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AgendaAgenda

�� Review of project and design objectivesReview of project and design objectives

�� Treatment processes: Treatment processes: 
�� Primary sedimentation Primary sedimentation –– Activated Tricking Activated Tricking 

Filter Filter -- Secondary sedimentation Secondary sedimentation –– disinfectiondisinfection

�� Construction of WWTPs using nonConstruction of WWTPs using non--
conventional design approach for process conventional design approach for process 
structures and equipment structures and equipment –– How is it going?How is it going?
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ReviewReview--Plants designPlants design

�� In 2005, CDM under contract with USAID designed In 2005, CDM under contract with USAID designed 
several small WWTPs for communities in the several small WWTPs for communities in the BekaaBekaa
Valley in Lebanon to help Valley in Lebanon to help clean up the clean up the LatanaLatana RiverRiver..

�� Primary design objectives:Primary design objectives:
�� Low energy inputs to keep operating cost down.Low energy inputs to keep operating cost down.

�� Simple to operate and maintain Simple to operate and maintain 

�� Secondary level of treatmentSecondary level of treatment

�� Seven plants were designSeven plants were design
�� Fall 2005 funding for two plants Fall 2005 funding for two plants -- modified D/B modified D/B 
approach:approach:
�� AitanitAitanit--QaraounQaraoun WWTP WWTP -- 5,000m5,000m33/day (1.3 /day (1.3 mgdmgd))

�� El El FourzolFourzol WWTP WWTP -- 1,000m1,000m33/day (0.3 /day (0.3 mgdmgd))

�� Summer 2009 USAID funded construction of 2 more Summer 2009 USAID funded construction of 2 more 
plantsplants

Project LocationProject Location
Bekaa Valley 10 x 40 miles

Lake QaraounAitanit-Quraoun WWTP 5000m3/day
Commissioned May 20009
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Summary of WWTP Design Summary of WWTP Design CriteriaCriteria
�� Design flow, 132 l/d/c (35 gal/d/c)Design flow, 132 l/d/c (35 gal/d/c)
�� Raw WW characteristics 400 mg/l Raw WW characteristics 400 mg/l BOD5BOD5
�� Secondary TreatmentSecondary Treatment
�� Minimize O&M (energy) costsMinimize O&M (energy) costs
�� Simple O&M, through familiar equipment and Simple O&M, through familiar equipment and 
simple visible processessimple visible processes

�� Future upgrade for N & P removalFuture upgrade for N & P removal
�� Robust processes and structuresRobust processes and structures

Process Flow DiagramProcess Flow Diagram
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The Design Phase of this project was Presented at the 2007 PNCWA Annual conference in Vancouver, WA.Low Energy Costs – Electricity is very expensive 



4

Treatment ProcessTreatment Process-- Liquid StreamLiquid Stream
�� Wet weather diversionWet weather diversion
�� Bar screen and influent pump stationBar screen and influent pump station
�� Fine screen Fine screen –– static screenstatic screen
�� Primary clarifierPrimary clarifier-- multiple hopper bottommultiple hopper bottom
�� Activated trickling filter  (RAS to TF)Activated trickling filter  (RAS to TF)
�� Final clarifierFinal clarifier-- multiple hopper bottommultiple hopper bottom
�� Chlorine contact tankChlorine contact tank
�� Discharge to riverDischarge to riverFine 
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AitanitAitanit--QaraounQaraoun WWTP 5000mWWTP 5000m33/day /day (1.3 MGD)(1.3 MGD)
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AitanitAitanit--QaraounQaraoun WWTP  5000mWWTP  5000m33/day/day

Influent PS Qaraoun Sewer 
Crossing 

Litani River 

Cl Contact Tank 

Activated Trickling 
Filters

Final Clarifier 

TF Pump Sta

Bar screen & Influent Pump StationBar screen & Influent Pump Station

Existing sewer line follow 
rivers

Manually cleaned bar screen

Submersible pumps

Wet weather diversion 

Upfront it was understudy that simple operation, low energy input and robust processes and structures come at higher capital costs in most cases. 
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Static Screens & Septic HaulageStatic Screens & Septic Haulage

