Table AlL.3.1 List of Mechanical Equipment of Braila WWTP

(1) Screening System Equipment

No. Equipment Type Size and Qvy | Qutput|Totalout-]  Remarks
: : . . Specifications KW/unit] put{kW) .
1|Screen channel influent Cast iron made, manually 12000V x 12001 2 - -
gates operated sluice gate .
"~ 2|Coarse screens Manuaily sereened Ciear opening 100 mm, 2 - - 1
: " [{removable ype) LomW x 3.3mH, 60°
3| line screens Mechanically-cleaned, i 0
’ {intenmittently operated) :
4]Gril chamber eMuent Cast iron made, manually L2mW x 1.2mll 2 - -
gates operated shiice gate ‘
5)Gate for pump well Cast iron made, manually 0.8mW x 0.8mH i - -
influcnt channcl opcrated shuice gaic Design depth 5.0 m
6]Screcnings conveyors . ‘Trough belt conveyor R 0 -
T Scieenings skip hoist Wire rope operated - 0 - -
8[Screcnings hopper Stecl made, motor 5m’ ¢ - -
Ao operated '
9}Screening hoist Motor operated hoist - -0 -1
: P : with frolley
To!a] moior oulputs o[ (]) ; OlkW
' Nole As lhe tift pumpmg stauon is prov:ded wnh ﬁnP bar screens, these are e\c[udcd from the WWTP pumping station.
(2) Grlt Chamber Oli Separator Flow Measurement Eqmpment .
No. Equ1pmenl o - Type Slze and Qt'y | Output |Total out- Remarks
' : L Spcuf‘callons  [eWhunit] put (kW) '
1|Aeration channel lnﬁuenl : Manuallyc)pera:ed casl iron |800mm W x 800mmil |
gates made sluice gate Design hy draulic depth 2m o )
2|Blowers Turbo h!o\\er $125mm x 15m’” _ 5] 55 - 220[Standby excluded
BN S ) )
3{Gritcollectors - - -’ ffol[ey mlh gnlhﬁmg 3.8kW x 380v 21 38 1.6
' " Jpump . : '
41iScrew L‘onvc}'n_rs Lifting ofgnl fromgrt  |2.2kW x 380v 2| - 22 44
: channel to grit hopper ST :
5)eration chamber emuem Manually operated, cast  |600mm W x 600mm H | —
" |channel ga[es : iron made sluicé gate : Design ﬁy(]raulic depth; 2 m
6]Flow measurement equipmen]Parshall flunic 7-fi.type -1 —
$Total motor outpuls of {2) kW

232
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(3) Pumping Equipment

All-3130

No. Equipment Type Size and Specifications | Qty | Output |otal out Remarks
: ' KW/ unit | put(kW) :
| INFLUENT PUMPS T -
1 |No.l Pumps Vertical centrifugal mixed - M50mm® x 2Sm3/min. x Hm 4 -
pump . 5 :
2 |No.l Pump electric motor  [Vertical squitrel cage, water  |70KW x 4p x 380v 4 0] - 280
proof type - .
3 |Suction valves Manually operated sluice 450mm @ 4 -
. valve o . .
4 |Check valves Slow-closing check vaive 450mm P -4 -
5 |Discharge valves Motor-operated butterily 45_0mm¢ 4 6.2 0.8
. ' valve . : o ' ’
6 [No.2 Pumps Vertical centrifugal mixed 600mm @ * 50m /min. -2 —
. : pminp xHm ! g (1) . i
7 INo.2 Pump electsic Vertical squircel cage, water  [132kW x 6p x 380v o C2 132 132| Standby excluded
: jmotor : proof type . B N O B :
8 |Suction valves Manually-operated shiice 600mm @ e -2 -
. valve o . o
9 |Check valves Stow-closing check valve 600mm ® 2 —
10 |Discharge valves Motor-opecated buttesfly 600mmd . 2] 02| o4
: : valve : : ] ’ : ’
11 |No3 Pumps Vertical centiifugal mixed - [600min © * $0m/min. ] B
: L - pum.p : x1im o {n
12 |No.3 Pump diescl engiie  |Diesel engine 198ps ‘ S 2 - . -
- - _ ! R i - '
13 §Suction valves Manually-operated shice 600mm® - 2 ~
: : valve e S
14 {Check valves - Slow-closing check valve 600mm O 2 -
15 |Discharge valves Motor-operated butterfly 600mmd - 21 02 04
: valve ; o . I e . . B i -,
16 |Crane for pumps Menvally-opcrated crane 3.2tx25mHx7mWx 19mL| . .1 - |Girdersby | -
N with chain block : s . * |building works
17 |Main pumps sealing water |Unit of water supply pump ~ [40mm® x 0.1m’/min. X 35m 1 22 2.2{With control
supply unit with pressure tank B R R D R pai.n'el_-_'r R
18 |Pump room foordrain - |Submersible pump 6smm®P x 0.3m min. x25m| - 2 3.8 3.8]Standby exclyded
pumps - f G S RN (4 i S R
19 |Floor diain pumps Submerstble pump 65mm® *0.3mmin, x 10m 2 1.5 1.5{Standby excluded
Total motor outputs of L. 42L.1[kW
Il. EFFLUENT PUMPS : .
1 INo.l Pumps Vertical centrifugal mixed 450mm P x 25my min. X Sm .4 -
pump ' ,
2 |No.l Pump electiic motor [Vertical squirre] cage, water  {32kW x 4p x 380 4 321 128
proof type ' _ T o ' '
3 [Suction valves Manually operated shice 450mm @ 4 —
vahe ' S S
4 |Check valves Slow-closing check valve 450mm P 4 —
5 |Discharge valves Motor-operated butterdly 450mm @ 4 0.2 08} -




valve

6 |No2 Pumps Veitical centrifugal mixed 600mmP * 50m /min. -
: pump x35m Q] -
7 |No.2 Pump eleetric Verlical squirrel cage, water  [60kW x 6p x 380y 60 60§ Standby excluded
motor _ proof type (1)
§ |Suction valves Manually-operated sluice G00mm P —
. valve
9 |Check valves SIQ\\‘;clt\sing check valve 600mm @ —
10 |Discharge valves Motor-operated butterlly 600mm 021 - 04
R valve .
11 |No.3 Pumps Vertica! centrifugal mixed 600mm® * 50m/min. -
o : pump x5m - (0
12 |No.3 Pump diesel engine  |Diesel engine 90 ps 90
. - ' L L : m
13 |Suction valves Manually-opesated staice 600mm ¢ -
: R valve :
14 [Check valves: Slow-closing check valve 600mm® —
15 |Dischaige valves Motor-operated butterily 600mm @ 02 04
- valve . B : - )
16 [Crane for pumps Manually-operated crane 312tx25mH x 7mW x 19mL - Girdess by
- » with ehain block : building works
17 [Main pumps sealing water |Unit of water supply pump 40mm® x 0.1m/min. x 35m 22| - 22|With control
supply unit T |with pressute tank ; “panel i
18 |Pump raom {loor drain Submersible pump 65mm® x 0.3m /min. x 25m 18 3.8}Standby excluded
pump's.;' o ' i (1) . ) - B
19 [Floor drain pumps Submersible pump 65Smm® *0.3m/min. x 10m 1.5 1.5]Standby excluded
T Do c : oy - o ‘ U
Total motor cutputs of 1T : 197.11kW
kW

Total motor ox;lfputs of (3)

618.2
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(4) Primary Clarifiers (4 tanks)

No, Equipment Type - Specifications Qty |0ulput Total | ~ Remarks
. . kW/uni} ouput
1|Inlet gates Sluice gate, manual operation, | 1.000. Design )
. : casl iron, circular hydraulic depth, 3m
2|Studge collectors Rotating type scraper, center  |35m@ x 2.0mll - 4F 075 3
o . |column supportes _ C
4[Sfudge draw-olT valves |Motor operated eccentiic 200mm® 4 02 0.8
3|Raw sludge pumps Non-clog centrifugal pumps 100mm®P x Tm*iin, x 10 k) 37 . 415tandby excluded
S . o p . (1) ' .
6]Bypass gates Manually operated, castiren | ¢ 2,060mm, Besign ] -—
- : made, circular stuice pate hydraulic depth, 1.5m :
7|Raw sludge flow meter {Eleciro-magnetic flow meter 100mme 1 —
8IRaw sludge densitometejUltra-senic type 1 — In electric works
Total motor outputs of (4) 11.2{kW
(5) Aeration Tanks (16 tanks)
No. Equipment Type . Sizeand Ql‘leutpul Total |~ Remarks
: - : o Specifications . kWhinilovtputy
T[inflow control weirs | [Manually operated movable 400W x 600H Design 6l —
I 0 fweirs T h'ydrai.liicrdeplh 1.1m
2[Movablg weirs for ~ |Cast iron made, movable . [400mmW x 600mmil 9% —
control of step inflow  fweirs C 7 {design depth, 1Im S
3[Retumn studge inflow  [Cast iron made, movable 600mmW x 600mmH - 16 -
control weirs (separate type) _ design depth L.tm
4|Aeration diffusers - [Ceramic made diffuser - 0.82m’/min. 390 — SUS holder headers,
: (fine bubble, 3004 ) 8plates/holder header - & buttesfly valves
S{Air control valves Air operated butterlly valve  [250mm® 16 - Efectro-magnetic box
6|Froth spray nozzles Cast iron made movable 15mm® x8Ymin. 864 - 1.5 minterval
- ype x Tkg/em?2 k 10.5/1.5=2Tunits ftan
71Air flow melers Oriftice 250mmd 16 - Included in electric
. ' ' works
Total motor ouvtput of {5) kW
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(6) Final Cl_arifiers: (4 tanks)

Hquipment

No. Type Size and Qt'y | Output jTotal Remarks
. ' Specifications © o |KW/unig output
1|Inlet gates Sluice gate, manual Circular, 1000mm @ Y
o operation, castiron Design hydrautic depth 1.5m o
2|8ludge collectors Rotating seraper, 45mP 3.5 m deep 4 075 3
: : central column su ppoﬁ : .
3|Studge draw-of¥ - Motor-operated 200mm®P 4 02{ 08
" |valves ) cccentric valve ) . : X
4|Retum sludge pumps Nosi-clog centrifugal  [250mmPx 6.0 /min. x 10m 4 22 83
5 " " 250mm®x 8.0m /min. x 10m 7 30} 210}5 units for additional
_ Do o {50 % retumn studge.
. 6] Excess studge pumps * 100mm P x 1.tm*/min. x 10m 6 3.1 14.8Standby excluded
. 7 . . D . _ @ _ ‘ .
7 Retum sludge low Electronic-magnetic 250mm® 4 - Included in electric
melers : flow meter - B works
" 8|Excessstudge flow © - |Elecironic-magnetic 100mm P 2l — "
[meters : flow meter ' .
9|Retum studge Ultra-sonic type 250mm® 4 — " ]
densitometers . . : S - -
Total motor output of (6) 316.6|kW
(7) Chlorine Contact Tank
No. ~ Equipment "~ Type Size and 'y |Output| Totad | = Remarks ¢
' Lo ERE I 7 Specifications kW/uniif output S
VInfluent gatés - - Manually operated, 2000mmW x 2000mmH 1 -
o cast iron, square tlype - [design hydraulic depth, 2 m )
2|Bypassgates - - . IManually operaled, 600mmW x 600mmH . - I -~
Lo cast iron, squarc lype - |design hydrautic depth, 1.5m '
3|Hypochlorite supply Diaphragm pump Discharge 6L/min. 2 02} o4
pumip No.1 e o : .
o 4}Hypochlorite supply Diaphragm pump - [Discharge 131./min. 3 041 0.8)Standby excluded
o pumpNo2 o S S . (1) ' L
5]Hypochlorite storage - FRP made . . 20m . 4 —
"~ |and supply tank -~ TR $28mx39mH
1.2{kW

Total motor cutput of (7)
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(8) Sludge Thickeners (4 tanks)

QY

Ouﬁui

Total

Renwarks

Equipment Type Size and
Specifications KXW/unii output
Sludge thickenees Rotating scraper, Fm@ x4.0mH 4 0.4 16
with pickets : ' :
Distnbutfon tank; Manually operated, cast 300mm\Y 4 —
movable weirs iron weir B ' .
Studze draw-offpump  |Non-clog cenfrifugal 10Ginm Px T2 ¥ min x 20 73 I3 30|Standby excluded
pump ' - ' {n o ' R
Sludge draw-oft valves - {Air operated eccentric T00mm T A 02 08
: valve ' ' . :
Sludge screen Drum sceeen, seif 2m3min. | 04] 04
- cleaning fype : E )
Total motor outputs of (8) . . 32 8kW
(9) Sludge Digestion Facilities (4 digesters) .
Equipment Type Sizé and Speuﬁcal:ons QUy [ Owiput | Total Remarks
S _ Lo “ | kW/unit] output| - -
STudge mixer Drall b type \ii\ng 300 m l‘hr or I RN ¥ ] F8|Drafttube
: . - |more . o 1500mm®
Gas collectors 600mm® steel constmcted 4 - E
L dome, dry and wel seels - .
Sludge Teed pump valves |Motor operated eccenmc I50mm® 402 08
: : . valve. : :
Scum draw-ofl valves Motor 0pera!e3 cocaninie I ELT LY 417 04 1.6
o T fvalve. : o :
Digested sludge draw Motor operated 200mm P 204 0.8
off teléscope valves S ' B
Sludge circulation draw  [Motor operated eccentsic 200mm P 402 08
offvalves o Jvalve. SR R
Digested sfudge draw Motor operaled eccentiic 200mm® 4 04 1.6
offvalves =~ | valve. . ' E . Do
Thickened sludpe Motor operated eccentric Bimm®P 12] - 22] 264
pipe contrel valves [vatve, N _ o '
Seed sludge pipe contrel  [Non- clog sfucfge pump TO0mm®x Tm 7min X I3m 2 73 15
valves o ST LT e
Studge circulation Nonlclog sludge pump JTO0mm % YAm fimin x Bm o] 33 33
pumps - . . L ST - - - T
Studge heat exchangers Spriral type - 3 -
Water citculation pump |Eine pump - {6SmmT x 0.6m /min a4 37 148
Water heater Vacoum type : 800 OOOi\ng 2 8.3 8.3 S!andby e\cluded L
Gas booster fans Furbo fan lSOm‘ihrx SOOmmq _ 115 L5 ‘Blandby ﬂcluded
Oif service tank Steet constraction 300 L I = .
Oif pumps Gear pump Bmm @ X Tl /min x3kp’c 2 0.4 - 0.4]Standby excluded
Oil sforage fank Underground cylinder type™ [I15,000L O | —
Desulfide Gas scrubber:. Dry type 500m 7hr. | —
Gas holders Dry seal (membrane), 2.000m 2 -
stee] construction . - ' P R
\\’asie gas bumers Forced air combustion type  {200m7/hr. 2 L5y 77 73|Cooling fan
: . - R 1 221  2.2[bloier
Floor drain pumps ubmersible pump &mmP x 0. 3m lrmn. 2 I3 3 -
' : x10m : : '
Chain block Geared trolley Tton i - .
Total motor cutputs of (J) 201.2{k\W
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; (10) Slﬁdge Dewatering Equipment

