Part WTulcea: Appendix-3 Facllity Planning

3.7 Layour oF FACILITIES

Main structures of the WWTP, such as primary scdimentation tank, aeration tank, final
sedimentation tank, sludge thickener, sludge digester, grit chamber and oil separator,
chlorination chamber, and effluent pumping station are shown in Figure Al13.1 to A11.3.8. The
structures and the layout of facilities is designed based on the design basis deser ibed above and
the actual site conditions.

4, ELECTRICAL, INSTRUMENTATION AN.D CONTROL FACI-LITIES o

This section descrrbes the purpose functrons and outline of tI1e major eleetrleal eqrupment
mstrumentairon and control works. The numbers, shapes, sizes, and brief specifications of the
equipment described here are for the preliminary engineering purpose and may be subject to
minor changes at the detarled desrgn stage.

4.1 GENERAL

The basic requirements for the eleclrlcal instrumentation and control equrpment at thc
wastewater treatment plant are adequacy, reliability. and safety. Adequacy of -the major
equipment such as circuit breakers, power transformers and the motor control centers are
determined largely by the continuous current requirements of the treatment plant Ioads and the
available short-crreurt eapabllrty of the power supply. :

The reliability of the equipment eoncerns the eapaerty of the eleclrreal system to delrver power
when and where it is reqmred under 'rbnormal as well as normal conditions.

Safety involves lhe proteetlon of plant personnel as well as the safeguardmg of equrpment
under all eonditrons of operauon and maintenance. L

- The eleetncal system should bc desrgned wrlh enough ﬂexrbrlrty to permrt one or more

compounds to be laken out of service at any time without mterruptmg the operatron of the
“plant. o

- The generalron of power from wastewater gas produetron wrll be econormeal if the power is
effectively ulrlrzed for lhe pl’mt operatron or other purposes L

The desrgn of the waslewater treatment plant electrreal system must conform w1th {he i
applrcable local codes and regulatrons :
42 ELECTRIC Powen FACILITY

4.21 General

The basic power distribution system can best be described as a secondary single selective
system. One electric power line shall be received at the main substatron Another separated line
should be phnned as a stand-by use in the future : : : '

The reeewed po\\ er wrll be stepped down by the t\ro main transformers and eonnected to the _
380 V bus line. Fach transformer shall have a capacrty for all loads in the treatment plant by the
year 2010

The 380 Y will be stepped down o au\llrary power dtstrrbutron voltage (irghtmg and :
receplacles, etc.) bytransformers lhal are mst’rlted at requrred Ioeauons s
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The protective relay system shall be considered for proper protection of the clectrical
equipment in adequate/proper manner. Extensive zone protection will be considered for the
paralle! operation of the generator with utility power.

Specifications of the electric power facility, current-capacity, short-circuit-capacity, ctc., shall
be designed taking into consideration any future expansion.

4.2.2 Power Requlrements of the WWTP

As described in some detail in Table AlL3.1 “Tulcea WWWTP, List of Mechanical ['qmpmem
the WWTP mechanical equipment require the maximum electric power supply of 685 kW,
excluding standby equipment. The electric power requirements by the process are as
summarized in the following: '

No. . Process . Equipment ou 13:?;?;(“,) Re marks
N " . - Standbys

[ Scicens Mechaolcal screensfauxitiary equipment 10.8 excluded
2. Gt chambers Blowers 19.3 Ditto
k3 Efffueni pumps -~ - Pumps, valves . o 710 Diito

47| Primary clarifters | Sivapers, sludge pumps . - o Y . SV L TR
5. Aeration tank blowers Blower, lilters, Craics, ) 202.0 Dhtto
6. | Final clarifiers Scrapers, studge pumps, | . . 119.5 Ditto
7.7 ] Chioring contact tanks Chemical supply pumps 08 Dilto
3. 1 Sludge thickénérs Scrapers, studge pumps, valves, sereen 170 | Ditio
9. Sludge digestion tanks Mixers, pumps, valves, healers, fang, blowers - 116.2 Ditto
10. | Sludge dewatering | BeltTilters, conveyors, puinps, hoists, auxitiaries 100.3 Ditlo

Total power requirements - ST 685.0 kW

4, 2 3 Power Generator o

An emergency ‘electric power generator of minimum 200 k\V capacuy shollld be prowded The

‘generator is driven by a diesel engine and will be used as the minimum plant electric power
source when the power supply is suspended. In order to attain the intent of the above design
_ concept, the generator power line should be connected to the 380 V bus line which is eharged
by the uullly supplled power '

' 4 2.4 D.C. Power Supply

Umnterruptable D. C power is supplied to breaker control cnremt and an emergency hghlmg
~ facility. Consequently, uniterruptable A.C. powcr supply for instrumentation and PC system is
converted from D.C. by means of an inverted unit.

A sealed lead aeid sfélionary bauery sel shall be selected for this purpose due to its excellent
quality features The capacity of the battery set shall be designed by the reqmrcd current and 30
mmules dlseharge time.

E.:«ich buil_ding wilhin ih_e plant will have its own independent uninterruptable po(vef source unit
fo_r better and more effective utilization of the filtcred/undistorted power source. '

4,2.5 Motor Contro! Faeihty

Power feeder 1o the motors and wiring to the controlling eqmpment is accompllshed through
molor- eonlrol center and relay cubicles. The motor, control center and the relay cubicles are
divided into mdmdual facility cemer and relay cubicles such as one set for elanﬁers and
another for scum screen area.

AIL3-19



Part lIfMulcea: Appendix-3 Facility Planning

Each motor must be operated manually from the control station to be located adjacent to the
equipment. The control pane! will be equipped wrlh switches for opcrauon status indication and
meters as required.

Major control sequence is to be accomplished lhrough lhe relay cubicle as rcqmrcd for each
mechanical equipment.

The sub-monitoring panel is to be provided in the room for the purpose of detailed monitoring
and back-up opcratlon

Type of cableslwiring to be utilized, conductor sizes, cable routing/layout and arrangement
methods, ctc. shall be determined appropnatel)r throughout the detaited de31gn stage of this
project. -

4.3  INSTRUMENTATION

4.3. 1 Design Basrs

]nslrumemalton is an lmportant tool of the wastewater treatment plant becausc it msures an
easy and proper operatron and maintenance of such facilities.

Fhe eqmpment should be selected carcfully consrdermg its purpose, rehabrhly Iocanons and
. costs. They should meet the specific functional needs of the particular equipment wrth specral :
attention dirccted toward opcratron reqmrements

4. 3 2 Major Monltormg Instrument

_ Major momtormg equipment to be installed are summamed below . Each equipment has an
indication meter, an afarm, etc. ' o

.Watcr level in enlrance chamber R _ "~ Suspended type level meter
Grit chambers . o A Parshal} flume '
Primary seltlmg tank, mcommg ﬂow — o .+ Ultrasonic flow meter
Primary sludge flow ' Electromagnetlc flow meter
~ Receiving water level at plant efffuent gate box - " Suspended type level meter
Efftuent pump wells _ Suspended type level meter -
Dissolved oxygen at acration tanks -~ © DO meters, air flow meters
Secondary sludge flow - . Ce Electromagnetic flow meter
Return and excess sludge flows “7 . .- Electromagnetic flow meter
Digestion tank temperature © .= Thermo-coil
Digesier outlet gas flow 7 - o Orifice flow meter
Heater gas flow - o e Orifice flow meter
Digested sludge flow -~ PRI Efectromagnetic flow meter
. Feed sludge/polymer dosage ﬂow e Electromagnetic :

- Sludge tank/dosage tank level o ... DBubble tube level lileter _
Thickened sludge flow to digesters - B Flectromagneltc flow meter :

Temperature, digester return water basin (empcrature and hol T hermocorl
water basm temperamrc (oullet water from engine gcnerators)

4.3.3 Supervisory Contro! and Data Acquisition System ,

The system can bcst be described as a Iocal mdependent process conitrol network with
supervisory, central, monitoring station consisting of hard graphtc indication (MIMIC) panels
and soft monitoring/control station consrstmg of graphlc screens, keyboards, printers, etc. ']he
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basic design of the system will be classified as follows:

- Local instrumentation/control station;

- Local process control units (Programmable Iogtc controllcrs),
- Hard graphlc/MlMlC panel;

- Redundant data highway;

- Host computer system and real time data storagc

- Historical data retrleval

- Workslatlons

4.3.4 Local InstrumentauonIControl Statlon

T hc local |nstrumcntatlonfcontrol station W||l prowde a monitoring/control pomt for each
process equipment in the event of computer failure, data highway failure, ete. ’lhese will be -
four local |nslrumentatton/control panels, one for each of the following areas

- Prehmlnarylrealment facnllty
- anary treatment facﬂlty,

- Secondary treatment facility;
= - Sludge digestion facility;

- Sludgeﬂewate_ring facility; and

- Power generating facility.

Equipment cdntrol status indication, alarm.conditions indication of nieasured quantitics of

" process variables, equipment runtime, cte, will be hand wired to the aforementioned local
~ panels as back-up plant operating and monitoring station. lnstrumentatlonicomrol panels will
" be located in the c!cctmal room of the rcspectivc plant process control bmldmg

the electrical rooms will be enwronmetmlly controlled for equtpment protechon Local
tnstrumentalton/conlrol cabinet will also house thc individual mstrumcnt loop power supply

' unlt

4.3.5 Local Process Contro! Units (Prégramméble Logic Controllers)
Programmable Logic Confrollers, hereinat‘tér nztmt:d as PLC, will be utilized as the
mtcrfacmg/control ineans with ficld equnpmcnt The PLC technology is adopted for several

 logical reasons, one of which is the minimum amount of closed loop control required for this

plant as well as the rapid development /enhancements made to toda)fs PLC's in comparison to
the dtstnbuted process controller teclmology :

Lach PLC wlth its rcspecttve 1/0's, po\\er supply, etc. will be housed in a separatc cabmet
mdepeudcnt of any othéer local control and/or local instrument panel The design concept
derives the lnst’tllat:on of one- PI -C unit or PLC with hot back-up (as appllcablc) in the -
followmg areas: o

- anary trcatment facthly (smglc PI C umt),
.- 'Secondary treatment (single PLC unit);

- Sludge digestion facility (single PLC unit);
- Sludge dewatermg facility (smglc PLC umt),

| - On-site po“er generating faclhty (single PLC umt) and

- Céntral control room in administration building (PLC unit with hot back-up). -
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4.3.6 MIMIC Panels (Hard Graphics)

MIMIC panels will be installation (Digital meters) of selected measured process variables
(erucial variables) as depicted by the process and/or process design engineers. The forcgoing
indicating devices/instruments, etc. will be driven by the I/0 modules of the PLC installed in
the administration building. However, each MIMIC panel will be mterf’tced with its own lIlllll)'
{one panet). :

Adequate speed is necessary to improve and insure proper response time, rapid overall dynamic
data update, avoid network crashes, adequate service of host computer to each local processing
unit, considerable reduction of CPU halt-time and intersupts of the host computer thereby
utilizing execution time of the utility in terms of length of runs (Considerably less restriction
associated with length of highway), higher communication speed, lower in cost mblud;ng cost
nnpact on PLC's 'md installation cost relative to any other hsghway '

4.3.7 Hlstoncal Data Retrleval

Ulilizing historical data relrieval unit will assist plant engineers, laboratory pérsoxincl
operating/ maintenance personnel considerably. Row and/for manlpulated data w1|l be
automatically (ransferred from the hand disc to lhe hlstoncal dala relneval umt L

Additionally, automatic ﬁlmg system will be adopted. Aclual size of thls uhil wnll be
determined based on real time capacily required by the system wnth consideration gwcn to -
“additional space for crunched data manuaily entered data ete. ‘

4, 3 8 Work Statlons

A smgle engmeermglreport generaimg station will also be mstallcd in’ lhe Central Conlrol
Room. The operator's workstation will mainly be utilized for plant graphlcs equlpment control,

a point of monitoring liv e!dynamic/statlon data, alarms ete. All everts hlstorlcal data retrleval :
unit and the hard dISC drwes :

_ Equlpment w1ll be instalted on computer grade furmture Thc cngmeenng workshtlons will
mainly be used for reports, trending, manual data entry, engmeermg computations, etc. The

third engmeermglreport generalmg workshtlon W|I1 bc mstallcd in the plant's supcrmtendcnt S
office. :

Emergency Ilghtmg wall consist of emergency hghlmg for the reqmred mmunum lllummauon
and the guiding lamps. Battery supplled D.C. power is smlablc for lhe power source unlli lhc :

plant gas generator is on.

The motor control center and the relay cubicles are divided into individual facility center and

relay cubicles such as one set for clarifiers and another for scum screen area. Each motor must .~
be operated manually from the control station located adjacent fo lhe eqmpment lhe conlrol o

panel will be eqlupped with swuches For operatlon

5. MAJOR PLANT BUiLDINGS AND UTILlTY SERVICES

5.1 GENERAL LAYOUT

Administrative bu:ldmg will consist of scveral main arcas compnsmg lhe control room
laboratory, confcrcncc room, admmlslratwe pcrsonnel arca etc

The garden with vegetation, whlch along with lhe shape of lhc admlmslratwe bulldmg, R
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contributes to the control of odors coming from the processes buildings.

All the buildings will be of one story type but some of them have double heaghl cellmg as
required for the functional and mechanical needs included in that bulldmg

The workers arca should include workshop, storagc rooms, restrooms, and a cafeteria for
workers. The workshop should be related directly to the service road of the lot to permlt easy
transport of materials and machinery to be repaired.

The service road will be joined lhrough a gate to the entrance for visitors and parking area that
may be open for emergency purposes. Only authorized personnel may visit the plant. For
vchicles of inspection or visits to the pianl a parkmg area with the ﬁberglass type will be
prowded : Co :

5.2 ARCHITECTURAL WORKS

The uncovered preliminary facilities could be a source of odors, and as such, trees should be
ptanted alongside the plant fence to help minimize odors. A landscape design is conceived for
the whole lot. There should be trccs and grasses whercver they do not disturb wastewater
lreatmcnt processes '

~ The workers and administrative buildings are to be separated from other buildings surrounded
by roads and communicated with the outside by an entrance. Shrubs and trees should be planled
in front of thcsc butldmgs to help control odor dlspcrsmn

Admmlstrah\e Bulldmg ~ The Iargest areas may be covered with concrete slabs. All the
_ areas may have brick walls, natural light and air conditioning. The ﬂoor lcvcl of lhis bulldmg is
raised more than 30 cm from the ground to protec( 1( from flooding.

