2.1 (Wastewater Reclamation)

211

2111
(domestic wasteweter)
N
21
(Industrial westewater)
(agricultural wastewater)
2112
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COD.,ny1
BOD., ny1
TKN. Img|
P04, nyl
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pH

COD. 51yl
BOD. 5ny/l
TKN., my1
P04, nyl
SS., myl

*%*

855
1,290
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441
20

1.78
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192
39

74

41
97
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6.54

1,785

919
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751

66.8
101

6.74
3,164
1,759
632

26
913

8

2.7
2.7

BB 8 e

329

87.06
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18

, 2338)

6.67
2528
1172
765

51
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3.7
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2121

21

Reclamed W ater to

Collection
—- Reuse Stes
Reclamed W ater to
Reuse Stes
—
Return
Sludge
Collecnon .
Centrai WW Effluent
-TreatmentRant Disposal
Collection Central >_

Indgstrx

process A
cruiprocrt
nxxfificriora

TreatmentPlant

Return
Sludge

Reclamed Water to
Reuse Stes

Sludge Treatment
and Disposal

reduced eflluent discharge

( > .
oty EBY> 70 Discharge

reclaim and

recycle

5 (C.Visvanathan, R.Ben Aim, 1997)

(Cleaner Production)

(Zero Discharge)
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2122

“Internal Rate of Return”



213

213.1

2142

2143

2144

2.145

2.146

1,000/200

2.2

22

/100



SPECIAL NEED CUSTOMERS Commergai URBAN REUSE

In-Line

Booster Finﬁgilo-&M\iﬁ
e :
: Sy:t::;m
¥ [ rdzze : tal
ey Ous Paicg
55 ‘ﬁ’”‘@:J 5 E@’—
l = Farm Reservoir ZAddm'oml
s 'r N Filtration 'n“
Ir':igaﬁm e
i S Pl
22
(C.Visvanathan, R Ben Aim, 1997)
2I2 1 1 , ]
Non-Potable Urban Use Toilet flushing,Washing Fire protection, Air-conditioning
Landscape Irrigation Paries 5School yards , Golf courses , Cemeteries ~Resicential
Indlustrial Recycle / Reuse: Cooling water, Boiler feed, Process water
Agricultural Irrigation Craop irrigation 5Commercial nurseries
Groundwater Recharge Grounawater replenishment, Sait water intrusion/ subsidence control
Recreation/ Envir. Use Lakes and pondls , Marsh, Fisheries
Potable Reuse Blending inwater supply, Pipe to pipe water supply

(C.Visvanathan, R.Ben Aim, 1997)
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2141 (
*
) 1-5.
6
2.14.2
(
1
2143
(Young, Holliman, 1990
5%  70-80%
(Sancers and Thurow
( )
2%  68%

40%

23

2539)

2539)

" " (Low-Rise)
(Mid-Rise to High.-Rise)

23

2539)



(_/L__% Potable Water
| r Elevated Tank

a

Grey Water
Elevated Tank

'\]“T

-

Hot water
supply

bathing

Building
cleaning

Hand-washing,

/

Air
condit

Washing.
Nushing

Potable

water //

=\

adsorption

Activated carbon

bl

c - -~

= S &

= _—'f"’>

¥l = o 2

L Ly = X E Ly
o v 2 ¢

o —:h

e -

° o 4

n & =/

Bio-treatinent

W

Filtering

Y

Chlorination

widler storyuc

Reclaimed
busin

Reclamation Process of Waste Water from Buildings

l Sewage

d ! b o ;
3% 2.3 szuums Mhhneslusasgeniisahaduindeun 16 m

(

23%1
60%
28%

2144

, 2536

3%

3%

14%

23

2539)



23
Parameter
crop Recreation impoundments
pH 6-9
BOD. <10 mg.l.
Turbidity <2 NTU
Suspended solids <5 mgk
Fecal coliform Not Detectable
Residual chlorine 1 mgl.
U.S.EPA. (1992)
2.4
Parameter
pH - 58-9.0
Turbidity NTU <5
Color Unit <10
Suspended, solids / <5
BOD. ] < 10
COD. 1 < 40
ABS. / < 1
Total Hardness / <2
Total Nitrogen Jt\
Ammonia Nitrogen / <N
Phosphage / <1
Total Coliform Colony/ml Not Detectable
Residual Chlorine /

(Sanki Engineering CO.XTD (ad.)

