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1.1.

,
, .

3000 . . 19

,
 ( . . ).

. ,
, .

1762
.

, :

i)
ii)

iii)
 ( , , , ).

.

1.2.

.

.
,

.

 ( , , )
55%
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 ( , , , , ,
.)  ( ).

 ( , , , , ).

O

( )
.

.

.

1.3.

1.3.1.

.
, .

85% , 12% 3% ,
.

.

, ,
. .

 (BOD,COD),
 ( ), , , , ,

, .
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. 0.5 mg/l
.

.
0.25 mg/lt

.
5 mg/l.

:

2S + 2O2  H2SO4

1.3.2.

1.3.2. .

 (
)

:

Ø

 (Pt)
 (SiO2)

Ø

pH
 (CaCO3)

 (CaCO3)

 (Ca)
 ( )

 ( )
 (Mg)

 ( l)
 (Cr6+)

 (Fe)
 ( )

 ( 4 – )
jeldahl (N)

 (SO4)

 (Cl)
 (F)

 (CN)
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 ( 4)
 ( 2)

 ( 3)
 (C6H5OH)

 (SS)
 (BOD5)

 (COD)

Ø

 ( 2)
 (BOD5)

 (COD)
 (TOC)

Ø

1.3.2. .

, .
’ :

Ø

 ( ).
BOD COD , ,

, .

Ø

, , , .
, , , .

Ø
 ( )  ( )

, ,
, ,

. BOD COD , ,
.

Ø
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.
 ( ).

Ø

. ,
.

Ø
.

.

Ø
, ,

, .
.

Ø

, ,
.

.
.

.

1.4. &

1.4.1.

. 10 - 20 m3/m3

, 1 - 6 m3/m3

66 - 234 m3/103 m3 .

1.

1

.
m3/m3 .

BOD5 kg/m3

.
gr/m3

.

. . . . . .

gr/m3

.

6 4-9 1.15 0.9-1.3 85 80-95 28
2.4 2-3.7 0.3 0.25-0.5 28 26-37 8
1.2 0.5-1.4 0.15 0.05-0.2 14 3-17 4-8
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1.4.2.

,
.

2.

2

3

.
 (American Petroleum Institute)

3

-

- -
- -

-
-

-

m3/103 m3 66 79 93 117 108 234

BOD5 Kg/103 m3 3.4 71.5 72,9 217 171,6 197

COD Kg/103 m3 37 200 217 543 463 328

BOD5 mg/l 100-1000
(SS) mg/l 150-4000

mg/l 150-4000
mg/l 120-3000
mg/l 5-80

(S) mg/l 20-80
pH 6.5-8.4
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TOC Kg/103 m3 8 45.7 41,5 108 148,7 139

SS Kg/103 m3 11.7 27 18,2 715 48,6 50

Kg/103 m3 8.3 27 31,4 120 52,9 75

Kg/103 m3 0.034 2.86 4 8,3 7,7 3,8

Kg/103 m3 1.2 10 28,3 24,1 34,3 20,5

Kg/103 m3 0 1 0,9 - 0,9 2,0

1.5.

 ( ).

.
.

( ).

( COD 60-85%) .
,

. COD
.

,
, , . .

, .
’

.

.

p 6.5 - 8.5,
.

4
 (

: , , )
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4

-
- . -

BOD5 mg/l 860 680 200 20
COD mg/l 1880 1600 400 40

mg/l 40 36 12 0
mg/l 180 170 64 0,5

5

5

%
- BOD5 COD - - -

1.
5-35* 5-30* 10-50 - -

5-50 5-40 10-85 - -

5-25
5-20

10-40 - -

2.
10-60 10-50 50-90 - -

- 10-70 10-50 50-90 - -

3.
70-95 30-70 60-85 65-99 90-99

- 50-90 25-60 60-85 65-99 80-99

50-90 25-60 0-40 65-99 90-99

40-80 20-50 20-70 65-99 70-90

4.
50-90 50-90 - 80-99 80-99
50-90 50-90 - 80-99 80-99

* BOD COD .
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1.6.

1.6.1.

.

.

1.6.1. . BOD

 (Biochemical Oxygen Demand - BOD)

, .

.
( )

,  (
).

2 3. BOD BOD
.

+ 2 + CO2 + NH3 + 2 +

95 -
99%, BOD (BODL).

BOD
 (BOD5),

60 - 70% .

BOD  ( mg/l g/m3)  (g kg t/ ).
:

= Lt = L(1-e -kt)

Lt: BOD t
L: BOD

 k = 2.303 k’= 0,115 - 0,7 k = 0.4343 k’ = 0,05 - 0,30
k k’ 0.39 0.17 .
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BOD
k. Van’t Hoff-Arrhenius

T0 = 200 C :

Lt = L20 [1 + C1(T-20)] = L20 (0.02T + 0.6)
H BOD

.

