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Physical and Radiological Characteristics
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( 48)
{1} )"
{12} ({1}
(
(
(
(
(
(
(
( )
( ) 2-2



105

103

550

Solids Content

Dissolved solids:

Suspended solids:
) (

Fixed and volatile solids:

Settleable solids:

42
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A-2
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{12 311} 1-2

( )
100
100 1
[
1
1-2
1-2
1-2
68.6942
68.7254 104
68.7049 550
100
-1
-2
68.7254 = +
68.6942 =
312=  0.0312=
/ = -3
/312 =100+1000x31.2 =
-4

68.7049 = +

44



68.6942 =
/ 10.7=0.0107 =
/ 107 = 100+1000x10.7 = -5
= -6
/203 =107-310 =

Turbidity

Nephelometric turbidity method
{13 5 3}
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Taste

Odour

{1} ( )"
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{5 3} 2-2
CH;
H,S
CsHsNHCH;
CH2(CH»)4NH;, NH2(CH3)sNH»
(CH,),S, CH3SSCH; ( )
CH;NH,, (CH;);N
Algae
CH;SH, CH3(CH»);SH Mercaptans ( )
5
( Odour Threshold)
( )
)
(
Colour

47




(0]
.Peat
)
(
(
lignin
Nesseler: o
. Spectrophotometer o
. Field kit o
500
100  CoClp 250
True ColourUnits (TCU) 500
15 Hazen.

{4 3)
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°C =[5/9]*(F -32)
°F = [9/5*C] + 32
K="°C+273.16

Temperature

(
(
(
- (
(
(
(
(
(-2 2-2 1-2)
2-1
2-2
2-3
=C
=F

49



Fg, = [(9+5)=x80] + 32 =176 °F.

F e = [(9+5)x116] + 32 =240.8 °F.
F o= [(9+5)%(-19)] +32 =-2.2°F.

TDS =a*EC

4-2

2-4

50

19 -

2-2

116 80
-1
(2-2) -2
OF =[9/5*C] + 32
% 80 -3
2 1 -4

Conductivity
/

=TDS

Il
[



3-2
[ 2150 =
/[ 6400 . 2688 =

4-2 -1
a=TDS/EC = 2150 + 2688 = 8

C -2
EC = TDS2/a = 6400+0.8 = 8000 /

Salinity
:5-2
5-2 x1.805 + 0.03 =
(Salinity = 0.03 + 1.805*Chlorinity)  2-5
« 7)) =
« 7)) =
( )
Density
.6-2
p=m/V 2-6
¢/ ) =p
() =m

51



2/ 1000 760
7-2
k=1/p
.8-2
Y=p*g 2-8
( )
s.g.=p/py

Bulk modulus of elasticity

Ey = - dPAdV/V) = -dP/(p/dp)

52

2-7
( 7) =k
¢/ ) =p
3/ =y
3/ =p
2 / =g
.9-2
(2-9)
=S.g.
3/ =p
3 / = pw
Bulk modulus
10-2
(2-10)
2 / :EV



( Rheological Properties for Fluids (Viscosity)

d1-2

F= t*A= - u*A*dv/dy

v=u/p

2/)(

2/)(

53

3/ :p
10-2
)
2-11

=F

2/ =1

=A

= =dv/dy

= =u

/2 =v

3/ :p



((1-2 )

Newtonian fluids:

Pseudoplastic

Dilatant

Bingham: Viscoplastic

Thixotropic fluids:

( )

hysterisis

Rheopexy: Anti-thixotropy

{3:14¢15:16}

Gl g,
¥ (slaadl) Gl cpall) calgaiy ol

T/— v Sillaall Jia S G igi g Y

TR i) Galall 5 Ay 5 el

—— ol selly cu il ol el

/Ré)ﬁd\daﬂdhqm

1-2



086 / “10x4.5

v =45x10" / sg =086
/1000
0 =0.86x1000 =860 /
12-2
u=p v = 4.5x10'x860 = 0387/ x

{14} 1
{17}

13-2 100x(

55

: Moisture content
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-2 . Immiscible liquids
2-2

2n*r*c*cos =

( 140

14-2

h'=2%c%cos¢ /(( p;- p,)*g*r) = 4*c*cosd /(( py- Po)*g*D)

20

920

31 ®10x9.789=y [/

:19-2
19.8 =3710 x 1.5 x P10 x 9.789) + [(

56

g *h(p-p,) =

/ =p,
) =P,
=g
) =h

(2-14)
=D

5-2

1.5
:h=1.5 -1
(1- ) -2

10x 787 =c

-3

g*h/ cospx 6x4 = D

x 710 x7.87 x4]=D



2-2

Radiation properties

}.3¢¢4¢7:9¢10}

{18} 50 : (

3-2
%7777/ /7

A 4

“—

Nz
.




X 10 )

99 30

(1 °10x3)

4
__________ Y ,,* He, 15-2
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XZA __________ Yz—4A+2 e 0_1
}
2
(D1)}
17-2
E==nn3
3-2

16-2

16-2
( ) = ¢
H," (n,) €-1)  (He')
(27 4 3}
/ /[ x =E
/ *10x3 = =v

59



{34} 3-2
28.1 St
1.28 x10° K"
218 P03‘05
4,6 Br
123 H
5 234
2.48 x10
451x10° Ut
53 co”
5730 c"
371
30 Cs
8 F13
143 P’
15 Na '
1600 Ra "
214
26.8 Pb
24.1 Th™"
1986
30

18-2

Log n/n = -k*t/2.303

60




(19-2 )
k=0.693/t,,

25 2
1.24

25= t1/2 2= np -

:k=0.693+25=0.02772 19-2
18-2
Logn/n, =-kt/2.303 Lnn/n = -kt

n75 = ngxe-kt+2.303= 2x10-0.02772x75+2.303 = (.25
n110 = nox10-kt+2.303= 2x10-0.02772x110+2.303 = (0.095
1.24

=nt=2-124=0.76
t =-(Log n¢/ng )*2.303+k = -(Log 0.7912)*2.303/0.02772 = 34.91 day

(pH value)

61

=t

6-2

110 75

3-2



{33)

4
59 11
{4}
HCI 2 )
(
20-2
pH =-Log [HT] = Log (1/[H']) 2-20

= [H*]

7 7 14

7
7-2
5.09 (
0.076 (
10.8 (
5.09 : -1
-2
pH= -Log [H *]=Log (0.076 + 1000) = 4.12
-3
:pH = 14 - pOH
pOH =10.8

pH=14-108=3.2

62



(Acidity)

7
(Alkalinity)
Buffering capacity
6.2
CaCO,. / 5000 1000
:(Chloride)
{3}
Cr
/ 250
/ 1000

{3:6}
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( )

Methemoglobinemia.
(Hardness)
(4-2 )
{19 4 3} ( ) 4-2
HCO5 Ca™
NO;’ Fe™"
SO () Mg"™
Cr Mn""
SiOy” Sr
( )
( )
3}
{10 98 7 6 4
21-2 {6}
Hard = 2.497*[Ca’ 1+ 4.118*[Mg ]
(/7 ) = Hard
(1 ) =[Ca" ]
(/) =[Mg ]
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5-2

{13 10 4 3} 5-2
CaCO; |/
75 -
150 - 76
175 - 151
300 - 176
300
d
( )
Plumbosolvancy)). )

Cardiovascular diseases.

(Sodium adsorption ratio, SAR).

65

{6}



8-2

/7 ) (/7 )
57.6 SO, 40 Ca
152.5 HCO;- 243 MgH
Cl- 11.5 Na
12.4 NO,- 17.52 St
(
(
(
Bar diagram (
(
-1
22-2 -2
C= C()/EW
/ =C
/ K = CO
23-2 —EW
EW =MW/Z 2-23
1- ) =MW
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CaCO,
24-2

/

(2-24)

/
50=2 + (16%x3+ 12 + 40)
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CaCO; / / « )

100 2 40 20 Ca

100 2| 243 12.15 Mg

20 04| 17.52 43.8 Sr

25 0.5 11.5 23 Na'

( )

125 2.5 152.5 61 HCO,-

60 1.2 57.6 48 SO,

50 1 35.5 35.5 Cl-

10 0.2 12.4 62 NO,-
25-2 -4

25-2 ( + + ) =
CaCO; / 220=50x44= / 44=04+2+2=
CaCO; / 125=50x25= / 2.5=
CaCO; / 95 = 125 - 220 = - =

= -5

49=3.9+Cl-

/ 1=

CaCO; / 50=50x1= /Cl- 355=1x355

8-2 -6
2 4 44 49
Ca Mg St | Na'
HCO, SO, Cl- NO;-
2.5 3.7 47 4.9

.8-2 -7
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C, = P*MW/Ru*T

Pg: Xg*kH

SrCl, = 0.4 NaCl=0.3

Ca (HCO»), =2 ‘T ‘ MgSO4—l.2T

Mg(HCO;), =0.5  MgCl,=0.3 NaNO;=0.2

8-2
CaCO; [/ 100=/ 2=
CaCO; /[ 25= 1 G5 =
CaCO; /  60= / 1.2=
CaCO; / 5=/ 03 =
CaCO; /  20= / 04 =
CaCO; / 15= 1/ 03 =
CaCO; / 10= 1/ 0.2=

(Dissolved oxygen)

26-2
(2-26)

Cr) =Cq
¢/ ) =Py
(2-27)
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Xe = Ng/(ng+ny) (2-28)
x | 83143 =
29-2
Cs = kp*C, (2-29)
Cr)
30-2
C'=C*(P - pw)/(760 - py) (2-30)
) 1) p
)y 1)
) ) (
6-2 ()
{21 20 3} 6-2
4.58 0.611
6.54 0.0872 5
9.21 123 10
128 171 15
17.5 233 20
23.8 3.17 25
31.8 424 30

70
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#°25

/68 620
/ C'=6.8 P =620 T=25 -1
23.8 = 25 = 6-2 -2
30-2 -3

Cs*(620 — 23.8)/(760 —23.8) = 6.8/
Cs=284:

: Oxygen Demand (OD)

Biological Oxygen Demand - (
Permanganate Value (
Chemical Oxygen Demand (
(VI) H2SO4

Biological Oxygen Demand (BOD) -

{10 9 8 7 5 4 3}

70 60 .20 99 95
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{19 4}
- (
31-2
dL/dt = - k'L 2-31)
32-2 31-2
L/L,=¢""'=10™" (2-32)
t. -
33-2 =
k, = 0.4343*K' (2-33)
34-2
BOD, = Lo - L= L, (1 - 10™1" (2-34)
35-2 -