No. Fquipment Type Size and Qt'y | OQutput| Total Remarks
. : Specifications kWiunit] output
1|Sludge storage tank Vertical paddle 2,000mm® K] 1.5 30
Imixers bpe -
2{Sludge feed pumps Positive displace- 100mm® x 20m3/hr. x 20m 9 5.5 44|Standby excluded
. : o meat pump . (1)
3|Studge dewatering Belt filter press 3 m eflective belt width, 390 ke 8 3.7 296
per hour load in dry solid basis
4{No.1Cake conveyor - |Trough belt H00mmW x 8,500mml. -4 1.3 6
5|No.2 Cake conveyors . |Horizontal trough  [600w % 55001 : 2 1.5 3
' belt conveyor : '
6|Cake hoppers - Motor operated 10m3 : 2 372 74
7?|Chemicat containers - - |Cylindertype - |700 L 2 -
8|Chemical feeders : Volumelsic dry dl/min, : 3 04 12
. - : - |feeder ' ' i : '
9]Chemical dosage tank Cylinder type 15m3 capacity 3 7.5 22.5
10{Chemical feed pumps . [Positive displace- | 50mm® x 3m3/hr x 20m 15] 15 21}Standby exeluded
L ment pump ()
11|Chemicat container Motor operated 1 ton 1 1.5 1.5
hoists - : ' . 1 64] 04 :
12|Pumps for belt fiiter Centrifugal pump  [50mm® x 0.3 m3/min. 94 7.5]  22.5]Standby excluded
cleaning water . |x60m : 1) ' : :
13| Maintenance crane o Suspension type 2 ton ‘ C 2 -
14]Chain block ) Geared trolley type |2 ton 2 -
15|Floor drain pumps . . ... [Submersible non- 65mmP x 0.3m3/min. 3 1.5 45
R clogpump - |x 10m
Total motor outputs of (9) ) 193.6/kW
" (11) Aeration Tank Blower System
No. Equipment - . - Type - | Size and Qy | Output| Total Remarks
. ;] R : ' . : Specifications - kW/unit] output '
[ - 1|No.1Blowers, . Steel made, multi- | ¢ 350mn/ ¢ 300mm - 5 —
: o stage turbo blower  |80m*/min. o (1 _
{ 2 El_ectric molors for . [Hortzontal squimel  J200kW o ) 5 11¢] - 440[Standby excluded
;| - INoadblowers -~ -, - cage, waler proof . 3 (n . ’ .
; 3|No.1 blower valves _ {Electric-operated - | @250mm : - b 5] o4 1.6]Standby excluded
1 v : : valve e e )] N
4[Dry type air filters - Self cleaning type l$0m’/min. S i 02| oz
5|Wet type air filters Autorolling type - lSOm’Imin._ s 4 02l o8|
3] 6|Maintenance crane . - |Geared rolley type $3tons . : o |
T [Totat motor outputs of (INY [ - -+~ ' ' ' A BT ER
. :|Grand Total of Motor Outputs- = : - o[ oo b 2,050{kW

© AlL3:35
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Part ItiBraila: Appendix-4 Deslgn Calculation of Bralla WWTP

APPENDIX-4 DESIGN CALCULATIONS OF BRAILA WWTP

1. CONVENTIONAL ACTIVATED SLUDGE PROCESS
1.1 DESIGN BASIS

' 1. 1 1 SCHEMATIC OF THE CONVENTIONAL ACTIVATED SLUDGE PRocess

Schematic of the conventional actwated sludge process is sho\\n as follows.

Eftuent to

Was!e\water FRIMARY -~ .
c FIANL CLARIFIERS DO‘IUBF Rner

. Tncludi - CEARIFIERS
. , ncluding

WET WELLY AR GRIT Sidestream \

iflucnl  SCRICADGS CILAMBERS Wasts; laoark

Wastewater

CHLORESE i
CONTACT TANKS

= =

FLOW METE

-

e [] t
(wase W)} WASIEWaATER T FLO : ; , |
I l : Sidgstrcam § : pATRATION EEFLUENT PUMPS
i H e | HEE i T’“"‘S,,J R
: o ! ; o ;
SCR v GS " GRIT DISPOSAL 'ES{lelII"nI I I . ¢¢% '
EENIN GR A ge 1 .
DISPOSAL AR e Ak
1 Thickened CoT e N
I<Supeimata — "~ 9 SLUDGE THICKENERS
' ) " Heat Exchangers
S - 7 Sludge Pumps\i{"_,_-} T Béiters
R . Shudge Cake .
. LEGEND - for Disposal
—0— FPumps L R
— & Liquid : o
______ > Sludge
—---—> Sidedréam DEGESTEDSI.UDGE ANAEROBIC SLUDGE

—-— Gas Line . DEWATERING . DIGESTION TANKS

1.1.2 DESIGN WASTEWATER INFLOW RATES
Design wastewater inflow rates are determined as follo\v_$. _
- Average daily ﬂow. Qad- C 98,000 m’f(Iayr L34 L
Maximum daily flow . Qmd - 115,000 m*/day 1,331 L/s

Maximum hourly flow - Qmh 140,000 m*/day 1,620 L/s
- Wet weather flow Q\\"\\ 280, 000 m’fday - :3,241 Liday

1 1 3 DESIGN WASTEWATER QUALITY

' Demgn wastg:watcr quahly is determlm_:d as fol,lows\. '

i

150 mg/l,
180 mg/L

1.1.4 DESIGN WASTEWATER QUALITY (iNCLUDING SIDESTREAM WASTE LOADS)

BOD
SS '

Design wastcwaler quahty (1ncludmg SIchIl'e"tm waste loads) is calcuhted as follows

-BOD - I95mg/L
SS 215mg/l,

I
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Part lWBralla: Appendix-4 Deslign Calculation of Bralla WWTP

~ Removal Efficiency (%) © Wastewater Quality (mg/L) -
Parameter Primary Secondary Overall Raw wasle- Primary Secondary
treatment te¢atment | remioval rate " owater- cfTuent eflluent
BOD 30 85 89.5 | 195 137 20
SS 40 80 88.0 S 215 T 129 " 26
1.1.5 POLLUTANT DISGHARGE LimiTs BY NTPA 001 _
Pollutant discharge Ilmnts by NTPA 001 i is regulated as follow
"BOD < 20mg/L |
8§ - < 60mg/l
TN < lomgL
o _’l"-P <10 mg/l,
1.2 CALCULATIONS OF SIDESTREAM POLLUTANT LOADS
1.2.1 RAW SLUDGE VOLUME -
Raw sludge producuon volume is ca!culated by lhc follomng equahon
Solid production (Vday) =" 115000 x 180 x 10 x 04 = 8280day
* Sludge concentration 2.0% Pl S
Sludge volume 828 x 100 = 2.0 = 414 m’/day

1.2.2 WASTE SLUDGE VO-LUME |

Influent quality

Parameter Reaction tank influent Pr'ir_nary ﬁlariﬁe_ré removal
| (mg/L) quality (mg/L) - Efficiency(%)

BOD 150 s T _;30__-';

sS 8 108 : | 40

Assuming that the reactor influent S- BOD is 06.7% of the total BOD; then Scc is 70 {) mg/l,
Waste sludge producllon v olume is calculaled by lhe followmg equallon :

Qw x Xw= (axScs+bess~cxexXA) Q

where,
Qw
- Xw

Q
XA
Scs
- S8ss

b

¢

-

Volume of waste sludge (m’lday)
Average SS concentration of waste sludgc (mg/L) e
115,000

Influent volume to reactors (m*day) -

MLSS concentration in reactors (mg/L) 1,660
Influent soluble-BOD concentration to reactors (mglL) 70.0
Influent SS concentration to reactors (ing/L) . .~ . - 108

. Sludge yield coefficient of S-BOD(ing MLSS/mg‘}S) (}4~06 05 . .

‘Sludge yield cocfticient of SS(mg MLSS/mgSS)  0.9~1.00 S095
Coc(licient of SS reduction due to endogeneous respiration of . e
activated studge micro- orgamsms (L/day) 0.03~0.05  0.04
HRT in reactor basms (day) - -.6.524 =

0.27

A4
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therefore, i 3

Qwx Xw = (0.5x70.0+0.95x 108 - 004x027x1660) xQx 10
: 119.63 x Qx10° = 13.76 Vday

Solid preduction = 13.76 tYday :

Sludge concentration = 0.5% :

Sludge production = l3.76 x 0 = 05 = 2,752m/day

1.2.3 THICKENED SLUDGE |

* Thickened sludge productton volume is calculated by the following equation.

Shidgesolids = 828 + l3.76 = 22,04 t/day
. "+ Primarysludge Excess sludge
" Sludge volume = . 414+ 2,752 = 3,166 m¥day
o 4 (2.0%) os5%)
Solids = = 2204 x 085 . .= 1873Vday

'Assummgsludgeconcentrahon is 35% . _
Sludge volume = 1873 x 100 + 35 = 535 m'/day

- 1.2.4 SLUDGE SUPERNATANT OF THICKENERS

Sl‘udge- supernatant of thickeners is calculated by the following equation.

Liquor volume = .3,166 - 535 = 2,630 m'/day
. Solidsweight - = 2204 x . 0.15 = 331Vday

BOD = 2,630, x...2000 x 10°¢ = 526¢day
BOD lsassumed tobeof - 2,000 mg/L -

1 2 5 DIGESTED SLUDGE '

: Dlgested sludge producuon \olume is calculated by lhe followmg equatlon B

: Digestgd sludge solids = 1873 x (1-0.7x0.5) = 1218 Uda)' .
Digested sludge volume ~ 3.0% ' .
Co oo = 1218 X 100130 = 406m’!day
1.2, 6 DEWATERED SLUDGE(SLUDGE CAKE)

'Dcwalered sludge producllon volumc lS calculatcd by the followmg equanon

. Solids’ 3 Z 1218 x -100/0.9 = 10.96 Vday -
(Assummg 20.0 % solids concentration)

Cakevolume = 1096 x  100/200 = . 55m’/day

1 2 7 DIGESTED SLUDGE FILTRATE '

o ' Dlgcstcd sludge ﬁlirate wclght is calcula(cd by lhc followmg cquauon;

Filteate volume = 535 85 L agom¥day
‘Drysollds“elght = 1218 x 0.10 = 1.22tday _
BOD - = 480 x 1,500 x 10° = 072vday

(Assumed BOD conccntratmn = 1,500 mg/L} -

All-4-3



Part ItiBraita: Appendix-4 Deslgn Célcu_lation of Braila WWTP

1.2.8 SIDESTREAM VOLUME AND WASTE LOAD

Sidestream volume and waste load is calculated by the following cqua'tion.

Thickener supernatants Sludgc filtrate

Liquor volume = 2,630 + 480 = 3,111 m¥day
Drysolids =~ =" 331 + 122 = 452uday
BOD = 5.26 + 072 = 598vday

1.29 WASTFWATER QUAL!TY (INCLUDING ALL SIDESTREAMS)

Wastewater quahty (mcludm g all s:dcslrcams) is calculated by the followm g cquauon

Overall wastewater flow = lnﬂucnt + Sldcstrcams '_' (
Maximum daily flow == 115,000 + 3,111 = 1'18,111 m’/day
Then, the dc51gn wastewater flow charactensucs are; '
~BOD = (115000 x 150 x 10 4+~ 598)/118 lll, o
_ = 00001967 x 10° = 197 - 195mg/L =
SS = (115000 x 180 x 10 i 4.52)/118,111

= 00002136 x 10° =4__2._l_:4.l_7.—)__2‘l‘5mg/[,
13 SLUDGE PRODUCTIONS

1 31 RAW SLUDGE '

Raw sludgc productlon volumc 1s calculatecl by lhc follo“ mg cquatton g

SOlId producuon (Uday)

A

115000 X 215 x 10¢ x 04
= 989tday ST e
Sludgcconcentrauon 20%.
Sludge volume ~ 7989 x 100 ' 20 = 495Sm¥day '

_ 1 3.2 EXCESS SLUDGE VOLUME

Parameter lnlluenl qualily Rcacnon lank mﬂuenl anary clanﬁers removal
_ _'(mgll.) : . quallly (mg/L) ' 7' _ Lﬂlctcncy(%)
Bob T 195 1365 T~ '_ 30
B *zns-:'"jf-’i i;‘g S },- ;__m

R

Assummg that influent S-BOD to reaclor basms is 66 7% of thc raw wasteuater BOD S BOD o

concentration is estimated tobe; 910 mg/L, ST SR
Waste sludge production volume is calculated by the followmg cquatlon. O

Qw wa-— (axScs+bess—cx{lxXA)Q
E wherc
Qw Volume of excess sludge (m’/day)
- Xw - Average SS concentration of waste sludge (mg/[,) R
Q  Influent volume to reactors (in’/day) =~ "+ DRI 115,000 .

XA MLSS concentration in reactors (ng/L) e T L,667
Ses - Influent soluble-BOD concentration to reactors (mg/l,)' T 910

Sss - lnﬂucnl SS conccnlranon lo reactors (mg/L) S 129

S All-4.-4__.



