
GATE – 2020 ONLINE TEST SERIES QUESTIONS 

ENVIRONMENTAL ENGINEERING 

(BY KRISHNA PRAKASH) 

10 - DESIGN OF SEWERS & CONSTRUCTION 

1 MARK QUESTIONS 

1) A storm intensity of 3cm/hr & longer than time of concentration has runoff 

coefficient of 0.40 over a catchment area of 60hectares. Estimate wet weather flow (in 

m3/sec)?  

 a) 4  b) 6  c) 8  d) 2 

Ans: d 

Sol:  Wet Weather Flow  

Q = CiA/360 = 0.40 ×30 ×60  = 2 m3/sec  

                                        360 

2) In the design of storm sewers, “time of concentration” is relevant to determine the 

 (a)  rainfall intensity  (b)  velocity in the sewer 

(c)  time of travel   (d)  area served by the sewer 

Answer: (a ) 

Sol: 

 Time of concentration is the time taken by the rain water droplet to travel from 

remotest point of catchment to outlet. It is obtained using Kirpich’s equation and 

Time of concentration is used to determine Rainfall Intensity. 

 

Kirpich equation to calculate ‘tc’:  tc = 0.01947  L0.77  S-0.385 

 

Rainfall Intensity: i = 
b

a

tc

4.25
 

Where, a and b are constants based on Time of concentration. 

 

3) The sewer which discharges sewage at sewage treatment plant is called _______ 

a) Main Sewer  b) Trunk Sewer 

c) Outfall Sewer  d) Branch Sewer 

Answer: (c) 

 

 



4) Self-cleansing velocity is     

(a)  the minimum velocity of flow required to maintain a certain amount of solids 

       in the flow 

(b)  the maximum velocity of flow required to maintain a certain amount of solids 

       in the flow 

(c)  such flow velocity as would be sufficient to flush out any deposited solids in the 

sewer 

(d)  such flow velocity as would be sufficient to ensure that sewage does not remain in 

the sewer 

Answer: (a) 

Sol: The minimum flow velocity in sewer which is required to avoid silting (or) settling 

of solids is called as Self Cleansing Velocity (Vs) 

Vs =  gdS
f

K
)1(

8
  

0.6 – 0.9 m/sec → optimum Vs 

2 MARK QUESTIONS 
 1) Determine the diameter (in cm) of a circular sewer to carry a sewage discharge of 

0.624 m3/s. When flowing full at a slope of 10 in 10,000. Assume n = 0.012  

 a) 0.9  b) 90cm  c) 900  d) None 

Answer: (b ) 

Sol: The sewage discharge is 0.624 m3/sec 

When flowing full 

The slope of the sewage pipe = 10/10000 = 1/1000 

Discharge of the sewage Q = Area  Velocity 

 

Solving, Diameter, d = 0.90 m     

    = 90 cm 

 

 

 



2) A circular sewer having diameter 1.20m under full flow condition, is laid at a 

gradient of 1in 400. While running half full condition, calculate the discharge through 

sewer (in m3/sec). Assume n = 0.012. 

 a) 1.867  b) 0.9325  c) 1.055  d) 0.5025 

Answer: (c ) 

Sol: 
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3) A 450 mm sewer pipe, n = 0.013, is placed on a slope of 0.0025. Estimate the depth 

of flow (in cm) at which, the velocity is equal to 0.60 m/s.  

Table: Hydraulic Elements of Sewers flowing full 

 

 

 

 

 

 

 



Table:  Hydraulic Elements of Sewers Partially Full 

 

Answer: (10.35 ) 

Sol:  

For 450 mm diameter sewer, 

Manning’s constant n = 0.013, 

slope = 0.0025, 

the velocity at full depth is found from table as 0.90 m/sec 

Now, V = 0.9 m/sec and v = 0.6 m/sec (given) 

Then, v / V = 0.6/0.9 = 0.67 

For this value of V/v , from 2nd table, d/D = 0.23. 

So, Depth of Flow is 

d = 0.23 x D 

d = 0.23 x 450 = 103.5 mm = 10.35 cm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11) QUALITY CHARACTERISTICS OF SEWAGE 

1 MARK QUESTIONS 

1) During  5-day, 200c BOD test, raw sewage is diluted with distilled water and then 

initial DO of diluted sewage is estimated. The reason behind addition of distilled water 

is ____  

 a) to increase the volume of sewage 

 b) to provide required temperature for BOD estimation 

 c) to increase dissolved oxygen 

 d) All of the above 

Ans: c  

Sol:  Raw sewage is carrying very less DO, BOD test is regarding estimation of oxygen 

consumed by bacteria. So as to increase dissolved oxygen of raw sewage, distilled 

water with saturated DO is added into raw sewage. 

2) COD is chemical oxygen demand and it is estimated by adding the chemicals: 

mercuric sulphate, potassium dichromate, silver sulphate and sulphuric acid and 

then titrimetric analysis of the sample. The titrant used during titration estimation 

process is ________________ 

 a) Potassium dichromate  b) Ferroin 

 c) Sodium thiosulphate  d) Ferrous ammonium sulphate 

Ans: d  

Sol:  COD is estimated for the unreacted amount of Potassium dichromate using 

ferroin indicator and Titrant is Ferrous ammonium sulphate.  

 

3) Which of the following pairs is not correctly matched?      

 (a)  BOD  : Strength of sewage 

 (b)  Methane  : Product of anaerobic decomposition 

 (c)  COD  : Biodegradability of waste-water 

 (d)  Nitrate  : Methaemoglobinemia 

Ans: c 

Sol: COD is the amount of oxygen required to degrade both biodegradable and non 

biodegradable organic matter in sewage. 



4) Waste water stamples (X and Y) from two different sources were brought to the 

laboratory for the measurement of dissolved oxygen (DO) using modified winkler 

method. Samples were transferred to 300 mL BOD bottles. 2 mL of MnSO4 solution 

and 2mL of alkali iodide azide reagent were added to the bottles and mixed. Sample X 

developed a brown precipitate, whereas sample Y developed a white precipitate. In 

reference to these observations the correct statement is   

(a)  both the samples were devoid of DO 

(b)  sample X was devoid of DO while sample Y contained DO 

(c)  sample X contained DO while sample Y was devoid of DO 

(d)  both the samples contained DO 

Ans: c 

Sol: During DO estimation by modified winkler’s method, formation of white 

precipitate indicates DO is absent in the sample and brown color formation indicates 

presence of dissolved oxygen. As sample X developed a brown precipitate, it contains 

DO and sample Y developed a white precipitate, it is devoid of DO. 