BOD, =L, (1- 107"
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_ - Kt/

BOD;
\t
t —>
- 4-2
10-2
°20 /450 5 -
- (10 ) 0.11
/  BOD,’=450 k,=0.11/ :t=5 -1
-2
BOD,” =L, (1 - 10-5k))
450 =L *(1 - 10-5%0.11)
L, =6266 /
- k) (L,
(1-
36-2 Kt(1+kt6)° o)
BOD = Lok't(1 + k't/6) (2-36)
37-2 36-2
t/BOD)"” = (k'Lo) " + ([K*"1t/[6Lo""]) (2-37)
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(e )
38-2 37-2
y=a+ bx (2-38)
y = (/BOD)"” (2-39)
a=(kLo)"” (2-40)
b= k'2/3/6L01/3 (2-41)
a X y
43-2 42-2 Lo K
k' = 6b/a (2-42)
Lo = l/k'a’ (2-43)
44-2 37-2
t/BOD)"” = (2.3k,Lo)"” + [k, ]*t/[3.43Lo ] (2-44)
k,=2.61b/a (2-45)
(10 ) k1
Lo = 1/(2.3k,a’) (2-46)
7-2 -
23 22 5 4 3} 7-2

SS / CcoD / BOD, /

200 400 200

300 - 200 700 - 400 350 - 200

1000 - 300 1000 - 701 500 - 351
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1000 1000 750

{4 3} -

11-2

82
126
151
164
172
175
178

N[N N[ W (N~

.10

(t/BOD)"”
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k'=6b/a

Lo=1/k'a’

/
82 1
126 2
151 3
164 4
172 5
175 6
178 7
t (t/BOD) "
(b=0.018888)
(a=0.213004)
3 42-2
(e )0.532 = k' :
- 43-2
/| 1945=Lo:
k, = 0434 K
(10 ) k,=0.231:
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t/BOD)"”

0.35

0.30 7

0.257

0.207

0.157

0.10+

0.054

{24 3} (

Chemical Oxygen Demand

(111

(Dissolved gases)

(Nitrogen)

77

425



(D) Nitrous

Hydrolysis

{10 8 7 4 3}

(
(111 ) (
acid

(V) (

( - / 10

6

Biostrmulants
(Protein)

20 20
{987 4 3
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Activated Sludge

{4}

( )
30 15
50 28 Digested Sludge
}.25¢26 {15
(Carbohydrates)
( )
)
(

(Oil and grease)

27 3}
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( / .000)

Biological & Bacteriological Characteristics:

Animalia Plantae

Saccharomyces

(Lactobacilli.
Colstridium aceto-

Citric acid

80

(Phenols)

(Trace elements)

(Flouride)

Protista.

{9 4 3}

cerevisiae

butylicum

4-2



Aspergillus niger Gluconic acid
Streptococcus hemolyticus Streptokinase

Saccharomyces Invertas
cervisiae.

Streptomycin Penicillium spp.

S. aureofaciens, S. rimousus.

Escherichia coli

81



30

(enterococci) Fecal streptococci

% 10%50)
Streptococcus faecalis

{31 30 28 27 4 3}

(Carbon tetrachloride

028 3}

5-2

Trichloroethylene

82



( D)
Polychlorinated biphenol
Trichloroethylene (PCB)

leachate

Sanitary landfill -
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Fibreglass

Pyrite (FeS2)

Ethylene dibromide
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(1.025

{31 30 28 19 3}
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{28}

.164

32

{40-32 29 4} :

86

.96

6-2



.65

32 "

(Deep ocean)

(Open

(Continental shelf)

(Coastal ocean)

87

14

41

.53

A2

ocean).



(Yusho)
(Itai-1tai) -

29 3}

(Methyl mercury)
(Chisso)

(Polychlorinated biphenyls, PCB)

(Formaldehyde)

88

{40-32

1930
(Vinylchloride)



(Methyl mercury chloride).
(Neurological poisoning).
1956

8-2
84 65 (pH)

9 (pH)
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90

{29 3} :8-2

Daphnia magma 0.3
Daphnia magma HCI 62
Daphnia magma HNO3 107
Daphnia magma H,SO, 88
5
18-8 Gold fish 0.1
) 513

Minnows (
96-24 Gold fish 0.8
Daphnia magma 0.04
Daphnia magma 0.01
Microflora 0.01
1.5-1 Gold fish 34
133 ) 25

(Trout
4-3 Gold fish 0.12-0.04
2-7NH,
99 Gold fish 10 H,S
5 Trout 3
Daphnia magma 156 NaOH
Daphnia magma 52 Na,PO,
0.005
29
(Tunicates) -
. (DDT)




{40-32 29 3}

O O O O O

91
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1967

Pelagic diving birds

(Torrey Canyon)
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5-2

(Polycyclic Aromatic hydrocarbons)

9-2
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29 3} :9-2
-+ — R R
-+ - -+
+ ~ —
++ _ ++ ) ++
PR ++ - H
-+ -+ - +
M () +++
~ ~ T ~
- - + +
} - a— N
~ ~ ~ T
-+ -+ + =
-
S
+
+
29
129 3)
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96

29
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R

.10
A1

12
13
14
15
.16
17
18

.19
.20

20

21

22
23

24
25

.26

27

28

.29

.30
31

32
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58-:

¢/

33

34
35
36
37
2-7-2
1
298.8 277.7 2232 :°268 40.6 256 45 50: ) .5144 105 78 40.1
(5412 313.8
/I °10x15 > 876 2
¢/ Cloxiz: )
7789.1 0.794 : ) 31 79
4
) T (dv/idy [/ rad/s)
(
0 0
4 2
5.5 3
6.8 4
8 5
8.8 6
) T 5. (dvidy / rad/s)
(
0 .8 0 .7
4.10 0.5 .9
7.12 0.8.11
11.14 1.1.13
19.16 1.5.15
( )

99



20

14.3
98
334 80.7 45.1 :

noon nn

328 ).

(96448 :162¢81 :47.65 95.3 :52.5 52.5: ) -

26.6
207.4

100.8
62

/ 133 =

)
/13600 = I 0.466
( 21: ) F T1ox1.15 =
: 6
| 475=
/|  525=
/ 175=
/5=
)
16 7
1.8
(
+ = 2+ 2
/1 4
( / 028
9
.10
(/ 48: ).1045
11
(
Cl- 27.6 Na’
HCO3- 429 K’
SO4-- 38 Ca
NO3- 34 Mg
17.5 Sr

100



/

10

85 170 225 : ).
(%2 CaCO3
/10000
(/7 62: ). 69 °30
() C7 ) -
82 1
205 3
5 -
(/ 4694  /0192: ).
°30 (BOD3) -
/378 20 5 -
(/ 287: ) 0.3 e)
/7 ) - ()
13 1
20.5 2
25 3
27 4
28 5
28.7 6
28.8 7
( /022 / 3228 /051: ).10

101

12

13

.14

15

.16
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174

Potential Head.

(7)

()

Poiseuille



Confined Aquifer

32-4
vy = - k *(d¢/dx) 4-32
()x = Vx
(7) =
() =0
() =
33-4
q = - k H(d¢/dx) 4-33
(1 13) =q
() =H
Steady Flow State: (1
34-4
dg/dx=0 4-34
35-4 34-4 X 33-4
dg/dx = - kH(d*¢/dx*) = 0 4-35
d*¢/dx* =0 4-36
37-4 36-4
p=bx+a (4-37)
() =0
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37-4 d -v/k = d¢/dx =X =0
.38-4
¢ =-vx/k 4-38
38-4
X.
One-Dimentional Flow
Dupuit
d¢/dl = d¢/dx ) .1
( do
( ) 2
39-4
q = - kh(dh/dx) 4-39
4-40. =X h=hg 39-4
q = k(hg? - h?)/2x 4-40
Parabolic form. 40-4
Unsteady Flow: (2
(S)
Specific Yield.
{3}
41-4
9%h/ 9x? + 9%h/Ady? + 9%h/9dz? = (S/kH)*( dh/at) 4-41
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9-4

{38}
Phreatic Surface
42-4
= - kH(dh/dx) 4-42
43-4 X 42-4
dg/dx = - k[d? (h?)/dx?]/2 4-43
43-4 44-4 Continuity Equation

A45-4

dg/dx =0 4-44

d? (h?)/dx>=0 4-45

46-4
N.
d? (h?)/dx? = - 2N/k 4-46
A47-4 46-4
h?=-Nx%*k + ax +b 4-47
450
/03 1 85
(9-4 ) 1.3

15
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450 = %85 =N =

. 15=H /] 03=k 15 =h 1000= x 163 = h = x:
/ 3710%1.05 = 365+0.383 =  / 0.383 = 1000.45x85 = =
/ 72=24x03= [/ 03=k
‘h’=-Nx*k +ax+b 1

a=0.115 b=256
h?=-Nx%k + 0.115x + 256 :
: q = -kh(dh/dx)
. dh?/dx* = 2h(dh/dx) = -2Nx/k + 0.115 4
:q=Nx-0.058k
1000= x

q=1.05x10"x1000 - 0.058x7.2=0.63 /I .

q=-0.058x7.2=-042 /I .

/P 042 /T 0.63

9-4
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Drawdown

) Transmissibility
(6-4 ) (
Steady )
Unconfined). Confined ) Unsteady)
2-4
{109 87654321}
2-4
() ()
500 15
1000 400 20
2000 800 25
3500 2000 30
5000 3000 35
7000 4500 40
10000 6500 50
17000 8500 60
Surface runoff 5-4
) Water Shed
Drainage Basin ( ( )

{3}

{8 3}
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3
Direct
Base Flow Flow
)
( ) (
(Dilution Gauging) ( D)
Velocity-area method
Current Meter
( Control Structures )
Flumes Weirs
Chezy - - Culvert.
Lloyd -Davis Rational Formula Manning Formula
- 48-4
q=(1/n) A R,?*s"? 4-48
() =q
( 0.035 ) =n
¢) =
( ) / =d =Ry
(/) =s
Peak Runoff. 50-4 49-4
Q=C*i*A 4-49

Q=0.278*C*1* A 4-50
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Concentration Time of.

(50-4 /> 49-4
(50-4 / 49-4
(50-4 2 49-4
{3:8}
(
=1 =Q I Q)
Frequency.
Radioactive Salt Dilution
S1-4
q=[(c/ce) - 1]*q: 4-51

182

{6 3}

Salt Velocity

< RV N N

Tracers.



3}

{8
Rating Curve
{10}
Stage Water Level Elevation
{3}
Flow Duration Curve: (
Cumulative Frequency
Ripple Diagram Flow Mass Curve (
52-4 S - Curve.
{8 3}
4 t
V=[(Q xdt)=>(Q, xAt) 4-52
t, t=t,
=V
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()

).

