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TM 1—Executive Summary 
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PROJECT: Project Definition Report 
City of Bend WRF Secondary Expansion Project 

 

Introduction 
This project definition report summarizes the first phase of the Bend Water Reclamation 
Facility (WRF) Secondary Expansion Project.  The objective of the project definition phase is 
to select and finalize significant project components and site layout.  The project definition 
report documents the major evaluations, investigations, and alternative evaluations that 
lead to the selection of the major project components and provides a preliminary cost 
estimate of those improvements. This executive summary highlights the major findings of 
the project definition report.   

The improvements proposed for the secondary expansion of the Bend WRF are described in 
TM 8 —Process Facilities (with attached Fact Sheets), TM  5—Site Civil, TM  9—Yard Piping 
Modifications and Hydraulic Flow Improvements, and TM 10—Electrical.  TM 12—Preliminary 
Project Sequencing Plan and Construction Cost Estimate presents the project cost estimate and 
defines the criteria and constraints that will form the basis for construction phasing, 
packaging, and sequencing work to be performed in future design phases.  The proposed 
improvements meet the design criteria described in TM 2—External Constraints, Standards, 
and Regulatory Requirements and TM 6—Process Design Criteria. 

TM 3 —Subsurface Conditions and Preliminary Geotechnical Recommendations summarizes the 
results of previous geotechnical investigations and provides recommendations for further 
geotechnical investigations.  TM 4 —Seismic/Structural Evaluation of Existing Facilities 
provides recommendations for the modification of existing structures to meet current 
seismic and structural codes.  TM 7—Overall Treatment Process Evaluation documents the 
development of the whole plant mass balances for the secondary expansion project.  TM 
11—Energy Efficiency and Sustainability Options discusses sustainable practices and potential 
energy savings options available for the Bend WRF secondary expansion. 
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Project Background 
The City of Bend Water Reclamation Facilities Plan (Carollo, April 2008) recommended 
improvements to meet the current and future treatment needs of the Bend WRF.  The 
facilities plan recommended filtrate reaeration as the treatment approach for capacity 
expansion.  Prior to embarking on the secondary expansion predesign project based on this 
selected treatment alternative, the City of Bend chose to conduct a value planning effort to 
validate the facilities plan recommendation and identify alternative solutions that may 
provide more value or improved performance with reduced capital and lifecycle costs.   

The value planning process involved two steps.  A value engineering workshop was held, in 
which process experts from CH2M HILL identified a number of alternatives for capacity 
expansion and process optimization at the Bend WRF.  The Value Engineering Report (CH2M 
HILL, June 2009) summarizes the identified alternatives.  A process refinement study was 
then conducted to select the most appropriate treatment alternative to carry forward into 
the secondary expansion predesign project.  The process refinement study compared the 
facilities plan alternative to others identified during the value engineering workshop and 
considered capital and operating costs, treatment reliability, operational complexity, 
construction constraints, technology application and experience, ability to meet future more 
stringent effluent limits, and ease of future capacity expansion.  The results of the process 
refinement study can be found in the Preliminary Process Evaluation Summary (CH2M HILL, 
September 2010).   

The value planning process resulted in a shift in the secondary treatment approach from the 
recommended facilities plan alternative of filtrate reaeration to an integrated fixed-film 
activated sludge (IFAS) process.  IFAS incorporates biofilm carrier media into the activated 
sludge process.  The biofilms that develop on the carrier media allow the biological 
treatment process to maintain full nitrification at a reduced aerobic solids retention time 
(SRT), which provides an increase in treatment capacity with the same reactor volume.   

Influent Flows and Loads 
The recent economic downturn resulted in a decrease in population growth in the City of 
Bend, which also decreased the rise of wastewater flows and loads requiring treatment.  
Therefore, the flows currently reaching the treatment facility are lower than the projections 
made during the facility planning effort.  It is not clear when growth will start again and 
whether it will resume at a rate consistent with the previous growth rate.  Therefore, the 
long-term implementation schedule needs to be flexible enough to accommodate variations 
in future population growth and future flows and loads. As a result, one of the goals of this 
predesign work is to develop solutions that can be phased in quickly, accommodating the 
resurgence of flow and load growth, when it does begin to occur. 

There are three critical design capacities for the Bend WRF secondary expansion project.  
TM 6—Process Design Criteria provides additional information on these three design 
capacities. 

Required Near-Term Capacity. The City of Bend has authorized development on properties 
with a substantial number of equivalent dwelling units (EDUs) that have not yet connected 
to the City sewer system.  Hydraulic modeling to estimate the required near-term treatment 
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capacity if all authorized EDUs connect to the City sewer system has been performed by the 
City.  The minimum required near-term process capacity is set at 8.5 mgd on an average day 
maximum month (ADMM) basis based on the results of these preliminary estimates.  
Technical Memorandum 6—Process Design Criteria provides more information on the next 
steps to confirm this critical design value. 

2030 Facilities Plan Capacity.  Technical Memorandum No. 1 Flow and Waste Load Projections 
(Carollo, 2008) developed the flow and load projections through the 2030 planning horizon 
which provide the basis for this project.  Table 1 summarizes the 2030 Facilities Plan flow 
and load projections. 

TABLE 1 
2030 Facilities Plan Projected Flows and Loads* 

City of Bend WRF Secondary Expansion Project 

Flow Condition (mgd) 2030 

Average Annual Flow 10.9 

Average Day Maximum Month Flow 11.9 

Peak Day Flow 13.6 

Peak Dry Weather Flow 21.4 

Peak Wet Weather Flow 29.1 

Biochemical Oxygen Demand Loading (ppd) 

Average Annual 31,800 

Average Day Maximum Month 38,800 

Total Suspended Solids Loading (ppd)    

Average Annual 31,300 

Average Day Maximum Month 42,600 

Total Kjeldahl Nitrogen Loading (ppd)    

Average Annual 4,500 

Average Day Maximum Month 5,900 

NH3-N Loading (ppd)    

Average Annual 2,900 

Average Day Maximum Month 3,600 

*Source: City of Bend Water Reclamation Facilities Plan Technical Memorandum No. 1 Flow and Waste Load 
Projections (Carollo, 2008). 

ppd = pounds per day. 

Collection System Buildout Peak Wet Weather Capacity.  The Collection System Master 
Plan InfoSWMM model was originally prepared by MWH with subsequent modifications 
by Murray Smith and Associates (MSA) and is being used on current projects by CH2M 
HILL.  The model reflects all changes and updates to the buildout collection system model 
performed by MSA as documented in the current CSMP Addendum #2.  The City provided 
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the most recent buildout model to CH2M HILL in support of the Parallel Plant Interceptor 
study.  The collection system model was run by the City’s consultant design team in 
December 2010 to confirm the buildout peak wet weather flow rate, which was found to be 
approximately 50 mgd. 

Facility Design Criteria for Predesign—Recommendations 
It is recommended to design the secondary expansion at the Bend WRF to meet the 2030 
Facilities Plan Capacity while installing hydraulic provisions where appropriate to 
accommodate the build out peak wet weather flow (50 mgd) and ensure ease of future 
expansion.  

However, the cost of building all process facilities to meet a 20-year planning period is 
typically cost-prohibitive now that communities are funding their own wastewater 
infrastructure. As a result, this Project Definition work identified opportunities to defer 
some of the costs associated with fully accommodating the 2030 Facilities Plan flow and 
loads, while still avoiding any stranded investment in facilities. The following facilities were 
identified as candidates for cost deferral, and therefore these facilities are not being 
designed to meet the full 2030 Facilities Plan Capacity. These project elements will be 
‘phased in’ over the 20 year planning horizon to more closely match observed influent flows 
and loads:  

 The installed IFAS carrier media volume. 
 The installed blower capacity. 
 The secondary clarifiers. 
 The return activated sludge (RAS)/waste activated sludge (WAS) pump station. 

The IFAS process provides a unique opportunity to easily increase process capacity by 
adding additional carrier media and blowers once the initial capital investment in 
infrastructure is made to accommodate the process.  Given the uncertainty associated with 
the timing of flow and load increases to the treatment facility, it is recommended to initially 
only provide carrier media and blower capacity to reach the near-term required process 
capacity of 8.5 mgd ADMM. Additional capacity can be added relatively easily in the future 
by adding additional carrier media and installing more blower capacity. 

The need for new secondary clarifiers and RAS/WAS infrastructure is not projected until 
the end of the planning horizon (near the point at which flows increase to 10 mgd ADMM).  
Given the fact that the existing secondary clarifier infrastructure is sufficient to provide 
reliable operation beyond the near-term process capacity (8.5 mgd ADMM), the deferral of 
improvements to these facilities is also recommended as a cost saving measure. 

Project Components 
A number of facilities at the Bend WRF will be affected by the secondary expansion project.  
The proposed improvements at each affected process facility and the proposed site civil, 
electrical and yard piping improvements are summarized below.  Additional details on the 
development of recommend project components for these process facilities are included in 
TM 8—Process Facilities. 



TM 1—EXECUTIVE SUMMARY 

TM_1_BEND_WRF_PD_EXECUTIVE_SUMMARY_02162011.DOCX  5 

Process Facilities 
The liquids and solids process flow diagrams for the treatment facility, after the current 
secondary expansion project, are attached to this executive summary. 

Primary Clarifiers 
It is recommended to construct one new 65-foot primary clarifier identical to the existing 
primary clarifiers and an associated primary sludge pump station.  A variety of upgrades to 
the existing primary sludge pump stations are also recommended.  The new primary 
clarifiers will be designed to treat the 2030 Facilities Plan Capacity. Future primary 
treatment will be provided with additional primary clarifiers. 

Blowers 
It is recommended to construct a new blower building with installed blower capacity to 
meet the required near-term capacity.  The new blower building will contain enough space 
to accommodate blowers, in conjunction with eventually upgrading the existing centrifugal 
blowers, to provide aeration beyond the 2030 Facilities Plan Capacity. 

Aeration Basins 
It is recommended to retrofit the three existing aeration basins to accommodate the IFAS 
process and construct one aeration basin identical to the retrofitted existing aeration basins.  
Addition of carrier media in three aeration basins at 25% fill is recommended to meet the 
required near-term capacity.  The four aeration basins will provide treatment capacity 
beyond the 2030 Facilities Plan Capacity by increasing the carrier media fill fraction 
however, a new secondary clarifier will be required to reach the 2030 Facilities Plan 
Capacity. 

Secondary Clarifiers and RAS/WAS Pump Station 
The capacity of the secondary clarifiers and RAS/WAS pump station will be sufficient for 
current secondary expansion project with the IFAS process.  The three existing clarifiers 
have sufficient capacity up to an ADMM flow of 11.5 mgd assuming the IFAS process 
achieves a sludge volume index of 120 mL/g. The existing RAS pumps are adequate up to 
an ADMM flow of 10 mgd and the WAS pumping capacity is adequate through an ADMM 
flow of 13 mgd.  When influent flows exceed 10 mgd ADMM, expansion of the RAS system 
is required.  The timing for the construction of Secondary Clarifier 4 and to increase the 
capacity of the WAS pump system is recommended to coincide with the construction of the 
new RAS pump station when the influent flow reaches 10 mgd ADMM to limit 
constructability impacts at the WRF. 

Disinfection and Reuse 
Two new chlorine contact basins (CCBs) are recommended for disinfection of plant effluent.  
These CCBs will be designed to meet the 2030 Facilities Plan peak wet weather flow capacity 
of 29.1 mgd.  Delivered sodium hypochlorite will be stored and metered from a new 
chemical facility.  Future disinfection capacity will be accommodated with additional CCBs.   

Reuse flows require modification of the piping to move disinfection downstream of the 
tertiary filters.  To accomplish the modification, a new in-vessel ultraviolet system is 
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recommended to minimize complicated constructability issues.  The new reuse disinfection 
system will be designed to treat 5 mgd of reuse flows.  Residual chlorine will be 
accomplished by injecting sodium hypochlorite from the new chemical facility.   

Solids Treatment 
A number of improvements are recommended as part of the current project to upgrade the 
existing solids building, addressing capacity issues and critical operational and maintenance 
improvements.  These improvements include: 

 Remove the existing centrifuge and replace with a new belt filter press (BFP) to provide 
additional dewatering capacity. 

 Add a new cake pump to convey cake to the existing cake hopper. 

 Add a thickened WAS conveyor and pump to the existing duel use BFP to allow it to be 
used as a gravity belt thickener (GBT) and provide redundancy to the existing GBT. 

 Replace the polymer system and feed pumps in order to accommodate simultaneous 
operation of the new and existing BFP. 

 Add odorous air curtain and exhaust hood around the BFP and GBT to improve 
ventilation and solids building humidity problems. 

 Provide filtrate line upgrades to mitigate struvite accumulation. 

 Implement control improvements to allow for unstaffed dewatering operations longer 
than the current 8 hours a day, 5 days a week. 

 Add a new wash water pump to provide plant water to the new BFP. 

Site Civil Improvements 
Site civil improvements including grading and drainage for all new site work, landscaping 
to match the density and type of the existing landscaping, relocation of an existing plant 
water pipeline, the addition of a new plant water pump station, the expansion of the 
existing waste heat hot water system for building heating, routing of hot water and hot 
water return to new and existing buildings that the hot water system has the capacity to 
serve, and the addition of air lines and compressors for instrument air.  The pressure and 
capacity stability of the existing potable water system will also be improved as part of this 
project. 

The secondary expansion at the Bend WRF will require construction of new roads to allow 
for access to existing, proposed, and future facilities.  Several existing paved and dirt roads 
of varying width exist throughout the site to provide current access for maintenance 
vehicles.   Some of the existing roads are too narrow and contain small radii curves, which 
inhibit movement of emergency and large service vehicles.  Once construction is complete, 
the western edge of the site will have improved site access for maintenance and emergency 
vehicles.  A new chlorine contact basin is proposed near the northeast corner of the site and 
a loop road is being proposed in that area to allow access for tank truck delivery disinfection 
chemicals.  A second loop road is also proposed to allow tanker trucks to unload and leave 
the site without travelling around the chlorine contact basin. 
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The site layout drawing is attached to this executive summary. Additional site civil 
drawings are attached to TM 5—Site Civil. 

Hydraulic Improvements 
The hydraulic analysis identified modifications to existing facilities and required new 
infrastructure to convey the design hydraulic flow rates.  The evaluation approach first 
determined the number of facilities (i.e., number of primary clarifiers, aeration basins, etc) 
and pipe sizes required to convey the buildout peak wet weather flow.  Then, the flow and 
number of facilities required to convey the 2030 Facilities Plan peak wet weather flow were 
tested for performance with the piping sized for the buildout peak wet weather flow.  The 
following hydraulic improvements are recommended for the current secondary expansion 
project: 

 Build new chlorine contact basins and route new secondary effluent pipes to the facility. 
Plant disinfection flow pacing to be accomplished with new effluent Parshall flume.  

 Abandon existing connection to existing chlorine contact basins and plant water pump 
station. Locate plant water pump station at new chlorine contact basins.  

 Retain existing reuse filter feed pump station and tie into secondary effluent piping. 
Raise walls of filter feed pump station to equal top of wall of secondary clarifiers to 
reduce risk of overflows. This configuration allows reuse facility to comply with 
filtration prior to disinfection.   

 Modify plant effluent piping in coordination with use of reuse pump station.  

 Provide additional 54-inch mixed liquor pipe to feed a new mixed liquor splitter box 
located west of existing mixed liquor splitter box.  Continue to feed all existing 
secondary clarifiers from the existing mixed liquor splitter box.  Tie both mixed liquor 
splitter boxes together hydraulically to accomplish an equal flow split to the secondary 
clarifiers.  Stub out a 54-inch mixed liquor connection for future secondary clarifiers and 
incorporate a clear approach to feed to future secondary clarifiers 5 and 6 into design of 
new splitter box.   

 Route 54-inch mixed liquor pipe from the mixed liquor splitter box back to a new mixed 
liquor drop box at Aeration Basins 3 and 4.  

 Add additional in-basin primary effluent piping to eliminate bottlenecks.  Keep the 
existing 12-inch primary effluent pipes with control valves but also route new 20-inch 
primary effluent pipes in parallel with existing 12-inch lines.  These 20-inch primary 
effluent pipes will feed both the normal aeration basin operational mode and the wet 
weather mode where primary effluent is routed downstream of the IFAS zone.  

 Replace existing 30-inch primary effluent pipe with new 42-inch segment that diverges 
into two 30-inch branches that connect to the existing 42-inch primary effluent header. 

 Parallel existing 30-inch primary influent piping and serve the new Primary Clarifier 3 
from the 42-inch primary influent pipe on the west side of the headworks. 
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 Provide site piping modifications (tank drain, or RAS) to reduce time to drain an 
aeration basin and pump back flow to on-line aeration basins.  

The key new yard piping, splitter structures and other hydraulic improvements are 
summarized on the attached site plan.  The hydraulic profile is also attached.  Additional 
details on the hydraulic analysis are included in TM 9—Yard Piping Modifications and 
Hydraulic Flow Improvements. 

Electrical Improvements 
The new UV facility and blower building will require electrical upgrades as part of the 
secondary expansion project.  Preliminary estimates indicate that all other loads being 
added as part of the secondary expansion are small enough to be fed from existing adjacent 
distribution systems, and will not require a new service. 

Site Electrical Work Required 
In order to power the new loads associated with the Secondary Expansion Project, a new 
Utility Switch/Interrupter will be installed by Central Electric Co-op adjacent to the existing 
Utility Switch SW-FL.  This new switch will be powered from the spare switch available on 
SW-FL and will be used to power the new Blower and UV building transformers. 

New Blower Building 
The new blower building will contain an electrical room for the control and power panels.  
A new transformer will be installed by Central Electric Coop outside the new Blower 
Building adjacent to the new electrical room.  This transformer will be fed from the new 
Utility Switch mentioned above.  All new loads associated with the new blower building 
will be powered from this transformer. 

New UV Building 
The new UV facility will contain an electrical room for the UV control and power panels and 
to accommodate electrical equipment for the new CCB and chemical facilities.  A new 
transformer will be installed by Central Electric Co-op outside the new UV Building 
adjacent to the new electrical room.  This transformer will be fed from the new Utility 
Switch mentioned above.  All new loads associated with the new blower building will be 
powered from this transformer. Additional details on the required electrical improvements 
are included in TM 10—Electrical. 

Comparison of Current Project and Facilities Plan 
Recommendations 
Table 2 provides an overview of the recommended project elements and the average daily 
maximum month unit process capacity after the Bend WRF secondary expansion.   For 
comparison purposes, Table 2 also provides an overview of the Facilities Plan (Carollo, 
2008) recommended project elements for equivalent unit processes and the Facilities Plan 
recommended timing of those elements.
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TABLE 2   
Recommended Unit Process Expansion and Associated ADMM Capacity Compared to Facilities Plan Recommendations and Timing for Equivalent Unit Processes 
City of Bend WRF Secondary Expansion Project 

Unit Process Recommended Expansion 

ADMM Process 
Capacity after 

Expansion* Facilities Plan Recommendation 
Facilities Plan 

Recommended Timing 

Primary Clarifier Construct one new primary clarifier 11.9 mgd Construct one new primary clarifier 2008-2010 

Blower and 
Blower Building 

Construct new blower building 8.5 mgd Construct a new blower building 2008-2010 

Aeration Basins Convert three existing aeration basins to 
accommodate the IFAS process 

Construct one new Aeration Basin 4 to match 
the configuration of existing, retrofitted aeration 
basins 

Provide carrier media in three aeration basins 
at 25% fill to meet near-term capacity 

8.5 mgd Construct sidestream aeration basins 

 

Construct one new aeration basin 

2008-2010 

 

2017-2019 

 

Secondary 
Clarifier 

No additional units required for the current 
project 

11.5 mgd Construct a new secondary clarifier 2011-2013 

RAS/WAS Pump 
Station 

No expansion required for the current project RAS Pumps and RAS 
conveyance to wet well: 10 

mgd 

WAS Pumps: 13 mgd 

Upgrade RAS pumps 2008-2010 

Solids Handling Provide one new 2-m BFP unit Dependent on operational 
choices for thickening and 

dewatering 

Install one new belt filter press 2008-2010 

Disinfection Install two new chlorine contact basins to 
provide disinfection of plant effluent before 
discharge to the seepage ponds 

Construct new medium-pressure, high-output 
UV disinfection system with two trains for the 
reuse treatment facility 

11.9 mgd for discharge 

5 mgd for reuse 

Install a new chlorine contact basin and 
hypochlorite system 

2008-2010 

*All improvements recommended for the current secondary expansion project have a construction timing of 2012–2014.  
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Cost Estimate for the Recommended Project 
The project definition capital cost estimates for the recommended project components 
summarized above are provided in Table 3 below. Base construction costs are expressed in 
December 2010 dollars and include a 30 percent contingency. No sales tax is included for the 
construction cost total. Engineering, legal expenses, and administration are presented in a 
separate line item.  Additional details on the design basis for the cost estimate are included 
in TM 12—Preliminary Project Sequencing Plan and Construction Cost Estimates. 

The capital costs within this project definition report are order-of-magnitude-level cost 
estimates as defined by the Association for the Advancement of Cost Engineering 
International and adopted by the American National Standards Institute. An estimate of this 
type is normally expected to be within +50 percent or –30 percent of the actual construction 
cost.  

TABLE 3 
Summary of Project Definition Capital Cost Estimates 
City of Bend WRF Secondary Expansion Project 

Cost Item Cost Estimatea 

Base Construction Costs  

 Phase 1a     

 Site Civil & Electrical    $1,369,000   

 Yard Piping: PI, Primary Influent    $119,000   

 Yard Piping: PE, Primary Effluent   $ 99,000   

 Yard Piping: ML, Mixed Liquor    $151,000   

 Yard Piping: Miscellaneous Systems    $675,000   

 ML Splitter Box 2    $72,000   

 Plant Water Pump Station    $552,000   

 Aeration Basin 4    $2,386,000   

 New Blower Building    $1,771,000   

Total Phase 1a    $7,194,000   

 Phase 1b     

 Site Civil & Electrical    $127,000   

 Yard Piping: SE, Secondary Effluent    $295,000   

 Yard Piping: EO, Effluent Outfall    $43,000   

 Chemical Storage & Feed Facility    $765,000   

 Chlorine Contact Basin    $848,000   

Total Phase 1b    $2,078,000   

 Phase 1c     

 Site Civil & Electrical    $15,000   
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TABLE 3 
Summary of Project Definition Capital Cost Estimates 
City of Bend WRF Secondary Expansion Project 

Cost Item Cost Estimatea 

 Yard Piping: PI, Primary Influent    $147,000   

 Yard Piping: PE, Primary Effluent    $36,000   

 Primary Sludge Pump Station 2    $416,000   

 Primary Clarifier 3 (65 FT DIA)    $451,000   

 Total Phase 1c    $1,065,000   

 Phase 2     

 Primary Clarifier 1 Mechanism Replacement  $268,000   

 Primary Clarifier 2 Mechanism Replacement $268,000 

 Primary Sludge Pump Station 1    $154,000   

 Total Phase 2    $690,000   

 Phase 3 (AB3)     

 Retrofit Aeration Basins 1, 2 & 3    $1,411,000   

 Total Phase 3 (AB3)    $1,411,000   

 Phase 4 (AB2)     

 Retrofit Aeration Basins 1, 2 & 3    $1,395,000   

 Total Phase 4 (AB2)    $1,395,000   

 Phase 5 (AB1)     

 Retrofit Aeration Basins 1, 2 & 3    $1,023,000   

 Total Phase 5 (AB1)    $1,023,000   

 Phase 6     

 Solids Bldg Upgrades    $1,387,000   

 Total Phase 6    $1,387,000   

 Phase 7     

 Site Civil & Electrical    $60,000   

 Yard Piping: 14" RL Tie To 14" FE    $44,000   

 Filter Building    $35,000   

 UV Facility    $873,000   

 Total Phase 7    $1,012,000   

Subtotal Base Construction Costs $17,255,000 

Construction Markups  

Subcontractor Markups $99,000 
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TABLE 3 
Summary of Project Definition Capital Cost Estimates 
City of Bend WRF Secondary Expansion Project 

Cost Item Cost Estimatea 

Contactor OH&P, Bonds, Mobilization and Insuranceb $3,113,000 

Contingency (30%) $6,140,000 

Subtotal Construction Markups $9,352,000 

Owner Furnished Equipment (None) $0 

TOTAL CONSTRUCTION COSTSc $26,607,000 

EAL Costs (30% of construction) $7,982,000 

TOTAL PROJECT COSTSc $34,588,000 

a All costs are in 2010 dollars. Escalation to mid-point of construction is not included. 
b Contractor markups are based on base construction costs. Contingency is applied to all 
construction costs. 
c Construction costs and total project costs do not include the cost for non-process facilities 
(new laboratory, administration building improvements, etc.) not the cost for upgrades and 
improvements to the existing effluent percolation ponds (Ponds 1 and 2). 
 
Table 4 compares the Facilities Plan (Carollo, 2008) cost estimates to the cost estimates 
developed during project definition. 

TABLE 4 
Comparison of Project Definition and Facility Plan Cost Estimates 
City of Bend Secondary Expansion Project 

Item Description Cost 

Facilities Plan Cost Estimates  

     2008-2010 $16,420,000 

     2011-2013 $15,370,000 

     Total $31,790,000 

Project Definition Cost Estimates  

     2012-2014 $34,588,000 
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T E C H N I C A L  M E M O R A N D U M    

 

TM 2—External Constraints, Standards, and 
Regulatory Requirements 

PREPARED FOR: Jim Wodrich, P.E./City of Bend 
City of Bend, Oregon 

PREPARED BY: Adrienne Menniti, Ph.D. 
Brady Fuller, P.E. 
Alex Firth, P.E. 
Bob Taverna 
Jason Krumsick, P.E. 
Neal Forester, P.E. 
Jeff Kanyuch, P.E. 

REVIEWED BY: Dave Green, P.E. 
Jim Griffith, P.E. 

DATE: February 15, 2011 

PROJECT: Project Definition Report 
City of Bend WRF Secondary Expansion Project 

Introduction 
The purpose of this technical memorandum is to define and document the external 
constraints, standards, and design criteria that influence the Bend Water Reclamation 
Facility (WRF) secondary expansion predesign project. This memorandum also documents 
the goals and success criteria of the project. 

The following information is summarized in this memorandum: 

 Predesign goals and success criteria 
 Overview of the design process 
 Regulatory requirements 
 City of Bend standards and preferences 
 Standards, code requirements, and design criteria for: 

 Site and Civil Design 
 Structural Design 
 Architectural Design 
 Process Mechanical Design 
 Building Services Design 
 Electrical Design 
 Instrumentation and Control (I&C) Design 
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Predesign Goals and Objectives 
The predesign team has endeavored to ensure the project satisfies the following goals and 
objectives: 

 Incorporate community values and concerns 
 Maximize community acceptance of the facility 
 Maximize the value of Bend investment in facilities 
 Minimize Bend customer rate impacts 
 Consider and balance both short-term and long-term facility concerns and investment 
 Meet state, federal, and local regulatory requirements 
 Maximize the facilities’ ability to meet future regulatory requirements 
 Provide reliable and efficient technology recommendations 
 Provide for continued operation of the existing facility during construction 
 Balance capital expense with operation and maintenance expense 
 Provide operable, maintainable, reliable, sustainable, and flexible facilities 
 Provide an orderly and systematic progression of facility renovation, replacement, and 

enhancement through detailed design and construction 
 Provide guidance for future facility expansion 
 Recommend and document technical criteria, decisions, and recommendations for 

facilities 
 Establish budget-level cost estimates for facilities 
 Establish an implementation schedule for design and construction of facilities 
 Recommend effective implementation of delivery process for construction of facilities 
 Satisfy Oregon Department of Environmental Quality (DEQ) criteria and interaction 

needs during predesign 
 Address corrosion resistance in materials used, provide adequate ventilation and be 

suitable for implementation of future odor control 
 Provide accurate flow measurement and sampling 
 Provide a quality design, minimizing unforeseen issues 
 Implement predesign phase document tracking and handling in EADOC. 

Overview of the Design Process 
The purpose of the predesign process is to take the Bend WRF secondary expansion project 
to an approximate 30 percent complete level through two design phases.  This report 
summarizes the results of Phase 1: Project Definition.  Project definition phase work builds 
on the information contained in previous reports, in particular the Preliminary Process 
Evaluation Summary (CH2M HILL, September 2010), the Value Engineering Report (CH2M 
HILL, June 2009), and the Bend WRF Facilities Plan (Carollo, April 2008). The objective of the 
Project Definition phase is to select and finalize significant project components and site 
layout such that Phase 2: Schematic Design can proceed efficiently.  The design approach for 
the project definition phase included five interactive workshops meant to facilitate 
information transfer from the project team to the City of Bend and to engage the City in 
important project decisions. The results of these workshops are documented in meeting 
minutes and workshop slides, which can be found in Appendix A to this project definition 
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report. The draft deliverables provided to the City during the workshops culminated in the 
fact sheets and technical memorandums found in this project definition report. 

Regulatory Requirements 
Current WPCF Permit 
The Bend WRF operates under Water Pollution Control Facilities (WPCF) permit number 
OR-101572, issued by DEQ, and which expires on November 30, 2015. The WRF discharges 
treated effluent either to non-overflow evaporation/percolation ponds, or as reclaimed 
water.  Following the secondary expansion project, where the filtration system will be 
upstream of disinfection, the facility will produce Class A reclaimed water, discharged via 
Outfall 002. However, the facility is also permitted to produce Class B and Class C 
reclaimed water through Outfalls 003 and 004, respectively. The effluent limits for the Bend 
WRF are shown in Table 1.   

TABLE 1 
Current WPCF Discharge Requirements 
City of Bend WRF Secondary Expansion Project 

 
30-Day Average 7-Day Average 

Daily 
Maximum 

Biochemical oxygen demand (BOD) 20 mg/L 1,000 mg/L 30 mg/L 1,500 ppd 2,000 ppd 

Total suspended solids (TSS) 20 mg/L 1,000 mg/L 30 mg/L 1,500 ppd 2,000 ppd 

E. Coli bacteria 126 organisms/100 mL 406 organisms/100 mL  

Total nitrogen Annual monthly average effluent concentration of 10 mg/L 

pH Shall be within the range 5.5 and 9.0 

Class A reclaimed water  (1) Total coliform shall not exceed a 7-day median of 2.2 
organisms/100 mL, and no single sample to 23 organisms/100 mL 

 (2) Turbidity shall not exceed a 24-hour mean of 2 NTU, and shall not 
exceed 5 NTU for more than 5% of the time during a 24-hour period 

mg/L = milligrams per liter; NTU = nephelometric turbidity unit; ppd = pounds per day.  

Potential Future Regulatory Requirements for Total Nitrogen 

Because the effluent from the Bend WRF is discharged through evaporation/seepage ponds, 
the WRF must monitor groundwater wells as part of its NPDES permit requirements to 
ensure that the wastewater discharge to the groundwater is not detrimental to groundwater 
quality. The Bend WRF Facilities Plan (Carollo, April 2008) evaluated lower effluent total 
nitrogen limits of 6 mg/L and 3 mg/L to account for potential future more stringent NPDES 
permit requirements for groundwater protection. DEQ reviewed the Bend WRF Facilities 
Plan (Carollo, April 2008) and responded with a memorandum on February 27, 2009. The 
facilities plan recommended an expansion of the evaporation/seepage ponds to 
accommodate buildout future flows. DEQ approved the proposed expanded discharge in 
the facilities plan with no further nitrogen removal based on the following conditions: 

 The facility will be required to continue its groundwater protection program. 
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 The facility will be required to reevaluate its groundwater monitoring network to verify 
adequate coverage is being achieved with the expanded seepage ponds. 

 The facility will be required to closely monitor the concentrations of down-gradient 
monitoring wells. 

 In the event down-gradient monitoring well nitrate concentrations reach 5 mg/L, the 
facility will be required to upgrade the current treatment process to achieve lower 
effluent nitrogen levels. 

 An upgrade of the facilities groundwater monitoring plan will be required to evaluate 
the effectiveness of the monitoring well network as well as the analyte list to determine 
if additional metals must be added to the list. 

Construction Permits 

Permits will be required before initiation of construction activities including building 
permits, land use permits and permits for erosion control/stormwater discharge.  Deschutes 
County is the Authority Having Jurisdiction for land use, mechanical, electrical, and 
structural construction permits. The City of Bend Fire Marshall is the Authority Having 
Jurisdiction for approval of facilities that are affected by fire codes (site circulation, in-facility fire 
protection measures, hydrants). The project team will continue to identify necessary permits to 
ensure obtaining these permits does not hinder construction. 

City of Bend Standards and Preferences 
This section identifies City of Bend standards and preferences for loop descriptions, 
computer-aided design (CAD), control system programming,  computerized maintenance 
management system (CMMS), equipment types, architectural themes, manual versus 
automatic operation, graphics standards, process and instrumentation control drawing 
preferences, procurement policies, and labor standards and policies. 

Loop Descriptions 
The City values development and provision of process narratives and control loop 
descriptions (such as a narrative description that describes the operational sequence for a 
pump running in automatic mode, controlled by level, or controlled by a flow setpoint). The 
City expects that these loop descriptions will be written by the Consultant team during 
schematic design (30% design approximately) and carried through and updated through 
contract document preparation. These will form a basis of ongoing operations and 
maintenance (O&M) records and will provide valuable information for plant O&M staff as 
the facilities are started up and maintained.   

CAD standards 
As confirmed at the project chartering meeting, CH2M HILL will perform 3D CAD design 
of facilities.  The City confirmed that it will defer to CH2M HILL CAD standards, but the 
City layer naming and formatting conventions shall be used for all civil-layers, which is 
expected to include surface features, piping names, and asset tag numbers for civil features 
only. An Acrobat PDF file and AutoCAD conversion shall be provided in advance of the 
schematic design deliverable to confirm that layering conventions are acceptable to the City. 
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Other Consultant work on City sewer projects has occurred that should make this 
coordination effective.  

The CAD platform used by CH2M HILL for this project will be MicroStation. A 3-D model 
will be developed and record drawings will be extracted from it.  WHPacific will receive 
ACAD bases to work in.  

Control System Programming 
The City has not yet decided whether to include control system programming in the 
Consultant contract.  Regardless of who performs the programming, a goal in process 
control programming is to coordinate related facilities.  As process narratives are developed 
and controls are programmed, the team shall be watchful such that as a facility is modified 
and it has a connection/relation to another facility (such as primary clarifier, it affects 
primary sludge pumping, and solids building), the potential affect on controls will be traced 
back through the entire system and a coordinated control philosophy and product will be 
provided.   

Computerized Maintenance Management System 
The City operates an InforEAM® CMMS system, and data developed during the design 
phase, and especially during the construction phase shall be provided in a format useable 
for the City. Data entry from design and construction phases needs to go into City’s 
InforEAM CMMS database.  

City Standards and Specifications 
The Consultant team prefers and understands that for a traditional design-bid-build project, 
use of Consultant-provided Engineers Joint Construction Document Council (EJCDC) 
General Conditions, with Consultant-Provided Supplementary Provisions approved by the 
City Attorney, will be acceptable. This is an area of ongoing development within the City 
legal and Public Works, and the Consultant team will coordinate closely with the City 
Project Manager to achieve resolution of the intended contract provisions.  

Use of alternative project delivery approaches (such as construction manager/general 
contractor [CM/GC]) will require special general conditions that can be developed by the 
Consultant team using industry standard documents.   

Preferred Equipment Types 
The recommended process improvements resulting from this project definition report will 
include a variety of required equipment. City staff will be asked to make equipment 
preference decisions, and in some cases specific brand and model name and feature 
preferences during the schematic design for the following equipment types.  

Architectural Themes 
The design of new buildings (blower building, chemical building, new chlorine contact 
basins, new primary sludge pump station) are intended to match existing architectural 
themes unless otherwise directed by the City. The use of colored, split face concrete block 
walls, flat roofs, and concrete columns with infill block is the general theme for all above-
grade facilities. The consultant team will discuss other potential alternatives with the City 
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during schematic design. Roof structure alternatives will be determined during schematic 
design. The below-grade walls of the proposed primary sludge pump station are expected 
to be cast in place concrete. Use of sustainable design approaches will be encouraged for 
water and energy efficiency.   

Manual versus Automatic Operations 
The City has an interest in increasing levels of automation, in accordance with industry best 
practices to leverage O&M resources.  The headworks facility is one example of the City’s 
preferred highly-automated control approach. One project goal that the Consultant 
understands from talking with staff is to allow remote monitoring of all new equipment, 
and to limit the amount of control provided by manufacturer-supplied control panel (such 
as the belt filter press), and to provide most control through plant supervisory control and 
data acquisition (SCADA) and plant programmable logic control (PLC) logic.   

Graphic Standards 
CAD graphics standards have been coordinated and City standard border files have been 
exchanged and confirmed with City CAD staff. Legends and symbols from the Consultant’s 
standard palette are understood to be acceptable.  

Standard Drawing Size/border 
The City prefers use of 11-inch x 17-inch drawings, and 22-inch x 34-inch full size drawings.  

Standard Symbols/ Legends 
CH2M HILL standard symbols and legends will be used.  

Electronic Deliverables 
The Consultant team will deliver PDF drawings and specifications via EADOC.  
Microstation translations to AutoCAD will be provided when conformed documents are 
prepared, and again following preparation of record drawings.  

Standards/ Preferences for P&ID 
The Consultant team has prepared piping and instrumentation diagram (P&ID) drawings as 
part of various solids process improvements on the digester mixing project. These same 
graphic approaches are intended to be followed for the P&IDs prepared during schematic 
design. If the City develops P&ID standards on other ongoing work with others, these 
standards need to be communicated before the start of schematic design to avoid re-work by 
the design team.  

Procurement Policies 
Bidding/Procurement Requirements 
The City purchasing manager and City Attorney are anticipated to work with the City 
Project Manager to confirm that the Consultant team follows the City’s preferred bidding 
procedures. Potential future decisions on alternative project delivery will require substantial 
City input and the Consultant team can support the City throughout any such process.  
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Sole Source Restrictions 
The City has historically been successful in specifying sole-source equipment where specific 
features or standardization with other like equipment has been required.  The Consultant 
team expects to identify any potential sole-source requirements.  The City team can assist 
the Consultant team by identifying such preferences as early as possible.  

Master Agreement for Purchase of Materials and Equipment 
The Consultant team is not aware of any in-place master agreements for materials and 
equipment purchase.  However, it is understood that the City has a polymer purchase 
agreement with Polydyne, and that ITT Flygt is a preferred supplier for submersible pumps, 
and that Allen Bradley is a preferred supplier for variable frequency drives (VFDs) and 
PLCs. 

Labor Standards and Policies 
Noise Restrictions 
No new control rooms are proposed; control rooms are process areas often designed with 
special acoustical treatments. The Deschutes County noise ordinance applies and process 
equipment will be provided with specific noise limits.  

Site Security Requirements 
The site perimeter fence will be expanded through the course of design. No new site 
security access needs have been identified through project definition. The City will be asked 
to provide preference for site access restrictions for the chemical feed facility that will 
receive bulk deliveries of hypochlorite.  

Discipline Specific Standards, Code Requirements, and Design 
Criteria 
This section identifies standards, code requirements, and design criteria for each design 
discipline. This information will be expanded as part of the schematic design phase. The 
primary objective is to identify elements with significant cost impacts to the project. 

Site and Civil Design 
The standards, code requirements and design criteria related to site and civil design have 
been summarized in TM 5—Site Civil. Please refer to this technical memorandum for further 
information. 

Structural Design 
This section documents the structural design criteria to be used during the design of the 
Bend WRF. Design criteria will include building codes, design loadings, foundation criteria, 
material types and properties, references, and other special requirements. 

Code 
The design will be in accordance with the 2009 International Building Code (IBC), as 
amended by the 2010 Oregon Structural Specialty Code (OSSC) and local agencies.  
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Standards 

 CH2M HILL, Structural Design Guide (SDG). 

 American Society of Civil Engineers (ASCE) 7-10, Minimum Design Loads for Buildings 
and Other Structures. 

 American Concrete Institute (ACI) 350, Code Requirements for Environmental 
Engineering Structures, Latest Edition. 

 ACI 318, Building Code Requirements for Structural Concrete, Latest Edition. 

 ACI 530, Building Code Requirements for Masonry Structures, Latest Edition. 

 American Institute of Steel Construction (AISC), Steel Construction Manual, Latest 
Edition. 

 Structural Special Inspection to be provided per Chapter 17 of the International Building 
Code (IBC). 

Design Loads 
Design loads are summarized in Table 2. 

TABLE 2 
Design Loads 
City of Bend WRF Secondary Expansion Project 

Item Value 

Roof Live Load (unreduced) 20 psf 

Roof Dead Load (add operating weight of roof-mounted equipment) Actual weight 

Roof Snow Load  

 Ground Snow Load Pg = 25 psf 

 Terrain Category C 

 Exposure Factor Ce = 1.0 

 Importance Factor I = 1.1 

 Minimum Flat Roof Snow Load 22 psf 

Floor Live Loads  

 Office/Administration Areas 100 psf 

 Electrical Equipment Areas 300 psf 

 Process Areas (includes roofs of pump stations and basins) 200 psf 

 Walkways, Corridors, Exits, and Stairways 100 psf 

 Catwalks and Elevated Platforms 60 psf 

Seismic Parameters  

 Mapped Spectral Response Accelerations:  

  Short Period SS = 0.381g 
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TABLE 2 
Design Loads 
City of Bend WRF Secondary Expansion Project 

Item Value 

  1s Period S1 = 0.157g 

 Design Spectral Response Accelerations  

  Short Period SDS = 0.305g 

  1s Period SD1 = 0.172g 

 Site Class  C 

 Occupancy Category III 

 Seismic Design Category D 

 Importance Factor I = 1.25 

Wind Load  

 Basic Wind Speed (3s Gust) 85 mph 

 Exposure C 

 Occupancy Category III 

 Importance Factor I = 1.15 

g = acceleration 
mph = mile(s) per hour 
psf = pound(s) per square foot 

 

Special Loads 

 Cranes and Monorails:  See IBC 1607.12. Impact: 25 percent of maximum wheel loads. 
Horizontal Force on Rails: 

 Normal to Rail: 20 percent of capacity + trolley weight 

 Longitudinal Force: 10 percent of maximum wheel loads 

 Additional loads and design strengths will be shown on the plans where required. 

Foundation Criteria 
Refer to Geotechnical Design Criteria. 

Materials Criteria 
Materials criteria are shown in Table 3. 
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TABLE 3  
Materials Criteria 
City of Bend WRF Secondary Expansion Project 

Item Criteria 

Concrete—Type II Cement  f'c = 4,000 psi 

Reinforcing Steel (ASTM A615, grade 60) fy = 60 ksi 

Steel  

 W-shapes fy = 50 ksi 

 Plates, angles, shapes except W (including channels) fy = 36 ksi 

 Square or rectangular steel tubing fy = 46 ksi 

Bolts  

 High-strength bolts A325N 

 Machine or anchor bolts A307 

 Stainless steel A193, Type 316 

Aluminum Alloy 6061-T6 

Stainless Steel Type 316, fy = 30 ksi 

(Type 316L, fy = 25 ksi where welded) 

ASTM = American Society of Testing and Materials 
f’c = compressive strength  
fy =  yield strength 
ksi = kilopound(s) per square inch 
psi = pound(s) per square inch 

Fasteners 
A fastener schedule will be provided in the contract document that lists the appropriate 
type of anchor bolt or bolted connection for various exposure conditions. 

 In submerged or wet areas, Type 316 stainless steel shall be used for cast-in-place anchor 
bolts, drilled-in wedge anchors and adhesive anchors, and aluminum beam connections. 

 Adhesive anchors shall not be used in direct pullout, to support fire-resistive 
construction, or where temperatures will exceed 120 degrees Fahrenheit (120°F). 

 Wedge or expansion anchors shall not be used to support vibrating machinery, in direct 
pullout unless approved for use in cracked concrete, or in masonry walls. 

Water-Holding Structures 
Reinforced concrete water-holding structures will be designed for strength, water-tightness, 
and durability. Water-tightness will be achieved by controlling cracking and by specifying a 
mix design that will produce dense concrete with minimal shrinkage. Serviceability 
requirements will be in accordance with ACI 350, Code Requirements for Environmental 
Engineering Structures; ACI 318, Building Code Requirements for Structural Concrete; and 
CH2M HILL Standards for Water-Holding-Basin Design. 
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Refer to the Crack Control section of this report for additional requirements for water-
holding structures. 

Non-Water-Holding Structures 
Non-water-holding structures will be designed per the applicable requirements of the 
OSSC, without additional crack-control design criteria except where desired for 
architectural concrete. See the Crack Control section for requirements for architectural 
concrete work. 

Rehabilitation of Existing Structures 
Refer to TM 4—Seismic/Structural Evaluation of Existing Facilities.      

Seismic Bracing and Anchorage 
Seismic bracing and anchorage of nonstructural elements, including mechanical equipment, 
is specified to be Contractor designed. Calculations and details are required to be submitted 
for all items not exempted by 13.1.4 of ASCE 7-10, as referenced by the IBC, and not 
provided with flexible connections. 

Crack Control 
To achieve water-tightness and durability, the water-holding structures at the facility will be 
designed to limit the size of shrinkage and flexural cracking. The following discussion 
pertains primarily to flexural cracking. 

Flexural cracking is directly related to service load stress and is, therefore, controlled by 
limiting service load stresses. Shrinkage cracking and durability is a function of the concrete 
mix design and workmanship in forming, placing, and curing concrete. The concrete mix 
design and workmanship will be addressed in the project specifications. 

All structures will fall into one of the following three structural categories, defined by the 
type of exposure of that structure and the maximum crack width permitted to ensure 
serviceability at that exposure. The crack width is related to the Z factor, which ranges from 
95 for severe exposure to 175 for dry conditions (no exposure). The Z factor as defined in 
ACI 318-89, Section 10.6, is a function of service load stresses, bar size, bar spacing, and 
concrete cover for reinforcement for one-way flexural elements. CH2M HILL policy is to 
apply the same criteria to two-way flexural, diagonal tension, and axial tension elements. 
The three categories of structure are defined below. 

Category 1 
Category 1 structures are defined as having dry exposure conditions as defined in 
Section 3.1.9 of the SDG and having reinforcing steel cover of ¾ inch. Where the concrete 
cover is greater than 1 inch, the additional requirement is added that the concrete must be 
concealed from view to be classified as a Category 1 structure. Structures that do not meet 
these criteria must be designed as Category 2 or 3 structures. 

Crack width is still important with this category of structure, and ACI 318-89 requires Z to 
be checked for all one-way flexural elements. Z need not be checked for two-way flexural 
elements, diagonal tension elements, or direct tension elements in this category of structure. 
For this category, rather than limiting the stresses during design, as is done with Category 2 



TM 2—EXTERNAL CONSTRAINTS, STANDARDS, AND REGULATORY REQUIREMENTS 

12  TM_2_EXTERNAL_CONSTRAINTS_ BEND_WRF_02152011.DOCX 

and 3 structures, the Z values should be checked directly for those few elements where it is 
required. This is true regardless of the method of design used. 

Z values appropriate for structures that fall in this category range from 175 to 95. Where the 
concrete surface is concealed from view regardless of cover, choose a Z = 175. Where the 
concrete surface is exposed to view, a crack width of 0.010 inch has been shown to be 
sufficient to cause concern to the general public. Therefore, concrete exposed to view must 
be checked for a maximum allowable Z of 115. Where appearance is important, a lower 
allowable limit for Z is appropriate, such as 95. Sensitivity of the architectural appearance 
against economics will be judged to determine whether the higher or lower value will be 
used. Z = 95 will be used as the default for all architectural concrete in Category 1. 

The following are examples of this category of structure: 

 All concealed, dry concrete. 

 Building interior shear walls. 

 All unexposed floor and roof framing. 

 Maintenance buildings, control buildings, and other exposed concrete where cover is 
specifically held to ¾ inch. 

Category 2 
This category of structure is defined as areas that have moderate exposure to ground or 
moisture and structures that are exposed to view where the appearance is not critical and 
concrete cover is greater than 1 inch. The Z factor for this category is 115, which corresponds 
to a crack width of 0.010 inch. This size of a crack will create an objectionable architectural 
appearance in most cases; therefore, if architectural appearance is important, the element 
will be designed as a Category 3 structure. 

The following are examples of this category of structure: 

 Below-grade nonhydraulic structures permanently above the groundwater. 

 Building foundations where architectural appearance is not critical. 

 Galleries and basements above the groundwater. 

 Retaining walls where architectural appearance is not critical. 

 Pipe supports. 

 Steel tank foundations. 

 Exposed concrete where cover exceeds 1 inch and architectural appearance is not critical. 

Category 3 
Category 3 structures are defined as structures having severe exposure to water, sewage, 
corrosive soils, chemicals, or humidity, or structures that are exposed to view where 
appearance is critical and concrete cover is greater than 1 inch. Also, Category 3 structures 
are defined as structures that are below grade but have a critical need for occupied areas to 
stay dry. All water-holding or water-withholding (inside dry areas) structures, all structures 
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exposed to open surfaces of water (high humidity), and all structures exposed to repeated 
washdown or chemical or process spills fall into this category. The Z factor for this category 
is 95, which corresponds to a crack width of 0.008 inch. 

The following are examples of this category of structure: 

 All hydraulic structures such as clarifiers, basins, etc. 

 Buildings with high humidity such as: 

 Buildings over primary clarifiers 

 Solids handling building belt rooms 

 Structures over wet wells 

 Chemical rooms. 

 Structures below groundwater. 

 Basements, pump stations below grade, and structures above groundwater where a dry 
interior is critical. 

 Exposed architectural concrete in administration buildings, public buildings, and other 
exposed architectural concrete where cover exceeds 1 inch and appearance is critical. 
Architectural concrete is defined to be any concrete with any finish that is exposed to 
view where cracks of 0.01 inch or greater are objectionable. 

The category of structure can change from element to element within a structure without 
complicating the design. The category type should be documented, however, as part of the 
design criteria and assumptions. Refer to Table 4, Maximum Service Load Tension Stresses, 
as a function of Z factor and bar size and spacing. 
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TABLE 4  
Maximum Service Load Tension Stresses fs (ksi) 
City of Bend WRF Secondary Expansion Project 

Bar Size No. 
Category of 
Structure 

Bar Spacing (inches) 

4 6 8 12 

3, 4, and 5 2 (Z = 115) 30 29 26 23 

6, 7, and 8 2 (Z = 115) 30 27 25 22 

9, 10, and 11 2 (Z = 115) 30 26 24 21 

3, 4, and 5 3 (Z = 95) 27 24 22 19 

6, 7, and 8 3 (Z = 95) 26 22 21 18 

9, 10, and 11 3 (Z = 95) 25 21 19 17 

Notes: 

1. For Category 2 and 3 structures, all bars in direct tension shall have stresses limited to 14 kilopounds per 
square inch (ksi). 

2. For all Category 1 structures, allowable tension (flexural, diagonal, or direct) shall be 30 ksi when using the 
Allowable Design Method (ADM). Use Cd = 1.0 when designing with the Strength Design Method (SDM). 

3. Allowable service load stresses for Categories 2 and 3 are based on 2 inches of concrete cover for all bar 
sizes. 

Deliverables 

Drawings 
Where possible, drawings will be presented as follows: 

1. Foundation Plan 
2. Roof Framing Plan 
3. Wall Sections  
4. Details 

Design Details 
Design details will dictate uniform concepts and philosophies to be used in the design. 
Typical design details include the following: 

 Arrangement and method of detailing the horizontal reinforcing in concrete walls 

 Arrangement and method of detailing of reinforcing in concrete masonry walls, piers, 
and columns 

 Framing member and footing schedules, typical sections and bar designations, and 
standard layout 

 Standard structural notes, abbreviations, lap splice/bend length tables, etc. 

 Joint details 

 Structural steel connections 
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 Fabricated metal details 

 Typical reinforcing at openings 

 Other details that provide for uniformity and that affect structural design 

Calculations 
Calculations will be prepared using commercially available structural analytical software or 
by hand and assembled for submission to City of Bend Building Department. They will be 
stamped and signed by a structural engineer registered in the State of Oregon. 

Architectural Design 
Applicable codes are as follows: 

 Oregon Structural Specialty Code: OSSC 2010. 

 Oregon Mechanical Specialty Code:  OMSC 2010. 

 Oregon Plumbing Specialty Code:  OPSC 2010. 

 Oregon Electrical Specialty Code:  OESC 2008 

 Oregon Fire Code:  OFC 2010. 

 Oregon Energy Efficiency Specialty Code:  OEESC 2010. 

 Accessibility: American National Standard International Code Council (ICC)/American 
National Standards Institute (ANSI) All7.1-03 

 Safety: Applicable Oregon Occupational Safety and Health Act (OSHA) Regulations. 

Once the project team has identified which structures will remain, a code analysis will be 
performed for all existing and proposed buildings. The code search for each structure will 
be based on building layouts and existing or proposed construction materials. The code 
search will be updated throughout the design process. 

Process Mechanical Design 
This section provides guides for process mechanical design criteria to be used during the 
design of the Bend WRF secondary expansion project as well as the approach to selecting 
process equipment and the mechanical systems. 

Mechanical system design will conform to the applicable U.S. codes and standards. The 
codes and standards of the following organizations will govern: 

 American Society of Mechanical Engineers (ASME) 
 ANSI 
 ASTM 
 American Water Works Association (AWWA) 
 American Welding Society (AWS) 
 Hydraulic Institute Standards (HIS) 
 NFPA 
 OSHA 
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Plant Hydraulics 
Open channel flow through the plant components will be analyzed with CH2M HILL 
HYDRO software. The result will be used to set the hydraulic profile. 

Pumped System Hydraulics 
Pumped system hydraulics will be performed using Applied Fluid Technologies (AFT) 
Fathom software.  

Pumping of wastewater with solids concentration of less than 2 percent will be analyzed 
using the Newtonian Fluid Model.  

Sludge system hydraulics will be analyzed using the Non-Newtonian Bingham Laminar 
Plastic Model built into Fathom software. 

Equipment Selection 
Process equipment will be selected for the chosen plant process alternative to meet the 
performance requirements of that alternative. Input from plant operations and maintenance 
personnel will be solicited throughout the design for preferred manufacturers or equipment 
vendors. Final process equipment selections will be made based on equipment performance 
requirements, reliability, cost, efficiency, CH2M HILL experience, and the Owner’s 
preferences. 

The process mechanical engineer(s) will be responsible for compiling the equipment 
specifications, which shall include at least two named manufacturers for each piece of 
equipment. 

Piping Selection 
The pipe schedule will be developed and updated as design progresses. 

Liquid and sludge system piping will generally be cement-lined ductile iron (CLDI) pipe; 
welded stainless steel pipe will be used where DI pipe is not suitable. For exposed piping 
installation, CLDI pipe joints shall be grooved joint or flanged, and, for buried installation, 
CLDI pipe joints will be restrained push-on joints. 

Process air system piping for exposed applications will be painted carbon steel, of 
submerged applications stainless steel. Carbon steel and stainless steel pipe shall be 
provided with flanged joints connections to valves and other equipment. 

Valve Selection 
Manually operated and power-operated valve schedules will be developed and updated as 
design progresses.  

Valve selection will be as follows: 

 For raw sewage and sludge systems, plug valves will be used except where flow control 
is required. Flow control valves for sludge systems will be V-port type ball valves or 
rotary control valves.  

 For process air system, final effluent, and plant water systems, valves 3 inches and larger 
will be butterfly valves. Valves 2½ inches and smaller will be ball valves. 
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 In chemical systems, diaphragm valves will be used. 

 Check valves for wastewater and sludge systems will generally be swing-check valves. 
Check valves in chemical systems with be ball-check valves. 

 The default actuator type for power-operated valves will be electric unless valves 
supplied with packaged equipment systems or special systems require pneumatic 
actuators. Electric actuators will generally be 120-volt (120 V), single-phase on valves 
4 inches and smaller and will generally be 460 V, three-phase on valves larger than 
4 inches. 

 Gate Selection: 

- Gate schedules will be developed and updated as the design progresses. 

- Fabricated stainless steel or aluminum slide gates will be used in low head and, if 
required, modulating gate applications. Stainless steel or aluminum materials will be 
selected based on corrosion evaluation recommendations. 

- Cast iron slide gates (sluice gates) will be used in higher head and where lower 
leakage rates than provided with fabricated slide gates are required. 

Gates will be either manually actuated or powered by electric 460 V, three-phase actuators 
where deemed necessary. 

Building Services Design 
This section documents the building services design criteria to be used during the design. 
Building services consists of the heating, ventilation, and air-conditioning (HVAC), odor 
control, plumbing, drainage, and fire protection systems. This section will be updated when 
all new and renovated spaces are fully identified. Systems will be designed to minimize 
energy consumption.  

Codes and Standards 
Applicable codes and standards are as follows: 

 2010 Oregon Mechanical Specialty Code 

 2010 Oregon Fire Code 

 2004 State of Oregon Structural Specialty Code 

 2010 Oregon Energy Efficiency Specialty Code 

 2008 Oregon Plumbing Specialty Code 

 NFPA 820, 2003 Standard for Fire Protection in Wastewater Treatment and Collection 
Facilities 

 NFPA 13, 2010 Installation of Sprinkler Systems 

 American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc. 
(ASHRAE) Standard 62.1-2007, “Ventilation for Acceptable Indoor Air Quality” 
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 Sheet Metal and Air Conditioning Contractors’ National Association (SMACNA) HVAC 
Duct Construction Standards, 2005 

HVAC 
Temperature Design Criteria 
Temperature design criteria are as follows: 

 Winter exterior design temperature: 9°F (99.0 percent occurrence). 

 Winter indoor design temperature for electrical rooms and process spaces: 50°F. 

 Summer exterior design temperature: 89 dry bulb/66 wet bulb °F. (1.0 percent 
occurrence). 

 Summer indoor design condition for process spaces and electrical rooms: 104°F. Cooling 
ventilation will be used rather than mechanical cooling for electrical rooms and process 
spaces. Space temperature may exceed 104°F for, on average, a few extremely hot days 
each year. 

HVAC Systems 

 Process spaces will be ventilated in accordance with the requirements of Oregon 
Mechanical Specialty Code, Oregon Energy Efficiency Specialty Code, Oregon Fire 
Code, and NFPA 820 as required for safety and to maintain design electrical 
classifications. 

 HVAC system controls will be designed as a “process” with P&ID drawings, loop 
descriptions.  A pre-engineered system designed by a functional specification will be not 
acceptable to the City.  

 Process spaces will be heated. 

 Process spaces will be provided with ventilation cooling. 

HVAC Ductwork Criteria 

 All supply/exhaust ductwork in process areas will be aluminum. 

 The exhaust ductwork from any process hoods will be stainless steel. 

 Ductwork will be fabricated to SMACNA standards, which stipulate duct thickness 
based on size and pressure ratings. 

 Ductwork maximum duct pressure drop will be 0.10 inch water column (WC) per 100 
feet of duct. 

Plumbing Systems 
Piping Materials 

 Cold W1: 

 Pipe 3 inches and smaller, above floor, Type L copper pipe 
 Pipe 3 inches and smaller, below floor, Type K copper pipe 
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 Pipe 4 inches and larger, cement-lined ductile iron pipe 

 Sanitary Drain (D): 

 Above floor, hubless cast iron soil pipe 
 Below floor, hub and spigot cast iron soil pipe 

 Sanitary Vent (V): 

 Above floor, hubless cast iron soil pipe 
 Below floor, hub and spigot cast iron soil pipe 

Insulated Plumbing Piping 

 All hot water (HW) will be insulated. 

 Cold water pipes (W1) within moisture sensitive areas will be insulated to prevent 
condensation. 

Odor Control 
Each potential odor source will be evaluated for the possible future addition of odor control 
systems. Those sources identified as potentially needing future odor control shall be 
designed with provisions to facilitate the installation of these future systems. 

Noise 
The following section summarizes the major jurisdictional guidelines governing noise 
generation. 

Federal (OSHA) 
The federal government provides guidelines and enforcement actions for noise protection in 
the workplace through the Occupational Safety and Health Act, which is administered by 
the United States Department of Labor’s Occupational Safety and Health Administration 
(OSHA). Noise and hearing conservation is addressed in specific standards for 
recordkeeping and the general industry. OSHA specifically provides guidelines for noise 
protection under Standard Number 1910.95, titled Occupational Noise Exposure. The 
guidelines are specific regarding the monitoring and protection of noise in the workplace. 
Basic requirements adapted from Standard Number 1910.95 are summarized as follows: 

1910.95(a) 

Protection against the effects of noise exposure shall be provided when the sound levels exceed 
those shown in Table 5 when measured on the A scale of a standard sound level meter at slow 
response. When noise levels are determined by octave band analysis, the equivalent A-weighted 
sound level may be determined. 

Octave band sound pressure levels may be converted to the equivalent A-weighted sound level by 
plotting them on the graph provided in the standards and noting the A-weighted sound level 
corresponding to the point of highest penetration into the sound level contours. This equivalent 
A-weighted sound level, which may differ from the actual A-weighted sound level of the noise, is 
used to determine exposure limits from Table 5. 
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1910.95(b)(1) 

When employees are subjected to sound exceeding those listed in Table 5, feasible administrative 
or engineering controls shall be utilized. If such controls fail to reduce sound levels within the 
levels of Table 5, personal protective equipment shall be provided and used to reduce sound levels 
within the levels of the table. 

1910.95(b)(2) 

If the variations in noise level involve maxima at intervals of 1 second or less, it is to be 
considered continuous. 

TABLE 5 
Permissible Noise Exposures from Table G-16 of OSHA Standard Number 1910.95 
City of Bend WRF Secondary Expansion Project 

Duration per Day         
(hours) 

Sound Level dBA         
Slow Response 

Duration per Day         
(hours) 

Sound Level dBA         
Slow Response 

8 90 1-1/2 102 

6 92 1 105 

4 95 ½ 110 

3 97 ¼ or less 115 

2 100   

When daily noise exposure is composed of two or more periods of noise exposure of different levels, their 
combined effect should be considered. If the sum of the following fractions: C(1)/T(1) + C(2)/T(2).. + ..C(n)/T(n) 
exceeds unity, then, the mixed exposure should be considered to exceed the limit value. Cn indicates the total 
time of exposure at a specified noise level, and Tn indicates the total time of exposure permitted at that level. 
Exposure to impulsive or impact noise should not exceed 140 dB peak sound pressure level. 

dBA = decibel (A-weighted scale) 

State of Oregon  
The State of Oregon provides guidelines and enforcement actions for noise protection in the 
interest of public health through DEQ. DEQ specifically provides guidelines for noise 
protection under the OAR 340, Division 35—Noise Control Regulations. The regulations are 
specific regarding the monitoring and protection of noise impacts to the public. Table 6 
summarizes the allowable statistical noise levels in any 1 hour. For example, L10 – 55 
decibels (A-weighted scale) (dBA) implies that in any hour of the day 55 dBA can be 
equaled or exceeded only 10 percent of the time (6 minutes.) 
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TABLE 6 
State of Oregon Allowable Statistical Noise Levels In Any 1 Hour 
City of Bend WRF Secondary Expansion Project 

Existing and New Industrial/Commercial           
Noise Source Standards 

Industrial/Commercial Noise Source               
Standards for Quiet Areas 

7 am – 10 pm 10 pm – 7 am 7 am – 10 pm 10 pm – 7 am 

L50 - 55 dBA L50 - 50 dBA L50 - 50 dBA L50 - 45 dBA 

L10 - 60 dBA L10 - 55 dBA L10 - 55 dBA L10 - 50 dBA 

L1 - 75 dBA L1 - 60 dBA L1 - 60 dBA L1 - 55 dBA 

Source: OAR 340-35. 

County Noise Regulations 
The Deschutes County Code provides additional regulation of noise under Chapter 8.08, 
Noise Control. Article 8.08.070 states: “Except as permitted in DCC 8.08, no person shall 
make any unreasonable loud or raucous noise which disturbs, injures or endangers the 
comfort, repose, health, peace or safety of others within the legal boundaries of the County.” 
No specific noise limits are given within this code and references are given that default back 
to State of Oregon regulations. 

Fire Protection System 
Fire protection requirements will be determined as the design proceeds. 

Electrical Design 
The standards, code requirements, and design criteria related to electrical design have been 
summarized in TM 10—Electrical. Please refer to this technical memorandum for further 
information. 

Instrumentation and Control Design 
Existing Control System Overview 

The main components of the existing control system include: 

 Allen-Bradley PLCs and Input/Output (I/O) distributed throughout the facility for normal 
WRF process control, monitoring, and data acquisition. All existing PLCs are Allen-
Bradley SLC format, except the solids handling and new headworks PLCs, which are 
Allen-Bradley ControlLogix format. An Allen-Bradley Flex I/O system is used for 
remote I/O at the dissolved air flotation thickener (DAFT) building. 

 Wonderware Human-Machine Interface (HMI): Wonderware Intouch is used for control 
system operator interface. Intouch HMI workstations are located in the control building, 
reuse building electrical room, solids building electrical room, digester building 
electrical room, and the new headworks building. 

 Network Servers: The plant’s network servers are located in the control building. 
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 Control System Network:  The control system network is configured as a star, with its 
center located at the control building. 

 Fiber Optic Systems:  Fiber is used for network and data connections between buildings at 
the treatment plant.  Applications include the control system network, the internet 
protocol (IP) telephone system, and administrative workstation connections to the City’s 
wide area network. Connections made externally to the treatment plant site are 
accommodated by a fiber connection at the control building via service from Bend 
Broadband.  Within the plant, a fiber backbone is routed between the control building 
and the DAFT building.  Fiber to all plant facilities is routed directly from the DAFT 
building or the control building.   

 Remote Pump Station Monitoring:  The City has a radio-based SCADA system for 
monitoring remote wastewater pump stations, but data for the remote pump stations are 
not integrated into the plant’s existing HMI. 

Current Operational Modes 

The current levels of control include: 

 Local Control: Equipment has a method of local manual control for situations when the 
PLC or the operator workstations are not available. LOCAL/REMOTE selector switches 
are provided to transfer control to/from the PLC. In the Local Mode, PLC control is 
bypassed, and the equipment can be operated from the motor control center (MCC), 
local control station, or drive panel.  

 Remote–Manual Control: This mode allows equipment to be manually operated from the 
Wonderware Intouch HMI system via PLC control logic.  

 Remote–Automatic Control:  This mode allows the plant PLCs to automatically 
adjust/operate equipment to maintain normal process conditions. Operator monitoring 
and control interface is provided through the HMI workstations. 

Control System Features 
The Bend WRF control system has the following features: 

 The process control system consists of field-mounted instruments, which measure the 
process variables. 

 Hardwired I/O between PLC and instruments/drives.  Newer facilities and systems use 
Ethernet communication between drives and the PLCs. 

 PLCs are located in control panels throughout the site.   

 The operator interface system consists of HMI workstations located in facilities 
throughout the plant. 

 The WASTE1 HMI workstation located in the control room is the I/O server used by all 
other HMI workstations located throughout the plant.  If WASTE1 is offline, the other 
HMI workstations are incapable of providing monitoring and control features. 
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 Uninterruptible power supply units (UPS) are included at some of the main PLC panels 
to provide uninterruptible power to PLCs and network components.  UPS status is not 
currently monitored by the PLCs at most locations. 

Control System Objectives, Risk Identification, and Prioritization 
The control system tasks associated with the plant modifications and expansion require 
careful consideration. During project definition phase workshops with Bend staff, the 
existing system will be assessed along with identification of control system components and 
configuration that present a potential risk to the plant operations. Bend staff will help 
ensure that decisions related to the plant’s control systems are consistent with the control 
system master planning and standardization being executed by Harris Group under 
separate contract. This effort will result in a set of objectives for the control system and the 
identification of, and prioritization of, control system elements and tasks required along 
with the plant modifications. These control system tasks and elements will form the system 
concepts to be developed with Bend staff during the schematic design phase.  

 Some of the specific objectives include identifying, assessing, and prioritizing risks 
associated with the control system, as follows: 

 PLC hardware—reliability and redundancy 
 PLC hardware—age and hardware replacement availability 
 Network hardware and software—reliability and redundancy 
 HMI software—version, reliability, and redundancy 
 System maintainability 

 Maintain independence of hardwired interlocks for personnel safety and equipment 
protection, such as motor overloads, equipment over-pressure protection, etc., from the 
control mode. 

 Address critical process control requirements. 

 Maintain plant operations throughout all plant control system modifications including 
hardware, software, and networking modifications. 

 Maintain plant operations throughout construction of any process expansions or 
modifications.   

 Maintain the ability to not continuously staff the WRF operations. Future WRF 
operations are not expected to be staffed continuously. 

 Maintain current after-hours critical alarm dial out system. 

 Address the control system hardware, network, and software reliability, redundancy, 
and operational “levels of control” interactively and finalize during control system 
implementation workshops with Bend.  

 Allow for future expansion and capacity of the control system 
hardware/software/networks. 
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 Design the control system components (hardware, software, and applications 
implementation) to meet reliability and redundancy requirements as identified and 
defined during the concept definition workshops. 
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Executive Summary 
This memorandum provides basic geotechnical design criteria for the Bend Water 
Reclamation Facility (WRF) Secondary Expansion Project. 

In September 2009, data from 14 borings and 8 test pits were collected for the geotechnical 
evaluation of the Secondary Expansion Project. A draft Geotechnical Data Report (GDR) dated 
November 2009 containing the boring and test pit logs, laboratory testing, and geophysical 
survey was submitted to the City of Bend and is available for review.  

Additionally, a draft Geotechnical Design Report dated December 2009, containing the 
geotechnical interpretations, recommendations for foundation support, and construction 
considerations is available for review.  

In summary, the findings from the geotechnical evaluation consist of the following: 

 Foundation conditions consist primarily of shallow basalt rock, which contains some 
voids and cinders or soil like pockets. 

 The voids and cinders are relatively significant, requiring ground improvement 
consisting of compaction grouting to a depth of 50 feet. 