 

5) 80,000 litres of waste water is released daily and BOD of sample is estimated as 

100 mg/litre. Assuming per capita BOD as 50 gm per capita per day, estimate 

population equivalent. 

 a) 160   b) 400  c) 666  d) none 

Ans: a 

Sol:  

  

6) A wastewater is expected to have BOD5 of about 300 mg/L. The initial DO of diluted 

waste water is 8.0 mg/L. Calculate the dilution requirement for BOD determination, if 

minimum DO left after 5-days incubation is 2mg/L. 

 a) 1800  b) 50  c) 100   d) depends on DO of raw sewage 



Ans: b 

Sol: As BOD5 is about 300mg/L, 

 BOD5  = (DO initial – DO final) dilution factor 

 300 = (8-2) dilution factor 

 Solving, dilution factor is 50. 

 So, dilution requirement is 50. 

7)  

 

a) 1440mg/L  b) 360mg/L  c) 720mg/L    

 

d) it can’t be determined 

Ans: b 

Sol: 

 

8) 25 mL of raw sewage is diluted to 250mL using distilled water. DO of diluted 

sewage is found to be 9.4mg/L. Then it was incubated for 5-days at 200c, DO after 

incubation is found to be zero mg/L. Estimate 5 day BOD. 

a) 94 mg/L  b) 103.4mg/L  c) 224mg/L 

d) it can’t be determined 

Ans: d 

 



2 MARK QUESTIONS 

1) 40 mL of raw sewage is diluted with 200mL using distilled water. DO of diluted 

sewage is found to be 9 mg/L. Then it was incubated for 5-days at 200c, oxygen 

remaining in the BOD bottle after incubation is found to be 1.5 mg/L. Estimate 

ultimate BOD? Assume K20= 0.25 per day. 

 a) 45 mg/L  b) 37.5 mg/L  c) 63 mg/L  d) 58.5 mg/L 

Ans: c 

Sol: 

 

 

2) A 5-day, 200c BOD test is conducted for a sewage sample which was diluted 

60times using distilled water. The DO values of sample and blank after incubation are 

found to be 2.2 and 8.8 mg/L respectively. The DO value of undiluted sample is given 

as 1.1 mg/L.  Estimate ultimate BOD (in mg/L)? Assume K20= 0.01 per hour. 

 a) 388.2  b) 555.5  c) 396  d) 596 

Ans: b 

Sol:  

 



3)  

  

 

 

 

 

 

 

Ans: (170.83) 

Sol:  

 

4) A city of population four lakhs with percapita sewage flow of 150lpcd releases its 

waste water into a sewer of diameter 60cm. The BOD of waste water is found to be 120 

mg/L. Estimate per capita BOD (in gram/capita/day) 

Ans: (18) 

Sol:  

 

 

 

 

 



5) An experiment is conducted at 200c for 12 days for a waste water sample.   

Estimate the % of relative stability of the sample (up to 2 decimal places)? 

Ans: (93.67) 

Sol: 

 

               = 93.67% 

6) 

 

 

 

 a) 60mg/L  b) 120mg/L  c) 92mg/L 

 d) Data inadequate  

Ans: (a) 

Sol: 

 

 

7) 5-day, 200c BOD is found to be 240 mg/L. What proportion of BOD is remaining 

after 10days of degradation? Assume K20= 0.25 per day. 

Ans: (91.8) 

 



Sol:  

 

     = 0.918 = 91.8% (as proportion is given) 

8) 7-day, 200c BOD is found to be 340 mg/L. Estimate 5-day, 300c BOD for the same 

sample of sewage? Assume KD = 0.11 per day at 200c. 

 a) 409.5mg/L  b) 324. 5mg/L c) 354.3mg/L d) None 

Ans: (c) 

Sol:  

 

9) 30mL of raw sewage sample is diluted to 300mL using distilled water with initial 

DO of 7.4mg/L. Diluted sewage is incubated for 5-days at 200c and DO remaining in 

BOD bottle is 1.4mg/L. The DO depletion caused due to raw sewage is 0.5mg/L. 

Estimate 5-day BOD of sample (in mg/L)? 

a) 60  b) 5  c) 9  d) 55 

Ans: (d) 

Sol:  Initial DO of diluted sewage = 7.4 – 0.5 = 6.9 mg/L 

 Final DO of diluted sewage = 1.4 mg/L 

 Dilution factor  = 300/30  = 10 

 BOD5 = (6.9  – 1.4) 10 = 55 mg/L 



10) 5-day, 300c BOD is found to be 300 mg/L. To obtain same BOD value at 250c, how 

much number of days is required (nearest 2 decimel value)? Assume KD = 0.1 per day 

at 200c. 

Ans: (6.27) 

Sol: 

 

 

 

 

 

 

 

 

Solving, t = 6.27 days. 

11) 7-day, 250c BOD is given as 580 mg/L. Determine at what temperature for 5 days, 

same BOD value is achieved (in 0c, rounded off to nearest value)? Assume K20 = 0.23 

per day. 

a) 210c  b) 360c  c) 300c  d) 320c 

Ans: (d) 

Sol:

 

 



 

12) BOD test is conducted at 300c for 4-days and the value of BOD was found to be 

420 mg/L. Using this BOD value, determine 5-day BOD at 350c for the sewage 

sample? Assume BOD rate constant to the base “e” as 0.24 per day at 200c. 

a) 538.17 mg/L        b) 488.6 mg/L   c) 420 mg/L  d) 516.2 mg/L 

Ans: (b) 

Sol: 

 

13) 5-day 200c BOD test is carried out for a 2% sewage sample. The value of initial DO 

of diluted sewage was found to be 8.6 mg/L. During incubation, the oxygen consumed 

is known to be 5.4mg/L. Using this BOD experiment data, determine 3-day BOD at 

350c for the same sewage sample? Assume BOD rate constant to the base “e” as 0.25 

per day at 200c. 