()

(7-4
Draft Line

)

()

()

)

{4 3}

()

()0 0)

(

184

(
Draft Line

) ()

()

()

7-4

()

()



draftlin;\\\\x -

-~

TZAVA

t, t

[\

7-4

10-4
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10
32
25
20
13

12
38
56
64

180

.10-4

186

) )
10 10
42 32
67 25
87 20
100 13
103 3
104 1
106 2
118 12
156 38
212 56
276 64
2

-1



P 610%94.608 = (1 )365x( [ )24x( [ )60x( I 180)
() -5
() -6
3 %10x20 =

300

)
O]
*
~———
N4

250

200

150

100

50

10-4
Hydrograph: (
53-4 Base Flow
Q= Q,*e™*! 4-53
t =Q
=a
=e
Unit Hydrograph
1
1 {8 3}
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{10}

{10}
11-4
4000
(
(
. Q. Q : -1
Qt = Qa*e_mt -2
21
() 4000 = Q,*e™
(2) (4000/3) = Q,*e™"*
a=0.05: a 21
Qa 2 1 -3
(4000/60) = Q,*e-0.05*8
P 99.4 =,
Q,=99.4%0" -4
-5
Qi =99.4%""t . 4
ng _ 99'4*6-0.05*90
P 66.6= I 1.1=Qy,
5 -6

3 — 3 —
P 07= F 0012= Qg
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i=a/(t+b)

189

© ®» 9 L A LN o~

— _ =2 = = = =
N O b WD~ O

18

.19
.20
21
22
23

6-4
1-6-4



: EVa = 0.35%(es - €)*(0.5 + 0.5u,)

(/7 3.11:

:Q=0.278 CiA

10 4

275 253

190

/

24

25
.26
27
28
.29

.30
31
32

33
34

35

.36

37
.38

2-6-4

4.1 35



).

( °20.6 6.05 18.2 24.2:
386
()
350
412
381
(401 : ). ()
6
()
(2
20 48
40 30
18 26
50 _
10 50
26 33
) -() 40
: ()
: 30 43 20 G) G) ()
480 610 710 540 G) ) (1) ()
( 29 ).
680
1
-4 ) 15 /05

191

51.5

90



.9

20

/P 12-05:

9-4

/ 0.3 =k

680

1000

7-4

()

A

)

15
16

4
48

1

17
18

60

19
20
21

77
16
25

17.9 :
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115

C 7))

10

18

20

30

15

10

RV QN[N | |W(IN|—

55

60

50

20

12

o 20.5

7-4



17 (
(k=0.88). ). 17 (
( 7.1 445: )
.10
8000

21
15
14
10

14
26
32

15.5: ) .

36 A1
20

(P 27 Q =4536%%" - )
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{1}

973

581

(68)

{1}

{1}

(70) "

588

196

{1}

221

1-5

(30) "
(69)

214 {1}

{1}



128

CO,

{2}

H,S

197

(3

404)

(NH;

2-5

U T U VORI S Qe



Physical Treatment Unit Operations

1-5
- Rack, bar,

198

{16-3}

.10
1

3-5

)

:Screening (

{4 3}

fixed screens



{4 3} 1-5
C )
0.06  0.02 ( )
20 1
40 20
400
Ho
1-5
H = (a,/a)* *H, 5-1
0.5 {5 3}
screenings
/05 03
/ 0.7

25

199



( 1-5

) Drum screen

( 1-5

-

1-5

{7 4 3}

200



Sedimentation and Flotation

Sedimentation tank

Scum

2-5

2-5

{3}

Sludge thickener.

201



202

{3}

)
( )
)
«( )
Discrete.
{3}

v
v
v



{34}

{5 3}

{17 15 9-4}

{20-18 16 8 3}(

N

3-5

203



Discrete settling

Flocculent settling Hindered settling

Compression settling.

)

) Discrete settling, Class I settling

(Hindered (zone) settling

(
{13 3}0.2

2-5
Viv = (1-C)*®

( /) =v
(7)

Flocculant settling

Compression settling

204



Settling Theory for Class I settling (Discrete settling):

3-5

S-5

4-5

= p*Cp*A(v2/2).

VEg*(p, - p)

4-5

5-4

Cp =24/Re

205



5-5

Re = p*v*d/p

v=g*d**(s.g. - 1)/18*v

10*>Re>0

Cp = (24/Re) + (3/[Re] ) + 0.34

=Re
inertia
5-5
=Re
C/ o) :
(/) =
() =
G/ x ) =u
.6-5
5-6
(17) =v
¢ /) =g
() =d
.=S.
(1) =v
7-5
5-7
.8-5
5-8
=Cp
=Re

206



.9-5

v= {[4g*d*(s.g. - )]/3* Cp} "

10-5
500 <Re < 10"
11-5 0.4
Cp = 04
12-5
v=[33g*d*Gs.e - D]
0.055

.°T=20

207

59

5-10

5-11

5-12

1.3

d=0.055

. %20

is.g.=1.3:

1-5



. °20 (1-) -2
v =1.011x10°° m?/s

v=g*d™*(s.g. - 1)/18*v
v = [9.81x(0.055+1000)’x(1.3 - 1)] + (18x1.011x10°) = 4.89x10" /.

Re= v*d/v -4
Re = (4.89x10*x0.055x10) = (1.011x10) = 0.027

0.5
(6-5 )
-1
-2
(Co). -3
-4
( (hy, hay.. hy), (C1, Ca, ... Cy)
\ 4 h]/tl -5
A%
13-5 (V1 ) Xi -6
X1 =Ci/Co 5-13
-7
14-5 7-5 7-5
1 ¢
X, =100- X, + — [vxdx 5-14
VSO 0
14-5 jvxdx 7-5
0
0.65 ( ) -8

.0.85
1.5 1.25

{10}

208



vso (

hT)

A15-5

5-15

&EJY\

6-5

209



18

Xo

i
a8
SRR
B !
iy

VSO e
7-5
12000
(/ ) ()

94 I 0.6
165 15
201 2
218 25
226 3
232 35
236 4
53 I 12
65 15
94 2
133 2.5
165 3
187 3.5
201 4
51 1 1.8
53 15
59 2
76 25
94 3
121 35
145 4

210
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250 (
(
18=D /3 12000 =Q 4 =N : -1
-2
.16-5
.16-5 =
)
17-5 - 100 =
(%)
(%)

62.4 37.6 0.167 1 0.6
34.0 66.0 0.111 1.5
19.6 80.4 0.083 2
12.8 87.2 0.67 2.5
9.6 90.4 0.056 3
7.2 92.8 0.048 3.5
5.6 94.4 0.042 4
78.8 21.2 0.333 1 1.2
74.0 26.0 0.222 1.5
62.4 37.6 0.167 2
46.8 53.2 0.133 2.5
34.0 66.0 0.111 3
25.2 74.8 0.095 3.5
19.6 80.4 0.083 4
79.6 20.4 0.5 1 1.8
78.8 21.4 0.333 1.5
76.4 23.6 0.25 2
69.6 30.4 0.2 2.5
62.4 37.6 0.167 3
51.6 48.4 0.143 3.5
42.0 58.0 0.125 4
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-3

( ) ( )

2-5
+q = -4

I 0.035 = ((60x60x24) + 12000) =
A = (W4)*D’ -5

2 2545="18x (4+3.14= A
vs = Q/A -6

/' 0.138="10 x 1.38 254.5 0.035 = vg
Xo / 0.138 -7

%49
-8
X;=100-X, +LTVXdX.
Vo 0
3-10%4.04

X1 =100 - 49 + (4.04x107 + 1.38x10™) = 80 %.
18-5 9-
(5-18) Ce = Co*(1 - XT)

1007

807

601

407

207

/| Ce=250x(1-0.8)= 50

0.10 0.20 0.30 0.40 0.50

212



580

{3}
19-5

Re=p*vu/p =vu*ry/ v

.20-5

vy =Q/A =Q/B*h

:3-5
25

13050
. 2=h 25=d [/ 13050=Q: -1
vso = Q/A : -2
. -4 10x3.1 = / = Vso
L t=V/Q = (pd2/4)*h/Q 3.
1.8 =

t = ((3.14x25 2+4)x2)=13050 = 0.075

: Turbulence (1
2000
5-19
=Re
¢/ ) =p
(1) = Vi
() =rH
Crx )
(7
(8-5 )
5-20

213



]

%t’h\\\\\\\\\\\\“

¢ 7)
C7)
()
()
0)

oot el

8-5

214



r,, = Alw, = Bh/(B + 2h)

22-5
Re = Q/v*(B + 2h)
23-5

vs = Q/A = Q/BL

Re = vg*B*L/v*(B + 2h)

24-5 22-5

5-21
() Iy
) =A
() W
20-5 19-5
5-22
15-5
5-23
() =L
24-5 21-5
5-24
: Bottom scour () (2

Scour velocity.

215



{3} .25-5
v, = \/?x (sg.—1)xgxd 5-25
(1) = Vsc
( ) =s.g
2
C /) =g
() =d
{3}
Non-uniform velocity distribution and short- -3
. circuiting
)
( )
{16 3}
Eddy
current
26-5 Froude number
Fr =v, / g*r, 5-26
=Fr
( 7) =Vvy
2
C 7) =g
() =TIy
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27-5 26-5 23-5 21-5 20-5

Fr=[Q**(B + 2h)] / (g*B’*h’) = [vg"*L**(1 + 2l/B)] / g*h’ 5-27

27-5
28-5 {16}
Fr>10" 528
4-5
. °20
20000
20 6 :
.°20=T /> 20000=Q 2=h 20=L 6=B: -1
° 20 (1-) -2
/? 6-10x1.011 = v
r,=Bh/(B+2h) : -3
1.2 = (2x2 + 6) + (2x6) = 1,
vy = Q/Bh -4
/ 0.0193 = (2x6) + [(60x60x24) + 20000] = v,
Re =v*ry /v : -5

22896 = (°'10x1.011) + (1.2x0.0193) = Re
2000

217



Fr = VH2 / g*ry
710x3.1 = (1.2x9.81) + 5(0.0193) = Fr

10

: Flocculent settling

-6

( )
( ) ( )
( )
Isoconcentration lines.
{3} 29-5
Rr=(Anl/h)*(R; + Ry)/2 +. ...+ (Ahy/h)*(R, + Rpi1)/2 5-29
»(ah,) (R, +R,,)
R — i i i+1
' Z( h, Jx 2
(%) =Rr
()i = Ah;
( ) =h
5-5
/ 200 = *
«( 7 ) *

218



(7 ) ()
(
1.6 1.2 0.8 0.4
3 3 4 8 15
5 6 9 23 30
10 15 27 52 60
23 31 42 69 90
34 42 59 80 1220
39 48 65 85 135
44 54 71 90 150
1.6 (
75
(
t=75 h=16 [ :Co=200 -1
-2
5-5
h 75 -3
-4
»(Ah, ) (R, +R,,)
R — i x i i+1
R, =43%
-5

Ce: CO*(l - RT)

/ Ce = 200x(1 - 0.43) = 114

219
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Flocculation and Coagulation (

Fulvic acids.

)
(
Coagulants
{3}
Al2(S04)3 .18H20 : .
NaAlO7 .
. [ ]
(I1I) Chlorinated copperas FeSO4 .7H20 + Cl2, Fe2(S0O4)3 + FeCl3
FeSO4.7H20 (11). Fe2(S04)3.7H20 (I1I) FeCl3.6H20
) °
( ) (
)
Hydrophobic Hydrophilic

Blood serum

21 3}
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Columbic forces

9-5 {22}

1)

( Brownian motion )

( Tyndall effect )

) Electrokinetic

London-Van der Waal's forces.

Polarization.

{22 3}

222

22}

vV V V V V

v



Electrical double layer

Electrophoretic mobility Electrokinetic potential
Zeta potential.