 Site has an IBC seismic Site Class C for seismic design of the structures in accordance 
with applicable building codes. 

 Provided ground improvement is performed for the structures, the allowable bearing 
pressure is 3,500 pounds per square foot. 

 The use of blasting for rock excavations is not recommended because of the existing 
nearby structures. 

 Groundwater is not expected to be encountered in the excavations and provisions for 
hydrostatic uplift (underdrains, pressure relief valves) are not required. 
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Geotechnical Design Criteria 
Seismic Design Criteria 
Seismic design criteria are summarized in Table 1. 

TABLE 1 
2006 IBC Code Values for Seismic Design 
City of Bend WRF Secondary Expansion Project 

Parameter Value 

Mapped Spectral Response Acceleration for Short Periods (SS) 0.38g 

Mapped Spectral Response Acceleration for 1-Second (S1) 0.16g 

Site Classification C 

Short Period Site Coefficient (Fa), based on Site Class C 1.20 

1-Second Site Coefficient (Fv), based on Site Class C 1.64 

MCE Spectral Response Acceleration for Short Periods (SMS = FaSs) 1.00g 

MCE Spectral Response Acceleration for 1-Second (SM1 = Fv S1) 0.26g 

Design Spectral Response Acceleration for Short Periods (SDS= 2/3 SMS) 0.31g 

Design Spectral Response Acceleration for 1-Second (SD1= 2/3 SM1) 0.17g 

Design PGA (at ground surface, period of zero seconds). (PGA = SDS x 0.4) 0.12g 

 

Ground Improvement Requirements 
Ground improvement methods will be required to stabilize the ground supporting the 
structures where voids, and cinder or soil filled voids are present. The method selected for 
ground improvement should use technologies that can inject a low-slump grout at 
prescribed pressures to fill the voids and compact surrounding cavity infill material to 
minimize the risk of collapse. A method commonly used for this type of ground 
improvement is compaction grouting, a process in which a low-slump grout mixture of soil 
and cement is pressure-injected at specific depth intervals. This technology is recommended 
because it is generally cost-effective compared to other grouting techniques used for this 
type application. Many other grouting methods use a lower slump or fluid grout that will 
likely seep under pressure into fissures or void zones that are outside the area of influence 
of the structure to be constructed. High-slump or fluid grouts would likely create problems 
of excessive grout use and the inability to achieve the desired grouting pressures.  

Technology of drilling equipment and methods has improved considerably since 1979, and 
equipment is expected to be more efficient and capable that those used previously. 

Bearing Pressure and Settlement 
Provided the ground improvement measures as recommended are used, the recommended 
maximum net bearing pressure for footings and slabs on grade is 3,500 pounds per square 
foot (psf). The net allowable bearing pressure may be increased by one-third for short-term 
loads, such as earthquake and wind loading. 
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Additionally, provided the foundation subgrade material is undisturbed or recompacted 
and that all voids are filled with grout, settlement of the new facilities as a result of the 
structural allowable bearing pressure is expected to be within tolerable limits, and is 
expected to occur shortly following the completion of construction. 

Lateral Earth Pressure 
Lateral pressures on walls with level backfill can be computed using equivalent fluid unit 
pressures for the varying states of static soil pressure using a sandy gravel backfill. In 
addition to the lateral pressures computed from the table, the effects of any surcharge 
pressure (for example, from adjacent structure foundations or roadways) should be 
included.  

It is recommended that the sidewalls of the proposed structures be designed to resist 
drained, at-rest earth pressures. 

Information about lateral earth pressures is presented in Table 2. 

TABLE 2 
Lateral Earth Pressures 
City of Bend WRF Secondary Expansion Project 

State of Soil Earth Pressure Coefficient Drained Equivalent Fluid Pressure (psf) 

At-rest Ko = 0.40 50H 

Active Ka = 0.29 37H 

Passive Kp = 3.4 212H 

 

For more detail discussion on the geotechnical data, laboratory testing, and geotechnical 
design and construction recommendations, refer to the GDR and Geotechnical Design Report. 

Recommendation for Additional Scope of Work 
During the project definition phase, the new primary clarifier and chlorine contact basins 
were relocated, and the addition of a fourth secondary clarifier was delayed.  The current 
location for the new primary clarifier is approximately 250 feet to the west of the original 
location. The current location of the new chlorine contact basin is approximately 270 feet 
north of the original location. No geotechnical explorations have been performed for these 
new locations; therefore, supplemental geotechnical borings are recommended to verify the 
design criteria listed above, including ground improvement requirements, bearing capacity, 
and lateral earth pressures. Specific recommendations will be developed early in schematic 
design, including the number of borings, test pits, and updating of data and design 
recommendations report. 
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Introduction 
On Thursday, September 30, 2010, CH2M HILL representatives Alex Firth and Brady Fuller 
conducted an onsite walkthrough of the existing Bend Water Reclamation Facility (WRF) to 
determine if the existing buildings or water holding basins proposed to be renovated or 
expanded in the upcoming secondary expansion project require seismic retrofit. 

In terms of the International Building Code, which is the basis of the Oregon Structural 
Specialty Code (OSSC), Chapter 34 for Existing Structures as modified by the OSSC states: 

3404.3 Existing Structural Element Carry Gravity Load. Any existing gravity load carry 
structural element for which an alteration causes an increase in design gravity load more 
than 5 percent shall be strengthened, supplemented, replaced or otherwise altered as 
needed to carry the increased gravity load required by this code for new structures. 

3404.4 Existing Structural Elements Carrying Lateral Load. Any existing lateral load 
carrying structural element whose demand-capacity ratio with the alteration considered 
is no more than 10 percent greater than its demand-capacity ratio with the alteration 
ignored shall be permitted to remain unaltered. 

The OSSC is intended for above grade, occupied structures, and has limited applicability to 
below grade, water retaining basins. As such, the provisions of Chapter 34 will be applied to 
the building structures at the plant. For the water holding basins, engineering judgment 
concerning increased loading on existing elements will be considered in the design to avoid 
overstress of existing structural members. For the purposes of this report, the observations, 
recommendations, and conclusions are divided into three groups: occupied building 
structures, water retaining structures, and miscellaneous structures (for example, exterior 
piping, site furnishings, etc.). 



TM 4—SEISMIC/STRUCTURAL EVALUATION OF EXISTING FACILITIES TO BE EXPANDED/UPGRADED 

2  TM_4_BEND_WRF_PD_SEISMIC_STRUCTURAL_02082011.DOCX 

Occupied Building Structures 
The proposed project work will potentially affect the following above grade, occupied 
structures: 

 Solids handling building 
 Chlorine building 
 Filter building 

Solids Handling Building 
For the solids handling building, the proposed scope is to remove the existing dewatering 
centrifuge and add a second dewatering belt filter press to the existing second floor 
mezzanine directly over the existing electrical room. Figure 1 provides a photograph of the 
second floor of the solids handling building. The mezzanine floor currently has one belt 
filter press unit mounted on the south side of the building. The existing drawings  indicate 
that the suspended slab was originally designed for a live load of 200 pounds per square 
foot (psf) (see excerpt provided in Figure 2 below) and to receive a second piece of 
equipment mounted in the proposed location of the new belt filter press (see Figure 3 
below). The new equipment is anticipated to be equivalent to the original existing design 
load. Chapter 34 of the OSSC states: 

3404.3.1 Design Live Load. Where the alteration does not result in increased design live 
load, existing gravity load carrying structural elements shall be permitted to be 
evaluated and designed for live loads approved prior to the alteration. 

Because the proposed loading conditions for the alterations will not change the design live 
load or the demand-capacity ratio by greater than 10 percent, given the original design 
accounted for a 200 psf design live load and provisions for a second belt filter, the code will 
not require a seismic upgrade to the existing facility. 
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FIGURE 1 
Solids Building Second Floor Mezzanine Looking at Area of Belt Filter Press 

 
FIGURE 2 
Original Design Live Load on As-Built Drawings 
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FIGURE 3 
Original Design Mezzanine Plan Showing Design for 2 Pieces of Equipment 

Chlorine Building 
Re-use of the chlorine building has not yet been detailed. Following the structural site visit, 
and during the course of project definition, construction of a new chemical building and 
new chlorine contact basins located north of the filter building was determined to be the 
preferred approach for disinfection. For this reason, it is expected that the existing chlorine 
building will be retained in operation through commissioning of the new disinfection 
facilities.  This building may be abandoned, or used for dry storage.   

Future use of the chlorine building could include any number of alternatives, but none are 
proposed for the building as part of this project definition report.   

Filter Building 
No significant modifications are expected. The installation of post-filtration disinfection 
equipment (in-vessel UV or hypochlorite) is not expected to occur inside the filter building, 
but in a new structure outside the limits of the existing building. 

Location of 
New Belt Filter 

Press.  Note 
provision for 

second piece of 
equipment 
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Water Retaining Structures 
Existing Primary Sludge Pump Station 
No significant modifications are anticipated. New concrete pump bases, and new pipe 
hangers may be required to support the proposed primary clarifier design. A new parallel 
primary influent line will be cut into the southeast concrete drop-box that was originally 
intended for future Primary Clarifier 3. New pipe supports would comply with the current 
OSSC and International Building Code.  

New Primary Sludge Pump Station and New Primary Clarifier 

These new structures will be designed to applicable new structural codes.  No modification 
of the existing facilities is expected to be required to accommodate these new structures.  

New Plant Drain Pump Station 
A new plant drain pump station is required as part of the secondary expansion. This is 
expected to be integrated with the new primary sludge pump station, although design 
concepts have not been advanced beyond a siting level.  

Aeration Basins 
Construction of new Aeration Basin 4 and associated pipe gallery, walkways, baffle walls, 
etc., will follow applicable structural codes, and interaction of the new structure with the 
existing structures will be considered in Schematic Design. A major structural retrofit will 
occur in the existing aerations basins. The proposed work includes the possible addition of 
new interior divider walls and modifications to existing channels. During final design, the 
effects of the added walls or modifications will be determined. It is anticipated that in terms 
of seismic resistance, the additional structural elements or modifications will not cause 
overstress of the existing basins requiring modification. Seismic loads will cause increased 
hydrostatic pressure due to sloshing of the fluid in the basin. The increased hydrostatic 
pressure will cause localized increase in stress in structural elements; however, water 
holding basins are typically designed for low design stresses to limit cracking in the 
concrete elements. Because the design stresses are typically low, and given that seismic 
events are infrequent, short duration events, the stresses in those elements can be allowed to 
increase without significant damage to the element. There would be an increased potential 
for cracking due to the increased localized stresses; however, the increased stress would 
typically not result in failure of the actual element.   

The sloshing caused by seismic force becomes more pronounced on interior elements where 
fluid is present on both sides of the element. Under these conditions, localized pressure 
increases occur on one side and localized pressure decreases occur on the other side. The 
interior elements will be analyzed to see if the net result of the increase and decrease in 
pressure results in failure of the element. If the element fails, determination of the damage 
caused by that failure will be need to be addressed. Typically, such elements are divider 
walls that are not intended to fully contain fluid and their failure will not result in overall 
failure of the basin. The interior element can be replaced following the seismic event, and 
the basin can return to full functionality. Because water holding structures built before the 
current seismic design criteria sometimes do not meet the new criteria, it is common for 
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facility owners to make decisions during planning and design that allow them to weigh the 
risk and consequence of failure of a non-life-safety structural element against the cost of 
replacing the element during a facility upgrade, or waiting until seismic failure may occur. 
New elements added to the basin would be designed to resist the seismic sloshing loads 
where their failure would not be detrimental to the basin.  

Blower Building 
No significant modifications are anticipated as the existing blowers are proposed to be used 
as backup, redundant equipment. A new blower building is proposed to be provided, which 
will not be connected to the existing structure. If the existing building were intended for re-
use with new, larger blowers the expected work would include:  new blower bases, new 
control panel or motor control center (MCC) bases, new discharge header mounted on 
north/west exterior of the building and new pipe hangers. Additionally, if no new blower 
building were provided, a small “lean-to” type structure would be required on the southern 
exterior side of the building to provide the required total air flow rate. New pipe supports 
would comply with the current OSSC and International Building Code. 

RAS/WAS Pump Station 
No significant modifications are anticipated. New pump bases and new pipe hangers may 
be required to support the design of the future Secondary Clarifier 4. New pipe supports 
would comply with the current OSSC and International Building Code. 

Secondary Clarifier Mixed Liquor Splitter Structure 
No significant modifications are anticipated. Hydraulic analysis has shown that the new 
mixed liquor feed pipe to future Secondary Clarifier 4 is expected to be connected to a new 
secondary clarifier splitter structure.  

Chlorine Contact Basins and Plant Water Pump Station 
During the course of project definition, these facilities have been recommended to be 
abandoned. No modifications to these structures are required.  

Miscellaneous Structures 
During the walkthrough, it was noted that the aeration air piping leaves the existing blower 
building above grade and travels to the aeration basin overhead. The blower piping is 
supported by a structural steel frame (see photograph in Figure 4). There are modifications 
to the blower piping that may occur as a result of the secondary improvements; however, 
the piping on the north side of the aeration basins may change as a result of increased air 
demand in all the aeration basins. Structural steel support frames, and wall hanger supports 
for the piping, may be required to be checked for the modified loading. It is anticipated that 
additional bracing or strengthening of the existing members will be required. Alternately, a 
new structural steel framing system could be installed to replace the existing if it is deemed 
insufficient. 
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FIGURE 4 
Existing Blower Pipe Support 
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Introduction 
The purpose of this technical memorandum (TM) is to present the site civil elements and the 
required site utilities related to the City of Bend Water Reclamation Facility (WRF) 
Secondary Expansion Project. The discussion will include a description of the existing site, 
new and existing facilities, and design elements associated with each facility.   

Project Site Description 
The project site is located in Deschutes County, Oregon, on the eastern edge of the City of 
Bend, near the Bend Municipal Airport. Main access to the plant is from the south with 
access off McGrath Road. The original Bend WRF was constructed on this site in 1981. 
Upgrades and expansions have been constructed between 1981 and 2008.  

Existing Facilities 
Existing WRF facilities include a recently constructed headworks facility, primary clarifiers, 
aeration basins, secondary clarifiers and return activated sludge/waste activated sludge 
(RAS/WAS) pump station, chlorine contact basins, reuse filter building, anaerobic digesters, 
solids handling building, and sludge degas beds. Other existing structures include an 
administration/service building, a garage, maintenance shops, and a 
training/administration building. 

New Facilities 
The secondary expansion project generally includes the addition of a third primary clarifier, 
a fourth aeration basin (may be postponed due to addition of integrated fixed-film activated 
sludge [IFAS]), a fourth secondary clarifier with flow splitter improvements, a new blower 
building, two new chlorine contact basins, chemical building, and significant yard piping 
and hydraulic improvements. 

Site civil work addressed will include topographical survey, landscape and access, and site 
circulation. Yard piping and site electrical work are described in TM 9— Yard Piping 
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Modifications and Hydraulic Flow Improvements and TM 10—Electrical. Site utilities, including 
plant water, hot water supply, hot water return, and plant air  are addressed in Fact Sheet 
12—Site Utilities, attached to TM 8—Process Facilities. 

The following exhibits are attached to facilitate civil review: 

 Site Layout 
 Site Vehicular Circulation 
 Site Grading 
 Site Topographical Survey  

State and Local Codes 
The civil design work on this project will be governed by state and local codes including the 
Oregon Department of Environmental Quality (DEQ), and City of Bend Fire Codes.   

The City of Bend Fire Department follows the Oregon Fire Code, Oregon Revised Statute 
(ORS) 479.200, the National Fire Protection Agency (NFPA), and the International Fire Code 
(IFC). These codes regulate the street width, slope, capacity for axle loads, and horizontal 
curves. 

The DEQ 1200C permit guides design of the erosion control features to be implemented 
during construction. The City of Bend Drainage and Grading Plan, and DEQ stormwater 
guidelines will be applied to the stormwater design elements for the site work grading and 
drainage. 

Topographic Survey 
Phase 1 of the topographical survey was completed. Phase 1 included the originally scoped 
expansion areas for the primary clarifier, aeration basin, secondary clarifier and splitter, 
blower building, RAS pump station, and existing chlorination area.   

Once final layout locations for major improvements are chosen, Phase 2 of the topographical 
survey will be completed, which will include items identified in the project definition phase. 
Pending City of Bend approvals, this phase is expected to include the new primary clarifier 
expansion area, the new chlorine contact basin area, new ultraviolet light disinfection (UV) 
area, and new chemical building and access.  

Horizontal and Vertical Control 
Existing survey control information for the City of Bend WRF was received from David 
Evans and Associates (DEA) on August 5, 2009, via email in a .txt file format. 

Upon review of the horizontal coordinates provided by DEA it appeared they were on the 
“Central Oregon Coordinate System” (COCS), which was verified by importing the 
coordinate file into the geographic positioning system (GPS) calibration template for the 
COCS. 
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The COCS is based on the following data: 

Horizontal: 

 Datum:   NAD 83 (adjustment 1991) 
 Projection:   Transverse Mercator 
 Zone:    Central Oregon LCS 
 Central Meridian:  W 121˚ 17’ 00.00” 
 Latitude of Origin:  N 43˚ 00’ 00.00” 
 Origin Northing:  0.00 feet 
 Origin Easting:  3,300,000.00 feet 
 Scale Along Meridian: 1.0001600 
 Linear Units:   International Foot 
 
Vertical: 
 Datum:   NGVD 29 
 
In cross checking the vertical component of the coordinates provided by DEA and 
benchmarks noted on the base drawing bd56base.dwg it was found that the coordinates 
provided are approximately 0.15 foot lower than published benchmarks on the WRF site. 
For this topographical survey, the elevation that is stamped on the 2.5-inch diameter 
Benchmark Number 3363 will be held. The elevation of this benchmark is 3,363.0 feet. The 
benchmark is located west of the south end of the digester building. 

The horizontal (COCS) position of DEA’s existing survey control will be held.   

Survey Topographical Map 
Please see the attached Phase 1 Topographical Survey. 

The scope of work for the initial topographical survey, Phase 1, included the following 
areas: 

 New Primary Clarifier 3 (PC3) south of existing Primary Clarifier 1 (PC1). 

 New Aeration Basin 4 (AB44) west of existing Aeration Basin 3 (AB3), and the area south 
of AB3. 

 New blower building and new RAS pump station between existing AB3 and Secondary 
Clarifier 2 (SC2). 

 New Secondary Clarifier 4 (SC4) west of existing Secondary Clarifier 3 (SC3), and the 
new secondary clarifier splitter structure northwest of SC2. 

 Existing chlorine contact basin/chlorine building north and east sides, and splitter 
structure. 

The expected scope of the Phase 2 Topographical Survey includes the following areas, 
pending City approval of the Project Definition Report: 

 New PC3 and Future PC4 west of existing PC2 
 New PC Splitter Structure 
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 New Chlorine Contact Basins 1 and 2 (CCBs 1 and 2) and Future  CCBs 3 and 4 
 New chemical storage building (sodium hypochlorite) 
 New UV structure 
 New plant water pump station 
 New outfall near the CCBs 
 New access roads   
 Survey of potholed existing utilities in conflict with proposed improvements  

One goal of the project definition workshop is to select preferred site layouts for the 
significant process structures, to best serve the short- and long-term needs of the WRF. 

Base Mapping 
The overall site plan base mapping was obtained from past City of Bend WRF work. New 
topographical survey will be obtained for specific areas of work to ensure the information is 
up to date, and on correct vertical and horizontal WRF datum, as described in the above 
Topographical Survey section.  

Grading 
Grading plans will show finish grade elevations of all new site work. Drainage arrows will 
be used to indicate direction of stormwater sheet flow, and slope arrows will be used to 
show gradient rates for access road ramps. Finish grade contours will be shown with 1-foot 
contour intervals, with control points, and breaklines indicated. Spot grades at grade 
changes and flowlines will be shown. Maximum cut and fill slopes will be 2:1.  

Primary Clarifiers 
The new PC3 and Future PC4 will need to be at the same elevation as existing PC1 and PC2. 
The walkways will need to be accessible for access and maintenance. Fill should be 
provided around the clarifiers, up to the existing walk elevation of 3,359 feet. The top of 
walls will be 3,363.0 feet. Ground in the area west of the existing PCs is approximately 3,345 
feet, so 14 feet of fill will be needed between PC2/3, and PC3/4. The west side of PC3 can 
slope off to catch native grade similar to existing PC2, with appropriate rails. When PC4 is 
built, the west side can also slope to native. The work is expected to fill up to 3,359 feet 
between the new splitter structure and PC3 and PC4. The grading around the splitter 
structure south side is expected to be similar to the grading around the existing splitter 
structure. 

Aeration Basins 
The new AB4 and future AB5 will be at the same elevation as the existing ABs. The top of 
the existing AB3 concrete wall is 3,360.3 feet; the south end grade slopes from 3,358 down to 
3,350 feet; and the west (low) side ground is 3,343 feet. The north end slopes from 3,350 
down to 3,343 feet. Similar grading around new AB4 is expected, with a rail around the 
exposed edges. The north end grading will need to accommodate the new blower building, 
and the south end will need to accommodate the pipe gallery extension and access. The 
road at the south end will ramp down to the lower elevation road to the west. 
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Blower Building 
The new blower building west of the existing blower building can be set at 3,350.2 feet to 
match the existing building, or set at a lower elevation to reduce earthwork. Grading 
contours will be checked to show that the access road ramp down from the south side of the 
secondary clarifiers does not encroach on the building perimeter. It may be prudent to split 
the grade between the existing blower building and the lower elevation road to 
accommodate the access road, and allow grades around the building to catch native without 
filling around the power poles or over the large underground power line. 

RAS Pump Station 
The new RAS pump station proposed west of SC2 and west of the access road has similar 
considerations to the elevation of the blower building. The RAS pump station building 
needs to be high enough to allow convenient access off of the proposed road, and low 
enough to accommodate pump station function, and be cost effective considering 
earthwork. 

Secondary Clarifier 
The new SC4 will need to be at the same elevation as existing SC1, SC2, and SC3. The 
walkway will need to be accessible for access and maintenance. Fill will be provided around 
the clarifier, up to the existing walk elevation of 3,352.2 feet. The top of walls will be 3,355.6 
feet. Ground between the new SC and the existing SCs and splitter will need to be 3,352 feet 
to accommodate access. Ground on the west and north sides can slope steeply to catch 
existing native grade, similar to the north and west sides of SC2, with a rail.  

Secondary Clarifier Splitter Structure 
It is expected that the ground around the SC splitter structure will be slightly lower than the 
SC walkways, given the proximity to the SCs. This will reduce the stairs needed to access 
the splitter, and prevent the “tower” look.  

UV Building 
The ground around the new UV building, shown east of the existing filter building, will 
match into surrounding surfaces to promote drainage and allow access. This area is 
relatively flat. 

Chlorine Contact Basin Area 
The new chlorine contact basins are located in a relatively flat area, and surrounding ground 
will be graded to promote drainage and allow access. 

Site Landscape 
Any landscaping will generally match the density and type of the existing landscaping 
around process structures. Site landscaping will be further developed during schematic 
design, once the project is more fully defined. 
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Erosion Control 
The site is surrounded by relatively flat, permeable soils, and the nearest significant natural 
surface water body is the Deschutes River, which is 2.5 miles away, with no tributaries that 
carry water from the site to the river. The project team will work with DEQ regarding 1200C 
permitting, and take appropriate erosion control measures during design so that site work is 
properly completed during construction. An erosion control plan showing the areas to be 
disturbed with the new construction, along with silt fencing at downhill construction limits, 
biobags and hay bales in channelizing areas, sedimentation basins with overflow to 
downstream sheet drainage and infiltration in native areas will be completed. The erosion 
control plan meeting City of Bend and DEQ requirements, along with the 1200C application, 
will be used by the City to apply for a 1200C permit, and obtain a City of Bend grading 
permit. 

Site Drainage 
Site grading will provide adequate drainage away from facilities and transversable grades 
for maintenance and delivery vehicles. Minimum cross slopes of 2 percent and minimum 
longitudinal slope of 0.5 percent will be applied to all roads. New roads will match existing 
grades at the project limits. Stormwater within the process areas will be routed by surface 
flow to the perimeters of the construction limits, then follow existing surface drainage paths 
offsite to surrounding native ground for infiltration. 

Drainage facilities will conform with the plant’s 1200C permit. Some water quality 
measures, such as infiltration basins at the perimeter of the WRF facilities area, may be 
added for treatment of a 2 year storm event.   

Site Access and Security 
The existing plant perimeter is secured with locked chain link fence. A similar type of chain 
link fence with similar dimensions will be installed with lockable gates to allow use of the 
existing access points and road system. The new fence location will be shown during 
schematic design, after the project layout is accepted by the City. 

Site Vehicular Circulation Evaluation 
Introduction 
The secondary expansion at the Bend WRF will require construction of new roads to allow 
for access to existing, proposed, and future facilities. Several existing paved and dirt roads 
of varying width exist throughout the site to provide current access for maintenance 
vehicles. Some of the existing roads are too narrow and contain small radii curves, which 
inhibit movement of emergency and large service vehicles. 

Proposed new roads will be 20 feet in width, which is the standard fire access per City of 
Bend requirements, except at connection to existing roads or where physical space is 
limited. All proposed roads will have a minimum separation from adjacent buildings of 
5 feet. The roads are shown as a starting point; City staff reviews and comments will be 
requested to be sure the roads match City needs.  
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Design Methodology 
The modeling software AutoTURN was used to analyze site circulation. A City of Bend type 
fire truck with 29.33-foot total length, 14.6-foot wheelbase, 8-foot width, and dual rear axles 
can travel all indicated new roads. A double tanker truck with 59-foot total width, the 
largest vehicle that may carry chemicals, such as hypochlorite, to the site, and the City of 
Bend Vactor Truck with 36.33-foot total length and 20.25-foot wheelbase can also travel all 
new roads proposed. These are the   largest vehicles expected to use the road system, so 
they were the design vehicles chosen for this analysis.  Existing access routes were 
maintained, and new roads were conceptually placed to provide access to existing, 
proposed, and future facilities. 

West Site Access 
Once construction is complete, the western edge of the site will have improved site access 
for maintenance and emergency vehicles.  Given the locations of proposed and future 
facilities and conceptual road placement, the fire truck vehicle path was used to check for 
turning clearances and general site circulation along the west side and the entire site.  It is 
anticipated that the western access will be placed at existing ground level and will contain a 
series of ramps up to the existing and proposed facilities.  This has been shown on the site 
circulation exhibit. 

Loop Road 
A new chlorine contact basin is proposed near the northeast corner of the site.  A loop road 
is being proposed for used by tanker vehicles.  It is envisioned for the tanker truck to drive 
up, unload, and continue through and off the site following a turnaround loop, with no 
need to backup to  turn around.   A double tanker vehicle was used to verify turning 
movements and general site circulation.  A second loop road has been shown on the site 
circulation exhibit as an additional loop access.  This will allow the tanker truck to unload 
and leave the site without travelling around the chlorine contact basin. 

Plant Water, Hot Water Supply, Hot Water Return, Air Lines, 
Compressors 
The 6-inch plant water (PW) pipeline adjacent to the aeration basin west side will need to be 
moved to the west side of Future AB5, with adequate separation to allow excavation for and 
construction of AB5. PW will originate from the new PW pump station, tie to existing PW 
lines, and be routed as needed to new buildings and structures. 

The hot water system and hot water return will be routed to the new and existing buildings 
that it has capacity to serve. 

Air lines and compressors will be added as needed. 

Recommendation for Additional Scope of Work 
During the project definition phase, several new areas for improvements have been 
identified to improve short-term and long-term plant layout.  These new areas will require 
additional survey and design efforts. The work can be completed during the schematic 
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design phase, after the site layout is approved by the City. This will help ensure that 
redundant work is avoided. The areas of new work are described below, followed by lists of 
additional civil tasks for survey and design: 

Areas of New Work 

 Primary clarifier expansion west, and new PC pump station and primary clarifier 
splitter box location. 

 Roadway and pipelines routes around north of secondary clarifier to new 
disinfection/reuse UV area. 

 New CCBs, chemical storage building, plant water pump station, hypochlorite truck 
loop. 

For these newly identified areas, the consultant team will need to complete the following 
tasks: 

Survey 

 Identify survey control for vertical and horizontal in the proposed areas, based on 
control established in Phase 1.  Complete digital differential leveling through additional 
survey control. 

 Conduct field survey of the three main areas, picking up natural and manmade features, 
including trees over 10 inches in diameter, and existing located buried utilities.  

 Verify the power poles north of the CCB proposed locations, and the location of the 42-
inch outfall line. Conduct deed research to confirm the BPA easement location. 

 Check the field work and complete a topographical base map for the new areas 
surveyed. 

 Include the new work in the existing base map file, using the same control. 

 Send the base mapping for review and comment.  Make any changes. 

 Coordinate with the City of Bend for potholing of buried conflicts in the Phase 2 area. 

 Survey potholed utilities in the Phase 2 area. 

 Add potholed utilities in Phase 2 to the base map. 

 Send for review, make revisions. 

Design 

 Complete schematic design for PC4, PC, PC pump station and splitter.  Show piping 
between the headworks, new PC pump station and splitter, PCs, and ABs.  PC3 and 
connective piping are included in the existing scope of work. 

 Complete schematic design concept for future AB5, with piping into and out of the 
basin.  AB4 and connective piping are in the existing scope of work. 
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 Complete schematic design concept for future SC5 and ML splitter structure, with 
connective piping from new splitter to existing splitter, to the SCs, and out to CCBs and 
Reuse.  SC4 and splitter structure and connective piping are included in the approved 
scope of work. 

 Complete schematic design for CCB1/2, CCB3/4, piping out to plant effluent, lines to 
relocate, new parallel 42-inch effluent, plant water pump station, chemical feed building, 
roads around the CCB area; address BPA easement location; confirm existing 42-inch 
effluent location per new survey. 

 Prepare overall site layout with all project definition improvements. 

 Prepare grading plan to address all project definition improvements. 

 Prepare stormwater schematic design addressing erosion control to include new areas 

 Provide associated cost estimating in coordination with overall project.  
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Introduction 
The purpose of this technical memorandum is to define and document the process design 
criteria that serve as the basis for the Bend Water Reclamation Facility (WRF) expansion. 
The flow and load projections were developed in the City of Bend Water Reclamation Facilities 
Plan (Carollo, 2008) and are restated here based on the values and information summarized 
in Technical Memorandum No. 1 Flow and Waste Load Projections (Carollo, 2008). 

Definitions 
The following terminology is used to define the flow and load values provided here. This 
terminology was developed in Technical Memorandum No. 1 Flow and Waste Load Projections 
(Carollo, 2008). 

Average Annual Flow (AAF). The average daily flow for an entire year. 

Average Day Maximum Month Flow (ADMMF). The average daily flow for the peak 
month of the year. 

Peak Day Flow (PDF). The maximum or peak flow recorded over an entire day. 

Peak Dry Weather Flow (PDWF). The maximum peak hourly flow during non-storm 
events. 

Peak Wet Weather Flow (PWWF). The maximum peak hourly flow at any 1 hour period 
during the year, associated with abnormal and infrequent rainfall events. 

  



TM 6—PROCESS DESIGN CRITERIA 

2  TM_6_BEND_WRF_PD_PROCESS_DESIGN_CRITERIA_02152011.DOCX 

Facilities Plan Influent Flow and Load Projections 
The summary of projected flows and loads to the Bend WRF shown in Table 1 was 
developed in Technical Memorandum No. 1 Flow and Waste Load Projections (Carollo, 2008). 

TABLE 1 
Projected Flows and Loads* 

City of Bend WRF Secondary Expansion Project 

Flow Condition (MGD) 2010 2020 2030 

Average Annual Flow 6.7 9.0 10.9 

Average Day Maximum Month Flow 7.3 9.8 11.9 

Peak Day Flow 8.4 11.2 13.6 

Peak Dry Weather Flow 13.1 17.6 21.4 

Peak Wet Weather Flow 17.9 24.0 29.1 

Biochemical Oxygen Demand Loading (ppd) 

Average Annual 19,700 26,200 31,800 

Average Day Maximum Month 24,000 32,000 38,800 

Total Suspended Solids Loading (ppd)    

Average Annual 19,300 25,800 31,300 

Average Day Maximum Month 26,200 35,100 42,600 

Total Kjeldahl Nitrogen Loading (ppd)    

Average Annual 2,800 3,700 4,500 

Average Day Maximum Month 3,600 4,800 5,900 

NH3-N Loading (ppd)    

Average Annual 1,800 2,400 2,900 

Average Day Maximum Month 2,300 3,000 3,600 

*Source: City of Bend Water Reclamation Facilities Plan Technical Memorandum No. 1 Flow and Waste Load 
Projections (Carollo, 2008). 

Collection System Buildout Peak Wet Weather Flow 
The Collection System Master Plan (CSMP) InfoSWMM model was originally prepared by 
MWH with subsequent modifications by Murray Smith and Associates (MSA) and is being 
used on current projects by CH2M HILL. The model reflects all changes and updates to the 
buildout collection system model performed by MSA as documented in the current CSMP 
Addendum #2. The City provided the most recent buildout model to CH2M HILL in 
support of the Parallel Plant Interceptor study. The collection system model was run by the 
City’s consultant design team in December 2010 to confirm the buildout peak wet weather 
flow rate, which was found to be approximately 50 mgd. 
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The plant interceptor includes an inverted siphon with approximately 5,000 feet of parallel 
21-inch and 36-inch sewers under the North Unit Irrigation District canal.  The capacity of 
this siphon structure functionally limits the volume of wastewater that can be conveyed to 
the treatment facility.  The rated capacity of the existing plant interceptor is dependent upon 
the design criteria used to delineate that capacity.   City operations and maintenance (O&M) 
staff anecdotal reports indicate that manhole lids were displaced for the two manholes 
upstream from the siphon inlet structure  (approximately 1,500 feet upstream) during the 
peak flow event of December 30, 2005.  The InfoSWMM hydraulic model predicts similar 
surcharging for 31 mgd flows associated with a 2028 UGB buildout of 115,063.  The siphon 
structure in the InfoSWMM model is modeled as a simple junction and additional 
refinement of hydraulic losses could be performed.  The existing model is probably 
conservative and could be refined through a calibration exercise, although the peak flow 
conditions needed for full calibration would not be achievable except during rare peak 
flows.   

In summary, the existing plant interceptor has a capacity less than 30 mgd. The condition of 
the plant interceptor has been documented and rehabilitation is planned over the next 
5 years.  The Parallel Plant Interceptor (PPI) options analysis included option B2, which 
provides full redundancy for the plant interceptor.  The PPI could convey peak flows on the 
order of 50 mgd, which is the expected buildout flows from the 2008 Collection System 
Master Plan.  During the City’s next CSMP update, the City should consider calibrating the 
plant interceptor hydraulics, which may provide some insights into the current condition 
and potential effects of sedimentation in the siphon pipes, and allow comparison to 
expected hydraulic performance.  

Comparison of Actual versus Projected Flows and Loads 
The flow and load projection work performed during preparation of the City of Bend Water 
Reclamation Facilities Plan Technical Memorandum No. 1 Flow and Waste Load Projections 
(Carollo, 2008) used 2005-2006 treatment plant data to determine the current (2007) flows 
and loads. Population projections for the period 2007 through 2030 assumed a rate of 
population increase equivalent to that experienced in Bend just before the facility planning 
effort. However, due to the recent economic downturn, population growth in the City of 
Bend has slowed significantly. Figure 1 compares the measured 30-day average influent 
flow rate and the projected maximum month flow rate for the years 2007-2011.   

Comparison of the actual and projected maximum month influent flows rate with the rated 
treatment plant capacity is pertinent to understanding the required timing and phasing of 
improvements to the Bend WRF. There are multiple sources of treatment plant capacity 
ratings available for the facility and Table 3 documents these various capacity ratings and 
assumptions associated with them to the extent that they are available. The ongoing 
modeling effort performed for the secondary expansion design will clarify the current 
treatment plant capacity and thoroughly document the assumptions surrounding that 
rating.  
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TABLE 3 
Summary of Existing Bend WRF Capacity Ratings 
City of Bend WRF Secondary Expansion Project 

Source Assumptions WRF Capacity Rating 

City of Bend Wastewater Treatment 
Plant Secondary Process and 
Related Improvements Sheet G9 
(David Evans and Associated, 
2001) 

SVI = unknown 

BOD Loading = 17,750 ppd 

TSS Loading = 19,900 ppd 

MLSS = 2,500 mg/L 

Average Daily Flow = 8.0 mgd 

Peak on Maximum Day = 10.0 mgd 

City of Bend Water Reclamation 
Facility Plan Technical 
Memorandum No. 5 Section 5.2 
(Carollo, 2008) 

SVI = 200 mL/g 

BOD Loading = unknown 

TSS Loading = unknown 

MLSS = unknown 

Average Annual Flow = 5.5 mgd 

Average Daily Maximum Month Flow 
= 6.0 mgd 

 BOD = biochemical oxygen demand; mgd = million gallons per day; mg/L = milligrams per liter; mL/g = milliliters 
per gram; MLSS = mixed liquor suspended solids; SVI = sludge volume index; TSS = total suspended solids. 

The facilities plan capacity rating is included in Figure 1 for comparison purposes. Figure 1 
demonstrates that the maximum month flow to the treatment facility leveled out at the end 
of 2006 and has been relatively stable at just under 6.0 mgd through July of 2009.  

   
FIGURE 1  
Measured 30-day Average Influent Flow Rate to the Bend WRF Compared to the Projected Maximum Month Flow Rate 
from the City of Bend Water Reclamation Facilities Plan Technical Memorandum No. 1 Flow and Waste Load Projections 
(Carollo, 2008). The maximum month capacity rating of the treatment facility is also shown. 
 
Treatment plant capacity is also dependent on the BOD and TSS loading to the facility, 
therefore, the actual 30-day average influent TSS and BOD loadings were compared to 
facility plan projected values. Figure 2 shows the influent TSS loading and Figure 3 shows 
BOD loading.   

It appears that the TSS loading to the treatment facility has been relatively stable between 
October 2006 and July of 2009. Similar to the flow graph above, TSS levels have been 
relatively constant over the past few years, reflective of the flat population growth. 
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FIGURE 2  
Measured 30-day average influent TSS loading to the Bend WWTF compared to the projected maximum month loading rate 
from the City of Bend Water Reclamation Facilities Plan Technical Memorandum No. 1 Flow and Waste Load Projections 
(Carollo, 2008). The location of the influent sample was changed in April of 2006 to be upstream of the plant recycles. 
 
However, the BOD loading has steadily increased between April 2006 and July 2009 at a rate 
comparable to the facility plan projections. This steady increase is not reflective of the flat 
population curve for the City of Bend, and may reflect other industrial or non-residential 
contributions to the system. 

 
FIGURE 3  
Measured 30-day average influent BOD loading to the Bend WWTF compared to the projected maximum month loading 
rate from the City of Bend Water Reclamation Facilities Plan Technical Memorandum No. 1 Flow and Waste Load 
Projections (Carollo, 2008). The location of the influent sample was changed in April of 2006 to be upstream of the plant 
recycles. 
 
Figures 1, 2, and 3 demonstrate that the change in population growth in the City of Bend has 
resulted in actual wastewater flows reaching the Bend WRF that are less than the 2010 
projected values provided in Table 1. The BOD and TSS loadings also appear to differ from 
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the projected values provided in Table 1. Though the current flow and load values are lower 
that the projections made during the facility planning efforts, it is likely that population 
growth in Bend will again increase. However, it is not clear when growth will start again 
and whether it will resume at a rate consistent the previous growth rate (pre-2007). Clearly, 
the timeline for this growth is not as predictable as it appeared in 2007-08 when the facilities 
plan was developed and approved. Therefore, the long-term implementation schedule 
needs to be flexible enough to accommodate variations in future population growth and 
future flows and loads. As a result, one of the goals of this predesign work is to develop 
solutions that can be phased in quickly, accommodating the resurgence of flow and load 
growth, when it does begin to occur. 

Near-Term Required Process Capacity 
The City has authorized development of a number of properties with a substantial number 
of equivalent dwelling units (EDU’s) that have not yet connected to the City sewer system.  
These outstanding EDU’s present some uncertainty about the timing of near-term sewage 
flows as these EDU’s could apparently connect at any time. The recent recession has 
significantly slowed development, such that the City’s planning division authorization will 
likely expire on some of these committed EDU’s.  City staff performed hydraulic modeling 
in January 2010 to estimate the near term peak dry weather average daily flow, and 
calculated 8.3 mgd.  This result has not be independently checked during completion of the 
project definition report.  Given the accuracy of the initial estimates, the project definition 
work has rounded the near term average dry weather average daily flow to 8.5 mgd.  A 
meeting is being planned near the beginning of schematic design to provide project 
documentation of the calculations, assumptions, and results.  It is assumed that the near-
term committed average day dry weather flow of 8.5 mgd is conservative because of the 
observed slow development in the community.  Future project documentation will clarify 
the basis of this near term estimate of average day dry weather flows.  
 
The peaking factors and concentrations were determined from the 2008 facilities plan 2030 
flow and load projections provided in Table 1 and used to scale the influent flow and 
loading rates to the near-term required ADMM process capacity of 8.5 mgd. The results are 
summarized in Table 2. 
 

TABLE 2 
Estimated Near-Term Flows and Loads* 

City of Bend WRF Secondary Expansion Project 

Flow Condition (mgd) Near-Term Required Process Capacity 

Average Annual Flow 7.8 mgd 

Average Day Maximum Month Flow 8.5 mgd 

Peak Day Flow 9.7 mgd 

Peak Dry Weather Flow 15.3 mgd 

Peak Wet Weather Flow 20.8 mgd 
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TABLE 2 
Estimated Near-Term Flows and Loads* 

City of Bend WRF Secondary Expansion Project 

Flow Condition (mgd) Near-Term Required Process Capacity 

Biochemical Oxygen Demand    

Average Annual 22,800 ppd (350 mg/L) 

Average Day Maximum Month 27,800 ppd (391 mg/L) 

Total Suspended Solids    

Average Annual 22,400 ppd (344 mg/L) 

Average Day Maximum Month 30,500 ppd (429 mg/L) 

Total Kjeldahl Nitrogen    

Average Annual 3,230 ppd (45 mg/L) 

Average Day Maximum Month 4,190 (59 mg/L) 

NH3-N    

Average Annual 2,090 ppd (32 mg/L) 

Average Day Maximum Month 2,560 ppd (36 mg/L) 

*Based on peaking factors and concentrations determined from the 2008 facilities plan 2030 flow and load 
projections. 

This “near-term” process capacity of 8.5 mgd ADMM provides a reasonable process 
capacity target about midway between the current ADMM flow of approximately 6 mgd 
and the year 2030 projected ADMM flow of 11.9 mgd from the 2008 facilities plan. 

Facility Design Criteria for Predesign—Recommendations 
It is recommended to design the secondary expansion at the Bend WRF to meet the 2008 
Facilities plan 2030 flow projections provided in Table 1 while installing hydraulic 
provisions where appropriate to accommodate the buildout peak wet weather flow (50 
mgd) and ensure ease of future expansion.  

However, the cost of building all process facilities to meet a 20-year planning period is 
typically cost-prohibitive now that communities are funding their own wastewater 
infrastructure. As a result, this project definition work identified opportunities to defer 
some of the costs associated with fully accommodating the 2008 facilities plan 2030 flow and 
load projections, while still avoiding any stranded investment in facilities. The following 
facilities were identified as candidates for cost deferral, and therefore these facilities are not 
being designed to meet the full 2030 flow and load projections. These project elements will 
be “phased in” over the 20 year planning horizon to more closely match observed influent 
flows and loads:  

 The installed integrated fixed-film activated sludge (IFAS) carrier media volume. 
 The installed blower capacity. 
 The secondary clarifiers. 
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 The return activated sludge (RAS)/waste activated sludge (WAS) pump station. 

The IFAS process provides a unique opportunity to easily increase process capacity by 
adding additional carrier media and blowers once the initial capital investment in 
infrastructure is made to accommodate the process. Given the uncertainty associated with 
the timing of flow and load increases to the treatment facility, it is recommended to initially 
only provide carrier media and blower capacity to reach the near-term required process 
capacity of 8.5 mgd ADMM. Additional capacity can be added relatively easily in the future 
by adding additional carrier media and installing more blower capacity. 

The need for new secondary clarifiers and RAS/WAS infrastructure is not projected until 
the end of the planning horizon (near the point at which flows increase to 11 mgd ADMM). 
Given the fact that the existing secondary clarifier infrastructure is sufficient to provide 
reliable operation beyond the near-term process capacity (8.5 mgd ADMM), the deferral of 
improvements to these facilities is also recommended as a cost saving measure. 

Plant Reliability Criteria 
EPA requires that wastewater facilities meet the requirements for reliability and 
redundancy in their treatment components and associated equipment. The reliability and 
redundancy standards establish minimum levels of reliability for three classes of 
wastewater works. Oregon DEQ has classified wastewater facilities in Oregon and applied 
these EPA Reliability Criteria, governing the reliability of mechanical, electrical, and fluid 
systems used in wastewater systems. The standards are intended to protect the 
environment, particularly receiving waters, against unacceptable degradation resulting 
from power failure, flood, peak loads, equipment failure, and maintenance shutdowns. The 
standards are divided into three, decreasingly stringent classes of reliability: I, II and III. 

The EPA Reliability classification of the Bend WRF was discussed at a meeting with Oregon 
DEQ, CH2M HILL, and the City of Bend on October 28, 2010. Because the Bend WRF does 
not discharge to a surface water with human contact, the Bend WRF was determined to be a 
Class II facility at the October 28, 2010 meeting. Table 4 provides the Class II component 
reliability standards as they relate to the City of Bend WRF. Excerpts from the EPA technical 
bulletins Design Criteria for Mechanical, Electrical, and Fluid System and Component Reliability 
(EPA-430-99-74-001) and Construction Grants CG-85 (EPA-430-9-84-004) are attached for 
reference. 

TABLE 4 
Class II Component Reliability Standards 
City of Bend WRF Secondary Expansion Project 

Component Reliability Criteria 

Mechanical screens Backup screen required for peak flow 

Primary clarifiers Multiple basins; with largest unit of our service, remaining basins have capacity for at 
least 50% design flow 

Aeration basins Minimum of two of equal volume; no backup required 

Aeration blowers Multiple units required; with the largest unit out of service, remaining units shall be able 
to maintain the design oxygen transfer efficiency.  The backup unit may be uninstalled. 



TM 6—PROCESS DESIGN CRITERIA 

TM_6_BEND_WRF_PD_PROCESS_DESIGN_CRITERIA_02152011.DOCX  9 

TABLE 4 
Class II Component Reliability Standards 
City of Bend WRF Secondary Expansion Project 

Component Reliability Criteria 

Air diffusers Multiple sections; with largest unit out of service, oxygen transfer capability not 
measurably impaired 

Secondary clarifiers Multiple basins; with larges unit out of service, remaining basins have capacity for at 
least 50% design flow 

Filters Backup not required. 

Chlorine contact 
basins 

Multiple basins; with larges unit out of service, remaining basins have capacity for at 
least 50% design flow 

Anaerobic digesters Minimum of two tanks 

Sludge mixed 
equipment 

Backup equipment or flexibility of system such that with one piece of equipment out of 
service, total mixing capability is not lost; backup equipment may be uninstalled. 

Sludge pumping Sufficient capacity to handle peak flow with one unit out of service.  Backup may be 
uninstalled 

Electrical power Two separate and independent electric power sources for either two separate utility 
substations or one substation and one standby generator.  The backup power source 
should have capacity of operate mechanical bar screens, main pumps, primary 
sedimentation, disinfection, and critical lighting and ventilation.  For Class II facilities, 
treatment should be at least equivalent to primary sedimentation and disinfection. 
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Introduction 
The purpose of this technical memorandum is to define and document the overall treatment 
process evaluation used as the basis for the Bend Water Reclamation Facility (WRF) 
Secondary Expansion Project.  Information presented in Technical Memorandum (TM) 6—
Process Design Criteria is used as part of this evaluation. 

Design Criteria 
TM 6 presents the design criteria utilized for the Bend WRF Secondary Expansion Project. 
These design criteria are used as part of the process evaluation summarized in this 
memorandum. Design criteria are developed for the Bend WRF Secondary Expansion 
Project through a combination of information incorporated from the facilities plan, industry 
standard design criteria, and criteria established through the use of whole-plant process 
simulations. Each unit process has an associated fact sheet, highlighting the design criteria 
used for the facility. The governing criteria are either hydraulic loading or process oriented. 
The fact sheets are presented as part of TM 8—Process Facilities. 

Within the fact sheets and technical memoranda, there are a number of references to 
ultimate buildout capacities. The intent of this project definition phase is to determine the 
optimal design criteria for use within the project. Some features, such as hydraulic 
improvements, need to be sized to convey ultimate buildout capacities depending on their 
location. The actual criteria used in the Bend WRF Secondary Expansion Project will be a 
combination of these ultimate buildout criteria and near-term criteria that allow for a cost-
effective expansion of the facility. 

In addition to the 2030 flow and load projections from the Bend WRF facilities plan and 
ultimate buildout capacities, a near-term anticipated capacity of 8.5 mgd (average day 
maximum month [ADMM]) is utilized as part of the evaluation. This capacity aligns with 
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the number of equivalent dwelling units (EDUs) the City of Bend had committed to users 
within the service area. These users have not connected to the system, but the City at the 
very least would like this capacity incorporated into the Secondary Expansion Project. 

Preliminary Process Evaluation 
The proposed treatment process was modeled and mass balances were developed using the 
CH2M HILL whole-plant simulation software named Professional Process Design (Pro2D™). 
Pro2D™ has an Excel-based user interface and is developed by CH2M HILL to assess 
treatment facility performance. Pro2D™ tracks inert particulates and slowly biodegradable 
substrates (which includes high molecular weight, colloidal, and particulate organic matter) 
and soluble substrates from the WRF influent through effluent stream as well as in the 
internal liquid and solids processes and recirculation streams. Suspended bacterial growth 
substrate transformation processes are modeled in Pro2D™ with a mathematical model 
similar to the IWA ASM2d. The mathematical model in Pro2D™ used to describe bacterial 
growth and substrate transformation in the proposed integrated fixed-film activated sludge 
(IFAS) system (which includes both a biofilm reactor and suspended biomass environment) is 
based on the model described by Boltz et al. (2009a, 2009b).  

The initial task for this process evaluation effort was to calibrate the process simulation 
against existing performance and operation data from the Bend WRF. Once a calibrated 
simulation was developed, the whole plant simulation was used in the project definition 
phase to develop the initial design criteria in part, evaluate the unit processes impacted in 
the WRF expansion, determine the number of unit processes required to meet the associated 
design criteria, and to help develop a strategy to meet the buildout flows and loads 
anticipated at the WRF.  

Process Simulation Calibration 
Prior to implementing the integrated fixed-film activated sludge (IFAS) process in Pro2D, 
the whole plant simulator was calibrated using plant operating data and detailed plant 
characterization data collected by the City of Bend.  The simulation was developed with the 
Bend WRF operating with the existing unit processes in service. The aeration basins, in the 
scenario, operate in the Modified Ludzack-Ettinger (MLE) configuration. This section 
documents the steps taken to calibration the Pro2D whole plant simulator for the City of 
Bend WRF. 

Selection of Calibration Period 
The calibration period was selected to be equal to the time period of detailed treatment 
plant characterization performed by the City of Bend November 29, 2009, through 
December 10, 2009.  The solids retention time (SRT), mixed liquor suspended solids (MLSS), 
and wasting rate were relatively stable during this time period as shown in Figures 1, 2, and 
3, respectively below. The lines on these figures illustrate that the chosen calibration period 
is within a month of stable treatment plant operation and is a good choice for steady state 
model calibration. 
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FIGURE 1 
Solids Retention Time at the Bend WRF 
 

 

FIGURE 2 
Mixed Liquor Suspended Solids Concentration at the Bend WRF 
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FIGURE 3 
Wasting Rate at the Bend WRF 

Model Calibration 
The calibration of a process simulator is a two-step process: (1) compare simulated values 
against existing performance and operational data for a given time period, then (2) use this 
simulation as calibrated to another time period for validation. The Pro2D was calibrated 
such that the predicted MLSS, waste activated sludge (WAS), and SRT matched the 
measured values within 10 percent and such that the nitrogen concentrations across the 
aeration basin and in the effluent matched the measured data.  This calibration was done by: 

 Adjusting the SRT until the WAS and MLSS above or below the measured values by the 
same percentage. 

 The influent characterization parameters and solids recycle parameters were adjusted to 
get the absolute values of MLSS and WAS to within 10 percent of the measured values. 

 Influent characterization parameters were also adjusted to ensure the predicted primary 
effluent (PE) characterization matched the measured values. 

Table 1 summarizes the resulting comparison between plant operating data, detailed plant 
characterization data, and the Pro2D simulation prediction.  The resulting calibration 
captures the characteristics of the Bend WRF successfully. For completeness of 
documentation, it should be noted that there was uncertainty related to some parameters 
during the calibration.  The following parameters or predictions were either uncertain or 
unknown: 

 Return Activated Sludge (RAS) Rate.  The RAS rate at the treatment plant is typically 
held around 50 percent of the primary effluent flow. However, for this time period, the 
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exact value was unknown.  The RAS rate was estimated using the measured data and 
state point analysis resulting in a RAS rate of 125 percent. 

 Mixed Liquor Recirculation (MLR) Rate.  The mixed liquor recycle rate is not directly 
measured but there is anecdotal evidence that the Bend WRF runs with an MLR rate that 
could be higher than 500 percent.  The MLR rate in the model was adjusted to match the 
nutrient profiles for ammonia and nitrate as shown in Figures 4 and 5.  This resulted in 
an MLR rate of 450 percent for model calibration. 

 Wastewater Temperature.  The wastewater temperature during the calibration period 
was not directly measured, so the calibration was performed at a wastewater 
temperature of 17 degrees Celsius (C) (the historical average for this time period). 

 Digester Performance and SRT.  Data on digester operating parameters and 
performance were limited during the calibration effort.  Additionally, the filtrate at the 
Bend WRF is returned to the head of the plant during low flow periods, which is outside 
the simulation capabilities of the steady-state, whole plant simulator. The steady-state 
simulation looks at this value on an average, daily basis, which is appropriate for this 
calibration effort. The digester performance and loading influences the predicted recycle 
concentrations of ammonia, and the accurate prediction of these concentrations is 
important to ensure that the process is successfully designed to meet total nitrogen (TN) 
limits.  If lower TN limits are required in the future, the model will need to capture these 
parameters more reliably.  

 Alkalinity. Unfortunately the City was unable to measure the influent alkalinity during 
the supplemental testing due to the location of the composite sampler (downstream 
from the alkalinity addition point).  An assumed alkalinity value is used in the 
simulation. 

TABLE 1 
Summary of model prediction compared to collected data 
City of Bend WRF Secondary Expansion Project 

Parameter (unit) Dataa Modelb 

Influent 

Influent Flow (mgd) 5.5 -- 

Influent BOD pounds per day (ppd) 16,779 -- 

Influent TSS (ppd) 18,479 -- 

Influent NH3-N (ppd) 1,296 -- 

Influent Total PO4-P (ppd) 357 -- 

Influent Alkalinity (mg/L) 250 -- 

Soluble Chemical Oxygen Demand (COD) (mg/L) 268 262 

Readily Biodegradable (RB) COD (mg/L) 142 133 

Ortho-Phosphate (mg/L) 4.0 4.2 

SVI (mL/g) 185 -- 
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TABLE 1 
Summary of model prediction compared to collected data 
City of Bend WRF Secondary Expansion Project 

Parameter (unit) Dataa Modelb 

Temperature (°C) -- 17 

Primary Effluent 

PE TSS (mg/L) 118 114 

PE Volatile Suspended Solids (VSS) (mg/L) 106 105 

PE BOD (mg/L) 199 191 

PE COD (mg/L) 432 403 

PE Soluble COD (mg/L) 270 256 

PE RB COD (mg/L) 175 128 

PE Total Kjeldahl Nitrogen (TKN) (mg/L) 54 47 

Secondary 

SRT (days) 12.9c 12.9 

RAS Flow (% of Inf) -- 125% 

RAS TSS (mg/L) 5,365 5,370 

MLR Flow (% of Inf) -- 350% 

MLSS (mg/L) 2,985 3,041 

Mixed Liquor Volatile Suspended Solids (MLVSS) (mg/L) 2,547 2,416 

Volatile fraction (%) 85% 79% 

WAS (ppd) 6,066 5,863 

Effluent 

TSS (mg/L) 7.4 -- 

BOD (mg/L) 6.8 2.7 

COD (mg/L) 77.4 36.1 

TKN (mg/L) 2.0 1.9 

NH4 (mg/L) 0.04 0.05 

NO3 (mg/L) 5.4 6.4 

TN (mg/L) 7.4 8.3 

aValues with” –“ entered indicate that the parameter was not provided in the plant 
characterization data set. 
bValues with” –“ entered indicate that measured value was a model input parameter. 
cCalculated value from existing data set. 
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FIGURE 4 
Comparison between the Model Predicted and Measured Ammonia Concentrations across the Aeration Basins at the Bend 
WRF   
Zone 0 indicates the primary effluent concentration. 
 

 
FIGURE 5 
Comparison between the Model Predicted and Measured Nitrate Concentrations across the Aeration Basins at the Bend 
WRF 
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The values in Table 1 indicate a good calibration between the simulation and actual 
measured parameters. While there are values that do not ideally align, a number of key 
parameters are within the 10 percent criteria (MLSS, WAS Rate, PE COD, Effluent TN). This 
calibrated model was validated against data from July 2010. The influent parameters were 
adjusted accordingly and the simulation predicted similar performance. While the values 
were not as aligned as during the calibration period, the key parameters were within 10 to 
20 percent. With these results, it is determined that the calibrated simulation can be effective 
in predicting performance of the proposed IFAS process based on the determined influent 
and biological characterization parameters.   

Process Simulation Results 
The whole-plant process simulation has been used as part of the project definition phase of 
the project and will continue to be used throughout as the design progresses. The Pro2D 
simulation has been used as part of the project definition phase for three primary tasks: 

 Assess the process capacity of the existing WRF with one basin out of service to 
determine constructability implications 

 Determine the ultimate process capacity of the WRF with three and four aeration basins 
converted to the IFAS system 

 Develop the IFAS design (carrier media fill) for the near-term process capacity 

With the development of this simulation and associated evaluations, the design capacities 
for various unit processes and equipment are determined. This memorandum presents an 
overview of the process evaluation from a whole-plant perspective. Details for each 
respective unit process and associated equipment are presented in the fact sheets included 
with TM 8—Process Facilities. 

Existing WRF Process Capacity Evaluation 
This information is presented in Fact Sheet 3, as this was used in part to develop the 
recommended aeration basin conversion approach. The primary decision in the project 
definition phase was to convert the existing three aeration basins to the IFAS system, or 
install a new, fourth IFAS aeration basin plus retrofit of the existing basins. The challenge in 
retrofitting the existing aeration basins to the IFAS system is related to constructability 
issues. The existing aerations basins are currently approaching their rated capacity, making 
it difficult to remove a basin from service for the allowable construction period. 

Based on the calibrated whole-plant process simulation, the approximate capacity of the 
existing secondary treatment system is 6.5 mgd (ADMM). This is based on the treatment 
criteria established in the facilities plan of meeting the effluent total nitrogen limit of 
10 mg/L for the annual average conditions (wastewater temperature of 17C), but only 
providing nitrification during the coldest time of year (13.5C wastewater temperature). To 
provide complete nitrification during the average annual conditions, a safety factor of 2.0 is 
used against the minimum SRT required for nitrification. This safety factor is reduced to 1.5 
during the winter conditions for this evaluation. Some of the key assumptions for this 
capacity evaluation are to have an SVI of 200 and maintain a dissolved oxygen 
concentration of 2.0 mg/L within the aerobic zones of the aeration basin. With one aeration 
basin offline, there will be an impact on overall WRF capacity. Holding to the established 
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design criteria, Table 2 presents a comparison of the WRF performance for the operation of 
three and two aeration basins. For this evaluation, all secondary clarifiers are assumed to be 
in service. 

TABLE 2 
Aeration Basin Retrofit Option Comparison 
City of Bend WRF Secondary Expansion Project 

Units  

Number of Aeration Basins Online 
% 

Increase Three Two 

ADMM Capacity mgd 6.5 6.5 - 

Winter Conditions 

Temperature C 14 14 - 

SRT  8 8 - 

MLSS mg/L 3,000 4,120 37% 

SVI  200 200 - 

Solids Loading Rate (SLR)  20.0 26.5 33% 

Limiting SLR  27.0 27.0 - 

Effluent TKN mg/L 2.5 2.57 3% 

Effluent NH3-N mg/L 0.37 0.41 11% 

Effluent NO3-N mg/L 8.1 8.21 1% 

Effluent Total Inorganic Nitrogen (TIN) mg/L 8.47 8.6 2% 

Effluent TN mg/L 10.6 10.78 2% 

Average Annual Conditions   

Temperature C 17 17 - 

SRT  8 8 - 

MLSS mg/L 2,700 4,000 48% 

SVI  200 200 - 

 SLR  17.4 25.9 49% 

Limiting SLR  27.0 27.0 - 

Effluent TKN mg/L 2.31 2.31 - 

Effluent NH3-N mg/L 0.16 0.16 - 

Effluent NO3-N mg/L 7.4 7.7 4% 

Effluent TIN mg/L 7.56 7.9 4% 

Effluent TN mg/L 9.71 10.01 3% 

 

As noted in Table 2, there is an increase in a number of operational parameters when 
utilizing only two aeration basins. The process simulation is representative of WRF 
performance, but the use of the “% increase” values against existing measured values is 
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recommended. As an example, the MLSS would increase by approximately 37 to 48 percent 
with only two aeration basins in service. From this comparison, it does appear that it would 
be a significant operational challenge to maintain treatment performance with two aeration 
basins in service. 

Ultimate System Process Capacity 
The whole-plant process simulation was used to determine the overall process capacity 
available at the WRF with three or four IFAS aeration basins, plus the associated expansion 
required for the remaining unit processes. The following evaluations were completed: 

 Comparison of ultimate process capacity of three and four aeration basins (converted to 
IFAS) 

 Carrier media volume required to meet 2030 flow and loads between three and four 
aeration basins 

The performance criteria for these evaluations are to meet an effluent TN of 8.5 mg/L at a 
wastewater temperature of 17C. Table 3 presents the results of these evaluations. 

TABLE 3 
Aeration Basin Scenario Comparison 
City of Bend WRF Secondary Expansion Project 

Scenario Results 

Ultimate Aeration Basin Process Capacity (67% 
Media Fill) 

Three Aeration Basins – 13.0-mgd ADMM 

Four Aeration Basins – 17.0-mgd ADMM 

2030 Flow and Loads Comparison (11.9-mgd ADMM) 

 

Three Aeration Basins – 60% Media Fill 

Four Aeration Basins – 44% Media Fill 

  

As reflected in Table 3, only three aeration basins and the appropriate media fill are 
required to meet the planning criteria flow and loads through 2030. However, with the 
installation of a fourth aeration basin there will be added flexibility for operation and 
expansion of the WRF. Carrier media management can be optimized, taking advantage of 
the additional bioreactor volume available in the system.  The decision process to reach the 
installation of a fourth aeration basin is documented in Fact Sheet 3, which is attached to 
Technical Memorandum 8. 

Near-Term Process Capacity 
As noted in the design criteria section of the memorandum, the near-term process capacity 
of 8.5-mgd ADMM is being used in the evaluation. A unique aspect of the IFAS system 
design is that the media installation can be phased throughout the planning period to cost-
effectively meet the required process capacity in the system. The infrastructure in the IFAS 
basins will be designed to accommodate the ultimate process capacities, but the volume of 
carrier media will only be installed to meet the near-term capacity requirements. As flow 
and load growth in the system continues throughout the planning period, additional carrier 
media will be required. Table 4 presents the carrier media volume required to meet 8.5-mgd 
ADMM capacity between three and four aeration basins. The performance criteria for these 
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evaluations are the same as in the ultimate capacity evaluation, with the system meeting an 
effluent TN of 8.5 mg/L at a wastewater temperature of 17C.  

TABLE 4 
Aeration Basin Scenario Comparison 
City of Bend WRF Secondary Expansion Project 

Scenario Results 

Near-term Capacity Comparison 
(8.5-mgd ADMM) 

 

Two Aeration Basins – 55% Media Fill 

Three Aeration Basins – 25% Media Fill 

Four Aeration Basins – 25% Media Fill (minimum fill requirement) 

  

Preliminary Process Evaluation Summary 
The results from the project definition phase have helped establish the framework for the 
design of the Bend WRF Secondary Expansion Project. The whole-plant process simulation 
will continue to be used throughout the design to help refine various aspects of the design, 
but this will not impact the major decisions completed as part of the project definition effort. 
Results from this initial evaluation are presented for the ultimate process capacity with four 
aeration basins (17-mgd ADMM) along with the near-term process capacity (8.5-mgd 
ADMM) with three aeration basins in service.  

Table 5 presents the design temperatures and biofilm surface areas for each scenario. The 
mass balance values are listed in the Attachment to this TM for these two ADMM 
conditions. The two conditions presented are developed under average temperature 
conditions. Attachment Tables A-1 and A-2 provide additional details for each scenario. 
Additional scenarios were completed to determine facility operation under the minimum 
and maximum temperatures, but these are not presented in this memorandum.  

TABLE 5 
Design Temperatures  and Biofilm Surface Area 
City of Bend WRF Secondary Expansion Project 
Parameter Value 

Wastewater  

     Minimum Temperature  (°C) 13.5 

     Average Temperature (°C) 17 

     Maximum Temperature  (°C) 23 

Ambient  

     Maximum Temperature (°F) 90 

     Minimum Temperature (°F) 10 

Biofilm Surface Area (m2)  

     IFAS (25% Media Fill, three Aeration Basins) 122,500 

     IFAS (67% Media Fill, four Aeration Basins) 1,171,600 

 



TM 7—OVERALL TREATMENT PROCESS EVALUATION 

12  TM_7_BEND_WRF_PD_OVERALLTREATMENTPROCESSEVAL_02152011.DOCX 

References 
Boltz, J.P.; B.R. Johnson; G.T. Daigger; and J. Sandino. 2009a. Modeling Integrated Fixed 
Film Activated Sludge (IFAS) and Moving Bed Biofilm Reactor (MBBR) Systems I: 
Mathematical Treatment and Model Development. Water Environ. Res., 81. 576–586. 

Boltz, J.P.; B.R. Johnson; G.T. Daigger; J. Sandino; and D. Elenter. 2009b. Modeling 
Integrated Fixed Film Activated Sludge (IFAS) and Moving Bed Biofilm Reactor (MBBR) 
Systems II: Evaluation. Water Environ. Res., 81. 555–575. 

