Part l/Galati: Appendix-5 Design Calculation of Gatati WWTP

1.4 COMPONENTFACILITIES :

1.4.1 PRIMARY CLARIVFIERS

Primary clarifiers specifications are calculated b')'r the following equation.

Average daily flow, Qad = 200,000 m*/day
Maximum daily flow,Qmd = . 235,000 m*/day
Maximum hourly flow, Qmh = = . 285,000 m*/day
Wet weather glow  Qww = 570,000 m*/day
Hydraulie surface load rate = - 35 m*hn? day

Totally 4 clusters, each consisting of 2 tanks, total number of baslns is 8 umts '
Hydraulic load on cach basinis 235,000 + 8 = 29,375 m’!daylbasln
Required surface areaof each basm = 29375 + 35 = 839 m

(1} | Tank Geometry (In accordance wuth the Romanlan Standards)

Internal diameter 35 m
Effective depth : 20m

Numberofbasins . 8basins = .. ... -
Surfaccareaofabasin = . 843 'x 8 = 674dm’
Hydraulic capacity of a basin 6, 44 x 2 = 13,488 m’

Check for hydraulic conditions of basins under the diﬂerent flow rates
Retention time
Qmd - 13,488= x - 241238, 000 = ]_.38_ hours - -
2Qmh 13, 488 P 24 l 570, 000 = (.57 hours > 0.5
Surface load rate ST
Qmd . 235,000 l 6, 744
2Qmh 570 000 l 6?44

48wl day <3S
o 84Ssmmiday <96 e v

(2) Raw Sludge Pumpmg Eqmpment

The pumps will handle the mu\lurc of pnmary and excess sludge havmg sohds conccntratlon
of 2%. ' S
Sludge solids  46.44 t/day, Solids concentration ~ 2%

Sludge volume ~ 2,322mday . = L6l m’min. . = .
Pump type: ~ Centrifugal screw pump . '

Pump bore size: 3 100 mm - -7

Delivering capacity: : 1 m’/min.

Total dynamic head: : SRR 113 TR :

Number of plimpS' _ o 3 Umts (mcludmg I slandby)

1.4.2 REACTOR TANKS

Reactor tanks s;:ecnﬁcalnons are calculated by thc followmg cquatlon -

Dcmgn ﬂo_w, de o= 235,000 m’lday

BOD--SSload . .. . 0.30kgBOD/kgSS day

MLSS 1,667 mg/L. '

Return sludge solids concentration 5,000 mg/L =70 0 0 s

Sludge retum ratio . = . 1,667 = ( 5,000 ~ 1,667 ) *=-0.50

Inflow BOD to reactors 235,000 x- - 170 x 107 kg BOD/day X (] H03)
. =.27965kg BOD/day . . .

Reactor tanks SS = V . x 1667 x107 kgMLSS

Required tank capacity 27,965 + 1.667 + 0_30 - 35, 9]9111
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Part WW/Galati: Appendix-5 Design Calcutation of Galatl WWTP

Aeration time = 055919 x 24+ 235,000 = 5.7hours
At Qmd, acration time of 6 hours or more is secured.
Required tank capacity = 6 x 235000 = 2400 = 58750m’
Tank gecometry '
Width _ = 35m
Effective depth =" 55m -
Cross sectionalarea = 5.5 x 55 — 12x1.0°x2 - 1/2x0.6°%x2
, : =  29m’ o '
Number of tanks = 8 tanks 4 clusters 32 tanks
Capacity ofonctank = 55919 =+ 32 = |1,747m’
Tank length = 1,747 <+ 29 = 6026 usc 67m .
Tank geometry o
W 55m x  327Tanks
L 67 m o
H 55m
Check of aeration time _ : S
Tank cap'lcﬂy =29 x 67 x 32 = 6,176m’
Aerationtime = 062,176 x 24/235000 = 6.3 hours

Check for additional tank r‘equrir'emen'_t 10 upgrade the process

Additional tank capacity required for the advanced treatment process will be provided by
adding tanks 1o the conventional activated sludge aeration tanks. The wastewater inflow
will be distributed both to the existing and additional tanks. The wastewater will be distri-
. buted in proportion to the treatment capacity of both lrams :
. “The total détention time will be 13.2 hours. - - :
- As the detention time in the conventional treatment proccss is 6 3 hours, the rcqmred
retention time for additional tanks is

132 - 63 = 690hours '
Check capacity and wastewater distribution ratio
' . Existing tanks 634132 = 048
- Additional tanks - 69/132 = .052
Wastewater flow distribution rates _
. Existing tanks 235000 x 048 = 113,047 m¥/day
- Additional tanks 235,000 x 0.52 = 122,841 m’lday
Additional Reactor Tanks : , _
Required tank capacity - = 235 000 x 69 = 24 = 67, 563 m’

8tanks  dclusters 32 tanks

1l

Number of tanks

" Tank capacily = 61563 =+ 32 = 21lIm* . -
Tank length = 2,1l - = 2900 = 728 wuse 73m
- ITank geometry o
W 55m - x 32 Tanks
L - 7m
"H o 55m

. Check r’ét_en!ion(imc T
. Tank capacity =~ = 29 x 73 x 32 = 67,744 w’ e
- Retention time 67,744 - x 247235000 = 6.9 hours *
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Part 1l/Gatati: Appendix-5 Design Calculation of Galati WWTP

1.4.3 FiNAL CLARIFIERS

Final clarifiers specnﬁcahons are calculated by the followmg cquatlon ,
Design flow QD = 235,000 m*day
Surface load rate = 25 mYm? -day
4 clusters each consisting of 2 tanks, totat tank number is:  8tanks
Influent tocach tank = 235,000 + 8 = 29,375 m*/day/tank
Required surface area of each tank = 29375 + 25 = 1,175m?

(1)  Check by the Ro_maniah S'ta'm:i'a_rds

Internal diameter - 45m
Effectivedepth = 3.5m
Tank numbers -~ 8 units AT
Surfacearea 1,424 x 8 = 11,392m’
Capacily S 11,392 x 3.5 = 39872m?
Surface load rate . 21 m’/m day
Retention time ' ' :
- AtQmd 39,872 X 24/235 000 = 407h0urs i %
Qv=Qmh + Qrmax = . 285,000 + 117,500 = 402, 500 m’/day '
e '39,372 X 247402500 .= 238 >20

Surface load rate R
At Qmd 235,000/.11,392

92 = 2] m’lm day<25
L CALQy 402,500/11,392 = 35 3 m’lm day<52 8
- Weirloading - .~ . . ~
=.We_irlength — L = =n x --_42.7 S% 8 1073m
CAtQmd 0 235,000/1,073 = . 219 m’lm -day
AtQv - 402,500/1,073 = .. 375 m¥/m-day

As compared with the Japanese Standards, lhe weir loading appears to be hlgh slde lhe
~ weir length may be mcrcased in detalled design. ' s

, (2) . Check for Advanced Treatment .- |

The advanced freatment will be performed lhrough lwo trams eXIstmg and advanced
treatment process trains.
The wastewater  will be dnslnbmed 10 cach lram in propomon to lhe reactor lanks
* hydraulic retention time.
Wastewater distribution o
Existing train = 113,047 mJIday' '
_ ~ Additional train 122,841 m’lday
- Check for additional tanks o e
- Surface load rate -~ - 15 m¥/m>day or lower

Cluster - 4 with 2 tanks, then total tank number is - -8 units
Flow rateto each tank "~ 122,841 + 8 = 15355 m*/day.tank -
~ Required surface area ofeach tﬁnk = 15355+ 15 = 1,04m’ _
: D = 40 <23 =:17377m
According to RonnmanStandards A= 0785 X (D2 -3) - = L109m?
Diameter g 40m -
Effectivedepth © -~ 35m.
Number of tanks - - - 8 units . -
- Water surfacearea =~ 1,109 x 8§ = 8,869m®
Capacity =~ = - 8869 x 3.5 = 31,02m*
Overflow rate 13,9 m¥m’Mday e
Check the existing tank surface load rate A
122,841/ 11,392 = 108m’/m’/day <15
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Part llI/Galati: Appendix-5 Deslgn Calculation of Galati WWTP

(3) Return Sludge Pumps

Return sludge pumps are specified as follows o
Average 50 % sludge return rate is considered, but pump capacny 100 % return rate is
provided to prevent and restore sludge bulking. . .
Return sludge volume = 117,500 m¥%day ~ = 82 m*/min.
60 % and 40 % of sludge will be transported by 4 and 2 pumps respectively, through
double pipelines. _ . .
Pump capacily 41 x 02 = 8.16 use 8.2 m’/minutelunit
: 41 x 0.15 = 6.12 use 62 mYminute/unit
By operating above pumps, the return sludge rates can be adjusted at the order of 5% to

15 %.
Pump type ~ No.l Screw centnfugal No.2 Screw centnfugal
Diameter : 250 mm o 250 mm
Capacity 6.2 m*/min. - 8.2 m’/min.
T™H 10 om0 10 m '
Number of pumps 8 units =~ . 4 units

. _Motoroulput .22 kW e 300 kW

(4) Excess Sludge Pumps '

Excess sludge pumps are spemf ed as folloxvs

Excess sludge volume = = 5,904 m“’/day = 41 m’min
Two lines will be provided, then the capacity ofapump = 1.02 m¥min . -
‘Type of pump No.1 Scrcw centrifugal pump
Diameter . 250 mm .
Capacity ~ - 1.1 mmin
TDH S 0m
Number of pumps . 6 units (2- slandby)
Motor output 22 kW :

(8) Chlorine Contact Tanks

ChIorme contact lanks specnﬁcatlons are calculatcd by the followmg equahon

Desugn flow rate Co= 235,000 m*/day
-~ Chlorine contacttime = - 5 minutes ' '
% : ' Required tank capacity: - 235,000 + 1,440 x 15 = 2448 m’ -
- Channel width: - 40m - : '
-~ Effectivedepth: -~ = 3.0m Lot o
. Tank length: 24479 + 40 = 30 = 2040m — 204m

Number of tanks g © Lunit

Chlorine contact tank geomelry = >
L~ 204 n AT o ‘

' 1 5 ANAEROBIC SLUDGE DIGESTER

‘-1 5. 1 SLUDGE THICKENERS
() Hydrauiic Capacity of Tanks

Hyd_rauhp capacnly of tanks are spemﬁed as fo!lﬁws. .
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Part H/Galati: Appendix-5 D2sign Calculation of Galati WWIP

Solids input = 46.44 Yday
Input sludge volume = 6,750 m*/day
Output sludge volume = 1,061 m¥day
Floor leading = 60 kg/m*/day
Required surface area = 74m*
Tank geometry Circular radial flow type
© Internal diameter = 16m
Effective depth = 4m
Number of tanks * - * = 4 units

Walcr surface area 3 34/ 4 x 162 x 4 = 804 1_1f

(2) Sludge Wlthdrawal Pumps

Sludgc wlthdra\val pumps are spccnﬁcd as follo\\s ;

The pumps will havc capacmes that can send lhlckened sludge in around 8 hours.
Pump capacity Q = 1061 x 1/8 x ll60 2211113Imm ARIT TR

Pump .- - Sludge pump

Diameter 100 mm

Discharge capacity  1.20 m*/min.

™i _ 20m

Motor output . I5kW
Number of pumps 3 umts(mcludlng one standby)

(3) Sludge Screens

Sludge screens are specified as follows.

Type Rotary drum screen -
Screen opening 4 mm o
Capacily - 2 m*fmin.

Motor output 04 kw

Number of screens 1 unit

Screen capacily is so determined that the sludge quantity bemg sent concomltantly fmm
2 raw studge pumps (cach q=1.0 m’lmm Yecanbe screened

1.5.2 ANAEROBIC SLUDGE DIGESTION TANKS
(1) . Hydraulic Capacity of Tanks -

Hydraulic capaci.ly of tanks are specilicd as follows.

Sludge solids inpmt = - 37.15 t/day

~ Input sludge = 1,061 m/day
Retention time 20 days -
Tank temperature 35 %

- Required fank capacity 1,061 x ?_0 = '2]’:23011];

(2) Ténk Geométry

Type Single stage digestion -~ 0 o0 TR
Internal diameter 17.5m ' S ' S
Effective tank depth “31m

Number of tanks - 2clustersx21anks SRS
Capacily o 5,580 m'tank, 22,321'm’ - total tank capacity ¢
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Part IUGalati: Appendix-5 Deslgn Calculation of Galati WWTP

1.5.3 GAS STORAGE TANKS
(1) Capacity of Tanks

Capacity of tanks are calculated by the following cquation.

Total solids input to (ligcs{ers = 37.15 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 follow

Total gas production = 37.15 x 07 x 10 x 0.425 = 11,053 m*/day
Storage time 8 hours ' ' '
o [‘ank storage capacity = 11 053 X 8/24 = 3,684 m*/day
(2) Tank Geometry o
o Type o Dry-seal type steel {anks
" Numberof tanks = 2 units :
Diameter 16 m
Effective height - 17 m
Storage capacity ¢ 2,000 m’
1.5.4 MECHANICAL SLUDGE DEWATERING .
(). Filter Capacity
hlter capacity is calculated by the following equatlon
Solids mput = 24 15 t/d’l) »  Input sludge i’olymc - 805 m¥/day .
. Belt press filter o ' ' '
. Yields per unit length .- 130 kg/mfhr :
Filter width e 7 3m
Daily operationtime . ... 6hr
" Working days/week .- 5 day

*Solids loads per hour = 24.15 715 x 10’/'6 = 5,635 kg/hr
" Required number of belt press o

= 5,635/ 13013 = 714_ uge = 14 units
- Type : Belt filter press
Filter loading rate  : 130 kg/m/hr
Filter width : 3 m
Number of filters  : 14 unit

1 6 CHLORINE REQUIREMENTS

chmrcd quanlity of hypochlontc soiutlon can be calculaled b) muluplymg the dosmg rale
by the wastewater flow rate as shown in the following equauon ‘

VR = Qstc -(100/(:) x (lld) x 107
- where
VR Requlred hypochlorite soluuon L/ hr)
. Wastewater flow rate (in® Ihr) '
Chlorine dosing rate{mg £:L). . .
Effective chlorine concenlratlon in chemlcal (%)
_Specti‘ ic grawly of hy pochlontc solution (at the echcllve concentration of C%)

_Q’O?UC
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Part IvGalati: Appendix-5 Design Calculation of Galati WWTP

At the maximum daily flow rate, the required hypochlorite solution js: - =

Q = 235000m’day = 9,792 m¥hr

R = 3 mg/L. o

C = 10% -

d = 12 -

VR = Q x 3 K. (IOO/ 10) x (1 / 1 2) x 10'3

0036 x Q. = 353thr :~61,!|11||111tC'

At the wet weather ﬂow (nnxtmum hydraullc ratc)

Qww = 570,000mfday = 23 750 mfhr.
R = - S mg/L S T RRREE
VR = 0012 x 8§ x wa = 2,280 LAwr = 38 L/minute

| (1) Hypochlonte Solution Storage Tanks '

8 days storage capacity for the maximum daily ﬂow rate. T hen lhc capacnt)' is:

V. = 0353m%h  x 24 X 8 = 6778 m’
Tank specifications '
Type FRP made cylmder type - oo
Internal diameter 2.8m :
Height : T 39m
 Capacity 0 20mE.
Number of tanks - “dunits

(2) Doslng Pumps Speclflcation 4
' MNo.l) - (No2)

' ’fype S " Diaphragm ~ Diaphragm =

* Diameter . 20mm . 7 20 mm
Discharge - 6 L/min. ~ - * 13 L/min.