{21 3} 9-5
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10-5 . 10-5

( )
12 11 3} ( )
{19
+ * "
+ o
,/ Gouy layer
Stern layer \%} éﬁ
10-5
Stern layer.
Diffuse
layer.
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ZP = (4*n*B*q") /Dy

U = (y*A) / (t*i*Rs)

32-5

ZP = (4* n *u*U) /Dy

5-30

Boundary layer

Dielectric constant

{21 3}31-5

5-31

(x x [ ) Electrophoretic mobility

()t

5-32

7> )

60 30

225

30-5



x x| T10x4

“10x2

Jar test
[ ]
Optimum dose .
[ ]
[ ]
[ ]
{24 23 14 12 8 3}:
( ) 6 .1
2
( 100) 3
30 10 ( 70 20 ) 4
5
.6
(
2-5
{13 3} 2-5
7 4
(8.5 ) 3.6 35
(8.5 ) 65 3.5 )
9 ) 7 35 (I10)
8.5 (1)
Perikinetic
Orthokinetic floculation. floculation
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Ik = 8 T*Cpy*d*n®

.34-5

Lo = (4*G*n**r° )/ 3

w = p*Cp*(A*v’/2)

33-5

5-33

5-34

() =r

25 3} 35-5
5-35

(/) -
C /o) =p

() =
(7) =v

227



36-5
G =(w/ p*Vv)"2 5-36
( ) =G
2
/7 x ) =u
) -V
. ( )60 30
lox1 M1ox1 G*t ( )
{23 3} t
:6-5
°20
2
/30
40
4000
P 4000=V /40=G [/ 05=60+30=vp 2=Cp 20 = : -1
°20 (1-) -2
3/ 9982=p 2/ x 710 x 1.009 = p
W = *GHV -3
6.46 = 4000 x %(40) x *710 x 1.009 = w

/ 04=05x0.8=( ) x 0.8 = -4
A=(2w)/(p* Cp*v') -5

2101 = [(0.4) x 998.2 x 2] + (10 x 6.46 x 2) =

228



(17}.
25 3}

{13 3}

AL (S0O,), «—> 2AI(H,0) +3S0%"

( Hydrolysis
[Al(H,0), ]* + H,0 —21=12 4 [AI(H,0).OH]** + H,0*
[Al(E,0), ] + H,0 —=2 [Al(H,0), (OH), | + H,0"

[A1(1,0),(OH), ]* + H,0 =+ [AI(H,0), (OH), ]+ H,07

: 8
[Al(H,0),(0H), ] + H,0 —2=5 [AI(H,0),(OH), ]~ + H,0"

Polymerization: -3

[Al;; (OH)”  [Als (OH)]"  [Aly (OH)7]*

Polynuclear

M\

[(H04 Al Al—(H0)9)]"

229

[Als (OH),5]**



AL (SO4); + 6H0 « 5 2AIOH); + 3H,SO.
AN
2[Fe(H,0);0H] «———> [(H,04— Al Al—(H,0))]"  +2H,0°

Olation, dehydration .
A\
[(H:04~ Al A= (H,0))]

Oxolation, depeotonation .

Fe™™ + 6H,0 «—> Fe(OH); + 3H;0"

3H20+ +3HCO:- €<—> 3CO» + 6H,0

Fe'" + 3HCO;- «———> Fe(OH); + 3CO,

Aeration

230



{30-26 159 6 5 3}.

( 11-5 )

231



(0]
11-5
( )
37-5
Cs = kp*C, 537

« /7 ) =Cs
kp

(/1) —¢,

3-5

232



cila Al dmia olia hiba - §

11 -5

{37 30 27 15 12 4 3}

233



Cg =P*MW / R*T

.39-5

Cs = kH*P

kH = kD*MW/R*T
A41-5

Cs = k,*(MW*P) / R*T,

k, =kp *(To / T)

Le Chatelier.

38-5

5-38
« 7 ) =Cg
G/ ) =P
() =MW
( x 1) -
() =T
38-5
Henry's law 39-5
5-39
( /| = x> [ )d =ku
d 40-5
5-40
Bunson law
5-41
42-5 =k,
5-42
« 7)) =k,
(  273.16) =To
() =T

Van't Hoff's equation

43-5

234



(kp), = (kp), *e MT,-T)

= (kD)z
= (kD)1
=1
. 44-5
Cs=kp*Cg/ 0 5-44
=0
{38 35 30 3} 3-5
kp
30 20 10 /
00179 | 0.02 | 0.0234 | 0.0288
0.763 | 0.943 1.3 33 - 17.03
0.738 | 0.942 1.23 1.71 73— 44.01
0.0189 | 0.0195 | 0.0203 | 0.0214 253 - 2.016
2.87 365 4.69 6 - 34.08
0.0306 | 0.0335 | 0.0344 | 0.0556 162 - 16.014
0.0151 | 0.0166 | 0.0192 0.023 196 - 28.01
0.0296 | 0.0337 | 0.0398 | 0.0493 183 - 32
0259 | 0395 | 0.539 0.641 12 - 48
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20
20.948
101.3 = 0.20948 = °20=T:
T=20+273.16=293.16
20 3-5

kp = 0.0337
pw =233 °20
MW = 16x2 =32 :

x(P - pw) = 0.20948x(101.3 - 2.33)x10 3 = 20732.2
:Cs = kp *P*MW / R*T
Cs = 0.0337x20732.2x32 + (8.3143x293.16)=9.2 " /
ki = kp*MW / R*T
ki = 0.0337x32 +(8.3143x293.16) = 4.4x10 4/
k, =kp *(To /T) :
kb = 0.0337x273.16 + 293.16 = 0.0314

45-5 Fick's law

dm/dt = - D*A*(3c/9x) 545

4-5

236

8-5

101.3



Penetration theory

Film theory Surface renewal theory
{30 8 7}
{38 35 30 27 3} 4-5
( # °10) ° 20
30 [ 20 10 101.3 /
2.26 1.68 1.3 1.98 44.01
6.9 5.13 3.98 0.09 2.016
1.9 1.41 1.09 1.54 34.08
2.02 1.5 1.16 0.72 16.014
2.2 1.64 1.27 1.25 28.01
2.42 1.8 1.39 1.43 32
46-5
K= (Ce - Co) / (CS - CQ) 5-46
C ) =K
«C 7 ) =Co
C/7 ) =Ce
C/7 ) =Cs
A47-5
Cx=Cs - (Cs - Co)*(1 - Kn)" 5-47
(/7 ) =Cx
d =Knp

237



9-5

10 °20
45
5=N-= %45 =K Co=0.1xCs °20= : -1
K =(Ce-Cp)/(Cs—Co) : -2
%45=045=( -Cg)[ (Csx045)]=K
2220 ( )2 - -3
Cs=92 /

-4

Co=0.1xCg= 02x92=1.84 /
: Ce=Co+K (Cg-Co) -5

Ce;= 1.84+0.45%(9.2-1.84)=5.152 [/

Cey=5.152+0.45%(9.2-5.152) = 6.974 |
Ceyy=6.974 +0.45%(9.2 - 6.974)=7.976 |
Cepy =7.976 +0.45%(9.2 - 7.976) =8.527 |

Cey = 8.527+0.45%(9.2 - 8.527) =8.83 /

Cy=Cs- (Cs-Co)*(1-Kp)N

Cy=92-(9.2-1.84)x(1-045)° =883 /

238

1.84=Co 045=Kp 5=N:



(12-5

) .

Filtration

(

Diatomaceious Earth .

Mechanisms of filtration

YV V V V V

239



N:

49-5

1 0.01

{3}

10 2

48-5 {16}
5-48

C7)

240

{10}



N =15Q"? 5-49

10-5
225
10

PP 10 = vy P 225=Q: -1
N=12Q": -2

3 = %3(60x60+225)12 = N

( ) 4

A=Q/vf -3

2540 = 10+24%x225 = A
-4

An=A/(N-1) 5-50

2180 = (1-4) =540 = :

— [ &
1 355 o
L ]
] e St B
A AR LT
B AT ATAs (AT As O
N et et et out et e et ettt LY Y
— o e e e e e et e et et etoe! L)
N ettt out et e et ettt LY Y
s R oanty L,
e A,
s Les,
o
ey L
ey L
i Gt
— | E# T
'_-:_‘_- .............. Q
T T T T T T T T T T T T T LTI
ettt dadadadadad,

12-5
23
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(12-5 )_Hydraulics of filtration

12-5

Carman Kozny equation.

Rose equation

1
51-5 Darcy
h, = fLv’/2dg 5-51
() :hl
() =L
(1) =v
() =d
2
C /) =g
52-5
d=4r, 5-52
() =d
() =1,
53-5 51-5
hi=fLv'/8T, g 5-53

242



.54-5

v, = Q/A

v=v,/e

56-5

1, =e(@Vp/(1 - ¢))/(nA) = (e/(1 - &))(Vp/Ap)

243

5-54
(/)
)
.55-5
5-55
(1)
( )
eV = X =
)
Vo=(l-¢) V=
nVp/(1-e) =
e(nVp/(1 -e)) =
HAp =
5-56
57-5
5-57



.58-5

- = =f
5-5
{31 10 7 3} 5-5
0.73 Angular Sand
0.65 Crushed glass
0.28 Mica flakes
1 Spherical sand
0.89 Worn Sand
.59-5 57-5
1, = (e/(1-e))f(d/6) 5-59
hi=E|L(1 - e)v.?/dde’g 5-60
61-5
E=(150(1 - e)/Re) + 1.75 5-61
5-62 dpvad/p = =Re
- =E
- 60-5

.63-5

244



d=6¢(V/A)a 5-63

d = 6¢(Vay /Any) 5-64
Vay
= Aaw

65-5
hy = (EL(1 - e)va /6€ ) (A/V) & 5-65
) Gj (A/V)ay
( ) =X
=d
-5

66

dhy/dL= ((1 - e)va /(de ))(F/d") 5-66

66-5
67-5
b, | L 0=e)v z(f—xj 5-67
1 de’g d'
() =h
( ) =e
(7)) =Vva
() =L
1) =

() =d

245



Dimentional Analysis

68
he= (1.067*Cp*vi ¥L) / (g*d*d*e )] 5-68
() = hy
. 69-5 Cp
C, = (ﬁj o 2]+ 034 5-69
Re VRe
(1) = vt
()
2
(7)) g
() d
( ) =e
Re
70-5
Re = p*v*d/p 5-70
11-5
( )
0.5 0.6 0.6 ()
1.5 1.1 0.5 ()
1.4 2.1 2.65
0.89 0.78 0.92
50 46 50 (%)
240 240 240 F)
( x
(°20)

246



05=¢ 092=¢ °>10x0.5=D 0.6=L:
046=¢ 0.78=¢ °10x1.1=D 0.6 = L:
05=¢ 089=¢ >10x1.5=D 05=1L
/ *710%2.78 = (60x60%x24) + 240 = :

°20 1 -

271 998203=p */ x  T10x1.0087 = p :

