeﬂ to'be 2é0 1:per_capipé per day {Led)
in_ZOOl,'whibh i§ taken from the Pipeline Study. This figure is
obtained dﬁ thé'bééis that'piésént'conshmption_per capita fo:'arbund
180 led in the Easten Seaboafdfaréa‘will grow at 1% per year as a
result of upgrading of iiving standard. Projected water demahd:at

consumers level {(hereafter consumer demand) is as given below.

Area ~ Population Water Demand (ma/day)
New ‘Town 120,000 26,400
Otheréil' IR s 87,000 /1 . 19,100

Total 207,000 45,500

/l: - Natural growth : 73,000
~ Ao Udom 1 14,000

2) Industrial Water Demand .

Industrial water demand is projected based on the net area and
water consumption per net area of each type of industry planned to be
introduced into the Laem Chabang Complex. Results is summarized below

and water demand by eaéh_type of industry is ‘given in the Table V,1.1.

Item - -Water Demand (m3/day}'
EPZ 8,400
GIE ' 24,800

Total 33,200

It is assumed that water recycling technology will prevail in’
future in Thailand and reach the present level of Japan in the year
2001. Assumption is ‘that around 80% and 50% of water consumed will be

recycled.



3) Port Water Demand

Port water demand comprises two categories; one is for the use of
workers in the port and the other is water use by ship. Unit water
‘consuription is assumed to be 150 lcd and 170 m3 per ship per day.

Estimated port water demand is given below.

Water Demand

Item Volume (m3/day)

Worker 33,900 person 5,100

Ship 2,200 ships/year 1,000
Total - - ' ' 6,100

4)  Total Water Demand For Development Area

Total Water demand for the development area in 2001 is summarized

in the following table.

Area Water Use Per3Day Per éegr.
(m~) (210 m~)

\ i 9. 1

Laem Chabang _ Domestic . 26,400 6 /1

Complex ' ' Industrial 33,200 10.0 /2

. Port 6,100 _ 2.2 /1

Other o Domestic 19,100 7.0 /1
Total _ ' D ' 84,800 28.8

/l: computed as 365 days per year
/2: computed as 300 working days per year

_ Total consumer water demand is projected at 28.8 x 106 m3/year,_
which gorrééponds to 37.3 x 10%m3/year of the water to be supplied

fEQm fhé reservoir (hereafter called I.‘Sc:n.]c.ce Water Demand") assuming an
unaccoﬁntedwfor—water of 10% and 15% of the water produced at
filtration plaht between the reservoir and the receiving well and

between the receiving well and consumer respectively.

W

V.—



_ Development plan of the raw water plpellne betwnen the Nong Kho
ceservoir. and the Laem Chabang Complex was formulated by the P1pe11ne
study to cope with the source water ‘demand of 32.1 x 105m3/year in'
2001, It is planned that the Nong Kho reser001r wxll be qupplled with
raw. water from the Nong Pld Lai reserv01r in the Rayong RlveL ba31n.
Lon51der1ng that there is Stlll abundant water resourcps in the Rayong_
River basin, it is proposed that the raw water supply plan is amended

to meet an addltlonal water demand of 5.2 % 106 3/year

1.1.4 Water Supply Planiing

_ Water supply system comprlses dlstrlbutlon system and flltratlon
plant and is ba51cally to be. planned for the Laem Chahang Complex as
the plannlng area con51st1ng of the New Town, - 1ndustrlal estate and
port area in the development area. Plan fQL other.development area is

not includéd in'thé Study‘fot the:following two reasons.

{1) Sltuatlon of future urbanlzatlon is not clar1f1ed yet at this
early stage of development. '

(2) It is not economically and technlcally efflclent to transmlt
filtrated water for about 10 km from the flltratlon plant to

the north extremity of the development area.

In addition to the Laem Chabang Conplex, Ao Udom town, whlch is at
present rece1v1ng pipe water ‘supply from the Ao Udom Water Works, is

included in the plannlng area.

1) Filtration Plant _
The flltratlon plant is planned based on the dally maximum volume
as summarized below, 1nclud1ng the planned filtration capaCLty of

‘the Ao Udom Water Works which amounts to 4,000 m3/day.



Water Use Daily Mean Daily Max /1 Hourly Max /2

pomestic ' 26,400 37,000 55,500

 Industrial 33,200 46,500 69,800
port 6,100 . 8,500 12,800
RO Udom 4,000 . 5,600 8,400
Total _ 69,700 97,600 146,500

_/l: Daily mean x 1.4
/2: Daily Max x 1.5

?iitraﬁion process is'dete:mined analyzing water quality,
According - t6 the quality investigation performed at the Nong Kho Dam by
| the Pipeiine Study, turbidity is 39 degree and Fe component is 1.7 mg/1
as shown in detail in the Table V.1.2. ‘From this result rapid
Filtration process with chemical sedimentation is considered to be most

appropriate for the project.

Since filtration plant is to be designed based on the raw water
quality, a detail study of water quality is recommended to be conducted
pfiqr to the detailed design at the Nong Kho Dam at least for one year

period to observe seasonal change.

Plan and Flow Sheet for filtration plant are shown in Fig, V.1.3
and Fig. V.1.4 respectively. Features of filtration plant facilities

ara shown in Table V,Ll.3.
2)  Water Distribution System
Filtrated water. is convéyed from the filtration plant to the

distribution tower for water supply to high land area and to the

distribution basin for low land area.



_ The distribution toﬁer'is to be installed at the location of G.L.
+ 55 m, Its capaclty basically requlres the volume for 8 hour of
planned da1ly maximum amount plus comsumptlon £or fire fightlng
However ,. due to-the dlfflculty of constructlnq ]arge scale: distrlbutlon
tower, he volume is separated into the capa01ty of the dl&tllbutlon
tower w1th one hour of planned daily maximum amount plus gomsumptlon
for fire fighting and the rest of seven. hours amount, is Rept in the
clean water basin. in the flltratlon plant.

The distribution basin_is to be installed on the lodation of G.L.
+ 50 m and'its_capacity'feqﬁires the volume for 8 hours of.planned

daily maximum amount plus comsumption for fire fighting.

Principal_features of the distribution tower and the distribution

basin are summarised as follows.

Ltem . - Diétribution Tower  Distribution basgin ..
Capacity 1,000 md 27,000 m3
G.L.E. MLS.L + 55.0 m M.S.L + 50.0.m
H.W.L | © M.S.L + 78.0 m | M.S.T + 50.0 m
L.W.L o M.S.L + 75.0 m © M.S.L + 47.0 m
Water Supply /A : : /1 /2
Popalation 57,600 | 62,4007~ + 33,9007%

/1l: Water supply population at housing estate

~
23

Workers at port
note; Capacity of dlStrlbuthﬂ ba31n for low land area comprlses .

the volume for ‘industrial area and for shlps.

Dlstr1but10n plpe 15 designed- at planned hourly maximum amount
plus consumptlon for fire flghtlng. Computatlon of plpe network for
the distribuﬁién pipe is carried but on the basis “that” polyv1nyl

hlorlde be adopted Eor the range Detween 100 and 150 mn in dlameter
and ductllg pipe for more than 200 mm in dlameter Layout of water

suéply system is shown in Fig. V.1.5.



1.2  Short-term Development .

1.2.1 Water Demand

Water demand for'the target year of 1991 is estimated according to

the same methodology_as applied for the master plan.
1) - Domesti¢ Water Demand

_ Domestic water demand is estimated with 200 lcd as consumption per

capita for the population of the New Town and other urban are as

follows.

Item  Population (persons) Water demand (m3/d)

H.T. | 24000 4800

Others o 40900 /1 : 8200

Total : <7 64900 : _ 13000

/s Population outside the New Town 8100 persons
Natural growth 18800 "
Existing Ao Udom 14000 "

Total ' 40900 persons
2} Industrial Water Demand

Industrial water dehand is estimated on the éssumption that typeé
of industriés and their composition are same as.the Master Plan. Water
recycling is assumed to be prévéiling to the extent of around 50% of
the level in 2001, which is arouﬁd 25% and 40% for EPZ and GIE

respectively. Projected industrial water demand is summarized below.

GIE /1 : 19,500 m3/day

EPZ /2 : 3,800 m3/day

[

Total : 23,300 m3/day



/i: 110 m3 /ha x 3'(Waﬁer‘to be supplied is 60% of the
consumption for production conpared with 20% in Master Plan)
- x 141 ha x 0.42 (Area in operation)
/2 99 m3/ha % 1.5 (79% to 50% in Master Plan) x 46 ha x 0 55

{Area in operation)
3) Port Water Demand
Unit water consumptlon is assumed to be 150 lcd per worker per day

and 170 m3 per shlp per day. PrOJected port water demand is

sumnarized as below.

No. of Watéi-&_sﬁip ‘Water Demand
' ' ' ' (m3/3ay)
Workes Whatrf: 3600 persons . 500
Business &:cchmercial
area: 7200 persons : _ 1100
- Ship 770 ships/year _ _ 400
' motal - 2000

Durlng the field surveyr it was lnformed by PAT that water demand
Oof the Laem Chabang port may be around l 2 x 106 m3 per year or

3,300 m3 per day in 1991, In the present study the figure obtained
above are applled for consxstency 1n plannlng. PAT flgure, hpwever,.is

also appllcable through further analysls.

v - 10



4) Total Water Demand

Total water demand in the short-term plan for the target year 1991
is tabulated below:

item Water use Perday (m3)  per year (x106m3)
Laem Chabang Domestic /1 4800 ° 1.8
Complex "~ Industrial /2 23300 7.0
. port /1 2000 0.7
* Others Domestic /L . 8200 3.0

Total | - 38300 - 12.5

/1: Calculated ‘as 365 days a year

/21 Calculated as 300 working days a year

Total consumer wa;er.demand is estimated to be 12.5 x 106 p3
per yéé: for the Laem Chabang dewvelopment area. This cortesponds to
16.2 % 106 m3/year'of source water demand. In addition to fhe
present planting of the water supply system, it is necessary to assess
the Ovérall water supply and - demand balance for the area as ‘tentatively

conducted in the Appendix V.1.

