Lecture 8

CE260/Spring 2000

Discussion of water, wastes and diseases

Water quality components and standards

Chapter 9 Water and wastewater treatment

· Mass balance and hydraulic flow regimes

· Applies to many systems

· SS vs. non SS systems

· Worst case – best case scenario’s

· CM completely mixed

· PF plug flow – transport bulk flow dispersion

· Word mass balance
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· In – Out = net transport across system boundaries

· Generation = production or destruction

· Accumulation = amount left over

· SS vs. concentration in the system

· Let r = rate of reaction (mass/vol t)
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· Mass balance for plug flow reactors
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· A = cross sectional area
· If Q = constant and system has 1-D flow
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· Therefore the mass balance is:


[image: image4.wmf](

)

Q

-

=

=

Q

-

-

=

D

-

=

D

+

-

\

=

D

=

D

+

-

=

+

-

k

n

r

C

C

or

kC

d

dC

or

r

V

C

C

Q

or

x

A

kC

QC

QC

dt

dC

then

SS

at

If

V

dt

C

d

V

r

QC

QC

on

Accumulati

Generation

Out

In

1

2

2

1

2

1

2

1

0

0


· Since C1 – C2 = -(C if 1st order 
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· Let (x ( 0 and divide by A yields:
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· Since C is only a f(x) then can use total derivative:
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· Determine plug flow reactor (at SS) volume required for 95% removal for a substance as follows:
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MB on Completely mixed Reactors
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· CM reactors in series


· MB for first two reactors at steady state
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· For the ith reactor:
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· The influent (So) and effluent (Se) concentrations for n reactors are related by:


[image: image12.wmf]dn

n

d

d

n

n

o

o

n

o

e

t

k

t

k

t

k

S

S

S

S

S

S

S

S

S

S

+

´

´

+

´

+

=

´

´

´

=

=

-

1

1

1

1

1

1

2

2

1

1

1

1

2

1

L

L


· If the reactors are identical (Vi/Q = td) and have the same k then:
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· V = total volume of all reactors

· As the # of reactors increase the system approaches plug flow

· Determine V of CM system for 95% removal


[image: image14.wmf]3

2

1

2

1

2

1

1

2

1

312

0

/

150

/

300

)

/

05

.

0

(

m

kC

QC

QC

V

V

kC

QC

QC

kC

r

L

mg

C

hr

L

Q

hr

L

mg

k

o

o

i

=

-

-

=

=

-

-

-

=

=

=

=

-


· For two CM reactors determine VT where V1 = V2
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· Solve the final equation by nonlinear regression analysis or trial and error to get V = 146 m3 therefore VT = 292 m3
· Compare the three types

· PF = 114 m3, CM = 312 m3, 2CM = 292 m3
· Flow characteristics in basins

· Short circuiting

· Dispersion

· Measurement of average retention time = V/Q (Figure 10.10)
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· Flow recycling of CM reactor
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· For an elemental volume (q the recycled fraction of that volume is:
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· When recycled again a portion stays in for tp
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· Read over example 10.4 in text
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