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Question One

a)  In brief, compare the properties and characteristics of ground water and surface water? 
Ans.
Surface water				
1. variable composition
2. low mineral content
3. high turbidity
4. low hardness
5. taste and odour
Groundwater
1. constant composition
2. high mineral content
3. low turbidity
4. high hardness
5. high Fe, Mn


b) The results of laboratory tests carried out on the water quality of the treated water in a water treatment plant before supply to the customers are as follows:
	1 - Colour 	18 units (PCU) 
	2 - Turbidity   	7.5 NTU
	3 - PH		10.2

Explain in brief whether or not the treated water is fit for human consumption as drinking water.
Ans.

The treated water is not fit as drinking water for human consumption since the colour is >15 CPU, turibidity is > 5 and the PH is >8.5.


c) Find the hardness of water that has a   and 
Ans.
From the attached table
Total Hardness (TH) = Σ ()
 Hardness = 70x Equivalent weight of CaCO3 / Equivalent weight of
 hardness =70x(50/20)=175 
 Hardness= 9.7x Equivalent weight of CaCO3 / Equivalent weight of
 hardness=9.7x(50/12.2)=39.8
Total Hardness (TH) =175+39.8=214.8   Pretty hard water


Question Two

a) A pre-sedimentation tank is to be designed to treat a maximum flow rate of 60000  of surface water.  The target particle for settling has the following characteristics: average diameter   = 200× m, cohesion constant k=0.05, Daracy-Weisbach friction factor f = 0.025, and density = 1.25× kg/. 
The viscosity of water is 1.003×/ms and its density is =1.0× kg/ g is the acceleration due to gravity (9.81 m/s2).

For a rectangular classifier having length to width ratio of 6, the overflow rate is at least four times the settling velocity and the horizontal velocity is at most one-third of the scour velocity.

(i)  Find the dimensions of the rectangular tank.
(ii)  Determine the detention time.
Ans.









Actual horizontal velocity=VH/3=0.02951 m/s.

=m/s



Overflow rate=4× = 21.76 x m / s

If W is the width, L is the length and H is the height of the rectangular settling basin,

[image: ]

==31.903 

==23.54 

Given that L=6W

WxW=31.903/6		W=2.305 m,		L=13.83 m,   and     H=10.21 m,  


=7.811 min




b) Explain in brief, using schematic diagrams, the difference between an Aerobic ground water treatment plant and a deep anaerobic groundwater treatment plant.
Ans.
Aerobic ground water treatment plane
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deep anaerobic groundwater treatment plane
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Question Three

a)  A rapid mixer of square cross section is to be used for coagulation of surface water with high turbidity.  If the flow is 720 m3/h find the volume and dimensions of the tank and the power requirements.  Assume that the detention time is 30 seconds and the mean velocity gradient G = 1000 S‐1.  The viscosity of water μ = 1.518 x 10‐3 N.m/s2 at 5oC.



Ans.
Q = 720 m3/h = 0.20 m3/s
V = 30x0.2 = 6 m3
The water depth is usually taken as 1.5 times the width of the tank if it is square
V = WxWx1.5W=1.5 W3
6= 1.5W3 , W = 1.587 m, d= 1.5*1.587 = 2.38 m.
P=μVG2 = 1.518x10‐3x6x (1000)2 = 9522 Watt = 9.522 Kw


b) A dual media filter is composed of 0.30 m anthracite (mean particle size 0.20mm) that is placed over a 0.60m layer of sand (mean particle size 0.70mm) with a filtration rate of 9.78m/h.  Assuming the grain sphericity ф = 0.75 and porosity (ε) = 0.40 for both, estimate the head loss in the clean filter at 15oC.
Ans.




1. Head loss in the anthracite layer:=0.0508 m

2. Head loss in the sand layer:=0.6918 m

Total Head loss :


c) Briefly describe the different classifications of the membrane processes used in water treatment.
Ans

The main membrane separation processes develop on a large scale in water treatment are: 
 
a) Microfiltration (MF),
b) Ultrafiltration (UF), 
c) Nanofiltration (NF), 
d) Reverse Osmosis (RO), and 
e) Electrodialysis (ED). 

MF can remove suspended solids, turbidity, crypto and giardia. Not colour, virus, or dissolved solids. UF can remove color and odor causing organics, virus, and other microbiological pests. Not dissolved salts. RO and NF systems should be used to remove only dissolved solids - they need VERY clear feed water. ED removes IONS from water - it does NOT remove uncharged molecules, suspended solids etc.

Question Four

a) The molar concentrations of the major ions in a brackish ground water supply are as follows: 




What would be the approximate osmotic pressure difference across a semipermeable membrane that has brackish water on one side and mineral-free water on the other, assuming the temperature is 25 degrees centigrade?  How much pressure needs to be applied on the brackish water side to increase the mineral-free water content? 
Ans

The molar concentration of particles in the brackish water is 

C=0.02+0.015+0.01+0.001+0.025+0.001+0.002+0.012 =0.086 M


π = cRT

π=0.086x0.08206x(273+25)K
   =2.10 atm

The applied pressure must be >2.10 atm


b) 1 - Explain in brief the principle of Electrodialysis water treatment process.

Ans
Electrodialysis is a membrane treatment method in which the driving force is electromotive force. This is the main difference between this technology and other technologies such as RO,MF,UF, and NF in which hydrostatic pressure is the driving force.
In electrodialysis ionic components of a solution are separated through the use of a semipermeable ion-selective membranes.
The cell has two membranes one is cation permeable and the other is anion permeable. The cell is placed inside the stack in addition to two electrodes are on is Anode(+) and one is Cathode (-).
The water is introduced to the cell and to the Anode and Cathode compartments.
When a Direct Current (DC) power supply is connected to the electrodes, a direct current passes through water between the electrodes.
Positively charged ions (cations) migrate towards the Cathode, and negatively charged ions (anions) migrate towards the Anode.
The cations can pass through the cation-permeable membranes but they are rejected by the anion-permeable membrane.
In a similar manner, the anions can pass through the anion-permeable membranes but they are rejected by the cation-permeable membrane.


2 - What are the major limitation of the ozonation process?
Ans
1-A major limitation of the ozonation process is the relatively high cost of ozone generation process coupled with its very short half-life.



c) Referring to the Figure below, if a dosage of 1.8 mg/L of chlorine is applied to disinfect water in water treatment plant, determine:
1- The amount free chlorine residual. 
2- The amount of combined residual. 
3- The amount of total residual.  
4- The chlorine demand?[image: ]

Ans

1. The of free chlorine residual at a dosage of 1.80 mg/L= 0.40 mg/L.
2. The combined residual at the breakpoint = 0.21 mg/L.
3. The Total residual = 0.40 + 0.21 mg/L = 0.61 mg/L.
4. Chlorine demand = 1.40 mg/L.
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