- Moteroutput . 0.2kW T 0.4 kW : '
No. of wnit .~ 2 unlls 3 umts(mcludmg l standby) :

1.7 DIGESTER HEATING SYSTEM

1.7.1 TEMPERATURE | BTN S - | &
" Lowest dally average temperalure : . :I(:)‘I"c: B :
Soil temperature _ C15% 0
Input sludge temperature -~~~ - 10°%
D|gcslerlank temperalure e -35 (¢ S

', ‘.i!‘{-'j

. 7 2 REQUIRED CALORIES FOR SLUDGE HEATING SPECIFIC HEAT 1 0 KCALIKG T

Requlred calones for sludge heatlng systcm is caiculated by lhe followmg equailon

Q= 1,061 'x(35—_10) x 103 x 1.0'- = 26,537,073K¢al/d~

1.7.3 HeAT LOSSES TANK INTERNAL DIAMETER A1Em
(1) Surface Area of the Dlgestuon Tank SR

- Al.1~.5--l2 g



Part WGalati: Appendix-5 Des!ign Calculation of Gatati WWITP

Internal diameter

17.5 m
. _ r R h
Top slab (gas portion) - o 1.00 3.00 2.0
‘ Al : : 387 m’
Top slab(liquid portion) 300 | 875 l 5.75
' : Do A2 S 13000 m’ _
Side wall(above ground) 875 .. | 8.75 | 1305
(down to Im below ground) A3 I VA mt
Side wall(underground) ' - 875 I 8175 I - 445
(up to Im from surface) A4 . 2445 m o
Bottom slab 1.00 | 875 . | 775
AS 338.7 m’
Al ~35 5(s;de)+3 14(top, r)—' 38.67
A2=3000 ,A3=7177,A4=2445,A5=3355+ 3 14 338 7
(2)  Overall The'rmal Conductivity Coefficient (kcal!m’, °Cthr)
T RC Water | Insulation . Concret ‘Spt.;ayr GasL B Intemal & Exl-err-\ala K
thicknes proof | {polyureth | eblock | concrete pottion {theemal 2{thermal
s {m) motor | anefoam) | = . _ | conductivity) | ‘conductivity)
0= | 0-12) | -022) | 0=L0) | O-14) [ (1=043) _ ]
Roofslab{gas | 03| 003 | . 003 N 20 0 T048k1
poriion) S R ' i A C
Roof 03 0.03 0.04 300 T 20 - | 0472
slab{liquid : . - C
portion) - TR
Upper - side 03 001} . 015 026 300 . 10 0.360K3
walls  (Im ’ ’ . .
underground
or higher) - . s ;
" Lower 03 300 - 5 2395k4
sidewalls .
(Im
underground .
or lower) RS : j T
Bottomslab | . 08 01 300 5 1.182%5 |

where

The overall thermal c0nduclivi1y coefficient can be calculated _'b‘y' the following equation:

K
o,

Sy

Y

81! 82 ._

1/K =

1/

xS/

+ 8,/

+ ilaz

) Overall thermal conductivity coefficient (keal/m* oc-hr. ) ‘
Thermal conductivity coefficient of gas or -sludge (keal/ 1112 °c hr)

1/k1=2.16  kl=0464
~Thermal conductivity coeflicient of air or ground (kcal/ m2 % hr)
1/k2=2.11  k2=0474
“Thermal conductmty coefﬁclenl of msulat:on matcrlal (kcal/ m2 °c hr. )
C1/k3=278  k3=0.360
- Thickness of msulato_r§ {m) .1/ k4 = 0.42 k4 2. 395

CANLSI13
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Part il/Gatati: Appendix-5 Design Catculation of Gafati WWTP . -

(3) Overall Heat Losses

Portion of tank Heat [ Thermal ' Nli:ﬂbﬂ of | Difference of | Total heat
‘ transfer ' | conductivity tanks temperature .| losses
area . | coeflicient >
A , ) [ Keal®Femny | (uniy | ()
Roof stab(gas portion) 38.67 0464 | 4 S35 T 2,509
Roof slab(liquid portion) | 300.0 0474 4 35 19,899
Upper sidewalls(1m 7171 0.360 4 35 | 36,146
under ground above) ' I R BRI
| Lower sidewalls (up to 244.5 2,395 4 - 35 81,974 |
1m below ground ' S ' T
surface) o . o _ . .
Bottom slab 338.7 L2 4 35 | 56035 |
| ) Total 196,562 | .
0\*eréll heat lbsses - =_ 196,562 l:(cal /hr |

1 7 4 HEATING SYSTEM

24 hours continuous healmg A total of 20 % heat Iosscs from pipes? 'tre conSIdered
26,537,073/24 + 196,562 x 12 = 1 341 586 Kcallhour ©

Efficiency of water heater . 0.9 - -
1,341,586 IO 9 = I ,490,651 Kcal l hour
Water heater

_ 800,000 Kcal / hr x " 3units (mcludmg 1 slandby)
1.8 ANAEROBIC SLUDGE DIGESTION SYSTEM -

1.8.1 DIGEST{ON TANK

Hydr'mllc capacity of tanks are spemﬁcd as follows

Solids input = 1 DGI m3/day
Retentiontime . 20 days

© Temperatire 35% S
Required tank capacity ~ 1,061 x 20 = 21,230m’.

1.8.2 TANK GEOMETRY
Tank geometry is specnﬁcd as fo]lo“s a : : D '. ‘

lypc o smglcstage (ank -

Internal diameter 17.5m
Effective tank depth =~ 31w sl
Number of tanks 2clusters S 4 tanks :
- 5,580mYtank . DI E175m
© (5,307 m’/ lanl\ or larger) D2 =" 2m

- D3 S 6m -
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1.8.3 TANK CAPACITY

Tank capacily is calculated by the following equation.

Eftectivedepth ~~ 17.5m  Portion V1 _
woos 7.75m - Portion ¥§ 7 4vm> _
" 575m  Porlion Vi “¢_ o
Total 3Im ’ o
VI = a/4xDI’xDI _ | K
‘ ald4xDI® = 4200m* Vi o
V2 o= n/4xDI2x (D/2)/3 - Di nm=i
~u/4xD2x (D22)/3 ¢ ’
= nl/d4/6 (D'-D2)
: = - 700’ I L .
vz = n/4/6 (DI*-D3’) vz X
= 63w : e L H2
. : D2
V total 5580m’ N . S
1.9 REQUIRED OXYGEN
' Reqmred O\ygen is calculated by lhc followmg equation.
-chulred 0,: 0D = OD1 o+ OD Jr , OD3
~ where - _ SR e
0D, . : Oxygen required for BOD oxygchalion (ce!l synthesis)
OD, - .. : Oxygenrequired for endogenous respiration :
: OD,' oo Oxygento be utilized for mamtammg reqmred dlssolved oxygen lcvcl

1 9 1 REQUIRED OXYGEN FOR Boo OXIDATION(CELL svumesm) OD,(KGO IDAY)

oD, L A(kgo,/kgnoo) % BOD removed (kg BODfday)
where

A @ kgoxygen rcqulred fo remove kg BOD (kgOzlkgBOD) 05 07~>06
Q = 235,000 m*/day

oD, = 06 x Q x 1012 x103 = 00607Q kgOJda)
lnﬂucnt BOD = 1]9 - 18 = lOl 2mgll 0 :

- 1.9.2 OXYGEN REQUIRED FOR ENDOGENOUS RESPIRATIONOD (KGOJDAY)

oD, = B(kgOszg‘Vl[,VSS day) x VA(m’) X MLVSS(kgM[VSS/m)
- where
_ ,B O\(ygen consumption due to endogenous resplrallon per umlM[VSS 0.05~0.15
‘ (kgO/kgMLVSS-day) . -~ 0.05
T VA Capacnly of'lcroh:c portlon ofre'ictor(m YQ x6+24 = 025Q *
- MLVSS/MLSS =~ = 08 ' IR
oD, = 0.05'% 025 x ‘Q x 1,500 %107 x 08
: = 0.0150Q kgO;/day - S
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Part liGalatl: Appendix-5 Deslgn Calculation of Galati WWTP

1.9.3 REQUIRED OXYGEN TO MAINTAIN DISSOLVED OXYGEN LEVEL:

(K6 O:/DAY) N
0D, = COA x Q x 107 | | B
where COA : Aecration lank dissolved oxygen 1.5 mg/l i:once_nlration

oD, = 15, x Q x 107

00015 Q kg Oufday

1.9. 4 TOTAL OXYGEN REQUIREMENTS [

on = 01),'+ oD, +OD o
0.0607Q + 0015Q + 00(}15Q = 100772 Q(LgOzlday)

1.9.5 AERATION EQUIPMENT (DIFFUSERS FINE BUBLES SP!RAL FLOW)

Aeratlon equlpmcnt is calculated by Ihe followmg equatlon

EA = 75, p =1293,  Quw - 0
Air volume (Nm*/day)

- = (Required oxygen(kg()?)) l (EA(%) % 102 x p (alrle’) X Qw(kgO,/kg alr))

(0.0772Q) /(7.5 x 001 x 1293 x 0233)

= 342 Q = 802,811 (Nm’lda}’) = 558 (Nm’fmi’n.) AR I
Install one blower for each train _ '
Required blower capacity 558 - + 4 . = 139 m’ltank ‘unit
Blowerspec. .~ Cast-lron made nulti-stage turbo h!o“er o
Inlet/outlet diameters - $350 7 4300 o

. Capacity . 140 m*min.
Motor output ~ -* - : 190 kw o :

' Number ofunnts Co 5umts(mcludmg l standby) o

1. 10 SCREENS AND PUMPING STATION B

1. 101 FLOWRATE B

FIO\V rate is determmed as follows

Qad 200,000 m’lday 2315 Lis
Qmd - 235,000 m*day : 2,720 L/s
Qmh - 285,000 m/day ... -3,2991L/s -
Qww 570 000 m’lday 6,597 1/s .
1.10.2 ENCOMING SEWER e b

| ncommg sewer is specﬁ' ed as fo]lows. '

_Fncllon _form.ul_aA S . VI_IMan.n'iﬁg: (n=0.013) i

Size of incoming sewer ... . $.2,200mm
Sewerslope . . . L 12 % .

- Incoming sewer invert clcvallon . =3.699 m above M.W. L
Full flow rate of incoming sewer 6.597 m’/sec
Full flow velocity in incoming sewer 1.789 mfsec -

AILS16
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Part VGalati: Appendix-5 Deslgn Calculation of Galati WWTP

Wastewater flow

Item Flow Water depth | Water surface] Head loss Gate chamber
rates  (m¥/s) velocity {m) elevation at ahead of water elevation
(m/sec) | entrance {m) | chamber {m}
Average 2315 1.617 0.884 -2.815 0.133 -2.948
daily - [0.340 0904  |0402 :
Maximum 2920 1.689 . 0.981 -2.718 0.146 -2.863
daily 0.440 ' 0.944 ° 0.446 o . :
Maximum 3299 L7150 - 1080 -2.619 0.161 - 2779
hourly ~ [0.485 © 10992 0.491 .
Wel - 6.597 2038 S LT -1.952 0.212 -2.164
weather flow  |0.970 - 1139 (0794
Note: Ratio of ﬂow to fuil Ratioto Ratio to full R
flow . full velocity sewer depth " From tables
1.10.3 INFLUENT GATE
Influent gate is specified as follows.
Elevation of gate bottom 385 MWL,
Gate type and size square 1.2 m
items Average | Max. Max. | = Wet Remarks
' daily hourly | weather
. daily flow | - flow flow flow
Wastewater Inflow rates (Q} m/s 2315 - 2720 3.299 6.597
No. of gates operated (n) Unit . 2 2 3 4
Wastewater lnﬂo\\ fo each gate mfs/gate . 1157 1.360 1.100 1.6491Q/n
Wastewater elevation ahead ofgatc M.WL. -2.948 -2.863 -2.779 Ny -2_.[64
Wastewater depth at gate (i1) m . 0902 0.987 - 1.071 . 1686 .
Wastewater flow area at gate (A) m? 0 1082 1.184 1.285( - 1441 2xH
. Flow velocity through gate(V) /s 1.069 - 1.149 0.356 L145IQ/MmA
@ Head losses at gate(Ah) m 0.087 0101 0056 0100
o Water elevation aftergate - - - IM -3.036 <2964 -2.836 -2.264
"lolai head losscs al gale (Ah) “1S5xv¥2g . = 00765xv:

1 10.4 COARSE SCREEN

Coarse screcn lS spemﬁed as follows

Channel mvcnelevauon . :—3.85an.W.[_,. - . 'f

Channel width - _ 16m
Screen clear opemng 1100 mm
No. of screens 4

Slope of screens - 60 " deprees from horizontal

AT
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Items _ Average  |Maximum [Maximum Wet Remarks
' ' o S - weather,
. daily flow [daily flow |hourly flow flow
Wastewater inflow rates (Q) : m/s 2315 S2.720 3.299 6.597
No. of channelsused {n) - : _ B 7] I 4 B
\\’aslcysatcr inflow to each channel mis B RLY 1.360 1.100 I.CA9 Q/n
Wastewalter elevation ahead of screen [ny - -3.036 -2.964 -2.836 : -2.2(54 ’
: ' - MWL o o
Wastewater depth ahead of screen m . 0814 0.886 1.014 1.586 _
Flow area in channel{A) m - 1303 - L n4T 1278 - 25371631
Approaching flow velocity to sercen | m/s T 0.88 0960 0.860] . 0.650|Q/nA
Flow velocity insereen(V2)  |mfs . | 0941 1017 . o912 . 0689
Head loss inscreen(dbl) . |m Too02] 0003 0002] . 0001
Actual head loss in screen(Ah2)  © [m : . 00070 - 00081 . 0.006) 0.004[3xAhl
Allowable head loss at screcasim - 0100 - 9.100 0.100] - _ 0.100jAh3>h2
(an3) b : s B
Wastewaler elevation afer screen mMWwWL -3.136 3064 0 <2936] . -2.364]AM3
5h = Bx(s/d)’xsine = 00492268 - - . . -
p=242, d=150mm, s=9mm, «=60", sin60=0866 -
Loss by screen = Shxvi/2g= . - 004923 xv'/2g (hw)

__Flow velocity through sereen  Vix (std) /d= 1.06 VI
4.10.5 FINE SCREEN

Fine screen is specified as follows.