a) 270 mg/L        b) 378.4 mg/L   c) 324.2 mg/L d) 293.2 mg/L 

Ans: (d) 

Sol:  Dilution factor for 2% sewage sample = 100 / 2 = 50 

 Oxygen consumed during 5 days incubation = (Doi - Dof) = 5.4mg/L 

 5-day BOD = 5.4 x 50 = 270 mg/L 

 



14)  

 

 

 

 

 

a) 1149 & 150 mg/L          b) 1156 & 146 mg/L    

c) 1291 & 8 mg/L    d) 146 & 1146 mg/L 

Ans: (a) 

Sol: 

  

 

 

 

 

 

 

 

 

 

15) COD test is carried out for 25mL volumes of blank and raw sewage samples using 

the chemicals: mercuric sulphate, 0.25 N potassium dichromate (10mL), silver 

sulphate and sulphuric acid. Then, titrimetric analysis of the samples is performed to 

estimate un-reacted amount of potassium dichromate and the volume of titrant i.e, 

0.1N ferrous ammonium sulphate consumed in blank and raw sewage tubes was 

found to be 27mL and 6.5mL respectively. Estimate COD of the sample (in mg/L)? 

a) 544           b) 112   c) 656   d) 480 

Ans: (c) 

Sol:   A = 27mL;  B = 6.5mL;  N = 0.1; V = 25mL 

V

NBA
COD

)( 
 8 x 1000  = 

25

1.0)5.627( 
8 x 1000 = 656mg/L 



16) The treated effluent from a sewage treatment plant is being discharged into a river 

that has a temperature of 15oC. The BOD rate constant determined in the laboratory 

for this mixed water at 200C is 0.12 per day. Considering temperature coefficient as 

1.056, estimate what fraction of maximum oxygen consumption will occur in first four 

days (up to 2 decimal values)?  

Ans: 0.30 

Sol: 

 

17) The dissolved oxygen in an unseeded sample of diluted wastewater having an 

initial DO of 9.0 mg/L is measured to be 3.0 mg/L after 5 days. The dilution fraction 

is 0.03 and reaction rate constant k = 0.22 day-1. Calculate the remaining oxygen 

demand after 5 days (in mg/L)? 

a) 100           b) 200   c) 300   d) 400 

Ans: (a) 

Sol:  1) Oxygen demand for first 5 days: 

BOD5 = (DOi – Dof) / dilution fraction = (9.0 – 3.0) / 0.03 = 200 mg/L 

2) Ultimate BOD: 

BODu = Lo = BODt / (1 – e-kt) = 200 / (1 – e-0.22 x 5) = 300 mg/L 

3) After 5 days, 200 mg/L of oxygen demand out of total 300 mg/L would be 

satisfied. 

Hence, the remaining oxygen demand would be 300 – 200 = 100 mg/L. 

 

 

 

 



18) 6 MLD of industrial waste water contains organic material equal to 200 mg/L of 

Glucose concentration.  Estimate amount of oxygen required to degrade the organic 

matter (in kg/day) for the industrial waste water sample. Use the following equation 

for degradation of glucose. 

6 12 6 2 2 2C H O 6O 6CO 6H O Energy     

(a)  213.33   (b) 1125  (c) 1280  (d) can’t be determined  

Answer: (C) 

Sol: 

2
2

mol.wt of O
Conentration of O conc. of Glucose

mol.wt. of Glucose
  

 

180

192
ThOD  x 200 = 213.33 mg/L 

 Total quantity of required ThOD = 6 × 106 × 213.33 × 10-6 

      = 1280 kg/day 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

12 - TREATMENT OF SEWAGE 

1 MARK QUESTIONS 

01. The treatment unit in which both sedimentation and digestion processes of sludge 

take place simultaneously is  

(a)  Skimming Tank  (b)  Imhoff Tank 

(c)  Detritus Tank  (d)  Digestion Tank 

Answer: (b) 

Sol: Imhoff tank is a two chambered septic tank in which upper chamber performs 

settling of solids (sedimentation) and lower chamber perform anaerobic decomposition 

(digestion) simultaneously. It is used in unsewered areas of population more than 300. 

02. Detention period required for skimming tanks is ________ 

 a) 10 min  b) 2 hours  c) 3 min   d) 4 hours 

Answer: (c) 

Sol: Skimming tank is used to separate oil and grease from sewage. 

  

03. Match List-I (Parameter) with List-II (Treatment unit or process) and select the 
correct answer using the codes given below the lists :     List-I  
   List-II 

A.  F/M ratio    1.  Anaerobic digester 

B.  Solar energy   2.  Detritus tank 

C.  Effluent recirculation  3.  Waste stabilization pond 

D.  Volatile fatty acids  4.  Trickling filter 

      5.  Activated sludge process 

Codes : 

  A B C D 

(a) 2 3 5 4 

(b) 5 3 4 1 

(c) 5 1 4 3 

(d) 4 1 2 3 

Answer: (b) 

 

 

 



2 MARK QUESTIONS 
01. A bar screen chamber is designed with a flow velocity of 0.462 m/sec  and carrying 

thirty bars of 9 mm wide facing the flow with spacing of 30 mm. The bars are 

sharp edge rectangular with a shape factor of 2.42. Estimate head loss (in mm) 

through the screen when screen is not clogged, using Kirchmer’s equation? 

Assume angle of inclination of the bars as 300. 

 a) 265   b) 0.0265   c) 0.00265  d) 2.65 

Answer: (d) 

Sol:    Kirchmer’s equation: h = β (W/b)4/3 hv Sin θ 

h = head loss, m 

β = Bar shape factor 

W = Width of bars facing the flow,  

b = Clear spacing between the bars,  

 hv = Velocity head of flow approaching the bars, m 

       = V2/2g 

V = geometric mean of the approach velocity, m/sec 

θ = Angle of inclination of the bars with horizontal. 

Head loss through the screen, h, when screen is not clogged. 

h  = β (W/b)4/3 hv Sin θ 

= 2.42 (9/3)4/3 [(0.462)2/(2 x 9.81)] Sin 30 

= 2.65 x 10-3 m  

= 0.00265 m  

= 2.65 mm 

 

02. A grit chamber is designed to treat a swage flow of 60MLD with a detention period 

of 2 minutes. Estimate the cross sectional area of grit chamber required (in m2). 

