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A Study on the Availability Modelling and Assessment with Failure Density
Function of Major Equipment for a Sewage Treatment Plant
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Abstract : The simulation investigation on the availability with failure density function of major equipment for a sewage treatment
plant has been carried out. This study focuses on the availability of the plant and criticality with equipment module induced by com-
ponent layout and its failure function. The equipment classification of sewage treatment plant and its failure function are established.
Also solution methodologies are introduced as Monte-Carlo simulation method and event algorithm for uncertainty problem. The
availability in the case of serial connection of equipment with all exponential function is calculated as around 50.4%. In other case
of parallel combination with back up equipment, the availability showed over 80.1%. The criticality that a ffects availability showed high
value over 77% in the dehydration and concentration process of sludge.
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Fig. 2. Schematic process diagram of general sewage treatment plant,
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Table 1. The equipment data of a sewage plant

Field application system

Reliability data (source: OREDA DB)

Common

Backup

Failure rate  Repair

Facility Equipment Format Standard use quantity quantity Separation (10°h)  tme () Source

Sediment pulling pump Centrifugal pump 0.51 m*/min 2 1 Centrifugal pump 807,26 20  OREDAp.139

Grit  Sediment separator Conical vortex chamber 30 m¥hr 1 Hydro-cyclone 16,90 76 OREDA p.360

chamber Auto valve Diaphragm type ¢ 100 mm 2 Diaphragm V/V 3894 12 OREDAp.715

faciity - Fioor drainge pump Submersible wastewater pump 0.2 m%/min 1 1 |Oilexportpump  786.29 10 OREDAp.161

Linked treatment water control valve Electric butterfly 6 80 mm 1 Butterfly V/V 16.23 17 OREDA p.681

Regulat- Linked treatment water mixer Submersible width propeller 6.1x6.x58m 1 Electric motor 7285 16 OREDA p.265

ing tank/ Agitator in regulating tank Submersible width propeller 38x16x45m 6 Electric motor 7285 16 OREDA p.265

Influent  Influent pump Submersible wastewater pump 11,8 m*/min 4 2 | Oil export pump 786.29 10  OREDAp.161

PUMP  pymp discharge valve Electric butterfly ¢ 400 mm 6 Butterfly VAV 16.23 17 OREDA p.681

G Fow control valve Electric butterfly $ 400 mm 4 Butterfly V/V 1623 17  OREDAp681

Primary Raw sludge impression valve Electric gete valve ¢ 150 mm 32 Ball VV 26.23 31 OREDA p 661

setting Raw sludge pump Centrifugal pump (Helical type) 0.3 m*/min 2 2 | Centrifugal pump ~ 807.26 20 OREDAp.139

faciity  Foor drainge pump Submersible wastewater type 0.2 m¥min 6 QOil export pump 786.29 10 OREDAp.161

Influent channel mixer Submersible width propeller 42x97x10m 8 Electric motor 7285 16 OREDA p.265

Anaerobic agitator Submersible width propeller 106x76%x6m 8 Electric motor 7285 16 OREDA p.265

Anaerobic eggbeater Submersible width propeller 106x45x6m 8 Electric motor 7285 16 OREDA p.265

Reactor Recirculation pump Centrifugal pump (Helical type) 10 m*/min 8 4 | Centrifugal pump 807,26 20 OREDAp.139

and  Air blower in Bio-SAC Single turbo blower 92.5 m*/min 2 1 Electric motor 7285 16 OREDA p.265

ventilator Aerobic air blower Single turbo blower 88.5 m’/min 2 1 Electric motor 7285 16 OREDA p.265

fecility  ajr control valve Electric butterfly 4250 mm 16 Rutterfly V/V 1623 17  OREDA p 68t

Ventilator for waterway Rotary roots 18 ms/min 1 1 Electric motor 7285 16 OREDA p.265

Vesicle number switch valve Electric gete valve 6 80 mm 8 Ball VV 2623 31 OREDA p.661

Floor drainge pump Submersible wastewater pump 0.2 m¥min 4 4 | Oil export pump 786.29 10  OREDA p.161