Channel invert ¢levation .~ -4.0 M.W.L.

Chanmelwidth =~ .~ . 1.6m '

Bar screen clearopening 20 mm

- . Thickness of screen bars - 8 mm
- No. of units e . 4 units N
Slope of screen . : .75 degrees to horizontal
ftems = . o - |Average daily| Maximum | Maximum | Wetweather | Remarks '
: : - daily . R .
_ : - flow flow [hourdy flow| = Row .-

Wastewater Inflow rate (Q) m'/s © 2315 2.720 ©3.299 © 6.597
No. of channels in use (n) : : 2 2 A B Y
Flow rate in each channel mfs - S R 51 1360 . . L100 o L649lQIn
Water elevation ahead of screen MWL, - -3136 . -3.064 -2936] .. <2364 :
Water depth ahead of screen (1) m © 0864 0.936 L1064 1636
Sectional area of flow in channel m 1.383 1497 - 134 AR 261? 1.6xH -
Approaching velocity to screen{V1) [m/s - 0.837] ... 0.508] - 0.32_0 . 0.630]Q/mA
Flow velocity through screen(V2) m's oL - 1.272 1.148) - ... 0882} ..
Head loss through scréen(Ah1) m ool 00481 L 0.057 Q.046) . - 0.027) 0
Actual head loss in screen{Ah2) m 01451 .- 0171 - . 0139} 0.082[3xANh1 -
Allowable maximum loss(Ah3) -~ |m - 0.100f - 0.100 0.100 0.100[An3<h2 .
Watcr surface clevation after screen MWL, o -3.236 64 0 -3.036) . -2464/AR2
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8h = Bx(s/d) xsina = 0.688907 -
B=242, d=20mm, s=8mm, «=75 , sin75=0.9659
Lossbyscreen =8hxv?/2g= " 068891 xv'/2g (hw)

: Flow vclocnly through sereen Vix(std) /d= = 1400V

1.10.6 PUMPING EQUIPMENT
{1) Des_ign F!ow Rate

Flow rate is determined as follows. -

Qad 200,000 m*/day 139 m’/minute

Qmd 235,000 m’/day 163 m*/minute

Qmh - 285000 m/day - 198 m/minute - -
Qww 570,000 mYday = 396 m’/minute -~ -

' (2) Wastewater Pumps

. 4 units (mcludmg 1 slandb) ), mn\cd flow centrifugal lypc driven by eleciric motor.
% o - Storm water pumps: 4 units(including 1 standby), mixed flow ccninfuga! type, smaller
' pumps driven by motor, and Iargc pumps driven by diesel engme Pump opcrquon
schedule is as follows: ,

: 1 -- Pump discharges . . . Total pump
Wast_ewat'er Wastewater inflow Wasteuater pumps Storm water pumps - discharge
. rales =
inflows . (m¥minute) e 501 100 50] 100 m’ln]in[l‘.mi_t= (m’/minute)
N B 2 ) 2 2()No.ofunits |
Qad 139 S50 100 " _ 150
Qmd . 163 100] 100 ‘ o _ 200
- [Qmh : : _ 198 =100 - 100] - A 200
doww | T396| oo T 0] 100 100 400

(3) Pump Size:- g
= 50 m¥minute
146(Q/V)** V =5 m/sec
S r o= 653mm - use = 600 mm
No.2 Pumps Q = 100 m*minute
D = elQrv)es _
.= '9_'23 mm - use — - 900 rm

No. l Pumps

-
|

(4) Wastewater Surface ElevationS' :
Sucuon water levels at mﬂow of :
e Qad -3.236 MWL,
- Qmd - -3.164 M.WL.
Qmh  "-3.036 M.WL. :
Qww- 2464 MWL. -

~ Suction water levels at outflow of - R
0 Qad CUILIO MWL
Qmd 11.100  M.W.LL. .
~ Qmh 11100 MWL,
Qww 11100 M.W.L.

A9
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(6) Actual Head

Qad 1100 - (-3236) = 14336m

Qmd 11100 - (-3.164) = 14264m
Qmh  1L100 - (-3.036) = 14.136m
Qww 1L100 - (-2.464) = 13.564m -

(6) Total Head Losses at Pump Equipment: _
Pump size ' ' $600. - . 4900

Pump bore(m) . 06 0.9
Pump discharge(m’ Imm) o 50 100
Pump discharge(m’/sec) - - 0.833 - 1667
Delivery bore sectional area (m’) . 0.283 ~ 0.636

Pump velocity(m/s) = - 2949 . 2.621
(7)  1loss Coefficients -

. nlet T _0;]5 S 01se

. Sluicevalve 7. 00 0
. Checkvalve . o0 o 10 10 0
Outlet - R 1.0 R ) D
Bend = L 025 - 025

Frictionloss * ~* P%L/D ~ 0781 0514

Total 3.181 C 2914 F

(8)  Head Losses

$600 . = l4llm Fle2g
S 4900 = 1.021m .
Pipelength "L = . -15m .
Friction loss by Darcy Wiseback l*ommla :

- hf = fo/DxVI2g o _ _ '
o f = 002+1 /(2000 x D) (Ncw cast iron pipc) DTy
For old cast--iron pipes multiply the £ by 1.5 '

C ) 600 4900
Dm) | . .06] . 09 . .
. F o021 . 0.021 .
f= 15xf | 0031 0.031
9) TotalHeadRequued ' T R S Y
Qad - - 14336 T :'.__:14]1(¢600) = . 15741m
o oL 10219900 . = 15357 m
Qnd - 14.264.- .. 0000 . = 14264m
CQmh 40364 0000 . = 14.136m
CQww 13564, ¢ LO2L(H900) = - 14586m
The required tolal pumphead isthen - 16.0m ' .

(10) Shaft Power of Mlxed Flow Centnfugal Pumps D

l —kxnylep
whcre ' S0
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L * Shaft power of pump

k 0.163kW or 0222PS

Q Pump discharge (m*/min)

H Pump total dynamic head (m)

¥ Specific gravity of water(y = 1)
i Pump efficiency

Calculations for shaft power requirements

(12) Pump Spemﬂcdtlons

[tems $600 $900 $900

: . Engine
Pun]p dlSChﬂ[gC(Q) m‘lmin 50 100 100
TDH (H) m 16.0 16.0 16.0
Pump efficiency () | . 0.78 0.31 0.81

_|Shall power kW 167 322 439
(11} Outputs_of Pump Drives - -

P = L{+x) /pG
where o -

P Pump power (kW) S

L Pump shaft power (kW) . .

o Allowance for motor 0.15

.- Allowance for engine 0.2
- uG Transnuss:on efficiency (1 0 for direct connectton)
[leijls $600 $900 ¢900 _

SR - _ Engine
Shaft powes (L) Co 167 322 439
Allowance (a) - 115 1.15 1.20]
Efficiency of transmission (p G) . 1.00 1.00 0.95
Pumpdmeoutpul (P) kW - 192 310 554

[fems Vertical mixed flow centrifugal pumps
Punp bore R fmm . © 600 900 - 900
Pump discharge m¥/min. © 50 100 100
Tolal dynamic hejadi m - 16 . 16 16
Motorfengine outpﬁis kW . E 192| . 370 - 554
Pump drive Motor . | Motor Engine

. 111 GRIT OILIGREASE REMOVAL EQUIPMENT

1.11 A DESIGN WASTEWATER FLow RATES

' DeSIgn waslewater ﬂow rales are determlned as follows.

Qad 200,000 mday --_2,315 Lis

L AILS21
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Qmd 235,000 m*/day 2,720 Lis
Qmbh 285,000 m*/day 3,299 L/s
Qww 570,000 m*/day 6,597 LIs

1.11.2 GriT, OW/GREASE SEPARAT.ION

Grit, oilfgrease scparation is specified as follows.

4 trains 2 channels each, then totally 8 channels ~
Qww | 570,000 m*/day = = 6,597 L/sec
Flow to cach channel 71,250 m*day = 825 L/sce
Retention time . 3 minutes R .
Capacity - 570000 % 3 + 1,440 =  LI182.5m* -
- Section area - 6.8 m? ' S
- Length S 22m SO
Capacity 68 x 22 x 8 = 1,196.8 m’
(check for flows) ‘ C :
At maximum daily flow de 235,000 m*/day
Retention (11875 x  1440)/235,000 -
Time = 7.3 min.
14 1.6
< >|<
—I.

0.95

14

Chambcr Cross secllonai area S

1.33

147 x 095 | =
2 ox L 14 = 098
L6 ox . 3.05 0 =, 488 .
-2 x 08 = -013
2 x0T = =025
R R R [otal - .'632m cuse = 68 m?
“Airsupply volume - ' ‘ - '

- Romanian Standards ' Q=_

'H

' Japanese Standards Q=

i

- Au‘{s,-zz_ :

0.01 m’/sec'm .

00 % 22 x &
1746 m¥/sec o=

03 m alrlm water - '
03 x: 23,750 = 7,125 m’/hour

19 mmin

:;c bhannel lengthlm (0. 005~f-

0013)

IOS m’lmm
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Then, the total air is “ 119 m*/min

Blower equipment :

1 unit each for 1 train :
then, 1 blower capacity = 119 =+ 4 = 297use — 30m’fmin

Air blower specifications
Roots blower 5 units (including 1 standby)
- $200mm - 30 m*min
Grit volume from combmed sewage: = 0.001~0.02m’ grit/1000m® sewage
Then, gritvolume = 0.02/1000 x 570,000 = 11.4 m’/day

1.11.3 GRIT PUMPS

“Grit pumps are calculated as follows.

Pump capacuy is to remove the gnt in 20 mmutes As allowances the capacny is
. Two times of the grit quantity. Then , the pump capacity is
HAaAm'day x 2/8units x 20 minutes = . 0.14 m*min. -
Assummg the grit conlent in lhe w:lhdrawn wastewater at 10 %, lhe reqmred pump

: % ' . capacity is ; .
et : ' 0.4 x (lOOI 10) = 14 m’lmln .
.. Assume the pump velocity to be 2.5 m/sec, the pump diameter w1ll be
146 x (147257 = 109 use 100 mm

1114 FLOW MEASUREMENT *

Use lwo umts of Parshall flume T A I
) - Flow per each unit{Q / 2)
~+ 8,333 m*hour © 4,167 m*hour
Qmbh 285,000 m*/day 11,875 m*hour -~ 5,938 m*hour
CQww . 570,00 mi/day - 23,750 m’hour . 11,875 m*/hour -
Selcct 71 ﬂnme range of ﬂow 306~ 12,380 m’/hour use 2 umits

Qad ~ 200,000 m*/day

on

ll

1.12 SLUDGE DlGESTER EQUIPMENT

1121 _MlXER‘s'

NUE Specificatibn's

- Type Upfdown flow screw mixers (wnh a draft (ubc from manul‘aclurer § calalog)

- Capacity . 2,300 m*/hour
" Draft tube diameter . 500 mm
" Motoroutput © - 22kW

Quantity T o dunits

‘(2) Sludge Mlxing CapaClty

Sludge turm over rale (imixing ihe whole sludge VOlume 8§~ I2_ linle's!day) ,
Q- = (8~12)  «x ..5,580  (Tank volume = 5,580m’)/24
' = 1,860 ~ 2790 m3lhour use ~> 2,300 m¥hour

. 12 2 TANKAPPARATUS(ON ROOF TOP) 3

o lank apparalus are specnfed as follows

Gas cqll_ectors(stgel made) _ -. ¢600 mm x | unit -
Gas relief valve (wet type) $200 mm x 1 unit

AILS23
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Gas reficf  valve (dry type) $200 mm x 1 unit (including valve and flame arrester)
Quantity - Total 4  units :

1.12.3 WATER HEATERS
(1) Spe_ciﬁcations '

Type "~ Vacuum type water heater

Heater capacity -+ 800,000 Keal/hr.
~Heater transferarea .~ -~ 17.5m’
Fuel Sludge gas and oil
Electric motors * Burner motor 3.7kW
- Oilpump ~ . 04kW
Oil heater S 20kW
- Fan . S 22kWY
Quanllly R 3'1'mits (Istandby) -

(2) - Nominal Heat Output

Total reqmred heat = 1,341,586 Kcal/hr ' C
Nommal heater capaelty Q = (1,341,586} /(2% 0.9) :
~ : 335,397 Keal / hi = 800, 000 Kcal {hr
(Healer efficiency 0.9) - (No. of units:2)

112.4 OIL SERVICE TANKS
1) Specihcatlons

Type Steel made rectangular tank
. Tank capacity -~ . 300L - o

Quamlt)’ oo wo Vit

(2) Tank Capacity

Store oil of more than one hour consumpuon s
q = (800,000 x 2)/(i0200 x 085) = 1851, Ihr use 300L
B3 :Heating value of A-diesel oil - 10,200 keal / kg -~
Y :Specific gravity of A-diesel oil = 0.85kg/L . .-
1. 1'2 6 OwPumps -
(1) . Specﬁ'cahons ) _
' Type _ : Gear pump o

- Size  $15mm - . R
Discharge - - 10 Limin. SRR R L e R
- Discharge pressure. 3 kg/em* S
" Blectricmotor . 04kW o 0 o T T
Quantity . - . 2uiifs (inclliding I standby) = "

(2)  Pump Discharge

Capable of supplymg a 300 Ilter capaelty tank \\Ithll‘l 30 mmutes ‘. _ ' B :
Q = 300/30 = 10 lemutc

CAlL524
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1126 On STORAGE TANI_( N

(1) Specifications

Type ' Un&erground cylihder type
Storage capacily 15,000 L.
Quantity . : 1 unit

(2) Tank Capacity

Store more than 3-day oil consumption. B
.V ]85x24x3 = 13,287L wse — 15000L

11427 GAS BOOSTER FANS
(1) Spemflcatlons

Type o " Turbo fan

Capacily ' ' ' 145.5 m*hr.

Pressure (stalic pressurn, in water column) 500 mm Aq

Electric motor - - . R 1.5 kW : ' .
Quantity - . 2 units (mcludmg 1 standb))

) “Capacity .
Sludge gas consumption | '
q = 800,000/5500 = 1455 m%hr.

