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nraanuuLIUUNAAUI Iz AsliallanINNINTI§IU NANINAISINNTRENULLITEUIL
ars13ndilina arsrsyilnasuar@egruaaanazaansine lullaugaaiunssuaesnisiiag
ANMIUNITH (NUA.)

‘lumi@ﬂnLLumzuumﬁmﬁ']ﬂizmLmzszum']ﬂﬁﬂﬂﬁxmﬁLLmﬁm‘Lumm@nLmum“qf:

(1) TanaFrauazginandsine sevssuuasseaudaun v uasilenganisldauunu

@  Wussuusdainlsznidlszaninmi awnsanamiilszidanannsgiu
@mmwﬁwmmiﬂi:mumumq iransszihdaugiina vise asdniseunlelan

(3) aunsnvialdsiaiiemann 24 Falu wazdNToiulgauaraneANaan1sHan
Tuauranladne

@) Adaaie Aduszuy uazAnitgeine ligain

(5)  maguainmszuuamsanldlaede

(6) msluagesinlussuueda Wil wdnmos Gravity Flow ‘Lﬁ’mﬂﬁ'@m HAZWENENN

1 1 v
wanidennsldierasguintag e
1 3 :’ a %‘ a
1. arsnuihay weeuwguiifau

(1) aashuAL
J =3 ?:I a 4’: o/ ~a ' %’ a A ¥ = 1
dufinhAurestannig fannssesiulunsiiviedairauiilyuisesiiniedanuy
sruuviadain o ldanngn 7 9w lasguawiiaduduldainuinsgugunintiisuaes nua.

(M15199% 1-1)

ﬁl']‘d"]\‘iﬁ 1-1
AmsFIUANNIWINAL
AAL ATl AMNIN “uas mmigﬁmfﬂawm nua.

1 Amnsiunsausing - 55-85

2 | @ (TRUE CPLOR) COBALT SCALE ldwnndn - 20
3 wanuazIaINHaTNiu ppm. llwnndr 1.0
4 NAIUAY ppm. ldwnndr 1.0
5 fand ppm. Tiuanndr 1.0
6 wAAKTENLATIIaN A ppm. lLinnndr 150
7 Famm ppm. liunndr 200
8 Aaalss ppm. lLinnndn 250

v o/ o o 2
HAANLULLAZAANINENITANWING - ____________ A4.._241.



WIIAALAZI ENIAUINMABNLLLTZ UL AN U T2l

Tasanseanuuuuaziaafranniindmingaziln No.2 fdanazudn 13,400 aLLa./4n 1T tanas uiavd watuladl A1in
“

AAU ATlAMNN o mmg'm‘tfﬁawm nua.
9 gaelss ppm. Liwnndr 1.0
10 | lwmm ppm. ladunndn 40
11 Detergent (ABS) ppm. Talunndn 1.5
12 | #sdsznaviluas ppm. lalunnndr  0.001
13 | isam ppm. laluanndn 0.001
14| me ppm. lslinnndr 0.05
15 | anauy ppm. linnndr  0.01
16 | e ppm. lLisnndr  0.01
17 | Tandlen ppm. lalanndn - 0.05
18 | 'loenlust ppm. ladwnndn - 0.2
19 | uAsiley ppm. lalwnndr 0.01
20 | wuides ppm. lLiwnndr 1.0
21 wefidudlng® 80 181 BOD ppm. Linwnndr 20
22 | ulefifudlngi 20 904 DO ppm. ladwanndr 4.0
23 Lﬂﬂﬂ%ﬁﬂwﬁ 80 aa3Alnavasy MPN/100 34, lalannndr 5,000

wuATiEe
24 | Mudunnnwsa@son WIALAALTA/ARST ldwnndr 041
25 ATHUNAITIN ppm. lalianndn - 0.005

& a .
Ny NIUANY mummumﬂazmﬁlwﬂ, 2542

2) ngu‘ﬁﬂau

- gwnnviendldseilesnaen 24 4t

- ﬁé’mqmarzguﬁwﬁmquﬁm‘lﬁﬁf@ﬂndwﬁ’léf\imamqqqmmm?zuuwamﬁ']ﬂixm

- ﬁm’ém@lufﬁuému 4 1A 8RIINIGU 335 AL.N./1H. usdduliidernds 15 weg
(1411 2 1A UAT Stand-by 2 70)

- Genlsuiviadainunfusey (Under Pressure Pipe)

- d”mvi@ﬁ'Lﬁfan‘l%%ﬁmmumuwiﬂﬁmwgﬁm:mﬂ leMA uazusail aannisld
nutnf Audenvieian uazvia HDPE

- flzuummadaunisiatesie uaslssuussng usasdouAy




wWAALaTMEMIAMWINeanLLssuLEAmhlsn

{asamsaanuuunaziagfaanailudmingezl No.2 AaIngHan 13,400 aL.N./4U 135 avas dusavid waluladl 41in
#

2. szuuaanudilseih

- szuuwamidszlnniaentd uszuunensesdrsanduszuugian (Slow Sand Filter
and Ultrafiltration System) T11ARIAIN1THARTIN 13,400 ALLH./A1 Fauszuunldiu
Taewinlyl nssifiuauaznistigineinldlidudau Wesaniduszuudntuia

v 1 1 v 1

- sepumdminlszthansarinaldetieieiiieanann 24 falug Ineinnan daz e
AN ARl sz aesnisilssiuasan viranailszlndaugiinan (91919
7 2-1)

%’ k7 o % o A d 1 v o

- mrlvareniiazgndedaauseduidifanseame viraFandinitnsasnialiusasi
(Pressure Filtration) anmauzaasiansesasilnfinda aruisonauauamaunte ludals
AndaIng ieiazdaillnuqasiie tvslnasentyls

4 B o g v i

- wresguiAuazfesiidnsinisguiullanieanuuy auim 335 ava /. usdull
v ' a [ = o 1
tlaeindn 15 W wazilusssuieawa lunnsdeludseunsne

- 9rUUNIEdNITe (Sand Filter System) nuiin#insavaesuiauaouast ANYL LAZAA

1 v v

ansauvanUudenluindu Admsnisnses (Filtration Rate) laitAundn 4.0 1’1,
LAZAMIIN1349413N984 (Backwash Rate) ldanan 35 1w/, Aaan1sHaneanuLL
\flu 2 ga°) a2 6,700 ALLU./U

- szuugiev (Ultrafiltration System: UF) inmifinsesayninaziaen viaaasants AN

v
qu uazialsasine Hdmsnnenses (Filtration Rate) Talifiundn o.10 &%/a’/au. uazding
NN789@1IN9ad (Backwash Rate) Timnnan 0.15 w%u?/au. Aiadenisuaneanuuuiilu 2
10 A% 6,700 ALLU./AU
=~ ; Y =

- gxuutfaugnaiail (Chemical Feed System) tsznaudas nsainda (HCI) TganTW (NaOH)
uazAaeIu (CL) wrasguansiaililugiia Metering Pump awnsadlfudnguldlaad
pnmaNnsnlunaguanglidtfenndt 2 wsansAun dufiuaisiafidmiuguansd
auanuqdmiunsldlideand 3 4

- svuumAmadaaunIwinezi (Trap Water Analyzer Unit) sznaumaa Al pH, TDS,

1 v

Turbidity, Chlorine Residual uaz ORP iivaaauAnamn i Wdullnmuinsgiiaw
Wl sxTeed
ar a al al =l 211 Qs

- fUATHNATANUARETE AINNNTATUNAREIUNN 65% NaNUANARdIU AuLTuasazane
AaeTududu 10% Gafin194nad Post Chiorination Iaaidl Chiorine Residual g 331414

0.5t 1.5 mg/l naud v la

o s 4
HRAnNULULLATAANNIENNTAUING | i _____ A4.._241,




&
LIARALAZI ENIMUIMaaNLLILTZILNAMN sl

u
Tasanseanuuuuazneafisaniiluamindsziln No.2 fdanazedn 13,400 av.a./Au 1T tavas dudavid watuladl Ain

_ e e e

- daffutila (Clear Water Tank) filoanlunisfnifivlaiionnds 8 falusresnanudasnig
lﬁﬁquqm&iﬂiu (nua.)
Pimnasiaiuinla (aq1i) = 4,000 gNUAARLNAT
Pnasdafnila (uewam) = 10,000 gALNARLNAS

- werlege (Elevated Tank) 154195 500 AL, ATNgIRdaiaga 35 s Taeldirdesgu
ﬁ’ungwmm 500 gnuAAamsAaTig wradtin 45 wins Sruau 5 (drseansdliiio

v Y v
an1nnsldirgegn (Peak Demand) 2 iia) lunisdatiliumefege

919f 2-1
amssruannwiilsval aasnsilszldauniinng
718N19 ‘ mmsg'lmg'm'izﬂ'\
AMANHUENINLNTN

a (Colour) , Pt-Co unit 15

74 (Taste) Tfluihsaiea
n@u (Odour) Tiflufriniaifes
ANYU (Turbidity) , NTU 5
ANIUNTA-A4 (pH range) 6.5-8.5

ANMANHUETNLAN (mg/l)

g
o

UBrnnuansiasaeniann (total dissolved solids) 600
AN (Fe) 0.3
WNNTA (Mn) 0.4
NAILLAN (Cu) 2

dan=d (zn) 3

AMmNszAaRaIA (Total Hardness) as CaCo, 300
dainm (SO,) 250
Aaalag (CI) 250
Waaalsd (F) 1

Tuman (NO,) as NO, 50

ERANULLLAZAANNTIENIIAIUIN:
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wAALaEMENMIMMIEanLULssILHAMNL s

Tasamraanuuuaziaaiaanniu@minszia No.2 ianse@dn 13,400 aLLAL/AY 17357 tlanas Budavis matulad 41in
#

A15199 2-1 (sim)
¥
wnsgruaunniilezi sasmsilszihdaugiinng

518N19 mmgfluﬁﬂﬂszﬂ']

[ 3] a a
@manumzmamﬁmuwu : Taueusin (mg/l )

1l?an (Hg) 0.001
zr‘%q (Pb) 0.01
a3y (As) 0.01
Tl (se) 0.01
Tanilen (Cr) 0.05
lege1Tuel (CN) 0.07
uaaLfizn (Cd) 0.003
wuiFew (Ba) 0.7

ANANHUENNAA TN (sia 100 ml.)

TaanefuLLAT e (Total Coliform Bacteria ) laiwy
@ Tnla (E. coli) Tadwu
aunnialafanda aal3ad (Staphylococcus aureus) Wy
wtaluiuaan (Salmonella) Tawu
a a s 87 . !
ARRAYIFAEN LNaSWINIAUE (Clostridium perfringens) laiwy

3. szuuagiiszaln

luawanldszuuaieninlszilnainuadaga (Elevated Water Tank) 39815u1m7 500 gnunsr

au
v 1

INAT AYTNGIUBINDEIZS 35 AT IneildiAdaaguiinusegeatnn 500 gninariuasgalin g
45 AT I1UIU 5 79 (z&’wmnmﬁﬁLﬁmﬂ”mwms‘lﬁﬁﬁqmm (Peak Demand) 2 #2) lunndaintuve
694 mu@umﬂﬂmﬁmmﬁuimmzunﬁmiuu‘ﬁ Taefignantsanenirldbiviaand 1,500 AnUAN
wimsAaTie uariussinifilarevielisiing 2 bar
’luﬁ@fiﬁuﬁqﬁﬁr:ummﬁqﬂszmLﬂmwmﬁlummﬁﬂﬁ“ﬁuLé“uviaimﬂmm T ldiTuaunn 220
qnmﬂﬁmm/ﬂﬁ“ﬂm usadutin 50 wAs A1ua1 310 (ﬁﬂammﬁiLﬁmé’mﬂmﬂ“ﬁﬁwgmm Peak
Demand 1 A) gunsasnetindszaldlivaendn 440 qnmﬂﬁmm/%'l‘,m uasusesuiniians

valdmindn 1.5 nn./me.au.

feanuuLLAzAnNsENIAUINL
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A
ATEI9N 3-1

v
WiEsuisussuuargihilssiilssinneng o

e o FEUUAU UL LT
g18IN15 szUUAAUIRNUBNIGS >
LE U alnEng
: 2 7 : o o . o
1.019NIULRUATRIQLIUN el NN
§ie9il Pressure Tank 4110973l
£ Zj v
ANMNABINNTHNTIRE 1 Tug0a
2.11909Y14 RNGERNARGN NA"IAL ViasesRn Variable Speed
d e o ¥ 4
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1.1

