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DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING
UNIVERSITY OF CALIFORNIA, BERKELEY
El11,MAY 16,2005

FINAL ExaM

Name and Student ID: SOlUTiOH

Instructions: Answer the questions that follow directly on these pages in the spaces provided.
Use the back of the page if you need more room for your answer. If you believe there is
insufficient information provided to answer a question completely, state reasonable assumptions
and proceed from there.

This exam is closed-book/closed-notes. Calculators are allowed.

Time: 180 minutes.

Question: Score: Out of:

1 L 14

2 L 6

3 L 10

4 L 8

5 - 7

6 - 7

7 _ 11
BONUS

TOTAL 63



Useful Data and Formulas:

Atomic masses: H=1, C=12, N=14, O=16, S=32,Cl=35.5 ¢ mol™!
Ideal gas law: PV =nRT

Ideal gas constant R = 0.08205 L atm K™' mol™

Specific heat of water = 4.2 kJ kg™' °C!
Latent heat of vaporization = 2.4 kJ g”!

Latent heat of fusion = 0.33 kJ g

Dissociation of hydrochloric acid: HCl «<» H" + CI”
Equilibrium reactions and constants:
H,0 <> H' + OH Ky = 10" M
H,CO; > H +HCO; K ;=10°"M
HCOs & H' +CO"  K,=10"""M

CMFR general equation: dC/dt=S - LC
Solution to CMFR general equation: C(t) = Coexp(—Lt) + (S/L)[1-exp(-Lt)]

Settling velocity for particles in water:
Vs = (p-pw) d* g/(181), where p,, and p are the density and dynamic viscosity of water
n=001gem's’
g=98lms>

Sedimentation basin efficiency, n = v¢/v,

Radiative forcing of greenhouse gases as function of concentration, F = f(C):
Linear region, AF = k; AC
Square root region, AF =k, A Jc

Logarithmic region, AF = k3 A(InC)
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1. BASIC CONCEPTS IN ENVIRONMENTAL ENGINEERING (14 points)

a) Explain the difference between a primary and secondary air pollutant, and list three primary
and three secondary pollutants for which the EPA has established ambient air quality standards
(3 points). (Hint: A correct answer need not list six different pollutants.)

Primary: Cl\‘(’%i*\j QN\\\"TKCJ / Q'b- 'E@N\ <o LJ'S‘Y ;‘b\r\
CQ,30, fh, Pm

Secondary: #ro{w\xj ‘(-lwn pr LUV ISV'S h +.\v< aﬁ'mosf’L‘“‘&

b) What three ingredients are necessary for tropéspheric ozone formation (1 point)?
NO,, VO, sunligla

¢) If the higher heating value of acetic acid (CH;COOH) is 30.8 kJ g", what is the lower heating
value (4 points)?

CiN0, + o — <0, 4200
MW = Wyl ¥ 3% =2 BDS/"M’\
LW = RHV - B X

wg v

A= 0TKT (2l kD B0 malGRO, | 24KT
G0y |w b, mIHO GOgGILD: a”xo

LAV = Q - ) | *3’/ cL

| LW = 2936 /o, m\
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1. BASIC CONCEPTS IN ENVIRONMENTAL ENGINEERING (continued)

d) State the purpose of each of the following process categories in wastewater treatment and
briefly state the mechanism of each process (3 points).

Primary: TGLW\OV'Q\ Q‘P 33 PZWJK‘) PWF'\' \b<l9,§ 3 L,.‘ 3‘5 v :‘fq-‘rz OWQ\ SRW\ ,\\13
(i.e i SQA MK“%‘W\’: 0\"\>

Secondary: ramoda\ 'oj RoD . LT Lo&-}z‘f:u\ clﬂ?«bmfo&vw 05 Ovsmﬂ'cs

Tertiary: (‘Q’.\Modv\\ O£ i’\\)‘W:‘U"\'S (N,P> of W'K'M\S)’ L7 L;OC],QBVRJ&4'{Oh

Or C\“xﬁm;ﬁu\ qil\uon.

e) In recent years, the phosphate (PO4™) content of detergents has been reduced. What
environmental problem is associated with the presence of phosphates in detergents (1 point)?

