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Part | Charongpun Musikavong
ltem 1
1.1 (4 points) how many types of adsorption mechanism in water supply process? Briefly explain.

1.2 (3 points) what is the major mechanism that controls the adsorption by using (1) granular activated carbon

(2) powder activated carbon? Briefly explain.
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1.3 (8 points) the activated carbon is used for removing phenol 10 ke/m’ in raw water. The activated carbon of 5

kg is used in this experiment. Use the given information to determine (1) amount of phenol that is removed (ke)

(2) the concentration of phenol in treated water (kg/m’)

Given

g =125C
giM +C¢S = gM + CS where g = amount of phenol in activated carbon before adsorption; M =
weight of activated carbon; Cr = concentration of phenol in raw water; S = volume of raw water; g =

amount of phenol in activated carbon at equilibrium; C = concentration of phenol at equilibrium

There is no phenol in activated carbon before used in adsorption.
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1.4 (10 points) use the information in the laboratory experiment for design wastewater treatment to remove

TOC from 5 mg/L to 1 mg/L at flow rate of 840 m3/day. In the experiment, the fixed bed granular adsorption is

used. Determine

i
ii
iii
iv

\

Given

Design bed volume (m”)

Amount of activated carbon requirement, (kg)

Breakthrough time (day)

Breakthrough volume (Vs), (m’)

Cost of activated carbon per day (baht). When the price of activated carbon is 60 baht/kg.

Laboratory experiment

Flow rate in the experiment is 2 bed volume/hour
Amount of activated carbon is 3 kg

Carbon density is 550 kg/m3

Breakthrough volume is 2000 L at TOC <= 1 mg/L
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Item 2 lon exchange

2.1 (12 points) the laboratory experiment to determine the ion exchange performance of resin is presented

below.

® Amount of resin used is 0.1 kg

NaCl is added to the resin to create the R-Na.

.
® The resin is cleaned by chloride (CU).
.

CaCl, is used as titrant.

® During titration, concentration of Cl' and Ca*? are measured. The results are presented in Table.

Given (1) Molecular weight of Ca =40, N =14, H =1

VCo
(2) EC =

R

(3) Density of resin is 450 kg/m’
(4) Wastewater for removal of NHs* = 5,000 m’

(5) Breakthrough occur at (/Co= 0.5

Throughput volume, L | CU (mg/L) | Ca* (mg/L)
0 0 0
5 2 0
10 8 0
15 44 0
20 65 0
25 70 0
30 71 0
35 71 6
40 Co=T1 27
45 35
50 39
55 40
60 Co =40

Use given information determines the amount of resin for removal of NHa" from 20 mg/L to 2 mg/L.
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2.2 (10 points) the experiment for removal of hardness uses column diameter of 10 cm, resin height of 2 m,
resin density (wet basis) of 850 g¢/L, and flow rate of 0.2 m’/h. From this experiment, the hardness of 15 eq is
removed. Use this resin to remove all hardness of 400 mg/L as CaCOs at flow rate of 300 m*/day.
Given
® Moisture of resin = 44%
® Breakthrough occur at 67% of resin capacity
® 1| meg/L =50 mg/L as CaCOs
Determine
1. meq of hardness that is to be removed per day (meq).
Mass of resin (dry basis) (kg)
Mass of resin (wet basis) (kg)

el

Mass of resin at the removal efficiency of 67% (kg)




Page 8 of 12 NAME. ... ID

2.3 (5 points) Explain the utilization of ion exchange process for the water treatment and water purification

process.

ltem 3 Advanced Oxidation Process
3.1 (5 points) what are the chemicals that are commonly used in the advanced oxidation process of
environmental engineering application? List the name for only two compounds. Briefly, explain the reaction of

these two compounds for removal of organic matter in water.
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3.2 (10 points) the treatments of chlorinated hydrocarbon by (1) ozone and (2) ozone and UV are presented in

Figure. Use this information for answering question below.

Convemration Ruue 70,

{0

08 -

(0L6

Hexachlorobipheny]

\\léimmdirhlnmnu*dumc

Trichlormethane

\ \ ~_Hevachlorabipheny LUV

Trichlorocthyvicne (1Y)
i \ Bromodichhnomesbune o0 V)

\ Y T Trichioroethyvlene

% Toa

NN 2 DR ooy

(4] (Y200 A G0 AL fde o

Thine anind

Chlorinated organic by ozone with
and without UV radiation

Note: At pH 6-7 Ozone dose rate
= 1.4 mg/L-min

1. When ozone is used for treatment bromodichoromethane 500 Llg/L in groundwater at 2,000 L/min,

determine the maximum percent removal, the residual concentration of bromodichoromethane and the

amount of ozone requirement (kg/day)

2. When ozone and UV are used for treatment bromodichoromethane 500 Hlg/L in groundwater at 2,000

/min, determine the maximum percent removal, the residual concentration of bromodichoromethane

and the amount of ozone requirement (kg/day)

3. Comparison between the results in item 1 and 2.
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3.3 (5 points) balance the oxidation reduction equation between (1) phenol (CsHsOH) and H0; ag (2) phenol
(CeHsOH) and MnQOa;

‘ Given

C.HyOc + dO° ——>  aC0; + (b/2) H,0 e d = 2a+b/2-c

H,0, — O° + H0

2 MnOg + 2 H,O ——> 2 MnO2+ 30° + 20H
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Part Il Watsa Kongnakorn

ltem 2
2.1 in the Table 1 that shows the surface water quality to use as the raw water for portable water production.