 

 



TM_7_BEND_WRF_PD_OVERALLTREATMENTPROCESSEVAL_02152011.DOCX   

Attachment





TM_7_BEND_WRF_PD_OVERALLTREATMENTPROCESSEVAL_02152011.DOCX   

TABLE A-1 
Summary of Process Modeling – Near-Term Process Capacity 
City of Bend WRF Secondary Expansion Project  
Parameter ADMM 

Influent Design Flow (mgd) 8.5 

Total Process Reactor Volume (MG), Three Aeration Basins in Operation 3.15 

Anoxic Volume (MG)  

  Anoxic Zones 1, 2, and 3 1.08 

  Post-Anoxic Zone 0.345 

Aerobic Volume (MG)  

  IFAS Zone 1.035 

  Aerobic Zone 2 0.345 

  Aerobic Zone 3 0.345 

Nitrified Recycle Flow (% of ADMM) 400% 

MLSS (mg/L) 3,029 

MLVSS (mg/L) 2,367 

HRT (hours) 8.55 

SRT (days) 6.5 

Design Dissolved Oxygen Concentration, in IFAS Zone (mg/L) 4.0 

Design Actual Oxygen Uptake Rate (AOR) (lb/d)  

 Temperature (17°C) 25,935 

RAS Rate (range of 50 – 100% of ADMM) 50% 

Clarifier Solids Loading Rate (lb/d/sf) (one unit out-of-service) 33 

Limiting Solids Loading Rate (lb/d/sf) 47 

WAS (lb MLSS/d) 12,169 

Predicted Effluent Values  

Plant Effluent TKN (mg/L) 2.4 

Plant Effluent NH3-N (mg/L) 0.4 

Plant Effluent NO3-N (mg/L) 6.3 

Plant Effluent TN (mg/L) 8.7 

lb/d = pounds per day; lb/d/sf = pounds per day per square foot. 
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TABLE A-2 
Summary of Process Modeling – Ultimate Process Capacity 
City of Bend WRF Secondary Expansion Project  
Parameter ADMM 

Influent Design Flow (mgd) 17 

Total Process Reactor Volume (MG), Four Aeration Basins in Operation 4.20 

Anoxic Volume (MG)  

  Anoxic Zones 1, 2, and 3 1.44 

  Post-Anoxic Zone 0.46 

Aerobic Volume (MG)  

  IFAS Zone 1.38 

  Aerobic Zone 2 0.46 

  Aerobic Zone 3 0.46 

Nitrified Recycle Flow (% of MMADF) 400% 

MLSS (mg/L) 3,110 

MLVSS (mg/L) 2,490 

HRT (hours) 5.6 

SRT (days) 4.0 

Design Dissolved Oxygen Concentration, in IFAS Zone (mg/L) 4.0 

Design AOR (lb/d)  

 Temperature (17°C) 48,584 

RAS Rate (range of 50 – 100% of ADMM) 50% 

Clarifier Solids Loading Rate (lb/d/sf) (one unit out-of-service, four in operation) 34 

Limiting Solids Loading Rate (lb/d/sf) 51 

WAS (lb MLSS/d) 26,493 

Predicted Effluent Values  

Plant Effluent TKN (mg/L) 2.4 

Plant Effluent NH3-N (mg/L) 0.3 

Plant Effluent NO3-N (mg/L) 6.2 

Plant Effluent TN (mg/L) 8.6 

lb/d = pounds per day; lb/d/sf = pounds per day per square foot. 
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Mass Balance for 8.5-mgd Average Day Maximum Month Flow Conditions rbCOD 165.8 collidal bio + VFA
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Recy
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Discharge

Flow (gallons/day) 8,500,000 8,500,000 310,817 8,810,817 8,810,817 8,736,535 8,736,535 13,104,802 8,577,228 8,507,632 74,282 159,307 159,307 20,917 95,199 95,199 95,199 95,199 12,940 12,940 138,390 102,831 310,817

Carbonaceous BOD5 (lbs/day) 27,932 27,932 605 28,537 28,537 16,665 16,665 116,776 234 233 11,873 4,101 4,101 3,601 15,474 15,474 2,679 2,679 2,475 2,475 401 204 605

Particulate 15,492 15,492 152 15,644 15,644 4,155 4,155 6,332 10 10 11,489 222 222 200 11,689 11,689 2,593 2,593 2,463 2,463 22 130 152

Heterotrophs 1 1 314 315 315 84 84 92,028 148 148 231 3,233 3,233 2,821 3,052 3,052 0 0 0 0 313 0 314

PAOs 0 0 64 64 64 17 17 18,328 29 29 47 644 644 579 627 627 0 0 0 0 64 0 64

PHA 0 0 0 0 0 0 0 17 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0

Filtrate 12,439 12,439 75 12,514 12,514 12,409 12,409 71 46 46 106 1 1 0 106 106 86 86 12 12 1 74 75

COD (lbs/day) 59,082 59,082 2,745 61,827 61,827 33,631 33,631 364,175 2,800 2,781 28,196 12,715 12,715 11,412 39,608 39,608 19,061 19,061 17,638 17,638 1,303 1,423 2,745

Particulate Bio 25,157 25,157 212 25,369 25,369 6,738 6,738 10,283 17 16 18,631 361 361 325 18,956 18,956 3,522 3,522 3,346 3,346 36 176 212

Particulate Non-Bio 7,105 7,105 918 8,023 8,023 2,131 2,131 58,012 93 93 5,892 2,038 2,038 1,834 7,726 7,726 14,273 14,273 13,560 13,560 204 714 918

Decay Prod Aer/Anx 3,665 3,665 268 3,933 3,933 1,045 1,045 76,379 123 123 2,888 2,683 2,683 2,415 5,303 5,303 0 0 0 0 268 0 268

Decay Prod Anaerobic 0 0 34 34 34 9 9 0 0 0 25 0 0 0 25 25 689 689 654 654 0 34 34

Heterotrophs 2 2 531 533 533 142 142 151,088 243 242 392 5,308 5,308 4,777 5,168 5,168 0 0 0 0 531 0 531

Autotrophs 0 0 50 50 50 13 13 14,344 23 23 37 504 504 454 491 491 0 0 0 0 50 0 50

PAOs 0 0 178 178 178 47 47 50,632 81 81 131 1,779 1,779 1,601 1,731 1,731 0 0 0 0 178 0 178

PHA 0 0 0 0 0 0 0 44 0 0 0 2 2 1 2 2 0 0 0 0 0 0 0

Soluble Bio 8,484 8,484 12 8,496 8,496 8,424 8,424 114 75 74 72 1 1 0 72 72 12 12 2 2 1 10 12

VFA 3,636 3,636 52 3,688 3,688 3,657 3,657 1 0 0 31 0 0 0 31 31 60 60 8 8 0 52 52

Colloidal Bio 8,080 8,080 59 8,138 8,138 8,070 8,070 0 0 0 69 0 0 0 69 69 68 68 9 9 0 59 59

Soluble Non-Bio 1,772 1,772 430 2,203 2,203 2,184 2,184 3,274 2,143 2,126 19 40 40 5 24 24 438 438 60 60 35 378 430

Colloidal Non-Bio 1,182 1,182 0 1,182 1,182 1,172 1,172 3 2 2 10 0 0 0 10 10 0 0 0 0 0 0 0

TSS (lbs/day) 30,484 30,484 2,187 32,672 32,672 8,495 8,495 331,271 532 531 24,177 11,637 11,637 10,474 34,651 34,651 20,461 20,461 19,438 19,438 1,164 1,023 2,187

Biodegradable 17,577 17,577 155 17,732 17,732 4,710 4,710 7,187 12 12 13,022 252 252 227 13,250 13,250 2,595 2,595 2,465 2,465 25 130 155

Non-Biodegradable 10,038 10,038 1,152 11,190 11,190 2,789 2,789 81,170 130 130 8,401 2,851 2,851 2,566 10,967 10,967 17,327 17,327 16,461 16,461 285 866 1,152

Decay Prod Aer/Anx 2,867 2,867 210 3,077 3,077 817 817 59,765 96 96 2,260 2,100 2,100 1,890 4,150 4,150 0 0 0 0 210 0 210

Decay Prod Anaerobic 0 0 27 27 27 7 7 0 0 0 20 0 0 0 20 20 539 539 512 512 0 27 27

Metal Hydroxide 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Metal Phosphate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Heterotrophs 2 2 415 417 417 111 111 118,222 190 190 306 4,153 4,153 3,738 4,044 4,044 0 0 0 0 415 0 415

Autotrophs 0 0 39 39 39 10 10 11,224 18 18 29 394 394 355 384 384 0 0 0 0 39 0 39

PAOs 0 0 139 139 139 37 37 39,618 64 64 102 1,392 1,392 1,253 1,355 1,355 0 0 0 0 139 0 139

PHA 0 0 0 0 0 0 0 27 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0

Poly-P 0 0 49 49 49 13 13 14,058 23 23 36 494 494 444 481 481 0 0 0 0 49 0 49

VSS (lbs/day) 25,302 25,302 1,646 26,949 26,949 7,158 7,158 258,888 416 415 19,791 9,095 9,095 8,185 27,976 27,976 14,732 14,732 13,996 13,996 909 737 1,646

Biodegradable 16,698 16,698 140 16,838 16,838 4,472 4,472 6,468 10 10 12,366 227 227 205 12,570 12,570 2,335 2,335 2,219 2,219 23 117 140

Non-Biodegradable 6,022 6,022 759 6,780 6,780 1,801 1,801 46,447 75 75 4,979 1,632 1,632 1,468 6,448 6,448 11,912 11,912 11,316 11,316 163 596 759

Decay Prod Aer/Anx 2,581 2,581 189 2,770 2,770 736 736 53,788 86 86 2,034 1,890 1,890 1,701 3,735 3,735 0 0 0 0 189 0 189

Decay Prod Anaerobic 0 0 24 24 24 6 6 0 0 0 18 0 0 0 18 18 485 485 461 461 0 24 24

Metal Hydroxide 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Heterotrophs 2 2 374 375 375 100 100 106,400 171 171 276 3,738 3,738 3,364 3,640 3,640 0 0 0 0 374 0 374

Autotrophs 0 0 35 35 35 9 9 10,101 16 16 26 355 355 319 345 345 0 0 0 0 35 0 35

PAOs 0 0 125 125 125 33 33 35,656 57 57 92 1,253 1,253 1,127 1,219 1,219 0 0 0 0 125 0 125

PHA 0 0 0 0 0 0 0 27 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0

TKN (lbs/day) 4,183 4,183 784 4,966 4,966 4,139 4,139 19,812 171 170 827 691 691 620 1,447 1,447 1,447 1,447 736 736 71 711 784

NH3-N (lbs-N/day) 2,694 2,694 663 3,356 3,356 3,328 3,328 45 30 29 28 1 1 0 28 28 766 766 104 104 0 662 663

Particulate Bio Org N 557 557 10 567 567 151 151 236 0 0 416 8 8 7 424 424 185 185 175 175 1 9 10

Non-Bio Part Org N 201 201 28 228 228 61 61 1,652 3 3 168 58 58 52 220 220 436 436 414 414 6 22 28

Decay Prod Aer/Anx 222 222 16 238 238 63 63 4,626 7 7 175 163 163 146 321 321 0 0 0 0 16 0 16

Decay Prod Anaerobic 0 0 2 2 2 1 1 0 0 0 2 0 0 0 2 2 42 42 40 40 0 2 2

Heterotrophs 0 0 32 32 32 9 9 9,150 15 15 24 321 321 289 313 313 0 0 0 0 32 0 32

Autotrophs 0 0 3 3 3 1 1 869 1 1 2 31 31 27 30 30 0 0 0 0 3 0 3

PAOs 0 0 11 11 11 3 3 3,066 5 5 8 108 108 97 105 105 0 0 0 0 11 0 11

Non-Bio Soluble Org. N 92 92 19 111 111 110 110 165 108 107 1 2 2 0 1 1 19 19 3 3 2 16 19

Non-Bio Colloidal Org. N 28 28 0 28 28 28 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Soluble Bio Org N 199 199 0 200 200 198 198 3 2 2 2 0 0 0 2 2 0 0 0 0 0 0 0

Colloidal Bio Org N 190 190 0 190 190 188 188 0 0 0 2 0 0 0 2 2 0 0 0 0 0 0 0

NO3-N (lbs-N/day) 0 0 11 11 11 11 11 691 452 449 0 8 8 1 1 1 0 0 0 0 7 0 11

TP (lbs-P/day) 284 284 326 610 610 392 392 10,622 20 20 218 373 373 336 553 553 553 553 265 265 37 289 326

Bio Particulate 125 125 3 128 128 34 34 22 0 0 94 1 1 1 95 95 57 57 54 54 0 3 3

Non-Bio Particulate 45 45 10 55 55 15 15 395 1 1 40 14 14 12 53 53 162 162 154 154 1 8 10

Decay Prod Aer/Anx 73 73 5 79 79 21 21 1,528 2 2 58 54 54 48 106 106 0 0 0 0 5 0 5

Decay Prod Anaerobic 0 0 1 1 1 0 0 0 0 0 1 0 0 0 1 1 14 14 13 13 0 1 1

Metal Phosphate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Heterotrophs 0 0 11 11 11 3 3 3,022 5 5 8 106 106 96 103 103 0 0 0 0 11 0 11

Autotrophs 0 0 1 1 1 0 0 287 0 0 1 10 10 9 10 10 0 0 0 0 1 0 1

PAOs 0 0 4 4 4 1 1 1,013 2 2 3 36 36 32 35 35 0 0 0 0 4 0 4

Poly-P 0 0 15 15 15 4 4 4,352 7 7 11 153 153 138 149 149 0 0 0 0 15 0 15

Ortho-PO4 40 40 277 317 317 314 314 4 3 2 3 0 0 0 3 3 320 320 44 44 0 277 277

Alkalinity (lbs/day as CaCO3) 28,356 28,356 3,287 31,643 31,643 31,376 31,376 32,043 20,973 20,802 267 390 390 51 318 318 3,215 3,215 437 437 338 2,778 3,287

H2S (lbs/day) 426 426 34 460 460 456 456 0 0 0 4 0 0 0 4 4 40 40 5 5 0 34 34
Temperature (

o
C) 17 17 23 17 17 17 17 17 17 17 17 17 17 17 17 17 35 35 35 35 17 35 23

BOD5 (mg/L) 394 394 233 388 388 229 229 1,068 3 3 19,152 3,084 3,084 20,629 19,476 19,476 3,372 3,372 22,918 22,918 347 238 233

COD (mg/L) 833 833 1,058 841 841 461 461 3,330 39 39 45,483 9,564 9,564 65,376 49,853 49,853 23,992 23,992 163,332 163,332 1,128 1,659 1,058

TSS (mg/L) 430 430 843 444 444 117 117 3,029 7 7 39,000 8,753 8,753 60,000 43,614 43,614 25,754 25,754 180,000 180,000 1,008 1,192 843

VSS (mg/L) 357 357 635 366 366 98 98 2,367 6 6 31,925 6,841 6,841 46,890 35,213 35,213 18,543 18,543 129,603 129,603 787 858 635

TKN (mg-N/L) 58.96 59 302 68 68 57 57 181 2 2.39 1,334 520 520 3,552 1,822 1,822 1,822 1,822 6,814 6,814 62 829 302

NH3-N (mg-N/L) 37.97 38 255 46 46 46 46 0 0 0.41 46 0 0 0 36 36 964 964 964 964 0 771 255

NO3-N (mg-N/L) 0.00 0 4 0 0 0 0 6 6 6.32 0 6 6 6 2 2 0 0 0 0 6 0 4

TP (mg-P/L) 4.00 4 126 8 8 5 5 97 0 0.28 351 281 281 1,923 696 696 696 696 2,452 2,452 32 336 126

Alkalinity (mg/L as CaCO3) 400 400 1,267 430 430 430 430 293 293 293 430 293 293 293 400 400 4,047 4,047 4,047 4,047 293 3,237 1,267
H2S (mg/L) 6.00 6 13 6 6 6 6 0 0 0 6 0 0 0 5 5 50 50 50 50 0 40 13
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Mass Balance for 17-mgd Average Day Maximum Month Flow Conditions rbCOD 167.3 collidal bio + VFA
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GBT

WAS

Thickening

Recycle

(TWASR)

BFP

Dewatering

Recycle

(DWR)

Recy

Combined

Discharge

Flow (gallons/day) 17,000,000 17,000,000 551,749 17,551,750 17,551,750 17,402,367 17,402,367 26,103,550 17,062,446 16,992,850 149,383 339,921 339,921 45,716 195,099 195,099 195,099 195,099 27,721 27,721 294,204 187,949 551,749

Carbonaceous BOD5 (lbs/day) 55,863 55,863 1,690 57,553 57,553 33,567 33,567 272,011 666 664 23,985 10,202 10,202 8,939 32,924 32,924 8,101 8,101 7,409 7,409 997 691 1,690

Particulate 30,984 30,984 460 31,443 31,443 8,350 8,350 19,241 30 30 23,093 722 722 650 23,743 23,743 7,746 7,746 7,359 7,359 72 387 460

Heterotrophs 1 1 812 813 813 216 216 223,201 349 348 597 8,379 8,379 7,301 7,898 7,898 0 0 0 0 811 0 812

PAOs 0 0 109 109 109 29 29 29,071 45 45 80 1,091 1,091 982 1,062 1,062 0 0 0 0 109 0 109

PHA 0 0 0 0 0 0 0 128 0 0 0 5 5 4 5 5 0 0 0 0 0 0 0

Filtrate 24,877 24,877 309 25,187 25,187 24,972 24,972 369 241 240 214 5 5 1 215 215 354 354 50 50 4 304 309

COD (lbs/day) 118,162 118,162 6,267 124,429 124,429 67,646 67,646 765,738 5,863 5,843 56,783 28,569 28,569 25,641 82,424 82,424 42,623 42,623 39,304 39,304 2,928 3,319 6,267

Particulate Bio 50,314 50,314 661 50,975 50,975 13,537 13,537 31,244 49 49 37,438 1,173 1,173 1,056 38,493 38,493 10,873 10,873 10,330 10,330 117 544 661

Particulate Non-Bio 14,211 14,211 1,838 16,049 16,049 4,262 4,262 109,005 170 170 11,787 4,092 4,092 3,683 15,470 15,470 28,574 28,574 27,145 27,145 409 1,429 1,838

Decay Prod Aer/Anx 7,329 7,329 513 7,842 7,842 2,083 2,083 136,575 213 213 5,759 5,127 5,127 4,614 10,374 10,374 0 0 0 0 513 0 513

Decay Prod Anaerobic 0 0 85 85 85 23 23 1 0 0 63 0 0 0 63 63 1,706 1,706 1,621 1,621 0 85 85

Heterotrophs 2 2 1,372 1,374 1,374 365 365 365,373 571 570 1,009 13,716 13,716 12,344 13,353 13,353 0 0 0 0 1,372 0 1,372

Autotrophs 0 0 134 134 134 36 36 35,747 56 56 99 1,342 1,342 1,208 1,306 1,306 0 0 0 0 134 0 134

PAOs 0 0 302 302 302 80 80 80,310 125 125 221 3,015 3,015 2,713 2,935 2,935 0 0 0 0 301 0 302

PHA 0 0 1 1 1 0 0 326 1 1 1 12 12 11 12 12 0 0 0 0 1 0 1

Soluble Bio 16,967 16,967 44 17,011 17,011 16,867 16,867 596 389 388 145 8 8 1 146 146 42 42 6 6 7 36 44

VFA 7,272 7,272 208 7,480 7,480 7,416 7,416 3 2 2 64 0 0 0 64 64 243 243 34 34 0 208 208

Colloidal Bio 16,159 16,159 249 16,408 16,408 16,269 16,269 1 0 0 140 0 0 0 140 140 291 291 41 41 0 249 249

Soluble Non-Bio 3,545 3,545 859 4,404 4,404 4,366 4,366 6,552 4,283 4,265 37 85 85 11 49 49 895 895 127 127 74 768 859

Colloidal Non-Bio 2,363 2,363 0 2,363 2,363 2,343 2,343 7 4 4 20 0 0 0 20 20 0 0 0 0 0 0 0

TSS (lbs/day) 60,967 60,967 4,736 65,703 65,703 17,083 17,083 677,572 1,058 1,057 48,620 25,435 25,435 22,892 71,512 71,512 43,835 43,835 41,643 41,643 2,544 2,192 4,736

Biodegradable 35,155 35,155 482 35,637 35,637 9,464 9,464 21,843 34 34 26,173 820 820 738 26,911 26,911 8,007 8,007 7,606 7,606 82 400 482

Non-Biodegradable 20,076 20,076 2,298 22,374 22,374 5,576 5,576 152,715 238 238 16,798 5,733 5,733 5,159 21,957 21,957 34,493 34,493 32,768 32,768 573 1,725 2,298

Decay Prod Aer/Anx 5,735 5,735 401 6,136 6,136 1,630 1,630 106,866 167 167 4,507 4,012 4,012 3,610 8,117 8,117 0 0 0 0 401 0 401

Decay Prod Anaerobic 0 0 67 67 67 18 18 0 0 0 49 0 0 0 49 49 1,335 1,335 1,268 1,268 0 67 67

Metal Hydroxide 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Metal Phosphate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Heterotrophs 2 2 1,074 1,075 1,075 286 286 285,894 446 446 790 10,732 10,732 9,659 10,449 10,449 0 0 0 0 1,073 0 1,074

Autotrophs 0 0 105 105 105 28 28 27,971 44 44 77 1,050 1,050 945 1,022 1,022 0 0 0 0 105 0 105

PAOs 0 0 236 236 236 63 63 62,840 98 98 173 2,359 2,359 2,123 2,296 2,296 0 0 0 0 236 0 236

PHA 0 0 1 1 1 0 0 196 0 0 1 7 7 7 7 7 0 0 0 0 1 0 1

Poly-P 0 0 72 72 72 19 19 19,246 30 30 53 722 722 650 703 703 0 0 0 0 72 0 72

VSS (lbs/day) 50,603 50,603 3,649 54,252 54,252 14,407 14,407 542,342 847 846 39,845 20,359 20,359 18,323 58,168 58,168 32,253 32,253 30,640 30,640 2,036 1,613 3,649

Biodegradable 33,397 33,397 434 33,831 33,831 8,984 8,984 19,659 31 31 24,847 738 738 664 25,511 25,511 7,206 7,206 6,846 6,846 74 360 434

Non-Biodegradable 12,043 12,043 1,520 13,563 13,563 3,602 3,602 87,273 136 136 9,961 3,276 3,276 2,948 12,910 12,910 23,846 23,846 22,653 22,653 328 1,192 1,520

Decay Prod Aer/Anx 5,161 5,161 361 5,522 5,522 1,467 1,467 96,179 150 150 4,056 3,610 3,610 3,249 7,305 7,305 0 0 0 0 361 0 361

Decay Prod Anaerobic 0 0 60 60 60 16 16 0 0 0 44 0 0 0 44 44 1,201 1,201 1,141 1,141 0 60 60

Metal Hydroxide 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Heterotrophs 2 2 966 968 968 257 257 257,305 402 401 711 9,659 9,659 8,693 9,404 9,404 0 0 0 0 966 0 966

Autotrophs 0 0 95 95 95 25 25 25,174 39 39 69 945 945 851 920 920 0 0 0 0 95 0 95

PAOs 0 0 212 212 212 56 56 56,556 88 88 156 2,123 2,123 1,911 2,067 2,067 0 0 0 0 212 0 212

PHA 0 0 1 1 1 0 0 196 0 0 1 7 7 7 7 7 0 0 0 0 1 0 1

TKN (lbs/day) 8,365 8,365 1,582 9,947 9,947 8,273 8,273 41,650 332 331 1,674 1,553 1,553 1,394 3,068 3,068 3,068 3,068 1,647 1,647 159 1,421 1,582

NH3-N (lbs-N/day) 5,388 5,388 1,313 6,701 6,701 6,644 6,644 66 43 43 57 1 1 0 57 57 1,530 1,530 217 217 1 1,312 1,313

Particulate Bio Org N 1,114 1,114 30 1,144 1,144 304 304 715 1 1 840 27 27 24 864 864 545 545 518 518 3 27 30

Non-Bio Part Org N 402 402 54 456 456 121 121 3,096 5 5 335 116 116 105 439 439 851 851 808 808 12 43 54

Decay Prod Aer/Anx 444 444 31 475 475 126 126 8,271 13 13 349 310 310 279 628 628 0 0 0 0 31 0 31

Decay Prod Anaerobic 0 0 5 5 5 1 1 0 0 0 4 0 0 0 4 4 103 103 98 98 0 5 5

Heterotrophs 0 0 83 83 83 22 22 22,128 35 35 61 831 831 748 809 809 0 0 0 0 83 0 83

Autotrophs 0 0 8 8 8 2 2 2,165 3 3 6 81 81 73 79 79 0 0 0 0 8 0 8

PAOs 0 0 18 18 18 5 5 4,864 8 8 13 183 183 164 178 178 0 0 0 0 18 0 18

Non-Bio Soluble Org. N 184 184 37 222 222 220 220 330 215 215 2 4 4 1 2 2 38 38 5 5 4 33 37

Non-Bio Colloidal Org. N 56 56 0 56 56 55 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Soluble Bio Org N 399 399 1 400 400 397 397 14 9 9 3 0 0 0 3 3 1 1 0 0 0 1 1

Colloidal Bio Org N 380 380 0 380 380 376 376 0 0 0 3 0 0 0 3 3 0 0 0 0 0 0 0

NO3-N (lbs-N/day) 0 0 19 19 19 19 19 1,357 887 884 0 18 18 2 3 3 0 0 0 0 15 0 19

TP (lbs-P/day) 567 567 613 1,180 1,180 747 747 19,114 31 31 433 717 717 646 1,079 1,079 1,079 1,079 538 538 72 541 613

Bio Particulate 250 250 8 259 259 69 69 67 0 0 190 3 3 2 192 192 164 164 156 156 0 8 8

Non-Bio Particulate 90 90 17 107 107 28 28 726 1 1 79 27 27 25 103 103 277 277 263 263 3 14 17

Decay Prod Aer/Anx 147 147 10 157 157 42 42 2,731 4 4 115 103 103 92 207 207 0 0 0 0 10 0 10

Decay Prod Anaerobic 0 0 2 2 2 0 0 0 0 0 1 0 0 0 1 1 34 34 32 32 0 2 2

Metal Phosphate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Heterotrophs 0 0 27 27 27 7 7 7,307 11 11 20 274 274 247 267 267 0 0 0 0 27 0 27

Autotrophs 0 0 3 3 3 1 1 715 1 1 2 27 27 24 26 26 0 0 0 0 3 0 3

PAOs 0 0 6 6 6 2 2 1,606 3 3 4 60 60 54 59 59 0 0 0 0 6 0 6

Poly-P 0 0 22 22 22 6 6 5,959 9 9 16 224 224 201 218 218 0 0 0 0 22 0 22

Ortho-PO4 80 80 518 597 597 592 592 2 2 2 5 0 0 0 5 5 603 603 86 86 0 518 518

Alkalinity (lbs/day as CaCO3) 56,712 56,712 6,251 62,963 62,963 62,428 62,428 63,883 41,757 41,587 536 832 832 112 648 648 6,249 6,249 888 888 720 5,361 6,251

H2S (lbs/day) 851 851 70 921 921 913 913 0 0 0 8 0 0 0 8 8 81 81 12 12 0 70 70
Temperature (

o
C) 17 17 23 17 17 17 17 17 17 17 17 17 17 17 17 17 35 35 35 35 17 35 23

BOD5 (mg/L) 394 394 367 393 393 231 231 1,249 5 5 19,239 3,596 3,596 23,429 20,221 20,221 4,975 4,975 32,027 32,027 406 441 367

COD (mg/L) 833 833 1,361 849 849 466 466 3,515 41 41 45,547 10,071 10,071 67,206 50,622 50,622 26,178 26,178 169,892 169,892 1,193 2,116 1,361

TSS (mg/L) 430 430 1,029 449 449 118 118 3,110 7 7 39,000 8,966 8,966 60,000 43,921 43,921 26,922 26,922 180,000 180,000 1,036 1,397 1,029

VSS (mg/L) 357 357 793 370 370 99 99 2,490 6 6 31,961 7,177 7,177 48,025 35,725 35,725 19,809 19,809 132,442 132,442 829 1,028 793

TKN (mg-N/L) 58.96 59 343 68 68 57 57 191 2 2.33 1,343 548 548 3,654 1,884 1,884 1,884 1,884 7,119 7,119 65 906 343

NH3-N (mg-N/L) 37.97 38 285 46 46 46 46 0 0 0.30 46 0 0 0 35 35 939 939 939 939 0 837 285

NO3-N (mg-N/L) 0.00 0 4 0 0 0 0 6 6 6.23 0 6 6 6 2 2 0 0 0 0 6 0 4

TP (mg-P/L) 4.00 4 133 8 8 5 5 88 0 0.22 348 253 253 1,692 663 663 663 663 2,323 2,323 29 345 133

Alkalinity (mg/L as CaCO3) 400 400 1,358 430 430 430 430 293 293 293 430 293 293 293 398 398 3,838 3,838 3,838 3,838 293 3,418 1,358
H2S (mg/L) 6.00 6 15 6 6 6 6 0 0 0 6 0 0 0 5 5 50 50 50 50 0 45 15
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Introduction 
The objective of the project definition phase is to select and finalize significant project 
components.  The evaluations performed during the project definition phase to determine 
key project components are documented in the attached fact sheets along with 
recommended facility specific design criteria. Design data summary sheets are provided in 
Attachment A; a process flow diagram is provided in Attachment B. The fact sheets are 
provided in Attachment C. The fact sheets summarize the unit process evaluation, selection, 
and sizing for the following facilities: 

1. Primary Clarifiers 
2. Blowers and Blower Building Improvements 
3. Aeration/IFAS Basin Configuration and Piping 
4. Existing Aeration Basin Modification 
5. Secondary Clarifiers and Secondary Clarifier Splitter Box Modifications 
6. Return Activated Sludge (RAS)/Waste Activated Sludge (WAS) Pump Station 
7. Solids Treatment 
8. Disinfection and Reuse 
9. Site Utilities 

This technical memorandum summarizes the results of the project definition evaluations, 
the resulting recommendations of the project components for each process facility, and 
evaluations to be developed during the schematic design phase.   
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Process Facility Sizing Criteria and Design Data 
Table 1 summarizes the critical design assumptions used to evaluate and size the unit 
processes at the Bend Water Reclamation Facility (WRF). These design criteria are critical to 
determining the unit process capacities and were used to develop the recommended project 
elements for each process facility. The design data summary sheets included as 
Attachment A to this memorandum provides more detailed information. These design data 
summary sheets will be revised throughout the Bend WRF Secondary Expansion Project 
and will be included in the final contract documents. 

TABLE 1 
Key Unit Process Sizing Criteria 
City of Bend WRF Secondary Expansion Project 

Unit Process Design Criteria 

Primary Clarifiers Surface Overflow Rate (SOR) under Average Annual Flow Conditions = 1,000 
gpd/sf with three clarifiers in service 
Maximum SOR under Average Annual Flow Conditions = 1,500 gallons per day per 
square foot (gpd/sf) with two clarifiers in service 
Maximum SOR under Peak Hour Flow Conditions = 3,000 gpd/sf 

Aeration Blowers Maximum month air demand with an integrated fixed-film activated sludge (IFAS) 
zone dissolved oxygen (DO) = 6.0 milligrams per liter (mg/L) and wastewater 
temperature = 15C 
Minimum month air demand with an IFAS zone DO = 2.0 mg/L and wastewater 
temperature = 17C 

IFAS/Aeration Basins Total nitrogen = 10 mg/L at average annual temperature and maximum month 
flows and loads 

Maintain full nitrification at 30-day minimum temperature and maximum month 
flows and loads 

Activated sludge solids retention time = 5 days 

Maximum month sieve loading rate = 55 meters per hour (m/hr) 

Peak hour sieve loading rate = 85 m/hr 

Maximum approach velocity toward sieve wall = 35 m/hr 

Mixed liquor recycle rate = 400% of average day maximum month (ADMM) 
influent flow 

Influent flows in excess of maximum week flows step fed to Zone 5A 
 

Secondary Clarifiers Sludge volume index (SVI) = 120 milliliters per gram (mL/g) 

Clarifier not overloaded with maximum week flows and maximum month inventory 

Clarifier capacity based on a state point analysis with a 10% derating factor on the 
theoretical capacity 
Clarifiers have capacity to treat 50% of the design flow with the largest unit out of 
service. 

RAS/WAS Pump Station Design RAS Flow = 60% of ADMM influent flow 

Solids Treatment Gravity belt thickener (GBT) hydraulic feed rate = 500 gallons per minute (gpm) 
hydraulic 
GBT solids feed rate = 2,000 pounds per hour (lb/hr) 
Belt filter press solids feed rate = 1,400 lb/hr 
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TABLE 1 
Key Unit Process Sizing Criteria 
City of Bend WRF Secondary Expansion Project 

Unit Process Design Criteria 

Disinfection and Reuse Chlorine contact basins (CCB):  
Hydraulic retention time (HRT) at average annual flow = 30 minutes with one 
basin out of service 
HRT at peak hour flow = 15 minutes with both basins in service 
HRT at peak day flow = 20 minutes with both basins in services 
CCB efficiency = 0.7 
Average chlorine dose for discharge = 7.5 mg/L 

Ultraviolet (UV) Disinfection: 
Minimum UV transmittance = 60% 
Minimum UV dose = 80 millijoules per square centimeter (mJ/cm2) 

. 
 

Recommendations and Schematic Design Evaluations 
Primary Clarifiers 
Recommendations 
One new 65-foot primary clarifier identical to the existing primary clarifiers will be added as 
part of this project. The new primary clarifier will provide primary treatment capacity up to 
11.9 million gallons per day (mgd) average day maximum month (ADMM). A new primary 
splitter box and a new primary sludge pump station will also be constructed with the new 
primary clarifier. The building ventilation in the new primary sludge pump station will 
meet the requirements of National Fire Protection Agency (NFPA) 820 to provide an 
unclassified space for electrical equipment. The new primary sludge pumps will have Allen 
Bradley programmable logic controllers (PLCs) to match the plant standard and the pump 
types are assumed the same as existing. Figure 1 shows the location of the new primary 
clarifier and the associated hydraulic improvements.  The hydraulic improvements for 
primary treatment are discussed in Technical Memorandum 9—Yard Piping Modifications and 
Hydraulic Flow Improvements. 
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FIGURE 1 
Proposed Layout of Additional Primary Clarifiers and Hydraulic Improvements 
Blue lines indicate existing infrastructure and red line indicate new infrastructure. Dashed lines indicate future improvements 
and solid lines denote improvements proposed as part of this project. 

The existing primary sludge pump station will also be upgraded as part of this project. The 
following improvements to the pump station are recommended: 

 Upgrade building ventilation to meet requirements of NFPA 820. 

 Replace existing dynamic range control (DRC) controllers for the existing air-operated 
diaphragm pumps with Allen Bradley PLCs to match plant standard and to provide 
automated control of the pumps. 

 Pressure regulators and pressure gauges for the compressed air to the air-operated 
diaphragm pumps will be relocated to the air header and solenoid control provided 
from the PLCs. 

 The installed, but not programmed progressing cavity pump will be used to pump 
primary scum from the scum box to the primary sludge discharge header. 

 Modifications to the sludge header will allow for automated operation of the scum 
pump. 
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Schematic Design Evaluations 

During schematic design, the following evaluations and decisions will be required: 

 Assess the condition of the existing clarifier mechanisms, which will be used to 
determine if the existing mechanisms require repainting or replacement. 

 Determine material selection for the clarifier mechanism, weirs, etc. 

 Finalize primary sludge pump type selection. Three types of pumps were considered for 
primary sludge pumping: progressing cavity, screw-induced centrifugal, and air-
operated diaphragm pumps. Bend does not have significant grit issues with its plant, 
but with no grit removal in the headworks, any grit settles out in the primary clarifiers 
and is pumped by the primary sludge pumps for thickening. Both progressing cavity 
pumps and screw-induced centrifugal pumps are adversely affected by grit in primary 
sludge. 

Blowers and Blower Building Improvements 
Recommendations 
The construction of a new blower building, with five 300 horsepower (hp) and one 100 hp 
high-speed direct-drive turbo blowers, is recommended as part of this project. Redundancy 
will be provided by the existing centrifugal blowers. The new blower building will provide 
process air to treat up to 8.5 mgd ADMM influent flow with the recommended units 
installed. The Blower electrical room will be sized to serve the ultimate blower building 
capacity. 

Schematic Design Evaluations 
During schematic design, the following evaluations and decisions will be required: 

 Refine process air demands. 

 Refine turn down requirements for the blower system. 

Aeration Basins 
Recommendations 
The construction of one new aeration basin is recommended as part of this project to 
minimize operational issues with having one aeration basin offline during construction.  If 
the project budget allows, it is recommended to complete the retrofit of all existing basins as 
part of this project such that future secondary process capacity increases can be 
accomplished by adding additional media.  The existing aeration basins will be configured 
shown in Figure 2 and the new aeration basin will be identical to the retrofitted existing 
basins.  It is recommended to install carrier media in three aeration basins at 25 percent fill 
to provide a secondary process capacity of 8.5 mgd ADMM.  The procurement of the IFAS 
system vendor through pre-selection process is also recommended.  
 



TM 8—PROCESS FACILITIES 

6  TM_8_BEND_WRF_PD_PROCESS_FACILITIES_02152011.DOCX 

 
FIGURE 2 
City of Bend WRF IFAS Aeration Basin Overview 

The required modifications to the existing aeration basins include the following: 

 A new IFAS feed channel to turn the flow 90°. 
 Biofilm carrier media to support biofilm growth. 
 A media retention sieve wall. 
 A collection channel to direct flow from the IFAS zone to the next zone downstream. 
 Scum and foam management provisions. 
 A new coarse bubble diffuser system. 
 A stub wall at the exit of the collection channel. 
 Two new baffles to create the secondary anoxic zone. 
 A new mixer in the secondary anoxic zone. 
 A new mixed liquor pumping system. 
 Installation of new step feed piping for wet weather flows. 
 New instrumentations and controls. 

Schematic Design Evaluations 

During schematic design, the following evaluations and decisions will be required: 

 Confirm that providing a coarse bubble diffuser system throughout the aeration basin is 
the most cost efficient approach for the aeration system. 

 Determine the characteristics of the mixed liquor recirculation (MLR) pumping system 
(pump type, pipe routing, flow measurement approach, etc). 

 Refine the scum and foam management approach for the IFAS zone. 

 Refine the wet weather treatment operation mode. 

 Begin the pre-selection process for IFAS system vendors and develop the performance 
testing protocol. 

 Optimize the carrier media fill volume within the four IFAS aeration basins to reach the 
8.5 mgd ADMM near term capacity. 

ANX 1

AER 4AER 2
AER 3/
P‐ANX 

IFASANX 3

ANX 2

MLR
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 Coordinate the carrier media fill volume with the aeration system design. 

 Evaluate the start-up conditions to ensure the process design can accommodate start-up 
flows and loads. 

Secondary Clarifiers and Secondary Splitter Box Modifications 
Recommendations 
Based on the hydraulic and solids loading rates and the assumed RAS withdrawal rate, the 
capacity of the secondary clarifiers will be sufficient for current secondary expansion project 
with the IFAS process.  The three existing clarifiers have sufficient capacity up to an ADMM 
flow of 11.5 mgd.  However, the timing for the construction of Secondary Clarifier 4 is 
recommended to coincide with the construction of the new RAS pump station, which is 
needed when the influent flow reaches 10 mgd ADMM to limit constructability impacts at 
the WRF.  Over the planning horizon, the IFAS process has saved the need for one new 
secondary clarifier over the Facilities Plan (Carollo, 2008) recommendations.   

Hydraulic constraints around the secondary clarifiers will require additional capacity for the 
existing yard piping, modifications to the existing splitter box, and construction of a new 
secondary splitter box.  Figure 1 shows the proposed layout of the secondary clarifiers and 
splitter boxes on the enlarged site plan.  The basis for piping improvements is discussed in 
Technical Memorandum 9—Yard Piping Modifications and Hydraulic Flow Improvements.  The 
proposed hydraulic improvements include the following: 

 A new mixed liquor line is required to reduce headloss between the aeration basins and 
secondary clarifiers.  The mixed liquor channel along will be extended and reconfigured 
and a new drop box will be added to accommodate the new mixed liquor line. 

 A new splitter box is proposed to accommodate future secondary clarifiers.  

 A hydraulic connection between the proposed new splitter box and the existing splitter 
box is recommended to allow for equal flow split between all secondary clarifiers. 

 Secondary effluent piping will be modified to accommodate the location of the new 
chlorine contact basins and the modifications for reuse disinfection (described in Fact 
Sheet 8).  This modification will require the plant to operate on two clarifiers at a time 
while yard piping is replaced and new connections are being made.   
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FIGURE 3 
Proposed Layout of Additional Secondary Clarifiers, Splitter Boxes, and Hydraulic Improvements   
Blue lines indicate existing infrastructure and red line indicate new infrastructure.  Dashed lines indicate future 
improvements and solid lines denote improvements proposed as part of this project. 

Schematic Design Evaluations 
During schematic design, the following evaluations and decisions will be required: 

 Test the maximum RAS withdrawal.  The maximum withdrawal rate was assumed 
during predesign at 5.2 mgd.  Testing of the actual capacity of the modified sludge 
collection mechanism through the RAS piping to the RAS pump station will be required 
to assess the RAS capacity and verify the predesign assumptions for clarifier 
performance. 

 Finalize the layout of the splitter box modifications.  An assessment of the 
constructability around the existing secondary splitter box will be required to determine 
the design of the splitter box modifications. 
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RAS/WAS Pump System 
Recommendations 
As part of this project, it is recommended to replace the building sump pumps in the 
RAS/WAS pump station and replace the WAS pump PLC with an Allen-Bradley unit to 
match plant standard manufacturer.  The existing RAS pumps are adequate up to 10 mgd 
ADMM influent flow for the assumed design criteria and the WAS pumping capacity is 
adequate through 13 mgd, so the capacity of the existing RAS/WAS pump system is 
sufficient for current secondary expansion project.  When influent flows exceed 10 mgd 
ADMM, expansion of the RAS system is required.  The timing for the construction of 
Secondary Clarifier 4 and to increase the capacity of the WAS pump system is 
recommended to coincide with the construction of the new RAS pump station when the 
influent flow reaches 10 mgd ADMM to limit constructability impacts at the WRF. 

Schematic Design Evaluations 
During schematic design, the following evaluations and decisions will be required: 

 Determine if the RAS/WAS pump station ventilation systems required upgrade to meet 
NFPA 820 requirements. 

 Evaluate the hydraulic capacity of the lines from the secondary clarifiers to the 
RAS/WAS wet well to determine if upgrades are necessary. 

 Evaluate RAS pipe routing to the new aeration basin. 

Solids Treatment 
Recommendations 
The following improvements are recommended as part of the current project to upgrade the 
existing solids building, addressing capacity issues and critical operational and maintenance 
improvements: 

 Remove the existing centrifuge and replace with a new belt filter press (BFP) to provide 
additional dewatering capacity.  This will require the relocation of the existing hot water 
pressure system. 

 Add a new cake pump directly below the BFP discharge to convey cake to the existing 
cake hopper. 

 Add a thickened WAS (TWAS) conveyor and pump to the existing duel use BFP to 
allow it to be used as a gravity belt thickener (GBT) and provide redundancy to the 
existing GBT. 

 Change polymer to optimize both thickening and dewatering performance and solids 
capture ability. 

 Add odorous air curtain and exhaust hood around the BFP and GBT to improve 
ventilation and solids building humidity problems. 

 Provide filtrate line upgrades to mitigate struvite accumulation. 
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 Implement control improvements to allow for unstaffed dewatering operations longer 
than the current 8 hours a day, 5 days a week. 

 Replace the polymer system and feed pumps in order to accommodate simultaneous 
operation of the new and existing BFP. 

 Add a new wash water pump to provide plant water to the new BFP. 

Schematic Design Evaluations 
During schematic design, the following evaluations and decisions will be required: 

 Evaluate and improve lighting at troublesome locations. 

 Evaluate cake hopper load cell ability to accurately measure load inside the hopper.  

 Evaluate the polymer system to provide the ability to feed both belt filter presses in 
parallel with the gravity belt thickener. 

 Confirm that the City of Bend prefers to change the polymer type to improve thickening 
and dewatering performance. 

 Determine the most appropriate struvite mitigation measurements for the filtrate lines. 

Disinfection and Reuse 
Recommendations 
The existing chlorine contact basins (CCBs) are inadequate to treat peak flows for plant 
effluent and their expansion capability is limited in the current location.  Two new CCBs are 
recommended for disinfection of plant effluent, located to the east of the secondary 
clarifiers.  Delivered sodium hypochlorite will be stored and metered from a new chemical 
facility located south of the new CCBs.  Future disinfection capacity will be accommodated 
with additional CCBs.  Measurement of plant effluent flow will be through a Parshall flume 
located in the effluent channel of the CCB. 

Reuse flows to Pronghorn require modification of the piping to move disinfection 
downstream of the tertiary filters.  To accomplish the modification, a new in-vessel UV 
system is recommended to minimize complicated constructability issues.  Residual chlorine 
will be accomplished by injecting sodium hypochlorite from the new chemical facility.  A 
new UV facility will house the UV units with an electrical room for the UV control and 
power panels and to accommodate electrical equipment for the new CCB and chemical 
facilities. The UV facility could be located to the east of the existing filter building. 

Schematic Design Evaluations 
During schematic design, the following evaluations and decisions will be required: 

 Finalize the building type for the UV facility. 

 Finalize chemical metering pump type selection. It is recommended to use peristaltic 
tube or progressing cavity pumps due to the ability to see clear bubbles that form from 
the degradation of sodium hypochlorite. 
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 Determine phasing of abandonment or demolition of existing CCBs and plant water 
pump station. 

Site Utilities 
Plant Water 
Additional plant water demands will result from this project.  If a new plant water pump 
station is located in the proposed new disinfection basins, it will be sized for the existing 
load plus the anticipated additional load.  If the existing plant water pump station is 
retained, an evaluation of the capacity upgrade requirements will be made as the additional 
plant water demands become clear. 

During schematic design, the following evaluations and decisions will be required: 

 Confirm the decision to build a new plant water pump station. 
 Evaluate need for immediate improvements to existing facility. 

Potable Water 
An early-out package is being prepared as part of this project to improve the pressure and 
capacity stability of the potable water system. While there are no plans at this time to 
increase demands on this system, this conclusion will be revisited as the design progresses. 

Heating Water 
The City of Bend would like to expand this waste heat hot water system for building 
heating.  If sufficient excess capacity is available in the current system, additional space 
heating may be considered for the new facilities included in this project. 

During schematic design, evaluate excess capacity in existing heating water system and 
determine if an extension to new facilities is feasible. 

Instrument Air 
Should pneumatic actuators be used in the facilities included in this project, a decision will 
be made regarding use of the existing compressed air system for air supply versus including 
a dedicated plant air supply system into one of the facilities included in this project.  

During schematic design, evaluate the instrument air needs of the project and determine if 
existing source(s) are adequate or if a new supply is required. 

Propane 
The propane system at the Bend WRF is used to provide a back-up fuel source for the 
digester heating system and to heat a shed structure onsite.  It does not appear that the 
proposed plant upgrades will significantly increase demands on the existing propane 
system, but this conclusion will be revisited as the design progresses. 

During schematic design, determine if the propane system is to be extended to new facilities 
and, if so, how. 

Plant Drainage 
At this time, it appears that providing drainage capability in three separate locations 
(primary clarifiers, aeration basins, and new chlorine contact basins) would serve the 
facilities involved and provide more flexibility than attempting to drain all Bend WRF 
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process facilities to a single plant drain pump station.  This conclusion will be revisited as 
the predesign develops.  Pumping rates will be selected to balance draining tanks in a 
reasonable time and recycling flow at rates low enough to minimize impacts on plant 
operation. 

During schematic design, assess how to provide tank drainage at the new and modified 
facilities. Determine where to site drainage pump station, pump station capacities, and the 
impacts of recycle flows on plant operations. 

Summary of Project Elements 
Table 2 provides an overview of the recommended project elements and the ADMM unit 
process capacity after the Bend WRF secondary expansion.  The process flow diagram (PFD) 
(Attachment B) shows the liquids and solids process components at the Bend WRF after the 
secondary expansion.  This PFD will be revised throughout the Bend WRF secondary 
expansion design project and will be included in the final contract documents. 

TABLE 2 
Recommended Unit Process Expansion and Associated ADMM Capacity 
City of Bend WRF Secondary Expansion Project 

Unit Process Recommended Expansion 
ADMM Process Capacity 

after Expansion 

Primary Clarifier Construct one new primary clarifier 11.9 mgd 

Blower and 
Blower Building 

Construct new blower building 8.5 mgd 

Aeration Basins Convert three existing aeration basins to accommodate the 
IFAS process 

Construct one new Aeration Basin 4 to match the 
configuration of existing, retrofitted aeration basins 

Provide carrier media in three aeration basins at 25% fill to 
meet near-term capacity 

8.5 mgd 

Secondary 
Clarifier 

No additional units required for the current project 11.5 mgd 

RAS/WAS Pump 
Station 

No expansion required for the current project RAS Pumps: 10 mgd 

Was Pumps: 13 mgd 

Solids Handling Provide one new 2-m BFP unit Dependent on operational 
choices for thickening and 

dewatering 

Disinfection Install two new chlorine contact basins to provide disinfection 
of plant effluent before discharge to the seepage ponds 

Construct new medium-pressure, high-output UV disinfection 
system with two trains for the reuse treatment facility. 

11.9 mgd for discharge 

5 mgd for reuse 
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BEND WRF SECONDARY EXPANSION - DESIGN SUMMARY DATA

INFLUENT FLOWS AND LOADS DESIGN VALUES LIQUIDS UNIT PROCESS CRITERIA DESIGN VALUES LIQUIDS UNIT PROCESS CRITERIA DESIGN VALUES
FLOWS, MGD PLANT DRAIN PUMP STATION TBD AERATION BLOWERS

AVERAGE ANNUAL 10.9 TYPE LOCATION NEW BLOWER BUILDING
AVERAGE DAY MAXIMUM MONTH 11.9 NUMBER OF UNITS UNITS 5 NEW

MAXIMUM WEEK 12.4 CAPACITY/UNIT, MGD TYPE HIGH SPEED TURBO
MAXIMUM DAY 13.6 DISCHARGE PRESSURE (FT) MAX CAPACITY (TOTAL), SCFM @ PSIG 25,700

PEAK HOUR DRY WEATHER 21.4 POWER (EACH), HP MIN CAPACITY (TOTAL), SCFM @ PSIG 4,100
PEAK HOUR WET WEATHER 29.1 DRIVE TYPE NUMBER @ POWER (EACH), HP 4 @ 500, 1 @ 100

BOD LOADINGS, LBS/DAY PRIMARY CLARIFIERS LOCATION EXISTING BLOWER BUILDING
AVERAGE ANNUAL 31,800 UNITS 2 EXISTING, 1 NEW UNITS, SIZE 4 EXISTING

AVERAGE DAY MAXIMUM MONTH 38,800 TYPE CIRCULAR TYPE MULTISTAGE CENTRIFUGAL
MAXIMUM WEEK 48,888 DIAMETER (EACH), FT 65 MAX CAPACITY (TOTAL), SCFM @ PSIG 14,000 @ 8

SIDEWATER DEPTH, FT 9 POWER (EACH), HP 250
TSS LOADINGS, LBS/DAY PEAK HOUR SURFACE OVERFLOW RATE, GPD/SF 2,247

AVERAGE ANNUAL 31,300 PSD CONCENTRATION, % 4.4 SECONDARY CLARIFIERS
AVERAGE DAY MAXIMUM MONTH 42,600 ADMM PSD FLOW, GAL/DAY 105,000 UNITS 3 EXISTING

MAXIMUM WEEK 53,676 ADMM PSD SOLIDS LOAD, LBS/DAY 34,000 TYPE CIRCULAR
DIAMETER (EACH), FT 80

TKN LOADINGS, LBS/DAY MAX WEEK PSD FLOW, GAL/DAY 131,300 SIDEWATER DEPTH, FT 2 UNITS @ 12, 1 UNITS @ 14
AVERAGE ANNUAL 4,500 MAX WEEK PSD SOLIDS LOAD, LBS/DAY 42,700 PEAK HOUR SURFACE OVERFLOW RATE, GPD/SF 1,890

AVERAGE DAY MAXIMUM MONTH 5,900 MAX WEEK SOLIDS LOADING RATE, PPD/SF TBD MAX WEEK SOLIDS LOADING RATE, PPD/SF 37
MAXIMUM WEEK 7,434

PRIMARY SLUDGE PUMPS SECONDARY SCUM PUMPS TBD
AMMONIA LOADINGS, LBS/DAY TYPE AIR OPERATED AIR DIAPHRAM TYPE

AVERAGE ANNUAL 2,900 NUMBER OF UNITS 2 EXISTING, 2 NEW NUMBER OF UNITS
MAXIMUM MONTH  WET WEATHER 3,600 CAPACITY (EACH), GPM @ FT TDH CAPACITY (EACH), GPM @ FT TDH

MAXIMUM WEEK 4,536 POWER (EACH), HP POWER (EACH), HP
DRIVE TYPE DRIVE TYPE

EFFLUENT REQUIREMENT
EFFLUENT DISCHARGE PRIMARY SCUM PUMPS RETURN ACTIVATED SLUDGE PUMPS

BOD5, MONTHLY AVERAGE (MG/L) 20 TYPE PROGRESSING CAVITY TYPE CENTRIFUGAL
BOD5, MONTHLY AVERAGE (LB/DAY) 1,150 NUMBER OF UNITS 1 EXISTING, 1 NEW NUMBER OF UNITS 3 EXISTING

BOD5, WEEKLY AVERAGE (MG/L) 30 CAPACITY (EACH), GPM @ FT TDH CAPACITY (EACH), GPM @ FT TDH 2,100 @ 25
BOD5, WEEKLY AVERAGE (LB/DAY) 1,700 POWER (EACH), HP POWER (EACH), HP 22

BOD5, DAILY MAXIMUM (LBS) 2,300 DRIVE TYPE DRIVE TYPE
AERATION BASINS

TSS, MONTHLY AVERAGE (MG/L) 20 UNITS 3 EXISTING, 1 NEW WASTE ACTIVATED SLUDGE / SCUM PUMPS
TSS, MONTHLY AVERAGE (LB/DAY) 1,150 VOLUME, EA, GAL 1,050,000 TYPE CENTRIFUGAL

TSS, WEEKLY AVERAGE (MG/L) 30 LENGTH X WIDTH (EACH), FT 204 x 46 NUMBER OF UNITS 2 EXISTING
TSS, WEEKLY AVERAGE (LB/DAY) 1,700 SIDEWATER DEPTH, FT 15 CAPACITY (EACH), GPM @ FT TDH 200

TSS, DAILY MAXIMUM (LBS) 2,300 ANOXIC VOLUME, EA, GAL 360,000 POWER (EACH), HP
AEROBIC VOLUME, EA, GAL 690,000 DRIVE TYPE

TN, ANNUAL MONTHLY AVERAGE (MG/L) 10 DESIGN SRT, DAYS 5
pH 5.5 to 9.0 DESIGN MLSS, MG/L 3,000 REUSE ULTRAVIOLET DISINFECTION

TYPE MPHO UV, IN-VESSEL
LEVEL IV RECLAIMED WATER NUMBER OF TRAINS 2

TOTAL COLIFORM, 7-DAY MEDIAN (#/mL) < 2.2 CARRIER MEDIA SYSTEM NUMBER OF UNITS/TRAIN 2
TOTAL COLIFORM, MAXIMUM (#/mL) < 23 CARRIER MEDIA, CUBIC YARDS 1,281 CAPACITY, MGD 2.5

NUMBER OF BASINS @ FILL RATIO 4 @ 25% BY VOLUME NUMBER OF LAMPS/UNIT 12
TURBIDITY, 5-PERCENT OF 24-HR PERIOD, NTU 5 SCREEN LENGTH, FT 12 POWER (EACH TRAIN), KW 61

TURBIDITY, 24-HR MEAN, NTU 2 SCREEN DIAMETER, INCHES 16
SCREENS, NO. per Basin 13 DISCHARGE SODIUM HYPOCHLORITE DISINFECTION

TYPE CHLORINE CONTACT BASIN
AERATION BASIN DIFFUSERS NUMBER OF BASINS 2

TYPE COARSE BUBBLE VOLUME/TRAIN, GAL 257,500
NUMBER OF UNITS, BASIN 1 TBD
NUMBER OF UNITS, BASIN 2 TBD SODIUM HYPOCHLORITE SYSTEM
NUMBER OF UNITS, BASIN 3 TBD NUMBER OF STORAGE TANKS 6

VOLUME/TANK, GAL 6500
ANOXIC ZONE MIXERS DESIGN WINTER STORAGE, DAYS 60

TYPE FLOATING DESIGN SUMMER STORAGE, DAYS 30
NUMBER OF UNITS PER BASIN 4 CCB DISINFECTION METERING PUMPS

POWER, ZONE 1 AND 2, HP 3 NUMBER OF PUMPS 2
POWER, ZONE 3 AND 5B, HP 7.5 TYPE PERISTALTIC TUIBE

CAPACITY, GPH 80
MIXED LIQUOR RECYCLE PUMPS REUSE RESIDUAL METERING PUMPS

TYPE VERTICAL AXIAL FLOW NUMBER OF PUMPS 2
NUMBER OF UNITS PER BASIN 1 NEW TYPE PERISTALTIC TUIBE
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BEND WRF SECONDARY EXPANSION - DESIGN SUMMARY DATA

SOLIDS UNIT PROCESS CRITERIA DESIGN VALUES SOLIDS UNIT PROCESS CRITERIA DESIGN VALUES SUPPORT SYSTEM CRITERIA
WASTE ACTIVATED SLUDGE DEWATERING FEED PUMPS PLANT WATER SODIUM HYPOCHLORITE SYSTEM TBD

PSD CONCENTRATION, % 0.75 UNITS 4 EXISTING CONCENTRATION, PERCENT
ADMM PSD FLOW, GAL/DAY 275,000 PUMP TYPE INLINE METERING PUMPS, NUMBER

ADMM PSD SOLIDS LOAD, LBS/DAY 17,000 CAPACITY (EACH), GPM @ PSI TDH 600 PUMP TYPE
POWER (EACH), HP 3 CAPACITY (EACH), GPH @ PSI

WASTE ACTIVATED SLUDGE THICKENING DRIVE TYPE ADJUSTABLE POWER (EACH), HP
UNITS 1 EXISTING DEWATERING PLANT WATER PUMPS TBD
TYPE GRAVITY BELT UNITS 1 EXISTING, 1 NEW TYPE

WIDTH (METER) 2 TYPE BELT FILTER PRESS NUMBER OF UNITS
THICKENED SOLIDS, PERCENT DRY WEIGHT 5.5 WIDTH (METER) 2 PUMP 1 & 2 CAPACITY (EACH), GPM @ FT TDH

SOLIDS CAPTURE, PERCENT 90 CAKE SOLIDS, PERCENT DRY WEIGHT 18 PUMP 1 & 2 POWER (EACH), HP
TWAS, GAL/DAY TBD SOLIDS CAPTURE, PERCENT 90 DRIVE TYPE

OPERATION (HRS/DAY, DAYS/WEEK) OPERATION (HRS/DAY, DAYS/WEEK) PUMP 3 CAPACITY, GPM @ FT TDH
PUMP 3 POWER, HP

UNITS 1 BACKUP DEWATERED CAKE PUMP DRIVE TYPE
TYPE DUAL USE BELT FILTER PRESS UNITS 1 EXISTING, 1 NEW

PUMP TYPE PROGRESSIVE CAVITY AIR COMPRESSOR (INSTRUMENT AIR, ETC)
THICKENED WASTE ACTIVATED SLUDGE PUMPS CAPACITY (EACH), GPM @ PSI TDH 30 @ 70

UNITS 1 EXISTING, 1 NEW POWER (EACH), HP 10 HOT WATER LOOP
PUMP TYPE PROGRESSIVE CAVITY DRIVE TYPE ADJUSTABLE

CAPACITY (EACH), GPM @ PSI TDH 75 @ 60
POWER (EACH), HP 10 POLYMER SYSTEM (DEWATERING) TBD

DRIVE TYPE ADJUSTABLE
DEWATERED CAKE CONVEYOR

UNITS 1 EXISTING
POLYMER SYSTEM (THICKENING) TBD TYPE SCREW

DIAMETER, INCHES 12
WASHWATER BOOSTER PUMPS (THICKENING) POWER (EACH), HP 7.5

UNITS 1 EXISTING
PUMP TYPE TURBINE DEWATERING CAKE HOPPER

CAPACITY (EACH), GPM @ PSI TDH 150 UNITS 1 EXISTING
POWER (EACH), HP 5 CAPACITY, CUBIC YARDS 36

DRIVE TYPE CONSTANT
FILTRATE PUMP STATION (OR FLOW CONTROL TBD

DIGESTER FEED PUMPS
UNITS 1 EXISTING WASHWATER BOOSTER PUMPS (DEWATERING)

PUMP TYPE CENTRIFUGAL UNITS 1 EXISTING, 1 NEW
CAPACITY (EACH), GPM @ PSI TDH 60 PUMP TYPE TURBINE

POWER (EACH), HP CAPACITY (EACH), GPM @ PSI TDH 150
DRIVE TYPE ADJUSTABLE POWER (EACH), HP 5

DRIVE TYPE CONSTANT

ANAEROBIC DIGESTION
UNITS 3 EXISTING

NUMBER @ VOLUME, GAL 2 @ 411,000; 1 @ 820,000

ADMM DIGESTED SOLIDS FLOW, GAL/DAY 135,000
 ADMM DIGESTED SOLIDS, MG/L 26,700

ADMM DIGESTED SOLIDS LOAD, LBS/DAY 29,600

MAX WEEK DIGESTED SOLIDS FLOW, GAL/DAY 170,600
MAX WEEK DIGESTED SOLIDS, MG/L 26,600

MAX WEEK DIGESTED SOLIDS LOAD, LBS/DAY 37,830
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Attachment B—Process Flow Diagram
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FACT SHEET 1 

New Primary Clarifier 
Attachment C to TM 8—Process Facilities 
Project Definition Report, City of Bend WRF Secondary Expansion Project 

Objective 
The objective is to determine the phasing for additional primary clarifier based on design 
criteria and the capacity of the existing primary clarifiers through the year 2030. Alternatives 
for primary sludge pumping are described for consideration with preliminary 
recommendations. Further design development will be part of future design phases. 

Background 
The Bend Water Reclamation Facility (WRF) currently routes flow from the headworks 
facility into the primary clarifier splitter box. The existing splitter box splits flow between 
the two existing primary clarifiers with provision for splitting to a third future clarifier. 
Primary scum is skimmed from the surface of the primary clarifiers, collected in scum pit 
adjacent to the splitter box, and pumped to the discharge of the primary sludge pumps. 
Primary sludge is withdrawn from the clarifiers with two existing air-operated diaphragm 
pumps. Expansion of the WRF will increase treatment capacity to 29.1 million gallons per 
day (mgd). 

In the City of Bend Water Reclamation Facilities Plan (Carollo Engineers in Association with 
Vision Engineering, 2008), a third primary clarifier was recommended for installation in 
2009; the stated nominal capacity of the existing 65-foot primary clarifiers is 6.2 mgd (935 
gallons per day per square foot surface overflow rate [gpd/ft2 SOR] with two units in 
operation) under average flow conditions and 20 mgd (3,000 gpd/ft2 SOR with two units in 
operation) under peak flow conditions. No recommendations were made for modifications 
to the primary sludge or primary scum systems. 

The 2008 facilities plan included a condition assessment of the primary clarification 
equipment, and is presented without change in Table 1 below. The condition of the existing 
equipment will be used to determine what equipment needs to be refurbished or replaced. 

TABLE 1 
Condition Assessment of Primary Clarification Equipment 
City of Bend WRF Secondary Expansion Project 

Item Asset Condition* 

Primary Clarifier Rake Arms/Mechanisms 4 

Primary Sludge Pumps 1 & 2 4 

External Lighting, Conduit, and Control Stations 4 

Motor Control Center for Primary Sludge Pumps (MCC-PSP) 4 

Dynamic Range Control (DRC) Controller Panels 4 
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TABLE 1 
Condition Assessment of Primary Clarification Equipment 
City of Bend WRF Secondary Expansion Project 

Item Asset Condition* 

Sample Pump Panel 4 

Internal Conduit and Lighting 4 

Primary Scum Pump Not applicable 

*Asset Condition 4 indicates rehabilitation is required. 

Design Criteria 
Process Criteria 
The design criteria for the primary clarifiers and primary sludge pumps are summarized in 
Table 2. 

TABLE 2 
New Primary Clarifier Process Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

2030 Average Day Flow, mgd 10.9 

2030 Average Day Maximum Month Flow, mgd 11.9 

2030 Peak (Hour) Dry Weather Flow, mgd 21.4 

2030 Peak (Hour) Wet Weather Flow, mgd 29.1 

Diameter, feet 65  

Average Surface Overflow Rate (SOR), gpd/ft2 a 1,000 

Firm SOR under Average Flow Conditions, gpd/ft2 b 1,500 

Maximum SOR under Peak Hour Flow Conditions a 3,000 

Average Primary Sludge Flow, gpd 105,000 

Average Primary Sludge Solids Loading, pounds per day (lb/day) 34,000 

Maximum Week Primary Sludge Flow, gpd 131,300 

Maximum Week Primary Solids Loading, lb/day 42,700 

Primary Sludge Concentration, % by weight 4.4 

a All units in service. 
b Largest unit out of service. 

System Configuration 
A 30-inch influent pipe discharges to the existing primary splitter box at the primary sludge 
pump station. The splitter box is capable of splitting flow to the two existing clarifiers with 
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the ability to accommodate the third primary clarifier. In the scum pit adjacent to the splitter 
box, primary scum is collected and pumped to the primary sludge pump discharge header. 

Flow is split to the primary clarifiers via fixed splitter weirs, and then flow is conveyed to 
each clarifier through a 24-inch pipe. The primary influent pipe feeds the bottom of the 65-
foot diameter clarifier through the primary clarifier influent feed well. 

A conventional rake mechanism rotates along the bottom of the clarifier flow, collecting 
settled sludge. A 6-inch primary sludge pipe from each clarifier sludge sump is routed to 
the primary sludge pump station.  

Plan and section drawings of the Primary Clarifiers 1 and 2 from 1978 (provided in 
Appendix A to this fact sheet) show the clarifier and the installed mechanism. Drives for the 
primary clarifiers were replaced in 2005. 

Water overflows v-notched weirs and is discharged through a 24-inch primary effluent pipe. 
The 24-inch primary effluent from Primary Clarifier 1 and Primary Clarifier 2 connects in 
the yard to a 30-inch primary effluent pipe to the aeration basins. There is an existing 
connection point for Primary Clarifier 3 into a plugged south side of a cross in the 30-inch 
pipe. Future flow split and connection of Primary Clarifier 4 would have to be made 
through separate facilities. However, planning for the work should be considered in this 
design. 

As the rake mechanism rotates, a spray header and skimmer arm collect scum from the 
surface of each clarifier and direct scum into a scum box. The spray header is equipped with 
spray nozzles that drive the scum towards the scum box. The scum box in each clarifier has 
a 6-inch scum pipe that conveys primary scum to the scum pit adjacent to the splitter box. 

Hydraulics for the primary clarifier piping are discussed under Technical Memorandum 9—
Yard Piping Modifications and Hydraulic Flow Improvements. 

Primary Sludge Pump Station 
The primary sludge pump station is adjacent to the primary clarifier splitter box and 
primary scum pit. The 6-inch primary sludge pipe from each primary clarifier connects to 
the suction header for the primary sludge pumps. The 6-inch primary scum pit inlet ties into 
the primary sludge header and requires manual operation for scum pumping. The primary 
sludge header connects to the existing primary sludge/scum pumps and provides the 
ability to draw sludge from either clarifier if one of the pumps is out of service. A 
progressing cavity pump has been installed for primary scum service, but is not in service. 

The current primary sludge/scum pumps are air-operated diaphragm pumps. Control of 
the pumps is based on the compressed air supply to the pumps. To pump down the scum 
pit, an operator manually opens the valve from the scum pit and closes the valves from the 
clarifiers into the primary sludge suction header three times a week. The pump is operated 
while the operator uses a hose to wash down the scum pit. To pump primary sludge, the 
valves are normally configured to have a dedicated pump for each clarifier. The discharge 
from the primary sludge/scum pumps is combined in a header that discharges to the 
digester feed wet well at the digester facility. 
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Currently, the pump is controlled by manual adjustment at the controller panel for each 
pump when pump discharge flows need to be changed. Flow measurement of the air-
operated diaphragm pump discharge is not currently monitored due to the discharge surge 
of the pumps. 

Reliability/Redundancy 
The U.S. Environmental Protection Agency (EPA) classifies wastewater treatment plants 
into three levels of system reliability. Based on discussions with Oregon DEQ, confirmed as 
part of this predesign effort, the Bend WRF requires the reliability and redundancy of a 
Class II facility. The criterion for primary clarifiers requires treatment capacity for 50 percent 
of the design flow with the largest unit out of service. The criterion for pumps requires a 
backup pump for each set of pumps, which allows for 100 percent design flow with any one 
pump out of service. 

The current capacity for the two existing primary clarifiers based on an SOR of 1,000 gpd/ft2 
for average day demand is 9.95 mgd, an SOR of 1,500 gpd/ft2 for one primary clarifier with 
a design flow capacity of 5.0 mgd, and a peak SOR of 3000 gpd/ft2 for two clarifiers at peak 
hour flows with a design capacity of 19.9 mgd. With an average flow rate of 10.9 mgd and 
all three primary clarifiers in service, the SOR is 1,100 gpd/ft2. For peak hour wet weather 
flows of 29.1 mgd and all three primary clarifiers in service, the SOR is 2923 gpd/sf. With 
two primary clarifiers in service (one primary clarifier is out of service), the average SOR is 
1,600 gpd/ft2. The average and firm average SORs exceed the design criteria in Table 2. For 
this reason, installation of Primary Clarifier 3 is recommended for the Secondary Expansion 
Project with Primary Clarifier 4 recommended for 2025.   

Code Requirements 
Under National Fire Protection Association (NFPA) 820: Standard for Fire Protection in 
Wastewater Treatment and Collection Facilities, classification, the primary clarifiers require 
electrical equipment to be designed to meet Class I, Division 2 conditions when within a 
certain proximity. The classification extends from the minimum water surface to 18 inches 
above the top of the clarifier and extends 18 inches from the exterior wall. At the clarifier 
perimeter, the envelope extends 10 feet horizontally from the exterior wall, 18 inches above 
grade. 

The scum area of the primary clarifier splitter box is uncovered, which is classified as a 
Class I, Division 2 space under NFPA 820. The classification extends within a 10-foot 
envelope around equipment and open channel. 

The primary sludge pump station is classified as a Class I, Division 2 space when ventilated 
at less than 6 air changes per hour. When ventilation is continuous at 6 changes per hour, 
the space is unclassified. 

Current ventilation rates of the primary sludge pump station have not been investigated.  
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Evaluation of Existing Facilities for Upgrades or Modifications 
Primary Clarifiers 
The existing primary clarifier mechanisms and rake arms require rehabilitation according to 
the 2008 facilities plan. Using data from other recent projects, the cost of surface preparation 
and recoating of carbon steel for the life of the mechanism was compared with the cost of 
purchasing new stainless steel mechanisms. Depending on the existing material, the life-
cycle cost of surface preparation and recoating was found to be similar to the cost of 
purchasing new stainless steel mechanisms. Unlike painted steel mechanisms, stainless steel 
mechanisms do not require coating repair.  

A third 65-foot primary clarifier is recommended as part of the WRF Secondary Expansion 
to increase the treatment capacity of the plant with the addition of a fourth primary clarifier 
in 2030. 

Primary Scum Pump 
The 2008 facilities plan does not identify the primary scum pump system for repair or 
replacement. 

Primary Sludge Pumps 
The existing primary sludge pumps were identified for rehabilitation in the facilities plan. 
Based on the current condition of the pumps and plant staff input, the pumps may be 
identified for replacement based on operational issues rather than maintenance.  The issues 
with the existing pumps are the lack of automated control from the control system and the 
inability to measure the discharge flow from the pumps. Based on preliminary information 
from the existing pump manufacturer, controls are available to allow for automated 
adjustment of pump operation and CH2M HILL has programmed to allow for sludge flow 
measurement from air-operated diaphragm pumps at other wastewater facilities. The 
diaphragm has not been replaced since the Headworks Improvement Project in 2007. 

In addition to air-operated diaphragm pumps, progressing cavity and screw centrifugal 
pumps are used successfully at other facilities. The advantages and disadvantages of these 
types of pumps are summarized in Table 3. 
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TABLE 3 
Advantages and Disadvantages of Primary Pump Types 
City of Bend WRF Secondary Expansion Project 

Pump Type Advantages Disadvantages 

Progressing 
Cavity 

Low susceptibility to gravity flow through 
the pump while operating  

Flow is proportional to operating speed and 
relatively independent of pressure and 
solids content. 

