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in.2
ac
ft?

2

ft*
in3
(J5) gal
IL
mL
cm?

in.}

ft3
in.

gal

Coluwo slrosly

1.076x103
0.155
10+
2.296x107
929.03
144
0.0929
10.76
1550
640
2.79x107
2.59x10°
x> slaasly
3.53x10°
0.061
2.64x10*
0.001
1
28,317
1728
0.0283
7.48
28.32
29.92
16.39
16.39
5.79x10*
1.64x10°
4.33x10°
0.0164
1,000,000
35.31
61,023
264.17
1000

(&2 Aol em?

(&JA Qjﬁ) ftz

(@ yo)m?

(@ Jolo) mi?

cm
(S o S5l €C)

(S 299 83

(5% ) in?

(e yio) M

HorAm (K19 Aoef|0 oy v S E o)

| ¢

Q@

\#



| R |f0- e Gora) 6 v |6y

\Y

gal

cm
ft?

in?
IL

cm?

dm?

ft3
in.?
gal
mL
(5,1$9) qt
cm’®
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kg
mg
ng
Ib
grains
(Js»J

g
Ib

g
kg

0z. (ounces)

(celw) hr
(a&35) min
(a5b) sec
(aza0) Wk

(JLo) yr

201.97
764.55
3785
0.134
231
3.785
1000
1
0.0353
61.02
0.264
1000
1.057
946.4
57.75
0.946
£z sleasly
0.001
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1,000,000
10-3x2.205
1543
103x8.99
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453.59
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(4&.85) min
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(axan) Wk
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(59, day
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(45b) sec
(aan) Wk
(JLo) yr
(5,) day
(&els) hr
(4&.85) min
(a5b) sec
(JLo) yr
(9,) day
(&el) hr
(4&.85) min
(a5) sec

(azin) Wk

cal
J
(o] - ) L-atm
Wh
Btu
J
(yaued] - 2J) L-atm
Wh
J
Btu
cal
(Ruod] - yid) L-atm

N-m (newton-meter)

0.0417
60
3600
5.95 x 1073
1.14 x 104
6.94 x 10
0.0167
60
9.92 x 107
1.90 x 10
7
168
10,080
6.048 x 10°
0.0192
365.25
8766
5.26 x 10°
3.16 x 107
52.18

&3P L B glaasly
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1055.06
10.41
0.293
3.97 x 1073
4.18
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Btu

cal

Btu

kcal
J
Wh
Btu
cal
J

(auosh yiJ) L-atm

J/sec
Btu/min
hp
J/sec
Btu/hr
hp

J/sec

bar
N/cm?
kPa
mmHg
atm
Pa
mmHg
atm
(bdes) mb
Pa
atm
(,bske) mb
mmHg

3.97
1000
4186.8
3412.14
3.6 x 10°
859.8
1.00
2.78 x 10*
3.412
859.8
3600
35.53

Ol sty
745.7
56.87
1.341
1000
341

1.341 x 1073
1.00

HLiS slausly
1.013
10.133

101.325
760
0.987
105x1
750.06
1.316x107
1.33
133.32
9.87x10°¢
0.01
7.5x1073

(6,5 5LS) keal

(cels ol L) kWh

e

(cels wlg) Wh

(B <) hp

(&g 5LS) kW

(youo3]) atm

(,b) bar

(692> yio lio) mmHg

(JSb) pascal



atm

(k) mb
mmHg
Pa

km/h
m/s
miles/h
feet/minutes
km/h
miles/h
feet/minutes
km/h

m/s

lb/ft?
Ib/in.?
Ib/gal
g/L
g/cm’?

1b/ft?

(GSoyio  p,5)g/mM’

mL/m?

mg/kg

(4l 5 caSe o) mY/s
(4285 5 xS yie) M*/min
(Celo p caSo o) m¥/hr

(a6 » ) L/s
(485 yud) L/min
(celw » ) L/hr

0.068
68.85
51.71
6894.76
Cecpun sldusly
1.097
0.305
0.01136
196.9
3.6
2.237
88
1.61
0.447
S slasly
62.43
0.0361
8.345
16.02
27.68

1.728

1

1

1

o slrasly
0.00001
0.0007
0.0416
0.00001
0.0007
0.0416

(& gkl 5 3ig) psi

(a6 » og9) 1ps

(a5l 5 ) m/s

(celss » L) miles/h

2 S gem’

Ib/in.?

G 52 oS (lee) mg/L

ppm
(o= (ygeden 10 Eod)

ppm
(P39 ~Ogekes 58 o)

m?*/day
(o) 52 oS o)

Gsy » y=J) L/day
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(4t 5 2 Lis 16.666 i
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o dlge (o l0aSS 35 Hlad D
00 obe s o j3 g0 alouil glaiss V0 Liolefl S sl 5 50,5 0,5 pplaieas Y oY Jio
S o il 53 28h ralS e N0 i s e VY By poliond olge (gousl0aS 35

flwl ;084> aids

(o ) 0.785 x 1.2% x 0.15 (m) s
ileas > 5 (M7 /min) = = 0.0113 m’/min
S &5/ 15 (min) /

0.0113m® 1000 L
min 1m3

=113 L/min

2ot Slgo Bpuao jlasio (40,5 jaseien ) ¢V
AL (plaas Slgo sailig) bamgio Bras i (liond Slge S Sl Sl (S sshate &
é}m\‘sa solawl @w é‘}o L';d‘;lj‘j) .‘a.w}w ‘.@)«a.a u\);uaﬁv.w.a 6‘)" 2) Ja.alj))‘ \)54» uaz«.».o

total chemical used (kg)
number of days

Average use (kg/day) =

L

total chemical used (L)

Average use (L/day) = number of days

sleens Olge sailys, Jaogile (Bras : Average use
sleons Slge JS 3,a0 : Total chemical used
sleosds Slso JS Bpan slayg, slasy :Number of days

el (B 9 22 B (350 53 09290 3150 453, in o Ol o0 ) Ladlg) 5 s



, L total chemical in inventory (kg)
Day's supply in inventory =

average use (kg/day)

L

, o total chemical in inventory (L)
Day's supply in inventory =

average use (L/day)

e B 0,38 e 318 olge a5 legs, olasi:Day’s supply in inventory

O 0 (s2leesds 8lge JS : Total chemical in inventory

sleons Slga dilyg, aigia (80t Average use

0P 3 88 (e 50 Sal oad 00l laand (gosle sailiy; Brae (lime 2 Jou p3 1AV Sl
Cagy anlys 31 5, 002 5 cfpnm ol il s Sy oo o0l S5l VYV 058

(kglday) Bypan lado aan g,
) e
Y4 A4Sy
/v asfins
£y Addus
Y/¥) it ez
/v Ay
O/FY drox

414394399442+ 413 +39.9+435
Average use (kg/day) = = =409

i U Lo lyedS Col il Slasd (e pgo plS

1270 (kg)

Day's supply in inventory = goonra oS

= 31days
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Y sl amlono: s S
Sloglo g Ldaiown (sl S x> (ooni LV -A
25 5n i glopl sl slaslin ¥ p 5 ot loslanl
s slasla Y (M) = Jsb (M) X 25¢ (M) X 3oe (M)
Slols sloslu s px(m?) = 0.785 X D% X goc (M)
lopls byl JY, ;b :D
Wl yloj (et . Y-A

g o0 dlee i bily) gl sl JY] jo wile e
role QLA} .

volume of tank (m?)

Detention time (hr) = roor
flow rate (3)

: las bl JY; o wile L @

sk (M) X o e (1) X 3 ()

Detention time (hr) = p—
flow rate (W)

Zd‘loﬁb 6L¢5)L~JJ§/) » Qe ul.a) .

0.785 X D2 X goc (M)

Detention time (hr) = 3
flow rate (W)

Ale yley : Detention time

dzog> w2 Volume of tank

s> :Flow rate
L5|°)'~’~|‘> dLm)L»JY) ).laﬁ :D

S Sl oY a2V e e VA g bt Lo 855,51+ Jl
Sl el aiz 5L Y5 ol ile yleg s 39; 1o xSyt ONA Y 5L IV cpal 4 (69959 (20 45
el 4885y xSe e s g cnSen x5l Y 0 (69939 (29 liee JaokS o Jol 8

m3 day

1
5680 — x —— = 236.6 m*/h
day 24 hr m*/hr



18 (m) x 7 (m) x 3 (m) —16hr

Detention time (hr) = —
236.6 (7

Bl I oot 1y T-A
g o0 damlie o galaily @b o )L

s flow (7:—:)
urface overflow rate = W
s>daw )L :Surface overflow rate

2 :Flow

g colus : Area

Ol el caSogie 1N\ 395 (0 bl o AXY ol L 5l Y5 (ogo S 50 . T-A Jlia
(] jaSaz (MYNEI?) @0 50 ke 52 (gl Eels pcanSio o o o (b L o)l

0.16 (r;ll—:)

S l te = ———r
urface overflow rate 20 % 8 (m?)

= 0.001 m3/hr.m?

