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Part | Charongpun Musikavong

ltem 1 Adsorption process

1.1 (10 Points) the batch adsorption experiment used wastewater of 1 liter and activated carbon of 1 ¢ for
removal of phenol. The initial phenol concentration and phenol concentration at equilibrium are presented
in Table 1.
i Develop Freundlish adsorption isotherm and determine Freundlish capacity factor (K)

1
Freundlish intensity parameter (—), and Freundlish Adsorption Isotherm
n

i Use Freundlish adsorption isotherm for determining the amount of activated carbon per month to
remove phenol from 300 to 1 meg/L. The wastewater guantity is 2,000 m’/month

i Determine cost of the activated carbon per month, when the price of activated carbon is 60 Baht/kg

Given

Freundlish Isotherm

(Co-CoV _ x
m m

_ C 1/n
= e

log(i) =logK + 1 log C.
m n

Table 1 Initial Phenol (Co) and phenol at equilibrium (Ce)

Initial Phenol Equilibrium
(mg/L) Phenol
(me/L)
150 5
250 12
300 17
340 23
370 29
400 36
500 50
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1.2 (8 points) the breakthrough curve for using XAD-4 resin to remove phenol is presented below.

In the experiment, the flow rate and bed depth are varied. Use this curve to design the phenol removal

from 100 mg/L (Co) to 10 me/L (C)
Determine
i Amount of resin (L)

ii Amount of water that can be adsorbed (L)

i Amount of water per volume of resin (L water/L resin)

iv. Kilogram of resin per day (ke/day)

Given
- Flow rate 5.2 x 10° m/s
- Bed depth 0.098 m (W)
- Flow rate 500 L/day

- Surface area of column = 0.051 m’, DAX-4 density = 1.2 kg/L
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The breakthrough curve for using the XAD-4 resin to remove phenol
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1.3 (5 points) for the carbon adsorption in series, what are the lowest number of columns that must be used?

Draw the breakthrough curve for explaining the removal of organic matter by each column and briefly describe.
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ftem 2 lon exchange
2.1 (15 points) use the information in Table 2 for determining the removal of nitrate in wastewater by ion

exchange
i Determine the highest amount of water that can be treated by strong base anion-exchange resin
with exchange capacity of 2 eq/L.
ii For removal of nitrate at flow rate of 10 m3/day, what is the amount of resin needed (L/day)?
i The regeneration process causes the deterioration of resin by 1% per day. The regeneration is
done every day. The additional of resin must add to support this loss. Determine the amount of
resin per month that needs to be added. (L)

Table 2 Wastewater characteristic

Cation Conc,, Anion Conc,,
meg/L me/L
ca® 80 HCO5 250
Mg?* 21 cU 82.0
Na* as NO35 80.0
K* 16 F- 20.0
Given

- Molecular weight Ca = 40.08, Mg = 24.31, Na = 22.99, K = 39.09, H = 1.00, C = 12.011,
O = 15.99, Cl = 35.45,N = 14.00, F = 1899
- Approximate selectivity scale for anion on strong-base ion exchange resin 183
O HCOs =04, CU'=1.0, NOs =4.0,F =0.1
- Xa and Xg. are equivalent fractions of A and B in solution

- X'a and X'g. are equivalent fractions of A and B in resin

"
X"g: At 4+ Xe+

1-X"g+ 1-Xa+
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2.2 (5 points) provide three examples for using the ion exchange in the advanced wastewater treatment

process, briefly explain.

items 3 Nutrients removal
3.1 (4 points) describe nitrogen removals by (1) pre-anoxic, (2) intermittent aeration, and (3) post-anoxic. How

many tanks for each process? What is the reaction in each tank?
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3.2 (5 points) draw the simple diagrams for nutrient removal 1) removal of nitrogen 2) removal of phosphorus,

and 3) removal of nitrogen and phosphorus. Briefly explain the nitrogen and phosphorus removal
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3.3 (10 points) wastewater treatment system uses pre-anoxic, aeration, and sedimentation tanks as presented in
the Figure. Use the given information for determining
i Xp (g/m)
i Volume of pre-anoxic (m”) internal Recycling (IR)
i Amount of nitrate removal (¢/day)

Anoxic Aerobic | Secondary Effluent

Given information Influent wastewater (Q) 1[’ > Clarifi > t
arifier water

Wastewater characteristic

Parameter Concentration (g/m’)

BOD 140 Return activated sludge (RAS)
bCOD 220
rbCOD 80
NOx 30

A

Waste sludge

Parameter for Design

Parameter Unit Value
Flow rate m’/d 2,250
Temperature °c 20
MLVSS o/m’ 2,370
Aerobic SRT d 13
Aerobic volume basin m’ 850
RAS ratio Unit less 0.6
SDNR (at F/M of 1.6 and g/e-d 0.28

rbCOD/COD = 0.36) (20 °C)

