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1- Quantity of wastewater:
1-1- From domestic uses: 150 ~ 250L/c.d take the average to be 200L/c.d.
1-2- From industry: depends upon type of industry, for example, dairy products
industry needs water of 10 ~ 20m’/ton of milk processed, therefore, a factory
processing 10 tons per day will need water = 10 x 15 = 150m’/day.
Assume 100% returned to sewers:
Wastewater = 150 x 100% = 150m’/day.
- Bread needs 2000 ~ 4000L of water for each ton.
- Wood pulp needs 24m”/ton.
2- Pollutant concentrations in wastewater:
2-1- In domestic wastewater:
BOD;s at 20 °C : 60 ~ 110g/c.d  take the average to be 80g/c.d
Suspended solids: 60 ~ 115g/c.d take the average to be 90g/c.d
Total Kjeldahl nitrogen (TKN): 8 ~ 12g/c.d  take the average to be 10g/c.d
Total phosphorus: 3 ~ 6g/c.d take the average to be 4g/c.d
2-2- In industry wastewater, depends upon type of industry, for example:
Cannery wastewater has BOD = 100 ~ 4000mg/l or ppm
Dairy products wastewater has BOD = 1000mg/1
Woolen mill wastewater has BOD = 28 ~ 15400mg/1
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Wastewater flowrate = 67% x 300 =200 L/c.d
BODs contribution / capita.day = 80g

S.S contribution /capita.day = 90g
BODjs concentration = 80 x 1000 /200 = 400mg/1

S.S concentration = 90 x 1000/200 = 450mg/1

A3l oLl Asad Be JOUA e 2 yaimal) 53Lall 52uS) 8 gl (in oS 5V S 54 : BOD
AT dalse 530 m a0 (e A 4 iide gyl g 40 8 LSS

dua e b S Pathogens

dua Y L S Non pathogens




Population Equivalent of an Industrial Wastewater:
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1- Biological Population Equivalent:
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Biological Population Equivalent = 170m’/d x 2000g/m’/80g/c.d = 4250 persons

2- Hydraulic Population Equivalent :
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Hydraulic Pop. Equiv. = 170m’/d x 1000L/m3 / 200L/c.d = 850 persons

Home work (1):
Meat processing plant has a wastewater discharge of 6000m’/day and BOD
contribution of 1300mg/1, the capacity of the processing plant is 500 000kg of ( LWK =
live weight kills) per day. Compute the followings:
1- BOD load/1000 kg of (LWK)
2- Biological population equivalent for the daily waste discharge, assume BOD

contribution = 80g/c.day

3- Hydraulic population equivalent, assume a flowrate contribution = 200L/c.day

Answer:
1- BOD load/1000kg of (LWK) = 2000130071000 _
500000/1000

2- Biological population eqiv. = %?300 = 97500 persons

7.8 kg

3- Hydruaulic population eqiv. = %;(1)000 = 30000 persons

Home work (2):




Industrial waste flowrate = 5000m’/day
has BOD = 1200mg/1

Domestic Sewage

Q = 10 000m’/day
BOD = 400mg/I
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|- Effects of Wastes on Streams:
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1- Inorganic Salts 6- Heated Water
2- Acids and /or Alkalis 7- Color
3- Organic Matter 8- Toxic Chemicals
4- Suspended Solids 9- Microorganisms

5- Floating Solids and Liquids 10- Radioactive Materials
11- Foam-Producing Matter

1-Inorganic Salts:
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2- Acids & Alkalis:
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3- Organic Matter:
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4- Suspended Solids:
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5- Floating Solids and Liquids:
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6- Heated Water:
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7- Color:
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8- Toxic Chemicals:
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9- Microorganisms:
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10- Radioactive Materials:
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11- Foam-producing Matter:
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I1- Effects of Wastes on Sewage Treatment Plants:
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1- Biochemical Oxygen Demand (BOD):
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2-Suspended Solids:
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3- Floating Material and Colored Matter:
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S- Volume:
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6- Other Harmful Constituents:
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6.1- Toxic metal ions , Cu™®, Cr'®, Zn™, CN™" .
6.2- Feathers:
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6.4- Acids & Alkalis:
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6.6- Pieces of fat:
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6.7- Noxious gases:
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6.8- Detergents:
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6.9- Phenols and other toxic material.

Stream Protection Measures
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1- Effluent standards:

In all effluents from a certain type of industry, the waste discharged is kept below

either a fixed percentage or a certain maximum concentration of polluting matter.
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2- Stream Standards:
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1- Fresh Water:
Class — AA : Drinking water after approved disinfection, with additional treatment, if

necessary, to remove naturally present impurities.

Class —A  : Drinking water if subjected to approved treatment equal to a minimum of
coagulation, sedimentation, filtration and disinfection, plus additional
treatment for nature impurities, if necessary.