Adjustable turndown via adjustable speed 
drive. 

Low suction head requirements, which is 
good for pulling thick sludge through the 
long suction pipes. It is self-priming at 
suction lifts up to 28 feet.  

Quiet operation.  

No internal check valves to wear or clog. 

Can pass solids up to 1.125 inches in 
diameter (may be less depending on the 
pump size).  

Normally, primary sludge tends to be abrasive 
and results in the need for more maintenance 
(rotor and stator replacement). Bend WRF has 
no grit removal. – The original primary sludge 
pumps were replaced in the 1980s due to high 
maintenance. 

The pumps are longer and may not fit in the 
existing pump station. 

Sizing the pumps large enough to create a scour 
velocity of 2.0 feet per second in the primary 
sludge pipes results in a much larger flow rate 
than required to match sludge accumulation 
rates. 

Running dry will ruin the stator and may ruin the 
rotor. 

The pump, motor, or pipeline can be damaged if 
the discharge line becomes obstructed. – 
Provide HIGH pressure shutoff. 

Typically higher capital cost. 

Spare parts of progressing cavity pumps are 
expensive and can be more difficult to install.  

Screw-
Induced 
Centrifugal 

Handles a wide range of sludges and 
sludge consistencies. 

High efficiency. 

Wide operating range, good turndown. 

Pumps are not self-priming. 

Normally, primary sludge tends to be abrasive 
and results in the need for more maintenance 
(impeller and volute). Bend WRF has no grit 
removal. Not as abrasion resistant with harder 
materials not available. 

Limited manufacturer selection (many owners 
often sole-source WEMCO-Hidrostal). 

Air-Operated 
Diaphragm 

Ability to run dry without damage to the 
pump.  

Flow surge provides sufficient scour 
velocity through piping. 

Handles a wide range of sludges and 
sludge consistencies. 

Low maintenance. 

The pneumatic operation of the pump causes 
surging in the discharge, which makes flow 
measurement difficult. 

Noisy operation. 

Air humidity can cause ice formation on the air 
discharge of the pumps. – Low humidity in Bend 
limits ice formation. 

Current configuration requires manual 
adjustment of the air feed for flow modification. 

Current difficulty in measuring discharge flow 
from pump. 
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Recommendations 
To meet the design capacity of the secondary expansion of the Bend WRF, the primary 
treatment capacity will be increased by the addition of facilities. The major components for 
primary treatment capacity will be a third primary clarifier, a new primary splitter box, 
upgrade primary sludge pumps and the HVAC system at the existing primary sludge pump 
station, and a new primary sludge pump station. Figure 1 shows the proposed layout of the 
primary treatment improvements on the enlarged site plan. Basis for piping improvements 
are discussed in Technical Memorandum 9—Yard Piping Modifications and Hydraulic Flow 
Improvements. 

 

Figure 1 
Proposed Layout of Additional Primary Clarifiers and Hydraulic Improvements 

Primary Clarifiers 
A third 65-foot primary clarifier is recommended as part of the WRF Secondary Expansion 
to increase the treatment capacity of the plant with the addition of a fourth primary clarifier 
in 2030. Figure 1 shows the proposed layout of the primary clarifiers. The additional 
clarifiers are assumed to be identical to the existing primary clarifiers. 

Existing Primary Sludge Pump Station 
Upgrade building ventilation to meet requirements of NFPA 820. Replace existing DRC 
controllers for the existing air-operated diaphragm pumps with Allen Bradley PLCs to 
match plant standard and to provide automated control of the pumps. Pressure regulators 
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and pressure gauges for the compressed air to the air-operated diaphragm pumps will be 
relocated to the air header and solenoid control provided from the PLCs. 

The installed, but not programmed progressing cavity pump will be used to pump primary 
scum from the scum box to the primary sludge discharge header. Modifications to the 
sludge header will allow for automated operation of the scum pump. 

New Primary Sludge Pump Station 
Building ventilation will meet requirements of NFPA 820 to provide an unclassified space 
for electrical equipment. Provide new pumps with Allen Bradley PLCs to match plant 
standard and to provide automated control of the pumps. Pump types are assumed to be 
the same for the existing and new primary sludge pump stations. 

Controls Recommendations 
Control recommendations are as follows: 

 Build a new A-B ControlLogix PLC panel. Consider adding a temporary PLC for 
controlling the existing scum pump until the new ControlLogix PLC can be built under 
the secondary treatment project. 

 Improve control flexibility for the primary sludge pumps so that operators can adjust 
pumping rate from the HMI. 

 Decide what to do with the existing primary sludge flow meter (magmeter). The 
magmeter will not work with the air driven diaphragm pump because it cannot measure 
pulsed flow.  If diaphragm pumps are used, then consider removing the magmeter and 
calculate the flow rate using manually entered stroke length setpoint and counting 
stroke pulses for each pump. Alternatively, change to a different type of pump that will 
provide a continuous flow and re-connect the existing magmeters to the PLC. 
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Appendix A 
1978 Plan and Section Drawings of  

Primary Clarifiers 1 and 2 
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 FACT SHEET 2 

Blowers and Blower Building 
Attachment C to TM 8—Process Facilities 
Project Definition Report, City of Bend WRF Secondary Expansion Project 

Objective 
The Bend Water Reclamation Facility (WRF) currently utilizes centrifugal blowers, installed 
in a separate, stand-alone building in 1980, to provide process air to the aeration basins. The 
new integrated fixed-film activated sludge (IFAS) process will demand more air than the 
existing Modified Ludzack-Ettinger (MLE) process, making the efficiency and cost of 
operation of the aeration blowers even more important. This fact sheet explores the option 
of upgrading and replacing these existing blowers with new high-speed, direct-drive turbo 
blowers due to the associated increased power efficiency and potential energy savings. 

Background 
The existing blower facility was constructed in 1980. The blower building consists of a 
concrete slab on grade concrete block building and metal roof. The building has two 
separate rooms, a blower room and an electrical room.  The blower room has dimensions of 
38 feet 10 inches by 24 feet. Four existing 250 horsepower multi-stage centrifugal blowers 
supply air to the aeration basins.  Each blower has separate blower intake lines consisting of 
blower inlet air filters located on the roof, 16-inch blower suction piping through the ceiling 
to 16-inch intake silencers the blowers. Individual blowers discharge through 16-inch check 
valve and butterfly valve and exhaust silencers and then combine into a single 24-inch 
discharge header to the aeration basins. The existing blower capacity design values are 
summarized in Table 1. 

TABLE 1 
Existing Blower Capacity 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

Number of blowers total Four 

Number of duty blowers Three 

Number of standby blowers One 

Type Multi-stage centrifugal 

Capacity per blower 3,500 scfm @ 8 psig 

Installed firm capacity (three blowers) 10,500 scfm 

psig = pounds per square inch gauge; scfm = standard cubic feet per minute. 
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The IFAS process modifications to the aeration basins will require more process air than the 
current MLE-designed aeration basins. Additional air requirements are inherent to the IFAS 
process partly because coarse air bubble diffusers are used. 

Design Criteria 
Process Criteria 
The process air requirements for IFAS are summarized in Table 2. Three scenarios are 
developed to determine the process air requirements. Fact Sheet 4 describes the diffused 
aeration system design criteria in detail. The scenarios incorporated into Table 2 are 
developed for a number of ADMM influent conditions, covering the planning period used 
for the design (7.3 million gallons per day [mgd] to 17 mgd ADMM). The following 
characteristics of the IFAS zone are used to determine the associated range of air demands: 

 IFAS zone dissolved oxygen (DO) level of 4.0 milligrams per liter (mg/L) with a 
wastewater temperature of 25 degrees Celsius (C). 

 IFAS zone DO level of 6.0 mg/L with a wastewater temperature of 15C. 

 IFAS zone DO level of 2.0 mg/L with a wastewater temperature of 25C.  

The actual maximum month, maximum week, and minimum week air demands are shown 
for the various scenarios in Table 2. No safety factors are included on the air demands listed. 
In addition, it also assumes the use of only course bubble diffusers throughout the Aeration 
Basin.  

TABLE 2 
IFAS Blower Air Requirements Criteria 
City of Bend WRF Secondary Expansion Project 

Scenario  

Average Day Maximum Month Wastewater Flow 

7.3 mgd 8.5 mgd 11.9 mgd 17 mgd 

 IFAS Zone DO = 4.0 mg/L; Wastewater Temperature = 25°C 

Maximum Month Air Demand (scfm)a 17,100 20,000 27,500 37,600 

Maximum Week Air Demand (scfm)b 21,600 25,200 34,700 47,400 

 IFAS Zone DO = 6.0 mg/L; Wastewater Temperature = 15°C 

Maximum Month Air Demand (scfm)a 22,300 25,700 35,000 52,500 

 IFAS Zone DO = 2.0 mg/L; Wastewater Temperature = 25°C 

Minimum Week Air Demand (scfm)c 3,600 4,100 5,800 8,200 

aMaximum month influent flows, as listed, with the associated loads are utilized. 
bMaximum week influent flow and loads, associated with the listed ADMM value, are utilized. 
cMinimum week influent flow and loads, associated with the listed ADMM value, are utilized. 
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System Configuration 
High-Speed, Direct-Drive Turbo Blowers 
High-speed, direct-drive turbo blowers are an emerging technology with a growing but 
short installation list in North America. However, they offer a number of advantages. They 
have similar, if not higher, efficiency than single stage centrifugal blowers and have the 
smallest footprint of all available blower technologies. The blowers are controlled via an 
integral adjustable speed drive. No inlet throttling or inlet guide vanes and discharge 
diffusers are required. Standard packages include noise attenuating enclosure with easy 
access to provide 85 decibels (A weighted scale) (dbA) or less 3 feet from the enclosure. The 
blowers are a low maintenance design, incorporating non-contact air foil or magnetic 
bearings with no pressure lubrication system or gear box/drive belts. Turbo blowers are 
competitively priced as compared to single stage centrifugal blowers. Maximum blower size 
is limited to approximately 300 horsepower (hp). Manufacturers include, Neuros, K-Turbo, 
HSI, Turblex, ABS, and Atlas Copco. K-Turbo and Neuros have 400 hp dual units that 
consist of two 200 hp blowers in a single package, but neither manufacturer has significant 
experience with blowers of this size.  

The integral high-speed variable frequency drives associated with these blowers are usually 
6 or 8 pulse drives. Therefore, some level of harmonic filtering may be required to avoid 
being penalized by the electric utility for excessive electronic distortion. 

Blower design differs slightly between manufacturers; the differences are highlighted in 
Table 3. 

TABLE 3 
Blower and Blower Building Improvements Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Manufacturers 

Bearings  

Air bearings HSI, K-Turbo, Neuros, Turblex, Atlas Copco 

Magnetic air bearings ABS 

Cooling  

Motor cooled with process air Neuros, HSI, Atlas Copco 

Motor cooled with non-process air K-Turbo, HIS, Atlas Copco, ABS 

Liquid cooled motor Neuros >200 hp and HSI 

Motor  

Permanent magnet motor Neuros, K-Turbo, HSI 

Induction motor ABS, Atlas Copco 
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Air Header and Drop Piping Upgrades 
Due to the increased air demands in the IFAS aeration basins (over and above the design air 
demands for the MLE basins), not only the blowers and existing air header require capacity 
increases, but the drop pipes and air distribution overall require upsizing to convey more 
air to the aeration basins. For the purposes of this project definition report, air header, drop 
piping, and distribution air piping are assumed to be replaced. 

Reliability/Redundancy 
The U.S. Environmental Protection Agency (EPA) classifies wastewater treatment plants 
into three levels of system reliability. Based on discussions with the Oregon Department of 
Environmental Quality (DEQ), confirmed as part of this predesign effort, the Bend WRF 
requires the reliability and redundancy of a Class II facility. Blower reliability standards 
criteria set by EPA for Class II facilities require there be a sufficient number of blowers to 
maintain the design oxygen transfer rate with the largest capacity unit out of service.   

Evaluation of Existing Facilities for Upgrades or Modifications 
To provide the air required for the new IFAS basins, it is recommended to replace or 
supplement the existing blowers with direct drive turbo blowers. Two options exist for 
meeting the near-term air demands:  

1. Retrofit the existing blower building to house higher horsepower blowers, adding a 
small 100 hp blower outside to meet low flow/low air demand periods. 

2. Construct a new blower building to house new blowers, while using the existing 
blowers in the existing blower building for backup/redundancy. 

3. Construct new three-sided structure without heating, ventilation, and air conditioning 
(HVAC) to house new blowers and locate electrical gear elsewhere. 

These three near-term scenarios would provide air to meet the 2010 maximum week air 
demand (21,600 scfm), corresponding to 7.3 mgd ADMM assuming a DO of 6.0 mg/L. 

Due to the difference in blower sizes and number of blowers the treatment capacities of the 
following alternatives vary slightly. 

Alternative 1 —Retrofit Existing Blower Building 
Blower Building 
The existing blower building roof will need to be modified to allow for four new blower 
intakes because turbo blowers have an end-suction configuration and existing suction 
piping locations do not match up with the existing blower suction piping. A new 
penetration on the north wall is required for a second 24-inch discharge header. Building 
HVAC loads should stay the same or become less, depending on the type of blower cooling 
selected. Significant HVAC modifications are not anticipated. If a new blower building is 
not constructed, then, a simply supported roof structure cantilevered off the existing blower 
building structure would be needed to protect the one smaller 100 hp blower needed for 
turndown. 
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Blowers 
The existing blower building has room for approximately four 400 hp direct-drive turbo 
blowers. Blower sizes vary between manufacturers, but for space evaluation the K-Turbo 
blower footprint of a 400 hp dual core unit (4 feet 3 inches by 4 feet 3 inches by 5 feet 9 
inches) was used to evaluate available blower capacity within the existing blower building.  
Dual core units use two 200 hp blowers installed in a single package. Not all blower 
manufacturers make these large dual core units. It has been confirmed that at least K-Turbo 
and Neuros do make these large dual core units. It should be noted that existing 
installations using the larger units are limited.  

New turbo blowers would replace the existing 250 hp centrifugal blowers in the same 
location. The four 400 hp blowers can provide enough air to meet 7.3 mgd maximum week 
treatment capacity. However, in order to provide adequate turndown during low flow 
periods, an additional 100 hp unit is required. There is not adequate room in the existing 
blower building for this unit. Consequently, area outside the existing blower building 
would be required to locate this smaller turndown blower. Blowers can be installed outside 
with a weather protection roof. A simply supported roof structure cantilevered off the 
exterior of the blower building is proposed. 

Blowers will provide 22,500 scfm, enough air to treat 7.3 mgd ADMM flows with the criteria 
of 6 mg/L in carrier media zone and a wastewater temperature of 15C. 

Air Header 
In order to minimize friction losses with the higher air demands, the current 24-inch air 
header from the blower building to the aeration basins will require an additional 24-inch 
discharge header. The dual 24-inch discharge lines provide the air capacity needed for the 
new IFAS basins while providing flexibility for some of the existing blowers to stay in 
operation and providing air to the aeration basins during construction. 

Electrical 
Active harmonic filters are recommended on the power feed to the high-speed, direct-drive 
turbo blowers due to the harmonic distortion caused by the blowers’ 6 or 8 pulse variable 
frequency drives. Additional electrical upgrades in the blower building will be necessary to 
provide power for the increased horsepower of the turbo blowers. 

Alternative 2—New Block Blower Building 
Blower Building 
The new blower building would be approximately 40 feet long and 40 feet wide. The blower 
room dimensions are approximately 30 feet by 40 feet. Ultimate buildout conditions would 
require six 300 hp blowers. Therefore, the optimal blower layout consists of two rows of 
three blowers. A separate electrical room is required for the new blower building. Building 
HVAC loads should be similar to the existing blower building, with the turbo blowers 
actually producing significantly less heat during operation. 

Blowers 
The new blower building will have room for six 300 hp units at ultimate buildout. Layout 
consists of two rows of three blowers each. An initial blower installation configuration to 
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meet a capacity of 7.6 mgd ADMM will be four 300 hp blowers and one 100 hp unit. This 
will provide a firm capacity of 23,500 scfm, using the existing blowers in the existing blower 
building as redundant units,  enough air to treat 7.6 mgd ADMM flows with the criteria of 6 
mg/L in carrier media zone and a wastewater temperature of 15C. 

Air Header 
A new (32 inch diameter) blower discharge header will be routed through the new blower 
building and over to the aeration basin air manifold located at the north end of the aeration 
basins. This header is sized to meet blower building buildout capacity. 

Electrical 
A 10-foot by 40-foot electrical room in the new blower building will provide room for the 
required active harmonic filters and other electrical equipment serving the new high-speed, 
direct-drive turbo blowers.  

Alternative 3—New Metal Three-Sided Blower Building 
Blower Building 
The new blower building will consist of a three walled, slab on grade, metal fabricated 
building with sloped roof. A separate electrical facility will be required to provide power to 
this blower building. 

Blowers 
The new blower building will have room for six 300 hp units at ultimate buildout. Layout 
consists of one row of six blowers. An initial blower installation configuration to meet a 
capacity of 7.6 mgd ADMM will be four 300 hp blowers and one 100 hp unit. This will 
provide a firm capacity of 23,500 scfm, using the existing blowers in the existing blower 
building as redundant units, enough air to treat 7.6 mgd ADMM flows with the criteria of 6 
mg/L in carrier media zone and a wastewater temperature of 15C. 

Air Header 
A new (32-inch diameter) blower discharge header will be built through the new blower 
building and over to the aeration basin air manifold located at the north end of the aeration 
basins. This header is sized to meet blower building buildout capacity. Additional support 
costs may be involved given the building structure proposed in this alternative. 

Electrical 
Electrical equipment for this alternative requires the use of an exterior weatherproof rated 
enclosure. This enclosure will include room for active harmonic filters. The weatherproof 
electrical enclosure will be installed adjacent to the blower facility.  

Ultimate Buildout Configuration 
Retrofitting the existing blower building or building a new blower building alone will not 
provide enough blower capacity to serve the four aeration basins with maximum IFAS 
media fill. Ultimately, both modifications will be required to provide blower capacity of 
four aeration basins with IFAS media fill corresponding to 16 mgd. Table 4 shows the 
blower capacity that will be needed for ultimate buildout. Four aeration basins with 
maximum IFAS media fill (17 mgd ADMM) requires 52,500 scfm with the DO criteria of 6 
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mg/L in carrier media zone and a wastewater temperature of 15C. These criteria are not 
achievable with the ultimate buildout of the two blower buildings and their corresponding 
air capacity of 49,400 scfm. However, 17 mgd flows with the DO criteria of 4.0 mg/L and 
wastewater temperatures of 25C (47,400 scfm) are possible.   

TABLE 4 
Ultimate Buildout Blower Capacity 
City of Bend WRF Secondary Expansion Project 

 Retrofit Existing Blower Building Build New Blower Building 

Blowers Four 300 hp units (5,500 cfm/each) Six 300 hp units (5,500 cfm/each)  

Firm capacity Nine*5,500 = 49,500 cfm 

Total buildout capacity Ten 300 hp units (5,500 cfm/each) 

 

Order-of-Magnitude Cost Estimate Comparison 
The features and costs of the three blower alternatives are compared in Table 5. 

TABLE 5 
Blower Building Alternative Comparison 
City of Bend WRF Secondary Expansion Project 

 Retrofit Existing 

Blower Building 

New Block Blower 
Building 

New Metal Open Blower 
Building 

Blowers Four 400 hp units (7,000 
cfm/each) 

One 100 hp unit (1,500 
cfm/each) 

Four 300 hp units (5,500 
cfm/each) 

One 100 hp unit (1,500 
cfm/each) 

Four 300 hp units (5,500 
cfm/each) 

One 100 hp unit (1,500 
cfm/each) 

Firm capacity Three units * 7,000 + one 
unit *1,500 = 22,500 cfm 

(One 400 hp unit out of 
service) 

Four units * 5,500 + one 
unit * 1,500 = 23,500 cfm 

(Existing 250 hp blowers as 
redundancy) 

Four units * 5,500 + one 
unit * 1,500 = 23,500 cfm 

(Existing 250 hp blowers 
as redundancy) 

Blower cost $1,882,456 $1,530,998 $1,530,998 

Building/piping cost $468,916 $915,644 $344,568 

Air header to aeration 
basin cost 

$164,900 $71,589 $71,589 

Electrical cost $39,156 $152,470 $325,411 

Total cost $2,555,427 $2,670,701 $2,272,566 

 

The cost estimates used in this analysis are considered “order-of-magnitude” estimates. 
Order-of-magnitude estimates represent approximate estimates made without detailed 
engineering data. It is normally expected that an estimate of this type would be accurate 
within plus 50 percent or minus 30 percent.  



FACT SHEET 2— BLOWERS AND BLOWER BUILDING 

8  FACT_SHEET_2_BEND_WRF_PD_BLOWER_IMPROVEMENTS_02082011.DOCX 

Recommendations 
Based on the competitive cost analysis of the alternatives, and because a second blower 
building will be needed in the near future regardless, it is recommended to build a new 
block or metal blower building with enough blower capacity installed to treat 8.5 mgd.  

Blower configuration to treat 8.5 mgd will be five 300 hp and one 100 hp high-speed direct-
drive turbo blowers. Redundancy will be provided by the existing centrifugal blowers. The 
new blower will provide process air to treat up to 8.5 mgd ADMM influent flow. Providing 
this new building will allow for easier retrofitting of the existing blower building when 
flows exceed 8.5 mgd ADMM.  

Above 8.5 mgd ADMM a sixth 300 hp direct-drive turbo blower should be installed in the 
new blower building to replace the 100 hp unit as well as the retrofit and replacement of the 
existing blowers 250 hp blowers in the existing blower building, is required. The existing 
four 250 hp centrifugal blowers should be replaced with four 300 hp high-speed direct-drive 
turbo blowers.  

At full build out of the blower buildings, the blower system will consist of six 300 hp high-
speed direct-drive turbo blowers in the new blower building and four 300 hp high speed 
direct drive turbo blowers in the existing retrofitted blower building. This ultimate build out 
configuration of the blower buildings will provide enough air to meet the requirement of 
16 mgd ADMM flow. 



 

FACT_SHEET_2_BEND_WRF_PD_BLOWER_IMPROVEMENTS_02082011.DOCX  

Appendix A 
Proposed Modifications to  

Existing Blower Building 
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Appendix B 
Proposed New Blower Building 
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Appendix C 
Proposed New Metal Three‐Sided  

Blower Building 
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FACT SHEET 3 

Aeration Basin/IFAS Configuration 
Attachment C to TM 8—Process Facilities 
Project Definition Report, City of Bend WRF Secondary Expansion Project 

Introduction 
The secondary expansion of the City of Bend Water Reclamation Facility (WRF) will 
incorporate an integrated fixed-film activated sludge (IFAS) process.  IFAS is a hybrid 
suspended growth-biofilm system that incorporates high surface area movable biofilm 
carriers into the activated sludge process.  This fact sheet, Fact Sheet 3, covers the overall 
plan for the IFAS system and how this will be incorporated in the WRF. This will address 
the number of aeration basins proposed for conversion to IFAS and the associated process 
capacities available in the system given a number of treatment scenarios. Fact Sheet 4 
summarizes the modifications necessary to convert an existing basin to an IFAS basin, 
documents the relevant assumptions used to develop the design of the secondary 
expansion, and provides an overview of the vendor selection process. 

Goals for the Aeration Basin/IFAS Configuration 
The goals of the aeration basin/IFAS retrofit include: 

 Optimize the aeration basin/IFAS configuration to provide the needed capacity, while 
working within the funding framework available to the City 

 Minimize the constructability issues to the extent possible through the secondary 
expansion project 

 Provide ease of operation and maintenance 

Secondary Expansion Design Criteria 
Table 1 summarizes design criteria used in this evaluation to determine the recommended 
aeration basin/IFAS configuration.  These design criteria have been taken in part from the 
City of Bend Water Reclamation Facility Plan Technical Memorandum No. 4 Table 10-1 (Carollo, 
2008), together with a review of the existing WRF flows and loads. 

TABLE 1 
Secondary Expansion Design Criteria 
City of Bend WRF Secondary Expansion Project 

Parameter 2030 Projections* 

Average Annual Flow 10.9 mgd 

Average Day Maximum Month Flow 11.9 mgd 

Peak Day Flow 13.6 mgd 

Peak Dry Weather Flow 21.4 mgd 
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TABLE 1 
Secondary Expansion Design Criteria 
City of Bend WRF Secondary Expansion Project 

Parameter 2030 Projections* 

Peak Wet Weather Flow 29.1 mgd 

Average Annual BOD5 31,800 lb/day (350 mg/L) 

Average Day Maximum Month BOD5 38,800 lb/day (391 mg/L) 

Average Annual TSS 31,300 lb/day (344 mg/L) 

Average Day Maximum Month TSS 42,600 lb/day (429 mg/L) 

Average Annual TKN 4,500 lb/day (49.5 mg/L) 

Average Day Maximum Month TKN 5,900 lb/day (59 mg/L) 

Average Annual NH3-N 2,900 lb/day (32 mg/L) 

Average Day Maximum Month NH3-N 3,600 lb/day (36 mg/L) 

*City of Bend Water Reclamation Facility Plan Technical Memorandum No. 4 Table 10-1 (Carollo, 2008). 

The 2030 flow and load projections are used within the Secondary Expansion Project as an 
initial capacity evaluation point, but these criteria will evolve throughout the during of the 
project definition phase. A goal is to establish an optimized build-out capacity of the current 
WRF, and include modifications within the Secondary Expansion Project to meet these 
build-out capacities where economically feasible. A benefit with the IFAS system is that the 
infrastructure surrounding the secondary treatment process can be modified to 
accommodate these build-out capacities, while near-term process capacities can be met 
through the optimization of carrier media and oxygen imparted to the system. The use of 
carrier media to meet these near-term capacities will allow the City to prioritize capital 
investment at the WRF, while providing flexibility to meet future growth within the service 
area with the ease of incorporating additional media into the system. 

In addition to the 2030 flow and load projections from the facilities plan, a near-term 
anticipated capacity of 8.5 mgd (ADMM) is utilized as part of the evaluation. This capacity 
aligns with the number of equivalent dwelling units (EDUs) the City of Bend had 
committed to users within the service area. These users have not connected to the system, 
but the City at the very least would like this capacity incorporated into the Secondary 
Expansion Project. The carrier media requirements to meet this capacity, together with the 
impacts of converting the existing three basins to IFAS or installing a fourth aeration basin 
with IFAS will be determined. 

Conversion to the IFAS Process 
There are two main options for the incorporation of the IFAS process into the Bend WRF: 
(1) Conversion of the existing aeration basins and (2) Installation of Aeration Basin 4 plus 
conversion of existing aeration basins. This section provides a comparison of these two main 
options. 
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Conversion of Existing Aeration Basins to IFAS 
The conversion of the existing aeration basins (Aeration Basins 1, 2, and 3) to incorporate the 
IFAS treatment system was proposed in the Bend Water Reclamation Facility 
Secondary Expansion Task A1.06 Preliminary Process Evaluation Summary (CH2M HILL, 
September 2010). The concept is to provide carrier media within each basin, increasing the 
overall process capacity to meet the planning criteria flow and loads. Process evaluations 
indicate that an ultimate 13-mgd ADMM capacity could be achieved with three IFAS 
aeration basins, and the associated secondary clarification system. 

The details required to incorporate the IFAS system into each aeration basin are identified 
and presented in Fact Sheet 4. The challenge in retrofitting the existing aeration basins to the 
IFAS system is related to constructability issues. The existing aerations basins are currently 
approaching their rated capacity, making it difficult to remove a basin from service for the 
allowable construction period. The initial estimate for the duration of construction to retrofit 
the existing aeration basins is 18 months (note that this doesn’t include construction at other 
unit processes planned for this project). Out of this overall duration of construction, it is 
anticipated that the WRF would need to be operating with only two existing aeration basins 
for up to 4 months. After this time period, one new IFAS basin would be available for use. A 
second existing aeration basin would be retrofitted to the IFAS system, requiring the WRF to 
operate with one existing aeration basin (MLE mode) and one IFAS aeration basin. While 
the IFAS basin would not be able to operate at its full process capacity, this could be loaded 
higher than the existing aeration basin to help ease the burden on the facility. After an 
additional 2 to 4 months, the second IFAS basin would be available for use. With two IFAS 
basins in service, and the appropriate level of carrier media installed, the system would 
have adequate capacity to treat the existing wastewater flow and load. The third aeration 
basin could then be converted to the IFAS system to finalize the overall aeration basin 
retrofit. 

As noted, the concern with this approach is the need to operate with only two aeration 
basins for an extended period of time. Based on the calibrated whole-plant process 
simulation, the approximate capacity of the existing secondary treatment system is 6.5 mgd 
(ADMM). This is based on the treatment criteria established in the facilities plan of meeting 
the effluent total nitrogen limit of 10 mg/L for the annual average conditions (wastewater 
temperature of 17 degrees Celsius (˚C), but only providing nitrification during the coldest 
time of year (14˚C wastewater temperature). To provide complete nitrification during the 
average annual conditions, a safety factor of 2.0 is used against the minimum SRT required 
for nitrification. This safety factor is reduced to 1.5 during the winter conditions for this 
evaluation. Some of the key assumptions for this capacity evaluation are to have an SVI of 
200 and maintain a dissolved oxygen concentration of 2.0 mg/L within the aerobic zones of 
the aeration basin. With one aeration basin offline, there will be an impact on overall WRF 
capacity. Holding to the established design criteria, Table 2 presents a comparison of the 
WRF performance for the operation of three and two aeration basins. For this evaluation, all 
secondary clarifiers are assumed to be in service. 
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TABLE 2 
Aeration Basin Retrofit Option Comparison 
City of Bend WRF Secondary Expansion Project 

Units  

Number of Aeration Basins Online 

% Increase Three Two 

ADMM capacity mgd 6.5 6.5 - 

Winter Conditions 

Temperature C 14 14 - 

SRT  8 8 - 

MLSS mg/L 3,000 4,120 37% 

SVI  200 200 - 

SLR  20.0 26.5 33% 

Limiting SLR  27.0 27.0 - 

Effluent TKN mg/L 2.5 2.57 3% 

Effluent NH3-N mg/L 0.37 0.41 11% 

Effluent NO3-N mg/L 8.1 8.21 1% 

Effluent TIN mg/L 8.47 8.6 2% 

Effluent TN mg/L 10.6 10.78 2% 

Average Annual Conditions   

Temperature C 17 17 - 

SRT  8 8 - 

MLSS mg/L 2,700 4,000 48% 

SVI  200 200 - 

SLR  17.4 25.9 49% 

Limiting SLR  27.0 27.0 - 

Effluent TKN mg/L 2.31 2.31 - 

Effluent NH3-N mg/L 0.16 0.16 - 

Effluent NO3-N mg/L 7.4 7.7 4% 

Effluent TIN mg/L 7.56 7.9 4% 

Effluent TN mg/L 9.71 10.01 3% 

 

As noted in Table 2, there is an increase in a number of operational parameters when 
utilizing only two aeration basins. The process simulation is representative of WRF 
performance, but the use of the “% increase” values against existing measured values is 
recommended. As an example, the MLSS would increase by approximately 37 to 48 percent 
with only two aeration basins in service. From this comparison, it does appear that it would 
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be a significant operational challenge to maintain treatment performance with two aeration 
basins in service. 

Aeration Basin 4 Installation 
At the completion of the process evaluation study there was an interest from the City in 
investigating the installation of a new, fourth aeration basin. This could provide a significant 
benefit from a constructability perspective, as impacts to the operation of the existing 
system could be minimized. 

The following evaluations are completed to help in making the decision of installing 
Aeration Basin 4: 

 Comparison of ultimate process capacity of three and four aeration basins (converted to 
IFAS) 

 Carrier media volume required to meet 2030 flow and loads between three and four 
aeration basins 

 Carrier media volume required to meet 8.5-mgd ADMM capacity between three and 
four aeration basins 

The performance criteria for these evaluations are to meet an effluent TN of 8.5 mg/L at a 
wastewater temperature of 17˚C. The solids residence time is held at 5 days. Table 3 presents 
the results of these evaluations. 

TABLE 3 
Aeration Basin Scenario Comparison 
City of Bend WRF Secondary Expansion Project 

Scenario Results 

Ultimate Aeration Basin Process Capacity (67% 
Media Fill) 

(3) Aeration Basins – 13.0-mgd ADMM 

(4) Aeration Basins – 17.0-mgd ADMM 

2030 Flow and Loads Comparison (11.9-mgd ADMM) 

 

(3) Aeration Basins – 60% Media Fill 

(4) Aeration Basins – 44% Media Fill 

Near-term Capacity Comparison (8.5-mgd ADMM) 

 

(2) Aeration Basins – 55% Media Fill 

(3) Aeration Basins – 25% Media Fill 

(4) Aeration Basins – 25% Media Fill 

  

As reflected in Table 3, only three aeration basins and the appropriate media fill are 
required to meet the planning criteria flow and loads through 2030. However, with the 
installation of a fourth aeration basin there will be added flexibility for operation and 
expansion of the WRF. Carrier media management can be optimized, taking advantage of 
the additional bioreactor volume available in the system. As an example, less carrier media 
is required in the near-term design conditions as the suspended growth environment can 
provide additional capacity. 
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Capital Cost Comparison 
An initial capital cost opinion for comparison of the two aeration basin expansion options is 
developed for the near-term capacity scenario, with the WRF designed to provide an 8.5-
mgd ADMM process capacity. The cost opinion is updated from that developed as part of 
the Bend Water Reclamation Facility Secondary Expansion Task A1.06 Preliminary Process 
Evaluation Summary (CH2M HILL, September 2010). The costs are developed from the 
ongoing design work as part of the project definition phase of the project. The comparison 
of capital costs for the two aeration basin expansion options are presented in Table 4. Note 
that this comparison only includes costs associated with aeration basins and do not include 
costs for other unit processes. For each of these scenarios it is assumed that all of the 
aeration basins have been retrofitted to accommodate carrier media (retention screens, 
aeration system, etc.). However, carrier media is only installed in some of the aeration 
basins to meet the 8.5-mgd ADMM process capacity. 

TABLE 4 
Aeration Basin Retrofit Capital Cost Comparison 
City of Bend WRF Secondary Expansion Project 

Scenario Description 

Carrier 
Media 

Fill Total Capital Cost 

1. Retrofit AB 
1, 2, 3 + 55% 
Media in (2) 
AB Only 

Total Secondary Process Capacity = 8.5-mgd 55%  

Conversion of Existing Aeration Basin 1, 2, and 3 (no 
media) 

  $4,918,802  

IFAS Carrier Media AB 1, yd3 963  $1,505,158  

IFAS Carrier Media AB 2, yd3 963  $1,505,158  

IFAS Carrier Media AB 3, yd3   $ -    

Subtotal =   $7,929,118  

Aeration Basin 4 (no media)   

IFAS Carrier Media, yd3   

Subtotal =   $  -    

  TOTAL =    $7,929,118  

2. New AB + 
Retrofit AB 1, 
2, 3 + 25% 
Media in (3) 
AB Only 

Total Secondary Process Capacity = 8.5-mgd 25%  

Conversion of Existing Aeration Basin 1, 2, and 3 (no 
media) 

  $4,918,802  

IFAS Carrier Media AB 1, yd3  $   -    

IFAS Carrier Media AB 2, yd3 428  $668,959  

IFAS Carrier Media AB 3, yd3 428  $668,959  

Subtotal =   $6,256,720  

Aeration Basin 4 (no media)   $ 3,144,745  

IFAS Carrier Media, yd3 428  $668,959 

Subtotal =   $3,813,704  
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TABLE 4 
Aeration Basin Retrofit Capital Cost Comparison 
City of Bend WRF Secondary Expansion Project 

Scenario Description 

Carrier 
Media 

Fill Total Capital Cost 

TOTAL =   $10,070,424  

3. Retrofit AB 
2, AB 3 + 
New AB + 
25% Media in 
(3) AB Only 

Total Secondary Process Capacity = 8.5-mgd 25%  

Conversion of Existing Aeration Basin 1 (no media)   $    -    

Conversion of Existing Aeration Basin 2 (no media)   $1,639,601 

Conversion of Existing Aeration Basin 3 (no media)   $ 1,639,601 

IFAS Carrier Media AB 1, yd3   $      -    

IFAS Carrier Media AB 2, yd3 428 $668,959 

IFAS Carrier Media AB 3, yd3 428  $668,959  

Subtotal =   $4,617,119  

Aeration Basin 4 (no media)   $3,144,745  

IFAS Carrier Media, yd3 428 $668,959 

Subtotal =   $3,813,704  

TOTAL =   $8,430,823  

 

This cost comparison of scenarios to meet the near-term 8.5-mgd ADMM process capacity 
details the impacts carrier media fill has on the total capital cost. The IFAS carrier media cost 
makes up a large percentage of the overall retrofit costs. From the scenarios presented in 
Table 4, the conversion of the existing three aeration basins with 55% media fill (in only two 
aeration basins) results in a total cost of $7.9M. With the installation of a new aeration basin, 
the retrofit of all existing aeration basins to the IFAS system, and the incorporation of 25% 
media fill in three aeration basins the total cost is $10.1M. The difference between these 
scenarios is $2.2M. Another option would be to defer the retrofit of one existing aeration 
basins. The preliminary cost estimate indicates that this total cost (Option 3 in Table 4) is 
equivalent to the retrofit of only three basins (Option 1 in Table 4). 

Recommendation 
From this initial evaluation it is recommended that the project definition phase continue 
with the planned installation of a new aeration basin with the IFAS system along with the 
retrofit of the existing aeration basins to the IFAS system.  The approximate capacity of the 
existing secondary treatment system is 6.5 mgd ADMM based on the established treatment 
criteria for the Bend WRF.  The existing aerations basins are currently approaching their 
rated capacity, making it difficult to remove a basin from service for the allowable 
construction period.  While the planning period criteria could be met with only three 
aeration basins and approaches may be available to address constructability concerns, the 
design team and City determined that construction of a fourth aeration basin is warranted 
given the site availability for a new basin.  The cost difference between the two scenarios is 
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$2.2M, which may be possible to incorporate into the overall project budget. It also appears 
that there could be some savings in deferring the cost of retrofitting one of the existing 
basins to the IFAS system. If the project budget allows, it is recommended to complete the 
retrofit of all existing basins at this time. With this completed, only additional media would 
be required in the aeration basins to provide an increase in capacity. 

Table 5 presents the recommendations for the expansion of the aeration basins as associated 
system configuration. Details surrounding the incorporation of the IFAS system into the 
aeration basins are presented in Fact Sheet 4.  

TABLE 5 
Recommendations for Aeration Basin Expansion 
City of Bend WRF Secondary Expansion Project 

Feature Sizing Information 

Retrofit Aeration Basin 1, 2, and 3 to an IFAS system See Fact Sheet 4 

Install Aeration Basin 4 Length x Width = 210 ft x 44 ft 

 Side water depth = 15 ft 

 Anoxic volume per basin =  0.48 MG 

 Aerobic volume per basin = 0.56 MG 

 IFAS aerobic volume per basin = 0.34 MG 

 Total volume per basin = 1.04 MG 

 Reactor Configuration Equal to AB 1, 2, and 3 (See 
Fact Sheet 4) 

 Use common wall construction with Aeration Basin 3 

Near-term Process Capacity 8.5-mgd ADMM 

IFAS Carrier Media Volume AB 1 – No Media, internal modifications for future media 
only 

 AB 2 – 427.1 yd3 (25% Fill) 

 AB 3 – 427.1 yd3 (25% Fill) 

 AB 4 – 427.1 yd3 (25% Fill) 



 



 

FACT_SHEET_4_BEND_SECONDARY_PROCESS_02082011.DOCX 1 

FACT SHEET 4 

Existing Aeration Basin Modifications for 
Conversion to IFAS 
Attachment C to TM 8—Process Facilities 
Project Definition Report, City of Bend WRF Secondary Expansion Project 

Objective 
The secondary expansion of the City of Bend Water Reclamation Facility (WRF) will 
incorporate an integrated fixed-film activated sludge (IFAS) process. IFAS is a hybrid 
suspended growth-biofilm system that incorporates high surface area movable biofilm 
carriers into the activated sludge process. This fact sheet summarizes the modifications 
necessary to convert an existing basin to an IFAS basin and documents the relevant 
assumptions used to develop the design of the secondary expansion. An overview of the 
vendor selection process is also provided. 

Goals for the Existing Basin Retrofit 
The goals of the existing basin retrofit include: 

 Maximize constructability and minimize construction time, especially if the decision is 
made to retrofit the existing three basins to achieve the required treatment capacity 
rather than building a fourth aeration basin. 

 Provide ease of operation and maintenance. 

 Focus on sustainable solutions when they are available and make economic sense for the 
Bend WRF. 

 Provide improvements that will mitigate the settleability issues the Bend WRF has 
historically experienced. 

Existing Secondary Facilities Design Criteria 
Table 1 summarizes design criteria for the existing aeration basins and secondary clarifiers.  
These design criteria have been obtained from the City of Bend Water Reclamation Facility Plan 
Technical Memorandum No. 4 Table 10-1 (Carollo, 2008), record drawings of the Bend WRF, 
and the operations and maintenance manual for the WRF. 



FACT SHEET 4— EXISTING AERATION BASIN MODIFICATIONS FOR CONVERSION TO IFAS 

2 FACT_SHEET_4_BEND_SECONDARY_PROCESS_02082011.DOCX 

TABLE 1 
Existing Secondary Facilities Design Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Value 

Aeration Basins 

 Type of process Modified Ludzack-Ettinger (MLE) 

 Number of basins Three 

 Length by width 210 ft x 44 ft 

 Side water depth 15 ft 

 Total anoxic volume 1.08 MG 

 Total aerobic volume 2.07 mgd 

 Total basin volume 3.15 mgd 

 Number of individual zones per basin Five 

 Volume of Anoxic Zone 1 0.09 MG 

 Volume of Anoxic Zone 2 0.09 MG 

 Volume of Anoxic Zone 3 0.18 MG 

 Volume of Aerobic Zone 4 0.34 MG 

 Volume of Aerobic Zone 5 0.34 MG 

Mixed liquor Recycle Pumps 

 Number Three, one per basin 

 Horsepower 10 hp 

 Flow rate, each 6,000 gpm @ unknown TDH 

Anoxic Zone Mixers 

 Mixer type Floating 

 Number of mixers per basin Three 

 Mixer horsepower 10 hp 

Aeration System 

 Type of aeration system Fine bubble diffuser 

 Type of blower  

 Number of blowers installed Four 

 Capacity, each 3,800 scfm 

 Power, each 250 hp 

Secondary Clarifiers 

 Number of clarifiers Three 

 Clarifier diameter 80 ft 
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TABLE 1 
Existing Secondary Facilities Design Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Value 

 Side water depth of Clarifiers 1 and 2 12 ft 

 Side water depth of Clarifier 3 14 ft 

 Surface area, each 5,027 ft2 

ft = feet; ft2 = feet squared; MG = million gallons; mgd = million gallons per day;  
scfm = standard cubic feet per minute; TDH = total dynamic head.  

Critical Considerations of the IFAS Design 
The critical considerations of the IFAS design concern media management, media retention 
sieves, and coarse bubble diffuser aeration system, as described below. 

Media Management 
The biofilm carrier media is the central component of the IFAS system providing the ability 
to fully nitrify at a low activated sludge solids retention time (SRT) by maintaining a biofilm 
of nitrifying microorganisms. Maintaining a completely mixed basin is important to 
achieving process performance and control in IFAS systems.  The flow velocity through the 
IFAS zone is a critical design parameter because high velocities push all the carrier media 
against the far wall and hinder IFAS performance.  Typical activated sludge basins, such as 
those at the Bend WRF, are designed to be long and narrow to maximize their plug flow 
character.  However, this creates a challenge for media management in converting the Bend 
WRF to an IFAS process. Therefore, CH2M HILL has proposed changing the flow direction 
in the IFAS zone as shown in the Figure 1 to reduce the length to width ratio of the IFAS 
zone and therefore reduce the velocity of flow. Alternatives to this change in flow direction 
were investigated and are summarized in later sections of this fact sheet.  
 

 
FIGURE 1 
City of Bend WRF IFAS Aeration Basin Overview 
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Media Retention Sieves 
The sieves retain the IFAS media while allowing mixed liquor to flow to the next aeration 
basin zone. Figure 2 shows a typical sieve installation similar to that considered for the Bend 
WRF where horizontally mounted sieves are installed within a concrete reactor wall. Two 
important considerations for the sieve wall are the hydraulic limitation the sieves present 
and their tendency to trap foam and scum. The sieve area is chosen to minimize the 
headloss across the sieve wall. The basin hydraulics assume a headloss of 4 inches across the 
sieve wall during peak flows. The sieve wall also eliminates the opportunity for the mixed 
liquor flow to move scum to the end of the aeration basin and into the secondary clarifiers 
for removal. Therefore, the IFAS design will incorporate features to allow the removal of 
scum and foam from the IFAS zone. 

 
FIGURE 2 
Picture of Horizontally Mounted Cylindrical Sieves Similar to that Proposed for the City of Bend WRF 

Coarse Bubble Diffuser Aeration System 
The diffuser system in the IFAS zone consists of coarse bubble diffusers as pictured in 
Figure 3. The diffuser system not only is responsible for transferring sufficient oxygen for 
the biological processes occurring in the IFAS zone, but the diffuser layout also creates a 
rolling water-circulation pattern that uniformly distributes the plastic biofilm carrier media. 
Fine bubble diffuser systems are not preferred for IFAS systems because of the need for 
periodic maintenance, which forces treatment plant operators to transfer media on a more 
frequent time scale than with coarse bubble diffuser systems. It is also difficult to generate 
the necessary circulation patterns with fine bubble diffusers. Finally, standard fine bubble 
diffuser systems (unlike the typical coarse bubble diffuser systems shown in Figure 3) may 
not be robust enough to withstand the weight of the carrier media when a basin is taken out 
of service. 
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FIGURE 3 
Picture of Coarse Bubble Diffuser System for the IFAS Basin 

IFAS System Design Criteria and Design Data Summary 
Table 2 summarizes the design criteria for the IFAS process. 

TABLE 2 
IFAS Process Design Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Value 

Type of process Integrated fixed-film activated sludge (IFAS) in a 5-stage Bardenpho 
configuration 

Design suspended growth SRT 5 days 

Design average annual temperature 17°C 

Design 30-day minimum temperature 13.5°C 

Effluent nitrogen requirements Total nitrogen = 10 mg/L at average annual temperature and maximum 
month flows and loads 

 Maintain full nitrification at 30-day minimum temperature and maximum 
month flows and loads 

Design SVI 120 mL/g 

Clarifier capacity Clarifier not overloaded with maximum week flows and maximum month 
inventory 

Clarifier capacity based on a state point analysis with a 10% derating 
factor on the theoretical capacity 

Wet weather operating mode   Flows in excess of maximum week flows will be directed to Zone 5A 

Sieve area sizing criteria Maximum month loading rate = 55 m/hr 

Peak hydraulic loading rate = 85 m/hr 

Sieve submergence 35-65% of the side water depth 

Maximum approach velocity toward 
sieve wall 

35 m/hr under all flow conditions 
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TABLE 2 
IFAS Process Design Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Value 

Mixed liquor return rate at 2030 
maximum month flow condition 

400% 

mg/L = milligrams per liter; m/hr = meters per hour; mL/g = milliliters per gram; SRT = solids retention time; SVI = 
sludge volume index. 

Table 3 summarizes the design data for the IFAS system. 

TABLE 3 
IFAS Process Design Data 
City of Bend WRF Secondary Expansion Project 

Criteria  Value 

Aeration Basins 

 Length x Width 210 ft x 44 ft 

 Side water depth 15 ft 

 Anoxic volume per basin  0.48 MG 

 Aerobic volume per basin 0.56 MG 

 IFAS aerobic volume per basin 0.34 MG 

 Total volume per basin 1.04 MG 

 Number of basins To be determined 

 Number of individual zones per basin 7 

 Volume of Anoxic Zone 1 0.09 MG 

 Volume of Anoxic Zone 2 0.09 MG 

 Volume of Anoxic Zone 3 0.18 MG 

 Volume of Aerobic Zone 4 (IFAS Zone) 0.34 MG 

 Volume of Aerobic Zone 5A 0.11 MG 

 Volume of Anoxic/Aerobic Zone 5B 0.12 MG 

 Volume of Aerobic Zone 5C 0.11 MG 

IFAS Approach Velocity 

 2030 Average Annual (400% MLR, 50% RAS rate, 0.5 mgd 
of plant recycle) 

33 m/hr 

 2030 Maximum Month (400% MLR, 50% RAS rate, 0.5 mgd 
of plant recycle) 

36 m/hr 

 2030 Maximum Week (400% MLR, 50% RAS rate, 0.5 mgd 
of plant recycle) 

37 m/hr 

 2030 Peak Hour (MLR system turned off, 50% RAS rate, 0.5 
mgd of plant recycle) 

20 m/hr 
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TABLE 3 
IFAS Process Design Data 
City of Bend WRF Secondary Expansion Project 

Criteria  Value 

Screens*   

 Maximum allowable headloss 4 inches 

 Screen length 12 ft 

 Screen diameter 16 inches 

 Number of screens per basin Thirteen 

Mixed Liquor Recycle Pumps 

 Number One per basin 

 Recycle rate 400% of maximum month flow 

 Drive type Adjustable speed 

 Flow rate, each (assuming three basins) 11,000 gpm 

Anoxic Zone Mixers 

 Mixer type To be determined 

 Number of mixers per basin Four 

Aeration System 

 Type of aeration system (assumed) Coarse bubble diffusion 

 Air Demands To be determined 

*The number of screens provided here is a first estimate. The IFAS vendor will provide the number of screens 
based on the specified maximum allowable headloss across the sieve wall. 

ft = feet; gpm = gallons per minute; MG = million gallons; mgd = million gallons per day; m/hr = meters per hour; 
MLR = mixed liquor recirculation; RAS = return activated sludge.  

Air Demands Design Criteria 
For a typical activated sludge system, the aeration system is sized to accommodate the air 
demand associated with the maximum week influent flows and loads. Often, this sizing also 
assumes that the maximum week air demand occurs in the summer time, when the ambient 
air temperature is warm. This set of design assumptions is conservative because it generates 
a worst case scenario for the blowers. Air expands at warm temperatures such that a higher 
air flow rate is required to deliver the same mass of oxygen. 

For IFAS systems, the solids retention time is decreased to a design value of 5 days. This 
design SRT is sufficient to maintain nitrification in the activated sludge at warmer 
temperatures. As the influent temperature gets colder, the activated sludge nitrifiers begin 
to washout out because they grow more slowly at cold temperatures. This creates a selection 
pressure for biofilm nitrifiers that avoid washout by attaching to the carrier media. This 
concept is illustrated in Figure 4. The graph is Figure 4 shows operating data from the 
Broomfield, Colorado, wastewater treatment plant. The Broomfield wastewater treatment 
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plant has two IFAS zones in series (HYBAS 1 and HYBAS 2). Figure 4 shows the mass of 
biofilm on media from each IFAS zone along with the temperature and mixed liquor 
concentration. Figure 4 demonstrates the increase in biofilm mass (yellow diamonds for first 
IFAS zone) during the colder winter months (green Xs).   

Because the burden of nitrification is transferred to the biofilm in the winter, it is important 
to ensure that the air system can generate a dissolved oxygen (DO) concentration of 
6.0 mg/L in the IFAS zone. The higher the DO concentration relative to the ammonia 
concentration in the IFAS zone, the larger fraction of the biofilm is exposed to both oxygen 
and ammonia. Thus, a higher fraction of the biofilm is actively removing ammonia via 
nitrification. The IFAS design criteria are set to take advantage of this system characteristic 
as shown in Table 4. The IFAS system is designed to be able to satisfy a DO concentration of 
6.0 mg/L when the wastewater temperature is 15°C, and the associated average ambient air 
temperature is 7.2°C (45°F). 

During the summer, the activated sludge can effectively nitrify a large fraction of the 
influent ammonia at a DO concentration of 2 mg/L. Table 4 demonstrates that the aeration 
system can also satisfy a maximum weekend air demand when the IFAS zone DO is set to 
4.0 mg/L and with a wastewater temperature of 25°C (the associated average ambient air 
temperature is 28°C, or 83°F). The air demand design criteria will be refined further during 
the design optimization, but the current design criteria should provide the City of Bend 
with enough flexibility to operate the IFAS system across a wide variety of operating 
conditions while avoiding the cost associated with over-designing the system due to overly 
conservative assumptions. 

 
FIGURE 4 
Biofilm Characteristics over Time at the Broomfield, Colorado, Wastewater Treatment Plant 
The process configuration at Broomfield has two IFAS zones in series (HYBAS 1 and HYBAS 2) 
(Rutt, K., Seda, J., and Johnson, C., 2006, Two Year Case Study of Integrated Fixed Film Activated Sludge (IFAS) at 
Broomfield, CO. Proceedings, WEFTEC, Dallas, TX). 
 
  



FACT SHEET 4— EXISTING AERATION BASIN MODIFICATIONS FOR CONVERSION TO IFAS 

FACT_SHEET_4_BEND_SECONDARY_PROCESS_02082011.DOCX 9 

TABLE 4 
Bend IFAS System Air Demands 
City of Bend WRF Secondary Expansion Project 

Conditions  7.3 mgd 8.5 mgd 11.9 mgd 17 mgd 

 IFAS Zone DO = 4.0 mg/L; Wastewater Temperature = 25°C 

Maximum Month Air Demand (scfm) 17,100 20,000 27,500 37,600 

Maximum Week Air Demand (scfm) 21,600 25,200 34,700 47,400 

 IFAS Zone DO = 6.0 mg/L; Wastewater Temperature = 15°C 

Maximum Month Air Demand (scfm) 22,300 25,700 35,000 52,500 

DO = dissolved oxygen; mgd = million gallons per day; mg/L = milligrams per liter; scfm = 
standard cubic feet per minute. 

Required Modifications to the Existing Aeration Basins 
Appendix A provides a sketch of the basin improvements proposed for modification of the 
existing aeration basins while important components of the basin retrofit are described 
below. 

Existing Anoxic Zone Configuration 

No adjustments to the baffle walls creating the existing anoxic zones are expected as part of 
this project. However, a structural engineering review of the aeration basins will be 
completed as part of the proposed modifications. Recommendations impacting the existing 
baffle walls may be included in the evaluation. 

IFAS Feed Channel 
Because the flow direction must be adjusted as shown in Figure 1 above, a feed channel 
must be added to the IFAS zone. Designing this channel to achieve even distribution of flow 
across the IFAS zone is critical to ensure that the entire IFAS zone is contributing to 
biological treatment and to avoid short circuiting.  In order to minimize construction time, it 
may be possible to use a pre-fabricated system to construct the influent channel.  CH2M 
HILL has recent experience using pre-fabricated channel systems at the West Boise 
treatment plant.  Material options for IFAS feed channel construction will be investigated in 
later phases of the project. 

Biofilm Carrier Media 
The biofilm carrier media is provided by the IFAS system vendor. The plastic biofilm 
carriers described here are extruded or molded from either virgin or recycled high density 
polyethylene. Table 5 summarizes characteristics and manufacturers of the plastic biofilm 
carriers considered for the Bend WRF. Biofilms primarily develop on the protected surface 
inside of the plastic biofilm carrier. For this reason, the specific surface areas of plastic 
biofilm carriers listed in Table 5 exclude areas that are not in an interior portion of the 
plastic carrier and is often referred to as effective specific surface area. 
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Media Retention Sieve Wall 
The media retention sieves are provided by the IFAS system vendor while CH2M HILL will 
design the structural wall housing the sieves. The sieves and their supporting structural 
assemblies if required typically are constructed out of stainless steel. The sieve may be 
wedge-wire or mesh with approximately 6-mm spacing.  The cylindrical sieves are attached 
to the reactor wall horizontally by cast-in-place wall thimbles or by inserting wall sleeves 
through poured or core-drilled holes in the reactor wall.  The sieve design will include 
provisions to remove sieve from service for maintenance without having to drain the basin.   

Collection Channel 
The collection channel gathers the mixed liquor after passing through the IFAS zone and 
conveys the mixed liquor to the downstream aerobic zone. Because the upstream sieve wall 
must be constructed out of concrete, the collection channel is also expected to be concrete. 
Verification of structure requirements for retrofitting the existing aeration basin to contain 
the sieve wall and collection channel will occur in later phases of the project. 

Scum and Foam Management 
Because the sieve wall creates a trapping point for scum and foam, the IFAS design for the 
Bend WRF will included one or two plate screens with removable isolation plates at the top 
of the sieve wall to allow manual surface wasting of scum and foam from the IFAS zone into 
the collection channel. The installation of spray headers to entrain scum and foam and/or to 
direct scum and foam toward the plate screens is also recommended. 

TABLE 5 
Comparison of Plastic Biofilm Carriers: Potential Project Vendors 
City of Bend WRF Secondary Expansion Project 

Manufacturer Carrier Name 
Bulk Specific 

Area* 

Nominal Carrier 
Dimensions 

(Height x Diameter) Carrier Photograph

AnoxKaldness K3™ 500 m2/m3 12 mm x 25 mm 

 

Infilco Degremont, Inc. ActiveCell™ 450 450 m2/m3 15 mm x 22 mm 

 

World Water Works ABC 5™ 660 m2/m3 12 mm x 12 mm 

 

*As reported by manufacturer. 

m2/m3 = square meters to cubic meters; mm = millimeters. 
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New and Existing Diffused Aeration System 

As discussed above, the new IFAS zone will contain coarse bubble diffusers. These coarse 
bubble diffusers have a lower headloss compared to fine bubble diffusers and will therefore 
generate a different header pressure than the existing fine bubble system. Two options exist 
to deal with these different discharge pressures: 

1. Install a control valve on the coarse bubble diffuser system to equalize the pressure 
between the two diffuser types. 

2. Install coarse bubble diffuser through the basin. 

The differences in air demands in Zone 5 of the aeration basin were examined to determine 
if installing coarse bubble diffusers through the basin would result in significant differences 
in energy costs. The results are summarized in Table 6. The majority of the air demands in 
the IFAS basin occur in the IFAS zone. Thus, the proportionally small air demand in Zone 5 
means that installing coarse bubble diffusers there results in only a small increase in overall 
air demand due to the decrease in oxygen transfer efficiency.  Further evaluation of the cost 
and non-cost benefits and limitations of abandoning the existing fine bubble diffuser system 
is warranted to determine the best approach for the City of Bend. 

TABLE 6 
Comparison of Air Demands  
City of Bend WRF Secondary Expansion Project 

 IFAS Zone Zone 5 

2030 Maximum Month Air Demand, 3 Aeration Basins, IFAS Zone DO = 4.0 mg/L, Zone 5 DO = 2.0 mg/L 

Diffuser Type Coarsea Fineb 

Air Demand (scfm) 23,200 4,000 

Diffuser Type Coarsea Coarsea 

Air Demand (scfm) 23,200 4,200 

2010 Average Annual , 3 Aeration Basins, IFAS Zone DO = 4.0 mg/L, Zone 5 DO = 2.0 mg/L 

Diffuser Type Coarsea Fineb 

Air Demand (scfm) 12,600 1,400 

Diffuser Type Coarsea Coarsea 

Air Demand (scfm) 12,600 1,600 

a Alpha = 0.80, Fouling Factor = 1.0, Beta = 0.95, Standard Oxygen Transfer Efficiency = 15%. 
b Alpha = 0.58, Fouling Factor = 0.8, Beta = 0.95, Standard Oxygen Transfer Efficiency = 25%. 

Two New Baffles Wall in Zone 5 and Small Wall at Collection Channel Exit 
Two new baffle walls will be required to create the new anoxic/aerobic swing zone. The 
wall at the exit of the collection channel is meant to change the flow direction to reduce 
short circuiting through Zone 5A. The materials of construction will be considered further in 
schematic design. Options for material construction include: 
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 Concrete 
 Stainless steel/aluminum 
 Fiberglass reinforced plastic 

New Mixer in Zone 5B 

The new anoxic/aerobic swing zone will require a mixer. As the project progresses, the City 
of Bend will need to consider whether they would prefer to install floating mixers in the 
new swing zone so the equipment is consistent with that currently installed in Anoxic Zones 
1, 2, and 3 or whether a new mixer technology will be considered. 

Mixed Liquor Effluent Channel  
The mixed liquor effluent channel of the existing basins is somewhat narrow and therefore 
the new effluent channel downstream of Basin 4 may need to be wider to better 
accommodate peak flow conveyance to the secondary clarifiers. This is presented in more 
detail in Technical Memorandum 9—Yard Piping Modifications and Hydraulic Flow 
Improvements. Modifications to this channel will be evaluated further in the schematic design 
phase of the project.  

Mixed Liquor Recycle (MLR) Pumping System 

The existing mixed liquor recycle pumps are fixed speed pumps and too small to provide 
the flow required at the 2030 maximum month design condition. Returning high mixed 
liquor flow rates to the first anoxic zone will result in a decrease in denitrification efficiency 
due to high oxygen concentrations in that zone.  Therefore, new adjustable speed MLR 
pumps are recommended. Control of the MLR rate can be achieved in two ways: 

1. The MLR rate can be paced based on an operator set percentage of the influent flow rate. 

2. The MLR rate can be adjusted based on the reading of a nitrate probe in the first anoxic 
zone.  If the nitrate increases, the MLR rate increases.  If the nitrate decreases, the MLR 
rate decreases. 

Additionally, there are three options available to determine the flow rate of the MLR 
pumps: 

 Use a reliable magnetic insertion flow meter. This would require rerouting the MLR 
piping above the water surface. 

 A less reliable ultrasonic flow meter can be used if the City of Bend prefers to leave the 
MLR piping submerged. 

 If the City of Bend chooses not to install a flow meter on its MLR piping, the MLR flow 
rate can be adjusted based on the pump speed and an input manufacturer pump curve. 

Modification of Stepfeed Piping for Wet Weather Flows  
The existing 12 inch piping that conveys primary effluent to the end of the aeration basin is 
too small to accommodate the expected wet weather flows. CH2M HILL proposes to replace 
this piping with larger piping to stepfeed wet weather flows in excess of the maximum 
week flow rate to the collection channel downstream of the IFAS zone, thus directing this 
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flow to Zone 5A, bypassing the IFAS zone. These yard piping modifications are captured in 
Technical Memorandum 9—Yard Piping Modifications and Hydraulic Flow Improvements.  

Instrumentation and Controls  
Table 7 summarizes the key instruments proposed for the IFAS system. 

TABLE 7 
Summary of Proposed Aeration Basin Instrumentation 
City of Bend WRF Secondary Expansion Project 

Instrumentation Location Purpose 

Dissolved oxygen probe IFAS zone Monitor and control dissolved oxygen 

Dissolved oxygen probe Adjustable location between 
Zones 5A, 5B, and 5C 

Monitor and control dissolved oxygen 

Ammonia probe IFAS zone Adjust the dissolved oxygen level in 
the IFAS zone to achieve a target 
nitrification level 

Nitrate probe First anoxic zone Control the mixed liquor return rate 

Mixed liquor recycle flow meter On the discharge of the MLR 
pump 

Monitor and control the mixed liquor 
recycle rate 

 

Alternatives to Changing IFAS Zone Flow Direction 
The length to width ratio of the existing aeration basins at the Bend WRF is 4.5:1 (210 feet by 
46 feet), which is ideal for activated sludge systems where enhanced plug flow character is 
desirable. For IFAS systems, experience with the technology has shown that IFAS basins 
require a length to width ratio of no greater than 2:1 to avoid high flow velocities pushing 
the media against the far wall of the IFAS zone.  The length to width ratio of the existing 
basins at the Bend WRF presents a challenge to design the IFAS system.  This challenge was 
overcome during the process selection by turning the flow direction in the IFAS zone 90° 
and setting the IFAS zone width (70 feet) to achieve the desired 2:1 length to width ratio.   

Alternatives to changing the flow direction across the IFAS zone were investigated to 
reduce the cost of the existing in-basin improvements. Two alternatives were considered: 

1. Configure the basin with two mixed liquor recycle pumps similar to the design of the 
James River Wastewater Treatment Plant (WWTP) in Newport News, Virginia. 

2. Keep the flow configuration of the existing aeration basins and de-rate the capacity to 
maintain acceptable approach velocities and avoid the media management issue.  
Additionally, build a fourth aeration basin having a straight flow path but with an 
optimized IFAS design for media management. 

Appendix B provides an overview of the James River WWTP. The length to width ratio of 
the James River WWTP is approximately 4:1 and therefore suffers from the same media 
management issues as the Bend WRF.  The target mixed liquor recycle rate at the James 
River WWTP is 300 percent and a major factor driving the flow rate through the IFAS zone 
is this mixed liquor recycle rate. In order to reduce the flow rate through the IFAS zone, 
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James River was designed with two MLR pumps, one that draws flow from just 
downstream of the IFAS zone and one that draws flow from the upstream end of the IFAS 
zone.  The demonstration testing done at the James River facility showed that the maximum 
practical recirculation rate for the downstream MLR pump was 100 percent because media 
migration tended to occur beyond this rate. Thus, 200 percent of the desired MLR rate was 
drawn from the MLR pump at the upstream end of the IFAS zone. 

Returning only partially nitrified mixed liquor from the upstream MLR pump has 
detrimental impacts on the total nitrogen removal performance achieved with IFAS 
technology. Given that the current design of the Bend WRF IFAS basin requires a 400 
percent mixed liquor recycle rate and a secondary anoxic zone to reliably achieve the target 
total nitrogen goal of 10 mg/L, CH2M HILL does not believe that this design could reliably 
meet the design effluent total nitrogen value at the 2030 maximum month loading rate. 
Therefore, the James River alternative was removed from consideration. 

For development of second alternative, the capacity of the existing basins without changing 
the flow direction was evaluated and the design of a new fourth basin was considered to 
optimize the IFAS design while avoiding a re-direction of flow. The design of the fourth 
aeration basin was constrained using the following conditions: 

1. The fourth aeration basin should be the same length as the existing three basins 
(210 feet). 

2. The fourth aeration basin should have the same side water depth (15 feet) as the existing 
three basins to avoid differences in header pressure for the aeration system. 

3. The fourth aeration basin width can be made up to 1.5 times that of the existing aeration 
basins (up to 70 feet). 

4. The new aeration basins should generally have the same bioreactor configuration as the 
existing aeration basins. 

Table 8 summarizes the results of this analysis. For the purposes of calculating the approach 
velocity in the IFAS zone, which sets the capacity based on media management, the MLR 
rate is assumed at 400 percent of the influent flow, the RAS rate is assumed at 60 percent of 
the influent flow, and a plant recycle flow rate of 0.5 mgd is assumed for all calculations. 
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TABLE 8 
Summary of Single Aeration Basin Capacity Results 
City of Bend WRF Secondary Expansion Project 

Aeration 
Basin Volume 

(MG) 

Flow Direction 
through IFAS 

Zone 

Width 
 of the IFAS Zone 

(ft) 

Maximum Month  
Single Basin Capacity 

(mgd) 
Limiting Capacity 

Condition 

1.04  Turned 90° 70 4.0  Clarifier solids loading rate 

1.04  Straight 46 2.6  Media management in 
IFAS zone 

1.65  Straight 70 4.0  Media management in 
IFAS zone 

1.04  No IFAS zone, only activated sludge 
to achieve treatment objectives 

2.0  Clarifier solids loading rate 

 

The width of the IFAS zone in the initial process design was chosen so the media 
management capacity constraints and secondary clarifier capacity constraints coincide.  
Thus, the width of the IFAS zone was set at 70 feet and the maximum month capacity of a 
single aeration basin configured as shown in Appendix A is based on not overloading the 
secondary clarifiers. If the flow were not turned, the single basin capacity would have to be 
de-rated to a value of 2.6 mgd. This is only slightly higher than the capacity with the 
existing activated sludge process, which therefore negates the cost benefits of IFAS.  These 
cost benefits allowed IFAS to be a competitive process alternative during the process 
selection. 

The constraints listed above generate a new aeration basin design that is 210 feet long and 
70 feet wide with a side water depth of 15 feet. The fourth aeration basin has more volume 
than is required to meet the treatment objectives so the mixed liquor concentration is lower 
than the existing three basins. The new basin capacity is still limited by media management 
because the basin could treat a greater biochemical oxygen demand loading before 
overloading the secondary clarifiers. A basin length of 140 feet would provide the required 
volume and provide the desirable length to width ratio of 2:1, but this configuration would 
sacrifice the plug flow character in the remaining activated sludge zone at the cost of a 
slightly reduced treatment efficiency. 

The footprint constraints listed above could be lifted to truly optimize the aeration basin 
design. This optimized design might be similar to the Narragansett Bay Commission Fields 
Point WWTP in Rhode Island. Though the Fields Point basin has a much longer width than 
length, the use of baffles to maintain plug flow character through the non-IFAS zones allows 
the basin to be optimized for both activated sludge and IFAS treatment. However, having 
an aeration basin footprint and design that significantly departs from the existing aeration 
basins would, for all intents and purposes, create a situation where the Bend WRF would be 
operating two separate treatment trains.   

CH2M HILL is confident that the aeration basin design proposed in Appendix A can be 
robustly designed to reliably meet the treatment objectives of the Bend WRF. Given the 
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significant limitations created by attempting to avoid turning the flow, the design of the 
Bend WRF IFAS system will proceed as shown in Appendix A. 

Provisions for Taking Basins Out of Service 
The following provisions are required to take a basin out of service: 

 A new dewatering pump station. 

 Reconfiguration of aeration basin floors to allow flow to drain by gravity to the new 
dewatering pump station. 

 Small wall penetrations to allow the zones across the aeration basin to have equal water 
surface level while draining. 

 Plate screens at the drain entrance and wall penetrations in the IFAS zone to contain the 
media during draining. 

 A pump with an open vane design (such as a self priming centrifugal pump) to allow 
media to be transferred in suspension from the IFAS zone the upstream anoxic zone(s) 
for diffuser maintenance. 