Nitrate concentration in return sludge (RAS) to Pre-annoxic = 6 o/m’

- Hydraulic retention time of anoxic tank = 1.5 h

O(SRT).. Y(So—S)
V ][1 + (kd)SRT

- Internal Recycling (IR) = (NOy/Ne) ~ 1.0 — RAS ratio

- F/M = QSo/Vnox (Xb)

- SDNRy = SDNR 2(1.026)

- NOr = (VaoxXSDNR)XX5)

- = Juae Y = 0.4 gVSS/gCOD, ks = 0.088 g/g*d

T-20
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3.4 (6 points) Wastewater treatment plant is designed to remove the nitrogen and phosphorus. The rbCOD is

essential substrate for nitrogen and phosphorus removal. The rbCOD is used for removal of nitrogen as the first

priority then the rest is used for removal of phosphorus by degradation of microorganism and adsorption to

sludge. From the given information, determine the amount of rbCOD for removal of nitrogen and phosphorus

(g/m”). Is the phosphorus level in treated wastewater below standard?

Given information

Flow rate = 1,500 m3/day

Phosphorus in wastewater = 11 g/m’

rbCOD in wastewater = 100 g/m3

NOs-N that must be removed equal to 1.5 ¢ (NOs-N)/m’

Pybiomass = 150,000 ¢ biomass/d

rbCOD/nitrate ratio = 6.6 ¢ rbCOD/g NOs-N

10 ¢ rbCOD/ g P is phosphorus removed by biological phosphorus removal
Phosphorus content of heterotrophic biomass = 0.015 g P/ g biomass

Phosphorus in treated wastewater must be lower than 1 me/L
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ltem 4 Advanced oxidation processes
4.1 (5 points) briefly explain four mechanisms for destruction of organic matter in water by using advanced

oxidation process.

4.2 (5 points) how many mechanisms for destruction of organic matter by ozone? Briefly explain.

4.3. (5 points) how to enhance the advance oxidation of organic matter by hydrogen peroxide? Explain the

mechanism.
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ltem 5 Water reuse
5.1 (8 points) from the diagram below, fill types of water reuse for A, B, and C. Explain the definition for each

type of water reuse.

Water Consumers

X A
|
B |
1
|
< ....... _I .
. 1 !
I -
Coveeie , ! Wastewater Treatment ~ f------ 4
. 1
I .
Disinfection | t !
. 1. 4 .
1 Water Reclamation
R . T
Filtration .
g
‘ 4
Sedimentation
‘ Reservoir
Flocculation
Coasulation [ Pumping Station
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5.2 (7 points) how many types of groundwater recharge by using treated wastewater? Draw pictures and briefly

explain the operation criteria of each type.
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Part Il Watsa Kongnakorn
1. In the membrane system, what is the main factor that the designer and operator have to remind and

awareness? (4 points)

2. Please explain the mechanism and specify all the driven force from Fig.2.1 (13 points)

. ’ ‘ Permeate

-~ .| | Flux

\___.v__/

X
Driving force

Figure 2.1 Mass Transfer Mechanisms

B
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3. If you want to design the oily wastewater treatment plant, the particle of oily is equal to 5 micrometer. Please

explain the pretreatment of wastewater before use the reverse osmosis for recovery. (8 points)
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daudl 1 0.959ANUS YANLI
dad 1 nszurun1IgAdy
1.1 (10 AzHuY) MNN1TVAARINIIARFULULW (batch) Toeldindousunng 1 answaridonuiudus 1 nsuvinnisvaass

\ierdnansiiuea 1ndeyarflueadusunareilueafiannzaunanuanslunisnei 1
i 9@masens v Freundlish adsorption isotherm warnAn K (Freundlish capacity factor)

1
— (Freundlish intensity parameter) karann13 Freundlish Adsorption Isotherm

n

i 94l4 Freundlish adsorption isotherm tavnU3unumuiudusiisenisdeu lunsidaindefivuleuiiuea
anadudiuwinfu 300 fadnsusiedng Usu1ns 2,000 gnuraniunsseifioy fvumbiinfnunsitafesdin

WutuupatpenIn 1 Jadnsudsans
i awnendisefewdlenvun e uiusiudsianilaniiag 60 Um

fmuali Freundlish Isotherm

(Co=CV _ x
m m

= KCL’]/"

log(i) =logK + 1 log C.
m n

A19199 1 anududuvesdilusaiuiu (G) wavalueaiiangauna (Co)

Initial Phenol Equilibrium
(mg/L) Phenol
(mg/L)
150 5
250 12
300 17
340 23
370 29
400 36
500 50