Answer: ( 2.31 ) 

Sol:    Area  = Discharge / Horizontal Flow Velocity 

    Q  = 60 MLD = 60 x 106 / 24 x 60 x 60 x 1000 

     = 0.693 m3/sec 

Horizontal Flow Velocity = 0.3 m/sec  

(Optimum uniform flow velocity required for Grit Chamber) 

Therefore,  cross sectional area   = 0.693 /0.3  

= 2.31m2 



03. A septic tank is designed to treat swage flow from a population of 300. The per 

capita sewage flow is given as 200 lpcd. Detention period is 36 hours. Depth of 

settling zone is 1m. Estimate the surface area of septic tank required (in m2). 

 a) 60   b) 90   c) 45  d) 120 

Answer: (b) 

Sol:    Q  = Population x Per capita sewage flow 

   = 300 x 200 

   = 60,000 L/day 

   = 60 m3/day 

  V = Q x Dt 

   = 60 x 1.5 

   = 90 m3 

  SA = V/H   

   = 90 / 1 

   = 90 m2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



13 – ACTIVATED SLUDGE PROCESS 

1 MARK QUESTIONS 

01.400 ml of settled sludge from PST is loaded into 1L capacity imhoff cone and is 

allowed to settle down for 30 minutes. The volume of sludge settled is measured as 

100mL. MLSS concentration is found to be 1500mg/L. Estimate returned sludge 

solids concentration (mg/L). 

 a) 15000   b) 3750  c) 6666.66  d) 6000 

Answer: (d) 

Sol: Returned sludge solids (Xr) = 1/SVI 

1)  Volume of sludge settled is 100mL per 400mL and so it is considered as 

250mL per 1L (i.e., per 1000mL) 

2) SVI  = Volume of sludge settled (mL/L)     

        MLSS concentration (gram/L) 

 SVI = 250 / 1.5 = 166.66 mL/gram 

3)  Returned sludge solids (Xr) = 1/ 166.66 

       =  0.006 gram/mL 

       = 6000 mg/L 

02.1000 ml of settled sludge from PST is loaded into 1L capacity graduated cylinder 

and is allowed to settle down for 30 minutes. The volume of sludge settled is measured 

as 200 mL. MLSS concentration is found to be 2500 mg/L. Estimate sludge density 

index (gram/mL). 

 a) 1.25   b) 125   c) 1250  d) 12.5 

Answer: (d) 

Sol:  

1) SVI  = Volume of sludge settled       

            MLSS concentration  

 SVI = 200 / 2.5 = 80 mL/gram 

2)  Sludge Density Index = 100 / SVI 

       =  100/80 

       = 1.25 gram/mL 

 



03. In activated sludge process, the concentration of returned sludge solids (Xr) 

should not be more than ________ (g/m3). 

 a) 2000   b) 8000  c) 9000  d) 10000 

Answer: (d) 

 

04. The parameters for conventional activated sludge treatment plant is as follows: 

(1) Wastewater flow = 50000 m3/d 

(2) Volume of aeration tank = 22000 m3 

(3) Influent BOD = 250 mg/l 

(4) Effluent BOD = 20 mg/l 

(5) Mixed liquor suspended solids (MLSS) = 3000 mg/l 

Estimate Food to microorganism ratio (F/M) (kg BOD per day/kg MLSS) 

 a) 0.425  b) 0.128   c) 0.265  d) 0.189 

Answer: (d) 

Sol: 

    
M

F
=  

XiV

YiQ

.

.
 = 

300022000

25050000

x

x
 = 0.189 (kg BOD per day/kg MLSS) 

 

05. An activated sludge tank is designed with dimensions of 30m long, 10m width and 

has a liquid depth of 4.5m. The influent sewage flow rate is 5 MLD and its BOD is 

200 mg/L. Estimate aeration period (in hours)? 

 a) 0.27  b) 6.48   c) 4.28  d) 5.68 

Answer: (b) 

Sol:   Aeration period = V/Q 

      = 30 x 10 x 4.5 

            5000 

    = 0.27 days 

    = 6.48 hours 

 

 

 

 

 

 



2 MARK QUESTIONS 

01. 1000 ml of settled sludge from PST is loaded into 1L graduated cylinder. Then, it 

was allowed to settle down for 30 minutes. The volume of sludge settled is 

measured as 300mL. Inflow of sludge is 4800m3/hour and its suspended solids 

concentration is found to be 2000mg/L. Estimate recycling rate? 

Answer: (2057.14) 

Sol:    

 
 

02. An aeration tank of activated sludge process is designed to treat 24MLD of raw 

sludge with influent BOD of 200 mg/L and MLSS concentration of 2500mg/L. 

Estimate organic loading rate (in kg/day/m3)? Assume F/M as 0.6 per day. 

 a) 1.5   b) 3   c) 15  d) 30 

Answer: (a) 

Sol:   Q = 24 x 106 L/day = 24000 m3/day 

   

MLSS
M

F

yQ
V

.

.
    

25006.0

20024000

x

x
     = 3200m3. 

   
V

yQ
u

.
    

3200

20024x
   =  1.5 kg/d/m3 

 

03. An activated sludge system has to treat 30 MLD of raw sewage with an influent 

BOD of 300 mg/L and MLSS concentration of 3000mg/L. The system is designed with 

an organic loading rate of 1200 gram/day/m3. Waste sludge flow rate is found to be 

6000m3/day with solids concentration of 600mg/L. The concentration of effluent 

solids is given as 60mg/L. Estimate sludge age (in days)? 



 a) 6 days  b) 8 days  c) 5 days  d) 10 days 

Answer: (c) 

Sol:   Q = 30 x 106 L/day  

  V = Amount of BOD loaded (in kg/day) / Organic Loading Rate 

 

 1) Amount of BOD Loaded (kg/day)  = Q x Influent BOD x 10-6 

        = 30 x 106 x 300 x 10-6  

        = 9000 kg/day 

 2) Organic Loading Rate   = 1.2 (kg/day/m3) 

 3) Capacity of aeration tank     V = 9000 / 1.2 

        = 7500 m3. 