1.2

1.3

2.1

22

Water Supply System: Cap. 13,400 m’ld

Calculation Sheet

Design Data

Design Water Flowrate
Flowrate

No. of Module

Flowrate per Module
Operation Time

Then Design Flowrate

Characteristics of Raw Water
pH

Suspended Solide (SS)

Total Dissolved Solids (TDS)
Turbidity

Source of Water

Design Criteria

Filtration Tank

Number of Tank

Flow Direction

Filtration Rate (or Filtration velocity)
Backwash Rate (or Backwash velocity)
Filter Flow

Backwash Time per Tank

Backwash Flowrate per Tank

Control System

Media Specifications

Type of Media

Specific Gravity (S.G)

Bulk Density

Uniformity Coefficient (U.C)
Effective Size (D)

Depth

Running Differential Pressures

Fransttaaadon ax.241

= 13,400 m/d
= 2
= 6,700 m’d
= 24 hrs - Backwash Time
= 24 -4
= 20 hr
= 335 mhr AF/ASF-6700D
= 5.5-85
= 100.0 mgl/l
500.0 mgll
300.0 NTU
= Surface Water
= 14 sets
= Up-Flow
= 1-15 mm?/hr
= 35-55 mm?hr
= Constant Rate
= 2-5 min
= 12-22 m3
= Automatic
= Sand Gravel
= 2.6 24
= 1.5-1.6 14-15
= <15 <20
= 0.5-2.0 mm 2.0-5.0 mm
= 0.6-2.0 m 0.3-1.0 m
= 0.1-0.5 bar 0.1-0.5 bar

wmhii1an s
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3.1

3.2

3.3

Calculation Sheet

Water Supply System: Cap. 13,400 m’ld

Automatic Filter Tank
Sizing of Main Pipe

Fransitaanden da.241

Design Flowrate J 335.0 mhr
Design Velocity = 0.6-2.0 m/s
Select Velocity = 15 m/s
From  Pipe Diameter = (4QpVv)°®
Then Pipe Diameter = 0.28 m
= 2811 mm
Select Pipe Diameter = 300.0 mm
Actual Velocity = Q/A
= 1.3 m/s OK
Filter Tank and Piping
Design Filter Rate = 1-15 mimhr
Select Filter Rate = 4.0 m/hr
Then  Surface Area of Filter Tank = 335/4
= 83.8 m’
No. of Filter Tank = 14 sets
Then  Surface Area per Tank = 6.0 m?
From Diameter per Tank = (4QipVv)™®
= 2.76 m
Select Diameter per Tank = 2.86 m
Flowrate per Tank = 23.9 mhr
Actual Filtration Rate per Tank = 37 m/hr
Design Velocity in Piping = 1.2 m/s (0.6-2.0 m/s)
From Pipe Diameter = (4QipV)*®
Then  Pipe Diameter = 0.084 m
= 84.0 mm
Select Pipe Diameter = 80.0 mm
Actual Velocity in Piping = Q/A
= 1.3 m/s OK
Size and Quantity of Media
Mixed Size of Sand
Lgar Size Di Depth (Li) DixLi
(mm.) (mm.) (m)
Sand 0.4-0.5 0.40 0.60 0.24
Sand 1.0-2.0 1.00 0.05 0.05
Gravel 2.0-5.0 2.00 0.05 0.10
Gravel (Bottom Layer) 5.0-10.0 5.00 0.20 1.00
Total 0.90 1.39
Effective Size (D) = 1.54 mm
Uniformity Coefficient (U.C.) = <15
Total Depth (L) = 0.90 m

wh 220 5



34

Calculation Sheet

Water Supply System: Cap. 13,400 m’/d

Fransitananden aa.241

L/D, = 583
High of Tank = 1.50 m
Freeboard (F.B.) = 0.60 m
Size and Quantity of Sand
Size Depth Volume per Tank
Layer :
(mm) (m) (m%) (litre)
Sand 0.4-0.5 0.60 3.9 3,852.6
Sand 1.0-2.0 0.05 0.3 321.0
Gravel 2.0-5.0 0.05 0.3 321.0
Gravel (Bottom Layer) 5.0-10.0 0.20 1.3 1,284.2
Total 0.90 5.8 5,778.9
Backwash
Design Flowrate = 1x335
B 335 m/hr
Design Filtrate 13 Tanks and Backwash = 1 tank
Then Backwash Velocity = 335/6.0
= 52.2 m/hr OK
Filtrate Water s 20 hr x 4.0 m/hr x6.0m?
= 478.6 m’
Backwash Water = 2 min x 56.0 m/hr x6.0 m? /60 hr/min
= 10.40 m’
Then Backwash Water Ratio = 2% (2-5%) OK
Then Filtration Velocity per 13 Tanks = 335/ (13x6.0)
(1 Working Pumps) = 4.0 m/hr OK
Design Velocity in Piping = 1.5 m/s (1.0-3.0 mfs)
From Pipe Diameter = (4Qrpv)>®
Then Pipe Diameter = 0.281 m
= 2811 mm
Select Pipe Diameter = 300.0 mm
Actual Velocity in Piping = Q/A
= 1.3 m/s OK
Ultrafiltration System (UF)
Design Flowrate S 335 mlhr AF/A-UF-6700D
Design Water Flux = 50 Lim’/h (40-120 Limh)
Then Filter Area = 6,700 m?
Select Model : HM250 = 48 m?
Then  No. of UF Module = 140 Unit
Select = 160 Unit OK
Tran-membrance pressure = 0.15 Mpa
= 15 m.

wmhii3an s
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Calculation Sheet

Water Supply System: Cap. 13,400 m’/d

CIP Pump Capacity
Total Head
Design NaOH dosage
Design NaOH feed concentration
S0, NaOH feed rate

Select pump capacity
Design HCL dosage
Design HCL feed concentration
S0, HCL feed rate

Select pump capacity

Slude Pond

The Total Sludge Production Approx.

Sludge Concentration (1.5%)
The Total Sludge Approx.
Detention Time
Volume
Select Depth

Area
Exsiting Volume

Chlorine Feed System

Required Chlorine Residule

S0, Chlorine dosage

Apply Ca(OCl),

S0, Effective chlorine contents
Design Ca(OCl), feed concentration
S0, Chlorine feed pump capacity
Select Chlorine feed pump capacity

Distribution Flow Adjustment
Clear Water Tank

Design retention time

Design fire fighting water demand
S0, Required tank capacity
S0, Design tank capacity

= 100 m/hr
= 15 m

= 12.00 mgll
= 50.00% wiw
= 8.04 I/hr
= 16.08 I/hr
= 2.00 mgll
= 5.00% wiw
= 13.40 I/hr
= 26.80 I/hr
= 536.0 kg/d
= 15,000 mg/l
= 354 m’/d
= 30.0 day
= 1,061 m3
= 27 m

= 393 m?
= 1,400 m3
= 1.00 mgll
= 3.00 mg/l
= 65.00%

= 10.00% wiw
= 13.07 I’hr
= 26.13 I/hr
= 8.00 hr

= 1,400.00 m
= 586667 m°
= 10,000.00 m?

whi4an s
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(80% SS Removal)
(1-5%)

OK
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7.2

73

Calculation Sheet

Water Supply System: Cap. 13,400 m*/d

High Presuure Pump
Design total pump capacity
Design number of pumps
Two stand-by
Design height of elevated water tank
S0, Pump head

Elevated Water Tank

Design height of elevated water tank

Design maximum daily water demand

Fire fighting water demand

S0, Elevated water tank capacity
Round to

= 500.00 m*/ hr

= 4.00 sets

= 35.00 m

= 45,00 m

= 35.00 m

= 13,40000 m¥ day

= 1,400.00 me/ day

= 259.33 me
500.00 me

whisan s
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1.2 Epoxy Bolted Tank with Trough Deck Roof

(0] 47 Price

Description for scope of supply (Unit) (THB)

Epoxy Bolted Tank kit (Super Bonded)
Dia. =35.85m.

Height =10.36 m.

Net Volume = 10,000.28 m3

Freeboard = 450 mm.

1 x #800mm Epoxy coated mild steel tank wall
access manway.

. Ladder and working platform. o -

Trough Deck Roof (Aluminum roof sheet)
with Column

Live load design 0.75 kN per sq.m

1 x Roof Access Hatch Dia. 300 mm.

1 x Roof Localized Handrail HDG.

Ancillaries for tank kit
RC Foundation

2 (with pile depth not exceed 8 m.) 21LS
Floor epoxy lining .
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TECHNO

Vacuum Evaporation Systems

- ZLD technology. Sustainable. Customized.
Vacuum evaporators and concentrators




Since 1984 we - family-owned ECO-Techno - have been producing
high-quality industrial wastewater treatment solutions. We are rec-
ognized as a specialist in wastewater treatment plants worldwide.

No manufacturer of vacuum evaporators has more experience than ECO-Tech-
no. More than 3,100 “Made in Italy” plants make wastewater free processes
possible for leading industrial companies in a wide range of applications.

Wastewater is a valuable resource: both as reusable clean process water and
for the recovery of valuable raw materials.

We are your partner for customized solutions for the treatment of industrial
wastewater. Our core competence includes vacuum evaporators for the use of
existing thermal energy.

Full service around the plant engineering: We take over the planning, delivery
and start-upof your plant and ensure remote maintenance during its operation.

Meeting your own individual need is our goal!

BUREAU VERITAS

Cenification

Eco-Techno

Market leader in thermal evaporation




Satisfied customers worldwide:;
Application examples

INDUSTRY
MECHANIC AND STEEL INDUSTRY

ALUMINIUM SURFACE TREATMENT
/ ALUMINIUM COATING

PLATING AND GALVANIZING

ZLD

HEAT TREATMENTS
PHARMACEUTICAL, CHEMICAL
FOOD AND BEVERAGES

COSMETIC AND PLANT EXTRACTS
DISPOSAL CONTRACTORS,

LANDFILL LEACHATE

PRINTING INDUSTRY

APPLICATION
Oil emulsions, vibratory finishing, cleaning baths, acids

Wastewater from polishing, chroming, anodizing,
pickling, painting, cleaning waters

Metals recovery (chromium, nickel, copper) of spent
baths, backwash of resins, salt crystallization

Power plant, RO (reverse osmosis) reject, desulphuration
water, backwash of resins, concentrate from MVC

evaporator, digestate, livestock wastewater
' Quenching and tempering salts

- Cleaning process, heat-labile solutions

Cleaning water, recovery and concentration of sugar
solution, brine, enzyme concentration, enrichment of
grape must, flavourings

Concentration of extracts, concentration of alcohol-
based solutions, cleaning waters

RO (reverse osmosis) reject, leachate, brine, combined
wastewater

Ink-polluted water, cleaning printing cylinders, developing
and fixing baths exhausted, engraving and chrome
cylinders, grinding processes, processes of coloring



The perfeot solution for every: process
Our product range

Multi Effect vacuum evaporators
Externally heated - energy recycling for
minimal operating costs

Low temperature evaporators
(heat pump)
Approved, versatile, simple

Cristallisators
Recycling of salts, sludge and more

Behind our vacuum evaporators is an
innovative and efficient technology
for the treatment of industrial process
water.

Highly automated and with the option
of online monitoring.

Our plants combine economy, ecolo-
gy and technology to create a perfect
synthesis.



Your investment in.an evaporator system
Effluent free technology saves money'

Our vacuum evaporators are durable and efficient.
Many of our 3,100+ systems installed run for more than 15 years.

In the long term your company benefits from high profitability and the environ-
ment from wastewater-free production processes.

The calculation example on the left shows an externally heated plant that treats
4,000 cubic meters of wastewater per year. In 10 years, this system can save
more than 2.6 million euros! '

=== Disposal costs === Operating costs evaporator DPM3 12.000

1.600.000 €
1.400.000 €
1.200.000 €
1.000.000 €
800.000 €
600.000 €  Amortisation time
400.000 € only 0,9 years!

200.000 €
0€

Year 1 Year2 Year 3

Year 4

ECO-Techno

Durable. Reliable. Customized.