Ol bawgio Sy F-A

09 g0 i 1 > bawgie sy Gl Y (ga5md9> 5 gae e 0 I et (Sl 4

m3 A(m2) XV m

— ) = X R

Q min (m?) (min)
ol 2:Q

Ol & (Sl ol 5o Fiyie e 5 VA Jsb s slo ¥ (o9 S o ol 3as A Jlio
Sl iz amdg> cnl 15 oy sie g a3 g, caSa 2o VE s o099

el A8 8y iSa ey g g enSee e 5l (6995 Sz 9l e sl S

m? > 1 (day)

4400 (M * 1240 (min)

=2.36 m®/min
] ub)?Ja.w}w Sy (S (090 r:lf

min

2.36 <m_3> =6(m)x4(m)xV (%) = 0.1 m/min
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Wil J¥j 52y (b 5k .0-A

g o0 daliee ) gl 5l s oS

m3
_ ) m? flow (72
weir loading rate (hr m) =i length (m)

o s> b i Weir loading rate

2o :Flow

oy Jslo : Weir length

Ol 59y 2 eaSe 2 VWYF . go5)9 20 b (S glopls 5L Y Gazmoy> S5 o F-A e

el sl caSe o9, oS 23l (69539 Oz 92y el Jsl oS

m? ) 1 (day)

13440 ( — _—
4 ( X 24 (hn)

=560m3
day m’/hr

ol g L a5 oo J 55 3558255 ol 1 Ll sl 15

3.14 x 28 (m) = 88 m

ool oy o )l gamslone g plS

3
5\ 560 (%) 3
weir loading rate <hr.m> =38 o =64 —

Ssalant Solals ol uoyd 1A
P obialz b losasl jlaigel o (oo Ve ez b Sflsn Shaale (e tisiasys (il
0D el el o aldo ) slaes s ceplonil of ieial lp ey adido ) - 85,1
el 580 Sjelgn sl Setiding)s sl galal) 95 co g g S il e llgi]

settled biosolids volume (mlL)

% settled biosolids = x 100
total sample volume (mL)

Qe S35l dlge  Sniids oy i/ Settled biosolids
0l (yunidal Olasle w2 :Settled biosolids volume
aiges JS w2 Total sample volume

el o 00l )18 ke iyl 1 sl b e a5 gy Slee )+ ¢ g S .0-A Jlko



Slge  Frdddd duo )3 el 0l (il iyl 0 Sojelgm Dol 5l xd (Lo YV caddo Ve 5las
S x| sl

S 21 (mlL)
% settled biosolids = m X 100 = 21%

(mg/L) "Sal 590 cpmasi . V-A

g8 oo 0olaiul &:le colaail Loyl 0900 g Cenlld palaid jglaie dyconliS wieis goole 32,55 oy lej yo
g oo r:l;gl al> o 4 o (mg/L) &Tul/.m Oy Plf g

5 9 ek eole b ST by y9m IS Sl 358 oo b Y ol Sl ol o5
095 (50 et bl Sl 0oLl b ecunslio el

o . mg . . . mg T mg
Total alkalinity required (T) = Alkalinity reacting with alum (T) + alkalinity in the water (T)

3L 9)90 IS 5L - Total alkalinity required

ooke a5 Lis ;2 000 oo 1S Ty 00iS Wiais oole b a5 5LUS s Alkalinity reacting with alum
223 o STy EdllB 0,5 Lo +/FOL (pgloniS iaie

o 43 39290 o33  Alkalinity in the water

30 39 -3 s i 510, e FO e oS winio oale 30,35 (e )2 (903l (o A Jlio
LB 5L 0atiS haissobe enlin (18505l glisalel lys 2oLl 5 S Lo ¥ s sLiaS

el jdaz o S oo con il yge JS
3 o STy s0iiS winie oole i)y S oo FOLAS Col _ilylB s gl oS
0.45 %alk. x %alk. mg
g =—ng > x = 045 x 45 = 20.25 —= alk.
1 Talum 45 Talum L

500 Jf cSLE R E (pgd r:lS
Total alkalinity required (?) = Alkalinity reacting with alum (?) + alkalinity in the water (%)
. . mg mg mg:
- Total alkalinity required (T) =20.25 (T) +30 (T) = 50.25mg/L
g mosliial s abal, ) jslate ol gl o9 4Ll oyl
m,

m, m;
Alk.to be added to the water (Tg) = total alk. required (Tg) — alk. present in the water (Tg)

3. Lime

Qg (19 Aol |2 oy e | 6 o)
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0

sy adlal ey sl S’ L3S :Alk.to be added to the water

3L 0y9e JS Sl  Total alk.required

o> o ,8 94290 LS : Alk.present in the water

L5 ol 5 y9m IS ol ) 25 oo PF il (108565 (ppms gl VoA, JEi
Olwoaz a3l LS (o oadlld 1 )8 e ¥e (hlspls ST s (S lyouiS ddain goole
395 Al Ll ay b el

Alk.to be added to the water (%) =44 ( Lg) 30 (%) =14mg/L

Coleld L) Sal 0381 (fiae ool 4 (0,5 LN (gl 5L op90 bl Gl Sl g g o8
29 50 JaaSS Cunsl o ooygl o5 Jlie )0 45 2 L plS ol 095 g0 aeiie
&TQ%?.Q};@LA‘QL&J@@;@@NN;& VlbaS ses ooy lis anuloe . A-A Sl
£S5 e [FOL oS wieinoole i 1ip)S o 1) S05 paell CldB (I b sl 5L 5,00 (/L)
(a3 n STy S0 2 205 e YOl oS sixkaosle 25 om0 5l 2
55 o0 Jaiye Sally Lo, o il el

mg
g Mg - 045x = 035X 16 = 124 — lime
0.35 I llme X lime L

0.45 mg alk. 16

i) 28 oo e 5 43S dnlieo 515 390 (S 55 15 AUy dngi A Jlso
Sl S e OV Gl (90 59 00 (yanad) 23S Winia go3le j 390 590

Sl S e Ve Sadias gl ponile SL oSl sl ojge laie

a2 o STy Sal 1 jy)S oo + YO L oaiiS sinisosle yi )5 Juo 0

w3 oo STy CLS i a8 e [FOL 0uisS wiiaie goole i 18 e po

ARSI i PAE O N E
.m@ uusg 008 Winis ook il s S s OF LS sl 288 gpuslno gl oS
045 72 alk.  x 72 alk. mg
g ] - x =045 x 52 = 23.4 —= alk.
1 I alum 52 I alum L

mg

=) +30 (T Lg) = 53.4mg/L

m
Total alkalinity required ( Lg) =234 (
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Alk. to be added to the water (mT) =534 (rrig) — 36 (nig) =17.4mg/L

mg
_ L
0.35 g lime X % lime

045 T ak.  17.4 T2 alk. mg
= —0.4x =174 x 035 =135 T lime

(kg/day) Sal 595 (yaz .A-A

393 2 £ HS onz liee (2l 8 sl cnlio i a8 s oy Sal B 590 et 5l g
F 2 S e Joas sl el DLl g U (gasinai yo Jglate Slalas jl dplna ol .09 dnnlone
Qwsgool.aml}:)ﬂ\hb)‘ rﬁg*]lfﬁjj)ﬁf)f#d{&m—‘dw

. mg m3
Lime (k_g) _llme ( L )xﬂow (day)
day) ~ 1000

me (K9
lime (d y) x 1000
m3
flow (day)
39395 (S 53 Sl gy pcuaSagio Voo e Dlaslr b uled Sle Y 4 (9399 (29 ) +-A JLo
Sl 3L Sl 0, TS i il b0l (g i) o s oo V VI e S

Lime (%) =

126 ( Lg) x 10000 (

; kgy _ day)
Lime (thy) = 1000 =126 kg/day

20554 39y 522553 311y S o e ) o 9 e il ool b i

55 sl gn i
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& sbdlo shmilono: pgd Jad
Gilwdlo F 5144

a8 Cool playlone 51 (S 095 o0 (o Sl @y e iSs o con oS (giludlo gy
29 g dmslome prjabaly Gl Jlore nl ol gagee 2 BLo il g lopee o (gludlo ol olyen

3
m3 flow rate (%)
Filtration rate =
(hr. m2> filter surface area (m?)

&5bw s8le &, Filtration rate

Oby> 2o Flow rate

Lo o c> Lo -Filter surface area

Iy o cxSaie o FY catieles VU Slej go3l G 40 20 1 o0 9 WY oo y2lid 514 JLio
el juBaz (Blo ol )3 il Slo g5 Lagie WS (oo i

el 00 Lo lae gemlme  Jgl o5

=552.63m3/hr

£l . m*\ 42000 (m?)
owrate hr ] 76 (hr)

hrom?) " 13 (m) x 6 (m) = \wrme

3
3 552.63 (= 3
Filtration rate ( m ) (hr) 7 < m >
LQ}Q)‘—IQ,P)Q.wlw)f)l)é@o@&uj&;&f;e'lué,cs WY ok 4y Slo S5 Y-4 JL
F el e N ol 5o Blo yo Ul lans Cdl Lo co A i85 | e ay Lo (6399 yuld
Sl jadax (M¥m2hr) gl 5l s ye o ,o glilay Caclis 3 caSe o s 1 gl Blo

el Q= VIt galas jfooliial b b > o gmslone o Jol oS

= 552.63 m3/hr

A . m3 42000 (m3)
owrate \ - )T " 7s (hr)

m3
m3 ) 432 (W)

hr.m2) 12 (m) X 6 (m) ~ <hr. m2>

Filtration rate <



UFRV" (gduuwlxo . ¥-4
05 0l )3 o o Colios e e 52 3l oad Blo I JS o gouis ol Jlane o
UFRV jlaie 058 soooliulla g3lo oSl b))l gamalie gl awlore ol 5l ably oo g5l S3Lo
395 oo oolinal Jlxs (pldnnlone gl o Ladly) 5l vl oo A8 ¢ BLo oS IS £9,5 5] ey 23S

m3) _ total filtered volume (m®)

UFRV|— | =
<m2 filter surface area (m?)

m3 m3
UFRV (—2> = Filtration rate (—2> X filter run time (min)
m min.m

o0 Lo S vz :Total filtered volume

Lo paw co Lo (Filter surface area

&;Lwdlo # 5 Filtration rate

&lwSlo ey :Filter run time

ol o (g > ol Szt WA=+l om0 0 Bl S lie 129 Jlke
Sanl jai> Slo UFRV il ;e 0/0 ;0 MO Slo

m3> _ 18000 (m?)