Class — B : Bathing, or any lesser use.

Class — C : Fishing, or any lesser use.

Class — D : Agriculture, industrial cooling, or industrial process water, or any lesser
use.

2- Tidal Salt Water:
Class — SA : Shellfishing for market purposes, and any other usages.




Class — SB : Bathing, and any other usages except shellfishing for market purposes.

Class — SC : Fishing and other usages except bathing or shellfishing for market
purposes.

Class — SD : Any usages except fishing, bathing and shellfishing.

3-Underground Waters:

Class — GA : Drinking, culinary, or food processing, and any other usages.

Class — GB : Industrial or other water supply, and any other usages except as used
in (GA).

Stream Quality Control:

Four procedures are becoming increasingly relevant for improving stream quality:

1- Stream Specialization: One stream becomes degraded so that others in the area
preserved. Similar to that stream classification except that the use of one stream as
an" open sewer".

2- Stream Aeration: by artificial means such as vertical pumps by draft tubes of large
turbines in power dams, which draw oxygen in water flow.

3- Low Flow Stream Augmentation: Storage of water in dams and reservoirs built on
the upper land of main stream or tributaries can be released at low flow periods.

4-Pumped Storage: Storing electrical energy for subsequent use by pumping water to

elevated reservoir then reused for generating energy. And low flow augmentation.

Computation of Organic Waste L.oads on Streams:
A S 4y sume Al g s L JiSo 5 (oS ) (g siad Adlaiall slaall 5 Ly iS5 Sl (o (s 5iad gl ol )
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OSa¥ A ZOlaY) s g 5 HA) paade pe iy Aald Jlaa a5 55 )l all da )0 e dpuSe 48Dl 5
A siia s Tam 5,8 &y pumall 3 sall ¥ 13 5 4 A e 5abe JS S 3 8 sty (wiw) 1 sl e )
LY Ay saanll ) sl ok 4alin 5311 n oS W) ke 5o s Lo €1 54yl AT g aladind w3 ade
LSl =iy G sl sl

‘ :Jia
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300 x 22 = 312mg/l
180

Factors in Self Purification:
1- Dilution
Currents
Sedimentation
Bottom desposits and runoff
Sunlights
Temperature

The Oxygen Sag Curve:
the rate of oxygen depletion by BOD exertion is equal to the rate of BOD removal, or,
dc _ dL
—=—=-k Lx,t
dt  dt 1L 9
For oxygen, the rate of change of concentration due to reaeration is given by:

% — K, (A/V) (C,—C)

Where:
C = Oxygen Concentration in water (mg/1).
Cs = Oxygen Saturation concentration in water (mg/1).
L =BOD (mg/l)
K,= deoxygenation rate constant (time ™)
t = time
x = distance
K= a mass transfer coefficient , V = the liquid volume
u = Stream velocity.
The product K (A/V) may be considered as a volumetric mass transfer

Lx)=Loe &X' +{L,/ (ki +k)}{l-e &+ , where: u = stream
velocity

k;, La are measures of independent physical properties which are often considered to
be negligible. They may be determining from field data as follows:

If BOD decreases along a reach and the BOD at some point, X, is less than predicted
by




Lx)=Ly,e" & XD then k;= positive and exceeds La
La=0
and k; = calculated from L (x)=L,e *+5*Y
If the BOD increases with (x) or decreases less than predicted by
Lx)=L,e **'Y then La= positive and exceeds kj
k;=0

and La calculated from L (x)=L,e" e X/0) 4 _La o " X/U))

ki

Oxygen deficit at any distance (x), calculated from:

ki La - —(k+k)X/U —k X/U
(0 €(+3) - C 2 )+

D (x)=Dye 5 *'V+ L, -
( ) © 2 k> — (kitks) kitks

(Se /K + kz(kl;ili) -e )
Where:
D, = is the deficit at (x = 0)
Sr = oxygen sources & sinks other than reaeration & BOD exertion, neglected or
calculated from field data of (DO) once, L, k;, k,, k3, & La are known.

The location of critical deficit (Xc), Calculated from:

XC:

y K, {(Kz—(KﬁKs) L, KzDo—st]

Kz _(K1+K3) Ln[Kl"'Kz K1+K3)Lo_|—a K1+K3 Kl

The reaeration constant (k;) can be estimated by determining the characteristics of
the stream. A generalized formula proposed by O’Conner and Dobbins for natural
streams:

|
294(D,U )
k, = ¥ ¥ (k, for base €)

2
Dy =1.76 x 10 m? x (1.037) T2
Where:

2
D, = Molecular diffusion coefficient for oxygen, (mT ).

U = mean stream velocity, (m ).
S

H = average depth of flow, (m).