=




Submerged Heat exchanger. DISTILLATION THROUGHPUT 10 to 105 I/h

HEAT PUMP LT VACUUM EVAPORATOR

MAIN FEATURES

Boiling vessel in A-316/316L. Completely
detachable, easy access through man-
hole and sight glass with illuminator.

Submerged heat exchanger.

Side cooling section for condensation in
closed loop.

Heat pump designed for low-tempera-
ture evaporation with compressor. Ecolo-
gical Freon gas type R407c or R134a,

Vacuum circuit with pump.

Automatic product inlet with modulating
valve.

Automatic concentrate discharge

Defoamer dosage circuit with foam
Sensors.

Automatic cleaning with water or che-
micals.

Comprehensive Control System with
Siemens PLC and touchscreen

@

MAIN APPLICATIONS

ECO DPE HP

Easy in installation, made to efficiently
treat water-based-solutions from 10
to 105 I/h at low temperature (35°C)
to recycle water and raw materials or
meet discharge limits. The DPE-HP
can be completely custom-made in
accordance to the specific treatment
necessity.

ECO DPC HP

Derived from ECO DPE HP series, it
is configured for the direct treatment
of chromic solutions. Made in Titani-
um and acid-resistant resins.

ECO DPE and DPC HP specially configured for industrial applications like:

oil emulsions and release agents from die-casting

quenching from heat treatments
baths from galvanizing
foamy liquids

treatment of water-based solutions

FLOW DIAGRAM

CGONDENSATE OUTLET
- CONCENTRATE OUTLET

g INLET WATER



SUBMERGED HEAT EXCHANGER. DISTILLATION THROUGHPUT 10 16750 I/h

HEAT PUMP LT VACUUM EVAPORATOR

ECO VS HP

Easy in installation, made to efficiently
treat water-based solutions from 10
to 750 I/h at low temperature (35°C)
to recycle water and raw materials
or meet discharge limits. The VS-HP
can be custom-made in accordance
to the specific treatment necessity.

ECO CR HP

Derived from ECO VS-HP series, it is
configured for the direct treatment of
chromic solutions from 10 to 750 I/h.
Made in Titanium and acid-resistant
resins.

MAIN APPLICATIONS

ECO VS and CR HP specially configured for industrial applications like:
die-casting

quenching

MAIN FEATURES
pharmaceutical and chemistry
. Boiling vessel in A-316/316L. Completely
detachable, easy access through man-
hole and sight glass with illuminator.

food & beverage

and in general hazardous wastewater

Submerged heat exchanger. The heat
exchanger can be completely removed

for easy maintenance. FLOW DIAGRAM

Upper heat exchanger for the condensa-
tion of vapour.

Heat pump designed for low-tempera-
ture evaporation with compressor. Ecolo-
gical Freon gas type R407c or R134a.

— — : SRR o
- e CONDENSATE

Vacuum circuit with pump. Bm BOLING CHAMBER

e
23

Automatic product inlet with modulating ]ﬁ - :

valve.

Automatic concentrate discharge with
pump from vacuum.

et =0 i
Defoamer dosage circuit with foam i L
BRIR0T3, Sl CONDENSATE OUTLET

Aut tic cleani ith wate he i B - CONCENTRATE OUTLET
utomatic cleaning with water or e R RS RNS Ea TRE  e

micals.

Comprehensive Control System with
Siemens PLC and touchscreen.

|
|
@
|
!




DOUBLE EFEECT EVAPORATOR. DISTILLATION THROUGHPUT 10 to 2500 I/h

HEAT PUMP LT VACUUM EVAPORATOR

MAIN FEATURES

Multiple boiling vessels in A-316/316L or
special alloy.

Submerged heat exchanger in the first
vessel. The vapour produced is used to
heat a second tube bundle heat exchan-
ger.

Condensation of vapour in closed circuit.

Heat pump circuit designed for multiple
effect low- temperature vacuum concen-
trators. Ecological Freon gas type R407c
or R134a.

Vacuum circuit with pump.

Automatic concentrate discharge with
pumps from vacuum,

Defoamer dosage circuit with foam sen-
sors.

Automatic cleaning with water or chemi-
cals.

Comprehensive Control System with Sie-
mens PLC and touchscreen.

o

MAIN APPLICATIONS

ECO DE HP

Multiple Effect Heat Pump Evaporator.
It is the combination of the heat pump
systems with the energy-saving typi-
cal of the "multiple effect” evapora-
tors. It uses only electrical energy as
power and exploits the thermal en-
ergy of vapour produced in the first
boiler to heat the subsequent one.

ECO DE HP evaporators suitable for the treatment of large flow rate of wastewater,
where alternative energy sources are not available.

die-casting

quenching

pharmaceutical and chemistry
food & beverage

and in general hazardous wastewater

FLOW DIAGRAM




WITH SCRAPER FOR ENCRUSTING LIQUIDS. DISTILLATION THROUGHPUT 20 to 125 I/h

HEAT PUMP LT VACUUM EVAPORATOR

FOR SEVERE CONCENTRATION

ECO VR HP

Specially configured to concentrate
encrusting water-based solutions
from 20 to 125 I/h, it has an internal
scraper to concetrate up to crystalli-
zation.

Specially srecommended for fouling
wastewater and high density watery
solution treatment.

MAIN APPLICATIONS

ECO VR HP specially configured for industrial applications like:

glue and encrusting streams

printing industry

MAIN FEATURES

RO rejects
Boiling vessel in A-316/316L or special

alloy. Brine and brackish water

Internal scraper controlled by gear motor ZLD
to clean fouling and to improve the con-
centration degree

FLOW DIAGRAM

Jacketed heat exchanger (not in contact
with the influent).

Upper heat exchanger for the condensa-
tion of vapour

Heat pump circuit designed for low-tem-
perature evaporation with compressor.
Ecological Freon gas type R407¢c or
R134a.

Vacuum circuit with pump.

Automatic product inlet with modulating
valve.

L

Automatic concentrate discharge with
VACUUM PUMP

valve or pump.
CONDENSATE OUTLET

Defoamer dosage circuit with foam sen-
sors and automatic injection.

CONCENTRATE OUTLET

- — seet] INLET WATER

Comprehensive Control System with
Siemens PLC and touchscreen.




WITH SADDLE JACKETED HEAT EXCHANGER. DISTILLATION THROUGHPUT 10 to 42 I/h

MAIN FEATURES

Horizontal boiling vessel built in
A-316/316L or special alloy

Side opening and full accessibility for
manual removal of salts. At completion
of the work cycle, vacuum is broken and
manual download of the boiler starts,

by using a scraper shovel (manual or
automatic)

Saddle jacketed heat exchanger not in
contact with the influent.

Upper heat exchanger for the condensa-
tion of vapour

Heat pump circuit designed for low-tem-
perature evaporation with compressor.
Ecological Freon gas type R407¢c or
R134a.

Vacuum circuit with vacuum pump.

Automatic product inlet with modulating
valve. -

Defoamer dosage circuit with foam
SEensors.

Comprehensive Control System with
Siemens PLC and touchscreen.

@

HEAT PUMP LT VACUUM EVAPORATOR

FOR SEVERE CONCENTRATIO WITH DRY AND SUPER-DRY FUNCTION

ECO DRY HP

ECO DRY HP series evaporators are
designed to obtain sludge, as well
as the recovery of raw materials dis-
solved in the waste.

Version with scraping screw for
semi-solid concentrate.

MAIN APPLICATIONS

ECO DRY HP evaporators designed to:
ZLD

severe concentration process

recycle of salts

recycle of metals

concentrattion of plant extracts and flavourings

FLOW DIAGRAM

- CONDENSATE OUTLET

= INLET WATER

CONCENTRATE OUTLEY




FORCED CIRCULATION EVAPORATOR. DISTILLATION THROUGHPUT 30 to 5000 I/h

MECHANICAL VAPOUR COMPRESSION

ECO CMV SE

The ECO CMV or MVC - forced cir-
culation evaporator based on the
mechanical compression of vapour
to optimize heat exchange and low
energy consumption.

i
t

MAIN APPLICATIONS

ECO CMV SE evaporaiors are suitable for the treatment of:

Oil emulsions
Spent release agents from die-casting
vibratory finishing

Pre-treatment for painting industry

MAIN FEATURES

Mechanical vapour compression evapo-
rator.

Forced circulation.
Low energy consumption.

Wastewater inlet and condensate outlet
automated.

Control by Siemens PLC and touch-
screen.

FLOW DIAGRAM

@C@TECHNO

OUTLET



FOR THERMAL ENERGY WITH SCRAPER. DISTILLATION THROUGHPUT 30 to 500 I/h

MAIN FEATURES

Single or multiple boiling vessels in FLOW DIAGRAM
A-316/316L or special alloys.

Internal scraper controlled by gear motor
to clean fouling and to improve the con-
centration degree.

Jacketed heat exchanger not in contact
with the influent

Condensation with plate heat exchanger.
Vacuum circuit in with pump.

Automatic product inlet with modulating
valves.

Automatic concentrate discharge with
pumps.

Defoamer dosage circuit with foam sen-

"~ VACUUM EVAPORATOR

FOR SEVERE CONENTRATN AND ENCRUSTING LIQUIDS

ECO VR-WW

The ECO VR-WW vacuum evapora-
tors are designed for the treatment
and recovery of fouling and encrust-
ing water-based solutions.

Recommended for the treatment of
high-density sludge and ZLD.

MAIN APPLICATIONS

ECO VR WW specially designed for:
glue and encrusting streams

Printing industry

Brine and brackish water

wastewater treatment printing

Pharmaceutical & Chemical industry

RO rejects
ZLD
CONDENSATION HEAT
EXCHANGER
FATen out

CONDENSATE OUTLET
OUTLET

sors and automatic injection system.

Comprehensive Control System with
Siemens PLC and touchscreen.

¢

e e o g g INLET WATER



SUBMERSED HEAT EXCHANGER. DISTILLATION THROUGHPUT 165 to 1250 I/h

MULTIPLE EFFECT VACUUM EVAPORATORS

ECO DPM

The vacuum evaporators ECO DPM
are designed for efficiently treating
middle to large flow rates by using
any thermal source as power, and
recycling the produced energy.
Specially: configured for hazardous
wastewater, they are anytime no
maintenance is required.

€CWTECHNO

i o b

L

Single or multiple effect configuration

is possible.
Condensation with cooling tower or
plate exchanger possible. MAIN APPLICATIONS
ECO DPM evaporators are particularly suitable for:
Qil emulsions and release agents from die-casting
Mechanic industry
Vibratory finishing
Leachate
RO rejects
Printing industry
Spinning and weaving
MAIN FEATURES Lebensmittel
Single or multiple boiling vessels in FLOW DIAGRAM
2:;? :/316L or special alloys, full acces-

Bundle heat exchangers removable by
flange for a user-friendly maintenance.

Condensation with plate heat exchanger
or wet-bulb cooling tower.

Vacuum circuit with pumps.

Automatic product inlet with modulating
valves.

Automatic concentrate discharge with
pumps from vacuum.

Defoamer dosage circuit with foam
SEensors.

Automatic cleaning circuit.

Comprehensive Control System with
Siemens PLC and touchscreen.




THERMAL EVAPORATION WITH FORCED CIRCULATION. DISTILLATION THROUGHPUT 416 to 8000 I/h

MULTIPLE EFFECT VACUUM EVAPORATORS

€

=

lulasannslasuil

ECO DPM SE

The vacuum evaporators of the se-
ries DPM SE are designed for the
concentration of large volumes of
water based solutions and high salt
concentration solutions.

Powered by thermal sources like hot
water or steam.

Single or multiple effect.

Designed to meet the severe treat-
ment conditions of disposal contrac-
tors with a number of varied hazard-
ous wastewater.

MAIN APPLICATIONS

ECO DPM SE evaporators are particularly suitable for:
Waste disposal companies

Hazardous wastewater

Leachate

MAIN FEATURES Salty water

Single or multiple boiling vessels in
A-316/316L or special alloys

Maintenance-friendly external bundle FLOW DIAGRAM

heat exchangers
Condensation with plate heat exchanger
Vacuum circuit in with pumps

Automatic product inlet with modulating
valves and transferring pumps

High-speed forced circulation of the
influent with pumps

Automatic concentrate discharge with
pumps from vacuum.