Re = p*v*d/p :
Re = 998.203x2.78 x 10~ x 0.5x 10~ + 1.0087x 10~ = 1.37
Cp =(24/Re) +(3/[Re]") +0.34
Cp=(24+137)+[3+(1.37)"] +(0.34)=20.37
he= (1.067*Cp*vi ¥L) / (g*d*d*e )]
he=1.067 x 20.37 x (2.78 x 107°)2 x 0.6 = (9.81 x 0.5x10" x0.92x 0.5 )
357 = 0357 =

Re = p*v*d/p :
Re = 998.203x2.78 x10” x 1.1x 10" = 1.0087x 10~ = 3.024
Cp =(24/Re) +(3/[Re]"*) +0.34 :
Cp=(24+3.024) + [3+ (3.024) "] + (034 )= 10
he= (1.067*Cp*vi *L) / (g*d*d*e )] :
hf=1.067x 10x (2.78 x 10°)2 x 0.6+ (9.81 x 1.1x10” x0.78x 0.46 )
131= 0.131 =

Re = p*v*d/p :
Re = 998.203x2.78x10°x1.5x 10" + 1.0087x 10° =4.12
Cp =(24/Re) +(3/[Re]"*) +0.34 :
Cp = (24+4.12) + [3 = (4.12)"°] + (0.34) = 7.64
he= (1.067*Cp*vi *L) / (g*d*d*e )] :
he=1.067x7.64x (2.78x10°)" x 0.5 = (9.81 x 1.5% 10" x 0.89x 0.5 )
39=  =0.039

247



+ =

527 = 39+ 131 +357 = +

Re = 1.374
E=[150 (1-e)/Re] + 1.75 : E
E=[150 x (1 -0.5)+ 1.374] + 1.75 = 56.34
h, = [E*(1-e)*v, *L] / (g*d*¢*e’) -
h, =[56.34 x(1 - 0.5)x(2.78 x 10°)’ x 0.6] + [9.81x0.5% 10~ x0.92x (0.5)’]
232= 0232 =

Re =2.024
E=[150 (1-e)/Re] + 1.75 : E
E=[150 x (1 - 0.46) +2.024] + 1.75 = 28.54
h, = [E*(1-e)*v. *L] / (g*d*¢*e’) -
hf = [28.54x(1 - 0.46)x(2.78 x 107) x 0.6] + [9.81x1.1x 10" x0.78x (0.46)’]
87 = 0.087 =

:Re=4.12:
:E=[150 (1-¢)/Re] + 1.75 E
E=[150 x (1-0.5)+4.12] + 1.75 = 19.95
. hf = [E*(1-e)* v, *L]/ (g*d* ¢ *¢’) -
hf = [19.95%(1 - 0.5)x(2.78 x 10”) x 0.5] = [9.81x1.5x 10" x0.89% (0.5)’]
24= 0.024 =
343 = 24+ 87 +232 =

%.35 = 527 + [100 x (343 - 527)] =

6

0.4

coarse . 1.2
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13-5




{3} :
(15-5

(16-5

{(17-5

80 60
120 80
300

Air binding.

) Pressure filters

)_Upflow filters

)_Multiple media filters

150

150

0.8

100

250

{16 3}

40

25



{35 25 20 3} 15-5

{35 20 16 3} 16-5

1.5

{35 20 16 3} 17-5

251



18-5

{3}

Under drainage system

252



Filamentous

Bacterial

3)

|

lllllllll

|

]

i
%

W

{32}
Source: Visscher, J., T., Paramasivam, R., Raman, A. & Heijnen, H., A., .Slow Sand

Filtration for Community Water Supply< TP 24, IRC, The Huge, The Netherland.
Reprinted & Translated by courtesy of the publisher IRC.

«( )
Schmutzdecke.
Diatoms Plankton
6-5
So

e e

18-5

253



6-5

(NTUI15 )
15 10

0.2 0.1

A/N-1) A/N-2)

L =2A*(N + 1)
B=(N+1)*L /2N

035  0.15
255 3
1.2 0.8
1.5 1
0.5
15VQ
) 24
(
60 20
4 1.5
0.5
()
()

15 10
15 5
(1- )+
3 0.4
15 12
3 0.6
1.5 1
127Q
) 24
(
72 12
4 1.5
()

()

()
0)
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Adsorption (
Absorption
C )
C )
) (Physiosorption)
( ) (
(Multilayer
adsorption).
Chemosorption) )
(Monolayer adsorption).
Desorption.
()

255



( )
{37 36}
Freundlich
Freundlich Brunauer-Emmett-Teller. Langmuir
isotherm
49-5
(x/m) = k*C'" 5-49
() =x
() =m
k,=n
.50-5 49-5
Log (x/m) =Log k + (I/n)Log C 5-50
Log C  Log(x/m)
10 3
30 15

256



900

12-5
n k (
2150
(
2/ ( )
40.0 160
28.1 420
23.0 570
17.1 800
4.8 2000
2.1 3100
2 — .
/I 50=Coq: -1
X/m X -2
(x/m) X
@) 50-C=(*/ ) cC ?/ ( )
m
0.0625 10.0 40.0 160
0.0521 21.9 28.1 420
0.0474 27.0 23.0 570
0.0411 32.9 17.1 800
0.0226 452 4.8 2000
0.0154 47.9 2.1 3100
) (x/m) ( ) -3
(
((x/m) = k*C"™)
0.4721 =1/n 0.011 = k: -4

257



/0.062 = *Y*(50) x 0.011 = k*C'™

100 6.2
0.1
£
<
12-5
0.01
1 10 100
—
7-5
{35-33 3} 7-5
« 7 )
50000 ( )
35000 ( )
12000 1500 Brackish water
19-5
«( )
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Distillation

20-5
21-5
21-5
S1-5
Qi = Ui*Ai*AT; 5-51
1.
1.
1.
.52-5
DTi=Tqo - Tj 5-52

260

1-



{35-33 3} 20-5

_— -
CaCOs, Mg (OH), =
—_— < .
<
_— I S
<~

261



53-5

Ui*DT] =c¢ 5-53

Il
e)

53-5
13-5

. 110
. %55

2:3:5=3U:,U:,U: -1

°©55=55-110= AT = AT, + AT, + AT;
Ui*AT; =c -3
AT, =C/U,;
2

(AT /DT) = (C/Uy)/ (AT; + AT, + ATs)
. AT

(Uy/Uj) + (U/Up) + 1]+ 1 = (AT, / AT)

°10.6 =[2+5)+(3+5)+1]+55=AT,
°17.7=[2+3)+1+(5+3)]+55=AT,
°©266=[1+(3+2)+(5+2)]+55=ATs

262



. CaSO4.2H20

3}

vV V V V

: Hard crystalline deposits

CaS041/2H,0

°120

263

CaS04

{35 - 33



( Tannin

Sodium hexametaphosphate

(

22-5

264




{3}

P()sm = (RT/V)*II’I (PQ/P)

T e T
T
i
it i

(

Osmos

i

265

Rt

e
e
B

) Reverse osmosis

(

23-5

.54-5

5-54



( x [/ )8314=( x [ x )0.082=

0.018 = =V

55-5

R = P*V/n*T 5-55

Rault's law )

77

54-5 {38 35 3}
56-5
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23-5

{38 35 3}
Source: Rowe, D. R., Abdel-Magid, 1., M., Handbook of Wastewater Reclamation and

Reuse, CRC Press/Lewis Publishers, 1995. Reprinted by courtesy of the publisher.

Copyright Lewis Publishers an imprint of CRC Press, Boca Raton, Florida

35

3.21

14-5

)
P

5-56
X

°25

= C*R*T

Posm

25

3.17 = Po

T

298.16 = 273.16 + 25
Posm = (RT/V)*In (Po/P)
X (298.16 x 8.314) = Pogm

31.1 = (3.17 + 3.21)

267



.22
(/ )
(

0.73 Mg+t

0.8 Catt

0.39 K+

0.46 Nat

(

1.22 HCO;-

2.88 SO~

0.75 Cl-

0.62 NO,-

°22=T:
+ ( =
(M) / )
)
0.03 0.73 Mg++
0.02 0.8 Catt
0.01 0.39 K+
0.02 0.46 Na+
)

0.02 1.22 HCO;-
0.03 2.88 SO,=
0,021 0.75 Cl-

268

15-5

-1



0.01 | 0.62 \ NO,-
( ) -3
C =Mgt++ Cat + Kt + Nat + HCO3- + SO4= + CI- + NO3-=0.161
: Posm = C*R*T -4
3.9 =(22 +273.16) x 0.082 x 0.161 = Posm

()
23-5
(o)
%.99 (o}
%.97 o
%.98 (o}
(o)
Pretreatment.
(Sequestering .
agents)
L 4
(Hydrolysis) .
Diatomaceous earth .
57-5 . ( )

269



Qw = -Dw*Cw*Vw(AP - APosm)/ (R*T*t) 5-57

QW :k*A*(AP - APOSH’I)/t

QS = ks*A*ACS /t

= APosm

.58-5 57-5

5-58

.59-5

5-59

270



Cellulose Cellulose acetate )

Cellulose acetate butyrate). triacetate
Polyvinyl alcohol -nylon66 D)
Poly acrylonitrile). Polyethylene terephthalate
Polyvinyl - . Polymer blends:
Polyacrylonitrile- - alcohol-polyvinyl pyrrolidone
polyvinyl tetrazole).

Acrylonitrile-N-[2-hydroxyethyl] acrylamide.
Aliphatic polyamides :
/ Aromatic  polyamides

Aliphatic/aromatic polyamides.

