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429 1 awaurnusslUl (25 Azuuw)
1.1 msthindslaemluivmstidainidedugdiingussaduaneaiuegisls asesuslavdueulng

snsnaganTELIUMITITAIEsTugUTznaUNIRBUAINN (3 ATIUL)

1.2 Sedimentation Wwilpuiazuansiany Clarification 8814ls wasluszuuvrdadndeiinisanaznaulssiny

Tatha (3 agiuu)

1.3 9ndeyafiimuslinsdifivenuuulvidsinsaiissansnmiasay 90 dafnsaiuuu CSTR wia Plug Flow
wuuladaddinalumafiuinuinaiiu Taslidenldan reaction rate fifuusliiies 1 Awmuauwsnealy
msfuIn AanImsiuInarmatlunstesaasansessuliinieniai (half life time) (3 ALuuw)
Auuali

c_ 1 c_

Co 1+k0 Co

’

A _ 1 1
First order reaction rate = 0.05 h 1, —=e k', Second order reaction rate = 0.07 L mol” h'' z = A—+ kt
Ao 0
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1.4 ssduguaiwivdoaghuhiieiiunsurdaudiy Unit operation process iamnsaldmdnuafiudenarild

............. A Suspended and Colloids solids
............. B Total organic carbon

1
2
............ C Heavy metal 3
il

........... D Volatile organic compound (VOC)

1.5 sudsunalnlumaihaneiafissnmeesneaassdluindens 4 naln wieunadsuzuuaninisidSsuiisuuiunm

Tauannuauddildlunalnvs 4 nalnieridaanugu (4 Asuuw)

Tagfasanananummnzan anuduiviazanudululimansugmans (4 azuuw)

Air striping

Activated carbon adsorption
lon exchange

Surface filtration
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1.6 Isanuanminduiidufuseseonwuussuuiiintusuiows ninsiulazaznausenanuLae laggldnnislssanu

W@onlkiszuu dissolved air flotation (DAF)

Mviunlv

Wastewater flow rate $iAviniu 1,000 m*/day
Chemical oxygen demand fiAvinfiu 80,000 mg/L
Biochemical oxygen demand $iAviaiiu 40,000 me/L
Tasfu wasisiu fidwindu 5,000 me/L

Total suspended solids 3iAWyINU 1,000 ¢/m’
Optimum A/S ratio AU 0.01 mL/mg
Temperature 30 °C, S, fAwiiu 15.7 mL/L

Recycle pressure fifuviniu 3.71 atm

Fraction of saturation fiAfU 0.5

A1 solid loading fAWVINAU 5 kg/m*h

A1 safety factor dNusuRuATAwniY 2

A1 surface loading rate fiA10g521IN 20 - 150 L/m*min
33Uy Dissolved air flotation {uszuuiifinis recycle
A _ 1.3Sa(fp —1)R

S TSS(Q)

szuuvihautuay 26 $alug

UsednSnwlumsuenansduvd asuviuaes uae lushunasingu ves DAF u 20, 80 Laz 80%,
AIUAIU

lddayantiwunlmivawarderaluil (10 azuuy)
1) 9n5INTIVATWAT ST DAF (Q + R) (m’/h)

£

2

Surface area 99363 DAF (m?)
3) Wns19deudi surface loading rate L/m*min aglutasiitvuavdelsl lunsiifilimunvalvmeune

Aunzay

4) @1 COD, BOD, TSS way ludurazindufinunain DAF g
5) Miauanugsruudintndsiotionindioenain DAF
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$ait 2 Tssnudesnsldszuutinindowuu Upflow Anaerobic Studge Blanket (UASB) iiieundmuniduss