Antifoam circuit with foam-detector and
automatic injection system.

Cleaning circuit for the automatic clea-

ning of the plant with water or chemicals. | ;o i i 2
- - - AT

Comprehensive Control System with
Siemens PLC and touchscreen.

e




Materials

We use high-quality austenitic super-duplex stainless steels for use in highly corrosive

conditions. These materials offer outstanding resistance. We offer a wide range of

material variants:

1.4401 and 1.4404
Stainless Steel
AlSI316/316L

18/8 austenitic stainless
steel enhanced with an
addition of 2.5% Molybde-
num, to provide superior
corrosion resistance.
316/316L has improved
pitting corrosion :
resistance and has ex-
cellent resistance to sul-
phates, phosphates and
other salts.

316/316L has a better
resistance than standard
18/8 types to sea water,
reducing acids and solu-
tion of chlorides,

bromides and iodies.

1.4563 SANICRO 28
Sandvik

High-alloy  multi-purpose

austenitic

stainless steel for service in

highly corrosive conditions.

The grade is characterized

by:

* Very high corrosion re-
sistance in strong acids

° Very good resistance to
stress corrosion crack-
ing (SCC) and intergran-
ular corrosion in various
environments

¢ High resistance to pitting
and crevice corrosion

* Good weldability

1.4410 SAF 2507
TM Sandvik

Super-duplex  (austenit-

ic-ferritic) stainless steel for

service in highly corrosive
conditions. This grade is
characterized by:

o Excellent resistance
to stress  corrosion
cracking (SCC) in chlo-
ride-bearing = environ-
ments

¢ Excellent resistance to
pitting and crevice cor-
rosion

e High resistance to gen-
eral corrosion

e Very high mechanical
strength

e Physical properties that
offer design advantages

e High resistance to ero-
sion corrosion and cor-
rosion fatigue

e Good weldability

Titanium

Suitable for applications
on corrosive wastewater,
such as chromic acid.

Hastelloy

Nickel-based alloy, with
high - resistance to acid
chloride, aluminium chlo-
ride and strong reducing
agents in general.

Silicon Carbide

Synthetic material  with
high chemical resistance.

Incolloy

Nickel-based alloy, resist-

Our Services

ant to oxidation at high
temperatures.

Nickel-Alloy

Low carbon steel.

ECO-Techno provides pilot plants, lab test etc. for pre-
sales analysis in order to find the best process solution.

We ensure trouble-free operation of your system through

a high-quality service. The average life expectancy of our
systems is a proud 17 years, many customers could even
reach significantly longer operating times through service

contracts with us.

Pilot plants
Installation &
Commissioning
Training
Process checks

Laboratory tests
Maintenance

Online monitoring and
TeleService
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Calculation Sheet
Wastewater Recycle System : Cap. 10,000 m’ld

Srnsianadon ad.241

1.1

1.2

1.3

21

2.2

Design Data
Design Wastewater Flowrate

Flowrate = 10,000 me/d
No. of Module = 2
Flowrate per Module = 5,000 m/d AF/SF-5000D
Operation Time = 24 hrs - Backwash Time
= 24 -4
= 20 hr

Then  Average Flowrate (Qu) = 250 mhr
Characteristics of Wastewater

Parameters Influent Effluent
pH = 55-9.0 55-9.0
Biochemical Oxygen Demand (BOD5) = 500.0 mg/l <20 mg/l
Chemical Oxygen Demand (COD) = 750.0 mg/l <120 mg/l
Suspended Solide (SS) = 200.0 mg/| <50 mg/l
Total Dissolved Solids (TDS) = 3,000.0 mg/l <500 mg/|
Turbidity = 250.0 NTU <5 NTU
Source of Wastewater = Industrial Wastewater
Design Criteria
Filtration Tank
Number of Tank = 14 sets
Flow Direction = Up-Flow
Filtration Rate (or Filtration Velocity) = 1-15 mm?/hr MWA
Backwash Rate (or Backwash Velocity) = 35-65 m’m?hr MWA
Filter Flow = Constant Rate
Backwash Time per Tank = 2-5 min
Backwash Flowrate per Tank = 8-20 m’
Control System = Automatic
Media Specifications
Type of Media = Sand Gravel
Specific Gravity (S.G) = 26 24 MWA
Bulk Density = 1.5-16 14-15 MWA
Uniformity Coefficient (U.C.) = <15 <20 MWA
Effective Size (D) = 0.5-2.0 mm 2.0-5.0 mm MWA
Depth = 06-20 m 0.3-1.0 m MWA
Running Differential Pressures = 0.1-0.5 bar 0.1-0.5 bar MWA

wih 1970 7



Wastewater Recycle System : Cap. 10,000 m’ld

Calculation Sheet

3 Automatic Sand Filter System
3.1 Sizing of Main Pipe

Famstanaden aa.241

Design Flowrate = 250.0 me/hr
Design Velocity = 1.5 m/s (0.6-2.0 mfs)
From  Pipe Diameter = (4QUmv)®8
Then  Pipe Diameter = 0.24 m
= 242.9 mm
Select Pipe Diameter = 250.0 mm
Actual  Velocity = Q/A
= 1.4 m/s OK
3.2 Filter Tank and Piping
Design Filter Rate = 1-15 m’m?/hr
Select Filter Rate = 2.8 m/hr
Then  Surface Area of Filter Tank = 250/2.8
= 89.3 m?
No. of Filter Tank = 14 sets
Then  Surface Area per Tank = 6.4 m?
From  Diameter per Tank = @4Qiv)>®
= 2.85 m
Select Diameter per Tank = 2.86 m
Flowrate per Tank = 17.9- mhr
Actual Filtration Rate per Tank = 2.8 m/hr OK
Design Velocity in Piping = 1.0 m/s (0.6-2.0 mfs)
From  Pipe Diameter = (4QmV)®
Then  Pipe Diameter = 0.079 m
= 79.5 mm
Select Pipe Diameter = 80.0 mm
Actual  Velocity in Piping = Q/A
= 1.0 m/s OK
3.3 Size and Quantity of Media
Effective Size (D,)
Layer Size D, Depth (L)) DxL;
(mm.) (mm.) (m)
Sand 0.4-05 0.46 0.60 0.28
Sand 1.0-2.0 1.10 0.05 0.06
Gravel 2.0-5.0 2.40 0.05 0.12
Gravel (Bottom Layer) 5.0-10.0 5.50 0.20 1.10
Total 0.90 1.55
Average Effective Size (D) = 1.72 mm
Total Depth (L) = 900 mm
LD, = 522 (500-1,300) MWA

wihd 240 7



3.4

Wastewater Recycle System : Cap. 10,000 m’ld

Calculation Sheet

Sansiaindon aa.241

Uniformity Coefficient (U.C.)
Layer Size U.C. Depth (L;) U.CxL,
(mm.) (m)
Sand 0.4-05 1.5 0.60 0.90
Sand 1.0-2.0 1.4 0.05 0.07
Gravel 2.0-5.0 1.3 0.05 0.07
Gravel (Bottom Layer) 5.0-10.0 1.3 0.20 0.26
Total 0.90 1.30
Average Uniformity Coefficient (U.C.) = 144 <15 OK
High of Tank = 1.50 m
Freeboard (F.B.) = 0.60 m
Size and Quantity
Layer Size Depth Quantity per Tarlk
(mm) (m) (m®) (litre)
Sand 04-05 0.60 39 3,852.6
Sand 1.0-2.0 0.05 0.3 321.0
Gravel 2.0-5.0 0.05 0.3 321.0
Gravel (Bottom Layer) 5.0-10.0 0.20 1.3 1,284.2
Total 0.90 5.8 5,778.9
Backwash
Design Flowrate = 1x250
= 250 mhr
Design Filtrate 13 Tanks and Backwash = 1 tank
Then  Backwash Velocity = 250/6.4
= 38.9 m/hr oK
Filtrate Water = 20 hr x 2.8 m/hr x6.4m”
= 357.1 m°
Backwash Water = 2 min x 39.0 m/hr x6.4 m? /60 hr/min
= 8.28 m
Then  Backwash Water Ratio = 2% (2-5%) OK
Then  Filtration Velocity per 13 Tanks = 250/ (13x6.4)
(1 Working Pumps) = 3.0 m/hr OK
Design Velocity in Piping = 1.5 m/s (1.0-3.0 m/s)
From  Pipe Diameter = (4Qimv)*s
Then  Pipe Diameter = 0.243 m
= 2429 mm
Select Pipe Diameter = 250.0 mm
Actual  Velocity in Piping = Q/A
= 14 m/s OK

wihv 3710 7



Calculation Sheet -
Wastewater Recycle System : Cap. 10,000 m’ld

Iansdanadon aa.241

4 Ozone Treatment System

Design Flowrate = 250 mlhr
Ozone Dosage at Mixing Point = 35 mg/l (1.0-53 ppm)  MWA
Required Ozone Residual = 0.5 mg/| (0.2-1.0 ppm)  MWA
Contract Time = 10.0 min
Then  CT-Valuve = 5.0 mg-min/l (> 1.0 mg-min/l) U.S.EPA
Ozone Mixed Pump Capacity = 10 m’hr CNP /40QY
Select Ozone Mixed Pump = 3 Set
Then  Ozone Feed Consumption = 750 g/hr
Efficiency = 75 %
Then  Total Ozone Capacity = 1,000 g/hr
Select Ozone Output = 350 glhr OZONIA/CFS-7
Then  No. of Ozone = 2.9 Set
Select No. of Ozone = 3.0 Set
Then  Ozone Dosage at Mixing Point = 3.0 mg/l OK
Select  Static Mixer DN250 = 250.0 m/hr AF/SM-250
Working Pressure = 0.3 bar
Total Oxygen Requirement = 74 Nm*/hr
Select Oxygen Output = 1.32 Nm®/hr OXUS/22.5L.C
Then  No. of Oxygen Generator = 5.6 Set
Select No. of Oxygen Generator = 6 Set
Cooling Water Requirement = 0.56 melhr
Total Cooling Water Requirement ’ = 1.68 mfhr
Then  Chiller Consumption = 9.77 kWrhr
= 9,767 .44 - Whhr
= 33,326.51 BTU/r
Factor = 5.00 %
= 34,992.84 BTU/r
Select Water Chiller Capacity = 25,000.0 BTU/r ACT/AX 2.5A
No. of Water Chiller = 3 Set
Then  Total Chiller Capacity = 75,000.0 BTU/hr OK

5 Ultrafiltration System (UF)

Design Flowrate = 250 m’hr AF/UF-5000D
Design Water Flux = 35 Lim?/h (40-120 L/m%h)
Then  Filter Area = 7,143 m?
Select Model : HM250 = 48 m?

Filtrate Water = 0.04 Micron
Then  No. of UF Module = 149 Unit

Select = 160 Unit OK
Tran-membrance pressure = 0.15 Mpa (0.1-0.15 Mpa)

= 15 m.

wi4aan 7



Wastewater Recycle System : Cap. 10,000 m*/d

Calculation Sheet

Design Back Flush Flux
No. of Module
Then  Back Flush Flux per Set
Back Flush Time per Set
Then  Back Flush Water per Set
Select  CIP Pump Capacity
Total Head
Design NaOH dosage
Design NaOH feed concentration
S0, NaOH feed rate
Select pump capacity
Design HCL dosage
Design HCL feed concentration
S0, HCL feed rate
Select pump capacity

Reverse Osmosis System (RO)

Design Flowrate

No. of Module

Flowrate per Module

RO Step No.1

BW-Membrane

Feed Pressure -

Permeate Water

Permeate TDS

Recovery

Concentrate Flow

Concentrate Osmotic Pressure

RO Step No.2

SW-Membrane

Feed Pressure

Permeate Water

Permeate TDS

Recovery

Concentrate Flow

Concentrate Osmotic Pressure

Then  Total Permeate Water
Total Recovery
Average TDS

= 150

= 10

= 72

= 5

= 6

= 100

= 15

= 12.00
= 50.00%
= 6.00

= 12.00
= 2.00

= 5.00%
= 10.00
= 20.00

= 250

= 125

= 144

= 11

= 90.0
= 98.2
= 72%
= 35.0
= 8.2

= 36

= 29.2
= 221
= 75.2
= 63%
= 13.0
= 22.0
= 11241
= 90%
= 93.6

wihiisan 7

Lim?h
Unit
m3hr
min
m3
mhr
m
mg/l
wiw
I/hr
Ithr
mg/l
wiw
I/hr
I/hr

m’fhr
mefhr

Pcs
bar
m’hr
mg/l

mfhr
bar

Pcs
bar
m3hr
mg/l

mihr
bar

m*/hr

mg/l

- 2
Fransinaden a.241

(80-240 Lim?/h)

(5-10 min)

OK

AF/RO-2250

OK
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10
10.1

Wastewater Recycle System : Cap. 10,000 m’ld

Calculation Sheet

Sludge Pond

Total Sludge Production Approx.
Sludge Concentration {1.5%)
The Total Sludge Approx.
Backwash Water Approx.

