
. ..a QlQI;y do d.

'llll-'Ul1JfffJ" ':i'11ff'Ufl fl'l:ll ~tl'U! ':itJ'U'YI .

't'i1JU.I!'t'iPJ .,
'11 d ., '11 'I 0 '11

1. 'UtlfftllJ1J'YI'I'M1J~10 'Utl t'Um~~l'1:lfl1m1J 15 'M'U1
I 'JJ " ,31 ..c::. 4 .e:t. GI QI oClto 'j).c:!I g) • g) Clt. .a <it 'j)

2. 'M11Jfll':i'MtJlJtJ1Jff'lt~ '1 'YI'Iff'U ~lfl~tl'U '1 n'UU~~tJ1JfftllJ~~'MtJlJtJ1Jt'M

'11 0 , 'I I .J '11 '113. 'Ml1J'Ulffd'Ut~ffd'U'M'U'I'Utl'l'UtlfftllJtltlfl~lfl'Mtl'lfftllJ

'11"'_1" '11 I '" llI'''' ..•
4. ~'YIlJ':i~ff'lfl~~tltlfl~lfl'Mtl'lfftllJfltl'U'M1J~HdmfftllJ U\JI\JItl~t1JUtltln11 30 Ul't1

Gl3I .a g)' d~
t'M tJfl1Jtl'Utltl~ t1l1~~lfl ~tJ1JfftllJfltl'U ~~~fl ~lfl'YI'U'I. ., .,
••• '11'11 '11 d '1 ., .•.

5. !1Jtl'M1J~nmfftllJ ~!'UlfftllJ~tl'l'M~~fll':i!'UtJ'U ~ '1 'YI'Iff'U

6. ~~tJB,j~!~l~ltJ'YJ~~~ '1'Ufll':ifftllJ ~l1JtJ':i~fllffflW~lffdm':i1Jfflff~{
,

<::t~ <!l _ Icv G) ••• <::t... cv <::t .:s
1-UfI'i:I tltl u1'lJ~fHU11tl1'tilfl'J'i)1~ U~~'YU'lfll1A1tlU1 f11tlfll1ftfl'i:ll. .,

7. hl't1'flfffl'l:llffl1J1':if,)'lhff'll"itl 'tJ{h~l'11'tl'lfftllJ'~

a
tl'U '1 .

8. 1'l1'~1~tlfftllJ1~tJ'l~

D m1'1fftl
o m~~l'1:l A4 ••• 1... UH'U

QJ' dl QJ' ~

'Uflfffl'l:ll':ilJ'YI':illJ ~W]j'tl .



.4 01
"If{)••••••••••.•••••••••••••••••.... 'jl'l ff .

.. ..v <:l~ v, n~<:l
'fl.:iU&H.:il1.n.lfl tJ 'Ul1i lime-Soda



..,j QI

GJ1f) .•••••••••••••.••••••••••••••••• ~11ff .

W;l:::Non-carbonate lYitl

eqlm3

eq/m3

Acid
regenerant Alkali

regenerant
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flt'ltlllUVlt'lt'I'l.;ffl111flU 't'llfl8V111U1U,.m'U11~'lJ'lJ90,000 gaVday
~ .

o .., , II.., "" 2+ 2+ 2+ .2+..... ~ II"" ,
fl1\l~ ~~.:iU Zn 20 mglL, Cd 25 mglL, Cu 30 mglL Htl~ NI 25 mglL A~m1auufI A'lfllfll EC 400

~ ,
••• "" 4 ~11'" "" 4 ..,meq/lOOg resin Htl~A1auUlIfll11l'lfU 45% 't'llfl1~fJ~ntllflA'lfA~U1~'lJ'lJ\lUtl.:i breakthrough flt'l 7 lU \l.:i

ftlU1W't'llJl't'lUfliiJfJmAtl~Jl't'lUflUl\'.:i'Ut'I.:iA1~U~~t'I.:ifl111U't'l1.hfJ SI (10 fl~HUU)
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'IhU~AA-K·J&'W0\hf)a'mJ1'iluh.:J.:J1U 1~£It11't'iU~,..rUlu'J.11AiT£I~.:J9\'Uijtil 10 't'i'l.h£l (color unit) Num~

Carbon (mg/L) 0 0.4 1.0 6.0
Color unit 10 6.9 4.5 1.5
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6. fll'nlt'lflUlJ'U Ammonia stripping tower &.;it'l',nUflTnh~~&&t'l1JhnurJmflJl&«[J'I.R1J1W 3 MGD

1. V11tower i..:it'ld~1::~'UJ1'YI:mnhumn~ 'UW::&~U1::'U'Ufll11J~Ufl1rJ'Ut1~~U,~ 50 mmHg

2. ~W't'i~ij'Ut'I~Jl&&t1::t'llfllft&'t'hnuftt'l 30 ·C

'"QJ _I' o.q iI 2
3. t'I~11fl11::'U11'fJflfll1'Ut1t'1rJU1&tYm'U11::'U'U2 gpm/ft

'"o .c::I lI:lI ,

5. Ul&tYrJ1Jfll pH 10.9

, QJ '"6. m1HUtY~~f11 Ammonia partial pressure versus temperature UtY~~~~~11HmUt1H