Ofﬁce ro()m may ha‘\"e' Ihe capacily of twenly (20) pcrs(ms wnth air co:1diti0|1ing sys;t-c'm,‘
lighting from 300 to 400 Ix. With necessary lockers, desks and chairs.

In addition to the space for !aborafory, this area may also include restroom and storage room,
with air condltlomng, natural and artificial light, and necessary desks and water analysis
equipment. :

. Control and_elec'lrical cquipment room may have air _condilioning and _v'entilation'system.
~ Lighting from 400 to 600 Lx, including elcctric room which is separated by a partition.

Workers Room:  This area consists of restroom for operation and maintenance workers with
" showers and lockers. This room is also raised 30 cm from the ground level.

' DeputhorIGhob Ihls room will be for small and big patts of the plant equlpment roof
with metallic structure, brick walls, natural light and fans for ventilation. Lighting is 200 Lx.
Rooms separated by p’ll’llllOllS for tools storage, \\cldmg works, electric \\.orks clc. '

Gcnerator Room' - Main elcclrlcat bmldmg shalt have a floor level raised 30 em from the

planned ground elevation to avoid possible flooding. The building should face a road to permit

* the flow of machinery. Noise and vibration prevenllon measures shali be c01151dered
Mcchamcal venuhnon system shall be prouded ' : :
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5.3 GENERAL CRITERIA FOR THE STRUCTURAL DESIGN

Foundations:  The soil study performed under the feasibility study includes a sub-surface
survey of the plant site and surrounding areas. A total of four soil test bormgs, each 30 m deep,
were performed within the site in addition to the nelghbormg area.

All the collected soil samples were tested in thc field and laboratory to determine the
characteristics of the soils, classify them, analyze their behavior during construction or under
constant.

Such recommendations refer to excavation systems, control of groundwater, foundation levels,
inclination of slope, coeflicient of latcral pressure, bearing capacity, expected settlements, and
all aspects that should be considered in the design and construction of the treatment plant
facilities.

The floor levels of the various component buildings of the plant will be installed at 2 minimum
level of 30 cm above the site finished mean gmde level of 4.7 m above the mean Blac!\ Sea
water Ievcl (M.W.L).

Structures: - Thc main s(ructurcs of lhe plant are cylmdrlcal and reclangular tanl-.s in shape 7_
pipes with large diameters; pumping fac1||l:cs, and bluldmgs for the admlmstratton operatlon
and mamtenance purposes. :

The dehll deS|gn of all the structures shall be performcd in hght of obtalmng secumy, cost
savings, water tightness, durablhly, and easy to cons!rucl

Cemem aggregates rcmforcement steel bqrs and concrcte mix d931gns shall be in accordance
with the requlrements of relevant Romaman Standards or equivalent mtemallonal standards

Loads: lhe followmg Ioads shall be consldcred for Ihe slruclural design, if '1pphcablc

- Subpressure of groundwater Ievel.
- Lateral earth pressure.

- Hydrostatic lateral pressure.

- - Scismic loads - winds,

- Forces due to temperature. :
- Forces due to dlfferenl:ai in llumtdlty
- Curing, _ :
= Differential seltlements

- - Dead loads.

- Live loads.
- _Movable equi pmenl 7
- Staupnaryeqmpment. o

The area is located in a zone of seismic risk. According to the Regulation P100/1992, the area
is located in a D-degree seismic area. Determmauon of scismic loads shall be in accordance
with the Regulaltons local codes or other accepled standards. Each type and size of siructures
shall be individually designed depending on |ts own COI]dIl[OI‘IS assugmng the factors of secunly
cslabllshed by the standards. :

"lhc circumstances shall be evaluated and co:151dercd in the plant slruclural desngn Any
slationary equipment shal! be taken as dead ioad exccpt for lhe torque, nnpacl and vibrations
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that might occur when rotary equipment is involved.

Design: ~ The basic material for the construction of the plant structures will be the
conventional reinforced concrete structures. Long span beams may be applied to the structures,
WhICh lll’i)’ be of post- tensmned with hlgh resistance-cables.

The structure design shali follow the Romanian National Standards STAS 4273/83 or
equivalent international standards and publications.

Materials:  All materials to be considered for the structural and architectural designs shall
be subject to the relc\'ant in the Romaman Standards, or other equivalent mternatlonal
specnﬁcatlons :

5.4 PRINCIPAL PLANT FAClLITIES
5.4.1 Stoi"m.Drainag'e System

The planned site clevation is 4.7 m above M.W.L. and the site is not subject to 100-year
flooding. The only inundation within the site might be of stagnated stormwater. Hence, an
appropriate drainage facilily should be provided to handle the stormwater runoffs. Surface
drainage may be of open channels or conduits mstalled along the edge of roads and then
dlscharge the stormwater itito nearby drains.

' 5 4, 2 Water Supply System

“The pubhc water supply distribution system is avallable for lhe lreatment plant water system
However, (o secure stable clean watcr supply to be used for thc proccss a supplcmcntal new
well may be dug.

~ 56.4.3 Sanitary System

Wastewater rcsullmg from publlc hea[th water usage will be dramed into thc sewer located
wntlnn the plant site.

6.4. 4 Slte Roads and Parklng Areas

Roads and parkmg areas must be paved w;th the pavement consnsteng of granuhr sub-base and
base course matenais with an asphalt surface.

.' 5. 4 5 Gradlng and Landscapmg

Gradlng will slope away from structures to lhc open channels or box culverls Landscaping
includes grass for the area around the roads, structures and bulldmgs ?rccs and shrubs w:II be
aIl along the fence of ihc site limits. :

Shallow rooted small shrubs should be planted at areas where plpe systems ex1sI to avmd
posmble dannges This wnll ellmmatc cloggmg and damagmg of the pipes.

- The use of small trees around roads and bulldmgs help fo gwe a lnlm'm scale to the pro_;ect
because structures are usually hlgh T '

| 5. 4 6 Slte Secunty

The site must be closed wnlh a chain link fence or othcr apprOprlate means. The entrances w1||
have a gate wnh hardware Iocl\s to have them closed when necessary.
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6.4.7 Safety

Guardrails:  For walkways located in hazardous areas of the structures, guardrails must be
used. Guardrails shall bc painted with safety colors of yellow and black. .

Lighting:  There shall be exterior llghimg all-over the s:tc along roads near thc slructurcs
and along the edge of the surrounding of fence.

Lifesavers:  There shall be onc lifesaver at each deep and uncovcrcd slruclure such as
clarifiers and anaerobic ponds. '

Site SignS' ~ Asign idéntifying the project and the owner should be i}ul at the entrances of the
site. A sign system for orientation within the plant as well as a color code for elements of the
buildings will be provided

5.5 BulLOING UTILITIES

5.5.1 General Requirements

Systems tlo be cbilsidéfcd' for the buiidingsI ér’e:

- Venillatlon syslcms to ensure pcrsonncl comfort and conlml of odors,

-~ Air-conditioning systems to maintain pcrsonncl comfort and thc best condlllons for thc
electrical and electronic equipment; : : :

- S'mmry and dramagc, systems;

- ,Potable water suppl) system and hot water

- Storm dralnagc systems from roof areas;

- Fire protecnon systems; and ' :

- Venhlalmn systems to maintain the best condmons uf thc mechan:c’al rooms.
5.6.2 Désign Basis_and Griteria

Indoor Design Parameters:

- Offices, Control and Electricat _R_bom

Temperature ' 20~25 °C '
Humidity . : 50~55%

- . Machine Rooms

Maximum temperatire © 35C
Ventilation. S

Air Changes:

Machine rooms - R 4to6changes/hour '

Workshops =+ 7 5tol0 changesﬂmur
Store rooms : 4to b "

Rest rooms and blower bmldmg 306 "
Outdoor Design Paramters:

- Temperalure
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Maximum temperature 39 - °C

Minimum {emperature =286 "

Average temperature 11 "
- Precipitation

426 mm/fyear (average)
48 mm/month for summer time (July)

5.5.3 Specific Building Systems

Office Building:  Air conditioning may be provided through a central air handling unit.
Wash room area may have exhaust fans. Plumbing systems shall include domestic water supply
. and sanitary systems. : '

Roof drainage should be connected to the surface drainage system which discharges flows into
_the drainage system in the plant site.

- Maintenance and Storage Building:  This building will have exhaust fans for ventilation.
The maximum allowable indoor temperature may be 35°C. '

- Sanitary drainage system and potable water supply system shall be provided. Roof drainage is
also connected to the surface drainage system.

Portable fire extinguishers are provided for fire protection.
Power Substation:  Stormwater drainage system for the floor shall be provided.

Generator Building: ~ Roof and sanitary drainage systems should be provided. Forced infet
air and forced air exhaust systems should used for this building.

' Sludgé Puniping Station:  Roof and sanitary drainage systems and potable water supply
system shall be provided. Portable hand extinguishers for fire protection are to be provided.
Forced exhaust air shall be provided at this building.

Aerated Grit Chamber Blower Room:  Roof and sanilary drainage and pofable water
supply systcms shall be provided. Portable hand extinguishers for fire protection will be
* provided. Natural ventilation shall be uscd.

Wétcr Supplj- Pump Room: . Roof drainage system shall be provided. Portable hand fire
extinguishers may be provided. Forced (fan) air exhaust should be installed at this room.

5.5.4 Nét_u'rafCohditi:ons

Temperature: - Highest, minimum and average temperatures in Tulcea Cily area are as
follows: ' ' ' :

Highest monthly average temperature (July) 240 C
- Lowest monthly average temperature (Janvary) 3.1 ©
. Annual average lemperature o 11.0
‘Lowest recorded temperature - -268 ¢

H_ﬁmidilyﬁ Average humidity in T ul_'cea in summer is 10 to 20 %, and 45 to 50 % in winter.
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Wind:  Predominant local wind direction is northeast to the southwest. The wind speeds are
in the range between 3 and 4.8 m/sec, generally higher in winter and spring.

A11-3-28



Ta'b!e AI1.3.1 Lists of Méchanical Equfpmeht of Tulcea WWT_P (1176}

(1) Screening System Equipment

No

Qutput

Total motor ouiputs of )

Equipment Type Size and Qr'y Totatout-|  Remarks
: o ' Specifications KW/mit] put(kW) :
I{Screen channel influent  Cast iron made, manually (1200W x 1200H 2 =~
* fgates - |operated sluice gate ‘ .
2{Coarse screens Manually screened Clear opening 100 mm, 2 —
(removable type) L.6mW x 3.3mH, 60°
3|Fine screens - Mechanically-cleaned,  [Clear opening 20 mm, 21 075 1.5
(infermitlently operated} 11.6mW x 3.3mH .
4Grit chamber eftluent Cast iron made, manually [1.2mW x 1.2mH 2 -
© |gates - RN operated sluice gate . I
5]|Gate for pump welt Cast iron made, manually [0.8mW x 0.8mH 1 —
influent channel operated sluice gate Design depth 5.0 m
. 6fScreenings conveyors Trough belt conveyor 05mWx6mL 2 1.5 3
7|Screenings skip hoist Wire rope operated 0.3m’ x 20mH 1l - 22 22
- 8|Screenings hopper Steel made, motor 5m’ 1| L5 1.5
' S opérated ' : ' 3 ' '
" 9{Screening hoist Motor operated hoist Itx 6mH x23mL 1 26 26
) : Lo - with troltey : ' 1 o
Total motor cutputs of (1) C 10.8[kW
(2) Grit Chamber, Oil Separator, Flow Measurement Equipment
No, Equipment - Type Size and Qty | Output | Total out- Remarks
' : - . S Specifications kW/unit{ put (kW)
T|Aeration channel Influent [Manually operated, cast  |800mm W x §00mmil 2 -
gales - - |iron made stuice gate Design hydraulic depth; 2 m
2|Blowers Turbo blower @ 80mm X Sm*/min. 3 15 30|Standby excluded
S _ ) :
3|{Giit collectors Trolley with a grit lifting 2] 38 7.6
pump '
4|Screw conveyors - Lifting of grit from channe! 1 22 22
A . ltogrithopper : _ '
S|Acration chamber effluent |Manually operated, cast  [600mm W x 600mm H 2 —
channel gates - iron made sluice gate Design hydrautic depth; 2 m '
6{Flow rieasurement equipiyParshall flume 7-fi. type ] -
39.8[kW
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Table All.3.1 Tulcea WWTP List of Mechamcal Equ:pment (2/6)

(3) Pumping Eqmpment (Eff!uent Pumpmg Statlon)

Qt'y

No. Equipment Type Size and Specifications Qutput {otal out Remarks
' : : . kW /unit] put{kW) ; A
1 {Pumps Vetical centrifugat mixed  {400mm® x 1Sm™/min. x 5.5 4 - Eflluent pumps
pumb T 4)) o - -
2 |Klectric motoss for pumps | Vertical squitrel cage, water  |21kW | A | 63[Standby excluded
" proof type S Q) : ‘ o
3 |Suction valves Manually-operated sluice 400mm®P 4 -
valve :
4 [Check valves Slow-ctosing check valve 400mm® 4 -
5 [Discharge valves Motor-operated butterlly valve [400mm® o4 02 0.6} Standby excluded
6 |[Crane for pumps Manually-operated crane 32txmHx ToW X 19mbL] . ) - Trolley rails by
e with chain block - e . . R
7 [Main puanps seahng water [Unil of water supply pump 40mm® x0.1m /min. x 35m 1 .22 2.2{With control
supply unit . [with pressure tank B L ' R
8 |Pump room floordrain | Submersible pump 65mm® x0.3n_13fmin. x25m| - 2 37 3.7(Standby excluded
pumps o : o o ), : e L,
9 |Floor drain pumps Submersible puinp 65mm® *0.3m/min.x 10m| = 2 LS 1.5]Standby excluded
S Lo _ ) S
Total motor cutputs of (3) 71.0fkw
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Table All.3.1 Tulcea WWTP, List of Mechanical Equipment (3/6)