1.2.2 Wdter_Subply.PlanggQg

As already described in the Master Plan, the Laem Chabang Complex
is devided into high land distribution area and low lénd_distribution

area, .
Ground elevation within the proper area of The S.T.P extends from

M.S.L +30.0m to +3.0m and totally included in low land distribution

T area.
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The amount of maximum déily and hourly water supply Erom
distribution basin is shown in the following table. Water demand in

other area is not included for the same reasons explained in the Master -

Plan.
unit: wdg
Ttem Daily Mean Daily Maximum /1 ﬁourlf Maximum /2
domestic 4800 6700 10100
industrial 23300 32600 . 48900
port 900 1300 . 2000
business 1100 - 1500 2300

Total _ 30100 42100 - 63300

/l: Dialy Mean x 1.4
/2: Daily Maximum x 1.5

1) Filtration Plant

Water demand in the short-term corresponds to about 40% of water
demand of the Master Plén. Filtration plant. in the Master Plan is
domposed of 2 sets of facilities. Filtration plant.iﬁ thg shortfterm
is planned to be with one set of facilities. Principal features of

filtration plant facilities is shown in Table V.1.4.
2) Water Distribution.System

pistribution facilities consist of distribution basin and
distribution pipes. Capa01ty of the distribution b351n is ' planned as
14500 m equlvalent to § hours value of dally maximumn watex supply
plus Ffire flow. Dlstrlbutlon pipes are planned accordlng to the layout
and diameter which are studled 1n the Maqter Plan.: Proposed layout

plan for water supply system is shown in Fig, V.l.&
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‘Table V,1.1 TINDUSTRIAL, WATER DEMAND FOR MASTER PLAN

v - 13

Type of Industry Area unit Watgr Water Demand
e Consgmptlon 3
{(ha) (m”/ha) (m™)
EPZ
‘Food o . 1.6 211.0 338
Textile: mill products 9.6 147.2 1,413
‘Apparel and finished products 14.4 68.9 992
Furniture and fixture 3.2 28.5 91
‘Paper products 2.4 47.0 113
Chemical and allied products 1.6 306.5 490
Rubber products 2.4 195.8 470
Léather products 2.4 49.4 119
Ceramic, stone and clay products 2.4 64.0 154
Non-ferrous metals 3.2 125.0 400
Fabricated metal products 3.2 38.0 122
General machinery 4.0 66.0 264
Electrical machinery 20.0 110.7 2,214
Transport equipment 5.6 146.0 818
precision instruments and machinery 2.4 118.0 283
Others o 6.0 16.4 98
Sub~Total 84.4 - 8,379
GLE
Food 6.9 377.7 2,606
Textile mill products 2.3 177.0 407
Lumber and wood products 4.6 35.3 162
Chemical and allied products 10.4 275.7 2,867
" Rubber products 5.8 198.5 1,151
‘TLeather producks 1.2 147.0 176
Ceramic, stone and clay products 13.8 136.0 1,877
Tron and steel 13.8 110.0 1,518
Nonferrous metals 10.4 197.1 2,050
Fabricated metal products 20.7 69.2 1,432
General Machinery 11.5 62.4 718
Electrical Machinery. 34.5 118.6 4,091
Transport equipment 87.4 64.6 5,646
‘Others ' 2.3 60.0 138
Sub-Total - 225.6 - 24,839
Total 310.0 - 33,218



Table V.1.2

Water Sample

RESULTS OF WATER QUALITY ANALYSIS .

'thd'Kho Dam

Daﬁe of Sampling

Physical Analysis

True color in Pt units
Odour

Turbldlty ln Silica unlts
pH Value

EC at 259¢ (mlcromhos/cm)

Chemical Analysis’

Total Solids

Suspended solids

"Dissolved solids

_Total hardness  (CaCO3)

' Carbonate hardness (CaC03)
Non—carbonate hardness (CaC03)
Nltrogen (total)

" Nitrogen (organic)

Nitrogen (ammonia)

Nitrate, expressed as notrogen
Nitrite, expressed as nitrogen
Total alkalinity

rotal acidity

Phosphorus (phosphate)

Chloride

Iron (Fe)

Chlomium (Cr}

Zinc (zZn).

Magne51um (Mg)
_Sulfate  (S04)

Fluoride (F)

Dissolved- oxygen {DO) _

Chemical .oxygen demand (COD)

Biochemical oxygen demand
(BOD at 200C)

Biological Analysis
‘Bacterial Count per . mi

Bacterial Coli. Group per 100 ml

E._Coll, per 100 ml

Nov. 23, '83

Unobjectionable
39 ¢
C 6.9
95

124
.25
- 99
68
44
24
1.0
0.72
0.28
Nil
0.01
44
15
0.25

1.7
0.004
0.28
2.8
Nil

360

68
6.0

9,300

1,300
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Table V.1.3 _FEATURES OF FILTRATION PLANT FACILITIES
FOR MASTER PLAN

Item

Céntents

Plahning quantity

1.

Mixing Basin

Flocculation Basin

Chémiéal Sedimentation :

Basin

Rapid Sand
Filtration

Clean Water Basin

Pumping Station
Lagoon and Waste
Water Pond '
Distribution Tower

Distribution Basin

97,600 x 1.1 = 108000 m3
= 54000 m3 x 2 sets

W L q _
3.6m % 3.6m x 3.0m x 2 system x 2 sets

2] L I _
7.0m 2 9.0m x 3.0m x 8 system x 2 sets

W L H
7.0m x 45.0m x 3.5m x 8 system x 2 sets
overflow weir

W L
3.5m x 7.0m x 8 system x 2 sets

W - L
7.0m x 9.0m % 8 system x 2 sets

Bigh land area {7 hr.)

57600 person x 0.22 m3/1cd x 1.4 x 7/24
= 5200 m3

Low land area (1 hr.) .

(97600 ~ 57600 x 0.22 x 1.4) x 1/24

= 3300 m3 o

fotal: 5200 + 3300 = 8500 m3

Capacity #.15 min

97600 m3/4 ~ (24 % 60) x 15 = 1000 m3

1 sét
v = 1000 w3
- 26000 m3 + 400 m3

[
'u

W L H E
35.0m x 70.0m x 3.0m x 4 Basin




Table V. l 4 PRINCIPAL FEATURFS OF FILTRATION PLANT

PACILITIES FOR SHORT-TERM PLAN

 Item

Contents-

Planning quantity

1. Mixing Basin
2. Flocculation:Basin

3. Chemical Sedimentation
Basin

4, Ra?id Sénd
Filtratioh

5. Clean Water Basin -

6. Pumpihg Station

7. Lagoon and'WaSte'
Water Pond

8. Distribution Basin

42,100 x 1.1 = 46000 m3

W L H
J.6m x 3.6m x 3.0m x 10 system

W L H
7.0m x 9,0m x 3.0m x 8 system

'W. : L -
7.0m X 45.0m x 3.5m x 8 system
overflow weir

WL S

3.5m ® 7.0m x 8 system

W L

7.0m % 9.0m =» 8 system

=Capac:J.ty 1 hr.

38800 x 1/24 + 400 = 2200 m3

W L H. _
20,0m x 35.0m x 3.0m % 1 Basin

1000 .m3
1 set
Capacity = 14,000m3 4+ 400m3 = 14,500m3

WL H o
35.0m x 70.0m x 3.0m x 2 Basin
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2. SEWERAGE SYSTEM

2.1 Master Plan

2,1.1 Present Condition

' Envisonmental-éondition of ri#ers and seashore in the Laem Chabang
area is'comparati&ely'favorable with scarce pollution gources, such as
high:popuiation density_and much industrial activity. At the site of
_underpassing the railroad in the uﬁstream of Klong Huai Bang Na, odor
of wastéWatér4 which is:probably from the Siracha Industrial Park
Estate (SIPE) is recognized. This is, however, limited to this point

and there 'is no serious environmental impact on the. project area.

2.1.2 Sewage Quahtigg and Quality

‘Quantity and.quality of sewage in the year 2001 is analyzed for

sewage from domestic, industrial and port use.

1) Sewage Quantity

Séwage quéntity is assumed to ba 90% of water cﬁnsumption, with
reference to the data of Japan and Malaysia, except the quantity for
ship use.  Infiltration of ground water into sewer pipe due to cracks
oﬁ the pipes and defect of the joint should be considered in the
planning.. Quantity of infiltration varies largely depending on
conditions of constructing the pipes and the amount of groundwater at
each site, 1t iS-:eported that in some cases the volume of
infiltration amounts to the equal level as sewage or more. In the
'ﬁxesent stuay, 20% in addition to maximum daily volume is adopted for

infiltration -in consideration of past records in Japan.
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Projected sewade quantity is as presented below.

(Unit: m3/day)

Source Mean Déily Max Daily Max Hourly  Ground Water
Domestic 23,800 33,300 50,000 6,700
EP % 7,600 10,600 15,900 2,100
G 1P 22,300 31,200 46,800 6,200
Port _ 4,600 6,400 3,600 1,300
Total 58,300 81,500 122,300 16,300

23 Sewage Quality

An average sewage quality of domestic and industrial sewage is

summarized as follows and presented in Table V.2.1. and V.2.2.

(Unit: mg/1)

BOD QoD - 88 TN p-p

186 110 190 .30 4

note: values of BOD, COD, SS are 20% higher than

the results of computation

3) Effluent Quality Standards

‘ The effluent guality standards for the industrial sewége.is
_prépared'by the Industrial Works Bepartment (IWD) as shown in Table_
V.2.3. This standard is applied to the industrial sewage directly

pouring into public water-course.

Yy - 26



In Ehis3proje0t, sewége treatment plant is designed based on IWD
Standards. inddstrial sewage. generally contains heavy metals and
harmfui:substaﬁces which have effect on such sewarage facilities as
éewer pipe and treatment plaﬂt. o minimize this effect, industries of
-hé.estate are required to give primary treatment to the sewage
generated in their factories to the degree required by responsible
agency (probably 1EAT) . Effluent quallty standards of Lat Krabang and
Bang Poo 1ndustr1al estate issued by IEAT as well as of Japan are shown

in Table V.2.4.

2.1.3'.Sewerage System Plan

1) Sewerage System

“Two_alternatiyes are considered for sewerage system; the
comprehénsive system'which treats sewage from the industrial estate,
new town and port collectively and’ ‘the separate system by which
treatment plants are constructed within each of the above three ‘areas.
The Study Team proposes the comprehensive system for the Laem Chabang

Complex for the following reasons.

. Cénstruction cost is lower.

. Construction sites of treatmént plants are limited by land use
plan, |

. No ihdustfy which discharges hazardous sewaée is planned to be
located in the industrial estate and there will be no need for
exclusive treatment of industrial sewage.

. Operation and maintenance cost is lower.

. Flucfuation in sewage volume will be lessened,

. Operation and maintenance will be easier.
Location of the treatment plant is proposed at the southern tip of

the port area, which will not cause any eutrophication or hinder future

expansion of development activities.
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The Study'Team carried out the preliminary comparison of the two
systems in terms of construction cost. Results are shown in Appendix

V-2,
2) Sewers

Cross section of sewer pipe is determined in consideration of
hourly maximum wastewater plus infiltration of groundwater and unknown

water such as stormwater. Applied design criteria are as follows.

(i} Flow Friction Formula .
The Manning formula'is addpted for design of sewers. Coefficient

of roughness is taken at 0.013.

(ii) Minimum and maximum velocity
Minimum velocity requifed to prevent sedimentation of substances
in wastewaber, shall be 0.6 m/s and maximum velocity to protect the

pipe from erosion shall be 3.0 m/s.