Expected Construction Timing 
Table 9 summarizes the expected construction timing for modifying a single aeration basin. 
This timing is based only on accomplishing the in-basin retrofits required to operate the 
treatment plant as an IFAS system (excluding any hydraulic modifications or other ancillary 
construction).  The critical improvements include: 

 Influent feed channel 
 Sieve wall with plate screens for surface wasting 
 Basin drain configuration 
 Collection channel 
 Coarse bubble diffuser system 
 Blower modifications/aeration piping upgrades 
 New baffle walls in Zone 5 and small wall at the collection channel exit 
 Anoxic/aerobic swing zone mixer 
 Replacement and reconfiguration of the stepfeed piping 
 Installation of new MLR pumping system with new MLR piping 
 New instrumentation and control for the IFAS operation 

TABLE 9 
Estimated Construction Timing for the Retrofit of a Single Aeration Basin 
City of Bend WRF Secondary Expansion Project 

Activity Duration 

Contractor selection 4 months 

Contractor mobilization and City of Bend Empty Aeration 
Basin 1 

1 month 

Aeration Basin 1 retrofit 2 months 
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TABLE 9 
Estimated Construction Timing for the Retrofit of a Single Aeration Basin 
City of Bend WRF Secondary Expansion Project 

Activity Duration 

Start up and commissioning (w/Contingency) 2 months 

Aeration Basin 2 retrofit 2 months 

Start up and commissioning (w/Contingency) 2 months 

Aeration Basin 3 retrofit 2 months 

Start up and commissioning (w/Contingency) 2 months 

Punch list completion 1 month 

Total 18 months 

  

IFAS Vendor Selection Criteria 
The selection of a reputable IFAS vendor is a critical component of project success for the 
Bend WRF secondary expansion.  The key criteria by which CH2M HILL evaluates IFAS 
system vendors include: 

 Experience with moving bed biofilm reactor (MBBR™) and IFAS technology that allows 
them to understand the design and application of the critical process mechanical 
equipment. 

 Technical expertise to work with CH2M HILL to supplement and enhance the design of 
the IFAS system, generating a design that the IFAS vendor is confident standing behind. 

 Bonding ability that will ensure the vendor has the monetary capability to support its 
product should issues arise. 

 Ownership of the media design to ensure that the media functions as expected in the 
IFAS process and to ensure that long term media additions for increased capacity are 
compatible with the currently available product. 

 Integrity to support and honor a process guarantee to be executed once the Bend WRF is 
commissioned. 

Based on the criteria stated above, the following IFAS process vendors are expected to be 
the preferred choices for the City of Bend:  

 AnoxKaldness. AnoxKaldness has extensive experience with moving bed biofilm 
reactor technology. Its parent company, Veolia Water, provides the monetary ability to 
support its product. 

 Infilco Degremont, Inc (IDI). Though IDI has somewhat limited experience with the 
IFAS process, CH2M HILL believes it offers a strong product. Its parent company, Suez 
Environment, provides the monetary ability to support its product. 
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 World Water Works. World Water Works is a relatively new company; however, it has 
significant technical expertise with IFAS process and mechanical equipment design and 
application. CH2M HILL believes it offers a strong product. CH2M HILL has also 
investigated the bonding ability of this vendor and feels the company is financially fit to 
support its product. 

Other vendors expected to request involvement in the bidding process for the City of Bend 
include: Siemens Water Technologies Corp.; Headworks, Inc.; and Intex Technologies. 

Alternatives for System Procurement 
There are two alternatives for vendor selection: design-bid-build and pre-selection. Table 10 
summarizes the benefits and limitations of each selection process. 

TABLE 10 
Advantages and Disadvantages of System Procurement Options 
City of Bend WRF Secondary Expansion Project 

Design-Bid-Build Pre-Selection 

Advantages 

Approach common for contractors. Allows the design team to customize the design 
around a specific vendor’s product or system. 

Contractor may find lowest-cost alternative through its 
own competitive bidding process.  

Provides the opportunity to collaborate with IFAS 
system vendor through the design. 

Could still incorporate a pre-qualification process into 
this design-bid-build process. 

Potential to reduce the amount of requests for 
information and/or change orders during construction. 

 Avoids the potential for redesign after bid opening. 

Disadvantages 

Potential for redesign after bid opening if the chosen 
vendor is different from design assumption. 

Requires up front time and cost expenditure. 

Difficult to manage contractor’s bidding process.  

Vendor will be selected based solely on low bid, not 
qualifications. 

 

 

Overview of the System Procurement Process 
Due to the unique characteristics of each IFAS vendor and the desire to collaborate with the 
chosen vendor during the design process, CH2M HILL recommends pre-selecting an IFAS 
vendor with the goal of having the vendor selected by the end of the schematic design 
phase.  The following summarizes the important steps in the pre-selection process: 

1. Prior to preparing the specification for pre-selection, CH2M HILL, in collaboration with 
the City of Bend, will gather information to educate ourselves on each reputable vendor. 
Pertinent information includes gaining a more complete understanding of each vendor’s 
capabilities and experience and of the differences between vendors. 
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2. CH2M HILL will then prepare a specification for the procurement of the IFAS system. 
This specification is expected to include the following: 

 The process design to meet the effluent requirements of the treatment plants (i.e., 
anoxic volumes, IFAS zone volume, mixed liquor recycle rates). 

 The required carrier media specific surface area. 

 The maximum allowable headloss across the sieve wall. 

 The oxygen requirements for all zones that stainless steel pipe diffusers will be 
provided by the vendor. 

3. The vendor is expected to provide the following: 

 The proposed media type, effective specific surface area of that media, and the 
empty-bed carrier fill fraction required to satisfy the specified required surface area. 

 The required horizontal sieve area, configuration, material, and the supporting 
structural assemblies as required to maintain no more than the specified hydraulic 
headloss across the sieve wall. 

 The aeration grid layout from the drop pipe location and the associated pressure loss 
across the range of expected airflow rates. 

4. The specification is expected to include a performance guarantee to provide the City of 
Bend confidence that the amount of media specified and provided by the vendor will 
meet the long term process requirements of the Bend WRF. The language of this 
performance specification is intended to ensure the following: 

 The performance evaluation is based around the IFAS zone and is not influenced by 
other unit processes upstream or downstream. 

 The performance criteria are measurable during startup. 

 The performance criteria will result in the satisfactory demonstration of long term 
process performance. 

 The performance criteria are achievable by the vendors expected to be involved in 
the pre-selection process. 

Summary and Recommendations 
The design criteria for the IFAS process at the Bend WRF were summarized here.  These 
design criteria ensure that the critical components of the IFAS process - the carrier media, 
the media retention sieves and the aeration system - function reliably in operation.  The 
features of the retrofitted IFAS basin and, if constructed, the new IFAS basin were also 
summarized.  The key recommendations of this fact sheet are summarized below. 
 
1. The burden of nitrification is transferred to the biofilm in the winter.  Therefore, it is 

important that the aeration system is designed to deliver 6 mg/L of dissolved oxygen in 
the IFAS zone under during this time to ensure that sufficient dissolved oxygen 
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concentrations can be maintained within the biofilm.  Because these high dissolved 
oxygen concentrations are only necessary during cold weather, the design ambient air 
temperature for the blower system was set at 45°F, avoiding significant over-design of 
the aeration system. 

2. The IFAS zone uses coarse bubble diffusers for both oxygen transfer and to maintain a 
completely mixed IFAS zone.  If fine bubble diffusers were used in the other aerated 
zones, the two types of diffusers would creates differences in discharge pressure.  Initial 
investigation of options to deal with these differences suggests that installing coarse 
bubble diffusers throughout the basin would be preferred approach because of the 
proportionally small air demands in non-IFAS zones.  However, further evaluation of 
the cost and non-cost benefits and limitations of this design choice is warranted for the 
schematic design phase to ensure that the reduce oxygen transfer efficiency in non-IFAS 
zones is not cost prohibitive. 

3. Alternatives to changing the flow direction through the IFAS zone were evaluated to 
reduce the cost of the existing in-basin improvements.  It was concluded that turning the 
flow 90°C through the existing basins and building the new aeration basin the same 
configuration is the optimal IFAS solution for the Bend WRF. 

4. The required modifications to the existing aeration basins include a new IFAS feed 
channel to turn the flow 90°C and direct is across the basin, biofilm carrier media to 
support biofilm growth, a media retention sieve wall, a collection channel to direct flow 
from the IFAS zone to the new zone downstream, scum and foam management 
measures, a new coarse bubble diffuser system, a stub wall at the exit of the collection 
channel, two new baffles to create the secondary anoxic zone, a new mixer in the 
secondary anoxic zone, a new mixed liquor pumping system, installation of new step 
feed piping for wet weather flows, and new instrumentations and controls. 

5. The IFAS vendor selection criteria were summarized and alternatives for IFAS system 
procurement were evaluated.  Pre-selecting an IFAS vendor is the preferred 
procurement method for the Bend WRF because of the unique characteristics of each 
IFAS vendor and the desire to collaborate with the chosen vendor during the design 
process. 
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Appendix A 
 Sketch of Modifications Proposed for the 
Existing Aeration Basins at the Bend WRF 
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Appendix B 
 Overview of the James River WWTP IFAS Design 
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Appendix C 
Overview of the Narragansett Bay Commission 

Fields Point WWTP 
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FACT SHEET 5 

Secondary Clarifier and Secondary Splitter Box  
Attachment C to TM 8—Process Facilities 
Project Definition Report, City of Bend WRF Secondary Expansion Project 

Objective 
The objective is to determine the phasing for the addition of the fourth secondary clarifier 
based on design criteria and the capacity of the existing secondary clarifiers through the 
year 2030. 

Background 
The Bend Water Reclamation Facility (WRF) currently routes mixed liquor from the aeration 
basins into a single secondary clarifier splitter box that splits flow between the three existing 
secondary clarifiers. The proposed expansion of the WRF will provide the capability to treat 
peak flows of 29.1 mgd. 

The 2008 Facilities Plan identified three alternatives for secondary treatment process and 
recommended adding secondary clarifiers in 2013 and 2024 based on using a Bardenpho 
process with filtrate reaeration. A more recent evaluation completed in 2010 recommended 
using the IFAS process. The IFAS process has inherent advantages that result in lower 
mixed liquor concentrations and associated solids loading rates to the secondary clarifiers.  

The 2008 Facilities Plan included a condition assessment of the secondary clarification 
equipment; this is presented without change in Table 1. The condition of the existing 
equipment will be used to determine what equipment needs to be refurbished or replaced.  
Based on the observations made in the 2008 Facilities Plan, no refurbishment of the 
secondary clarifiers is expected or planned to be included in the secondary expansion 
project.  

TABLE 1 
Condition Assessment of Secondary Clarification Equipment 
City of Bend WRF Secondary Expansion Project 

Item Asset Condition 

Secondary Clarifiers 1 & 2 2 

Secondary Clarifier 3 1 

Secondary Clarifier 1, 2 & 3 Drives/Mechanisms 2 

Secondary Splitter Box 2 

Secondary Clarifier 1 & 2 Conduit 3 

Secondary Clarifier 3 Conduit 2 

1 – Very good condition 
2 – Minor defects 
3 – Requires maintenance 
4 – Requires rehabilitation 
5 – Requires replacement 
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Design Criteria 
Process Criteria 
The design criteria for the secondary clarifiers are summarized in Table 2. 

TABLE 2 
Secondary Clarifier Process Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

2030 Average day flow 10.9 mgd 

2030 Average day maximum month flow 11.9 mgd 

2030 Peak (hour) dry weather flow 21.4 mgd 

2030 Peak (hour) wet weather flow 29.1 mgd 

Maximum RAS Withdrawal Rate, per clarifier 2.6 mgd 

Solids loading rate (maximum) 37 ppd/ft2 

Clarifier diameter 80 feet 

 

System Configuration 
A 48-inch influent pipe discharges to the existing secondary splitter box. The splitter box is 
capable of splitting flow to the existing clarifiers. The flow split to each clarifier is controlled 
by the elevation of a fixed weir that overflows to a drop box with isolation slide gate. A 
mixed liquor influent pipe feeds the clarifier center column of each 80-foot diameter clarifier 
and discharges through the clarifier influent feed well. Secondary Clarifiers 1 and 2 have a 
12-foot side-water depth (SWD); Secondary Clarifier 3 has a 14-foot SWD. Any future 
secondary clarifiers are assumed to be similar to Secondary Clarifier 3.    

The clarifiers mechanisms are a “rapid sludge removal” type with submerged pipes 
mounted to the rack arm, and sludge withdrawal header channel. The activated sludge 
withdrawal is driven by the difference in water surface elevation from the collection trough 
and the outlet of the return activated sludge (RAS) pipes in the RAS wet well. The plant 
currently operates with the RAS wet well drawn down below the outlet of the discharge 
pipes, so the hydraulic capacity of the RAS is constrained by the RAS piping to the wet well 
and any trimming valves that exist in each piping drop from the trough into the clarifier. 
RAS and waste activated sludge (WAS) flow streams both draw from the RAS wet well.  

A plan drawing of the original Secondary Clarifiers 1 and 2 from 1979 and the plan drawing 
of the added Secondary Clarifier 3 from 2003 are in the attached drawings. Section views of 
Secondary Clarifiers 1 and 2 show the installation of the replaced clarifier mechanisms and 
the new Secondary Clarifier 3 mechanism in 2003. 

Water over flows v-notched weirs and is discharged through a 24-inch secondary effluent 
pipe. The 24-inch secondary effluent from Secondary Clarifiers 1 through 3 connects in the 
yard to a 30-inch secondary effluent pipe header. The 30-inch secondary effluent header 
conveys flow to two existing chlorine contact basins. 
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Future flow split and connection of Secondary Clarifier 4 will require a separate splitter box 
and additional piping to handle the additional plant capacity. 

As the rake mechanism rotates, a spray header and skimmer arm collect scum from the 
surface of each clarifier and direct scum into a scum box. The spray header is equipped with 
spray nozzles that drive the scum towards the scum box. The scum box in each clarifier has 
a 6-inch scum pipe that conveys secondary scum to the scum pit adjacent activated sludge 
wet well at the RAS pump station. 

Hydraulics and recommended improvements for the secondary clarifier piping are 
discussed in Technical Memorandum 9—Yard Piping Modifications and Hydraulic Flow 
Improvements. 

Reliability/Redundancy 
The U.S. Environmental Protection Agency (EPA) classifies wastewater treatment plants 
into three levels of system reliability. Based on discussions with the Oregon Department of 
Environmental Quality (DEQ), confirmed as part of this predesign effort, the Bend WRF 
requires the reliability and redundancy of a Class II facility. The Class II criterion for 
secondary clarifiers requires treatment capacity for at least 50 percent of the design flow 
with the largest unit out of service. The criterion for pumps requires a backup pump for 
each set of pumps, which allows for 100 percent design flow with any one pump out of 
service. 

Code Requirements 
There are no code requirements related to the secondary clarifiers and secondary clarifier 
splitter box.   

Evaluation of Existing Facilities for Upgrades or Modifications 
Secondary Clarifiers 
The existing secondary clarifier mechanisms and rake arms are in good to fair condition 
according to the 2008 Facilities Plan.  

The maximum withdrawal of activated sludge from the secondary clarifiers is unknown. 
The draft tubes used to withdraw sludge from the secondary clarifier and the piping to 
convey RAS to the RAS wet well at the RAS pump station are factors that would limit the 
hydraulic capability of the recycle rates for activated sludge to the aeration basins and waste 
rates to the gravity belt thickener at the solids handling facility. The limiting factor for 
sludge withdrawal and sludge withdrawal capacity will need to be determined through 
field testing conducted during schematic design. 

The secondary clarification capacity requires the treatment of 50-percent of the influent 
design condition with one unit offline. With two secondary clarifiers in service, the limiting 
condition for capacity of the system is the maximum beneficial RAS withdrawal rate 
available within the system. This is a function of sludge settleability and the associated 
ability to remove the required amount of solids. With the IFAS secondary treatment process 
being a relatively high-rate system (lower SRT values), the RAS withdrawal rate becomes 
limiting. With two secondary clarifiers in service, the maximum beneficial RAS withdrawal 
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rate is 5.2 mgd. Assuming a RAS rate of 60 percent of the bioreactor influent flow is utilized, 
this results in an equivalent ADMM flow of 8.7 mgd. Using the 50-percent of influent flow 
treatment criteria, the firm capacity of the existing secondary clarifiers is 11.5 mgd. 
Therefore, as the ADMM influent flow approaches 11.5 mgd, Secondary Clarifier 4 is 
required. It is recommended that Secondary Clarifier 4 be constructed in conjunction with 
the new RAS pump station (required for an ADMM flow of 10 mgd), as the project timing is 
close based on capacity requirements. Secondary Clarifier 4 could be constructed at this time 
while there is still secondary clarifier capacity available, limiting constructability impacts at 
the WRF. 

Mixed Liquor Splitter Box Modifications 
The mixed liquor splitter box currently splits flow to three clarifiers, but the mixed liquor 
piping conveying flow to the splitter box is constrained. A new mixed liquor line is required 
to discharge to reduce headloss between the aeration basins and secondary clarifiers. Also, 
splitting flow to future Secondary Clarifier 4 should be planned to achieve equal flow split 
to all secondary clarifiers. Although the existing splitter box could be modified to provide 
an additional splitting weir to future Secondary Clarifier 4, for constructability reasons it is 
preferable to expand the splitter box with a new splitting weir to future Secondary 
Clarifier 4, plus hydraulic connection of the new and expanded splitter boxes and 
connection of each parallel mixed liquor pipe to each splitter box.  

Secondary Effluent Piping  
Relocation of the chlorine contact basins will require modification of the secondary effluent 
piping. This will require construction sequencing constraints and require the plant to 
operate on two clarifiers at a time while yard piping is replaced and new connections are 
being made.  

Recommendations 
Hydraulic constraints around the secondary clarifiers will require additional capacity for the 
existing yard piping, modifications to the existing splitter box and construction of a new 
secondary splitter box. Treatment capacity of the secondary clarifiers is sufficient based on 
the design criteria. Figure 1 shows the proposed layout of the secondary clarifiers and 
splitter boxes on the enlarged site plan. Basis for piping improvements are discussed in 
Technical Memorandum 9—Yard Piping Modifications and Hydraulic Flow Improvements. 

Secondary Clarifiers 
Based on the hydraulic and solids loading rates and the assumed RAS withdrawal rate, the 
capacity of the secondary clarifiers will be sufficient for treatment of the secondary 
expansion project, including IFAS treatment requirements.  Secondary Clarifier 4 is not 
required for the WRF Secondary Expansion. Timing for the construction of Secondary 
Clarifier 4 is recommended to coincide with the construction of the new RAS Pump Station 
to limit constructability impacts at the WRF. 

Mixed Liquor Splitter Box Modifications 
A new mixed liquor line is required to discharge to reduce headloss between the aeration 
basins and secondary clarifiers. To provide equal splitting of flow between all Secondary 
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Clarifiers, a hydraulic connection between a proposed new splitter box and the existing 
splitter box is recommended to allow for equal flow split with parallel ML pipes. 

Secondary Effluent Piping  
Secondary effluent piping will be modified to accommodate the location for the new 
chlorine contact basins and the modifications for reuse disinfection, described in Fact Sheet 
8. This will require construction sequencing constraints and require the plant to operate on 
two clarifiers at a time while yard piping is replaced and new connections are being made.  

 
 

 
FIGURE 1 
Proposed Layout of Additional Secondary Clarifiers, Splitter Boxes and Hydraulic Improvements 
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FACT SHEET 6 

RAS/WAS Pump System 
Attachment C to TM 8—Process Facilities 
Project Definition Report, City of Bend WRF Secondary Expansion Project 

Objective 
The objective is to assess return activated sludge (RAS) and waste activated sludge (WAS) 
pumping capacity relative to new integrated fixed-film activated sludge (IFAS) aeration 
process through the year 2030. 

Background 
The Bend Water Reclamation Facility (WRF) RAS pump station was built in 1980 as part of 
the secondary treatment plant expansion. Existing RAS pump information is summarized in 
Table 1. Existing WAS pump information is summarized in Table 2. 

TABLE 1 
Existing RAS Pump System 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

Existing pumps total Three 

Duty pumps Two 

Standby pumps One 

Hydraulic capacity 2,100 gpm/pump 

Discharge head 25 feet 

Motor horsepower 30 hp 

Design capacity 4,200 gpm, 6 mgd 

gpm = gallons per minute; hp = horsepower; mgd = million gallons per day. 

 

TABLE 2 
Existing WAS Pump System 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

Existing pumps total Two 

Duty pumps One 

Standby pumps One 

Hydraulic capacity 200 gpm/pump 

Design capacity 200 gpm, 0.3 mgd 

gpm = gallons per minute; mgd = millions gallons per day. 
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Design Criteria 
The process criteria, system configuration, and reliability/redundancy requirements are 
described below. 

Process Criteria 
The RAS pump system upgrade criteria are summarized in Table 3. 

TABLE 3 
RAS Pump System Upgrade Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

Maximum beneficial RAS rate (three clarifiers) 7.8 mgd (5,416 gpm) 

Maximum beneficial RAS rate (four clarifiers) 10.4 mgd (7,222 gpm) 

Design RAS rate 60% of primary effluent flow (build 
out of three aeration basins 13 mgd) 

7.8 mgd (5,416 gpm) 

Design RAS rate 60% of primary effluent flow (build 
out of four aeration basins 17 mgd) 

10.2 mgd (7,082 gpm) 

Drive type Variable speed 

gpm = gallons per minute; hp = horse power; mgd = million gallons per day. 

The maximum beneficial RAS rate is determined through an analysis of the secondary 
clarifier capacity, and corresponds to the highest RAS rate that would be required in the 
system from a capacity perspective. Typically, the ability to pump more RAS is provided to 
allow flexibility in operations and address operational concerns (clarifier upsets, etc.). As 
noted in Table 3, with four secondary clarifiers in service the maximum beneficial RAS rate 
is 10.4 million gallons per day (mgd) and with three secondary clarifiers the maximum 
beneficial RAS rate is 7.8 mgd. The ultimate process capacity of a three-aeration basin IFAS 
system is 13 mgd (average day maximum month [ADMM]). Using the maximum beneficial 
RAS rates with four secondary clarifiers, this corresponds to 80 percent of primary effluent 
(PE). Process simulations indicate 60 percent of PE is required to maintain treatment 
performance. 

The existing 6 mgd RAS pump station capacity can provide the required RAS rate in the 
near-term for the WRF. A near-term capacity of 8.5 mgd ADMM is proposed for an initial 
process capacity design condition, as this aligns with the committed capacity at the WRF 
based on the number of equivalent dwelling units (EDUs) sold within the system. With this 
8.5 mgd process capacity, a 6 mgd RAS pump station will provide 70 percent of PE ratio for 
the secondary system. Sixty percent of PE ratio is required of the RAS system to meet the 
performance goals.  

Table 4 presents the WAS system criteria for the Bend WRF Secondary Expansion Project. 
The existing system can meet the WAS rate required (111 gpm) for the 8.5-mgd ADMM 
near-term process capacity. The WAS system, from a process capacity perspective, is 
adequate for the 13 mgd ADMM capacity available with a three-aeration basin IFAS system. 
A WAS rate of approximately 150 gallons per minute (gpm) is required under this ultimate 
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capacity scenario. The WAS rate associated with the ultimate process capacity of a four-
aeration basin IFAS system (17 mgd ADMM) is approximately 238 gpm. Once the ADMM 
flow exceeds 13 mgd, additional WAS pump(s) will be required 

TABLE 4 
WAS Pump System Upgrade Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

Near-term WAS Capacity (8.5-mgd ADMM) 0.16 mgd (111 gpm) 

WAS Capacity (13-mgd ADMM) 0.22 mgd (150 gpm) 

WAS Capacity (17-mgd ADMM) 0.34 mgd (238 gpm) 

gpm = gallons per minute; mgd = million gallons per day. 

System Configuration 
The existing RAS pump station includes three RAS end-suction centrifugal pumps, and two 
WAS end-suction centrifugal pumps installed below grade. The pump station shares a 
common wall with RAS and WAS wet wells. The RAS wet well receives secondary sludge 
from the three secondary clarifiers. Three secondary sludge lines from the secondary 
clarifiers feed the RAS wet well by 14-inch lines routed through the pump station equipped 
with flow meters. RAS pumps discharge into a common 18-inch RAS discharge line routed 
to the aeration basins. The WAS wet well receives secondary scum from the secondary 
clarifiers. Both the RAS and WAS suction lines are connected to tank drain lines to facilitate 
dewatering and maintenance. See the appendix for existing RAS/WAS pump station 
drawings. 

Reliability/Redundancy 
The U.S. Environmental Protection Agency (EPA) classifies wastewater treatment plants 
into three levels of system reliability. Based on discussions with the Oregon Department of 
Environmental Quality (DEQ), confirmed as part of this predesign effort, the Bend WRF 
requires the reliability and redundancy of a Class II facility. The Class II criterion for 
secondary clarifiers requires treatment capacity for at least 50 percent of the design flow 
with the largest unit out of service. The criterion for pumps requires a backup pump for 
each set of pumps, which allows for 100 percent design flow with any one pump out of 
service. 

Evaluation of Existing Facilities for Upgrades or Modifications 
RAS Collection Piping 
RAS collection piping needs evaluation. RAS suction lines from clarifier to RAS wet well are 
gravity fed and flow is determined by differential head between the clarifier and the RAS 
wet well. As RAS pumping rates increase, the suction lines will require evaluation to 
determine if hydraulic grade lines need to change in the secondary clarifiers or the RAS wet 
well. 
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RAS Pumps 
The capacity of the existing RAS pump system including the suction and discharge piping is 
6 mgd. Therefore, with a RAS pumping rate of 60 percent, modifications or expansion of the 
RAS/WAS pump station are not required until influent flows exceed 10 mgd ADMM. At 
this time a new RAS pump station should be constructed in conjunction with Secondary 
Clarifier 4. The existing RAS pump system and piping would also need to be upgraded at 
this time to maintain the RAS rate design criteria of 60 percent of the influent ADMM flow.  
The recommended upgrade capacity of the existing RAS system is to the maximum 
beneficial RAS rate.  

WAS Pumps 
Existing WAS pumps provide adequate plant capacity up to 13 mgd ADMM. At which time, 
with a 200 gpm WAS rate, the gravity belt thickener (GBT) would be operating 23 hours a 
day, 7 days a week. Current operation of GBT is 24 hours a day, 7 days a week. The WAS 
rate associated with the ultimate process capacity of a four-aeration basin IFAS system (17 
mgd ADMM) is approximately 230 gpm. WAS pumps do not need to be upgraded from a 
capacity perspective until the ADMM at the WRF exceeds 13 mgd. However, it may be 
warranted to plan for the addition of new WAS pump(s)  together with the new RAS pump 
station from an operational standpoint. 

In-Clarifier RAS/WAS Conveyance  
The clarifier mechanisms are a “rapid sludge removal” type with submerged pipes mounted 
to the rake arm, and sludge withdrawal header channel. The activated sludge withdrawal is 
driven by the difference in water surface elevation from the collection trough and the outlet 
of the RAS pipes in the RAS wet well. The withdrawal rate from each clarifier is adjusted by 
a throttling valve in the RAS pump station that adjusts RAS flow measured by a mag meter 
in proportion to plant influent flow. There are no installed adjustment devices to vary the 
proportion of RAS withdrawn across the radius of the clarifier, and all RAS enters the 
common withdrawal header channel. The plant currently operates with the RAS wet well 
drawn down below the outlet of the discharge pipes, so the hydraulic capacity of the RAS is 
constrained by the RAS piping and control valve to the wet well.  Both the RAS and WAS 
pumps draw off of the RAS wet well. 

Building Sump Pumps 
Existing sump pumps are beyond their useful life and should be replaced. 

Electrical 
WAS pump programmable logic controller (PLC) requires replacement and needs to be 
upgraded to Allen-Bradley to match plant standards.  

Ventilation 
The pump station ventilation will be evaluated and upgraded to meet requirements of 
National Fire Protection Association (NFPA) 820. 
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Recommendations 
Existing RAS/WAS Pump Station 
Replace building sump pumps and upgrade building ventilation to meet requirements of 
NFPA 820. Replace WAS pump PLC with an Allen-Bradley unit to match plant standard 
manufacturer. Evaluate RAS/WAS conveyance lines and modify as required in order to 
meet 6 mgd RAS flow rates. Replace existing building sump pumps. 

Expand RAS/WAS Pump station 
Existing RAS pumps are adequate up to 10 mgd ADMM influent flow with a design RAS 
rate of 60 percent of the influent flow.  When flows exceed 10 mgd ADMM, expansion of the 
RAS system is required. It is recommended to build a new RAS pump station increasing the 
total RAS capacity to 10.4 mgd (7,222 gpm). While additional secondary capacity is available 
above 10 mgd, it is recommended that the new RAS pump station be included with the 
construction of the fourth secondary clarifier. 

WAS pumping capacity is adequate through 13 mgd. A New WAS pump station is required 
to meet the ultimate capacity of a 4-aeration basin IFAS system (17 mgd ADMM). It is 
recommend that a WAS pump station should be included in the construction of the fourth 
secondary clarifier and RAS pump station. Minimum total WAS system design capacity 
after expansion should be 230 gpm corresponding to 24 hours a day, 7 days a week GBT 
operation. Greater WAS system capacity will provide flexibility in GBT operation. 
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FACT SHEET 7 

Solids Treatment 
Attachment C to TM 8—Process Facilities 
Project Definition Report, City of Bend WRF Secondary Expansion Project 

Objective 
As part of the 2008 Bend Water Reclamation Facilities Plan, the belt filter press (BFP) was 
identified as having redundancy and reliability concerns. This evaluation looks at both the 
recommended dewatering system, the gravity belt thickener system, and ancillary 
equipment improvements to address the reliability and redundancy needs. 

Background 
The Bend Water Reclamation Facility (WRF) currently has a BFP that was installed in 2005 
to replace a centrifuge that was installed in 1997 as part of the original solids handling 
building construction. The current backup unit for the BFP is the existing centrifuge. This 
backup centrifuge has proven difficult to maintain in functioning condition. As an 
alternative to dewatering, the City could potentially haul liquid sludge to land application, 
given the short hauling distance. 

The BFP and centrifuge are located in a solids handling building, which also includes a bulk 
dry polymer storage hopper, polymer mix tank, polymer feed system, wash water booster 
pump, dewatered cake load out hopper, and gravity belt thickener (GBT). The building has 
a foul air system (exhaust only, no scrubbing) to remove odors and moisture from the 
building but the system does not adequately heat and/or ventilate during extremely cold 
weather. 

Waste activated sludge (WAS) thickening is accomplished through continuous (24/7) 
sludge feed to the GBT. The GBT discharges to a thickened WAS feed pump mounted below 
the discharge of the GBT. No spare thickened waste activated sludge (TWAS) feed pump is 
provided. Primary sludge is mixed directly with the TWAS (at the digester building) prior 
to feeding the digesters.   

Thickened solids performance with the GBT was recently improved due to TWAS feed 
pump tuning and ability to operate the GBT with the discharge ramp down. TWAS from the 
GBT is currently produced at 5 to 6 percent total solids. The pressure level sensor from the 
TWAS pump hopper is tuned to control feed and avoid overfilling or completely emptying 
the TWAS hopper.  

Belt filter press dewatering is performed 5 days a week, 8 hours a day. Typically, the feed 
rate is 150 gallons per minute (gpm), although staff report that the machine has been pushed 
to 170 gpm with reduced dewatering performance. The original basis of design was to allow 
for operation of the facility 3 days a week, 24 hours a day. Dewatered sludge discharges to a 
horizontal screw conveyor that discharges into a cake pump, which is controlled via a load 
cell. Plant staff members indicate challenges with the cake pump operating at high sludge 



FACT SHEET 7— SOLIDS TREATMENT 

2  FACT_SHEET_7_BEND_WRF_PD_SOLIDS_TREATMENT_02082011.DOCX 

concentrations (15 percent total solids and higher) due to bridging in the cake hopper. Staff 
members are currently investigating retrofitting a bridge-breaker into the cake pump 
hopper, although preliminary reports from staff indicate that it may be more cost effective 
to replace the entire pump body (minus motor, rotor/stator) than to add in a retrofit bridge 
breaker.  

Dual-use BFPs are configured so that they can also be used as backup GBTs, by operating 
only the gravity deck. This dual use feature is not currently functional. In order for the 
existing Bend WRF BFP to operate as a “dual-use” thickener, a TWAS collection and 
conveyance system is required to convey TWAS from the “dual use” machine directly to 
digestion.  

A representative from BDP (the belt filter press manufacturer) performed onsite polymer 
trials in January 2010 using emulsion polymer (apparently done using bench testing 
methods, and pilot operation with trial polymer, although dilute polymer was made up 
using simple batch make-up without benefit of a traditional polymer blending unit). 
Improved dewatering performance was observed, at slightly higher polymer dosing rates.  

Design Criteria 
Thickening Process Criteria 
Table 1 lists thickening process criteria. The polymer feed tank will supply polymer for all 
the required locations inside the solids handling building. These locations include 
dewatering to both the new and the existing BFP, thickening to the GBT and to the 
discharge of the cake pump feeding the cake load out hopper.  

TABLE 1 
Thickening Process Criteria – Year 2030 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

Near-term WAS capacity (8.5 mgd ADMM) 0.16 mgd (111 gpm) 

WAS capacity (13 mgd ADMM) 0.22 mgd (150 gpm) 

WAS capacity (17 mgd ADMM) 0.34 mgd (238 gpm) 

Type of thickening Gravity belt thickener 

Number of units  One existing 

Width of belt  2 meters 

Capacity, hydraulic  500 gpm 

Capacity, solids  2,000 lb/hr 

WAS Concentration   6,000 - 8,000 mg/L 

Recycle routing Filtrate to primary clarifiers 

gpm = gallons per minute; lb/hr = pounds per hour; mgd = million gallons per 
day; mg/L = milligrams per liter. 
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Dewatering Process Criteria 
Table 2 lists design criteria for sizing the dewatering equipment. 

TABLE 2 
Dewatering Process Criteria – Year 2030 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

ADMM digested sludge flow 135,000 gpd 

ADMM digested sludge  26,700 mg/L 

ADMM digested sludge solids load  29,600 lb/day 

Maximum week digested sludge flow  170,600 gpd 

Maximum week digested sludge 26,600 mg/L 

Maximum week digested sludge load  37,830 lb/day 

gpd = gallons per day; lb/day = pounds per day; mg/L = milligrams per liter. 

System Configuration 
Table 3 lists BFP sizing criteria. 

TABLE 3 
BFP Design Criteria – Year 2030 
City of Bend WRF Secondary Expansion Project 

BFP Criteria Design Value 

Type of dewatering Belt filter press 

Number of units Two (one existing, one new) 

Width of belt  2 meters 

Capacity per unit  1,400 pounds per hour per meter of belt width * 

Cake solids  16% by weight 

Solids capture 95% 

Recycle routing Through degasification basins to the head of the plant 

*Capacity from the 2008 Facilities Plan. 

The new BFP will be installed at the current location of the existing centrifuge just north of 
the existing BFP on the mezzanine of the solids handling building. 

Table 4 lists the polymer dosing criteria. The polymer system will be sized to allow for 
simultaneous operation of both BFPs, the GBT, and the cake pumps.   
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TABLE 4 
Polymer Use Criteria 
City of Bend WRF Secondary Expansion Project 

Polymer Dose Criteria Design Value 

Polymer dose to GBT (lb/DT) 5.5 lb/DT 

Polymer dose to BFP (lb/DT) 13 lb/DT 

Polymer Type Dry 

Polymer Solution  0.4% 

Polymer type Dry 

Polymer Mix Tank 650 gallon 

Polymer Feed Tank 650 gallon 

Polymer Injection Pump 
(progressing cavity to cake pump) 

10 gpm, 2 hp 

Polymer feed pumps 

(2 progressive cavity) 

1 gpm, 1 hp 

gpm = gallons per minute. 
DT = dry ton. 

Struvite Control and Issues 
Struvite formation can be an unfortunate byproduct of the biological phosphorus removal 
treatment process. Even though the proposed IFAS system is not specifically designed to 
provide biological phosphorus removal, a level of this will still occur within the bioreactor. 
When sludge from the biological phosphorus removal process is treated through anaerobic 
digestion, the conditions within this environment are favorable for the formation of struvite, 
magnesium ammonium phosphate (MgNH4PO4·6H2O). Biological phosphorus removal 
results in the uptake of orthophosphate by phosphate accumulating organisms (PAOs) 
within the system. These bacteria store phosphorus in the form of polyphosphates. During 
the formation of polyphosphates a negative charge is accumulated within the bacteria. To 
address this negative charge, positive metal ions such as magnesium and potassium, are 
accumulated to maintain electroneutrality. It has been observed that magnesium uptake 
ranges between 0.2 and 0.4 mg magnesium/mg phosphorus (WEF, 2005; Doyle and 
Parsons, 2002; Wentzel et al., 1991). Within the anaerobic digestion process, phosphorus in 
the polyphosphate form is released back into solution as bacteria use the associated energy 
within to accumulate organic substrate. This release from the PAOs also results in the 
release of metal ions to again maintain electroneutrality within the bacteria. Therefore, the 
release of phosphate, magnesium, along with the development of ammonia as the 
byproduct of anaerobic stabilization provides the main ingredients for struvite formation.  

Struvite will form in a liquid environment when the ion concentrations (magnesium, 
ammonium, and phosphate) are high enough to reach supersaturation. When the solubility 
product constant is exceeded by these ion concentrations, and the pH within the system is 
favorable, the struvite crystal starts to form. The struvite crystals form in two stages: 
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nucleation and crystal growth (Doyle and Parsons, 2002; WEF, 2005). Nucleation is when the 
three reactants first form crystal embryos. The crystal will continue to grow, being 
dependent on the availability of substrate and crystal growth kinetics. “Seeds,” such as 
suspended solids in the liquid or the surface of pipe walls or similar can help accelerate the 
nuclei formation, and associated struvite growth. Common locations for struvite growth 
include belt filter presses, filtrate conveyance systems, decant boxes, and other features 
downstream from the anaerobic digestion process. This growth can significantly reduce the 
capacity of solids handling systems, impact performance, and cause significant maintenance 
issues within the facility. 

There are a number of control features that can be implemented into the solids handling 
facility to minimize the deposition of struvite. Following are a list of design features 
common within the industry (WEF, 2005): 

 Introduction of phosphorus precipitating chemicals (ferric chloride or similar), 
providing for the removal of 20 to 30 percent of orthophosphate, upstream of the 
dewatering system or digestion process 

 Provide taps and isolation valves around critical equipment, allowing the use of 
cleaning loops 

 Where applicable, utilize high-purity materials for the pipe lining such as 
polyvinylidene fluoride (PVDF) and Harvel LXT®, at key locations susceptible to 
struvite deposition 

 Pinch valves have proven to be less prone to struvite deposition 

 Dilution water (25 to 50 percent) within the dewatering filtrate has been used 
successfully to prevent struvite formation 

 Intentional struvite crystallization systems have been utilized for phosphorus recovery 
and the associated control of unintentional struvite deposition 

In addition to the control features listed, the process design will incorporate features to 
minimize enhanced biological phosphorus uptake. This includes promoting the 
development of the anoxic environment to minimize the formation of anaerobic zones 
(where PAOs can populate).  

Reliability/Redundancy 
When in operation, the existing GBT provides capacity to meet the WAS loading 
requirements through 2030. As noted above, the ”dual use” BFP was installed to provide 
redundancy for this thickener unit but a TWAS pumping/conveyance system is needed for 
the existing dual use BFP to provide GBT redundancy. This TWAS conveyance system does 
not currently exist, so the existing GBT is operating without redundancy.   

The existing GBT discharges to a single TWAS feed pump mounted below the discharge of 
the GBT. No spare TWAS feed pump is provided. 

Current operation of the BFP uses the centrifuge for dewatering redundancy. A new, dual-
use BFP was recommended as part of the facilities plan to replace the centrifuge and 
provide redundancy for the existing BFP. Redundancy could also be provided with a 
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dedicated belt filter press (without the dual use feature). The existing centrifuge is expected 
to be removed, salvaged and sold. 

Assuming BFP operation of 8 hours a day, 5 days a week, when influent flows reach 7 mgd 
ADMM, it will be necessary to operate two BFPs at the same time. This will require 
extended operating hours should one of the two BFPs be removed from service for 
maintenance or repairs. Depending on the frequency of downtime and the acceptability of 
extended operating hours, the installation of a third BFP may ultimately be required to 
provide adequate dewatering redundancy.  

After the installation of the second belt filter press, space will not be available for additional 
dewatering or thickening equipment in the existing solids handling building, so new facility 
construction would be required to house the third BFP, or thickening operations would 
need to be relocated to another facility. Given the truck load out facilities in the existing 
building, it is recommended that all thickening operations and equipment ultimately be 
located (or relocated) to a new facility, separating thickening operation from dewatering. 

If dewatering operations are modified to 16 hours a day, 5 days a week, then it will not be 
necessary to run the second BFP in parallel until influent flows reach 13 mgd ADMM, 
corresponding to 32,035 total suspended solids (TSS)/day of digested solids, a flow rate of 
146,309 gallons per day. Operation of the BFP 24 hours, 5 days a week, allows for the 
operation of one BFP beyond an influent flow of 17 mgd ADMM. 

Bend staff members have indicated that their preference would be to add a new BFP that 
can be run in parallel to the existing BFP in order to avoid expanding dewatering operations 
beyond 8 hour shifts. 

Backup capability is also provided by the ability to temporarily store solids in the 
degasification basins or to directly apply wet solids to the drying beds as part of the original 
plant configuration. 

The polymer system includes one mix tank and one feed tank with no tank redundancy, two 
polymer pumps (one duty and one standby), and one polymer feed pump with no 
redundancy supplying polymer to the cake pump. Feed to the BFP and GBT receives plant 
water dilution and pass through static mixers with no redundancy. 

The current configuration only has one dewatered sludge cake pump with no redundancy. 
A second cake pump should be considered to take full advantage of the redundancy 
achieved by installing a second BFP. 

Evaluation of Existing Facilities for Upgrades or Modifications 
Access to the mezzanine where the second BFP will be installed is limited. The solids 
handling building has one roll up door located directly in front of the GBT. A bridge crane 
runs the length of the building and can be utilized for construction but equipment will have 
to be hoisted above the existing GBT to access the installation location. The new BFP would 
be installed in the current location of the existing centrifuge. This location on the mezzanine 
is partially the load out area and also partially over the solids handing building electrical 
room. Filtrate drain lines from the new BFP will have to avoid the electrical room. Existing 
equipment currently installed in the proposed BFP location to be removed and salvaged to 
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owner includes the centrifuge and associated control panel. Other equipment currently 
installed in this area that may require relocation includes a hot water pressure washer 
booster pump. This pump feeds the hot water pressure washer system and is utilized for 
operation and equipment clean up with the solids handling building. 

Polymer System 
Polymer Type 
The thickening and dewatering system is designed to operate with the same dry-type 
polymer. Currently, the WRF uses Polydyne Clarifloc ® WE-1060.  

Dry Polymer Storing, Handling, and Feed 
Dry polymer is delivered to the site in bags, and stored in a polymer hopper. The dry 
polymer bulk storage hopper feeds dry polymer into a dry polymer batching chamber and 
then feeds polymer to the mix tank using compressed air and educator. A dehumidifier is 
provided in the polymer room. The 650-gallon polymer mix tank is built integrally with the 
polymer feed tank, and protrudes above the second floor of the building. The mix tank 
receives the dry polymer, makes up the polymer through a wetting head, and discharges 
into the mix tank. Polymer is then aged in the mix tank and is then discharged into a 650-
gallon polymer feed tank. The polymer feed tank supplies polymer for sludge conditioning 
for thickening, dewatering, and the cake pumping discharge lubrication ring.   

The feed to the GBT and BFP is accomplished through post-dilution water and static mixers. 
The polymer feed to the cake pump discharge uses a polymer pump without the use of 
plant water for transportation. 

Potable water is used for polymer makeup water, and plant water is used for post-dilution 
water.  

Post-dilution water is added at a fixed rate (controlled by pressure reducing valve), and 
actuated OPEN/CLOSED isolation valve. The current post-dilution rate used for thickening 
or dewatering has not yet been identified.  

Polymer Feed System 
WRF staff indicates that GBT polymer dose is 5.5 to 7.0 active pounds per dry ton. BFP 
polymer dose is 13 to 20 active pounds per dry ton. A typical polymer concentration is 
0.4 percent.   

Redundant progressive cavity pumps are mounted vertically to the stainless steel polymer 
tank, and feed a pressurized polymer recirculation loop. The pump motors are adjustable 
speed rated but operate at constant speed and control valves are provided to modulate 
polymer flow to meet the flow-paced polymer demand at a given dose. In practice, the 
control valves operate in an OPEN/CLOSE mode (modulating position is apparently not 
part of the control sequence) and fluctuations in the plant water system pressure apparently 
cause backpressure  The pressure in the loop apparently varies substantially, resulting in 
significant variation in the applied polymer dose. When maximum week influent flow nears 
12 mgd, the polymer feed pumps will require upsizing to provide adequate dosing rates. 

City staff members have indicated the desire to be able to run the two parallel BFPs, the 
GBT, and the cake pumps simultaneously. This will require a detailed evaluation and 
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upgrade of the polymer system to provide capacity to meet these additional polymer 
demands. 

Foul Air System 
The existing foul air system provides for approximately 7.5 air changes per hour with a total 
exhaust rate of 8,880 cubic feet per minute (cfm) between two exhaust fans. Operation 
during extreme cold weather (say below 20 degrees Fahrenheit [F]) sometimes results in 
plant staff turning off the supply air fan (to avoid freezing conditions in the building that 
could potentially damage pipes and equipment). The foul air system may continue to 
operate but essentially draws negative pressure on the room air and does not significantly 
move air. The foul air header is mounted on the south side of the room along the existing 
BFP and another header is aligned along the gravity belt thickener. Supply air enters the 
room at three locations above the GBT supplied by a single supply air fan rated at 7,200 cfm. 
Anecdotal accounts from plant staff for week of November 22 (where below zero conditions 
were observed overnight) show that significant vapor filled the room when the supply air 
fans were turned off. The building exhibits signs of substantial corrosion from the humid 
and corrosive environment. Plant staff has corrosion concerns for various pipelines (copper 
instrument air for example), the BFP equipment frames (reportedly painted twice since 
installation), bridge crane structure and components, and architectural and structural 
components (ceiling space truss, overhead coiling door). The presence of the bridge crane 
complicates the design, installation, and maintenance of most enclosure types (typically a 
hood over the equipment, or additional ductwork suspended around the equipment), but 
this is a common design issue and one that is overcome in many operating facilities.  

Thickening Equipment 
A single 2 meter GBT is installed on the ground level and provides all WAS thickening for 
the WRF. WAS is thickened on a 24/7 basis. WAS is pumped to the unit from WAS pumps 
located in the RAS/WAS pump station. Primary sludge is thickened in the primary clarifiers 
and pumped directly to digestion, bypassing the GBT facility and combining with the 
TWAS to be fed to the digesters. This practice is intended to continue as substantially more 
odor would be generated and raw sludge blending unit process would have to be added to 
achieve consistent thickening performance.   

The existing BFP is a “dual-use” press with ability to operate as only a thickener, but there is 
no installed TWAS conveyance from the “dual use” machine, leaving the existing GBT with 
no backup. To meet redundancy requirements the existing dual use machine should be 
retrofitted to allow use as a GBT, conveyed to a second TWAS pump so that full 
redundancy is provided for the GBT system. The existing TWAS feed pump was recently 
reprogrammed to allow production and pumping of thicker TWAS, which will allow the 
plant to maximize solids concentration in the digesters. 

This would allow the new BFP to be provided as a single-use (dewatering) machine. This is 
likely more cost effective and more operationally acceptable than providing a new dual-use 
BFP.    

The belt tensioning equipment is hydraulically controlled, and served from the power unit 
integral to the GBT.  
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Washwater booster pumps mounted on the ground floor north of the GBT provide 
washwater for both the GBT and BFP. Individual washwater pumps are dedicated to both 
the GBT and BFP.  

Dewatering Equipment (Belt Filter Press) 
Ongoing centrifuge maintenance has been a challenge for plant staff. As part of this project, 
the existing centrifuge should be removed and salvaged to the City. The centrifuge control 
panel should also be salvaged to the owner.   

A single 2 meter “dual use” BFP is installed on the second floor. Digested sludge is pumped 
to the BFP from sludge transfer pumps located in the digester facility. As mentioned, there 
is no installed TWAS conveyance so the “dual use” machine is not capable of operating in 
thickening-only mode. Dewatered cake is conveyed by a screw conveyor to cake pumping. 
Maintenance and removal of spray bars is apparently limited due to proximity of the south 
wall of the building. Maintenance and removal of BFP rolls appears to be limited due to 
installation of the supports of the screw conveyor and cake pumps.  

Adding a second BFP will provide redundancy and the ability for operations staff to run 
two BFPs in parallel in order to limit dewatering operations to 8 hour shifts. 

The new BFP must be installed in a containment basin that positively prevents 
drainage/leakage of washdown and spills from entering the electrical room below on the 
north side of the building.   

The belt tensioning equipment is hydraulically controlled, and served from the power unit 
integral to the BFP.  

Dewatering Cake Conveyance (Screw Conveyor and Pump) 
The existing dewatered cake conveyor discharges to the single cake pump. A bridge breaker 
is not provided on the current cake pump and anecdotal accounts from staff indicate that 
when the belt press polymer was modified resulting in high solids cake (say 15 percent) that 
bridging in the cake pump hopper was observed.  

The new BFP could be designed with a screw conveyor to discharge to the existing cake 
pump (and/or a new cake pump). One approach would be to modify the existing screw 
conveyor and add a new cake pump such that either belt press could discharge to either 
cake pumps. An initial layout suggests that this is unnecessarily complex and costly and 
that a new cake pump could be located directly below the new BFP discharge with a new 
cake discharge line routed to the hopper. The new cake pump should be provided with a 
bridge breaker or other device (Seepex is one suppler with multiple options for avoiding 
bridging). During schematic design, the alternatives will be identified and evaluated. The 
existing cake pump could be modified or replaced to match the new cake pump. For basis of 
costing, provision of a new cake pump to replace the existing cake pump is included. Only 
progressive cavity type pumps will be considered for this application. 

The dewatering equipment controls were apparently never fully commissioned and 
substantial improvement in the controls is required to make the dewatering equipment 
fully-functional for the intended use. Key issues for control improvements for the solids 
building are discussed below.  
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Dewatered Cake Storage 
A painted steel, rectangular, sloping bottom, vertical-sided, cake hopper receives dewatered 
cake from the cake pump. The hopper has installed capacity of 49.5 cubic yards which 
represents 5.1 hours of storage time at a BFP feed rate of 150 gpm and 2 percent sludge 
dewatered to 11 percent solids with a capture rate of 95 percent. At 150 gpm, and 11 percent 
total solids, the hopper would fill in about 300 minutes 
(5 hours). This does not provide enough capacity to 
allow the BFP to operate overnight. A solids hauling 
truck would be required to receive dewatered cake 
during overnight operations. Figure 1 shows the truck 
load out. 

The cake hopper is mounted on load cells to monitor the 
mass of cake in the hopper. A hydraulically-actuated 
diamond-style gate by MSE controls the flow of 
dewatered cake from the hopper into a haul truck below 
in the truck bay. A hydraulic power pack is provided 
adjacent to the hopper to serve the discharge gate. 

Plant staff has indicated, and field observations by 
consultant team confirm, that it appears that the cake 
storage hopper may have settled and there is differential 
loading on the load cells, and possibly some of the load 
is not carried by the load cells. This should be 
investigated by a structural engineer during schematic 
design. The hopper structure is supported from the ground level via columns that reach to 
the ground. 

Hoisting Equipment 
The installed 4 ton, under-running type bridge crane is capable of lifting rollers and small 
equipment. It is marginally sized to lift the GBT (7,200 pounds) but is not sized to lift an 
entire BFP (23,000 pounds) or the existing centrifuge (9,700 pounds). Plant staff reports that 
the installed hook end-position is not capable of reaching all desired locations and all 
equipment requiring maintenance. The drive assembly for the existing dual-use BFP is one 
device that is not reachable from the current installed crane (with no easy work-around). 
Schematic design should identify these limited access points using crane shop drawings and 
field-confirmation with plant staff.   

The 4 ton crane is not expected to be sufficient to hoist an entire BFP into place, so schematic 
design should consider an approach to specify the unit to be factory assembled and tested 
and then disassembled and installed again in place, (not preferred from a mechanical 
maintenance perspective), or to modify the existing building to accommodate installation of 
the new equipment through the roof or wall (not preferred from a structural design 
perspective and may impose new International Building Code modifications to the existing 
building, which may be cost-prohibitive).   

FIGURE 1 
Truck Load Out 
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Hot Water Pressure Washer 
An all-electric (not gas fired) installed hot water pressure washer with multiple remote 
hoses and connections is provided and located on the second floor. This equipment will 
likely require relocation coordinated with the new belt press installation. Relocation to 
elsewhere on the second floor seems possible.  

Filtrate Drain line 
The filtrate drain line from the solids building will be analyzed and modified as required to 
convey filtrate from the new BFP. Glass-lined, and solid wall polyvinylidene fluoride (PVDF 
[Kynar®] or PVDF lined steel pipe), filtrate drain lines may be preferred to help slow 
struvite accumulation. Provision of a chemical dosing station (drum or tote with diaphragm 
pump), or hot water flushing are additional alternative approaches to preventing struvite 
precipitation, or dissolving accumulated struvite. Design of filtrate piping to avoid 
turbulence and associated off-gassing of entrained CO2 can avoid pH changes in the filtrate 
that can also resist struvite precipitation.  

City staff has indicated a preference for decommissioning the degas beds and allowing 
direct routing of filtrate (GBT and BFP filtrate) directly back to the primary splitter box, 
rather than equalizing in the degas beds.  

Washwater 
The existing GBT and BFP require high pressure washwater (120 psi is typical value) used 
for high pressure sprays to clean the belts while the equipment is in operation. The existing 
system has dedicated wash water pumps supplying water to the BFP and the GBT. This 
existing wash pumps and chemical system will require a new wash water pump with 
addition of a new BFP, since the new BFP will be required to be operated simultaneously 
with the existing BFP.  

Chemical Cleaning System 
A chemical cleaning system is provided, but was apparently never commissioned. The 
chemical cleaning system is intended to allow washing of the belt with chemical solution 
during a periodic maintenance period, or potentially at every startup/shutdown event. 
Automation of this system is required to make this system operational and this is listed in 
the controls items below.  

Lighting 
Plant staff reports that the solids building lighting is inadequate. Preliminary review of 
design drawings by consultant electrical engineer shows that the lighting may not meet 
lighting standards. This should be reviewed during schematic design and recommendations 
made to improve lighting to meet industry standards (such as Illuminating Engineering 
Society of North America [IESNA]) and the design scope could be expanded to include 
illumination modeling to confirm that such standards are met.  
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Recommendations 
Near-Term Improvements through 2030 Facilities Plan Capacity 
The following near-term improvements are recommended to upgrade the existing solids 
building, addressing capacity issues and critical O&M improvements. These improvements 
will provide capacity to meet 2030 facilities plan capacity: 

 Remove existing centrifuge and replace with a new BFP to provide additional 
dewatering capacity. This will require relocation of the existing hot water pressure 
system. 

 Add a new cake pump directly below the BFP discharge, in order to convey cake to the 
existing cake hopper. 

 Add a TWAS conveyor and pump to the existing duel use BFP to allow it to be used as a 
GBT and provide redundancy to the existing GBT. 

 Change polymer to optimize both thickening and dewatering performance and solids 
capture ability. 

 Add odorous air curtain and exhaust hood around the BFP and GBT to improve 
ventilation and solids building humidity problems. 

 Provide filtrate drain line upgrades to mitigate struvite accumulation. 

 Implement control improvements to allow for unstaffed dewatering operations longer 
then current 8 hours a day, 5 days a week. 

 Replace polymer system and feed pumps in order to accommodate new BFP 
simultaneous operation with the existing BFP and GBT. 

 Addition of a new wash water pump to provide plant water to the new BFP 

Evaluations during Schematic Design 
The following should be performed during schematic design: 

 Evaluate and improve lighting at troublesome locations. 

 Evaluate cake hopper load cell ability to accurately measure load inside the hopper.  

Long-Term Improvements, beyond 2030 Facilities Plan Capacity  
The addition of the new BFP effectively brings the solids building to its capacity with no 
room for expansion. Future solids handling capacity will require the construction of a new 
solids building. Further long-term evaluation of technology and plant configurations and 
layouts will need to be conducted to provide future expansion. 

Solids Building – Controls Upgrades 
A number of control improvements are required in all the unit processes in the solids 
building to make the system operational in accordance with industry best practices, allow 
automation of the thickening and dewatering systems, and to satisfy plant staff preferences. 
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A list of control improvements has been started and will be further refined during schematic 
design. The control recommendations are as follows: 

 Evaluate existing solids PLC panel to determine spare I/O points, spare slots and room 
for additional terminal blocks. 

 Provide new actuators and automate wash water supply to the three was box valves on 
the existing BFP. Provide for AUTO function programming in PLC to run shut down 
valve sequence in order to provide for cleaning of the belt Filter press. Replace existing 
Local OPEN/CLOSE hand switches on the BFP control panel with 
OPEN/CLOSE/REMOTE hand switches. 

 Automate GBT cleaning solution carrier water supply valve. Provide new actuator on 
existing manual valve. 

 Minor mechanical piping modifications to the GBT cleaning water solution carrier line. 
Modify piping so that carrier water is introduced upstream of cleaning solution line. 

 Add new HMI on mezzanine near BFP to eliminate the need for operators to have to go 
down stairs in order to monitor and control equipment. HMI to be an industrial PC with 
Wonderware software. Panel will require an enclosure with purge air to protect it from 
the corrosive environment. 

 Replace existing BFP package PLC with new PLC panel that allows for the plant PLC to 
control the BFP system (sludge feed, Start/Stop, washbox valve control, cleaning 
solution control).  
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FACT SHEET 8 

Disinfection System 
Attachment C to TM 8—Process Facilities  
Project Definition Report, City of Bend WRF Secondary Expansion Project 

Objective 
The objective is to consider all disinfection alternatives for replacement of the existing 
gaseous chlorine system used for disinfection and to assess the ability to reuse the existing 
chlorine contact basins through the year 2030. The ability to reuse the existing CCBs is 
affected by the modifications required for Class A recycled water as stated in the Oregon 
Administrative Rule (OAR) 340-055. 

Background 
The Bend Water Reclamation Facility (WRF) currently uses a gaseous chlorine system and 
two chlorine contact basins (CCBs) for disinfection. The gaseous chlorine system and the 
existing CCBs currently operate at capacity and are in need of capacity upgrades or 
replacement. Although gaseous chlorine systems have been safely operated in the 
wastewater industry for many decades, these systems are considered by most utilities to be 
a potential safety hazard coupled with high maintenance and training costs. 

The Bend WRF generates Class A reuse water seasonally with the remaining plant effluent 
discharging to seepage ponds. With the current plant configuration, the chlorine contact 
basins are located upstream of tertiary filtration. Reuse water is diverted downstream of 
disinfection, pumped to the tertiary filters, and pumped into the reuse system. This requires 
all flow through the CCBs to be treated to Class A disinfection standards, although the plant 
effluent discharged to the ponds has a less-stringent disinfection requirement. This higher 
level of disinfection comes at the cost of excess chlorine.  

The high chlorine dose required to achieve reuse standards upstream of the filters has 
historically caused oxidation of the existing cloth filters. Therefore, chloramination is now 
used as the disinfectant during the reuse season. The existing secondary treatment 
consumes all the ammonia in the wastewater and a tote system is used to meter for aqua 
ammonia into the reuse stream for chloramine formation. 

This technical memorandum evaluates the following alternatives: 

 New CCBs for disinfection of seepage pond flow and medium pressure, high output 
(MPHO) ultraviolet (UV) disinfection to treat reuse water. 

 New CCBs for disinfection of seepage pond flow and existing CCBs for disinfection of 
reuse flow. 
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Design Criteria 
Process Criteria 
Table 1 lists the plant flow and disinfection design criteria used for sizing of equipment and 
facilities for the disinfection alternatives. 

TABLE 1 
Discharge and Reuse Flows and Disinfection Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

2030 Average day flow 10.9 mgd 

2030 Average day max month flow 11.9 

2030 Peak (hour) dry weather flow 21.4 mgd 

2030 Peak (hour) wet weather flow 29.1 mgd 

Maximum reuse flow 

Firm capacity, reuse flow 

5 mgd 

2.5 mgd 

Permit requirements:  

Discharge 30-day mean of 200 fecal 
coliforms/100 mL 
7-day mean  400 fecal coliforms/100 
mL 

Class A 7- day median of 2.2 total 
coliforms/100 mL, 
not to exceed 23 total coliforms/100 
mL 

mgd = million gallons per day; mL = milliliters. 

The process design criteria in Table 2 are for sizing new CCBs and determining capacity of 
the existing CCBs. The current capacity of the existing CCBs is 5.5 mgd at average day flow 
with one CCB out of service, and 22 mgd at peak hour flow based on the design criteria in 
Table 2. 

TABLE 2 
Sodium Hypochlorite Disinfection System Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

Average daily flow HRTa 30 minutes 

Peak hour flow HRT 15 minutes 

Peak day wet weather flow HRT 20 minutes 

Chlorine contact basin efficiency 0.7 

Normal bulk hypochlorite storage criteriab 30 days 

Winter bulk hypochlorite storage criteriab, c 60 days 
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TABLE 2 
Sodium Hypochlorite Disinfection System Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

Delivered hypochlorite concentration 12.5% by weight 

Intermittent chlorine dose for RAS control 300 pounds per day 

Average chlorine dose for discharge 7.5 mg/L 

Average chlorine dose for Class A 10.4 mg/L 

Average chlorine residual for Class A 2 mg/L 

Water Department Used 37,700 lb 

Water Department Usee 110 gpd 

aWith one basin out of service. 
bWith average flow, average conditions. 
cIncrease in storage due to potential for road closures during the winter. 
dFY2009-2010 usage 
eBased on averaged annual usage with a factor of 1.1 for increased use to 2030. 

HRT = hydraulic residence time; mg/L = milligrams per liter; RAS = return activated sludge. 

The process design criteria in Table 3 are for sizing UV equipment. 

TABLE 3 
Discharge and Reuse Flow Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

Minimum UV transmittance 60% 

Minimum UV dose 80 millijoules/square centimeter (mJ/cm2) 

Number of UV trains* 2 

Lamp cleaning Automated wiping system 

UV train capacity 2.5 mgd 

*To provide reliability for Class II facilities for reuse. 

System Configuration 
Each of the two existing chlorine contact basins is 120 feet long by 15 feet wide with a water 
depth of 8.5 feet, which is approximately 114,400 gallons. The flow path through 
disinfection gravity flows from the secondary effluent header to the existing CCBs. From the 
CCBs, the majority of flow is discharged to the seepage ponds. During the reuse season, 
filter feed pumps convey flow to the filter building and filter effluent is pumped to 
Pronghorn discharge pond. The current flow configuration requires all flow be treated to 
reuse standards, which results in high chlorine consumption during the reuse season. 

The reuse season currently uses aqua ammonia for chloramination disinfection; when not 
generating reuse water, ammonia system is out of service. The primary purpose of 
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implementing chloramination during the reuse season was the high chlorine dose required 
for disinfection to Class A reuse standards. Since disinfection occurs upstream of the cloth 
filters, the high chlorine residual in the chlorinated effluent resulted in significant 
degradation of the cloth filters. With low residual ammonia levels in the secondary effluent, 
most of the chlorine residual was free chlorine, which is a stronger oxidant than 
chloramines. Chloramines are formed when chlorine and ammonia are present and are 
weaker oxidants. The lower oxidation reaction results in a higher chloramine residual that is 
required to obtain the disinfection results of free chlorine, but the benefit is more persistent 
total chlorine residual. 

Reliability/Redundancy 
The U.S. Environmental Protection Agency (EPA) classifies wastewater treatment plants 
into three levels of system reliability. Based on November 2010 discussions with Oregon 
Department of Environmental Quality (DEQ), the Bend WRF requires the reliability and 
redundancy of a Class II facility for disinfection and reuse.  

Effluent Disinfection 
The criterion for chlorine contact basins requires treatment capacity for 50 percent of the 
design flow with the largest basin out of service (the 1972 EPA criteria assume chlorine 
disinfection); it is assumed that this same level of reliability and redundancy is also 
applicable to any UV components or chemical feed systems for the disinfection system. 
Hypochlorite metering pumps used for disinfection will be sized to provide firm capacity 
with the largest unit out of service to meet the reliability and redundancy criteria. 

As a critical service, standby power is required for disinfection of effluent conveyed to the 
seepage ponds. This backup power requirement is the same for both Class I and Class II 
facilities. 

Reuse Disinfection  
The reuse system (to Pronghorn) can be shut down in the event of a mechanical failure. Full 
redundancy is therefore not required. In the event the reuse system is not operating, the 
effluent disinfection system is sized to meet the EPA reliability criteria with all effluent flow 
from the treatment plant discharged through the chlorine contact basins and discharged 
through the outfall to the seepage ponds. 

Code Requirements 
Sodium Hypochlorite 
Per the 1994 Uniform Fire Code (UFC), secondary containment of the contents of the largest 
storage vessel is required, along with the volume of 20 minutes worth of fire sprinkler flow 
when housed in a building. When the storage tanks are housed in a building, separate 
supply and exhaust ventilation systems are required for sodium hypochlorite storage rooms 
at a rate of 1 cubic foot per minute (cfm) per square foot. The storage tanks should be vented 
outside the building. 

Eyewash/safety showers are provided around equipment and at truck unloading station(s) 
for protection in the event of chemical exposure based on OSHA requirements. 
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UV 
Since UV systems are based on a physical disinfection method, they are not governed by 
any regulatory requirements. 

Alternatives Evaluation 
This section includes a summary of disinfection alternatives, design and evaluation criteria, 
and an analysis of alternatives based on non-economic and economic criteria. In the end, 
two alternatives were evaluated for disinfection of flow for discharge and for reuse. Each 
alternative consists of treating the seepage pond and reuse flows separately and 
modification of the existing flow path through disinfection and tertiary filtration to meet 
DEQ requirements. 

The use of aqua ammonia is not anticipated to continue. By eliminating chloramine 
disinfection, the total sodium hypochlorite dose will be lower. 

Alternative Technologies 
Various disinfection technologies were considered in developing the final two disinfection 
alternatives. The full development of disinfection alternatives is summarized in the process 
tree in Figures 1 and 2. Alternatives were considered for modification of the flow path to 
meet DEQ reuse requirements (Figure 1) as well as keeping the existing flow path (Figure 2). 
The alternative technologies and disinfection configurations were screened with regard to 
projected costs, constructability, site constraints, DEQ requirements, operations and 
maintenance (O&M) complexity, and other factors. The two alternatives carried forward for 
full analysis and evaluation are described in detail in this fact sheet. 

For the discharge flow, large capital and O&M costs eliminated the majority of technologies 
related to disinfecting the 2030 peak flows. Chlorine contact basins with delivered sodium 
hypochlorite were the most economic alternative and form the basis for both alternatives. 

For the reuse flow, all disinfection technologies were screened. For chlorine disinfection, on-
site generation of sodium hypochlorite was not cost effective based on capital and O&M 
costs. For UV technologies, channel configuration was costly based on retrofit of the existing 
CCBs and construction of a new UV facility. In-vessel UV was the preferred installation and 
LPHO units are significantly larger than MPHO units. Therefore, CCBs with delivered 
sodium hypochlorite and MPHO UV in-vessel units were considered for the two 
alternatives evaluated. 
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FIGURE 1 
Alternative Development for Disinfection Alternatives – Modify Flow Path 
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FIGURE 2 
Alternative Development for Disinfection Alternatives – Existing Flow Path 
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Delivered Sodium Hypochlorite 
Trucks deliver high strength sodium hypochlorite via tanker trucks typically supplied from 
Tacoma, WA, Seattle, WA, Portland, OR, or Tracy, CA. Delivery of sodium hypochlorite 
during the winter months may experience delays due to icy roads. The storage volumes 
provided for sodium hypochlorite exceed normal storage times to provide additional 
storage in the case of delay in delivery. During normal weather conditions, only storage for 
15 days of sodium hypochlorite should be utilized to minimize chemical degradation. 

The concentration of delivered sodium hypochlorite varies, but is commonly available as 
12.5 percent by weight. Fill stations provide connection points into the bulk storage tanks, 
which vent outside to the atmosphere. Sodium hypochlorite is readily degradable at these 
concentrations and influenced by light, heat, pH, and impurities. Storage tanks are 
sometimes located outside to reduce facility costs. But to limit degradation, tanks are 
sometimes located inside a building with heating, ventilation, and air conditioning (HVAC) 
controls. However, additional construction and operating costs will be incurred as a result. 
The ideal temperature to store 12.5 percent sodium hypochlorite is 70 degrees Fahrenheit 
(F), which requires a larger cooling system to maintain temperatures. 

From the bulk storage tanks, metering pumps are used to inject chlorine into secondary 
effluent and tertiary effluent for disinfection and to maintain residual chlorine for reuse. As 
a corrosive, the piping should be double contained using tubing and carrier pipe if buried or 
encased to prevent environmental leaks and to minimize downtime. All sodium 
hypochlorite piping should be sloped to accumulate offgassing as sodium hypochlorite 
degrades at the high points. The accumulated gas in the high points should be vented with 
standpipes, auto-degassing valves, or manually valved vents to prevent constrictions in the 
piping. 