Back Flush Water Approx.

RO Concentrate Water Approx.
Volume of Sludge Pond
Retention Time

Sand Drying Bed
Annual average amount of sludge
Design sludge loading rate

Area required
Select drying bed

Then area

Then  actual area
pump flowrate

Fitrate Water

Dry solid after Drying

Chlorine Feed System

Required Chlorine Residual

S0, Chlorine dosage

Contract Time

Then  CT-Valuve

Apply Ca(OCl),

S0, Effective chlorine contents
Design Ca(OCl), feed concentration

so, - Chlorine feed pump capacity
Select  Chlorine feed pump capacity

Distribution Flow Adjustment
Industrial Water Tank

Design retention time

Design fire fighting water demand
S0, Required tank capacity
S0, Design tank capacity

1

1,998
15,000
131.9
2318
6.0
1,036
10,000.0
7.9

599.40
135.00
1,598.40
4.00
399.60
400.00
53.07
1,273.8
1.0

0.50
3.00
30.0
90.0

65.00%
10.00%
9.75
19.50

8.00
1,400.00
4,733.33
10,000.00

wihii 610 7

kg/d
mgl
mld
m’ld
m/d
m’ld
me

day

kg/d.
ka/m?iyr.

m2

bed
m?/bed
m?bed
mhr
m/d
m’ld

mg/l
mg/l
min
mg-min/|

wiw

Ifhr
thr

Aranstaadon aa.241

(99.9% SS Removal)
(1-5%)

From Sand Filter Unit
From UF Unit
From RO Unit
OK

(75-140) Metcalf & Eddy
OK

To Wasterwater Pond

To Disposal (Outside)
(0.2-1.2mgll)  MWA
(1.0-56.0mg/)  MWA

(> 70 mg-minfl) U.S.EPA

GROUNDFOS/DDA30-4

[EAT
[EAT

OK



Calculation Sheet
Wastewater Recycle System : Cap. 10,000 m*/d H

Sensfanadon aw.24

10.2 High Presuure Pump

Design total pump capacity = 500.00 m/ hr
Design number of pumps = 5.00 sets
Two stand-by
Design height of elevated water tank = 35.00 m
S0, Pump head = 45.00 m
Design Velocity in Piping = 15 m/s (0.6-2.0 m/s)
From  Pipe Diameter = (4Q/nv)*
Then  Pipe Diameter = 0.343 m
= 343.4 mm
Select Pipe Diameter = 400.0 mm
Actual Velocity in Piping = Q/A
= 1.1 m/s OK
10.3 Elevated Water Tank
Design height of elevated water tank = 35.00 m
Design maximum daily water demand = 10,000.00 m? day
Fire fighting water demand = 1,400.00 m? day
so,  Elevated water tank capacity = 208.33 m®
Round to 500.00 m° OK

wih 7 a7



222213 16:47:49

@ LG Chem

Project name: WasteRed-1 Water type: <Select Water Type> Membrane age: 2
Customer: Seksit Flux loss per year: 10.00% Safety factor: 1
Username: Oil Salt passage increase: 10.00%
Overall System
Total permeate flow: 85 m3/hr Water source: Waste Tertiary MF/UF (SDI<3) Feed pressure: 11 bar (1P)
Raw water flow: 119 m3/hr Raw water TDS: 2,999.98 mg/L
Total concentrate flow: 34 m3/hr Feed osmotic pressure: 2.4 bar
Overall recovery: 71.43 % Concentrate osmotic pressure: 8.21 bar
System - Pass1
Permeate flow: 85 m3/hr Average flux: 15.88 Imh Temperature: 25 "C
RO feed flow: 119 m3/hr Water source: Waste Tertiary MF/UF (SDI<3) Average NDP: 3.44 bar
Concentrate flow: 34 m3/hr Feed TDS: 2,999.98 mg/L Specific energy: 0.53 KWh/m*
Recovery: 71,43 % Feed osmotic pressure: 2.4 bar Feed pressure: 11 bar
Number of elements: 144 Concentrate osmotic pressure; 8.21 bar Permeate TDS: 98.16 mg/L
ERD type: None Pump efficlency: 80 % Fouling factor: 0.81
Recirculation:
RO feed Permeate Cone, RO feed Conc. Vessel Boost Back Inter-stage  Average
FAERCEID QUGS - e, flow flow pressure  pressure opP pressure  pressure  PEre it~ (RITBLE
m3/he m3/hr m3/hr bar bar bar bar bar bar Imh mg/L
Stage 1 15 6 119 65.75 53.25 1 1056 0.43 o o [ 19.66 55.79
Stage 2 9 6 53.25 19.33 33.92 10.56 10.24 0.32 [ 0 [ 9.63 242.26
Water Analysis - Pass1
Conc. Permeate
o RatergAclntec Teec Staget Stage2. Composite Stage1 Stage2  Composite
Ammanium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sodium 1,180.18 1,180.18 2,610.36 4,043.59 4,043.59 21.95 95.30 38.61
Potassium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Magnesium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Calcium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stronlium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Barium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fluoride 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chloride 1,819.80 1,819.80 4,025.10 6,235.11 6,235.11 33.84 146.96 59.54
Sulfate 0.00 0. 0.00 0.00 0.00 0.00 0.00 0.00
Nitrate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Carbonate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bicarbonate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Boron 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bromide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silica 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
co2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
08 2,999.98 2,999.98 6,635.46 10,278.69 10,278.69 55.79 242.26 98.16
PH 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Within Vessels - Pass1
Priion SR e e i :::'v'e’:; flement  Net dri¥I"8 polarization FeedT0S  Perm. T05
m3/hr m3/hr Imh % bar bar mg/L mg/L
Stage 1
LG BW 400 AFR G2 1 7.93 0.90 24.10 11.29 0.11 8.02 1.16 2,999.98 26.30
LG BW 400 AFR G2 2 7.04 0.84 2.57 1.9 0.09 7.52 117 3,378.39 3411
LG BW 400 AFR G2 3 6.20 0.78 20.88 12.51 0.08 6.96 147 3,830.96 45.01
LG BW 400 AFR G2 4 5.42 071 18.97 13.00 0.06 6.33 1.18 4,372.53 60,54
LG BW 400 AFR G2 5 4n 0.63 16.86 13.28 0.05 5.64 1.18 5,016.92 83.07
LG BW 400 AFR G2 6 4.09 0.54 14.57 13.24 0.04 4.88 117 5,772.50 116,18
Stage 2
LG BW 400 AFR G2 1 5.92 0.50 13.42 8.43 0.07 4.50 1.1 6,635.46 136.86
LG BW 400 AFR G2 2 5.42 0.44 179 8.09 0.06 3.95 1.10 7,233.38 173.10
LG BW 400 AFR G2 3 4.98 0.38 10.22 7.63 0.05 3.43 1.09 7,854.54 219.79
LG BW 400 AFR G2 4 4,60 0.33 8.75 7.07 0.05 2.94 1.09 8,484.88 279.57
LG BW 400 AFR G2 5 428 0.28 7.40 6.44 0.04 2.49 1.08 9,108.68 355.30
LG BW 400 AFR G2 6 4,00 0.23 6.22 5.78 0.04 2.09 1.07 9,710.76 449.67

Solubility - Pass1
__ Solubllity cafeatation |
Coy

Feed
LSt -14
Caso4 0%
Srs04 0x
Bas04 0%
CaF2 0%
102 0%
Stiff Davis Index HANUML ANUML

Sransdanaden da.241



Warnings - Pass1

Omclaamer: LG Chewr Devgn 15 intorsded £ be wsed by pevson heving the fequite teehmeal dhill, at thewr awn dncretien znd k.

When using LG Chem Drasg, it 1s the user's respanubil ity fa make provistons agrmt faulvy, seeling ind cherrical attedks, ta accant for pping and valee p e v bukrewre.
LG Chem shetl n=t be Lisble fer eny emer or miscalad2ticn i results cblzmed by uing LG Cham Design
Becaue use conddiens and 2ppliczble L may differ frem ene lecetian to enother and mey change with LITe,users 2re respy for d g whether preducts ere appropr thew e,

— Pats 1 stage )

Pass 1 Stage 2

’ Stream Flow (m3/hr) "’;.‘I‘,"" TOS (mg/t)  pH
1 Raw Feed 119.00 0.00 290.98 8.00
2 1P RO Feed 119.00 11.00 2,9%.98 8.00
3 1P Brine .00 10.24 10,278.69 8.00
4 1P Froduct 85.00 0.00 9.16 8.00

Sransaanadoy w241



2221213 165301

@LGChem w201

Project name: WasteRed-2 Water type: Seksit-R02 Membrane age: 2
Customer: Seksit Flux loss per year: 10.00% Safety factor: 1
Username: Oil Salt passage Increase; 10.00%
Overall System
Total permeate flow: 21 m3/hr Water source: Waste Tertiary MF/UF (5DI<3) Feed pressure: 29.21 bar (1P)
Raw water flow: 34 m3/hr Raw water TDS: 10,577.66 mg/L
Total concentrate flow: 13 m3/hr Feed osmotic pressure: 8.45 bar
Overall recovery: 61.76 % Concentrate osmotic pressure: 21.98 bar
System - Pass{
Permeate flow: 21 m3/hr Average flux: 15.7 lmh Temperature: 25 "C
RO feed flow: 34 m3/hr Water source: Waste Tertiary MF/UF (SD1<3) Average NDP: 7.82 bar
Concentrate flow: 13 m3/hr Feed TDS: 10,577.66 mg/L Specific energy: 1.64 kWh/m?
Recovery: 61.76 % Feed osmotic pressure: 8.45 bar Feed pressure: 29.21 bar
Number of elements: 36 Concentrate osmotic pressure: 21.98 bar Permeate TDS: 75.15 mg/L.
ERD type: None Pump efficlency: 80 % Fouling factor: 0.81
Recirculation:
RO feed Permeate Cone, ROfeed = Conc. Vessel Boost Back Inter-stage  Average
Eesieiiiroeencit flow flow. flow pressure  pressure oP pressure  pressure WT:::" flux peCmTDs
m3/hr m3/hr m3/hr bar bar bar bar bar bar Imh mg/L
Stage 1 4 6 34 16.34 17.66 29.21 2833 0.88 [ 3 0 18.32 553
Stage 2 2 6 17.66 4.64 13.02 28.33 27.19 1.14 o 0 0 10.41 145.01
Water Analysis - Pass 1
Conc, Permeate
£ e (e Stagel Stage2 Composite Stage1 Stage2 Composite
Ammonium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sodium 4,161.20 4,161.20 7,989.57 10,818.41 10,818.41 2U.75 57.05 29.57
Potassium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Magnesium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Calcium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stronlium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Barium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fluoride 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chloride 6,416.46 6,416.46 12,319.71 16,681.71 16,681.71 33.54 87.97 45.59
Sulfate 0.00 0.1 0.00 0.00 0.00 0.00 0.00 0.00
Nitrate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Carbonale 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bicarbonate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Boron 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bromide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silica 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
o2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
05 10,577.66 10,577.66 20,309.28 27,500.12 27,500.12 55.30 145.01 75.15
PH 8. 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Within Vessels - Pass1
Position  FQfeed  Permaste g, :::‘v::; floment Mot drivi™® molarizaion Feed 705 Perm. T0S
m3/he m3/hr Imh % bar bar mg/L. mg/L
Stage 1
LG SW 400R 1 8.50 0.91 24.61 10.76 0.22 15.81 115 10,577.66 30.92
LG SW 400 R 2 7.59 0.82 247 10.86 0.18 14.38 1.15 11,849.29 38.44
LG SW 400 R 3 6.76 0.73 19.63 10.79 0.15 12.86 1.15 13,288.61 48.51
LG SW 400 R 4 6.03 0.63 17.03 10.49 0.13 11.28 1.14 14,889.82 62.15
LG SW 400 R 5 5.40 0.54 14.46 9.95 0.11 9.69 1.13 16,628.15 80.75
LG SW 400 R 6 4.86 0.45 12.00 9.17 0.09 8.15 142 18,456.68 106.21
Stage 2
LG SW400R 1 8.83 0.55 14.69 6.18 0.24 10.12 1.08 20,309.28 9117
LG SW 400 R 2 8.29 0.47 12.77 5.73 0.21 8.90 1.08 21,641.57 11071
LG SW 400 R 3 7.81 0.41 10.99 5.23 0.19 7.75 1.07 22,949.52 134.94
LG SW 400 R 4 7.40 0.35 9.38 4.7 0.18 6.69 1.06 24,208.70 164.97
LG SW 400R 5 7.05 0.30 7.95 4.19 0.16 573 1.05 25,397.37 202.13
LG SW 400 R 6 6.76 0.25 6.69 3.68 0.15 4.88 1.05 26,498.36 248.01

Solubility - Pass1
_Solubility calculation |

Feed Conc,
LS 14 14
Caso4 0% 0%
SrS04 ox 0%
Baso4 0% 0%
CaF2 0% 0%
5102 0% 0%
SLff Davis Index ANUML ENUM

Frnsauadon aa.241



Warnings - Pass1

Urclamer: LG Charr Devgn 18 inforsded 13 be e by pevses hiving the requ il At thew and k.

