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1. Preface

The Siting and Process Design of 0 Municipal Wastewater Facility is a joint
project by Faculty from the Departments of Chemical Engineering and Civil
und Environmental Engineening to introduce freshmen o design concepts and
problems. The Chemical Engineers focus on the process design concepts while
the Civil Engineers focus on siting and related problems including:

# Potentinl Site Visiis

* Environmental Restrictions

¢ Political Restrictions

= Bronomic Aspects Related to the Site

* Final Site Selection

The Chemical Engineers are concerned with

= The Process Concept

# Material Balances Around the Process and the Process Units
* Stream Flow Rates
» Stream Compositions
e Siream Specifications

= Estimating the Size of Equipment
» Siza of Each Unit
» MNumber of Units

= Cost Estimates for the Process
®  Orverall Estimoted Construction Cost

= Anmual Operating and Maintenance Cosis



Material balances are introduced in the sophomore vear in chemical
engineering. It is, therefore, very understundable that these new concepts are
not easy, especially for freshmen who have never been exposed 1o these
coneepts. However, experiences have shown, that with sufficient guidance. the
freshman can solve the problem and have an understanding of the problem and

its solution, end thus have o very meaningful experience.

This workbook follows the concept of Freshman Chemistry Laboratory
Warkhooks and is developed to guide the inexperienced students, step by swep,
through the process design of o wastewater facility. It is suggested that the
students work through the workbook, in groups, and cooperate with each other
for 2 meaningful leaming experience. When difficulties are encountered, they

should consult with their instructor to clarify the problem before proceeding,

In making the caleulations snd drawings, the student should apply the
latest availoble computer wechnology such as EXCEL for the tabulation of the
data and caleulations and graphic programs for fow sheets. The report should
be written with o word processor =uch as WORD, [In this manner, at the
conclusion of the course, the studeni has progressed very well for one semester
of Freshman Engineering.  The authors are thankful for the help given by Chin-

Y (lenny] Lin in fimolizing this workbook.

bad



2. Process Design of a Wastewater Facility

In the process design of & wastewater facility, the important steps are:
I, Selection of the process for dexign
2. Development of the Material Balances for the Proceas
a. Flow Rnies
b. Composition of Streams
i. Estimating the Size of Equipment Needed
n. Size of each Unli
b. Number of Units
4. Cost Estimates for the Process
a, Owerall Estimated Construction Cost
b. Annual Operating and Maintenance Cosis

2.1 Selection of the Process Design

Processes for wastewater treatment can be much too complex for
students in the freshman year to comprehend. Hence, a simplified process
iz discussed which shows the essential aspects of the system, and which is
more readily comprehended by the students. One such simplified process is
shown in Figure 1. It entails

l. Screens

* Remove large objects
2. Primary Sedimentation

* Remove particulates by settling
I Primary Yacuum Filter

* For solids removal by filtration



4. Acration Svatem
* Convert Biochemical Oxygen Demand (BODY}, an indirect
mensure of organic material in the wastewster 1o sludge
3. Secondary Sedimentation
= Remove sludge by seftling
b Secondary Vacuum Filter
* Remove sludge by Altration

2.2 Development of Material Balances for the Process

Based upon design parameters which established:

1. Influent Flow Rate,

2, Influent Composition,

3. Maximum Tolerable Effluent Specification of the BOD,
mg/L (the amount of oxygen consumed in by a sample
ncubated for 3 dayvs w 20°C) and suspended solids (S5},

material balance calculations are made, Basic assumptions are made, where
necessary, using literature recommendations. These materinl balance

caleulations are shown nnd are summarized in Tabkle 1.

1.3 Estimation of the Size of Equipment Needed

Hased upon the material balances, data and sizing recommendations
inn the liternture, the number, size, and dimensions of cach unit are
determined, These data are shown and can be summorized. (Ses Section
3.4, Design of Process Units)



2.4 Cost Estimated for the Process

Literature correlations are used to estimate the process
I. Construction cost, and
2. Annual operation and maimenance cost.
Based upon the Engineering Mews Record Construction Cost Index, the
effect of inflation is incorporated into the initinl cost estimate using the data

from the lHerature, and the current estimated cost s onleulnted,

2.5 The Problem

Design and Locate o Municipal Wastewater Facility that meets the

following specifications:
Basis of Design:
Comimunity - 45(M) households
Househald - 3 people eacl
Consumption - B0 gallons/'capita/day

Wastewnter Trentment Facility Specifications (Composition)

Influent, mg/l.  Effluent. mg/L (MAX)

BOD, 250 n
Sispended 254 0
Solids {58)



L6 The Simplified Process Flow Sheet

The simplified process fow sheet is shown in Figure 1. For the simple
system neither the suspended solids or sludge separted in the vacuum filters is
dried. Similarly the quantity of large nhjects is ignored and the analysis beging

when these are removed,
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2.7 The Solution of the Problem

The solution (o the problem entails making material balances on the

five units in the process. These arc;

A, Primary Sedimentation Tank for Suspended Solids
B. Vacuum Rotary Filter For Suspended Solids

. Aerator (Activated Sludge Process)

. Secondary Sedimentation Tunk For Sludge

E. Vacuum Rotary Filter For Sludge



COmee the material balance and compositions are known, the units
can be designed, The sedimentation tanks are rectangular with a large
cross sectional area to reduce the low rate and allow the solids to
settle, In chemical engineering practice these units are called

thickeners and can take other shapes (eircular).

L

Tup View

| ”H Side View

The Vacuum Rotary Filters remove the thickened solids from the
system and recycle the filtrate. The principal of these units follows the

sumple filtration practice used in the chemistry lnboratory,
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Suspendad Solils
Fllrms o0 Recwels

Onee the system has been designed costs estimates can be developed
and costs cun be made current to account for inflation using the Englneering

Mews Record Construction Cost Index.



