Chapter 4 Engineering System for water purification

4-2 water—treatment process

<Fig 4-1> Typical plant treating hard groundwater
1) Aeration

ii) Softening - Ca'" Mg removal

CaSOs + NaeSOs = CaCOs; | + NasSOq
MgSO; + Ca(OH); = Mg(OH), | + CaSOy (soluble)
CaS0O; + NaxSO4 = CaCOs i« + NaxSO,

iii) Filtration --- "Backwash”, sludge 2|7} %%
iv) Disinfection -+ Clz gas

v ) storage



* Fig 4-2 surface water with organics
<Mixing, flocculation, precipitation>
coagulation (%) ~ A A {Alum, Al(SO,)s, polymer} &7} rapid mixing &= colloid

<+
flocculation (%tf5) ~ slow mixing © & floc A
precipitation ~ A
Alx(SOy)s - 18HO + 3Ca(HCOs3); — 3CaSOs + 2A1(0H); | + 6CO, + 18H-O
!

natural alkalinity
i) Al(OH)z9] floce @7d3t7] ¢l8to] alkalinity”} 2=
i1) natural alkalinity”} $<3}H Limes F¢
<adsorption>
~ activated carbon(AC)2. & dissolved organicsS &%+
i) granual AC - €2 column
i1) powdered AC (d<0.1mm)
* Regeneration
- steam

- heat pump



—  CaCOs7}F 90% ML

* 213]4 (lime stone)
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CaCO3 &% : rubber, plastics, paint, pigment, #| X, W&, X<k o= #7184, 3}

* 23] (Lime, burnt lime ; A8Z%) — Crlj7} 90%
- 7]sol WA ek A

HzO, Ca0 + H:20 - Ca(OH)z

CO;,, CaO + CO; — CaCOs

&% ~ H7A, carbide, BT - pulp, FF, W AT, HIE etc



4 - 3 Aeration

i) degasification ~ remove undesirable gas dissolved in water

i1) oxidation ~ O:= FU 3} undesirable &% — more manageable term

* Liquid - gas contact system

method

Application

water — in — air

system

- fountain (= spray aerator)
- cascade tower
- Tray tower
- Fe'', Mn'"9 oxidation
- packing materialol KMnO;$}

2& A3FA| 2 precoating

gas desorption

Air - in - water

system

- spargeE ©]&3%F ¥ 7]

gas adsorption

* Tray -+ plate colume (B&¥%) Wl AX3 F-W BEHS THE




* T o)A kel A (stoke's HAH)

friction force (OFE#); Ff

N buoyant force (&)

___— gravity froce (E)

<TFA>

@D particles &7 ddls F-°]t}.

@ ®E=p, A= pd A FellAM BR7F uz JAT
@ FA Hrv FAST.

1) Newton’s 2nd law : F=ma

maZQD(%)ng—p,(%)D?’g—Fd ****** @
i1) at terminal setling velocity ma = 0 ————— ®
C u?
iii) by experiment F ;= % ****** ©)4
£,
1
. . . 4 g pp_pf
iv) terminal velocity u= (5 -—2--"2—-LD) ———
y 3 Cp py p
v) Cp (drag coefficient) = f(Nge) ————- ®
_ Iy
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vi) Nre < 0.1 (stock’s law) from @®

_ &p,—p)?
u= 18n



* Type-1 settling®] 1°]A settling characteristics of suspension
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AFE (over flow rate) = Q/A=( tank%?}h%@ ) [m'/day- me]
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frequency Accymulation
—>=gjeve ; SUF=H
= settling & & : remaining &=
particle, D

<sttling test>

A
Zo Xo | ——
remaining ‘
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oy Sampling gy ‘

Zo/t=V BLEE

Vo (loading rate)
=Q/A



« 27155, Co mollAe HAd 243
7;(3]701'?:10], ZO —
Al ZE TE wolglE= fraction (x) Azte] HAEE (v)
t=20 Co Co/Co = 1 | Hol drtd
t=1t Ci Ci/Co n < zo/ts
t =1t Co Cy/Cy vy < zo/ts
— A7k W& 'C'E =AToREAN v ¥ x9 graphE 1¥ F Ut
example 4-2 setlining column analysis of type-1 suspension
column Z°] = 2m
time (min) 0 60 80 100 130 200 240 420
TE
300 189 180 168 156 111 78 27
(mg/ 2 )
i) loading rate 25 m'/m’ - day
!
ol =2 O :Q 3 2
E‘ITE_(U()) A [m /m d]
__ 2ol
= ARA
Ha A4 A77) Aok A AREE
i1) theoretical removal rate K
<sol>
D
time (min) 60 30 100 130 200 240 420
mass fraction
o 189/300 = 0.63| 180/300 = 0.6 | 0.56 0.52 0.37 0.26 0.09
remainig ()
o x 107 2m/60min 2m/80min 2.0 1.55 1.0 0.83 0.48