=" _ 3 /02
UFRV <m 85X 55 (5 385 m3/m

2

o L oS Sy 50 o IMZ N+ + A il 5L S 5l o5l 3 Loy P-4 JLio

m3 m3
UFRV <—2> = 0.08 ( - 2) X 4250 (min) = 340 m3/m2
m min.m

Sl gl sl gy (gl o (Gamlons  gSine (g3t ) o Lalano (st I (S

.obsa)b’ypjwdwbmdlﬁﬁ)'@l),oybwoah’:wl)wwlAgoylt_;ongjgl)‘lm)o

3
Backwash rat m3 ~ flow rate (%)
ackwashrate (hr. mz) "~ filter area (m?)

g9l &, :Backwash rate
gbglunds 0 :Flow rate
Lo &>Lus Filter area

4. Unit Filter Run Volume

Qg (19 Aol |2 oy e | 6 o)
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oS o VA= ity bm b T e s e Volal ar Lo S gpdigcansds (gl .0-9 Jlio

18000 m’  Lday 750 m3/h
—_ X —2 =
day 24 hr m*/hr
el 9.»9% C))LS‘MLZA (P9 felf
3

750 () .
Backwash rate = '/

6 X 6 (m?) hr.m?

(M3) g g iy of x> F-4

5l et s (f g 5 59 29 5 B0 (gl 90 o Crnnd gl

Backwash water volume (m*®) = Backwash flow (7:—:) X duration of backwash (hr)
g9 U o> :Backwash water volume
g9y 520 :Backwash flow
gy e 5oy : Duration of backwash
2z alBo A gyl Gl s sl praaSia 2a Vo e+ (ggligiens (9 (58,5 a3 0114 Yl
sl 35 g unns (gl ol i)

3

m . 1hr
Backwash water volume (m3) = 2000 | — | X 8 min x ——— = 267 m3
hr 60 min

() g gZomnidy S SSU gl .0-4
9. dolzee b ST gl

Volume (m?)
0.785 x D% (m?)

depth (m) =

g9 A pze> 1 Volume

las)l:Depth

OB s :D

el pcaSe yio VA®+ (sadglands (oo b Slo G b el 5L 2 YO+ sg0> V-4 Jlie
o ks oy el bl ;e 10 gdgcuncd SOU jlad oS a0 10 .08 gubglond 4ids 1 Gl 1o



250 (m?®)
depth (m) = m =14m

(Sl 52 oxoyio) g of ooy €514

b lere cnl ol (Blo ol g pbguncds 55 4 iy (Blo G (gl gdgonds O Sloy £

29 o drnlma o gabad

m3
Backwash pumping rate (m3/hr) = Backwash rate (m> x filter area (m?)

g9 I 3leas 7,5 :Backwash pumping rate

g9l &3 :Backwash rate

Lo &>luse tFilter area

J ollas gy s #1545 g s sl yio o VIB oLl gl 8lo S A4 Lo
S dpnleo ) g fliay el O+ MY hr

3

m
Backwash pumping rate (m>/hr) = 50 (W) X 75mXx6m=2250m3/hr

gl 1y (gudgd ol KW

sl oy 08 18 e bl (g3)le 51,50 (Sigiludlo Gl 525 S il L plSan

backwash water (m?)
Backwash water (%) = Filtered water (m®) x 100

g9t ¢l (gogs  ausys :Backwash water

g o> :Backwash water

o Blo Ll x> :Filtered water

5 cSagin VN 85 i 5.595 g Bl it ol 5 e PV e 48 i
§ ] 00y g Ciomntd paan 4y couus Ll U 5l duoyd diz (095 gubglnnnds LBy

180 (m?)
Backwash water (%) = 13000 (m?) x 100 = 0.41%

K LdglS x> oy A-A
@ gdglonds (loy jo a5 Wits Slo pllas YL caY o> 0 i Slasls (5 claalglS
e 4 13 1S SIS 3y i by Sl IS S lneS
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mud ball volume (mL)

% Mud ball volume = x 100
total sample volume (mL)

IS oalglS o> usys :%Mud ball volume

IS sealslS wox>:Mud ball volume
aigas JS w2z Total sample volume
eloads cdlepy S cladlelS po iominw gl Sloglas | LYY jlade. ) +- JLo
) Lo OVOW O+ + jlassadlol Jas S5 claalslS sdigeiaS ol jozjde sailyiul o L o
Sl yliandz digal 1o 5 cloalglS o dmps . 28 iol33
el digad o A5 lodlelS x> pasi ¢ Jol ol

525mL — 500 mL = 25mL
el J5 slodlslS s cdunlxo (pge a8

25 (mL)

% Mud ball volume = m X 100 = 0.75%
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5 390 (pri )-)
09 o0 Ol (kg/day) 9, »aSelS Lo (ML) i 16,5 oo oy coa sl Lo 0,00 15 e
gy o0 )5 4 59) 2 wSolS g s a8 (hee oy IS e gasslie 6y ) il
chlorine (%) X flow ((%;)
1000

hlori (mg) _ Chlorine feed rate (kg/day) x 1000
chlorine (=) = o % )

Chlorine feed rate (kg/day) =

38y R S oS e IS sloolail e :Chlorine feed rate

7 S e o IS Srae 93 :Chlorine

NEENVeS > :Flow

0I5 590 L5y S 0 N0+ + by (gl 9y 2 a5 5hS o o]y pl IS las N -1 Jlho
S dlome i) S e

m, m3
5 (52) x 15000 @y
Chlorine feed rate (kg/day) =

1000 =75kg/day

U PIRCNCIN NICAE SOV L SV SERN ERRN PV TINC JE JSEER AP IE
S dslone i a8 s w5 590 Bl 39 pcaSayie PV LI b > oS gy
(@ _ 14 (kg/day) x 1000

m3

day

chlorine =296mg/L

4730 (
el VY jo 0 05l S a5 Sigo po .l (55,05 Sl o atids 5 Sy Tl > Y- Sl
Sl 5t 5115 s o el 5 555 S

il 9y iSe yio d adBS p caaSe el Gy 92y o Jol o8

. m3 ><1440 min_8640 314
min lday m/day

el IS 5035 Olyae (a9 o5

m, 20 (kg /day) x 1000

chiorine (22) = 20 (kg/day) x 1000
8640 (

e =231mg/L
day)
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Ol 39y 2 SS9 51 2 )5 e oy SIS 590 098 oo dnmslons obasial 53 ouile SU IS
Sgpld o

m, m
Chlorine dose (mg/L) = Chlorine demand (Tg) + chlorine residual (Tg)

,IS" 350 :Chlorine dose
J dsha gl 5L 8)60 IS :Chlorine demand
oxile 8L IS :Chlorine residual

Sl s &l o Lol Sn 9 Sl (2508 1S 2 gl o0liial 350,157l 3,90 IS
(Jlesly sl abal, Goles ey b 5L %9*;15@«*:5 D0 s Sl 5,18 (o 25Ty
by o 2,5 LIRSS ¥+ jlany i g0 ylade sl 1aS IS (0,5 a8LolaiBo O jlany L 0y90 1S

39 o0 dmsloxs pjabal) ol g oo i 28 hae oz 15 S Lo 390 e go wiilea

. . myg . . mg
Chlorine demand (mg/L) = Chlorine dose (T) — chlorine residual (T)

spoaile 3l 15 35 e Ul e b 15 L 015 e ey 3L IS ;oo g 15
.&QGAQWIQT@IQ)'ASM)‘IWy&ﬁowqyﬁpﬁ& VG <Y oliae

)oa)la)Lu)JS)quﬁ)fuJM \/VdAdSMuamgjddawsSJng)wacj)df-‘ ¢ JL~0

S tlnal, IS 5 i 99 5 5 e+ 8 opllne oo LIS S

mg

> ) =2.6mg/L

Chlorine dose (mg/L) = 1.7 ( Lg) 409 (
95 p Sk Aenle LI s i oS (e VIV S yge IS oS g0 50.0-1+ Jlie
Saib b g0 a4y 9y 2 S oS w1 93l IS iledais ol g paSe e Qe s o b

sl yid )8 Jie e IS 5355 599 S gl o8

Chlorine dose (mg/L) = 3.2 ( ,g) +0.9 ( g) 41mg/L

ool 9y 2SS o> 2 (8255 590 (et 290 5

4.1 (F2) x 9000 (W)
1000

Chlorine feed rate (kg /day) = =369 kg/day
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olge b IS (o9l plaxl lojauS o5 J 318 09l g0 03933l cxmlbo GLmT;I a,I5 a8 Sl awy
AS LS Lol cogy anlgs  lulids LB T jo onile 3L IS oS sz 2 e o (iiSTly ol
el ol )0 IS 0958l Ll o Sy alojaud @pad sl aiils L3 ead oS5 el o
W G2 0l 3 390 o3y IS LS50 LS IS 5 395 ol 3 IS S
Lol IS alidl pshiate as (gt IS il eojo s 32 ol izl gl sl sl wiile glojo s 52
S0l IS g ouus sguls yla IS LS5 sobed o S labaki .ol lopaiS a8 glls ol IS .88