24

Urban uses, Irrigation eaten food  Aesthetic impoundments Srrigation

of restricted access areas
6-9
< 30

< 30

< 2 /100ml.
1 mg./l.

58-90
< 10

< 10
<10
<2

<3

<2

2539)

13
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215

24
= 1
. (W)
(Filtration)
1

) ( ")

(Chemical Coagdation) ( . )

(Destabilization) (Flocculation)
(Carbon Adsoiption) 2 (GAC))

(PAC)

23 24
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o | %
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24

(Asanoet ., 1986)




22 .. (Activated Sludge Process)

(SuspensionGrowth)
2.5

221

2211

(Transfer Step)
(Conversion Step)

CHONS + 02+ " -> CHNO02+ C02+ HjO + +NHj + 5042
(Organic) (New Cells)

2212
(Floe)

2213



22.14
(FIM Ratio) :

222

2221

2222

2.22.3
(CBOD,)
(Single Stage Nitrification)

2224

(kgO/HP-hr )

(Sludge age ©c)

(m3 2

(kg/day)

(NBOD)

(m3day)

(Pin Paint Floe)

(ky/day)

2.5

17



22.2.5 (m3day)
R) (QrQ)

22.3 . (WEF. &ASCE. Manual,1992)
2231
(k) (b) Van't Hoff-Arrhenius
K, = K,1© (T2-T)
© 1.0-1.04, 102
22.3.2
05 20 5

22.3.3 "5
100:5:1

2234

2235
6.9-75
50

22.3.6
40%
2231

138 - 60 KW/1000 m3
20- 90 nvair/min-1000m3 ( 1 2539)



U1oon

4-8
3-5
3-5
2-4
1.5-3
05-10
3-6
18-36
1-3
8-36

e . A A
ATNBVAUNRY
Y
RENOURIULAY
25
( ,2539)
25 (Criteria)
Process Cc(day) 0 kyBODkgMLVSSday DmLSS(myl) O wiQ(h)
Conventional 515 0.2-0.4 1500- 3000
Complete Mix. 515 0.2-0.6 3000- 6000
Sep Aeration 515 02-04 2000- 3500
High rate Aeration 5-10 04. . 4000- 10000
Modified Aeration 02-05 1550 200- 1,000
Contact . 5-15 0.20.6 1000- 3000
Stahllizationo 4000 - 10000
Extended Aeration 20-30 0.050.15 3000- 6000
Pure-Oxygen System 3-10 02510 2000- 5000
Oxication Ditch 10-30 006-03 3000- 6000
1SageNitrification 8-20 0.1-0.25 2000- 3500

(WEF. & ASCE Nanud, 190)

6-15

19

Qr/Qf)
02505
0.5-10
0.250.75
15
00505
0.25-10

05-15
02505
0.75-15
05-15



2.3 *
30- 40
231

2311

2312

33.1.3

A

100 5
2

(Nitrogen Removal )

20

(Air Stripping)
" (Ammonification)
(Assimilation)
(Aerohic)
(Nitrification)
(Anoxic)

(Denitrification)



2.3.2 (Nitrification)

2321 vu 2

NH/ + 1.50, -> 2htthd +no; (1)
no, +0502 - > NO' @
NH&4 + 202 + 2HCO; --m-emmemeemeeee- > no; +2HX03+ HY (1H2)

D5NH4+ + 7602+ 109H c 0 ;- >CHO N 454NO; +57/HD +104HLCO3 L)
400NO, +NH, +4HX0,+ hco; +19502 - >EHON + 3HD +400NO; 2)
NH4+ 1.8302+ 1.98HC03 -~ >0.021€3 DN +0.98NO;

+ 188H2C03+ 1.041HD 1)+©2)
1
433 114 |
23.2.2
(Stenstrom and Song, 1975)
3°c
15-30°c 5 (jdtnjnax)

(Stankewich, 1972 ,2539)