Primary ClarifierPrimary Clarifier

Plug flow multi hopper bottom clarifier

Hopper bottom clarifier to eliminate 
mechanical collector

Sludge collection pipe for each hopper

Distributor box

Sludge collecting hopper

Scum skimmer

Outlet Weir

Sludge withdraw pipe

At A-Q sludge out side

Review process flow diagramAll seven WWTPs were designed with the same processes:For uniformity in operations between plantsEaser & better training of operators as additional plants come on lineSimilar equipment and construction for all plants for cost savingsAlso the only way to meet the very short design schedule. 
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Primary ClarifierPrimary Clarifier

Hopper bottom primary clarifier at El Fourzol

Aitanit with one primary clarifier in operation

Note scum skimming system

Scum skimmer 

Primary ClarifierPrimary Clarifier
At Anitanit plant the sludge collection 
system was modified

At El Fourzol plant sludge collection 
build at as designed
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PC to Trickling Filter Pump StationPC to Trickling Filter Pump Station

Trickling Filter Pump StationTrickling Filter Pump Station
�� Pumps water to trickling filtersPumps water to trickling filters

�� Receives TF returnReceives TF return

�� Recycle flow for TF (5x influent Q)Recycle flow for TF (5x influent Q)

�� Flow balancing (recycle and final clarifier)Flow balancing (recycle and final clarifier)

�� Receive RAS from final clarifierReceive RAS from final clarifier

RAS

Photos from Feb 2009, Plant layout Slide 1 of 2.Aitanit-Qaraoun WWTP is the largest of the 7 plants at 5000 m3/day or 1.3 MGD.Intended to serve 3 villages Aitanit, Qaraoun, and Marghara.
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Trickling Filter Pump StationTrickling Filter Pump Station

Submersible pumps

Outlet weir to balance flow

Basket on return to collect snails

Activated Trickling FiltersActivated Trickling Filters

Fixed film process on 
cross flow plastic 
media

Activated by 
returning activated 
sludge to TF

Hydraulic distribution 
arm

Doors for passive 
ventilation & fans for 
forced air

Plant layout Slide 2 of 2.
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Activated Trickling FiltersActivated Trickling Filters

Media protected 
with top grating

Support system for 
media

Activated Trickling Filters (ventilation)Activated Trickling Filters (ventilation)

Vent doors are shut when fan is running

Fans needed with air temp = water temp  
and for greater process flexibility

Currently, only Mashghara village with a completed collection system and sending WW to the plant.  During the spring the wastewater was diluted because Mashghara has a plentiful water supply and residents leave the taps open for continuous flushing.  In June, the flow dropped to a trickle because farmers diverted the wastewater to their field for irrigation.Aitanit Village – needs to construct collection system and connection to the Mashghara conveyance system.  The Mayor is struggling to allocate funds to construct the new collection system estimate to cast $700,000.Qaraoun Village -  Collection system and pumping station was completed in 2004 but no household connections made because no WWTP at the time.  Household connections need to start and PS backup power supply provided.  According to the Mayor household connections will start in October/November and be completed by the end of the year.Lower Right – Bar rack channel with manually cleaned rack to take advantage low cost labor and locally made equipment.Lower Left – Influent pump station standard wet well with submersible pumps.
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Final ClarifierFinal Clarifier

Distribution box 

Clarifier tank 

Sludge pump station 
NaOCl Storage 

Final ClarifierFinal Clarifier

Plug flow multi hopper bottom clarifierPlug flow multi hopper bottom clarifier

Activated sludge withdraw with Activated sludge withdraw with 
telescoping valves in launder troughtelescoping valves in launder trough

Scum removal by split rotating pipeScum removal by split rotating pipe

Static Screen 3mm fine screen to reduce debris collection on the trickling filters and large grit in the primary clarifier.Static screens are commonly used in the food industry have not moving parts and partly self-cleaning.This Static Screen is of USA manufacturing.  USAID funding requires using of USA source and origin of manufactured items similar to the Buy America clause with the stimulus funding. Operational issue- At startup of the influent pump flow sometime exceeds the screen’s capacity and overflow. In design make sure the screen’s capacity is greater than the pumping capacity. At this plant the septage haulage dump station is located at the Static Screens
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Final ClarifierFinal Clarifier
�� See how the river water looks in Feb.See how the river water looks in Feb.