{iii} Depth of Sewers _
The depth of earth covering is planned between 1.0 m ad 5 m except

for special situations in consideration of maintenance and construction

cost.

{iv) Materials of Pipes . :
Considering the availability of mate;ials in Tbaiiand, Vitrified
clay pipes witﬁ 300 mm or.less'in diameter and centrifﬁgél'reinforced
concrete pipe with 350 mm or more in diameter are adopted-for the
purpose of protection against erosion due to the velocity and also due

to acid and alkaline.
{v) Booster Pump Station .
At the location with earth covering for more than 5.0 m, booster

pump station shall be installed and submersible pump is adopted herein.

Layout of sewarage system is shown in Fig. v.2.1.
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3} Sewage Treatment Plant

Effluent guality of the three treatment processes of the standard

biological treatment is summar ised as follows based on the data in

Japan.
{mg/1)

Ltom Quality of Effluent Quality

s

ewage Rerated Stapdard Oxidation .

Lagoon Aetivated Ditch
9 Sludge

BOD 180 40 ’ 20
COD 110 - 40 30
ss ©190 40 20
N | 30 25 | 15
TP 4 3

COD, N and P are known as the typical cause of envirbnméhtal
pollution on the sea areé. Therefore, diffusion densities at 5.0 km
and 10 km offshore distance shown in Fig, V,2.2 are roughly computed by _
Joseph~Sendner formula and its results are 5ummar12ed below. Detailed

description on the computation is givén in the Appendix V.3.

{unit: 'mg/l)

bDigtance from

the coast cop N P
5 km 12 0.4 0.03

10 km ' 1.1 0.3 ' . 0.02

According to the results of computation, typical biological
treatment such as aerated lagoon, oxdation ditch and standard activated

sludge are able to dillute effluent water to a sufficient degree. For
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'refereﬁce, Environmental Standard (C Standard) in Japan is presented as

follows:
(unit: wmg/1)
Item Value_of'standard
oD | 3
PN 1
T""P O + l
note: T-N, T-P are EnVLLonmental Standard for lakes
and marshee
4) Selection of Treetment Process

Sewade freatment process is deqided into the following categories,
{i) primary treatment with sediMentatiom, (ii)’secoﬁdary treatment with
biological treatment and (iii) further advanced.treetment'to obtain
highly treated water, for instance, by removing'N and P. In recent
years, various types of advanced treatments have been”developed for the
purpose of removal of N and P as a countermeasure agalnst

eutrophication in effluent area.

Standard biological trea;ment as formerly mentioned basically
belongs to the secondary treatment which can easily remove N and P and

is therefore, selected as the treatment process in this project.

As already mentioned,'tﬁere are three kinds of treatmeﬁt méthods;
aerated lagoon, standard activated gludge and oxidation ditch.
Flow-sheet and plan are shown in Fig. V.2.3 and V.2.4. General design
criteria and cost comparisons are glven in Table v, 2 5 and Table V.2.6

respactively.
Aerated lagoon types among these can be operated with Jow cost and

are often adopted in the - troplcal areas, but it requlres large plottage'

and its stability of treatment is 1nfer10r to otber two processes.
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Standard activated sludge process is the most popular in Japan, but

well trained engineer is necessary for the operation.

Oxidation ditch process has heen in spotlight in recent years as
it removes N with easy operation. Though the construétion and
operation cpst of this process is higher than aerated lagoon process,
it would be a reasonable investmeht.taking into accont the stability of
N removal. FurthefMore, 2 is also able to be removed by chemical
dosing. Consequently, oxidation ditch process is adopted in this

project.
5) Design Capacity of Sewage Treatment Plant

The daily amount of water consumption varies with various factors
such as season, working hour of industry, commercial functions etc.

through a year. 'Daily;mean, daily maximum and maximum hourly rate of

- sewage volume are defined as Follows:

Daily mean (m3/day) Caereaa “Daily average volume through a year
(obtained by dividing total annual
_ volume by number of days in a year.)
Daily maximum (m3/day) .... Daily volume in a day with maximum
. golume through a year.
Maximum hourly {m3/day) ... baily wvolume éonvérted from maximum

hourly sewage through a year.

Design of treatment plant had been made with the rate of daily
mean_severai decades ago in Japan. In recent years,.hpwevér, max imum
daily rate has been adopted in order to treat sewage'steadily. In case
that the treatment plant is designed with the rate of daily mean,
detention périQd'will become’ short and steady treatment cannot be
expected for the sewage amounting to daily maximum. It is also better
to apply'daily maximum rate to minimize the contamination of effluent
water area. 1In the present study, ﬁherefore, the rate of maximum daily

is adopted as design sewage volume which is assumed to be 1.4 times of

daily mean.
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2.2 Shogﬁaterm_gévelopméngc

2.2.1 Quantity and Quality éf Sewage

L)  Quantity of Sewage

Quantity of sowage, as is'mentigned_in the Master Plan, is assumed
to correspond to the total of 90% of water demand plus 20% of daily
maximuam éewage for the infiltration of ground water. Sewage amount is

as follows.

Unit; ™33

Mean Daily = Max Daily Max Hourly Ground Water

N, T | 4,300 6,000 9,000 1,200
Industrial 21,000 29,400 44,100 © 5,900
Estate : .

Business | 1,000 1,400 : 2,100 300
Wharf 800 1,100 1,700 I 200
Total 27,100 37,900 56,900 7,600

2) ' Quality of Sewage

Sewage quality of domestic, port, E.P.% and G.I.E is eétimated as

below,
Ttem Sevage . Sewage Quality P

QUAREIEY  Bop  cop 88 T-m TP

N 4300 200 108 200 48 7.2

Whar £ | 800 200 1087 200 48 . 7.2

Business 1000 . 200 108 200 48 7.2

B Pz 3400 60 40 80 7 0.2

CIE 17600 - 1200 80 140 15 0.3
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‘Sewage quality from all_these origins is estimated based upon
above conditions as shown in the following table. Detail computation

is summarized in ‘Table V.2.7.

Units mg/1

BOD COoD 55 ' TN TP

e

160 100 170 21

Note: Values of BOD, COD, S8 are 20% higher than the results of

computation,

2.2.2 Sewerége System Plan
1}  Sewers

Sewers in the shork-teérm plan are planned with the diameter
appiied in the long-term plan. It is considered more reasonable to -
plan with large diameter from the viewpoint of dé#elopment efficiency,
though it reduces velocity of sewage to some extent. Layout plan for

sewarage_system by The Short-Perm Plan is shown in Fig. V.2.5,
2) Wastewater.Treatment.Plant

Oxéation ditch process is appiied also for the short-tem plan.

In coﬁsideration of treatment volume, 4 systems out of.lo systems
in the longfterm shall be constructed in.the:short—term plan., Features

‘of the sewage treatment plant facilities are shown in Table v.2.8.

Flow sheet is shown in Fig. V.Z2.6.
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Table v,2.3 EFFLUENT QUALITY STANDARD FOR
DISCHARGE TO WATER-COURCE

_ Unit : mg/1
Item : Japan Thailand '
BOD (5 days 20°C) av. 120 Cav. 20
‘max. 160 max. 60

S8 (Suspended solids) av. 150 min. 30

' max. 200 max. 150
PH _ 5.8-8.56 5-9
#HS (Sulphides) - 11
HCN (Cyanide) 1 0.2
0il and Grease .5 mineral 0.5

.30 biotic

Tar - none
Formaldehyde - 1
Phenols and Cresols 5 1
Cl (Free Chlorine) - 1
Zn (Zinc) 5 5
Cr (Chromium) 2 0.5
“Cu (Copper) 3 1
AS (arsenic) Q. 0.25
4 (Cadmium) 0.1 0,03
Pd (Lead) 1 0.2
Ba, Ni (Barium, Nickel) - 1
PCH _ - -
Tw (Water Temperature) 45%¢ 40°C
Org.-pP (Organic Phosphor) 1 none
Hg {(Mercury) none 0,005
R-Hg (Alkyl Mercury) none -
D.S. (Disolved Solids) - 2000
Se (Selenium) . - 0.02

Source : Ministry of Industry
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Tabie V.2.4 EFI"IUEN‘I‘ QUALITY S‘I‘ANDARD FOR
DISCHARGE INTO SEWERAGE SYSTEM

Unit?mg/l
o Ttem Japan  Lat Krabang Ban' Poo
ABoD {5 days 207C) <600 av. 900 <1000
' max. 1000
-85 (Suspended solids) <600 <500 <500
P ' 5-9 6-9 4-11
HS {Sulphides) - <l <1l
HCN (Cﬁanide) <1 «<(.2 <0.2
0il and Grease <D none none
<30
Tar - none none
Formaldehyde - <l <1
Phéenols and Cresols <5 <1 <l
Cl (Free Chlorine) - <1 <1
Zn (Zin'c.) <G 21 <1
Cr {Chromium} <2 <l Pk
Cu (Copper) <3 <1 <1
Ag {Arsenic) <0.5 <1 <1
Cd (Cadmium) <0.1 - _
P3 {Lead} <1l <1 <1
Ba, Ni (Bafium, Nickel)" - Ni<l Ni<1
PCB _ <0.003 - -
Tw (Water Temperature) <45°C  <45°C <45°C
Org.-P (Organic Phosphor)  <0.005 - -
Hg (Mercury) néne <0l005 <0.005
R-Hg (Alkyl Mercury) none - -

D.5.

Se

{Selenium)

(Disolved Solids)

Source. : IEAT
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Table V.2.5 DESIGN

CRITERIA FOR TREATMENT PROCESS

Treatment Process

Design Conditions

1. Aerated Lagoon

herated lagoon

Surface BOD Load

1500 kg/ha/bD

Depﬁh = 4 m
Maturation Pond Detention Time = 3 Day
Depth =2 m
2. Standard Aétivated Sludge
Priﬁary'Settling Tank Surface Load = 40 m3/m2.D
' " Detention Time = 1.5 Hr.
© Depth = 2.5 m R.C.

Aeration Tank

Final Settling Tank

Chlorinatiqn Tank

Sludge Treatment

BOD. S5 Load
Detention Time
Depth

Surface Load
Detention Time
Depth
Detention Time
Debth

Dewater

0.3 kg BOD/SS kg.D
& Hr. |

5 m R.C.

25 m3/ﬁ2,D

2.5 Hr.

3 mR.C.

15 Min.

2 m R.C.

3. Oxidation Ditch

Oxidation Ditch

Final Settling Tank
Chlorination Tank

Sludge Treatment

BOD.SS Lead
Detention Time
Depth

surface Load
Depth
Detention Time
Depth

Dewater

0.05% kg/BOD/SS kg.D
24 Hr.

4 n R;C,

15 m3/m2.D

2.5 mR.C.