(K(T-15))
PmT — PmlI5 e

K=00%-0.12 0.056 - 0.069



(Downing et al, 1967 ,2539)
12 (

|im =]dmmax [L-0833 (7.2- pH)]

jjnunax 122-8.0
1.5-85 (US.EPA,, 1979)
| 1 2
2 1
(FA) (FNA)
233 (Denitrification)
2331 3
(Methanal) ' 1
241 1

NO/+ 1.0sCH30H + 0.24HZCO3 ------- > 0,056CHNO N + 0.47N2+ 1.68HD + HCO/
(CoHj9ON)
1 /. 45 |

NO/ + 0.345CjHBON + H++ 0.267THCO/ + 0.267NH4 ---nmrnmmme >
0.655CO/+ 0.5N2+ 0.612CjHON + 2.3HD



23

202/

EHON + 4NO; ---mememeemes > C03+ NH3+ 2N2 + 4HCO/
?)
2.86 mg.0j/ mg.NOj-N 3mg.as CaC03mg.NO3N
0.4VSS/mg.COD (WEF ,ASCE Maniai, 1992)
2332
(Anoxic)
02/ Rittman  Langeland (1985)
05 /
Ekama
Marais (1964) 1 8.0
Parker (1975)
1-15 7> >15 6.5-8.5
: Parker (1975)
?)
= © ~ - DO)
(WEF and ASCE. Manual,1992) © ~ 107- 115 1.03- 109

12



2.34

2341

2342 1

20-30%
2.1

Cjii'li Source
Wasicwaler ‘ [ ! 1ifNuent
S————— Caronn > Denitrification = 1'om
. Nivrification X
Removal B (Anoxic) Acration
! A
|
] |
|
L
v
.

Wastewater g . Effluent
Carbon Removal &

Ll m 1icauon oSt
Nitrification (Anoxic) Aecrution

Weste Sue Weste Sucke

26 3 2 (Triple & Dud Sludge Process)
(WEF and ASCE. Manual, 1992)



Wastewater | Carbon Removal . Effluent

Denitrification > >
> Nitrification
(Anoxic)
(Aerobic)
(2-3)Q
Waste Sludge
n)
2-3 Q
v l
Gildstewater Dentrification Carbon Removal I Effluent
e e : Ry X =
» (Anoxic) Nitrification
(Aerobic)
(0.5-1) O

l

Waste Sludge

(o)

< Aerobic Zone Effluent
——— >
tl\ Anoxic Zone )

L
\ Aerator

Wnsle'SIudge
(a)
Mxed Liguor Retum
(2-3)Q
Clarifier
Wastewater Anoxic Acrobic Combined Anoxic o rofil Effluent
Q "] Denitrification Oxidation Denitrification »> Sone
Zone Nitrification Zone Zone

Return Sludge (0.5-1) Q

Waste Sludge

2T ( WEFand ASCE Manual, 1992)
Convention Ludzack - Ettinger Process
. Modified Ludzack - Ettinger Process
. Oxidation Ditch Process
. Bardenpho 4
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Membrane)

241

Cutoff)

(Membrane Process)

(Pore size)
28

2.4, (RO)
3001000 psig
200

2412 (NF)

2413 (ED)

26

(Semi-Permeable

(Molecular Weight



27

2414 (UF.) 100 psig '

500

2415 (MF)

001 - 10um.

R | 1 i
) S titciroo meroicop® Qdlca mricpkOA Msibe lo nokd y<

Maareas lonic ronge Mdleoar ronge MC/anget 3 Maro perfide ronge Moo Potide rongs
(Legsae) 000] oL 01 10

Aﬁgxnum
Scele) w1 | 2sse

nd Wt
%ﬁ%& o 2D EDIDAND QD  S0aD

[Aoeas ety Rant pgrerf Hmenhar |
Relative . Ryragen L Beoon eao
size of JI\MK Bedteria
common Taboooo srde CH dst
materials ; Rd
}Sogers} Qdladd eiciiportic 3 0»1 PRdles

jAoreradd Abunin praen Miled flour

PROCESS %&@ﬁs MICROFILTRATION
SEPARATION ULTRAFILTRATION PARTICLE FILTRATION
IL X X

: (Applegate, 1984)