24-5
Electrodialysis ( )

gaskets
{39 35 12 3} 25-5

271



60 . 95 85

35 25 40
{35 33 3}
.60-5
/50000 50
«—
‘\
{35} 24 -4
Source: Rowe, D. R., Abdel-Magid, 1., M., Handbook of Wastewater
Reclamation and Reuse, CRC Press/Lewis Publishers, 1995. Reprinted by
courtesy of the publisher. Copyright Lewis Publishers an imprint of CRC
Press, Boca Raton, Florida
[i*(Eff, - Eff)] / (100*Far) = [Cmp*(Co - C)]/B 5-60
¢/ x ) =i
(%) = Eff,
(%) = Eff
( x 26.8 ) = Far
= Cwmp

272



.61-5 60-5

imax = (100*Far*Cyp*Co) / [B*(Eff; - Eff)]

/1600
%.80 =
%.70 =
0.05 =
o710 =

0.05 =B %70 = Eff %80 = Eff, /

imax = (100*Far*Cyp*Co) / [B*(Eff, - Eff)]

273

=C
=B
=C
5-61
= Imax
16-5
1600 = Co = TDS : -1
2 10-5 = Cvp
-2



(70-80)x(  0.005x100)+(* / >710x1600)x( /* 10)x( /  60%60%26.8) = imax
2l x 031 =

A
A A A
® 1T | —Td® | B> @
) Oor—0O | 0«10 | o—tTo | o)
T e o—@ | o—e |o—a
//' oOH+—0O o0 O+ © K«
A T
35 3) 255 | o
35 i =
lon exchange resins 5-
12 10 3}
{40 35
{41 3}
( Greensand zeolite ) ( )
Aluminosilicates {12}
{41}

274
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Res-HT + Nat = ResNat + HT
2 Res'Nat +Cat™t = Res,-Catt + 2Nat

Ca(HC03)2 +2NaR = CaRz + 2NaHC03

({41}

276

{24}



{41 35 3}

Disinfection 5-5
¢
¢
¢

Mnt+. Fet+
40 38 37 35 24-10¢<12-8 5 3} ( ) (
{44-42
20 15 °100 .
( )
°80
.
.
310 200
( ) (
(Chlorination )
( Ozonation )
) 8-5
( ) (

277



8-5

35 3}

A . A A 4

278



O 0O O o o o o o o

A A A AAAAA

Electrolysis

{35 3}

279



Hypochlorous acid (HOCI) (I) : (

: Hydrochloric acid
Cl, + H,O =HCl + HOCI

HCI =H* + CI-

HOCI =Ht+ + OCI-

Available HOCI ()
9-5 . chlorine.
(
NH;"+HOClI = NHCI + H,0
NH,Cl+ HOCI =  NHCIl, + H,O
NHC12 + HOC] = NC13 + Hzo ( )
2NH;" + 3HOCI = N, +2H"+ 3H,0
5.9
Fe++ (
Mn++
Trihalomethanes : (
(Chloroform
(Bromodichloromethane CHBrCl)) CHCI3)
(Bromoform CHBr3) (Dibromochloromethane CHBr,Cl)
}+.22}

A\

280



(NHz) ,CO + H,O = 2NH; + CO,

(
Breakpoint chlorination.
26-5
() 0 (1
) (O) (2
Combined available chlorine.
:() () €
HOCI ()
()
() ()
() 0 (4
{35 14 3} 9-5
35 14
/ /
( 60 ) 10 )
1 0.2 6
1.5 0.2 7
1.8 0.4 8
1.8 0.8 9
0.8 10
1 10

281
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11

III

v

{46 44 42 35 22 15 10 4 3}

-5

(dN/dt) = - k*N

(N/Np) = ekt

Chick's law

5-61

5-62

282

26-5
.61
=N
() =
( ) =k
61-5
.62-5
=N
=No
() =
( ) =k



63-5

C™t=k 5-63
( =C
( -
=nk
(35 12 10 3}
.64-5
In(t; /) =[E™(T,-T;)] /R 5-64
() =1, b
( ) Activation energy =E'
( t t =T, T,
x 1= =R
x [/ x 0.082 =
x [/ 83l4=
10-5
{46 35} 10-5
( )
8200 7.0
6400 8.5
12000 9.8
15000 10.7

283



27-5

0.04

: t= -(1/k)*log(N/No)
2.1 =

99.999

0.04 =k 9% 99.999 =

125 = [100 + (99.999 — 100)]

17-5

.10 )

-1

-2
X (0.04+1)-=t

284

27-5

27-5
50



10

{47} 27-5
Source: Cairncross, S. & Feacham, R., Environmental Health Engineering in the
Tropics, John Wiley & Sons, Chichester, 2" Edi., 1993. Translated & reprinted by

courtesy of John Wiley & Sons Ltd.

6-5
1-6-5
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.26

27
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C _PxMW

RxT

287

hl

_ ExL(l1-¢)xv?

(pxdxe3xg

33

34
35
.36
37
38

.39
.40
41
42

43

44
45
.46
A7

48

.49

.50
S
52
53
.54



X

=KxC'" -

Posm = C*R*T :

288

(Eff, — Eff) _ C,,(C, -C)

100 Far

B

S5

.56
7

.58
.59
.60

.61

.62
.63
.64

.65
.66
.67
.68
.69
.70
71
72

.73



C'xt=k : .74

75
: 2-6-5
0.04 1.35 1
(/ 03: ). . °19
214000 2
1.5 22
( 195 / 02: ).
. °20 3
.1.08 0.8 ()
0.5 () (
1.1 ()
() (
(%55 %49 1 ). °25
4
500 . °18
18x5%1.5 :
(16348 T10x3.7: )
5
30000
275
/150
8
50
1.5
° 20
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/055 920
/0.1 %10
[
[
[
[
[
(8587 T10x0.6 1 20 %87 17: )
3
( ) ()
61 1 0.5
85 2 0.5
93 3 0.5
96 4 0.5
97 5 0.5
98 6 0.5
35 1 1
61 2 1
76 3 1
85 4 1
90 5 1
93 6 1
35 1 1.5
43 2 1.5
61 3 1.5
73 4 1.5
80 5 1.5
86 6 1.5
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200 14
(%86
(%) ()
89 | 85 | 78 | 70 | 52 | 41 | 10 | 5 50
71 | 66 | 57 | 43 | 24 | 14 | 6 3 100
50 | s4 | 43 |28 | 12| 8 4 2 150
120 110 90 70 50 40 20 10
()
1.5 (
/190
(
(/ 91 %52 )
°20
1.7
/ 2016
8000
5100
%75
)2 127 39 : ).
101.3 °20
21
(
(
(1 00314 1 Vioxd442 1 92: (
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(
3
J1 14 23
27 10
1 2500
02
0.25
75

20

5 %39: ) .

7/

/

6.3 : )

0.45 =
950 =

45

292

2.6

8.4

8.1
45

1.2

15

(°20
10
(
(
0.032
(
(
)
0.93
°20
( 367 : )
50
/]
/ 9400: )

.10

1

12

13

14

A5



0.6 0.7 ()
45 (%)45
1.3 0.5 ()
1.5 2.65
0.8 0.85
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Eutrophication
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(6) "

{8}
1-6
1-6
I )
1200 300
300 100
400 100 (BOD,”") -
90 20 (N)
15 5 (P)
200 50
1-6

Sources of wastewater
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2-6

2-6
3-6
Dry Weather Flow
(DWF).
" (10 9 1}
2.5
1-6 {10}

DWF =P*Q + Iy + Tw + EV 6-1

( 7)) =DWF
() =

«C 7 1) =Q
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( /7)) =Tw
( /) =EV
30
50
2-6
DWEF = (80 to 90 %)*P*Q 6-2
:1-6
10000
/ 1 200
30
5
Tw=EV=20 5=L /3 30 =1 /[ 200=Q 10000 =P : -1
:DWF=P*Q+ I+ Tw+EV : -2

£ 2150 = 0+ 0 + 5 x 30 + 10 x 200 x 10000 =

Population equivalent, PE.

- Standard sewage.
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PE = BOD,*Q/BODg

C7 )

60

/
/

6-3
°20 -
(/)
°20 -
- 80
{13 10 6}
8300
/240
310x83= / 8300=Q / 240 = BODs :
0.06 = -

PE = BODs*Q/BODs. :

= BOD,

= BODg

2-6

33200 = (*10 x 0.06) x (°10 x 8.3 x 3-10 x 240) = PE :

RZINY!

{12 11 6 4 3 2 1}
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( )
) ( )
) (
(
Physical Unit Operations
Bio-chemical forces. Unit Processes forces
) Physical treatment units: .1
(
Chemical treatment units: 2
Biological treatment units: 3
) ( )
(
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Grit Removal:

6-6

{13 6 1}

%50

/ 0.03

.1 03 (
10
L/h=10 o4

()
()
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5-6
L/h=25

{14} 0.003

6-5
6-6
(1) =v
2 1) =g
G/ ) — pe
G/ ) =p
() -
( ) :CD
7-6
6-7
( ) =Re
{14 3}
6-8
(1) ( ) ~ v
{14} 0.06  0.04 ( ) =b
0.02 ( ) =a
¢ 1) =g

() =d
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B = 4.92 Jo
dmax
25
Standing wave flume
y=(2/3)*B
11-6
L= 18*dmax

(15986321

/ 0.3 .

.9-6
9-6
() =
(1) = Qmax
( ) = dmax
) 10 =
( ]
2 =
Vertical throat
10-6
6-10
() =y
() =B
6-11
() =L
( ) = dmax
2-6
2-6

60

30

(7))

2,0

()

65,2
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3-6

0.5
30
(
(
(
0.5= dmax 3 = P 30 = Qmax : -1
B =49y Qo . -2
4.92 = 0.5 + (60+30x4.92) = B :
1.64=3+492=
y=(2/3)*B : -3
109=3+2x1.64=y:
L= lg*dmax . -4
. 9=05x%x18=L:
7-6
{6 3 1}
¢
¢
*
( ) .
)
( ) ( )
12-6
) + + +
4_
12-6 ( \Y% 1V)
( )
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13-6 + +
.14-6
14-6 ( ) +
Nitrobacter . Nitrosomonas
.15-6

2NH," + 30, Nitrosomonas 2NO,- +2H,0O +4H"

2NO,-+ 02 Nitrobacter 2NOs- 6-15
3 1}
{16 6
Suspended Growth
Activated
Waste stabilization pond Oxidation ditch sludge
Aerobic digestion.
Attached Growth :
Rotating Biological Contactors Trickling filter

1-7-6
: Activated Sludge

3-6
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Biomass

{17}
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{3}

:(Bubble and Diffused Aeration

(Autotrophic).

%25 2
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: Surface Aeration

(Heterotrophic) .



(Stalked
(4-6

= Hp X
(

S*

k, +S¥)

(Flagellates) (
(Free-swimming ciliates)
ciliates)
( Rotifers )
12 6
/2
2
Monod equation.
.16-6
6-16
( ) —H
( ) = M max
«C 7 ) ) =ks
C/7 ) =S*
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DR

2

=R /

p=DR/R :

314

1.2 = ks

2=
1.2 =
%.80 =
/1.1 = U max -
0.8 =



,"Lzumaxx
(

S*

kS+S*):

/

04=2+08=p
g* -3
px kg

(Mmax - “)
/ 07=(04-1.1)+(1.2%x04)=S8*

S*=

4000 2000
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Sludge age, Mean cell residence time, solids retention time, cell age:

17-6
7 ) FIC ) 1=
SA = (V*MLSS))/ q,* SS 6-17
()
3
()
(1)
C7 )
3-6
{96 321} 3-6
()
15 5 Contact stabilization
15 5 Conventional activated sludge
30 20 Extended aeration
10 5 High rate aeration
0.5 0.2 Modified aeration
I5 5 Step aeration

:( Mohlman Index

SVI = Vg*1000/MLSS

6-18

316

) Sludge volume index

18-6



(7 ) =SVI

30 1000 =Vg
/1000 =
( = MLSS
4-6
{9 6 321} 4-6
/7 )
40

75 40

120 76

200 121

200 Bulking
Sphaerotilus natans
fluffy.
13}
{17
.
.
.
.
5-6

/2200
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/2200 = MLSS 340 = Vg : -1

: SVI=Vg*1000/MLSS : -2
/ 155 = 2200 + 1000 x 340 =
4-6 -3
/200 120
:( Donaldson Index ) Sludge Density Index, SDI
.19-6 100
SDI = 100/SVI 6-19
« /7 ) = SDI
« 7 ) =SVI
0.3 2
6-6
5-6
/ 2200 = MLSS 340 = Vg -1
-2

[/ 0.65 =155+ 100 = SVI + 100 = SDI

( )

Food-to-microorganisms ratio, Sludg loading rate, Substrate loading:
(F/M + )
21-6 20-6 Sludge Loading Rate

S( 1) - -
20-6
F \\ L.