(4) Primary Clarifiers (4 units)

No. ~ Equipntent Type Specifications Oy |0uipul Total Remarks
kW/uni] ouput
1 Inlet gates Sluice gale, manual operation, | 1,000. Design 4 — )
' : casl iren, circutar hydraulic depth, 3m
2|Studge collectors Rotating type sceaper, center  [25m® x 2.4mi 4 0.75 3
o : . [eolumn supported _ _
J|Sludge draw-olT valves [Motor operated cecentric valve [H00mm® 4 02 08
5|Raw sfudge pumps Non-clog centrifugal pumps T00mm® x Im’7min. x 10 2 37 3.7|Standby excluded
‘ : . : : (1)
6{Bypass gates Manually operated, castiron  }$2,000mm. Design 1 -
. S nladé, circular sluice gate hydraulic depth, 1.5m
7IRaw studge flow meter |Etectro-magnetic flow meter | 100mme 1 -
8|Raw sludge densitomete|[Ultra-senic type I — In electric works
Tolal motor outpuls of (4) 2.5kW
~- (5) Aeration Tanks (8 tanks)
No. Equipment Type Sizeand - Qry lOulpul Total Remarks
o IR P - ' Specificalions kW/uni| output
Hinflow control weirs Manuatly-operated adjustable 400 x 600H Design ) — :
o el e " |hydraulic depth 1.1 m
2|Movable weirs for Cast iron made, movable weir  [400mmW x 60¢mat] 24 —
. |controf of step inflow  fweirs - - ' * |desipn depth, L1m ‘
3|Return sludge inflow  [Cast iron made, movable 600mmW x 600mmil 8 -
- feontrol weirs (separate type) design depth 1.Im
4]Aeration diffusers Ceramic made diffuser 0.82m’/min. 68 — Holder headers
2 : (finc bubble, 300 4) 8platestholder header ' & butterfly valves
5|Aircontrol valves ~ JAir operated butterlly valve  [250mm$ 32 - Electro-magnetic box
6]Froth spray nozzles Cast iron made movable 15mm®x 8 Vmin. 262 - 1.5 mintenval
R ype x1kglem® - 19/1.5=33 units tank
7| Air flow meters Oriffice 250mm® 8 - Included in electric
: ‘ S : - works '
" 1Total motor ouiput of (3) ofkw

" AlL331




Table Ali.3.1 Tulcea WWTP List of Mechanical Equipment (4!6)

(6) Flnal Clarifiers (4 tanks)

Remarks

No. Equipment Type Size and Qt'y | Output [Total
: : Specifications ' &W/unit} output
1{Inlet gates Sluice gate, manual Circular, 1000mm® o 4 -
operation, cast iron Desiga hydraulic depth 1.5m
218hudge coltectors Rotaling scrapet, 30m® x 3.5 mdeep 41 075 k]
: : central column support B : i .
3|Studge draw-off Motor-operated 200mm® -4 - 02} 08
valves - . |eccentric valve : . o
4|Retum sludge pumps ~ {Non-clog centrifugal 150mm®x 2.3m /min. x 10m 4 75 30
5 § " 150mm®x 3.0m/min. x 10m oA n|f =2
o " _ " 250mm®x 8.0m*/min. x 10m 2 300 60 L
7|Excess sludgs pumps - 100mm®x 1.0m /min. x 10m 2l 37|  3.7(Standby excluded
8|Retum studge Mow Eleéctronic-magnetic 250mm® . 2 - Included in electric
|meters flow metes © [200mm® . 2 - works '
9|Excess sludge flow Electronic-magnetic 100mmd 2 - "
- jmetess 7 ' flow meter
10]Return studge Ultra-sonic type 250mm @ 2 - *
densitometers . . :
Total motor cutput of (6) HESIKW -
(7) Chlorine Gontact Tank (1tank)
No. . Equipment . Type Size and Qty Outputll Total| . Remarks -
: o - - .+ Specifications © IkWhnig output !
Influent gates Manually operated, 2,000mmW x 2,000mmH 1 —
B castiron, square type  |design hydrautic depth, 2 m
2|Bypass gates. Manually operated, 600mmW x 600mmH -1 —
. ; S cast irop, square type design hydraulic depth, }._Sm: .
4|Hypochlorite supply Diaphragm pump Discharge 0.5/min. 3 04} - 0.8]Standby excluded -
pump i ' 20mm (1). - TR )
S|ttypochlorite storage ~ [FRP made. Ti2am’ 2l -
- land supply tank . : $1Amx20mH . .
Total motor oulpul of (7) ' 0.3]kW
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Table AlL3.1 Tulcea WWTP, List of Mechanical Equipment (5/6)

(8) Sludge Thickeners (2 tanks)

No. Equipment Type Size and Qry [ Ouput [Total Rematks
' s . - Specifications kW/unit] output
1|Sludge thickeners ~ |Rotating sctaper, 22 @ x 4.0mil” 2 04 0.8
: with pickets : i
2]bistribution tank, Manually operated, cast I00mmW 2 —
movable weirs - firon weir . o . .
3[Studge draw-offpump | [Non-clog cemrifugal 100mm P x Fdm3/min x 20m 2 | ] 153]Standby exciuded
o jpunip : {1
~d[Shudge draw-ofT valves . JAir operated euentnc [00mar D 4 0.2 0.3
: Cvalve - ’
5]Sludge screen ~ [Prum screen, self 2m3/min. ] 04| 04
S cleaning ype - ' .
Tolal of motor cutputs of (8) : T KW
(9) Sludge Digestion Facilities (2 tanks)
No. Equipment Type Size and Specifications | QUy [ Output | Total Remarks
' o o N kWiunit| output ;
- T[Studge mixer Draft tube type Mixing 2,300 m’/hr or 2 22 4] Draft tube
| o e S . more © |500mmd
- 2[Gas collectors T 1600mm® steel construcied 2 —
g " ldome, dry and wel secls : o T
J|Sludge fead pump valvts Motor opuratcd eccentric T30mm® 2 0.2 04
! U S valve. S . . C
: 41Scum draw-off valves . [Motor opcrated eccentric ™ - [300mm® 2 0.4 0.8
E S " [valve. : :
. 3| Digested sludge draw Mnlor operatcd 200mm® 2 0.4 038
. Jofiteléscope valves : . : .
- 6]STudge circulation draw™ Mutor operated eccenlnc 200mm P ] 02 04
P foffvalves " {vatve. : : :
TIDigested sludge draw -~ {Motor opelated_ ccentric I00mm® ] 04 08
offvalves - = . Cvalve. :
8[Thickened studge “{Motor opcratedeccenlnc IS_Omanis B 6 23 1332
* |pipe control valves ffvalve. : : '
- 9fSeed sludge p;pe conirol [Non. clog ‘tludge pump lOOmmiﬁx Im‘fmln X I5m 273 5
© |valves : "
[0}Siudge clrculahon : Non-c[og sludge pump IOOmm'T-sh l 4m’lmln X lSm I[T53]183
- |pumps . SO i : : : e
Il S]udgehealetchangera Spriral type 2 - T
12 Waler cuculallon pump  [Line pump “[Bmm® x §%m fann 23 4
’ . . x25m A N
I3 Walel healer - Vacuum l)'pc ] ' 2 83 8.3|Standby excluded
é : ' 2i0) -
H Gas beos!er fans . : Turbo fan lSOm’/hrchGOmmq 2 1.5 1.5}Standby excluded
i Do (. ' S
I3 011 service lank . - {Steel conslrucuon : 300L | —
16 011 pumps Gear pump Hmnjﬁ X 10Lfmm X 3kgfc 2 04 0-4[Standby excluded
17 f)l] storagutank : Unduground cylmder l)pe 15, 000[ B | —
181Desulfide Gas sembbcrs Dy l)pe SOOm"(h;_'. 4 —
19]{Gas holders™ ory seat (mémbranc), 7,000m’ 2 -
: Ve ; - |steel construction - . S
20 Wasle 835 bur‘nérs o Porced air combustmn type ZOOm%r. I I.5 L.5]Cooling fan
' B 1 22{ 2.2|blower
21|Floor dram pump> ‘ Submer:.lblc pump 65mm® x 0.3m min. 213 3 :
: x10m c o : o
22 Chaln block E Gcared !m!ley _ Tion - =
23 olaTmoior outpul.s 0T(9) ) - : ‘ 16 2{kW
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Table All.3.1 Tulcoa WWTP, List of Mechanical Equipment (6/6)

{10) Sludge Dewatering Equipment

Total

No. Equipment Type . Sizeand Qty | Cutput ' Rematks
‘ Specifications S {kW/unit) output| 0
1]Studge storage tank Vertical paddle 1,500mm® © 2 7.5 15
mixers type o o . .
2|Sludge feed pumps Positive displace-  [100mm® x ‘.ZQm’/hr. X 20m 5 551 . 22|Standby excluded
' P menl pump ' ' ' 3 (1) : :
31Stedge filters Belt filter press 2 m effective belt width, 130kg/ 4 22 38
' pet hour load in dry sotid basis :
4fNo.1Cake conveyor Trough belt E00mmW x 8,500mmi, 4 1.5 6
- 5|No.2 Cake conveyors Horizontal trough  {600w * 55001 2 1.5 3
. . belt conveyor -
6]Cake hoppers Motor operated 10m’ 2l 37 74
7[Chemical containers - . |Cylinder type 150 L 2 -
8]Chemical feedérs Yolumetric dry 1 Lfmin. 2 0.4 08
oL : feeder ' e , : 1
Q|Chemical dosage tank Cylinder type 15m” capacity H 22 4.4
. o - ’ withmixer © - : . T :
10[Chemical feed pumps Positive displace- 50131n1_¢_ X Jn?Tﬂn;x 20m 5 1.5 6 Standby excluded| i
R ment pump ' e - ()| ' SR
-~ 11{Chemical container Motor operated tton . I s 1.5
© fhoists : S _ = : 1| 04 o4 :
12{Pumps for belt filter - Centrifugal pump  [50mm® x 0.3 m™fmin. 5] ¢+ 55 22}Standby excluded
" lcleaning water - . |x60m } * SRR
13 |Maintenance crane : Suspension type 2 ton | = ot
14]Chain block - Geared trolley type |2 ton 1 -
I 5]Floor drain pumps Submersible non-  [65mm® x 0.3m"/min. 2 L5 3
) R - . |clog pump x10m FRI ‘ B s
Total motor outputs of (10) e 100.3]kW
(11) Aeration Tank Blower System
No. Equipment " Type - Size ahd _ Qr'y | Output| Total Remarks
‘ e . o - Specifications 0 |kWhunit] oulput | o
1{No.1 Blowers Steel made, multi-_ | $350mm/@300mm =3 -
S stage turbo blower 140m¥min. 1)) S . L o :
2{Electric motors for Horizonlal squirre] 3] . 100}~ 200{Standby excluded| ~ ~
No.l blowers -~ cage, water proof - U R A ;
3{No.1 blower valves - [Electric-operated - [#250mm 304 0.8{5tandby excluded|
SR valve . - () I T B
A1Pry type 2ir filters Selfcleaning type | 150m’/min. 3 02| 06
S[Weltype air filters Aulo rolfing type | 150m Tmin. 3 02 06
6 Maint(_:nance crane Geared trotley type |3 tons -1 -
Total motor outputs of (11} | - L 2020kw -
Grand Tofal of Motor Outputs 685 kW.
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Part IUTulcea: Appendix-4 Deslgn Calculation of Tulcea WWTP

' APPENDIX-4 DESIGN CALCULATIONS OF TULCEA WWTP

1. CONVENT!ONAL ACT!VATED SLUDGE PROCESS
3.1 DESIGN BASIS

1.1.1 SCHEMATIC OF THE CONVENTIONAL ACTIVATED SLUDGE PROCESS

Schematic of the conventional activated sludge process is shown as follows.

_ ' Efiluet to
. “'ailf\"am gf&ﬁﬁ}s . © FIANL CLARIFIERS D(Nll]m’ River
Co FIncluding S
WETWELLS . AR GRIT N CHLORINE
Influent SCREFNINGS  cHAMBERS f‘:g_:é“la:?;ds 1 = CONTACT TANKS
Wastewaler R | Lo
<= [ >4 -] o
Demgn ) ) 1 ¢ i 1
Waste Watér b : E 1 i AfEoN -
- [ e
. E R Sidgstream | : ! ranks | EFFLUENT PUMPS
i ¥ \ 1 I ¥
1 1 [ A
SCRE!\'L\‘GS © GRIT ;gpos,\l. iféfﬁé?i N E ??\;udgc Pumps
DISPOSAL : . T §IIIIITTYTTTT T
] - s B : - ‘ :
Fgg]:'ig%ﬁ - e SLUDGE THICKENERS
1 Heat Exchangers R
o S[ujge[unps A0 o Boites T - -
| j%eb 4
Fer St
. © Sludge Cake lS!udgel?ﬂuate ’,'
LLGEND o for Disposal . H .
...__0... Pumps ’ . : ,g
———> Liquid N\ .
...... » Studge A
. | PR A
—i—> Sidesteam s sy umoE ANAERGBIC SLUDGE

L0 o> GEline T pRWATERING - - - . - DIGESTION TANKS

142 DESIGN WASTEWATER INFLOW RATES

- Demgn was{ewater mﬂow rales are determmed as foll()WS Lo

L Av erage dally ﬂow Qad - 37,000 mday 428 L/s

Maximum daily flow -~ Qmd 43,000 m*/day 498 Lfs

Mammum hourly ﬂow th . 53,000 m*/day 613 L/s

1. 1 3 DESIGN WASTEWATER QUALITY

- Design waslewatcr quahty is determined as follows. -

B{')D. B izonig/L'
SS = MOmg/L

1.1, 4 DESIGN WASTEWATER QUAL;TY (INCLUDING SIDESTREAM WASTE LOADS)
_ DeSIgn was{ewater quallly (mcludmg s:des!ream wastewater loads) is calculalcd as follows,

BOD . ' womg/L S
CSS = 1T0mglls

A
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Part IWTulcea: Appendix-4 Design Calculation of Tulcea WWTP

Removal Efficiency (%) Wastewater Quaﬁly (mg/L)
Parameter - Primary Secondary | = Overall Raw waste- . | Primary Secondary
treatment treatment | removal rate water - efltuéiit effluent
BOD 30 85 89.5 170 119 ) 18
SS <40 80 88.0 170 102 20 -

1.1.5 POLLUTANT DISCHARGE Limits BY NTPA Q01 :
Pollutant discharge limits by NTPA 001 is regulated as follows.

20 mg/L

BOD <

S8 < . 60mg/L

TN < 10mg/L.
T-P < | Omg/L

1 2 CALCULAT!ONS OF SIDESTREAM POLLUTANT LOADS

1. 2.1 RAW SLUDGE VOLUME

~ Raw sludgc product:on volume s calculated by the followmg equallon

~ Solid production (t!day)

43 000m’lday X MOmg/L X lO‘6 x 0.4

= 2.408 t/day -
Sludgeconcenlrauon 0 20% N o
Sludgevolume 2408 X IOQ £.20% = 120 m’lday

1.2.2 WASTE SLUDGE VOLUME '

Parameter lnﬂuent‘quahty Reaction fank influent |Primary clarifiers removal
ol ey quality (mg/L) ' Efficiency (%)

BOD . Co1300 : 91 - - 30 .