Please propose the water treatment process with membrane technology.

Table 1 Surface water quality for one industry

Parameters Results
Chemical characteristics (mg/L)
| mmmzﬁwa*ﬁwm (Total Hardness expressed as Calcium Carbonate) 195.80-267.71
; {lef (BODs) 2.00
| #led (TOC) 4.50
| AaDlsA (Chloride expressed as Chlorine ) 7.99
wouluile lulasiau (Ammonia expressed as Nitrogen) 4.83
: wian (Iron) 0.34
unsnia (Mn) 0.67
| ‘W@aiﬂié (Fluoride) 0.053
fawe (Sulphate) ND.
nowae (Cu) ND.
&nzd (Zn) 0.03
waadies (Cd) ND.
asny (As) ND.
Tuslus (Br) ND.
Physical characteristics
Araudunsa-ae (pH) 6.60
& (Colour) 21
ALY (turbidity) 2.55
Biological characteristic
MPN Coliforms/100 mL 10
E.coli/100 mL wounin 2.2
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2.2 Design RO process for the water product from desalination plant. The feed and permeate concentrations
are 2500 and 500 mg/\, respectively. The flow rate is 1200 m°/d. The %R is equal to 60% at 25 atm and A

(permeance) is equal to 3x10° ml.m”hr.s.atm, respectively.
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d2udl 1 8.959AWuS YAne e
daf 1 nszurUNIRAdU
1.1 (4 azuuw) nalnnsgedulunuduhussiiiinalneglsthe asefuelaeduay

12 (3 azuuw) Tunsunsonalnlalunsgaduiiduimuauninueanisgaduieaiuiuiusuuunia (granular
activated carbon) wazmsgadusipauiusiuiuu Uk (powder activated carbon) asaBuelasdauay
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1.3 (8 Azuuy) havdssiueavuilousy 10 kg/m’ gminnddameiuiududlaslinisgadunuuliideiion (batch
adsorption) Usunausufiusiusiilde 5 kg 94l sotherm Aifmunlivinarslueagnidaluvinle (kg) uagma

Wutuignaunake/m)

Amuatv
® =125C
® M 4GS =gM + CS \la gr Ao Viinadadavuuuindnansroulinu, M Ae dwihwesdianans; G e
audiduresdadevuluthiy; S fle Usinasvesiidy; g e Uhinudadeduvuidnansiigaauna uas C
fa Anududuresdaievuiignauna

o auynlwlifiduievulusiinarsneuldau
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1.4 (10 points) aﬂ%ﬁa;ﬁamnmsmaaa‘luﬁaaﬂﬁﬁ'&msﬁﬁmu@‘lﬁaammumiﬁ']ﬂ“ﬂﬁwLEUﬁUuLﬁaumsSuﬁé?ﬁaﬁm
TOC Wiru 5 me/L dmsimsiuawinfiu 840 m*/day lesldreauililuy fixed bed granular adsorption wazthiirums
Uiadeaiinn TOC iy 1 me/L Tnenouraussluil sam

i @ bed volume floonuuy, m®

i Usinmsususiudideans, ke

i Awa1fdn breakthrough, day

v eUSesd breakthrough, Vs, m’

v eliTeseTudloimuslviuiuiudnaiilansuay 60 U

Munli
mMsneaelueaUjuans
® Sasnsivaildlunismeasayiniu 2 bed volume/hour
»  Gunudiuildlunmsveaeavindu 3 ke
" Carbon density Msvinaeai1iu 550 kg/m’
" USumsthil breakthrough wihiu 2000 L (e TOC feenitaviniu 1 me/L)
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faft 2 Mauandesudszy
2.1 (12 Azuuw) nmveassuisftinsidiemaruansatunisuaniudeulszueasdurianiisduiunsiay

THsFuusunn 0.1 Alansu

yhnsdsszalagldasasansledounaslsd (NaCl wieWlifuaniudsudssglugy R-Na
Sastumeinduiiardaeaalsd (CU)

Tnnsamsupadeunaslse (CaCly)

sewihevnslmsalevinsTartmunditures CU war Ca'? amdiuasiiivan i sduldnadmnes

- +2
Throughpu(: volume, L | €l (r;\g/L) Ca (omg/L) Avuald (1) dwiinezmeuwas Ca = 40, N = 14, H = 1
5 2 0 (2) EC = V—:i
10 8 0 (3) Density U84 resin SAWWAU 450 kg/m’
15 44 0 (@) U3anastniisaerinda NHe tinfu 5,000 m?
20 65 0 (5) Breakthrough (e C/Co =0.5
25 70 0
30 71 0
35 71 6
a0 Co=T71 27
a5 35
50 39
55 a0
60 Co=40