— =SLR = = 1 6-21
M MLSSxV MLSSxt
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=M
( ) =SLR
( / - =W
22-6 -
W=Li*Q 6-22
3
/) =Q
(/7 ) - =Lj
7 ) = MLSS
3
() =V
F/M
{18 6 3 1} -
Volumetric Organic Loading Rate, VOL
23-6
VOL = Q*Ly/V 6-23
=VOL
(1) -
C/7 ) - =Li
3
() =V
5-6
{15 9 2 1} 5-6
()
035 03 Conventional plants
0.2 0.05 Extended aeration
0.5 0.02 Step aeration
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85
- 20x4x3
/165

/2000

(

(

(
320x4x3=V [ 165= [ 2040=24x85= [ 85=Q: -1

3=n / 2000 =MLSS

3720 = 3x20%x4x3 = X = -2
84= 035=2040+720=V+Q=t= -3
V+Q*Lj = VOL = -4

x> [Li  047=720+[C/ )¥10x165x ( /) 2040]
SLR = Q*Lj/MLSS*V
MLSSx /Lj  0.23 = (720 x*10 x 2000) + 2040 x *"10 x 165 =

8-6
144 7-6
/ 144=SS*qw [/ 2000=MLSS * 720=V: -1
SA = V¥*MLSS/qw™*SS : -2
10 = 144 + 3710 x2000 x 720 =
{3}

o0
A~
YV V V V VY
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{19189 6 3 2 1}

6-6
6-6

(  Li/ )700 500

( ) 8 4
( / )3000 1500

( /MLSS /BOD )06 0.1
( )10 5

()4 3

75 6.5

(%)95 85

()3

.5-6

S—

E

{12

>

43 1) 321

5-6

vV V V V
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7-6

(%)

99 96 Coxsackie A-9

90 76 Polio 1,2,3
90 S. typhosa

99 86 Cholera

100 96 Tubercle bacilli
97 Coliform
96 Fecal streptococci

71 53 parasites

Tape worm eggs
E. histolytica cysts

2-7-6

{16 1}
Trickling Filter (
(6-6 )
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NLo
NLo
No
No
No

&

l

6-6
15

Source:Vesilind, P., A., Peirce, V., J., & Weiner, R., F., Environmental Pollution
& Control, Butterworths-Heinemann, Newton, MA., 1988. Courtesy of the
publisher Butterworths-Heinemann.

(7-6 )

Sloughing.

.24-6
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HL = Q/A

OL = MLSS/V

6-24
( PP) =HL
( 7) =Q
¢) =
25-6
6-25
( P1 ) =O0L
(7)) = MLSS
¢) =
\_ .......... ............... _
— -
) L/v__ ........... e
{11 6 3 1} 7-6

(8-6

Seeding
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R =Qr/Q

50
643 1}

.26-6

6-26

QD)
QD

1000 50

.(9-6
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Dosing tank.

8-6

300
{14




326



oo o
oo o
oo o
CE Py

A

9-6

NRC:
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/40
o]
Secondary sedimentation tank
Elutration tank.
. 20 0
- 10-6 ) {20}
(%28 12 °20
27-6
_Lon) 0o .
. {1+0.44 Wi }
V.,
(%) =E;
(/7 ) - =Li
«7 ) - = Le
«(7) - =W,
Li*Q =W, 6-28
¢) =V,
( ) =F
(F) =
29-6
Fi=(1+1)/(1+0.1% 1;)? 6-29
r=0Q,/Q 6-30
( ) =r
(F) =Q
(F) =
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E2 =[(Lj - Le)/Li ]2= 100/[(1 + {0.44(W2/V2F2)0.5/(1 - E1)})]

E, =

31-6

(1+r2)

(1+0.1*r,)

(

/

(

/

{14 6 3 1)
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(%0)

3)
)
6-32

(%)

800

6-31

=E)
= (Li)2

= (Le)2
=([Li*Q)2=W2
=V2

=F>



Velz Formula:
90

33-6
Lo (LirrtL)e™ 6-33
) (l+r)
(/1 ) ) .
(/1 ) ) e
=49
=57
() h
Rankin Formula:
34-6
L=l B
(3 + 2r )
(7 ) ] .
(7 ) _ e
=T
P 7 ]
{21 1} / /3 310)(244 93
Rumpf Formula:
.35-6
g =93 LOI7TxW L
(%)
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( BOD/ ) -

¢)
36-6
Er =100 - 100*[(1 - E5)(1 — E;)(1 — Ey)] 6-36
(%)
(%35 ) -
(%)
(%)
(37-6) 10-6
E; =E, x ((P)T_zo 6-37
(%) ° T
(%) °20
(1.035 )
3600 =
% 35 =
/] 12=
/  180= 5 -
% 68 =
1 =
1.5
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/180 = Li [/ | 12= %35=Eg  3600=P: -1
15=h 1+5=r1r %68 =FE
F=—(1+r) : -2
(1+0.1%r)’
2.67=2(5x0.1+ 1)+ (5+1)=F
: -3
P 518.4 = 3600x12x>710x12 = Q
- -4
Li = (Le)s(1 - Es)
/117 =(035-1) x 180 = L;
W=Q*Li : - -5
!/ 60.65="10x 117 x 5184=W

B - 100 y
[1+ 0.44\/W}
V/F,
63— 100
{H 0.44 Vioi.667}
3 19.88=V

A=V/h : -7

> 1331=15+19.88 = :
d=(4A/n)> : -8

41=d:
ET = 100 - 100*[(1 - Eg)(1 - E1) : -9

%79 = (0.68 — 1)(0.35 - 1) x100 — 100 = Er :

{14 6 3 1}
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Thickened settling
Hindered settling.

50 /33 25

/ P 370 120

8-6
22 12 9 6 4 3 2 1} 8-6
40 10 4 1 ( 1F)
1 032 0.32  0.08 ( P11 )
2 1 3 15 ()
1 23 1
10 6 4 2| ¢ 1000/ )
( )
( ) 15 ( ) 5
BOD %80 60 BOD %90 75 ( )
%30 10 %30 10
%30 20 % 40 20
% 80 60 %90 75
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{4} 9-6

Rotating Biological Discs (Contactors) : (RBD-RBC) (

(11-6 )
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Waste Stabilization Ponds

3-7-6

( )
{4 1}
N\
N

—)f:ﬂ__\_f_\/_\/\/\/\/El—)

AN

(s }

{13 4} 11-6
(Anaerobic Ponds):
10 5 4 2
)
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(Facultative Ponds): (
10

12-6

Symbiotic
( ) Relationship

(—
(—
%
Z
{
|

>

_

CH4, CO,, NH;

{15 12 6 -1} 12-6
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.38-6

Wi=We+ W¢
(7))
(7))
(7))
Q*Lj=Q*Le + V*kn*Le
(/7
(7 )
40-6

Le/Li = 1/(1 + kn*V/Q) = 1/(1 + kn*t)

41-6

Le/Li = 1/(1 + kn*t/n)n
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6-38
- = Wi
- =We
- =W¢
6-39
(7) -
- :Li
- :Le
¢) =
(7) =kn
6-40
() =t
(n)
6-41
=n
10-6



/[ 200 =

/0.26 = °17 = 1=
- 1.035 = °20
1.1= /| 35=
= (k) 1.035=¢ °17 = P 1=Q /[ 200=1L1j: -1
. 11=h [/ 35=Le 0.26
(kn)2s = (Kn)2o *(¢)" " : °25 )
20717(1,035) % 0.26 = (kn)os
: Le/Li = 1/(1 + kn*t) -3
(tx0.234+1)+1=200+35
20.1 =t
V=Q%t: -4
328949 =24 x60x1x20.1=V
A=V/h -5

2 26317 =1.1 +28949 = A
(Maturation (Polishing) Ponds

) (
10 5
42-6
Ne/Nj = 1/(1 + k'*t) 6-42
( 100/ ) Ne
(100 ) N
()] =k
-6
43
Ne/Ni = 1/(1 + k'*t)n 6-43
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( 100/ )
( 100/ ) =Ni
() =K
=n
11-6
0.3
0.5 %98
(
(
/0.5=k' 0.02=100+ (98 -100)=Ne/N;  / 03=Q: -1
-2
Ne/Nj = 1/(1 + k'*t)
(tx0.5+1)+1=0.02
98 =t:
-3

V=Q%*t:
3 706 =24%x03%x98=V

(24 23 4 6 3 1)
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A =L*Q/Lmax

2T -12 Lmax =

200

44-6
6-44
¢)
(/)
(/)
( I'1)
45-6
6-45
(9
.(10-6 )
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{ 24}

10-6

10000
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{£24}

11-6

(11-6

12-6

(£ 24}

12-6

£24
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13-6

{£24}

13-6

12

20

{£24}

f 24

14-6

14-6
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{24 22 9 4 3 2 1} 15-6

10-5 15-1 4-2 ()

10-5 180 20 20 - 8 ()
1 3

20 - 8 12 -2 ()
20 20 30 (°)
(14 - 0.7) - -
8-6.5 9-6.5 72-6.8
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Sludge digestion
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{25 22}

Acid bacteria
Methanogenic bacteria.
o]
(o]
o]
o]
{6 4 3 1}
( )
) Anerobic Digestor
(13-6
Methane Formers
Gasification
6.5
3 13 7.5

345



10 8

(' Volumetric Gas Production) Specific Yield
( )
{25} .46-6
Y, xVS1- K,
txU, —1+k,
t
(/7 1 = = Vg
( I?) =Yt
Cr ) =VS
« ) =kn
() =t
( ) = Mmax
12-6
198
1.2 d
0.1
26 t
/705
10
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> 0.5=Yt 26 =t 0.1 =mmax 1.2=ky >/ 98=VS: -1

10=V /
-2
k
Y, xVS1- 5
txU,_ —1+k,
V, =
t
0.5%x98+26| 1— 1.2
26x0.1-1+1.2
V, = =1.08 / S A
t
> 10.8 = 10x1.08= -3

13-6

16-6
46 3 1}
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{4 16-6

6 7.6 6.6
1000 2000 (CaCO; [ )
4
. 17-6
259 43 1) 17-6
203 ( 1)
50 40 (%)
1.5 02 ( /I 3)
5 2 ( B )
40 30 (%)
74 65
3500 2000 ( )
90 30 ()
0.17 0.1 ( 13)
(%)
70 65
35 32
35 30 (%)

Sludge dewatering
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{27 26 6 3 2 1}

leachate

YV V.V V V V V V

1-9-6

Drying Bed: ( )

(14-6 )

: Pressure Filter
(15-6 )

840 420

60 55
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PP PP PP PP

A

Vacuum Filtration

(16-6 )
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EEELEE

>

0f

2 [ ]

EEEEE
T
T

s

s

EEEEEEE

s

EEEEEEE

N
S
T
et
et

IS
SIS

EEEEEEE,

IS
S S,
SIS RIS,
IS S,
EEIEI ISP,
EIELEELEEEE,

14-6

17

Source: Nathnson, J. A., Basic Environmental Technology: Water Supply, Water
Disposal & Pollution Control. Courtesy of John Wiley & Sons, New York, 1987.