15 Min.

2 m R.C.

Note: R.C. =

Reinforced Concrete Structure
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Table V.2.6 COMPARISON OF TREATMENT PROCESS

Standafd

Sludge Treétment

Ttem igrgzﬁd Activated g’;gitm“
J Sludge AN

‘Construction . _

Cost {x 106 g 377 845 637.6

Operation :

Cost (x 106 g 15 42,7 38.7

Required Plant

Area (ha) -34.8 4,0 6.5

Maintenance Easy Need Bxpert Eésy

Control

Stability of . . - _

Treatment Unstable Stable Stable
No dewater Dewater Dewater
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Table V.2.8 . PRINCIPAL FEATURES OF TREATMENT PLANT FACILITIES
FOR SHORT-TERM PLAN

Item

Contents

Planning guantity

1. Degritting Tank

2. Oxidation Ditch
3. Settiing Tank

4. Chlorination Tank
5. Sludge Thickener

6. Dehydrator

Max paily 45,500 m3/q
Max Hourly 64,500 m3/q
W L H

3.8m x 10.0m x 0.7m x 1 Basin

Pump pint-
W N H )
8.0m x 20.0m x 4m x 1 Basin
w L " : o
12.0m x 105.0m % 4m x 2 Basin x 4 stage
# H :
30.0m x 2.5m x 4 Basin
W L H _
20.0m x.13.0m x 2.0m . x 1 Basin
$ . R

6.0m x 5.0m x 1 Basin

1 set

Vo= A2
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3. DRAINAGE SYSTEM

3.1 Master Plan

3.1.1 physical Characteristics of Project Area

1) Present Condition

Existing méin channels, Khldng'Huai Bo Yai and Khlong Huai Bang Na
run through the project area consisting of the New Town, industrial

estate and port area as shown in Fig. v.3.1,

Khlong Hua1 Bo Yal with the total length of 5 800 1 Onglnates in
the vicinity of the satelllte statlon located east of the Route 3 and
flows into the prpject:area. An_approxlmately 1,500 ha out oﬁ ‘total

catchment area of 2,700 ha is considered to be within the project area.

Khlong Huai Bo Yai branches off at the 901nt of 1, 300 m upstream
from the estuary an& leads to Khlong Map Nong Rai and Khlong Map Nong
stretchlng to the east and crosslng the Route 3. As for the
underpasslng of the route 3, box culvert of 7.5m—widé,.ahd 1.8m--high,
is installed for K. Map Nong Rai. Concrete pipe with.i.Sm in diameter

is installed for K. Map Nong.

On the other hand, K. Huai Bang Na with the total length of 19 500
m orlglnates at the ¥Nong Kho Dam 51te coverxng about 9,800 ha of
catchment area, Catchment area in the progect area is approximately

8,600 ha out of total 9,800 ha.

K. Huai Bang Na undefpasseS'the'rOute 3 at the 4,000m upstream
from the estuary and 30m~span bridge is 1nstalled there. Furthermore,
it underpasses the railroad at 2, 600m upstream from the route 3 through

box culvert with 7.5m-wide and l.35m~h1gh.
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Sto:mwater:discharge mentioned above would probably cause
immersipn in the_downstream within the Project Area unless appropriate
~drainage facilitles are provided, According to the hydraulic
cdmpqtatioh of the existing_dréins, facilities at the location of four
undérpaSSing of the route_3 are almost unable to discharge the
.stqrﬁwater rhnoff,' The design of drainage facilities should be
perfbrﬁed taking into consideratién the situation of catchments area

mentioned above.

3.1.2 Design Consideration
1) Design Storm Recurrence Intervals

Sforh'drains should be designed to carry discharge from the
makimum stbfmwatér expééted at_afaiven location. However, the achal
design of the diécharge_facilities should be made on the basis of an
average frequency of réihfali’occurence with due consideration of

reasonable investment for implementation.

The determination of return pericd is so difficult that the
present method which is generally accepted has been applied taking into

' consideration of past experience in projects.

For thé present design, S5~year return pericd is considered to be
reasonable accofding to éimilar exambies in Thailand and other
countries. The fdliowing table shows the comparison of storm
reccurrence interval and rainfall intensity applied in Thailand and

other countries.



Storm Recurrence | TRainfall Intensity

Teem, Ayear) . e (m/h)
Eastern Suburban 5 : 26
Bangkok _ : . -

Map Ta Put - 5 ) 63
Sumeut Sakhon ‘ '; W ' : 90
Kelang (Malaysia) 2 (Residencial Area) _ 66
Kuala Lumpur - L o

(Malaysia) 5 (Industrial Area) 78
Average of Japan ' 5 - 7 : 50 ~ 70

2) Sea Level Used for Design’

The lowest ground elevatlon except the a10n951de the route 3
ranges. from MSL+2. 0m to +3 , 0m 1n the port and 1ndustr1al area. Hencé;
design water elevatlon at the outlet should be determlned as MSL +1.75m

(H.H.W) in order to prevent the low land from floodlng.
3) - Rainfall Intensity and Runoff Formula

TWOo ralnfall gau81ng statlons are lnstalled around the Study Area
at Srirancha and Bang Lamung However, 51nce the data in qhort '
duratlon of rainfall which is actually necessary for determlnatlon of
the rainfall intensity is not ava1lable, formula applled by the Map Ta
Phuts Study which lS based on the records of Chon Burl Gau51ng Statxon
is adopted for the Study as below.

6,000
€435

Where, I: - Rainfall intensity (mm/h)

T =

ts Time of concenttation_(min)

t: tl + t2
ts Inlet- tlme (mlnlj
t

9t Time of flow in drain (mini)
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Stormrunoff is coputed using above formula and "Rational Formula®

which is widely used in current practice as follows:
Q0 =1/360 x CxAX1

Where, Q: Peak discharge of return period T-year (m3/sec)
A: Catchment area (ha)
C:  Runoff Coefficient

[ : Rainfall intensity {(mm/h)
4) Runoff Coefficient

‘Runoff coefficients to'be used for designing are determined,
taking ‘into éCCOunt_the'various types of ground surface of the Project
Area. Théfredommendéd coefficients for the Area by type of land use

_are as follows:

Land Use - ' ‘Runoff Coefficient
Residencial Area 0.70
Commercial Area 0.90
Industrial Area 0.65
-Port Area ' 0.920
Open Space 0.30
Mountainocus Area 0.50
5)}: Time of Concentration

The concept of time of concentration is used for estimation of
peak diSCharge derived from the rainfall duration relationship curve

- for the given frequency.

The time of concentration, which is calculated according to the

formﬁla in the Study as below, consists of the inlet time of runoff
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flow over the ground surface to the nearest draln plus the tlme of flow
in the dra1n from the most remote 1n1et to the point under

consideraktion, as expressed in the follow1ng equaLlon-

Where, t: time of concentration (miﬁi)

tl; inlet time (mini)

ty: time of flow in the draln (mlnl)

Inlet time is estimated to be 10 minutes on the basis: of the
situation in the area concerned. The time of'flow in the drain is
estimated to be 1l.5/sec according to the hydraullc propertles of the
individual channels. _ _ _

Meanwhlle, time of concentratlon runoff flow over the ground

2

surface is computed u51ng 30 m1n/2km for 1nlet time {tl) and

Rziha Formula for time of flow in the drain (tz)

Rziha Formula

=72 x (H/L)%%  (kin/h)

Where, V: V91001ty

H: leference of hight between upstream and downstream

L:  Length of drain
6} Flow Friction Formula

For the hydraullc design of open channels, Mannlng formula is

applied as. expressed below:
= 1/n x R2/3 yx-11/2
Where, V: Velocity (m/sec)
n: Reughhese'COefficient

R: Hydraullc radius (m)
I: Gradlent
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The value of "n" is determined according to the type of drain as

defined below:

Concrete Drain Cast-~In-Place | n = 0,015
Précast : _ n= 0,013
Wet Masonry Drain - n o= 0.02%
Earth_Draih ' n =

0.030

7) Velocity'df'FlOW

Po prevent deposition of grit and sand in storm drains, the
velocity of flow should not be lower than 0.6 meter per secod in any
type'af drain. ' '

Care should also be given to maximum velocity of flow to prevent
erosion of drains. The recommended minimum and maximum velocities for

various types of drain are summarized below:

Desian Velocity by Type of Drain

fype of Drain Design Velocity (m/sec)
Minimum Maximum
Concrete Drain 0.6 3.0
Masonry DPrain 0.6 2.5
Earth Drain 0.6 1.0




3.1.3 Planning of Drainage Facilities

Stormwater discha:ge.systém'is;ciassified ints open channel system
and closed conduit sytem. 1In thls ptoject area, except residential
area, ground elevation is relatlvely low, in M.S.L. +2.0m to +3.0m;
resulting in an increase of construction cost for the closed'sondult'
system due to the installati@h:of §dmp stations. Open channel system

is generally said to be reasonable for the low.langd.

' In general, closed conduit systém is higher in cohstructionsQOSt
compared with open channel system, For this verification, a certain
area of the New Town iS'sélécted'as-Shown"in‘Fig. v.3.2 and rate of
discharge for the cloSed condult system and open channel system are
calculated for comparison as presented in Table V 3.1. Accordlng to
the results of the calculatlon, constructlon cost of closed condult
system is about 4 times higher than the open channel system. Open

channel system shall be adopted in the study.

The selection of ths'roﬁte for trunk drains of stqtmwater is, _
basically in accordance with the existing drain routes, while in some
parts, routes are shifted from the existing ones within the framework
of the land use plan, The plan. for trunk drain is shown in Fig.
¥.3.3. Outlet of stormwater dlscharge is selected to be at the
northern extrem;fv and sOuthern extremlty of the project area, taking

1nto con51derat10n the dep 051t10n of gand into the port area.

Rainfall ihtensity in this project area'is.détermined to be 5 year
return period, refering to the such cases as in the Floor Protection

Project of Bangkok Municipality.

Peak discharges of North Main and South Main are computed to be 70
3/sec and 194 m3/sec respectively. '

For reference; rate of discharge at the South main canal is
calculated w1th 25 year creturn peried. It 15 revealed, as a result,
that peak dlschange in thig case is two fimeq Larger than the 5 year

return pericd and more than 100 m is required for the width of channel.
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3.2

(1)

(2)

(3)

(4)

Short-term Development

Following items are indentified in The Long~Term Plan.

In the selection of distribution system, open channel system is

preferable to closed conduit systenm.

5'yeat return period is reasonable for the project of stormwater

trunk sewer.

Proposed water elevation of the outlet as well as the one at the

port shall be M.5.L +1.75 m.

"As far as the ground elevation of the project area is maintained

at M.S.L +3.0m, there will be no effect of sea water with_M.S.L
+1.75m. '

However, the bottom gradient of the channels is planned to be kept-

with the range from 0.2% (1/5000) to 0.5% (1/2000), so that the water

velocity in the channel partially comes to approximately 0.5 m/sec.

