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Unit Operations and Processes in Environmental Engineering (2nd Edition)

Chapter 9, Problem 3P (8 Bookmarks) Show all steps: ON Post a question

A Answers from our experts for your tough

homework questions
Problem ?

8 students bookmarked this
problem. Save it for later. Enter question
A batch settling test has been performed on an industrial wastewater having an initial suspended
solids of 597 mg/t 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 CONTINUE TO POST
(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:

2 questions remaining

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. My Textbook Solutions

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
Unit Modern Traffic and
Operations... Operating... Highway...
TIME (min) 2nd Edition 4th Edition 5th Edition
DEPTH ft (m) View all solutions
10 20 30 45 60
2 (0.61) 394 | 352| 243| 182| 148 Chegg tutors who can help
right now
4 (1.22) 460 | 406 | 337| 295| 216 B ?"i Ambuj
| IIMT Engineering ... 169
Hill=
6 (1.83) 512 | 429 | 376| 318 | 306 [ Carol
% CPA - PHD - Unive... 561
8 (2.44) 1018 | 1142|1208 | 1315 | 1405
Matthew
‘ University of Color... 624
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Step-by-step solution

Step 1 of 32

Prepare a plot of depth versus time with values of percent removal corresponding to those found
in the previous table.
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Step 2 of 32

Use these values to interpolate the depth-time lines for 20%, 30%, 40%, 50%, 60%, and 70%
removal.
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Step 3 of 32

Find quantities for the 20% removal.

Find the time value where the line crosses the 8 ft line (the x-axis in the previous chart). Compute
the velocity (v) using the following formula.

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

Substitute § ft for ffand ().233 hr for . The 20% removal curve crosses the 8 ft line at 14
min, which is 0.233 hr.

L__8f
0.233 hr
=343 tt/hr

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

y _[34,3 ft)( 24 hr [7,43 gal]
! | hr J 1day )\ 1t

= 6155 gal/day-ft’

Comment

Step 4 of 32

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 x-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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Step 5 of 32
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:

H
Ry =R.+Y. ”‘--(R.... ~R,)

Here, R is the percentage removal, /i, is the average height, and H is the height.

Substitute 20% for R,, 30% for R, ,,20% for R.,5.3 mfor / , and 8 mfor fy.

2

4 (40-30)

5.3
R, =20+—(30-20)+
 =20+°2(30-20)+ %

4 0 ).
+l?(50—40)+%{60—50]+%{?0—60)

=33.625%

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

i R,.. R | H, i(fe,—k,_ll
H
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%

H
b3 H’ (R, ~R _,)|13.625%

R, 20.000%

R, 33.625%

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

Comment

Step 6 of 32

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

H|t v Vo
Curve R,
(ft) | (hr) | (ft/hr) | (galiday-ft 2)

20% |8 |0.233|34.3 |6155 33.625%

Comment

Step 7 of 32

Find quantities for the 30% removal curve.
Compute the velocity using this data.

Substitute 8§ ft for grand (.516 hr for 1 hrinthe equation (1). The 30% removal curve
crosses the 8 ft line at 31 min, which is 0.516 hr.

_H

1

. 8fi
0516 hr
=15.5 fi/hr

v

Use this to compute the overflow rate. This is accomplished by performing a unit conversion on
the velocity. For 30%:

y = [ 15.5 fi ]( 24 hr ][ 7.48 gal]
! 1 hr )\ 1 day 1 ft’

= 2780 gal/day-ft’

Comment

Step 8 of 32

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 x-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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Step 9 of 32

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 R, for the 30% line. Recall that Ff =§ fi.

i R,.. R | H, i(RI—R,_I)
H
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%

H
> ”'-(R, ~R_,)|16.500%

R. 30.000%

R, 46.500%

Thus, the overall percent removal (R; ) for the 30% curve is 46.500%.

Comment

Step 10 of 32

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

H|t v vy
Curve R
(ft) | (hr) | (ft/hr) | (galiday-ft 2)

30% |8 |0.516|15.5 |2780 46.500%

Comment

Step 11 of 32

Find quantities for the 40% removal curve.
Compute the velocity using this data.

Substitute § ft for ffand ().833 hr for ¢ hrin the equation (1). The 40% removal curve
crosses the 8 ft line at 50 min, which is 0.833 hr.

H

T
81t
0.833 hr
=9.6 ft/hr

v

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

o ( 9.6 ft ] 24 hr ( 7.48 gal ]
"\ lhr J{1day 1 fit)

= 1723 gal/day-ft’

Comment

Step 12 of 32

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 x-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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Step 13 of 32

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 R, for the 40% line. Recallthat ff =8 {i.

i R,.. R, | H, i(R,—R”)
H

1 50% 40% | 6.2 |7.750%

2 60% 50% | 4.0 | 5.000%

3 70% 60% (2.9 |3.625%

{
p3 H, (R, - R, ,)|16.375%
H

R, 40.000%

R, 56.375%

Thus, the overall percent removal (R’ ) for the 40% curve is 56.375%.