Part 1UBraila: Appendix-4 Deslga Cateulation of Braita WWTP

a Sludge yicld coefficient of S-BOD (mg MI.SS/mgSS) 0.4~06 05

b Sludge yield cocflicient of SS (ing MLSS/mgSS)  0.9~1.00 0.95
c Coeflicicnt of S8 reduction due to indigencous respirationof - -
activated sludge micro-organisms (L/day) 0.03-0.05 0.04
0 HRT in reactor basins (day) ' : : 6.6/24 = 027
therefore,

Qwx Xw = (0.5x91.0+0.95x 129 - 0.04 x 0.27 x 1667) xQx 10 B
_ = 149.87xQx10° = l?24tfday o
Solid production = 17.24 t/day
~ Sludge concentration = 0.5% _ .
" Sludge production = 1724 x 100 = 0.5 =  3d4d7m'fday
' .' - o ' : 24 mYmin. ‘

Il

1.3.3 RETURN SLUDGE o

~ Retumn sludgc volumc is calcula(ed by lhc fol!owmg cqu’itlon

Sludgc return ratio 50% T T
Rclum sludge volume ~ = IIS,OOO x 0.5 = 57,500 m_’fday_ =_=' 39.9 ;il’!illin.
1.3.4 GRAvmr SLUDGE THICKENERS

Grawly thickened sludge product;on volume is calcuhtcd by thc followmg equatlon

Solidsinflow = 989 4 | 1724 = 2 l3l/day S
Sludge inflow = 495 + 3447 = 3,942 mYday = -
Thickened sludge solids = 27.13 x 0.8 = 21.70 t/day

. Assume solids content to be . 3.5 % 7 ST T
Thickened sludge \?olume = 2170 x 100/3.5 = 620 m¥day

1 3.5 ANAEROBIC SLUDGE DIGESTERS

Ameroblc dlgested sludge producuon volume is calculated by the following equauon

Input sollds = 2110 tlday
Input sludge volume = 620 m¥day =
: - Volatile solids confent of sludge ~ 70 %
- Solids destructionrate =~ 50%

" Digested sludge solids = 21.70 x (1-0,7x0.5) = 14‘.7“ -lfday
.. Assume solids concentrationis - 3.0% ' s
Dlgcstcd sludge volume =_ 1411 x 100/3.0 = 470 m/day .

1.3.6 SLUDGE DEWATERING .

Dewatered sludge producuon volume is calculated by the foilowmg equahon :

lnput sohds ' VRT tlday : o :" :
_Recovered solids (90%) = 1411 x . 09 = 12.69 t/day
Assuming solids concentration as 20.0 % _

Sludge cake volume. = '12.69  x I_UOI_ZO_O = 63 nﬁ;lay_ o

AN
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1 4 COMPONENT FAC[LITIES

1 4 1 PRIMARY CLARIFlERS

anary clanﬁers specrf ications arc calculated by the follomng cquallon '

Average daily flow, Qad = 98,000 m*/day

Maximum daily flow,Qmd. = 115,000 m*/day

Maximum hourly flow, Qmh ~ = . 140,000 m*/day =

Wet weather flow -~ = 280,000 m*/day

Hydraulic surface load rate = 35 m’m’day

Totally 2 clusters, each consisting of 2 tanks, total number of basms is _' 4 units
Hydraulic load on each basinis 115,000 4 = 28,750 m¥dayfbasin
Requircd surface area of cachbasin = 28 750 .35 = 82 m? -

{1) '- Tank Geometry (In accordance wnth the Romanian Standards),

Internal dlameler 35m -
Effective depth 20m

 Number of basins ~ 4basins . .

" Surface area of a basin 843 x 4 = 3312m?
Hydrautic capacity of abasin 3,372 x 2 = 6,744 m’

Check for hydraulic condlllons of basms under the different flow rates. ~
' Retenhontnmc . N C
Qmd 6744 x 24/ 115,000 = 1dihours
2Qmh 6,744 - x 24/280,000
* Surface load rate .~
Qmd ~ 115000/3372 = 34 1 m’lm day < 35
2Qmh  280,000/3,372 = 83.0 m¥m*day <96

JI.

H .

(2) Raw Sludge Pumpmg Eqmpment

058hours>0.5 . :

' _ The pumps wull handle the mixture of prunary and excess sludgc havmg sollds B

concentration of 2%.
" Sludge solids ~ 27.13 t/day, Sohds concenteation 2 %

- Sludge volume 1,356 m’/day = 0.94 m*min,
Pumptype: Centrifugal screw pump _

. Pump bore size: - 100mm .

- Delivering capacity: L wmin,
Total dynamic head: - i0m o Lo
Number ofpu'mPS' 3 Umls (mcludmg l st‘mdby)j N R

1 4 2REACTOR TANKS |

Reactor tanks specnf catrons are calculated by the follou. mg cquatlon. SRR

- Design ﬂow, Qmd . = 115 000 m’fday S
BOD-SSload - - . 030kgBOD/kg SS day
MLSS . R © 1,667 mg/l. - "
Return sludge solids concemratlon 5,000 mglL . R
Sludge retum ratio = 1 667 _' (5,000 - » 667) 0. 50
Inflow BOD to reactors ~ 115,000 x 195 % 10 i\g BOD!day % (1
_ : ' - 15,698 kg BOD/day -
Reactor tanks SS = V x L6667 xI10 3kgMLSS

It

Required tank capacity 15,698 + 1667 + 030 = 31,389 m

AllL46
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Acration time = 31,389 x 24 + 115,000 = 6.6 hours
At Qmd, acration time of 6 hours or more is secured.
Required tank capacity = 6 x 115000 =+ 2400 = 28750 m*
Tank geometry , '
Width : = 55m
Eftective depth = 55m
Cross sectional arca= 5.5 x 55 — M2x1.0'x2 - 1/2x0.6*x2
s g g S ' '
Number of tanks = 8tanks 2clusters 16 tanks
Capacity ofonetank = ~ 31,389 "+ 16 = 1,962 m’_

Tank length = 1962 = 29 = 67.65 use 68m

Tank geometry e .
W 5.5m x 16 Tanks

L . 68m

H " '55m
* Check of aeration time S ,
Tank capacity = 29 x 68 x 16, =  31552m’
Aerauontlmc ',= 31 552 x 24/235 000 = 6.6 hours

Check for addllmnal tank requurement to upgrade the process

. Addltlonal tank capac:ty rcqmrcd for lhe advanced treatment process will be provided by
adding tanks to the conventional activated sludge aeration tanks. The wastewater inflow will
be distributed both to the existing and additional tanks. Thc wastewater w:ll be dlstrlbuted in

- proportion to the treatment capacity of both trains. :

 The total retention time will be 15.4 hours. - :
As the fetention time in the conventtonal treatment proccss is 6 6 hours, the rcqunred retcnhon

time for additional tanksis 154 = 6.6 - * 8.80 hours
- Check capacity and wastewater dlstrlbul:on ratio
Existing tanks -~ 6.6/154 = 043
Additional tanks = 8.8/154 = ~ 057
Wastewater flow distribution rates ~ = 7 L
 Existingtanks . 115,000 x 043 = = 49,172 m’/day
_ " Additional tanks . 115,000 x 0.57 = 65,828 m’/day |
" Additional Reactor Tanks - : e S
 Required tank capacity = 115,000 x 88 .= 24 ' = 422400’
Number of tanks = = Blanks chllsters 16tanks S
~ Tank capacity Lo 42240 = 16 = = 2,640 m’ L
Tank length = 2,640 + - 29.00 = - 910 use 91m

- [rank geometry | SRR

: W 55m X 16 Tanks
L ~9m -

“H 55m

" Check relcnllon hme L S e
Tank capacity " ="29 x Or k16 = 42,224 m’
_Retention time 42,224 x‘ 24/ IIS,OOO = 8.8 hours

[l

I
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1.4.3 FINAL CLARIFIERS

Final clarifiers specifications are éhlbu!atcd_ by the following equation. .

Design flow QD = 115,000 m*/day

Surfacc load rate = 25 w/miday S
2 c!ustcrs cach COI]SISlIllg of 2 tanks, total tank number is: 4 tanks
Influcnt to each tank =~ 115,000 = 4 = 28,750 m*/day/tank

Required surfaccareaof cachtank = 28750 =+ 25 = LI50m’

(1)  Check by the Romanlan Standards

lnternal dianteter 45 m
Effectivedepth .~ 3.5m
Tank numbers ~ . . 4 units
Surface area 1,424 x4 = 5696 m’
Capacity .~ . 5,696 x 3.5 = l9936m
~ Surface loadrate 20 mY/ m‘-day
- Retention time S
SAQmd 19936 X 24/1[5000 = 4l6hours N :
Qv—thi-Quna‘{ = 140000 + 57,500 = 197,500 m’!d'iy
S L 19936 X 24/]9?500 = 242 »>20
' Surfaée load rate . e s
AtQind . 115, 000/5696 : ;’_ 20 m’/m ‘day <25
S ALQyo o197, 500/5696 = 347m’/m day<523
.-/ Weir loading - T _
 Weirlength - L = 41 .x. 427 x'4 536m
AtQmd - 115,000/536 = - 2]4m3/m day
AtQv 197,500/536 = 368 mm'day

- As cdmpared with the Japanesc . Standards, the weir Ioadmg appears lo be high 51de [he _ |
weir leagth may be mcreased in detalled de51gn :

2 CheckforAdvanced Treatment

The advanced trealment will be performed lhrough two lrams emslmg and advanced
freatment process trains.

The wastewater will be dlsfrlbtltcd to each train‘in propomon to the reactor hnks hydrauhc ; '_ %
retention time. o . : s

Wastcwaler dlslrlbulmn _
Existing train - 49,172 |fn’!d'ay
Additional train 65,828 l'n’!da'y' o
Check for additional tanks - '
Surface load rate - 15 m¥/m? day or lower

Cluster .~ 2 with 2 tanks, then total tank numbcr is 4 unils
Flow rate to cachtank -~ 65,828 + 4 = 16,457 m’!daytanl\ _
Required surfaéc arcé of each tank = 16,457 +7 15 "= 11,097 m?
- D = s 23 = RIm
: Accardmglo}{omaman Standards A =. 0785 x (D’-3) = 1424m®
Diameter . 45m e
Effective depth - 3.5m-
Number of tanks - . 4 units . - S _
Water surface area © 1,424 x 4 = 5,696 m’
Capacity C...5696 x 35 = 19,936 m’
- Overflowrate 11.6 m’m’/day -
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Check the existing tank overflow rate : o
65,828/5,696 = 11.6mm’day <15

(3) Return Sludge Pumps

Return sludge pumps are specified as follows,

Average 50 % sludge return rate is C(mSldered bm pump capacny IOO % return rate is
provided to prevent and restore sludge butking.

Return sludge volume = 57,500 m*day = 40 m¥/min. '
60 % and 40 % of sludge will be lransported by 4 and 2 pumps rcspectwe!y, lhrough
double pipelines. .
Pump capacuy 20 x . 0. 2 = 3 99 wuse 4.0 m’hmmltchunt
020 x 015 = 299 ‘use 3.0 m¥minutefunit
By opcralmg above pumps, the return sludgc rates can be adjusted at the ordcr of S% to
15 %.
Pump type - No 1 Screw cenlnfugal ' No2 Screw cemnfug'd
Diameter © 7= 200 mm - 200 mm -
. Capacily - 3.0mYmin. C40mYmin,
TDH 10m : o 0m
Number of pumps 8 units -+ dunits

Motor output 1nkw . Hkw

(4) Excéss Sludge Pumps

' [‘xcess sludge pumps are specnf' ied as follows T
* Excess sludge volume = 3,447 m¥day = 2.4 m’/min

Two lines will be provided, then the capacity of a pump - = 0.60 m¥min
. Type of pump ~ No.l Screw centrifugal pump '
 Diameter = y 100 mm
" Capacity ~ 7 LOmmin
™Hn - 10m
Number of pumps © 6 units (2-standby)

Motor output - o 3.7kW

_ (5) | Chlonne Contact Tanks

% - - -~ Chlorine contacuanks specifications are caICulatcd by thc followmg equatlon B
Desngn flow rate = 15,000 m/day
Chlorine contact time = . 15 minutes L R
* Required tank capacity:- -+ 115,000 - + 1,440 x 15 = L19gm’ - -
Channel width: C40m . T e
~ Effectivedepth: = =~ 3.0m : o
. Tanklength: - 1,198 + 40 = 3.0 = 998m - 100m
. Numberoftanks ~ -~ 1unit o g -

Chlorine cdntact tank gecometry R,
W am  x  H. 4_.0 m- x| Tank -
L~ 100m ' - ' B

~ Al
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15 ANAEROBIC SLUDGE DIGESTERS

1.5.1 SLUDGE THICKENERS
(1)  Hydraulic Capacity of Tanks

Hydraulic cap'icuy of tanks are specﬂ“ ied as follows.

Sohds mput ' = 27.13 tfday -
[nput sludge volume = 3,942 m’/day -
Qutput studge volume = 620 mday -
Floor loading = 60 kg/m¥/day
Required surface area = 452 m’ '
Tank geometry . Circular radial flow type
Internal diameter -~ - = 12m

Effective depth = 4m
Numberoftanks =~ . - = 4 units

Water surface area 31474 x 128 x 4 _¥ 452 m?

~{2) Sludge Withdrawal Pumps
Sludge withdrawal pumpéraré speciﬁed as follows.

* The pumps will hawe capacities that can send thickened sludge in around 8 hours.
" Pumpecapacity Q = 620 x 1/8 x 1/60 = 129 m’lmm :

Pump _ - Sludge pump
© . Diameter 100mm -~
Discharge capacnty 1.20 m*min.
TDH - 20m
Motor oulpul 15 kW o
Number of pumps - 3 units(including one standby)

(3)  Sludge Screens

Sludge sereens are specified as follows.

Type _ Rotary drum screen : - N
Screenopening .. . A4mm .. . o S '
Capacity - 2 m*/min. : o R %
Motor output 0 04kW

- Number of screens 1 unit -

Screen capacily is 50 determined that the sludge quanllly bemg scnl concomltantly from |
2 raw sludge pumps (each q =1.0 m*min ) can be scn,ened

) 1 5 2 ANAEROBIC SLUDGE chesnou TANKS
(1) Hydraullc Capamty of Tanks

l-}ydraullc capacuy of tanks are spemﬁed_ as follows.

Sludge solids input - =+ 21.70 Uday

fnput sludge - = 620 m*/day
- Delention time 20 days

Tank temperature - . 35%

" Required tank capacity 620 x 20 = 12,400m*

A0
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(2) Tank Geom.etry

Tank geonletry is specified as follows,

Type - - Single stage digestion

Internal diameter 15m

Lffective tank depth 26 m

Number of tanks 2 clusters % 2 tanks IR _
' Capacnty ' 3,503 m’ftank , 14,013 m® . total tank capacity

: 1 5.3 Gas STORAGE TANKS

(17) ~ Capacity of Ta_nks_

Capécity of lahks are calculéled by the following equation.