E@v«o‘o\\\‘co\% on l\w\’wl‘\“-\!‘r’( e.vw: cl\me:vﬂ OE aawoatle 37 WS

"'Af\ﬂ"( \R,QJ,S o o\\nan‘?_ lo\aoms

) You are hired by the automotive industry to conduct a life cycle assessment (LCA) to quantify
the impact of automobiles on global warming. Explain what is meant by LCA and state what
processes you would consider in your analysis (2 points).

\_C_k" &\\c\’a@\x\ “Yo {q\mh zva\u-\a‘\‘;‘bm OJ\.‘ ) P\’m]w:“r ((’Jr S?,Wf@)
i\/\c\ug‘\,\s ‘)f \:]V"‘HCV‘)\A%( G\Y\J l:Si)OSq\

CU%'*IS;J&\F %% z%\mw%i t:)oé %vnfssiws o\w,\nci) 4‘«2 ’Mﬁhu%'duv;\mj)
S\(ﬂ?w&h‘\' ) vk ‘\fz / O\hrl G‘L\i@f\‘\’\hn‘ g,\‘sfoSu 0;( 6(\\;2;
DY DW\O\O‘:\Q—S :



2. POPULATION GROWTH (6 points)
In the table below, data on the age distribution and age-specific death and birth rates are shown
for a hypothetical population.

a) Calculate the population in each age group and the total population in the year 2020 (3 points).
(Show enough of your work so that I can see how you get your answers).

A 2000 Survival | Birth 2020

g(e gr;)up Population rate, rate, Population
b (millions) ool | & (millions)
0-20 2.0 0.96 i e A = l.(;(l-l)_
20-40 1.6 0.97 LI QL 7 2-0(0-RQ>
40-60 13 0.85 T = 1.6 (°-°\'7)
60-80 1.0 0.55 by

80-100 0.5 co0. | /| 08§ /

TOTAL 6.4 e 5-%9 /

(Eo—%)l)i (Po-lo Llcv-‘\“

b) Define the replacement fertility rate (1 point). 9i=2b

_\’\\x \I\VW\\)’J'r 6‘? c_\'\\w‘ AY@:\ G WOMWMBV WMVt \wv\z Yo
(‘zf)\qoh \/\Z\"Sc\-v \N\!‘\-'r\\ N, Ja\,\DL-mv FV\ «1\\1‘ o B(Y\U’ﬂ-’!? own .

¢) Even though the birth rate in this population is about equal to the replacement fertility rate, the
population grew from 2000 to 2020. Explain why (1 point)?

T‘M Potw p&)m\ ':6 ~\0\m * MOwy) WOV ® PQ.OFL We% \-n oV VKCN‘*—{;\,\QTV
\ ' g \r}e.vx J ‘ 2 n
f‘?_‘)TOJvC-"rW(_ ‘,Z&fﬁ oW ;\r\ UFLFL\Y‘ E)\A qﬁ~ w \)‘ 3 ‘:) VRY R 7
0 WP T\m/ H\f”v\\j Ov"fhvm\w.ml clzm % .
T\f\.\\s \K kY\DWV\ 04 ut)d\\o\'v:'ov\ WMo nTum -

d) Why is a logistic growth model! better than an exponential growth model for projecting
population growth (1 point)?