The short-term plan is planned.undér these conditions and with the

capacity set in the Master Plan. The layout plan for the drainage

system for the short-term plan is shown in Fig. V.3.4.
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Table V.3.1 (1/3) CONSTRUCTION COST OF CONDULT SYSTEMS

(1) CLOSED CONDUIT SYSTEM

No Size Length‘(m} Unit Cost (B/m) Coat_(B}
1 H1100 " 530 3,570' 1,892,100
2 H1000 200 3,240 - 648;600_
3 BL500x1500 500 16;030 5,015,000
4 H1500 450 5,410 2,434;566
5 BL700x1700 750 12}540 9,405;606
5 H1500 700 5,410 3,787,000
7 H1500 - © 1050 - 5,410 5,680,500
8 stooxzeéo 250 20,380  5,§95;000
9 H1200 600 3,890 2,334,000
10 B3000x3000 ._750 27,180 20,385,000
11 mse0 1qbo 5,410 5,410,000
12 B3000x3000 40 27,180 1,08?,600
13 H1500 650 5,410 3,516,500
14 HIS00 550 5,410 2,975,500
15 BL700x1700 300 12,540 3,762,000
16 11000 500 3,240 1,520,000.

17 B2100x2100 400 14,080 5,632,@00.
18 H800 300 .2,380 714,000.
Manhole 195 x 10,000 E/No% 950,000

. Total: 82,343,100
Note: H: concret pipe

B: box culvert
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Table V.3.1 (2/3) CONSTRUCTION COST OF CONDUIT SYSTEMS

(2) _OPEN CONDUIT SYSTEM (1/2) . ' ' (Unit: B)

| No 0 gize Length (m) Unit Cost (E/m) = Cost (B

1 T t:g x 0.7 530 790 | 481,700
2 T é:g X 0.9 500 1030 515,000
3 T é:g-x'o.v 650 790 513,500
4 T'é:é x 0.6 530 680 360, 400
5 7 é:g x 0.9 25 1030 . 25,750
6 T é:g X 0.5 200 50 114,000
7 T_i:f x 1.1 1100 1270 1,397,000
8 éjg X 0.9 1200 1030 1,236,000
9 T é:g-x 0.9 1000 1030 1,030,000
10 T'izg x 1.3 25 1520 38,000
T 3:; x 0.7 750 790 592, 500
12 T'i:E X 1.4 250 1650 | 412,500
13 T g x L5 25 6100 152,500
14 T ;:g X 0.8 1050 910 955, 500
15 T é:g x 0.8 700 910 637,000
6 T i:i x 1.1 25 1270 31,750
17 T é:g x 0.9 1050 1030 1,081,500
18 T'i:g x 1.3 250 | 1520 380,000
_i9 ' Tlg x.l.S 750 6350 4,762,500
20 1 iif x 1.1 . 1000 1270. 1,270,000
22 v x L 40 6350 254,000
2 T x.0.8 650 910 591,500
23 T_é:gfx 0.7 550 | 790 434,500
24 o é:g x 0.9 25 1030 25,750
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Table V.3.1 (3/3) CONSTRUCTION COST OF CONDUIT SYSTEMS

(2) OPEN CONDUIT SYSTEM (2/2) . : {Unit: ¥)

No . Size . Length {(m) Unit Cost {E/m) Cost (B)

25 P x 0.5 250 570 142, 500

-

26 iy x 0.9 300 1030 309,000

-

27 T % 0.8 300 910 : 273,000

28 T x 0.8 25 910 22,750

29 T x 0.8 300 _ 9190 273,000

30 T x 0.8 200 910 182,000

-

Pl .
O EANEL LN O DRSS OON O

31 T x L1 400 . 1270 508,000

»

32 T X 0.7 300 _ 790 237,000

-

33 T x 1.2 40 S 1390 55, 600

34 T x 0.8 650 _ 910 591,500

.

35 T

: .

x 0.8 700 910 637,000

Total: S - 20,451,200
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4. SOLID WASTE DISPOSAL

4.1 Present Condition

Municipal and Amphoe offices of Siracha are at present responsible

for operation of the solid waste disposal respectively.

‘Solid waste tip of Siracha Municipality'is located at approximately
2.5 km east from the railroad with the area of 100 ha. On the otherhand,
amphoe Siracha office utilizes the land of PAT located in the north of
ESS0, but is required to find out the new solid waste tip in near future.
Service area and the location of the tip of Siracha Municipality and
muphoe Siracha is presented in Fig. V.4.1. They serve foxr about 50,000
population that consists of 45% of the total Amphoe Siracha population
with 109,000 in 1981} Colliection of solid waste is carried ocut by means

of three lorries in Siracha Municipality.

4.2 Solid Waste Quantities

Solid waste Quantities will be' about 115,800 tons per year in.the
Laem Chabang Complex at full development and 32,000 toﬁs/year'fmr the

short-term development as shown below.

Full Develop-
Short-Term ' © P

Area ) ment of
A?evelopment Master plan
T (tons/year)
Industrial Estate : 19,000 57,800
Port Area 5,800 13,000
(including Business Area) _
New Town ‘ 7,200 35,000
Total - 32,000 115,800

Note: See Table V.4.1. for detail
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Accumilated tonnage of solid was te from- 1987 Lo full development year
will be about 867 000 tons that corxesponds to the 1,450, 000 w3 with the
specific gravxty of 0.3 tons/m. and the compactlon factor 50%. TFor short
term development project of 1987 to 1991, total volume of SélidIWasté will
be around 210,000 m3 requirihg solid waste tip with 10 ha with_Z'm‘depth,
(see Table v.4.2)

The industrial estate generates‘slﬁdge and mineral wastes mainly.
501id waste from_fhe port is made of chip; paper and flour, and the new
town generate garbage, paper and plastics. Volume of industrial wastes by
kinds is given in Tabiev,4.3.and v.4.4., .

4.3 Disposal System

4.3.1 Disposal Method

Landfllllng is the SUltable method of solid waste disposal in the

~ Laem Chabang Complex at least until 2001 for the following reasons..

{1) A lot of farm land or forest with low land price are available

for the solid waste tip around the Laewm Chabang Complex.

(2) Incineration can not be introduced to the Complex depend on’
. some reasons as follows:
fa)" Construction cost and maintenance cost would be high.

(b} Solid waste From the complex would not be suitable for the
incineration because of physical composition of the solid
wastes (Inflammable materials such as paper would amount

little,)

{c) Air pollution would occur.

From thé'viewpoint'of_an efficiency of the system{ industrial waste,

port wasté and the qarbagé“frOm new town must be disposed at the one tip.

'Scfapped'materialtwith-poisbﬁous ingredient is not acceptable to the

Ltip and must be disposed by each factbry'by their own résponsibiiity.
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4,3.2 location of Solid Waste Tip

Following two alternatives can be proposed for the location of solid

waste tip as shown in Fig. v.4.2.

Tip A:

The tip of Siracha Municipality that has the area of 100

ha at 10 km north from Laem Chabang Complex can be utilized

with joint work. Otherwise farm land can be purchased as

" the new tip next to Siracha municipality's tip.

Tip B:

Reserved area near sewage treatment plant in the port area

of the Laem Chabang Complex could be utilized as the tip.

Tip Site of landfilling can be utilized as the park or truck

terminal in future.

A comparison of the two alternatives is shown in the following table.

Item

A tip

B tip

(1}

(2}

(3)

{4)

(5}

Accessibility

Pown Stream

Land acgqui-

- sion

Environmental

impact -

Capacity'

10 km_from.the north edge
of the industrial estate
by surface trip

Located along upstream of
Huai Yai river with lots
of residences on down
stream

About B7.3 x 10° (146 Rai
with 6 m depth x BS0,000/
Rai) be needed foxr land
acguision

Smell or insect damage dre
not regarded to be social
problem based on the thin

- population density

Mo limitation on addition-
al land acguisition

Iocated in the port'
area

Located near the river
month without resi-
dences on downstream

Already purchased by'

PAT

Some measures for
the smell or insect
are required because
of the proximity to
the business and

“commercial area.

About 600,000 w3 in
the port area
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Provided that an optimum countermeasure_Such_as‘enough soll covering
to the offensive smell and insect damage be taken, tip B would be attractive
at the beginning of development of the Laem Chabéng Complex. However, tip A

is required to be developed in Lthe fulure afler the full disposal of tip R.

4.3.3 Land Fill Plan

In case of a site where landfill is newly started, a_pre—-embankment
landfill method should be ‘adopted.  In this method, écheduled.landfill
area is enclosed by the previously-constructed embankment and solid waste

is placed inside the embankment.

Model shape of embankment section . (Average shape gradient 1:3)

For the purpose of avoiding emvironmental pollutioh, drainage pipes,
leachate collection pit and impermeable layer are needed to be constructed

shown as below.

Raoinwater ditch

Gate

Govertng Soil L.
: Legchate
| colllection pit

Impermeable
layer

l.eachute
drainage pipe

dreinage pipe

Source: Text for/Japan"USA S0lid Waste Conference by M. Hanajima

Fig. V.4.3  shows the typical section of the Solid waste tip.
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4)_ Collection System

Solid Waste from the port area and the new town will be collected
by Fhe authority in charge of Laem Chabang Complex development.
Industrial solid waste must be transported by each factory to the solid

waste tip.

Mumber of garbage trucks for collection of solid waste is estimated

as below.

Short-Term Full Develop-

Area ment. of
Development
master plan

Port area 3 7
New Town ' 4 18

- Potal 7 : 25

{See Table V.4.5 for detail)

Altogether twenty five garbage trucks are to serve the port area and
new town with 8 m3 non-compactor truck (2.2 tons) at full development

and seven garbage trucks for short term development for the Laem Chabang

Complex .
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VOLUME CF INDUSTRIAL WASTES
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' Siracha Municipdity
_ Dumping Station

e e Raif roqd

—_——

LEGEND -
Dumping Statlon

‘[[IIHH]]MH Siracha MUn'i'cipdli:y Service Ared

mphoe Siracha Service Area

TKINGDOM OF  THAILAND
THE STUDY ON THE DEVELOPMENT PROJECT
OF LAEM CHABANG COASTAL AREA

JAPAN INTERNATIONAL COOPERATION AGENCY

Fig. V.A.1 .
Existing Condition of Solid Waste Disposal

System
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LEGEND -

ldem Chabang Complex

Existing Residsnce

Solid Wasls Tip'

KINGDOM OF THAILAND | .
THE STUDY ON THE DEVELOFMENT PROJECT
.OF LAE_M CHABANG COASTAL AREA

JAPAN INTERNATIONAL COOPERATION AGENCY

Fig. V.42

Proposed Site for Solid Waste Tip
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5. POWER

5.1, Master Pl@ﬁ

5.1,1 Present Condition and Pevelopment Plan

In Thailand, there are severaljgoVernmeﬁt organizatipne poneerned
with generatiomn, transmission'and distribﬂfion:of electricity. The
Electrieity Generating Authority of Thailena {EGAT) isg iﬁ.ehérge of the
generation and eransmiseion.of_electricity. Metropoiitan Electricity
Authority (MEA) and Provincial Electricity Authority:KPEA) are for the
distribution of electricity to consumer; the Former for the: Bangkok

Metropolitan area and the latter mainly for provincial areas.