. (Sludge gas heat value © 5,500 Kealim®’)
Check for gas consumplion RITEE

* |Required energy | Kcallday 1 32,198,064
Heater operation time Hour - . 20001
Gas production - m/day 11,053
Gas consumptlon m’/day 2,927
Reqmrcd heat energy _l,34],$86 Kcal/hr.
Heater output 800,000 Kcal/hr.
No.ofunits - = 2 units

“1.12. 8 HEAT EXCHANGE '

'(1) Speclf‘ catlons

_ Type = " Splral type heat exchanger
. Heat transfer area 25 m —_— _
T Water lempcraturc Inlet 70 e, 60 % Outlel “40°%,35°%

Quantity .~ TotalNos. . 4unils

@) Energy Transfer

Prowde an exchanger to each dtgester _ o T
Requnred energy perunit, M = 32,198, 064 x 1 I4 = 8,049,516 Kcal/day
_ o SRR , 335,397 Kcal/hr.

I

@ 'Requlred HeatTransferArea | | B
A = (Mle)l(KxAtm) = (335397 x 1.2)/ (600 x27.4)

COUAILS2S
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(@

(5)

= 245m? use  25m’
M= [leat transfer 335,397 Kealhr,
K= Overall heat transfer coefficient ~ 600 Kcal/m® hr%
AMm  Logarithmic average of temperature difference
= (At1—AR2)/(In ‘Al /At2)

= (30-25)/(In (30/25) = . 274°%
Al = 70 — 40 = 30°%

AZ = 60 - 35 = 25%
Sludge Recirculation

Q1= M/(CxMxyx60)=1335397/(1 x5x 1,000 x60)=1.12 m*/min.
: C Sludge specific heat | Kealkg®e = . .
M Temperature difference between inlet and outlet sludgc L
: : 40 - 35 = 5% .
Y Umt weight of sludgc 1,000 kg/m’
Water Recnrculat;on

Q2: 335 397/(1 x il)x l 000)(60) = . 0.56 m*min. S
' ' At Dnﬂcrence oftemperature between inlet and outlet '
70 - 60 = 10%

1. 12 9 SLUDGE CIRCULAT!ON PUMPS

"

(2)
@)

- {4)

Spemf‘cations
Type ' Sludge pump W lth sucllon screw |
- Size 100 mm
. Discharge .~ 1.4 m/min.
TDH -7 T o 1Sm
Motoroutput | 55kW .-
No. of uniis 4 units
Capacify"
 Sludge circulation rate Q= 1.12 m¥/min, use — 1‘.4f1i1’lniin.'.'- '
Head =
Total head - = Acluai head + pipe losscs+ losses in heal exchanger (IOm)
= 15m
Motor Output

A 0163x07x15x(l+02)104 = SIIKW use > SSKW

1.12. 10 Hot WATER CIRCULATION PUMPS

(1)

Spec:f:catlons _
Type - Lme pump
- Size - 65mm -
;- Capacity < 0.6 m¥min.
TDH ' o 25m
Motor output . 3.7kW

Quantity - - 4 units.
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(2) Capacity

Return from exchanger, Q = 0.56 m*min.
(3) Head
Total heads = Actual head + pipe losscs+losscs in heat e\{changer (20m)
= use 25m

(4) Motor Output

Pm = 0.163x04x25x(l+0.2}/0.6
o= 326kW  use — 37kW

| 1.12. 11 GAS HOLDER

(1 Specificatjons

© Type Steet made dry seal type

Capacily - 2000 ¥’
Size 15.5m ¢ x 16.8mH

No. of tanks 7 2 units

@ Capacity

Gas generation 11,053 m*/day

~ Retention time 8w o R
Storage capacity 11,053 x8/24/2 = 1842w’ use - 2000 w®
1.12.12 GAS SCRUBBERS o

(1) Specifications

- Type B Dry type (1ntermlltenl) scrubbers

. Capacily 150 m’/hr. :
S Size - - 1L,800mm x 4,200 m H x 2 units

- No. of units 2 % 1,800 mm x 4,200 m H x 2 units 4 units ~

_ ('2)_ Capadity

Treat all the gas producéd , _ Co
Q = 11053xl/24l4 = ~1Sm¥hr.  use — 150 m*hr.

' (3) Dlameter of Towers :

\ Velocntyofgas ﬂow lm/mm S e Ry _
D = (4x 150/60/3141! )05 = 1.785md, use — - 1300 mm¢

{4) Chemlcal Consumptuon

Inflow and outflow gas H,S concentrahons are 100 ppm and 10 ppm respectwely.

-Vl =" 0235 x107xQuxp
= 0235 x10°x 150 x 24x 0.9__ = 0761 Liday
L (n Removal efﬁ01ency = 90%)
'VOI ':_ Vl/(COxOS) 0761/ (100/1000) xO 8
. 9.5 Liday o

CO Chemlcal requirements to absorb 100 kg hy drogen suhf’ de= }000 kg
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v : Nominal specific gravity of chemical 0.8

(6) Life of Chemical

T (Vx10)/V0 = (5 x10/95 = 525days -
v Volume Smf ' :

o

1.12.13 WasTE GAS BURNERS

(1)  Specifications

Type S In furnace
© Capacity 500 m’fhr. L
~ Size 2,000 min D x 10,200 mm H
© Motor Cooling fan :
o Gas blower

No. of units - 2units .

(2) Treatment Capacity

Capacity: all produced gas A
~Q = 11,053 x]/24_><'2.0x1f2" _
= 461 m>hr. use — - 500m Ih

| 1 12. 14 SEED SLUDGE PUMPS(SLUDGE WITHDRAW)
(1)  Specifications . '

CType Sludge pumps wnh suction serew - |
. Size - - - 100 mm SRS
Capacity I m*min.
THL 7 I5m 2
Motor output oo TSKW oL
~ No.ofunits - 2 units,
(2) - Capacity ,
Q = lm’lmin

(3) Total Dynamlc head )
TH = lSm' '
(4_) Motor Output

Pm 'g 0]63xlx]5x(1+02)104 _
o 734kw use — 7S5kw 7

1 13 APPARATUS FOR SLUDGE DEWATERING EQUIPMENT
. 1 13 1 SLUDGE STORAGE TANK MIXER

) Speclficatlons I
 Type s Vemcal paddle typc

Shape - Approxlmately 7, OOOmm xii SOOmm X 2 SOOmmll .

- Capacity . ... - 200m

E -.z'Al_l-S'-.ZS' o
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Blade size 2000 mm¢d
Motor output 15kW
No. of units 4 units

(2) Tank Capacity

Store average one-day sludge production
V = 805 x 1/4 = 201m’ use 200m’

1.13.2 SLUDGE SUPPLY POMP

(1)  Specifications

Type Single-axis screw pump
Size “$ 100mm
Capacity 20 m’/hour

™H = = 20m

Motor output 5.5kw

No ofumls : . Zumits
(2) Dlscharge Capaclty

One pump fo each dewater equ1 pment (one-standby pump for aII dewaterlng

Equipment) . .
Q1 = 130 x 3 xiO"- lOOI(3x|5)
= 195mhour use - 20m*hour  0.33 m¥/minute
Filter velocity 130 kg/m-hr. .
Filter width . . 3m -
Sludge solid concentration - 3%
Allowance ' + 1.5

(3) Electrlc Motor Output _

i

Pm 0163x20x033x(1+03)/03

= 47lkW use —* 55kW

1.13. 3 CHEMICAL FEED PUMP
(1) | Specifications

Type : Single-axis screw pump
- Size ¢50mm
- Capacity . 3 m’/hour .
TDH T - 20m o
Motor output LSkW : '
No. of unils . . . . AN umts (mcludmg one standby)

(2)  Discharge Capacity

- Apumpto each dewater equlpmem {one standby pump for all dewater:ng
- Equipment)

Ql = 130x 3 )(]‘33 3 0.01)(100/0.2)(].5

S = 2925 wYhour — 3 m’/hour 0.05 m*/min.
Filter velocity . 130 kg/m-hr.
Filter width ' S 3m

Soid concentration of sludge ~ 0.2%
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Allowance 1.5 .

(3) Electric Motor Output

Pm = 0.163 x20 x0.05 x (1+0.3)/¢.25
= (085kW use — LS5kW

" 4.13.4 CHEMICAL SOLUTION TANKS”

(1) Specifications

Tank type Steel made cylinder type

Tank capacily 15m? ,

Approx. size ' 2,900 mm¢ x 3,000mmii
" Electric motor output 7.5kW  (for mixer)

No. of tanks 3 units
(2)' S!Lidge Storége Tank Capacity_

Dosingrate - 24.15 x 10°x 0008 x 7/5 = 270.47kg/day
Dewatered solids S 24.15 tday C
Chemical dosing rate (Polymer) 0. 8 %lkg ds

(5 dayshweek operation) S

' Storagc capacily. 2 hours of desngn sludge volume N

3 tanks (alternately used)
(270 x 100)/(02 x 2/6/3)
=" 15026L use — 15000L
o Chemical solution concentration 0.2%
Operation time a day 6 hours -
Retention time o 2 hours

v

1.13.5 CHEMICAL FEEDERS
(1) Specificatlons_

- Type  Chemical pump

Supply rate - 4 L/min. o e _
Electric motor output 0.4 kW T e AR o
Quantity : 3 units - o - ; %

(2) Supp!y Rate

One feeder is attached to each soluuon tank supplying chcmlcal in IS to 20 minutes.
Q_—lSOOOxIO’xONlODxlI(]S QO)XIIOS '

= 40 ~ 3.0 - 4L/min.
Apparent specific gravity of polymer = - 0.5

1.13.6 CHEMICAL CONTAINERS

(1) Specifications

Type - = - _Stam|ess steel nndc cyhndercomamcr
Eﬁccnvecapactty . 1oL '

Quamlty C o 2umits
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(2) Capat:ity

l’rovlde 2 tanks (alternately uscd), with capacity of 7-day chemical consumption.
VvV = 27047 x5 x0.5xTx 12
o= 663 L uwse — 700 L

1.13. 7 FILTER CLOTH WASHING PUMPS
(1) Specmcallons

- Type - .Mulli—sta'gc centrifugal pump ¢

Size . o ¢50mm

Discharge ' 0.3 m’/min.

Total head . ‘ 60 m

Electric motor output - 7.5kW : N
: Quanhty 15 units$ (including 1 standby) -+ -~

{2) ' Dlscharge

. One pu_mp to each dewatering |11éciii|1e; and qﬁe standby pump for all equipment.

Q = 100 x 3 = 300L/min. use — 0.3 m*min.
Then, the pump discharge per 1 mclothis™ 100 L/min.
Total dynamic head 60m -

Electric motor oulput _ '
Pm = 0.163 x 60 x 03(} X (}+02)/05
= 704kW - ’iSkW bl

1.14 .EFF.LUENT PUMPING STATION

1. 141 FLow RATE

Flow rate 1s determmed as follows o

2315 Lfs -

. Qad 200,000 m*/day T
Qmd -~ 235,000 m’/day . 2,720 Lfs-
Qmh 285000 m*/day . 3,299 L/s
wa : 570 000 m*day 6,597 Lis

—1.14. 2 PUMPING EQUIPMENT

_ (1) Demgn Flow Rates:

200,000 m’/day '

Qad 3 “ 139 m*¥minute

Qmd - 235000 m¥day - 163 m¥minute _

© Qmh . 285,000 m¥/day 198 m¥minute
Qww . 570, 000 m¥day

“ 396 m*minute
(2) - Wastewater Pumps V | |
4 umls (mcludmg 1 s!andby) mlxed ﬂow ccmnfugal lype drwcn by electric motor

.(_3) _ Storm Water Pumps

4 umts(mcludmg ] slandby) mlxed ﬂow cemnfugal lype, smaller pumps drlven by
-~ motor, and large pumps driven by dlesel engine. Pump operallon schedule is as follows.

© ARSI
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: Pump dlscharges A - |Total pump
Wastewater | Wastewater inflow [Wastewater pumps  [Stonn waler pumps ‘ discharge
inflows rates 0] 100 50 100|(m’/min/uni) |(m*/minute)
(m*/minute) 2| 2 2 - 2(D)iNo. of units|. - ¢ ¢
Qad g 139 50 - 100 150
Qmd - 163 100 100f 3 200
Qmh _ 198y . 100] : 100 - o S 200
Qww | 3961 - 100 1001 160 0 100 ; 400

(4)  Pump Size

" No.1 Pumps __ Q .= 50 m’lminuk S . R
146(Q/VY** -V = 25m/sec
653mm use — 600 mm

100 m”minute -~
C146(QIVY* -~
= 923mm wsc — 900mm .

U T

il

D
No2Pumps  Q
NoZPumps 2

”

(5) Wastewater_ Surface Elevations: e

Suction water levels at inflow of
' Qad 7.100 - M\W.L.
S Qmd  7.100 - MWL,

- Qmh - 7,100 MWL,
Qww  7.100 M.W.L.

Suction water le_,ve.ls at outflow of
Qad  9.100 - M.WL.
Qmd 9.100 MW.L.
Qmh  9.3100 MWL -
Qww 9100 MWL, °

(6) Actual Head:

Qad 9.100

(7.100) 2000m.. . e

Qmd 9100 - (7.100) = 2.000m . - .
"Qmh - 9.100 - (7.100) = 2,000m -
wa 9.100 - (7 100) = 2000m_ . . -
- Total head losses at pump equlpmem _ S
Pump size . B ¢600 9900,
Pumpbore(m) = .- - . 06 09 .
Pump dlscharge(m’lnnn) S 50 100
Pump dlscharge(nl’/sec) I 0.833 - L6067 .. -
.- Delivery bore sectional area (m?) . - {0’.283" 06360
Pump velocity(m/s) 2949 '2621 T S
Loss coefTicients S L T LA (.
Inlet - S 0ds ;0 15 e
° Sluice valve B | N RN |
CCheekvalve T e
1. 0

Outlet o 10
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(8)

)

Bend

Pért iliGatati; Appendix-5 Deslgn Calcutation of Galati WWTP

Friction loss

f ‘ =

by Darcy-Wiseback Formula
hf = FxL/IDxV'/28 .

