CE 523  EXAM 1 - SOLUTIONS

1. a)   Legionella  (i) cause gastroenteritis by skin penetration       (ii) are fecal viruses  

     
(iii) cause lung infection by inhalation of aerosols    (iv) cause gastroenteritis by 

drinking  (v)  are photogenic protozoa  (vi) is a French soldiers’ desert disease
b) Coliforms cause (i) gastroenteritis   (ii) colitis  (iii)  Pontiac fever   


(iv) spongiform encephalitis (v) concern as possible indicator of fecal pollution
c) Nitrate in excessive concentrations in drinking water causes (i) manganism       (ii) blackfoot disease (iii) neurotoxicity  (iv) methemoglobinemia                      (v) pancreatitis (vi) transitory diarrhea

d) Mutagenic substances can cause mainly     (i) hereditary changes in organisms  (ii) non-hereditary congenital malformations in fetuses  (iii) malignant neoplastic tumors  (iv) subchronic disruptive biological responses  (v) bacchanalian stupors

e) A deeper settling tank for the same Q/A        (i) has no effect on floc settling as the settling rate is a function of water upflow velocity only (ii) improves settling because of additional opportunity for floc growth   (iii) results in poorer settling because of the greater distance the flocs have to travel   (iv)  results in poorer effluent quality because of the long retention time of the sludge, but is required  to accommodate scrapers.

f) Upflow round settling tank(s) is/are to be designed for a flow rate of 15 MGD.  The permissible loading rate is 1.25 m3m-2h-1 and the permissible weir-loading rate is 8 m3m-1h-1.   The weir(s) should be (ii) a double weir, active from both sides, near the perimeter  
57,000/(24x1.25) = Area, D = 49m, Circ. = 153m, 15.5 m3m-1h-1 for single weir, single tank.  c. 8 m3m-1h-1 for double weir, single tank  



(8 total)
2. You are asked to design a flocculation system for a pilot plant with a flow rate of 10,000 gal/d (say 40 m3/d) and you hit 
upon the idea of using a coil of polyethylene pipe for this purpose.  Pipe diameters available are ½”, ¾”, 1”, 1½”, 2” and 
3”. A simple head loss correlation applicable for smooth pipes is 0.01LV2/2gD.  The temperature will be about 20C. 
a) How long a length and which diameter would you specify for a Camp no of about 30,000?   
b) How could you introduce tapered flocculation?  

Assume a typical retention time of 20 minutes  


=  
1/3 h (1200 s)
The value for the velocity gradient would then be 30,000/1200   =   
25s-1
Required pipe volume would be 40/(24/ 1/3)  [ m3/d/ h/d x h]
= 
0.55 m3
The flow rate is 40/24 m3/h or 0.463 L/s  



= 
0.46 kg/s

Power requirements  
=  G2(V  
=    252 x 0.001 x 0.55 =    
0.344W

Head to achieve this, h  
=  0.344/(0.46x9.8)  


=    
0.076m

The objective now is to find a pipe with a suitably long retention time and head loss.  Try a 1.5” pipe, i.e. 38mm.  The flow velocity will be 

0.000463 m3/s        




=    
0.40 m/s



(0.038)2 x (/4 m2

Substituting hL = 0.076m; V = 0.40 m/s and D = 0.038m in the head loss correlation results in a required pipe length of 35 m.   This results in a volume of 35 x (/4 x 0.0382 m3 = 0.039 m3, so a much longer pipe would be required to provide the volume – 14x longer.  We therefore need a larger diameter, to get a smaller pressure drop/length and a larger volume/length.  If we go for the 2” diameter, we make the speed (4/3)2 x less, the head loss/m (4/3)3 x less, so length required for velocity gradient (4/3)5 x and the volume per length (4/3)2 x more.  We would now require 147m for the required pressure drop and 280m for the required volume, still not quite a match.  A 225m length of 2” pipe would give us 3/2 x the head loss, 3/2 x power input, velocity gradient of (3/2)1/2 x (all compared with a 150m length) and a retention time of 964 s and consequently a Camp no of 29,400, or close enough.   
In reality, we have ignored the effect of the coiling on pressure drop and velocity gradient, so that the real Camp no will be higher than what we calculated for a straight pipe.   A 3” pipe would require a much longer length for pressure drop and have too large a volume.   