S 10 L

Assuming that the reactor mﬂuent S- BOD is 66 7% of the total BOD ihen Scs is 60 7 mglL '

" Wasle sludge producuon volume is calculaled by the followmg equation;

waXw = (axScs rbess—cxﬁxXA)Q
where,
Qw 'Volume of wasté sludge (m*/day) o
Xw  Average SS concentration of waste sIudge (mg/L)

Q Influent volume to reactors (m*/day) = "' S 43,000
XA - MLSS concentration in reactors (mg/ll) . o 1,660
Scs  Influent soluble-BOD concentration fo reactors (mg/[, S 7607
Sss . Influent SS concentration to reactors (mg/L) - o 84
a - Sludge yicld coefficient of S-BOD(mg MI SS/mgSS)O 4~0. 6 05
b - Sludge yield coeflicient of SS(ing MLSS/mgSS) 0.9~1.00. - 095
¢ . Coeflicient of SS reduction due fo mdlgenous respirfmon of PR

© T activated sludgc micro-organisms (L/day) 0 03 005 - 0.04

0 - HRTm reactor basms(day) P e e ,6_5_!_24 =027

lhcréfore, L R
Qwx Xw = (05x607+095x84 004x027x1660) xQx}O’
. = 9217 x Qx 10° = 396 t!day

| A11.4-2 |



Part ilTulcea: Appendix-4 Dasign Galculation of Tulcea WWTP

Solid production - = 3.95tday
Sludge concentration = 0.5% o
Sludge produclion = 396 x 100 + 05 = 793 m’day

1.2.3 THICKENED SLUDGE

* Thickened sludge producl:on volume is Calculaled by Ihc following equallon

I

2.408 + 396 = 637 t/day
Primary sludge  Excess sludge

120 + 793 = 913m’Mday

(2.0%) - (0.5%)

Sludge solids

Sludge volume

Solids o= . 637 x 085 = S542tday -
Assuming sludge concentrationis  3.5% : S
Sludge volume = 542 x 100 + 3. 5 = 155 m’/day

1.24 SLUDGE SUPERNATANT OF THICKENERS

Studge supemalanl of thickeners is calculated by the following equation. -

Liquor volume = 913~ 155 = 758 mYday
Solids weight = 637 x - 015 = 09tday . -
BOD o= 758  x 2000 x 10°° = 1,52t/day

BOD is assumed to be of 2,000 mg/L

1.2.5 DIGESTEDSLUDGE '

D:gcsted sludge produchon volume is calculated by the followmg equalton e

Digested sludge _sol:ds = 542 x (1-07x0. 5) =352 Yday "~
~ ‘Digested sludge volume  © ~3.0 % - - g

o= 352 x 100130 = ll7m3lday
i1 2. 6 DEWATERED SLUDGE(SLUDGE CAKE)

: Dcwatered sludge production volume is calculated by the following cquatlon

Sofids = = 352 «x 100709 = 3.070day
. (Assummg ©20.0 % solids concentration) :
Cake volume = 317 % 100/200 = . 16m’fday .

. 2.7  DIGESTED SLUDGE FILTRATE o

Dlgested sludge ﬁllrated welght is calculated by lhe followmg equauon

Plllra{e volume = 155 - : ' 16 = l39 m3lda3,r SRR
~ Dry sotids weight* = 3. 52 0 l0 = 035tday .
. ‘BOD - = 139 x 1500 10 = 0.21 Yday

(Assumed BOD concentratton = l 500 mg/l,)

1. 2 8 SIDESTREAM VOLUME AND WASTE LOAD o

- _SideSiream VOlumc and waste load is calculated by the followmg equauon :

: _ ' Tluckcncr supcrnatams Sludge filtrate _
quuorvolume oo 758 o 139 - = 897 m¥/day
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Part HTulcea: Appendix-4 Design Calculation of Tulcea WWIEP

Drysolidls = 09 + . 035 = 1.31 Vday
BOD = 152+ 021 1.72 day

il

1 29 WASTEWATER QUALITY (INCLUDING ALL SIDESTREAMS)

Wastewater quahty (including all s:desireams) is calculaled by the followmg cquatlon

Overall waslcwatcr ﬂow = lnﬂucnt + Sldeslreams _ .
Maximum daily flow - 43,000 + 897 = 43,897 m/day
Then, the design wastewater flow characteristics are; '

1

BOD = (43,000 x 130 x 10° + 1.72)/43,897
_ = 00001666 x 10° = 167 —> 170mg/L
S = (43,000 - x 140 x 10+ 1.31)/43,807

0.0001669 x 1_0" = 167 - 170 mg/L
1.3 SLUDGE PRODUCTIONS
_ 1.3.1' RAwS_LuDGE__
* Raw sludge production volume is C'filculated by' the foliowing equation.

Solid production (Uday) = 43,000 x 170 x 10-6 x 04
' R 2924t/day o : '

1

Sludgécbncenlration 20% G e e
Sludgevolume 2924 x 100 + 2.0 = 146 m/day -

- 1.3.2 WASTE SLUDGE VOLUME

Parameter lnﬂucnt qual_ny . Reac_lion lankjnﬂuent Prlmaryclanﬁers removal
o | (mg/L) 4<']ua1ily(mgll,) : bfﬁmency(%) '
BOD 170 B § 1 30

SS . BLECJEEE S [ N IO I

Assuming that mﬂuem S- BOD (o reaclor basms i$66.7% of lhe raw wastewater BOD S- BOI)
concentration is estimated to be; 794 mg/l,
Waste sludge productlon volumc is calculated by the followmg equalmn

Qw x Xw= (a X Scs +bx Sss cx Ox XA)Q
where
Qw  Volume of excess sludge (m’lday) ,
Xw  Average SS concentration of waste sludge (mg/L)

~ Q  Influent volume to reactors (m*day) L 43,000

- XA MLSS concentration in reactors (mgfL) .- -~ L .r;_l-,667 B
Scs  Influent soluble-BOD concentration to reactors (mg/L) L4 —
Sss  Influent SS concentration to reactors (mglL) . 102

a Sludge yield coefticient of §- BOD (mg ‘\ALSSImgSS) 0. 4~0 6 0.5

b Shdge yicld coefficient of SS (ing MLSS/mgSS) ~ 0.9~1 00. 095

c Coeflicient of SS reduction due to indigenous respiration of S -
activated sludge micro- orgamsms (L!day) T 0.03-0.05 . 0.04 .

therefore, |
waXw-—(05x794+095x102 004x026xl667)xQx10""

_ AH-4~4 ,

0 HRF_H] r_eactor basms(day) T 63/24 = {)26 o
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: = 11895xQx10° = 5.1 tday

Solid production = 5.11 t/day : '

Sludge concentration = 0.5%

Sludge production = S.41 x 100 = 0.5 = 1,023 m’day=0.7 m*/min.

1.3.3 RETURN SLUDGE

Return sludge volume is calculated by the following equation.

Sludge return ratio -~ 50% S o
Return sludge volume - = 43,000 x 0.5 = 21,500 m¥/day = 14.9 m’/min.

1.3.4 GRAVITY SLUDGE THICKENERS

Grawiy lluckeued sludgc prcduct:on volume is c1lculated by lhc following equation.

Solidsinflow .~ = 2924 + 511 ° = '8.04 t/day
.. Primary sludge Excess sludge :
" Sludgeinflow = 146+ 1023 = 1,169 m¥day
Thickened sludge solids = 804 . x 08 = 6.43 t/day
- Assume solids content to be 3.5% ‘ o :
' Thickened sludge volume = 643 x 100/3.5 = 184 m/day

. 35 ANAEROBIC SLUDGE DIGESTERS

: Anacrobtc digested sludge producllon volume is calculated by the followmg equallon

Input solids 643tday
input sludge volume 184 m*/day
Volatile solids content of sludge . 70% . .

§ " Sofids destructionrate .~ 50%

Digested sludge solids = 643 x (1-0.7x0.5) = 4.18t/day -
. Assume solids concentrationis - . . 3.0% . o o
Dlgested shudge vo]ume = 418 x 100/3.0 = 139 m¥day

'1 3. 6 SLUDGE DEWATERING

) Dcwatcred sludge producnon volume is calculated by the following equanon

lnput solids 4, 18 l/day , : R '
Recovered $olids (90%} =418 % 09 = 376¢day -
~ Assuring solids concentrationas - 20.0% S
Sludgc Cdke vclume = 3. 76 X 100120 0 = 19m*day

1 4 COMPONENT OF FACILITIES

K 4 1 PRIMARY CLARIFIERS

Prlmary clanﬁels specnf' catmns are calculatcd by lhc fo!lcwmg equahon

Average da:ly ﬂow Qad = .37,000 m’lday _

- Maximum daily Mow, de = . 43,000 m*/day - -
Maximum hourly flow, Qmh = 53,000 m*/day
Hydraulic surface load rate -~ = 35 m*/m?-day

. Totally 2 clusters, each consisting of 2 tanks, total number of basins is .~ 4 units’

~All4S
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1lydraulic load on cach basin is : 43,000 + 4 = 10,750 m*/day/basin
Required surface area of cachbasin = 10,750 "+ 35 = 307m?

(1) Tank' Geometry (In accordance with the Romanian Standafds),

Internal diameter o 25m
Effective depth _ 20m

- Number of basins 4 basins B
Surface area of a basin 423 x 4 =  1,692m?
Hydraulic capacity of abasin 1,692 x 2 = 3384m’

Check for hydraulic conditions of basins under the different flow rates.
Retention time

3384 x 24743, ooo = 1.89hours> 15
Surface load rate S
43 000 / -1692 = 254 mn*day <35

(2) Raw Sludge Pumplng Equipment

The pumps w:li handle the mlxlure of pnmaly and excess sludge havmg sollds concemrahon
of 2%. - ,
. Sludge S0|ld58.04 t/day, - SOIIdS concenlratuon 2%

Sludge volume 402 m’day . =~ 0.28 m*/min. -
Pump typé: - Centrifugal screw pump
Pumpboresize: - 100mm
Delivering capacity: L m’min. -
Total dynamic head: - 10m
‘Number of pumps: 3 Units’ (mcludlng l s(andby)

] 1.4.2 REACTOR TANKS

Reactor tanks specifications are calculated by the following equation

Design flow,Qmd = 43,000 m’/day
BOD—SSload . 0.30 kgBOD/kg SS day
- MLSS R 1,667 lIigIL S
Return sludge sotids concentration - 5,000 mg/L, ' - R
Sludge returnratio . = 1,667 + (5000 - 1667) = 050

Inflow BOD to reactors 43 000 x . 170, x 107 kgBODfday x (1-03)
- = 5117kgBODMay . 3
Reactor tanks §S OV oox 1,667 x 107 kg\dLSS ' ;
Required tank capacity -=. 5,117 + 1 66? 40300 = 11,370 m?
Aeration time = 3T x 24 s M 000 - =.:63 hours
At Qmd, aeration time of 6 . hours or more is secured Sl Co
Required tank capacity = 6 x 43,000 =+ 24.00 = 10,750m o

fl

Tank geometry
Width = 55m
Effective depth = 55m-. ' T s
Cross seclional area= ~ 55 x 5.5 - lin | 02x2 ~ 12x06'x2
Number of tanks = 4 tanks chusters 8 tanks e
Capacity of one tank = - 11,371 -+ 8 L4t moe o i
Tklength = 1021+ 29 = 49, O wse-d9m

All-4-6
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Tank geometry
W o 55m x 8Tanks
L 49m
H 355m

Check o_f aeration lime _ : .
Tankcapacity = = 29 x 49 x 8 = 11,368 m’
Aeration time

lll368 X 24/43000 = 6.3 hours

1

Check for additional tank requlrement to upgrade the process 5

Additional tank capacity required for the advanced treatment process will be prowded by adding
fanks to the conventional aclivated sludge aeration tanks. The wastewater inflow will be
distributed both to the existing and additional tanks. The wastewater WI” be distributed in
proportion to the treatment capacity of both trains. : L

The total detention tinme will be 12,3 hours.