395 oo S IS CenSCE galall (Cunsl (65 JSC5 >

25ty 5l 15 55 G i o i e eSSl sl gl o
g8 geoolaiul

. mgy Increase in chlorine dose (kg /day) x 1000
expected increase (—) =
L flow (G
day

38y 90 S skS > 1,15 590 ili3l I3 Increase in chlorine dose

ol IS g,Ual - lyue :Expected increase

Aol 2 :Flow

23 OB Gl 3l Gl el 48L 23359, 2 S 9hS S0 (e 4 joilin IS 6 305 1Y ¢ JLee
AT e o 5 0y35 99 Gl Sl ol oy 11 208 (oo + Yl ST IS (lim 1S 5258
oo o YA+ + Ol oy (ailin) (20 bagie oS ypeo 50 sl 0y 51 S Lo + [0 4,
Coy1s 18 e gl jf s o 5,18 LT sl
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1 (kg/d 1000
expected increase (E) = w =0.2mg/L
4800 ( day)
ST S 58 e gl s a1 5 s+ 1T sy 3 ol 15 oS ol 4y 425,
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5300 (d i

. mgy _ —
expected increase (—) = =0.37mg/L
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chlorine (day)

(kg
Hypochlorite (M) " % available chlorine
100

38) 2 PS5k w3 o IS0 :Hypochlorite
CoSa 10 39240 IS sys :Yavailable chlorine

39 2 £59kS w1 IS :Chlorine
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el ) 2 S o 2 IS Bpan liae raeni ol o

3.1 (2) x 3400 (m)
1000

Chlorine feed rate (kg/day) = =10.54 kg/day

ool 0¥ o IS g e (i pg0 o8

kg ) 10.54 ( day)
day) 65
100

Hypochlorite ( =16.2 kg/day

Pl L ol 5 LS VA ilig g oS o TN o b iS40+ Sl

el ) 2 S ol 390 (AN IS (e asS sl o8
kg chlorine ( day)
100
el g arazgil i oS (oo i) 0 055k SIS Bras jg0 aoly Jrapgo plS
. mgy 117 (kg/day) x 1000
chlorine (—) = 3
4160 (thy)

=2.81mg/L
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chlorine (%)

% available chlorine
100
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13 (72) x 1900 (day)

1000 =247 kg/day

Chlorine (kg/day) =

' 2.47 ( day)
Hypochlorite (thy) === =82 L/day

100
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9 g0 dmlime 1) galaly Gl St o IS jlead angi o Ss e Joloe IS a8 ans

o , .
hypochlorite (kg) x % avallaf(l)%chlorme

X 100

% Chlorine strength = % available chlorine

water (kg) + hypochlorite (kg) x 100

HIS" &5548 wus o :%Chlorine strength

259k o p o ISy Hypochlorite

Co S 10 09240 IS Wsys :Y0available chlorine
o :Water

g aBLol T 12 T+ & 0oy 10 ol o S0t S S5 ¥ oS iggo 13014+ Jlis
funl Glme az Jolore ((Si9) JIS Cyadaoys

555 g o Jslowe S5 2305 5 salobas b 055 28 S0 1o T i T+ g8 g

2 (kg) X 5nn 52
p ) 9) X 100 P
% Chlorine strength = g5 < 100 = 2.1%

60 (kg) + 2 (kg) X 155

b o S 1 ool dngd Co S gund Jodomo Cya8 wuoyd gawlxo V-1 ¢

355 o0 dslona 5 gl 3o qole Mgt jload asgs o MS5m Jgloma IS 205 0

%available chlorine
100

Liquid hypochlorite (L) x
% strength of hypochlorite
100

= hypochlorite solution (L) x
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Sid 420 Se0e Jolxe jlade :Hypochlorite solution

Co S g Jolowe )08 wsyo : % Strength of hypochlorite
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2095 g0 oolaiwl 5 Jaly, 5l (L/day)

kg total chemical used (kg)
Average use (——) =
day

number of days

L total chemical used (L)
Average use (m) =

number of days

39 2 £ 9S> 3 Bpan Lausgie : Average use (kg/day)

38y 72 e G 3 B pas lawgie 1 Average use (L/day)

255l s 5y oai ool oliend olge IS jluie  Total chemical used (kg)
Ao G ol oolatul pliesds lge S lude s Total chemical used (L)

sbeosd Slge 3l oolatul slags, olass :Number of days

total chemical in inventory (kg)

Inventory supply (days) = %
average use (dTgI)

total chemical in inventory (L)

Inventory supply (days) = T
average use (dey)

A S5 0033 35 JBIbslse oS’ olagg olaus :Inventory supply
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39) 2 259 o ileonds Sy gl Jawgie 3 ya0 : Average use (kg/day)
39y 2 F) e oileond Slso gailygy Jawgio 3,0 : Average use (L/day)
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Ye/-¥ (Ca) ppds
\YNO (Mg) (2 juo
O/ ¥ (€CaCo,) oliy,S s

calcium hardness (%) as CaCOs B calcium (mg/L)
equivalent weight of CaCO;  equivalent weight of calcium

CaCO3 > 3 coumnlS' 15w :Calcium hardness (mg/L) as CaCO;

V-V Jgio 4y azgi b by S undS” Jolaws (435 :Equivalent weight of CaCOs
o oS e > o onlS” laide :Calcium (mg/L)

V-V ooz 45 a5 b pnnlS Jolas 39 :Equivalent weight of calcium

calcium hardness (%) as CaCO4 3 calcium (mg/L)
equivalent weight of CaCO,  equivalent weight of calcium
x  51(mg/L) mg

50045 — 2004 X =1248— CaasCaC0y

CaCOs3 s 1 jn (i (Gdmmlono Y-

magnesium hardness (%) as CaCO3 magnesium (mg/L)

equivalent weight of CaCO; " equivalent weight of magnesium
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CaCO, cow> 2 w2 jwin S5ww :Magnesium hardness (mg/L) as CaCO,
V-V Jgoo 4y azgi b ol S udS” Jolas (459 :Equivalent weight of CaCO,

o oS e > o e ylie :Magnesium (mg/L)
V-V Jso 45465 L o e Joleo 39 :Equivalent weight of calcium

magnesium hardness (%) as CaCO, magnesium (mg/L)
equivalent weight of CaC04 ~ equivalent weight of magnesium
x  16(mg/L) mg

0085 - 1215 ->x= 65'9T Mg as CaCOs

szmdwl:uf-\\
72y g8 ol (T (S (S e gl 40k U (5w ol sl Jale (o yie g S
m,

Lg) as CaC0; = calcium hardness (

mg . mg
T) as CaC0; + magnesium hardness (T) as CaC0;

Total hardness (
CaCo, yid i p)S oo > 53 IS S5 Total hardness (mg/L) as CaCO,

CaCo, i 5,8 oo o> 3 cowndS  J5ews :Calcium hardness (mg/L) as CaCO,

CaCo, ;i 5,8 chos cons 2 co0juio S5ew :Magnesium hardness (mg/L) as CaCO,

£S5 o Vg panndS 1 1208 has VAL (o (sigas (611, CaCO, w0 JS 5w -1 ) Jio
DS aseiie o ke yid

2al CaCO, oy oS 250 (S s o5

calcium hardness (%) as CaCOq _ calcium (mg/L)
equivalent weight of CaCO,  equivalent weight of calcium
x 28 (mg/L) mg

= = 69979 Ca as caco
50045 2004 [ aastatts

ol CaCO3 o> (o0 pae Jm S Py r:lf

magnesium hardness (%) as CaCO4 magnesium (mg/L)
equivalent weight of CaCO; " equivalent weight of magnesium
x 9 (mg/L) mg

50045 1z15 X =371 MgasCaCOs



mg . mg . mg
Total hardness (T) as CaCO; = calcium hardness (T) as CaC0; + magnesium hardness (T) as CaCO;

Total hardness (%) as CaC0; = 69.9 (%) +371 (%) — Total hardness = 107% as CaCO,

SLS 9 Sl (S gamlxe .01

U5 (550 5 (5 s el 5§ S0 IS s B 23S g S oot
8 oolitl ol on (SLyT 15 (oS (o wile ;S0 (Mo (e sl o 509 d paseiie
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Total hardness = carbonate hardness + noncarbonate hardness

JS &5 :Total hardness

LS 45w :Carbonate hardness

LS &2 4P :Noncarbonate

(P Oygody St galad (sl s IS S5 3 CaCO, oy cdl3 a5 ey ¥ Sdl>
el SlsyS

mg mg
Total hardness (T) as CaCO; = carbonate hardness (T) as CaC0;

CaCO; 1 S Lo cons 2 JS 5w Total hardness (mg/L) as CaCO,
CaCo, ;i 5,8 oo o> 5 SLo,S 5w :Carbonate hardness (mg/L) as CaCO,
o lid (eaSlld Jlade Zewl oS IS 5w 5l CaCO, sy il o5 Sl Y >
ORI T JJEESN: RCIE TRCHE L e

Total hardness (%) as CaC0, = carbonate hardness (%) as CaC0, + noncarbonate hardness (%) as CaCo,
CaCO3 x> 53 IS S5ew i Total hardness (mg/L) as CaCO,