Page 4 of 17 T2 FEUU U U TSP PPPP TRR vt

1.2 (8 AZUUY) mm&ﬂumsmam‘lmwu XAD-4 Lwammwmaa TnsnisnaasdldrinsiUasusasinisivauas bed
depth RNI‘Uﬂ'i’]WLUiﬂVliV]ﬂ’mu@lMaaﬂLL‘U‘Uﬂ’]’iﬂ’]RJG]WUE]GIUU’]LHEJVIM’]ML‘UN‘UH 100 me/L (Co) Thnan 10 me/L (C)

W1
i USunausBudlelunisyeass (Gas)
i Usunanihfigaduld Ges)
i Usuneutheesdu (Bnsdodng)
v USunansduseiu Alandusiaiu)
fvunlild
- Flow rate 5.2 x 10® m/s
- Bed depth 0.098 m (W)
- $1deiisnsnisive 500 L/day
- fuTinthavssreduiTldmaanadifwindu 0.051 m? uas DAX-4 fianunuiuuumniu 1.2 kg/L
fvun i
194 © 0.9 LRosC
& 2o %;bm oo
»’9 °
? ) "‘/&
0.6+ ¢ / I
¢ /7 b
i/ i/
B8+ ! g’; Mo ristes bed depth
& 3{ / fmbs} (n1
- {d ,
;A o I DAY
0.4 [
é’ 7 L I L8 TT AR 51
i A ;fﬁ A& R2*WT 0 anTs
02 /,’ Af ./é
R el e
L y}"‘/. o 12*I 0087
2 e |
PRV v ' v v Y
& 10 13 =2 8 ke
tx 10 (s)

n3WUsANITRINslilsiu XAD gafnansiiuea
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1.3 (5 azuuw) nliresudmsgadufonufuiuiuuvaynsuieidaansdunigluddioddrediniagniasiinedinl
warlvnammuanausnvIiiinduannusazaodiu wiauvisasunsusEaAvsnmwnisminlaedauy
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foft 2 nmauaniUAsuszy
2.1 (15 avuuw) nanwildiusoumngliesnuuussuumauaniUisulssaiiotidaslumsmindeiiumsiidoudn
Tagszuuthtametanm nuaiansiaunnindauandumsai 2
[ %dmﬂ%mmﬁwqaqmﬁmmmﬁwﬁﬂlﬁ@iaﬁmﬂﬂﬂ‘l‘?’f strong base anion-exchange resin 34iiA exchange
capacity WU 2 eq faling
i deresmstitalumssluthiiniunisthauds 10 mY/day dasld resin Juazians
i dvualsiuyanwluusios Ty resin dovanilufesar 1 uavdesimadiy resin adhuluduviniy
Ginadidovanwluniuiaudodld resin avuaiians

o

A157147 2 wan TR UNsUURLaR e g sE U UAMISTIN W

Cation Conc., Anion Conc,,
me/L me/L
ca* 80 HCOs 250
Mg”* 21 cl 82.0
Na* 45 NOs 80.0
K* 16 F- 20.0
ua i

- maimaqa‘uaa Ca = 40.08, Mg = 24.31, Na = 22.99, K = 39.09, H = 1.00, C = 12.011,
O = 1599, Cl = 3545, N = 14.00, F = 18.99
- Approximate selectivity scale for anion on strong-base ion exchange resin U89
O HCOs =04, CU' =10, NOs =4.0,F =0.1
© Xa. WAT Xa. A equivalent fractions 1949 A uaz B luasazany
~ X'a waz X's. A8 equivalent fractions 194 A wag B Tu resin

X "gs :KA+ -—-——-—>B+ Xg+
1-X "8+ 1-Xs+
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2.2 (5 Azuuw) Reniegumslinussuuwanudsulseglunsiidmidedugawn 3 Mege naanausduislaeduuy

Yo 3 Msidnasamisiulde
3.1 (4 Azuuw) wWasuismsthdalulasiaulaunssuau (1) pre-anoxic (2) intermittent aeration Wax (3) post-anoxic 11
wiagnsyuIuntsiings uazluurazdufinujisenlating
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3.2 (5 azuuw) wdsuwnugliednsheuaasnssuiunsildiiinasemisesluiiludi 1) lulasiau 2) Weavesa uay 3)
Tulpsiau uaz eaesa uaz aSurewdnmisida Tulasiau uag weaneda laedauy
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3.3 (10 pzwuw) seuuthtnundsldss pre-anoxic saufudaduenne war dwmnaznou fegd wlitayaiiduuald neu

fanusellil
i YA X (@/m?)
i U3umsas Pre-anoxic (m’)
i Wunaluesitddalé (o/day)

Internal Recycling (IR)