. As the detention time in the conventional treatment process is 6. 3 hours  the required retention

time for additional tanks is

123 - 63 = 60 hours

~Check capacity and wastewater distribution ratio

Existing tanks * ~ 63/123 = 0516

Additional tanks  6.0/123 = 0.484

Wastewatér flow distribution rates '

Existing tanks 43,000 x 0516 = 22, 181 m’/day

Additional tanks 43,000 x 0484 = 20 319 m’/day
Additional Reactor Tanks R :

Required tank capacity = 43,000 x 6.0 + 24 = 10, 670 m’

Numter of tanks = 4dtanks 2clusters = 8tanks .
Tank capacity .= 10,670 "+ 8 = 1334m’ .
Tank length =0 1334+ 2900 = 460 use ,46m .
© ITank geometry - -
(L W 's5m x  8Tanks
L 46m o
H 55m

Check retention time

-Tank capacity = 29 x 46 x 8. = 10672m’

Retenliontime = 10,072 x 24/43000 = _6.0hours

1 A, 3 FINAL CLARlFtERS

Fmal clarifieres spec;ﬁcatmns are calculated by the followmg equauon

' Desngn flow QD = 43,000 m’lday
" Surface load rate = 25 m¥Ym*day

(1)

2 ~ clusters each consisting of 2 tanks, total lank numberis: 4  tanks -
Influent to each tank = 43,000 + 4 '=" 10,750 m*/dayhank

B chunredsurfacearcaofcachtank _=_' 10750 —25 = 430m’

Check by the Romanian Standards

' [ntemaldtameter o 30m

" All-4-7
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_ Effective depth 3.5m

Tank numbers 4 basins . .
Surface arca 616 x 4 = 2464n’
Capacily 2,464 x 35 = 8624w’
Surface load rate 17 m*/m*day
Retention lime _ :
AtQmd 8624 x 24743000 = 4.81 houss
Qv=Qmh + Qrmax = 53,000 + 21,500 = 74,500 m/day
8,624  x 24/74,500 = 278 >20
Surf'tce load rate .
AtQmd  43,000/2 464 = 17m’m*day <25 -
At Qv 74,500/2,464 = 30.2m’m’>day <52.8
Weir loading e e : R
Weirlength ~ L = n . x 235 .x 4 = 29m

L AtQmd 43,000/295 = 146 m’/m-day
AtLQv 74,500 /295

252 m¥m- -day

As compared with the Japancse Standards, the weir loadmg appears to be hlgh 31de '1 hc :

weir Iength may be increased in detailed design.

- (2) Check for Advanced Treatment

‘The advanced freatment will be performed thmugh t\\o trams e\ustmg and advanced treatment

process trains.
The wastewater will be dnstnbuted to each tram in propomon to thc reactor tanks hydrauhc
retention lime. :
- Wastewater distribution a
Existing train 22,181 m*/day
Additional train 20,819 m’/day
Check for additional tanks

Surface load rate 15 m¥m* day or lower : '
~ Cluster -2 wnth 2 tanks, then total tank fiumber is ~ 4 units
- Flowrate toeachtank 20,819 = 4 = 5205 m*daytank
Required surface arca of each tank = 5205 + 15 .= 347 m_2
o : . D, = 30 —23 < 27.7m :
According to Romanian Standards A = 0.785 x (D'-33) = 595m?
Diameter 30m U B '
Effcctive depth 35m
Number of tanks 4 units -
Water surface area 616 x 4 = 2454m’
Capacity 2,464 - x 35 = 8624m’
Overflow rate ‘8.4 m*fm’/day -
- Check the c‘ustmgtank overflowrate . - - _ o
20. 819/2,464 = A mmiday <15 . i

(3) Return Sludge Pumps S

Return sludge pumps are spec1f ed as follow |

 Average 50 % sludge retorn rate is cons:dered but pump capamty 100 % rcturn r‘ttc is
provided to prevent and restore sludge bulking. . ' Ce
Return sludge volume = 21,500 m*/day = 1S, m’lmm L
60 % and 40 % of sludge will be tmnsported by 4 and 2 pumps respectwely, lhrough
double pipelines.

Pump capacity 75 x 025 = ]87 use l9m’hmnute/umt

All-4-8
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_ " 7.5 x 050 = 3.73 use 3.8 m*/minute/unit
By operating above pumps, the return sludge rates can be adjusted at the order of 5% to
15 %. : . :
Pump type No.1 Screw centrifugal  No.2 Screw cemnfugal
Diameter 150 mm - 200 mm
Capacity 1.9 m¥Ymin. 3.8 m¥/min.
TIDH ' 10 m ' 10 m
Number of pumps 4 unils o 2 units

Motor oulput : 75 kW ' _ kW

(4) Excess Sludge Pumps

Excess sludge pumps are specified as follows.

Excess sludge volume = 1,023 m¥day = 0.7 m*min S
Two lines will be provided, then the capacity of apump = 1.02 m¥min

Type of pump centrifugal sludge pump

Diameter 100 mm

Capacity - 1.0 m¥min

™H - - - 10m
~ Number of pumps © 2 units (l-standby)

~ Motor output - 3 kW '

(8) . Chlorlne ContactTanks

Chlorme contact tanks spec1f' cauons are calculated by lhe followmg equatlon S

: Des:gn flo\_v rate e 000 m’/day
" Chlorine contact time - = 15 minutes

Required tank capacity: ~ 43,000 = 1,440 x '15 = 448w’

Channel width: -~ . 4.0m - : S _

Effective depth: S 30m : ST
Tank length: 419 + 40 + 3.0 = 373m — 38m

Number of tanks o luml :

Chlorine contact tank geomelry -
Wédm x Hd4m x |Tank

% | Lsm

1.5 ANAEROBIC SLUDGE DIGESTERS

1.5.1 ' SLUDGE THICKENERS
| (1)_ Hydraullc Capaclty of Tanks

'Hydrauhc capacuy of (anks are spec1ﬁcd as follows

Solids mput- o o= 3_04 tday

" Input sludge volume = 1,169 m*/day
" Output studge volume -~ = - 184 m'/day
Floor loading . o= 60 kg/mzlday
~. Required surface area = 134 m?
Tank geometry Circular radial flow type

Intemal diameter o= 95m

" Al-4-9
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- Effectivedepth .~ = 4m
Number of tanks = . 2units S
Water surface area - 3. 14 14 x 9, 52 x 2 = 1492m

(2) Sludgewuhdrawal Pumps |

Sludge withdrawal pumps are spccified as follows.

The pumps wnll have capacities that can send thickened sludge in around 8 hours
~ Pumpcapacity Q = 184 x 1/8 x 1/60 = 0.38m’min.

Pump Sludge pump with suction screw
Diameler 100 mm :

Discharge capacity . - 1.20 m*min.

™H - 20m

Motor output - 15 kW ' :
Number of pumps 2 umts(mcludmg one shndby)

{3}  Sludge Screens o

Sludge screens are specnﬁed as follows

Type _ Rotary drum screen

- Screen opening 4mm .
Capacity 2 m*/min.
Motor output  04kW
Number of screens - 1 unit’

Screen capacity is so determmed that the sludge quanmy bemg sent concomttanlly from
2 raw sludge pumps (each qQ=1.0 m’!mm )can be screened '

152 ANAEROBIC SLUDGE DIGESTION TANKS
(1) Hydraulic Capactty of Tanks :

Hydraullc capacity of tanks are spemﬁed as follotvs.

Sludge SOlldS mput = 643 tday

Inputsiudge = 184 m’day _
Detention time - 20days I T

Tank temperature C035% . - %

R_equirccl tank capacity 184 x 20 = 3675w’
(2) Tank Geometry |

Tank geomelry is specified as follows

Type - - Sing!e stage digestion - -

- Internal diameter 12.5m B

Effective tank depth = 21 m

Number of tanks =~ lclustersx2tanl\s : L
Capacity S 2 015 m’ltank .4,030 m’  total tank capacity . .. -

1.5.3 GASSTORAGETANKS o
(1)_ Capamty ofTanks

Cap':cny of tanks are calculated by the followmg equalton

Al
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Total solids input to digesters = 643 tday

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:

Total gas production = 6.43 x 07 x 10° x 0425 = 1,913 m’/day
Storage time 8 hours - -

‘Tank storage capacity = 1,913 - x 8/24 = 638 m*/day

{2} Tank Geomefry

Tank geometry is specified as follows.

Type . Dry -seal type steel tanks :
Number of tanks 2 unifs

Diameter . 11.6 m

Effective height 92m

Storage capacity . 1,000 m’

1.5.4 MECHANICAL SLUDGE DEWATERING
) FllterCapacity '

Filter capacity is calculated by the followmg equatlon

Solids input o= 4.18 t/day, Input sludge volume 139 m’/day
Belt press fifter ' ' : .
Yields per unit length 130 kg/m/hr _
Filter width : 2mo
Daily operation time “6he
Working days/week . Sday - Ceeue et
Solids loads per hour = 4. ]8 x 1/5 x ]0‘/6 = 975kg/r
Required number of BRI o o o
beltpress = 975/130/2= 4 use — 4 unifs

Type : 1 Beltfilter press

Filter loading rate  : 130 kg/m/hr .

Filter width oo 2m

' Numbcrofﬁltcrs‘ cr 0 4 unit

1.6 CHLORINE REQUIREMENTS

Reqmrcd quantity of hypochlontc SOllIthﬂ is calculated by multnplymg the dosmg rate by lhc
Wi aslewatcr ﬂow rate as shown in the fo]lowmg equahon A N

VR = Q_xRx(lOOIC) x(1/d) x10° - ..

where L o o _
VR Required hypochlorite solution (L. / hr.)
Q - Wastewater flow rate (m* / hr)
"R . Chlorine dosing rate(mg / L)
C  Effective chlorine concentration in chemical (%)
d - Specific grawly of hypochlonte solution (at the eﬁ'cclwe conccnlrauon ofC %)

_ At the maximum daily flow ratc, the reqmred hypochlome solutlon is:

All-4-11
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Q 43,000 m*day = 1,792 m*/hr
R = 3 mg/L :
c = 10%
- d = 1.2 S o : -
VR = Q x 3 x {100/10) x (1/1.2) x107?
= 0036 x Q = 65LMr. = 1 Liminute

(1)  Hypochlorite Solution Storage Tanks

Hypochlorite soiuiion storage tanks are specified as follows.

8 days storage capacity for the maximum daily flow rate. Then, thc capacnty |s

V = 0065m¥h x 24 x 8 = 124m’
" Tank specifications '

Type FRP made cylinder type

Internat diameter - - 1.8m

Height - 29m

Capacity : 6m’

Number of tanks . 2units
{2) - Dosing Pumpé _
 Type : o Dlaphragm

Diameter = -~ 20 mm
Discharge = 0.5 L/min..
Motor output 04 kw
- No. of unit _ 3 units (mcludmg 1 standby)

1.7 DIGESTER HEATING SYSTEM

1741 TEMPERATURE

Lowest dfnly average tem perature 0%

Soil temperature - o 15%
[nput sludge temperature - T 10%
~ Digester tank tenlpcralure e 35%

.7 2 REQUIRED CALORiES FOR SLUDGE HEAT%NG SPEClFIC HEAT‘I 0 KCALIKG '°C

chlurcd calories for sludge heatmg specn[’c is calculated by the followmg equatlon N
-QV _7= 184 x(35 lO) x 103 x ,].0‘ 5_ 45937]] Lcal!d

1. 6 1.7. 3 HEAT Losses TANK!NTERNAL DIAMETER ' 12 5 M -
| (1) Surface Area of the D:gestlon Tank

AlL412
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Internal diameter - - 12,5 - m
; r ' R h 7

[Topslab (gas portion) ' 1.00 3.00 2.0
: ; o Al : . 38.7 m?

- [Top stab(liquid portion) 3.00 | 625 | 5.75
' A2 ' 133.5 m’

Side wall(above ground) . 6.25 . | 625 I 9.50

(down to 1m below ground) A3 | 3729 m

Side wall(underground) ' : 6.25 _ | ©6.25 | 2.50

(up to 1m from surface) -~ A4 | - 981 oo

Bottom slab R 1.00 : I - 6.25 [ 1.75

B - AS S 1722 ot

CAL=35, 5(51de)+3l4(t0p,r)'“ 38.67 _
A2~l335 A3=3729,A4=98.1, A5 =169.0 + 3.14 = 172.2

(2 OveraIIThermal Conductlwty Coefﬁclent (l-ccah'm2 °c Ihr) -

“RC . | Water. lnsuiahon Concret Spray Gas Intermal « Extemal « K
thicknges proof | (polyurcth | eblock | concrete | pottion Hthermal 2(thermal
s{m) motor | ané foam) S o . condudtivity) | conductivity)
T T ey e[ 0=022) [0 [ =14 | -048) E _
Roof ddab(gas 03 0.03 004 20 L 0.464k1
portion) . L ! _ : )
Roof o3| - o003] 004 - : 300 c20 0.474k2
stab(liquid : o R :
portion) o ] b N PO S i T L
Upper side | 03 0.04 0.15 . © 026 300 20 0.360k3
wals =~ (lm ] - ’ S
‘underground
or higher) : ) .
: i Lower . 03 : S - 300 ] 2.395k4
i : - ) sidewalls .
) (Im -
% . underground
) o | orlower) : L .
' Bottom stab - 08 _ : -0l 300 5 ] LIB2KS

~ The overall thermal conductivity coeflicient can be calculated by the following equation:

UK = Mo x 8/h + 8N+ May

where o S
K - Overall thermal conductivilycoefﬁcicnt(kcal!m?"c -hr.)
oy “Thermal conduclmty coefTicient of gas or sludgc (kcal/m“‘c -hr. )
o 1/K1=216 -kl =0.464 -
N .Thermal conducnwty coeﬂ:cnent of air or ground (kcallhn"’c Ill‘)
S k=201 k2 =0474 |
N P Thennal conduclwntycocfﬁment of msulalmn malcnal(kcall/m“’c hr.)

o 1/k3=2.78 k3=0360 o
L8, 0, " Thickness ofmsulators (m) - 1/ k4 = 042 - k4 =2.395
. - o o 1/k5=085 k5=1.182 -

CAI413
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1.74 HEATING SYSTEM

(3)  Overall Heat L.osses
Portion of tank Heat = | Thermal - Number of | Difference of | Total heat |
transfer | conductivity tanks temperature | losses
area coeflicient ' ‘
. _ m?) | (KeaVm*Pe/hr) | (unit) Gy |
Roof slab{gas portion) 38.67 0,464 T4 35 72,509
Roof stab{liquid portion) | 133.5 0.474 4 35 8854
Upper . sidewalls(lm [ 372.9 - 0360 4 35 18.795
under ground above) - S S ' R P
Lower sidewalls (up to| 98.1 2,395 4 - 35 32,895
Im  below - ground ' IR S
surface) - S e
Bottom slab 172.2 1.182 4 .35 28,484
' ' Total 91,537
© Overallheatlosses  ~ = 91,537 Keal /hr

724 hours conhnuous hcatmg A total of 20 % heat losses from plpes are consndered

4,593,711:4124 "+ 91, 537 X

Efﬁ_mency of water heater
: 301,249/09 =
Water heater '

450 000 Kcal l hr

s 2 umts

12 =
09 -

334,72I Kcal/hour o

(mcludmg 1 standby)

1 8 ANAEROB!C SLUDGE DIGESTION SYSTEM

1.8.1 DIGESTION TANK

Hydréuhc._capacity of tanks arc specified as follows.