CaCOs il i p)F oo o o Sl S 5ew :Carbonate hardness (mg/L) as CaCO,
CaCOs i 105 oo o> 11 Sl S o S5vw :Noncarbonate hardness (mg/L) as CaCO,
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mg L) mg
Total hardness (T) as CaCO; = alkalinity (T) as CaC0s + noncarbonate hardness (T) as CaCO3

CaCOs zd )5 Lo conr 2 JS 5w Total hardness (mg/L) as CaCO,
CaCOs i 30,5 oo s 5y eS8 5 Alkalinity (mg/L) as CaCO,
CaCOs il i a5 oo o> 1 Sl S o 5w :Noncarbonate hardness (mg/L) as CaCO,

V10 S (g5 5 CaCO, ey il S e 1)+ il ol (gignd S o F-)) Lo
$ged pl Sl S (29 Sl S (P sl oas ()5 CaCO; o IS S5 i )5 e

NGV P CEI L C IR P C WS PN PRIV Y L e jl}&ﬁé@éﬂd&o@

mg mg
Total hardness (T) as CaCO; = carbonate hardness (T) as CaCO;
mg
105 (T) as CaCO; = carbonate hardness

o 2 S 515 S (500 AL CACO e 5 o VY s IS i

§eul jadax CaCO,

NECSRRIETA APRYE HC QU SURYPIN JE B AN W LHRCH [ g Lo EN JOR N

Syl 3429 I gaigad

Total hardness (%) as CaC03; = carbonate hardness (?) as CaC0z + noncarbonate hardness (?) as CaCOy
mg mg

112 (%) as CaCO; = 80 (T) +x (T)

mg
- x =32 I noncarbonate hardness

CdldB o )Y

Wl Glgtzme e ay Yoare  lan slae] Sl ol ol (g3l i3 Cod b (LS

lolied jglate s WSally g 395 oo S sl (giloo S5 gl o iyl (Al S jten S coilLIS
S5 o oolitul 3 baslg 31 IS CuSlalB g 203 Jgid cadlil3 Jols ol cudlulB aliisee glgil

m _AXN x50,000
L

Phenolphtalein alkalinity ( g) as CaC0; = W

B X N x 50,000

. mg :
Total alkalmlty (T) as CaC03 = W



CaCo, zd 11,8 oo oz 3 2l Joi3 <o 5LUS - Phenolphtalein alkalinity (mg/L) as CaCO,
CaCo, ;i 5,8 oo s 5y JS <ol : Total alkalinity (mg/L) as CaCO,

PH=8.3 (sl igaml i Jghona: A

PHA.5 &, el ol Jslons B

(NH,S04 0.02 «o5Ll3 yg0i] ol gl ) ool aidloys :N

CaCO, uxly ey aidley Lo gl s v 2:50,000

il s w5y digad x> :mL of sample

Jsbwe satdles 298 oo Ghall Sl (et sl 5l gl shon V0 gl STV Y Jlio
0did Bpas PH=8.3 U gl i gl gl & 300 50 el 0.02 N o] S 9l g ygmnl i
digad (illid Joib 5 JS Cudllld cog ooliciusl PHEAS U (sl 25 (gl el il e VI 5 0l
flonl odax

. .. mg 0mL x 0.02 N x 50,000
Phenolphtalein alkalinity (T) as CaCO; = 100 il =0mg/L

. mg 7.6 X 0.02 N x 50,000
Total alkalinity (T) as CaCO; = 100 L

=76mg/L
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SaSgpaa g i S o2l S LB Jole oS epl (28 L) JS il g n2lls Jgid el gaesis
O o S 2y Jgd Babo (AL

Cudlild g (S J92b gl gl jmnd V-1 Y Jgor
(CaCO, w2 Y o) (o) Cills
Sl e el Sl CllE oS 0 Coill

P=0 T 0 0
P<05T =2 2P 0
P=05T 0 2P 0
P>05T 0 2T - 2P 2P-T

P=T 0 0 T

Ogal yid gl

58 Jy5 1P J5 AL T

L5 o eI 8 L ol i S el el Y1)
(sl yaBez (gapnSydan g SLo S
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i . mg 1.4mL x 0.02 N x 50,000 mg
Phenolphtalein alkalinity (T) as CaCO; = 100 mL = 14T as CaCO4

2.4 % 0.02 N x 50,000

m,
Total alkalinity (Tg) as CaC0; = —Tooml - 24mg/L as CaCO;

QWGA Ml}m A_:)e,@ U"‘ Lo IR Ml?f&L&M «Y-\ \ Js»d\; 4}94[.) RO PR (P> 0.5 T)w

(CaCO3 con pmg/L) cuills
., ‘ - o - m
s e S ot il G Bl gaSsyaen il
P>05T 0 2T -2P=20 2P-T=4

Sl i B el S j90 (oot smalns A1 )
logas iS5 5 (Ca(OH),) Sl 5 chogous - Sl 1S 51 anbicinsl Ly oyl i a0
‘54-2_00 d}..utsn u_«s): ;gbﬁ—‘ la ‘EJLAJ)S @M JH‘SA oolasul ‘SA.M RS L;‘)._J (N32CO3)
Alize Sl 5 g (olond dlie (JoSgo oz o (il gl g S a5l S S o

Souw -l b | 18, s Ao (gl liteo LS Lo o YY) oo
C el ! (29T (S Sy 0 9 (20 90 90 P 992

N 09 o SLaS 5 g Slgo
g Quicklime (Ca0,)
VE Hydrated lime (Ca(OH),)
YE/¥ Magnesium (Mg>)
f Carbon dioxide (CO,)
DAY Magnesium hydroxide (Mg(OH),)
Yoo Soda ash (Na,CO,)
Yoo Alkalinity (as CaCO,)
Yo Hardness (as CaCO,)

5 snodliinl g gabal 1 2 oo e il Sal s St Sl 93 stmilona laios
klime (Cad 4 (M) A+B+C+D)x115
Quicklime (Ca0) fee (T) = Y%purity of lime
100

Sal g3 ooy :Purity of lime %
(mg/L as CO, * 56/44) | ,5 CO,»: A



(mg/Las CaCO, * 56/100) 1sj £5ew ;0 00ds Bdo> SLo S o cusll3:B

(mg/Las CaCO, * 56/100) loj 5w 529, b, 50 Sy 02 Sl C

(mg/Las Mg>" * 56/24.3) o155 &i5ew ;0 0dds Bd> e :D

QQ)J Cowd 4y ;0 a5 Dglad 1l b 0gd oo oolainl Wb Jge,8 5l &l y0ie Sal 399 (Gamlxe (glyy 1SS
g g0 o3liiwl YV sae 51 0T sae gl>a; Dy A, B, C joolis

£ ke Ve 5 CaCO; o 2 1 208 (Lo WO S Sull3 COL 2 €O, 5 S e ¥
Mg o e i

A= CO mgx(”) 4mgx(74)—7 L
=T X\ L “\ag)=7ma/

B = Alkalinit mgx(74)—175m‘gx(74)—130 L
= Atasmity == X100/ T L *\100) = 130mg/
c=0

_ 2 Mg (74)_ mg (74)_
D= Mg™ = *\733) =20 7 *\za3) =1 ma/L

NGV PV PRV &T)Lu b)sﬁ)lmkwwtrﬁjﬁflf

m A+B+C+D)x1.15
hydrated lime feed ( g) = ( )

"L/ %purity of lime
100
m 7+130+0+61)x 1.15 m
hydrated lime feed (Tg) = ( 90 ) = 253Tg Ca(OH),
100

Sl 2 (S Bis gdmlo .4-) )

Y Olie a6y 095 oo 03l Sl o i Bl g S gl 109 - Sl 1S5 |
2095 g0 ool 53 Jalgy 5l cosls oyl

Total hardness (g) as CaCO; = carbonate hardness (#) as CaCO; + noncarbonate hardness (%) as CaCOy

mg mg 106
Soda ash (Na,C05) (T) = (noncarbonate) hardness (T as CaC0s3) % (m)

CaCO, >  JS 5w Total hardness (mg/L) as CaCO,
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CaCO, cw » Sly,S 5w :Carbonate hardness (mg/L) as CaCO,
CaCO, e 5ly,S o S5 :Noncarbonate hardness (mg/L) as CaCO,
Sal - 155,255 :Soda ash (Na,CO,)

9 ) S e VY S (35 b T stigad ooy 35 gl Y Sl Asges (e 81 Jlio
S sl 2 S (e VoV S LS
el pjabaly S S o (S et ol 5

Total hardness (%) as CaC0; = carbonate hardness (%) as CaC04 + noncarbonate hardness (#) as CaC0y

-192 ("zg) =103 ("Zg)er ("zy) —x=89mg/L

106
) =

m
Soda ash (Na,CO03) (Tg) (noncarbonate) hardness (—g as CaC03) % (100

x (%) = 89% X (%) -x= 94¥soda ash
oS kel samlxe ) e-))

sy o ol Sal b o 25w jlam g o 50 T 4 2,8 ST (0 005331 ol 0,8 sl
UA & I PH 1y o8 sl 5 sl g 128 (09530 5l s 1095 oo ) +/F & pH iol33l
O slp s Ll )l o p0 ) e ske 0S50 g panedS Ly S aislin sy ol (il 095 o0
39350 8 & 9nS1(63 ()5 Bras g0

m
Excess lime (Tg) =(A+B+C+D)x0.15

m m 44 m 44
Total CO, dosage (Tg) = [Ca(OH)z excess (Tg) (7 4)] + [Mg** residual ( g) x (2 1 3)]

(Cewl oas ools ) Lis Ca (OH), excess yguo 4y pgo dlayly 10) ol adlsl Sl :Excess lime

39 ddlal 0,8 bl gl aliaS aST o 0,5 JS :Total CO, dosage

ole B o jue :(Mg)** residual

e 45 Sygo 5 . iloas dliee ) iy 4 el a8ll Sal Dy C, B, A polie. ) +-) ) Jlie

Sl 80 8 5l sl 5 A0 (5 o e 5 1,5 sl oila 3y
A=14 mg/L, B=126 mg/L, C=0, D=66 mg/L

m
Excess lime (T‘g) =(A+B+C+D)x0.15 = (14 + 126 + 0 + 66) x 0.15 = 31 mg/L

Total CO, dosage (?) = [31 (mg ( ] [5 mg (24 3)] =18+ 9 =27 mg/L
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L ) _ Screenings (L)

Screenings removed (M = days

Screenings (L)
flow (m?)