 4) Sludge Age  

     

    Sludge Age =              3000 x 7500                   x 

       (6000 x 600) + (30000-6000)60 

             = 4.46 days. 

 

04. An activated sludge system with dimensions of 60m, 20m and 5m  to treat 1 MLD 

of raw sewage with an influent BOD of 100 mg/L and MLSS concentration of 500 

mg/L. Estimate the concentration of effluent solids (in mg/L)? Assume K = 0.1 per 

day. 

 a) 625  b) 325   c) 425  d) 312.5 

Answer: (d) 

Sol: 

 1) Capacity of ASP unit  V = 60 x 20 x 5  = 6000 m3. 

 2) Detention Period  Dt = V / Q  = 6000 / 1000 

          = 6 days 

 3) Effluent Solids concentration Xe = 
tK

Xi

.1
 = 

)61.0(1

500

x
 = 312.5 mg/L 

 

05. The aeration tank of activated sludge system receives an inflow of 16 MLD with an 

influent MLSS concentration of 2000 mg/L. Estimate BOD loading rate (in 

kg/day/m3)? Assume F/M as 0.5 per day. 

 a) 1    b) 2    c) 8   

d) Can’t be determined as no information about influent BOD 



Answer: (a) 

Sol:   BOD loading rate (kg/day/m3) u   =  
M

F
. Xi .10-3 

         = 0.5 x 2000 x 10-3 

         = 1 kg/day/m3 

 

06. An activated sludge treatment plant is designed to treat 16 MLD of raw sludge 

containing 150mg/L of BOD and 1500mg/L of MLSS. Unit organic loading rate is 

considered to be 2000g/day/m3. Sludge age is found to be 288 hours. Estimate 

mass of solids wasted (in kg/day)? 

Ans: 150 

Sol:   Mass of solids wasted  = Mass of solids loaded / Sludge Age 

       = 
 c 

.



XiV
 

 Capacity of Aetaion tank = V =  
u

YiQ.
 

     = 16 x 106 x 150 x 10-3 

                  2000  

     = 1200m3 

 Sludge Age   = 288 hours = 12days 

  

Mass of solids wasted (kg/day) = 1200 x 103 x 1500 x 10-6 

                  12 

     = 150 kg/day. 

 

07. A complete mixed activated sludge process aeration tank is designed for treatment 

of 8 MLD sewage having BOD concentration of 240 mg/L. Estimate total oxygen 

requirement (in kg/day). The effluent should have soluble BOD of 40 mg/L or less. 

Consider the following. 

  Mean cell residence time adopted in design is 10 days 

  MLVSS in aeration tank = 3500 mg/L 

 Capacity of aeration tank = 1000m3 

 Assume the ratio of 5-day BOD to ultimate BOD as 0.68 

 a) 1920  b) 1600   c) 1856  d) 19200 

Answer: (c) 

Sol: 

 

 



 

Given: 

Q = 8 x 106 L/day 

V = 1000m3 

S0 = Influent BOD = 240 mg/L = .24 g/L 

S = Effluent BOD = 40 mg/L = 0.04g/L 

f  = ratio of 5-day BOD to ultimate BOD = 0.68 

c = Mean Cell Residence Time   = 10 days

Xi =  MLVSS in aeration tank = 3500 mg/L = 3.5g/L 

QW . XR  = Mass of solids waste per day  

     =  V . Xi / c 

     = 1000 x 103 x 3.5 / 10 

     = 35 x 104 g/day 

 

TOTAL Oxygen requirement = 8 x 106 

68.0

)04.024.0( 
- 1.42 x 35 x 104 

         = 18,55,941.18 g/day 

         = 1855.941 kg/day 

         = 1856 kg/day 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 – TRICKLING FILTERS 

1 MARK QUESTIONS 

1) The phenomena of breakup (or) detachment of biological mass from slime layer on 

filter media is considered as ___________ 

 a) Biological Metabolism   b) Biodegradation 

 c) Sloughing of Bio film   d) Bioremediation 

Ans: (c) 

 

2) 16 MLD of raw sewage loaded in a standard trickling filter and returned flow rate is 

identified as 3 MLD. Estimate recirculation factor (F). Up to 2 decimal value 

Ans: 1.14 

Sol: 

  

 
  I

R
= 

16

3
 = 0.1875 

  

 F  =   1 + 0.1875             x 

                  (1 + 0.1 x 0.1875)2 

    =  1.144 

 

 

 

 

 

 

 

 

 

 

 

 



2 MARK QUESTIONS 
1) Raw sewage of 26 MLD carrying BOD of 250 mg/L was treated through trickling 

filters. Effluent after treatment carries BOD of 20 mg/L. Estimate organic loading 

rate (in kg/day/ha-m) using NRC formula. 

 a) 230  b) 6500   c) 620  d) 390 

Ans: (d) 

Sol: 

 

 

Efficiency also expressed using NRC formula and it is as below: 

 

Where, u = organic loading rate (kg/day/ha-m) 

 

Now, equalizing both the efficiency formula:  

 

    
 502

)20250( 
 x 100 =  

 

Solving,  

organic loading rate  u = 390.57 kg/day/ha-m 

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15 – SLUDGE DIGESTION 

1 MARK QUESTIONS 

1) Identify which is not matched correctly with respect to Sludge Digestion and drying: 

 a) Sludge Conditioning : Increasing drainability of sludge 

 b) Sludge Thickening  : Zone settling by forces of gravity and flotation 

 c) Sludge Stabilization : Decomposition of sludge solids by aerobic bacteria 

 d) Sludge dewatering  : Removal of water content from sludge  

Ans: (c) 

Sol: Sludge digestion is an anaerobic decomposition process carried out by anaerobic 

bacteria. 

