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A plug-flow denitrification stage is to be designed for a three-stage nitrification-denitrification

treatment process. Pertinent data for the design are as follows: design flow = 19,000 m3/d,

temperature = 25°C, cellular recycle will be used, MN(};-M from the second stage = 25 mg/, CONTINUE TO POST
maximum allowable ™35 -M in the final effluent = 0.5 mg/t, maximum allowable suspended solids
in the final effluent = 5 mg/f, and volatile suspended solids are 80% of suspended solids. Use
median values for the kinetic coefficients needed. Determine:

2 questions remaining

a. Minimum solids retention time for denitrification.

b. Design solids retention time. My Textbook Solutions

c. Design nitrate removal rate, kg N1 [N/ mivss/d.

d. Hydraulic detention time at the design flow. e

fregl s

e. Sludge wasting required, kg mivss/d. _ﬁ'i:_

f. Methanol required, kg methanol/d. Unit Modern Traffic and
Operations... Operating... Highway...
2nd Edition 4th Edition 5th Edition
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Write the expression to determine the denitrification minimum solid retention time §™" . ﬂ _ ;.' IIMT Engineering ... 169
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. . University of Color... 624

Here, Y is the gross yield, ¢ is the peak nitrate removal rate, &, is the decar coefficient

Substitute 0.9 mg VSS/mg NO;-N for y, 0.34 mg NO,-N oxidized/mg MLVSS-day for § |; Brian
’ : Brown University 619
(at25° C), and (.04 day ' &, inthe equation (1).
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—=Yg -k,
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VS s NO;-N
|09 —M8VSS V434 MENOYN ) 404 day
mg NO, -N mg VSS-day
=0.306-0.04
=0.266
:. =0.266
gl i

6™ =3.76 days

Therefore, the minimum time for the solids retentionis 3.76 days .
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b)
Write the expression to determine the design solids retention time & .

1 ¥(D,-D)
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I
Here, Y is the gross yield, g is the peak nitrate removal rate, &, is the decar coefficient,
K, is the half saturation constant, D, is the influent NO; =N, D, is the effluent NO; =N

Substitute 0.9 mg VSS/mg NO,-N for ¥, 0.34 mg NO; -N oxidized/mg MLVSS-day for g

(at25°C) 0.04 day”' for k,, 25 mgNO;-N D,, 05 mg NO;-N ¢, D,, and
i i
0.16 w for K, inthe equation (2).
]
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[0‘9 mg VSS ][0_34 mg NO, -N J(?.S_O.S)[mgNO‘-N]

) mg NO; -N mg VSS-day ;0 25004 day”
mg NO; -
(25— 0_5}[ mg Nfo__l N ] . [0‘ 16 Me N{O‘ 2 )m zi = N{O, N
s TS
=0.2584
=0.2584

1
0,
6 =3.869 days

Therefore, the design solids retention time is, 3.87 days .

Comment
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c)

Write the expression to determine the design nitrate removal rate:

Substitute 0.9 Ib MLVSS/Ib NO,-Nfor y, 3.87 days for @ ,and (.04 day ' k, inthe
equation (3).
1+k 0

Yo

q

1+(0.04 day')(3.87 days)
~ (0.9 mg MLVSS/mg NO; -N)(3.87 days)
=0.332 Ib NO; - N/Ib MLVSS/day

Therefore, the design nitrate removal rate is, |0,333 Ib NO; - N/Ib MLVSS/day|-

d)
Write the expression to determine the hydraulic detention time, §.

0= 9_—'9' ...... (4)
qX,

Here, X is the VSS in the denitrification reactor.
Assume the amount of MLSS in the denitrification reactor is, 3000 mg/l.

Obtain the value of the MLSS is MLVSS.

100

X, = [8—0](3000 mg/l)
= 2400 mg/]

Comment
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Substitute 0.332 mg NO, -N/mg MLVSS-dayfor ¢, 2400 mg MLVSS/f for X,

55 Mg NO,-N mg NO, -N
- f f

D, -D,
qX,

for D ,and (.5 for D, in the equation (4).

(25-0.5) ™8 Nlo‘ B

(33, _ mNO;-N ("400 mg MLVSS]
77 mg MLVSS-day )\~ f

=0.031 day
= 0.74hr

Therefore, the hydraulic detention time is, [0.74 hr|.

Comment
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e)
Write the expression to determine the amount of required sludge wasting X' .
Determine the mass of MLVSS in the reactor:

MLVSS in reactor = X, 00 ...... (5)

i
Substitute 0.031 day for @ and 19000 ;L for ( in the equation (5).
ay

MLVSS in reactor = X,00
=(2400 M](o.on day) Iotjooi] kg
It mixed liquor day )L 10" kg
=1414 kg MLVSS

Comment
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Write the expression to determine the amount of MLVSS leaving the reactor per day.

MLVSS in reactor
g

Substitute 1414kg MLVSS for MLVSS in reactor and 3.87days for @..

MLVSS leaving/day=

MLVSS in reactor
0
1414 MLVSS
T 387 days
=365.4 kg MLVSS/day

MLVSS leaving/day=

Comment
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Determine the amount of MLVSS allowed in the final effluent.

L
MLVSS leaving in final effluent/day = [ 19000 2 {

5 mg MLSS ]['ng MLVSS]{IU(X)I]( 1 kg J
day \

f mixed liquor )|~ kg MLSS m' )L 10" mg

MLVSS leaving in final effluent/day = 76 kg MLVSS/day
Determine the difference between the MLVSS leaving the system and the MLVSS allowed in the
final effluent. The difference in these values yields the amount of MLVSS that must be removed
and wasted.
X, =(365.4-76) kg MLVSS/day
= 289 kg MLVSS/day

Therefore, the sludge wasting required is, (289 kg MLVSS/day/|.

Comment
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f)
Write the expression to calculate the amount of methanol required per day:

The requirement of methanolis 3 .() |b of methanol per |hof NO3™-N removed.

Ib methonal
M _ =|mx——— |Q(D -D
meth [ lb NO‘ ](.( [ 1 )

Here, m represents the mass ratio of methanol to nitrate.

Comment
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]
substitute 25 MENON o0 1 and 0.5 MENON o b 19000 E"‘_ for ©,and3
{ { ay
for m.
Ib methonal |
M__ =l mx———— |O(D -D,
= melometensl o, )
¥ » 3 ¥ - f ¢
=[3k5mctho.nal][19000 l](zsmo.s)[“‘ENO-‘ N][mu? ][ 1th ]
kg NO; day  waste m’ 10" mg
= 1400 kg methanol /day
Therefore, the methanol required is, |l400 kg mclhannlfday|.
Comment
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