2.8 Material Balance

The material balance can simply be shown as in Figure 2 with the
wiord equation. A material balance is the same as balancing your personal

checking nccount. However, instead of counting money, we will count

« The Total Flow Rote in each stream per day, Ib,/d
¢ The BOD, Flow Rate in each stream per day, [b/d
* The Suspended Solids (85) Flow Rate in ench Stream per day, [, /d

We will work with compositions in mg/L and convert these for the
equations into weight fraction. The weight fraction is simply the ratio of
the flow rate of a component (BOD,, 85, water) divided by the total stream

flow rate. For example

[ ji_SS in theStream

Weight Fraction of 55 = o) 7o) Flowaf the Seam

Since thers are only three components (BOD,, 55, water), we can only have
three independent equations. At steady state, these will generally be:
& Total Flow Rate in = Total Flow Rate Out
# Suzpended Solids Flow Rate In = Suspended Solids Flow Rate Chut
« BOD, Flow Rate In = BOD, Flow Rate Out

A water balonce con also be made:

Water In = Water Out

e



However, this equation would not be independent. Once the total flow,
BOM,, and 85 flow rates are known, water Mow rates can be caleulated ag the

difference since the
Total Flow Rate = Flow Rate of ROD,
+ Flow Rate of 5%
+ Flow Rate of Water

or Flow Rale of Water =
Total Flow Rate — Flow Rate of BOD, - Flow Bate of 5%

Figure 2 shows the concept of the material balance.



Figure 2
The Concept of a Material Balance
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[MPUT + GEMERATION — OUTPUT - CONSUMPTION = ACCLMULATION (+)
ar

DEPLETION (-)
EXAMPLE:

Consider your checking accdaint,

Deposit + Interest -~ Withdrawal - Bank fees = Accumulation [+)
ar
Depletion (-}
Referring to Figure 2, for steady state opertions, accumulation and
depletion = 0, and when there is no chemical reaction {in the sedimentation
nnd filtration units), generation and consumption = 0

Hence, for the sedimentation and filtration units (A, B, D, E}
Input = Chutput



For the Aeration Unit {C), resction sccurs, sludge is produced snd hence

Input + Ceneration = Output

The analysis of the system is in two parts
= Primary Treatment {Units A and B)

w  Secondary Treatment {Units C, D, and Ej

These are shown on the attached flow sheets (Figures 3 and 4)

i3



Figure 3

Material Balonce Primary Trestment Process
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Figure 4

Materinl Bolance
Secondary Treatment Process
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2.9 Primary Treatment Analysis
In the primary treatment system material balances ean be made as follows:

» Lnit A
Streaims 2, 4, and 6

s Linit B
Sireams 3, 4, and §

* The mixing Point (A Tee {a pipe fitting) in a pipeline)
Streams 1, 2, pnd 3
In addition, on artificial boundary can be drown around the entire Primary
treatment section and o material balance ean be made involving streams 1,
5, and 6. (Figure 5)
Figure 5

Material Balunce
Frimary Treatment Process

T
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3. Calculations
3.1 Primary Treatment Process Calculations

Stream 1

1. Caleunlate the total Mow rate of Stream |

| - Ginllans per day (GEM)

2, Convert this fow rofe (o pounds per day

i' = B

| %)

A Convert the concentration of BOD; and 55 from mg/L it welghi fruction

| o 13
: - L 4
| 1woog | I0Mme s

4. Caleulate the flow rate of BODy and S5 in lby,/d from ihe weight fractions

| - i,

1k



5, Caleulate the flow rate of the water in prands per day

Flow Rote of Water = Total Flow Rate — 85 Flow Rate — BONY; Flow Rate

Flow Rote of Water = . =

| F

b, Calealabe the weight fraction of water

i
J— o ;'q:ll'l-ntr iEeim | th_

#:' ol tmsl fow giremm | m'ﬂ

7. Convert the weight fraction of water o mg/L (Reverse step 3)

| | me

In order to peecesd with the material balance, basic data are required on the
Primary Filter (See Reference 1)

Basic Data:
Pri Sedi |
See Sundstrom and Klel, Chapter 7, “Sedimentation Practice™ p 209

* Removel Percentage of Suspended Solid i




s Removal Percentage of BOD, o

» Seliled Solids Concentration, Per Cent o

What is vour decision?

* Removal Percentage of Suspended Solid
Why did ¥ou moke this decisson?

* Removal Percentage of BOD,
Wy did you make this decigkon?

®  Settled Solids Concentration, Percert

Why did you make this decision?
Erimary Filter
See Sundstrom and Klei, Chapter 8, “Vacuum Filtrstion Practice”, p 233.234
Frimary Sludge
Percentage of Cake Solids o

What is your decision?

Why did vou make this decision?

Yol are now ready 1o perfirm the materiol balance on the primary weatment sysiem,

0



Figure 6

Primary Treatment Process

1 2 ]
; " A *
Feed
Tosmal Fliw, b ;|
58 Flow, _Ihil 4
BICINS Flos, Thd Sialialn, Ye

¥ Coke Sobids %

What was your decision on Removal From the System'?
b = %
B = a

Why did you make this decision?

21



3.1  Material Balance Calculations
Primary Treatmeni Process

1. Make a material balance around the artificlal boundary in Figure 6.

This will include bath units A and B. It will involve only streams 1. 5, and 6
which cross the artificial boundary. Streams 2, 3, and 4 gre internal streams and
do not cross this artiffcial boundary and hence do not have 1o be considered m
this time,

[herefors,
g Totnl Flow Rate Balasice
Stream | = Stream 5 + Stream &

b, Suspended Solids Flow Rite Rolonce
55 Strenm | = 88 Stream 5+ 55 Stream 6

c. BOLDy Flow Raie Balance
BOD; Stream | = BOD; Stream 5 + BOD; Stream 6

1. Basie Duin
Suspenided Solids Removal in Units A and B.
Whnt was your decision on percentage removal?

3. Suspended solids are removed in Stream S

Therefore
85 Sireatm § = 55 Stream | ! Fraction Removed
S8 Stream 5 = ! - I, /d

Whst was your decision on percentuge Cake Solids in Stream 57

|



55 Stream §
— T
Fraetion of Cake

Total Flow Stream 5 =

T'atal Flow Stpeam 5 = =

= Ihyd
What was your decision an BOD, remeval in this gysiem? per cent
BOHY; Stream § = PODs Stream | | Fraction Removed
= - Ih-urd-
4. Sirenm 5 Water Halance
Total Stream § = BOD. Stream 5 + 88 Siream 5 + Waler Stream 5
Therefore,
Waler Sircam 5 = Total Stream 5 - BOD; Stream 5 - S8 Stream 5
= - et - th’rlld

5. Calculate the weight Fraction and hetce; concentriaiions in Stream 5
Weight Fraction BOD, = =

Concentration BOD., mg/l.