TEHPERATU"E
('"C)

o
10
20
25
30
40
50

PA
(mmHg)

0.0112
0.0189
0.0300
0.0370
0.0479
0.0770
0.1110

X
(gmNH3110".m H20)

50
50
50
50
50
50
50

TakeD. frQnt J.H. Perry. Chemical Engineers H~hdbook, 4th ed.
(New York: .McOraw~l-lil1.1969).

il~tllU1W't'il (utlt1~&iJU't'i'\.hrJ SI)

_~ v ~ , kg air
1. 'U11J1Wfll11J~t'I~fll1t'11fllft'YIH'YIq'l:loQ &U't'iUlrJ m 2h (5 f1::&&UU)

_~ ~v !II' kg air m3 air
2. 'U11J1Wt'llfllft'YI &"t'lt'lflU'U'U&U't'iUlrJ 2 Ut1:: 2 (5 f1::UUU)

m h m h
v' d3. 'UU1~&tYUN1Ut1UrJflt1H'Ut'I~tower (m) (5 f1::UUU)
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Qq, oQJ IV

'fI.:1'f1~lUm 11JllJYI&&UYI.:IYI.:IVll1H

15 30 60

1 10,000 2,000 500

2 3,000 350 90

4 400 65 20

6 110 30 12

8 54 19 6

10 30 10 1

',"&;iuu fl1nhmYl.:ltl1 llliJ'lloWufi'Utl.:lt!'hlltl.l Fecal ~&'t'i~tl tlgnlJt!1111tl.ltltltl1U m..rt t! (Chlorine
, I ., •

o lilt! ,.:t '.ct Q.J' QJ J '" '" , 4 ~ ydosage) &&tI~Ul A 111tlltl.:l'fl n HtI~ tlltl.:l'fl'Utl.:lUllm1tl1111UllffUfi'Utl.:ltl1111&'U"''UU&&tI~Ul1~1&''tl'fl A"

Atl Cntp = constant 'Utl.:l&1tlU''U~ijmllltl.l Fecal &11~tltlg 100/100 ml &m~ 1000 / 100 ml
, ..

lYlu,,rflHvH1t1111uYI',"U (12 tl~HUU)
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Atomic Weights of Elements

(12C = 12.0000 amu)

Atomic Alomic Atomic Alomic
Symbol Nwnber Weighl Symbol Nwnber Weighl

Actinium Ac 89 [227J Neodymium Nd 60 144.24
Aluminum AI 13 26.9815 Neon Ne 10 20.180
Americium Am 95 [243] Neptunium Np 93 [237J
Antimony Sb 51 121.75 Nickel Ni 28 5ll.69
Argon Ar III 39.948 Niobium Nb 41 92.906
Arsenic As 33 74.9216 Nitrogen N 7 14.0067
Astatine At 85 [210] Nobelium No 102 [259]
Barium Ba 56 137.33 Osmium Os 76 190.2
Berkelium Bk 97 [247] Oxygen 0 8 15.9994
Beryllium Be 4 9.0122 Palladium Pd 46 106.4
Bismuth Bi 83 208.980 Phosphorus P 15 30.973ll
Boron B 5 10.811 Platinum Pt 78 195.08
Bromine Br 35 79.904 Plutonium Pu 94 [244J
Cadmium Cd 48 112.41 Polonium Po 84 [209]
Calcium Ca 20 40.078 Potassium K i9 39.l198
Californium Cf 98 [251] Praseodymium Pr 59 140.9077
Carbon C 6 12.011 Promethium Pm 61 [145]
Cerium Ce 5ll 140.12 Protactinium Pa 91 [231]
Cesium Cs 55 132.905 Radium Ra 8ll [226]
Chlorine CI 17 35.453 Radon Rn 86 [222]
Chromium Cr 24 51.996 Rhenium Re 75 186.2
Cobalt Co 27 58.9332 Rhodium Rh 45 102.905
Copper Cu 29 63.546 Rubidium Rb 37 85.4678
Curium Cm 96 [247] Ruthenium Ru 44 101.07
Dysprosium Dy 66 162.50 Samarium Sol 62 150.4
Einsteinium Es 99 [252J Scandium Se 21 44.956
Erbium Er 68 167.26 Selenium Se 34 7/1.96
Europium Eu 63 151.96 Silicon Si 14 28.086 •
Fermium Fm 100 [257] Silver Ag 47 107.86/1
Fluorine F 9 18.9984 Sodium Na II 22.9898
Francium Fr 87 [223] Strontium Sr 38 87.62
Gadol.inium Gd 64 157.25 Sulfur S 16 32.066
Gallium Ga 31 69.72 Tantalum Ta 73 1/10.948
Germanium Ge 32 72.61 Technetium Tc 43 [98]
Gold Au 79 196.967 Tellurium Te 52 127.60
Hafnium Hf 72 178.49 Terbium Th 65 158.925
Helium He 2 4.IK126 Thallium TI 81 204.3/1
Holmium Ho 67 164.930 Thorium Th 90 232.038
Hydrogen H 1 I.lK179 Thulium Tm 69 168.934
Indium In 49 114./12 Tin Sn 50 11/1.71
Iodine I 53 126.9045 Titanium Ti 22 47.8/1
Iridium Ir 77 192.22 Tungsten W 74 1/13./15
Iron Fe 26 55./147 Unnilhexium Unh 106 [263]
Krypton Kr 36 /13.80 Unnilpentium Unp 105 [262]
Lanthanum La 57 138.91 Unnilquadium Unq 104 [261]
L,\wrcncium Lr 103 [260] Unnilseptium Uns 107 [262]
Lead Ph /12 207.2 Uranium U 92 238.03
Lithium Li 3 0.941 Vanadium V 23 50.94
Lutetium Lu 71 174.97 Xenon Xc 54 131.29
Magnesium Mg 12 24.305 Ytterbium Yb 70 173.04
Manganese Mn 25 54.9380 Yttrium Y 39 8/1.9059
Mendelevium Md 101 [25/1] Zinc Zn 30 65.39
Mercury Hg /10 200.59 Zirconium Zr 40 91.22
Molybdenum Mo 42 95.94