 

2 MARKS QUESTIONS 

1)  A sludge digester receives an industrial sewage with moisture content of 97% and 

after digestion; moisture content is reduced to 90%. Estimate percentage of volume 

reduction? 

 a) Can’t be determined as no information about volume of sludge  

 b) 30%      

 c) Depends upon method of digestion 

 d) 70% 

 

Ans: d) 

Sol:  

 

 

 

 

 

 



2) 20 MLD of raw sewage with solids concentration of 300mg/L is loaded into PST. The 

specific gravity of solids is given as 2.3. Settled sludge from PST is given for sludge 

digestion and after completion it was found that the volume of digested sludge is 60% 

of fresh sludge. Estimate capacity of digester required (in m3)? Consider the efficiency 

of PST is 70% and settled sludge moisture content is 98%. Assume decomposition 

period as 30days. 

 a) 4983   b) 5244  c) 3200  d) insufficient data 

Ans: (a) 

Sol:  

 

 



3) Raw sewage is allowed to settle down in PST with efficiency of 78% and % of solids 

in settled sludge is found to be 2%. The settled sludge is given to sludge thickener and 

after thickening operation, the volume of sludge is reduced to half. Specific gravity of 

sludge solids is 2.6. Considering the concentration of solids in supernatant of 

thickener as negligible, estimate the percentage of solids in thick sludge? 

 a) 4%   b) 4.05%  c) 3.95%  d) 3.92% 

Ans: (a) 

Sol:  

 

Assume, mass of sludge as 100kg. 

Mass of solids (2%): 2 kg 

Mass of water (98%): 98 kg 

 

 

 



4) A primary sedimentation sludge has a moisture content of 95% and 65% of the dry 

solids are volatile. Assuming the specific gravity of the volatile solids as 1.00 and that 

of fixed solids as 2.2, find the specific gravity of the sludge. 

 a) 1.2359   b) 1.0234  c) 1.0096  d) 1.096 

Ans: (c) 

Sol:  

Assume 100 kg of sludge,  

moisture content of sludge = 95%  

 Wt. of total sludge solids = 5 kg 

 Wt. of water in sludge = 95 kg 

 5 kg of total solids contain 65% of volatile solids 

  Wt. of volatile solids = 5 kg × 65% = 3.25 kg 

 Wt. of fixed solids = 5 – 3.25 = 1.75 kg 

 Specific gravity of volatile solids = 1.00 

 Specific gravity of fixed solids = 2.2 

Specific gravity of total solids 

 

Specific gravity of wet sludge 

 

 

 

 

 



5) The sewage of a certain town contains 400 ppm of suspended matter. Assuming 

that 65% of this is settled down in plain sedimentation tank, and the sludge collected 

has a water content of 95%, calculate its quantity per million litre, both in bulk and 

weight. Assume sp. gr. 1.025. 

 a) 5   b) 6  c) 8   d) 10 

Ans: (a) 

Sol: Suspended matter in sewage     = 400 ppm = 400 mg/l  

 For 1 million litre of sewage, the suspended matter concentration is 400kg. 

Now, 65% of this matter is settled as sludge, and therefore quantity of sludge solids  

         = 0.65 x 400 = 260 kg 

 The sludge is having 95% m.c., which means 5 kg of dry solids will make 100 kg of 

wet sludge. 

  5 kg of dry solids make  = 100 kg of sludge 

260 kg of dry solids make  =  (100/5) x 260 = 5200 kg of sludge 

Volume of Sludge   =    Mass of sludge    x 

         Density of sludge 

 

Volume of Sludge   =    5200    x 

           1025 

     = 5.073 m3 

 

16 – OXIDATION PONDS 

1 MARK QUESTIONS 

1) According to NEERI standards, the value of organic loading rate (in kg/ha/day) at 

latitude of 160N is__________ 

 a) 225   b) 250  c) 275   d) 300 

Ans: (c) 

Sol: NEERI standards are as follows: 

 



2) A waste stabilization pond is designed to treat sewage with BOD of 300 mg/L and to 

achieve 90% removal of BOD, the detention period required is __________ days. 

Assume k = 0.25 per day 

 a) 10.05   b) 9.21  c) 12.45   d) 11.63 

Ans: (b) 

Sol: Detention period: 

   

 As, 90% removal of BOD is required, effluent BOD is 30mg/L 

 

 DT =  
52.0

1
 ln 

 30

300
  = 9.21 days 

 

2 MARK QUESTIONS 

1) Determine the BOD loading of an oxidation pond (in  kg/ha/day) used for treating 

the domestic sewage of 40,000 persons when the water supply demand is 120 litres 

per capita per day. Assume a detention period of 8 days and BOD of sewage as 200 

mg/l. The pond is to be 1.2 m deep. 

 a) 960   b) 256   c) 720   d) 375 

Ans: (d) 

Sol:   Q = 40,000 X 120  = 4.8 x 106 litre/day 

   Total BOD = 4.8 x 200 = 960 kg/day 

   Volume     =  4800 x 8 = 38400 m3  

   Area      = 38400 / 1.5 = 25600m2 

      = 2.56 ha 

 BOD loading rate  = 960 / 2.56 

      = 375 kg/ha/day 

 

 

 

 

 

 

 



17 – DISPOSAL OF SEWAGW EFFLUENTS 

1 MARK QUESTIONS 

1) The disadvantage of disposal by land treatment is 

 a) Lechate formation   b) Sloughing of biomass 

 c) Sewage sickness   d) Sewage farming 

Ans: (c) 

Sol:  

Continuous application of effluents on same land for long period leads to 

sewage sickness. 
When sewage is continuously applied on a piece of land, during course of time 
the soil voids get clogged thereby free circulation of air is prevented and 

anaerobic conditions develop. Then the land cannot take any further sewage 
load and foul gases will evolve. This phenomenon is known as “Sewage 
sickness” 

 
2) What are permissible value of BOD in sewage to dispose it off on land and 

sea? 
 a) 20 & 100  b) 500 & 100 c) 100 & 20  d) 20 & 500 

Ans: (b) 

Sol: The permissible value of BOD in sewage to dispose at different sources: 

Land – 500 mg/l 

Sea – 100 mg/l 

Surface water – 20 mg/l 

2 MARK QUESTIONS 

1) Which of the following processes are not the mechanisms of self purification? 