= g
| | 3L
i vopiphi froction b units of thyy BOD s Flow Rate of BOD,
and |5 dinensionkess — ;.l_ " aBOD, my
Thy, Toinl Flow Rate by toml  mg
i

i



Weight fraction 88 = — =

Concentration 55, mul.

Weipht Fraction of Woter= @ —— -

Concentration of Water, mg/L.

fi. Kmowing Strenm 1 Flow Rate anid Siream 5 Flow Raie
Cpleulnie Stream 6 Flow Rate

Teal Siream | = Total Stream 5 4 Total Stream 6

Total Stream & = Total Stream | - Total Stream 5

Total Stream & = - =

B Stream & = BOD, Stream | — BOD, Stream 5

BOD: Streom 6= . -

2

28

i

43

i



55 Stream 6 = 58 Siream 1 — 55 Stream §

55 Stream b — - -

Water Stemm 6 = Wster Stream | — Water Siream 5

Wler Stream & = = =

7. Calculate weight fractions and concentrations Stream 6

Weight Fraction BOD, = -

Concentration BOD, mg/L

Weight Fraction 55 = =

Concentration 55, mg/L

Weight Fraction Water = =

Concentration Water, mp/L

|
~] 3la

~|&

2 |



PRIMARY FILTER

Once Streams |, 5, and 6 hove been completely defined, we can make material

halonces around each unit,

Balance sround Unit B, the Primary Filter

Wihat was your decision about the settled solids in Unit A, the primary
tedimentation tank? %%

What can you sssme 18 the solids content of Stream 3, the flirste from
the fileer'? e

fHne i Chetmicry Laboetors when pow peeioromed Aivrathon, whel i Uhe nofeee of Uhe Filirre

Why did vou make this decision?

Therefore, 55 Flow Rote Siream 3 = —=
1. 55 Flow Hate Balance
55 Flow Rate Stream 4 = 85 Flow Rate Stream 3+ 55 Flow Rote Stream 5

55 Flow Rate Stream 4 = N - "'T
[

55 Flow Raie Stream 4
Fraction Settled Solids

Tatal Flow Rate Stream 4 =

. b,

i



L Calculate the weight fraction of suspended solids in Stream 4

oy

| — — - T iy

L

3. Caleulate the concentration of suspended solids in Stream 4

| — .
L

| I 5
4, Calealaie the Total Flow Rate of Stream 3

Total Flow Rade Stream 4 = Total Flow Bate Stream 3
+ Total Flow Rate Stream 5

Total Flow Rale Stream 3 = Total Flow Rate Stream 4 — Total Flow Rale 5

Total Flow Ruode Stream 3 = - -

What iz the mto of the Flow Bate Stream 3 (o the Flow Rate Stream | 7

& Calcwlate the Total Flow Hate of Stream 7

Total Flow Rate Stream [+ Total Flow Rate Stream 3 = Total Flow Rate Stream 2

Total Flaw Rate Stream 2 = . Ib o

b, Calculate Suspended Selids Flow Rate in Stream 2

55 Flow Rate Strenm 2 = 55 Flow Rate Stream | + 55 Flow Rale Stream 3

Ih

—



7. Caleulate the weight Fraction of Suspended Salids in Stream 2

& Calculate the concentration of suspended solids in Stream 2

| | .
J i D

Since Stream 3 18 much smaller than Strenm 1, assume a minimal BO[D,

i " & % L
in Siream 3. What (s 4 good estimaie? '

8. Calcwlwie the weight fraction BOD, in Stream 3

. Calenlate the BOHY; Flow Rate in Stream 4

BN Flow Stream 4 = BOY; Stream 3 + BODy Sineam §



12.Caleulute the BOT, Flow Raie in Stream 2
BODy Flow Stream 2 = BODy Stream | + BOD, Stream 3

= + -

13.Calculate the weight fraction BOD: Stream 2 = =

14.Calcalate the eoncontration of BODL, in Sirenm 2

]

I | w‘
| ] R L
15.Caleulate the BODs weight Traction in Stream 4 - -
= e
16.Caleulnte the BOD; concentration in Stream 4
| | g

17.Caleulate the Water Flow Rate Streain 4

Water SBtream 4 = Total Strenm 4 — BODy Stream 4 — 5% Stream 4

il |



18.Calculate the weight fraction water Stream 4

19. Caleulate the concentration water in Stream 4

20.Caleulate the Water Flow Hate Streanm 3
Water Flow Stream 3 = Total Flow Stream 3 — BOD; Flow Stream 3

— 55 Flow Stream 3

I1.Culeulate the welghi fraciion water in Stream 3= =

1. Colenlute the concentration of water in Stream 3

| | L

I3.Colculnte the Water Flow Rate in Stream 2

Water Flow Rade Stream 2 = Total Flow Bate Streqm 3
- BOD: Flow Rate Stream 2
= 88 Flow Rate Stream 2

an

my

L



24.Calenlute the Weight Fraction of Waier in Stream 2

25.Caleulate the concentration of water in Stream 2, mp/L

#

-

|2



3.2 Secondary Treatment Process
Aerator Analysis

The secondary treatment process takes the effluent from the primary
ireptmment process and converts the complex molecules in the wastewater
stream with the aid of microorganisms to biomass and gases. The secondary
Ireatment process consists of two steps. These are:

»  The serator

= Secondary sedimentntion and Filiration

With the uid of microorganisms and air (04}, the serster s o
binchemical reactor that converts the BODy w biomass, thus reducing the
BODy concentration in the effluent in preparation for discharge back into
nature’s systems. The biomass is removed by secondary sedimentation and
filtration and sold as a fertilizer. A part of the settled biomass from the
secondary sedimentation tank fs recycled to the aerator to provide the
imcrmorganisms to digest the BOD, in the wastewater,

In this analysis we will concentrate on one type of aerator oaly, called
the conventional activated sludye process (Sundstrom and Klei, page 154,
The design process is outlined on pages 164-165, and an example problem is
shown on pages 16i-168]),

L



The secondary wreatment proces i3 shown n Figure 7.