- Total solids mpul to dlgeslers ~ = 21.70 Yday
Assummg that 70 % of the input sludge solids are volatile, and 1 kg of which produce
- 0.425 m’ gas, the total gas production can be estimated as follows:
.Totalgasproductlon C= 2170 x 0.7 x IO.3 x 0425 = 6,456 w’/day
Storage time 8 hours o . '
' Tank slorage éapacity = 6456 x 8/ 24 = 2,152 m*day

- (2) TankGeometry

“Tank geometry is specnﬁed as fOIIOWS

' _. Type ST Dry-seal type steel tani(s '

Number of tanks 2 unifs

. Diameter - £ 12.6m

" Effective height =~~~ 13.3m
' Storage capacity S l 000"1'!13

1 5 4 MECHANICAL SLUDGE DEWATERING

"(1)  Filter Capaclty

Filter capacity is calculated By the following equation. -

Solids input = . 14.11 t/day, Inputsludge volume . 470 m*/day
 Beltpress filter . . - ERR T S
- Yields per unit length ~ - 130 kg/m/hr
Filter width - - 3m :
Daily operation time = 6hr -
Working days/week 5 day L
Solids loads per hour = 1411 x 715 ‘x 1076 = 3291kghr
Required number of R R
* beltpress . = 3291/130/3 = 8 use — Sunits
L Typc A o Beltfilter press
~ [Filter loading rate : - ~* 130 kg/m/hr -
.o {Filterwidth -~ : " 3m
© |Number of filters ;- 8 unit
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1.6 CHLORINE REQUIREMENTS

Required quantity of hypochlorite solution can be calculated by multiplying the dosing rate
by the wastewater flow rate as shown in the following equation:

VR = QxRx(lOO!C)x(l /dyx= 107
where
Required hypochlorite solution (L./hr)
. Wastewater flow rate (in* / hr)
Chlorine dosing rate{mg /1) -
Effective chlorine concentration in chemlcal (%)
' Specific gravity of hypochlonlc solullon (at the cﬂectwc concemratton of C %)

e ORO <
=

- At the maximum daily flow rate, the requm:d_ hypoch!on_tc so_lutlon ls;

Q . = 115000m¥%day = 4,792m’/hr
R = 3mg/l. "
Co= 0%
¢ . = 12 ' e L
VR = Qx 3 x (100/]0))((1/[2)}(10_3- ' : @
- 0036 x Q = 1Bl = 3lemutc';'__.'. . :

At the wet \mcather flow (ma\unum hydrauhc rate)

Qww . = 280 000 m’lday .i 1 667 -'m’l’h S
. R = 8 mg/l. _ C : ol
-VR = 0012 x 8 x wa = 1120 L/hr = 19 L/minute .

(1) Hypochlonte Solutcon Storage Tanks

Hypochlorite solut[on storagc tanl\s are speclﬁed as foIIO\vs L

8 days storage capacity for the maxunum dally ﬂow rate. Then lhe capacnly is: o

V = 01725mYh x 24 x 8 = 331m
Tank spemﬁcatlons ' o
Type FRP made cylmderiypc

. Internal dlamcter 28m - ¢ e
Height - 3I9m
“Capacity --° 7 20m’
Number of tanks -4 units

(2) Deosing Pumps Speclflcatlon o -
' (Nol) (No.2)

-~ Type . Diaphragm . Diaphragm
Diameter .~ 20mm - 20 mm _
Discharge . o 6 LMmin. - - 13 Limin, -
Motoroutput -~ 02kw - < 04kw :
No. of unit R 2un|ts -3 umts(mcludmg l st‘mdby)

1 7 DIGESTER HEATING SYSTEM

1.7. 1 TEMPERATURE

Lowest dally average lemperalure 0% '
Smltemperaturc ' S o 15%

CAl-A2
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Input sludge temperature : . 10%
Digester tank temperature - 35%

1.7.2 REQUIRED CALORIES FOR SLUDGE HEATING SPECIFIC  HEAT 1.0 KCALIKG.C

Required calories for sludge heating s.péciﬁ.c is calculated by the following cquation,

Q = 620 x(35-10) x 103 x 1.0 = 15,500,209 Kcal/d

- 1.7.3 Heat LossEs TANK INTERNAL DIAMETER 15 m
(1) Surface Area of the Dlgestlon Tank

: lntemaldtameler 15 - m

. : ro SR h-
Top slab (gas portion) 1.00 S 300 2.0
Lo Al £ X m’ .
Top slab(liquid portion) : . 300 l - 7.50 | 450 -
R A2 : - 496.9 Tom? -
Side wall(above ground) ' : s ¢ I . 1.50 oo | < 10.55
(down to Im below ground) - A3 Co . nty o owt
' Sidé'\_vall(un_dergroqnd) ' o 780 | =150 | 445
(upto 1m from surface) -~ Ad | . ' 2096 om? ,
Bottomslab B ‘ 100 T rse. 6.50
DR ; A | - . 248.5 Comt

Al = 355(31de)+3l4(t0p,r)— 3867
A2=2098, A3=4969, Ad=209.6, AS = 2453+3|4— 248.5

(2) | Overail Therma! Conductmty Coeff' c:ent(kcahfm2 °Clhr)

RC - \\aler Insulallon, Coneret Spray Gas . lntcmala : l?xtema!u K
thicknes prodf - | (polyuréth | eblock | concrete portion - I{thermal 2(thermal )
s{m) ntotor | ane foam) L ) ol -] conductivity) | conductivity)
- =14 | =12 ¢=022) | =100 | =10 | (=048) - ' .
Roof stab(gas 03 003 oo | 20 © 20 0.461k1
portion) : - - s L _ . . o : : .
Roof 03 0.03 . 004 S . ©o300 20 0.474k2
stab{liquid - o o . o o o S
portion) o _ S i :
Upper side |~ 03 008 [ - 0I5 . 026 300 20 0360k3
walls  (im C : : o TR
underground
or higher) ) : . R : : : -
Lower | - 03 _ 1. _ _ 0 | s 2.395k4
- sidewalls ) . .
{Im
underground
. orlower} _ _ o . S .
Bottom slab 08 S I TN -0 TS - L1825

i The overall thermal conductw;ly coef’ﬁc:lent can be mlculated by lhc fol!owmg cquatlon
o UK = 1 x B e s e e

.where S : T
K - Overall thermal conduchwtycoefltcmnl(KcaU|11_2-°c-hr.)

All-4:13 -
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o4 Therma! conductivity coeRlicient of gas or sludge (KcaU’m2 ‘¢ hr )
1/k1=2.16 kl = 0.464
o, Thermal conductivity coefficient of air or ground (Kcallm2 ¢ hr)
o Hke=211 k2=0474 - '
Andy Thermal conductivity cocflicient of insulation material (Kcalhnf"’c hr.) -

1/7k3=278 k3=0360
5, 8, Thickness of insulators () 1/k4=042 k4=27395
|  1/k5=085 KkS=1182

(3) Overall Heat Losses

[ Portion of tank Heat Thermal Number of | Difference of | Total heat
' : transfer | conductivity - | tanks temperature | losses
area . co'eﬂ'icient
SR . (m?) (Kcalfmz/"clhr) (unit) (%) ]
Roof slab{gas portion) - | 38.67 -0464 4 4 35 | 12,509 .
Roof slab(liquid portion) | 2098 | 0.474 .4 35 13,916
Upper  : sidewalls(lm | 496.9 0360 4 - 035 | 25,047
under ground above) : : : S
Lower sidewalls (up to] 20%.6 2,395 4 .35 _ _‘70,26_3
Im  below  ground ] ) : '
surface) _ : . S o S : N
Bottom slab - : 2135 |7 1a82 | . 4 35 T
| S : : o ' ' - Total | - 152,847
' Overallheat losses : = 152,847 Kcal/hr - '

1 7 4 HEATING SYSTEM .

24 hours conlmuous heaung A total of 20 % heat Iosses from pipes are consldered. '
©15,500,209/24 + 152,847 x 12 = 829258 Kcallhour .

Efficiency of water heater . 09 S
829,258/09 = 921 4398 Kcal/ hour -
- Water heater '

450 000 Kcailhr X 3 unils (mcludmg ] standby)

1. 8 ANAEROBIC SLUDGE DIGESTION SYSTEM

| 1 8 1 DIGEST[ON TANK

- Hydraulic capacity of tanks are specnf' ed as follows. '

Solids input = 620 m’!day

Detention time 20 days

Temperalure . 35°% e o
" Required tank capacity 620 x 20 = 12,400m* =

| 1.8.2 TANK GEOMETRY

Tank geomelry is specified as follows.

A1
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Type single stage tank

Internal diameter 15m
Effective tank depth 26 1m .
Number of tanks -+ 2 clusters : 4 tanks
© 3,503 m*/tank DI = 15m
(3,100 m*/tank orlarger ) D2 = 2m
D3 = 6m
1.8.3 TANK_ CAPA_CITY
Tank capacity is calculated by the following equation.
Effective depth - 150m  Portion V1
o : ~ 6.5m  Portion V2 3
S . . 45m  Portion V3 SN T A
- Total _ 26m
VI = n/4xDIxDI | E | +
S = ml4xDI) = 2,649m’ B _
V2 = ml4xD*x(DI/2)/3 bl H1=1h

Com/4xD2'x (D2/2)13

_ nMIG (D1’ - D2%)
441 n®

vzl. mx_“

Vi = n/4/6 (DI-D3)
= 413w C - : o m
S Vtotal - 3503m* . N\ P2

RER REQU!RED OXYGEN

.7 _ Requnred oxygcn is calculatcd by lhc followmg equatton B

Reqmrcd_ OZ'OD = OD o+ Ol),_ + OD3

where
I, 0Dy : Oxygen reqmred for BOD oxygenauon (cell synthesis)
oD, _ Oxygen required for cndogenous respiration
0D, Oxygen to be utilized for mamtalmng reqmred dissolved o*cygen level

: 1.9. 1 REQUIRED OvaEN FOR Bon OXIDATION(CELL SYNTHESIS) 001 (KGOJDAY)’

ODI = A(kgOJkgBOD) X BOD removed (kg BODlday)
where
A kgoxygen requlrcd to remove kg BOD (kgOszgBOD) 05 07—)06
Q= llSOOOm’lday
oD, = = Q x 1160 X107 = 00696ng021day
' lnﬂucntBOD ='-|37 - 20 = l]60mgIL

‘[ 9 2 OXYGEN REQUIRED FOR ENDOGENOUS RESPIRATIONODE(KGOZIDAY)

ODZ = B(kgOzlkgMLVSS-day) X VA(m ) x MLVSS(kgMLVSSfm’)
' wh'e_re' S
B 0xygcn consumpnon due to endogcnous rcspnrat:on per unit MLVSS
: - 0.05~0.15 (kgO,/kgMLVSS-day) - 0.05

VA Capac;ty of aeroblc pomon of reactor(m )Q x 66 + 24 = 027 Q

A4S
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MLVSS/MLSS = 08 S
oD, = 005 x 027 x Q x 150 x 107 x 08
= 00165ngOzlday o -
1.9.3 REQUIRED OXYGEN TO MAINTAIN DISSOLVED OXYGEN LEVEL:
(kGO foay) '
OD,=COAxQxlD" _
where COA : Acration tank dissolved oxygen 1.5 mg/l concentration -

_ Returnsludgeratio R 0.5 -
OD, = 15 x Q(1+05) x 107
= 0.00225 ng OJday o

1.9.4 TOTAL OXYGEN REQUIREMENTS
OD = OD, + OD, N oD,

oD,

= 0{)607Q + 00165Q 000225() = {)0795Q(kg02/d'ty)

1.9.5 AERATION EQUIPMENT (DIFFUSERS FINE BUBBLES SPIRAL FLOW)

Acrahon cqutpmcnl is calculalcd by lhc follon ing equatton :

CBA = 75, p - 1293 Qw = 0233
Air volumc (N m’lda)) '

1l

(0.0795Q)/ (7.5 x 001 x 1293 x 0233) -

= 400Q = 459,920 (N m/day) = 319 (N m’/mm )
Install one blower for each train

Required blower capacily 319+ 4 = 30 n13lta|1k unit

Blower spee. - " Cast-iton made multi- -stage turbo bloner R
Inlet/outlet diameters . 4300/ ¢300

Capacity o 80 m*min. -

Motor output o - 10kWY N

Number of units ... 5 umts(mcludmg ] slandby)

1.10 SCREENS AND PUMPIN(‘ STATION

1.10.1 FLOW_RATE_;- x

Flow rate is detérmined as folfoyvg. ,
Qad 98,000 mY¥day  1,134Lfs
“Qmd 115,000 miday - 1,331 L/
Qmh - 140,000 m*/day 1,620 L/s
Qww 280,000 mllday S 3241 s
1102 INGOMING SeweR

lncommg SEWeT 1S specﬂ'led as fol!ow,. o

Frlcllon fonnula ' o Manning (n 0013)

= (Required oxygen (kgO )) / (LA(%) x10%%xp (alrme’) X Qw(kgOzlkg alr)) L

_ Size of incoming se“er R ¢ 1,650 mm
"~ Sewerslope T L ‘1. 3"100 = 7 .
lncommg sewer invert elcvaimn ' I 425 m above M WL P

'A’l_l-_zt:lb"-_ | _.
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Full flow rate of incoming sewer 3.241 m*/sec
Full flow velocity in incoming sewer - 1.835 m/sec

Item . Wastewater | Flow Water Water Head loss | Gate chamber
flow o depth swrface '
mtcg (m¥s) | velocity (m) clcvétion at| ahead of jwater elevation
' {mfsec) entrance | chamber ()
: (m) '
Average - 1134 0.642 0.670 2.095 0.021] - 2.074
daity 0345 0418 [0406 : , L
Maximum 1.331 0.754] 07331 . 2.158] - 0.029 2.129§
daily - 0405 . 0495 - [0.4d4 T . N
CMaximum ] - o 1.620[ - 0917 0818 2243 0.143 2200f
hourly 10493 0597|0496 VU P |
Wet - 3248 - 1.591) - 1.333 - 2.758] - 0.129 ‘ 2.629
~ |weather flow }0.986 0.867 . [0.808 o '

Note: Ratio of ﬂowte full Ratioto Ratiotofull _
flow - full velocity sewer depth " From tables -

1.10.3 INFLUENT GATE
- Influent gate is sbeciﬁéd as follows; =

~ Elevation of gate bottom 135 MWL.