The principal'generating plents for the Laem Chebang complex at
present are one thermal power plant of the South Bangkok and two thermal
power plants of Bang Pa Kong in Chachongsao_ptb#ince as shown in Table

v.5.1.

115 kv transmiésien line is at preseﬁt instailed from the Soﬁth
Bangkok power plant'to:the'éireeha substaﬁioﬁ {S/S) whicﬁ-ié located
approkimately 1.5 km east from Siraché.ddwntown and to the Ao Phai s/8
situated approximatelj 4 km east from Ban Ao Udom as shown in'Fig. V.5.1
and v,5,2,. 230 kV transmission line comes from the Ban Pa Kong power

plants to the Ac Phai substatlon.

Ao Phai thermal.piaﬁts.are‘scheduled'to be'construeted during 1991-
1995 on the cdastal.arpa of Amphoe Siracha. Rayony No. 2 $/S, which is
now under constructlon, will be connected w1th the Ao Phal 8/5 by 230 kv
transmlsslon line in future for the power supply to the Map Ta Phut
Indestrial Complex. MNew Ao Phai No, 2 S/S and‘transmission line are
scheduled to he constructed following the completioh of the Ao Phal power

plants as shown in Table Vv.5.2.

The standard voitage er:ﬁ:aﬁsmissin in the EGAT system are 230,
115 and 69 kV at a.freqﬁency of 50. Herz; The voltage'ls reduced to 22
kv by EGAT for the local ‘high voltage distribution system by PEA and
consumexs can apply for either a high voltage of 22 KV or a low voltage

of 220 v or 220/380 v.
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For the Laem Chabang complex, the power generation capacity is
cdnsidered-enough upon the completion of large scale project of power
plants being planned by EGAT. A substation.in the development area and

transmission line from the Ac Phai &/5 will, however, need be installed.

The right of way of transmission line is 25 m and 40 m for 115 kv

T.5, and 230 kv T.L respectively.

5.1.2 Power Demand

Power demand of the new town, industrial estate and port arca is
estimated to amount to 188.6 MW at full development. The calculation are

made according to the following steps.’
1} New Town

In the residential area, power demand was estimated'aésuming 1.2 kW
as a consumption per dwelling units in NHA's existing héusing estate.
In the town center area, 900 kW/ha is assumed as power demand per effective
floor area which is set ffom number of émployees. Calculatioh‘was made

as follows:

{1} Residential area

26,100 units x 1.2 kW/unit = 31,300 kW

{2) Town Center

: : . 1
Assumed Effectlveﬁ;fPower

Area Employee Floor Area Demand

(ha) (kW)

Community Center ' 9,696 7.76 7,000
Neighborhood Shopping Center 2,200 1.76 1,600
Bducalion Facility | 1,620 1.30 1,200
Water Filtration Plant and Other - - 700
Potal : | 10, 500

/l: Computed as 8 n? femployee
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As a result, total power demand in the New Town is estimated to be

41,800 KW.

2) Industrial Estate

pPower demand in EPZ, GIE and Industrial Cénter was estimated as below
based on the net area and power density of each kind.df.industry which

are taken from statistical value in Japan. TIts détail is shown on

Table v.5.3.
'Area. _ : _ _ Power Demand
' - (kw)
EPZ . 18,600
‘GIE . ' ) 77,200
Industrial Center and Other - 200
Total : o ' 96,000

3) Port Area

Poft power demand comprises.threg categorieéf for port faciiit? area,
for distribution and storage area, and for the business and commercialu
area. The power demand for port facility area was estimated from data
cbtained through a survey of Tokyo and Yokohama port in Japén. Projected

power demahd is presented in detail in Table v,5.4.

Power Demand

Area . _ (kW)
Port Facility - 25,400
‘Distribution and Storage : : S 8,200
Business and Commercial . . 17,200
Total | ' 50, 800

4) Total Power Demand

Total power demand for the development area at full scale is summarized

as below.
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Power Demand Area Power Demand

{(¥m)
New Town : 41,800
Industrial Estate 96,000
Port ' 50,800
Total : 188,600

5.1.3. Power Supply Plan

In order to supply electric power to-the new town, industrial estate,
_and port in the Laem Chabang Complex, construction of power supply system
including ‘115 kV transmission lines, 115/22 kV substations, 22 kV distri-

bution lines and 380-220 V lines are needed.

In planning the power line system as shown in Fig.v,5;3,, the

followings are taken into consideration.
(1) As total power demand in the Laen Chabang Complex was estimated to .
increase significantly to 188.6 MW in 2001, two new 115/22 vy

substations are planned to be located within the-develdpment‘area.

(2) 115 kV transmission line is a double circuit giving priority to

high quality.

(3) Capacity of each substation is decided with diversity facior as

follows.
A Power Demand Diversity Capacity
red (W) factor (MVA)
New Town 41.8 1.1%9 35
' Industrial Estate 96.0 1.21 79
Poxrt 50.8 1.15 44
‘Total: o 186.6 1.19 158

Therefore, both'subétation capacity is decided to two bank of 40 MVA.
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{4)

The electricify will be supplied from two new subs tations to'eadh

load center by 22 kY dlqtrlbutlon llneb, except the pomnt at wh:ch

installed.

 lines cross’ major'road%, where overhead lines are planned to be

for the re51dent1al arsa, 22 kV/220 380 'V pole mountlng transformers

will be

For the

supplled by PEA" for domesth use.

industrial estate and port area, electricity will be supplied

to each consumers from points on the road, at 22 kV at owners

expense.

Principal features of each facility of the power supply system are

sumiarized as follows.

1)

2)

Transmission Line

Item

Ao Phai

Laem Chabang-~1

Ao Phai

Léem-Chabang—Q

Voltage (kV)

No. of circuit

Type of Tower

Conductor size (MCM)

Line capacity {MVA/circuit)

" Line route

115

Double-Gircuit

- steel

477
1100

Refer to Fig.vy.,5

115
2

Doublé4circuit
steel

. 3.

477
1100

Substation

Item

Laem Chébang—l

Léem'Chaban942

Capacity (MVA)

Transformer

115 kV incoming lines (No.)
22 XV feeders (No,)
Substation 1and area (m2)
Location

Switching dlaqram

80 .

: 3-phase -

115/22 kv
OA/Fa

30/40° MVA
2'éets
2
16,000

80
3-phase
115/22 kv

"OA/FA

Refer to Fig. V.5.

‘Refer to Fig.

3,
V.5.4.

30/40 Mva
2 sets ‘
.2
8.

16,000
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3

Distribution Line

Item

New Town Industrial Estate Port

voltage {KV)

Max. line capacity (A)

Type of wite.

Wire size (Sq.mm)

Type of pole

22 22 22
300 3C0 300
Inéulated upce / insulated ACSR

- 60/120

Concrete pole
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5.2, short-term Development Plan

Power‘demand in Laem Chabang Complex'is estimd;éd at 88.5 MW in 1991.
-Power demand of the New Town, Industrial estate and port area are given as

bolow:

Power Demand Area Power Demand'(MWj
New Town : 9,1
Indﬁstrial'Estate 58.6
Port - . 20.8

Total | 88.5

The c¢alculation was made under the same consideration as the long lterm

plan according to the following steps.

1} New Town

{1) Residential area
No. of dwelling unit x 1.2 KW/dwelling unit
Therefore, .

5,133 x 1.2 = 6,200 KW

{2} 'Town center
No. of employee x 8 mZ/employee x 10_4=x 900 KW/ha

Therefore,

Community Center : 2,424 x 8 x 1077 x 900 = 1,700 ku
Neiborhood Shopping Centex : 550 x 8 x 1077 x 900 = 400 KW
4 = 300 KW

Education facility : 405 x 8 x 10~ x 900
(3) Water filtration plant and other : 500 KW

{4) New town power demand : 9,100 KW
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2)

3)

Industrial Estate

(1)

{2)

- 3)

(4}

Port

(1)

(2}

Factories

Short term net area {(ha)

Long'ﬁerm power demand (KW)
Long term net area (ha)

Therefore,
: 46.1
P H L e
B ? 18,600 x 84 A 10,200 KW
: : 141.) ’
GIE 17,2 — =
7,200 x 5956 48,300 KW

Industrial Centér
No. of employee x 8 m? /employee ¥ 1074 « 900 K@/ha
Thérefore,

112 x 8 x 1074 % 900 = 80 xw

Other : 20 KW
Industrial estate power demand : 58,600 KW
Area.

Port facility area

Container berth : 3 Berth x 3,000 Kw/berth = §,000 KW
Broak bulk berth : 1 Berth x 200 K@/berth = 200 K
Agri-bulk berth : 2 Berth x 1,500 KW/herth = 3,000 KW

Distribution and storage area

Employee x 8 m?/employee x 10_4 x 900 Kw/ha

. Therefore,

(3)

(4)
(5)

3,636 x 8 x 1077 x 900 = 2,600 KW

Business and commercial area

7,177 x 8 % 107% x 900 = 5,200 Ku

Swerage treatment plant and other : BOO KW

port area power demand : 20,800 Ku
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2.2 power Supply Plan

As a result of study on short term power demand, approximately 66 %
of total pOWer demand in Lasm Chabang Complex will be concentrdted in the.
1ndustr1al estate, and the other demand are. a}loted to 24 % 1n the port

area and 10 % in the new town.

Therefore,; location of new-qubstation'is selécted within northern
side of industrial estate which is near to power 1load center and planned

as Leam Chaban-2 in long term plan.’

Consequently, power line system is as show in Fig. v.5.5,
Principal features of each.facility of the power supply system are summa-

rized as follows.