Figure 7
Secondary Treatment Process
6 7 8 1
- C * D i Elllumi
" — Secondnry
— Sedimeniation
L — ]
Aerwior
1 ¥
T ek
EITII:t 13
L
12 Secondary
] E Filder

lu

Sludpe
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Aerator Analysis

The Conventional Activated Sludge Process Resctor with Reevele and
Complete Mixing

Problem  Design the resctor, which will reduce the BOD. in Siream 6 1o
leus than 30 mg/l

I Calculation of the outlet BOD: from the aerator (Stream 7
For complete mixing with recyele, activated shadpe process, Sundstrom and
Kler mive key equatiens m Tablel, paje 144

Effluent waste concentrstion caleulatiom

K Q0+ k)
E:{'tn = k.d}_1

Where & = puthet BOD: concentration, mg/L {Strenm 7}

f. = shudpe age. hours,  The sludge age is the sludge retention
time it the reactor How long does the sludge reside in the
reactor? Shudpe age should be between 3 and 14 days
(Sundstrom and Kle, p 146)

Ka, K¢, & ore kmetic coefficints. These are given in
Sundstrom and Kbei, Table 6-2, p 146 for Domestic
wistrwaler composition based on RO,

Caloulation

K. Q+k,8)
IEIIJ'{'*ll - kn‘ }_ I




Table 6-2, p 146, Sundstrom and Klei and Example Problem 6-1, p 166
Ku = to o+ mgll
mg/L

What is your decision?

Why did you make this decision?
ke= to =

What is your decision? !

Why did you make this decision?

k= 1o A

What is your decision? !

Why did you make this decision?

B.= to . days

What is your decision?

Why did you make this decision?

0. = daya

15



Ko | (4k@) |

Therefore, 5 = [ |8, (kg = kgd-1
mj
§= — L
5=
5 = _ mg'L. BODy in Siream 7.

Dioes this concentration meet the requirement of the specification of BOD: in
the efflsent?

£, Calculation of Resctor Volume Needesd,

For the conventional process the hydraulic residence time is the number of
hours the entire hydmulic stream {liguid ond solids) resides in the reactor.
With no recyele, itis defined s

HNydmulse Residence Time = %ﬂﬁ“—
1
L
where By = hydraulic residence time, b

¥, = reactor volume, m*

= volumetric il fow rate, m" T
For reevele, however,

¥
H = ﬂ N - I - 2
Valumetric Feed Rate (Sircam 6) + Recyele (Stream 10)

A



However, it is desired to make 0, as large as passible to provide for a bigger

reactor to take care of unforeseen penk flow rates, [Hence, conservatively,

Key design data are provided by Sundstrom and Klei, Table 6-3, p 155 for the
conventional/completely mixed system.

What is the range as residence time, B in hours? s h

What i3 vour decision” h

Why did you moke this decigion?

Calculate the volume of the feed stream 6 (total flow) in m'/h

3 I | | |
Q 71 | | |

= '
4 p

Caleulate the volume of rencior needed

17



Y. Caleulution of Solids Recyele Concenirntion, (Salids in Stream 10)

Sundstrom and Klel select Solids Recyele Concentration at 8000 mg'L and
then calculate the recycle rtio, Another approach is to caloulate this mumber
by firut selecting a recycle rtio, Sundstrom and Klei, p 167, show

X
For this problem, both X and X, can be opproximnted by the tofal solfds
concentration, Henca,
A= total solids concentration in reactor, my/L

A = tolal solids concentration in the recycle stream {stream 10), mp/L
B = residence ume (hydraulic), h
Bl: - :f“dEE H'EEI h
If we choose o select the recyele ratio and caléulate X, then
|8
e,

X
‘{L—E]=1_E,
X 0,

1%



In-order to caloulate X, we sesd o know
A= todal concentration of solids in the resctor, mp/L
R = recycle ratio (Table 6-3, Sundstrom and Klei)
= hydraulic residence time, h
B, = sludge age, h
What 1s the range in recycle ratio for this process?
Sundstrom and Kled, Table 6-3, p 155

R= o

What is your decision?
Wiy did you make thig decision?

What was vour decision for 07 h

What was your decision for 8,7 h

The concentration of solids in the reactor must first be coleulated {See Table
61, p 144 Sundstrom pnd Klei):

{5

in



where
A= tstal concentration of solids in the reactor, mygl,
§" = BODy concentration in foed to reactor {Stream &), mg/L
&= BODy concentrution in effucnt stream from reactor (Stream 7),
mg/L
¥'= biomass synthesis constant and is the ratio of the units of

microorganisms produced to the units of BOD, removed from the
Wastewaler, mg'mg ( Table 6-2, Sundstrom and Klei, p 146}

¥ = hydraulic residence time, h
B, = sludge nge
ka = kinetic constant, ™ (Tale 6-2, Sundstrom and Klei, p146)

What was your choice for 87 h
What was your choice for 0.7 h
What was your choice fork?
What is the value of the BOD, in the reactor fecd, 8" (Stream B)?
e mgl
What did you calculate for the BOD, in the rencior effluent (Stream 7), 87

- gl
What is the range in values for ¥ (Sundstrom and Klei, Table 6-2, pl46)7?

to ma/mg

What is your decision”? mgimg

Why did you make this decision?



Caleulnne:

P ke s:_IIB_LJ
I+k @ |0

X = gL

Now enleulate X, the solids in the recycle siream {siream 10

ENER

4. Calenlate the total Flow Rate of Stream 1,

Stream |0 = Recvele Ratio times Stream 6

What was your chadce of Recycle Ratio?