The lonlsr wode| occoumys e L e
afow’f\\ m"'““""' L‘Z 6*17)“’&%&3 ?v\clk-g‘.\n{lyd\/. W



3. UP IN SMOKE (10 points)
Incineration is a treatment process that is used for many organic materials, including chlorinated
solvents. Given the following reaction for the combustion of liquid dichloropropane:

2 2
C3H(,C]2 +a 02 —bCOs+c HgO +d HCI

a) Determine the stoichiometeric coefficients for this reaction (2 points).
L:?, r_.mLov. ‘ou\a\f\‘&-
\
ol = 1 c.\n\ O™ "

cC.=7) \N\IJJO%QM h

=4 O:k\} 3’“’\ e

b) Calculate the volume (in m3) of air (T=298K, P=1atm) required for the stoichiometric
combustion of one kilogram of dichloropropane (4 points).

Mw < 3by b = “gg/lDCP

L\W\Ol ‘ M . mo! P10 Dbc’f lL\l\\.m\r
ol DCE 021wl 0y n’sf)bcP ol e

ae 18 1%0,
L7 Jblv"’N‘

f
T g;;om |3m\ 903 o




3. UP IN SMOKE (continued)

¢) Assume that the combustion products are allowed to cool and the water is in the liquid phase.
The CO; and HCI dissolve in the water. Consider all of the ionic species present in solution and
write the electroneutrality equation for the solution. State the units of the terms in the equation

(2 points). HC\ e “.‘ " C\’
u)..o i A.v 4 0“’

0. = Peebrw Pely = O
1 A 3 ’\’lp* —-\AH?

N,\ /L oi 1 [\_\ﬂ =[o\¥] +Dl\<03‘] 4 —l[coal'] %[C,\"—]

z'\', L

() 2 (OW) 4 (heog ) - (CO{*’) 1Sy

d) Of the two carbonate species listed in your electroneutrality equation, which has the higher
concentration? Briefly explain your answer (2 points).

D)\ C-Og“‘ﬁ & YC,O ?)Q‘_‘X
\N\\%\\ Yywo 9@-\\:}5 P(‘x%&\ﬂ (Lwelwel»\on\e GWJ C.Q‘“LOV\\\A>’“’{\V&
SO\V\"V':\OV\ ;\3 D\\\S“YO LQ Qc{l‘\( (;K.' r‘_\ 4{"'})

'wnﬁ\kl*” W\"\ “\0&*:"”‘ OVAOUNTYS GX <~u~f‘oomf?~ i\ws df
0

B NRNIYA s0lv1 o0 f“"j‘

ThengTe s slipl ol ihe

i

o e e S ~ 1000.
ZES R 0 o L B

%0, ven oY V\&vﬁvq\ ‘on J [HCO3P1 > [_‘CO%’:]




4. CMFR REACTOR MODEL (8 points)

Consider an initially pristine well mixed vessel with volume V (m®) and volumetric inflow and
outflow rates Q (m3 s'l). Assume the incoming fluid is pristine. At time t,, a nonreactive
chemical is released into the volume with an emission rate E (g s"). After a period of time tq (s’l)
that is much less than the characteristic time of the system, the emission of the chemical stops, as
illustrated in the figure below. When answering the questions below, be sure to express your
answers only in terms of the parameters specified in the problem statement.

A N\oﬁe.v:‘ﬂ‘ RQ\Q"\‘&I N %& = Q h E-—- Q Cov')'
-

0 tq

a) Write an expression for the peak value of the outlet concentration, Cyy (4 points).

 Qrera) Selorim 1 ) = ooy ("G) 4 Ty [l»exp (“%t)]
‘Im“ﬁn“w} f*‘\““‘rfw& means ¢

T 74) meoms S-M‘l} T3 CondnIvoHon (Qg,’%> :5 noy rcuélw;]
. Ties, W\'IRLC.M\&MJD«“H\O‘-\ 0 <M S @} k]

cl=42) = & [i-=xp ("%ﬂﬂ

b) Sketch a graph of the C,,; versus time. In your sketch, be as specific as possible about the
concentration and time scales. (2 points).

