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Problem

A batch settling test has been performed on an industrial wastewater having an initial suspended

solids of 597 mg/ℓ to develop criteria for the design of a primary clarifier. The test column was 5

in. (125 mm) in diameter and 8 ft (2.44m) high, and sampling ports were located 2, 4, 6, and 8 ft

(0.61, 1.22, 1.83, and 2.44m) from the water surface in the column. The suspended solids

remaining after the various sampling times are given in Table 1. The wastewater flow is 2.5 MGD

(9460 m3/d). Determine:

a. The design overflow rate and detention time if 65% percent of the suspended solids are to be

removed. Use scale-up factors of 0.65 for the overflow rate and 1.75 for the detention time.

b. The diameter if a circular clarifier is used.

c. The design diameter of the clarifier if equipment is available in 5-ft increments of tank diameter.

d. The depth of the tank.

TABLE 1

DEPTH ft (m)

TIME (min)

10 20 30 45 60

2 (0.61) 394 352 243 182 148

4 (1.22) 460 406 337 295 216

6 (1.83) 512 429 376 318 306

8 (2.44) 1018 1142 1208 1315 1405

Step-by-step solution

Prepare a plot of depth versus time with values of percent removal corresponding to those found

in the previous table.

Comments (2)

Use these values to interpolate the depth-time lines for 20%, 30%, 40%, 50%, 60%, and 70%

removal.

Comment

Find quantities for the 20% removal.

Find the time value where the line crosses the 8 ft line (the -axis in the previous chart). Compute

the velocity ( ) using the following formula.

 …… (1)

Here,  is the depth and  is time (in hours).

Substitute  for and  for . The 20% removal curve crosses the 8 ft line at 14

min, which is 0.233 hr.

Compute the overflow rate. This is accomplished by performing a unit conversion on the velocity.

Comment

Find the overall removal associated with 20%. Start by drawing a vertical line in the percent

removal curve plot where the 20% line crosses the -axis. Find the point where this vertical line

crosses each percent removal curve. Find the depth associated with the midpoint between two

intersections.

Comment

For example:

70% curve cut the 20% line at 0.5 ft depth and 60% curve cut the 20% line at the depth of 1.1 ft,

then the mid-point is 0.8 ft. Similarly, the midpoint between the 20% and 30% curves is 5.3 ft, the

30–40 midpoint is 2.4 ft, the 40–50 midpoint is 1.4 ft, and the 50–60 midpoint is 1.0.

Find the percent removal using the following formula:

Here,  is the percentage removal,  is the average height, and  is the height.

Substitute 20% for , 30% for , 20% for , 5.3 m for , and 8 m for .

The following table shows the calculations for the 20% line.

1 30% 20% 5.3 6.625%

2 40% 30% 2.4 3.000%

3 50% 40% 1.4 1.750%

4 60% 50% 1.0 1.250%

5 70% 60% 0.8 1.000%

13.625%

20.000%

33.625%

Thus, the overall percent removal  for the 20% curve is 33.625%.

Comment

The quantities associated with the 20% curve are summarized in the following table.

Curve
(ft) (hr) (ft/hr) (gal/day-ft 2 )

20% 8 0.233 34.3 6155 33.625%

Comment

Find quantities for the 30% removal curve.

Compute the velocity using this data.

Substitute  for and  for  hr in the equation (1). The 30% removal curve

crosses the 8 ft line at 31 min, which is 0.516 hr.

Use this to compute the overflow rate. This is accomplished by performing a unit conversion on

the velocity. For 30%:

Comment

Find the overall removal associated with 30%. Start by drawing a vertical line in the percent

removal curve plot where the 30% line crosses the -axis. Find the point where this vertical line

crosses each percent removal curve. Find the depth associated with the midpoint between two

intersections.

Comment

The midpoint between the 30% and 40% curves is 6.0 ft, the 40–50 midpoint is 3.3 ft, the 50–60

midpoint is 2.2 ft, and the 60–70 midpoint is 1.7 ft.

The following table shows the calculation of  for the 30% line. Recall that .

1 40% 30% 6.0 7.500%

2 50% 40% 3.3 4.125%

3 60% 50% 2.2 2.750%

4 70% 60% 1.7 2.125%

16.500%

30.000%

46.500%

Thus, the overall percent removal  for the 30% curve is 46.500%.

Comment

The quantities associated with the 30% curve are summarized in the following table.

Curve
(ft) (hr) (ft/hr) (gal/day-ft 2 )

30% 8 0.516 15.5 2780 46.500%

Comment

Find quantities for the 40% removal curve.

Compute the velocity using this data.

Substitute  for and  for  hr in the equation (1). The 40% removal curve

crosses the 8 ft line at 50 min, which is 0.833 hr.

Use this to compute the overflow rate. This is accomplished by performing a unit conversion on

the velocity.