When g LG Chem Draign, it 15 Lhe usew's reypambility t make revsions ageimt (e, sealing and chomical attzcks, ta arceant far pping and
LG Chen shall nat be lisble for eny errer er miscaladztion i results cbtemed by uing LG Chem Design.

Because use cendtins and eppliczbie Liws mey difer frem ene Location ta anather y change with tire,users

L . feed purp v 4

spanatie for de g whether preducts ere approprate for thew use.

—— i —~—— Pass 2 $tage 3 ———

Pass 1 Stage 2 =

» Stream Flow (m3/hr) "'('b‘_‘:')" TOS (mg/l)  PH
1 Raw Feed .00 0.00 10,977.66 8.00
2 1P RO Feed 34.00 .20 10,577.66 8.00
) 1P Brine 13.00 pIAL 27,500.12 8.00
4 1P Product 21.00 0.00 75.1% 8.00

Fransdanadon aa.241
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Calculation Sheet
Wastewater Recycle System : Cap, 5,000 m°d

- 4
Fransdauadon da.241

11

1.2

1.3

21

2.2

Design Data
Design Wastewater Flowrate

Flowrate = 5,000 m%d
No. of Module = 1
Flowrate per Module = 5,000 m’/d AF/SF-5000D
Operation Time = 24 hrs - Backwash Time
= 24 -4
= 20 hr

Then  Average Flowrate (Que) = 250 mhr
Characteristics of Wastewater

Parameters Influent Effluent
pH = 5.5-9.0 5.5-9.0
Biochemical Oxygen Demand (BODs) = 500.0 mg/l <20 mg/l
Chemical Oxygen Demand (COD) = 750.0 mg/l <120 mg/l
Suspended Solide (SS) = 200.0 mg/l <50 mg/l
Total Dissolved Solids (TDS) = 3,000.0 mg/l <500 mgft
Turbidity = 250.0 NTU <5 NTU
Source of Wastewater = Industrial Wastewater
Design Criteria
Filtration Tank
Number of Tank = 14 sets
Flow Direction = Up-Flow
Filtration Rate (or Filtration Velocity) = 1-15 mem?hr MWA
Backwash Rate (or Backwash Velocity) = 35-55 m°m?/hr MWA
Filter Flow = Constant Rate
Backwash Time per Tank = 2-5 min
Backwash Flowrate per Tank = 8-20 m°
Control System = Automatic
Media Specifications
Type of Media = Sand Gravel
Specific Gravity (S.G) = 2.6 24 MWA
Bulk Density = 1.5-16 1.4-15 MWA
Uniformity Coefficient (U.C.) = <15 <20 MWA
Effective Size (D,) = 0.5-2.0 mm 2.0-5.0 mm MWA
Depth = 0.6-2.0 m 0310 m MWA
Running Differential Pressures = 0.1-0.5 bar 0.1-0.5 bar MWA

whil 1ann 7



Calculation Sheet -
Wastewater Recycle System : Cap. 5,000 m*/d

- 4
Snsaunaden aa.241

3. Automatic Sand Filter System
3.1 Sizing of Main Pipe

Design Flowrate = 250.0 mhr
Design Velocity = 1.5 m/s (0.6-2.0 m/s)
From  Pipe Diameter = 4Qmv)*®
Then  Pipe Diameter = 0.24 m
= 242.9 mm
Select Pipe Diameter = 250.0 mm
Actual  Velocity = Q/A
= 1.4 m/s OK
3.2 Filter Tank and Piping
Design Filter Rate = 1-15 m3m?hr
Select Filter Rate = 2.8 m/hr
Then  Surface Area of Filter Tank = 250/2.8
= 89.3 m’
No. of Filter Tank = 14 sets
Then  Surface Area per Tank = 6.4 m?
From  Diameter per Tank = (4QinV)*®
= 2.85 m
Select Diameter per Tank = 2.86 m
Flowrate per Tank = 17.9 mlhr
Actual Filtration Rate per Tank = 2.8 m/hr 0K
Design Velocity in Piping = 1.0 m/s (0.6-2.0 m/s)
From  Pipe Diameter = (4Qimv)*®
Then  Pipe Diameter = 0.079 m
= 79.5 mm
Select Pipe Diameter = 80.0 mm
Actual Velocity in Piping = Q/A
= 1.0 m/s OK

3.3 Size and Quantity of Media
Effective Size (D,)

Layer Size D, Depth (L;) DexL;
(mm.) (mm.) (m)
Sand 04-0.5 0.46 0.60 0.28
Sand 1.0-2.0 1.10 0.05 0.06
Gravel 2.0-5.0 240 0.05 0.12
Gravel (Bottom Layer) 5.0-10.0 550 0.20 110
Total 0.90 1.55
Average Effective Size (D) = 1.72 mm
Total Depth (L) = 900 mm
LD, = 522 (500-1,300) MWA

wihd 2770 7



3.4

Calculation Sheet

Wastewater Recycle System : Cap. 5,000 m®/d

Imsfanadon am.241

Uniformity Coefficient (U.C.)
Layer Size U.C. Depth (L;) U.C.xL,
(mm.) (m)
Sand 0.4-05 1.5 0.60 0.90
Sand 1.0-2.0 14 0.05 0.07
Gravel 2.0-5.0 1.3 0.05 0.07
Gravel (Bottom Layer) 5.0-10.0 1.3 0.20 0.26
Total 0.90 1.30
Average Uniformity Coefficient (U.C.) = 1.44 <15 OK
High of Tank = 1.50 m
Freeboard (F.B.) = 0.60 m
Size and Quantity
Layer Size Depth Quantity per Ta!1k
(mm) (m) (m’) (ltre)
Sand 0.4-0.5 0.60 39 3,852.6
Sand 1.0-2.0 0.05 0.3 3210
Gravel 2.0-5.0 0.05 0.3 321.0
Gravel (Bottom Layer) 5.0-10.0 0.20 1.3 1,284.2
Total 0.90 5.8 5,778.9
Backwash
Design Flowrate = 1x250
= 250 m3hr
Design Filtrate 13 Tanks and Backwash = 1 tank
Then  Backwash Velocity = 250/6.4
= 38.9 m/hr OK
Filtrate Water = 20 hrx 2.8 m/hr x6.4m?
= 3571 m°
Backwash Water = 2 min x 39.0 m/hr x6.4 m? /60 hr/min
= 8.28 m?
Then  Backwash Water Ratio = 2% (2-5%) OK
Then  Filtration Velocity per 13 Tanks = 250/ (13x6.4)
(1 Working Pumps) = 3.0 m/hr OK
Design Velocity in Piping = 15 m/s (1.0-3.0 m/s)
From  Pipe Diameter = 4Q/nV)*
Then  Pipe Diameter = 0.243 m
= 242.9 mm
Select Pipe Diameter = 250.0 mm
Actual  Velocity in Piping = Q/A
= 1.4 m/s OK

wihi s mn 7



Calculation Sheet
Wastewater Recycle System : Cap. 5,000 m’ld

Sransdaadon aw241

4 Ozone Treatment System

Design Flowrate = 250 mfhr
Ozone Dosage at Mixing Point = 3.5 mg/l (1.0-56.3ppm) MWA
Required Ozone Residual = 0.5 mg/l (0.2-1.0 ppm) MWA
Contract Time = 10.0 min
Then  CT-Valuve = 5.0 mg-min/l (> 1.0 mg-minfl) U.S.EPA
Ozone Mixed Pump Capacity = 10 mhr CNP /40QY
Select Ozone Mixed Pump = 3 Set
Then  Ozone Feed Consumption = 750 g/hr
Efficiency = 75 %
Then  Total Ozone Capacity = 1,000 g/hr
Select Ozone Output = 350 g/hr OZONIA/CFS-7
Then  No. of Ozone = 29 Set
Select No. of Ozone = 3.0 Set
Then  Ozone Dosage at Mixing Point = 3.0 mg/l OK
Select  Static Mixer DN250 = 250.0 m/hr AF/SM-250
Working Pressure = 03 bar
Total Oxygen Requirement = 74 Nm>/hr
Select Oxygen Output = 1.32 Nm®/hr 0XUS/22.5LC
Then  No. of Oxygen Generator = 56 Set
Select No. of Oxygen Generator = 6 Set
Cooling Water Requirement = 0.56 mhr
Total Cooling Water Requirement = 168 m’lhr
Then  Chiller Consumption = 9.77 kWrhr
= 9,767 44 Wrhr
= 33,326.51 BTU/r
Factor = 5.00 %
= 34,992.84 BTU/r
Select Water Chiller Capacity = 25,000.0 BTU/hr ACT/AX 2.5A
No. of Water Chiller = 3 Set
Then  Total Chiller Capacity = 75,000.0 BTU/r OK

5  Ultrafiltration System (UF)

Design Flowrate = 250 mhr AF/UF-5000D
Design Water Flux = 35 Lim?hh (40-120 Lim’/h)
Then  Filter Area = 7,143 m?
Select Model : HM250 = 48 m?

Filtrate Water = 0.04 Micron
Then  No. of UF Module = 149 Unit

Select = 160 Unit OK
Tran-membrance pressure = 0.15 Mpa (0.1-0.15 Mpa)

= 15 m.

wihi 4310 7



Calculation Sheet

Wastewater Recycle System : Cap. 5,000 m*/d

Design Back Flush Flux
No. of Module
Then  Back Flush Flux per Set
Back Flush Time per Set
Then  Back Flush Water per Set
Select  CIP Pump Capacity
Total Head
Design NaOH dosage
Design NaOH feed concentration
S0, NaOH feed rate
Select pump capacity
Design HCL dosage
Design HCL feed concentration
S0, HCL feed rate
Select pump capacity

Reverse Osmosis System (RO)

Design Flowrate

No. of Module

Flowrate per Module

RO Step No.1

BW-Membrane

Feed Pressure

Permeate Water

Permeate TDS

Recovery

Concentrate Flow

Concentrate Osmotic Pressure

RO Step No.2

SW-Membrane

Feed Pressure

Permeate Water

Permeate TDS

Recovery

Concentrate Flow

Concentrate Osmotic Pressure

Then  Total Permeate Water
Total Recovery
Average TDS

= 150

= 10

= 72

= 5

= 6

= 100

= 15

= 12.00
= 50.00%
= 6.00

= 12.00
= 2.00

= 5.00%
= 10.00
= 20.00

= 250

= 125

= 144
= 11

= 90.0
= 98.2
= 2%
= 35.0
= 8.2

= 36

= 29.2
= 2241
= 75.2
= 63%
= 13.0
= 22.0
= 112.1
= 90%
= 93.6

wihi 520 7

Lim%h
Unit
m’hr
min
m3
m’hr
m
mgl/l
wiw
I/hr
Ifhr
mg/l
wiw
Ifhr
I/hr

mhr
m3/hr

Pcs
bar
m/hr
mg/t

m®fhr
bar

Pcs
bar
m3hr
mg/l

me/hr
bar

me/hr

mg/l

Fransianden aa.241

(80-240 Lim?h)

(5-10 min)

OK

AF/R0-2250

OK
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10
10.1

Sludge Pond

Calculation Sheet

Wastewater Recycle System : Cap. 5,000 m*/d

Total Sludge Production Approx. =

Sludge Concentration (1.5%)

The Total Sludge Approx.
Backwash Water Approx.
Back Flush Water Approx.