1882 BYANAMUA Y 2ImBUAaINnBUA I uRBlUL (12 AvLULL)
2.1 3411 COD,,,, haz Usuasdaindaiuds (v, uae V)

2.2 ssniufivssdediinuide iduiuaudnanuazanugs (A, @, H uag Hy)
2.3 2M5I9aeUNAN alkalinity vesdduiismenenuaunavessyuuvselidi i wedonfivansifiu

alkalinity asluwnlslunieilansusiofu

2.4 nsdifien COD muunasgudiedmvsulssnunedatliify 120 mg/L thiinunisdndnainszuy UASB

fenshusnasguvidell lunsdifiliriusesiiunsedsls
NAUAIA
Wastewater from DAF
- Wastewater flow rate, m3/day
- Soluble COD, mg/L
- Alkalinity, g/m as CaCO,
Wastewater from washing
- Wastewater flow rate, m3/day
- Soluble COD, g/m’
- Alkalinity, g/m3a5 CaCo,
Process
- Organic loading rate, kg COD/ma—day
- Upflow velocity, m/h
- Reactor volume effectiveness factor (E), percent
- Height for gas collection, m
- anugewesiwiediddenndi, wns
- menudusnefissuudenis, o/m’
- nawAudnazneu Oc, Tu

1,500
500
300

500
5,000
300

8
0.7
85
2
10 mS
3,000
32

S Vo Vi
A LA (AR IR Ry S LR
L()rg E Vel()Clly A
- K, = 850 me/L, k = 3.125 g COD/g VSS.d, Y = 0.08 g VSS/ g COD, ky = 0.04 g VSS/g VSS.d
K [1+(k,)0.)
. g ="
0 (vk—k,)—1
~ CODmiX — QDAFCODDAF + QwashingCODWasmng
QDAF + Qwashing




UMM satindnw

a9 3 2meuAaumslull

3.1 91nteft 2 wuimwalsanudotnsmadenlunsirdnindeleglysevuirdawuulseinedsyinn
Sequencing Batch Reactor (SBR) oiindnwilideyafirmualineumausialuil (8 azuuw)
1) VWAIRIUIUTBUNTANLUNTADOT WaY IIUIUTDUNIARIUNTNIVNR (2 AZILLL)

2) 331181 fill volume #8 58U way YSu1nsne SBR (3 AzluL)

3) Hydraulic retention time ag BOD volumetric loading iulumnannasinmsesnuuuvielal dldiduly

AUNUNVLANITBLAUDLUY (3 AZIUL)

fviua v
- Wastewater flow rate, mS/day 2,000
- Biodegradable BOD, o/m’ 1,000
- §9SBR, 4 2
Lt ol 3
-t falue 2
-ty ke 1
- tdalua 0
- VNt 0.3
- Range of hydraulic retention time (HRT), h 15-40
- Range of BOD volumetric loading, kg BOD/m’-day 0.1-0.3

te = ta +ts +1o

te = ta +ts +to+ t¢
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3.2 Issnusianandeanmsidsruutintaundenuy Activated Sludge
2911A7 (10 AZHUL)
1)  Mass TSS (kg)

The reactor basin volume (ma)

Determine the reactor detention time ()

- Wastewater flow rate, m3/day

- Biodegradable BOD, g/m’

- SRT,d

- Py 1ss kg/day

- MLSS, ¢/m’

- 1 volumetric loading, (kg/m’-day) Fiunzay
- VXMLSS = Py, 1 x SRT

)
)

4) m39EeUR Volumetric loading (kg/m’-day) dwag‘lmmﬁmmzaw‘%alﬂ
) gsesuien lunsdiidasmseanuuuszuuliin Nitrfication fesvineeidls