A value given in brackets denotes the mass number of the longest-lived or best-known isotope.



LE A.3
version factors for commonly used wastewater
tment plant design parameters

acre/(Mgal/d)
Btu
Btullb
Btu/ft2 . OF . h
bulacre' yr
ftIh
ftlmin
tt2/capita
ft3/capita
ft3/gal
ft31ft. min
ft3l1b
tt3lMgal
tt2lMgal . d
ft3ttt2 . h
tt3/103 gal' min
ft3/min
ft3/s
tt3/103 ft3 . min
gal
gal/acre' d
gallft· d
gallft2.
gallft2 . d
gallft2 . d
gal1ft2 . d
gal/ft2 . min
galltt2· min
gallft2. min
gal/min· ft
hpl103 gal
hpl103 tt3
in
in Hg (60°F)
Ib
Ib/acre
Ib/1Q3 gal
Iblhp' h
Ib/Mgal
Ib/Mgal
Iblft2
1~lin2 (gage)
Iblft3 . h
Ib/103 tt3 . d
Iblton
Mgal/acre . d
Mgalld
Mgalld
minlin
tons/acre
yd3

0.1069
1.0551
2.3241
5.6735
2.4711
0.3048

18.2880
0.0929
0.0283
7.4805
0.0929
0.0624

7.04805 x 10-3
407.4611

0.3048
7.04805 x 10-3

1.6990
2.8317 x 10-2

0.001
3.7854
0.0094
0.0124
0.0407
0.0017
0.0283

40.7458
2.4448

40.7458
58.6740
12.4193
0.1970

26.3342
25.4
3.3768
0.4536
1.1209
0.1198
0.6083
0.1198

1.1983 x 10-'
4.8824
6.8948

16.0185
0.0160
0.5000
0.9354

3.7854 x 103

4.3813 x 10-2

3.9370
2.2417
0.7646

9.3536
0.9478
0.4303
0.1763
0.4047
3.2808
0.0547

10.7639
35.3147
0.1337

10.7639
16.0185

133.6805
0.0025
3.2808

133.6805
0.5886

35.3145
1,000.0

0.2642
106.9064
80.5196
24.5424

589.0173
35.3420

2.4542 x 10-2

0.4090
0.0245
0.0170

8.052 x 10-2

5.0763
0.0380

3.9370 x 10-2

0.2961
2.2046
0.8922
8.3452
1.6440
8..3454

8345.4
0.2048
0.1450
0.0624

62.4280
2.0000
1.0691

0.264 x 10-3
22.8245
0.2540
0.4461
1.3079

hal{103m3/d)
kJ
kJlkg
W/m2. ·C
bulha' yr
m/h
mlh
m2/capita
m3/capita
m3/m3

m3/m· min
m3lkg
m31103m3

m2/103m3. d
m3/m2. h
m3/m3. min
m3/h
m3/s
m3/m3. min
L
m3lha'd
m3/m'd
m3/m2• d
m3/m2. h
Um2 'min
Um2 ·d
mlh
Um2. min
m3/m2. d
Umin'm
kW/m3
kW/103 m3

mm
kPa Hg (60°F)
kg
kglha
kg/m3

kglkW, h
glm3

kg/m3

kg/m2
kPa.{gage)
kgfm3. h
kg/m3 'd
kgllol"ll"le
m3/m2. d
m31d
m3./s
l'l1il'lit02mm
Mglha
m3