Low Strength Sodium Hypochlorite Onsite Generation System 
The majority of on-site generation systems produce low strength concentrations (0.8 
percent) of sodium hypochlorite. A truck delivers salt to a silo; the silo discharges salt into a 
brine tank with softened water, where it is dissolved into a concentrated brine solution. The 
brine solution is diluted with softened water prior to passing through an electrolytic cell. 
The electrolytic cell causes a reaction, which creates sodium hypochlorite and hydrogen gas. 
From the electrolytic cell, the sodium hypochlorite and hydrogen gas are routed to bulk 
storage tanks. Blowers are used to vent hydrogen gas from the headspace of each storage 
tank to the atmosphere. 

From the bulk storage tanks, metering pumps are used to inject chlorine into secondary 
effluent and tertiary effluent for disinfection and to maintain residual chlorine for reuse. 
Blowers continuously vent the headspace of the storage tanks to prevent the accumulation 
of hydrogen gas; vents are exhausted outside. 

High Strength Sodium Hypochlorite Onsite Generation System 
Only one commercially available onsite generation system manufacturer is capable of 
producing sodium hypochlorite concentrations equivalent to 12.5 percent delivered sodium 
hypochlorite. Similar to a low strength onsite generation system, a brine solution is used to 
generate the solution. Different from low-strength systems, high strength sodium 
hypochlorite is produced by generating chlorine gas and sodium hypochlorite separately 
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and blending the two chemicals together. The generated solution strength range is 10 to 12 
percent by weight, which is sent to storage tanks. 

From the bulk storage tanks, metering pumps are used to inject chlorine into secondary 
effluent and tertiary effluent for disinfection and to maintain residual chlorine for reuse. As 
a corrosive, the piping should be double contained using tubing and carrier pipe if buried or 
encased to prevent environmental leaks and to minimize downtime. 

Due to the sole-source nature of the high strength sodium hypochlorite onsite generation 
system and previous evaluation of high strength and low strength onsite generation systems 
favoring low strength systems, it was not included in the detailed cost analysis. 

Low Pressure, High Output UV 
Low pressure, high output (LPHO) UV systems are available for in-channel or in-vessel 
installation. The LPHO lamps generate a monochromatic germicidal light, which is effective 
at penetrating the cell wall and causes photochemical damage to the cell. In-channel systems 
require more O&M than in-vessel options due to lowering and raising the lamp banks for 
replacement. 

One set of initial alternative included retrofitting the existing CCBs with LPHO in-channel 
lamps to treat all seepage ponds flow. Based on previous experience, this alternative was 
eliminated due to high capital and O&M costs associated with treating peak flows up to 
29.1 mgd. 

Medium Pressure, High Output UV  
Medium pressure, high output (MPHO) UV systems are generally smaller than LPHO UV 
systems due to higher intensity. The higher intensity requires more power and generates 
more heat in the system than a similarly sized LPHO system. Additionally, the MPHO 
lamps generate a wider range of light than LPHO, which is not as effective for disinfection. 
The MPHO UV systems are usually installed as a closed vessel. 

Chemical Equipment 
Chemical metering pumps are not evaluated for each alternative. There are various types of 
chemical metering pumps available that are commonly used for sodium hypochlorite: 

 Motor or hydraulic diaphragm pumps 
 Progressing cavity pumps 
 Linear actuation diaphragm pumps 

The most common issue seen with sodium hypochlorite metering pumps is gas binding of 
12.5 percent sodium hypochlorite due to chemical degradation. As the chemical degrades, 
gas is released and can accumulate in the piping, causing a constriction in the discharge 
piping. Gas binding causes operational problems primarily in systems designed with 
diaphragm pumps, since positive displacement pumps (i.e., progressing cavity, peristaltic) 
are generally capable of clearing gas bubbles. For this reason, progressing cavity pumps 
may be a good choice for sodium hypochlorite metering. 

Fiberglass-reinforced plastic (FRP) and high density polyethylene (HDPE) tanks are 
commonly used for bulk storage of sodium hypochlorite.  
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Project Definition Alternatives 
Due primarily to site constraints, costs, and constructability issues, two alternatives were 
developed for further analysis and consideration during the project definition phase. A brief 
description of each alternative is below: 

 Alternative 1: New CCBs, In-vessel MPHO UV. New CCBs will be constructed to treat 
all flow for discharge to the seepage ponds. A new UV Facility will be built to treat reuse 
flows to Class A levels. Modifications to the flow path will result in secondary effluent 
pumping to the Filter Building and pumping of filter effluent through the in-vessel 
MPHO UV system to the Pronghorn discharge pond. Pronghorn discharge pipe will be 
rerouted parallel to existing 42-inch pipe to seepage ponds to allow for construction of 
the new CCBs. 

 Alternative 2: New CCBs, Existing CCBs. New CCBs will be constructed to treat all 
flow for discharge to the seepage ponds. The existing CCBs will be used to treat reuse 
flows to Class A levels. Modifications to the flow path will result in secondary effluent 
pumping to the Filter Building, gravity flow to the existing CCBs, and pumping reuse to 
the Pronghorn discharge pond. Pronghorn discharge pipe will be rerouted parallel to 
existing 42-inch pipe to seepage ponds to allow for construction of the new CCBs. 

Several aspects of the disinfection modifications will be the same for both alternatives: 

 Delivered sodium hypochlorite will be provided for disinfection, chlorine residual of 
reuse and plant water, and return activated sludge (RAS) filament control. In addition to 
the WRF sodium hypochlorite needs, the sodium hypochlorite system will include 
storage and transfer capabilities for the remote well sites for the City of Bend. 

 The chemical metering pumps selected for delivered hypochlorite are progressing cavity 
metering pumps. Due to the offgassing issues that are commonly experienced in sodium 
hypochlorite applications, progressing cavity pumps provide the capability of 
minimizing the potential for gas binding in the piping. 

 For transfer of sodium hypochlorite to totes or drums for offsite application of sodium 
hypochlorite, magnetic drive centrifugal pumps for chemical duty will be used. 

 The new Chemical Facility will consist of a containment area for the chemical storage 
tanks and a curbed area for the chemical metering pumps. A sunshade structure will be 
located overhead to minimize the effects of heat on sodium hypochlorite degradation. 

 Buried chemical piping will be double contained. 

Alternative 1—Split Flow with New CCBs and MPHO UV 
This alternative is based on building new CCBs to treat water discharged to the seepage 
ponds with a new MPHO UV disinfection system sized to handle maximum reuse side 
stream flows of 2.5 mgd. When reuse treatment is not required (or available), all flow will be 
disinfected at the new CCBs. During the reuse season, secondary effluent (SE) will be 
pumped to the tertiary filters and disinfected with in-vessel MPHO UV and pumped to 
Pronghorn; the remainder of the flow will be disinfected at the new CCBs for discharge to 
the seepage ponds. 
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The existing chlorine contact basins have reached the limits of their hydraulic capacity so 
additional basin volume is required. Two alternatives were considered: 

 Retrofit the existing chlorine contact basins, and construct additional basin volume to 
the east of those existing basins. 

 Abandon the existing chlorine contact basins and construct new basin volume to the 
west of the existing secondary clarifiers, north of the existing tertiary filter building. 

The total volume of the existing CCBs is 228,800 gallons. With both basins in service and the 
HRT design criteria, the CCBs have a capacity to disinfect 11 mgd at average day flows, 16.5 
mgd at peak day flows and 22 mgd at peak hour flows. The limiting factor for disinfection at 
2030 is the capacity at peak hour flows. After evaluating the ultimate buildout capacity of 45 
to 50 mgd, it was determined that there is not adequate space to accommodate the ultimate 
buildout of chlorine contact basins east of the existing basins, which would require a total 
volume of 520,900 gallons.  If future CCBs are assumed to be similar to the existing CCBs, 
three more CCBs would be required. 

In addition, operational risks during construction (and retrofit or the existing basins) added 
complexity and costs. The new contact basin volume can be built offline to the north of the 
existing filter building, and easy piping connections from the existing and proposed 
secondary clarifiers makes this the preferred alternative. 

So, then assuming the new CCBs will be constructed to the west of the existing secondary 
clarifiers, the existing reuse pipe to Pronghorn will require rerouting. The CCBs will be 
sized to treat peak wet weather flows for discharge to the seepage ponds; two new CCBs 
will have a total combined volume of 515,000 gallons. Based on the design criteria for the 
CCBs and the reliability criteria for disinfection, the firm capacity for CCB disinfection will 
be 50 percent of the peak hour flow.  

Reuse flow modifications to the piping upstream of the filter building will intercept the 
existing SE pipe and route flow to the existing filter feed pump station. The existing filter 
feed pump station will be modified by removing the weir plate at the influent wet well. The 
42-inch plant effluent pipe will be capped at the filter feed pump station and the abandoned 
piping will be plugged. 

The existing filter feed pumps will be used to pump flow through the tertiary filters. The 
existing reuse pumps will take water from the filter effluent wet well and pump through the 
new MPHO UV vessels, located in a new UV facility to the west of the filter building. The 
reuse piping will be rerouted parallel to the existing 42-inch outfall to the seepage ponds 
and around the new CCBs and then connect to the existing reuse piping. A small dose of 
sodium hypochlorite is injected to retain a small residual through the reuse piping. Any 
overflows from the filter building will use existing piping to discharge to the filter feed 
pump station. 

The site plan for Alternative 1 is shown in Figure 3. 
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FIGURE 3 
Site Plan for Modifications for CCB and UV Reuse Alternative 

With the possible inclusion of UV disinfection on the surface water supply project, the City 
may have an opportunity to coordinate manufacturer/model and control interface of UV 
equipment for both projects should the feasibility of UV at the WRF be confirmed and 
recommended. 

Table 4 shows the chlorine contact time through the new CCBs. 

TABLE 4 
Chlorine Contact Time 
City of Bend WRF Secondary Expansion Project 

Flow 
(mgd) 

CCB Volume 
(gallons) 

Number of Basins 
in Service 

Effective HRT* 
(minutes) 

Notes 

10.9 515,000 Two 48 Average flow, no reuse 

8.4 515,000 Two 62 Average flow minus reuse 

21.4 515,000 Two 24 Peak day flow 

29.1 515,000 Two 18 Peak hour flow 

*Based on an efficiency factor of 0.7. 

The DEQ requirement to locate filtration upstream of disinfection will require modification 
of the filter feed pump station that is currently located downstream of the existing chlorine 
contact basins. The existing SE pipe between the secondary clarifiers and existing CCBs will 
be modified to direct SE flow into the filter feed pump station. The existing filter feed 
pumps will convey flow to the existing tertiary filters in the filter building. Effluent from the 
filters flows into the effluent wet well. The existing reuse pumps will be used to pump flow 
through the new MPHO in-vessel units for disinfection, continuing to Pronghorn for 
discharge. The reuse pipe will be rerouted parallel to the existing plant effluent (PLE) pipe 
before connecting into the existing reuse pipe outside the existing fence. 
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Any overflow from the filter building will be carried by the existing 36-inch overflow pipe 
to the filter feed pump station. Modifications to the filter feed pump station will eliminate 
the discharge of overflow to the seepage ponds.  

The modified flow schematic is shown in Figure 4. In addition to the flow path, preliminary 
water surface elevations are shown. These preliminary water surfaces are being evaluated in 
the hydraulic analysis as flow constrictions have been identified in the existing piping and 
should not be considered final. 

 

FIGURE 4 
Process Flow Schematic for Split Flow Treatment with CCBs and MPHO UV.   
The preliminary water surface elevations are also shown. 

The sodium hypochlorite system will be sized to handle disinfection through the chlorine 
contact basins for discharge to the seepage ponds, residual chlorination for reuse, and 
intermittent chlorination of RAS for filamentous growth control. Additional storage and 
transfer capability is provided to allow the City to dispense sodium hypochlorite to portable 
containers (i.e., totes and drums) for use at remote locations in the water system. A new 
chemical facility will house the tanks and pumps for the disinfection, reuse residual, and 
offsite applications. 

The equipment required for Alternative 1 is listed in Table 5. The new equipment will 
consist of FRP bulk storage tanks, chemical metering pumps for disinfection, reuse residual 
and RAS filament control, and MHPO UV vessels. The new CCBs are sized to meet the 
chlorine residence design criteria for peak weather flows. 
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TABLE 5 
Alternative 1 Equipment List 
City of Bend WRF Secondary Expansion Project 

Equipment Capacity 

Sodium hypochlorite bulk storage tanks 6,500 gallons 

Number of sodium hypochlorite bulk storage tanks Six 

Sodium hypochlorite disinfection pumps Two @ 90 gph 

Sodium hypochlorite reuse residual pumps Two @ 2 gph 

Sodium hypochlorite RAS control pumps One @ 10 gph 

Number of eyewash/safety shower units Three 

Chlorine contact basin volume, each basin 257,500 gallons 

Number of chlorine contact basins Two 

UV system trains Two 

gph = gallons per hour 

Alternative 2—Split Flow with CCB Disinfection 
The new CCBs constructed to treat flows to the seepage ponds are the same as described in 
Alternative 1. The existing CCBs are 114,400 gallons per basin.  

Similar to Alternative 1, the flow path between the secondary clarifiers, CCBs, and filters 
will require the modification to provide filtration prior to disinfection. The modifications to 
Alternative 2 are similar to Alternative 1 except for modifications into the filter building and 
between the filter effluent wet well and the reuse pipeline to Pronghorn. 

A new connection to the existing SE pipe will require a new filter feed pump station. The 
existing filter feed pumps will be relocated to the new pump station and the discharge pipes 
will be connected to the existing filter feed piping into the filter building. The alum piping 
from the filter building will require rerouting to the new filter feed pump station to provide 
a coagulant prior to tertiary filtration. Overflow piping from the filters will require 
rerouting to the secondary effluent header. 

Effluent from the filters flows into the effluent wet well, and the existing overflow pipe from 
the wet well will be modified to convey flow to the influent channel of the existing CCBs. 
From the CCB, existing piping discharges flow to the filter feed pump station. The existing 
filter feed pump station will be modified to terminate any connections to the filter building. 
New submersible reuse pumps will be installed and new reuse pipe will be rerouted parallel 
to the existing plant effluent (PLE) pipe before connecting into the existing reuse pipe 
outside the existing fence. 

The site plan for Alternative 2 is shown in Figure 5. 
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FIGURE 5 
Site Plan for Modifications for New and Existing CCB Alternative 

Operating Costs Comparison 
The operating costs of the existing chlorine gas system with sufficient CCB capacity are 
compared with costs for the recommended alternative with in-vessel UV and delivered 
hypochlorite disinfection at the CCBs in Table 6. 

TABLE 6 
Annual Operating Costs 
City of Bend WRF Secondary Expansion Project 

Item 

Chlorine Gas 
(Discharge and 

Reuse) 
CCB (Discharge 

and Reuse) 
CCB (Discharge) 

MPHO UV (Reuse) 
CCB (Discharge)
LPHO UV (Reuse) 

Chemical Costsa $106,000 $242,000 $222,000 $222,000 

Power Costsb   $10,000 $6,000 

Equipment O&M Costsc   $10,000 $30,000 

Totald $110,000 $242,000 $242,000 $258,000 
aChlorine gas costs are based on $670/ton. Delivered hypochlorite costs are based on $1.10/gallon. 
bPower costs are based on $0.41/kWhr. Power costs for chlorination equipment are assumed to be negligible. 
cO&M costs for UV equipment are based on replacement costs. O&M costs for chlorination equipment are 

assumed to be negligible. 
dCost assumes reuse of 2.5 mgd delivered during May through September, and average plant flows of 11.9 mgd. 

Life Cycle Costs 
Present worth project costs for the disinfection alternatives were developed based on the 
capital equipment costs provided by the representative manufacturers, project costs, and 
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annual operations and maintenance (O&M) costs. This life cycle present worth is intended 
to allow only for a cost-basis comparison between the disinfection alternatives. Table 7 
summarizes the capital costs, annual O&M costs, and present worth costs for each 
alternative. 

TABLE 7 
Present Worth of Alternatives 
City of Bend WRF Secondary Expansion Project 

Item 
CCB (Discharge 

and Reuse) 
CCB (Discharge) 

MPHO UV (Reuse) 
CCB (Discharge) 
LPHO UV (Reuse) 

Relative Capital Cost $3.5 $4.5 $5.3 

Present Worth of Annual O&M Costs* $3.6 $3.7 $4.0 

Total Present Worth $7.1 $8.2 $9.3 

*Present worth based on discount rate of 3% per year for a 20 year period. 

Recommendations 
The existing CCBs are inadequate to treat peak flows for plant effluent and expansion 
capability is limited in the current location. Two new CCBs are recommended for 
disinfection of plant effluent, located to the east of the secondary clarifiers. Delivered 
sodium hypochlorite will be stored and metered from a new chemical facility located south 
of the new CCBs. Future disinfection capacity will be accommodated with additional CCBs. 
Measurement of plant effluent flow will be through a Parshall flume located in the effluent 
channel of the CCB. 

Reuse flows to Pronghorn require modification of the piping to move disinfection 
downstream of the tertiary filters. To accomplish the modification, a new in-vessel UV 
system is recommended to minimize complicated constructability issues, rather than reuse 
the existing CCBs. Residual chlorine will be accomplished by injecting sodium hypochlorite 
from the new chemical facility. A new UV facility will house the UV units with an electrical 
room for the UV control and power panels and to accommodate electrical equipment for the 
new CCB and chemical facilities. The UV facility could be located to the east of the existing 
filter building. 
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FACT SHEET 9 

Site Utilities 
Attachment C to TM 8—Process Facilities 
Project Definition Report, City of Bend WRF Secondary Expansion Project 

Objective 
The Secondary Expansion Project may affect the demand on the various support utilities at 
the Bend Water Reclamation Facility (WRF). This fact sheet discusses the ways in which 
these utilities are likely to be affected. As the major process elements of the expansion are 
further defined, the information herein will be augmented and modified as necessary. (Note 
that electrical power supply and site electrical issues are addressed in TM 10—Electrical.) 

Plant Water 
Chlorinated secondary effluent is currently supplied from plant water pumps located at the 
inlet end of the existing chlorine contact basins (CCBs).  Table 1 summarizes the available 
information on the existing pumps.  Drawings of the existing CCBs and plant water pump 
station are provided in the Appendix.   

TABLE 1 
Existing Plant Water Pump Design Criteria 
City of Bend WRF Secondary Expansion Project 

Item Criteria 

Pump Type Multi-Stage Vertical Line Shaft 

Capacity 350 gpm 

Total Dynamic Head 185 ft 

Horsepower Pump 1 – 30 hp 

Pump 2 – 40 hp 

Pump 3 – 30 hp 

 

It is proposed to move the plant disinfection facilities to new contact basins located north of 
the existing reuse filter building and abandon or demolish the existing basins.   A new plant 
water pump station adjacent to the new chlorine contract basins is proposed for the 
following reasons: 

 Abandoning the existing CCBs creates a challenge for feeding the existing wet well from 
the new CCB location.  Solutions to this issue would likely create undesirable 
maintenance problems due to standing water in the existing CCB to provide water to the 
pumps, which are located at the head of the basins.  
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 Additional plant water demands, while not yet determined, will undoubtedly result 
from this project.  The existing plant water pump station does not have room for 
expansion by adding additional pumps to meet the new plant water demands. 

 The existing pump station currently has deficiencies in the control system.  Significant 
controls upgrades are required in addition to capacity upgrades to maintain the pumps 
for long-term operation. 

 The Facilities Plan (Carollo, 2008) rated the existing plant water pumps as being in 
unserviceable condition. 

The new pump station will be sized initially for the existing load plus the anticipated 
additional load and will be configured to be expanded in the future.  In addition, it will 
incorporate a dewatering pump station for draining and cleaning the chlorine contact 
basins. 

However, in the event that the existing plant water pump station is retained, an evaluation 
of the capacity upgrade requirements will be made as the additional plant water demands 
become clear. Control recommendations for the existing plant water system are as follows:  

 Build a new A-B ControlLogix PLC panel to replace the existing programmable logic 
controller (PLC). 

 Add PLC input/output (I/O) monitoring for the existing strainer package. This will 
require modification of the existing package panel to get desired I/O. 

 Design to power the existing plant water flow meter from a 24 volt direct current (V dc) 
power supply inside the new PLC panel. The flow meter is currently powered from a 24 
V dc power supply located inside the strainer package control panel.  

 Replace the three existing plant water pumps. Some field changes were made to the 
original installation; now the pumps are running on different voltages/rotations per 
minute (rpms) (one with 1,800 rpm motor rating is powered with 480 volts alternating 
current (V ac), two with 3,515 rpm motor rating are powered with 240 V ac).  City's 
electricians thinks this was done to get more flow out of the pumps, but running at 240 
V ac is less efficient. Also, it appears that two of the pumps operate with variable 
frequency drives (VFDs) but the third does not; it would be preferable to design the 
system so that all three pumps operate the same way. 

Potable Water 
Potable water is provided from two sources: The Avion Water Company supplies water to 
the WRF for human use, while an onsite well, located between the training building and the 
chlorine contact basins, provides water primarily for polymer preparation at the solids 
facility. An early-out package is being prepared as part of this project to improve pressure 
and capacity stability of the potable water system. While there are no plans at this time to 
increase demands on this system, this conclusion will be revisited as the design progresses. 
Control recommendations for the existing well-based potable water system are as follows: 

 Design a new A-B ControlLogix PLC panel for the facility (no PLC at the building 
now). The new PLC will provide automated monitoring and control of well pumping, 
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reservoir level monitoring, booster pump monitoring/control (primarily pressure 
control), and flow/pressure monitoring. All existing automated control is provided 
through hardwired interlocks (to be demolished).   

 Route new fiber to the potable water building for connection of the new PLC. 

 Modify piping to provide sufficient straight diameters for new magmeters. 

 Change existing potable water booster pumps from constant speed to adjustable speed. 

Heating Water 
Waste heat hot water, generated in the digester facility, is used for space and process 
heating in the digester facility and in the headworks. Bend staff would like to continue to 
expand this system to heat other buildings. If sufficient excess capacity is available in this 
system, additional space heating may be considered for the new facilities included in this 
project (e.g., sodium hypochlorite storage, new plant water pump station, new UV 
disinfection facility, etc.).  

Compressed Air 
A plant air supply system is located in the digester facility and provides actuator air for 
pneumatic valve actuation in the digester facility, in the headworks, and at the solids 
facility. Should pneumatic actuators be used in the facilities included in this project, a 
decision will be made regarding use of the existing compressed air system for air supply 
versus including a dedicated plant air supply system in one of the facilities included in this 
project.  

Propane 
It does not appear that the proposed plant upgrades will require a propane system, but this 
conclusion will be revisited as the design progresses. 

Plant Drain Pump Station(s) 
The WRF does not currently have a single dedicated tank drainage system. Primary 
Clarifiers 1 and 2, Aeration Basins 1 and 2, Secondary Clarifiers 1, 2, and 3, and the chlorine 
contact basins are all drained using the RAS pumps to pump the tank contents to adjacent 
aeration tanks. Aeration Basin 3 is drained with portable pumps. In order to drain the new 
facilities provided in this project it may be beneficial to provide individual drainage pumps 
at each facility, at groups of facilities, or in one central location that drains all facilities. At 
this time, it appears that providing drainage capability in 3 separate locations (primary 
clarifiers, aeration basins, and new chlorine contact basins) would serve the facilities 
involved and provide more flexibility than attempting to drain all facilities to a single plant 
drain pumping facility (i.e., primary clarifier contents should be pumped to the primary 
splitter structure or the headworks; mixed liquor from aeration basins and secondary 
clarifiers should be pumped to adjacent basins, and chlorine contact basin contents can be 
pumped to the adjacent cell or to the secondary process). However, this conclusion will be 
revisited as the predesign develops and the new facilities firm up. Also, pumping rates will 
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have to be selected that strike a balance between draining tanks in a reasonable time 
(12 hours or so) and recycling flow at rates low enough to minimize impacts on plant 
operation. 
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Introduction 
The 2008 City of Bend Water Reclamation Facilities Plan identified hydraulic improvements 
needed to eliminate bottlenecks and to allow service to additional process facilities. The 
work performed as part of this project definition phase has identified the required yard 
piping, flow measurement, flow splitting, and facility piping improvements that are 
required to safely convey flow, and support effective treatment process through the 
29.1 million gallons per day (mgd) 2030 planning period (nominally considered as 30 mgd) 
and the 50 mgd nominal peak instantaneous buildout flows that are forecasted by the City’s 
collection system master plan model.    

The analysis performed as part of this work led directly to decisions regarding site location 
of the disinfection unit process and will substantially affect the overall construction 
sequencing constraints.  For these reasons, the evaluation process will be summarized 
followed by a description of the recommended hydraulic system improvements for all unit 
processes and yard piping.  

Evaluation 
Objective 
The plant-wide hydraulic calculations performed during project definition are intended to 
confirm existing hydraulic capacity, project required hydraulic capacity needs for the 
planning period, and to determine the recommended timing of implementation of facility 
and yard piping improvements to eliminate bottlenecks and provide for design process 
facilities that can achieve treatment performance that is not unacceptably impacted by 
hydraulic conditions. 

Treatment facility hydraulic evaluations and design involve steady-state analysis of peak 
flow conditions with proposed facility sizes and a minimum number of process units on-line 
such that U.S. Environmental Protection Agency (EPA) reliability/redundancy 
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requirements are satisfied. This is an iterative process that typically begins at the 
downstream end of the treatment facility and then proceeds back upstream to the point of 
discharge into the treatment facility from the collection system. The downstream to 
upstream nature of the analysis is required because in subcritical open channel flow 
conditions as found in nearly all process facilities, the downstream hydraulic characteristics 
always affect the upstream hydraulic performance. As such, the analysis is performed by 
describing the entire hydraulic network (pipes, weirs, appropriate unit process facilities for 
reliability/redundancy requirements, etc.) in an input file, running the HYDRO model 
using that input, and then iteratively running the hydraulic model and adjusting piping 
sizes and weir elevations until the design criteria are met. Design criteria are shown in 
Table 1. The primary work products from this analysis include: 

1. CH2M HILL–HYDRO input and output files (proprietary hydraulic calculation 
software, used by CH2M HILL to evaluate treatment facility hydraulic performance) 
(internal documentation only).  

2. Annotated hydraulic profile (attached to this TM) showing proposed future 
configuration of facilities and hydraulic profile for six operating conditions (average 
daily flow for maximum month (2030 and buildout), peak instantaneous (2030 and 
buildout), and two other intermediate conditions.  The required number of units in 
service are shown associated with each modeling scenario. 

3. This technical memorandum documenting the results of the hydraulic evaluation.  

Background 
The original plant construction built nearly all the in-place yard piping between process 
facilities and provided some accommodation for future expansion through the addition of 
pipe stubs for future connection of additional primary and secondary clarifiers.  The original 
plant construction contemplated a “peak flow on maximum day” of 12 mgd (see sheet G-4 
of Water Pollution Control Plant - Primary Treatment System contract).   

The aeration basin improvement project completed in 2002 modified existing primary 
effluent (PE) yard piping, and changed the PE influent piping into the aeration basins from 
an open-channel-type distribution to a closed pipe/control valve distribution scheme.  Years 
of plant operation and occasional high peak flows have hydraulically tested the Bend Water 
Reclamation Facility (WRF) processes, and operators have observed some limiting 
infrastructure elements. The analysis performed to-date has evaluated modifications to 
existing structures (i.e., new concrete penetrations, or additional pipe connections) and new 
pipe segments to convey peak flows.   

The highest observed flow event on record (per plant staff accounts) was December 30, 2005, 
in which flow magnitude and duration were sufficient to overflow the secondary clarifiers 
for 12 hours. Plant staff estimated the peak flow on the order of 20 to 30 mgd.  Anecdotal 
accounts of the event included known manhole overflows on the upstream side of the 
inverted siphon structure at the North Unit canal.  Additional anecdotal observations 
included that the serpentine walls in the chlorine contact basin (CCB) were not overtopped, 
but that the plant effluent flow meter (just upstream from the CCB in 24-inch contraction in 
the 30-inch secondary effluent pipe) was likely causing excessive headloss that backed up 
flows into the secondary clarifiers resulting in overtopping secondary clarifier walls for 
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12 hours. At the November 17, 2010, workshop, City staff indicated they will provide plant 
effluent flow meter data from the December 30, 2005, peak flow event, which will allow 
comparison to hydraulic calculations performed by the design team. The addition of 
Secondary Clarifier 3 at about the same time improved solids settling capability, but did not 
improve the bottleneck in the downstream secondary effluent piping.  

The headworks project completed in 2008 intercepted the raw sewage influent lines between 
the siphon structure under the North Unit Irrigation District canal, and the old headworks.  
After design analysis performed by the headworks design team, the new headworks top of 
screening channel was placed about 10 inches lower than the old headworks to screen 
channel (68.75 feet versus 67.83 feet) which allows additional net driving head from the 
inverted siphon to the headworks.   

Through the course of project definition, it has become clear that the 30-inch reinforced 
concrete pipes (with 30-inch inside diameter) were intended to serve peak flows on the 
order of the 12 mgd basis of design so it is natural and reasonable to assume that designing 
for the higher projected flows now will result in significant hydraulic improvements.  

Additionally, it remains a possibility that heavy storm events could result in 30 mgd peak 
flows even under current conditions. This may have been observed at the plant during the 
2005 high flow event. For this reason, phasing of hydraulic improvements will only be 
considered for constructability reasons.  If process capacity is provided for 30 mgd, then 
associated yard piping to pass 30 mgd is a reasonable basis of design.  

Design Criteria 
Process Criteria 
TM 6—Process Design Criteria documents the process design criteria. Only a few of these are 
relevant to the analysis of the hydraulic conditions; these are shown in Table 1. 

TABLE 1 
Yard Piping Modifications and Hydraulic Flow Improvements Criteria 
City of Bend WRF Secondary Expansion Project 

Criteria Design Value 

Peak instantaneous flow at buildout of urban growth boundary 
Peak hour wet weather flow (year 2030) 
Maximum month flow (year 2030) 
Average annual flow (year 2030) 

50 mgd 
29.1 mgd (nominally modeled at 30 mgd) 
11.9 mgd (nominally modeled at 12 mgd) 
10.9 mgd 

Maximum RAS rate (future) 12 mgd (RAS = 100% plant inflow, not to 
exceed maximum beneficial RAS rate) 

Maximum mixed liquor recycle rate 300% of plant inflow (turn off during peak 
flow events) 

Plant recycles Assume 1 mgd maximum 

Design minimum freeboard to top of wall (inches) 18 inches 

No surcharge of clarifier weirs under peak hour wet weather flows -- 

Effluent flow measurement required at disinfection for flow pacing 
disinfection 

-- 

Sieve wall maximum headloss 4 inches per wall per CH2M HILL 
experience 
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System Configuration 
The system configuration for hydraulic analysis was evaluated for two conditions:  

1. Future facilities at 50 mgd peak instantaneous—facilities required to pass buildout peak 
instantaneous flow without overtopping walls. 

Class A reuse facility assumed “OFF” as new Oregon Department of Environmental 
Quality (DEQ) reuse rules will require diversion of secondary effluent to filtration prior 
to reuse disinfection. This is conservative, assuming that all peak flows must be passed 
through disinfection with no reuse. System configuration assumed to be as follows: 

 Four of four chlorine contact basins in service 
 One new integrated fixed-film activated sludge (IFAS) aeration basin in service 
 Three of three existing Modified Ludzack-Ettinger (MLE) basins converted to IFAS 

in service 
 Four of four primary clarifiers in service 
 Four of four secondary clarifiers in service 

2. Future Facilities at 30 mgd peak instantaneous—facilities required to pass buildout peak 
instantaneous flow without overtopping walls. 

Class A reuse facility assumed “OFF” as new DEQ reuse rules will require diversion of 
secondary effluent to filtration prior to disinfection. This is conservative, assuming that 
all peak flows must be passed through disinfection with no reuse. System configuration 
assumed to be as follows: 

 Two of two chlorine contact basins in service 
 One new IFAS aeration basin in service 
 Two of three existing MLE basins converted to IFAS in service 
 Three of three primary clarifiers in service 
 Three of three secondary clarifiers in service 

Reliability/Redundancy 
 The EPA reliability classifications are built into the system configurations discussed above. 
The plant must operate at EPA Reliability Class II for redundancy. Primary and secondary 
sedimentation basins (clarifiers) must pass 50 percent of flow with largest unit out of 
service. This equals 7.5 mgd per clarifier. However, for this effort, the 30 mgd condition was 
modeled with 10 mgd per clarifier. 

Aeration basins are required to have minimum two of equal volume.  Modeling was 
performed for one out of service, which exceeds the minimum requirements.  

Disinfection basins are required to pass 50 percent of flow with one out of service. Modeling 
was performed for both units in service, which is a more conservative hydraulic condition 
that meets this criterion.  

Code Requirements 
Not applicable to hydraulic analysis.  
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Evaluation of Existing Facilities for Upgrades or Modifications 
The hydraulic analysis identified modifications to existing facilities that are required to 
convey peak hour flows through the facility.  See attached Overall Site Plan for the 
recommended facilities.   The evaluation approach included modeling the facilities required 
for 50 mgd peak instantaneous flow (the collection system master plan model-predicted wet 
weather peak flow) to confirm that the design criteria were met, and then the flow and 
number of facilities required for 30 mgd were tested for performance (using pipe and 
facility sizes compatible with the 50 mgd analysis).  

Existing Ponds 
The Facilities Plan (Carollo, 2008) estimated the available seepage area in Ponds 3A and 3B 
to be 93 acres and the total capacity of Ponds 3A and 3B to be 7,533 acre-feet per year (Tabke 
5.4, page 28).  This equates to an average annual capacity of 6.7 mgd.  Applying peak factors 
developed in the Facilities Plan and summarized in Technical Memorandum 6, the average 
daily maximum month capacity of Ponds 3A and 3B is 7.3 mgd. 

Outfall to Existing Ponds 
The existing 42-inch outfall to the ponds is adequate for up to 30 mgd, but flows exceeding 
30 mgd will require construction of a new 42-inch outfall associated with the construction of 
new Chlorine Contact Basins (CCBs) 3 and 4.  The existing outfall distribution structure at 
the ponds will require modification and enlargement to accommodate this additional, 
parallel pipeline.  A portion of the existing outfall from the existing CCBs to the junction 
with connection of new CCBs can be abandoned.  

Chlorine Contact Basins 
The hydraulic analysis of the existing plant facilities at 30 mgd showed that significant 
modifications to existing flow path into the existing chlorine contact basins would be 
required to allow expansion of the CCBs at the existing CCB location. Submerged 
penetrations into and out of the plant water pump station and modifications to the former 
rapid mix box would be required. The most significant finding, as expected, was that the 
secondary effluent pipes and effluent flow meter are substantially undersized for 30 mgd. 
The analysis suggests that existing secondary effluent facilities are sufficient for peak flows 
on the order of 12 to 16 mgd, above which the secondary clarifier weirs are submerged. The 
influence of the headlosss through the effluent flow meter, rapid mix box, and submerged 
openings in the plant water pump station dominates the analysis, and the selection of 
headloss coefficients used for those elements drives the allowable peak flow prior to the 
calculated overtopping of walls.   

The constructability challenges of modifying the wall penetrations, installing and tying 
together parallel secondary effluent pipes, and the additional need to relocate the point of 
diversion of secondary effluent to the filter feed pump station (relocating it to upstream of 
disinfection) combined to result in the design team’s recommendation to build new chlorine 
contact basins elsewhere and avoid these expensive constructability complications. To 
maintain and expand the chlorine contact basins in the current footprint, all of the following 
would have been required: 
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1. Modify plant effluent piping downstream from CCBs to flow around existing filter feed 
pumps and directly to outfall to ponds—or, build new filter feed pump station off of 
new secondary effluent pipes, and abandon existing filter feed pump station.  

2. Conduct multiple plant shutdowns to approximately double the total size of submerged 
penetrations into and out of plant water pump station and/or route additional pipes 
around plant water pump station and connect to additional CCB.  Remove baffle walls 
in former rapid mix box. 

3. Install new 54-inch secondary effluent (SE) pipe parallel to existing 30-inch SE. Tie 
together near CCB and near junction of Secondary Clarifier 3 SE pipe to allow 
equalization of headloss in each pipe leg.   

4. Modify disinfection point (additional motorized Water Champ® chlorine injection 
mixer) as needed to accommodate new SE pipes into disinfection facility.  

5. Modify plant effluent flow measurement to allow flow-pacing of disinfection. Use of in-
pipe flow measurement in new 54-inch SE would be ineffective considering existing 
technologies and low flow performance, without automation at low flows to force all 
flow through the smaller meter. Incorporation of Parshall flume into discharge from 
CCB’s would be required. 

6. Relocation or substantial construction phase protection of existing buried power feed 
installed during reuse project (from south of filter feed pump station).  

In addition to these specific work items, the design team recognized that expanding 
disinfection process facilities to the east while at the same time all other unit processes are 
expanding to the west required extraordinary accommodation to even make such 
disinfection expansion possible.   

The new contact basins will be located north of the filter building and a new Parshall flume 
for flow from CCBs 1 and 2 will measure plant effluent flow.  A future Parshall flume at 
CCBs 3 and 4 will measure flows from that future facility to the outfall. A new junction box 
will be installed around the existing outfall, with provisions for a future parallel outfall 
pipeline.  

Secondary Effluent Piping 
New SE piping will connect the secondary clarifiers to the new chlorine contact basins. The 
existing SE piping from Secondary Clarifiers 1 and 2 can remain as-is, until they join, and 
then the 30-inch SE will need to be paralleled for a short distance or replaced with a 42-inch 
pipe until the junction that takes the flow northeast to the new chlorine contact basin. This 
short section of paralleled or replacement pipe will eliminate the need for a loop of 
secondary effluent wrapping around the west side of the clarifier complex.  SE pipe from 
Secondary Clarifier 3 will be demolished and reconnected to the new SE feeding the 
chlorine contact basin. SE from future Secondary Clarifier 4 and any future clarifiers will be 
routed north of the clarifier complex.   

Secondary Clarifiers and Mixed Liquor Piping 
Splitting 30 mgd to three clarifiers (10 mgd each) with the existing mixed liquor (ML) 
splitter box is possible, but construction of a new splitter box and parallel ML piping is 
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recommended to allow connection to future Secondary Clarifier 4, (and 5 and 6 in future as 
needed). To serve SC 4 from the existing ML splitter box, the box would have to be modified 
to allow connection of a new 54-inch ML line from Aeration Basins 3 and 4, installation of a 
flow split weir, and connection of a new 24-inch ML line downstream of the weir to the 
clarifier. Additionally, forcing all the flow through a single splitter box is likely to result in 
turbulence that may affect flow split.   

For constructability reasons, the existing splitter box is recommended to be hydraulically 
connected with a 30-inch ML pipe to a new ML splitter box to serve SC4 (and future SC5, 
and SC6 as-needed) to allow off-line construction of the pipe penetrations and weir. A single 
shut-down will be required to tie these two boxes together, which will facilitate an equal ML 
flow split to all secondary clarifiers. The existing three SCs are recommended to remain 
connected to the existing ML splitter box without modification. .   

The single existing 42-inch ML piping is insufficient to convey 30 mgd and so a new 54-inch 
ML pipe will be routed from Aeration Basins 3 and 4 to the proposed new splitter box.   

The existing ML effluent channels at Aeration Basins 1, 2, and 3 are narrower and shallower 
than preferred, resulting in backing water over the aeration basin effluent weir under peak 
flow conditions. Aeration Basin 4 ML effluent channel will be made deeper than the existing 
channel to maximize conveyance and flow split to the ML pipe. Schematic design will 
confirm if additional conveyance (in the form of new penetrations and pipes running in 
parallel with ML effluent channel) are required, but these features are not expected to be 
required.   

Aeration Basin Baffles, Walls, and Piping 
In-basin baffles, walls, and piping are required to accomplish the IFAS process. The existing 
baffles and walls will be retained and additional baffles and screen-walls will be installed to 
allow the IFAS flow to be turned 90 degrees (flow across IFAS zone will be oriented east-
west) to allow the IFAS approach velocities to be below the maximum recommended value. 
The maximum approach velocity is an IFAS design criteria that prevents IFAS media from 
“bunching” at the discharge end of the IFAS zone and the resulting ineffective mixing and 
treatment. Positive movement of floating scum through the basin is required, and headloss 
across the anoxic zone and IFAS weirs is retained.  A single additional weir is provided to 
allow distribution of ML into the IFAS zone. This weir is submerged under flows exceeding 
maximum month conditions.  

The existing 12-inch primary effluent piping to each basin will be retained and new 20-inch 
PE pipes, flow meter, and valves will be provided to allow PE to be discharged either to the 
first anoxic zone, or the IFAS zone.  

Primary Effluent Yard Piping 
The existing 30-inch PE piping from Primary Clarifiers 1 and 2 is too small to allow a flow 
split of 10 mgd per clarifier. The 30-inch PE piping must be replaced by a short segment of 
42-inch piping, and then the PE piping splits to connect to two 30-inch taps on the 42-inch 
PE header upstream of the aeration basins.  

Future Primary Clarifiers 3 and 4 (and future clarifiers) will be tied into the same 42-inch 
header from the west. Additionally, for constructability reasons, the existing 42-inch header 
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will be extended to the east in front of Aeration Basins 1 and 2. The design team considered 
alternatives to extending this header east, but the two primary alternatives involved taking 
two aeration basins out of service simultaneously, construction of very large temporary 
bulkheads to allow construction of penetrations required to route the 20-inch PE pipes from 
Aeration Basin 3 over into Aeration Basins 1 and 2, or complicated yard piping routings that 
might not be constructible.   

Primary Clarifiers, Primary Splitter Box, and Primary Influent Piping 
Additional primary clarifiers are proposed to the west of the existing primary clarifiers. A 
new primary clarifier splitter box will serve Primary Clarifier 3 and future Primary 
Clarifiers 4 and 5. The existing 30-inch primary influent pipe serving Primary Clarifiers 1 
and 2 is insufficient for peak flows, and will be paralleled with a new 30-inch primary 
influent (PI) pipe. The existing 30-inch PI was sized for 12 mgd, and now a total of 20 mgd 
needs to flow to Primary Clarifiers 1 and 2. This will allow for 10 mgd per 30-inch PI, which 
is slightly less than the original design criteria. Construction of a clarifier directly south of 
Primary Clarifier 1 is not recommended because of anticipated challenges in routing 
primary effluent around or past the existing clarifiers, and for constructability of the new 
parallel 30-inch PI pipe. Construction of a clarifier directly south of Primary Clarifier 2 is 
possible, but not recommended because the primary effluent would be routed to the west of 
the current primary complex and because construction of a new splitter box would be 
required anyway. Connection to the existing 42-inch PI pipe coming out of the west side of 
the headworks is required.   

Headworks 
The existing headworks contains three perforated plate band screens with 6 mm opening 
size.  Each screen has a capacity of 15 mgd resulting in a total screen capacity of 45 mgd 
with three screens in service. No changes are proposed to the headworks. 

Facilities Required for 2030 Peak Hour Flow (29.1 mgd, Nominally 30 mgd) 
1. Build new chlorine contact basins at location north of existing filter building. Route new 

secondary effluent pipes to these facilities. Plant disinfection flow pacing to be 
accomplished with new effluent Parshall flume.  

2. Abandon existing connection to existing chlorine contact basins and plant water pump 
station. Locate plant water pump station at new chlorine contact basins.  

3. Retain existing reuse filter feed pump station and tie into secondary effluent piping. 
Raise walls of filter feed pump station to equal top of wall of secondary clarifiers to 
reduce risk of overflows. This configuration allows reuse facility to comply with 
filtration prior to disinfection.   

4. Modify plant effluent piping in coordination with use of reuse pump station.  

5. Provide additional 54-inch mixed liquor pipe to feed new ML splitter box located west 
of existing ML splitter box. Continue to feed all existing SCs from existing ML splitter 
box. Tie both ML splitter boxes together hydraulically to accomplish equal flow split to 
secondary clarifiers. Stub out 54-inch ML for future splitter box for future secondary 



 TM 9—YARD PIPING MODIFICATIONS AND HYDRAULIC FLOW IMPROVEMENTS 

TM_9_BEND_WRF_PD_HYDRAULIC_PROFILE_02152011.DOCX  9 

clarifiers, if required.  Incorporate a clear approach to feed to future SC5 and SC6 into 
design of new splitter box.   

6. Route 54-inch ML from ML splitter box back to ML drop box at Aeration Basins 3 and 4.  

7. Aeration basin alternatives are being evaluated from a process perspective. From 
hydraulic basis of design, 30 mgd can be routed through either 3 or 4 on-line basins.  

8. Add new IFAS Aeration Basin 4, with channels sized for peak flow.   

9. Add additional in-basin primary effluent piping to eliminate bottlenecks. Keep existing 
12-inch PE pipes with control valves. Route new 20-inch PE pipes in parallel with 
existing 12-inch lines. These 20-inch PE pipes will feed both conventional “plug flow” 
into the first anoxic zone, or “contact stabilization” flow whereby PE is routed to the 
IFAS zone to allow storage of biomass in anoxic zones.  

10. Replace existing 30-inch PE with new 42-inch segment that diverges into two 30-inch 
branches that connect to the existing 42-inch PE header. Additionally, provide Clarifier 3 
(and future primary clarifiers) with 30-inch PE into extension of existing 42-inch PE 
header. A 30-inch PE pipe from each primary clarifier will be sufficient for new primary 
clarifiers. 

11. Parallel existing 30-inch primary influent piping as shown. Additionally, feed new 
Primary Clarifier 3 from the 42-inch PI pipe on west side of the headworks. Equal flow 
split to the primary clarifiers is less important than the secondary clarifiers (solids and 
flow split under peak dilute flows is assumed less critical than splitting mixed liquor 
and avoiding wash-out of biomass). The proposed improvements will provide 
acceptable flow-split without tying together PE splitter boxes.  

12. The existing headworks is hydraulically capable of passing 45 mgd with three 
6 millimeter screens in service. Beyond 45 mgd, additional headworks facilities are 
required.  

Recommendation 
Implementation of all yard piping improvements shown on the Overall Site Plan (provided 
as an attachment to this TM) and described in the 12 items listed above under “Facilities 
Required for 2030 Peak Hour Flow” are recommended to be performed. This work will be 
phased to accommodate construction.  
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Attachments:  
Hydraulic Profile and Overall Site Plan
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PROJECT: Project Definition Report 
City of Bend WRF Secondary Expansion Project 

 

Introduction 
The purpose of this project definition technical memorandum (TM) is to identify new 
electrical services associated with powering the new loads being added as part of the Bend 
Water Reclamation Facilities (WRF) Secondary Expansion Project. It is assumed that the 
existing electrical services are adequate to power other unit processing being added as part 
of this project that are not discussed below.  The schematic design will address how and 
where to power each unit process. This TM discusses how power will be provided to the 
new blower building and the new UV building. 

Applicable Codes, Standards, and Regulations 
The design will be based on the following codes and standards: 

Codes 

 2008 National Electrical Code (NEC) 
 2009 Life Safety Code (NFPA-101-HB85) 
 International Fire Code (IFC) 
 National Electrical Safety Code (ANSI C2-1987) 
 2008 Standard for Fire Protection in Wastewater Treatment and Collection Facilities 

(NFPA 820) 

Standards 

 American National Standards Association (ANSI) 
 National Electrical Manufacturers Association (NEMA) 
 Institute of Electrical and Electronic Engineers (IEEE) 
 Instrument Society of America (ISA) 
 Insulated Cable Engineers Association (ICEA) 
 Occupational Safety and Health Administration (OSHA) 
 American Society for Testing Materials (ASTM) 
 Underwriters Laboratory (UL) 
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 Illuminating Engineering Society (IES) 
 National Fire Protection Association (NFPA) 

Evaluation 
Site Electrical Work Required 
In order to power the new loads associated with the Secondary Expansion Project, a new 
fused 12.47 kilovolt (kV) utility switch/interrupter will be installed by Central Electric Coop 
adjacent to the existing Utility Switch SW-FL. This new switch will be powered from the 
spare switch available on SW-FL and will be used to power the new blower and ultraviolet 
light (UV) building transformers. 

New Blower Building 
A new 12.47 kV-480 volt (V) pad mount, oil filled transformer will be installed by Central 
Electric Coop outside the new blower building adjacent to the new electrical room. This 
transformer will be fed from the new utility switch mentioned above. All new loads 
associated with the new blower building will be powered from this transformer. 

New UV Building 
A new 12.47 kV-480 V pad mount oil filled transformer will be installed by Central Electric 
Coop outside the new UV building adjacent to the new electrical room. This transformer 
will be fed from the new utility switch mentioned above. All new loads associated with the 
new UV building will be powered from this transformer.  The new plant water pump 
station, chemical building, and new chlorine contact basin will be subfed from the new UV 
electrical room switchboard. 

Other New Loads 
Preliminary estimates indicate that all other loads being added as part of the secondary 
expansion are small enough to be fed from existing adjacent distribution systems, and will 
not require a new service. 
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Introduction 
The purpose of this technical memorandum is to discuss sustainable practices and potential 
energy saving options available at the Bend Water Reclamation Facility (WRF) Secondary 
Expansion Project. Wastewater facilities are typically energy intensive.  To help minimize 
the energy demands of the plant, renewable energy options and energy efficiency 
technologies should be rigorously pursued to find creative energy solutions that are 
specifically suited to the Bend WRF. The goal is to find ways to reduce energy usage, 
mitigate climate impacts, and minimize the overall carbon footprint of the plant.   

The impetus to foster energy independence is supported by federal, state, and local 
governments, coalitions, agencies, associations, and communities. The Oregon Association 
of Clean Water Agencies (ACWA) has recently completed a study in concert with the 
Energy Trust of Oregon specifically addressing energy independence at wastewater 
treatment plants in Corvallis and Gresham.  A few of the options outlined in ACWA’s 
report may be suitable at the Bend WRF and are presented in this technical memorandum.  

For a typical wastewater treatment plant, approximately 15 to 30 percent of the operating 
budget is directed towards energy costs. These savings are particularly important 
considering the selection of the integrated fixed-film activated sludge (IFAS) process, which 
has a relatively high demand for compressed air. Maximizing energy efficiency and 
reducing energy consumption where possible means real savings to the plant and to the 
ratepayer, especially as power costs continue to escalate. Looking for ways to conserve 
power is not only good for the environment it also makes good business sense.  This 
memorandum will identify and discuss several renewable and sustainable options open to 
Bend WRF as well as several steps WRF management and staff can take to pursue energy 
conservation.  

Specific recommendations related to the Central Electric Cooperative (CEC) and Bonneville 
Power Administration (BPA) procedures for incentive application and funding are included. 
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Depending on City priorities for pursuing energy incentives, the Consultant team’s scope 
includes funding for coordination with CEC, to draft up to four project proposals/funding 
applications and one prescriptive improvements proposal/application for providing 
lighting and motor replacements that improve efficiency.  

The Consultant team has a partial understanding of other, ongoing work that plant staff is 
undertaking to improve energy efficiency onsite. For instance, Bend staff has already 
engaged CEC and BPA’s authorized energy efficiency coordination consultant Cascade 
Energy Engineering to perform an energy audit and is reportedly in the early stages of 
identifying operational improvements that could be made as part of BPA’s “track and tune” 
program.   

In summary, this memorandum identifies renewable energy and energy efficiency 
opportunities that could be undertaken by the City of Bend. It also identifies other 
sustainable and ‘best management’ practices that provide possible value to the City of Bend. 
Many of the general recommendations contained herein apply to various non-process 
facilities but are included for Bend staff consideration, despite the fact that there are few 
non-process spaces being considered for upgrades (no new laboratory, administration, or 
operations facilities, for example). Still, some of the practices and opportunities identified in 
this technical memorandum can be incorporated directly into the Secondary Expansion 
Project, while other ideas presented herein could be directly incorporated by Bend staff into 
ongoing maintenance and operational projects. 

 The energy efficiency opportunities identified for the unit processes expected to be affected 
by the Secondary Expansion Project are summarized in Table 1. 

TABLE 1 
Energy Efficiency Opportunities 
City of Bend WRF Secondary Expansion Project 

Unit Process Energy Efficiency Opportunities 

Primary Treatment Space heating of new primary sludge pump station with hot water loop. 

Secondary Processes 

 

Space heating of new piping gallery extensions.  

The use of the IFAS process is not expected to have inherent energy savings due to 
design values for dissolved oxygen concentration and IFAS operating requirements.  

Blower Building 
Modifications 

 

High speed turbo blower installations and operation in lieu of multi-stage centrifugal 
blowers.  

Space heating of new blower building.  

Solids Treatment 

 

Potential use of reuse water or plant water in lieu of potable water for polymer 
makeup and post-dilution. 

Design of efficiency measures into solids building HVAC improvements.  

Disinfection and Reuse 

 

Decision to recommend UV disinfection for reuse considered present worth costs and 
constructability of continued hypochlorite disinfection for reuse water. UV was an 
obvious choice for constructability and the long-term operating costs were not 
unreasonable.  

Odor Control No new odor control facilities are proposed. Not applicable.  

HVAC = heating, ventilation, and air conditioning; IFAS = integrated fixed-film activated sludge. 
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Energy Incentives Available from BPA/CEC 
Custom Project Proposal Process 
To potentially be eligible for energy efficiency incentives offered by BPA through CEC, the 
Consultant and City project team needs to take several steps as follows: 

1) Identify potential projects. For the WRF Secondary Expansion, the expected projects 
include: 

a) New high speed turbo blowers 

b) Process conversion from modified Ludzack-Ettinger (MLE) to integrated fixed-film 
activated sludge (IFAS) and diffuser retrofit to coarse bubble diffusers (which may 
result in net unit increase in energy consumption) 

c) Space heating 

d) Site and facility lighting 

e) Secondary effluent (W3) and well pump motor controls 

2) In coordination with Cascade Energy Engineering, complete an application for Custom 
Project Proposal.  The incentive program is reportedly changing to lower incentive rates 
in September 2011.  

3) Once the application is accepted, then complete a Project Assessment Report in 
coordination with Cascade Energy Engineering and an authorized Technical Service 
Provider. An example Project Assessment Report template is provided as Attachment 1 
for reference.  

4) Perform a baseline measurement of energy use for the affected facility. This is typically 
required for process facilities as part of the Project Assessment Report. Cascade Energy 
Engineering can place data loggers in the motor control center (MCC) for all the blowers 
and measure amps and power factor. A 2 week period for such monitoring is expected 
to be required. This is required to compare against future verification measurements 
following project implementation.  This energy use would likely need to be indexed 
against plant influent flow and load to create normalized energy consumption records 
(such as kilowatt per hour [kW-hr] per 1,000 pounds of biochemical oxygen demand 
[BOD], or ammonia, or million gallons per day [mgd] or other measure). Coordination 
of such baseline measurement and collection of plant operating data is essential to a 
successful baseline data collection effort.  

5) Cascade Energy Engineering would then prepare and submit a Custom Project Proposal 
extracting relevant information from the Project Assessment Report prepared by the 
Consultant team and the City.  

6) BPA must approve the project assessment report before authorization for the customer 
to proceed with the proposed project. This authorization is a key step in the project 
execution as any equipment or funds committed to the work before receiving approval 
are not eligible for incentive funding reimbursement.  
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7) Project execution may proceed.  Following implementation of the proposed project, final 
confirmation of facility performance must be measured and verified before the City 
earns the incentive. Procurement standards and documentation of expenditures may 
also be required but such discussion is beyond the scope of this current memorandum.  

Prescriptive Improvements 
Funding is also available for prescriptive improvements. Some of these could be 
incorporated into the Secondary Expansion Project but City staff could also choose to 
implement some of the following prescriptive improvements as separate maintenance or 
upgrade projects:  

 Lighting. CEC offers incentive funding for prescriptive lighting improvements. See 
Attachment 2 for listing of rebates.    

 Motor Replacements. CEC offers incentive funding for installation of premium 
efficiency motors to replace existing motors. See Attachment 3 for listing of rebates.  

 Variable frequency drive (VFD) retrofit of fixed speed motors. CEC offers incentive 
funding at about $80 per installed nameplate horsepower controlled by VFD.   

 Space heating/HVAC. CEC offers a $200 to $1200 cash rebate on upgraded heat pumps. 
This incentive program may just consider air-source heat pumps and not other heat 
sources (ground source, water source using plant effluent). The use of hot water from 
the digester gas boilers seems to be the most cost effective heat source, although project 
schematic design will have to be completed to allow more detailed evaluation of the 
alternatives for space heating.   

Other Programs 
The Bend WRF is the first wastewater facility to apparently be involved in BPA Energy 
Smart Industrial program’s new Track and Tune (T&T) program.  Consultant support for 
this program is not currently part of the scope of work for the Secondary Expansion Project. 
The T&T program is described as follows, quoted directly from the published literature:  

T&T focuses on operations and maintenance savings instead of typical capital-intensive projects. 

Benefits to industrial facilities include:  

 Immediate achievement of energy cost savings when tune-up actions are implemented  

 Little to no capital investment required to achieve cost savings 

 Co-funding of technical resources to support tune-up events and action implementation 

 Incentives are available to encourage facilities to sustain and improve efficiency 

What are the requirements to qualify for the T&T component? To qualify for the T&T component 
an industrial facility must meet the following requirements: 

 Statement of commitment to the operations and maintenance tune-up, implementation and 
maintenance over time 

 Willingness to share data required for tracking energy performance over time 
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 Willingness to implement an energy performance tracking system. Technical and funding 
assistance is provided by the ESI program 

 Annual energy savings potential of at least 250,000 kWh/yr (facility, system, or process) 

How does the T&T component work?  The T&T process follows the steps defined below: 

1. An initial project screening is provided by your utility and Energy Smart Industrial Partner 
(ESIP). 

2. A T&T project scoping is conducted by either an outside technical expert or in-house resource. 

3. A T&T agreement between the facility and utility is signed. 

4. A T&T performance tracking system is installed. 

5. A tune-up provider is selected (outside technical expert or in-house resource). 

6. Perform tune-up on area of focus (facility, system or process). 

7. Implement action items. 

8. Provide T&T completion report. An incentive check is issued by the utility to the facility for 
completed action items. 

9. Provide sustained savings over time. An incentive check is issued by the utility to the facility 
annually based on actual performance for five years. 

Are there financial incentives available for energy savings?  Yes, the following incentives are 
available for qualifying T&T projects: 

 $0.075 per kWh of verified energy savings up to 70% of incremental project cost. 

 $0.025 per kWh of energy savings for each year in years 1 through 5 (after action item 
implementation) for verified and sustained savings. 

 $0.0025 per kWh of baseline energy use (up to $50,000) for purchase and installation of 
performance tracking system. 

City of Bend staff would need to contact the BPA Energy Smart Industrial program for more 
information. 

Equipment Design 
The two most energy intensive processes in any wastewater treatment plant are pump and 
blower motors, which account for upwards of 80 to 90 percent of total energy costs. To be 
effective in achieving energy efficiency, discussions must occur during the design phase to 
ensure that energy efficient equipment and practices are incorporated from the very 
beginning of the design process. One design method to increase the efficiency of motor 
systems is to use a system approach to optimize total system performance and shift the 
focus away from individual components and functions. The steps involved in this system 
approach include characterizing the process load; minimizing distribution losses; and 
properly matching motor and drive to each other, as well as the load.  By reducing energy 
losses in the system and using energy efficient motors, a significant energy improvement 
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can be realized.  While the purchase price of a premium motor may be higher than a 
“standard” motor, a high-efficiency motor can pay back its original costs several times over 
in energy savings over the life of the motor. The potential energy savings for premium 
motors is between 5 and 20 percent. In addition, BPA through local electrical utilities, like 
CEC, provides cost incentives for procuring National Electrical Manufacturers Association 
(NEMA) premium efficiency motors, such as the one shown in Figure 1. Energy efficiency 
can be further increased by matching adjustable speed drives (ASD) to the motor system.  
ASDs on large equipment motors provide the single largest opportunity for energy savings.   

A total system approach should also be 
used in designing the aeration basin, as 
blowers are arguably the highest energy 
consumer in any wastewater treatment 
plant. The design will take into account the 
use of high-efficiency blowers, but also 
evaluate the numbers of diffusers, the 
airflow rate relative to blower size, and 
variable airflow rates to meet the demand. 
All of these factors will be evaluated for 
Bend to optimize system performance and 
reduce energy demand.   

As with the aeration basin, this total system 
approach should be used as the basis of 
design for every unit process in the plant so 
that energy efficiency is “designed” into 
each system. This applies to lighting and 
occupied-space ventilation (such as solids 
building, blower building, reuse disinfection building, and other occupied spaces), and 
design of facilities to meet “partially-heated space” criteria from the energy code.  

Building Design 
Sustainable design also plays an important role in building design.  By designing with 
sustainable practices in mind, energy efficiency can be an inherent part of the building.  For 
instance, the new headworks building incorporated translucent panels to reduce the need to 
artificial light.  The following are several different factors should be considered at the 
beginning of the project. 

Materials and Resources  
Building materials choices are important in sustainable design because of the extensive 
network of extraction, processing, and transportation steps required to process them. 
Activities to create building materials pollute the air and water, destroy natural habitats, 
and deplete natural resources.  Construction and demolition wastes comprise about 
40 percent of the total solid waste stream in the United States. 

One of the most effective strategies for minimizing the environmental impacts of the 
material use is to reuse existing building shells and non-shell components to reduce solid 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1 
NEMA Premium Efficiency Motor 
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waste volumes in landfills. It also reduces environmental impacts associated with the 
production and delivery of new building products.  Reuse of an existing building minimizes 
habitat disturbance and typically requires less infrastructure such as utilities and roads.   

When new materials are used in buildings it is important to consider different material 
sources. Salvaged materials can be included in the project to add character to the building 
and savings on material costs.  Recycled content materials reuse waste products that would 
otherwise be deposited in landfills.  The use of local materials supports the local economy 
and reduces the impacts of transportation.  The use of rapidly renewable materials and 
certified wood minimize the impact of natural resources consumption to create new 
building materials. 

In recent years, public and private companies have begun to reduce construction waste 
volumes by recycling and reusing these materials. Recovery and recycling activities 
typically involve job site separation into multiple pins or disposal areas.  These activities can 
also take place offsite if space is not available on the project site. The Bend WRF secondary 
expansion has limited new non-process spaces, so measures for operational-phase material 
recycling generally do not apply. The construction phase measures are applicable.  

 Materials guidelines and measures: 

Operational Phase 

 Provide an easily accessible area that serves the entire building that is dedicated to the 
separation, collection and storage of materials for recycling  

Design/Construction Phase 

 Recycle and/or salvage construction, demolition, and land clearing waste 

 Specify building materials that contain post-consumer, or post industrial recycled 
content material 

  Specify building materials that are manufactured regionally, which are extracted, 
harvested, or recovered within a radius of 500 miles 

 Use certified wood materials for building components including but not limited to 
framing, flooring, finishes, furnishings, and non-rented temporary construction 
applications such as bracing, concrete form work, and pedestrian barriers 

Energy & Atmosphere 
Energy consumption can be dramatically reduced through practices that are economical and 
readily available.  Improving the energy performance of buildings reduces operations costs, 
reduces pollution generated by power plants and other energy producing equipment as 
well as enhances comfort.  Most energy efficiency measures have a rapid payback period 
due to the rising cost of energy. 

Energy consumption guidelines and measures: 

  Consider a building’s energy loads as a whole, to integrate energy efficiency measures 
and form synergistic relationships 
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 Design to meet building energy efficiency and performance as required by energy code 

 Analyze expected baseline building performance 

  Zero use of chlorofluorocarbon (CFC)-based refrigerants in all base building HVAC and 
refrigeration systems 

 Reduce design energy cost compared to the energy cost as demonstrated by a whole 
building simulation 

 Regulated energy components include HVAC systems, building envelope, service hot 
water systems, and lighting 

 Conduct a focused review of the design prior to the construction documents phase, 
when close to completion, selective review of contractor submittals of commissioned 
equipment 

 Develop a recommissioning, management manual 

 Have a contract in place for a near-warranty end or post occupancy review 

 Reduce ozone depletion and install base building level HVAC and refrigeration 
equipment and fire suppression systems that do not contain hydrochlorofluorocarbons 
(HCFCs) or Halon 

 Comply with the long-term continuous measurement of performance for the following: 

 Lighting systems and controls 
 Constant and variable motor loads 
 Adjustable speed drive operation 
 Chiller efficiency at variable loads (kW/ton) 
 Cooling load 
 Air and water economizer and heat recovery cycles 
 Air distribution static pressures and ventilation air volumes 
 Boiler efficiencies 
 Building specific process energy efficiency systems and equipment 
 Indoor water risers and outdoor irrigation systems 

 Engage in a 2-year contract to purchase power generated from renewable source 

Water Efficiency for Buildings 
The use of potable water in the proposed process facilities is primarily for process and 
washdown purposes. Potable water is sometimes used for makeup water for polymer 
systems, but alternatives exist. There are no lavatory facilities currently included in the 
design at Project Definition level. Most of the following recommendations are made related 
to typical treatment plant facilities, and are included for context for Bend.   

High water use increases maintenance and life-cycle costs for building operations, and 
increases consumer costs for additional municipal supply and treatment facilities when such 
facilities are connected to municipal supplies and treatment facilities. At Bend WRF any 
incremental savings in water use from the potable water onsite well would result in 
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incremental cost savings, which would be hard to measure. However, the principle of 
water-efficient facility design is valid and should be followed for the project.  Conversely, 
facilities that use water efficiently can reduce costs through lower water use fees, lower 
sewage volumes, energy and chemical use reductions, and lower capacity charges and 
limits. Many water conservation strategies involve either no additional cost or rapid 
paybacks on higher cost water conservation fixtures.  Other water conservation strategies 
such as graywater plumbing systems often involve more substantial investment. As 
improvements for the Bend WRF secondary expansion are developed, water conservation 
strategies will be incorporated into the design of any non-process facilities. 

Roof Materials (“Green” Roofs) 
The use of high-reflectance and high emissivity roofing should be part of the standard 
design for any new building that has a goal of energy conservation. However, to realize 
greater economic, as well as ecological benefits, “green” (vegetated) roofs could be 
considered if such a project has greater benefit to the community.  Figure 2 is representative 
of a green roof, which is typically a flat roof covered with a thin layer of planting media 
with living plants installed on top. The new blower building, the future RAS pump station, 
the new reuse disinfection building, and the new chemical storage building, and the new 
primary sludge pump station are all candidates for application of green roof technology. 
Cooling and heat loads can be significantly reduced by the application of a green roof, 
although these non-process spaces are not expected to be heated to more than 40 degrees F, 
and such heating is likely to be provided by onsite waste heat from the digester gas boilers. 
In addition to the energy saved by reducing the building HVAC demands, the benefits to a 
green roof include stormwater management, increased longevity of roofing membranes as 
well as providing a more aesthetically pleasing environment.  

The mitigation of stormwater runoff is one of the primary benefits of green roofs, which is 
not a significant issue at the Bend WRF where there is no surface runoff to streams. Green 
roofs absorb stormwater and slowly release it over a period of several hours.  In addition, 
green roofs have a longer life-span than standard roofs because they are protected from 
ultraviolet radiation and the temperature fluctuations that cause roofing membranes to 
deteriorate.  Because green roofs are more complicated than a standard roofing system, it is 
important to have a design team familiar with the intricacies of green roof design.   

The project definition cost estimate does not currently include any provisions for additional 
structural cost for green roofs as the stormwater runoff benefit does seem very applicable at 
the WRF and because the site is isolated and public education benefit could perhaps be 
leveraged by City construction of green-roof facilities at other locations.  
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FIGURE 2 
Green Roof/Portland 

Solar (Photovoltaics) 
Few power-generation technologies are as sustainable and have as little impact on the 
environment as solar energy, also known as photovoltaics (PV).  PV produces no air 
pollution or waste; consumes no liquid or gaseous fuels; and is free and abundant.   CEC 
has a straightforward incentive funding program for PV installations.  The cash rebate is 
$500.00 per kilowatt (KW) of installed capacity with a maximum rebate of $1,500.00 per 
system.  

Photovoltaics produce energy by converting sunlight into electricity. The basic building 
block of solar technology is the PV cell, which only produces approximately 1 to 2 watts of 
power. Individual PV cells are wired together to form PV modules. Modules are wired 
together to create solar panels, which may then be combined to create a solar arrays. In 
addition to the PV panels, additional equipment is required to direct the cells at the sun, 
convert the electricity produced to a usable form and to store the electricity for later use. 
According to Solar Oregon, PV systems typically require 100 square feet of unobstructed 
area per kilowatt and weigh approximately 4 to 6 pounds per square foot. Figure 3, from the 
AWCA report, depicts a PV system and how it connects to an electrical utility.  
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FIGURE 3 
PV System 

The City has recently implemented a solar generation project at the downtown parking 
facility.  The Energy Trust of Oregon provides two incentive options for installing PV 
systems. The first option is based on direct ownership of the system which forgoes federal 
tax incentives but provides long-term ownership of the system.  The second option fully 
utilizes the tax incentives, but requires a third party investor to purchase the system and the 
District would buy back the electricity produced.  State utility regulators have recently 
approved this type of third-party financed system and several projects are in development 
using this option.  Funding may be available from the Energy Trust of Oregon to determine 
if a PV system would be viable at the Bend WRF.   

Per the ACWA report, the Corvallis WWTP has a project in development to install a PV 
system on undeveloped land adjacent to the treatment plant.  The plant, which will be third-
party owned, will provide 55 percent of the treatment plant’s annual energy requirements. 
There are substantial siting opportunities for a PV system at the WRF but land use and site 
coordination issues would require investigation.   

Microturbines 
Using microturbines to generate power for onsite use or for re-sale is another sustainable 
practice used by many wastewater treatment plants. Typical options include using biogas 
produced from anaerobic digestion to power a turbine generator or fuel cell.  Much of the 
Energy Independence Report by ACWA is focused on methods to capture the energy from 
digester gas.  At Bend WRF, a biogas powered turbine could technically be considered, but 
the decision to move from the current operation of burning gas in boilers and flaring the 
excess gas requires significant investment. In late 2009 the City considered the economics of 
increasing biogas production through the incorporation of high-strength waste stream from 
Deschutes Brewery directly to the digesters.  That evaluation shows that additional digester 
capacity alone appeared prohibitively and unnecessarily expensive (not considering 
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additional facilities such as microturbines, engine generators, etc). For the purpose of 
completeness, additional information is provided.  