1) Transmission Line
voltage : 115 KV
No. of circuit : 2
Type of tower : Double.ciréuit steel tower
Conductor size : 477 MCM
Line capacity' : 100 MVA/circuit

Line route . Refer to Fig.-v_s;s_

2} Laem Chabang-2 Substation

Substation capacity : 80 MvA
Main transformer _ : 3 phase, 115/22 KV,'4O MVA x 2 sets
115 Kv incoming line : 2
22 KV feader : 8
Substation iand area : lG,OdQ'm2 {10 rai)
3) DiStribution.Line
Voltage s 22 kv
Max. line capacity ;300 A
Type of wire ':._Insu]ated HDCC/Insulated ACSR
Wire size . 60/120 Sq.wmm
Type of pole : : Concrete pole :
No. of Line : 4 {Industrial estate), 2 (Port area)

1 {New town), Ll (Spare)
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Table V.5.1.°

GENERATING PLANTS FOR LALEM CHABANG COMPLEX

In-Service

Planﬁs Fuel Type Unit Rating Total
: . . No. (W) (M) Date

South Bangkok Fuel Oil 1 200.0 Dec. 18, 1970

2 200.0 Nov. 16, 1971

" Fuel 0Oil/Gas 3 300.0 Jun. 11, 1974

4 300.0 Sep. 22, 1975

5 300.0 1,300.0 Nov. 11, 1977

Diesel 0il/Gas 1 25.0 Mar. 25, 1981

2 25.0 Apr. 1, 1981

4 25.0 75.0 Max. 25, 1981

Ban Pakong Diesel 0il/Gas 1 60.0 Mar. 11, 1980

(Block I) 2 .60.0 Mar. 1, 1980

3 60.0 Jun. 6, 1981

4 60.0 240.0 Bug. 22, 1981

Ban Pakong Diesel 0il/Gas 1 60.0 Jan. 8, 1981

(Bloqk 11) 2 60.0 Dec. 21, 1981

' 3 60.0 Feb. 9, 1982

4 60.0 240.C Apr. 16, 1982

- Ban Pakong Combined-Cycle 1 120.0 Mar. 20, 1983

Stean Turbine 2 120.0 240.0 July 1983

Ban Pakonhg 0il/Gas 1 550.0 Sept. 1983

Thermal 2 550.0 1,100.0 August 1984
- Sub-Total 3,195.0

Ao Phi Thermal  Coal 1 -600.0 October 1991

2 600.0 October 1993

3 600.0 1,800.0 Cctober 1995

‘Bo Phai piesel 0il 1 15.0 15.0 Apr. 13, 1969
:Sub-Total 1,815.0
Total 5,010.0

‘Source: HGAT Power Development Plan (1982 - 1996)
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Table v.5,2 TRANSMISSION EXPANSION PROGRAMME

- o c
Ie;gth Nu:?er Voltage ogi:;tor Commissioning
Kkm Circuit kv MCM Date
Ao Phai §/5 - 54 2 230 1,272 1983
Rayong 2 8/S :
‘Ao Phai 2°S/5 - 3 2 230 1,272 1993

Ao Phai 5/5

Source: EGAT Power Development Plan (1982 - 1996}

Table v.5.3(1/2) INDUSTRIAL ESTATE POWER DEMAND (EPZ)

Type of Demana Né?iArea. Power DEhéity££ Power Demand
1a) (kW/ha) _ {kwW)
Food 1;6 4i0 : 656
textile and Clothes . 24.0 170 | 4,080
Wood _ 1.6 lOO_- _ : 160
Furniture and Pulp | 4.0 140 560
Chemical | . 1.6 190 | - 304
Rubber | 2.4 440 . 1,056
Jeather | 2.4 130 | 312
Electric appliance 32.8 ' 270 8,856
Automobile 8.0 S 230 . l,é40
Other : - 6.0 130 ' 780
Total : | 84,4 220.4 . 18,604
/1 : Based on the statistical valué.inrJaﬁan.
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Table v,5.3(2/2) INDUSTRIAL ESTATE POWER DEMAND (GIE)

.'I‘ype of Demand Netzhi‘"‘)”?a Poweiiwljiz)sityﬂg powexika;)emand
Food ' 6.9 470 3,243
Textile and Clothes 2.3 200 : 460
Wood ' _ 2.3 140 322
Furniture and Pulp o 2.3 . 110 | 253
Chemical . ‘ _10.4 : 200 2,080
Rubboer | 5.8 500 2,900
Leathexr ' 1.2 160 192
Concrete : 13.8 . . 470 6,486
Iron and Steél 13.8 480 6,624
Nonferrous metéi 10.4 620 6,448
Metél good. 20.7 . 220 4,554
Machinery 11.5 200 2,300
Electric éppliance 34.5 ;350 ' 12,075 °
automobile 87.4 330 28,842
Othér | 2.3 170 391

Total: 225.6 342.1 . 77,370
/1 : Based on the statistical value in Japan.
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{1

(2)

(3

Table v.5.4 (1/3) PORT POWER DEMAND

power Demand in Port Facility Area

/1H

¢ Berth Number of ‘Power Densityi—: Power Demand
Type of Ber Berth (KW/Berth) (KW)
Container Berth 7 3,000 21,000
Break'Bulk Berth 7 200 1,400
Agri Bulk Berth 2 1,500 3,000
Total 25,400
/1: Data obtained through a survey of Tokyo and
a Yokohama port in Japan.
Table V.5.4 (2/3) PORT POWER DEMAND
Power Demand in Distribution and Storage Area
. /1 Power Power
. . N A — :
Type of Area - Employee e?hafea Density Demand
' : (KW/ha) (Xw)
Distribution and 11,400 9.1 900 8,200
Storage
/1: Computed as 8m? per one employee.
Table V.5.4 (3/3) PORT POWER DEMAND
Power Demand in Business ahd:Commercial Area
: Power Power
' I S :
Type of Area Employee eih:fea Density Demand
" (KW/ha) (Kw)
Business and : '
Commercial 22,500 18.0 300 . 16,200
Sewerage Treatment
‘Plant and other - - - 1,000
Total 17,200
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115 KV TRANSMIBSION LINE

MASTER pL.AN N | | VOLTAGE S 115 KY

NO. OF CIRCUIT : 2

TYPE OF TOWER : 2-CCT STEEL
CONDUCTOR SIZE  : 477 MCM
LINE CAPACITY @ 100 MVA/CCT]

o v ws 22 KV DISTRIBUTION LINE

VOLTAGE 1 22 KV
MAX. LINE CAPACITY: 300A
: o NCON TSR RNy e ) - % s I I R o KIND OF WIRE - INSULATED ACSH
LecEnn | k - : C i-'“-..:' ST , B § - . - Al-.,’_'__... R ik ;:' | s g WIRE S[IZE 120 SQMM

. : - : o o 1 : [ TYPE OF POLE : CONCRETE

_.i. Flan

L1 peay tulg

[y LAEM CHABANG-1 SUBBTATION

SUBSTATION CAPACITY: 80 MVA
MAIN TRANSFORMER :
3 PHASE. 115/ 22KV
40 MVA x 2 SETS
118 KV INCOMING LINE : 2
22 KV FEEDER @ 8
{ Including Qne Spore)
Pz LAEM CHABANG~2 SUBSTATION
SURSTATION CAPACITY : 80 MVA
MAIN TRANSFORMER :
3 PHASE, 118/22KV
40 MVA x 2 SETS
115 KV INCOMING LINE : 2
22 KV FEEDER ' 8

Note :

‘Figures in circle indicate
the power demand (MW) within
each area. ‘
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OF LAEM CHABANG COASTAL AREA

JAPAN INTERNATIONAL COOPERATION AGENCY

Fig. V.5.3 .
Pawer Supply System in Master Pian
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6. TELECOMMUNECATION

6.1 Master Plaq

6,1.1 Pregent Condition and Development Plan

1} Telephone

During the'5~year peériod from l978'to_1982, automatic -telephone faci-
Lities in the Kingdom of Thailand increased at a rate of approximately 9%
annually. As a result, avtomatic telephone faciiities which numberecd
409,470_in 1978 increased to as many as 576,361 units in 1982, At the Same
time, the telephone automatization ratio which was 99% in 1978 reached

100% in 1981,

At present, the Telephone OrganiZation of Tahiland (T0OT) 'is in charge
of a fﬁlly automatic telephone system providing about 900,000 local

exéhaﬁge lines comnected to 270 local telephone exchanges.

TOT is now promoting a large scale programmé aiming at ihcreasinq
- the total'humber of.exchange lines to approximétely 1,800,000 by the year
1988.  This programme is forﬁally called the "Economic Developmenﬁ Plan
1984 - 1988 bf TOT" which is based on and constifutes an integral part of

- the “Fifth National Economic Development 1982 - 1986 for the whole Kingdom".

as of 1988, the number of main telephone station per 100 inhabitants

can be expected as approximately 3.36 or more.

iPhe Kingdom of Thailand is divided into the five telecommunication

areas as follows.and shown in Fig.V.6.1.

Metropolitan arca - 02
Central area - 03
North-Eastern area - 04
Northern area - 05

Southern area - 07
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Each telecommunication area mentiocned above is called a tertiary area.
A tertiary area, except the Metropolitan area; 1is diviaed into several

secondary areas.

The name of centers of the primary area in thé "038" area code are
Chonburi, Chachoengsao and Rayong. The existing'telephohe exchanges in

the Chonburi Secondary Center Avea is shown in Fig. v.6.2.

all telephone exchanges_méntidned above have long distance subscriber
trunk dialling {(S.T.D.). The existing long-distance télephone transmission

system is shown in Fig. V.6.3.

2) Telex

The Kingdom of Thailand is divided into four telex service parts, the
Central, North-Eastern, ﬁorthérn and Southern parts. Fig. V.6.4 shows the

present telex network for the whole Thailand.

The existing teleklservice:operéted'by the Communications Authority
of Thailand (CAT) has approximately 3,500 subscribérs throughout the‘
Kingdom. - Automatic connections afe possible béﬁween thoée subscribers
accommodated in the telex network that interconnects main cities in the

country.

The existing eﬁchange within the Hastern Séaboard iszthe Pattaya zone
-exchange with 250 lines and Chachoengsao, Chonburi, éiradha, Rafbng and -
Chanthaburi line cdnCentiator._ Fig. v.6.5. shows "Telex Network in Pattaya.
Zone Exéhange”. Generally, each concéﬁﬁrator is.able.to serve the_subécri¥

ber's area within a 10-15 Km radius.

Under the Fifth Plan, telex services is planned to be extended to all

provinces in Thailand.
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6.1.2 Telephone and Telex Demand

1} Telephone

Telephone demand in the lLaem Chabang Complex is calculated at
15,000 lines at long term (2001) from number of dwelling, shop in town

center, factory and employee in port area.

The calculation are made according to the following steps.
(1) New Town

Number of telephone for the New Town is estimated as follows.

