Chapter 2:  Mass Transfer

2-1
Expected life of landfill

Given:  16.2 ha at depth of 10 m, 765 m3 dumped 5 days per week, compacted to twice delivered density.

Solution:

a.  Mass balance diagram



b.  Total volume of landfill


(16.2 ha)(104m2/ha)(10 m) = 1.620 x 106 m3
c.  Volume of solid waste is ½ delivered volume after it is compacted to 2 times its delivered density


(765 m3)(0.5) = 382.5 m3
d.  Annual volume of solid waste placed in landfill


(382.5 m3)(5 d/wk)(52 wk/y) = 9.945 x 104 m3/y

e.  Estimated expected life


 1.620 x 106 m3

--------------------  =  16.29 or 16 years


9.945 x 104 m3/y


NOTE:  the actual life will be somewhat less due to the need to cover the waste with soil each day.

2-2
Estimated emission of dry cleaning fluid

Given:  1 barrel (0.160 m3) of dry cleaning fluid per month, density = 1.5940 g/mL, 90% lost to atmosphere.

Solution:


a.  Mass balance diagram


b.  Mass of dry cleaning fluid into tank


     (0.160 m3)    (1.5940 mg)   (1000 mL)    (1000 L)        (1 g)            (1 kg)


=  ------------- * ---------------*------------- * -----------* ------------- *  ----------
 

      (month)             (mL)               (L)             (m3)        (1000 mg)     (1000 g)

= 0.26 kg/month

c.  Mass emission rate at 90% loss


(0.90)(0.26 kg/month) = 0.23 kg/month

2-5
Mass rate of tracer addition


Given:  QRR = 3.00 m3/s, QTPR = 0.05 m3/s, detection limit = 1.0 mg/L


Solution:

a.  Mass balance diagram  (NOTE: Qout = QRR + QTPR = 3.05 m3/s)








b.  Mass balance equation


CRRQRR + CTRPQTPR = CoutQout
since CRR in = 0 this equation reduces to:

CTPRQTPR = CoutQout
c.  Note that the quantity CTPRQTPR is the mass flow rate of the tracer into TPR and substitute values


 
        (1.0 mg)    (3.05 m3)   (1000 L)    (1 kg)      (86400 s)


CTPRQTPR =  ---------- * ---------- *  --------- *  ---------  * ----------- 


                         (L)
       (s)
          (m3)
(106 mg)       (day)


CTPRQTPR = 263.52  or  264 kg/day
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2-6  NaOCI pumping rate

Given: NaOCl at 52,000 mg/L
Piping scheme in figure P-2-6
Main service line flow rate = 0.50 m*/s
Slip stream flow rate 4.0 L/s

Solution:

a. Mass balance at return of slip stream to main service line

l

Slip Stream
Qss=4.0L/s _—
e

Coe=? R
= Main service line

Qour = 0.50 m¥/s
Cour =2.0mg/L

b. Calculate Csg

Mass out = Mass in

(0.50 m*/s)(2.0 mg/L)(1000 L/m’) = (4.0 L/s)(Css)

1000 mg/s = (4.0 L/s)(Css)
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Find B

B c. Mass balance at the junction of pump discharge and slip stream line =
l Qn=4.0L/s
Pump Discharge Cry=0.0mg/L

Qeone =7 _—

Slip stream line
Caytaak: = 52.000 mg/L

1 Qour=4.0L/s
Cour =250.0mg/L  from “b” above

PROPRIETARY MATERIAL. © The McGraw-Hill Companies. Inc. All rights reserved. No part of this Manual
may be displayed. reproduced or distributed in any form or by any means. without the prior written permission of
the publisher. or used beyond the limited distribution to teachers and educators permitted by McGraw-Hill for their
individual course preparation. If you are a student using this Manual, you are using it without permission.

d. Calculate Qpump

Mass in = Mass out

(Qeuvp)(52,000 mg/L) = (4.0 L/s)(250 mg/L)

/s
oy = HOL/)2SOmE/L) 6,051
52,000mg/L
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Loss to atmosphere
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QTPR = 0.05 m3/s


CTPR = ?





Tin Pot Run
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CRR = 0





QOUT = 3.05 m3/s
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