Comment

Step 14 of 32

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

H|t v Vo
Curve R,
(ft) | (hr) | (ft/hr) | (gal/day-ft 2)

40% (8 [0.833|9.6 1723 56.375%

Comment

Step 15 of 32

Find quantities for the 50% removal curve.
Compute the velocity using this data.

Substitute § ft for frand .25 hr for 1 hrinthe equation (1). The 50% removal curve crosses
the 8 ft line at 75 min, which is 1.25 hr.

H
v=—
f
_ 8fi
1.25 hr
= 6.4 ft/hr
Use this to compute the overflow rate. This is accomplished by performing a unit conversion on
the velocity.
v _(‘ 6.4 fi J’ 24 hr (7,48 g;ll)
" Ulhr LI day 1 ft!
=1149 gal/day-ft’
Comment

Step 16 of 32

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 x-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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Step 17 of 32

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 R, for the 50% line. Recall that ff =8 fi.

i R., R, | H | ZL(R-R,)
i

1 60% 50% | 6.8 | 8.500%

2 70% 60% | 4.7 | 5.875%

{
Z-} (R ~R_,)|14.375%
H

R, 50.000%

R, 64.375%

Thus, the overall percent removal (R’ ) for the 50% curve is 64.375%.

Comment

Step 18 of 32

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

H|1t v Vo
Curve K,

(ft) | (hr) | (ft/hr) | (galiday-ft 2)

50% |8 |1.250|6.4 1149 64.375%

Comment

Step 19 of 32

Find quantities for the 60% removal curve.
Compute the velocity using this data.

Substitute § ft for ffand |.633 hr for ¢ hrinthe equation (1). The 50% removal curve
crosses the 8 ft line at 98 min, which is 1.633.

_H

o
8t
1.633 hr
=4.9 fihr

v

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

¥ ( 49 fi J 24 hr [ 7.48 gal ]
U lhr Jl1day 1 ft!

=879 gal/day-ft’

Comment

Step 20 of 32

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 x-axis. Find the point where this vertical line
crosses each percent removal curve. Find the depth associated with the midpoint between two
intersections.

Depth ()

Comment

Step 21 of 32

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

The following table shows the calculation of R, for the 50% line. Recall that ff =8 fi.

H
i R,.. R | H| —(R -R,)
H

1 70% 60% | 6.7 | 8.375%

H
> —(R,~R.,)|8.375%

R, 60.000%

R, 68.375%

Thus, the overall percentage removal (R', ) for the 60% curve is 68.375%.

Comment

Step 22 of 32

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

2 of 3

H|t v Vs
Curve R,
(ft) | (hr) | (ft/hr) | (gal/day-ft 2)
60% |8 1.633 4.9 879 68.375%
Comment
Step 23 of 32
Comment

Step 24 of 32

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

H v v,
Curve R,

(ft) | (hr) | (ft/hr) | (galiday-ft %)
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

Step 25 of 32

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.
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Step 26 of 32

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

1200 x 0.65 = 780 gal/day - f’

Therefore, the design overflow rate is 780 gal/day - fi”.

Comment

Step 27 of 32

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.
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Step 28 of 32

From this plot, the 65% detention time is 1.3 hr. Apply a “scale-up” factor of 1.75 to adjust.
1.3x1.75=23hr

Therefore, the design detention time is 2 3 hr.

Comment

Step 29 of 32

b.

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

)
4-2
I

Here, Qs the flow rate and V; is the overflow rate.

Substitute 2.5 MGD for O and 780 gal/day-ft* for F,.

2.5MG 1000000 gal _ day-ft’
| day I MG 780 gal
=3205 ft*

A=

Determine the diameter of the clarifier using the following formula:
T 3
A=—D"
4

2
4’7

D= A

Substitute 3205 i for 4.

D=2 (3205)
IT

=63.9 ft

Therefore, the diameter of the clarifieris 63.9 fi.

Comment

Step 30 of 32

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 65 fi .

Comment

Step 31 of 32

d.
Compute the area based on the design diameter.

A=Zp?
4

Substitute 65 ft for D.
)T »
A=—(65)
5 (69)

=3318 ft’
Compute the actual overflow rate from this area.

Qo

A
Substitute 2.5 MGD for Qand 3318 fi* for A.

0

2.5 MG . 1000000 gal ; 1
| day 1 MG 3318 fit°
753 gal/day-ft’

Comment

Step 32 of 32

Calculate the depth using the following formula:
H =Vt
Here, tis the time.

Substitute 753 gal/day-fi* for F, and 2.3 h for 1.

7 _( 753 gal (2.3 ]1r'][l da)f] 1 fit?
L1 day-ft® ) 1 24 hr ) 7.48 gal

=955 M

Therefore, the depth of the clarifieris 9 55 ft .

Comment

Was this solution helpful? 6 (0]

Recommended solutions for you in Chapter 9
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