RO Concentrate Water Approx.

Volume of Sludge Pond
Retention Time

Sand Drying Bed (Combined with WWT Phase |
Annual average amount of sludge =

From  Sand Drying Bed
drying bed
Area

Check sludge loading rate
Fitrate Water

Dry solid after Drying

Chlorine Feed System

Required Chlorine Residual
S0, Chlorine dosage
Contract Time

Then  CT-Valuve

Apply Ca(OCl),

SO, Effective chlorine contents =
Design Ca(OCl), feed concentration =

S0, Chlorine feed pump capacity
Chlorine feed pump capagcity

Select

It

999
15,000
65.9
115.9
6.0

518
10,000.0
15.6

299.70
400.00
4.00
1,600.00
67.43
639.9
05

0.50
3.00
30.0
90.0

65.00%
10.00%

488
9.75

Distribution Flow Adjustment (Combined with WWT Phase I)

Industrial Water Tank
Design retention time

Design fire fighting water demand =
S0, Required tank capacity =

S0, Design tank capacity

8.00
1,400.00
3,066.67
10,000.00

wihi 6an 7

kg/d
mg/l
m’d
m/d
m°/d
m%d
m3

day

kg/d.
m?/bed
bed

m2

kg/mzlyr.

m’/d
m’/d

mg/l
mg/!
min
mg-min/l

wiw
I/hr
I/hr

Fransfaoadon am.24

(99.9% SS Removal)
(1-5%)

From Sand Filter Unit
From UF Unit
From RO Unit

OK

From Phase |

oK (75-140)
To Wasterwater Pond
To Disposal (Outside)

MWA
MWA

(0.2-1.2 mgft)
(1.0-5.0 mgfl)

(> 70 mg-minfl) U.S.EPA

GROUNDFOS/DDA30-4

[EAT
[EAT

OK



10.2

10.3

Wastewater Recycle System : Cap. 5,000 m*/d

Calculation Sheet

High Presuure Pump
Design total pump capacity
Design number of pumps
Two stand-by
Design height of elevated water tank
S0, Pump head
Design Velocity in Piping
From  Pipe Diameter
Then  Pipe Diameter

Select Pipe Diameter
Actual  Velocity in Piping

Elevated Water Tank

Design height of elevated water tank

Design maximum daily water demand

Fire fighting water demand

S0, Elevated water tank capacity
Round to

500.00
5.00

35.00
45.00

15
(4Q/mv)?®
0.343
3434
400.0
Q/A

1.1

35.00
5,000.00
1,400.00
133.33
500.00

wihd 70 7

m’/ hr
sets

m/s

mm
mm

mfs

Srmsdanadon ad.241

(0.6-2.0 m/s)

OK

OK
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@ LGChem

v3.2.0.1
Project name: WasteRed-1 Water type: <Select Water Type> Membrane age: 2
Customer: Seksit Flux loss per year: 10.00% Safety factor: 1
Username: Oil Salt passage Increase: 10.00%
Overall System
Total permeate flow: 85 m3/hr Water source: Waste Tertiary MF/UF (SDI<3) Feed pressure: 11 bar (1P)
Raw water flow: 119 m3/hr Raw water TDS: 2,999.98 mg/L
Total concentrate flow: 34 m3/hr Feed osmotic pressure: 2.4 bar
Overall recovery: 71.43 % Concentrate osmotic pressure: 8.21 bar
System - Pass1
Permeate flow: 85 m3/hr Average flux: 15.88 Imh Temperature: 25 'C
RO feed flow: 119 m3/hr Water source: Waste Tertiary MF/UF (SDI<3) Average NDP: 3.44 bar
Concentrate flow: 34 m3/hr Feed TDS: 2,999.98 mg/L Specific energy: 0.53 kWh/m’
Recavery: 71.43 % Feed osmotic pressure: 2.4 bar Feed pressure: 11 bar
Number of elements: 144 Concentrate osmotic pressure; 8.21 bar Permeate TDS: 98.16 mg/L
ERD type: None Pump efficiency: 80 % Fouling factor: 0.81
Recirculation:
RO feed Permeate Cone. RO feed Conc. Vessel Boost Back Inter-stage  Average
# ol vesielsiRof elements flow flow flow pressure  pressure DP pressure  pressure p“i;:"'" flux Perm, 703
m3/he m3/hr m3/hr bar bar bar bar bar bar Imh mg/L
Stage 1 15 6 19 65.75 53.25 1" 10.56 0.43 o [} 0 19.66 55.79
Stage 2 9 6 53.25 19.33 3192 10.56 10.24 0.32 [ ] 0 9.63 242.26
Water Analysis - Pass1
Cone. Permeate
Seaclet RAviAiecRadiutieciesd Stagel Stage2 Composite Stage1 Stage2  Composite
Ammonium 0.00 0. 0.00 0. 0.00 0.00 0.00 0.00
Sodium 1,180.18 1,180.18 2,610.36 4,043.59 4,043.59 21.95 95.30 38.61
Potassium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Magnesium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Calcium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stronlium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Barium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fluoride 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chloride 1,819.80 1,819.80 4,025.10 6,235.11 6,235.11 33.84 146.96 59.54
Sulfate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nitrate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Carbonate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bicarbonate 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00
Boron 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bromide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silica 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
co2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TDS 2,999.98 2,999.98 6,635.46 10,278.69 10,278.69 55.79 242.26 98.16
pH 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Within Vessels - Pass1
RO feed Permeate Element Element  Net driving
Position flow flow Flux Yecovery DP pressure Polarization Feed TDS  Perm. TDS
m3/hr m3rhr Imh % bar bar mg/L mg/L
Stage 1
LG BW 400 AFR G2 1 7.93 0.90 24.10 11.29 0.1 8.02 1.16 2,999.98 26.30
LG BW 400 AFR G2 2 7.04 0.84 22.57 1.9 - 0.09 7.52 147 3,378.39 3411
LG BW 400 AFR G2 3 6.20 0.78 20.88 12,51 0.08 6.96 147 3,830.96 45.01
LG BW 400 AFR G2 4 5.42 0.7 18.97 13.00 0.06 633 1.18 4,372.53 60,54
LG BW 400 AFR G2 5 4.1 0.63 16.86 13.28 0.05 5.64 1.18 5,016.92 83.07
LG BW 400 AFR G2 6 4.09 0.54 14.57 13.24 0.04 4.88 147 5,772.50 116.18
Stage 2
LG BW 400 AFR G2 1 5.92 0.50 13.42 8.43 0.07 4.50 1.1 6,635.46 136.86
LG BW 400 AFR G2 2 5.42 0.44 1.79 8.09 0.06 3.95 1.10 7,233.38 173.10
LG BW 400 AFR G2 3 4.98 0:38 10.22 7.63 0.05 343 1.09 7,854.54 219.79
LG BW 400 AFR G2 4 4,60 033 8.75 7.07 0.05 294 1.09 8,484.88 279.57
LG BW 400 AFR G2 5 4.28 0.28 7.40 6.44 0.04 2.49 1.08 9,108.68 355.30
LG BW 400 AFR G2 6 4.00 023 6.22 5.78 0.04 2.09 1.07 9,710.76 449.67

Solubility - Pass1
Solubility calculation

Feed Conc,
LSt -14 -14
Caso4 0% 0%
Srs04 0% 0%
Bas04 0% 0%
CaF2 0% 0%
5102 0% 0%
SUff Davis Index ANUML ANUMY

AAINTAAUANDY AF.241




Warnings - Pass1

trclamer: LG Che Devgn i intorded £ bo used by peracet heving the erquiste trehacal il at ther ean decretian znd rik.

When g LG Chem Drasgn, it s Lhe wsee's teypamubaity 1 make provaiens agant (o, sceling 2 chemical attacks, ta accaunt for piping and valve . feed purp pressure and p 5
LG Chern shall n2t be lisble fer ey enter or musczladation n results ebtemad by uing LG Chem Design
ecane and eppt mzy iffee fr ' ts 2nather y 2 19 for determing whether preducts ere appropruate for thew use.

— Pazs 1 stage 1 — e

Pass 1 Stage 2 —J)

» stream Flow (mahe)  PEHi®  ToS(mpt)  pH
1 Raw Fead 119.00 0.00 90.9 8.00
2 1P RO Feed 119.00 11.00 2,9%.98 8.00
3 1PRrine M.00 10.24 10,278.69 8.00
4 1P Product 85.00 0.00 98.16 200

Fransianadon w241



@ LG Chem

222213 165331

v3.2.0.1
Project name: WasteRed-2 Water type: Seksit-R02 Membrane age: 2
Customer: Seksit Flux loss per year: 10,00% Safety factor: 1
Username: Oil Salt passage increase: 10.00%
Overall System
Total permeate flow: 21 m3/hr Water source: Waste Tertiary MF/UF (5DI<3) Feed pressure: 29.21 bar (1P)
Raw water flow: 34 m3/hr Raw water TDS: 10,577.66 mg/L
Total concentrate flow: 13 m3/hr Feed osmotic pressure: 8.45 bar
Overall recovery: 61.76 % Concentrate osmotic pressure: 21.98 bar
System - Pass1
Permeate flow: 21 m3/hr Average flux: 15.7 lmh Temperature: 25 'C
RO feed flow: 34 m3/hr Water source: Waste Tertiary MF/UF (5D1<3) Average NDP: 7.82 bar
Concentrate flow: 13 m3/hr Feed TDS: 10,577.66 mg/L Specific energy: 1.64 kWh/m’
Recavery: 61.76 % Feed osmotic pressure; 8.45 bar Feed pressure: 29.21 bar
Number of elements: 36 Concentrate osmotic pressure; 21.98 bar Permeate TDS: 75.15 mg/L
ERD type: None Pump efficiency: 80 % Fouling factor: 0.81
Recirculation:
RO feed Permeate Conc, RO feed Conc. Vessel Boost Back Inter-stage  Average
Fgtietie sl citenonts flow flow flow pressure  pressure bP pressure  pressure wm;‘ 12 Mux GITHD
m3/he m3/hr m3/hr bar bar bar bar bar bar Imh mg/L
Stage 1 4 6 34 16.34 17.66 9.2 28.33 0.88 [ 3 o 18.32 55.3
Stage 2 2 6 17.66 4.64 13.02 28.33 27.19 1.14 o 0 [ 10.41 145.01
Water Analysis - Pass1
Cone. Permeate
LA ER LR Staget Stage2 Composite Stage1 Stage2  Composite
Ammonium 0.00 0.00 0.00 0. 0.00 0.00 0.00 0.00
Sodium 4,161.20 4,161.20 7,989.57 10,818.41 10,818.41 21.75 57.05 29.57
Potassium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Magnesium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Calcium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stronlium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Barium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fluoride 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chloride 6,416.46 6,416.46 12,319.71 16,681.71 16,681.71 3354 87.97 45,59
Sulfate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nitrate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Carbonate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bicarbonate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Boron 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bromide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silica 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
co2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TS 10,577.66 10,577.66 20,309.28 27,500.12 27,500.12 55.30 145.01 75.15
pH 8.00 8.00 8.00 8.00 8. 8.00 8.00 8.00
Within Vessels - Pass1
Posilon g e i :::;’;; Elemant  Net 401" polarization  Feed TOS _ Perm. T0S
m3/he m3/hr Imh % bar bar mg/L mg/L
Stage 1
LG SW 400 R 1 8.50 0.91 24.61 10.76 0.22 15.81 1.15 10,577.66 30.92
LG SW 400 R 2 7.59 0.82 247 10.86 0.18 1438 1.15 11,849.29 38.44
LG SW 400 R 3 6.76 0.73 19.63 10.79 0.15 12.86 1.15 13,288.61 48.51
LG SW 400 R 4 6.03 0.63 17.03 10.49 0.13 11.28 1.14 14,889.82 62,15
LG SW 400 R 5 5.40 0.54 14.46 9.95 0.1 9.69 1.13 16,628.15 80.75
LG SW 400 R 6 4.86 0.45 12.00 9.17 0.09 8.15 1.12 18,456.68 106,21
Stage 2
LG SW 400 R 1 8.83 0.55 14.69 6.18 0.24 10.12 1.08 20,309.28 2197
LG SW 400 R 2 8.29 0.47 12.77 573 0.21 8.90 1.08 21,641.57 110.71
LG SW 400 R 3 7.81 0.41 10.99 5.23 0.19 7.75 1.07 22,949.52 134.94
LG SW 400 R 4 7.40 0.35 9.38 471 0.18 6.69 1.06 24,208.70 164.97
LG SW 400 R 5 7.05 0.30 7.95 4.19 0.16 573 1.05 25,397.37 202.13
LG SW 400 R 6 6.76 0.25 6.69 3.68 0.15 4.88 1.05 26,498.36 248.01

Solubility - Pass1

_ solublity alcutation |

Feed Conc.
LS -14 14
Caso4 0% 0%
Srs04 0% 0%
Baso4 0% 0%
CaF2 0% 0%
5102 0% 0%
SUff Davis Index HNUML HFRUM!
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Warnings - Pass1

rachaimev: LG Chewr Devn 1 intended 13 bo ued by pevsons haing the requitte brehiez] ol 2t ther aan dctetisn 2nd k.