Gatc typcand size . - ~ square  1.2m
Items R . Average Max, Max. - Wet . | Remarks
B : S daily hourly | weather
L . daily flow |  flow flow ~flow
" [Wastewater Inflow rates (Q) mfs - . L1134 - 1331 1.620] -.3.241
No. of gates operated (n) . |Unit o 2 : 2 3 RN | R
© [Wastewater inflow to each gate m’/s/gate - 0.567 0.666 0540 - - 0.310}QY/n
Wastewater elevation ahead of gate  |[M.W.L. 20 21290 - 2200 2,629 '
Wastewaler depth at gate (1) m ' - 0724 0279 ~ 0.850 1279 i
Wastewater Now area at gale (A) . - m' Coo 08691 - 0934 oozl - LA 2xH
Flow velocity through gate(V)  ~ [m/s oes3] T od2l 0339 0563[QMA
lcad losses at gate(Ah) - [m T0033) 0039 002 o0
Water clevation after gate - Mo 208 0 20900 0 2179 © 2605
'lotal head Iosscs at gate (Ah) l_.S xvif2g = b.(_)765 x v’
1. 10 4 COARSE SCREEN
;Coarse screen is Specnﬁed as follows
N Channcl invert elevallon R | 35 m M W L.~
_ Channel width -~~~ o Lém
- Screen clear opemng 100 mm
- No: ofscreens_.‘_. : | S _
- Slope of sereens .. 60 degrees from horizontal

AT
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Maximum

Items Average Maximum | Wet weather| Remarks
_ daily flow |daily flow|hourly flow]  flow
Wastewater inflow rates (Q) m/s l..134 1.331 1.620 3.241
No. of charinels used {n) _ o 2 BT I 3 o4
Wastewater inflow to each channe!  |m¥/s - 70.567, 0.666 0.510 0.810|Q/n
Wastewater ¢levation ahcad of screen fm MWL, 2041 2090 2,179 2.605
Wastewater depth ahead of screen M 0.691 0710 . 0829 71.255
Flow 5n:a in channel{A) m 1.106] - 1184 1.045 2.008]1.6 x 1
Approaching flow velocity to sereen  |myfs 0513 ) 0,562 0.517 0400 A
Flow \'élociﬁ' in screen(V2) mfs - ' .0.544 059 0.548 0.428]
Head ;Ioss in screen(Ahl). m 0.001 _ 0-'09] 0.001 0000
Aclual head Toss in screen{Ah2}) n 0.002 0.003] - - 0.002 0.001j3xAh1 -
Allowable  head loss “at  screens|m - 0.100 0.100 - 0.1001 - . 0.100]Ah3>h2 -
(An3) L L o ' ' L -
\Wastewater elevation aRer screen m MWL 1.941 1.990] - 20719 . 2.505|Ah3
Sh = . Px(sd)xsina -= - 00492268 i
B=242, d=150mm, s=%mm, a=60", sin60=03866
Loss by screen  =8hx v /2g= 004923 xv:/2g (hw) °

B x =(s Jd)** x sinat

A4S

Flow velocity through screen~ Vix (std) /d= 106 VI
1.10.5 FINE SCREEN
Fine screen is specified as follows.
* Channel invert elevation C12MWL.
Channel width . lem
Bar screen clear opening - 20mm
- Thickness of screen bars 8 mm
No. of units 4 units ;
" Slope of screen 75 degrees to horizontal
[tems Average daily [Maximum  [Maximum  |Wet weather  |Remarks
: : © [daily - : B ‘
- . - flow flow - hourly flow [flow ' . .
Wastewa:f:r Inflow rate (Q) - .. m'/s - 1.134 1331 1.620 3,241 -
No. of channels in use (n} * - . S22 R R |
Flow rate in each channel m¥s . - 0567 - 0.666] - 0.540 0.810{Q/n
Water elevation ahead of screen - - MWL 1941 - 1.990 2.079 2.505)
Water depth ahead of screen m 07411 - 0.790] .0_.879 L3080 0
Sectional area of flow in channe) m’ (L1861 1.264] - L.108 2.088]1.6xH
Approaching velocity to screen (V1) [m/s 0.478 005271 - 0488 - 0.388[Q/nA
Flow velocity through screen(V2) . |m/fs 0.669 0.737| .. .0,683 - 0.543].
Head loss through screen{Ahl) m o016 0.019 0.016] . oo10f - |
Actual head loss in screen(Ah2) m 0.047] . jO:OS'] C0.049) . 0.031 3-'x:A;h7] y
Allowable maximum loss(Ah3) m . 0.100 0.100] - 0.100 0.100]An3<h2 -
Water surface elevation afler screen  |[M_W.L. 1.841 1.890 1.979 2405 Ah2 ‘ '
3h = = 0.688907
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B=242, d=20mm, s=8mm, a=75", sin75=0.9659
Lossbyscreen =8hxv'/2g=  0.68891 xv?/2g {(hw)
Flow velocity through screen Vix (std)/d= 1400 VI

1.10.8 PUMPING EQUIPMEI}JT

(1) Design Flow Rate

Flow rates are deten_nincd as follows.

Qad 98,000 mday 68 m¥minute
Qmd - 115,000 m¥/day 80 m’*/minute
~ Qunh 140,000 m*/day - 97 m*/minute

Q\V\\" 280,000 m’/day - 194 m*/minute
(2) Wastewater Pumps _ |

4 umIs (mcludmg 1 standby), nnxed flow cenlnl‘ugai type driven by electric motor.

(3) Storm Water Pumps

4 umts(mcludmg 1 standby), mixed ﬂow cenlnl‘ugal lype smaller pumps drwen by
motor, and large pumps driven by diesel engine. Pump operation schedule is as follows:

- 1 . Punip discharges N Total pump
Wastewater Wastewater inflow | Wastewater pumps [Storm water pumps S discharge
inflows  |rates - 25 0 o508 . 25) - S0|m¥min/unit  Jm*minute
B o (m’lﬁiinute) . ' 2 () . ; 2 = 2(D)No. of unils
Qad - 2. 68 25 50 a : T B
Qmd S 80p - s0f o 50p 1 - 100
Qmh - 9 50 S0 . . ' K 100
Qww o194 0 s0f o500 - s0f . 50 ' 200

(4) 7_ Pump Size:

~ 25 mfminute

i L

No.l Pumps = S
: B = _146(QN)°5 V=5 mfsec
L = 462mm use — 450mm
" No2Pumps Q= S50m’minute :
D = 1aelQivys

..:j','653 mm  use — 600 mm .'

{5) - Wastewater Surface Elevahons

" Suction waler Ievels at mflow of ‘
“Qad - 1.841: MW.L. .
. Qmd - 1.890. MLWLL. -
~-Qmh 1979 M.W.L.
wa 2405 M.W.L.

' Suct:on water levels at oulﬂowof . ‘
- Qad - .10.900 MWL, -

- Qmd 10900 M.W.L.

Qmh - 10900 M.W.L.

A4




Part Wiraita: Appendix-4 Deslgn Calculation of Braita WWTP

Qww 10900 M.W.L.

(6) . Actual Head : I
Qad 10900 -  (1.841)

= 9.059m
- Qmd 10900 -  (1.890) = 9.010m
Qmh 10900 - (1979 = 892Im
Qww 10900 - (2405) = 8.495m
{7) Total Head Losses at Pump Equnpment _
Pumpswe e 450 ¢600
Pump bore(m) - 045 - 06 -
Pump discharge(m /mm) S 25 50
Pump discharge(m Ysec) - 0417 0.833 -
Delivery bore seclional arca (m) 0.159 - -~ 0283 "
Pump velocnty(mls) S 2621 - 2949
(8) Loss Coefficients o o
| Clmlet . o 0as 04s -
Sluicevalye = - .. - 0 0 -
Check valve o 10 s D
Outlet e 10
Bend . 0 025, 025
Frictionloss * © - P xL/D - 1.056 07817l
' Total - . 3456 381 F .-

(9) Head Iosses

¢,4SD = 12llm I‘xVi2g
4600 0 = I41]m Lo
Plpc length L = 15m : . .
Friction loss - by Darcy Wlsebacklormula -
W = foleV!Zg' o BRI
f = 0062+1/(2000xD) .. (Newcast iron plpe) S : L
Foroldcast |r0np:pesmulhplythe'l‘bylS S L %
50 | oge00 |
Dm) . | . . 045 06
o F 0021 o o021
FE 15k f | 0032 0031

© {10) Total Head Required

Qad 9059 4 1211(4850) = 10270 m
B S 1Al (@600) = 0 10470m
Qmd - 9010 4+ 0000 ¥ =7 900m

- Qmh 8921 4 0000 . =7 '-"8.9_27!:11 L
'wa 8495 4 -!411(¢500) - 9907m

The required total pump head |sthen _l_l_.O_m : :

CAILA0
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(11)Shaft Power of Mixed Flow Centrifugal Pumps
' L=kxyxQxIl/n

where
L Shaft power of pump
k 0.163kW or  0.222PS
Q Pump discharge (v*/min)
H Pump total dynamic head (m)
¥ Specific gravity of water (y = 1)
n Pump efliciency

Calculations for shaft power requirement -

(13) Pu.mp_Speciﬁéatzion's

[tems 0450 | ¢600 | ¢600
. : E . ' Engine
Pump discharge(Q) m*min 250 50 - S0
TDH (H) 7 m . 110 1ol 110
| % - |Pump efticiency () 0.74 0.73 : 078
Shaft power : kW - 61 B 1 = I by
- (12) _-Outputs of Pump Drives
| P = L(te)/nG
where oo
P Pump power (kW) =
L Pump shaft power (kW)
o Allowance formotor - 0.15
S Allowance for engine 0.2 o )
" UG Transmission efficiency (1.0 for direct connection)
$450 . | $600 $600
4 - - | Engine
Shafl power (L) 61 tH15 157
Allowance (or) N i.15 _].20
Eﬂicich)'of!ransmiss_jon (nG) ].OO 1.00 0.95
Pump drive output (P} kW 70 132 198

" |Vertical mixed flow centrifugal

- [pumps . Co

Pump bore nm 450 600 600
Pump discharge m*/min. 251 . 50 50

_ {Total dynamic head  [m 1y i 11
Motor/engine outputs [kW . [ ., 708 . 132 - 198
Pump drive - Motor Mofor | Engine

O AlL-4-21
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1.11 GRIT OIL/GREASE REMOVAL'_EQUIPMENT

1.11.1 DESIGN WASTEWATER FLOW RATES

Design wastewater flow rates are determined as follows. = *

Qad 98,000 mday 1,134 Lis
- Qmd 115,000 m'/day 1,331 7 Lfs
Qmh 140,000 m’/day 1,620 Lfs
Qww 280,000 m*/day 3,241 Lk

) _1.11.2 GRIT, OIUGREASES_EPARAﬂON _

Grit, oillgreaée separation is specified as f_oi'lows.

4 trains - 1 channelseach, then totally. 4 channels
CQww - - - 280,000 m*fday - = - 3,241 Lfsec
Flow to each channel 70,000 m*/day = 810 Lfsec - -
~ Retentiontime -~ . 3 minutes . SRR
Capacity . 280,000 x 3 =+ :1,440 = 5833 m® .
Section area’ 6.8 m’ ' : -
Length : 22m L L
Capacity 68 x 22 x 4 = 5984m’
(check for flows) . R T
© Atmaximum daily flow  Qmd 115,000 m*/day
Retention - (5984 x  1440)/115000 .
Time = 7.5min. T

< 1.4)|<. 16 —»|

oil

=y

Chambér cross sectional area ..
: 14 x- 095 = 133

112 % 14 =098 -~
160 x 305 = . 488
Q2 % 05 = -0.13
-2 x0T = -025
: * Total ©6.82m* ase > . 68 m?
Air supply volume ' h - o

AL
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Romanian Standards  Q = 0.3 m’ air / m® water S
= 0.3 x 11,667 = 3,500 m*hour
: = 58 m*fmin
Japanese Standards Q= 001 m¥scc'm  x channet length/im

. (0.005-0.013) -
= 001 x 22 x 4 '
. - = 0.88m¥Ysec = 53 m’/min
Then, the total air is 58 m*min '
- Blower equipment: 1 unit each for 1 frain
then, 1 blower capacity = 58 =+ 4 = I4.6use — 15m’/min

Air blower specifications _ _
' Roots blower 5 units (including 1 standby)
L - ¢ 125mm - 15 m¥min
Grit volume from combmed sewage: - 0.001-0.02m’ gnt / 1000m’ sewage
~ Then, grit volume = 0.02/1000 x 280,000 = 56m¥%day -

1 1. 3 GRIT PUMPS

Grlt pumps are calculated as follows

[’ump capacily is to IEIMove ihe gritin 20 minutes. As allowances the c1pacnly is two
times of the grit quantity. Then, the pump capacity is: :
S 56 m’/day x 2/ 4 units x 20 minutes = 0.14 m*min. -
_ Assumlng the grit content in the wnthdrawn wastcwatcr at IO %, the reqmred pump
capacity is: g o :
0.14x 100/10 l4m’/mm R
Assume the pump vclocny to be 2.5 im/sec, the pump dnmeter wnll be
146 x(1.4/2. 5)"’ =. 109 use 100 mm

) 1 11 4 FLow MEASUREMENT

Use two umls ofParshaII ﬂume ' e
: R o Flow per cach unit(Q /2) -
4,083 mYhour 2,042 m¥hour
- 4,792 m*hour - 2,396 m*hour
< Qmh 140,000 m/day 5,833 m*hour 2,917 m¥hour

Qww . 280,00 m*/day 11,667 mhour 5,833 m*hour

' Select 7 ftflume, range of flow - 306~ 12,380 m”/hour . 2 units .

g _Qad © 98,000 m'/day.
Qmh - 115,000 m*/day

I O

. 12 SLUDGE DIGESTER EQUIPMENT

| 1121 MixeRs
(1) - Specif' catlons

" 'Type Upldown ﬂow Screw mixers (wnth a draft tubc from matmfaclurer s calaloguc)

Capacity - - - . 1,200 m*’hour
Draft tube diameter -~ 400 mm .

- Motor oufput kW
Quanmy S 4unils

i '(2) Sludge Mixmg Capacity

Sludge turn over rale (mlxmg the whole sludge volume 8 ~ 12 tlmes/day)
Q g (8~12) x 3,503 (Tank volume = 3,503m’ ¥/ 24
Lo = U L168  ~ 1752 m’/hour Juse -+ 1,200 m*>hour

L ‘A![.;4-_'2‘3 o
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1.12.2 TANK APPARATUS(ON ROOF TOP} -

Tank apparatus are specified as follows.

$600 mm x 1 unit
$200 mm x 1 unit

Gas collectors(steel made)

Gas relief  valve (wet type)
Gas relicf  valve (dry type)
Quantity Total 4 units

1.12.3 WATERHEATERS

(1} ~Specifications

Type ; " Vacuum type water heater -
Heater capacity * 450,000 Kcalfhr. '
Heater transferarea .- . 99m? .~ =
Fuel _ Sludge gas and oil :
Electric motors Bumer motor 1.5kwW -
Oil pump 0.4 kW :
Qil heater - 1.0kW =~
Fan : 1.5 kW

Quantlly o ‘73umts (lstandby)

{2) Nommal Heat Output

Total reqmred heal o= 89? 258 Kcallhr o
" Nominal heater capacity - Q (892,258) / (2 X 0. 9) -
SRR L o= 460699Kcallhr—)450000Kcallhr :
_ - (Heater efficiency 0.9). ' (No. of units:2)
1.12.4 OIL SERVICE TANKS -

(1) Speciﬁéatiphs

Typé = Steel made rectangular tank -
Tank capacuty UIS0L o

Qllanhly S it B
" (2) Tank Capacity -

Store oil of more than one hour consumption:: -, =5 v 0ot i
q = (450,000 x 2)/(10,200 x 085) = 104L/hr use — 150L
~ B:Heating value of A-diescloil 10,200 keal / kg Yop

¥ Spec:ﬁcgrawlyof;\ diesel ml 0.85kg/l.