L

Screenings removed (—3) =
m

2SIl B (I3 1 Screenings removed

od B> clwonsly:Screenings

Lojg, olass :Days

69939 oL 1L > 0 :Flow

o i LSS 5l ctelis T gl S yo S Laogs ool 51 1) YO+ o 1-VY L

s . i ( L ) 250 (L)
creenings remove day) = Tday

= 250 L/day
)..S'JLu.»T V> Cudyb gamlxo . Y-1-1Y

109 oo dpnlime o galarly Babo e SI] (gallz (s y ey Ske
volume of pit (L)

Screening pit fill time (day) =

. L
Screenings removed (W)

Sl gl o s o)ley e :Screening pit fill time
Sl g4l pze :Volume of pit

2SIl B3 (4l :Screenings removed
@pdb@)oﬁal}@dﬁ&mﬁ)a.mlg&pQGZSJLLSTSAJ%&%W.Y-\\’Jl.’lo
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Actual MLVSS (kg) = 3549 ( Lg) x 2840 (m?) = 10,079 kg
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waste kg /day x 1000
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Slud, (k )— Biosolids pumped 1000 (k )
— | = — | X —
g€ day tosouds ¢ day m3

39 2 PSS ez ) adg lie :Sludge
o0l jlaay SS34)ew lowls :Biosolids pumped

€355 s ooy Sy el S5 iz ailig, V-1 Jlie coledlbol 2. 4-14 i

Slud (kg ) =162 m X 1000 (kg) = 162,000 kg/d
uage day) — day m3) ’ g/day

)‘s)ﬁﬁ;#wﬁomﬁj%ﬁﬂ.xol?.\'-\ﬂ

k k
Solids pumped (dTZ/) = Biosolids pumped (%) X % solids

00 5leay dol> olg :Solids pumped
00 5leas o9l il : Biosolids pumped

sz olge ds s 1% Solids

"wl)aso)”ff)fﬂw)mw)b“mbolyuwkv-\‘\Jl.ueuLc)lbld,.b\ "‘iJL\.&

k k
Solids pumped (%) = 162,000 (%) % 0.0370 = 6000 kg /day

39 2 P oS Coms 1 0ul Glaoy yly8 Slgo .1 Y14
. kg . kg .
Volatile matter (—) = Solids pumped (—) X % volatile matter
day day
41,8 olge : Volatile matter

00 5leag delz Slge :Solids pumped

)18 dlge duoye :% Volatile matter

k k
Volatile matter (_g) = 6000 (—g) X 0.66 = 3960 kg/day
day day

39399 )18 Slgo kS jlado 39, 50 Dlal> oS ehS jlade .1 Y14

S 1) 5y 59 58 0lge £, 55LST JJade g 59 0 Slael 0,56LS Jlade paslyse a7 Sygeo 5
Jg,thA adLn.«.u‘l,.)) Jaa‘j)

Solid (k ) = ti ( ! ) (cycles) X rat i %solids x 1000
92 — ] x B — | x
olids day pump time { frequency ia rate (—— bsolids



390 2 S lS o> roud adgs Slasle :Solids
0599 ;2 43 5ley (yLoy :Pump time

39) 3 o b gy Slads sl :Frequency
5leoy &, :Rate

Aelz dlaes s )5 :% Solids

i kg i min cycles m3 .
Volatile matter (—) = pump time (—) X frequency (—) X rate | —— | X %solids x 1000 X %VM
day cycle. day min

41,3 olg. : Volatile matter

0599 ;2 43 5Ly (yLoy :Pump time

38y 00 e Oy (g y lado olass :Frequency

5leey &, :Rate

Aslz dlge ds )5 1% Solids

JPolee sy :% VM

ély)‘mS)j)fﬁ;#WfoM)wa bl}aul).o.c Y-\ C\Jlaucu )Lblg}&b‘v-\ﬂ JL-B
(sl o84z 39, 2 aS9hS con 158

. kg min cycles m3
Solids (—) =15 ( ) X 24 ( ) x 045 () x 0.037 x 1000 = 6000 kg/day
day. cycle day min

. kg min cycles m3
Volatile matter (—) = 15( ) X 24( ) X 0.45 (——] x 0.037 x 1000 X 0.66 = 3960 kg/day
day cycle day min
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33l o0 o> lS 4 Bro uly nl 500 pnad 4 sl o0 I
43930 g Aol il glo jide 10 092ge Dokl oS Cewl lgwl ulul ol 5o o Ladss glaalxe
il 5 1l e Lol sl gl sl Sy o |yl dy i Lais Stk o Sl U s
S5y o S 51y T ) ol ol alé o Lais o4 sy o Stali3l sl olga
.M)@M)QVUD@Qiﬂ»wl‘h&w.\gﬂpjw.ma@

T Ly (53w ygluds ki a1y g (S Lo a2l (gLoamslino V- +
REIRTH RO ARE IR &

9 oo 31,55 0)ligd ol 10 5 955 00 009l Slesy 755 g i -1 A 5o 10 el

(influent TSS concentration — ef fluent TSS concentration) x flow
% solids in sludge x 1440 min/day

Estimated pump rate =

(055 ey &5 : Estimated pump rate

99,9 TSS clalé :Influent TSS concentration
s>9,> TSS clbale :Effluent TSS concentration
2> Flow

o2 yo Slaels sy :%%solids in sludge

(m¥/m2.day) oo jb.V-)-Y

S8 o Llisasly jo crlaw asly jo o jlade el (S p0ue )b les yustie ol 5l pglaie

3
m3 biodolids applied to the thickener (;;Ty)
) =

Surface loading (m

2. day thickener area (m?)

s> )L :Surface loading
o2 s oty 45 00l 4Ll ) :Biodolids applied to the thickener
o2 b asly mbas c>-Lus  Thickener area

JLogd s oy S e VYo il bz e Ve Slad ey oS yod i asly Soan )Y e Lo

m3
Surface loadin, m = 12 (m) =04 m’
9 m2.day) ~ 0.785x 20 (m) x 20 (m) = m2.day



(kg/m2.day) Olswol> 5,)35,L & 5 .¥-1-Y

Ol 3 el 35y S 5 (gaulyd 0l el Sl e e Sy g 00y Lol 5518 o ;S yuito
el ks L aslie sl 1 5 5381 pelanna OB S oS Cansl 00 5,5 ala

3
K ) % biodolids x biosolids flow (mey) x 1000

Surface loading rate (:

m?2. day thickener area (m?)

Slasl> 6,856 &5 :Surface loading rate
Slel> wusys :% Biodolids

o> 2o :Biosolids flow

o2 Lalss asly mhas cLus s Thickener area

S el ) Ol 6)355b 755 ol 2o ¥ iyl g e VO alg oyl Jhad el 59, o caSo 0
m3

0.016 x 150 (—) X 1000

. kg day kg
Surface loading rate (mz.day) ~ 0785 x 15 (m) x 15 (m) 13 m2.day

V(CF) L oy i . F-1-Y ¢
ol 9 bl B 3 iS55l 8 54813 35,55 e s bl o

thickened biosolids concentration (%)

Concentration factor (CF) =
f (F) influent biosolids concentration (%)

L s o .5 :Concentration factor
oy Ladss > dale :Thickened biosolids concentration

59999 > dale :Influent biosolids concentration

L35 51 o 052 50 ol ol e sl sl g sy VIO gyl ) 6398 sy =T + Jlo
S dloe |y Ladss o .ol duoys VIV ]

7.7%

=290
3.5% 2%

Concentration factor (CF) =

7. Concentration Factor

Qg (19 Aol |2 oy e | 6 o)
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m3
recycle flow rate (W)

100
sludge flow (m3/hr) X

Recycle % =

8L3L k> ausyo:% Recycle

8L3L b= o0 :Recycle flow rate

o> 2o :Sludge flow

TY il ol (5 ool il o i VA Ly ) 999 0l 7 - B+ Jlso
Sl Ju8ax bl sy cwl el peaSe e

m3
32 ()

—————x 100 = 1779
18 (m3/hr) ! %

Recycle % =
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4G .s..j)s ool cwl i ylens slo Jule rzl.\.@;’lj o> Q@U}w 4G ‘_,’JT olge Conuls .\J)s ool sl Bas
b 9395 o0 52l9a S g 59, Vo ety 2 g el 5o el Jlab o aild b alie o5

(caSo yo 12 slil 42 395 59 £55hS) )3 Sl ) 3-)-TY
. . kg
volatile solids added (m

Volatile solids loading (- digester volume (m?)