Vihen

LG Chem Drsgn, it s the users respantbility 1o mak e provses agunt (o ey, sealing 2l chomical attzcks, ta accaunt for piping and velee pr

LG Chem shall et be Lisbie for eny errcr er muczladztion i results ehtzmad by usng LG Chem Design
Because use cenditions and zppliczble Liws may difer frem ene Lscetion to anather and mey change with time,uters ere responstie for determning whether preducts ¢ appropriate for thew use.

(o]

PRV

Stream

Raw Feed
1P RO Feed
1P Brine
1P froduct

Fass 1 Stage ) —

Pass 1 Stage 2 —

Flow (m3/he)  © Toan S TOS (me/L)
.00 0.00 10,577.66
34.00 1.0 10,577.64
12.00 249 27,500.12
21.00 0.00 75.15

f

Sransanadon w241
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fredanszinumsnanuaalasmad

Using materials I | Process Flow I I Waste | | Treatment system
HF Hydrofluoric acid Waste gas (NOy) I——) I NOy exhaust gas treatment system
HNO, Nitric Acid
HCL Hydrochloric acid
NAOH sodium hydroxide
. @ TEXTURING
0, oxygen Waste water
ADDITIVES  Texturing additives = | (HNO/HF/HCY/KOHW/ADDITIVES/ |y Waste water treatment system
ADDITIVES  Efficient cleaning agent H,0,)
H,0, hydrogen peroxide
N, Nitrogen
0, Oxygen DIFFUSION nd Waste gas (C1/HCI) |—' Acidic waste gas treatment system
POCL, Phosphorus oxychloride
none Selective Emitter (SE) ? none b g none
HF Hydrofluoric acid ) Waste gas (N,/O,) l'—’ | Acidic waste gas treatment system
H,0, hydrogen peroxide
ADDITIVES  Etch additives
=) ETCHING
O, Oxygen
HCL Hydrochloric acid Waste water
i bl Waste water treatment system
NACH sodium hydroxide (ADDITIVES/HF/HCVKOH/H,0,)
) Nitrogen L 2 Waste gas (N,/O,) | e g { waste gas treatment system
ANNEALING
A Oxygen
N, Nitrogen
ALD J— Waste gas (N,/O,) ) waste gas treatment system
TMA Trimethy! Aluminium
NH, Ammonia
N,0 nitrous oxide
@ PECVD front =y Waste gas (SiH,/NH,/N,0/N,) e Silane tail gas treatment system
N, nitrogen
SiH, Sitane
NH, Ammonia —
N,O nitrous oxide vy
: m PECVD back Waste gas (SiH/NH,/N,0/N,) Silane tail gas treatment system
N, nitrogen
SiH, Silane
Silver paste PRINT SCREEN —— | Organic waste gas (VOC) |_" | Organic waste gas treatment system
Aluminum paste SINTERING

|

r TESTING AND SORTER




NIANYIN U

NINEVNANTTUNUANINNINTNIT



AweedaIunmlagenig ludaunauningias-suanau w.e. 2565

vaniaa 1

yaniiai 4

21ATEUNY

JAmE A

" @ ¢ 3 g va
Uvadananmsahlanu




“? -

i

iy w a — F d v ] Ao & ~ ¢
ﬂﬂaa‘i’lﬂidquu'}ﬂ‘umﬂﬂaa\‘i‘WizUi\‘i Wumﬂaai')ﬂiiﬂﬂqumﬂaﬂUiﬁw LBALLLBA.N. I‘Ua'ﬁ

>
=1

c‘e’l’ o & o w
eLuasd Wsand d11m



mMuarenalfUiAnuuInn1g Tudraufauningiau-sulnau w.e. 2565

2. Uasfinngnay

U s AR AT T

4. saaanwsuinusnanuunelulasinig

o W Y o v v o v ¥ o
7. thadriaanusalununlasenis 8. NM5ANADTAUTINNTIN-0BNANUNIATINTG
9




nMuareNaufuanunnsn1e ludaaufauningiau-suinay w.a. 2565

11. thedssmaiusnianeimyianioyarlos

‘&‘ A 1 v
TuNuineasna

a " v A1 qgua & A 1 | 3 v @ )
13. hesafanssuneainnneliinidess 14. thaweulianildgunsallesiudunsediuyana
Tuta3a1 19.00-6.00 .

P

15. wﬂnqqulgi@ﬂnsgjﬂaq ﬁ'ul,ﬁgjqﬁquuﬂﬂa 16. Wﬂ’ﬁ\ﬂu‘lﬁiﬂ‘ﬂﬂiﬂj{]ﬂ\‘i ﬁ’ué’um'}ﬂd'suqﬂﬂa




IURSIY

e e
- B " -
S . 1 . " -
liien [RRLEE b HES MR iy leney 9 ;,,,;,h\‘;mﬁ
| RLEE T Wids comadidon iibied 0l
| 150a (LIRS e S
Wi 1o mrper s Aty Mens ide
fhem il araests dieis s vl bodl snndely yes 16
seusoa el tor T
¥ i B owrms ne sl
M.‘“- IFLE LTS )
& e LN Ty
sl Aoy D N PRI
il

a wva

Ji

A3 p e

18. theuansszesaneaiuwazd I a Ui UR

e 7 1 o

WIANNINISINA6T

i Do v uas Giuomn
s ade Ladnadilng

23, theussmeiuandn)

1 & A v
24, MINULIAWUNNDATN




AMuwaenauiRnuNInIn15 TudaamauningIaN-sua1AY WA, 2565

o o

e g W
wmé’yﬁmx}w
UUWS I L9906

Wsauy
adgundoised
[V L)

-
e i

26. v ian uazvegluunaniessuwd

1 e 2022071039

v v o IJ ‘d 5%
27. hemuaeinanudeenniasila/nsasdnsiy

LRaIUNSTIUNR

v v Ao o Y
28. Lm‘Viu’lVIE)’lu']Elﬂ’niJﬂﬁﬂjﬂLLﬁ%QLLﬁ‘UiDﬂA‘WNL“lJ’I—

P
280N NUNLATING

29. MIDUTHWLNMULTUT

=
31. @01UNDANINUY

32, thevuaoneuwINuey




MuarenaufUuanuuInnIg Tudaunauning1au-su1as w.e. 2565

& Ao (Y 13 2 1 o w
34. WU‘V]?I']‘VI?ULﬂ‘Ui’]‘U33M§ﬁﬂ]88LW@iﬂﬁ\‘iﬂ’l%ﬂ

1m-:u-3’rlanon~r1.n
-1 mt:n'idu

_ndevinnsausialel

'H"INVI\JUU.,

audunaamaqsumﬂ

*Jl-lwﬂ 0‘”
i:-"rw u::‘.‘

g d ) ' v A I o o A
37. Wuiiususuayiagneasaiesedindavie
ndululdle

38. themunwezaduriaseuiguvse
P9UNEE1 5

39. Waumnzteulsl

40. sad1sevdmiudeitog




AMwarenaufuAnuNInINIT Tudaumauningiau-suaas w.a. 2565

¢ A

) o v B
43, 3 ﬂHmMiQﬂWHWQWUWU'ISI;]Ui?V‘!ﬂ

U 1

v @ ' 9 P A A
45, nMsUsEIdUNUSMsneaselaTINTg 46. MspusalinMNFALLETEINTUIINAB IS

‘4 L
ngnguanuMs

B X y
47. gunsalmenisunmgduitugiy 48. viBaweUNa




mMuarenaufuanuungnie ludauauningiau-5uinau w.e. 2565

& A
49. NunAen




NIANUIN 8

WD EUTUNITTUNIIN VD GUEEY



RINTIEE AN
% . SoaE AR NERACRIT S
{ a»% DE MANAGEMENT €O,
“ “ 2 ke 1 2. 2, & s IS A o Y “t
% Janagement Co.Ltd. j 88/167 1] 3 dua dwinga Suno Sanf Sawda sl 12010

/

& 88/167 Moo.3 , Lamphakkut Subdistric, Thanyaburi Distric, Pathum Thani, 12110

oo
o
o
o]
ot

Tel. 094-8562588, 089-0890013

@

uH 23 1A0U qUANTUT 1.7, 2566

Goe aduayunisIiuiaistia/didadalfoanietaqn bilduds dmiulnsanisfinugaainnssy

<

P

18709 33

Feu nssumsgeanis

a o oW

1 - o = 1
UIHN UDNDY BUATNT ma lulat i

o &

2 oy * a & o o ] it
ﬁQWﬁQMTﬁ}"}U iﬂﬂuﬂﬂﬁﬂS%ﬂi‘)‘l}ﬂﬂm? 15300580 l,’J’fWT 2 Laumaé'a 91019

'
oA w »

' A w o oa s o W = @ < g ded 0w 5§ Z |
AL enes dudnys maulad $1da veld U3 1aed 2 BwLeTD S1in neidoulien 3-105-64/601/0 sey

SN ala = red 2. = o a I v v N S -
1N 1ﬂuﬂ%ﬂumﬁm 29964 WYN 7 AGBIUUT 10D DIAATZIAYU DUND AYUNITYT WHIA 1!?15)”‘143 SHASIBUAAITING
= A4 o LU QR

v P S Y a @ oo @ o w & Sy g9 ¥ A a ¥ 4
nde iemivayums Wisms Tumsfuthidedidafelfnansedagh lildud Tuntl fe didoduiuninszuunamines
o . o . o 5 o e o o
18 (RO reject water) TutfSanmugage biifins ... 1500. ... gnuafiums/Au (ilsiuideagnunsiims /i) mnszuvilinlye

¥ A 4 P = 3 v e o o a
ganivindy (sruurdniie1d Te) uazaznowduduludSnagaegalaifiu L aso. durfu vealasemisilau

=

s 2 3 =t ' o = 7 v w = g
Q(ﬂﬁﬁﬁﬂiﬁlﬂlﬂﬂm 33 WQWQBQVW]WU?}‘U@V]@Q @’\lﬂ@ﬂnuﬂiu% %Qﬁ%ﬂﬂﬂﬁu‘lﬁ U

P P A oA e oA o A ar g A d Y o @ o w o w &  1a P UREE
15104 Insvaidoud 1594 Taniuduazvetuduaamiouiesihud o mssudwiamdadslfgavse Tagn hily
naaldunInsang

2 ay El

Fouuuiie ldsans

yauaasaniuie

ar

AU ... 3ANIT TATING e



R FTREN L RV

Furgpamndent e ormmndonisn

Wmnlsenay

pymipwis ¥

fiad s rengndt it
quufilou vV

e







»iged

iaw

)




seqeaaeaseasks
° R

&







Sed

Y i g
TVERT ST

AN
PRt

DTN
3

PRIVt TRNTE

s

teitiivags.

W




L e













s A e e e -







UITUHUU DU

i

3_

R :