Siream 10 = ¥ Shemng = |

Stream [{) = Phff

4i

mg/L



5. Caleulations for Stream 7.
Stream 7 = Siream 6 + Stream 10
s o) = il
If X = the solids concentration in the rescior, it is abso the solid concentration
in Strenm T for & well mixed acrator,

Therefore, solids concentration in Stream 7 = ?
m.t| 1L ig

Weight Fraction X = L | I.[Hlﬂi_"l'.lmﬁ = :.!-!_E
Flow af Salids in Stream 7
Solids Stream 7= Weight Fraction & Total Flow Stream 7

- X

- I/
BOD, in Siream 7 = ‘"—f . The value of § calculated previously.

mg| 1L | lg

Weight Fraction BOD; = L| o0y |ToMmyg = ﬁ

Flow Rate of BOD, in Stream 7 = Weight Fraction x Total Flow Stream 7

- M - I

Total Floww Bate of Water in Stream 7 = Total Flow of Stream 7 - Total Flow
of Bolids in Stream 7 - Total Flow of BOD. in Stream 7



Tl Flow Rate of ‘Water in Stream 7 = = .

= Ihi

Toial Flow of Wasterin Soream T =

Weight Fraztion Waler of inStream 7 = -
Total Flow Blatein Streans 7

Concentration af water in Stream 7

Wieaght Fraction 1,000 mi g 10 g

Iz 1L
= - -
A
6, Calculutions for Stream 10
Jf,.=wl|:hin5h'=imlﬂ,ﬁ= mg
i L
Weight Fraction of Solids in Stream 10 =
I | L | g N s
L

[ 1oo0g | Loodmg

Solisls Nlow in Stream 10 = Welght Fraction x Total Flow Stream 10

= X = Ihid

d3



7. Calculation of Washowt Residence Time.
If the 1otal volumetric Aow rate, O, (Stream &) i high, there is the
posaibility that this high influent raie to the acrator will totally wash out
the solids in the reactor, X, which provide the MICTOOrEanisms i the
system. Hence, the acrator cannot function, This condition must be
avoided. Washout will not eccur (desirable) if' B, the hydraulic residence
time is greater than 8., the critical washout residence time. Hence,

B = By

The washout residence time, B, is caleulnted from the equsation

(K, +5°J1+R-pR)
T (S -k )-EK,)

K ks, &y wre the kinetic constants vou chose from Table 6-2, pldé
Sundstrom and Elei

R = recycle ratio you chose from Table 6-3, p155, Sundstrom and Klei

5" and § are the aerator influent (Strenm 6) and efffuent {Stream T),

X

BODy concentrations, mpL and [} = T

Calculate 8,
What was your decision for K,,7 mg/L

What was vour decisbon for k7 el

What was your decision fior &7 h-1



What was 5, the influent BOD, concentration for the reactor
(Stream 6)7 _ mplL

What wos 5, the effluent BOD concentration for the reactor
(Stream 717 _mg'L

What wis X, the solids coneentrtion in thie reactor? mg/L

Whnt was X, the solids concentration in the recyele Stream
[ Stream 1077 mgL

Whatis p-Se?  p=

What was your choice of R? R -

Cabeulale 8,

b,

8.

b,

i !

I= B >0,7

Wil washout occur with vour design?

i3



E. Caleulufion of the Solids Generation Rate

The solids produced by the microorganisms are required to complete the
material balance for the secondary treatment process. The solids produced
can b caleulated from

where P, = solids produced in the aerator, kg/'d
A = total solids concentration in the aermtor, kg/'m'
8, = sludge age, days

¥, = volume of reactor, m'

Caleulation
What was your sludge ape, 5,7 ilays
Convert.X from "% g A
L '
iy
" | | | . i
L | | | m'
Whit was the volume of the reactor, ¥, required? m'
Calcufate the Production Rate of Sludpe
m' ki
o= II i | - L |
i m | d o
Converd to ”’T'
kg | ]
B= = e
i | o



8 Caleulation of Oxygen and Afr Requirements for Microorganisms i

Lo,
Sumdstrom snd Kled (p 153, Equations 6-19) give the following equations

Uiy Demand 0 Mg
e Ty {1- ¥ J+0.9ak,
Volume, Time  wolume, time i

OnygenDemand _ mass O, required | mg 0O, tequined
walume, ime withime, time Liter, hr

influent BOKDY, concentration (Scream &), mgl

E" —

5 = effluemt BOD concentration {Stream T3, my'1.

B = hydroulic residence time, b

Y = hiomass synthesis constant and is the rathe of wits of

microorganisms produced to the wnits of BODy removed from
the wastewater, [Table 6-2, Sundstrom and Klei, p [46), mg/L

mj B

A = penstant and can be mken o |44 -
mgsoluls

ky = kinetic constant, b
{ Sundstrom and Klei, Table 6-2, pld&)

Hence,

OxygenDemand _ §° E.i:-_""g a¥)+ 09ak, X

violume, Hme

mpQ, required 5" -§ o
= —a¥ )+ 0.9ak, X
Liter,hr i s

47



What was the value of 57, in the influent™
(BOD, o the aerator {Stream 6]) ""l,.f

What was the value of 5, in the effuem?
BODY, from the aerstor {Stream 7) o M/E

What i the value of ¥7 S—— %

‘What is the value of a7

. mg CE
[Sundstrom and Klei, p 153) i —— %g:«inlid
Whnt was your decision for k7
(Sundstrom and Klei, Table 6-2, plds) b

What was your calculated value of X, the solids
concentration in the reactor! — mgl

What was your decision for the hydraulic residence time, 8 7 h



Crygen Demand | )

Wlume, Time

What is your required reactor volume,

=i

my

aw

Vo wo
Creygen Demamd .
[—.,r,,,m = Jt'-'ulume of Resctar } =
. S mg
Tl
N Y
a1 £ - ks
(‘nnvatu ;
mgl
1= Chiygen Demand |
o= i
af