Micro-Hydro 
Another option, which is not as widely utilized but still viable in the appropriate 
application, is the installation of a micro hydro-turbine generator at the plant outfall to 
capture waste energy. The City of Gresham is currently investigating the feasibility of 
installing a small-scale hydropower facility on the outfall from its WWTP to the Columbia 
River.  The viability of such an installation at Bend WRF seems unlikely considering the 
very limited 8 foot vertical head difference between the 
outfall distribution structure weir and the new chlorine 
contact chamber Parshall flume channel floor. A propeller-
type high specified speed reaction turbine would be one 
type, or a partially submerged impulse-style turbine such as 
those emerging and being marketed in the open-channel 
irrigation market. Hydrovolts Flipwing Turbine (Figure 4) 
is one emerging brand with a prototype product that 
involves submersible turbine/generator technology that 
might be applicable for installation in Bend’s outfall with 
some modifications to create an open channel. In each case 

site, specific design issues would immediately require 
evaluation, especially during peak flows that are known to 
back flow up in the existing effluent pipeline. The Flipwing 
turbine should be considered experimental technology. An evaluation to determine the 
energy generation potential at the site and the revenue and costs associated with 
constructing the facility must be completed.   

Water Reuse 
Reclaimed Water 
Bend WRF already operates a reuse facility to send irrigation water to Pronghorn. The City 
is considering various methods to meet its long-term water needs and additional production 
of reuse water is one tool to help the City achieve its long-term goals. The conceptual design 
of the Parallel Plant Interceptor (PPI) is reportedly going to consider the incremental cost of 
adding an appropriately sized reclaimed water pipeline in parallel with the interceptor 
pipeline, which could convey reuse water back into town for potential uses such as 
irrigation to offset potable water use either in Avion Water Company’s service area or City 
of Bend’s service area. As the demand for water resources continues, the ability to reclaim 
treated water for non-potable uses becomes increasingly attractive.  The standards for 
effluent reuse in Oregon are established by the Oregon Department of Environmental 
Quality (DEQ) through Oregon Administrative Rule Chapter 340 Division 55 (OAR 340-55). 
These rules were updated in 2008, changing the definitions of reuse water from those listed 
in the current NPDES permit.  Under the revised rule, Oregon defines four levels of reuse 
treatment, Classes A through D plus a fifth category, oxidized and not disinfected. Class A 
is oxidized, filtered, and disinfected. Classes B, C, and D are oxidized and disinfected and 
vary by allowable bacterial count. 

FIGURE 4 
Hydrovolts Flipwing Turbine 
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 Class A reuse water is oxidized, filtered, and disinfected and has the broadest range of 
uses, including any agricultural or horticultural use, irrigation of publicly accessible 
areas, car washing, residential and other impoundments, fountains, artificial 
groundwater recharge, toilet flushing, industrial uses, stand-alone fire suppression 
systems, nonstructural firefighting using aircraft, and many other applications. The base 
configurations for this study are based on Class A reuse. 

 Class B reuse water is oxidized and disinfected but not filtered and can be used for most 
purposes served by Class A reuse water except irrigation of publicly accessible areas, car 
washing, fountains, artificial recharge of groundwater, and similar publicly accessible 
uses. 

 Class C reuse water is oxidized and disinfected but not filtered and has a higher 
allowable bacterial concentration. Class C reuse water can be used for a wide variety of 
uses, including nonstructural firefighting using aircraft, irrigation of many agricultural 
crops and golf courses, but it cannot be used for flushing water and its use for supplying 
publicly accessible impoundments is limited. 

 Class D reuse water has higher allowable bacterial concentrations than Class C reuse 
water and can be used for restricted irrigation on nonfood crops 

 Oxidized but not disinfected wastewater can only be used for irrigation of commercial 
timber and seed crops not intended for human consumption. 

With these new rules, the water currently produced by Bend WRF would immediately be 
reclassified as Class A Recycled Water. Treatment requirements, disinfection and 
monitoring requirements and setback and notification requirements for each of the five 
classes of recycled water are summarized in Table 2. 

TABLE 2 
Summary of Oregon Regulations for Recycled Water 

Recycled 
Water 

Classification 
Treatment 

Requirements 
Disinfection and 

Monitoring Requirements

Setbacks 

Public and 
Worker 

Notification 

Direct 
Application 

to Soil Sprinkler 

Oxidized but not 
disinfected 

Oxidized but 
not disinfected 

None 150 feet from 
human water 
source, site-
specific 

Site-specific Prevent public 
access 

Class D 
oxidized and 
disinfected 

Oxidized and 
disinfected 

30-day log Mean < 126 E. 
Coli 

10 feet 70 feet to 
food, 100 feet 
to drinking 
water source 

Site-specific 

Class C Oxidized and 
disinfected 

7-day Median < 23 
coliform organisms 

10 feet 70 feet to 
edge, 100 feet 
to drinking 
water source, 
70 feet to food 

No direct public 
contact, control 
aerosols, worker 
notification 
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TABLE 2 
Summary of Oregon Regulations for Recycled Water 

Recycled 
Water 

Classification 
Treatment 

Requirements 
Disinfection and 

Monitoring Requirements

Setbacks 

Public and 
Worker 

Notification 

Direct 
Application 

to Soil Sprinkler 

Class B Oxidized and 
disinfected 

7-day Median < 2.2 total 
coliform 

None 10 feet from 
edge, 50 feet 
to water 
source, 
10 feet to food 

No direct public 
contact, control 
aerosols, worker 
notification 

Class A Oxidized, 
filtered, and 
disinfected 

24-hr Average NTU < 2, 
7-day Median less than 
2.2 coliform organisms 

None Don’t spray on 
food 

Site-specific 
notification 

Blending with 
other sources 

Varies Varies Varies Varies Varies 

 

Table 3 identifies several potential uses for reclaimed water at Bend WRF under the new 
rules. 

TABLE 3 
Recycled Water Beneficial Purposes, OAR 340-055 

Beneficial Purpose 
Class 

A 
Class 

B 
Class 

C 
Class 

D Nondisinfected 

Irrigation      

Fodder, fiber, seed crops not intended for 
human ingestion, commercial timber  

Yes Yes Yes Yes Yes 

Firewood, ornamental nursery stock, 
Christmas trees  

Yes Yes Yes Yes No 

Sod Yes Yes Yes Yes No 

Pasture for animals  Yes Yes Yes Yes No 

Processed food crops  Yes Yes Yes No No 

Orchards or vineyards if an irrigation 
method is used to apply recycled water 
directly to the soil  

Yes Yes Yes No No 

Golf courses, cemeteries, highway 
medians, industrial or business campuses 

Yes Yes Yes No No 

Any agricultural or horticultural use  Yes No No No No 

Parks, playgrounds, school yards, 
residential landscapes, other landscapes 
accessible to the public  

Yes No No No No 

Industrial, Commercial, or 
Construction 

     

Industrial cooling  Yes Yes Yes No No 

Rock crushing, aggregate washing, 
mixing concrete  

Yes Yes Yes No No 

Dust control  Yes Yes Yes No No 
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TABLE 3 
Recycled Water Beneficial Purposes, OAR 340-055 

Beneficial Purpose 
Class 

A 
Class 

B 
Class 

C 
Class 

D Nondisinfected 

Nonstructural fire fighting using aircraft  Yes Yes Yes No No 

Street sweeping or sanitary sewer 
flushing  

Yes Yes Yes No No 

Stand-alone fire suppression systems in 
commercial and residential buildings  

Yes Yes No No No 

Non-residential toilet or urinal flushing, 
floor drain trap priming  

Yes Yes No No No 

Commercial car washing  Yes No No No No 

Fountains where the water is not intended 
for human consumption  

Yes No No No No 

Impoundments or Artificial 
Groundwater Recharge 

     

Water supply for landscape 
impoundments including, but not limited 
to, golf course water ponds and non-
residential landscape ponds  

Yes Yes Yes No No 

Restricted recreational impoundments  Yes Yes No No No 

Water supply for landscape 
impoundments including, but not limited 
to, residential landscape ponds  

Yes No No No No 

Non-restricted recreational impoundments 
including, but not limited to, recreational 
lakes, water features accessible to the 
public, and public fishing ponds  

Yes No No No No 

Artificial groundwater recharge  Yes No No No No 

 

Purple Pipe Systems  

A dual plumbing system, using purple pipe for non-potable water uses, is becoming 
common in communities that are actively pursuing 
sustainability measures.  Purple pipe, shown in 
Figure 5, is a universal indication of reclaimed water 
and helps ensure that the domestic water supply does 
not become contaminated. In the future, a reclaimed 
water system using a purple pipe dual plumbing 
system could be used by the entire neighborhood. 

If a new purple pipe were installed parallel to the 
parallel plant interceptor (PPI), this would allow a 
future purple pipe network to be established along the 
PPI corridor. The PPI would ultimately be routed to the 
headworks, and any purple pipe to convey reuse water 
back toward the City would need to be routed onsite to 
the reclaimed water facility.  

  
 

FIGURE 5 
Purple Pipe 
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Landscaping 
Bend currently practices significant summertime turf irrigation apparently using reclaimed 
water.  This practice occurs at relatively low cost and also serves as a bit of a wildland fire 
deterrent near occupied facilities.  

At this stage of the WRF Secondary Expansion, no plans have been made to provide any 
new vegetated areas other than likely turf areas near the new clarifier facilities and perhaps 
near the new chlorine contact and reuse disinfection facilities. Any new vegetative plantings 
throughout the treatment plant, if provided, should consist of low-maintenance, native, 
and/or drought tolerant tree and shrub species. By planting native and drought tolerant 
species, water usage will be minimized.  In addition, the following irrigation options can be 
explored to further reduce landscaping water requirements. 

 Use of high-efficiency irrigation technology 

 Not expanding the permanent landscape irrigation system and designing native 
bunchgrass landscaping similar to the surrounding site.  

Stormwater Management 
Stormwater management at the Bend WRF has been practiced through sheet flow and 
limited collection and conveyance to surface discharges. Other wastewater treatment 
facilities in less arid climates have taken steps toward more “sustainable” stormwater 
management that captures pollutants from stormwater runoff before discharge into surface 
waters. No stormwater disposal methods other than sheet flow to pervious surfaces near 
impervious surfaces are planned. Bend WRF may choose to incorporate more active 
collection, conveyance, and pumping of stormwater that may be affected by purposeful or 
incidental washdown of biosolids and sludge onto the ground surface. At this time no 
special measures have been considered in the Project Definition phase of the work.  

Resources  
The processes required for wastewater treatment are energy intensive.  However, renewable 
and sustainable options and energy savings measures are available that help reduce energy 
demand and mitigate climate impacts.  The City of Bend and WRF staff in particular has 
demonstrated a strong commitment to economically viable, sustainable, and “green” asset 
management in the development of the secondary expansion upgrade. Several resources are 
available to assist plant operator, managers, and design teams in pursuing renewable and 
sustainable solutions and adopting energy efficiency measures.  It is important to note that 
energy efficiency is not a one time action.  Although, energy efficiency and sustainable 
practices are an important part of design, they require a commitment to follow-through by 
the plant staff and plant management.  The following sources of information will be useful 
for identifying ways to adopt sustainability into daily management and long-term planning:   

 Hydraulic Institutes’ Pump Systems Matter website. www.pumpsystemsmatter.org This 
website focuses on optimizing pumping systems in an effort to reduce energy waste. 

 U.S. Environmental Protection Agency’s, Ensuring a Sustainable Future:  An Energy 
Management Guidebook for Wastewater and Water Utilities. January 2008.  
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www.epa.gov/waterinfrastructure/bettermanagement_energy.html  This website 
provides information on activities supported by the EPA to improve energy efficiency.   

 U.S. Environmental Protection Agency’s Portfolio Manager. 
www.energystar.gov/index.cfm?c=government.wastewater_drinking_water  This 
website’s focus is reducing energy waste and reducing operating costs.    

Onsite Utilities and Related Operation and Maintenance Practices 
An operational approach that appreciates the true cost of workplace-provided onsite 
utilities is one part of operator and maintenance staff training that could have an 
incremental, if hard to measure, impact on the cost of operating the WRF. Below is a 
discussion of several onsite utilities.  

Compressed Air 
The City operates compressors that provide plant-wide instrument air for various process 
uses including control valve actuation.  Operation and maintenance (O&M) of the 
compressed air system should be performed in accordance with industry best practices such 
as those documented by “Compressed Air Challenge” (www.compressedairchallenge.org) 
or other documented best practices. Maintaining a leak-free system, proper sizing of 
distributed air receivers to limit equipment cycling, and consideration of equipment 
selection with energy use in mind (air-diaphragm pumps, air eductors, loop descriptions 
that result in cycling of pneumatic actuators, air receiver blow off solenoids) which together 
may add up to significant air use, are all things that could contribute to incremental energy 
savings brought about by reduced instrument air demand.  Baseline power requirements for 
the air compressors should be collected as part of an organized O&M optimization such as 
the “track and tune” energy management program promoted by BPA.  

Plant Water and Reuse Water 
The Bend WRF products pressurized secondary effluent (W3), (and seasonally produces 
Class A reuse water). W3 water is less expensive to produce than Class A or potable water 
since the supply is essentially unlimited and does not need to be pumped up from 
groundwater depth before additional pressurization. Plant water system pressures are 
typically designed to be high enough to meet peak demands at adequate pressure. Design of 
the WRF secondary expansion should consider appropriate motor controls, (adjustable 
speed drives, for instance) hydropneumatic tank and perhaps adjustable diurnal setpoints to 
drive incremental efficiency into the existing operation.  Consultant staff experience at other 
operating facilities has observed occasional O&M activities that result in plant water being 
continually “hosed” into launders, scum boxes, and other locations to break up scum and 
sludge mats.  These activities may be appropriate, but this project is an opportunity for 
O&M leadership to emphasize work practices that make the best use of all resources and to 
optimize O&M activities for the best interest of the Utility, including practices that minimize 
energy use and wasted water. The Consultant team recognizes that some of these 
recommendations could be interpreted as “tripping over dollars to save dimes.”  The 
purpose of raising these issues is to promote discussion about appropriate practices and to 
build efficient operability into all parts of the project.  
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DISCLAIMER 
 

The intent of this Project Assessment report is to estimate energy savings associated with recommended 
Energy Efficiency Measures (EEMs).  Appropriate detail is included in Sections 2-4 of this report.  
However, this report is not intended to serve as a detailed engineering design document.  It should be 
noted that detailed design efforts may be required in order to implement the recommended upgrades.  As 
appropriate, costs for those design efforts are included as part of the cost estimate for each measure. 
 
While the recommendations in this report have been reviewed for technical accuracy and are believed to 
be reasonably accurate, the findings are estimates and actual results may vary.  As a result, Sample 
Consultant, Sample Utility, and the Bonneville Power Administration (BPA) are not liable if estimated 
savings or economics are not actually achieved.   All savings and cost estimates in the report are for 
informational purposes, and are not to be construed as a design document or as guarantees.  
 
Sample Facility should independently evaluate any advice or direction provided in this report.  In no 
event will Sample Consultant, Sample Utility, and/or BPA be liable for the failure to achieve a specified 
amount of energy savings and any incidental or consequential damages of any kind in connection with 
this report or the installation of recommended measures. 
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CONTACTS & PREPARATION 
 
 
Facility Contact: 
 

Joe Engineer    
123 Main St 
Portland, OR  97589 
Phone: (503) 555-3786 
Email: joe.engineer@samplefacility.com 
 
 

Utility Contact: 
 

Joe Utility    
678 Main St 
Portland, OR  97654 
Phone: (503) 555-2456 
Email: joe.utility@sampleutility.com 

 
 
BPA ESIP Contact: 
 

Dave Esip 
456 Main St 
Portland, OR  97545 
Phone: (503) 555-3232 
Email: dave.esip@sampleesip.com  
 
 

TSP Consultant Contact: 
 
This report was prepared by: 
 

George Consultant 
456 Main St 
Portland, OR  97856 
Phone: (503) 555-4512 
Email: george.consultant@sampleconsultant.com  
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1.0 EXECUTIVE SUMMARY 
 

1.1 INTRODUCTION 
 
Provide a basic introduction to the facility and process. Include annual operating hours, shifts, etc.  
Provide a brief, high-level summary of the project.  Also provide a brief summary of the TSP contractual 
relationship and general analysis strategy. 
 
Sample Customer located in Portland, OR manufactures xyz through a series of processes.  One of these 
processes involves bleaching the digested xyz using chlorine dioxide (ClO2).  The chlorine dioxide is 
produced using the R8 generator process.  In the R8 generator process, the chlorine dioxide is produced in 
gaseous form and absorbed into chilled water in an absorption tower and sent to the xyz Plant.  The 
chilled water used in the absorption tower is produced using a process that involves two chillers, a 75 hp 
pump, a 50 hp pump, and a heat exchanger.   
 
Sample Consultant was contracted by Sample Utility and the Bonneville Power Administration (BPA) to 
provide a project assessment of the energy efficiency opportunities associated with the chiller pumping 
system at Sample Customer.  One year of operational data from the plant’s data historian (PI) system 
coupled with input from plant personnel on typical operations was utilized as part of this analysis. 
 
Sample Customer should notify Sample Utility or their ESIP if they intend to implement any of the 
efficiency measures outlined in this report.  Your utility and ESIP are responsible for obtaining approval 
for incentives. Once utility and BPA approval has been obtained Sample Customer is free to place 
equipment order or make other financial commitments to implement efficiency measures. 
 

1.2 SUMMARY OF FINDINGS AND RECOMMENDATIONS 
 
Provide a brief breakdown of each measure, including a bullet list of what is to be installed.  A more 
detailed description of the measures is provided in Section 2. 
 
Multiple individual energy efficiency measures (EEMs) have been considered for the R8 chilled water 
process.  Below is a brief description of each measure.  More detailed descriptions can be found in 
Section 2. 
 
EEM 1: Plant Booster Pump VFD: This measure recommends the installation of a variable frequency 
drive (VFD) for the 75 hp Plant Booster Pump.  The current system required pressure is below the 
discharge pressure provided by the pump causing large pressure drops across control valves around the 
Indirect Contact Cooler (ICC) and both of the chiller condensers.  A VFD would reduce energy use by 
allowing the pump to control based on the required discharge pressure of the system.  This measure 
consists of the following: 
 

 Add a VFD to control the 75 hp Plant Booster Pump 
 Upgrade the plant control system to control the VFD 

 
EEM 2: Chilled Water Supply Pump VFD: This measure recommends the installation of a VFD for the 
50 hp Chilled Water Supply Pump.  The current system required pressure is below the discharge pressure 
provided by the pump causing a large pressure drop across the Absorption Tower control valve.  A VFD 
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would reduce energy use by allowing the pump to control based on the required discharge pressure of the 
system.  This measure consists of the following: 
 

 Add a VFD to control the 50 hp Chilled Water Supply Pump 
 Upgrade the plant control system to control the VFD 

 
1.2.2 Recommendations  
 
Provide a brief recommendation of the proposed measures to be implemented.  If certain measures are 
not recommended provide an explanation for not recommending.   
 
Sample Consultant recommends the implementation of EEMs 1 and 2.  These recommended measures 
reduce pump energy use by over 23% and produce a simple payback of 1.4 years after the incentives from 
Sample Utility and BPA. 
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1.3 ECONOMIC SUMMARY 

Table 1:  Savings and Cost Summary 

Include the estimated cost savings from non-energy benefits (e.g., demand savings, maintenance cost savings, etc).  Demand savings have been 
included below. 

 

Table 2:  Incentive Summary 

Ensure that the proper incentive rate and cap is provided for projects that occur prior to 4/1/10.  Effective 4/1/10, incentives will be $0.25 per kWh 
capped at 70% of cost for all ESI utilities and for both new construction and retrofit.  Include other incentives, if appropriate (e.g., OBETC).  Other 
incentives can be inserted as additional columns in table but should be presented separately from utility/BPA incentive.

Energy Incentive Rate $0.25 /kWh
Incentive Cap, % of Project Cost: 70% /kWh

Incentive Incentive
Cap, Cap, Cost

Project Energy Final After Final
EEM Cost Savings Incentive Incentive Payback
No. Description ($) ($) ($) ($) (yrs)

1 Plant Booster Pump VFD $13,620 $16,858 $13,620 $5,837 1.5
2 Chilled Water Supply Pump VFD $12,150 $18,357 $12,150 $5,207 1.2

TOTALS FOR RECOMMENDED MEASURES $25,769 $35,215 $25,769 $11,044 1.4

Fraction of Project Cost Covered by Incentives: 70.0%

Sample Utility/BPA Incentive Calculation

Cost of Energy: $0.053 /kW h
Cost of Demand: $6.970 /kW

Annual Annual Annual

Annual Monthly Energy Demand Total Cost Pre-

Include Energy Demand Cost Cost Cost Eligible for Incentive

EEM in Savings Savings Savings Savings Savings Incentives Payback

No. Description Package (kWh/yr) (kW/mo) ($) ($) ($) ($) (years)

1 Plant Booster Pump VFD Yes 67,432 3.1 $3,574 $259 $3,833 $19,457 5.1
2 Chilled Water Supply Pump VFD Yes 73,426 3.4 $3,892 $284 $4,176 $17,357 4.2

TOTALS FOR RECOMMENDED MEASURES 140,858 6.5 $7,465 $544 $8,009 $36,813 4.6
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1.4 IMPLEMENTATION SUMMARY 
 
This section provides a guide to the actionable information provided in this report.  The template 
language supplied here will generally suffice. 
  
Sample Utility and BPA must approve the EEMs specified in this report to be eligible for incentives. 
Sample Utility and BPA approval is required prior to placing equipment orders or making other financial 
commitments to implement EEMs to be eligible for incentives. 
 

1. Review this report and make an implementation decision.  Your staff has assisted in the 
development of this report. Because equipment and operational changes are recommended, your 
organization needs to be comfortable with the data, the analysis and the proposed EEMs for the 
project to be a success.  Please independently evaluate the information contained in this report as 
you normally would for other projects of this scope.  Contact vendors to firm up bids.  Do your 
normal diligence and make a decision. 

 
2. Notify your utility or ESIP of your implementation decision.  Contact your utility or ESIP with 

your implementation decision.  The contact information for your utility and ESIP has been 
included with this report.  Your utility and ESIP are responsible for obtaining utility and BPA 
approval for EEM incentives. 

 
3. Obtain approval from your utility and BPA for incentives.  Your utility or ESIP will notify you 

when utility and BPA approval has been obtained.  You may be required to sign an incentive 
agreement with your utility as part of this process.  Once utility and BPA approval has been 
obtained you are free to place an equipment order or make other financial commitments to 
implement EEMs. 

 
4. Obtain approval for any other project incentive.  You are free to apply for additional incentives 

that may be available for the project.  For example, the Oregon Business Energy Tax Credit 
(BETC) for eligible participants.  Your utility and ESIP are available to assist in this process.  

 
5. Implement the project.  Finalize the design in a manner consistent with equipment, set-points, and 

algorithms described in Section 2 of this report.  Any significant differences should be discussed 
with your utility or ESIP to confirm that they do not have a negative impact on energy efficiency 
performance.  Sign purchase orders and contracts with contractors. Complete the installation. 

 
6. Track project costs.  All project costs must be documented and supported to receive incentives.   

Maintain records of all project costs (invoices, etc) and ensure that project costs eligible for 
incentives can be clearly identified and are not bundled with other costs that are not eligible for 
incentives. 

 
7. Notify your utility or ESIP when project implementation is complete.  Contact your utility or ESIP 

when project implementation is complete, online, and operating in a steady state manner. 
 

8. Assist in the preparation of the project completion report.  Approval of a project completion 
report by your utility and BPA is required before the project incentive is issued.  Your utility and 
ESIP are responsible for managing the development of the completion report.  In most cases the 
TSP consultant that provides the project assessment report will be utilized for the completion 
report.  Funding of the TSP consultant for the completion report is available from BPA upon BPA 
approval.  BPA may require you to share a portion of the TSP consultant cost.  As part of the 
completion report development you will be asked to provide documentation of all project costs 
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that you are seeking incentives for.  The completion report will also include Measurement and 
Verification (M&V) and commissioning of the project.  Your assistance may be necessary in the 
M&V and commissioning efforts. 
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2. 0 DETAILED DESCRIPTION OF PROPOSED EQUIPMENT 
AND OPERATION 

 

2.1 EEM 1 – PLANT BOOSTER PUMP VFD 

2.1.1 EEM 1 – Source of Energy Savings 
 
Conceptual explanation of how this measure saves energy. 
 
The plant booster pump utilizes a flow control valve to provide capacity control.  A large fraction of the 
time the control valve is heavily throttled, inducing a large pressure drop across the valve. Plant booster 
pump energy use can be reduced by retrofitting the pump with a VFD, controlling to a constant, reduced 
discharge pressure, and eliminating pressure drop at the control valve. 
 

2.1.2 EEM 1 – Specific Equipment Recommendations 
 
List the specific equipment to be installed in order to implement the EEM.  This should serve as a 
checklist to the facility for implementing the measure.  Include auxiliary equipment requirements (filters, 
motor rewinds, upgrades to service…) 
 

 Install a 75 hp VFD and appropriate electrical protection. 
 Install a pressure sensor on pump discharge for VFD control. 
 Update the existing chiller control system to control the VFD output based on pump discharge 

pressure. 
 

2.1.3 EEM 1 – Setpoints and Algorithms Recommended to Achieve Energy Performance 
 
List any required control points, staging order, and control strategy information. After confirming 
equipment installation, these control points will be a large part of the M&V. 

 
 Target a pump discharge pressure of 75 psig to obtain claimed energy savings.  Since this is a 

booster pump, there may be times when the suction pressure will be 75 psig or higher, causing the 
output on the VFD controller to approach zero or even reach zero at times.  This should not cause 
any operational problems because the discharge pressure should be at or above the target pressure 
during these times. 

 Ensure that the flow control valve is fully open and is no longer utilized to provide capacity 
control. 
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2.2 EEM 2 – CHILLED WATER SUPPLY PUMP VFD 

2.2.1 EEM 2 – Source of Energy Savings 
 
Conceptual explanation of how this measure saves energy. 
 
The chilled water supply pump utilizes a flow control valve to provide capacity control.  A large fraction 
of the time the control valve is heavily throttled, inducing a large pressure drop across the valve. Supply 
pump energy use can be reduced by retrofitting the pump with a VFD, controlling to a constant, reduced 
discharge pressure, and eliminating pressure drop at the control valve. 
 

2.2.2 EEM 2 – Specific Equipment Recommendations 
 
List the specific equipment to be installed in order to implement the EEM.  This should serve as a 
checklist to the facility for implementing the measure.  Include auxiliary equipment requirements (filters, 
motor rewinds, upgrades to service…) 
 

 Install a 50 hp VFD and appropriate electrical protection. 
 Install a pressure sensor on pump discharge for VFD control. 
 Update the chiller control system to control the VFD output based on pump discharge pressure 
 

2.2.3 EEM 2 – Settings Recommended to Achieve Energy Performance 
 
List any required control points, staging order, control strategy information. After confirming equipment 
installation, these control points will be a large part of the M&V. 
 

 Set the target pump discharge pressure to 95 psig. 
 Ensure that the flow control valve is fully open and is no longer utilized to provide capacity 

control. 
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3.0 ENERGY EFFICIENCY MEASURE COSTS 
 

In tabular format, provide an itemized breakdown of costs for each EEM.  Table 4 is provided here as an 
example. Include the vendor or contractor with each line item.  Indicate “estimate” if a formal bid has 
not been received.  Include a contingency if appropriate and any applicable taxes 
 

  Table 3:  Summary of EEM Costs 

 

Item Description Bidder Total
1 Plant booster pump VFD and line reactor Sample Electrical $11,300
2 Pressure transducer Sample Electrical $380
3 Plant control system integeration of VFD Sample Controls $3,250
4 VFD and controls installation Estimate $3,000
5 Design assistance Sample TSP $600

Sub-Total $18,530
Contingency 5.0% $927

Total Cost Eligible for Incentives $19,457

Item Description Bidder Total
1 Chilled water supply pump VFD and line reactor Sample Electrical $9,300
2 Pressure transducer Sample Electrical $380
3 Plant control system integeration of VFD Sample Controls $3,250
4 VFD and controls installation Estimate $3,000
5 Design assistance Sample TSP $600

Sub-Total $16,530
Contingency 5.0% $827

Total Cost Eligible for Incentives $17,357

EEM 1:  Plant Booster Pump VFD

EEM 2:  Chilled Water Supply Pump VFD
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4.0 BASELINE AND ANALYSIS OVERVIEW 
 

4.1 BASELINE DESCRIPTION 
 
This section should provide sufficient detail of the baseline such that an external party can gain an 
understanding of the baseline facility and system (e.g., ESIP, utility, BPA, etc).  Include tables that 
provide equipment inventory, models, and horsepower. 
 
Sample Customer located in Portland, OR manufactures xyz through a series of processes.  One of these 
processes involves bleaching the digested xyz using chlorine dioxide (ClO2).  The chlorine dioxide is 
produced using the R8 generator process.  In the R8 generator process, the chlorine dioxide is produced in 
gaseous form, absorbed into chilled water in an absorption tower, and sent to the xyz Plant.  The chilled 
water used in the absorption tower is produced using a process that involves two chillers, a 75 hp pump, a 
50 hp pump, and a heat exchanger. 
 
The following table summarizes the baseline equipment evaluated in this report:   
 

Table 4: Baseline Equipment Inventory 
 

Error! Not a valid link. 
 
Capacity control of the plant booster pump is achieved with a flow control valve.  The control valve 
modulates based on maintaining a constant discharge pressure of 75 psig.  Capacity control of the chilled 
water supply pump is also provided by a flow control valve, set to control to a constant discharge pressure 
of 95 psig. 
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4.2 OVERVIEW OF TECHNICAL APPROACH 
 
This section describes the technical approach.  This section should provide sufficient detail such that an 
external party (e.g., ESIP, utility, BPA, etc) can understand the methodology for how the baseline and 
EEMs were analyzed.  The reader should be able to verify that baseline energy use and EEM energy 
savings presented in the report are reasonable based on the information provided. 
 

4.2.1 Data Monitoring Results 
 
Provide a summary of data monitoring results and any other data acquired as part of the analysis (e.g., 
engine room log sheets, control system data, power snapshots, etc).  Include appropriate tables and 
figures to highlight key points. 
 
One year of detailed operational data, from 4/1/08 through 3/31/09 was obtained for the two chiller and 
the two pumps involved with the chilled water process from the plant’s data historian (PI).  Data was 
collected on an hourly basis.  The following data was obtained from the PI system: 
 

1. Chiller #4 current 
2. Chiller #3 current 
3. Booster pump current 
4. Supply pump current 
5. Booster pump inlet pressure 
6. Supply pump inlet pressure 
7. Booster pump discharge pressure 
8. Supply pump discharge pressure 

 
The following is summary of the PI system data: 
 

1. Chiller #4 average current was 524 Amps.  The chiller was online 87% of the year. 
2. Chiller #3 average current was 342 Amps.  The chiller was online 11% of the year. 
3. The booster pump average current was 59 Amps.  The pump was online 98% of the year. 
4. The supply pump average current was 41 Amps.  The pump was online 98% of the year. 
5. The average booster pump inlet pressure was 30 psig. 
6. The average booster pump discharge pressure was 87 psig.  A profile of booster pump discharge 

pressure is given in Figure 1. 
7. The average supply pump inlet pressure was 55 psig. 
8. The average supply pump discharge pressure was 102 psig.  A profile of supply pump discharge 

pressure is given in Figure 2. 
 
Power measurements were also taken on the two chillers and two pumps and were correlated with the 
measured current from the PI system data. 
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Figure 1:  Booster Pump Current 

 

Figure 2:  Supply Pump Current 
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4.2.2 Load Profiles 
 
Provide an explanation of the load profile utilized for estimating baseline and EEM energy use. 
 
An hourly baseline load profile of booster pump flow and supply pump flow was developed to model 
baseline and EEM pump energy use.  Manufacturer pump curves were utilized coupled with the current 
and pressure data that was obtained from data monitoring to estimate the flows.  In general, the pressure 
difference and shaft power requirement for each pump curves was found to closely match the current and 
pressure data that was obtained.  See the appendix for further details.  
 

4.2.3 Baseline Analysis 
 
Provide a general conceptual explanation of how baseline energy use was determined.  Do not list out all 
assumptions; this is done in Section 4.3.  Include appropriate tables and figures. 
 
The plant booster pump and chilled water supply pump were each modeled based on providing their 
respective flow requirements.  A curvefit was developed for each pump curve to determine discharge 
pressure and power.  Pump inlet pressure was assumed to be constant at 30 psig for the booster pump and 
55 psig for the supply pump.  
 

4.2.4 EEM 1 – Plant Booster Pump VFD Analysis 
 
Provide a general conceptual explanation of how EEM energy use was determined.  Do not list out all 
assumptions; this is done in Section 4.3.  Include appropriate tables and figures. 
 
The plant booster pump was modeled with a VFD.  The affinity laws were utilized to estimate pump 
energy use based on providing the required flow rate at a constant discharge pressure of 75 psig. 
 

4.2.5 EEM 2 – Chilled Water Supply Pump VFD Analysis 
 
Provide a general conceptual explanation of how EEM energy use was determined.  Do not list out all 
assumptions; this is done in Section 4.3.  Include appropriate tables and figures. 
 
The chilled water supply pump was modeled with a VFD.  The affinity laws were utilized to estimate 
pump energy use based on providing the required flow rate at a constant discharge pressure of 95 psig. 
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4.3 KEY ASSUMPTIONS 
 
This section describes the key assumptions used in the baseline and EEM analysis for the recommended 
measures.  Sufficient detail must be provided such that the person reviewing the report can verify that 
baseline and EEM energy use estimated in the report is reasonable. 

4.3.1 Key Assumptions for Baseline Analysis 
 
The following key assumptions were made in the baseline analysis: 
 

1. Plant booster pump inlet pressure is constant at 30 psig. 
2. Chilled water supply pump inlet pressure is constant at 55 psig. 
3. No correction was made to manufacturer’s pump curve for the booster or supply pump. 

 

4.3.2 Key Assumptions for EEM 1 – Plant Booster Pump VFD Analysis 
 
The following key assumptions were made in the EEM analysis: 
 

 The pump VFD has an efficiency of 97%. 
 A VFD speed exponent of 2.7 (3.0 theoretical). 
 Pump power is determined utilizing the affinity laws based on maintaining a constant discharge 

pressure of 75 psig. 
 

4.3.3 Key Assumptions for EEM 2 Analysis 
 
The following key assumptions were made in the EEM analysis: 
 

 The pump VFD has an efficiency of 97%. 
 A VFD speed exponent of 2.7 (3.0 theoretical). 
 Pump power is determined utilizing the affinity laws based on maintaining a constant discharge 

pressure of 75 psig. 
 

4.4 SUMMARY OF RESULTS 
 

Tabular summary of model cases showing annual savings itemized for the baseline and EEM cases.  
Preferably this table would break down energy use by system component as shown below. 

 Table 4:  Modeling Summary 

EEM Description

Plant Booster 
Pump Energy

(kWh/yr)

Chilled Water 
Supply Pump 

Energy
(kWh/yr)

Total System 
Energy
(kWh/yr)

Energy Savings
(kWh/yr)

Energy Savings
(%)

Baseline 342,468 257,809 600,277
1 Plant Booster Pump VFD 275,036 257,809 532,845 67,432 11.2%
2 Chilled Water Supply Pump VFD 275,036 184,383 459,419 73,426 12.2%

TOTALS 600,277 140,858 23.5%
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5.0 Completion Report Plan 
 
Provide the general requirements of the completion report.  For small projects it may be appropriate to 
utilize the ESIP for providing the completion report instead of the TSP consultant, particularly if there is 
a large travel component. 
 
After EEMs have been installed, online, and operating in a steady state manner, it is necessary to provide 
a completion report.  Project incentives are paid upon utility and BPA approval of the completion report.  
In general, the completion report consists of the following: 
 

1. Measurement and verification (M&V) of installed EEMs 
2. Commissioning of installed EEMs 
3. Summary of actual projects costs of installed EEMs 
 

The completion report will document the actual energy savings achieved by each EEM and actual 
implementation cost.  The estimated energy savings and implementation costs provided in this project 
assessment may differ from what is ultimately determined in the completion report. 
 
In most cases the TSP consultant that provided this project assessment report will be utilized for the 
completion report.  Funding of the TSP consultant for the completion report is available from BPA upon 
BPA approval.  BPA may require Sample Customer to share a portion of the TSP consultant cost. 
 

5.1 MEASUREMENT AND VERIFICATION PLAN 
 

Summarize key variables that will be measured, how they will be measured (e.g., plant control system, 
manual log sheets, temporary data logging equipment, etc), and for how long. 

 
M&V will be provided for each installed EEM.  The equipment installed for each EEM will be verified 
and documented.  To verify EEM performance, the following data will be obtained: 
 

1. Plant booster pump VFD speed 
2. Plant booster pump current 
3. Plant booster pump discharge pressure 
4. Chilled water supply pump VFD speed 
5. Chilled water supply pump current 
6. Chilled water supply pump discharge pressure 

 
The facility PI system will be utilized to obtain the data.  A minimum of two weeks of data will likely be 
necessary to verify EEM performance. 
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5.2 COMMISSIONING PLAN 
 

Summarize key setpoints, strategies, etc., that will be investigated and potentially adjusted as part of 
commissioning to optimize EEM energy use.  Include examples of how a setpoint may be adjusted to 
reduce energy use. 

 
Commissioning is the adjustment of setpoints, control algorithms, and operational strategies to optimize 
EEM energy performance.  Commissioning of the EEMs will focus on the following key factors:  
 

1. Plant booster pump discharge pressure control setpoint 
2. Plant booster pump flow control valve use 
3. Chilled water supply pump discharge pressure control setpoint 
4. Chilled water supply pump flow control valve use 

 
For example, commissioning will strive to adjust the discharge pressure setpoint on each pump at the 
lowest setting that still provides reliable system performance.  Additional energy savings could be 
realized on the plant booster pump if it could be controlled to a discharge pressure of less than 75 psig, for 
example. 
 

5.3 INSTRUMENTATION REQUIRED 
 

Summarize how M&V and commissioning data will be obtained. 

 
No additional instrumentation is required to provide M&V and commissioning of the EEMs.  The 
existing facility PI system will be utilized to obtain the necessary data for each. 
 

5.4 PERSONNEL REQUIRED 
 

Summarize any assistance anticipated for M&V, commissioning, and obtaining project costs. 

 
Plant personnel will be asked to provide the following as part of the preparation of the completion report: 
 

1. A tour of the installed EEMs 
2. Forward periodic downloads of PI system data by email to completion report agent 
3. Documentation of EEMs implementation costs 
 

5.4 LOGISTICAL REQUIREMENTS  
 

Summarize the general logistical plan.  This can consist of how many site visits are anticipated or key 
milestones that needs to occur before M&V can occur (e.g., M&V needs to occur during cherry 
processing season which usually begins in June and ends in July) 

 
One site visit is anticipated as part of the completion report process.  The completion report process can 
begin once the measures are online and operating in a steady state manner. 
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6.0 Project Assessment Summary 
 

This section consolidates the information necessary to enter this project in to the Planning, Tracking, and 
Reporting (PTR) system for utility and BPA approval of incentives.  The table shown below will be 
provided as an Excel worksheet template. 

 
 

General Information

1. Project Title: Sample Facility - Chiller Pumps
2. Project Tracking Number: 1234

3. Brief Description of Project:
Install VFDs on the 75hp Plant Booster Pump and the 
50hp Chilled Water Supply Pump

4. Facility Type and SIC Code (if 
applicable): Chemical Processing - SIC 28

Energy Efficiency Measure (EEM) Information

5. EEM: EEM 1 EEM 2

6. EEM Name: Plant Booster Pump VFD Chilled Water Supply Pump VFD
7. EEM Annual Energy Savings 
(kWh/yr): 67,432 73,426
8. EEM Cost Eligible for Incentives 
($): $19,457 $17,357
9. EEM Annual O&M Cost Increase 
($): $0 $0
10. EEM Annual Non-Energy 
Savings ($): $259 $284
11. New Construction or Retrofit 
Measure: Retrofit Retrofit

12. EEM Category: Motors and Drives Motors and Controls

13. EEM Sub-Category:

Motors and Controls:  Installation of Drives to Control 
Motor and Driven Equipment Speed, Including VSD, 
ASD, and VFDs

Motors and Controls:  Installation of Drives to Control 
Motor and Driven Equipment Speed, Including VSD, 
ASD, and VFDs

14. EEM Baseline Description:

The 75 hp plant booster pump currently utilizes a flow 
control valve to provide capacity control.  Data 
obtained during the project assessment indicates that 
the flow control valve is heavily throttled the majority of 
the time.  For more information see Section 4 of the 
project assessment report.

The 50 hp chilled water supply pump currently utilizes 
a flow control valve to provide capacity control.  Data 
obtained during the project assessment indicates that 
the flow control valve is heavily throttled the majority of 
the time.  For more information see Section 4 of the 
project assessment report.

15. EEM Implementation 
Description:

Add a VFD to control the 75 hp plant booster pump
Upgrade the plant control system to provide control the 
VFD

Add a VFD to control the 50 hp chilled water supply 
pump
Upgrade the plant control system to provide control the 
VFD

16. EEM Energy Savings Analysis 
Methodology:

An hourly modeled was utilized to model baseline and 
EEM plant booster pump energy use.  In the baseline 
case the pump is assumed to utilize the flow control 
valve to provide capacity control.  In the EEM case the 
pump is assumed to utilize VFD speed control to 
provide capacity control.  See Section 4.2 of the 
project assessment report for more information.

An hourly modeled was utilized to model baseline and 
EEM chilled water supply pump energy use.  In the 
baseline case the pump is assumed to utilize the flow 
control valve to provide capacity control.  In the EEM 
case the pump is assumed to utilize VFD speed 
control to provide capacity control.  See Section 4.2 of 
the project assessment report for more information.

17. EEM Implemenation Cost 
Description:

Bids were obtained from the electrical and controls 
contractor for measure implemenation.  For an 
itemized breakdown of measure costs see Section 3 of 
the project assessment report.

Bids were obtained from the electrical and controls 
contractor for measure implemenation.  For an 
itemized breakdown of measure costs see Section 3 of 
the project assessment report.

18. EEM Measurement and 
Verification (M&V) Plan:

The M&V plan was provided in the project assessment 
report.  See Section 5.1 of the report.

The M&V plan was provided in the project assessment 
report.  See Section 5.1 of the report.

Project Assessment Summary
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Attachment 2: 
CEC Prescriptive Lighting  

Incentive Program Rebates





4/1/10 

IRRIGATION PUMP MOTOR REBATE APPLICATION 

 

Central Electric Cooperative (CEC) and the Bonneville Power Administration (BPA) are 

offering a cash rebate for installing new premium efficiency irrigation pump motors.  

 

Eligibility: Irrigation accounts, served by CEC, that install new water pump motors. The 

pump motor must: 

 

1. Have been purchased after September 30, 2009. 

2. Meet, or exceed, the National Electrical Manufacturers Association (NEMA) 

Premium® standards listed on the reverse side of this form.    

3. Be a new, three phase, AC induction motor.  

4. Be rated from 5 to 500 horsepower. 

5. Be rated NEMA design A, B, or C and is open, drip proof (ODP) or totally 

enclosed fan cooled (TEFC) and operate at 1,800 RPM.   

 

Easy Steps  

1. Purchase and install the qualifying irrigation pump motor.  

2. Complete, sign, and submit the rebate application along with the motor 

receipt/invoice. The receipt must list the brand, model number, horsepower 

rating, and NEMA efficiency of the motor.  

3. Mail the Rebate Application and receipt to: 

Member Services Dept.  

Central Electric Cooperative, Inc. 

P.O. Box 846 

Redmond, OR 97756 

4. Once the installation has been verified and/or inspected, your application will be 

processed within 30 days.  

 

Account Name _____________________________ Irrigation Acct. No. __________________ 

 

Mail Address ________________________________________________________________ 

 

Town __________________________________________ State _________  Zip __________ 

 

Contact Person _______________________________   Phone No. ______________________ 

 
I hereby certify that I have read and understand the CEC/BPA Irrigation Pump Motor Rebate Program 

eligibility criteria and agree to abide by these requirements. I further certify that the information on this 

rebate application is true and correct to the best of my knowledge. I will also allow a CEC representative to 

physically inspect the installation.  

 

Signature ________________________________________________ Date ______________ 

 

The funding for this program is available from BPA and is subject to change without 

notice.  



4/1/10 

 

BPA Irrigation Pump Motor Rebates 

 
 

 

 

Pump Motor   

Horsepower 

NEMA Premium 

Efficiency 

Rebate Per Motor 

5 horsepower 89.5% $75 

7.5 horsepower 91.0% $112.50 

10 horsepower 91.7% $150 

15 horsepower 92.4% $225 

20 horsepower 93.0% $300 

25 horsepower 93.6% $375 

30 horsepower 93.6% $450 

40 horsepower 94.1% $525 

50 horsepower 94.5% $750 

60 horsepower 95.0% $900 

75 horsepower 95.0% $1125 

100 horsepower 95.4% $1500 

125 horsepower 95.4% $1875 

150 horsepower 95.8% $2250 

200 horsepower 95.8% $3000 

250 horsepower 95.8% $3750 

300 horsepower 95.8% $4500 

350 horsepower 95.8% $5250 

400 horsepower 95.8% $6000 

450 horsepower 96.2% $6750 

500 horsepower 96.2% $7500 

 
 
 

PO Box 846  2098 N. Hwy 97  Redmond, Oregon 97756-0187   

Tel: 541.548.2144  Fax: 541.548.0366 
www.cec.coop 
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CEC Prescriptive Motor Replacement  

Incentive Program Rebates





Program Offering for Existing Building Projects
Existing 

Equipment

Incentive 

Per Unit

A

A1 Upgrade to 1 lamp with high performance electronic ballast $20

A2 Upgrade to 2 - 4 lamps with high performance electronic ballast $40

B

B1 Upgrade to 1 lamp with standard electronic ballast $10

B2 Upgrade to 2 - 4 lamps with standard electronic ballast $20

C

C1 49 Watts or less (Fixture Watts) with electronic ballast $40

C2  50 or more Watts (Fixture Watts) with electronic ballast $80

D

D1 99 Watts or less (Nominal Lamp Watts) $80

D2 100 or more Watts (Nominal Lamp Watts) $150

E

E1 CFL or Cold Cathode - 1 to 24 Watts $3

E2 CFL or Cold Cathode - 25 to 45 Watts $6

E3 CFL or Cold Cathode - over 45 Watts $12

E4 Dimmable Cold Cathode - 3 to 25 Watts $15

E5 Ceramic Metal Halide (CMH) - 20 to 30 Watt  "Display Light"  $30

E6 Induction - 50 to 60 Watt  $80

E7 LED "Barn Light" Evluma or equivalent - 35 to 45 Watts $100

F

F1 Upgrade incandescent/CFL sign to LED or cold cathode $50

F2 Recessed cans, track heads, dock lights, or wall packs to LED (per head) $30

F3 Refrigerated Case Lighting - 1 to 6 Watt per linear foot of LED (new fixture) $15

F4 Outdoor signage - 1 to 6 Watt per linear foot of LED $15

G

G1 99 Watts or less (Nominal Lamp Watts) $80

G2 100 to 399 Watts (Nominal Lamp Watts) $150

G3 400 or more Watts (Nominal Lamp Watts) $400

H

H1 40 to 129 Watts  (1-2 lamp T5) or equivalent T8 $120

H2 130 to 189 Watts   (3 lamp T5) or equivalent T8 $140

H3 190 to 249 Watts   (4 lamp T5) or equivalent T8 $160

H4 250 Watts and above   (5-12 lamp T5) or equivalent T8 $180

I

I0 Outdoor fixture - 199 Watts or less (Nominal Lamp Watts) includes HPS $80

I1 200 to 399 Watts (Nominal Lamp Watts) $150

I2 400 Watts and above (Nominal Lamp Watts) $200

J

J1 50 to 200 Watts controlled $35

J2 over 200 Watts controlled $60

K

K1 (1) T8 8' lamp  -or-  (2) T8 4' lamp and standard electronic ballast $40

Incandescent, 

Mercury 

Vapor, 

T12HO/VHO, 

Metal Halide, 

HPS, or LPS

Energy Star compliant where applicable.  F2 includes the LR-6 type kit or equivalent.

Induction (New Fixture)

Lamp Life > 60,000 hours, CRI > 80, can include retrofit kit that has been bench tested.

T12 

Fluorescent,T

8 De-Lamp, 

Incandescent, 

or Mercury 

Vapor

High Performance T8 or NLO T5 Lamp and Ballast (New or Retrofit)

Standard T8 or T5 Lamp and Ballast (New or Retrofit)

Includes HPT8, Low Wattage T8 & NLO T5, 2' to 8' lamps: Ballast:  PF > 95%, THD < 20%.  Lamp:  Lumen Maint. 

> 93%, CRI > 80, lamp life > 24,000 hours, Initial System Lumens/Watt > 95  (for 5000K+ lamps >  93 ). Note: All lamps 

and ballasts on CEE's High Performance products list qualify. Refer to the following link www.cee1.org.  All NEMA 

Includes T8 and T5, 2' to 8' lamps. Ballast:  PF > 90%, THD < 20%.  Lamp:  Lumen Maint. > 90%,CRI > 80,  4' lamp life 

> 20,000 hours, Initial System Lumens/Watt > 80

Measure Description

Includes both typical hardwired (any shape) or GU-24 base,  See Energy Star for guidance,  CRI > 80

Occupancy Sensors, Timers, Photocells, and Control Panels

CRI > 80,  lamp life > 10,000 hours

Energy Star compliant where applicable. Includes CFL and Cold Cathode.

Ceramic Metal Halide  (New Fixture)

LED or Cold Cathode (New Fixture or Retrofit kit)

Screw-in Lamps  (Lamp Only)

Hardwired Compact Fluorescent (New Fixture or Retrofit kit)

T12HO/VHO 

or T8HO/VHO 

de-lamp

Includes infrared, ultrasonic, & dual-technology sensors and/or Timers, Photocells, or Central Control Panels. Manual 

Control

Includes retrofit kits with reflector; Ballast: PF > 90%, THD < 20%. Lamp: 4'  or 8' T8.  Lumen Maint. > 90%, CRI > 80, 

lamp life > 20,000 hours, Initial System Lumens/Watt > 80

Retrofit High Output Fixtures with T8 Lamps & Ballasts (Includes Reflector)

T12HO/VHO, 

Mercury 

Vapor, High 

Pressure 

Sodium, Low 

Pressure 

Sodium, Metal 

Halide, or 

Incandescent

High Output (high-bay) Fluorescent  (New Fixture)

Includes  T8, T5, bi-ax T5 ; 1'-8'.  Ballast:  PF > 90%, THD < 20%. Lamp:  Lumen Maint. > 90%, C RI > 80, lamp life 

 Pulse-Start or Electronic Metal Halide  (New Fixture or Retrofit kit)

Lamp Life > 15,000 hours, Lumen Maint. > 70%, CRI > 65, Initial System Lumens/Watt > 89

swood
Rectangle



K2 (2) T8 8' lamps  -or-  (3 to 8) 4' T8 lamps and standard electronic ballast $80

L

L1 2 T5 lamps and high output ballast $50

L2 3 to 4 T5 lamps and high output ballast $100

M

N

N1 LED Canopy lights with lumens per watt greater than 70 $230

N2 LED screw-in reflector lamp with lumens per watt greater than 40 $20

Eligibility: Minimum project-wide kWh savings for incentives 25%

Program Offering for New Construction Projects
Incentive 

A.

A1NC Upgrade to High Performance T8 or NLO T5 $10

B.

B1NC T8 or T5 New "High Bay" Fixture $50

T12HO/VHO 

or T8HO/VHO 

de-lamp

T12 VHO

Retrofit Very High Output Fixtures with T5 Lamps & Ballasts

Includes lamp/ballast retrofits only; Ballast:  PF > 90%,THD < 20%. Lamp:  4' T5 HO.  Lumen Maint. > 90%, CRI > 80, 

lamp life > 20,000 hours, Initial System Lumens/Watt > 80

Any Existing 

Condition

Other "one time" measure with pre-approval from BPA 

Includes lighting measures that are not on the above list (A-L). One-time deemed credit/reimbursement can be given to 

measures that receive pre-approval from BPA.

High-Bay T8 or T5 Fluorescent NewFixture

T5 fixture must have 2 or more lamps, T8 fixture must have 3 or more lamps.  Fixture must be installed in a high bay area 

The fixture shall include a High Performance 48" T8 lamp and ballast system listed on the CEE qualifying products list. 

High-Performance T8 Fluorescent Lamps and Electronic Ballast in a New Fixture

Any Existing 

Condition

Demonstration Technologies (Requires BPA pre-approval)

Includes LED fixtures or screw-in lamps that have been approved by BPA. 

New Fixture/Sensor Description 
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TM 12—Preliminary Project Sequencing Plan and 
Construction Cost Estimates 

PREPARED FOR: Jim Wodrich, P.E./City of Bend 
City of Bend, Oregon 

PREPARED BY: Dave Green, P.E. 

REVIEWED BY: Jim Griffiths, P.E. 
Jim Smith, P.E. 

DATE: February 16, 2011 

PROJECT: Project Definition Report 
City of Bend WRF Secondary Expansion Project 

 

Introduction 
This TM presents the cost estimates developed for the City of Bend Water Reclamation 
Facility (City of Bend WRF) Secondary Expansion Project as described in the project 
definition TMs and as summarized in TM 1—Executive Summary. This TM also defines the 
criteria and constraints that form the basis for construction phasing, packaging, and 
sequencing work, leading to the further development of the construction project during 
schematic design. 

Basis for Cost Estimate 
The design criteria for the recommended improvements to the City of Bend WRF meet the 
stated design criteria described in TM 2— External Constraints, Standards, and Regulatory 
Requirements and TM 6—Process Design Criteria. From these design criteria (which represent 
a projection of treatment plant needs for the next 20 years), treatment facilities, 
hydraulic/yard piping upgrades, electrical, utility, and site improvements have been 
developed, defining the re-use of existing plant facilities, upgrades, and new treatment 
facilities needed for reliable wastewater treatment.  

These upgrades and improvements are described primarily in TM 8—Process Facilities (with 
attached Fact Sheets), TM 5—Site Civil, TM 10 – Electrical, and TM 9—Yard Piping Modifications 
and Hydraulic Flow Improvements. These TMs and the remaining documents that make up 
this project definition report form the basis for the cost estimate provided below for the 
Bend WRF Secondary Expansion Project.  

Cost Estimate – 2008 Facilities Plan 
The City of Bend Water Reclamation Facilities Plan prepared in April 2008, identified estimated 
costs, as well as phasing and implementation scenarios for the proposed improvements at 
the City of Bend WRF. The cost estimate summary from the 2008 facilities plan is shown in 
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Table 1. As described in preceding technical memorandums (TMs), through the 
development of this project definition, the proposed improvements have changed 
significantly from those proposed in the facilities plan. These changes alter the project cost, 
phasing opportunities, project sequencing requirements, and the overall construction 
constraints.  

TABLE 1 
Capital Improvements Phasing Schedule as Shown in the Bend WRF Facilities Plan Executive Summary 
City of Bend WRF Secondary Expansion Project 

 

 

Classification of Estimate and Detail Definition 
This estimating effort adopts the classification of estimates as defined by the Association for 
the Advancement of Cost Engineering International (AACE). The industry classification 
system is Recommended Practice-17R-97: “Cost Estimate Classification System” and 18R-97: 
“Cost Estimating Classification System as Applied in Engineering, Procurement, and 
Construction for the Process Industries.”     
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Figure 1 shows the relationship of level of detail to the expected accuracy of the estimate. 

 
FIGURE 1 
Construction Cost Estimate Accuracy Ranges 
 
The capital costs within this project definition report are defined as order-of-magnitude-level 
(Class 4) cost estimates defined by AACE and adopted by the American National Standards 
Institute. An estimate of this type is normally expected to be within +50 percent or –30 percent 
of the actual construction cost. The final cost of the projects will depend on actual labor and 
materials costs, actual site conditions, productivity, competitive market conditions, bid dates, 
seasonal fluctuations, final project scope, final project schedule, and other variables. As a 
result, the final project costs will vary from the estimates presented in this report. 

Recommended Project 
Based on the design criteria presented in TM 6—Process Design Criteria, this project 
definition report recommends designing and constructing the secondary expansion at the 
Bend WRF to meet the 2030 flow projections provided in the 2008 facilities plan, while 
installing hydraulic provisions where appropriate to accommodate the build out peak wet 
weather flow (50 mgd) and ensure ease of future expansion.  

However, the cost of building all the required process facilities needed to meet the full 20-
year planning period is cost-prohibitive. As a result, this project definition work identifies 
opportunities to defer some of the costs associated with fully accommodating the 2008 
facilities plan projected 2030 flows and loads, while still avoiding any stranded investment 
in facilities. The following facilities were identified as candidates for cost deferral, and 
therefore these facilities are not being designed to meet the full 2030 facilities plan flow and 
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load projections. These project elements will be “phased in” over the 20 year planning 
horizon to more closely match observed influent flows and loads:  

 The installed integrated fixed-film activated sludge (IFAS) carrier media volume. 
 The installed blower capacity. 
 The secondary clarifiers. 
 The return activated sludge (RAS)/waste activated sludge (WAS) pump station. 

The IFAS process provides a unique opportunity to easily increase process capacity by 
adding additional carrier media and blowers once the initial capital investment in 
infrastructure is made to accommodate the process. Given the uncertainty associated with 
the timing of flow and load increases to the treatment facility, it is recommended to initially 
only provide carrier media and blower capacity to reach the near-term required process 
capacity of 8.5 mgd ADMM. Additional capacity can be added relatively easily in the future 
by adding additional carrier media and installing more blower capacity. 

The need for new secondary clarifiers and RAS/WAS infrastructure is not required until the 
end of the planning horizon (near the point at which flows increase to 11 mgd ADMM). 
Given the fact that the existing secondary clarifier infrastructure is sufficient to provide 
reliable operation beyond the near-term process capacity (8.5 mgd ADMM), the deferral of 
improvements to these facilities is also recommended as a cost saving measure. 

Cost Estimate—Recommended Project 
These cost estimates have been prepared based on the process modeling performed by 
CH2M HILL (which defines capacity, volumes, and general layout), CH2M HILL’s costing 
model (CPES), similar local projects with actual bid results, manufacturers’ quotes, and 
some detailed takeoffs and estimating based on R.S. Means and CH2M HILL historical 
estimating and bid data.  

The project definition capital cost estimates are summarized in Table 2. Base construction 
costs are expressed in December 2010 dollars and include a 30 percent contingency. No sales 
tax is included for the construction cost total. Engineering, legal expenses, and administration 
are presented in a separate line item in Table 1. Detailed costs by specific component are 
provided in Attachment A. 

TABLE 2 
Summary of Project Definition Capital Cost Estimates 
City of Bend WRF Secondary Expansion Project 

Cost Item Costa 

Base Construction Costs  

 Phase 1a     

 Site Civil & Electrical    $1,369,000   

 Yard Piping: PI, Primary Influent    $119,000   

 Yard Piping: PE, Primary Effluent   $ 99,000   

 Yard Piping: ML, Mixed Liquor    $151,000   
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TABLE 2 
Summary of Project Definition Capital Cost Estimates 
City of Bend WRF Secondary Expansion Project 

Cost Item Costa 

 Yard Piping: Miscellaneous Systems    $675,000   

 ML Splitter Box 2    $72,000   

 Plant Water Pump Station    $552,000   

 Aeration Basin 4    $2,386,000   

 New Blower Building    $1,771,000   

Total Phase 1a    $7,194,000   

 Phase 1b     

 Site Civil & Electrical    $127,000   

 Yard Piping: SE, Secondary Effluent    $295,000   

 Yard Piping: EO, Effluent Outfall    $43,000   

 Chemical Storage & Feed Facility    $765,000   

 Chlorine Contact Basin    $848,000   

Total Phase 1b    $2,078,000   

 Phase 1c     

 Site Civil & Electrical    $15,000   

 Yard Piping: PI, Primary Influent    $147,000   

 Yard Piping: PE, Primary Effluent    $36,000   

 Primary Sludge Pump Station 2    $416,000   

 Primary Clarifier 3 (65 FT DIA)    $451,000   

 Total Phase 1c    $1,065,000   

 Phase 2     

 Primary Clarifier 1 Mechanism Replacement  $268,000   

 Primary Clarifier 2 Mechanism Replacement $268,000 

 Primary Sludge Pump Station 1    $154,000   

 Total Phase 2    $690,000   

 Phase 3 (AB3)     

 Retrofit Aeration Basins 1, 2 & 3    $1,411,000   

 Total Phase 3 (AB3)    $1,411,000   

 Phase 4 (AB2)     

 Retrofit Aeration Basins 1, 2 & 3    $1,395,000   

 Total Phase 4 (AB2)    $1,395,000   
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TABLE 2 
Summary of Project Definition Capital Cost Estimates 
City of Bend WRF Secondary Expansion Project 

Cost Item Costa 

 Phase 5 (AB1)     

 Retrofit Aeration Basins 1, 2 & 3    $1,023,000   

 Total Phase 5 (AB1)    $1,023,000   

 Phase 6     

 Solids Bldg Upgrades    $1,387,000   

 Total Phase 6    $1,387,000   

 Phase 7     

 Site Civil & Electrical    $60,000   

 Yard Piping: 14" RL Tie To 14" FE    $44,000   

 Filter Building    $35,000   

 UV Facility    $873,000   

 Total Phase 7    $1,012,000   

Subtotal Base Construction Costs $17,255,000 

Construction Markups  

Subcontractor Markups $99,000 

Contactor OH&P, Bonds, Mobilization and Insuranceb $3,113,000 

Contingency (30%) $6,140,000 

Subtotal Construction Markups $9,352,000 

Owner Furnished Equipment (None) $0 

TOTAL CONSTRUCTION COSTSc $26,607,000 

EAL Costs (30% of construction) $7,982,000 

TOTAL PROJECT COSTSc $34,588,000 

a All costs are in 2010 dollars. Escalation to mid-point of construction is not included. 
b Contractor markups are based on base construction costs. Contingency is applied to all 
construction costs. 
c Construction costs and total project costs do not include the cost for non-process facilities 
(new laboratory, administration building improvements, etc.) not the cost for upgrades and 
improvements to the existing effluent percolation ponds (Ponds 1 and 2). 

 

Construction Sequencing and Constraints 
Selection of the integrated fixed-film activated sludge (IFAS) process results in significant 
modifications to the existing aeration basins. This process change will require the sequential 
construction and conversion of IFAS aeration basins, coordinated closely with operations. 
The IFAS process change, coupled with the hydraulic and yard piping upgrades, will have a 
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significant effect on plant operations throughout the construction phase. These constraints 
and the need for sequential construction will also tend to extend the overall duration of the 
construction schedule. 

Operational Constraints 
The re-use and conversion of the existing aeration basins and primary clarifiers requires 
careful planning and operational consideration so that permit limits and operational goals 
can be met throughout construction. 

The requirement to construct new and rebuilt facilities in the midst of ongoing plant 
operation results in a number of sequencing requirements and construction constraints that 
must eventually be built into the construction schedule and bid documents, as requirements 
for the contractor that will eventually build the project.  

The City of Bend WRF, as currently designed, lacks redundancy in certain key processes 
(primary clarification and aeration basins). This makes it difficult to take facilities offline 
before replacement facilities have been constructed. These operational constraints will also 
influence the ultimate construction schedule, and required sequencing for the construction 
contractor. A preliminary list of operational constraints is presented below on a unit process 
basis.  

Some of these constraints are also influenced by seasonal influent flow characteristics. Wet 
weather flows can occur at any time of the year, but spring weather typically brings larger 
storms, snow melt, and less predictable weather patterns that can produce high influent 
flows and colder water temperatures. In general, there is more risk in removing facilities 
from service during these periods that experience larger storms and snow melt events. 

Headworks 
The existing headworks was recently constructed. No significant improvements are planned 
for this unit process. Raw wastewater flow into the headworks facility can only be 
completely shut down for approximately 2 hours, from 4 am to 6 am each day. Work on the 
existing and new primary influent piping will require raw wastewater shutdowns and 
diversions as new piping is connected into the existing primary influent header downstream 
of the influent screens. 

Primary Clarifiers 
The construction and upgrades associated with the primary influent and effluent piping will 
require sequential construction while maintaining operation of some primary clarifiers at all 
times. The following sequence and constraints are recommended: 

 Construct offline and start up Primary Clarifier 3 (PC3) with separate splitter box and 
new primary influent (PI) piping. 
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 Connect new primary effluent (PE) from PC3 over to west end of the existing PE header 
accounting for required sequencing of construction of the pipe gallery extension 
adjacent to Aeration Basin 4.   

 Disconnect and upgrade existing PI/PE piping to Primary Clarifier 1 (PC1) and Primary 
Clarifier 2 (PC2) influent/effluent connections, along with connection of parallel PE 
piping, upsizing existing PE to 42-inch for PC1 and PC2. 

This will require operating with PC3 only for some period of time:  

 Therefore, consider delaying PC1 and PC2 upgrades until full IFAS upgrades are in 
place (three aeration basins) to accommodate reduced biochemical oxygen demand 
(BOD)/total suspended solids (TSS) removal in primary clarifiers. 

 Paralleling existing 30-inch PI with new 30-inch PI will minimize outage time (shutdown 
only for tie-ins to junction boxes each end of parallel pipe).  

Constructing PC3 to the west of PC2 requires the construction of a new primary sludge 
pump station, but this pump station can be built offline while constructing PC3. Once PC3 
and the new primary sludge pump station are operational, the new primary sludge/scum 
pump station allows for retrofit of existing primary sludge pump station while work is 
being conducted on the PI/PE piping for PC1 and PC2. Primary sludge pumping 
shutdowns from PC1/PC2 are expected to be minor, as required to facilitate primary sludge 
pump tie-ins from PC3.  

Aeration Basins  
Throughout the year, there is little ability to take one of the three existing aeration basins 
offline. Operating with only two aeration basins in modified Ludzack-Ettinger (MLE) mode 
can only be relied upon for relatively short periods. Therefore, the new aeration basin (AB4), 
the new blower building, and the new mixed liquor (ML) piping and splitter box will be 
constructed and placed in service (initially as an MLE system that will be converted to IFAS 
operation) prior to taking any existing aeration basins out of service for modifications. 

Once the new blower building is operable and AB4 is up and running (as an MLE basin, 
without IFAS media), the retrofit of AB3 for IFAS operation can be completed (while 
continuing to operate AB1, AB2, and the new AB4 as MLE basins). Once AB3 and AB4 are 
constructed and tested, IFAS media can be added to these two basins, and all flow can be 
directed to these two basins to allow AB2 (and possibly AB1) to be retrofitted for IFAS 
operation. 

Modifying a single aeration basin for IFAS operation involves the following critical 
improvements: 

 Influent feed channel 
 Sieve wall with plate screens for surface wasting 
 Basin drain configuration 
 Collection channel 
 Coarse bubble diffuser system 
 Blower modifications/aeration piping upgrades 
 New baffle walls in Zone 5 and small wall at the collection channel exit 
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 Anoxic/aerobic swing zone mixer 
 Replacement and reconfiguration of the stepfeed piping 
 Installation of new mixed liquor recirculation (MLR) pumping system with new MLR 

piping 
 New instrumentation and control for the IFAS operation 

Consideration of AB3 and AB4 tank drain piping, and sequence of construction of a new 
plant drain pump station may require temporary pumping by contractor to transfer clean 
water and mixed liquor between basins as part of startup testing of all aeration basins. Early 
construction of a new plant drain pump station would be preferred, but it will likely be built 
in conjunction with the new primary sludge pump station—meaning it may lag 
commissioning of AB4.  

Secondary Clarifiers  
The existing three secondary clarifiers are not significantly affected by the proposed 
construction, although there will be some tie-ins and construction that could impact 
individual clarifiers, during the time that mixed liquor piping and secondary effluent piping 
are being upgraded. 

Disinfection and Reuse Facilities 
New disinfection facilities, chemical facility, and plant water pump station must be 
complete and in service before the secondary effluent piping modifications can take place 
and before the existing chlorine contact basins (CCBs) and plant water pump station can be 
abandoned/demolished. 

For the most part, the new disinfection facilities (basins and sodium hypochlorite storage) 
will be constructed offline. Relatively short tie-ins (with shutdowns and possibly diversion 
pumping) will be needed to connect secondary effluent piping to the new CCBs, and 
connect those new basins over to the existing 42-inch outfall and to connect new secondary 
effluent piping to the reuse filter feed pump station.   

The secondary effluent tie-in piping to the new filter feed pump station would be more 
easily accomplished during non-reuse periods; however, the constraint could be overcome 
with some short-duration shutdowns and potential coordination with Pronghorn, the reuse 
customer.  

While the new ultraviolet (UV) light reuse disinfection system may be constructed at any 
time, the reuse system modifications, piping modifications, etc., must be performed outside 
the City of Bend’s contracted irrigation season. The reuse facilities are only utilized 
seasonally, so upgrades and piping connections can be constructed during the off season so 
that reuse operations are relatively unaffected by the proposed work. 

The new plant water pump station will be constructed as part of the new CCBs. The 
construction of the new secondary effluent piping and the eventual abandonment of the 
existing secondary effluent piping to the existing CCBs will need to be coordinated to 
maintain plant water availability throughout construction. 
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Solids Building Upgrades 
The improvements and upgrades to the existing solids building will need to be sequenced to 
allow near-continuous WAS thickening. Upgrades to the existing belt filter press and TWAS 
pumps will need to be closely coordinated with operations. 

