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Problem number Points Value Score

1 10

2 20

3 20

4 10
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6 10

7 10

Total 105
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0 NO ll~~ N02

0 °3

0 I\JO ll~~ 03

0 N02ll~~ 03

° NO, 1\J02ll~~ 03

"1.2 ~'Wn:i'tn (Acid rain) lntn'"l1nn1~tJ~~n'W"lI'el,l'w,.I~'Wn1Jn1"ll'el~h

0
...

'el'eln"lll'"l'W
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0 NOx
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1.3 -If'el1tn~'elhJildJ'W'el1n1l"ll~u.yhntn'"l1n:i'mJ'W~

o CO, 802' Hydrocarbon ll~~~'W

"o CO 2' NH 3, Hydrocarbon ll~~1'el111

o CO2' 802' N2 ll~~ Hydrocarbon

o CO, 802' NH3 ll~~~'W

"o CO2' 802' N2 u~~1'el111
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1.4 Bag filter 1.'WT;ltJn~run1nLt.ln~'W'"l'J~ii'"l'J1~'Wt'W~'J l~'elLVI(;.)~~1.~
, '"

o L~~'"l'J1~~'W~ruL~tl1.,x~1n~'W
'lJ ~

,
o L~~tJ~:;~'VlfiJl1'Wn1~LLt.ln

o ~~'"l'J1~~'W~ruL~t.l1.,x'I.J'elt.l~-:l
'lJ ~

1.5 ~1l?l~~1'W~:;~t1L~t.I-:ll?l1~ '"lrw:;m~~ n1~~-:lLL'J~~'el~ LL'lA-:l".n1 ~1l 2540 n1V1'W~~:;~t1L~m

L'U~t.I 24 i'JL~-:l '"l:;~'el-:lhJLn'WL·vhh L~'elU'el-:ln'W.a'Ww~1tl[;]'eln1~~ruL~t.ln1~1~tj'W
'lJ ~

0 60 L~~LtI~(L'el)

0 70 L~~LtI~(L'el)

0 85 L~~LtI~(L'el)

0 100 L~~L1J~(L'el)