2,000
1,000

1,500
3,000
0.3-1.6

9/15
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$oit 4 (8 AzUUY)
4.1 Suslfansdunisivinssuuimindslute 4 fgnsiedl CiHz0n
1) eanUSinueendauiifeanismangud (theoretical oxygen demand) lumisgesaane CisHzOn
1.5 ke (Wnavlumieilaniiy) wazdosmseniawitls (seulumiheflaniy) Slorvuelveinias]
ponTawdudruusznou 20 Wasidud
2) nsgevamuansuvitiaueisnsin1slva 2,000 m*/day way BOD 1,000 ¢/m’ #aensuiuin
poNTaunImguiviils
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v_ = 5 a | s Ao P &
UBN 5 ur]LﬂEl;]']ﬂIi\N’]ULLV‘QWUQNaﬂ‘UﬂJE’QQWalﬂu

- Wastewater flow rate, mS/day 1,000
Total suspended solids (TSS), g/m’ 500
- Wastewater alkalinity, g/m3 as CaCOs 50
- Alum AlSOs 18H;0 added for removing TSS only, kg/1000 m’ 10
- Phosphorus in wastewater, g P/m’ 15
- Raw sludge properties: Specific gravity 1.03
Moisture content, percent 94
- Chemical sludge properties: Specific gravity 1.05
Moisture content, percent 925

- 75 1Wesifufues Total suspended solids (TSS) anaznaulsilu primary sedimentation tank laglsigias
14 alum
90 Wadidusiues Total suspended solids (TSS) mnaznauletu primary sedimentation tank logld
alum
- aumsmadin alum ien1s precipitation
3Ca(HCOs), + Aly(SOa)318H,O0  <--mm- > 2Al0OH); + 3CaSOq + 6 CO, + 18H,0
| (3 x 100 as CaCOs)  (666.5) (2x78) 3x136 6x44 18x18
| - aun1INIs@u alum AU Lime
Al(SO4)318H0 + 3Ca(OH),  <-------- > 2A(OH); + 3CaS0Oq + 18H,0
(666.5) (3 x56 as Ca0) (2x78) 3x136 18x18
- INNINRABINUIINITANTA Phosphorus (P) 1 kg #4013 18 kg 183 Al(SO4)318H,0

- P = 1000 ke/m’

senpudaussludl (10 Azuuw)
5.1 283 TSS (ke/day) fignindalaelaiin alum uazidn alum
5.2 29992380V alkalinity Tuhdeiifiosnesonsiida TS Taonsidu alum  wiselyl Sldfpmedeaiy
Ca(OH), asluwinls (kg/day)

| 5.3 29vnA1 AUOH); AR (kg/day)
| 5.4 sUSINAsTRIREneu TSS Aiatuanmsmnaznalael) lsidiu alum 2) Wy alum lerida TSS
| 5.5 99vU3anas alum fifpafuiiy (ke/day) Wiielidn phosphorus warUSinnsvesmnauiintuain
| nsaneznaulasnafin alum ieddn TSS wae phosphorus
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fio¥1 6 mauAnusialUll
6.1 lsanureanisldszuuiinuuuassinenie (aerated lagoon) iiwetndaundsluldaniiawuminsgiuiiiie
ol Wnindnwildndmuslinsuiansslud (12 azuuw)

1 smAamalunisiiuinaznay (solid retention time, SRT or B¢)

2 INYTNInsvRIUaANeINA

3 aamUBnAufeImsEenlaummuiineu uagliussnueusisiniseendiauiivesdas
4 29111A1 BOD 1uﬁ1ﬁamumm§mw§alﬁ

Aviuali
- Wastewater flow rate, mS/day 2,000
- Soluble COD, ¢/m’ 300
- BODs/COD 0.5
- The plant permits standard BODs, mg/L 10
- Depth of Lagoon, m 3
- 0, day 5
- Water temperature in summer°C 35
Water temperature in rainy season®C 25

=Y = 0.65 mguivss/Mgsons, Ks = 100 me/L (¢/m’), k = 6.0 ¢/g, Ks = 0.07 day* for 25 °C
- First order observed soluble BOD removal-rate constant ky = 2.5 d™ at 20 °C
S

1+ (k)8]