Secondary Effluent
b
Clarifier water

fvuali Influent wastewater (Q) }'> Anoxic Aerobic
Snwauzdnde

wisiines Anuduty (¢/m’)

BOD 140 Return activated sludge (RAS)
bCOD 220

rbCOD 80

NOy 30

Anitldlun1seanuuy

wsfimes Wine A
dmsnsiva m’/d 2,250
Temperature °c 20
MLVSS o/m’ 2,370
Aerobic SRT d 13
Aerobic volume basin m’ 850

RAS ratio Unit less 0.6
SDNR (7 F/M Uszanas 1.6 uae ¢/g-d 0.28

rbCOD/COD = 0.36) (20 °C)

- Ananududuveslumsalunznouiiindugd

_ mafiuings anoxic wihAu 1.5 $alus
e (2R, Y(S1=S)
V. 1+ (kd)SRT

[

- Internal Recycling (IR) = (NO,/Ne) — 1.0 — RAS ratio

- F/M = QSO/Vnox (Xb)
- SDNRr = SDNR 2(1.026)
- Nor = (Vnox)(SDNR)(Xb)

T-20

3 (RAS) Pre-annoxic Ly 6 ¢/m’

Juar Y = 0.4 gVSS/gCOD, kg = 0.088 ¢/g*d

v
Waste sludge
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3.4 (6 ATUUL) ixwﬁwﬁﬂﬁwLé&’agﬂaanLLUUL'ﬁaﬁﬁwaﬁluimmuuaxWaaWa%’a TagAn 1bCOD Wuansemsisuduse
nsgevaauanslulnsiauuaswoana’a lun1ssesaaeqadnld bCoD etidalulasiauneau dufndeasldifeviin
woavesa lnevleawaagnindalasnistesaasuaznisgadulasmenougdunid andeyaiifvuels senen bCoD g
Tunstdalulnsisuasweanesalumhensusieau.y. uasmeaweanesafindolutivinddrunasgiunielsl

Muualv
" Fasnnslwathdewiiiy 1,500 m*/day
® @7 phosphorus Tuhdefiawiiy 11 om’
" v bCOD TuhidsiiAnintu 100 ¢/m’
" 61 NOsN TidestosaniovdsnindnaunainavesstuuilAviiy 1.5 ¢ (NOs-Nym’
B P, biomass = 150,000 ¢ biomass/d
B bCOD/nitrate ratio = 6.6 g rbCOD/g NOs-N
® 10 ¢ rbCOD/ ¢ P is phosphorus removed by biological phosphorus removal
®  phosphorus content of heterotrophic biomass = 0.015 ¢ P/ ¢ biomass

" Awansgiu phosphorus Tuihissiasdietiosndt 1 mg/L
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da# 4 Advanced oxidation processes
4.1 (5 azauw) Windnwesuenalnlunsvhanwansduvidludndemenseuiumseandinduduata 4 nalnlaeduay

4.2 (5 azuuy) nalnnaAeufiiseeendnduvedlelauiinaln exlsine asesuslasdauu

s v °o o

4.3 (5 azuuy) mainufioeendinduveslalasiaueseenlediuasduniddesduiumslasldosladuiussufite
| wazeSurunalnAINaNMAnTY
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Ja9 5 nisuninduunlylu

5.1 (8 AzUuY) mmmuqﬁﬁwua’wmLauﬁ%ﬁauﬁmﬁnwmzmw‘hLﬁumimiﬁwﬁmﬁwﬂ% (water reuse) wazlvioduie

ANMUTINeYaINIALuNIsAanalaeday

Water Consumers

A

Sedimentation

)

Flocculation

Y

Wastewater Treatment

Water Reclamation

[ A

|

B I

|

|

P - h
B 1 ‘}

I -

Coriii . |

| -

- |

I -

Disinfection . 1
i . Y

i - | -
.
Filtration

Reservoir

Coagulation |4

Pumping Station

S ——
River
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5.2 (7 azuuy) MsihisiiunsiidaudridifuinbBlulafuiinissndunisenas nenmuansuazaduiegdsnis
ffiunis vedalumsandiumsiuwsasdslnedauy
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daufl 2 0.5aa7 AwAT
1. In the membrane system, what is the main factor that the designer and operator have to remind and

awareness? (4 Points)

2. Please explain the mechanism and specify all the driven force from Fig.2.1 (13 Points)

wiffpomsmsssion v

o = ‘ I Permeate

- .| | Flux

——

< | X
Driving force

Figure 2.1 Mass Transfer Mechanisms
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3. If you want to design the oily wastewater treatment plant, the particle of oily is equal to 5 micrometer. Please

explain the pretreatment of wastewater before use the reverse osmosis for recovery. (8 Points)
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