1. 125 OIL PUMFS _
(1) Spemflcauons

Type . . rGéar'pum[.) B

$200 mm x 1 unit (mcludlng V‘lhe and Name arrester)

. Size :  $1Smm
Discharge = - 5 L/min.
Discharge pressure 3 kg/em?
Electric motor 0.4 kW

 Quantity ¢

o 2 miils (mcludmg I standby)

CAM424
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(2) Pump Discharge

Capable of supplying a 300-liter capacity tank within 30 mmutcs
Q = 150/30 = 5L/minute

-4.12.6 OIL STORAGE TANK

1) Spemflcatlons

Type Undt;rQround cylindcrtﬁje
Storage capacity - 1s500L

Quantity - lunit
" {2) Tank Capacity

~ Store more than 3-day oit consumption.
'V =104x24x3 = 7474L use — 7,500L

1127 GAsBOOSTERFANS

(1)  Specifications

Type D - ' Turbofa.n.. .

. Capacity 31.8 m¥hr.

Pressure (static pressure in watcr column) 500 mm Aq

Electric motor L5kW S -
. Quanlitly ' 2 units (1nclud1ng 1 slandby)

(2) Capacity .
' Sludge gas consumption'~ .
q = 450,000/5500 = 81.3m’hr.

" { Sludge gas heat value 5,500 kc_éal/n’iﬁ '
Check for gas consumplion '

Requiredenergy Kcal/day, .9,902;[95

Heater opération ime  |1lour 221

Gas _ m’lday 6,4
hproduction : R _ 7
|Gas consumplion - m’/day 1,809]

Required heat enefgy 829,258 Kcallhr
Heateroutput - . 450,000 Kcal/hr.
j No. of units f ~ 2units '

1. 12 8 HEAT EXCHANGE

(1_) Specaﬁcatlons

Type 0 “Spiral type heat exchanger
Heat transfer area - ' tsm> o
Water temperature ~ Inlet  35°% Outlet  40°% C
ST 7 70° oo 60 °c
o Quanlity I Total Nos. - - 4 units

- (2) Energy Transfer

Prowdc an cxchanger o cach dlgester

NI
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li

4,975,549 Kcaliday
207,315 Kcat/hr.

Required energy perunit, M = 19,902,195 x 1/4

i

(3) Required Heat Transfer Area _
A = (Mx12)/(K xAtm) (207,315 x 1.2}/ {600 x27.4)

' ‘ _ 15.1m? use 15m?
M= Heattransfer 207,315 Kcal/hr. - :
K= Overall heat teansfer coeflicient 600 Keal/m® hr. °¢
Atm  Logarithmic average of temperature difference

= (AU-A2)/(In  Atl / A2) '

= (30-25)/(In (30/25) = 274°%

It

i

-Al = 70-40=30°%
- A2 = 60-35=25%
(4) Sludge Recirculation . :
Q1= M/(C x'mx'yxso) = 207 B157(1 x5 x 1 000x60)
0.69 m*min.

C Sludge spccnfic heat 1 Keal’kgc R
At Tempemture difference between inlet and outlet sludge
40 - 35 = 5%
ot Umt \\el_ght__of studge - 1,000 kg/m’

(5} Water Recircu!atlon

Q2= 207315/(lx10x1000x60) = 035 m*min.

At Difference of temperature between infet and outlet
' 70 - 60 = 10°%

| 1129 SLUDGE CIRCULATION PUMPS
) Speclﬂcatlons

Type S Sludgepumpwuhsuctmn screw'

Size .. . 100mm
Discharge - -~ 0.7 m¥Ymin,
- TbH S 1Sm o
" Motor output 5.5kW

No. of units - 4units

'_(2)" Capacity

Sludge circulationrate ~ Q = 0.69 m*min "uée - 07 m’_lmin.ur ‘
{3} Head
" Totalhead = Actual head + plpe Iosses !— Iosses in heat exchanger(l(lm)

_:' 15m
(4) . MotorOutput . _ _ -
P, = 0163 x0.7x 15 x(l+02)!04 = 513kW use =~ SSkW
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1.12.10 HOT WATER CIRGULATION PUMPS
(1)  Specifications

Type ~- . Line pump
Size : - - 65 mm :
Capacity ~ 034 mYmin.
TDH : 25m -
Motor output O 37kW

Quantily 4 units

(2) Capacity

~ Return from excha_liger, Q= 0.35m¥min.
" (3)  Head
Total heads = Actual head + pipe losses + losses in heat exchanger (20m)

= Use 25m

(4) MotorOutput | . -

o Pm - (0163x04x25x(l+02)/06 = 326kW use — 3TKW
1.42.11 Gas HoLoeR | |

1) Speclf‘catlons

: Type " _ Steel made dry seal type
~ Capacity L0 m®
- Size . . 12.6m é x 13.3mH

No.oftanks o 2unils

.(2) Capaclty

Gasgeneratlon ST 6,456 m’lday '
Retentiontime .~ -~ 8hr

Storage capac:ty 6 456 x 8 12412 = 1,076 m® use — Lioom’
% - 1 12 12 GAS SCRUBBERS
: (1) ) _Speclﬂcattons

‘Type ~ Dry lype (mtcmmtent) scrubbers .
. Capacity - 150 m¥hr. .
- Size - .- ]800mmx4200m[[x2umls . -
No. ofunits 2% 1,300 mm x 4,200 m H x 2 units 2 units
" (2) Capamty |
Treat all the gas produced : o .
. Q = 6456 x1 f24 I2 - 134mYhr use = 150 m’/hr.
| (3) Dlameter of Towers

' Ve!ocltyofgas ﬂow : Cmfmin e '
D = (dx 15016013.14_11)"’ = 1.785md, use - 1800 mm¢
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(4) Chemical Consumption

Tnftow and oulflow gas H2S concentrations are 100 ppm and 10 ppm, respecnvcly
Vi= 0235 x10°xQxp
= 0235 x10° x 150 x 24 x 09 = 0.76] L/day
(1 Removal efficiency = 90%)
VO = V1/(COx08) = 0761/(100/1 000) x08
= 9.5 L/day
C0 : Chemical requlremenls to absorb 100 kg hydrogen suhﬁde— }{)00 kg
¥ : Nominal specific gravity of chemical 0.8

{5) Life of Chemical

T (Vx10)/Ve = (5 >"<1'_03)'/9.5 = 525days

VY =  Volume 5’

1.12.13 WASTE GAS BURNERS

(1) Specifications

Type In furnace
- Capacity 300 mY/hr.
Siz¢ 3,600 mm x 4,200 mm ll
Motor _ Cooling fan
o ; Gas blower s : L 5
No. of units 2 unils ' EE AR A e LA L

(2) Trea{ment Capacity
Capacity: all produced gas e
Q = 645 x 1124 x 20 x 12
= 269m'fhr wuse — - 300 m’!hr
1.12.14 SLUDGE SEED PUMPS(SLUDGE SEEDING I WITHDRAW)

(1) Speclflcauons |

Type Sludge pumps mlh sucuon screw R o o %
Size HW0mm o I S A ' :
Capacity 1 m¥min. T

THL 15m - - T e AR B

Motor output - 1.5kW ' ' R o

- No.ofunits - 2 unils
(2) Cabacity - N
_ Q = lln’lﬁliﬁ :
| (3) Total Dynamlc Head
H = 5m
(4)  Motor Output

Pm = 0.163x Ix 1Sx(1+0.2)/04
= 134KW use — 7.SKW
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1.43 APPARATUS FOR SLUDGE DEWATERING EQUIPMENT

1.13.1 SLUDGE STORAGE TANK MIXER

(1)  Specifications

Type _ Verlu:al p'lddlc type

Shape Appromnatt.ly 6,000mm x11,500mm x 2, ,500mm1l
Capacity 170 ’ _
Blade size 1,500 mmé

Motor ouiput 5.5kW

No. of units 3 units

_ {2) TankCapaclty

Store averagc one-day sludge produchon
V = 470 x ll3 = 157w’ use 170m’

1 13 2 SLUDGE SUPPLY PUMP

(1) Specnfucattons

Type - Single-axis screw mep
Size ~ _ © ¢ 100 mm

Capacity 20 m’/hour

TDH S 20m

Motor output 5.5 kW

No. of umls ' 9 units

{2) ' Discharge Capamty

One pump to each dewater eqmpment (one standby pump for all dcwalermg )

Equnpment) L
Ql - 130 % 3 x10% x 100/ % 1.5)
o = 195mYhour use — 20m*hour  0.33 m*/minute
Filter velocity | 30 kg/m-hr. '
Filter width - 3m.
Sludge solid concentration 3 %
: Allowance LS

{3) Electnc Motor Output

Pm = 0|63x20x033x(l+03)/03
47lkW use — SSkW

1 13 3 CHEMICAL FEED PUMP
_ (‘i) Speclflcatlons

- Type .  Single-axis screw pump

Size ... . ° . ¢ 50mm
- Capacity. -~ 3m’hour ..
~ TDH - . -20m
. Motor output LSkW
~ No. of units " Qunils (mcludlng one slandby)
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{2) Discharge Capaclty '

~ One pump to each dewater equipment (one standby pump for all dewatermg

Equipment)
Ql = 130 x 3 x10% x 0.01x100/02x15
2.925 m*hour - 3 m*hour 0.05 m*min. .

Filter velocity 130 kg/m-hr.
Filerwidth - "3Im -
Solid concentration of sludge 0.2 %
Allowancc 1.5

(3)  Electric Motor Output

Pm = 0163x20x005 x (140.3)70.25
C0.85kW use — LS kW

Il

1.43.4 CHEMICAL SOLUTION TANKS
M) S'pecifications_ '

-Ténktype S Steel made cylinder type - -

Tank capacity 4m’ o
. Approx. size - 2,300 mmid x 3,000mmH
Electric motor output ~ 5.5kW (for mlxer)
No. of tanks 2 units

- {2) Sludge Storage Tank Capacniy

- Dosmg rate . 1401 x10°x 0008 x7/5 = 157.98kg/day
‘Dewatered solids ' ol tday o o T e
- Chemical dosing rate (Polymer) 0. 8 %Ikg-ds
o (5 days/week operation) ©
Storage capac:ty 2 hours of design sludge \'olume o
2 tanks (altérnately used)
Z (158 x 100)/(02% "2/6/2) -
= 13,165L use — 14,000L
Chemical solution concentration 0,2 %
Operation time a day "~ 6hours
Retention time - 2hours

" 1.13.5 CHEMIGAL FEEDERS
(1)  Specifications i
Type " Chemical pump

. Supply rate 3 L/min. -
Electric motor output 0.4 kW

Quantity -~ - 2unils

(2) ' Supply Rate

' One feeder is attached to each solution lank supplymg chcmtca! in: lS to 20 mmutes. -

Q= 14,000 x 10° x 0.27 100 x 1/(15 ~ ~20)x1/05.
= 37 ~- 28 — 3Lmin. T
Apparent specific gravity of polymer “0_.5'* e
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1.13.6 CHEMICAL CONTAINERS

| (1)  Specifications -

Type ~ Stainless steel made, cylinder container
Effective capacity - 400 L
Quantlt) ’ 2 units

(2) Capamty

Provide 2 tanks (allernately used), with capacﬂy of 7 chy chemical consumphon.
V=15798 x?/SxOSx?x]lz
= 387 L use — 400L

1.13. 7 FILTER CLOTH WASHING PuMPs
j(1__) Spemf’ cations _ N _
- ' ._Type B :_ ~ Multi- stage centnfuga} pump :

- Size .+ b 50mm
- Discharge © 0 0.3 mYmin,
- Total head : 60m -
- Electric motor output . 7.5 kW !
Quantlty o 9 units (mcludmg 1 standby)

(2) Dlscharge

Gne pump to each dewatermg machlne, and one standby pump for all equnpment.

Q 2100 x 3 = 300L/min. use — 0 3 m¥*/min.
’lhen Ihe pump discharge per I melothis 100 L/min.
Total dynamic head - 66m T .

_ Electric motor output
Pm =0, l63><60x030x(1+02)/05
= 704 kW - ’iSkW

1 14 EFFLUENT PUMPING STATION

1141 FLOWRATE _

Flow rates are deter_mmed as follows.

 Qad -~ 9B000mMday LI3dL/s o
~ Qmd 115,000 m/day - - 1,331L/s -
Qmh 140,000 m*day - 1,620L/s .
Qww 280000m’/day O 3241L/s
'_1 142 PUMP!NG EQUIPMENT |
W De5|gn Flow Rates ) B

Qad 98 000 m’/day 68 m*minute

S Qmd . HS000mYday 80 mYminute ¢ |
. Qmh 140,000 m¥day 7 97 m¥Yminute

Qww . 280,000 m/day ' 194 m*/minute
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{(2) Wastewater Pumps
4 units (including 1 standby), mixed flow cernlrifugal type driven by electric motor. .
(3) Storm Water Pumps: - 7 _
4 units (including 1 standby), mixed flow ce'nlrifugél lypc, smallcr'pﬁmpé. _drivgn by
motor, and large pumps driven by diesel engine. Pump operation schedule is as follows:

, o Pump discharges -~~~ Total pun{p
Wastewater {Wastewater inflow |Wastewater pimps  [Storm water punps | . . discharge
inflows . [rates 25 50 .. 251 . _, 50 (m’/mipfunit) (m*minute)

" l{m¥minute) 2 2(1) 2 2(D[No. of units| .
Qad 68 25 50 e D YA
Qmd - 80 50 50 100
Qmh 971 - 50 50 : 100
Qww 1941 50 80 50 50 200
(4) Pump Size: ‘

No.l Puﬁlps Q = 25 m¥minute f B S

: D. = 146(Q/V)* V. = 25mfsec
: _ = . 462 mm use -» 450 mm ‘
Ne2Pumps Q = - SOm’/minute =~~~ - -
: S _146,(:QN)°:’__ ST IR
.= 653mm usc =+ 600mm .
(5) Wastewater Surface Elevations: = - s
' .~ Suction water levels at inflow of
Qad 6900 M.W.L.
- Qmd 6900 M.W.L.
Qmh 6900 M.WL.
Qww 6900 M.WL.
Suction water levels at outflow of
Qad 83800 M.WL.
Omd 3.300 M.WL.
-Qmh  8.800 M.W.L.
Qww 8806 MWL,
(6) Actual Head: |

Qad 8300 - (6900) = 1900m - :

- Qmd 8800 - (6.900) - 1.900m ... = z_

Qmh = 8.800 - (6.900) 1.900m - o

- Qww 8800 - (6.900) 1.900m s

Total head losses at pump equipmféfnl:: e Sl

Punip size ' L9450 4600 .