 1) Adsorption  2) Sedimentation  3) Oxidation 

 4) Biological metabolism    5) Disinfection 

 a) 1,4 & 5  b) 3,4 & 5  c) 1 & 4  d) 2,4 & 5 

Ans: (c) 

Sol:   Mechanisms of self purification: 

   (i) Dilution    (ii) Dispersion    (iii) Sedimentation  

   (iv) Oxidation  (v) Reduction    (vi) Disinfection 

 

 

 



2) 125 cumecs of effluent from STP of a city is discharged in a perennial river which is 

fully saturated with oxygen and flows at a minimum rate of 1600cumecs with a 

minimum velocity of 0.12 m/sec. If the 5 day BOD of the sewage is 300 mg/l, find out 

deoxygenation rate constant (KD) per day. Assume that the ultimate BOD as 125% of 

the 5 day BOD of the mixture of sewage and river water? 

 a) 0.23  b) 0.28   c) 0.1   d) .14 

Ans: (d) 

Sol: BOD5 of the river at the mixing point after disposal of sewage 

BOD5: 

  

The ultimate BOD of river (mix) at mixing point (L) = 125% BOD5 

BODultimate = 1.25 x 21.74   =  27.17 mg/l 

 

 

3) A small river of cross sectional area 80m2 with a flow rate of 15m3/s carries a no 

BOD receives effluent from STP at a rate of 5m3/s. Effluent BOD is 100mg/L. Estimate 

BOD of stream (in mg/L)10km downstream of mixing point? Assume k = 0.23 per day. 

 a) 25  b) 36.53   c) 32.88   d) 28.78 

Ans: (c) 

Sol: BOD5 of the river at the mixing point after disposal of sewage 

 BOD5 = 
515

)1005()015(



 xx
= 25mg/L 

 

 



BODultimate: 

 Yu = BOD5 / (1-e-kt) 

   =        25          x 

       (1-e-0.23 x 5) 

   =  36.58 mg/L 

 

Time required for completing 10km distance:  

 t = 
eDisch

Volume

arg
 = 

606024)515(

1000080

xx

x


= 0.4629 days 

BOD at 10km downstream:   36.58 (e-0.23 x 0.4629)   = 32.88 mg/L 

 

4) Effluent of 2 m3/s with BOD of 40mg/l is released into a stream of 50 m3/s. If 

stream BOD is 2mg/L. Estimate ultimate BOD of stream at the point of? Assume k = 

0.23 per day. 

 a) 5.06   b) 3.46  c) 6.78   d) 8.24 

Ans: (a) 

Sol: BOD5 of the river at the mixing point after disposal of sewage 

 BOD5 = 
502

)250()402(



 xx
= 3.46 mg/L 

BODultimate: 

Yu = BOD5 / (1-e-kt) 

   =        3.46          x 

       (1-e-0.23 x 5) 

   =  5.06 mg/L 

  

    

 

 

 

 

 

 



18 – SOLID WASTE MANAGEMENT 

1 MARK QUESTIONS 

1) A colony of population 30,000 discards solid waste at a rate of 1.5kgper capita per 

day. The components of solid waste and their densities are as below: 

Type of solid waste P (%) Density (kg/m3) 

Food waste 35% 800 

Paper waste 15% 1100 

Leather waste 10% 125 

Fruit waste 20% 950 

Other waste 20% 650 

Estimate the volume occupied by the solid waste (in m3) 

Ans: (52.74) 

Sol:  

 

 

2) The method of analysis of solid waste which is used to estimate the capacity of 

MSW as a fuel is called as ___________ 

 a) Ultimate Analysis   b) Chemical Analysis 

 c) Proximity Analysis   d) None of the above 

Ans: (c) 

 

3) The preferred range of carbon-nitrogen ratio in a MSW for composting is ____ 

 a) 20 – 35    b) 40 - 60 

 c) 5 – 10    d) Varies from waste to waste  



Ans: (a) 

Sol:  Carbon-nitrogen ratio is the ratio of weight of carbon to the weight of nitrogen 

present in materials being composted.  The preferred range is 20 – 35. Lower values 

indicate the loss of nitrogen as ammonium gas and render composting impractical. 

 

4) Which of the following statements are true with respect to the heating value of solid 

wastes? 

 a) Heat value of waste is directly proportional to the carbon content of the waste 

 b) Heat value of waste is inversely proportional to the ash & moisture content 

 c) Heat value of wastes can be calculated using Dulong’s formula   

 d) All the above.  

Ans: (d) 

 

5) Solid waste is collected using “N” number of collection vehicles to serve “S” number 

of households. The numbers of collection per week are “F” and a truck can carry solid 

waste from “X” number of customers. Considering “W” is the number of working days 

in a week, give the formula for “N”? 

 a) 
XF

SW
   b) 

XW

SF
  c) 

FS

XW
  d) 

FW

SX
 

Ans: (b) 

2 MARK QUESTIONS 

1) 

 

a) 290ha-m  b) 333ha-m  c) 358ha-m  d) 219ha-m 

Ans: (d) 

 



Sol: 

 

2) 

 

a) 14.5 ha   b) 38 ha  c) 36 ha  d) 34.5 ha 

Ans: (b) 

Sol: 

 

 



3) The composition of solid waste and individual energy discarded (in KJ/Kg) values 

are as provided below:  

 

If moisture content in solid waste is 12% and ash content is 7%. Estimate the 

difference between Total energy discarded on dry & ash free basis and dry basis. (in 

KJ/Kg). up to 2 decimal value  

Ans: (746.35) 

Sol: 

 

Difference between energies = 9382.71 – 8636.36 = 746.35 KJ/Kg 

 

 

 

 

 

 

 



4) The composition of solid waste, individual % of moisture content and individual 

energy discarded (in KJ/Kg) values are as provided below: 

 

Estimate the difference between Total energy discarded on dry basis & Total energy 

discarded (in KJ/Kg). up to 2 decimal value 

Ans: (8447.25) 

Sol: 

 

 

 

 



5) 

 

a) 120   b) 200   c) 40    d) 500 

Ans: (b) 

Sol: 

 

 

 

 

 

 

 

 

 



19 – AIR POLLUTION 

1 MARK QUESTIONS 

1) Match List-I with List-II and select the correct answer using the codes given below 

the lists :             

List-I     List-II 

A.  CO     1.  Greenhouse effect 

B.  CO2     2.  Acid rains 

C.  SO2     3.  Acute toxicity 

D.  NOx     4.  Ozone liberation at ground level 

Codes : 