1.0

X 0.5 /r

Vo=1.74 = 0.02

|
|
|
| | | Vi * 100 m/min
Vi Vi ) 3

@ loading rate (vg) = 25 m/m’ - d
= 1.74 x 10 m/min
by graph xo = 0.54

9 X=0-x) + [ Ltd,

=(1—x, + Tlozukﬁx

AX v, % 107 )
(A2e] Weth | (gaphel A gegy| X% 10
0.06 15 0.09
0.06 122 0.07
0.1 1.00 0.10
0.1 0.85 0.09
0.1 0.70 0.07
0.06 0.48 0.03
0.06 0.16 0.01

SAX o = 046 x 1072

0.46x10 ~*

X=(1-0.54)+ L 74x10=2

=0.46+0.26
=T2%
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type - 2 setling -+ flocculant®] *
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<isoremoval limed from setling analysis>
) AEE ARFEHL TS YRS 2E ERA
ii) A7k 7z} E=olo A samplingdte] RHE4d $x =3
i) AAEE A4Ee] Zo] vs time graph 1k — SAAS 34
ex) AFAITE ty, 2ol hsell A ] AA P& AAE
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ex?2) isoremoval lime®. 2 FE 2 tE analysis
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4 - 4 Solids separation

type — 1 settling (= Discrete settling)

settling velocity = 974

=2°0

— terminal settling velocity

_ |4 sb—p)d
3 Cpo,
sludge =
t
flocculant settling (type — 2 settling)
dL/dt
toll meh JAEH=7F S71
2 0]
(L)
sludge =
t
Zone settling & compression settling
=3 8 =
A A e a
py D D

Height of

sludge—liquid
iNn
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)
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‘\

transition

|-~
ZzonNne compression

t
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4 - 5 Settling operation
Long-Rectangular basin

i) inlet zone ~ baffle® tank N2 Y ZES horizontal & vertical3} Al uniform

=
i1) outlet zone ~ weirE &3} overflow A]Zlth
iii) sludge zone ~ scraper® sludge 3|

iv) settling zone

A
x  Discrete particled &x
component
y i) vertical
h
—p . )d
v _(p,—pyd,
° V=& 18u
Zo i1) horizontal
0. = Q
>V A A
Z Ve
v
* retention time (to)
_Vv_ Law .
t, 0o~ o @ L : length
Zo - depth
W : width
ZO Zp
to UO - Tt 777777 @
i) v o} AAEE7F & gAs 25 JHAd
i) o BTt BAEEs 4K —Aougw W
Uy
i) from @ @
Z, LZ,Ww Q Q
To = Q0 Ll iy 38 7o A, tank surface Area

overflow rate (go) [m'/m’ - day]
- discrete particle = 1.0 ~ 25 m/h

- flocculation suspension = 0.6 ~ 1.0 m/h



¥ 5512 HA 8a HAA A%

et g e
Al AZH h 15 ~ 25
dF F%, m/m -d

Hit 32 ~ 48
45 T 80 ~ 120
o] H3F, m/m - d 125 ~ 500
A4, m
!
z1 0] 3 ~5
Z o] 15 ~ 90
=3 3 ~ 24
=dA 2agely £% m/min 06 ~ 1.2
!
71 0] 3 ~5
X = 36 ~ 60
vket 71&71, mn/m 60 ~ 160
A 23] 4%, r/min 0.02 ~ 0.05

x 7)1 AR €8 A AA AHAAE Zo] 60me]Ql Ho](bay)E }$-o]of g}
2+ & : Metcalf & Eddy, Inc. [5 - 36]



ex) 44 Q = 15000 m'/d
by flocculating particle®] column analysis
- overflow rate (go = vy) = 20 m/d
- depth for satisfactory removal = 3.5 m

— settling tank size R?

<sol>
i) two tank® “Erh
Q-ma  A=D00d g5y
i1) selecting, length : width = 3w @ w
wx3w = 375 m'
width = 11.18 = 11m —

length = 3354 = 34m | x 27}
_

depth = 3.5m
iii) check
- -V _ (11lm)(35m)(3.5m) _
) retention time= 0 7500 [ d 4.19A

© horizontal velocity

_ @ _  7500m/d _
A (11lm)(3.5m) =8.1m/h

Q

weir overflow rate =——=7
© weirlength

_ 7500m'/d
11m
m’!
h-m

=28.4



* Solid - contact basin

1 Type

down flow up flow

=

N _J

ex) fixed bed ex) expended bed
fludized bed

— > pack washJl ©ZFE QICH

2. Application : filtration

Activated carbon tower