1.6.1. . COD

 ( ). COD (Chemical Oxygen
Demand) ’

,
COD.

 ( ). COD
BOD

 ( ).

BOD5/COD 1:10 .

1.6.1. .

:

Ø ThOD (Theoretical Oxygen Demand)

.

Ø TOD (Total Oxygen Demand)

9000 C
 ( ).

BOD COD.
.

Ø ThOC ( heoretical Organic Carbon)
 ThOD .

Ø TOC (Total Organic Carbon)

. ,
,

.
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:
BOD5 BODL COD TOD ThOD

1.6.2.

:

Ø  ( , , ) –
Ø  ( NH4 NH3)
Ø ( 3 2)

:
i) ,
ii) 2

( itrosomonas) -
iii) 2 3

( itrobacter) -
iv) 2 3 ,

.

.
.

 ( )
,  ( , )

.

,
.

, BOD.
.

. 3
NH3

.

.

1.6.3.

.
.
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COD.

1.6.4.

S 4 2SO4 H2S.
SO4 S H2S H2SO4

. H2S ,
,

. H2SO4 .

1.6.5. -

Cu, Pb, Cr, As, Bo, Ag, Ni, Mn, Cd, Zn, Fe, Hg
 (

).
 ( ,

). .

1.6.6.

: N2, O2, CO2, H2S, NH3, CH4.
.

1.6.6. .  ( DO)

’
 ( ).

, .

.
,

.

1.6.6. . (CH4)

.

.
.
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1.6.7. pH

’
.  p  ( , ,

, ) ,
. .

1.6.8.

HCO3, CO3, OH, Ca, Mg, Na, K,
NH4.

.  p .
mg/lt CaCO3.

1.6.9.

. :

Ø
Ø  ( )

.
,

80% .

1.6.10.

 ( , )
.

Ø
. D = 0,1 1,0 .

Ø
.

Ø  ( : D = (0,2-0,3) m 1 m )
( : D = 1m (0,1-1,0) ) .

: 1m = 1/1000

:
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Ø  ( Total Solids TS):
 (1030 C)

.

Ø .
 (5500 C).

. .

Ø  ( ) (SS -
)  (DS).

.

Ø  ( )
.

.

1.6.11.

10 22 0C.
.

:

Ø
Ø
Ø ,
Ø

.

1.6.12.

.

.

1.6.13.

 (
), .

.
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- 2 -
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2.1.

.

.

:

Ø
Ø ,

Ø
Ø
Ø

.
.

, ,
.

. ,
.

.

.

 n
:

n % = (Ci-Ce) / Ci

Ci:
Ce:

85% 90%
.
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2.2.

’
.

.

.

. ,
, ,

 ( by pass).

.

, , .

.

:
Ø

 ( . . )
Ø

 ( . . pH, .)

. –

.
.

.

.

.
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. -

.
.

.

.

( ). ’
 ( ), ’

.

.

.
, , ,

.

.

.
.

’
.

, ’
 ( ).

.

,
.
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2.3.

- ’
.

:  ( )

( )  ( )
.

 2
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( )

( )

2.1. –
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2.4.
.

.

. :

Ø
Ø
Ø
Ø
Ø
Ø

.1.

.  ( ),
.

.2.

.
 ( )

.
 (

) ,
.

. 2.2.



27

.3.

. .
50 mm 20 mm. 0.3 30.0

lt 100 m3 3.0 30.0 lt 100 m3.

10 mm 50 mm.

.

. ,

.

.
1/3

30 .
,

.

.

.
.

(by pass) .
.

, ,
.

.

2.3. .
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A.4.

.
, .

,
.

, .

.

.

.

.
 ( , p )

.

:

Ø :
Ø : .

.
,  (

).

.
Ø : .

.
Ø :

5 m .
20-100 rpm.
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.5.

 ( , ,
, .)  (2.6 Kg/lt)

0.1 – 0.2 mm ,
.

,
, , .

.

.  « »
.

.
 ( ).

.
Ua

0.2 – 0.3 m/s ( )
Uk 13 – 20 mm ( ,

). Ua t = 2 – 5 min.
L H

10 15 .

,
 (

).
.

.
0.3 – 9.0 lt 100 m3 .

.

,
. ,

.

.
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.6.

,
,

.
.

,
.

 ( )
.

,
,

.

,
.

, .
.

.

: t = 3 – 5 min.
Ua : Ua = 10 – 25 m/h.

,
. ,

.