0.02 +1/(2000 x D) -

For old cast-iron pipes multiply the 'f by 1.5

Qad

- Qﬁnd
Qmh
Qww

{New cast iron j)ipe)

-] 600 4900

D{m) 0.6 09

r 0.021 0.021

f= 15xf | 0031 0031

Total Head Required - :
12000 4+ 1411(3600) = 34lim
L 1.021 (3900) = 3.021m
2000 3+ 0.000 = 2000m
2000 4+ 0.000 = 2000m
2000 4+ 10219000 = 3.021m
S50m

The requued total pump head is then

Shaft Power of Mixed Flow Centrifugal Pumps R
| L=kxyxQxH I p

) 025 025
Friction loss f xL/ID 0.781 0.514
' Total 3181 2914 F
Head Losses
$600 = 14llm  Fx Vg
$900 = "1.021m
Pipe length L o= "15m

137

- where
L Shaft power of pump
k T 0.363kW  or 0222PS
Q  Pumpdischarge (m I min)
H ' Pumptotal dynamic head (m)
Y  Specific gravity of water(y = ])
T Pump efficiency
' Calcuiatlons for shaft power requirements
Items - $600 $200 | ¢900
3 : S o Engine
* [Pump discharge(Q) [m’/min 50 100 100
TDH (i1) m sOf 5.0 5.0
- [Pump efﬁciencj(u) : -0.78F - 0.81 0.81
Shaﬁpov.cr kW o821 10+
(10) Outputs of Pump Dnves
P=L(1+x)/ nx G
where
P Pum p power (kW)

L .

- Pump shaft power (kW)
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o Allowance for motor 0.15

~ Allowance for engine - 02
nG Iransmlssmn cﬂlmency (l 0 for direct coamecuon)
9600 | ¢900 ¢900

. - . Engine
Shaft power (L} 71 1 01 . 137
Allowance (o) . LIS - LIS 129
Efficiency of transmission {nG) 100 ©-1.00 0.95)
Pump drive ovtput  (P) kW 60| - e} -~ 173

(11) Pump Speclfications

- - | |Vertical mixcd flow centrifugal pumps
Pumpbore . - ¢ fum . 600] 900 ' 900 . _
" [Pump discharge fmin. - .50 .o 100 o 1000 - o %
Total dynamic head . |m - 5F - S 'S 5 '
Motor/engine output kw 60y . . M6l ... . 173
. |Pumpdrive Motor Motor Engine

2, RECi.RCURATION PROCESS
21 DESIGN BASIS
2.1.1 DESIGN WASTEWATER INFLOW RATES . .
Design wasléivate_r inflow rates a{re. determined as follows. )
Averagedaily flow  Qad 200,000 m3/day . . 2,315 L/s
" Maximum daily flow Qmd .~ 235,000 m3/day = 2,720L/s

Maximum hourly flow ~ Qmh 285,000 m3/day _},3,299 s
Wet w eather flow - va N 'S’IO 000 m3!day . .6597L/s

2.1.2 DESIGN WASTEWATER QUALITY

Desrgn was{ewaler quahly is de(enmned asfollows, ¢

ROD = ' 130mgl
SS . = 150mglL .
TN = 20mg/L
TP = 3 mgﬂ

2.1 3 DESIGN WASTEWATER QUALITY (INCLUD]NG S|DESTREAM WASTE LOADS)

Design waslewaler qualnly (mcluding sndcstrnam waste loads) galt;lqlglcg _a; fpl,_l_o_\),g;. .

BOD = 170 mg/L,
§$§ = 180 mg/L -
T-N = 25 mg/L
T-P =

4S5 me/L |

A3
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Removal Efficiency(%) © Wastewater Quality (img/L)
Pamlnetcr Peimary Secondary Overall Raw wastc- Primary Secondary
o - ~lreatment treatment | removal rate water effluent cifluent
BOD 30 oo 93.7 150 105 9
SS 40 93 958 180 - 108 8
“|T-N 10 60 64.0 25 22,5 9
T-P 160 - 178 80.2 4.5 4.05 0.9

214 POLLUTANT DIsCHARGE LIMITS BY NTPA 001

Pollutant dlscharge lmnts by NTPA 001 is reguhtcd as follows

BODS
SS
TN
TP

2.2 CALCULATIONS OF SlDESTREAM POLLUTANT LOADS

<
<
<
<

20 n)g/l,

60 mg/l.
10mg/L

l 0 mg/l.

2,21 RawW SLUDGE VOLUME

. Raw sludge producllon volume lS caleulaled by the followmg equaiion

x 0.4

Solid production (t/day) L 235 000 x 150 x 10°
.= 141 tday. N
Studge eoncen_lr'ation_ L 20% , o A A
Sludge volume E 14 _>< 100+ 2.0 . = 705 m*/day
2.2, 2 WASTE SLUDGE VOLUME '
Parameter | Influent quality Reaction fank ifluent anary clarlﬁcrs rcmoval
_ C(mg/l) quality (mg/L) Efii Cieney(%)
~ |BOD o130 - 91 230
SS [50 . 90 40

Assllnllng that the reactof mﬂuenl 5:BOD is 66. 7% of the total BOD; then Sce is 60.7 mg/L.
Waste sludgc productlon volume can be calcula!ed by the followmg cqu‘itlon

o \\here

Qw

Xw
Q-
XA
- Ses

. ~ Sss

a . -

b

e ;

Volume of waste sludge (m3/day)
Average $S concentration of was(e sludge (mg/L)
Influent volini¢ (o réactors (m’lday)

MLSS concentiation in réactors (nig/L) -

t,.

waXw— (axScs +bess—cx9xXA)Q

 Influent soluble-BOD concentration to reactors (lng/i )
* Influent SS concentration to reactors (mg/L) - o
Sludge ylcld coefficient of S-BOD (mg MLSS!mgSS) 0 4~ 0 6

Sludge yleld coefficient of SS (g MLSS/mgSS)  0.9-1.00.
CoefTicient of S8 rcducuon due to indigeneous respiration of
actwated sludge m:cro orgamsms (llday)

IAIL-5-35

0.03~ OOS

235,000
3,000

60.7
90
0.5

095

0.04
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~ 0 HRT in reactor basins (day) R S B2/24 =055

therefore,

Qwx Xw (05x607+095x90 004x0551062]x3000) ><Q><IO45
= 4972 x Qx10°%= llGSUday. :

Softd production = 11.68 t/day
Sludge concentration = 09% Yo : :
Studge production = 1168 x 100 = 09 = 1,298mday

2.2.3 THICKENED SLUDGE

'I‘hickcned'sludge production volume is calculated by the following equation.

Sludgesolids = 14.1 -+ ~ 1168~ = "~ 2578 tday ~ =
~ . Primary sludge Excess sludge -
- Siudge volume = 705 4 1298 = 2,003 m¥day
' ' (2.0%) (0.9%) P
Solids =~ - = 2578 x . 085 - =  21.92 tday

Assuming sludge concentrationis  3.5% L . :
_ Sludgcvolumc =021 92 X 100 % 3. S = 626 m’k/d:ayl_ PR

224 SLUDGF SUPERNATANT OF THICKENERS

Sludge supernalanl of thlckeners \\elght is calcu!ated by the followmg equauon

r'quuorvolume = 2,003 ~ 626

1377 mfday

~ Solids weight = 2578 x O.ISA=' "3.87 Wday - o

"BOD . = 1377 x 2000°%x 10° = 275tday
BODisassumedtobeof 2,000 mg/l ST
TN . = 1377 x 700 ‘x 10° = 096tday
T-Nisassumedtobeof 700 mg/L .~ 0
T-P L= 1377 x 180 x 10° = 025tday

o '[‘-P is,assumedgto be of o180 omg/l,

2,2.5 DIGESTED SLUDGE CARS

D:gested sludge producuon volume is calculated by the followmgequatlon _3 ' S %

D:ges{ed sludge sohds = 2192 x (1- 0.? x 0. 5) =__ 14.25 Vday
Digested sludgc volume 30 % )

Sludge volume g :_ = 14 25 X 100/3 0" 475 m’/day

2.2, 6 DEWATERED SLUDGE(SLUDGE CAKE)

Dewatcred sludge producuon volumc is calculatcd by the followmg equatlon

Solids = 1425 x 100709 = 12 82tfday IR
o L (Assummg 200 %sohds concentratlon) ,! o
- Cake\iolume = 1282 x 100I200 ;F 64 ma/day

2.2.7 DIGESTED SLUDGE FILTRATE e 3
Dlgesled sludge f Itrated weighl is calcu}ated by the followmg equahon

| Filtate vohume = 475 L 64 = Al widay

OAIS36
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Dry solids weight = 1425 x 0.10

1.42 t/day

BOD = 411 x 1,500 x 10¢ = 0.62 tday

(Assumed BOD concentration = 1,500 |i1gIL)

TN = 41 x 150 x 10° = 0.06 Vday

(Assumed BOD concentration = 150 mg/l.)

T-P = 411 x 80 x 10° = 0.03 ¢/day

(Assumed BOD concentration = 80 mg/L)

2.2.8 SIDESTREAM VOLUME AND WASTE LOAD

Sidestream volume and waste load is calculaled by the following equation.

‘Thickenér sﬁ;ieniatants Sludge filtrate

- Liquor volume = 1317 4+ 411 =
"Drysolids = 387 + 142 =
BOD = 275 + 062 =
TN = .09 .+ 006 =
TP = 025 o+ 003 =

1,788 m*/day

- 5.29t/day
3.37day
- 1.03 vday

0. 28 t/day

2. 2 9 WASTEWATER QuALITY (mcwome ALL SIDESTRE,AMS)

Wastewater quality (including all 751destlreams) is (_:al_culaled_ by the following équalion.

Overall wastewater flow = Influent ~ + ° Sidestreams .~ = -~
Maximum daily flow =~ = 235000 + 1,788 = 236,788 m’/day
Then, the design wastewater flow characteristics are; I '
BOD = 235000 x 130 x 10° + 3.37)/236,788
= . 0000143252 x 10° = 143 -» 1S0mg/L . = = .
$S = (235000  x 150 x 10 <+ 7.64)7/236,788 -
: = 0000171218 x 10° = 171 .- . 180 mg/l -
TN = (235000 x 20 x 10° + 1.03)/236,788
_ = 0000024180 x 10° = 242 - 25mgl -
$S = (2350000 x 3 x 10*5 + 0.28)/236,788
= .0.000004163 x 10° 42 - 45mg/L

2.3 SLUDGE PRODUCTIQNS

2 3 1 RAW SLUDGE

~ Solid producilon (tlday) '_:' 235,000 x 130 X

o T = 1692 Uday

- Sludge concentration - . 20% R
Sludgevolume Lo 1692 x 100 = 2.0

23.2 WASTE SLUDGE VOLUME .

- Raw sludge produchon volume is calculated by the follomng equauon

10 x 04

= 846 mY/day -

Parameter | lnﬂuen{ quahty 'chaclion_{‘ank .inﬂuent anaryc!anﬁers removal
: " (mg/L) B quaf_ilsf (mg/L) Fﬂic:cncy(%)
BOD 10 T e 30

O R I T T Y | R )
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Assummg that influent 8- BOD to reactor basins is 66.7 % of lhc raw wasle“atcr BOD S-BOD
concentration is estimatedtobe; - 70.04 mg/L - a
Waste shudge production volumc is calculaled by lhc followmg cquanon

Qw x Xw= (axScs+bess chxXA) Q
where,
Qw  Volume of eXCcess sludge (m*/day)
Xw  Average SS concentration of waste sludge (mg/1 ) : S
Q Influent volume to reactors (m*/day) L 235,000

XA MLSS concentration in reactors (mg/L) o 3,000
Scs  Influent soluble-BOD concenlrahon to reactors {(mg/L.) 70.04
Sss  Influent SS concentration to reactors (mg/l) 108

a Studge yield cocfficient of S-BOD (mg ML SSImgSS) 0.4-0.6 .05
b Sludge yield coefTicient of §S (mg MLSS/mgSS) 0.9-1.00. L. 095

¢ CoefTicient of $S reducllou due to indigeneous respirationof
activated sludge micro-organisms (1/day) - 0.03~0.05 - 0.04
0 HRT in reac_:l_or basins (day) R 13.2/7/24 = 0551062
therefore

Q\\ x Xw . = (05x7004+095x 108 004x055| x3000) xQx 106
. - = 71.49 xQx 10° = 16.80 t/day
~Solid producuon c=_ - 1680 Ifday
Sludge concentration = 09% T S
Studge production = 16.30_ x 100 = 09 = 1,867m'day
o P § R o 1.30 m¥min.

2.3.3 RETURN SLUBGE

Rctum sludgc \olumc is calculated by thc followmg equallon

‘Eludgc return rauo - 50% : SR RIS
~ Return sludge volume .- = 235000 x 0.5 . _117,500 m*/day
R o - = 8Le mYmin.

o

234 GRAVITY SLUDGE THICKENERS

Gravnly lhlckeued sludge producllon volume is calcula{ed by the followmg cquauon. L

Solids inflow = - 1692 + . 16. 80 33, 72 tfday
S anar},r sludge Excess sludge : :
Slidge inflow = 846 +. 1,867 = 2,713 m’day

- Thickened sludge solids = 33 72 x 08 .= 2698 Uday
Assume solids contenttobe  3.5% '

lhlckcned sludge volumc = 26. 98 x 100735 = 771 i]]sll]li&.

_ 2.3.5 ANAEROBIC SLUDGE DIGESTERS

- Anacroblc dlgcsled sludge producllon volumc is calculaled by the followmg equaliun

' lnpul sollds S = 26.98 t/day
lnputsludgc volume = 771 m*fday B o :
: . Volatile solids content of sludge - 70%

‘ * Solids destruction rate 50% S e
Digested sludge solids = 2698 X (l~07x05) = 1753 t/day ' .
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_ Assume solids concentration is . - 3.0% :
Digested sludge volume = 17.53  x  100/3.0 = 584 m*/day

2.3.6 SLUDGE DEWATERING

Dew atcrcd sludgc productlon volume is calcu!ated by the following equatlon

lnpul solids -~ = 17.53 t/day : '
Recovered solids (90%) = 1753 x 09 = 1578 Uday '
Assuming solids concentrationas . 20, 0 Y

Sludge cake volume = 1578 x 100/200 = 179 nﬁ'day :

24 COMPONENT FAClLITIES

241 DESIGN BASIS

DeS|g|1 waste\\atcr mﬂow rate is delcmnned as fo!!ows

% ' _ | Average daily ﬂow o Qm = 200 000 m /d
: .. (Maximum daily flow in winter season) S
- Maximum daily flow - Qinrmax = 235,000 m !d

D05|gn wastewater quahly . '
~ Influent wastewater quallty to reactor tank is calculaled as follows

BOD™ T TOS[igl |(sBobis 714 mgh) . 68 %
S8 W3mg/. | S s (SBOD/BOD) -
TN 23]yl ST

- Dcmgn dlscharge wastewater quahty _ : o : - :
Design effluent wastewater quality from final sedtmenlation tank (average quahty) is
detemlmed as follows. : .

' Rcmoval efﬁcncncy ;.