) =

m3.day

L1, Slael> L s Volatile solids loading

o aslal |8 lasls> < Volatile solids added

ol o> :Digester volume

alligy ol nl s g09)5 o el 1o T (gl 3o 5 e T s3ls ol S a8 AT Jlo
S dle |y pole (il 10 18 Slasle )18l el dels slge 5,55 LS AL g5l

680 (k—g)

_ day
T0785x6mx6m

k
Volatile solids loading ( . ) =24 kg/m?. day

m3.day
(39)) puad gLo) REAR A
:bwlﬁlﬁ&uyébwb)owﬁ@bj)lm

. . digester volume (m?3)
Digestion time (day) =

. . m3
biosolids added (W)

a2 ol :Digestion time
ol o> Digester volume
ouls adlsl -y :Biosolids added

Quj.og,i}@o)ljdlm‘?u&;.o"l‘ ailigy 20 b oo el oS e A0+ c0usle e Y=Y Sl
900 (m?)

Digestion time (day) = SN AN
6 (Fz5)

= 15days
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PH pudiss .¥-1-Y)

O 5o bss JoE (Sislm Cedlad (ol oY 0ol Sl 4 (gjlse meole pH Bl 5l g ls
23055 Gl celie PH Ay i gl 59 Sl e 28l gl S lopioste
YWY IRV RV w..bLm)o)'l,,J 3y90 u.l.o.c)..ou,c & <L,>.<z>Li&,5La)'T mlicaly

chemical used in lab test (mg) X digester volume (m3)
sample volume (L) x 1000

Chemical required (kg) =

3L 9j9e (s2leess Slge :Chemical required
Ls_mli.i;iuj Q}Aj JS ol adeiie Jli 850 oliends olge :Chemical used in lab test
mole o> :Digester volume

| e b -y ) oy S ok

dgad pze> :Sample volume

Salmg Y+ V) gilsn ol Slgiome 5 gyl G aiges S PH ialydl jelate 40 . ¥-YY Jlio
5L 0,90 VN 0 pH o33l jglaie a0 Sal 0, 5LS s ol caxSe 310 4+ + moll pae .ol L5 8,90

240 (mg) % 900 (m?)

=218 k
1(L) x 1000 4

Chemical required (kg) =

Silgh st pole Wl JyidS gladmslx . Y-Y)

o 355 0 4278 (3l s g s N olge (13 5 995 o s 2o )y (o il s il o

s Qe S e cnlipgs al> o 50 (s Wig g0 o s gy g denST (g3 (05 12

s s

@ JTCRSPORNIT TR DU X 11
Seed volume (m3) = digester volume (m3) X %seed

7ils (> pzxe> :Seed volume
oo o> :Digester volume

il 2 deys 1% Seed

30.3)l8 e Loy 4o Loy gl 0040 Lglfsz..n.buzl Qo) Y04 5ls s pole G F-TY Jle
NGRS VIIE VU FOR GXIRICIR RFL ORCOR | BT S PL g )
Seed volume (m®) = 1100 (m3) x 25% = 275 m?

VOO
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29 ga 03lil (g3lya 2 glople JHS (gl o 1l

) volatile acids concentration
Ratio =

alkalinity concentration
CailB g 18 claawl e Ratio
L, el clale Volatile acids concentration

CSLdS elale : Alkalinity concentration

el S i o8 (e VAT g )18 slassnl ) 208 (aa Vgl pla S.0-TY JUs

Sl ladeaz cuildiay )18 slaawl s

ol 1ol 0 SIS Comidg 10 09all junts S godimo s Cdel i ol jo iolialaisS
oo wlo oy . ¥-Y-T)

digester volume (m?
BRT = g (m?)

biosolids volume added per day (%)
o= wile Loy :BRT
oo o> :Digester volume
958 g0 8Ll ol ay ailig; a5 -2 2> :Biosolids volume added per day

wle gleg 09 oo dly o e Ve e+ >y oy ) panSo e O (0L 2 YN JLee
?w‘olﬁ?dﬁf_‘
2000 (m*)

m3
50 (77

BRT =40 days

(G9y 2 w0 yio) J i (punss . F-Y-T)

9 o0 ol 51,2 350 )9S B> (gl 13 (arSie y20) o ady S8 pox> Copgo s L2 S 0 g 5

m3
Gas production (m?®/day) = volatile matter in (kg/day) x % volatile reduction X production rate (E)

38 g5 :Gas production
38) 2 S kS ez 00 8 lg 1,3 0l 1500 - Volatile matter in
3 0lse ialS dsys :% volatile reduction

aJgs &3 :Production rate

Qg (19 Aol |2 oy e | 6 o)
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wole ole o 5 ams o 815 5g Jsb 51y 5 olse pySshS OY + ¢ ol Sy V=YY Jlio
S8 0lge 5,568 Bl gl 4 CaSlayie ¢V 58 ades 5 amo alS | 1,8 slge 5l ausys B0 Wilgs o

. m?
Gas production (m3/day) = 5200 (kg/day) x 0.55 x 0.7 (E) = 2002 m3/day

(300 y ) Slgo gadls.0-Y-T)
el oduzen l 30lge ialS o)yt gladnlonecaidl o 5Ll pan slKinaS Sl nsscdea

(% volatile matter;, — % volatile matter,,,) X 100
[% volatile matter;, — (% volatile matter;, X % volatile matter,,,)]

% Reduction =

S8 olge ialS sy :% Reduction
6999 5 1,3 3lse o) 1% volatile matterin

=97 53 18 0loe wusy0 % volatile matterout

0‘9"’5 M)Q Al Ul ‘505)5Q;‘J )‘)3 0'5.4 UIJ"’Q JWLQ: 6‘)" l))ljﬁ é‘}nu».mlsd.‘a)é U‘J“’a A-YY Jl*o
0 Reduction = —— 205 100 = 5204
0 REAUELION = 471 = (0.71 x 0.54) T o
ol ad oy 10 Cagby als sy -1-Y-T)
(% moisture;, — % moisturey,;) x 100
[% moisture;, — (% moisture;, X % moisturey,;)]

% Moisture reduction =

% moisture = 100 - % solids : s (4SS
Cugb, ialS ws ) 1% Moisture reduction
6993 30 Cughby do s 1% moisturey,

9> ) Cagh,y dusyd 1% moisture,,

S S o |y sy LIS oy ) el goi ool ledlol a4y azgs LYY Jlko
deoyd AN (g, - duoys A el ol

Aoy A cughsy 0oy VO (lawl 1 o295 2

0.91-0.85

% Moisture reduction = 0.91 = (0.91 x 0.85) X 100 = 44%
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sl iy g s 68 slagts,

(Lo D) )lad Blo @

M50 giluile @
Pshite 45 oud 48 g dus y G ol 30,5 00lilusl (lgi oo 58 Soe il g 1o 2 0
Slael> f’L‘“ 6)5]@"’« el ;J'lo.\,v.l LS)'S‘T PLgw 89re WY U"‘ 4 d>g8 '59"*\5° 4...>|o).» IS SUIN-3
9 o0 pheS b SCislgn
(op ) g5l Slo sbvawlxs . )-YY
amiuo g ol g Lid Slo o Olawl> 6)li5LE 5. )-)-YY

% solids

biosolids (h—) X (—ap— 100 )

Solids loading rate (mz. hr) olate area (m?)

Slasl> 6,856 &5 :Solids loading rate
Siedg lael> :Biosolids
Slael> dusys 1% Solids

dao Sl Plate area
J\.{Q..\,o)oAoj)‘so)lfa;.awmqslOzd)‘lksﬁig—l)@qafd)uéséu&q.\-TTJlin
Coluw oS Sigo 10 .l Slaal auoys YT Glls o 1098 oo 3jly caSe 710 VITVO 0 el
S dwlre |y Slaale 6135, 255 il a o o V) abo o

kg) 125 (h:) (%)

m2.hr) "~ 11 (m2)

. . _ kg
Solids loading rate ( = 0.00375 ooy

amino 5 OlB g,Lid Lo o gjludilo Al asjl.Y-)-TY

% solids
Vet it g biosolids (hr) & o0 ) “ filter run time
et filter yield ( m2 hr) plate area (m?) total cycle time

Silwdlo alls 2oL :Netfilter yield

S5elem lawl>: Biosolids

Hem (K19 o0 iy v | 6 gece™)

| ¢




% Sl sy :% Solids
ct;.i amio Coluns Plate area
g Lo 95,18 Ly Filter run time
E SilwBle S Siley JS :Total cycle time
% S ke 10 039y 50 IS &y 0 e sl (2 3l (Sl ppliie a8 (g)Lsd Blo S 4 V-YY Lo
g Colis & Sy 35 sl kol suoys YIF glylo () 055 o Syly cno o VYO oo csls
i; ly silwcdlo alls caoil il aids Vo oyod SOST caulss Loy 9wl moyo o V¢ dcio mhans
‘g: S e
o m? 3.3
Net filter yield (m?hr) I (1}(1)_r()m>:)(ﬁ) x 1_1122r = 0.0035 m];fth

&l 53 (Blo jo ( Sy )56 YT

2
m? flow ()
Hydraulic loading rate (m) = m

sSds a6 )18l Hydraulic loading rate
2> Flow
g sligy :Belt width

S e Y o badsl oniidas oo by e VA sligs s 6l g, Lid Bl S Y- Y Sl
DS Al (Sdgyaan L 098 00y ceslis