E
S_

Tl=t)) [-- -

~

\

Q<=+ < % b exfnm‘f\wq] hargos< o C(*:’;‘EQD

( t=4)! (;gfonchﬂm\ chm} she. ©=¢

'tJ time



4. CMFR REACTOR MODEL (continued)

¢) When appiying the CMFR model, we assume that the concentration in the vessel is the same
as the outlet concentration. Why (1 point)?

Ty % o S e Gl i o C-Ow\f\a-}&b W\\"RJ am]
‘Jf\l\f* cOKe VR on W Uf\sg \/<sy<\ Vs \!\onnna&h(pvs om:] Qo}mo\'\

Yo ‘\'\* oﬁ\xﬁr cov) aszv\wwn\o\n-

d) What is the characteristic time of this system (1 point)?

I\’ = ~—‘-— < V - WJ = S
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5. BIOCHEMICAL OXYGEN DEMAND (7 points)

The same bacteria that use oxygen to degrade organic matter in water (and cause the “demand”
for oxygen) are also biodegradable when they die. In other words, bacteria also exert a
biochemical oxygen demand (BOD). The chemical formula for bacteria can be simplified as

CsH70,N.

a) Write a balanced chemical reaction for the conversion of 1 mole of bacterial cells to CO,,
H,0, and NH3, with bacteria and oxygen (not air) as the reactants (2 points).

Ceh O,N + 50, = E5Co, + 20 + N

b) Calculate the theoretical oxygen demand (in mg L") in a sample that contains 40 mg L' of
bacterial cells (2 points)?

MW = b0+ ¥ 41} < \\EO/m\

5__‘@\,93:— . ) \mq«?q : L\C)Y“?)Lﬂﬂdjq : 31201 " SC)Q "
W‘\ \wqd\& \\33 bo&:‘m\h\q L ol Ol L

[ NOJ(L‘. N':ng'b&v\w5 Bod (NBOB) nay c.nuqs:tl;\v&J L.u& ' N“?’“QQ-'-) NO{ (V\\"-H}f\\m’rh)

¢) The BOD of the same water sample was also determined by conducting a 5-day BOD test in
the laboratory. A 300-ml BOD bottle was filled with 30 ml of the sample plus dilution water.
The initial concentration of dissolved oxygen was 9 mg L' and after 5 days the concentration
had dropped to 4.3 mg L™". What is the BODs (mg L']) of the sample (2 points)?

%QDS = @\-O“ bf3> VB Q\ q—\m{) SWL>
L A:\MV\J SMTJ\& - %awxr\& .

ive one reason for why the BODs measured in the laboratory was less than the theoretical
BOD calculated from the chemical formula (1 point).

E}ODS < %Ob ,A\m\m(p,{ A “h\rvwx \15 Jomx QOD szqﬂn?"@ Q‘(-Rf g\]a\)s
L) ‘SO‘"\R c&w\()O'n W\Uﬂk \oon\g W Mh—k\'\o {QJTAL\’* ‘gﬁVM W
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6. A QUESTION OF CLARIFICATION (7 points)
You would like to construct a settling basin to remove 85% of the particles in your influent. A
characterization of the influent particles indicated that they are all 15 um diameter spherical

particles of density 2.4 g cm”. \ g)“w\ = 00) S Sy = lg X\ O" S 2

a) Calculate the settling velocity of the particles (cm s’) in the basin (2 points).

Ve G008 | 04 10)3ls (154167 en) (40 o)
\‘le \% Q'o\ﬁ/c.wv5>

Yo = Q0017 cw‘/q

b) Calculate the critical settling velocity to achieve the desired 85% removal rate of these

particles (1 point). qz \IS/\I(‘ j) W‘\L\n Nzl J qt]OOo(J
For Q :.‘65%,} \’S w's 4 \34 |&‘a$ L‘!"\uh Vc'

mae 5 O) A0 cvn/ <
015
c¢) Given that the settling basin will be S mr wide and 10t fong, what influent flow rate (m3 h‘l)

would this unit be able to treat within the given constraints (4 points)? (Hint: equate two system
characteristic times.)