350



{17 6 4 3 1} 16-6
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Centrifugation

Solvation
Sludge Filtration 2-9-6
(Capillary Suction
(Specific resistance to (Cracking time) Time (CST))
filtration).
17-6
A47-6 {29-26 9 6 4 3 1}
2
v _ PxA 6-47
dt ux(RxCxV + RmxA)
¢) =V
() =t
( 2/ ) =P
¢) =A
(2 / x ) =m
( /) =T
(3 /) =C
(/) =Rm
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X
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X
52-6
2
r=2b><P>Z:A 6-52
mX
{931 18-6
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r=r'*P*s

.53-6

6-53
( /)P =r
= r'
Gl ) =P
(1 ) =s
54-6 53-6
(6-54) Log r =s*LogP + Logr'
. P (Log P) r (Logr)
13-6
200 15| 10 8 7 501 ()
505 41| 30| 25| 225| 17| 4| ( )
2/ x T10x1.1 60
7 1 160
60 = P : -1
7=D */ 60=C */ x F10x1.1=p
t/V -2
1200 900 | 60| 480 420 300 [ 60 ()
0
50.5 41 30 25 22.5 17 4 ()
2376 | 2195 20| 192| 18.67| 17.65| 15 .
lox=( /) (V)
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13-6 vV tV -3
67 Mox1.86=b

r=2b*P*A2/u*C : -4
/ 1610%6.5 = (60 10x1.1) + 220X 007Xy 0x60x 10x1.86x2 = 1
18-6 -5
25p
20F
. f
15
- 10:— 13-6
- 5:_
0: L L L L I L L L L I L L L L I L L L L I L L L L I L L L L
0 10 20 30 40 50 60
()
14-6
(7) ( )
10%9 290
“10x14 580
410%x22 1170
10x29 1758
410x36 2344
1
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P r
5.462398 14.954243
5.763428 15.146128
6.0681859 15.342423
6.2450189 15.462398
6.3699576 15.556303
14-6 (P ) (r) -2
0.66 = s 0.66
E+16
2
—
E+15
14-4
E+14
100000 1000000 1000000
LogP
Centrifugation 3-9-6
55-6
.(18-6 ) {15 6 3}
& = & 6-55
2,
() =Q
(F) =Q2
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v xV

) I P SAT S
gx Ln(rz}

v =21 »/60

V=2nx

I+,

.56-5 S

6-56

( / ) Rotational velocity of bowl ( )
¢)
G /)
()
()

57-6 Bowl speed
6-57
/7 )
(rpm )
.58-6
x(r, =1, )xL 6-58

()

{15 6 3} 18-6
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= 6-59
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.60-6

B = Av*d*n*nZ*D 6-60

( /) conveyor =Av

(') scroll pitch =

() =Z

10-6

Dilution
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Qr

Py*Qw + P*Qr= Pn*Qnm

.62-6

Qm:Qw+Qr

Self purification

: Dilution law
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Qw
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6-61
()
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C 7 )(
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. P 195
A A ( )
. P16

P 16=Q /| 25=P, | 47=P,
Qm=QwtQr :

P 195 =Qy:

£ 1155 = (60x16) 195 = :

Pw*Qw+Pr*Qr= Pm™*Qm:

60x16 x2.5 + 195x47 = 1155% Py :
o 10 =Pm:

: Streeter & Phelps oxygenation model
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.63-6
= k"*(cg-c¢)

O'Conner & Dobbins equation

,, JC
K’ = 2945 Ym0 XV

hlAS

.65-6

(Cvp)t = (Cump)2o*(Te) ™

T
(*'10x1.76 ) °20
(1.037
.66-6
(k")T — (k")ZO*(TC) T-20
(
(1.024

6-63

.64-6

6-64

")
(7
()

CMD

6-65

k"
6-66
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(°)
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BODs

rp=-k*L 6-67

.68-6
L=Lo*e*" 6-68

. 69-6 67-6
ry= -k *Lo*e™" 6-69

70-6 {2¢3¢5:6:30}

nx (107 xL, )x T, x VSx (5+160x VS)x /t
1+160x VS

L =

m

2

C7)
( /) BOD?’

2

C/7 )
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BOD!
.= 250 6-71
BOD
°T - BOD. =
°20 - = BOD?
( )
72-6
d0X) _ . — oo 6-72
dt
( /) = 0X
( ) =K
( ) =k
(7 ) - =
{6 432 1}:
.
.
.
- .
.
72-6
73-6 ( =t 0Xo
k'xL , ,, .,
0X, = k”x : (e —e™ )+ (0x, xe™") 6-73
( /1 )t = OXt
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= OXO
( ) =K'
( ) =k"
() (x) —t
( )
( )
{3}
72-6
74-6
ox_ = KXLoxe™® .
kH
( / ) = OXC
«( 7 ) - ~Lo
C ) =k
() ~ 1
( ) =K
t 73-6
75-6
%="1 xME&@—O&xk“*} 6-75
k' —k' k' L, k'
( ) = tc
( ) =k"
( ) Y
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Xc = tC*V

20-6 .20-6

= OXO
- -Lo
.76-6
6-76
() =Xc
() =tc
( /) =v

Oxygen sag curve

20-6
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16-6

%95 3 (7 )
160 40 ( 13)
500 - ( 1)
8 50 (/1 )
20 30 (°)
24 _ ()
03 = °20 (e )k’
Tm*Qm= Tr*Qr + Tw*Qw :
Tw Tr Tm
Qw Qr Qm
T +T
Tm — Ir x Ql’ w x QW : Tm
Qr + Qw

©22 = (160 + 40) + (160x20 + 40x30) = Ty,

DOm = [DOr*Qr + DOw™*Qw]/[Qr + Qw ] :

2 -

(°20)

/[ 9.2=Cg =

366

-3



/[ 8.74 =9.2%(100 + 95) = o

/| 7.592 = [160 + 40] + [160x8.74 + 40x3] = DOy,
: ~4
BODp = [BODr*Qr + BODw*Qw]/[Qr + Qw]
/164 =1 =[160 + 40] + [160x8 + 40x50] = BODp

°22 -5
/ 88-= 2 -
- = OXO
/  0.488-92=0X,
" X " _ '
t. = ,,1 ank—x 1—O °xk k : -6
k' —k' k' L, k'
K)r = (K)20*(Te) > - °22 (
0.31 = 2722 (1.024)x0.3 = (k)
°22 (

(Cvp)r = (Cwp)20*(Te)"™
/# 10x1.893 = 27 22(1.037)x*"10x1.76 = 2, (Cwmp)

k" =294*(Cpp*v)™>/h' :
0.41 = 2 2.4 +%3((3600 + 500x*"10x1.893)x294 = k"

°22 (
Lo =L/(1 - ek't)
Lo 22 031=k'" / 164=L:
[/ 2082=(%"e-1)+164 =L,
t. = i l_k'an%x(l - OIi" X k”; kv) :

[{[0.31 + (0.31 — 0.41)%(20.82 + 0.4)] — 1}x(0.31 + 0.41)] x(0.31 —0.41) =+ 1 = t¢
273 =

X =tc*v -7
328 =24 x 500 2.73 = X¢

-8
OX, = li("'XLl()(' X (e_k't - e_k“‘)+ (OXO X e_k"t)
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2704 6x(0.4 + (27*04e - 2730327617 92 x [(0.31 — 0.41) + 0.31] = OX¢

/| 205=6.75-88=
{6 2}
_e_Bt
C=WxB V-m;xam 6-77
X
/)
78-6
79-6
/) t=
W=Qr*Cr + Qw*Cw 6-78
()
/)
()
¢/ )
p=(1/H)+k 6-79
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77-6
.80-6

Ce = W/(B*V) 6-80

Quw, Cy
(Qr +Qu), (G + Cy)
{6 2} 21-6
17-6
P25
/I 3

34000
24000=V  1=t,, [/ 3=Cw /I 0.04260+2.5=Qw: -1
W=Qr*Cr + Qw*Cw : A\ -2

/10800 = / 0.125=3x0.042 + 0x0 = W
t:V/(Qr+Qw) . —3

1.11 = (24x60%0.042 + 0) + 4000 = t
Li=Lo*e™ : -4
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0.693 = k
B=(1/t)+k =: B -5

/1.593 =0.693 + (1.11 = 1) = B
Ce = W/(B*V) : -6

/ 1.7 = (4000 x 1.593) + 10800 =

11-6
1-11-6

DWF=P*Q+ 1.+ Ty +EV :
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2-7

Meningitis

Paralysis

Myocarditis
Congenital heart anomalies

Pleurodynia

Gastroenteritis

Salmonellosis

« )

Weil's disease

Enterviruses

Poliovirus

Echovirus

Coxsackievirus

Hepatitis type A
Norwalk
Calicivirus
Astrovirus
Rotavirus

Adenovirus

Salmonella

Shigella

Yersinia enterocolitica

Vibrio cholerae

Leptospira spp.

Liverabscess

Colonic ulceration

Entamoeba histolytica

- Malabsorption Giardia lamblia
- Colonic Balantidium coli
ulceration
Helminths (
Ascariasis Ascaris lumbricoides
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Pit latrine
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Ventilated Improved Pit Laterine (VIP latrine)
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V =250*P + 2000
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() () () ()
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1.2 1.1 2.3 2800
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1.2 1.2 34 4700
1.2 1.5 32 5700
1.2 1.5 4.3 7600
1.2 1.8 4.4 9500
1.2 1.8 52 11000
1.5 1.8 4.9 13000
1.5 2.2 4.9 15000
1.5 2.2 59 19000
1.5 2.4 6.2 23000
1.5 2.4 73 26000
1.8 2.4 7.0 30000
1.8 2.4 8.5 38000
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Vents

391

{4:9:10}4



U U VORI S Qe

(
15
3
) [ 4-7
( )
{7 4 2} 4-7
()
3 1.5
30 15
60 30
3 3
30 15
30 15

392



{11 10 8 7 4 2 1}

( )
25
150 100
75
300
.18 12 1.1
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V = 180*P + 200 : -2
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1.2 -3
L=2.5*B:
A=V/h:
Bx25% 347=12+"10x4160 = A
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0.1 -4
+ X =
1.49 = 1.2 +2.94x0.1 =
+ = -5
1.87 =03 +0.075 + 1.49 = +
20 + 0.075 + 0.3 = -6

0.62 = 1.2x0.2 + 0.075 + 0.3
=7
0.86 = 1.2x0.4 + 0.075 + 0.3
L1=2L/3 -8
1.96 =3 +294x2 =17 :

40 + 0.075+0.3
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Q =204*("?

() Percolation test
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Absorption fields (
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L = P*Q/(2h*i)

35 2
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