- ko = ki 1.06 TV

- Oxygen demand = 1.5 Q (S5-S), lagTlslda BOD (Juen S

- SOTR = 2A0TR
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6.2 lssnuwimilsindesananszuuiidl COD way BOD g nslssnuiszasdagldssuutauiuateslunstida
Wiy eenuuuUslTualivsiusznaumeusarlstianiounsliesunemauaUszneu (4 Azuuw)

Jofi 7 ameumnunalul

7.1 ‘U.,J‘UULLWMU\‘LJUS“‘UW‘S 10,000 Au Uszuns 1 aulduszUvihiu 400 L/day Imammmﬂmuﬁaulmm

33U3'J§JL‘UT§°‘UUU’IU®UWL?IEJ uﬂﬂﬂmmuawmymuiwaammmvwmummmamu Tricking Filter ﬁ]xﬂ‘U‘U@MﬁVl

-

fvusliponuuumidusnugudnansesd Tricking Filter i3 sldwodluiudiiitwun

(10 AzLuw)
ARUA LA
- Uinathudsidnssuy, m’/day
- A1 BOD, me/L Yide
- @71 BOD ﬁwﬁmumiﬁwﬁmé’a, me/L
- Smnazneududulsirie BOD
- Filter depth (D), m
- Recycle ratio, m’/d (R/Q)
| - K
| n
- fuiidldlunsineds, was x was

S

|
‘ S{ _ —ko,"
| 0

0.8 (thuseiilaly)
500
20

5-6

1

2.35

0.5
12x 12
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ltem 1 (25 points)
1.1 Explain the difference between conventional wastewater treatment process and advanced

wastewater treatment process. Provide examples of advanced wastewater treatment process.

(3 points)

1.2 Describe the difference and similarity between “sedimentation” and “clarification”. How many types

of sedimentation those use in wastewater treatment plant? (3 points)

1.3 Use the following given information for designing the CSTR and Plug flow reactors. The efficiencies of
CSTR and plug flow reactors are set at 90 percent. Determine the hydraulic detention times and haft time
times by selecting only one reaction rate constant. (3 points)

Given information

_(,; = ___1_ ’ E; = e, k6 )
Co 1+k0 Co
. . 4 A —it 1
First order reaction rate = 0.05 h', — =e ", Second order reaction rate = 0.07 L mol" h' — = — + kt

Ao A Ao




1.4 Based on the level of toxic and economics, select the unit operation process (1-4) for removing
pollutants (A-D)

(4 points)

............. A Suspended and Colloids solids Air striping
............. B Total organic carbon Activated carbon adsorption

............ C Heavy metal lon exchange

Lol S A o

D Volatile organic compound (VOC) Surface filtration

1.5 Describe four mechanisms for destabilization of colloids. Draw the graph between turbidity and
coagulant dosage for explaining four mechanisms for destabilization of colloids (4 points)
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1.6 The palm oil mill manager want to use the dissolved air flotation (DAF) for removing oil & grease and
total suspended solids (TSS) from the palm oil mill effluent (POME)

Given information

- Wastewater flow rate = 1,000 mS/day
- Chemical oxygen demand = 80,000 mg/L
- Biochemical oxygen demand = 40,000 mg/L
- Grease & oil = 5,000 mg/L
- Total suspended solids =1,000 ¢/m’

- Optimum A/S ratio = 0.01 mL/mg¢
- Temperature 30 °C, S, =157 mL/L

- Recycle pressure =3.71 atm

- Fraction of saturation =0.5

- Solid loading = 5 kg/m’-h

- Safety factor for area =2

- The recommendation value of surface loading rate is between 20 and 150 L/m’-min

- Dissolved air flotation with recycle
A 13Sa(fp—NR

S 7SS(Q)
- Operation time = 24 hour per day
- DAF can remove organic matter, TSS, and oil & grease by 20, 80, and 80%, respectively.