Solidsinput .= 184 m¥day
Detention time - 20 days
Temperature " 35°%

Required tank capacity

1.8.2 TANK GEOMETRY -

Tank gcomeiry is specnf' ed as follows

184 x

20 =

Type - single stage tank -
Internal diameter  © - 12.5m '
Effective tank depth - 2t'm .
Number of tanks 2 clusters

' . 2,015 m*/tank

(l 837m3/tank or larger )

. .D3 B

A4

301,249 Kcalfhour

3,675 m*
ks
D= 125m
D2 = i2m.
om o
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1.8.3 - TANK CAPACITY

Tank capacity is calculated by the following equation.

Effectivedepth  12.5m  Portion V1
n 525m Portion V2
n 3.25m Portion V3

Total 2im
Vi = n/4xD*xD :
= n/4xD* = 1,533 m’ o . T’ ——. 1H3
V2 = o/ 4xD?x (D/2)/3 ' - B §
~nldxD2x (D2/2)/3 N R : '
R/4/6 (D'=D2) oo R
: = 254 m? : D
vl o= ﬂ!4l6 (D} D3%)
= 227 m? _ : ' h 4
V total 2,015 m? : o V2o A
H2
D2 __I«,w
- 1.9 REQUIRED OXYGEN 7
Required oxygen is calcu!ated by lhe followmg equanon
Required 0,:0D = ODI o+ OD2 + OD3
-+ where
- 0D, : Oxygen requ:red for BOD oxygcnallon (cel] synthes1s)
oD, : Oxygen required for endogenous respiration :
oD, Oxygen to be ullllzed for mamtammg reqmred dlssolved oxygen level

1.9.1 REQUIRED OXYGEN FOR BOD OXIDATION(CELL SYNTHESIS) OD1(KGOZ.’DAY)

oDl = A(kgOzlkgBOD) X BOD removed (kg BOD/day)

- where R
A : kgoxygen requmd to remove kg BOD (kgOJkgBOD) 0. 5 0.7 —» 06
Q . = 43,000 m’/day ) L

oD, = 06 x Q x 1012 x 10' = 00607ng02/day

Influent BOD“ 19 - 18 = 10 2mgll :

| 1.9. 2 OXYGEN REQUIRED FOR ENDOGENOUS RESPIRATIONOD;(KGO,IDAY)

- 0D, = B(kgOzlkg\dLVSS day) X VA(m) X MLVSS(kgMLVSSlm)

_where o
B Oxygen consumpllon duc to cndogenous rcsp:ratlon per uthLVSS 0.05~0. IS :
S . (kgO fkg'\dLVSS day) 0.05
VA Capac1ty of aeroblc porilon of reactor(m YQ x6+24 = 025Q
MLVSS/MLSS = 08 - - ' :
oD, = 005 x 025 % Q X ],500 ><IO‘3 x 0.8

R 00150 Q kg0, /day - . o

Al
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1.9.3 REQUIRE OXYGEN TO MAINTAIN  DISSOLVED - OXYGEN -

OD3(KGO,/DAY)

'OD, = COA x Q x 107 _ ,
where  COA : Actation tank dissolved owcygcn iSmg/l concentration

. Returnsludgeratio R = 0.5
oD, = 15 x (1+05Q x 107
0.00225 Q kg O,/day

1.9.4 ToTAL OxYGEN REQUIREMENTS :

OD = OD; +OD, + OD, L |
= 00607Q OOISQ K ooozsz ~ 0.0779Q(kg02!day)

1.9.5 AERATION EQUIPMENT (DIFFUSERS FINE BUBBLES SPIRAL FLOW)

Aemllon cqmpment is calculated by the followmg equauon

EA =_' 15, p 1 293 Qw = 0.233

Air volume (N m’lday)

= {Required oxygen([(g()z)) / (EA (%) % IO‘ xp(airme ) x Q\\ (kgO,ILg alr))
(0O779Q)/(75 x 001 x 1293 x 0233)

= 345Q =..148325 (Nm’/day) - = 103 (Nm*/min) -~ -
Install one blower for each train . - S
Required blower capacity - 103 '+ 2 -52 m*ftank-unit -

Blowerspee. . - - Cast -iron made nmIn -stage turbo blower
Inlet/outict diameters = ¢200/¢200 LU e
. Capacity =~ ' .50 m¥Ymin, .
- Motoroutput. . . { . 37 Skw .

. Number ofumls ' : : : 3 unlts(includmg l slandby)
1 10 SCREENS AND PUMPING STATION
1.10.1 FLOW RATE
Flow rate is determined as follo't:\'.s.. ’ |
‘Qad - 37,000m¥day  428LJs
- Qmd . 43,000mYday 498 L/s .
.Qmh . 53,000 m’lday 613Ls .
1102 INCOMING SEWER il

lncommg sewer |s spec:l’ ed as follm\s.

" Friction formula o Mannlng (n—OO]3)

Size of incoming sc“er T 1,000 mm
Sewer slope co 1.2%,

. Incoming sewer invert elevation 4316 m above M. W L.
Full flow rate of incoming sewer 0.613 m*sec

Full flow velocity in incoming sewer - 0.781 m/fsec

AlL-4-16
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-~ Ttem _Wastewater flow Flow | Water depth | Water surface |  Head loss Gate chamber
o rates  (ms) velocity (m) elevation at ahead of water elevation
_ (mv/sec) 7 : | entrance (m} chamber (ny)
Average . <0 0428F 0 0845 0.616 4932 0.036 4.896
: daily 0699 -11.082 0.616 : :
¢ [Maximum . 0.198 0876 - 0.684 5000 0.039 4.961
daily 0812 . 1114 - [0.684 i h
© [Maximum 0.613 0.781 1.600] 5316 0.031 5.285
‘ hourly ~ [1.001 _ 1.000 1.000 ' ' - )
- Note: Ratio of flow to full Ratioto Ratio to full
' ftow . fullvelocity sewer depth From tables

' 1.10.3 INFLUENT GATE

inﬂgent gate is specified as follows.

% ' . Elevationof gatebottom . - 4300 M.WL.
. Qate type and size : © square 1.2m
items : Average | - Max. Max. Wet Remarks
= ‘ | daily hourly | weather
: N RS daily flow | flow | flow flow

Wastowater Inflow rates ()~ [w/s |~ 0A28]  0498] 0613
No. of gates operated {n) R (1T ) 2 N 2l 3 _ _
Wastewater in.ﬂ(':)\i': to éﬁél; gate . m’!s/géle ‘ 0214 0249 0.204 C QM
Wastewater élevglion ahead of gate  {M.W.L. : 4.896 4.961 5.285 e

. Wastewater depth at gate (11} m - 0.596 0.661 0.985 _ .
Wastewater flow area at gate (A) - . | Co0ms o 0794 1.182 _ 1.2xH
Flow velocity through pate(V) mfs ’ - 03001 - 0314 0173 o lOmA
Head losses at gate(Ah) oo m 0.007]-. ©  0.008 0.002 :
Water elevation after gate | M 4889 - 4954 - 5283}

- Total head losses at gate(Ah) 1.5 x vii2g : _= ©0.0765 x v?
1104 COARSESCREEN -~
Coa;se screen is -speciﬁed_as follows.

Channel in.\"eri elevation 430 m M.W.L.

Channel width ~ 7 - 1.6m

Screen clear opening - . 100 mm -

No. of screens . = - 2 L A

- Slope of screens " ' 60 degrees from horizontal

CAIL4-1T
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items Average  |Maximumn [Maximum ‘Wet  |Remarks
S ' o : | weather :
_ daily flow [daily flow |hourly flow| flow
Wastewater inflow rates (Q) Am’/s 0428 0498 * o 0.613
No. of channels used _ 21 . L2 _ K
Wastewater inflow to each channel /s 0214 - 0249 10,204 Q/n
Wastewaler elevalion 2head of screen |y 41883 . 4954 5.283 ’
; ' M.W.L. S C .
Wastewater depth ahead of screen m 0.58% 0.654] - 0.983 N
Flow area in channel(A) m 0 1.046 1.238 1.6xH
Approaching flow velocity to sereen mfs - 0.227 0.238 0.165 ) Q/nA
Flow velocity in screen(V2) mfs 0.241 0.252 0175 S
11ead loss in screen(Ahl) “m 0.0600 - 0.000 0.000 :
Actual head loss in screen{Ah2) m 0.000 0.000f 0.000 3IxAh1
Allowable head loss at screens|m . 0.100 0.100 0100 ‘ Ah3>h2
(ah3) : A : o -
Wastewater elevation afler screen m _ 4.789] - 4854 . 5.183 Ah3
' M.W.L ' ' - ' 3
8h = Bx(s/d)?xsine .= . 0.0492268 :

B=242, d=150mm, s=9mm; «=60°,

Loss by screen = 8hx v?/2g=

. 1.10.5 FiNE SCREEN

- Fine screen is specified as follows.

- Channel invert elevation
Channel width -~
Bar screen clear opening
Thickness of screen bars

No. of units

Slope of screen

1.6 m
20mm
8§ mm

L 2units

CAH-418

0.04923  xv¥/2g (hw)

3.900 MWL,

75 degrées'to horizontal

“sin 60 =’ (:).86,6,; \

~ Flow velocity through Scr‘_eén:‘ - le (S‘.Fd\_..) /d= i_.06 Vi
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ltems -~ JAverage daily| Maximum | Maximum | Wet weather | Remarks

daily
flow flow hourly flow flow

Wastewater Inflow rate (Q) m’/s 0.428 0.498 0.613}
No., of channels in use {n) 21 2 3
Flow rate in each channel m/s 0.214 0.249 0.204 Q/n
Water elevation ahead of screen M.W.L. 4.789 4.854 5.183
Water depth ahiead of screen (H) m 0.889 0.954 1.283] .
Sectional area of flow in channel m? 1.422 1.526 1.616 1.6 % i1
Approaching velocity to screen (V1) [m/s . 0151 0.163 0.127 Q/nA
Flow velocity through screen(V2) m/s . 0.211 0228 - 0.177
Head loss through screen(Ahl) m 0.002 0.002] 0.001
Actual head loss in screen(Ah2) m 0.065 ° 0.005 0.003 3 x Ahl
Allowable maximum loss (Ah3) m 0.100 0.100 0.100 Ah3<h?2
Water surface elevation after screen  [M.W.L.. 4.689 4.754 5.083 . Ah2

Sh =  PBx(sfd)’xsine = 0.688907

B=242, d=20mm, s=8mm, a=75°, sin75=0.9659

Lossbyscreen =Shxv'/2g= 068891 xv:/2g (hw)
Flow velocity through screen Vi x (s+td)/d = 1.400VI

‘111 GRIT, OIL/GREASE REMOVAL EQUIPMENT -
1.11.1 DESIGN WAstEWAT_ER FLOW RATES -
Design wastewater flow ria.t_tﬁ_s are determined as follows.
Qad 37,000 m¥day 428  L/s
T - Qmd - 43,000 m'/day 498 Lfs
Qmh 53,000 m’/day - 613 Lis

"1.11.2 GriT, OILIGREASE SEPARATldn

Grit, oil/grease separation is specified as foilows.

2 trains - | channelseach, thentotally 2 channels
Qww .- 53,000m’day = 613Lfsec . . .
Flow to each channel = 26,500 m*/day = 307 L/sec

_Retentiontime . .. 3minutes . . . .
Capacity . 53,000 x 3 + 1,440 = 1104m’
Section area - 68m’ -
Length S 810m _ C

. Capacity 68 x 8 x 2 = 1104m’
" (check for flows)

- Atmaximum daily flow ~ Qmd 43,000 m*/day
: Reténlibn'Time (1104 x 1,440) /43,000 = 3.7 min.
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oil - ————— B o .
o 238 3.0

M

" Chamber cross sechonal area S —
095 = 133

14 x
12 ox o L4 = . 098 -
16 x - 305 = 488 ..
12 x 05 = -013
-1/2 x 077 = -025
1ota| o 6.82m use o 6.8m?

| Air sul)ply volume L _
Romanian Standards ~ Q= 03 m’air/m’water - = -
| | = 03 x 2208 = 663 m¥hour

i

' _ R =" 1l mYmin
~ Japanese Standards Q= 0.0_] m’lsec-m % channel lenglhlm (0 005~
' , 0013) -
= 0.01 X 8 X 2 CoeT
- = 0162 m’fsec = 10 m’lmln
Then, the total air is 11 m¥min S
Blower equipment .2 unit
1 unit each for 1 train ' e s
then, ! blower capacity = 11 + 2 _ =_ 5. 5 use - 6 m’lmm

Air blower spegifications
Roots blower 23 umts (mcludmg l slandby)
- ' L ¢80mm x 6 m/min -
Grit volume from combmed sewage 0. 001~0 02m* grit/ OOOm seWagc
' Then grll volume = 0.02/1000 x 53 000 - = 1.06 m¥fday

1 11.3 GRIT PUMPS
Grit pumps are calculaled as follows

Pump capac:ty is to remove the gnt in 20 mmutes As al!owances thc Cap“lClly is two _
times of the grit
quantity. Then, the pump capacity is: ' ,

, (1.06 m’lday x 2}/ (4 units x 2 minutes) = 0. 0265 1!13/111"1 S
Assummg the gnl content in the wnthdrawn wastewaler at 10 %, the requnred pump
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capacity is:
0.0265 x 100/ 10= 0.265 m*/min.
Assume the pump velocity to be 2.5 m/see, the pump diameter will be:
146 x (l 4/2 S = 48mm use 75mm

1114 FLOW MEASUREMENT

Use two units of Parshall flume R Lo
' ' Flow per each unit{Q/2)

Qad 37,000 m/day = 1,542 m’hour 771 m¥hour
Qmh 43,000 m¥day = 1,792 m’hour 896 m*/hour
Qww . 53,00 m*day - = 2,208 m*hour 1,104 m*hour

_ Select 7 ft flume, range of flow 306~ 12,380 m’/hour
142 SLUDGE DIGESTER EQUIPMENT
1 121 MIXERS

(1) | Speclflcatlons .' _

Type Upldown flow screw mixers (with a draft tube, from manufacturer’s catalog)

Capacity _ 1,200 m*hour
Draft tube diameter 400 mm
Motor output 11 kW
Quantity © 4units

(2_) Sludge Moxlng Capaclty

Sludge tum over rate (mixing thc \\holc sludge volume 8-12 tumesfday)
Q = (8~12) x 2015 (Tankvolume = 2,015m*)/24
= 672 ~ 1,007 m*hour Cuse 1,200 m*hour

1 12 2 TANK APPAIRATUS(ON ROOF TOP)

Tank apparatus are spccnf ed as follows .