BOD [ O[mgL ] 914L%r. 96
39 —Blmgl. [ 9Z6[% ] 100
LA L ) R O 25

- T-N con_di.lion of Tfealed water is NOTN S.j mg/l.  Removal efficiency
oo KN LT (TAND60~T0%
' Design watertemperature - 10% S :

2, 4.2 DESIGN CALCULAT!ON

(1) Remrcuratlon Ratlo(R)

' _Recucuratlon ratlo (R) is calculated by thc followmg equatlon. '

lnﬂuent concentrahon of T-N to rcactor tank CTN in= 225 mg/L
S - (effluent water quality from
U ' final sedimentation tank)
NOT-N concentration, Cnox-eff = 8 3 mg/l, Assummg that nitrogen ratio whlch '
concerned about mtnﬁcatlon in CEN-in  is a = 0.7, recircuration rauo R is
--—'R'_=-5a X CTNmICNOXeﬂ" 1
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R = 07x225/83 -1 =190 -~ 1 = 090 — |
{2) MLSSConcentration

MLSS concentration is calculated by the followmg cquauon

Assuming that MLSS concentration at reactor tank 3 000 mg/L (2 000~3 OOOMLSS)
and return sludge concentration 9,000 mg/l, so that return s!udge ratioRris

9000 Rr = 3000 x (1+Rr)

Rr= (3,000)/ (9,000 - 3,000) = 0.5
Recircuration flow Qc and return sludge flow Qr are respectwely

R - Rr= 1 - 05= 05

Qr = Qin x 05 = 100,000 m"day

Qc Qin x 0.5 100,000 m*/day

3) A -SRT _ _
Retemlon time at acrobic tanL is calculaled by lhe followmg equauon

Assuming that complete nllnF cauon and to consnder daily and seasonally change of water
quanl;ty and quality, A-SRT(d) is -

5 = lS(Assummg)
: T = 10° (Assuming) S
OXA = & x 206 xexp(-0.0627xT) — 0.627 =+

i

1S x 206 x 053192 = 165day
(4 Aerobic TankCapacityVA(m‘"’) | 5

VA (Qinx0XAx {axCy BODm+b><SS 1n))l (1+cx0XA)x‘( S

OXA = Aecrobic solids retention time cot 16,5 day
" a . Gross ylcld coeﬂ' cient of dlssolved BODV(0. 5»0 6) 0 55 gMLSS/ _
. gS-BOD ¢
Cs-BOD = Dissolved BOD eoncentranon of mﬂuent flow 71 4_mg/l.,
B = Gross yicld coeflicient of $S (0.9~1.0) B 0.95 gMLSS/gSS
C = Autolysis coefficient of sludge (0 025~0 035) o 003 L /d
X = MLSS concentratlon L 3 ,000 mgll, _

VA = - 200,000 x 1651 x l42f4486 . 1044l4m
AszBODm+beS|n = 055 x Ti4 4+ 095 x*]OS '
_Q=__.-l42 : :
(|+CXOXA)XX (1 + 0.03 . 165) X 3000 = 4,486

{5} Blological Reaction Tank Capamty V(m3)

Biological reaction tank capacity is calculatcd by the followmg equatlon

Assummg BOD SS !oad(LBODIx) is 0.06 kgBOD/kgMLSSfday (0 05«0 l)
vV = (BOD mem)l(LBODb,xX) _
(105 X 200(}00)/(006 X 3000) = II6667m - " __

(6) Anoxnc Tank Capacnty VDN (m’)

Anoxic lank capacny VDN m’ is calculated by the fo!lowmg equatlon

VDN = v yA_ '_': _1_16,66’]-. .m;_ 104,41_4 —f 12253 m”
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(7} Capacity Ratio of Anoxic Tank and Aerobic Tank

VDN:VA = 12253 : 116,667 = 1: 9.5
(8) Speed Constant of Denitrification KDN  (mgN/gMLSS/h) ..
Speed constant of denitrification KDN is calculated by the following equation.

KDN = (LNOX.DN x 10°)/(24 VDN x X)

Here

CNOX.A = @ CIN-inx1/(1+R) - o
= (07 x 225 x 1)/ (+1) = 79mglL
= CNOXA x (Qr+Qc) x10° -

LNOX.DN : e
o= 79 x (100,000 +100,000) x  10° = 1,575kg/d
KDN = (1,575x10°)/(24 x 12, 253 x3)
= 1.785 (mgngMLSS/h) > 0872 OK
- Check of demlnﬁcatlon speed ' j
Less than( y' ) is NO y =62 x 0.0_6 + 05 = 0.8372

\% More than (y' ) is OK o
i ' Calculate Vdn = 1,575 x 10’

back 24 x 0872 x 3

25,086 mw’

1+ 416

VYD: VA :
: 25,086 + 104414 = 129,500 m’

v

IR

(9)  Biological Reaction Tank Capacity and Retention Time

Biologieal r_ca_clioﬁ tank capﬁcil_y and retention time is calculated by the following equation.

" Retention time at biofogical reaction tank in winter scason, t(h) is
o St = (24 x 129,500)/200,000 = 15.5h
‘Retention time at acrobic tank in winter season, tA(h)is
. t = (24 x 104414)/200,000 = 12.5h
Retenuon time for daily maximum flow at biological reaction tank in winter season, t(h) is
t = (24 x 129,500)/235000 = 13.2h

- {10) Necessary Oxygen Demand 2D (kg/d)

_ Necessary oxygen demands is calculated by considerin g of‘ oxidation of carbonic organic
matter, necessary oxygen for endogenous respiration and nitrification reaction of
mlcroorgamsms in aciwated sludge and necessary oxygen for maintain a dissolved oxygen.

OD ODl +- OD2 + 0D3 + OD4
Here

oD .Necessary oxygen demands (kgOzlday) (AOR) -
oDl \lecessary oxygen for oxidation of carbonic organic matter (kgOZIday)

o 0D2 Necessary oxygen for endogenous respiration (kgO,/day)
~ 0OD3 Necessary oxygen for nitrification reaction - (kgO,/day)
oD4 Necessary oxygen for maintain a dissolved oxygen ~ (kgO,/day)

oDl =A.(kg02/l<gBOID) X lRemoval BOD (kgBOD/day) — Denitrification volume
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(nglday) x K (kgBOD/kgN)}
llere  A: - Necessary oxygen for removal of BOD (0 5~0. 7)
K:  BOD consumption for denitrification (2.86)

OD2 = B(kgO,/kgMLVSS-day) x VA(n®) x MLVSS (kgMLYSS/m’)
Here B:  Oxygen consumptlon by endogcnous respiration at MLSS unit

(0 05~0.15)
VA : Reaction tank capacnly at acrobic parl :

OD3=C (kgO,/keN) x Nitrificated Kj-N volume (kgN/day)

Here C:  Nitrificated oxygen at nitrification reaction (4.57)
Nitrificated KI-N - (Inflow Kj-N) — (Outflow Kj — N volume)
BT ~ (Remova! volume 01' Kj -N b) excess siudge)

OD4=Q x DO concentration of rcactlon lank
~ Here DO Dissolved oxygen concentration at cnd pomt of aerobic tank 1. Smg/l,

- (Design flow = 200,000 m*/day) -
_ BODin' = 105 mg/L, TN = 225 mg/L
- BODout = =

9 mg/L, _VA 104,414 m?
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The results of calculation is shown in table below.

unit N nofe
Necessary oxygen Mmao m’/day 200,000
demands for oxidation  [(2) BODin : mg/L 105
of BOD (3) BODout , mg/L. ' 9
(OD1) o |
@ [@-@)x()x10”  [kg/day - 19,200
(S) A[)\I(demlnf cation  [kg/day . - 1,575
volume) . :
(6 kx() . Ikgiday - 45051 k= 2386
o ODI=Ax {(4)-(©)) -~ fkefday . 8821 A= 006
Nccessary oxygen - o o ‘ : - :
demands for endogenous [(1) MLSS | o img/L. _ 3,000
respiration (OD2) Sl vA - o - 104,414] -
' 3 (x@yx10% fkgfday - 313,241
- |OD2 =B x (3) o |kegfday . 31324] B= 0.1
Necessary oxygen . [(1)  a{niirification ratio) ’ ' 0.7
demands for nitrification |(2) T-Nin S - Img/L 22.5
reaclion 1 Q - - |m’Mday 200,000
(OD3) .
' OD3 4, 57x(l}x(2)x(3) kg/day . 14,396] C=  4.57
x10° :
Necessary oxygen (I)DO concentration . fmg/l. B
demands for maintain -+ at reaction fank ' : _ :
dissolved oxygen (CDH) |2)Q : - {m’/day 200,000 _
3) Qr+Qc - |miday 300,000 1.5
@ {23} m’/day 500,000 |
OD4 = (1)x(4)x102 ~ kg/day 750
Neccssary oxygen(OD) op= ' kg/day 47,351
. o OD1+OD2+GD3+0D4 D '
demands - _ _ : _ 0.237Q

Demgn of air dll‘fuser(Assummg that diffused atr acration, ﬁnc hubblc, spiral ﬂow)
EA = 75, p = L 293
. - Qw = 0233 (Assummg) .
" Supplied air (N m*/day) = :
( Necessary oxygen demands(kgOz)) l EA(%) x IO‘ xp (Alrle3) X Ow(kgOzlkgAlr)
= (0237 x Q)/ (75 x 001 x 1293 x 0233) .
_= - 10, 48Q = 2,095 638 (N m’lday) = 1,455 (Nm*/min) '

_ 2 4 3 MEASURE FOR ADVANCED TREATMENT
- Way ol'thmkmg

. Changmg from conventlonal ac!waled sludge process to advanccd treatment proccss ( I—N F —P
'removal) :
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Calculate a necessary treatment capacity of advanced treatment process and evaluate a capacity -
of conventional activated sludge process.
Extend a necessary ponds and equipment in the future.

Necessary treatment Treatment capacity of Extend or remodeling of

capacity of advanced - conventional activated  freatment about shorfage

treatment process . - sludge process .- of capacity
Explanation of measuves for advanced treatment
Here showing a treaiment capacity of two processes in table below.

+ Conventional activated sludge process C
# Advanced treatment process(Recircuration process)
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Explanation of Measures for Advanced Treatment

of thickener) -

' |(exclude T-P removal) -

Conventional activated
sludge process)

unit Necessary [Facility and equipment for advanced treatment
advanced {Conventional activated [Measurcs for
capacity . |sludge process shortage of capacity
*Primary sedimentation : N :
tank surface load -+ |mYin¥/day 35§ 35 .
Facility shape - [$35m x 4 tanks
*Reaction tank o :
Retention time - |hour - 13.2 13.2 13.2
* Distribution ratio of |% 6.1/13.2x100= 46 100-46= 54
_water o - [Making a  wall _ in[Build an extend tank
reaction :
tank, and divided an for reaction tank
anoxic zone and
acrobic zone
Facility shape W5.5m x H5.5m W5.5m x H5.5m
o x L64m x 32 tanks x L73m x 32 tanks
*Final sedimentation
tank surface load m*/m¥day 15 9.5 13.9
. ﬁ New ponds
Facility shape $45m x 8 tanks $40m x 8 tanks
*Return sludge flow % - |Usually - |Same to the left Sametotheleft
' ' - |50% .
(Sludge {New pumps are
pump '
Capacity Necessary)
. S - |100%) :
+Recircuration flow of |76 ~ 50%|Provide a recircuration [Same to the feft
nitrificated water ' pumps at the outflow
point of reaction tank(
: : aerobic tank)
. *Supplied air flow - m’/min 1,455 558 897
R Extend capacity
*Waste sludge volume - Uday 3372 46.44 Not necessary a
(Inflow sludge solids C * [(Sludge products from {extend of capacity

(include T~P removal)

37.86

~ |Not necessary a
* (extend of capacity

* T-P  removal by
addition
. of coagulant .

New
equipment

is necessary

Samie o the left

~ISame to the left

Waste sludge volume produced from T-P removal

Waste'siudge production volume by addition of coagulant
' - Il_lﬂuenl T-P concentration pf reac{_ior; tank

4.05 mg/l.
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Additional concentration of aluminum suliface CA(mg/L) is calculated by following

cqua(lon
CAL = Cspi in x m X ALIP
~ Here S ' e
Csprin Influent dissolved T-N conccnlratlon(mg/l) 4.05
P - Valence of phosphotus = - 31
AL Valence of aluminum o 27
m Additional molality ratio 1 (assummg)

CAL = (4.05x27x1)/(31) = 35mg/lL " :
Assuming that waste sludge productton volume by addition of coagulant is S times as f
Additional phosphorus volume - . ~ St
Waste sludgc volume by addition of coagulam = QD x5 x CAL x 0%
= 235000 x 5 x 35 x10° = 4.ld4t¢day
g W'isle sludge volume in case of rcmoval of T-N and T-P simultaneously
= 33 a2 4 14 = 37 86 t/day

~AlLS:46



Part All/Galati: Appendix-6 Construction Plan and Cost Estimate

'APPENDIX-6 CONSTRUCTION PLAN AND COST ESTIMATE

1.  CONSTRUCTION PLAN

1.1 GENERAL

Construction works for the project includes earth work, concrete work, pipe work,
mechanical/electrical work, _afchitcclural work and miscellancous work. These works, in
general, will be executed by ordinary construction methods using construction equipment
readily available in Galati. Major works are planned to be carned out with mechanical
cquipment for smooth and econoamcal performauce

Construction site for the proposed facnlmcs are located in the north-castern part of Galati City.
There would be no difficully to transport materials and equlpmenl because the arca has
adequately_provided road networks. There is neither difficulty in obtaining water nor
electricity for construction. ‘ S '

12 CONSTRUGTION METHOD

Major constructlon works are conslrucuon of WWTP, mshllal;on of wastcwater pumps
installation of sewer plpes and conslructlon of CSO rcgulalors

1. 2 1 CONSTRUGTION OF WWTP

- ihe major construction works of WWTP are conslructlon of primary and f oal sedlmentatlon
tank, aeration tank, mﬂuent pumping station, sludge treatment facﬂmcs and adnmuslrallon
bmldlng '

No specnal constructlon method W}II be apphed for the conslrucllon of WWTP e‘(cept placing of
Pre-stressed conerete for sludge digester tank. - Since there are many experiences to construct

pre-siressed concrete steucture by Romaman contractors, there would not be any. difficuity to
. construct thls kmd of structures.