Pump bore (im) o 0450 T 060

Pump discharge (n¥/min) - - . .25 . 500

Pump discharge (m*/sec) 0417 - . 0833

Delivery bore sectionat area (m?)

S 0159
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Pump velocity (m/s) 2.621 2.949
Loss coeflicients
Inlet . 0.15 0.15
Sluice valve : 0 0
Check valve 10 1.0
Outlet - 1.0 “1.0

. Bend . - 025 0.25
Friction loss fxL/p 1.056  0.781

Total 3.456 3.[8] F

(7) Head Losses

. 4,450 1L.211m  Fx V2/2g -
© 600 = 1411 m :
Pipelength L = 15m .
~ Friction loss by Darcy-Wiseback I‘ormuh
Chf=fxLDxV'/28 -
f= 0 02+ 1/ (2000 % D) - (New cast iron plpc) _
For old cast-iron pipes multiply the 'I' by 1.5

$450__ 8600
D(m}. 045 060
S 0.021]  0.021

f= L15% 0.032]  0.031

(8) Total Head Requu‘ed

Qad 1900 4 1201(p450) = lllm

, , C LA11(¢600) = 3311m
- Qmd 1900 4+ 0.000 = 1.900m
" Qmwh 1900 4+ - 0.000 = 1.900m
CQww 1900 4 B4I1(600) = 3311m
~ The required total pump head is then 50m
{9) Shaft Power of Mixed Flow Centnfugal Pumps -
L=kx folep
where -
.. L -, Shafi pov.er ofpump :
k. 0.063kW  or - 0222PS
Q0 "_,-Pumpdlscharge(m / min) :
- I - Pump total dynamic head (m)
oy Specnﬁcgrawlyof\vater(y—l)
n o Pumpcﬂ"crency S
Calcu?atmns for shaft powar reqmremems -
Items - $450 $600 $600
s - o Engine
- |Pump d[scharge(Q) m’lmin 25 .50 50
HIDHH) - m T 5o 5.0 5.0
- {Pump effi c1cm:)(u) - 074 078 0.78
Shaﬂpo\vef kW 28 s T
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(10) Outputs of Pump Drives
P=L(+a) IpxG

where o
P Pump power (kW)
L Pump shaft power (kW)
e Allowance for motor 0.15
- Allowance forengine 0.2 ‘
- NG Transmissmn efficiency (1 0 for direct connccllon)
“ o450 | 4600 $600
. ' : : -t Engine
Shaf power (L) ; 28 521 o T
Allowance (o) - . Lisp . LIS 120
Efficiency of transmission (3G). - L00p 100 . - 095
Pump drive output  {P) kW 32] . .60 . 90

{11) Pump Specifications

Vertical mixed flow centrifugal pumps

Pump bore S mm - 450 - 600] - : 600
Pump discharge ~ * |m¥min. - | 258 - -~ 50] 50
Total dynamic head -~ {m . - j‘ o 5 5 o sl
Motorfengine output  [kW . -~ [~ 32 ) R T
Pump drive - | ..qur‘ Motor . _ Engine

2. RECIRCURATION PROCESS

24 DESIGN BASIS

2.1.1 DESIGN WASTEWATER INFLOW RATES

Design waslewater inﬂo_'w' ratés are d_etérmined as follows.

" Average daily flow . Qad - 98,000 m¥day 1,134 L/s

Maximum daily flow ~~ Qmd- 115,000 m¥day . "1,331 L/s - "
Maximum hourly flow ~ Qmh 140,000 m’fday' - 1L,620 LYs
~Wet wcalhcr flow . wa 280 000 m lday 3 ;241 Uday

241 2 DESIGN WASTEWATER QUALiTY

Desngn wastewater quality i is delenmned as fnllows

BOD .f i lSDmg/L"-."-
$S o= 180mg/l
N = = 25mglL
:T-P - = 4mg/L

24, 3 DESIGN WASTEWATER QUALITY (INCLUDING SIDESTREAM ‘WASTE LOADS)- T

" Design wastewater quallty (mcludmg S|destream “aste loads) is calculated as follo“s

N 'Al'l-.4-34 :
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170 mg/l.

BOD :
SS = 210mg/L
T-N = 30 mg/l.
T-P = 55mgl
Removal Efficiency (%) Wastewater Quality (mg/L)
. Pafall1ctcr i Prmary | Secondary [ = Overall Raw waste- Primary Secondary
: freatment frealment | removal rate wafer citluent effluent
BOD "~ 30 91 - 93.7 170 119 11
SS 40 923 95.8 210 . - 126 9
T-N - 10 N % 68.5 30 - 270 S 9.5
T-P 10 80 82.0 5.5 4,95 1.0

2.1.4 POLLUTAlIT DISCHARGE LiMiTs BY NTPA 001

. Pollutant dlscharge lumts by NTPA 001 is regulatcd as follows.

BOD < 20 mg/[
58 - <  60mg/l.
T-N < 10 mg/L.
-T-P < IOmg/L

2. 2 CALCULATIONS OF SlDESTREAM POLLUTANT LOADS

2. 2 1 RAw SLUDGE VOLUME

. Raw sludge productlon volume is calculated by the followmg equatlon

0% x 04

Solid productlon (Vday) = .. IIS 000 X 180 x
: _ S L= 828 tday .

Sludge concentration = - 20% . - - - . .
Sludgevolume 828 X IO_O + 20 = 414 m¥/day

2 2. 2 WASTE SLUDGE VOLUME o |

Reaction tank influent

Parameler !nﬂuent quahty Primar); cldtiﬁers r_eitto_val
| (mgll) '_  quality (mg/L) _:'zEll“tci:eney'(%) .

BOD TS0 o lOS T30

S R 130' S e T

} Assummg that the reactor mﬂuent S-BOD i$ 66.7% of ihe total BOD; then Scc is 70.0 mg/L
- Waste s]udge productton volume can be calcu]ated by thc followmg equallon

waXw— (axScs+bess chxXA)Q

. where, -
- Qw Volume of waste sludge (m’lday)

- Xw  Average SS concentration of waste sludge (mg/L) . :

Q- - 115,000 .

Q - Influent volume to reactors (m’/day) 5,0
XA -~ MLSS concentration in reactors (mg/L) _ 3,000
- Scs  Influent soluble-BOD concentration to reactors (mg/L) -70.0

Sss ]nﬂuent SS concentrallon to reactors (mglL) - e 108

' Au-'4-'35 | |
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a Sludge yicfd coefficient of S-BOD (mg MLSS/mgSS) 0.4~0.6
b Studge yicld coefficient of SS (mg MLSS/mgSS)  0.9-1.00.

< Coeflicient of SS reduction duc to indigeneous respiration of
activated sludge micro-organisms (L/day) . 0.03~0.05
0 HRT in reactor basins (day) 154724
lhercforc

VwaXw = {0.5x70.0+0.95 =108 - 004x0643x3000) XQXIO* -

, = 6043 x Qx10°= 695tfcla)
Solid production 6.95 t/day
" Sludge concentration 09%

Sludge production = 695 x 100+ 0.9 = 772 |j]’lday

ol

2.2.3 THIGKENED SLUDGE

‘Thickened sludge production volume is ¢alculated by lhc following cquatién. =

Shidgesolids .~ = 828 + 6.95 = 1523 t/day’
" Primary sludge Excess sludge o
Sludge volume = 414 + 772 = L1866 m’day =~
o (2.0%) . (0.9%) _
Solids = 1523 x 085 = 12.95vday

~ Assuming sludge concentration is ~ 3.5 %

Siudgevolunie = 95 x 100 ] 3 5 .-':-.»1 370.m’Mday -

2.2.4 SLUDGE SUPERNATANT OF THICKENERS

Sludge supernalanl of Iluckeners \\elght is calculaled by the followmg cquallon |

' Ltquorvolumc = 1186 - 370 = 8]6m3!day

Solids weight =" )

BOD = 816 x 2000 x 10°% = 163U’day
BODisassumed tobe of 2,000 mg/L -

TN =816 x 700 x ‘10° =° 057 Uday
T-Nisassumed tobe of - 760 mg/l
T-P o= 816 x 180 x 10° = 015t/day"’- -

LT P is assumed to be of . 180 mg/l. -
2.2.5 DIGESTED SLUDGE - RS _
D:gested shidge product:on \olumc is calculatcd by the folIowmg equahon

Dlgested shudge rsolid_s = i2 95 X (] 0.7 x 0 S) 8.41 tfda)'
* Digested sludge volume = 3.0 % - A

1523 % 015 = 22Buday e et

Sludge volume = .= 841 _x 100130 :.:__,28()‘:11_3lday.., G

2.2.6 DEWATERED SLUDGE(SLUDGE CAKE)

Dewa atered sludgc productlon volume |s calculated by the follomng cquat:on SERSREEY

(Assummg 20 0 % soltds concenlratlon)

Cakevo!ume = 157 x 1001200 = 38m’lday
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2.2.7 DIGESTED SLUDGE FILTRATE

Digested sludge filtrated weight is calculated by the following equation. -

Filtrate volume = 280 - 38 = 243 m%/day

Dry solids weight = 841 x 0.10 = 084t/day

BOD C= 243 x 1,500 x 10° = 0.36 day
~ (Assumed BOD concentration = 1,500 mg/L) _

T-N ' = 243 x 150 x 10° = 0.04 t/day
(Assumcd BOD concentration = 150 mg/L) _ '

P - = 243 x 80 x 10° = 0.02day
(Assumed BOD concentration = 80 mg/L)

2. 2 8 SIDESTREAM VOLUME AND WASTE LOAD

: Sldeslre_am volunw and waste load is calculatcd by the following equation.

_ Thlckener supernalants Sludge filtrate
. quuormlume = 816 + 243 = lOS9m’lda}

Dry solids = 228 '+ 084 = 3.13 ¢/day
BOD - = 163 + 036 = 200tday
TN~ -~ = 057 + 004 = 06] tday
T-P = 0I5 + _002 = 0.17tday

| _2 2, 9 WASTEWATER QUALITY (INCLUDING ALL SlDESTREAMS)

Wastewater quahly (mcludmg all ssdeslreams ) is calculated by the followmg equalmn

B Overallwastewaier flow -ﬁ, lnﬂuent + Slde_streams

- Maximum daily flow = = 115,000  + 1,059 = 116,059 m’/day
_ Then, the design \\aslewalcr flow characteristics are; -

"BOD = (115,000 x 150°x 10° + 2.00)/ 116,059

o = - 0.00016584 x 10° = 166 > 170 mg/L,

SS = (115000 x 180 x 10° + 3.13)7116,059
- =0000205292 x 10° = 205 - 2i0mgl.
-~ T-N = (115000 x 25 x 10° 10.61)/116,059 '

= 70.000030009 x 10° = 300 — 30mglL

8§ = (115000 x 4 x 10° + 0.17)/ 116,059

I

0.000005397 x 10° = 54 - SSmgl o
23 SLUDGE PRODUCTIONS R

2 3 1 Raw SLUDGE

: Raw sludge producuon volumc is calculatcd by the followi mg equanon.

' Solld producuon {tlday) ::, 115,000 x 210 x 10° x 0. 4
. ='9.66 Uday ST .

: Sludge com.entratlon 2 G% o

 Sludgevolume - 9.66-x 160 = 2.0 = 483 ni/day
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2.3.2 WASTE SLUDGE VOLUME

Parameter | Influent quality Reactlon tank mﬂuent anary clanﬁers removal

| (mg/L) o quallly(mgli) L Efﬁciency(%)
BOD ’ ) l.70 . ' 119 - 30
SS - 21'6_'1" | i' _125 T R

 Assuming that influent S-BOD to reactor basins is 66.7 % of thé raw wastewater BOD,S-BOD
concentration is estimated to be; - 79.37 mgIL ' '
Waste sludge productlon volume is calculated by the follomng equatlon

waXw = (axScs+bess—cx0XA)Q
where _
Qw _ Volume of excess slltdge (m’lday)
- Xw . Average SS concentration of waste sludge (mg/l )

Q Influent volume to reactors (w’/day) L ' 115,000
XA  MLSS concentration in reactors (mg{[,) 3,000
. Scs - influent soluble-BOD concemrahon to reactors (mg/L) - © 7937
- Sss . Influent SS concentration to rcactors (mg/L) ' S 126
“a  Sludge yield coefficient of S-BOD (mg MLSS/mgSS) -0.4~0. 6 05 -
b Studge yield coefficient of SS (g MLSS/mgSS)  0.9~1.00. C09s
¢ - Cocflicient of SS reduction due to mdlgeneous respiration. of Lge L
- activated sludge micro- organisms (L/day) . 0.03~0. 05 , 0 04 :
-0 HRT in reactor basms (day) IR a o -.?ﬁ-15.4 I-2_4 -0.64
' thereforc

Qwx Xw - (05x7937+095_xl26 004x0643x3000) xQxlo*‘-_';-,';'_
- = 8220xQx10° = 945Uday |

- Solid producllon : = . 945 Uday _
Sludge concenteation = 0.9% . ‘ T PR
Sludge production = 945 x 100 + 09 = 1,050 m’/day

= 0.73 m"/min.
23, 3 RETURN SLUDGE N R
Return sludge volmne is calcula(ed by lhe followmg equatlon :
Sludge return ratio . 50%
Return sludge volume = - 115,000 x 0. 5 = 57 500 m’lday

_ 40 m’/mm

| 2, 3 4 GRAWTY SLUDGE THICKENERS

Grawty lhlckened sludgc producuon volume is calculated by the followmg equanon.

Solids inflow 966 + 945 = 19 11 t/day
anary sludge Excesssludge -
Sludge inflow = 433 + 1,050 = 1,533 m’lday

Thickened sludge solids = 19.11 x 0.8 = 1529 t/day
Assume solids contenttobe 3.5 % T
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" Thickened sludge velume = 1529 x 100/3.5 = 437 m*/day

2.3.5 ANAEROBIC SLUDGE DIGESTERS

Anaerobic digested shidge production volume is calculated by the following equation.