Gas collectors(steel made) ¢600 min x 1 umt
- Gasrelief valve (wetiype) . $200mm x T unit ~ C ‘ :
Gas relief  valve (dry type) 12)200 mm x I unit (:ncludmg valve and ﬂamc arrcsler)

Quamlty - . Total - 4 umts

1 12 3 WATER HEATERS

(1) Speclflcatlons

Type " Vacuum type water heater

~ Heater capacity .~~~ 450,000 Kcal/hr.
* Heater transferarea -~ ° - 99m*
Fuel "+ oo ] “Sludge gas and oil
‘Electric motors = -~ Burnermotor - LSkW . .
.o Qilpump 7 04AKW ¢
~ Qil heater . CLOkW
o . Fan -~ S LSkW
Quantity - _3 units (lstandby)
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(2) Nominal Heat Qutput

Total requircd heat =~ = 301 249 Kcal/hr
Nontinal heater capacity Q = (301,24 9)/(2 x 0. 9)

= 167,360 Kcal/ hr. --> 450,000 Kcal / hr
(Heater efficiency 0.9) (No. of units;2) -

1.12.4 Ou. SERVICE TANKS

(1) Spemflcauons

Type ' Stcel made rectangular fank
Tank capacity = 150 L

Quantity o 1 unit
(2)  Tank Capacity '

Store oil of more than one hour consumption _ NIRRT
qQ = (450,000 x 2)/(10,200 x 0.85) = 104L/hr. use —
B Heating value of A-diesel oil -~ 10,200 keallkg ~

R Specific gravily ofA d:esel oil - 0.85kg/L . -

1. 12 5 On Pumps
(1) Specifications

IS0L

Type - - Gear pump : L
Size Coddsmmo o T it T
Discharge . . .. =~ 5 Umi_n._ G

Discharge prcssure . 3kglem?®

Electricmotor =~ 04kW .. - .

Quantity o 2 units (mcludmg ] standby)

(2) Pump Discharge

Capablc of supplymg a 300-liter capacuy tank wnlhm 30 minutes
Q = 150130 = 5 Lfmmutc R

1. 12 6 O STORAGE TANK

{1} Speclfacatlons

- Type _ Underground cylmder type :
Storage capacity .~ ~ 7,500 L o ST
Quantity - 1 unit _ R R LT

(2) Tank Capacity -

Store more than 3- dayoulconsumpllon ‘ , SEE
V. =104 x 24 X 3 74741, use — 7500L

1127 Gas BOOSTERFANS - o
(1) _Speclficateons o S _ s
Type - AEREEES S Y b fan

Capacity ; . 818 m'hr.
Pressure (statlc pressure in water column) 500 mm Aq

B "41174-22
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Electric motor 1.5 kW
Quantity 2 units (mcludlng 1 slandby)

(2) Capacity

Shudge gas consumption
q = 450,000/5,500 = 81.8 m¥hr. .
 (Sludge gas heat value 5,500 Kcal/m®)
Check for gas consumption

Required energy ' Kcallday 7,229,968
Heater operation time Hour - 8.0
Gas production m’/day 1,913
Gas consumption m’/day 657

Required heat energy 301,249 Kcal/h.
- Heater output 450,000 Kceal/hr.
No. of units - 2units

1.12.8 HEAT EXCHANGE
(1) . ASpgciﬁcations '_ S S
- Type Spirral type heat exchanger

Heat transfer arca 15m?

" Water tempetature Inlet  35%, Outlet -~ 40°%
o - ‘ o 10%, S 60%
7 Quantity ~ ©  Total Nos. 4 units T

- (2). Energy Trahsfer

Provide an exchanger to cach digester : ‘ o -
Required energy perunit, M = 7 229 968 x1/4 = 1,807,492 Keal/day
. , = 75,312 Kcal/hr.

(3) | Required Heat Transfer Area

A (Mle)l(KxAtm) = (75312xl2)/(600x274)
=1 55m use 15m?
= Heat transfer . . 75,312 Kcal/hr. o
= Overall heat transfer coefficient 600 Kcal/m? hr ¢
Atn  Logarithmic average of temperature difference -
Co= (AM1-AR)/(In AtlfAL2)
= (30-25}/(In(30/25) = 274°%
S Al= 70 - 40 = 30°%
- A2= 60 - 35 = 25%

(4) . Sludge Recirculation - _ - , '
- Qi= M/(CxAMx r=x60) = 75 312/(1 x5xl 000 x 60) 0.25 m‘/mm.
C Sludge spegific heat 1 Keallkg®c
~ At Temperature difference between mlel and Outlet sludgc
40 - 35 = 5%
Y Unit weight of sludge i,ODO kg/m?
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(5) Water Recirculaiion

Q2 = 75,3]2./(1 x5 % 1,000 x60) = 0.13 m¥min.
At Difference of teimperature between inlet and outlet
70 - 60 = 10°%

1.42.9 SLUDGE CIRCULATION Pumps

(1)  Specifications

Type - Sludge pump with suction screw
Size 1 100 mm -
Discharge © 0.7 m¥min.

™ - - 15m

“Motor output  ~ ~ SSKW .

No. of units 4 units -
(2) Capacity

Sludge circulation rate Q = 0.25 m¥min. use _. - 07 m¥fmin,

(3)  Head

- Total head Actual head + pipe losses + iosses in heat e).changer (IOm) v

use - 15m .

I

(4) ' Motor Output _
P, = 0163x07x 15 x(1+02)/04 = SI3KW use = S5kW
1 12 10 Hor WATER CiRCULATION PUMPS

'(1) Spec:lflcattons :

s 'l‘ypc_:- " Linepump

CSize 65mm -
Capacily 0.34 m’/min.
TDH - 2%5m . Pl _
Motoroutput . . 3.7kW . R '_ ' %

Quantity ~ dunits

| (2) .Capacity.

~ Retumn from exchanger Q i= 0.1'37r‘n’ln'1in.
(3) Head _
| Total heads = Actual head + plpe Iosses+losses in heat exchanger (20m)

= use 25m

" (4) Motor output

P = (0I63x04x25x(1+02)!06 R
' - 3.26kW. use . — 37kW
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1.12.11 GAS HOLDER

(1) Specifications
Type Steel made Dy seal type
Capacily 1,100 m*
Size oL 12.6m % 13.3mid
No. of tanks 2 units
(2) Capacity
Gas generalion 1,913 m’/day "
Retention time 8 hr. S
Storage capacity  1,913x8/24/2 = 319 m* use — 1,100m’
1.12.12 GAS SCRUBBERS
(1) Specifications ,
| Type Dry type (mlermlttent) scrubbcrs
Capacity S 150 mhr
Size ' 1,800 mm x 4,200 m H x 2 units -
No. of units 2 x 1,800 mm x 4,200 m I1 x 2 units 2 unils
(2) Capacity
- Treat all the gas produced - _ : g .
' Q = 1,913x1 1241'2 = 40 m*hr. use — 150 m’/hr. -
(3) - Dsameter of Towers |
_Velocuy ofgas flow 1 m/min, S s S
D = (4x 15(}/6013 14/ 1% =1.785m¢, use — 1800 mmd
(4) Chemlcal Consumptlon
Inﬂow and outﬂow gas H2S concenlrauons are 100 ppm and 10 ppm, respcctwcly. :
VI = 0235 x10?xQxp '
= 0235 x107x 150 x 24 x 09 = 0.761 leay :
L (1 Removal clliciency = 90%) .
V0= VII(COxOB) = 0761!(100/[000)x08
“95LMday -
. CO: Chemtcal requnrcmcms to absorb 100 kg hydrogen sull[‘ dc— 1000 ke
Y Nommal specnf“c grawty ofchemtcal 0. 8 '
_ Lufe of Chemlcal

'T
'V_

M

WI0)/VO = (5 x10)/95 = 525days
Volume Sm‘ : o b

il

112, 13WASTE GAs BURNERS

'_(_1)_

Speciflcatlons
Type 2 In furmace
 Capacity - 300m%he. 0 '
o Size - - 1,500 min D x 10, 200 mm [i
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Motor ~ Cooling fan
" Gas blower
No. of units 2 units

(2) Treatment Capaéity

Capacity: all produced gas
Q = 1,913x124%x20x12
80m*hr. use — 300 m¥hr.

It

1.12.14 SEED SLUDGE PUMPS(SLUDGE WITHDRAW)
(1)  Specifications '

“Type 7 Sludge pumps with suctlon screw

Size 100 mm
Capacily 1 m¥min.
THL ' 15m '
Motor output 7.5kW
No. of units = “2 unils

(2) Ca;ﬁacity
Q. = ]m’lmm
(3) | Total Dynamic Head _
| H = 15m
(4)  Motor Output :

Pm = 0163x1xl$x(1+02)104
- 7.34kW . use — ?5kW

-

113 APPARATUS FOR SLUDGE DEWATERING EQUIPMENT R

1131 SLUDGE STORAGE TANK MIXER
(1) Spemﬁcatlons _
Type =~ . Vertlcal paddle lype .

. Shape _ Approxmmtely 4, OOOmm %6, 400mm ® 2 SOOmmH o
- Capacity . - 64m* C .
Blade size 1,500 mméd
Motor output 15kW .

No. of units 2 units
(2) Tank Capacity

Store average one-day s_ludge'p'rdducpibn '
V= 139 x 1/2 = 70w

1.13.2 SLUDGE SUPPLY Pomb_
(1)  Specifications

Type Single-axis screw [:ou'l_nj:'j . .
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Size - ¢ 100 mm
Capacity 20 m’/hour
TDH 20m
Motor output 5.5kW
No. of unils _ "5 units

(2) Discharge Capacity

One pump to each dewatcr equi pment _
(one-standby pump for all dewatering equipment)

Ql = 130 x 2 x107 x 100/(02x L.5)
= 195 m¥hour use 20 m¥hour 0. 33 m’hmmlte
Filter velocity 130 kg/m-hr.
Filter width S 2m
Shudge solid concentration - 0.2%
Allowance PR I

'(3_) ‘ Electnc Motor Output

Pm = 0163x20x033x(1+03)!03
=  471kW use — S.SRW

1.43.3 CHEMICAL FEED PUMP
| (1) Specifications

Type : Single-axis screw pump

Size . $S0Omm
" Capacity - 3m¥hour
. TDH : . 20m
- Motor output - CLSKW

No. of units 5 units (including one standby)

(2 Dlscharge Capaclty

A pump to each dewater equnpment

. (one standby pump for all dewatcnng equipment)
Ql= (30 x 2 x10® "x 001 x100)/(02 x1.5)
= 2925mhour —  3m'hour  0.05 m¥min.

Filter velocity o 130 kg/m- hr
Filter width ' 2m
Solid concentration of sludge 02%

; Allowance :; S 1.5

3) . Eiectnc Motor Output

Pm = 0163x20x005x(]+03)/025
= 085kW use — 15kW

e 1134 CHEMICAL SOLUTION TANKS

' 1) Spemf‘ cattons _

. Tank typc N Steel made cyhndert) pe '
o Tankcapacuty S ISm*. ... .
, Approx size oo K700 mm¢ x2 300mmH
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Eleetric motor output 22kW (for mixer)
No. of tanks 2 units

(2) - Sludge Storage Tank Capa'city

Dosing rate 4.18 x10° x 0.008 x7/5 = 46.82kg/day
Dewatered solids : 4.18 tday
Cheiical dosing rate (Polymer) 08 %/kg-ds

(5 days/wecek operation) S
Storage capacity. 2 hours of demgn sludge volume

2 tanks (alternately used)
V o= (47 x100)/(0.2 x 2/6/3) '
= .3902L use —  4,000L

Chemical so_lulion concentration 02%
Operation time a day __; " 6 hours ..

Retention time . 2 hours

1 13 5 CHEMICAL FEEDFRS

(1) Specnf'catlons_ ' P Lo - | %
Type i N - Cheﬁiiéél pump . -
Supply rate . 1.0 L/min.
Electric motor output ' 0.4 kW
Quanmy _ ' © 2 units

(2) Supply Rate . S

One fccdcr is attached to each soluuon tank supplying chemlcal in 15 (0 20 minutes.
Q = (4000x]0’x02)1100x(]!(15 ~20)x1/0.5

= 11~ 08 -» lOlem '

Apparent specuﬁc gravity of polymer - 05

1. 13 6 CHEMICAL CONTA!NERS

{1) Specifications

Type SR 'Stamless steel made, cylmdcrconmner o
Effective capacity 150L ' %

antlty o - Zun;ls o
(2) Capac;ty

Provide 2 tanks (alternately used) wnh capacny of 7 day chcmlcal consumphon :
Vo= 4682x7:’5x05x7xil2 ' o o o

1.43.7 FILTER CLOTH WASHING PUMPS
(1) Spe'cifications

' Typc' o . Multi- stagecenlnfugal pump

Size - _ : ¢ 50 mm
Discharge =~ . 0.2 m¥min. -
© . Total head bW
- - Electric motor output CO5.5kW
Quantity s umts (mcludmg | slandb))
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(2) Discharge Pumps

One pump to each dewatering machine, and one standby pump for all equipment.