  A B C D 

(a) 3 2 1 4 

(b) 2 3 4 1 

(c) 3 1 2 4 

(d) 4 1 2 3 

Ans: (c) 

 

2) Ozone layer present in the atmosphere protects life on earth by not permitting 

harmful radiations present in the sun light to penetrate through it. Ozone layer is 

formed by the reaction of _____ 

a) CFC’s on oxygen     b) Chlorine on oxygen 

c) Solar Ultraviolet rays on oxygen  d) Chlorine nitrate on oxygen 

Ans: (c) 

 

3) The plume behavior in which upward mixing of plume is very rapid and turbulent, 

but downward mixing is less as it was prevented by inversion is considered as ________ 

 a) Looping Plume  b) Fumigating Plume 

 c) Fanning Plume  d) Lofting Plume 

Ans: (d) 

 

4) Identify the list of secondary air pollutants in below options 

 a) CO, CFC & PAN  b) Ozone, Formaldehydes and Sulphuric Acid 

 c) NO2, SPM & CFC  d) ozone, CFC and Soot 

Ans: (b) 

 

5) The plume behavior that occurs under extreme inversion conditions and no vertical 

mixing occurs is considered as ________ 

 a) Looping Plume  b) Fumigating Plume 

 c) Fanning Plume  d) Lofting Plume 

Ans: (c) 



6) 

 

Ans: (337.5) 

Sol: 

 

 

7) The gaseous pollutants can be controlled through the techniques of 

 a) Absorption  b) Adsorption  c) Combustion     d) All the above 

Ans: (d) 

 

8) The great London smog created in December, 1952 caused death of around 4000 

people is resulted to which kind of lapse rate? 

 a) Super adiabatic lapse rate  b) Temperature inversion 

 c) Sub adiabatic lapse rate   d) None of the above 

Ans: (b) 

 

9) Suspended particulate matter in air is estimated using High volume sampler. A 

filter paper with initial weight of 16.425 g is mounted on High volume sampler and air 

is flown at a rate of 21 m3/hour. Experiment is carried out for 12hours and final air 

flow rate is 25 m3/hour. The final weight of filter paper with entrapped impurities is 

measured as 16.480g. Estimate total suspended particle concentration (in g/m3). 

Ans: (199.27)

Sol:    TSP =   W2 – W1 

     V 

   V =   
2

2521
 x 12 =  276 m3 

   TSP =   
276

)425.16480.16( 
 x 106 =  199.27 g/m3 

 

 

 



10) The concentration of CO2 in ambient air is found to be 200 PPBV. Estimate its 

concentration in g/m3 (up to 2 decimal value)? 

 

Ans: (392.85) 

Sol: 

 CO2 (in g/m3) = CO2 (in PPBV)   x    
V

WtMol.
 

    =  200   x    
4.22

44
  (Since volume is 22.4 L/mole at STP) 

 

    =  392.85 g/m3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 MARK QUESTIONS 

1)  

 

 

 



2) 

  

 a) 5874 m2  b) 6226 m2  c) 4896 m2  d) 5525 m2 

Ans: (a) 

Sol: 

 

3) 

 

a) Inversion   b) Lofting   c) Trapping  d) Fumigating 

Ans: (b) 

Sol: 



4) 

 

 a) 0.0565  b) 96   c) 0.9  d) 3.375 

Ans: (d) 

Sol: 

 

 

 

 

 

 

 



5) 

  

 a) 0.034   b) 34   c) 0.056  d) 56 

Ans: (a) 

Sol: 

 

 

6) The atmospheric temperature at 400m above ground level is found to be 32.50C and 

also at 1650m is found to be 240C. Predict the plume behaviour as per lapse rate? 

 a) Sub adiabatic lapse rate   b) Looping Plume 

 c) Conning Plume    d) Lofting Plume 

Ans: (c) 

Sol: 

 

 

As lapse rate is Sub ALR, the plume behavior is considered as Conning Plume. 

 

 

 

 

 



7) A fabric filtration unit is designed to treat an airflow rate of 50m3/s. The air flow 

velocity is measured as 6 m/minute.  The diameter of cotton bags provided for 

filtration is 80cm with a length of 40m. Estimate number of cotton bags required? 

 a) 6  b) 8   c) 3    d) 5 

Ans: (d) 

Sol:  Total surface area required =     50     x 

             6/60 

       =   500 m2 

  Individual surface area  =   dL 

       =   x0.8  x  40 

       =   100.53 m2 

Total number of filter bags  required =   500 / 100.53 

       =   4.973 

       =   5 

 

20 – NOISE POLLUTION 

1 MARK QUESTIONS 

1) 

 

 a) 68.69dB  b) 78.36dB  c) 71.37dB  d) 75.65dB 

Ans: (c) 

Sol:   

 

 

2) The Indian standard for ambient noise level for day time in industrial zone is 

  a) 50 dB  b) 55 dB   c) 65 dB   d) 75 dB 

Ans: (d) 

 

 

 



3)  

 

Ans: (61) 

Sol:   

 

 

4)  

 

Ans: (86) 

Sol:   

 

 

 

 

 

 



2 MARK QUESTIONS 

1) An industry consisting of 5 sources emitting noise values of 60,40,80,100 and 70dB 

respectively. Estimate the average noise level from the industry?  

 a) 70 dB  b) 87 dB   c) 77 dB   d) 95 dB 

Ans: (b) 

Sol:   

 

 

2) The different noise values emitted consecutively from various sources in an industry 

are as follows with respect to time interval: 

Time (in minutes) Noise (in dB) 

20 80 

140 30 

10 120 

60 50 

50 75 

 Estimate equivalent sound pressure level (Leq) value (in dB)? 

 a) 106.68  b) 105.52  c) 104.56  d) 101.23 

Ans: (b) 

Sol: 

 

 

 



3) An industry consisting of 5 sources, emitting 83, 89, 86, 80 and 83 dB respectively. 

Determine resultant combined noise level emitted from the industry (in dB). 

Ans: (93) 

Sol:  

Method – 1: 

 

 Resultant Noise L =  20 log10 
20

822554
 =  93 dB 

Method – 2: 

 

 