B
‘g\ow ¥R = Qe wlw H‘[ {ﬁ,i.‘
W = “Q\o"ﬂh c-( W o¥Rv G\f»\j 4...;;, et i

\m 0«\\ 6f \)Oxﬁi\”

» E’T\q%@ dnovecya g, %ﬂﬂ\\\,g iz, /\C') =1 &nA WY mstha
Tine. lbw = L/w

B e caleal e w2 N, 1w

B

Ve W

;
S e = Lw = 0ot fHER) = | e

i



12

7. CLIMATE CHANGE (11 points)

a) List five greenhouse gases (GHG) that contribute to anthropogenic global warming. Include
and identify in your answer the GHG that has exerted the largest radiative forcing since the
beginning of the industrial era (2 points).

GOy ,Q\Aq) NLO)O‘SI C.FCS (Lu\o(nvlam\s)

\NK\S} -ro« 411\3

b) What is meant by “direct” and “indirect” aerosol radiative forcings (2 points)?

wa\@!' 3@0\’1‘(‘(‘(\\6 t)m-.1 q\uﬁ‘“‘(‘a“)@n or G\Ml \\’f L) GRYO Sb\S

_\;hl\w:.d’ 0\\’3-"05“\5 <Y &3 C\Ddé aﬁwclsmsa—hw mc‘x\ ; Iheveoges C\WJ
\ uﬁvﬁﬁw*- c»nj albed

c) A plot of radiative forcing versus GHG concentration is shown below. For this GHG, write a
general equation that can be used to calculate the change in radiative forcing, AF, expected for a
change in gas concentration. The equation should be written in terms of AF, initial and final

concentrations, Cg and C, and the proportionality parameter, k, where you have determined the
value and units of k (3 points). 9

3 O 6 ' 0 O 2
F Y (NN e H T
\< = '2/5 \,Jé\n_l ; Q)\‘\J/‘M'J. ;q EECED
5 55 S$Y¥6 6365 7
= " W i Natural Log (Ln) of Gas Concentration (ppm)
W . e, h&.

~1
1
., ‘
..';

(@)
)

Forcing (W rn'2)

[¥%)

n
1
.

IS
L
.
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7. CLIMATE CHANGE (continued)
d) Assuming a climate sensitivity parameter of 0.7 °C per W m%, and using the value of k

calculated above, calculate the equilibrium AT for a change in the GHG concentration from 350
to 900 ppm (2 points).

IXF o ((Qw/vn2> \"’ % = SQ)—] u/ma.

TG ) e <{ad]

e) Which GHG is the subject of questions ¢ and d? Justify your answer (1 point).
Vomic sowraton veal
CO-)_ [.) 53Q11 wm\Z SQ’VWPO\ on Vﬁ-‘jb'\

33 csnandyvoh o OL\ iﬁ\f’t_«m} %VV\JY‘X.J ﬂ)w\

f) In what region of the electromagnetic spectrum do GHGs absorb radiation (1 point)?

e Qa x ) (;R>
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BONUS QUESTIONS (1 point each)

i) Fill in the three missing words of Professor Horne’s song:

“Fixing our planet from pollution and toil. We’ll construct a Vqﬁ\o‘“g with OO }hl

%o\

ii) Why did NASA lose the Mars Climate Orbiter in 19997

Comusion obow¥ ymys! ore Jeam wos Wbrl‘:\hj h ST NL;‘K amew

e Wos \*ﬁ‘\'ﬁ En 3\%\\ Wnits

iii) Including maintenance, how much does it cost ($ per person per year) to provide safe

drinking water with Dr. Gadgil’s UV Water Works?
Q% \rDO /sz‘aﬁ\n -\I&O\V

iv) In what year did the Earth’s population reach six billion?

\O\O\O\ (1000 o\écﬁ.ﬁ&g)