Q = 100 x 2 = 200LMmin. use - 0.2m"min.
Then, the pump discharge per 1 m cloth is 100 L/min.
Total dynamic head " 60m -

Eleetric motor output
Pm =0.163 x 60 x 0.30 x(l+02)/0 5
= 469k\\' B SSkW

1.44 EFFLUENT PUMPING STATION
1.14.1 FLow RATE
Flow rate is del_ermined z_ls'follo_ws. o '

- Qad 37,000 m*/day ~ 428 L/s

, Qmd - 43,000m*day 498 L/s
% S Qmh 53,000 m*day 613 L/s

1.14.2 PUMPING EQUIPMENT

(1)  Design Flow Rates

- Qa.d : 37,000 gl}’/day; 26 m¥minute
. Qmd ‘43,000 m¥day 30 m*minute

Qmh - 53,000m*day - 37m/minute
(2) Wastewater Pumps

4 units (mcludmg 1 standby) mlxed ﬂow cenlnfugal lype driven by cleclnc motor.

: Pump” S dlschargcs S lOlalPUNP

Waé_tewatgr " Wastewater _. Waste\\ater pumps o discharge
SR Cinflow |- 7 N B
intlows Trates 0 ]S ’ ] m¥minfunity (m*minute)
B (Winute) | A No. of units _
"Qad | - 20 P30 L2 30
Qmd .| -1 30 : 30 2 - 30
Qmh 037 ) o 45 <3 45
- (3)_ PumpSnze I
I Pumps - - Q. = iSm’lmimit_e S
o D= 146(QV)Y . V= 25misec

ST 358 mm  use -~ 400 mm .
4) Wastewater Surface Elevatlons

: Sucllon water levels at mﬂow of
Qad - 1.000 MWL :
Qmd - 1.000 - M.W.L.
Qmh . 1.000 MWL.. ..
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()

(6)

(7)

(8)

Suction water levels at inflow of

Qad 5600 M.VL. .
“Qmd o 5.600 MWL,
Qmh 5600 MWL,
Actual Head:
Qad 5600 - (1.000) - 4.600 m
Qmd 5600 - (1.000) 4.600 m
Qmh 5600 - (1.000) = 4.600m
Total head losses at pump equipment:
Pump size - ¢ 400
Pump bore(m) 04
Pump discharge(m*/min) 15
Pump discharge(in*/scc) - 0.250
Delivery bore sectional area (m) - 0126 -
Pump velocity(m/s) 1.990 . . -
. Loss coefiicients L
Infet - 0s
Sluice valve 0
Check valve 1.0
Outlet 1.0
Bend 0.25 - ,
Friction loss & - - f xUD 1,195
- Total 3.595 .

‘Head Losseé

Pipelength L
Friction loss
hf=fx L/DxV/2g

I

£= 0,02 + 1/( 2000.x D)

0.727 m Fszlzg
15m

(Ncw cast iron plpe)

. by Darcy- Wlseback Formula R

For old cast-iton pipes mulnply the 'f‘ by 1. 5

, 5400 |-

D(m)_ LB

F | 0.021].

f = 1.5xf 0.032 .

Total Head Requlred _

Qad 4600 + 0727 = 5327Tm
Qmd 4.600 - _+ C 0727 7 = 532Tm
Qmb ~ 4600 + 0727 = $327m

The reqmred total pump head is then

Shaft Power of Mixed Flow Centnfuga! Pumps R |

L= kxnyleu

where _ L
L Shaﬁ power of pump "
k 0163

kW -

AI[-4-30

or 0.222PS

:SSm - -
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Q - Pump discharge (m* / min)

H :  Pump total dynamic head (m)

Y Specific gravity of water (y==1)

n Pump efficiency o

Calculations for shaft power requirements

[tems ¢400

Pump discharge(Q)  jm*/min 15

TDH (H) m 5.5

Pump efficiency{j) 0.72
|Shaft power kw1 19

(9) Outputs of Pump Drives -

P=L(l+a) /uxG

. where - :
P Pump power (kW)
L * Pump shaft power (kW)
-« - Allowance formotor = 0.5
- © - Allowance for engine 0.2
nG .Transmission efticiency (1.0 for direct ccinn_eciion)
LT ; . $400
Shaftpower (L) - ° - | 19
|Atowance (&) - 0 LIS
** [Efiiciency of wransmission (pG | = 1.00
Pumpdriveoutput (P) kW | 21

(10) Pump Specifications

Vertical mixed flow centrifugal
: ‘ pumps S
Pumpbore mm 400
- Pump discharge . Im¥min. 15
~ {Total dynamichead  |m 5.5
" {Motorfenginc outputs ¢ [kW - | - 21
. Pump drive - : _ Motor

2. RECIRCURATION PROCESS

24 DESIGNBASIS
'2_.1 ' DESIGN WAS_‘f-EjWATERJ INFLOW ﬁ;\‘res

. Design wastewater inflow rates are determined as follows.

Averagedaily flow  Qad 37,000 m’day 428 Lis

L AN431



_ Part WTulcea: Appendix-4 Deslan Calculation of Tulcea WWITP

Maximum daily flow
-~ Maximum hourly flow

Qmd
th

43,000 m’/day -
53,000 m’!day

2.1.2 DESIGN WASTEWATER QUALITY

Design wastewater quality is determined as follows.

"BOD = 130 mg/l
SS = 140mg/L - -
TN = 20mg/l.
T-P = 3.5 mg/L

498 Lis .
613 s -

21, 3 DESIGN WASTEWATER QUALITY (INCLUDING SIDESTREAM WASTE LOADS)

Demgn wastewater qualnty (mcludmg sndeslrcam waste Ioads) is calcuhted as follows.

_ B()D = 145 mg/L
SS = 160 mg/L,
TN = 24dmg/L
T-P = = 46mg/L o '
Removal Eﬂwnency (%) _ ',IYe.lstqwater Quality (mgIL)
Parameter Prlmary Secondary Overall | Raw waste- | Primary {Secondary
: treatment | treatment |removat rate water effluent | eftluent
BOD £ 300 | 91| 937 145 | 10Ls ] 9l
SS 40 ) 93 l: 958 L1600 0960 6.7
T-N 10 |0 60 ]: 640 7} 24 : 216 8.6 -
T-P 10|78 802 .| 46 | 414 0.9
2.1.4 POLLUTANT DISCHARGE LIMITS BY NTPA 001
Pollutant dlscharge Iumls by N !‘ PA 00] |s rcguhled as foIIows o
BOD < 20mgl '
.88 . < 60mg/l
TN * < 10mg/L
_ TP | < 10 mg/L
2.2 CALCULATIONS OF SIDESTREAM POLLUTANT LOADS
221  Raw SLUDGE VOLUME - ‘ |
Raw sludge producllon volume is calcu]ated by lhe followmg equauon
' Solid producuon (tfday) = 43,000 x 140 % 10“‘x 04
- = - 241 Vday ' : A,
Sludge conce_ﬂlration 20% _ S A
- Sludge volume 241 x 100 o+ 20 = 1204mYday - -
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2.2.2  WASTE SLUDGE VOLUME

Parameter | Influent quality |Reaction tank influent |Primary clarificrs removal
_ (mg/L) quality (mg/L.) - ' I Eﬂ'lciency(%) '
BOD 30 9 - 30 i
1ss 140 8 40

'Assuming that the .reaclor influent S-BOD is 66.7% of the total BOD; then Scs is 60.7 mg/L
Waste sludge production volume is calculated by the following equation:

Qwx Xw= (axScs+bxSss—c xO x XA)Q
where,
Qw Volume of waste studge (m’lday)
Xw . Avcrage SS concentration of waste sludge (mg/L)

Q Influent volume to reactors (m*/day) =~ = . - - 43,000
XA - MLSS concentration in reactors (mg/L) . o 3,000
Scs  Influent soluble-BOD concentration to reactors (mg/L) ~~ 60.7
% Sss  Influent SS concentration to reactors (ng/L) .84
' S a Sludge yield coefTicient of S-BOD(mg M. SSfmgSS) 0. 4~0 6 0.5
b Studge yicld coefficient of $S(mg MLSS/mgSS) ~ 0.9~1.00. - .. 095

[ Coeflicicnt of SS reduction due to indigeneous respiration of C
activated sludge micro-organisms (L/day) 0.03~0.05 . . 0.04
0 HRT in reaclqr basir'ls (day) - o 2 3 1’24 =0.51

therefore,

QwxXw = (05x607+095x84 004x05]x3000) xQxIO*’
4864 x. Q)-(lO6 = .209t/da)'

Solid production = 2.09 t/day
* Sludge concentration = 09% N e
Sludge production = 2.09 x 100 + 09 = 232m/day

223 THICKENED SLUDGE -~

' Thlckcned sludgc produclmn volume is ca!culated by thc followmg equauon

Sludge sohds C= 241 '+ 209 = 4.50tday
* Primary sludge Fxcess sludge = - -
_ Sludge volume = 1204 + 232 = _ 353 m’/day
' ' (2.0%)  (09%) = - - .
“Sofids - = 450 - x 085 = 3.82t/day
© Assuming sludge concentrationis 35% [ ' o
Sludge volume = 3.82  x IOO + 35 = 109m'/day -

2 2 4 SLUDGE SUPERNATANT OF THICKENERS

Sludge supernatant of lhlckened Welght is calculaled by the follmwng equallon

quu_or voluine = 353 = 109 = ;244 mYday
 Solids weight - = 4.50 " x- 0.5, =, 0.67Uday
oBOD = 244 x . 2000 x 10 = 049t/d'1y
g BODlsassumcdto be of - 2000mglL R
CEN = 28 % 700 x. 10 = 0.17day
T-N isassum'edi'ol_)'eof' . 700mg/l T
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TP = 24 x 180 x 10° = . 0.04tday
T-P is asswned to be of 180 mg/L.

2,25 DIGESTED SLUDGE

Digested sludge production volume is calculated by the following equation.

Digesléd sludge solids = 3.82 x (1-07x 0.5) = 2.49 tday
Digested sludge volume - 3.0% L
Shudge velume . = 2.49 x 100/3.0 = 83m’/day

2.2.6 - DEWATERED SLUDGE(SLUDGE CAKE)

Dewatered sludge producnon volume is calculated by the followmg cquallon -

“Solids = 249 x 09 = 2. 24 Uday
o {Assuming 20.0 % solids conccmratlon)
. Cake volume = 224 x 100 I 20. 0_ =11 _m’/da_)_r

2.27 DIGESTED SLUDGE FILTRATE Lo

Dngesled sludge ﬁllrated “elght is calculated by the foilowmg equallon

hltratcvolume =8 — Il = “12mday
" Drysolids weight = 249 x 0.10 = 0.25 t/day
BOD - = = 72 x 1,500 x 10°* = 0.1 t/day
. (Assumed BOD concentration = 1,500 mg/L)
TN =72 x "150 x 10° = 00ltday
' (Assumed BOD concentration = 150 mg/L) :
TP = 72 x 80 x 10°% = 001 tday
(Assumed BOD concentration = 80 mgIL)

2 2. 8 SIDESTREAM VOLUME AND WASTE LOAD

' Sldesiream volume and \\asie load is calculated by the followmg equallon

[hlckcncr supernatants Sludge ﬁllratc : REA

Liquor volume c= 244+ T2 = 315 m’/day

Dry solids = 0,67 + 025 = 092tday

BOD - =049 + 0.1 = 0.59 Vday =
T-N _ o= 017 + 001 = 018Vday "
TP 7 =" 004 + 001 = OOSt/day 1

2.2.9 WASTEWATER QUALITY (INCLUD]NG ALL SIDESTREAMS)

Was{cwatcr quality (mcludmg all SIdestreams) is calculated by the followmg eqﬂatlon.""

* Overall wastewater ﬂow Ta Inﬂuent + S:dcstrcams R A
Maximum daily flow ~~ "= 43,000 ‘¥ 315 = 43,3]5"n"1’fday7'_"‘:':.
Then, the desngn wastewater ﬂoxveharautensncs are; -

BOD = (3000 x 130 x 10°°+ 0.59)/43315
~0.00014278 x 10° ="143 -» MSmglL

(43,000 x 140 x° 10‘6 + 092)/43315‘ EE

-

SS

_Au-q-:_sfi
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= 0.000160302 x 10° = 160 -> 160mg/l,
T-N = (43,000 x 20 x 10° + 0.18)/43,315

= 0.000024038 x 10° = 240 — 24mg/l
S8 = (43,000 x 3 x 10° + 005)/43315

= 0.000004619 x 10° = 46 > 46mgl

2.3 SLUDGE PRODUCTIONS
2.31

Raw sludge producnon volumc is calculated by thc followmg cquatlon

RAW SLUDGE

0.4

Solid production (tfday) = 43,000 x 160 x 10° x

C _ = 2.75 tday '
Sludge concentration . 2.0 % - - o -
Sludge volume 275 x 100 = .20 = 137.6 m'/day

2.3.2 WASTE SLUDGE VOLUME |

Parameter Infltuent quality . [Reaction tank influent |Primary clarifiers removal

(mg/L) quality (mg/L) Efticiency(%)
BOD 145 1015 30
SS 160 - 96 - 40

Assummg that lnﬂuent S- BOD to reactor basins is 66.7 % of the raw wastewater BOD,S-BOD
concentration is estimated to be; 6170 mg/L - :
Waste sludge production VOlume is calculated by thc followmg equallon :

waXw— (axScs+bess cxexXA)Q

where,
- Qw Volunie of waste sludgc (m’/day) '
Xw  Average 5SS concentration of waste sludge (mgIL)
Q . Influent volume to rcactors( m’/day) ' 43,000
XA MLSS concentration in reactors (mgIL) 3,000
Scs  Influent soluble-BOD concentration to reactors (mg/lL. ) 67.7
Sss * Influent SS concentration to'reactors {(mg/l) ' 96
a Sludge yield coeflicient of S-BOD(ng MLSS/mgSS) 0.4-0.6 0.5
b Sludge yield coefficient of SS(ng MLSS/mgSS) 0.9-1.00. - - 0.95 °
¢ . Coefficient of SS reduction due to indigeneous respiration of
o aclivated sludge micro-organisms (1/day) 0.03~0.05 - 0.04 -
0 HRT in reactor basins (day) - 123724 =051
Ihérefore,
Qwx Xw = (05x6’l70+095x96 0.04 % 0.51 x3000) xQx l0“6
= 6354 x Qx]O”" = 273Uday '
o Solld production = - 273 t¢day
- Sludge conicentration = 09% s
273 x 100 =+ 09 = 304 mday

Sludge production =

- 0. 2] m“"lmm
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