Input solids Coo= 1529 tday
Input sludge volume = . 437 m*/day
* Volatile solids content of sludge 70%
Solids destructionrate .~ . 50%
Digested sludge solids = - 1529 x (1-0.7x0.5) = 9 94 Uday
Assume solids concentrationis  3.0% -
Digested sludge volume = 994 x 100/3.0 = 331 m’lday

" 2.3.6 SLUDGE DEWATERING

'Dewa{cred sludge .producllon volume is calculated by the following equation. -

[nputsollds RN 994 t'day = . . .
.. Recovered solids (90%) = 994 x. 09 = 895tday

- Assuming sohds concentrationas 200 % o 2
Sludge cake volume = 8.95 x 100/200 = 45 m’lda)'

2 4 COMPONENT OF FACILITIES

2.4.1 DESIGN BASIS _
Design wastewater inflow rate is determined és follows. .
* Average daily flow - : Qin =. 98,000m’/d .

(Maximum daily ﬂow in winter season)
. Maxmmm daily flow .- Qin max = llS 000 m*/d

' DeSIgn wastewater quallly lnfluent wastewater quah(y to reactor tank is calculated
As follows .

BOD IO~ |(s-BOD s :'30_.9_2'1,@1,) 68 %

S5 T128mgll o (SBOD/BOD)
TN 27|mgIL . S U

Design dlscharge qutewater quality : S R '
Design eflluent wastewater quallty from ﬁnal sedunentat:on tank (average quahty) is .
: Delermmed as’ follows ' ‘
Removal eﬂwlency

B

Spe
o Bl 18
FN [ T0[mg/L '1’7
T—N'cohdillc'i'n of Treated waler is ‘NOT-N 83 nlig,fL , Removal efﬁcncncy .
' . L KN 7 (T N)60”70% '
Demgn water temperalillé o 10% :
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2.4.2 DESIGN CALCULATION
(1) Recircuration'Ratio(R)

Recircuration ratio (R ) is calculated by the following equation.

Influent concentration of T-N to reactor mnk CIN. in= 27 mg/l

(effluent water quality from

. - final sedimentation tank)
NOT-N concentration, Cnox-efll = 8.3 mg/L, Assuming that nitrogen ratio which
concerned about nitrification in CTN-in is a = 0.7, recircuration ratio R is -

R = oaxCINin/CNOX-eft -1 T
R 07x27/83 —1 = 228 - | ='l”8-'—~> P

(2)_ MLSS Concentration -

i

MILSS concentration is calculatcd by the foilomng equatlon >

7 Assummg that MLSS conccnlrallon at reactor tank 3,000 mglL (2, 000~3 OGOMLSS)

and return sludge concentration 9,000 mgll so that return siudge ratm R fis
9000Rr = 3000 x (1+Ry) .

Rr= (3000)!(9000 ~ 3,000) = 0.5
Recircuration flow Q¢ and return shudge flow Qr are rcspcclwely

R - Rr =1 - 05 = 05"

Qr = Qin x 0.5 = 49,000 m’lcla)

Qc Qin x 0.5 = 49,000 m*/day

(3) A-SRT

1

Retention time at aerobic tank is calculated b)' lhe folim\ Ing equatlon

Assmmng that complete mtnﬁcatmn and to cons:der dally and seasonally change of waler
qu’mhty and quality, A-SRT(d) is '

8= 15 (Assummg)
T = 10°% (Assummg)

OXA = 8x206x exp(-0.0627xT) - 0.627
= LS x 206 x 0534192 = 16.5day

(4)  Aerobic Tank Capacity \M(.ﬁ’) IR ;

~ Acrobic tanI\ capacity is calculated by lhe followmg equalmn '

VA= (Qinx OXA x (ax Cs- BODm+beS1n))l(l+cx0XA) wx

OXA = Acrobu, sollds retention lime - 16.5 day
a = Gross yleld coeﬂlcwnt of dlssolved B()D(O 5-0. 6) 0 55 -
' T aMLSS/gS-BOD
Cs-BOD = Dissolved BOD concenlrahon of mﬂuent ﬂow . 80.92 mg/L
B = Gross yield coefficient of §S (0.9~1.0)° 0. 95 gMLSSIgSS L
C = Aulolysis coeflicient of sludge (0 0?5~0 035) C003L/d.
X = MLSS concentralton S _ ST 3 000 mglL
. VA = 98000 x 16.51 x 16414486 = 59218m ‘

AxCsBODin + bxSSin =055 x 8092 + 095 x 126 =16 o
(1+ex0XA)xX=(1 + 003 x 165 x 3,000 = 4486
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(5) Biological Reaction Tank Capacity V(')
Bib!ogical reaction tank capacity is calculated by the following cquation.
 Assuming BOD-SS load(LBOD/x) is - 0.06 kgBOD/kgMLSS/day (0.05~0.1)
V = (BODinxQin)/(LBOD/x x X) ,
= (119 x 98_,000)/ (0.06 x 3,000) = 64,789 m’
(6) Anoxic Tank Capacity VDN m? |
AnOxic t’anf( capacity VDN’ is calculated by the following equation.
| VDN = V - .VA = 64,789 — 59218 = 5571w’
(7) | Capacity Ratio of Anoxlc Tank and Aerobic Tank |
| VDN:VA = SSTI: 64,789 = 1 116 |

SR (8) Speed Gonstant of Demtnflcatton KDN (mgNIg MLSSIh)

- Speed constant dcmtnﬁcahon KDN is calculatcd by lhc fol!omng equauon

KDN = (LNO)( DN X 10’) / (24 VDN x X)
Here o
CNOX.A

aCl"mell(HR) _ o

| = (07 x27 x )/(1+1) = 95mgL

LNOXDN = CNOX.A x (Qr+Qc) x10% .. . . .

S =95 Lx (49,000+49,000) x 107 = 926kg/d

KDN - = (916x 10/ (24 x 5571 x3) :
c= 02309 (mgN/gMLSSA) - > 0372 OK

Chcck of demtrlﬁcahon speed .
Less than(y')isNO - y'= 62 x 0.06 + 05 = 0872
Moré than (y' )is OK : Lo ‘

Caleulate VYgn = = . 926 % - 10*

back 24 «x 0872 X _
. - = : = 14,751 m®
CUVDIVA = 1 ;401
V= MISE Y 59218 = 739680

(9) Blologlcal Reactlon Tank Capacuy and Retentlon Time -

Blologlcai reaction tank capacny and rctcnuon time is calcuhted by the followmg equation.

Retention time at blologlcal reaction tank in winter season, t(h) is
' t = (24 x 73,968)/98,000 = 18.1h
Retentlon time at aerobic tank in winter season, tA (h)is
t = (24 x 59218)/98,000 = 14.5h
Retentlon time for daily maximum flow at blologlcal reaction tank in winter scason, t(h)is
Tro= (24 x 73,968)/ 115,000 = 154h

CAIL4Al
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{(10) Necessary Oxyge_n Demand %D (kg/d) S

Necessary oxygen demands is calculated by considering of oxidation of carbonic organic
maler, necessary oxygen for endogenous respiration and nitrification reaction of
microorganisis in activated sludge, and neccssmy oxygen for mamtam 4 dissolved oxygen

0D = ODl +0D2 +0D3 + 0P4
Here

OD - Necessary oxygen demands (kg(}z/day) (AOR) _ o
0OD1 Necessary oxygen for oxidation of carbonic organic matter .~ (kgO,/day)

OD2  Necessary oxygen for endogenous respiration - ~ (kgOy/day)
OD3 . Necessary oxygen for nitrification reaction . =~ - " (kgOyday) .
oD4 Neces;ary oxygen for mamlam a dlssolved oxygen o (kgOJday)

 opt= A(kg(),/}.gB{)D) X [Removal BOD (kgBOD!day) - Dcmtnf" cation volume
' (kgN/day) %K (kgBOD/ng)} R
Here A:  Necessary oxygen for removal of BOD (0 5~0 7)
' K: BOD consumpt:on for demlnﬁcatlon (2 86)

op2= B(kgOJkgMLVSS day) xVA(m3) xMLVSS(kgMLVSS/m’)
Here  B: Oxygen consumphon by endogenous resplrataon at MLSS unit

o (006~0|5)
VA: Reacuon tank capacntyat aemblc part Comne

0D3 C (kgO,/ng) X Nltnﬁcated K_} N volume(nglday)
~ Here ' C:- - Nitrificated oxygen at nifrification reaction” (4.57)
Niltrificated Kj-N “(Inflow Kj-N) - (Outflow Kj - N volume)
_ PRI (Removal volumé of K_] ~N b} e\:cess sludge)

OD4 = Q x DO concentratlon of reactiontank . L
Here DO Dissolved oxygen concentration at end poml of aeroblc tank ] Smg/L.

- (Designflow = 98,000 m*/day)
BODin = 119mg/L, = TN = 27mg/l
BODout = -9mg/l, VA = 59218 n_l3
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The results of calculation is shown in table bellow.

. tunil ~ [note
Necessary oxygen (HQ m’/day ‘ 98,000
demands for oxidation ~ [(2) BODin g 119
of BOD (3) BODout mgfl, 9
(OD1) . :
) {@)-@x(x1e? - [|kg/day 10,780
(5) ADN(denitrification ~ [kg/day 926
_ ' volume) .
6y kx(5) - kg/day 2649 k= 2.86
L - [ODI1= Ax{(4)-(6)] - kpfday © - - 488 - A= 0.00
Necessary oxygen o T - S
demands for endogenous (1) MLSS - mg/L 3,0000 -
respiration (OD2) "H2)VA B 059,218
' B3 (Dx(2)x107? ‘tkg/day 177,653 B
' 0D2:Bx(3) kg/day 17,7651 B= 0.1 .
Necessary oxygen - :(l)u (mtnﬁcauon ratlo)_ G o
demands for nitrification |(2) T-Nin _ Cmg/l, . 27.0]
reaction I3 Q m’/day - 98,000
(OD3) ) '
' - |op3= 45?x(])x{2)>\(3) . |kg/day 8465 C= 457
' x107? - : -
Necessary oxygen (1) DO concentration mg/l. 1.5
demands for maintain al reaction tank
dissolved oxygen (OD4) [(2) Q m’/day 98,000 S
: ) Or Qe m*/day 147,000 1.5
@ {23 ~ |m’/day 245,000
0oD4 = (x{4)x107 ~ |kg/day 368
Neccssaryoxygcn(OD) OI)— . ' - kgfday - 27,085
: ODI+OD2+0D3+0D4 o
dcmands ' ' 0276 Q

Dcs:gn of air dlffuser(Assummg that dlﬂ‘used air aeration., f'me bubble, sp:ral ﬂow)

. EA =
Qw =

75, p = 1293
0. 233 (Assummg)

Supplled air (N m’/day} = -

- { Necessary oxygen demands (kgO,)) l EA(%) x 107%x p (Alrme’) x Ow(kgO,/kgAtr)

= (0276 x Q)/ (7.5 x 001 x 1293 x 0.233)
1223Q "= 1,198,718 (N m’/day) = 83_2 (ij(mm)-
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2.4.3 MEASURE FOR ADVANCED TREATMENT

Way of thinking

Changmg from conventional actwated s!udge proccss to advanced treatmcnt process (T-N T-P
removatl) : o
Calculate a necessary treatment capacny of advanced lreatmcnt proces:; and cvaluale a capacnty
of conventiconal activated sludge process.

Extend a necessary ponds and equipment in the future.

Necessary treatment Treatment capacity of ~ Extend or reri'lodeling of

* capacity of advanced conventional activated  {reatment about shortage

treatment process - siudge Process < of czipaqity
Explanatmn ofmeaﬁures for advanced 1reatment
" Here showlng a Irealment capacnly of l\\'o proccsscs in table beloz\'v.': :

* Con\'enllonal activated sludge process -
* Advanced ireaimcnt process (Recnrcur’ttmn process)

Al
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Explanation of Measures for Advanced Treatment

umit | Necessary [Facilily and equipment for advanced treatment
B advanced [Conventional acliv atcd Measures for
, capacily [sludge process shortage of capacily
* Primary scdimentation L _
tank surface load m*/m%day 35 35 —
Facility shape - $35m x 4 tanks
*Reaction tank , - - .
Retention {ime hour 154 154 154
Distribution ratio of [% . C16.6/15.4%x100= 43 1H00-43= 57
© water B Making a  wall in|Build an extend tank
reaction -
tank, and divided an for reaction tank
anoxic zone and
o aerobic zone
Facility shape W5.5m x H5.5m W5.5m x H5.5m
. R x L68m x 16tanks - |x L71m x 16 tanks
*Final sedimentation - o . '
Tank surface load m*/m?/day 15 8.6 il6 -
y New ponds
Fac_i!ily shape. ¢45m x 4 tanks dd45m x 4 tanks
‘Retun sludge flow - [% Usually - [Same to the left Sameto the Ieft
SR 509
“|(Siudge (New pumps are
- jpump .
" leapacity necessary)
. : o 100%) _ o
«Recircuration fow of . |%e 50%|Provide a recircuration {Same to the left
Nitrificated water pumps at the ovtflow
R point of reaction fank(
: . . aerobic tank)
, Supp];ed air flow m’fm_in_ 832 312 520
L : ' Extend capacily
|+ Waste Slud'ge vo[ume t/day _ 19.11 2721 ot necessarya
~ {nflow sludge solids R ~ |(Sludge products from |extend of capacily
| of thickener) - Conventional activated '
(exclude T-P removal) sludge process)
(include T--P removal) : 2]_.59 Not necessary a
o ' _ extend of capacity
< T-P removal by New -~ [Same to the feft Sameto the lelt
addition ' equipment : '
of coagulant is necessary

k “Wastc sludge volume produced from T-P removal
- Waste sludge production volume by addition of coagulant

Influent T-P concentration of reaction tank

4.95 mg/L.

' Additional concentratlon of alummum sullface CA(mg/L) is calculated by followmg

equauon
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CAL = CspinxmxAL/P

Here : : o :
~ Cspin - Influent dissolved T-N concentration(mg/l) ~ 4.95
P Valence of phosphorus 31
AL Valence of aluminum =~ & 27
: : m Additional molality ratio 1 (assuming)
CAL = (495x27x1)/(31) = 43mglL o

Assuming that waste shudge production volume by addmon of cmgulant is 5 tlmes as
Additional phosphorus volume. -
Waste sludge production volume by addition of coagulanl = QD xS X C‘AL x 10 6
= 115000 x § x 43 x10° = 248vday
Waste sludge \'ohlme in case of removal of T-N and T-P s:muItancously
= 1911 + 248 = 21.59 t/day
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