0 115 L~~LtI~(L'el)
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arms =4 'i:"'tJHu.i~'el'l'i:tJ~tJn~'el'l 2 ~'J[;]'eln'W~~'el1illl"''th~~tJ'"lln'i:N'IT1.!l:.J~l?l~~\J~ltJ~~~'1

~~~1 BOD5 ri'el'Wn1~1il,j", 300 mg/L ~1 TSS ri'el'Wnl~1illl'" 300 mg/L ~l?lnn1~1~~
, " "

10,000 m
3
/d 'elru~.n~~'U~tJ 30°C 1~eJl'Wl?lI~~Il?l~\1il'W1hVi'l'"lln'i:N'Il'W'ell?l~I~n~nJ

q lU cd q
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,\Ul1t1LlIIt;l ~l?l~lm~.yi11~~ijtJni'W~1 =0.6 Llm
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3. iOl..:J~I'W(nUrll:i'::;tJ::;b'd~lb~~!l1n1Pl :i'::;tJ::;b'd~lh1b~~!l1Tl1Pl bb~::; recycle ratio ~1V1f1Jn1:i'

ih1Jrn~1 b~tJJi"dtJ:i'::;1JlJ combined nitrification/denitrific ation t~tJii.jf'fl~~b~~b~~~..:Je..,

Influent BOD5 = 300 mg/L

Influent ammonia =35 mg/L as N

Effluent ammonia =1 mg/L as I\J

Effluent nitrate =4 mg/L as N

Temperature = 15°C

v, = 0.6 mg VSS/mg BOD

UON (15°C) = 0.05 mg N03-N/mg VSS.d

DO in aeration basin = 2.0 mg/L

Xa = 2500 mg/L MLVSS

8c = 8 d for nitrification

fvss =0.8

(20 r1::;bb'W'W)
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l~f1J~'el1JVI~ltJr.n n b~'"l1'el,,:j t~,,:j,,:jl'W1trb.jf,~I"'bb'6'lt1ruVl, c~,,:jn 'til':l F1 ru'"l:;~,,:j~~~ ~~I'W"lI'el,,:jn1~
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~~'i.'l~1't?l~ru'VI1Jij1~ 90 !l'l~'Wll'i.'l~~tJ~ !l~Jl1~~'Wii"ll'Wlt?l~'U~mvhn1J5 J..lm ~~'i.'l:;ii~'J1~

'VI'W1 ~~'ll'W~tI'W 1,000 ~vi1"l1!l'lm1~'VI'W1~~'ll'W"lI!l'l!l1m ~

5.1 'hmn1~t;)m:hut?l~'JtJ1"1lL~'i.'l'W~ii~~'WrJ1'W~'W5n'i.'l'1'1~'Vl1wih 22 ~"1l'W~h~(9]~ ~~'i.'l~ii
~ ~

(1a ~:;~~'W'W)

Note b = 1tXd/2, Lt?ltJ d = inlet diameter
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5.2 (f'f"'l ~n'f4'(?l'el'WJl 'f rl~'IJ~,) tJtl~ ~ 'f nJ''el~ (Fabric filter) "'l~ b~'el n'3'~ (?l~1-nvl'f tl~ ~Tt'lj'el~
q q q q q

'elfi1J'fmVlI?l~'Cl (f'ftl~~'ftlnbb1J~bil'W 5 ,x'el~ 'i:(?ltJi1n'f~H~'f'W"'l1~ 4 ,x'el~ LLj;J'Cl~,x'el~"'l~~'el~
q q"

(8 rl~bb'W'W)
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5.3 tl1'"l::;rh9(?)'El'"*1l1rl~'W~'Jm'";~'El~l91nl91::;n'El'Wlwyh1;'l'il91 (Electrostatic precipitator) bt?ltJ

HLLe.h.!m~'VItJ1'J 6 Wl91 1;'l'l 8 Wl91 ~Tl..l'J'W 1a LL~'W LL~::;1'WLiO)1'el'll91nl91::;n'el'WlyJyh1;'lCil91nn
q 'lI q 'U

UD'lLiJ'W 5 ~'J'W b(?)tJrhVl'W(?)1~iO)'J1~L~'J1'Wn1J'~'fltJ (Drift velocity) L'Yl1nlJ 30 W(;]/'W1~
q

lh::;~'VIfi1l1~1'Wn1J'fh~(?)'"l::;LiJ'W~LtJ'flf~sD'Wl?1 (7 iO)::;LL'W'W)
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"
6. !Ol~I?1'fl1Jkll;11~~'fl1tJil (10 I"\::;LL'W'W)

(2 I"\::;LL'W'W)

(3 I"\::;LL'W'W)

6.3 1'Wm'::;U':l'Wn1J' Hydrodesulfurization ri1"J!en~Lvl'flfl(;J'fl'fl n1"J! ~!Ol::;LtJ~U'WltJ Lll'Wfi1"J!1(;J

LL~::;LJ'1 ~'fl~ LtJ~U'WJ'tJ"lJ'fl~ n1"J!,r'Wt~;1 u~fin1J'bl?1 L~'fl1'!XtJ~'fl (;JJlU ~'fl n1J'tJ~ (;JtJ~'flU~
~ ~

6.4 !Ol~'flfi'J1Un~1n n1J'ih4'(;J1'Wh~~1U!Ol~'W'VI1-tJLL1J1J Direct LL~::;LL1J1J Indirect LL~::;n~ln
q

"
i~~'fl~i'J1"\11~~~vr'Wfin1J Macro pores LL~::; Micro pores "lJ'fl~r;i1'W~'W'flth~1J'

11



Name Student 10 .

" '"
7. 'ill nn1~Vl~::;~::;b'J~lVl'El1n1f'\tltJ1'W~::;uum'tl~~'Jl1l'V'j ;q\!3-Jl n~tlhhn'W 1 'W1Vl 'il~tlfiUl~~l

'lJ

'"b'V'jn::;b~(?l1l?l~::;uun~tl~~'Jl1l'V'j~~~13-Jl~rJulUl?l'El1n1mJ'WbUtl'WJh~~1~~'W'Yi~tJ~::;b~~4l~UI
q
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