1 2 2 INSTALLATION OF SEWER PIPES

Open french melhod would be’ adopted for installation of sewer pipes in prmmpal However,
application of shictd tunncliig méthod and pipe jacking method would be considered in the part
wherc pipe crosses the railway an will bc installcd in deeper depth. '

1 2 3 CONSTRUCTION OF CSO REGULATOR

The CSO regu!alor isa underground remforced concrete structure wnlh a excavation depth of 3
“toSm. Thcrefore only ordlnary construction methods are used for the construction. '

1. 3 Consmucnon SCHEDULE

1. 31 WORKING DAYS

- Annual workmg days are estnmated to be 225 days based on the followmg assumptlons

Wmler season Idlc peraod B 3 monlh (l"rom Dec IS to Mar ]5)
Workablé perlod 2275 days

Sundays m workable perlod 9 month x4 days = 36 days -
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National holidays in workable period: 1 day

Rainy days in workable period: 10 days

(more than 10 mm/day, ave. last 5 years) _
Total work suspension days in workable period: = 47 days -

- Working days: 275 days - 47 days = 228 days : 225 days

1.3.2 WORK TIME o o

All the construction works will be donc durmg day time in prmclple The working time is
cight (8) hours per da) S :
1.3.3 REQUIRED CONSTRUC'IION PERIOD AND SEQUENCE OF WORKs

Required construcllon periods are estimated based on the conslructlon volunie and the above
mentioned working days and work time assumptions by each construction works/structures by

ordinary scale of inputs. - Construclion plan for the Galah proy:ct is presentcd below '
i Pc_riod © Pyear | 2%year ! 37 year 4“‘)ear | 5“‘)ear
_ . - - (Yea) - 2000 | 2001 2002 | 2003 ' 72004
Wastewater Treatment Plant L i
‘lhﬂljéanun\fJingStalion' b s
Wastewater Treatment Process .25
Sludge Treatment Process L2
_Dischargé Pumping Station N R «
Power Receiving Facility - ' S
© Adniinistiation Building -~ 11

Interceptor o Co2

Conslmctmn Plan and Sequence oj WWorks for lhe Galau Pro;ecl
2. COST ESTiMATE
2.1 BASIS OF Cost ESTIMATE

The pro_;ect cost consists of 1) conslructlon cost, 11) equ1pment cost, 1) engmr:crmg service cost
V) government administration cost and V) physmal conlmgency, as. shown below :

Stmclure of Pro;ect Cost '

: Item .- r Remarks st r 0
I - Construclion Cost G i
Il Engineering Service Cost " .~ - 10%of (1) - -
1 Government Administration Cost = <+ 2% of (1) - S
IV Contingency S 10% of (L4

V  Project Cost - R SRR 1311\

The project cost is estimated under the following oondilions. :

- All base costs are expresscd undcr the economtc condmons (hat prevalled in June 1999

- The exchangc rates of currencles are US$l ROLl 5 756 = ¥122 . B

- Only cquipment cost is classmcd into forclgn and local currency portmns and thelr rate is .
FC : LC = 70% : 30%, because all construction works are done by local products and
equipment. B L AR

Al.l_.-ﬁ—z :
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- Engineering service cost is including all services for detailed design, tendering assistance
and construction supervision.  The cost is assumed at 10% of the construction cost.

- - Governmenl administration cost is costs that should be prepared by government and/or
¢xecuting agency (e.g. cost for personnel and organization for the project management, cost
for commission for external loan efc.). The cost is assumed at 2 % of the construction
cost. C : ' '

- All percentages meniioned above are assumed from former example of the same kind of
. projects.

- Price escalation is not counted.
2.2 CONSTRUCTION COST |
The construction cost consists of 1) nobilization and demobilization cost, 2) cost for

preparatory works, 3) cost for main works, and 4) cost for miscellancous works.

2.2.1 MOBILIZATION AND DEMOBILIZATION COST

Mobilization and demobilization cost is assumed a_f five (5) percent of the cost for main works.

2 2.2 PREPARATORY WORKS

Cost for preparatory works is assumed at five (5) percent of the cost for main works.

2, 2. 3 Cosr FOR MA|N WORKS

The direet eost for mam works (cost for civil work, mechanicalfelectrical equipment <0st,
mechanical/electrical equipment installation cost, and construction cost for administration

- building) will be estlmated based on the results of preliminary engincering design.  Indirect -
costs such as site expenses and overhead and prof' t are estimated by percentage

- The site expense is eshmated to be ten (10) percent of the direct cost of main works.

- - The overhead and proﬁl are estimated to be ten (l0) percent of the direct cost of nmain
' works :

% o " - The cost for lhe mlscellaneous \vorks is csnmated to be ten (10) percent of the cost for
s - main works. :

* Strusture of COhsfmction Cost

- , Item T " Remarks
I Conslrucuon Cost - . Totalof I-1101-6
I-1 . .-+ Mobilization and deOblllZalan . . 5%of 13
-2 - Préparatory works e 5%o0f1-3
13 . Mainworks ' Total of I-3-1 to 1-3-4
13-1 - Civil work '
I-3-2 - Mechanical/electrical equipment
B B B Mechanicalfelectrical equipment installation
1-3-4 -+ Administeation building '
14 © Miscellaneous works ' _ 10%of 13
I-5 . Site expenses _ o 10%of1-3

-6 - . Overheadandprofit . = - - 10%o0f1-3

© T AlL6-3



Part AllfGalati: Appendix-6 Constiuction Plan and Cost Estimate

(1) Costfor Civii and Architectural Wbrk

The cost for civil and architectural work is estimated by multiplying the qu'mlll) of works by
unit construction costs. _ The unit construction cosls are estimated by unit pnces of labor,
construction materials and cqmpmem - S

The unit pnccs of pcrsmmel material 'md eqmpment opcrallon are csuma{ed based on

prevailing market prices referring the data collected from MPWTP and other organizations
concerned,  The unit prices that are used in the study ate shown in the following tables.

Unit Costs of Personnel

lei/month - leifday -

. Engincer : 3,500,000 - . 140,000
_ Foreman . 2,600,000 - 104,000
Skilled Labor 2,200,000 88,000
Commen Labor . - .- 1,600,000 . -~ 64,000 - =
. Technician S 22000000 . . . 88,000 -
Equipment Operater : 2,000,000 : 80,000
~ Driver : o 1,800,000 - 72,000
- Admmlslrator/CIark L 3,000,000 S 120,000 %
_ Un:t Pnce of Matena.' ' :
lteme : Unit _P_ric__e‘(Lei) o
Sand - S e oo o.om3 o 100,000 .
Sed o o T o "m3 100000
Crushed stone R - m} .- 200,000 .
Asphalt o ton - o 800,000 EERE PR B
Tack coat - : o ' 1 - 15,000
. Reinforcing bar L oton 05,000,000 .
Woodcnma!enal e S.om3 o 700000 0
Ready mlx concrele. o BsSO . .. m3 . 2 500,000
3 <o B200 ' C ' 700,000 -
B < B250 - - SRR 900000"’
" RC pipe : "o Dia200mm m . 106,000
o ; o Dia300mm o o 150,000 -
© Diad00mm - - 175,000 ' ‘
~Dia500 mm U I 2]5000-'3.-:- TR
Dia600 mm S 250 000
Bia700 mm . - 350,000 :
Dia800mm . .. . 450000 ;- .. .
Dial 000 mm 150,000
Dial500 mm. - . 2,000,000 -
Dial650mm =~ . 2,350,000
Dia2000mm - 3,500,000
Dia2200 mm . - - -7 4,500,000
_ o - Dia2800 mm CoT 7000 000
I - Dia3400mm . ' 12000000
Steel Pipe . Diad00mm -~ "500,000
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Unit Pnce of Equ:pment Operahon

Ttem T Price (Leifday)

" Dunp Truck B (T 800,000
Truck - 800,000
Concrete Transporter S _ 1,200,000
Concrete Pumping Car . 1,200,060
Bulldozer = o 1,200,000
Backhoe . 0.6m3 . ' 1,000,000
Crawler Crane 00 1,800,000

- Truck Crane S 20 _ R - 1,800,000

" pile DirvingMachine . . - 2,500,000
Tire Roller e 300,000
Vibration Roller _ S 400,000
Compactor ' B _ Lo 200,000

(2) Cost for MechamcalelectricaI Eélulpment and Installatlon '

Since there are no pubhshed standard market price list for mechamcal/elcctncal eqmpment for

wastewater treatment, the cost for mechanical/electrical equipment will be obtained - from .
manufacturer that have experience in Romania and/or neighbormg countrles based on the
specnﬁcatlons resulting from prelmnnary engmeermg de5|gn

“The approprlate cost dec1ded based ‘6n the obtamed quot'ltlon \\'ould be uscd for the
mechamcatlelectncal equnpment cost for the pro;ect -

@) Direct Cost for Main Works
The direct cost for main works are estlmated for WWTP and mtcnccptor separately as shown in
_]ables All6.1 andAlI6 2 S -

23 PROJECT COST -

Estimated total project cost is about ROL 1,684, 237 mlllion and its breakdown is shown below
Of the total project cost, ROL 504,061 million or 30% is foreign currency portion, and
. remaining ROL 1,180, 176 mllllon or ’]0% is local currency pomon ' '

CAILGS



Part All/Galati: Appendix-6 Construclion Plan and Cost Estimate

Pro;ect Cost (Galati Projoct)

Item Cost . FC . LC
- o _(million Lei) {million Lei) {million Lel)
"I Construction Cost _ 1,367,075 415,707 931,368
Mobilization and Demobilization 48,824 0 48,824
Preparatory Works 48,824 0 48,824
Main Works 976,482 435,707 - 510,775
Waslewater Treatment Plant 906,417 435,707 470,710
Influent Pumping Station 89,076 41611 41,399
Wastewater Treatment Process 387,738 193,589 194,149
Sludge Treatment Process 257,540 146,238 1Lz
Discharge Pumping Station 113,202 47,678 65,524
Site Finalization 42,789 o 0 © 42,189
Power Receiving Facility 8,592 ) . 8,392
Administration Building 1419 525 L 6,954
Interceptor 70,066 R I © 70,066 o :
- Miscellanecus Works 97,648 S U 97,648 : s
Site Expenses 97,618 B | 97,648 .
_ Overhead and Profit _ 97648 | . 0 97,648 _ . @
" W Engineering Service Cost .~ ... 136,708 68,354 - . 68,354 S o '
1{]] Gmernmenh\dmimstratlon Cosl ' 27,342 .- 0 ' 27,342 _
- IV Contingency . 153,112 o o SISk
YV Project Cost - T 1,684,237 504,061 l|80 176

(umt mtlllon Iel)

24 OPERATION AND MAINTENANCE (OIM) COST

- Major porhons of OIM cost of the WWTP are électric power charge For the equlpment and cost
- for personnel.  The O/M cost for the Galah projec( |s cstlmated at ROL 16 5[8 mI"IOI‘l as
shown in the following table

Operétr’oﬁ and Mafhténénbé Cost for Galati Proje_ct TR

{tem . unit . - unit price Q'ty - Total

Personnel feifmontperson 5 600000 55 1,320
(average) N
Electricity Tikwh - 500 2, 13497 © -
Chemical o leke . s000 1822000 L on.
Excess Sludge Disposal ~ m* 20,000 - 553,578_ - 2,768
Repairing 0.5% of Mechanical cost 40,000 - 800
ohters 10% of above . 1,502
16,518

.. Total

(umt mlllion lel)
3, riMPLEMENTATION PROGRAM

3.1 lMPLEMENTATION SCHEDULE :

* The project will be completed w:lhm ﬁvc (5) years from 2000 Pre cons{rucuon stage of one

(1) year is assumed for the detailed dcsngn period and tender process followcd by four {4) years
construction works. : _
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Proposed implementation schedule is presented below.

b Period T Pyear |, 2Vyear | 3year . ATyear 5" year
| - | (Yeay | 2000 © 2000 2002 . 2003 . 2004
Detailed Design T T e T
Construction _ P4
Wastewater Treatment Plant Eo
~Influent Pumping Station LS
Wastewater Trealment Process : 2.5 -
Sludge Treatment Process - 2
Discharge Pumping Stalio‘n_ S P 0 f -
Power Receiving Facility | 1
Administfali{m'Building - : 1 : ; i
Interceptor .. - b2 : ! ﬁ_q,{-ﬂ_,.-.,‘g.f.“m )

Implementation Schedule (Galati Project)

3.2 DISBURSEMENT SCHEDULE

: 'lProposed annual cost _disburseﬁiéni schedule of the Galati project for entire project life is sﬁdwn_
in Table A11.6.3. _ R - :
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Table All. 6 1 Direct Constructlon Cost of WWTP (Galatu)

T - Uit Pnce Amount : FG LC
ftem : Unit Quantity (Led - (miltion Lei) (mitlion Lei) (mifiion Lei)
1 Influent Pumping Station
1-1 Civil Work
- 1) Farth Work C ' : - ' B
Excavation . . m3 - 11842 5000 . 89 . o 89
Backfill : : " m3 11,942 22,000 263 0 263
2) RC Concrete : . L - e :
. RC Concrete 1 Floorborad ) m3 330 1,543,000 509 0 503
RC Concrete I Wall : m3 : 1,168 1,111,000 2069 0 2,063
3) Pite Work (ave.L=10m, inc). driving work) pes 119 4810000, - - 572 0 572
¥-2 Architectural Work ) Toome 145 4,000,000 2,980 0 2,950
1-3 Mechanical : . o . e
1) Equipment - . ) Is 1 68,110400,000 _63"0 . 41611 20433 -
2) Installaiton N . C LI .15 ; : ’ ’ 102” 0 10217
1-4 Electorical - : _ . Is : 1 4262089000 ° -42560 - : -0 4261
2 Wastewater Trealment Process
2-1 Prefiminary Treatment P!ocess
{1) Civit Work T R R e R -
1) RC Concrete . ' o _ : 0 0 . 0 .
RC Concrete | _ Floorborad . m3 4,192 © 1,543,000 6,468 0 6,468
RC Concrete Il CoWal e m3 1808 - 1,771,000 3.202 0 . 3202 ) %
2) Pile Work {(ave L =10m, incl. d'rmng work) pcs k1:: 4.8I0.000 ... 1866 .0 .. - 1866
(2) Mechanical . . : ’ S e e e ’
1) Equlpment ) s ] 52 82? 400000 B 52,822 36976 ]5.34?
2) lastallaiton - Ce G % e 5 L 1923 o0 L7823
(3) Electorical : : o ls P IS?BOSOOO 168 .-.. ¢ 168
2-2 Secondary Treatment Process S ) . B -
(1) Civil Work
1) Earth Work : _ : : : T : )
" Excavation . . ] m3 o 30,860 500‘.] 154 0 154
Backfill . . ’ m3 - 3385 22,000 - M 0 14
2) RC Concrete ) S o : ' -
- RC Concrete I . Ftoorborad ’ ' m3 12,147 1,543,000 - 26,458 0 - 28458
RC Concrete 11 o Wall . m3 14834 © 1,721,000 26,21 0 2621
‘ 3) Pile Work (ave L=10m, incl. driving wofk) : pcs - 24 4,810,000 I 1 1 0 - 115
(2) Architecturat Work . m2 © 338 4,000,000 1352 -0 1,352
{3) Mechanical o . : : . . S
1) Equipment ' s Is . : 1213567200000 213567 143497 - 64070
2) Installaiton s : ' : % _ 15 Lo T 32035 : Q 32,035
(4) Efectorical ' . s . 1 9968§2400 - 997 ] 997
2-3 Final Treatment Procéss - ’ : . ’ :
{1) Civil Work
1) Earth Yiork o o ) : )
Excavation m3 2,745 5,000 t4 B 14
Backfilt : i - m3 ' 795 22,000 o7 R I 17
2) RC Concrete : . ’ : .
RC Concrete 1 . Floorbored T m3 517 . 1543000 188 0 198
. RC Gonrcrete 1l . Wall . ’ m3 ) 7718 . 1171000 1378 0 1378
(2) Aschitectural Work ‘ y m2 T80 T 4000000 360 0 360
(3) Mechanical . . . C o . o NP
1) Equipment - o . . - 1 10166400000 - 10,166 7416 - 3050
2) Installaiton o 1 HURTRE 1 T, : 1,525 ¢ 1.525
(8) Electorical : s 1 6.102000 - L T 0 8
3 Sludge Treatment Process
3-1 Civit Work
1) Earth Work : L E . S : o )
Excavation : s o m3 T 11318 - 0 L 5000 .87 0 o8
" Backfll -’ ' o : m3 .. 8929 22,000 196 0 196
2) RC Concrete _ : SR : ' : - .
RG Goncrete | Floorborad S m3 . 2642 - 1543000 - 4001 0 4017
RG Concrete il - wall : h md - 431 LImeco . 763 -0 - 183
3) PG Concrete Sludge digestion tan m3 COLT07 . 3010700 0 5133 o 5139
4) Pile Work (ave L=10m, inc}. drmng work) .- opes 219 48100600 - 1051 0 1,051
3-2 Architectural Work _ _ m2 ’ 1120 4000000 - 4480 0 4,430
3-3 Mechanical ) —_— . Do - o K
1) £quipment ) L Is i 208,911,200,000 20884 46238 - 62673
: 2) Installaiton o T T | o T 31,337 S N ) Y I
" 3-4 Electorical S S ) : fs ) '- 1 1498345800 - - 1408 - 0 1,498