Miow wse the ideal gas law o convert E:ﬂ' o ﬁ al Standird

Conditions of Tempernture and Pressure

PV =nRT

Standord Conditions P=1atm
T=0"C=27315"K

= 2 'E_'m"'_
R = 0. 0H 2 p i~
Vo= nkT
P
| mlm-L K
e ey g

Standard Liters per Day, L/'d at stundard conditions

Movw convert to Standard Cuobic Feet per Day (SCFD of Os)

u

- - SCFD of O,

Mow convert o SCFD of ar since Aur contains 21 mol per cent Ch (For an

ideal gas, mol per cent equals volume percent)

Vo= I = SCFD of Air

50



3.3 Secondary Treatment Process Caleulations

The Secondary Trestment Mrocess
Secomdary Sedimeniation and Filtration

This part of the process removes the sludge lformed in the aertor from the
BODY, in the wastewater, and recycles o portion of this sludge to the reactor 1o
provide the microbes needed for reaction in the aéestor. The water efTluent
reduced in BOD, is discharged back into nature, and the sfudge iz removed as
cake from the secondary filter and sold as fertilizer,

The Secondury Treaument Process is:

Figure 8
Secondary Treatment Process
L T B 1T EMuent
Secondary
p— Sedimentation
Mir
Aernbinr
9
itk
- i
Recyels i3
Slisdpe
L4
12
Sevomlary
«—| E Filter
14
Slisdpe

-1



The Secondary Treatment Process is;

Figure 9
Secondary Treatment Process

e e e e e T T T 0 i il e o e e i e e e

fi — 1 T L i

v

AR T

N/

Acrator
1 d

" Recvole 13
Sludge

1z

E Filler

Bladge

C —T D
= Sedimentation



Material Balance Calenlations
Secondary Treatment Process

L. Overall Units C, D, E {Figure 9)
Stream 6 = Stream 11+Stream 14
Chverall Process Material Balasee - Total Flow Rates

Let X = Total Flow Rate Stream 11, 4/

% = Total Flow rate Stream 14, I_Eﬂ

Therefore,
Total Flow Rate Stream 6= % + ¥
= X+Y

1. Suspended Solids Balance
a5 Stream b + Solids Produced in Acrator
= 85 Stream 11 + 585 Stream (4

How much salids were produced in the sernior? =

g
Sundstrom and Klei, p 234 give the cake solids content from a filter for the
sctivated sludge process

What ia the cake solids content? b D

What iz your decision? Y

Why did vou make thizs decision?

51



What is the low of suspeaded solids in Stream 147
Total Flow Rate of Stresm 14 x Froction Cake Solids

Y ox o o ‘3};

What is the suspended solids in Stream &7 -'%

Whal is the suspended solids content of Stream 117
What is the maximum suspended solids specification in Stream 117

me
L

What would be the minlmwm? LLH
What i3 your decision? =i

Why did you make this decision?

What is the weight fraction of suspended solids in Stream 117

g L lg
Lo mong | 1000mg = Wi, Fraction, E:

What i3 the suspended solids fow in Stream 117
Stream 11 x Weight Fraction
X % =

Hence, the two equations are;

Twal Flow Rate Stream s = X + ¥ = it id

54



55 Strenm 6 + Suspended Solid Produced =
85 Stream 11 + 58 Stream 14

® = -

Two equations, two unknowns

X = II%

w=__{§;

Total Flow Rate of Stream 11
Total Flow Rate of Stream 14

58 Stream |1 = X = I};.
88 Stream 14 = % - oy
Concentrations of 8% Stream 11
55 Stoam 11 3
= wemight fraction = i L
Tootal Fiow Strearm 11 me

What is the concentration of suspended solids in Stream 117

mg | 1000 mg | 1000 g
mg | tg | 1L

me
L
What is the Weight Fraction of 88 Stream 14 =

55 Siraam 14 .
Total Flow Siream 14~ "Nt fraetion =~ =

a4

Concentration of 55 in Stream 14 =

my |l':}|]'ﬂl'l1l | Totn g
mg | I | 1L -

=&

55



3. BOD, Balance
What is the BODY,; low Stream 77 %
Hence, what is an ncceptable assumption for BOD, flow rate in Stream 117

b
d

Therefore, what is a good assumption for BOD, fow rates, g and

concentrations,
Stream 9 —
Stream 10
Stream 12
Stream 13

Stream 14

What is the weight fraction of BOD, in Siream 17

Total Flow Rate of B, inStream 11 = g
Total Flow Rate of Stream 11 my
What is the concentration of BOLS, in Stream 117
Weight lraction | 100 mag | i g
- mE
[ g | 1L = r’f



What is the Total Water Flow Rate in Stream 117

Total Water Flow Rate in Stream 11 = Total Flow Rate in Steam 11
-~ Total BOD, Flow Bnie in Stream 11
= Total Suspended Solids Flow Rate in Stream 11

- . e " iy,

What iz the weight Fraction of Water in Stream 117

Tutzl Water Flow Rate in Stream 1]
Total Flaw Hate of Stream | | E

What is the concentration of water in Stream [ 17

1 |]Dﬂ-|.|rng | 100 g -
mg [ 1g | AL E:

4. Balunee nround Usit E
Stream |3 = Stream 12 + Stream 14

55 Halance
55 Stream |1 = 55 Swream 12 + 55 Stream 14

What is 4 good assumption for 58 in Stream 127 me/

58 Stream 13 = + - s,

57

= |a



What is the concentration of solids in the recyele Stream 10 going to the

serator? (From aerator caloulation ) i == =l %

Therefore, what is the concentration of solids in

Stream® "I':.;,;

Stream 13 "

What is the solids weight fraction in Stream 137

mg) L | 1w - wi fraction, ™%
Lo| 1000 g | 1000 mg L
What is the total Flow Stream 13
E-ﬂ- _Erlmun 13 _ Ih
W1 Fraclion ———— f":'

What is the water low Stream 137
Water Flow Rate Stream 13 = Total Flow Rate Stream 13
Tetal Flow Rate BOD, in Stream |3
- Totsl Flow Rate Suspended Solids

i Stream 13

Total Water Flow Rate Stream 13 = . .