 ( . . .)
,

.
 ( . . . Separator)

d 0.15 mm
Ua = 0.9 – 3.6 m/h, Uo = 15 – 55 m/h, /

0.3 – 0.5, 2 – 6 m 1 – 2.5 m.

–
–

– .

.
,

, ,
 ( ) .

60 – 70 %.
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B.

. :

Ø –
Ø -

B.1.

.

(U = 5 cm/sec = 180 m/h),
,  ( )

.
-

- .

B.2. -

0.1 – 0.001 mm .
 (BOD SS) .

 ( ) .

,
.

,

.
( ) .

 (
) ,

, , .
,

 ( ).
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:
Ø  ( ).

.
Ø ,

( ).
Ø

( ).

 ( . . ),
,

.

B.3.  E -

. TS,
.

.4.

.4.1.

Ø

, . 1,5 – 2,5 h
, 32 –

48 m3/m2.

Ø

 ‘ ’

. 9 – 15
0.02 m/sec.

Ø

.
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Ø SS BOD

SS 50 – 70%.

SS . BOD 25 – 40%.

.4.2. &

.

Ø  (
– ), ,

.

Ø
,

.
, .

.

Ø
.

.

,

.
,

 ( ).

,  ( ).
.

.4.3.

.
,

,
.

:



34

Ø

.
3 m.

15 – 30 cm

0,80 0,16 m/s. ,
. 1%.

Ø
’  (

).
– 15 –

20 % .

. –
.

,
’ . 8 –

12%.

.4.4.

.
 (

) .
,

. ,
, ’

20 – 30 cm .

.
.

.

.4.5.

, ’
. ,  (3 – 4 )

.
1 – 2 m/sec.

.
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:

Ø

.
1,2:1 2:1.

.

Ø

.
.

.
.

.

– .
.

, .
’

,
‘ .

.
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.

.1.

.
,

.
.

( ).

,

– .

.
’

.

petrola .

 ( , .)

.

.2.

( ) , (CO2, H2S, N2,
H2, CH4) .

. ’ ,

 ( ) ,

.

: V,
t

.
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. :

, ,
.

.

-

.

.3.

, ,
INAKA 1.

1

. ,
.

.
.
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k
50% .

.

.

.

.4.

.4.1.

.

, .

 (
).

. :

+ / + 2 / + (CO2, H2O, NO-
2, NO-

3, SO2-
4)

:
1.

2.
3.

:
Ø ,

.
Ø

 ( ).
.

,
,

.
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.4.2.

.4.2.1.

.4.2.1. .

. ’

.
. , ,

.

.

.

:
.  (Nitrosomonas) :

NH4 + 1,5 O2 2H + H2 + (58-54) Kcal

.  (Nitrobacter) :

NO2 + 0,5 O2 NO3 + (15,4-20,9) Kcal

2.

. 80% , 20% .
20% 90% 10% .

: C118H170N17O51P,
:

P2O5 50%
SO3 15%
Na2O 11%
CaO 9%
MgO 8%
K2O 6%
Fe2O3 1%
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.

,

.
 C5H8O2N.

.
 ( )

.

,
( ). 4 – 20
C10H17O6N.

’
. ’

,
, , .

.
.

: Vorticella, percularia, Epistylis.

.
.

.

.
.

.
 (DO)

Nitrosomonas Nitrobacter.

.4.2.1. .  ( )

, .
 (

) .

. ,
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, . ’
 (

)
.

 ( ) .
,

,  p ,
,

.

.4.2.1. .

 (DO)
. :

i)  ( )
ii)  ( )

,
.

,
.

, ’
( ) ,

,
.

,
.

.4.2.1. .

. ,
.

, , . .
.

( ),
, .
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– ,
.

: = / S
= ss/ s

x =
s =
ss =

.
. ,

,

.

,
 ( )

.

.4.2.1. . –

.
.

.

:

Ø - -
,

.

Ø

,
.

Ø
,

. ,
, :

CXHyOZ + (x + 1/4y – 1/2z) O2 x CO2 + 1/2 H2O
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Ø

.
 C5H7O2N,

:

n (CXHyOZ) + n NH3 + n (x + 1/4y – 1/2z –5) O2 (C5H7O2N) n + n (x-5) CO2 +1/2n (y-4)H2O

Ø

.
, .

.
:

C5H7O2N + 5n O2 5n CO2 + 2n H2O + NH3
 (

) ’
,

 (
)

.
 ( ),

 ( )
.

.

,
.

.

,
.

.
,

. .

.4.2.1. .

100%.
95%.
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.
.

,
,

– .

,
.

.

.

.4.2.1. .

FC

.

BOD
,

.

FC
.