(i) Residential Area

G £ Dwelli No. of No. of Installation
EOUP © velling Dwelling Telephone Ratio (%)
High income 2,610 2,610 100
Middle income 16,970 5,001 30
Low income 6,520 163 2.5
Total 26,100 7,846 30.1
(11) ‘Towm Cénter
ies of Sh No. of No. of Installation
Categories o op Shop Telephone Ratio {%)
Community Center 788 630 80
Neighbourhood shopping 440 220 - 50
Education facility - 44 44 100
Total 1,272 894 . 70.3

{iii) Total Telephone Demand in New Town : 8,740
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(2)  Industrial Estate

Nunber of telephoné including PABX extension telephones is as

follows:
) No. of T,
Item goét9£\ Teléphohe gZi Ofon
e é ory per Factory ephone
E P %
16-32 Rai 3 10 ' 30
8 - 2 Rai ' 47 8 ' 376
Standard factory 40 4 160
Sub-Total : Q0 566
G IE
460 Rai 1 26 26
46 Rai - o 2 12 24
8 - 2 Rai, 89 8 712
Sub-Total ' g2 . i 762
Industrial center
EPZ center i} i C 10
Estate Center 1 10 16
Sub-center 3 4 ' 12
Gaurd gate 1 4 4
Sub-total 6 36
- Total : 188 - 1,364
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(3) . Port Area

Number of: telephone demand for port area and port related area will

be considered as follows:

Nunber of emplovee x 0.1 (No. of Tel./employee) -

Item ' No. of Employee No. of Telephone
Port facility, Distribution ' 11,400 1,140
and storage. area '
Business and commercial area 22,500 2,250
Total 3,390

={4) - Number of Public Booths

In general, mamber of public booths required is estimated to he 2%
of the number of telephone. There will be, therefore, a requirement for

270 public booths.

(5) " Total Number of Telephone and Lines to be installed are as follows.

New Town . 8,740
Industrial Estate : 1,364
port Area ;3,390
Sub-total . 13,494
Public Booths : 270
Total Télephone Demand . 13,764

Number of lines installed : 15,000

v - 109



2) Telex Demand

Telex demand is strong especially among firms and factories in Thailand.
In provincial area, telex is installed being limited only to some of

government related offices, hotél, bank and firms and factories.

The short terﬁ'proSpect'is that the demand will_continue to gfow at
the current aveérage annual growth rate of 20%. From the léng.term view-
point, the demand for telex sarvice is prospected to be replaced by the
demand for hew service such as data communication.and'fécsimile service as
already observed in the developed countries. Howéﬁer,.even.during the.
initial'stage of.proliferation of such new services, the demand for telex

service will continue to make steady growth,

Number of telex terminal demand in the industrial estate and port area

is assumed for the minimum case as follows:

Area ~ Number of Telex Terminal

EP% . | 25
GIE A S 9
Industrial Center _ . 2
port, Distribution and Storage Area : 18
Business and Commercial Area 10

Total : : _ . B4

3} Telecommunication System Plan

{1} Automatic Telephone'switching System
TOT realize that électfonic exchange controlled by storaged program,

the degital type (SPC Degital), is internationally accepted as the most

modern system.
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Most countries adopt this SPC Digital gystem instead of the Cross
Bar system and other systems because it facilitates telephone nctwork
utilization and has flexibility for future extension of services and

network.

._Accordingly, TOT will introduce this SPC Digital system to supply
. the telephone service for the proposed development complex under the

following conditions:

Number of lines:
Initial Capacity . 3,000 lines _
(to meet with the telephone demand éf 1991}
Capacity-as of 2001 ;- 15,000 lines
Ultimate Capacity - : 20,000 lines

{2) Telex Exchange System

Present telex network of CAT is shown on Fig. V.6.4. BAutomatic
connection can be established between any two lines terminating at five
telex exchanges, i.e. Bangkok, Pattaya, Lampang, Nakhon Ratchasima and

Hat Yai.

A double 16 lines for short term (1991) and fourfold 16 lines
concentrator exchange will be installed by CAT in new post office located

within business and commercial area.

and this concentrator exchange will connect the existing'Pattaya
Zone exchange as well as the existing Chonburi, Siracha, Rayong and other

concentrator exchange.

(3)  Subscriber's {Local) Cable System

The,engineerinq and installation work of subscriber's cable system
in Complex will bhe carried out by TOT based on the TOT technical criteria

for local cable system.
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(4) Exchange Locaﬁioh'Plan

The_exchange location will be determined to be within the‘buéiness
and commercial area in the Laém Chabang Complex. The following land

for the telephone exchange'and the post office need to be prepared'by PAT.
For telephone exchange : 3,200 m? (2.0 Rai) required by TOT

For post office : 16,000 m2 (10.0 Rai) required by CAT

6.2 Short-term Development

6.2,1 Telephone Demand

Telephone demand in Laem Chabang Complex is estimated as 3,000 lines
at short term (1991). Eaéh telephone demand and number. of lines installed
for New town, Industrial estate, port area and public booths are given as

follows:

"Telephone Demand Area . : Numbér of Telephone
Mew Town _ _ 1,270
Industrial Estate _ ' ' 808
Port. : 541
public Booths ' ' 52

Total e o : 2,671
Mumber of Telephone Lineg installed 3;000 lines

‘The calculation was made under the same consideration as long term

case as pelow. .
1) New Town

{1) Residential area

Group of Dwelliné | NoQ ?f No. of. . "In?té?%ation
: : Dwelling _Telephone Rat;q {%)
High income - 510 510 100
Middle income 3,363 . 504 15
Low_indome _ 1,260 32 . 2.5
Total 5,133 1,046 20.4




(2)

) wan Center

Categories of Shop’ No., of No. of Ingtallation
o _Shop Telephone Ratic (%)
Community 197 158 80
Neighborhood 110 55 50
Education facility 11 11 100
Total 318 224 70
{(3) Total Telephone Demand in New Town 1,270
2} Industyrial Estate
. No. of -
Kind of Factory No. of Telephone No. of
Factory Telephone
per Factoxy o
(1) EPZ
16-32 Rai 3 10 30
8 - 2 Rai 22 8 176
Standard factory 20 4 80
Sub-total: 45 286
(2} GIE
460 Ral 1 26 26
46 Rail 2 12 24
8-2 Rai 55 8 440
Sub-total : 58 490
{3)  Industrial Center _
EPZ center 1 10 10
Estate center 1 10 10
Sub-center 2 4 8
Gaurd center 1 4 4
Sub-total 5 32
(4) Total Telephone Demand in Industrial Estate 808

\
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3) .Port Area

No, of.

. Area gg}lzfée Telephone gZiéOfone
pLoyee. per Employee pl_;ﬁ
Port facility, Distribu- 3,636 0.05 182
tion and storage area ‘
Business and commercial 7,177 0.05 '-359
area : o '
Total 10,813 0.05 541

4) Number of Public Booth

No. of telephone x 0.02 = 2,619 x 0.02 = 52

5} Total Number of Telephone and Lines instalied

New Town
Industrial Estafe '
Port Area | :
Sﬁb—tétal

Public Booths

Total Telephone Demand

1,270
808
541
2,619

52
2,671

Number of lines installed 3,000 -

©.2.2  Telex Demand

Telex demand in industrial ‘estate and.

estimated as follows:

Area

Telex Terminal -

Numbér.of

Industrial Estate
FPZ
GIE .
Industrial Center

Port Area

Distributibnfand Storage
Business and Commercial

Total

N o

32
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6,2.3 Telecommunication System Plan

As mentioned in Master Plan, telecommunication. system plan for the

short term is summerized as follows:

1) Automatic Telephone Switching System

For telephone demand in Laem Chabang Complex, new local exchango
will be established by TOT in the development area, The exchanger is
connected with Chonbri secondary center to be incorporated into existing

long-distance telephone transmission system.
The exchanger will be SPC digital type with the capacity as follow:

‘Initial capacity (Up to 1991): 3,000 lines

Capacity as of 2001 : 15,000 lines
Ultimate capacity ;20,000 lines
2) Telex‘Exchange System

A double 16 line telex concentrator will be installed hy CART in ncw

post office located in Business and Commercial area.

And this concentrator exchange is connected with the existing pattays

zone exchange.

3). local Cable System

. The engineering and installation work of subscriber's cable systen
in the dévelopment area will pe carried out Ly TOU based on the TUT

technical criteria for local cable system.
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7. LAND PREPARATION PLAN

7.1 Earth Work vVolume

Fig. V.7.1 shows the topographical conditions of the Leam Chabang
Area.

In the New Town area, little earth work will be neceded cxcepl the
small area around some rivers. It is with gentle slope with
approximately 3% that is suitable for the gradient of the road in New

town.

Qn-the;other hand; a iarge amount of earth work is needed in the
port area and a part of the industrial estate to avoid Flooding by
high tide waves and heavy rain. Design land height is determined based
on the drqinage system deSign and it is needed to embank the 1bw area up

to E.L. 3m v 4m that spreads in the port area as shown in Fig. V.7.Z2.

Earth Work Volume {(Banking vVolume)} is-Estimated as below.

(Unji: m?)

(1) Short-Term {2} Master Plan (2)-(1}
{1} Industrial Estate 740,000 2,800,000 2,060,000
(2) Port Area 1,860,000 2,800,000 940,000
- Port Wharf (300, 000) (440,000) 110,000
.~ Distribution & {1,120,000) (1,800,000} 660,000
Storage
< Businesi & ©(410,000) {560,000} 156,000
Commercial
(3) Total - 2,600,000 5,600,000 3,000,000

Materials for embankment can be suvpplied from three alternative
site. One is the hilly area in the port area that holds the about 4
million m3 earth volume that comes from the uper area higher than EL
3m &~ 4m, Second is thé sea bed that supply unlimited earth volume.

Last is the mountain near Laem Chabang that has big amount of earth volume.
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The earth from dredginé.wbrk will Gost_GOB/m3 that is three times costly
than the cost of the earth in the.port area bedauee_bf the utilization of
large construction equipments. .The earth from fhe mountain will be éouble
of the port area material becauee the cost for conveyance will be higher,
The earth volume in the port area will be shdrt.for'the full development of

‘Master Plan.

As a conclusion, we recommend that for the Short-term develoPment the
earth in the port area must be utlllzed for the embankment conelderlng of
its economical advantage, paying particular. attentlon to the preservatlon
of the vegetation, and at the fall development of master plan, adjacent

mountain must be chosen as the source of embankment materials.

Fig. V.7.3 shows the earthwork volume.

7.2 Geclogical Analysis

Accoérding to the geological maps (Fig. 2.2.7) ‘and the land investiga-
tion of the .study: area, some soft spot seems to be spreaded'areund the

boundary of the IEAT and PAT purchased land.

In this soft soil spot, apart of EPZ and/or business, commercial

areca is planed teo be constructed for the short—team development.

For the.purpose of confirmation about the thickness of soft foundation,
two soil borings were performed with Standard‘Penetratien Tests. _
{Fig. v.7.4). The result of the soil boriﬁg shows ‘that soft. soil has under
5m thickness_which can be easily improved to be firm foundation by
compaction of baﬁking soil or beariﬁg pile for some-buildings can bhe
shorten to minimize construction cost. Though it is needed some additional
soil borings to ensure the detail data for.detail deeigﬁ; it can be said
that there is no crucial troubie for the constrﬁetion of  industrial estate

or port hinterland.
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