NANINAEBITU JIUTINULesUSHnsvesstwialdlunsinde NHe' audndy 20 me/L Iianauvae
2 mg/L
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2.3 (10 pzuuy) Manaassidnaunsziduies fiRnsldnedutrunduiiugudnans 10 cm Augeweustulu
AaRUEWIRU 2 M AIMUILLILYERLsTY (wet basis) Ay 850 ¢/L dnsimsivawindu 0.2 m*/h IINNINAABINUT
breakthrough firdaA1uNszAIle 15 eq dodainisldisduriadeafuiiesidnanunsedng 400 me/L as CaCos 1%
wietsanniisasinislvaveaninviniu 300 mY/day
el

o auFuvsnsiusiduiniu 44 %

® Breakthrough ATl 67 % w81 159U Capacity

® 1 meg/L =50 mg/L as CaCOs

991
1. meq %84 hardness Aoty (meq)
2. waveasdu (dry basis) (kg)
3. 1navensdusaui {wet basis) (kg)
4. wavenstudleyszansamnisiidn 67% (ke)
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2.3 (5 azuuw) wesvwmahssuuanduulszlulinuisssuundaussdn uagssuuvinuians

fo#i 3 nszudunTeRNBIntunaraanBIntuTUL.
3.1 (5 azuuw) arstatgnltlumseenfindumaaiilunuiuduindon 23und081901 2 13 AapAIUesUILR
UAsenvesensiiendegianiunseandinduasdunid
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3.2 (10 Azuuy) Msltlelyustrafivawaznisldloleusiuiu UV iiethinasnau chlorinated hydrocarbon uanasia
nsMMUEN  empURausilUll

1.0

0N -

P,
Ly

(.6

(44

CConeentration Kaao ¢

{

y oY

Chlorinated organic by ozone with

Mchh wobiphenyl

— ~~Bromodichloromethane and without UV radiation

Note: At pH 6-7 Ozone dose rate

‘l':‘ichlnmmcihm.c = 1.4 mg/L-min

\ T~ ~——_Hexachtom hiphenyl (L)

Trichiorocthyiene (l !

\ “
Bromodichlonaneiae 8 Vi
B

% ' S Crecbiorocthylene

g

Time tnung

1. nydifillolouiissagraisaiieinans bromodichoromethane 500 Mg/l Tuthuimaiisisnsilvawindu 2,000
L/min 99mUss@nsnngean (Wosidud) Mhdald enududuivie uazdiinulelyuinosdd (ke/day)

2. ns@tdlalausiuiu LV wethiUsas bromodichoromethane 500 pe/L Tuihuimadididnsilvaiviniu 2,000
L/min asmuszanSnmgean (Weddus) ivald anududuitvie wasuSunnilelyuitdedld (ke/day)
3. WisuifisudSunadeleuiildanvisassnsdl
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1.3 (5 AzuuY) 30vMsANNAYeIR3IUfAZe1u8a Fuea (CeHsOH) AU (1) H0, wag (2) MnO.
Aviualof

CoHoOc + dO° ——  aC0; + (b/2) H,0 15l d = 2a+b/2-c
H,0, — 0° + H,0
2MnOs + HO ——"2MnO,+ 30° + 20H
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d7uf 2 23881 (25 azuuy)

1. Wiwssinunmhffuiminsasdiodundahdvlunsednihiuseld mszmla

- € 2 aa % o ' £
M99 1 qcumwmmmﬂwaa‘liamuqﬂmmﬁumﬂumem

1MSANTIVIATIER

NANIATIDIATIEN

maadl (@wanndu me/L)
mmﬂssﬁwﬁwm (Total Hardness expressed as Calcium Carbonate)
Ul (BODs)

la% (TOC)

Aaalsa (Chloride expressed as Chlorine )
wouluwde Tulmsiau (Ammonia expressed as Nitrogen)
wian (ron)

upenda (Mn)

Wgaaliﬁ (Fluoride)

Yawa (Sulphate)

N2As (Cu)

daned (Zn)

upade (Cd)

anany (As)

Tuslus (B)

MeWANd

Arnudunsa-ang (pH)

& (Colour)

AUYY (turbidity)

N1998UY3E

MPN Coliforms/100 mL

E.coli/100 mL

195.80-267.71

2.00
4.50
7.99
4.83
0.34
0.67

0.053
ND.
ND.
0.03
ND.
ND.
ND.

6.64
2.1
2.55

10
Yoanin 2.2
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2. 99BNLUUIEUY Reverse osmosis Liienaniaveiniifiansazatetionnit 500 fadniuredas ludasinisnde
1200 gnuiAfumssedu Pnimzaifinududuindewns 2500 fadndusedns Taafuunalsr % Recovery
WifU 60% TIusa6iu 25 atm (2500 kPa= 2.5x10° ke/m.s?) wardisyaviveamsinave Wy
(A) = 3x10” ml.m?hr.s.atm
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