242

2421 ' (Tubular Module)
2 . Shell 29
2.4.22 (Plate and Frame Module)
2.10
242.3 (Sprial Wound Module)
211
2424 (Hollow Fiber Module)
01
200-300
50-85
212 .
212 .
(
2-3

212



. ' Membrane
D Om e N2> e " ml-y Support tube

. ':A Pwitwiivii i\
Q@ @
Feed = e ANk ke ! X e ey AN Concentral!8
Solulion -
.+ -, Permeate Out ' o, Lo de m
2.9 (Tubular Membrane Module )

Romicon, Inc (1983)

Flow of permeate

2.10 (Plate and Frame Membrane Module)
Rautenbach, R., and Albrecht, R.(1989)



~Ami-telescoping

Brine 1 device
= - Product tube
S P
) ,g\\ 5
Product = L\% x 5%

$\ STEN
S NG Fiberglass
Aouterwrap

o >R
Brine - S
=y

Feed-channel /=&

spacer" B —————
T~
s \§~ Brine seal
Trigot . =~ /
product- X > e ~Membrane
water P surface
corl1lect|o|n 1 p o Membrane
channe .  support-backing
N
Prfclxéivl;ct mAdhesive
Membrane Brine-seal Feed
surface carrier ”

2.11 (Spiral Wound Merabrame Module)
' (2539)

212

Applegate, L.E. (1984)



s e
egmented O-ring Epoxy Flow Fiber O-ring  Support O-ring

ring ) seals nu : ! ?
\ e.a b .Shell
3 ! screen ‘I bunt‘jle seal SC'feeﬂ -7 seal
, 1 A
Z 1 ’

—» Procuct

~End plate

TITITITITTIN

S -
End plate" '1‘ X \’Permeator sleeve ahce ¥ o ' .~
End-plate a Distributor Epoxy \Porous "~ Segmented
*gleeve  Feed tube. . tube-sheet  support-block ring

212 . (Hollow Fiber Membrane Module)
Applegate, L.E. (1984)

Treated Water

{}

il
Treated Water "ll“‘
Feed Water

Hollow Fiber Membrane {} A

Feed Water
Treated Water

Treated Water

212 . (Hollow Fiber Membrane Module)
Mitsubishi Rayon (1998)



243

2431
me | 4 Jv
2A3.2
(Sieve)
25
(Adsorption of Organic Substance) “ "
’ " (MWCO. )
( )
244
2441 (Conc.Polarization)
(Cross Flow)
2442 {
3-5% 30°
37

2'11 450C

32



245

2443

2444

33

(Critical Pressure)

(Membrane Fouling)

2.4.3.2 (Adsorption of Organic Substance)

” (Dead End Filtration)



34

(Cross Flow Filtration ~ Agitation Filtration)

213
Dead - end filtration Crossflow filtration
O 5 i o 3
, . v % ¥ o,
I I | j Membrane
| T | \
A \ A
Flux JES Elux
~SThickness \g_
- of filter cake
~
7= TR TR e
e \/—"’"—'
& 7
s 4
Time Time
2.13 (Dead End and CrossFlow & Agitation Filtration)

( Mitsubishi Rayon, 1998 )

2.14a-d



——{ Pretreatment

y
(Filtration )

(a) Conventional Treatment

-

Membrane
. g b
Filtration

A 4

——vl Pretreatment

(b) Membrane Filtration in Place of Conventional Filtration

——4 Pretreatment

S—

Pretreatment

(d) Membrane Submerged into the Reactor to Withdraw Effluent

s

Pretreatment

(e) Membrane as Solid/Liquid Separator and Air Diffuser
!l

2.14
Kathiravelu, P., 1997

(Conventional)

35



36

b (Cross Flow)
Pouet et al., 1994
;Langlaisetal., 1992 Kolegaet al., 1991

C (Extemal-MBR.)
d (Submerged
Type-MBR.)
( Mitsubishi Rayon, 1998 ; Yamamoto et al., 1989 )
e
d
(Kathiravelu, P., 1997)
b
c-d (MBR.)
(PAC))

GLYAD)



2.5

251

2511

?!

2512

(No Pressure Vessel)

2513

? (SMF-MBR.)

214 a d

21 -

21,222

(F/M ration )

(Visvanathan, 1996)

?!