Raw sludge impression valve Electric gete valve ¢ 150 mm 16 Ball VV 2623 31 OREDA p.661

Secon- Transmission sludge pump Centrifugal pump (Helical type) 2.1-5.6 m*/min 6 2 | Centrifugal pump ~ 807.26 20 OREDAp.139

dary  Transmission control valve Electric butterfly ¢ 300 mm 4 Butterfly V/V 16.23 17 OREDA p 681

settling  Surplus sludge pump Centrifugal pump (Helical type) 0.2 m*/min 2 2 | Centrifugal pump ~ 807.26 20 OREDAp.139

failt Floor drainge pump Submersible wastewater type 0.2 m¥min 4 4 | Qil export pump 786.29 10  OREDAp.161

Alum supply pump Diaphragm pump 0.84 m*/min 4 1 Reciprocating Pu, 19551 17 OREDAp.171

Fitering and Auto water supply equipment ~ Pressurized water supply booster 0.9 m*/hr 2 Centrifugal pump 807 26 20 OREDAPp.139

[;?IJT;I?;;FW Floor drainge pump Submersible wastewater pump 0.2 m¥hr 2 2 | Oil export pump 786.29 10  OREDAp.161
Sludge Thickener Centrifugal mechanical 22 ms/hr 2 Electric motorx10 7285 80
concent- Sludge supply pump Uniaxial screw type 0.3-0.6 m*/min 2 1 Centrifugal Pux3 242178 40

ration  Chemical feed pump Uniaxial screw type 0.005-0,03 m*/min 2 1 Centrifugal pump ~ 807.26 20 OREDAp.139

f8cilly  ptaintenance vaive Electric butterfly 4200 mm 2 Butterfly V/V 1623 17 OREDAp681
Raw sludge dehydrator Centrifugal mechanical 15 m/hr 2 Electric motorx 10 7285 80
Thickening sludge dehydrator Centrifugal mechanical 7 m’fhr 2 Electric motorx10 7285 80
Raw sludge supply pump Uniaxial screw type 0.1-0.4 m*/min 2 1 Centrifugal Pux3 242178 40
Thickening sludge supply pump  Uniaxial screw type 0.05-0.2 m¥/min 2 1 Centrifugal Pux3 242178 40

Polymer transfer pump Width centrifugal pump 1.2 m*/min 1 1 QOil export pump 786.29 10  OREDAp.161

dilrl:yd(?r(;» Agitator Double propeller type 180 rom 1 Electric motor 7285 16 OREDA p.265

tion facility Raw sludge chemical feed pump  Uniaxial screw type 0.02-0,06 m*/min 2 1 Centrifugal pump 807,26 20 OREDAp.139

Thickening sludge chemical supply pump Uniaxial screw type 0,01-0,05 m’/min 2 1 Centrifugal pump 807,26 20  OREDAp.139

Air blower for surlpus sludge storage tank Rotary blower 6 m*/min 1 Electric motor 7285 16 OREDA p.265

Ventilator for reservoir Rotary blower 36 ms/min 1 1 Electric motor 7285 16 OREDA p.265

Air reversing valve A Electric butterfly ¢ 100 mm 1 Butterfly V/V 16,23 17 OREDA p.681

Air reversing valve B Electric butterfly 6 80 mm 1 Butterfly V/V 16.23 17 OREDA p.681

iss(:s;ﬁi; Deodorization fan Turbo fan 400 m*/min 1 1 Electric motor 7285 16 OREDA p.265

Discharge Discharge pump Submersible motor pump 10,5 m*/min 4 1 QOil export pump 786.29 10  OREDAp.161

faciity  Discharge valve Electric butterfly ¢ 350 mm 4 1 |Butterfly V/V 16.23 17 OREDA p 681
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A : Availability [%]
M : Maintainability [%]
MTBF : Mean time between failure [h]

MTTR : Mean time to repair [h]
R : Reliability [%]
t : Time [h]

agA B

A : Failure rate

p : Mean repair rate
#

: Random number
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