Determine
1) Total flow rate to DAF (Q + R) (m’/h)
2) Surface area of DAF (m?)
3) Surface loading rate (L/m’-min), is surface loading rate in the recommendations range?
4) The amount of COD, BOD, TSS and oil & grease removed.

5) The wastewater treatment process for treating effluent water from DAF




Item 2 (12 points)

The manager of factory prefers to use the Upflow Anaerobic Studge Blanket (UASB) for treating the

wastewater. Use the given information betow to determine

2.1 CODmix and volume of UASB tank (V, and V0)

2.2 Area, diameter and heights of UASB tank (A, @, H. and Hr)

2.3 Check the amount of alkalinity for reaction. In the case of insufficient alkalinity, determine the

additional alkalinity requirement (kg/day)

2.4 The COD of treated wastewater must lower than 120 me/L. Determine, whether COD of effluent

water from UASB is lower or higher than that of standard. Provide the suggestion.

Given information
Wastewater from DAF

- Wastewater flow rate, m’/day 1,500
- Soluble COD, mg/L 500
- Alkalinity, g/m’as CaCOs 300
Wastewater from washing
- Wastewater flow rate, m’/day 500
- Soluble COD, ¢/m’ 5,000
Alkalinity, g/m’as CaCOs 300
Process
- Oreanic loading rate, kg COD/mB—day 8
- Upflow velocity, m/h 0.7
- Reactor volume effectiveness factor (E), percent 85
Height for gas collection, m 2
- Height of UASB tank much lower than 10 m
Requirement alkalinity, g/m” 3,000
- SRT(6h), days 32
T LY VR A S
Lorg E velocity A
- Ke=450 me/L, k = 3.125 ¢ COD/g VSS.d, Y = 0.08 g VSS/ ¢ COD, kq = 0.04 g VSS/g VSS.d
e K [1+(k,)0.1
6 (Yk —k,)—1
B CODmiX — QDAFCODDAF + Qwashir\gCODWashlng

Q. tQ

washing




Item 3 (12 points)
3.1 From Item 2, the manager of factory would like to consider the Sequencing Batch Reactor (SBR) for
treating the wastewater. Using the given information to determine (8 points)
1) Number of cycle per tank and total cycle (2 points)
2) Fill volume per cycle and volume of SBR tank (3 points)
3) Hydraulic retention time and BOD volumetric loading. Are these values fall into the
recommendation ranges? Provide the suggestion (3 points)

Given information

- Wastewater flow rate, m*/day 2,000

- Biodegradable BOD, g/m’ 1,000

- Number of SBR tank, tanks 2

- ta, hours 3
-t hours 2

- tp hours 1

- 1, hours 0

- Ve/V7 0.3

- Range of hydraulic retention time (HRT), h 15-40

- Range of BOD volumetric loading, kg BOD/m’-day 0.1-0.3

- tr = ta +ts +tp

- te = ta +ts +to+ tr




3.2 From ltem 3.1, the manager of factory would like to consider the Activated Sludge (AS), determine

(10 points)

1) Mass TSS (ke)

2) The reactor basin volume (m?)

3) Determine the reactor detention time (6)

4) Volumetric loading (ke/m’-day), is this value fall into the recommendation range?

5)  When the nitrification is considered in the design, please explain how to develop nitrification the

tank.
Given information

Wastewater flow rate, m3/day 2,000
Biodegradable BOD, ¢/m’ 1,000
SRT, d 8
Px, Tss, ke/day 1,500
MLSS, ¢/m’ 3,000
#1 volumetric loading, (kg/m’-day) Finzay 0316

V x MLSS = P, 155 x SRT




Item 4 (8 points)
4.1 The major organic compound in the wastewater is Ci,H2,011. Determine
1) Theoretical oxygen demand for degradation of 1.5 kg of Ci,H2,011 and air requirement (kg) (the
oxygen content in air is 20 percent)
2) For degradation of organic matter in term of BOD 1,000 ¢/m’ and flow rate of 2,000 m’/day,
determine the theoretical oxygen demand.