�� Telescoping valves withdrawing Telescoping valves withdrawing 
sludge from hopper, launder sludge from hopper, launder 
channels sludge to pump station channels sludge to pump station 
sumpsump

Chlorine Contact TankChlorine Contact Tank

�� Two basins Two basins 

�� Effluent disinfection & Effluent disinfection & 
plant water supplyplant water supply

�� Effluent discharge to Effluent discharge to 
the riverthe river

Original design was for single hopper bottom clarifier with center influent and side overflow weir.  Design was modified to multi hopper rectangle clarifier to reduce construction costs, buy reducing depth of excavation.However, the current design has a more complex sludge withdraw system.
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Solids StreamSolids Stream

�� Anaerobic digesters thicken and digest Anaerobic digesters thicken and digest 
sludge receives from:sludge receives from:
�� Septic haulageSeptic haulage

�� Primary clarifierPrimary clarifier

�� Final clarifier (wasted activated sludge)Final clarifier (wasted activated sludge)

�� Sludge drying beds for final treatmentSludge drying beds for final treatment

Septic Haulage 
Dump Station

Anaerobic 
Digesters

Drying Beds

WAS

Primary 
Sludge

Digester 
Decant

Solids to landfill 
or Composting

Septic HaulageSeptic Haulage
�� Provide place to dump septic tank Provide place to dump septic tank 

pumpagepumpage instead of the riverinstead of the river

�� Enhances anaerobic digestion Enhances anaerobic digestion 
processprocess

Clarifier construction:Hopper bottom construction challenging for the inexperience contractor but with experience quality and speed improved.FRP weir plates and scum skimmer were locally made with significant guidance provided by the general contractor (CCI).  FRP weir plates work well after seal with concrete  were worked out.  Clarifier operation:Initial operation of the primary clarifier at the WWTP was poor for the following reasons:Only one of three town are connected to the collection systemTown connection to the sewer has weak wastewater do to high level of dilution from constantly running taps and flow were much higher than expectedDuring summer famers diverted water from the conveyance pipe to their fields reducing the flow to the plant to almost nothingClarifier were experience excess sludge age and floating of black sludge because sludge accumulation rate was not sufficient to help push the old sludge out.Hopper bottom construction method was _________________________________________________________________________________________________________________.
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Anaerobic digestersAnaerobic digesters
�� Open top tanks to prevent gas buildup (no boom)Open top tanks to prevent gas buildup (no boom)

�� Hooper bottomHooper bottom

�� Sludge settling and decantingSludge settling and decanting

�� Solids pumps provide mixing & pumping of digested Solids pumps provide mixing & pumping of digested 
solids to drying bedssolids to drying beds

Anaerobic digestersAnaerobic digesters

�� Four digester tanks at Four digester tanks at AitanitAitanit
plant for decanting and plant for decanting and 
solids ageingsolids ageing

�� Decanting pipes on facing Decanting pipes on facing 
surfacesurface

Right photo are  the primary clarifier sludge pumps manifold together to withdraw for both clarifier basin plus a third spare pump.Left photo is the primary clarifier sludge collection system at El Fourzol plant which was built as designed.Operations:Control of sludge withdraw from each hopper is proving difficult at the Anitanit primary clarifier, but it is anticipated to be easer at El Fourzol because it will be withdrawing by pump.Manual operation of all the valves is labor intensive.  Design anticipated sludge withdraw would be labor intensive to be operated by reality low cost labor.  
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Anaerobic digestersAnaerobic digesters

�� Hopper bottom difficult to Hopper bottom difficult to 
constructconstruct

�� Redundant sludge pump Redundant sludge pump 
and suction pipeand suction pipe

Solids Drying BedsSolids Drying Beds
�� After digestion the solids are sent to the drying bedsAfter digestion the solids are sent to the drying beds

�� Finished solids to be used as soil amendment, Finished solids to be used as soil amendment, 
composting, or land filledcomposting, or land filled

Effluent from the Primary Clarifier flow to the Trickling Filter Pump Station location between the two TF towers.This pump station conveys primary effluent to the TF and recycles TF effluent back to the top of the TF towers.  
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Current StatusCurrent Status