b) We can use a combination of different pipe diameters starting small and going larger, say 1.5”, 2” and then 3” connected to each other to get to a required total pressure drop, velocity gradient and retention time and thereby tapered flocculation.  
This will also make matching of velocity gradient and retention time easier as the smaller pipe will determine most of the head loss and the larger pipe most of the retention time.
3. A water treatment plant needs to be doubled in output.  The sand filter unit process, consisting of a number of parallel filters, is presently operating under a constant head of 1m.  To date, the filters have been backwashed every 24 hours.  The filters are off-line for 1h during the backwashing and cleaning process and for a period of 15 minutes, the bed is fluidized at an upflow velocity of 65m/h.   It was found that the throughput rate of each filter reduces from 8 to 3 m3m-2h-1 during the operational period.   Assuming that it is possible to operate under a larger head, what will the required head be to double the daily output of the filters?   It was observed during conditions as maintained presently, that breakthrough of turbidity occurs if the filter is operated longer than 30h.        
The throughput per m2 under a head of 1 m over a period of 24h  

=  23 x [8 +3]/2 m3 – 65/4m3, ie 126.5 – 16.25    =  110.25 m3/d.

To double the throughput, the head would have to double according to Kozeny’s equation. The rate of fouling will be twice as high, and backwashing would have to be effected twice a day as well.  Therefore, for twice the head, ie 2m of head, the production per 24h would be

=  2 x 11[8x2 +3x2]/2 – 2 x 65/4, i.e. 242 – 32.5    =   209.5 m3/d.

As this falls short of doubling the production, the head would have to be larger, say by (220.5 –209.50)/220.5, or 5%, i.e. 2.1m, and the production per m2 would then be

=  2 x 11[8x2.1 + 3x2.1]/2 – 2 x 65/4, ie 254 – 32.5    =   221.5 m3/d.

Therefore, a head of 2.1m can double production at two backwashes per day.  

While some calculations to show that the head required would have to be a bit over double would have sufficed for exam purposes, a design engineer would now face some concerns over the risk of pushing accumulated dirt through the filters at such an elevated pressure and extended accumulation of dirt.  Furthermore, one would always want to perform some maximization towards output.  A possible and convenient alternative might be to have three backwashes per day.  This would then lead to the following result under a head of 2m:

=  3 x 7[16 +16  - 7/11.5(16-6)]/2 – 3 x 65/4  = 273 – 49  =  224m3/d

i.e. under a head of 2m and three backwashes per day, it is possible to double the output per m2 of filter area and probably be a bit safer on water quality than with two backwashes.

4.  A DAF plant operates on an 8% recycle and a saturator gauge pressure of 600kPa.  The water has a temperature of 10C, a turbidity of 10 NTU and is coagulated by dosing 20 mg/L alum as Al2(SO4)3.14H2O. The flocculated water has a concentration of 16,000 particles/mL and a floc density of 1010 kg/m3.  Tests have shown that just 3% of air bubbles attach to flocs. Make the necessary assumptions.
a)   Calculate the bubble volume, air mass and number concentrations in the contact zone, and ratios of bubbles to particles both in numbers and volumes.

b)   Calculate expected limiting loading rates.  

Solution
a) Mass of air in DAF tank: according to Fig 7.34, the mass of air in the recycle water would be approximately 180mg/l for 700kPa (600kPa gauge pressure plus 101kPa atmospheric) for a continuously operating saturator. Next, a mass balance for air is made for the contact zone of the DAF tank using Eq. 7.62.
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, i.e. the excess air concentration
 (2) Bubble volume concentration:Φb is calculated from the density at 10ºC, 

  the ρair = 1.19 x 293/283  =  1.23kg/m3   (from the 20C value and the ideal gas law)
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 (3) Bubble number concentration. Nb is calculated from Eq. 7.64 using a mean bubble diameter of 60(m
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(4)  The mass of floc formed can be estimated as follows.  The turbidity could be expected to be about 10 mg/L all going in the floc with the precipitated Al(OH)3.  The latter will amount to 2(27 + 3x17) = 156mg per (2 x 27) + 3(32 + 4 x 16) + 14(2 + 16) = 594 mg alum, so 20 mg/L of alum will generate 156/594 x 20 mg/L precipitate = 5.25 mg/L.  

Total floc concentration = 15.25 mg/L = 15.35 ppm (particle density is 1010kg/m3)
(5) ratios of concentration
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b) There are 16 million floc particles per liter occupying 15.35 ppm by volume.  Therefore the volume of each particle is (15.35/106)/16x106 L or 0.99 x 10-12 L = 0.96 x 103 (m3.  The diameter of each, dp =  (6/( x 0.96 x 103)-3  =  12.3(m 

According to Eq.7.66 on P7.58, the floc particle-bubble aggregate density is:
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     Rise velocity from: 
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, 
The rate limit is 16.2 m/h
A probable limitation is that there is no room to have more than 4 bubbles attach to each particle.  Think of a tetrahedral arrangement of 4 larger bubbles attaching to a smaller solid sphere.  The only way to attach more bubbles is with an odd shaped floc.  This is quite possible, contrary to our earlier assumption.
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