Item 5 The characteristic of wastewater from factory is presented below.

2INUR

Wastewater flow rate, m3/day 1,000
Total suspended solids (TSS), g/m’ 500
Wastewater alkalinity, ¢/m’ as CaCOs 50
Alum Al,SO4 18H,0 added for removing TSS only, ke/1000 m’ 10
Phosphorus in wastewater, g P/m’ 15
Raw sludge properties: Specific gravity 1.03
Moisture content, percent 94
Chemical sludge properties: Specific gravity 1.05
Moisture content, percent 925

75 percent of total suspended solids (TSS) settle in primary sedimentation tank without using
alum

90 percent of total suspended solids (TSS) settle in primary sedimentation tank by using alum
Using alum for precipitation

3Ca(HCOs)2 + Alx(SO4)318H 0 <ommmemv > 2AIOH); + 3CaSO4 + 6 CO; + 18H,0

(3 x 100 as CaCO3)  (666.5) (2x78) 3x136 6x44 18x18

Alum and lime

Al(SOa)3s18H0 + 3Ca(OH);  <--—-- > 2A(OH)s + 3CaSOq + 18H,0

(666.5) (3 x56 as Ca0) (2x78) 3x136 18x18

For the removal of 1 kg of phosphorus (P), 18 kg of Alo(SO4)318H,0 is required.

Puater = 1000 kg/m’

Determine (10 points)

5.1 Amount of TSS (kg/day) removed by using alum and without alum

5.2 Alkalinity requirement for removed TSS by using alum and the amount of additional of Ca(OH),
(kg/day)

5.3 Amount of AUOH); (kg/day)

5.4 Volume of sludge from the precipitation of TSS 1) without alum 2) with alum

5.5 Amount of additional alum (kg/day) for removing phosphorus and volume of sludge from the

precipitation of TSS and removal of phosphorus by using alum



Item 6 (12 points)
The factory manager proposes to use the aerated lagoon for treating the wastewater. The treated

wastewater must have the quality below the standard. The characteristic of wastewater is tabulated
below. Determine

1 Solid retention time( SRT or &)

2 Volume of lagoon (m’)

3 Theoretical oxygen demand per day and the actual oxygen demand per day

4 BOD in treated wastewater, is it meet the standard?

Given Information

- Wastewater flow rate, ms/day 2,000
- Soluble COD, ¢/m’ 300

- BODs/COD 0.5

- The plant permits standard BODs, me/L 10
- Depth of Lagoon, m 3

- 19, day

- Water temperature in summer°C 35
- Water temperature in rainy season®C 25

- Y = 0.65 mewvss/mgsops, Ks = 100 me/L (¢/m?), k = 6.0 ¢/g, K = 0.07 day for 25 °C
- First order observed soluble BOD removal-rate constant kzo = 2.5 d™ at 20 °C
So
[1+(k)8]
-k = ki1.06 (T2-T1)
- Theoretical oxygen demand = 1.5 Q (5¢-S), please use BOD as substrate (S)
- SOTR = 2A0TR



7.2 The stabilization ponds are used to treat the high COD and BOD wastewater. Describe types of ponds

that can be used for treating this water. Provide the reason. (4 points)

item 7 (10 points)
7.1 One community has a population of 10,000 persons. The water supply utilization rate is 400 L/day.

The trickling filter is proposed to be used for treating this wastewater. Use the given information to

determine the diameter of the trickling filter tank. This tank must be installed in the available area.

Given information

Wastewater flow, m3/day 0.8 x water supply usage
BOD of wastewater, mg/L 500
BOD of treated wastewater, mg/L 20
The primary sedimentation tank did not remove BOD
Filter depth (D), m 5-6
Recycle ratio, m/d (R/Q) 1
K 235
n 0.5
Available area, m x m 12x12
S; __ _—koiq,"

—=e
S

0
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