�� AitanitAitanit WWTP sewer flow was received on WWTP sewer flow was received on 
April 23, 2009April 23, 2009

�� AitanitAitanit WWTP commissioned on May 5, 2009.   WWTP commissioned on May 5, 2009.   
First operation modern WWTPs in Lebanon First operation modern WWTPs in Lebanon 

�� El El FourzolFourzol WWTP sewer flow was received on WWTP sewer flow was received on 
August 3, 2009August 3, 2009

�� AblahAblah WWTP anticipated construction start WWTP anticipated construction start 
date September 21, 2009date September 21, 2009

�� ChmistarChmistar WWTP anticipated construction WWTP anticipated construction 
state date February 2010 state date February 2010 –– reduce for new reduce for new 
sitesite

Preliminary feedback on “Simple to Preliminary feedback on “Simple to 
operate and maintain” objectiveoperate and maintain” objective

�� Robust design: Process & structuresRobust design: Process & structures
�� Hopper bottom clarifier & Digester Hopper bottom clarifier & Digester 
�� Flows will not necessary be there when neededFlows will not necessary be there when needed
�� Low O&M costs & Low Capital costs challenging Low O&M costs & Low Capital costs challenging 
to reconcileto reconcile
�� Single hopper bottom vs. multi hopper bottomSingle hopper bottom vs. multi hopper bottom

�� Concrete tank vs. steel or FRP tanksConcrete tank vs. steel or FRP tanks

�� Locally made vs. imported productsLocally made vs. imported products

Function of the TF Pump Station:Deliver flow to top of TF towers and drive the flow distributorsRecycle TF effluent to the TFs for improved treatment to keep filter media wet, reduce biomass buildup and flush snails out, reduce filter flies, and improved treatment.Recycle rate is 5x of average daily flowCirculated final clarifier RAS to TFs for Biologically Activated Filter Operation:PC effluent enters the pump bay on left side and water is pump to the TFTF return into the center bay, recycle returns to the pump bay through two pipes, rubber flap valves prevent reverse flowWeir wall on right side of the TF return bay balances recycle flow and TF effluent to Final ClarifiersSnail baskets on TF return to collect snails for removal from system.
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Projected O&M Costs Projected O&M Costs –– El El FourzolFourzol
WWTP for 1,000mWWTP for 1,000m33/day (0.3 MGD) plant/day (0.3 MGD) plant

16 hrs/day 
on grid

First year’s 
operation

Feedback on Feedback on 
Construction Project ManagementConstruction Project Management

�� Subcontracting: Subcontracting: 
�� Bidding without BOQ Bidding without BOQ 

�� Level of experience/ technical capacityLevel of experience/ technical capacity

�� Hopper bottom tank constructionHopper bottom tank construction
�� TF Tower ConstructionTF Tower Construction
�� Local manufacturingLocal manufacturing
�� ScheduleSchedule
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Hopper Bottom Clarifier ConstructionHopper Bottom Clarifier Construction

1 2 3 4 5 6 7

9 10

Project teamProject team

�� Sana Sana SalibaSaliba, USAID Program officer, USAID Program officer
�� Construction team (CDM Constructors):Construction team (CDM Constructors):

�� Ra’edRa’ed Ghantous, (Project Manager)Ghantous, (Project Manager)

�� Matt Antill,  (Commissioning Operator)Matt Antill,  (Commissioning Operator)

�� Issam Deeb, (Engineer)Issam Deeb, (Engineer)

�� Design team (CDM, Inc.):Design team (CDM, Inc.):
�� Rod Reardon, PE (Lead Process Engineer)Rod Reardon, PE (Lead Process Engineer)

�� Misti Burkman, PE (Project Engineer)Misti Burkman, PE (Project Engineer)

�� John Crippen, PE (Project Manager)John Crippen, PE (Project Manager)

�� Bruce Soule, PE (Regional Manager)Bruce Soule, PE (Regional Manager)

�� Matt Antill, (O&M Specialist & Operator)Matt Antill, (O&M Specialist & Operator)

�� Dar Dar Al_HandasahAl_Handasah , Engineering , Engineering SubcontracorSubcontracor
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Thank youThank you

Contact Info:
John Crippen
CrippenJN@CDM.com