2
md \ 24 (%) 3
Hydraulic loading rate (m> =713 ) =134 o

Q

Sl Sbe yo o (50959 by £ - F-I-TY

biosolids to be dewatered (%)

Biosolid drate (—) =
losolids feed rate (hr) operating time (hr/day)

o= 6999 b, &5 :Biosolids feed rate
S 6 )SJ wbaS’ = :Biosolids to be dewatered
2L 5l 6)lope e oyl :Operating time

1 Pled b8 098 mSlulig)ls (Bl bawgialiy, o jle,Sslis Vo YO jluie F-YY Jls
V#) 8L b lies az (SBlo a2 (6995 Slz 5 058 (s oo j,aled o sl ) ¢



k
Biosolids feed rate (E) = =1025 hg L1ton/hr

Sy Bleo yo Slasl> 6,155,L & 5 .0-)-YY

. . kg m?
Solids loading rate (—) = Feed | — | X %TSS x 10
hr hr

Slasl> 6,155, 3 :Solids loading rate
s :Feed

UL P WNEN AR ESPN LS IRV FRWERS gPXSas e

. . kg m?
Solids loading rate (E) =27 o X 4 x10=1080 kg /hr

&l Lo o gjlwaisd Qu,, Ep Yy

kg

flocculant ( ) X feed rate (d )
ay
Flocculant feed (@) =

1000

&slwassd b > &5 :Flocculant feed
> :Feed rate

&S Shpo el G ppaS e Voo Do) (glss Blo S o sluas] clale YY e
S dilona |y (gilwaiSd b o 55 bl oS e VT gilwaisd 82,55 sailig, 20

10000 ( g) x 16 (
1000

day)

k
Flocculant feed (d gy) =160 kg/day
355 dwlone Dl o0 ) Dygo 2 b sl 2SS ) gl (L2 20
160 kg/day

24 hr/day =6.7kg/hr

Solg gyl (Blo yo gilwaisd by B2 ,455 390 .V-)-TY

k locculant (kg/hr
Flocculant dosage (_g) = JHlaculans (ea/hr)

ton . ton.
solids treated (hr )

Sl b, 8,55 590 :Flocculant dosage
&slwaizd 82,35 o :Flocculant

odddsial ) :Solids treated
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DY il o 5 el 5 pSleS VOO e 655l 5 L oyl o S 40 VAT YL
O3S 1 () Olge oSS ez ) (g5leodl Ly 835 399 09b o0 )l sl 0 SOl

kgy 1550 (59)
Flocculant dosage (ﬁ) = - (t]f—n) = 2873 kg/ton
r

o2 M Slo sbawlxs . V-YY
Lo g )li5L Ty

3
k biosolids flow (7:—) X % solids x 10
Filter loading ( “ ) = r
hr.m?

surface area (m?)
3L )55,k <Filter loading
o2 (6995 20 :Biosolids flow
Slo @ 63953 Dlael> woye :% Solids
g >l :Surface area

Sl M 3o 4y oy T Slals il g sl s canSin 120 10 o b oo s oy AYY Jlio
JRVEL VO PN [ PPN C TRV IPURCIR {Y2N ERE TURPN AL DY g SO S

m3
Filter loading ( 9 ) = o (W) X3 X1 =16.7 kg
hr.m? 27 (m?) hr.m?2

Lo 2oL . Y-Y-TY

kg % solids in cake
wet cake flow (F) X (T)

filter area (m?)

) . kg
Filter yield (hr mz) =

Lo sosiL Filter yield

P o S 20 Wet cake flow

O SS9 39290 Slele dusys 1% solids in cake
Lo gl >l tFilter area

e 8wl sl pa Sl ST s Slo S sload m)l5 502 SUST 8 (e 4T Y Ll
Iy Blo 235l il aopd YO (o S o Slasl dopo 5w i YV Blo o colus oS



S Lo gyl popa ooy F-Y-VY

. . kg
) . hr solids to filter (m) % recovery
Filter operation (——) = X 100

day

Filter yield (%) X filter area (m?)
S050540 sLoy :Filter operation

MW Bloay 6399 (> 20 :Solids to filter

Lo so9L :Filter yield

Lozl Lo tFilter area

o= <ébsl as s % Recovery

@b ol 39y 2 eSS VAL« e s adyl (ndids 2 WS (lo S5 Y T JUs
Slo pho colue aS Jige j0 . Calasye 0 2d 8ll 75 el kghrm? § - /Y slo

§05-5 (53100 02 Glies (I G095 (6 loy000 b WS (Lo sl iz allig, adly o 120 14/
1800 (k—g) :

day 5
Xm— 8.2 hr

Fiter operation ()
liter operation day

- kg 2
10.7 (hr_ mz) X 195 (m?)

Slaol> Cdb 5L wsys  F-Y-TY

o o
wet cake flow (/;l_g) < % solids in cake

100
0, i —
% Solids recovery = - . kg % solids in feed X 100
biosolids feed rate )X T 100

Sl cdlL ausys :% Solids recovery

5o S 2o - Wet cake flow

o2 SoS Slawle ws s % Solids in cake

Lo 4 63955 (> (20 :Biosolids feed rate

69958 »28 l, 0 Slasl> wusys 1% Solids in feed

Aoy O J laelz oy g el o S5lS V08 M3 3l G e (63959 (yd (20 11T JLio
Qoyd (il o) YO wlasl> dopo b cuslus 1 SelS YV 5 o ST 0 oS Sig0 j0 .ol

S Al |y Slasl> el
270 (}2) x 455
% Solids recovery = kg =1 X 100 = 85%
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apslono o by Gabo < 53 (2 Bl 5y ool By 5l glalo (Gl & 00 )l (2
D9

Volume (m?) = Length (m) X width (m) X depth (m)
Slawle g ;o 2 px>: Volume
iy 3 oy Bos :Depth
o7 xSt diz Ll 99290 e NN (2d Gas b i T o e TV ol b i SO Y-YY JLo

9§, 3929 sy ol yo
Volume (m3) = 67 (m) X 6 (m) X 0.1 (m) = 40 m?

Slaols g 35k &5 V1YY

09 g0 dlixe ) by G yuaile )l

biosolids applied (kg) % solids
days of application X865 % 100
length (m) x width (m)

Solids loading rate (yr. m2) =

Slasl> 6,58l 7,5 :Solids loading rate

lawle yiawas Jlacl ;>J :Biosolids applied

02 79,5 B gy 5090 <SG 5o s Sl slagg, olas :Days of application

o2 50 dals slge dusys 1% solids

lawle yius Jobo :Length

Slawls s o, :Width

2S5 slS VAYO * liae o Sldas 1 12 o ol 110 VIO j0 10 NF (o s ool N Y-YY Lo

)"9) Yy L)’J (:5.)5 UMM6°)5°J@)9’0)J .o)la ML} élya M)o Ak);d ‘59'“"5" J)‘s U—‘J‘Ju‘ﬂ
S dle [ Slasl> 61550 75l



78250 (kg) 5
—1 X 365 x 100 _ kg

64 (m) x 7.5 (m) T yrom?

Solids loading rate (—2—) =
olds toa mgraeyr.mz =

Slamlo yus & (52 oS F-1-VY

Biosolids withdrawn (m3) = 0.785 x D? (m?) x drawdown (m)

Glawle yiwsay 25,5 > Biosolids withdrawn:
pole D
Glawle s Coonws s 5l 5l g ol 0 (2 (159,330 :Drawdown
o Mol 10 o) Gas a5 Sigeo 40 00 c0 @30 jie VY 84y _esls 5l pzd NV F-YY Lo
Sagi g0 08Liyd glawle glo sy o CaSayio diz (b ials
Biosolids withdrawn (m3) = 0.785 x 122 (m?) x 0.6 (m) = 68 m3
o &80 7YY
om0y 30 &80 Wldos gvdapwlxo . )-F-TY
280 gaig @ V) -F-YY

cost
dry ton

ton
Cost = Biosolids produced (wety ar) X % solids X

&35 ey :Cost
JLe G o (gadss 5 2 :Biosolids produced (wet ton/year)
Sldels ausys :% solids
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kg ) _ {[organic nitrogen (T]?_g) X f1] + [ammom’um nitrate (7]?—5) X Vl]}
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dry ton

PAN (
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dry ton
hectare)

kg ) _ Metal concentration (mg/kg) x application rate (-
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application

Application =

metal loading (hectare
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. . kg % moisture % moisture
biosolids (W) —fog T compost (day) —00 <100

% moisture of mixture =

. . k.
biosolids (dr'zgy) + compost (d )

oS 5 Cugb, dusys 1% moisture of mixture
o2 )laie :Biosolids
Cugb, Aoy 1% moisture

CowgaaS jluis:Compost
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kg 75 30
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day 100 day 100 % 100 = 62%

% moisture of mixture = ig
2300 (d y) +900 (day)
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total available capacity (m?
Fill time (day) = P 2 y (m)
wet compost (%)
compost bulk density (%)
Cadybs eSS Loy eFill time

dg>s0 Cud b |S :Total available capacity
i CuwgeeS - Wet compost
CougaaS 03¢5 JIK> :Compost bulk density
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5800 (m?) x 533 ("9)

5800 () 5800 (m*) x 533 ("9) kg
21 (days) = ( %9 ) - 21 (days) = W > x (day) W > x
day day
533 (1)
m

k
= 147,209% |, 147 ton/day
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