What ia the weight Fraction Water Stream 137

:l.i_l:l.n' Flow Rate Sseam 13 L
Total Flaw Role Siesm 13

44

What is the concentration water stream 137
mg | 1000mg | 1000 g
mg| 1g | IL

~IR

What is the tot! fow rate Siream 127

Total Flow Rate Steam [2 = Todal Flow Rate Stream 13
-Tatal Flow Raote Strewm 14

What is the Total Water Flow Raie of Stream | 27

Total Water Flow Rate Siream 12 = Total Flow Rate Steam 12
— Total Suspended Solids Flow Rate Stream 12
Total BOD, Flow Rate Steam 12

What is the weight fraction water in Stream 127

Toial Water Flow Bate of Strenm 12

Toial Flow Bste ol Stroam 12

413

59



What is the concentration of water in Stream 127

g |]Dﬂﬂmg| [0 g

--H

mg | 1g | IL

What is the water flow in stream 47

Totnl Water Flow Rote Stream 14 = Totol Flow Rue of Stream |4 —
Total BOD, Flow Rate of Stream 14 - Total Suspended Solids Flow Rate
of Stream 14

= - - = —

What is the weight fraction of water in Stream 147

Towml Flow Rate of Water in Stream 14
Total Flow Rate jn Steeam 14

- — - b
my

What is the concentration of water in Stream |47

mg | 1000 mg | 100 g
mg | g | L

~|d

5. Miniag Poinl Balance

Total Flow Rate of Siream 9 = Taotal Flow Bate of Stream 10 = Total
Flow Rate of Stream |3



Total Flow Rate of Steam 9 = "

What is the Total Suspended Solids Flow Rate in Siream 97

T'otal Suspended Solids Flow Rate in Stream % =
Total Suspended Solids Flow Rate in Stream 10 + Total Suspended
Solids Flow Hate in Stream 13

Ll

What is the Total Water Flow Rate in Stream 97

Total Water Flow Rate in Stream 9 = Total Flow Rate in Stream @ -
Tetal BOD, Flow Rate in Steam 9 — Total Suspended Solids Flow Rate
in Stream 9

Total Water Flow Bote in Stream @

: - SIS %

What is the weight faction of water in Stream 97

W nter Fiq'l._h_sl.u: i Strenm N
Toisd Flow Bate of Stream 9 —

Weight Fraction, ™
g

iy

e

hl



What is the concentration of water in Stream 97

m ]][I]Dm;” s g i
mg | lg | IL . L

Whirt is thie Total Water Flow Rate in Stream 107
Total Water Flow Rate in Stream 10 = Total Flow Rate in Steam 10 —

Total Flow Rate BO{, in Stream 10 - Total Flow Rate Suspended Solids
in Stream [0

Total Water Flow Rate in Stream [0 =

= h
Ve
What is the Weight Fraction of Water in Sweam 107
Toml Flow Rate of Water in Stream 10 _ < o
Tudal Flow Rate in Stream 1) p—

What is the concentration of waler in Stream 107

mg | I[h:][in:ln| Lo g
mg lg
I TR = =




. Balance Arownd Unit 1)
Stream 8 = Stream 9 + Stream 11
Taotal Flow Rate of Stream & = Total Flow Rale of Stream 9+ Tota)
Flow Rate of Stream 11

Total Flow Rate of Stream £ = + =

55 Flow Rate of Siream & = 55 Flow Rate of Strewm @ + 55 Flow Bate of

Siream 1] = " - :_"'

BOD, Flow Rate Strepm 8 = BOD, Flow Rate Stream 9 + BOD, Flow Rate

Stream 11 = + = th

— i

Total Water Flow Rate Strenm 8 = Total Flow Rate Stream 8 — Toal BODS
Flow Rate Stream & — Todal 88 Flow Hate Siream B

: : : - i
i
What is the 58 Weight Fraction in Stream &7
S S8 : »
Touid Flow Rate StreamB Wi Fraction, =

What is the concentration of 55 in Stream 87

myg |H.Il:ll1-l'|1.| T g
mg | g | IL =

~d

fid



What is the BOLDY Weight Fraction of Stream 87

Total Flow Rate of BOD , in Stream 8
Total Flow Rate of Stream & 5

- Wi Fraction, ™
me

What is the BOD, concentration in Siream 87

mg | 030 g r 1EMlib g

= me
mg | g | 1L L
What is the Water Weight Fraction of Strenm 57
Toesl Flovw Rate of Waler o Shream B —
Tinal Flow Raie = Siream § E—
= Wi, Fraction, ™%
myy
What 15 the Water Concentration in Siream 87
my | HEY mg | 100 g
mg | 1g | IL w %



3.4 Design of Process Units

1. Primary Sedimeniation Tank (Unit &)
Sundstrom and Klei, p 209

Wit i the overflow rate mnge? o
i
What is your decision? _ == .
it
Why did you make this decision”
What is the detention tme? to

Whent is your recommendstion? hionars
Why did you make this decision?

What is the overflow rate from Unit A7 Stream 6 =

i | (Nia | I m' i
EECEETTH "
What is the required area”?
I'I'll B
d TR T m
m

What is the 1oial Vaolume needed?
w' | W Dretenstion) | I

d | | b

63
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What is the required depth?
m’ I

Depe = L0 |. — =

Area
Sundstrom and Elei, p 207

Rectangular Tank
What is the maximum Length? m
What 85 the length o widih ratio? o

What ks your decision? e m
Wy did you mnke this decigion?

Therefore, what is the width? m
What 15 the number of tanks?
Let M= pumber of tanks
¥ = Total Volume=NLWH

L = length, m
W = widih, M
H = height, 3 m
V = total volume, m’

W
Therefore, H= ——
TR

Adsume N=I H= _om

What 15 the sceeptoble depth? Sundstrom and Klei, p 207

Ll m

Is H= m acceptabls?



Therefore, for the Primory Sedimentation System

B =

L= m
W= m
H= m

2 Aerator Deskgn (Unit C)

Design Datn
I. Diepth is less than Sm (Sundstrom end Klei, p 42)

2. A completely mixed serntor (mechanically agitaied) is known as the
CMAS process. The CMAS basins can be designed os square, circular or
rectangular. For good mixing, a
Length 1o Width Ratio of 31 maximum is recommended.

"De=ign of Municipal Wastewater Treatment Plants", p 616-617.