4 Discharge Pumping Stallon
4-1 Civil Work
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‘Table All.6.1 Direct Construction Cost of WWTP (Galati)

Unit Price . Amount FG LC

ftem : o Unit - Quantity {Led) {millian Lei) (miltion Le) (million Lei)
1) Earth York : .
Excavation m3 1,514 5,000 8 0 g
Backfill m3 682 22,000 .18 0 ' 15
2) RC Concrete S . : . ' ) _ .
RC Concrete | Floorboragd - m3 158 1,543,000 241 -0 24t
RG Gongrete [l Wwat - m3 654 1,771,000 1.158 [4] 1,158
 4-2 Architectural Work - ' m? 416 4000000 1,664 [¢] 1,664
4-3 Mechanical Co ) i
) 1) Equipment o Is i 68111 200000 68,111 41678 - 20433
2) Installaiton L a % 15 10,217 0 10.217
4-4 Electorical ) ’ ’ Is 1 214,996,800 215 0 . 215
* 4-5 Discharge Sewer dia 2800 mm, EC=Zm m 3,200 9,848,000 31514 0 . 31514
5 Site Finalization
5-1 Civil Work : ) . . .
1) Embarkment by Excavated soil . . m3 44606 - .. 22000 981 -0 981
2} Embankment by Purchased soil m3 326,620 128,000 41,807 0 - 41807
6 Power Receiving Facility K : Is . 1 85902315600 8592 o - 8,592
. % 1 Administration Building
U 7-1 Architestural Work . _ - : S
. 1) Architectural Work ' m2 . 1500 - 4000000 6,000 0 ¢ 8000
. 2) Pile Work (ave L=10m, inct. dnv-.ng work) L pes 104 4810000 408 (i 4398
" 7-2 Labo. and Office Equipment _ S : B .
* 1) Labo. and Office Equipment : Is : 1 750,000,000 150 525 . - 225
2} Installaiton e _ " 0 . o T 0
7-3 Electorical : : Is 1 231,600,000 232 ] 232
TOTAL o _ L o 906,417 435307 470,710
JOLB46
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Table AIl.6.2 Direct Construction Cost of Interceptor (Galati)

Unit Price Amount G [KH]

Mem : Urit Quantity (Led  ({million Lei) {million Lei) (mion Led)
i Pipe, Manhole and GSO
1-1 Instaltation of hteréep.lor pipe (RC pipa) . : )
1) RC pipe 300 mm earth ¢coverage Fto3m m 20 914,000 183 0 18
2) RC pips 400 mm -, earth coverage 1 o3 m m 40 983000 36 0 40
3) RC pipe 500 mm earth coverage F to 3 m m 40 1,163.000 444 0 44
4) BC pips 100 mm earth coverage tto 3 m m 300 1,453,000 431.1 0. 438
5) RC pipe 800 mm earth coverage I to 3 m m 20 1,750,000 350 0 35
7) RC pipa 1500 mm earth coverage Ito 3 m m 282 3,871,000 16916 0 .- 1,032
8) RC pipe 1500 mm garth coverage Jto5m m 14 4,155,000 £8.2 1] 58
8) RC pipe 2000 mm earth coverags T to 3 m m 2.258 5.881,000 132793 ¢ - 13279
10) RG pipe 2200 mm earth coverage o3 m m 517 7,113,000 36174 1] 3617
1) RG pipe 2200 mm sarth coverage 3to 5 m m 1.957 1.543.000 14,761.7 0 14,162
12) RC pipe 2200 mm (with sup earth coveraga 3to5m m 20 . 9805900 . 1861 1} 196
1-2 Sewsr construction by shelld tunneling method ' o o e ) S : ’
)] Dia 2200 mm sewer shelld tunneling method . m 2934 12950000 - 354053 N . 0 - 35405
i-3 InstaZation of G0 : S s . .
1 G50 type | o small lypa 2 : place 1 22505000 C229 L/ - 23
2} CSO ypa it farge type place : 4 92960000 31s 0 312
1-4 Instattation of Mar-ho!o : B . L S A
1) Manho'e . d=1500cwn, EC=2m - place 3 14,370,000 - 431 0 43
2) Manhole : d=2000mm, EC=2m place 10 19818000 . - 1981 o 193
3} Manhole d=2200mm, EG=2m place 4 22253000 | 830 0 89
4) Marhole . . d=2200rm, EG=dm = - place 9 25945000 2335 -0 234
5) Manhols B 4=2200cun, EC=8m place I 29572000 . 98 o . 3
6) Marfho!e ' d=22(_)ﬂnvn. £C=8m : place 1 - 33193000 T332 0 R
Yol ' _ S ' " 70,0851 L0 70066
54252
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APPENDIX-7

Part Al/Galali: Appendix-7 Financtal and Economic Analysis

FINANCIAL AND ECONOMIC ANALYSIS

1 FINANCIAL ANALYSIS

1.1

MAJOR PRECONDITIONS AND ASSUMPTIONS

Follo“ mg prccondlllons and assumpuons were apphed in the i‘ nancnl plan

S The ﬁnancml plan dC'IlS wnh onl_\,r the cost 'md lhc revenue dCCI’lIEd by Ihc pro;ccl

- Currcncy unit is ROL and lhc value of ROL is cxprcssed as thc June 1999 pnccs

- Pro_;echon penod is 30 years since the start of project nnp!cmentatlon

- ‘Target year is 20]0 From 2010 on the values of vanables related to revenues and O & M
cost are assumed to kecp the 2010 levcl

- Implcmentahon penod is 5 years from 2000 to 2004

- 38% of proﬁt before tax is Icvled asa corporatc 1ax.

Deprccnallon penod 15 assumed as follows

. Depreciation Period

Mechanical eguipment

CWII\\orksandsc“nrplpcs F

8 years

40 )nars

- Depreciation period -

1 2 TERMS AND CONDITIONS OF EXTERNAL FINANC|AL SOURCES

Condltions of posmble e).lernal l' nancnal sources are assumed as shown in lhe t'lble below.

Assumed Financing Tenns for Possr’ble Ext_ema;’ Financiai Sources_

Financial Financing ~ | Loan/Grant | Interest Rate | Reépayment Grace Period
Organs - Ratio (%) . (%) Period (Years) (Years)
BIC | - 70 | Loan 27 30 T 1
EBRD [ Loan = - 65 15 3
ISPA 15 - - -

Grant

It should be noted that they are nothing other than an example or assunip!idﬁ

In the case of

- EBRD; finaiiding ralié depends on the circumstances and interest rate ﬂuctuatcs in parallcl wilh
LIBOR (London lnter—bank Offered Rate). ' : S

' 1.3 BACKGROUND DATA FOR‘FiNANC;ALP’LAN

1 31 SERVED POPULATION

The scneragc scrved populallon i 20]0 was eshmatcd 377 000, Itwas assumcd that the present
population increases lincarly until 2010 and ever since remains 377,000,
: household snze was assumed to be constant at present value of 3 l persons/household

In addition, the

The numbcrs of served populatlon and scrvcd househo!d weie estlmated as follows L

A1



Part A\l Galati: Appendix-7 Financlal and Economic Analysls

Numbér of Served Population and Household

Year 2005 2006 2007 2008 2009 2010 from 2011
Served population | 356,625 | 360,700 | 364,775 | 368,850 | 372,925 | 377,000 | 377,000
" Served houschold | 115,010 | 116,355 | 117,669 | 118,984 120,298 | 121,613 | 121,613

1.3.2 QUANTITY OF WASTEWATER

Similar to the served population, the quantity of wastewater was assumed to increase linearly
from the present value to the estimated value in 2010, and since ever to remain at the level in
2010. Non-domestic wastewater is composed of commercial, institutional and industrial ones.

The estimated quémities of domestic and |_1on-dolnestic wastewater are as follows.

Quanhty of Domestic and Non- domeshc Wastewater :
: _ _ R - (Unit : 1,000 m’lyear}
Year 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | from2011
Domestic 34,919 | 35354 | 35790 | 36,226 | 36,664 | 37,102 | 37,102
Non-domestic 31,829 | 32,641 | 33455 | 34,269 | 35,083 35,898 - 35,898

The coeflicient b, the ratio of non- domestlc sewerage charge to domestlc one, was estlmated 3.38
based on the values in 1998 and 1999,

1 3. 3 HOUSEHOLDINCOME

The average monthly household income was eshmated at ROL 3, 063 748 in ]999 based on the
result of the people’s awareness survey conducted in this study. [t was assumed to grow 3 % per
year until 2010, and to remain the leve! of 2010 whereafter. ‘The annual household income was
calculated by mullnplymg the monthly value wnh l2

The eshmated average annual household income is as follows

AverageAnnual Household Income S )
N o : S " (Unit ; 1,000 ROLAyear) .
Year S 2008 2006 2007 2008 2009 .| 2010 | from 2011

Annual Houschold Income | 43,899 | 45,216 | 46,573 | 47,970 | 49,469 | 50,891 50,891

1. 3 4 COLLECTION RATE

_ The chargc coliecuon rate was assumed to Imearly increase from 72 % in 1999 to 95% in 201{)
then remain 95% ever since. ' :

The collection rate of sewerage charge was eSlimated as follows.
Sewerage Chargé_CoHection Ralé_ '

Year 2005 | 2006 | 2007 | 2008 | 2009 | 2010 [ from 2011
Collection Rale | 845% | 866% | 887% | 908% | 929.% Sso% | %

1.4 FINANCIAL STATEMENTS FOR PROPOSED FINANCIAL PLANS

The f' nancial stalements for the proposed financial plans are shown in Tables AH 7.1 lo AT 4
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Part All/Galati: Appondix-7 Financial and Economlc Analysls

" The structure of applied financial statements is as follows.

Structure of Applied Financial Statements

S.C. APATERM S.A. account

Revenue A
Operation and maintenance cost B
Lease fee C .
. Profit before tax D=A-B-C
Corporate tax E=Dx0.138
* Profit after tax F=D-E
Working capﬁéi' G=F
Cumulative working capital H=XG
City’s sewerage service account
Revenue fron lease fee 1=C
Depreciation I
Payment of interest K .
- Profit L=1-1-K
. Loan : M
~Subsidy from general budget N
Deprec:auon O=I
Sources P = LAMtN+O
Investment cosl Q
Payment of principal R - :
Applications " : S=Q+R
Working capital - T=P-5
Cumulative working capital U=Ex
City’s general account
City general revenue v
" Corporate tax from S.C. APATERM S A. W=E
Revenue from lease fee X=1
Total current revenue Y=V+W+X
Subsidy - , Z=N
. Subsidy ratio - . AA=2/Y
Repayment ratio AB=(K+RYY

"1t is noted that leveled allocation of lease fee was applied for EBRD cases, taking into
- “consideration of qulte 1ntense repayment schedule for relative short period under EBRD
' condmons

2 ECONOM;IC ANALYSIS

' Based on thc economic benefit of the pchct cstlmatcd by the people’s awareness survey

conductcd in lhiS study and the pro;ect cost, an cconomlc analy51s was conducted.

' Applled precondltlons and assumptlons are as ﬁ)llows

: _- Currency unit is ROL and the value of ROL isa constant one expressed at the June 1999

~ prices,

- ';" , Project Life: 30 years since the start of projecl implenielilalion.
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Part Allf Galati: Appendix-7 Financlal and Economic Analysis

Target Year: 2010. Ff_om 2010 on the values of 0 & 'M cost variables are assumed to keep

the 2010 level,

- Jmplementation Period: 5 years 2000 t02004.

- 0cC (Opponumly Cost ol'Capltal) IO%

- . Conversion factor: 98.4% to capital cost (initial and rcphcement cost) takmg account of
customs duiy for forelgn components. -

The cost benefit stream of the project, which calculates the EIRR ([‘conomlc lnlemal Rate of
Return), NPV (Net Present Valuc), and B/C (Ratio of Benefii to Cqsrt) VIS shown in Table AIL7.5.

Obtained E lRR NPV, nud B/C arc as bclow

B/C

"EIRR (%)

NPV (ROL 1,600,000) |
111,708 107 13,1
Results of the scnsitivity analysis are as shown below:
: . . : NPV ' '
: H : M 0, .

Condrltlm?sr_ - EIRR (/‘_'). (mllllon Lei) B/IC

T Cost: 120% TNA 210418 | 089

Cost: +10%, Benefits: -10% NA 221,589 0 . 0.87
NA 232,760 | 086

Benefits: -20% -

L ALTA
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