Ø FC = 0.03 – 0.04 Kg BOD/ Kg MLSS.d
’

Ø FC = 0.04 – 0.07, ’
10 C.

Ø  FC 0.07
.
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.4.2.2.

.4.2.2. .

.
 ( ,

, , )
.

( ).
3 – 9

Kg SS /m3. .
,

’ .
,

.
.

,
, .

.
/  F

 ( F/M) .

.
,

.

.4.2.2. .

’
 ( 2.5.).
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S

2.5. –

.

.
,

. :

Ø  ( atch)

T  ( )
.

,
.

.

Ø

’
.

:

i)

,
.  ( ),

.

ii) (plug-flow)
E

.
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,
.

.

.

,
,

.

2.6. .
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2.6. –
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.4.2.3.

90%.
,

 ( , .).

,  (
) 1 - 3 mm.

.
.

 ( )
 ( ) .

.
.

. ’
.

,
1 – 2 m .

.
.

,
.

: .

,

.

.

.

.

’ .
, ,

,
.

.

.
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, ,
 (

) .

.
BOD

’
.

.

,

.
.

.

.

,
,

.
.

.

.4.2.4.

( )  ( )
.

.

.4.2.5.

.
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. -

.

.

.

, , , .
.

.

:

Ø

’
. ’ ,

 (
).

Ø

.

Ø

.
. ’  ( –

) .
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 ( . . )
,

:

Ø
.

Ø

.

Ø
.

.

Ø ,  ( )

( ).
 ( ).

( )
. .
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.

.
.  ( , , ,
)  ( , ).

.

( )
.
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- 3 -

PETROLA
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3.1.  (LIFTING STATION)

 (lifting station),
.

.

.

3.2. . . .
  (AMERICAN PETROLEUM INSTITUTE SEPARATORS)

.

 ( ,
).

. . .
. pH

, . ’
,

.

.
.

, .

(skimmer pipes).
.

.

. . .
.

.

 ( ).
 ( :

/ ).

,
. , ’
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, ’
 « »

.

3.3.

( ) .

.
.

 (downstream)
.

3.4.

. , ,

. 330 m3 / hr
51.5 m.

.
, .

.
.
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3.5.

.
.

.

.
NAFLOC N625 . ’

.
.

.
.

0.5 15 ppm.

. .
. , ,

.

.

3.6.

3.6.1.

,
.

.
 (film)

.

.
.
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, .

 ( ,
, , ).

. : ,
 ( ), . ,

, 97% .
.

, .

,
.

.

 (
’ ).

.
990 m3 / hr 90 m3 / hr

.
(backwash water tank) .

3.6.2.

,
.

. ,
 ( )

.

 ( ).
 (backwash water tank, hot backwash water tank),

.
 (control room).

.

.

. ’  (
/ ).
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90 m3/hr
.

(backwash water tank).
.

.
 ( ).

, ’
 (hot backwash water tank).

.
.

’
.

.
40 m3

.

’
,

. ’ .

( ) 400 560 m3 / hr, 0.895 bar / gr.

’ , .

.

.
.

. . .

100 min 1600 m3

.
.

.

.

.

1.0 – 1.5 m.

.

.
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3.6.3. ’

’
2 – 3 min.

.
.

.

3.6.4.

5 mg / lt ( ).

’
.

15 – 20 mg / lt
.

’
. ,

.

, .

whatman No50.
.

.
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3.7.

3.7.1.

.

.
,

.

. pH

 ( ).

 ( ).
.

.

3.7.2.

 (splitter box)
.

.
.

.
.

,
.

,
.
 ( ).

.

 (
).
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o .

.
,

.

 ( pH)
.

 (film) .

3.7.3.

’
,

( ).

.
,

.

NUTRAPHOS – 2
10% 4%

. 0.5 kg
NUTRAPHOS – 2 4.5 lt .

 ( 5% 1% BOD5
) 36 lt / hr .

.

.

.
.

.
,

.

.

’ ,
.
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3.7.4.

. pH
.

.
.

.

,
40 C.

.

.
.

.

 (
BOD5 ).

.  (
BOD5 )

’
.

3.7.5.

: , ’
 ( ).

.
25 – 35 %, 5 – 10 %.

60 – 70 %.
, . ’

.
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3.7.6.

’
, , .

.
,

’ .

’
.

BOD,
 (Kg BOD / Day x Unit Volume).

,
.

’
.

,
(pH, , )

.

BOD ’
,

 ( ).
,

 ( ).
 ( , pH, ,

, ) ’
.

,
, .

, ,
–

.

3.7.7.

–
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. ’
– .

3.8.

,

’
.

.

3.9.

’ .

.

3.10.

–
–  ‘

.

.