2.10

]
(Visvanathan, 1996)

(Intermittent Operation)

8:2

37



" (Critical Suction -Pressure lose.)

12,000-20,000 ./

Yamamoto and Talat, 1989

252
2521
2.5.22
80 KPa
2523
0.1,0.2
0.45 p.m
[2m 0.1 |Im

2524

30,000-40,000

: Yamamoto, 1989

5,200 ./

(Talat, 1988)

0.45 jim

A

(Mitsubishi Rayon, 1998)

99.7 %

05,15

38



(Cut In/Out)

2.52.5
223,232,233
253 -
- 26,
2531 (13
2532
(m3m2d)
2533
2.15
25.34 (kg/day)
2535

244

(m2:

(kg/day)

(F/M)

39



=
=1
=
)]
=
©
=
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=

15A PVC pipe

/

5X8 -¢ 4 drill hole

|

Lg.
o

aeration pipes

.|
09d X4 \_

Q000000

o
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O
Effluent
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, 1998 ; Ueda et al., 1997)

: ( Mitsubishi Rayon
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2536
(HRT.)
Qsoclionpup = Qofby™. x ( minCa+ minGf) ™ q
mind  min(B
26
(Conventional) (Extended Aeration)
Process
Parameter SMF-MBR  Convention ~ Extented
AS Aeration AS
Aeration Tank Volume ( m3) 2,67 342 136
Influent BOD. (mg/1) 250 250 250
Aeration Tank MLSS (mg/1) 10,000 2,500 3,500
Organic Loading Rate (kg BOD./kg MLSS-d) 0.12 0.2-0.7 0.1-0.15
Volumetric Loading Rate (kg BOD./m3d) 135 0.59 0.27
Aeration Tank DO. (mg/1) 15 15 15
Sludge Retention Time (d) infinite 2-10 1
Recirculation Ratio (%) : 25 50-100
Hydraulic Retention time (hr) 5 6 12-24

(Kathiravelu, P., 1997)



2.6
2.6.1
Talat, 1988 10/10
3 2kg-COD™m -d
. 95-97% ) 100% 7.7-8.2
FIM 1
Sopajaree, 1989
0.15-0.35 kg.COD./m.3d 90-98 %
90% 78%
Yamamoto, 1989
100 KPa 0.3 m2
8 4 . 0.121 mVm2d
13KPa 15kg.COD./Im3d 95%
0.1 kg.COD/kg.MLSS-d
3-4kg.COD/m3d 30-40 7 .
Chaize andHuyard, (1991) 8 100
. 250-550 ./ .65-150 7 25 8,000-10,000 ./
14 l : 30,10 540-130
I 3 0.06-0.1 kg.CODAg.MLSS-&
Kim JeongHun, 1991 ! 400 |/

4-16
! 4194 ] 97.8-99% 7.4-185 ./ 86.9-91.9%
6.3-23.8 J 74.4-83.4% 1.2-4.14.
0.9-2.5 0.88-2.3 g.NH4+N/g.VSS .-d 0,1000 ,2000 ./



Chiemchaisri 51992
30-50  Jb)
85-97% 20.8 ,15.9
<1 7
-2 90,80%

Udeda, 1997
8-12 y
037 |

m3Im2min
2.6.3
Arceivala, 1977
50.000
Asano, 1981
5
. 3-30 5-40
5,000
0.55 /
Lewingerand Young, 1987
249.000 . 1,660
17,056 /

0.04 /1,0001.

. 150-500
35
A5
45
0311 .
019 / 0.7 .
(Intensity) 0.41 0.612
(Wastewater Reclamation)
20-25 150-250 . |
3 200 .y
0.058 /1,0001.
47
y 23 .y
50
476 .y 1,428,600
1.89 /
11
24,900 7,844

66,565 45,000



, 2537
130,000 1,300-1,500
1,000-1,100 . ./  66-75%
2.8 / 10 |
Chaisak, 1997
4.10
13.54%
18 -30%
100-630%

Delgado Diaz., 1998

89 I\/I

100 lIm2h

120 KW.

30

93%

2 45

60%

800

. 2539
70%

5

44.1%

3/

32

13 23NTU.
17.9%

45-60%
120-250%

43,28
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