What is your choice of length to width ratio? X =

Why did vou moke this decision?

For o rectungular reactor

V=WLWH
M = the number of drits
L = lengih, m
W= width, m
H = depth, m

)



What s your decision on the depth? H= £
Why did you make this decigion?

What was your calenloted value for the acrator volume? Y =
Therefore,
YV=NLWH
First Assume N = |

m;:"-rn:{-.

Therefore, L= X W

or Y=LWH={(XW)WH

v vy
v ()
XH » XH
3 L]
w:[ m'| |
| | w
W= m
L=XW= i
H= m
N:
Therelore,
Y=KNLWH
V= | m | m | m_ =




Is your assumption of N = | unit sdequote?

Therefore, = _
= _m
W= m
H= m

A Secondary Sedimentation (Unit v
Secomdary Clarifier Diesign is Rectangular
“T'he Design of Municipal Wastewater Treatment Plants™ p 592, Table 11.15

Rectangular Shape Overflow Peak Flow Rates io = = %
pr
Averape Peuk Overflow Rates _T.I. -
m-F ok
Crverflow mate = Steam |1 = :::'
| i i
(0 = Flow Rate = b, I¥ | im = .
d | L3 0h | 353145 0 d
a m’| id o
d | b "y
Avernge Overflow = _".'IL - M
— wmi":h A
1
i} 2 m' |
A - = b i
reil ™ -

~ Average Ovellow

What is the required Sedimentation Tank Volume?



Vo= Feed Rate x Detention Time

Feed Rate = Stream & = %
Il-l 18 | | m' | 14
Q= I w3 | BIEw|ah

What is the detention time?

What detention time did you use for Primary Sedimentation?

I'he Design of Wastewater Treatment Plant, p 594, Table 11.16,

What is the Range of detention times? - b

Wheat i5 vour decision? h

Why did you make this decision?

What i the Yalume needed?
V=01t where | = detention time in bsirs,
m’ ] h
h | - -

B -

What is the required Height?

Vo= M A
Assume M=l

kil



What is the range on the average depth? Lo

“Design of Wastewnter Treatment Plants™ p 584

Are wou in this range?
Do you rieed more than one tank 1o reduce the depth?

What is vour decision? M=
Why didl vou make this decizion?
Vo= MNAH
=¥
T NA
Y- ny'
— N mz
N -
H- m

I4 this height in the range? .

Do you need more than two tanks w reduce the depth?

What is your decision? N = _

b



Therefione,
Vo= m

N =
H

if
|

[5 this height within range?

But 4= LiF

What is L? What is W? What i;%?

What :, dhied you use for Primary Sedimentation?

I5 this & good assumption?

What is your decisian?

A=LW

A=XW or




H=
NLW

He | | I
| | f

H= m

Therefore,

Y=__ _|'|'|-I

M=

| m

W= i

H= i

4. Primary Filter Design (Sundstrom and Klei, p233 — 234)
What is the recommended process feed rute to the primary filter?

i

DT —— — — MJHEI

What iz vour decision?

Wy did you make this decizion?

Sundstrom ond Klei, p233

What is the maximum available [Diameter fior o Rotary Vacuim Filter?

What is the maximum available Length for o Rotary Vacuum Filter?



a—-—-""""_l'._'_ﬂ_a

Kurlace Aren = [1D L

Cake Sofids Rate = 55 Flow Rate of Stream 5 =

|h[ Idll].i!i-il,g
il | :411| i T

:-i{

|
Arca needed = T =

i &
b

A=TIDL=03.14%506)=M2m
of area is svailahle in one maximum siae fler
I= one filier $m diameter and 6 m long adeguate”

Thesefore,

D= m

L= 1m0

14

L



5. Secondary Filter {Sundstrom and Klei, p 234)

What is the recommended activated Sludge process rute to the sccondary filter

- =
™
What is you decision? ‘.I'ﬁ
e

Why did you meke this decision?
Cake Solids Rate — $8 Flow Rate of Stream 14 = g

Ik 1d | nasa

[ LN i
d | b | Ik [

Area needed =

iur . z
.

A=MDL=[3.14}5)(6) =942 m’
of area is availahle in one maximum size flier

I= one filier 5m diameter 6 m long ndequate?

Therefore,
=
D= m
L= m



A5 Cost Estimation of Plant

Heference

Susuma Kawamura, “Integrated Design of Water Treatment Facilities™
pal, Fig2.3.12-1 Constroction Codt Fstimate
P42, Fig 2.3.12-2 Operating and Maintenance Costs

I. Construction Cosd

What is your plant capacity? b feed (Stream 1)

il [ B _ - Mad
d | B34 b ! 1 AN

What i the construction cost?
Congtruction Cost, = § for year

Ceomstruction Costs can be adjusted for inflation by the Engincering News-Record
Construction Cost Index (EMR).

What s the ENR Index for Fig 2.3-13-17

EMR,; = st year

What is the current ENR Index? (The maost recent copy of the Engincering News
Record is on the Second Floor of the Library, The ENE Construction Cost Index
is nenr the back of the Jourmalj

Henee,
ENE,; = for vear L and

T



Comstruet on Cos) I Corstmuct on £ ol 2

EMNK lnlltl.J ENK  lmdex 3
ENR |
Constructh on Cost , = Construct on Cost -
- 1| ENR I
Construction Cost 5 = for year

2. The Operoiing and Maintenance Cost

The Operating and Mainienanee Cost (OMC) cani be estimaied in the same manner.
Hence, from Figure 2.3-12.2, p42, Kawamury, Susuma, “Integrated Design of
Water Treatment Facilities"

OMC, = foryear
EMR, = for yeor
ENR; = fior year
Hence,
ENK, |
OME, = [}I"-'I:vl.'.'l[ F-NRIJ i |
Therefore,

the estimntcd Operating and Mintenance Cost

= for yeir
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5. Nomenclature

d = days

h = hours

kg = kilograms

lb_ =p-mu1dn ks

M = mEters

g = milligrama

:—: = milligraema of component in stream per milligram of total stream

’.“E"r « miilligrams per liter of solution

L