2
1.76 x 10™* = molecular diffusion coefficient for oxygen at 20 °C, m? :

T = temperature, °C

Saturation DO

Oxygen Sag and BOD Removal in Streams

Al clilall 5 sl Jiadll + (5 sal) o) sl = gl (B S oY) jaliaa

G Adllad) ol sall 4+ Slal el eld BOD + WW (8 BOD = ugill (& (S oY) éBDlgiad jalaa
ol + A Sl LS el e oSl zlia) Lalud sacliall Gl jalld Tl oY Jlati s g Bl s 53
o) (833 gall L)

Street-Phelps Formulations:
L A

= deoxygenation rate constant.




K =k L_ 4D
D 23AtD

AD .
= reaeration rate constant.

k1 LA
— [107'-107% 1+ Dy 1075
ko- ki

Where:

k; = for base (¢) =23 xk;
k, = for base (10)
k,=23xk,

Using Fairs Formula:

f= % = Rate of Self Purification

eKlt{l _ e(fl)K1t|:1 —(f . 1) [Eo }}




Example:

I 5 bl (7) 8 tohlsll Ghadl | saa s ) (1000m?/d ) Chupais aaa o ol ki A
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S o pall BODs Jlaiale | Jall Jagi Sp L, , k3 () oo J il Je (0.46/d) , (0.23/d)
7 e (Amg/l) (o S8 (I el (8 ldall (S Y 58 55 (G gl Y G 531 Aallaall ddaal
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Solution:
In the absence of values for (K3 L,, Sg) then the general question becomes:

Kl

- Lo(e—klxw B e_kZX/u) \

1

-k ,x /U +

D(X) = Do e

Classic
Streeter-Phelps

> Formulations

Assume value of (L,) and calculate (tc & D¢) with many trials until the specified
Dc is reached.
From table Cs (dissolved oxygen concentration at saturation) = 7.63 mg / L at 30 °C
Since stream water has BODs = 5mg/l ———nlikely to be saturated —
assume 80% saturation
. DO=7.63 x 0.8 =6.10mg/l
Wastewater after treatment has DO = 2mg/I, approximately




DO (Qs + Qww) = 6.10 Qs + 2 Qww DO =5.66mg/L
Initial deficit (D,) = Cs — C = 7.63 — 5.66 = 1.97mg/1
AtT=30°C:
k; (30)=k, (20) x 0~ =0.23(1.047)'°=0.364/d
k, (30) =k, (20) x @ " > =0.46 (1.025)'° = 0.589/d

“De=1.97 e—0.589tC £1.618 L, (e—0.364tc B e—0.589tc)

0

tc=4.441n1.618 [1-1'518}

- Maximum allowable D¢ =7.63 —4 =3.63mg/I

L,

15

10

11

Maximum allowable BODs in stream (L) = 10.5mg/1

—- Kt

BODs=L,(1-@ ““)=10501-0 "")=718mgi  (wherek; at 20°C)

BODs of the wastewater:
7.18 x (Qs + Qww) =5 x Qs + BODs x Qww

BOD. — 7.18(92653)0; 5(8265.6) _ 55 4 mg/l

In this case water quality standard (minimum DO = 4mg/]
Governs rather than effluent standard of BODs = 40mg/1

Home works

Q/ 1: A wastewater effluent of (560L/s) with BODs = 50mg/l, DO = 3mg/l, and
temperature of 23 °C enters to river where the flow is (2.8 m’/s) with BODs = 4mg/ 1,
DO = 8.8mg/l, and temperature of 17 °C. From laboratory BODs testing, k; of the




wastewater is 0.1 d” at 20 °C. The river downstream has an average velocity of 0.18
m/s, depth of 1.2m, and molecular diffusion coefficient for oxygen is 2.037 x10” cm®/s
at 20°C. Calculate the minimum dissolved oxygen level and its distance down stream by
using oxygen sag equation.

Q/2: A city discharges 115000 m’/d of wastewater into a stream whose minimum rate
of flow is 8.5 m’/s. The velocity of the stream is about 3.2Km/hr, the temperature of the
wastewater is 20 °C and that of the stream is 15 °C. The BODs at 20 °C of the
wastewater is 200mg/l and that of the stream is 1mg/l. The wastewater contains no
dissolved oxygen but the stream is 90% saturated upstream of the discharge. At 20 °C
k, is estimated to be 0.3 day’', and k; is 0.7 day™'. Determine the critical oxygen deficit
and its location, also estimate BODs at 20 °C of the sample taken at the critical point.
Use temperature coefficient of 1.135 for k; and 1.025 for ks, also plot the dissolved
OXygen sag curve.




Answer to Q/1:

Solution:

Total flow after mixing = Qs + Qww =2.8 + % =3.36 m’/s.
560
1000
560
1000
500 v 4231/3.36 = 18°C.
‘ / 1000
ki (18) =k; (20) x (1.047)"**°=0.1 x (1.047)'**° = 0.09day ™.