Comment

Find the overall removal associated with 40%. Start by drawing a vertical line in the percent

removal curve plot where the 40% line crosses the -axis. Find the point where this vertical line

crosses each percent removal curve. Find the depth associated with the midpoint between two

intersections.

Comment

The midpoint between the 40% and 50% curves is 6.2 ft, the 50–60 midpoint is 4.0 ft, and the

60–70 midpoint is 2.9 ft.

The following table shows the calculation of  for the 40% line. Recall that .

1 50% 40% 6.2 7.750%

2 60% 50% 4.0 5.000%

3 70% 60% 2.9 3.625%

16.375%

40.000%

56.375%

Thus, the overall percent removal  for the 40% curve is 56.375%.

Comment

The quantities associated with the 40% curve are summarized in the following table.

Curve
(ft) (hr) (ft/hr) (gal/day-ft 2 )

40% 8 0.833 9.6 1723 56.375%

Comment

Find quantities for the 50% removal curve.

Compute the velocity using this data.

Substitute  for and  for  hr in the equation (1). The 50% removal curve crosses

the 8 ft line at 75 min, which is 1.25 hr.

Use this to compute the overflow rate. This is accomplished by performing a unit conversion on

the velocity.

Comment

Find the overall removal associated with 50%. Start by drawing a vertical line in the percent

removal curve plot where the 50% line crosses the -axis. Find the point where this vertical line

crosses each percent removal curve. Find the depth associated with the midpoint between two

intersections.
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Was this solution helpful?

Comment

The midpoint between the 50% and 60% curves is 6.8 ft and the 60–70 midpoint is 4.7 ft.

The following table shows the calculation of  for the 50% line. Recall that .

1 60% 50% 6.8 8.500%

2 70% 60% 4.7 5.875%

14.375%

50.000%

64.375%

Thus, the overall percent removal  for the 50% curve is 64.375%.

Comment

The quantities associated with the 50% curve are summarized in the following table.

Curve
(ft) (hr) (ft/hr) (gal/day-ft 2 )

50% 8 1.250 6.4 1149 64.375%

Comment

Find quantities for the 60% removal curve.

Compute the velocity using this data.

Substitute  for and  for  hr in the equation (1). The 50% removal curve

crosses the 8 ft line at 98 min, which is 1.633.

Use this to compute the overflow rate. This is accomplished by performing a unit conversion on

the velocity.

Comment

Find the overall removal associated with 60%. Start by drawing a vertical line in the percent

removal curve plot where the 60% line crosses the -axis. Find the point where this vertical line

crosses each percent removal curve. Find the depth associated with the midpoint between two

intersections.

Comment

The midpoint between the 60% and 70% curves is 6.7 ft.

The following table shows the calculation of  for the 50% line. Recall that .

1 70% 60% 6.7 8.375%

8.375%

60.000%

68.375%

Thus, the overall percentage removal  for the 60% curve is 68.375%.

Comment

The quantities associated with the 60% curve are summarized in the following table.

Curve
(ft) (hr) (ft/hr) (gal/day-ft 2 )

60% 8 1.633 4.9 879 68.375%

Comment

Comment

Tabulate the data for the 20%, 30%, 40%, 50%, and 60% curves.

Curve
(ft) (hr) (ft/hr) (gal/day-ft 2 )

20% 8 0.233 34.3 6155 33.625%

30% 8 0.516 15.5 2780 46.500%

40% 8 0.833 9.6 1723 56.375%

50% 8 1.250 6.4 1149 64.375%

60% 8 1.633 4.9 879 68.375%

Comment

a.

Plot percent removal against overflow depth, as shown in the following graph. Use this plot to find

the overflow rate associated with 65% removal.

Comment

From this plot, the 65% overflow rate is 1200 gal/day-ft2. Apply a “scale-up” factor of 0.65 to

adjust.

Therefore, the design overflow rate is .

Comment

Plot the time against the percentage removal, as shown in the following graph. Use this plot to

find the detention time associated with 65% removal.

Comment

From this plot, the 65% detention time is 1.3 hr. Apply a “scale-up” factor of 1.75 to adjust.

Therefore, the design detention time is .

Comment

b.

Calculate the area of a circular clarifier using the following equation:

Here,  is the flow rate and 0 is the overflow rate.

Substitute  for  and  for .

Determine the diameter of the clarifier using the following formula:

Substitute  for .

Therefore, the diameter of the clarifier is .

Comment

c.

Round up to the nearest 5-ft increment. The next highest 5-ft increment beyond 63.8 ft is 65 ft.

Therefore, the design diameter is .

Comment

d.

Compute the area based on the design diameter.

Substitute 65 ft for .

Compute the actual overflow rate from this area.

Substitute 2.5 MGD for  and  for .

Comment

Calculate the depth using the following formula:

Here,  is the time.

Substitute  for  and  for .

Therefore, the depth of the clarifier is .

Comment
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