BOD;s of the mixture  =[2.8 x4 + ( ) x50]/3.36 =11.7mg/1.

DO of the mixture =[2.8 x8.8 + (220 ) x3]/ 3.36 = 7.3mg/l.

Temp. of the mixture =[2.8 x17 +(

D, -U

e )**, where U: stream velocity in (m / d)

0.5

x 3600 x 24 x 0.18 x 3600 x 24
10000

(2.037 x 10 =3
k,

o = 1.23day’’

ki=k; x 2.3 =10.09 x2.3 = 0.207 day”’
ks (18) =k, (20) x (1.025) '*2° =1.23 x (1.025) '*** = 1.17day’
BODs=L, (I - 10 %/ ")
11.7=L, (1-10"%1?) L,=17.1ppm
From table of dissolved oxygen concentration at saturation at 18 °C = 9.5mg/1
D,=Cs—C=9.5-7.3=22mg/l
fo= 1n&{1——k2_ K, -&}
kz - kl k1 k1 L,
_ 1 n 17 {1_1.17—0.207. 2.2
1.17-0.207  0.207 0207  17.1

DC: DoeletCJr K KlK Lo(e’Kltc_e*Kztc)

2 1

}= 0.85day

tc

~1.17 x0.85 0.207
+
1.17 — 0.207
v Dc=Cg—-C C=9.5-2.45=6.96mg/l.
Xc=t.xU=0.85%0.18 x 3600 x 24 / 1000 = 13.22Km.

De=2.2 o < 17 '1(670.207 X085 e71.17xo.85):2.45mg/l




Volume Reduction
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(or slug discharges of process wastes

1- Classification of Waste:
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2- Conservation of Wastewater:
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3- Changing Production to Decrease Waste:
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4- Reuse Both Industrial and Municipal Effluents for Raw Water Supplies:
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5-Elimination of Batch or Slug Discharges of Process Wastes:
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Strenqgth Reduction
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The strength of wastes may be reduced by:

1- Process changes.

2- Equipment modification.

3- Segregation of wastes.

4- Equalization of wastes.

5- By-product recovery.

6- Proportioning wastes.

7- Monitoring waste streams.

1- Process Changes:
Lok sl g o)) agle 5 G Bl L) il e a8 S0 Ll Al s g phaally ire sl Ganigall o
O ol Al 8l dala ) 5ol o) Geliall Sal G delially il 8 (e 4l
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e B &5 a8 ) all o) Cilleadl €l s drans 8 (g 38N DU delia b
1- Change from copper-cyanide plating solutions to acid-copper solutions.
2- Replacing the CuCN; strike before the copper-plating bath with a nickel strike.
3- Substitute a carbo-nitriding furnace, which uses a carburizing atmosphere and
ammonia gas for the usual molten cyanide bath.
4- Use shot blast or other abrasive treatment on nonitricate parts instead of H;SOy, in
picking of steel.
5- Substitute H;PO, for H,SO, in pickling.




6- Use alkaline derusters instead of acid solutions to remove light rust which occurs
during storage.

7- Replace soluble oils, and other short-term rust preventive oils applied to parts after
cleaning, with "cold" cleaners (chemical rust inhibition).

2- Equipment Modification:

Y il 550 (e olpall Aiat] (i plall) DU Jalae 8 loaall Janins Siad Calanall 53 3¢ ¥ o sad

v i e (asa b s (trap) saras Jeaid (poultry plant) zlaall jilas A5 3l Lea jha (s

Lemioat e f 508l Colall A ol (8 Codall wiliaa 3 4l 40201 5 Gaiall olpall (ye Aailill il 5800 pen

GRSy | Aalaial) el 8 cilaslaall Ji 5 JalS JSi g de s Leay i (Say Cupmy dinia g slade 3licy

A5 il gima Al s Cilamall 8 Lgan Hi ae dae V) (e Sy (61 sl jaandl drip pans Jexiu
L sl il a0 )

3- Segregation of Wastes:
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Wastes from a Textile Mill

Grey Dye Combined
water waste

PH : 9.4

TS, ppm 1560

SS, ppm 156

0, 460
Consumed

ppm
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4- Equalization of Wastes:
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5- By-Product Recovery:
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6- Proportioning Wastes:
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8- Accidental Spills:
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1- Make certain that all pipelines and valves in the plant are clearly identified.

2- Allow only certain designated and knowledged persons to operate these valves.

3- Install indicators and warning systems for leaks and spills.

4- Provide for detention of spilled wastewater in holding basins or lagoons until proper
waste treatment can be accomplished.

5- Montitor all effluents - quantity and quality to provide a positive public record, if
necessary.

6- Establish a regular maintenance program of all pollution - abatement equipment and

all protection equipment which may result in a liquid discharge to the sewer.