The new belt filter press can be installed at any time along with the removal of the existing 
centrifuge unit, while maintaining the operation of the existing BDP belt filter press. Minor 
shutdowns and tie-ins for process piping and support facilities will have an impact on 
dewatering operations, but these activities can be scheduled for the most part outside of 
normal dewatering operational periods. 

Replacement or upgrades to the existing polymer system will need to be sequenced so that 
polymer is continuously available for the both the thickening and the dewatering operation. 
A temporary polymer system may be needed during construction to allow for the efficient 
removal and replacement of the existing polymer system. 

Recommended Sequencing 
Recommended sequencing, phasing, and completion milestones for major process 
improvements are designated in the schedule figure provided at the end of this TM. 
Pending cash flow and financial analysis of the phasing plan, the following major facility 
sequence is recommended: 

 Phase 1a—AB4, Blower Building, ML piping, ML splitter box. 

 Phase 1b—New chemical storage facility, new chlorine contact basins, secondary 
effluent piping improvements 

 Phase 1c—PC3, new primary sludge pump station, with new PI, PE piping 

 Phase 2—PI/PE piping improvements, existing primary sludge pump station 
improvements, and clarifier mechanism upgrades, associated with PC1 and PC2 

 Phase 3—AB3 IFAS conversion 

 Phase 4—AB2 IFAS conversion 

 Phase 5—AB1 IFAS conversion 

 Phase 6—Solids process improvements 

 Phase 7—Water reuse system improvements (filters and UV disinfection) 

 Site Civil and Plant Utilities work 

Constraints 

 Phase 1a, 1b, and 1c work could begin concurrently at notice to proceed, or that work 
could be staged to manage cash flow. 

 Phase 2 PI/PE tie-ins require the shutdown of PC1 and PC2 and that work cannot occur 
until Phase 1a (AB4) and Phase 1c (PC3) are complete. In addition Phase 3 (AB3 
conversion) and operation in IFAS mode is a prerequisite for removing PC1 and PC2 
from service. 
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 Phases 3, 4, and 5 shall be performed sequentially following completion of Phase 1a.  

 Phase 4 and 5 (IFAS Basin conversion for AB2 and AB1) could be conducted in parallel 
since AB3 and AB4 would be operating in IFAS mode with excess IFAS media. 

 Phase 6 (Solids) has no known constraints, but operational needs suggest completing 
that solids work early in the overall construction schedule. 

 Phase 7 (Reuse) needs to be completed during the non-irrigation season (for the UV and 
filter work), but that work also needs to be done subsequent to the Phase 1b (CCBs) 
work being completed. Cash flow could be managed by postponing this reuse work 
until later in the project. 

 Relocation of the Pronghorn reuse piping needs to be completed prior to the 
construction of the new CCB’s. Outfall pipe construction needs to be coupled with the 
construction and startup of the new CCB’s.  

 Site civil work and plant utilities work will be conducted throughout the overall 
construction schedule, integrated into the project elements described above as specific 
areas of the site are impacted.  

 Additional sequencing analysis will occur during schematic design.  

Opportunities for Deferral of Project Elements 
As noted above, the cost of building all the required process facilities needed to meet the full 
20-year planning period is cost-prohibitive. As a result, this project definition work 
identifies opportunities to defer some of the costs associated with fully accommodating the 
2008 facilities plan projected 2030 flows and loads, while still avoiding any stranded 
investment in facilities. The following facilities were identified as candidates for cost 
deferral, and therefore these facilities are not being designed to meet the full 2030 facilities 
plan flow and load projections. These project elements will be “phased in” over the 20 year 
planning horizon to more closely match observed influent flows and loads:  

 The installed integrated fixed-film activated sludge (IFAS) carrier media volume. 
 The installed blower capacity. 
 The secondary clarifiers. 
 The return activated sludge (RAS)/waste activated sludge (WAS) pump station. 

The 2008 facilities plan identified some non-process facility upgrades (new laboratory, 
administration building upgrades, etc.) that are not currently included in the defined 
project. The cost of these improvements is also being deferred and these non-process 
facilities are not included in the overall cost estimate presented here. 

In addition, the 2008 facilities plan identified some upgrades and improvements to the 
existing effluent percolation ponds (Ponds 1 and 2). The condition of these ponds has not 
been further evaluated and the cost of these improvements is not included in the overall cost 
estimate presented here. 

As the schematic design work progresses, further opportunities for deferral of project 
elements (and individual pieces of equipment) will become obvious, and the schematic 
design report will document those opportunities as they develop.  
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Opportunities for Early Out Projects  
As the schematic design work progresses, further opportunities for early-out project 
elements (and individual pieces of equipment) will also become obvious, and the schematic 
design report will document those opportunities as they develop.  
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Bid
Group

Bid
Item

CSI Assembly Phase Description Takeoff Quantity Crew
Labor

Cost/Unit
Material

Cost/Unit
Sub

Cost/Unit
Equip

Cost/Unit

Process
Equip

Cost/Unit

Total
Cost/Unit

Total
Amount

Grand Total

A Phase 1a
01 Site Civil & Electrical 1.00 LS 282,124.42 487,670.23 101,251.65 427,644.09 70,000.00 1,368,690.39 1,368,690 2,112,754

02 Yard Piping: PI, Primary Influent 1.00 LS 41,819.54 58,508.03 18,616.99 118,944.56 118,945 182,727

03 Yard Piping: PE, Primary Effluent 1.00 LS 18,306.11 72,802.88 7,489.36 98,598.35 98,598 151,470

04 Yard Piping: ML, Mixed Liquor 1.00 LS 52,547.05 71,122.35 27,506.02 151,175.42 151,175 232,241

08 Yard Piping: Misc Systems 1.00 LS 270,000.00 270,000.00 135,000.00 675,000.00 675,000 1,036,958

13 ML Splitter Box #2 1.00 LS 28,493.49 40,641.75 3,011.46 72,146.70 72,147 110,834

15 Plant Water Pump Station 1.00 LS 146,625.46 163,760.75 18,298.43 22,683.43 200,400.00 551,768.07 551,768 849,475

23 Aeration Basin #4 1.00 EA 682,263.94 713,905.12 54,049.87 78,817.42 857,300.03 2,386,336.38 2,386,336 3,671,376

24 New Blower Building 1.00 LS 496,557.25 379,403.62 21,063.07 105,006.14 769,450.00 1,771,480.08 1,771,480 2,723,514

A Phase 1a 1.00 LS 2,018,737.26 2,257,814.73 194,663.02 825,774.91 1,897,150.03 7,194,139.95 7,194,140 11,071,349

B Phase 1b
01 Site Civil & Electrical 1.00 LS 127,000.00 127,000.00 127,000 207,802

05 Yard Piping: SE, Secondary Effluent 1.00 LS 78,106.13 184,950.79 31,925.30 294,982.22 294,982 453,162

06 Yard Piping: EO, Effluent Outfall 1.00 LS 10,087.06 28,641.21 4,352.41 43,080.68 43,081 66,182

29 Chemical Storage & Feed Facility 1.00 LS 216,002.31 258,855.17 21,000.00 20,587.21 248,750.00 765,194.69 765,195 1,177,618

30 Chlorine Contact Basin 1.00 LS 393,420.88 364,089.61 61,923.34 28,500.00 847,933.83 847,934 1,302,625

B Phase 1b 1.00 LS 697,616.38 836,536.78 148,000.00 118,788.26 277,250.00 2,078,191.42 2,078,191 3,207,389

C Phase 1c
01 Site Civil & Electrical 1.00 LS 15,000.00 15,000.00 15,000 24,544

02 Yard Piping: PI, Primary Influent 1.00 LS 55,919.76 60,030.63 30,609.87 146,560.26 146,560 225,151

03 Yard Piping: PE, Primary Effluent 1.00 LS 12,772.08 17,047.72 6,390.75 36,210.55 36,211 55,628

20 PrimarySludge Pump Station #2 1.00 LS 158,125.80 162,982.58 7,400.00 28,774.59 59,050.00 416,332.97 416,333 640,325

21 Primary Clarifier #3 (65 FT DIA) 1.00 EA 148,710.65 80,443.60 5,000.00 29,015.57 188,000.00 451,169.82 451,170 693,602

C Phase 1c 1.00 LS 375,528.29 320,504.53 27,400.00 94,790.78 247,050.00 1,065,273.60 1,065,274 1,639,250

D Phase 2
18 Primary Clarifiers #1 & #2 2.00 EA 56,131.60 2,600.00 21,077.73 188,000.00 267,809.33 535,619 822,836

19 PrimarySludge Pump Station #1 1.00 LS 37,668.80 11,963.00 3,600.00 12,238.73 88,575.00 154,045.53 154,046 237,010

D Phase 2 1.00 LS 149,932.00 17,163.00 3,600.00 54,394.19 464,575.00 689,664.19 689,664 1,059,846

E Phase 3 (AB #3)
22 Retrofit Aeration Basins #1,#2,& #3 1.00 EA 380,570.74 218,270.53 15,660.23 19,473.82 777,300.03 1,411,275.35 1,411,275 2,169,615

E Phase 3 (AB #3) 1.00 EA 380,570.74 218,270.53 15,660.23 19,473.82 777,300.03 1,411,275.35 1,411,275 2,169,615

F Phase 4 (AB #2)
22 Retrofit Aeration Basins #1,#2,& #3 1.00 EA 386,639.85 204,794.17 6,794.06 19,463.28 777,300.03 1,394,991.39 1,394,991 2,143,713

F Phase 4 (AB #2) 1.00 EA 386,639.85 204,794.17 6,794.06 19,463.28 777,300.03 1,394,991.39 1,394,991 2,143,713

G Phase 5 (AB #1)
22 Retrofit Aeration Basins #1,#2,& #3 1.00 EA 370,315.75 203,414.88 6,794.06 15,980.10 426,340.03 1,022,844.82 1,022,845 1,572,009

G Phase 5 (AB #1) 1.00 EA 370,315.75 203,414.88 6,794.06 15,980.10 426,340.03 1,022,844.82 1,022,845 1,572,009

H Phase 6
27 Solids Bldg Upgrades 1.00 LS 126,333.40 98,176.00 568,600.00 33,517.51 560,000.00 1,386,626.91 1,386,627 2,187,044

H Phase 6 1.00 LS 126,333.40 98,176.00 568,600.00 33,517.51 560,000.00 1,386,626.91 1,386,627 2,187,044

I Phase 7
01 Site Civil & Electrical 1.00 LS 15,189.08 9,526.62 13,833.00 966.07 20,000.00 59,514.77 59,515 92,812

07 Yard Piping: 14" RL Tie To 14" FE 1.00 LS 7,635.32 30,137.12 6,334.39 44,106.83 44,107 67,758

26 Filter Building 1.00 LS 20,000.00 10,000.00 5,000.00 35,000.00 35,000 53,768

28 UV Facility 1.00 LS 245,089.23 197,219.66 6,913.22 51,603.84 372,000.00 872,825.95 872,826 1,341,556

I Phase 7 1.00 LS 287,913.63 246,883.40 20,746.22 63,904.30 392,000.00 1,011,447.55 1,011,448 1,555,895

K:\CostEstimating\Projects Area\Estimates\2010\WW-Treatment\391657 Bend WWTP
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Estimate Totals

Description Amount Totals
Labor 4,793,587

Material 4,403,558
Subcontract 992,258
Equipment 1,246,087

Process Equipment 5,818,965
Subttoal Direct Costs 17,254,455 17,254,455

Subcontractor Markups 99,226 10.00 %
Subtotal Sub Contractor 99,226 17,353,681

Sales Tax
Subtotal Sales Tax 17,353,681

Contractors Overheads 1,388,294 8.00 %
Contractors Profit 937,099 5.00 %

Bonds & Insurance 787,163 4.00 %
Subtotal Markups 3,112,556 20,466,237

Contingency 6,139,871 30.00 %
Subtotal 6,139,871 26,606,108

Escalation
Subtotal 26,606,108

Construction Total 26,606,108

K:\CostEstimating\Projects Area\Estimates\2010\WW-Treatment\391657 Bend WWTP
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City of Bend CIP
PROJECT NAME WRF Secondary Expansion - Project Definition Report 
Project Cost Estimate 

MARK-UPS Percent Prepared By: CH2M HILL

ELEC/I&C NOTE 1 Proj. Manager: Jim Wodrich

MECHANICAL NOTE 2 Project No: SW0802

ALLOWANCE na Date: February 8, 2011

 MOB/BOND/INS 6%
 CONTINGENCY 30% NOTE 3
ENGINEERING 20% NOTE 4   

CAPITALIZED INTEREST (BOND) NOTE 5 COB PROVIDED
COB INTERNAL CHARGES 13% COB PROVIDED

OTHER COB COSTS NOTE 5 COB PROVIDED
  ADMIN/LEGAL 5% COB PROVIDED

NO. DESCRIPTION QTY UNIT Material Installation TOTAL RESOURCE
Unit $ Unit $

A CONSTRUCTION COST ESTIMATE $20,466,237
      
      

B SUBTOTAL $20,466,237
C ELEC/I&C (% of B) INCLUDED IN CONSTRUCTION COSTS

D MECHANICAL (% of B) INCLUDED IN CONSTRUCTION COSTS

E SUBTOTAL $20,466,237
F ALLOWANCE         = (% of E) $0 INCLUDED IN CONSTRUCTION COSTS

G  MOB/BOND/INS. = (% of E) $0 INCLUDED IN CONSTRUCTION COSTS=770,986

H  CONTINGENCY   = (% of E) $6,139,871

I SUBTOTAL $26,606,108
J ENGINEERING (% of I) $5,321,222 Conservative, SOW and Fee to be negotiated based on level of effort.

CAPITALIZED INTEREST (BOND) (% of I) $0
COB INTERNAL CHARGES (% of I) $3,458,794
OTHER COB COSTS (% of I) $0

K   ADMIN/LEGAL (% of I) $1,330,305
L PROPERTY COSTS (ROW/EASEMENTS) $0
M UTILITIES COSTS $0 Included in construction costs

N PERMIT FEES $10,000 Placeholder conservative

Total Estimated Project Cost $36,726,429
NOTES

1 Note: if this work is in the unit price bid schedule then use 0% and note this.
2 Note: if this work is in the unit price bid schedule then use 0% and note this.
3 Varies depending upon the 30%, 60% 95% design level
4 Discuss with consultant and CIP mgr for percentage during planning

5 This will vary by project in coordination with the funding mgr 

20101120 City of Bend Public Works Cost Template WRF Proj Def_jbh.xlsx 2/14/2011
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M E E T I N G  N O T E S   
 

Bend Water Reclamation Facility Secondary 
Expansion – Kickoff and Biofilm Orientation Meeting 

Jim Wodrich/Bend 
Paul Roy/Bend; 
Paul Rheault/Bend; Elmer 
Roshone/Bend;  
George McConnell/Bend;  
Greg Mooney/Bend;  
Jim Ossenkop/Bend;  
Jim Wodrich/Bend;  
Kurt Shafer/Bend;  
Mike Gillette/Bend;  
 

Scott Thompson/Bend;  
Steve Prazak/Bend 
Steve Simpson/Bend 
Dave Green/CH2M HILL 
Jim Griffiths/CH2M HILL 
Bill Leaf/CH2M HILL 
Brady Fuller/CH2M HILL 

Jim Frost WH Pacific 
 

FROM: Dave Green/CH2M HILL 
Brady Fuller/CH2M HILL 

VENUE Kerry Training Center- Bend WRF 

DATE: September 1, 2010 

PROJECT NUMBER: 391657.A3.PD.04 

 

Project Management Pre-Meeting   9:00 AM 

Deschutes Brewery Ongoing Support 
 Discuss ongoing support required and current status of City/DB negotiations. 

 Discuss upcoming meeting with Deschutes Brewery  

Predesign Project Organization (See attached Org Chart) 
 City of Bend – Utilities Division 

o Jim Wodrich, Project Manager 
o Paul Roy, Utility O&M Manager 
o Others 

 
 CH2M HILL  

o Dave Green, Project Manager 
o Jim Griffiths, Design Manager 

ATTENDEES: 
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o Bill Leaf, Process Lead 
o Brady Fuller, Assistant PM and Predesign Manager 
o Others 

Communication Protocol 
 Direct project communications for Bend to Jim Wodrich.  Jim is the Bend Project 

Manager and is responsible for day-to-day activities and coordination for the client 
team. 

 Direct project communication for CH2M HILL through Dave Green, Brady Fuller, 
and Jim Griffiths.  

 Involve plant staff in the predesign and solicit their input.  Plant staff is available 
from 7am to 3:30pm and can be contacted directly.   

 Recurring WRF staff meetings?  

 Refer any media inquiries to Jim Wodrich.     

 Communication with Deschutes County or the Oregon DEQ to go through the City.   

 Communication with DEQ - CH2M HILL suggested City invite DEQ to scheduled 
workshops. Consider kickoff meeting with Oregon DEQ, to discuss the work to date 
and the upcoming predesign effort. 

Project Instructions 
 Project specific instructions are being developed and will be distributed.  

 Quality Control Plan will be included. Standard QC Form will be utilized. 

 Field Safety Plan will be included. 

 EADOC will be utilized throughout Design and Construction  

Objectives/Goals for 10 AM Meeting with Staff 
 Project specific instructions are being developed and will be distributed.   

Critical Success Factors for WRF Predesign 
 Discuss critical success factors  

Scope and Schedule Review 
 Discuss overall scope, predesign schedule, and critical workshop dates and 

milestones 
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Additional Topics (as time permits) 

City CAD Standards 
 There are no District CAD standards and City of Bend defers to CH2M HILL 

standards.   

 Provide PDF files for Bend review.   

 The CAD platform used by CH2M HILL for this project will be MicroStation.   A 3-D 
model will be developed and record drawings will be extracted from it.  WHPacific 
will receive ACAD bases to work in.  

 Community Involvement 
 No formal public involvement program.  

 City Council review, approval needs.  

 Potential Site Visits 
 Site visits to existing operating facilities were made in summer 2008 and December 

2009.  No additional site visits are planned but can be arranged if needed.  

Safety and WRF Access 
 The WRF is staffed from 7am to 3:30pm.   

 Special check-in and check-out procedures? Limits to consulting staff hours on-site?  

 Project specific Field Safety Instructions are available.  The Project Team to review 
and sign the Field Safety Instructions prior to entering the site. 

 There are no hard hat areas on-site.  Notify Bend if any project work creates a hard 
hat area.   

 

Meeting Notes: 9am PM pre-meeting 
Critical Success Factors 
Let’s be clear about what has and hasn’t been decided.  

Facility discussion 
Issues/ Decisions for Project Definition and Schematic Design phase.  

Include functional descriptions in contract documents. Process narratives and functional 
descriptions will be updated through end of design for use by programmers.  

CH2M HILL will perform 3D CAD design of facilities.  
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What do you implement? When do you implement? Programming- make sure that if a 
facility is modified and it has a connection/relation to another facility (such as primary 
clarifier, it affects PS pumping, and solids building).  Then need to include in process 
narrative and loop descriptions any modifications/changes needed to the other process  and 
facility. Don’t leave plant staff with partial solutions or operational omissions.   

The Project Definition Report documents the basis for a technical recommendation and 
develops a clear ‘definition’ of the overall project/program. The Schematic Design will 
further refine the selected alternatives, and evaluate remaining options. Both phases of work 
will include cost estimates and a discussion of construction phasing and sequencing.  

Scope Discussion 

1. New primary clarifier - Reliability/ Redundancy requirements per DEQ/EPA 

2. Blower and blower building improvements – need to define blower requirements and 
address energy incentive funding. Possible vendor visits for blowers. Need to present 
alternative evaluations in a way that supports incentive funding. Scott discussed the 
lighting/energy audit with BPA- Richard Jackson-Gistelli, Lane McWilliams/Cascade 
Energy Engineering and  Vern Rice/CEC.  EXAMPLE- motors on some new mixing 
project are 85% efficient and could have been higher; lights in H.W. 

3. Aeration/IFAS basin configuration and piping – Need to arrange for media vendors to 
present products to Bend staff – possibly the week of Sept 22. Do we construct a new 
IFAS basin now? Or just modify existing basins? 

4. Existing aeration basin modifications for conversion to IFAS - Need to determine 
layout/configuration of new basin as well as existing basins. Hydraulic issues need to be 
evaluated. 

5. Secondary splitter box modifications – need to determine timing for modifications, 
address constructability issues. 

6. RAS pump system upgrade – need to address hydraulic limitations and modifications 
relative to IFAS conversion. 

7. Solids treatment – belt filter press and other solids treatment improvements. Need to 
determine timing of solids upgrades. 

8. Disinfection system configuration – evaluate both hypochlorite and UV solutions. 
Evaluate onsite generation of Hypochlorite. Split flow.  Confirm City’s water re-use 
plans and consultants recommendations may vary with relative quantity of Class A 
water production.  Current operation produces “all re-use quality disinfection” or 
nothing to re-use.  what are costs of alternatives?  

One option is UV base flow, RW = hypo, Peak Q= hypo 

 The disposal ponds just have a fecal limit 

 Add NH4 

 Peak Q and minimum t = minimum contact volume needed.  
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9. Yard piping modifications and hydraulic flow improvements - W1, W2, W3, W4 water 
system controls being updated now through Jeff Kanyuch programming work.  

CMMS  

Data entry from design and construction phase needs to go into City’s Infor EAM CMMS 
database.   Design team to suggest how design phase information gets collected. Dave 
mentioned use of database was CH2M HILL intention.  Staff said that this information is 
needed prior to authorizing startup functional testing.   

DEQ Meeting 

Paul Roy indicated that DEQ will want to know sequence of implementation. Wodrich will 
set up meeting with DEQ to discuss Process Evaluation TM and current direction of project, 
timing, etc. 

Steve Prazak is working on a permit renewal.  

Team agreed on also including DEQ as participants in milestone workshops (such as 
reviewing project definition report). 

 Communication Protocol 

All Consultant communication goes through Jim Wodrich the PM, Jim communicates with 
supervisors, they pick team members:  Steve P, Steve S, Scott T.    

CAD Standards- CH technicians Aquino and McCall talk, then with Spencer Sanvitale, then 
Jim Wodrich.  All City standards are written around public right of way type facilities. It’s 
likely that 3D design information, and facility information is not covered by City standard 
but is covered by US National CAD standard.  

Staff can review site visit and technical paper information in EADOC. See Start Tab, then 
click Memo’s and then review memo #;s 38, 39, 40, 45, 46, 47, 48, 49, 51.  
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Project Overview      10:00 AM 

Attendees:  George McCall, Mike Gillete, Greg Mooney, Elmer Roshone, Jeff 
Buystedt, Steve Prazak, Steve Simpson, Scott Thompson, Mark (Op’s), Drexel Barnes, Lizzy 
English, Jim Frost, Chris Struck, Jim Griffiths, Paul Rheault, Brady Fuller, Dave Green, Bill 
Leaf.  

CH2M HILL Organization (See attached Org Chart) 
 CH2M HILL  

o Dave Green, Project Manager 
o Jim Griffiths, Design Manager 
o Bill Leaf, Process Lead 
o Brady Fuller, Assistant PM and Predesign Manager 
o Others 

Project Background and History 
 Facilities Plan was completed by Carollo in 2007.   

 Value Planning Workshop was completed by CH2M HILL in June 2009.   

 Site visits were conducted with City of Bend staff in December 2009. 

 Preliminary hydraulics evaluation work conducted (flow splits, hydraulic capacity of 
existing secondary process, etc.) 

 Process evaluation memo (draft) was completed in February 2010 (City of Bend 
review comments being incorporated).   

 Key elements of the master plan, VE, and Process Evaluation are presented in 
Attachment 1. (Copy of the Process Evaluation Review meeting power point 
presentation from January 2010.) 

 Deschutes Brewery Work in parallel to Process Evaluation work (evaluation of DB 
Expansion and impacts to treatment capacity and operation)  

Work completed to date  
 (VE, surveying, geotech, prelim hydraulic analysis, process evaluation, Deschutes 

Brewery pilot test and coordination) 

Key Elements of Approach (Project Definition and Schematic Design) 
 CH2M HILL conducts technical evaluation work and develops preliminary 

recommendations. 
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 Workshops conducted with City of Bend to review technical work, evaluations, and 
preliminary recommendations. 

 Decisions and path forward are agreed upon, and CH2M HILL documents decisions 
made and path forward. 

Key Elements of Schedule (Project Definition and Schematic Design) 
 Review overall schedule for Predesign, preliminary workshop dates, review periods, 

and deliverable dates. 

Unit Process Summary 
1. New primary clarifier  

2. Blower and blower building improvements 

3. Aeration/IFAS basin configuration and piping 

4. Existing aeration basin modifications for conversion to IFAS 

5. Secondary splitter box modifications 

6. RAS pump system upgrade 

7. Solids treatment – belt filter press and other solids treatment improvements 

8. Disinfection system configuration – evaluate both hypochlorite and UV solutions 

9. Yard piping modifications and hydraulic flow improvements 

 

Schedule 
Review major schedule milestones 

Staff Involvement 
 City PM staff discuss O&M staff engagement in Project Definition and Schematic 

Design 

 

Meeting Notes: 
Construction: 
Things are quiet now, a year from now there’s going to be more activity and will continue 
for 1 to 5+ years.   

Decisions being made in Project Definition that will set course for remainder of project.  If 
City decides to consider a new process or equipment piece, the same decision process as 
used for the process evaluation phase will be followed and site visits will likely be involved.  
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(for example, if on-site hypochlorite is being considered, then staff will need to evaluate the 
new equipment/process) 

Project definition should consider the provisions needed to do O&M Startup, shutdown, 
maintenance.  

Staff Involvement: 
City discussed intent for Staff involvement.   

1. Get O&M a chance to participate in process in meaningful way.  

2. Identify equipment, material preference 

3. Functions (improvements on existing functions) 

4. SCADA functionality 

5. Long term satisfaction 

6. Point out things we’re missing 

7. Jim work through Scott Thompson, Steve Prazak, Steve Simpson to communicate to 
staff. Staff feeds comments and information back through same communication path. 

Blower Workshop 

IFAS Media Workshop 

On-site hypo equipment workshop 

 
 

 

Biofilm 101 Review      10:15 AM 

Biofilm 101 – Orientation 

Biofilm 101 Meeting Notes: 
Process control with IFAS can be optimized to minimize aeration demands while providing 
the necessary nitrification within the system.  Seasonal DO control may vary since more 
suspended growth nitrification will occur in summer since temp is higher and resulting in 
lower air demand for the biofilm. During the winter months, the SRT can remain similar to 
that used in the summer as the nitrification process will be completely driven by the 
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organisms in the biofilm. Nitrification will be controlled by the amount of DO introduced to 
the IFAS reactor. 

 Bill to identify a standard procedure for biofilm mass quantification (Standard Methods, 
Broomfield example, or European example) 

The CH2M HILL design approach will the determine the amount of carrier media, air 
system requirements, and provide and optimal configuration recommendation. CH2M 
HILL will work with the IFAS vendor, allowing them an opportunity to review and 
comment, just like with any other piece of equipment or process.  

The IFAS vendor  will have an internal process evaluation and guarantee performance 
based on criteria established by CH2M HILL.   

The City asked if  a pre-anoxic IFAS cell been tried somewhere? This has been investigated, 
but our preliminary process evaluations indicated that this was not necessary for the Bend 
WRF to meet the current TN limits. A post-anoxic zone, with carrier media, may be an 
option to meet more stringent TN limits. 

CH2M HILL discussed a process concern for avoiding biological P removal since it will 
exacerbate the Digester struvite accumulation issues already experienced.  

Have multiple media types been used in the same basin?  Yes, and not a problem except for 
impingement and media having chance to stick together.   

Performance testing has been done in a lab to evaluate media (prove surface area, 
durability) 

Hydraulic design must be done to support peak flows and performance testing 

Plant staff asked about design approach for IFAS basins, and whether walls will be needed 
to be designed for hydrostatic loads to support the intended O&M requirements. This will 
be covered in PD as a basis of design statement.  

Discussed aeration header elevation. Must diffuser be installed close to the floor or can it be 
higher? This to be determined in the preliminary engineering phase. 

Has, CH2M HILL retrofitted MLE’s?  Yes Bill to determine where (not James River, possibly 
Broomfield).  

Predesign should cover reuse of existing equipment? 

Since there is known history of IFAS running in parallel with conventional activated sludge 
basins, how will design approach limit known problems experienced elsewhere? There have 
been a number of facilities that have already been through these startup issues. CH2M HILL 
will work with the City to develop an approach to minimize operational concerns during 
the startup phase.  

Discussed Primary/ Secondary control loops for aeration control. (Ammonia, Primary/ DO 
Secondary) 

Next Steps: 

1. Internal CH kickoff 
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2. Workshops- half day workshops (review by unit process) 

3. Advance info provided to staff 

4. Process Evaluation Final (15 copies total (6 to City, 2 to DEQ). Include responses; 
Column- “follow up req’d in Schematic Design?” column.  
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Attachment No. 1  
 

Upcoming Project Scope, Schedule and Approach 
Phase 1 – Project Definition 
Phase 2- Schematic Design 
Phase 3 – Design Development 
Phase 4 – Construction document preparation 

Project Definition 
o 1.1 – Define client objectives, standards, and preferences 

o 1.2 – Define external constraints and standards (regulatory, codes, electrical 
redundancy, construction phasing, stormwater) 

o 1.3 – Define process functional requirements 

 New primary clarifier  

 Blower and blower building improvements 

 Aeration/IFAS basin configuration and piping 

 Existing aeration basin modifications for conversion to IFAS 

 Secondary splitter box modifications 

 RAS pump system upgrade 

 Solids treatment – belt filter press and other solids treatment 
improvements 

 Disinfection system configuration – evaluate both hypochlorite and 
UV solutions 

 Yard piping modifications and hydraulic flow improvements 

 Project Definition Report  

o Project Definition Report describing the recommendations included in the 
technical memoranda. 

 Technical Memorandums: 

1) Executive Summary 

2) External Constraints, Standards, and Regulatory Requirements 

3) Subsurface Conditions and Preliminary Geotechnical Recommendations  

4) Seismic/Structural Evaluation of Existing Facilities to be expanded/upgraded 
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5) Site Civil— Topographic Survey, Grading, Landscape and Access, Site 
Circulation Evaluation (Vehicular), Yard Piping and Site Electrical Coordination 
(TM prepared by WHPacific). 

6) Process Design Criteria 

7) Overall Treatment Process Evaluation 

o Unit Process Evaluation, Selection, and Sizing 

o Evaluation of Existing Facilities for Upgrade or Modification, including 
conversion of some or all of the existing aeration basins to IFAS. 

o Attachment: Preliminary Mass Balance 

o Attachment: Major Equipment Selection 

8) Hydraulic Profile 

9) Energy Efficiency and Sustainability Opportunities 

10) Preliminary Project Sequencing Plan and Construction Cost Estimates  

11) Project Delivery Analysis and Recommendations  
 

 Drawings: 

01-G-29 Process Flow Diagram-Liquids 

01-G-30 Process Flow Diagram-Solids 

01-G-31 Hydraulic Profile 

05-C-100 Overall Site Plan (by WHPacific) 

 Workshops 

o Liquids Treatment 

o Hydraulics, disinfection, solids treatment 

o Project Definition Report review 

o Public Works Management review 
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Phase 1 – Project Definition 
Phase 2- Schematic Design 
Phase 3 – Design Development 
Phase 4 – Construction document preparation 

Schematic Design 
 Advance concepts from Project Definition Report 

o Primary Treatment:   

o Secondary Processes:   

o Blower Building Modifications:  

o Solids Treatment:  Develop design for belt press addition, polymer system 
modifications, cake conveyance and pumping modifications.  

o Disinfection and Reuse:   

o Odor Control:   

o I&C:   

o Electrical: 

o Site Work:   

o Demolition:   

 Design criteria memoranda (by discipline) 

 Cost estimate 

 Drawings 

 

 

Possible Early-out final design services 
 Plant water system design services 

 Additional control system services 

 Blowers, in-basin modifications for SVI control 

 Others?  



 



1

Bend WRF Secondary Expansion
Predesign Kickoff, Biofilms Orientation

September 1, 2010
10am at WRF Kerry Training Facility

Agenda
 Meeting Objectives

 CH2M HILL Organization

 Project Background/History

 Work completed to date

 Project Definition and Schematic Design
 Key Elements of Approach

 Key Elements of Schedule

 Unit Process Summary

 Schedule Schedule

 Staff Involvement

 Biofilm - Orientation
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Meeting Objectives
 Understand project decision process

 Understand City staff involvementUnderstand City staff involvement
 Timing
 Level of participation 
 Results

Project Team
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Project Background and History
 Facilities Plan - Carollo (2007)

 Value Planning Workshop - June 2009.Value Planning Workshop June 2009.  

 Site visits - December 2009.

 Preliminary evaluations – 2009
 Hydraulics, process evaluation, geotech

 Deschutes Brewery coordination

Key elements of approach –
Project Definition and Schematic Design

 CH2M HILL conducts technical evaluation work and develops 
preliminary recommendations.

 Workshops conducted with City of Bend to review technical 
work, evaluations, and preliminary recommendations.

 Decisions and path forward are agreed upon, and 
CH2M HILL documents decisions made and path forward.
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Key elements of schedule–
Project Definition and Schematic Design

 Review overall schedule for Predesign,
 preliminary workshop dates, review periods, and deliverable dates.y

Project Schedule
 Project Definition – September – November 2010
 Workshops – early October 2010
 Project Definition Report early December 2010 Project Definition Report – early December 2010

 Schematic Design – January – April 2011
 Schematic Design Report – late April 2011

 Final Design – May – December, 2011

 Early-out design packages 
 (Blowers, in-basin SVI modifications, plant water(Blowers, in basin SVI modifications, plant water 

system design)
 Design – December – March 2011
 Procurement – February 2011 
 Construction – March – November 2011
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Unit Process Summary
1. New primary clarifier 
2. Blower and blower building improvements
3 A ti /IFAS b i fi ti d i i3. Aeration/IFAS basin configuration and piping
4. Existing aeration basin modifications for conversion 

to IFAS
5. Secondary splitter box modifications
6. RAS pump system upgrade
7. Solids treatment – belt filter press and other solids 

treatment improvementsp
8. Disinfection system configuration – evaluate both 

hypochlorite and UV solutions
9. Yard piping modifications and hydraulic flow 

improvements

Staff Involvement
 Workshops

 Participation in decisions

 O&M input – functional requirements, operability, 
equipment/material preferences
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Project Decision Making Process

 Technical informationTechnical information
 Workshops
 PM/Utility meetings
 Council 

Meetings/Feedback

• Timely and 
informed 
decisions
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Biofilm 101 – Bend WRF

by:

William Leaf, P.E.
Joshua P. Boltz, Ph.D., P.E. , ,
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Biofilm 101 – Bend WRF

Presentation Outline

• Part 1: “Science” Section
– Biofilms and Biofilm Reactors in Municipal 

W t t T t tWastewater Treatment

• Part 2: Implementation
– Biofilm Reactor Design Approaches

– Integrated Fixed-film Activated Sludge (IFAS)

• Part 3: Bend WRF
P li i IFAS S t P d f B d– Preliminary IFAS System Proposed for Bend 
WRF

Biofilm 101 – Bend WRF
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PART 1 – “Science” Section

Present and Future of Nitrogen Control with IFAS and Biofilm Reactors: Post Denitrification to Sidestream Deammonification

• Biofilm reactor compartments

• Biofilm reactors types

• Biofilm processes structure and function

Biofilms and Biofilm Reactors in 
Municipal Wastewater

Biofilm processes, structure, and function

• Bulk-liquid hydrodynamics

• Biofilm development and detachment

Biofilm 101 – Bend WRF
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• Biofilm reactors retain bacterial cells in a 
biofilm attached to fixed or movable carriers

Biofilm Reactor – What is a “biofilm”?

• Biofilm matrix contains the following:
– Water

– Soluble and particulate components

– Soluble microbial products

– Inert material

E t ll l l i b t (EPS)– Extracellular polymeric substances (EPS)

Biofilm 101 – Bend WRF

Five primary compartments:

1. Influent wastewater (distribution system)

Biofilm Reactor Compartments

2. Containment Structure

3. Carrier with biofilm

4. Effluent water collection system

5. Aeration system (for aerobic processes and 
scour) and mixing system (anoxic processes)

Biofilm 101 – Bend WRF
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There are six different biofilm reactor types 
(figure modified from Morgenroth, E. (2008). Biofilm Reactors. In: Henze, M., van Loosdrecht, M.C.M., Ekama, G. and 

Brdjanovic, D. (eds.), Biological Wastewater Treatment - Principles, Modeling, and Design, IWA Publishing, London.)

Trickling Filter Biologically Active Filter
(upflow)

Biologically Active Filter
(downflow)

Airlift Reactor

Rotating Biological 
Contactor

Fluidized Bed Biofilm 
Reactor

Moving Bed Biofilm Reactor 
(Integrated Fixed-film Activated 

Sludge)

Membrane Biofilm 
Reactor

Biofilm 101 – Bend WRF

Local environment for a particular biofilm is 
determined by five components:

Biofilm Component

1. Carrier surface (i.e. substratum) medium

2. Biofilm (particulate and liquid components)

3. Mass transfer boundary layer

4. Bulk liquid

5. Gas phase (environment)

Mass transfer and biochemical conversion –
characteristic of all biofilm reactors and 
influent biofilm structure and function

Biofilm 101 – Bend WRF
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Schematic Representation of Biofilm 
Components

Wanner et al., 2006; from IWA Publishing

• Mass transfer and biochemical conversion
– Characteristic of all biofilm reactors and 

i fl t bi fil t t d f ti

Biofilm Process, Structure, and 
Function

influent biofilm structure and function

– Mass transfer is slow compared to 
biochemical conversion

• Due to strong concentration gradients for 
substrates within the mass-transfer boundary 
layer

M t t i th i h i ti• Mass transport is the primary mechanistic 
difference between biofilm and suspended 
growth reactors

Biofilm 101 – Bend WRF
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• Full-scale operating suspended-growth 
systems are kinetically (i.e., biomass) limited

Biofilm Process, Structure, and 
Function

• Biofilm reactors are diffusion (i.e., surface-
area) limited

Biofilm 101 – Bend WRF

• Microbial competition in a biofilm – based on 
local substrate concentrations and location 
of bacterial groups

Biofilm Process, Structure, and 
Function

of bacterial groups
– Bacteria near surface

• Advantage of higher local substrate 
concentrations

• But, most susceptible to shear/abrasion 
induced detachment

– Bacteria near carrier
• Protected from detachment

• But, reduced substrate availability

Biofilm 101 – Bend WRF
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• Biofilms in wastewater treatment – typically 
mass-transfer limited

H f hi h b lk li id i

Biofilm Process, Structure, and 
Function

– However, for high bulk-liquid concentrations 
(or low degradation rates), limiting substrate 
can fully penetrate biofilms

• e.g., increasing DO in the bulk-phase can 
increase biofilm penetration

Biofilm 101 – Bend WRF

• Biofilms in wastewater treatment – typically 
mass-transfer limited

P i l i f bi fil l i

Biofilm Process, Structure, and 
Function

– Partial penetration of biofilms results in 
simultaneous aerobic, anoxic, anaerobic 
environments

– Once a biofilm is partially penetrated, 
increasing its thickness has no treatment 
benefit

• Biofilm reactor performance is surface-area 
dependent and not dependent on the total 
biomass in the system
– e.g., increasing density of carrier media in an 

IFAS system increases capacity

Biofilm 101 – Bend WRF
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• Difference between biofilm reactors can be 
quantified by mixing conditions and bulk-
liquid hydrodynamics

Bulk-liquid Hydrodynamics

liquid hydrodynamics
– Complex bulk-liquid hydrodynamics (trickling 

filter, rotating biological contactor)

– Simple bulk-liquid hydrodynamics (completely 
mixed MBBR)

• Bulk-liquid hydrodynamics influence biofilms q y y
at all stages of their development

Biofilm 101 – Bend WRF

Hydrodynamics and biofilm dynamics in biofilm 
reactor models 

Phases
Media

Description ExamplesSubmerged Stationary

Air, Water, 
Biofilm

No Yes Water trickles over the biofilm surface and air 
moves upward or downward in the third phase.

A. 
Trickling Filter (TF)

Air, Water, 
Biofilm

Yes Yes Water flows up- or downward through the 
biofilm reactor with gas bubbles. Gravel is a fixed 
media while polystyrene beads are semi-fixed.

B. and C.
Biologically Active 
Filter (BAF)

Air, Water, 
Biofilm

Yes No D.
Water flows through the biofilm reactor with gas 
bubbles.
E.
Water flows through the biofilm reactor, gas enters 
biofilm when exposed to the atmosphere.

D. 
Airlift Reactor 

E. 
Rotating Biological 
Contactor (RBC)

Water, Biofilm Yes No Upward flowing water passes through the biofilm 
t ith th l t d ( th l)

F.
D it if i FBBRreactor with the electron donor (e.g., methanol) 

and electron acceptor (e.g., nitrate).
Denitrifying FBBR

Water, Biofilm
or
Air, Water, 
Biofilm

Yes Yes Free-moving plastic biofilm carriers are evenly 
distributed through the water with the electron 
donor (e.g., methanol) and electron acceptor (e.g., 
nitrate). IFAS accumulates mixed liquor.

G. 
Anoxic/Aerobic
MBBR/IFAS

Gas, Water, 
Biofilm

Yes Yes Hollow-fiber membrane with biofilm and water on 
one side of microporus membrane and gas on 
the other.

H. 
Membrane Biofilm 
Reactor

Biofilm 101 – Bend WRF
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• Biofilm thickness is a result of bulk-liquid 
environment

Bulk-liquid Hydrodynamics

High ShearHigh Shear

Biofilm 101 – Bend WRF

Low Shear

• Mass-transfer resistance = reduced flux into 
the biofilm

C bi fil

Mass-transfer boundary layer (MTBL)

– Can vary among biofilm reactor types

– Extent of this resistance conceptualized with 
a hypothetical mass-transfer boundary layer

• This diffusion layer links biofilm (micro) and 
bioreactor (macro) scales.

Biofilm 101 – Bend WRF
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• LL- mass-
t f

Mass-transfer boundary layer

transfer 
boundary layer 
thickness

• LF – thickness 
of the biofilm

Biofilm 101 – Bend WRF

MTBL Example – Oxygen Profiles
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• Five factors affect biofilm development:
1. Bulk-phase environmental conditions (i.e., pH, 

temperature anoxic aerobic nutrient availability)

Biofilm Development and Detachment

temperature, anoxic, aerobic, nutrient availability)

2. Extent of mass-transfer resistances external to the 
biofilm

3. Extent of internal mass-transfer resistances

4. Kinetics and stoichiometry of transformations inside the 
biofilm

5. Detachment

Biofilm 101 – Bend WRF

Biofilm Formation

Steps in Biofilm Formation ©1995 Center for Biofilm Engineering, MSU-Bozeman
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Mechanisms of Biofilm Propagation

Biofilm 101 – Bend WRF

Center for Biofilm Engineering, MSU-Bozeman, P.Dirx

Biofilm Detachment Processes

Biofilm 101 – Bend WRF

Morgenroth, 2003; from IWA Publishing



13

Biofilm Detachment Processes (cont.)

• Well-operating biofilm reactors:
– Abrasion – particle collision

– Erosion – hydrodynamic shear near biofilm 
surface

– Predatory grazing (to a certain extent)

• Detrimental to biofilm reactor performance
– Sloughing

Excessive predation

Biofilm 101 – Bend WRF

Morgenroth, 2003; from IWA Publishing

– Excessive predation

Part 1 Summary – The “Biofilm Advantage”

• Biomass Retention
– Suspended growth active biomass = 3 to 8 g 

VSS/LVSS/L

– Biofilm active biomass = 10 to 60 g VSS/L

• Specialized Biofilm Culture
– Selected based on substrate conditions in 

biofilm

– An opportunity to build significant populationsAn opportunity to build significant populations 
of relatively slow growing bacterial cultures 
independent of SRT.
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Part 1 Summary – The “Biofilm Disadvantage”

• Rate of Reaction
limited by Masslimited by Mass 
Transport  
– Diffusion from the 

bulk liquid through 
the Mass Transfer 
Boundary Layer 
(MTLB)(MTLB)

– Resistances through 
the Biofilm

PART 2 – Implementation

Present and Future of Nitrogen Control with IFAS and Biofilm Reactors: Post Denitrification to Sidestream Deammonification
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• Biofilm models: science vs. practice

– Biofilm reactor types and modelling complications

– Characterizing biofilm reactors

Biofilm Reactor Design Approaches

g

– Biofilm models

• Biofilm Structure Simplification for Mathematical Models

– 1-D biofilm models describing biofilm reactors

– The mass transfer boundary layer (MTBL)

• Design Approach for the Bend WRF

– Pro2D process simulation

– Optimize bioreactor performance

Biofilm 101 – Bend WRF
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Mass transfer 
boundary layer

1-D biofilm models: 
assumed biofilm structure differs

Biofilm B lk

S(z)

Bi fil

S(z)
Mass transfer 
boundary layer

Biofilm Bulk water

SB

SLF

Biofilm Bulk water

SB

SLF

S(z)
zLF LL

S(z)
zLF LL

Heterogeneous 1-D biofilm Homogeneous 1-D biofilm

Biofilm 101 – Bend WRF
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Free-moving plastic biofilm carriers subject to 
random rotation: How does the affect LL?

Figure. Three axes of rotation for commercially available plastic biofilm carriers typical of
MBBR and IFAS processes. Bulk-phase water may flow through the channels formed inside
the media, or around the carriers’ exterior as indicated by the blue arrows. The impact of
carrier rotation on fluid velocity in the vicinity of the biofilm surface is uncertain. (figure by
McQuarrie and Boltz 2010)

McQuarrie, J.P., and Boltz, J.P. (2010). Moving bed biofilm reactor design and technology. Stat-of-the-Art Review. Water
Environment Research. Accepted with minor revision.

Biofilm 101 – Bend WRF

Simulators (mechanistic models) and empirical 
criteria/formulas used in concert for IFAS 
process design

Biofilm 101 – Bend WRF



18

City of Bend – CH2M HILL Design Team:

• Utilize experience and general criteria to layout system

• Process simulation (using CH2M HILL’s Pro2D) allows

Biofilm Bioreactor Design Approach

Process simulation (using CH2M HILL s Pro2D) allows 
for refinement/optimization of design

• Incorporate design features that have worked at other 
full-scale facilities

Biofilm 101 – Bend WRF

• What is IFAS?

• Benefits to IFAS and basic system components

• Process function and design

Integrated Fixed-film Activated Sludge 
(IFAS) System

Process function and design

• IFAS process design in practice

Biofilm 101 – Bend WRF
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What is Integrated Fixed-Film Activated Sludge 
(IFAS)?

CLARIFIER

NRCY

MeOH

• Biofilm & suspended biomass (flocs) compartments

Bi fil i ifi i ( i l)

PRE-DN AER AER POST-DN

WASRAS

RE-AIR

• Biofilm – nitrification (typical)

• Flocs – BOD removal and denitrification (typical)

• Accumulates MLSS – RAS pumps

• Reduced SRT vs. CAS because nitrifiers are in biofilm (i.e., Nitrification SF ≤ 1.0)

• Converting from activated sludge based process to IFAS: ↓ SRT = ↓ MLSS

• Net result - Additional volumetric treatment or more stringent effluent water 
quality capacity using existing bioreactors and clarifiers

Biofilm 101 – Bend WRF

Benefits to IFAS

 Well suited for processing wastewater to meet nitrogen-
based effluent water quality standards that are: 
 relaxed
 moderate, or
 stringent

 IFAS maximizes the reuse of existing infrastructure
 suspended biomass SRT is reduced
 nitrifiers are retained in biofilms
 reduced SLR on existing secondary clarifiers

 IFAS is: IFAS is: 
 compact
 reliable
 robust
 easy to operate

Picture right:
Before and after 
pictures of the James 
River  WWTP  IFAS 
demonstration 
(Rutherford 2010; WET)

Biofilm 101 – Bend WRF
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IFAS bioreactor basic components

• Plastic biofilm carriers

• Plastic biofilm carrier retention screens

• Diffusers

• Mixers

Biofilm 101 – Bend WRF

Plastic biofilm carriers
• Minimum fill: 25%

• Maximum fill: 67%

• Effective specific surface area limited to interior protected surfaces

r
LC

LC

Figure by:  Boltz, J.P., Johnson, B.R., Daigger, G.T., Sandino, J., and Elenter, D. (2009c). Modeling integrated fixed film activated sludge (IFAS) 
and moving bed biofilm reactor (MBBR) systems II: evaluation. Wat. Env. Res. 81(6), 576-586.

Biofilm 101 – Bend WRF
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Manufacturer Name Bulk 
Specific 
Surface 
Area(1)

Nominal Carrier
Dimensions
(Depth; Diameter)

Carrier 
Photograph

Veolia Inc. AnoxKaldnes™ 
K1 or K1 Heavy

500 m2/m3 7 mm; 9 mm

AnoxKaldnes™ K3 500 m2/m3 12 mm; 25 mm
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Plastic biofilm carrier retention screens

General:

• approach velocity < 30 m/hr

• screen load < 55 m/hr at average flow

• screen load < 85 m/hr at peak flow

• wedge wire or perforated plates

• stainless steel

Wall screens (top):

• anoxic IFAS reactors

• air scour (100-scfm, 5 min., 3 periods/d)

Horizontal screens (bottom):Horizontal screens (bottom):

• aerobic IFAS reactors

• submerged 35 to 65% of SWD

• 11 to 30” Ø, 11” (typ.) 

• 7 to 16’ long, 12’ (typ.)

• structural support required

Photos by:  McQuarrie, J.P., and Boltz, J.P. (2010). Moving Bed Biofilm Reactor Technology and Design. Wat. Env. Res.

Biofilm 101 – Bend WRF
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Diffusers

• stainless steel (typ.) or PVC

• 25-mm stainless steel pipes (typ.)

• OTE:  0.9 to 1.1% per foot submerged

• 2 to 3 drop pipes per zone

• 2 to 3 laterals per drop pipe

• 5 to 6 m3/m2/hr required to mix carriers

•  = 0.8 (typ.)

•  = 1.0 (typ.)

Photos by:  McQuarrie, J.P., and Boltz, J.P. (2010). Moving Bed Biofilm Reactor Technology and Design. Wat. Env. Res. Submitted for publication.

Biofilm 101 – Bend WRF

Mixers

• 25-W/m3 power input required to mix carriers 

(range 8 to 31 W/m3)

• submersible mixers (typ.)

• ABS flow booster SB 1200 KA (example, pictured)

• 4.7 or 6.2-hp per mixer

• 90 rpm at 50 HZ and 105 rpm at 60 HZ

• placed near water surface pitched down at 15 to 30°

Photos by:  www.absgroup.com

Biofilm 101 – Bend WRF
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SRT compared with EPA nitrification SRT

15

20
EPA Minimum Aerobic Nitrification SRT (SF = 1.0) 
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Increasing approach velocity decreases 
process efficiency & system performance
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Recommended 
range of plastic 
biofilm carrier fill;
L:W = 4:1

Low approach velocity High approach velocity
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PART 3 – Preliminary IFAS System 
Proposed for Bend

Present and Future of Nitrogen Control with IFAS and Biofilm Reactors: Post Denitrification to Sidestream Deammonification

• Preliminary Process Evaluation Results

• Preliminary Bioreactor Layout

• No pilot system planned

Preliminary IFAS System Proposed for 
the Bend WRF

No pilot system planned

• Expansion phasing/constructability issues

• Operation and maintenance

• Benefits/Disadvantages of IFAS for the Bend WRF

Biofilm 101 – Bend WRF
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IFAS integration to Bend WRF –
Preliminary Process Evaluation Results

 
(c) IFAS (PT-11)
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IFAS System – No Pilot System 
Planned

• Significant experience with pilot and full-scale 
systems

J Ri D i P j– James River Demonstration Project

• Design approach is refined, criteria 
established

• Number of existing, successful operations
– Broomfield, CO

Cheyenne WY– Cheyenne, WY

James River Treatment Plant (20 mgd)James River Treatment Plant (20 mgd)

Aeration 
Tanks Demonstration 

T kTank

Secondary 
Clarifiers
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James River Treatment Plant

• 20 MGD MMADF
• Nitrogen Removal Goal for JRTP

– 760,000 lbs/year 
– 8 to 12 mg-N/L

• Plug-flow Aeration Tanks
• Basic Secondary Treatment 

– BOD and TSS Removal
– Intermittent Nitrification during Summer Months

• IFAS/BNR Retrofit Selected as Most Promising Approach 
– Space Constraints: Site is built-out and tank arrangement p g

prohibits expansion or add-on facilities
– Cost Effective: A fraction of the cost of other more 

conventional nitrogen removal options
– Schedule: Retrofit allows “speedy” implementation 

Demonstration Tank Design 

NaOH

Effluent

Secondary
Clarifiers

Primary
Effluent

IMLR 2

IMLR 1







RAS

WAS

AX
R-2

SWING 
R-3

IFAS-OX 
R-4

OX 
R-5

AX
R-1
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Demonstration Tank Design

R1 R2 R3 R4 R5

James River - Nitrification Performance

80
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Broomfield WRF Performance
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Expansion Phasing/Constructability 
Issues

• Design/Construction of New IFAS Aeration 
Basin

• Conversion of Existing Aeration Basin to IFAS 
System

• Startup Concerns
– Operation of suspended growth system with 

IFAS system

– Addressing system startup loads– Addressing system startup loads
• Underloaded systems

• Optimize carrier media distribution

Expansion Phasing/Constructability 
Issues

• Startup Issues from recent IFAS startup
– Excessive aeration due to underloaded basins; 

dditi l b i d f iadditional basins removed from service

– Surface foaming with (1) IFAS + (3) CAS 
system in operation

• 6-mo Duration 

• Expedited conversion of CAS basins
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IFAS System – Operation & 
Maintenance

• Process Operation
– Typically focus wasting schedule on targeting an MLSS 

concentration that works well for the clarifiersconcentration that works well for the clarifiers

– Set the RAS rate based on settleability. 

– For ammonia, DO control is the operator’s main control 
parameter. In lieu of DO probes we can consider using 
ammonium probes for feedback on blower output. 

– Nitrate control is just like MLE, a nitrate probe at the tail-
end of the anoxic zone is beneficial to turn down RCY if 
there’s too much O2 being recycledthere s too much O2 being recycled.

IFAS System – Operation & 
Maintenance

• Process Operation
– Compared with CAS, the only real difference 

f t d i t i th t O2 lfrom a process standpoint is that O2 recycle 
with an IFAS system can be a little tricky if low 
nitrate concentrations are being targeted. The 
two reactor approach with low DO in the 
second reactor is important for good nitrate 
removal.
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IFAS System – Operation & 
Maintenance

• Process Operation
– Overall, IFAS systems operate very similarly to 

CASCAS

– Most operating staff will tell you that it’s easier 
since you don’t need to spend any time 
managing and calculating your mixed liquor 
inventory from season to season. 

– The process operates the same year-round 
with the exception of DO set points in the IFAS 
reactor

IFAS System – Operation & 
Maintenance

• Process Operation – Use of key online 
parameters proposed:

Ni N (A i Z )– Nitrate-N (Anoxic Zones)

– Dissolved Oxygen (IFAS, Aerobic Zones)

– Ammonia-N (Aerobic Zone)

• Control system from aeration basin effluent 
NH3-N 

Minimize DO required in system to meet TN– Minimize DO required in system to meet TN 
limit

– Allow NH3-N concentration to 
minimize/eliminate supplemental NH3-N for 
reuse water disinfection
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IFAS System – Process Control 
Strategy (Preliminary)

NO3-N NH3-NDO

NaOH

Effluent

Secondary
Clarifiers

Primary
Effluent

MLR 







RAS

WAS

ANX IFAS AER

IFAS System – Laboratory 
Requirements

• No significant change from existing 

• Biomass measurement on carrier media
– Allows monitoring of biofilm quantity

– Broomfield, CO: complete this 3 times/week

– Basic methodology
• Collect carrier media

• Dry carrier media, determine weight

• Clean carrier media determine weight• Clean carrier media, determine weight

• Difference in weight = biofilm mass

• Together with media surface area = biofilm 
mass/surface area



34

IFAS Summary
Advantages Disadvantages
•Relatively short timeframe required for 
conversion of existing aeration basins to 
IFAS system

•Some construction constraints because 
requires operating with only 2 basins during 
conversion

•Smallest overall basin volume required 
to reach 2030 capacity (3 existing basins 
converted to IFAS system with 3 existing 
secondary clarifiers).

•Improved nitrification reliability due to 
biofilm growth of nitrifiers on plastic 
media

•Recent, successful full-scale pilot design 

•Improvements to existing piping required to 
provide associated hydraulic capacity

•Costs of integrated-fixed film plastic media 
subject to variable pricing (tied directly to 
price of oil)

•Modification of aeration system required

•Relatively new technology to United States 
(significant experience in Europe) 

and operating experience available 

(James River WWTP)

( g p p )

•Significant initial capital investment with 
conversion of all 3 aeration basins 
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Flow/load projections 
Flows/loads –DEQ has received the Facility Plan and those projections have outpaced 
current development. Paul Roy indicated that WRF planning should not try to match the 
pace of development. 

CH2M HILL inquired about any other growth projections with other departments in the city 
that we should be coordinated with.  UGB/UAR discussions may include other growth 
projections.  

Paul reminded team that the City has promised capacity to developers that haven’t built out 
their developments yet.  Flows will be at 8.3 mgd if all those developed.  There are a number 
of hydraulic improvements needed, and process allows some flexibility (adding IFAS 
media).  The existing peak flows have already been experienced (wet weather) so 
investments in hydraulic improvements are not lost.   

It was noted that while the flow and TSS graphs were relatively flat, the BOD showed a 
slow increase that correlated to the projected BOD load. Increase may be due to water 
conservation efforts and/or increase in load from commercial/industrial customers. 

Bill/Adrienne to create tables showing “trigger points” for additional capacity.   

Reliability/Redundancy:  DEQ may not have clearly specified if Class 1 was required.  
Power back-up for primary treatment is all that’s provided on-site.  Re-use component 
typically has DEQ requirement for Class 1. Re-use facilities may not need to be Class 1 if 

ATTENDEES: 

COPIES: 



BEND WRF SECONDARY EXPANSION PROJECT DEFINITION WORKSHOP. PRIMARY CLARIFIERS, DISINFECTION, SEISMIC, AND SOLIDS HYDRAULICS 
IMPROVEMENTS 

BND/20101027_BEND_WRF_PROJ_DEF_HYDRAULICS_DISINFECTION_PRIMARY_MEETING_SUMMARYV3.DOCX  2 

facilities can be taken off line and WRF has capacity to process all flow to the seepage 
ponds. A discussion with the Pronghorn would need to be included in taking reuse off-line. 
Plant has single utility feed with no reasonable option for two.  

Decision: Proceed with facility plan recommendations for flows/loads.  We will plug 
improvements into the model, and then see if City can afford the improvements based on 
proposed rate increases and financial plan.  At that time, the decision on what can be 
deferred will be made.  

Confirm Class 1 or Class 2 reliability/redundancy with DEQ at October 28th meeting. 
Identify any special requirements since Bend WRF is a re-use facility.  

Bill to add primary effluent BOD to the projections chart. CH2M HILL will identify 
trigger points for key unit process expansions. 

Hydraulics/yard piping 
Discussed yard piping concepts. Need additional evaluation of the yard piping vs. 
disinfection alternatives. 

City wants team to consider options to lay out different trains.  Don’t need to follow past 
proposed layouts, and should reconfigure if beneficial.  Feels like we are shoe-horning  
processes together. This site has additional land.  Can we make this expansion easier, 
minimizing some of the constructability issues? 

Confirm presence of existing large pipe on south side of plant water pump station. Brady 
check on scope/budget for potholing in WRF. Need to identify potholing activities. 

Geotech 
Described work to date. Referred to Geotechnical Data Report and Geotechnical 
Recommendations Report, previously submitted to City. 

Structural 
Discussed failure/cracking of in-basin walls during earthquake.  Discussed baffle wall 
materials and need for hydrostatic design. Defer into schematic design. 

Discussed “wish” to drain aeration basins with permanent pump station or plant drain.  

Primary Clarifiers 
Clarifier  mechanism,  New drives were put on in 2006, bull gear, gear box, motor. Was 
originally a Dorr Oliver. A bolt-up replacement from EIMCO or similar. Rake mechanism 
was rated in poor condition based on age, although no inspection was performed.  
Mechanisms were painted in 1999 or 2000.   Consider having Duppong out for primary 
clarifier inspection when he’s here for Outback #3 (March 2011).  
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Scum pit requirements.  Make sure to coordinate with new clarifier layout. Scum pump 
works OK. Manual operator initiated (M, W, F) for an hour.  Once per year vactor comes out 
and cleans line from clarifier scum beach to pit. Could automate the scum pumping, 
particularly if scum pit changes are needed anyway for new primary clarifier.  An existing 
air diaphragm pump is installed and operable. An existing (salvaged) progressing cavity 
pump is installed but hasn’t been programmed to run; unknown capacity.  Talk with 
mechanics on the condition of existing progressive cavity pump.  If we can’t get primary 
scum to the existing box, then rethink the entire box. Consider Hidrostal Prerostal 
submersible pumps with level control. No recirculation loop in scum pit. 

Primary sludge pumping.  Used to have progressing cavity pumps, but replaced with air 
diaphragm in mid 1990s.  Grit in primary sludge ends up in to digester. Total solids in 
primary sludge could be up to 6%.  Pumping to a feed well.  City averages 4.5% and has 
pumped up to 5%. Get better flow monitoring; surges from air-op diaphragm pump don’t 
allow for flow pacing/control in current layout.  Options:  Progressing cavity (beware of grit 
and design criteria), Model C, existing air diaphragm. Eliminate rotary lobe pumps and 
hose pumps from further consideration.    

Haven’t replaced diaphragms in existing pumps since new headworks went on-line.  

Evaluate grit characteristics of primary sludge.   

Sole-sourcing WEMCO Model C or Hidrostal is acceptable to City.  

City did evaluate screening characteristics of old headworks, vs. new headworks.  

Jennifer to confirm capacity/type of ventilation of primary sludge pump station with 
respect to NFPA 820 ACH required to allow unclassified space.   

Disinfection 
Talked through options.  

Options to coordinate with UV and hypo on water project (wells and Outback). Advance 
WRF disinfection enough to stop and coordinate with water projects. Jim to get chlorine 
information from Art Easton or Karen Clarno.  

Shelf life – 15 days seem short as life cycle to City.   Consider minimum of 30 days of 
storage. 6-inches of foam outside poly tank.   

Ask about UV and solar power and incentives. Consider capturing energy in elevation drop 
from WRF to Pronghorn, and on pond line for mini-hydro.  

Disinfection site layout needs to allow provisions for mini-bulk filling station for City-
operated hypo delivery to well sites in City.  

For options (such as MPHO UV downstream of filters) that rely on raising head of filter 
basins to create additional head, consider modifications to existing SST tank walls.  

City prefers to not rely on re-use facilities for meeting peak flow conditions. Assume that 
disinfection system to seepage ponds is designed for full capacity.   
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Pronghorn is contracted for 2.5 mgd.  Each filter bank is sized for 5 mgd each.  

Plant practice has been to treat all flow to Class A during re-use season.  Hasn’t met permit 
always.  

Limit UV to 2.5 mgd firm capacity on downstream side of Pronghorn pumps.  

What is Pronghorn capacity?  Brady/Jennifer to look at pipe size, pump sizing.  The pump 
station capacity should drive the size of the UV system. Design for 2.5 MGD and recognize 
that with 2 pumps running it could pass more. Pronghorn blends with Avion.  Design needs 
to limit the max flow through UV.  

Has in-vessel been done in Oregon for re-use? Newberg?  

Discussed effluent storage on-site for out of spec water.  

Onsite generation doesn’t satisfy the “filling station” for City approach.   

Decision:  

1. Build CCB’s for full peak flows  

2. Reuse via separate flow stream.  2.5 MGD firm capacity for re-use to Pronghorn. 
Leave capability to expand reuse for other customers. 

3. Size hypo system to accommodate drinking water requirements (fill station for water 
wells, Outback site) 

4. Finalize on-site hypo generation evaluation.  

Solids 
Consider dropping new BFP through the roof or wall, with skylights.  What modes are 
required to assess how additional roof penetration for installing BFP would affect building 
performance/upgrades. Evaluate impact of new roof opening and trigger for seismic 
upgrade. 

Keeping single polymer system is acceptable.  Used the dual-use machine to test it, but not 
used now.  BDP may be the only manufacturer of the dual-use machine but CH2M HILL 
will research.  Don’t need to provide a dual-use machine for the new BFP. Make new unit 
the duty BFP.  Keep existing dual-use machine as backup. Cake dryness goal 18% per FP.  
There is a relation to the mass balance.  Optimize polymer performance for capture rate, 
limit impact to liquid process, and manage BFP operations to eliminate making a mess.  Will 
need to consider impact on polymer system for thicker TWAS starting next week. 

Look at TWAS pump hydraulics (assume running 2 units for thickening to minimize 
duration of operation – can TWAS pumps handle flows?).  

Look at cake conveyance, assume running 2 units to one cake pump. Can cake pump handle 
dewatered cake from both BFP’s? Possibly need to add cake pump for operational 
flexibility. 

Fix water system for making polymer. Part of work that Kanyuch is moving forward. 
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Demo/remove existing centrifuge and salvage to City.  

Beyond 2020, what is used for redundancy? Expanded building?  Possibly separate GBT’s 
into another building and mount another BFP on floor of existing building, in footprint of 
GBT. Assume a new cake pump is provided (or provide shelf spare if no footprint is 
provided). Need provisions for “quick” connections. Spare should match I&C from existing.  

Existing panel controls are required to allow local operator attention to achieve 
startup/shutdown.  

Krumsick work with Kanyuch on coordinating the I&C design approach for existing BFP 
and new BFP.  

Struvite in filtrate lines.  Cleanwater Services has recommended Kynar. Bio-P might occur 
with IFAS and so IFAS design needs to be careful that additional struvite issues are not 
created. Struvite control also done with addition of ferric chloride. Discuss options in next 
workshop to get Scott’s input. 

Odor control.  Foul air ductwork/bridge crane. Jason to talk with Scott about performance 
of BFPs.  Consider curtain and hoods over BFP.  Minimize the hood to avoid “structure”.  
Recognize the need for dehumidification in polymer room.   

DAFT is existing.  Was used as pilot for bioaugmentation.  Not relying on it in any way for 
thickening redundacy.   

Minimize staying out of electrical room with liquid piping. Will have to understand all 
manufacturer’s in/out piping and orientation to eliminate fatal flaws. 

Jason investigate TWAS and PS feed lines to digester.  Determine if the 8%TWAS pumping 
that’s about to start affects hydraulics.  

Prefer to keep pressurized polymer loop in lieu of adding additional poly feed pump.  

Add actuators into chemical cleaning system water valves to automate the cleaning system.  

 
 

Next steps/Upcoming activities 
1) Liquids stream Workshop October 27th 12 noon.  Lizzy to arrange lunch. 

2) DEQ meeting October 28th. Meet at PUW @ 830am, then go to DEQ. Dave/Brady 
prepare agenda for meeting. (VE, process evaluation, proj definition update, discuss 
reliability determination).  Steve Prazak and Paul Roy points of contact with DEQ.  
Brady send draft agenda to Jim and City will get agenda to DEQ.  

3) Draft report before Thanksgiving.  Do costing after the November 17th  workshop.  Talk 
about costs in early December.  Finish report by end of the year.  

4) Final design schedule: 6-8 months after completion of Predesign (May/June 2011). 
Design should be complete to allow bidding in Spring 2012. 
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5) Early out projects?  Toward end of schematic design determine if we want to accelerate 
any. Possibly package up the reuse facilities into a single contract. Solids handling might 
be separate.  

6) Vendor visits.  

7) Blower/IFAS visits Friday Nov 12th.  

8) Draft PD report (9am @ WRF) review & followed by project delivery workshop  
November 17th.    
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WRF Predesign Project 
City of Bend 

Aeration Basin/IFAS/Secondary Clarifier/Blowers 
Process Evaluation Workshop Agenda 

Wednesday, October 27, 2010 

Noon – 4 PM (@ WRF Training Room) 

1) Review Workshop Purpose and Agenda  
a) Update Design Criteria and Basis for moving forward 

b) Review and evaluate plant-wide predesign issues 

c) Workshop to discuss alternatives and select preferred solutions/alternatives for key 
process elements  

d) Identify key elements for further discussion and determine need for additional 
Workshops  

2) Update of Design Criteria, Flows and Loads, and Whole Plant Process 
Evaluation (work to date) 

3) Clarification of Disinfection and Reuse Design Criteria 
a)  Duration of reuse water transfer 

b) Separation of reuse flowstream from discharge flowstream  

 

4) Discussion of the Process Alternatives Evaluations (See Fact Sheets) 
a) Fact Sheet 2 - Blower and Blower Building Improvements 

b) Fact Sheet 3 - Aeration/IFAS Basin Configuration and Piping 

c) Fact Sheet 4 - Existing Aeration Basin Modifications for Conversion to IFAS 

d) Fact Sheet 5 - Secondary Splitter Box Modifications 

e) Fact Sheet 6 - RAS Pump System Upgrade 
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5) Update: Hydraulic Evaluation and Preliminary Yard Piping Evaluation 
a) Existing plant flow capacity, bottlenecks, plan for peak flow.   

b) Options to defer major yard piping modifications. 

c)  Options to reconfigure peak flow disinfection facilities.  

6) Coordination between Miscellaneous I&C Projects and WRF Predesign 

7) Next Steps 
a) External Constraints and Standards memo – submit for review by COB Staff 

i) Additional Process/Site Workshops Needed? 

b) Draft Project Definition Report – Review Workshop on November 18th? 

i) Final Alternatives and Recommendations 

ii) Site Civil and Site Circulation review 

iii) Site Electrical review  

c) Cost Estimates and Phasing/Sequencing Evaluation work 

d) Final Project Definition Report  

8) Other Predesign Activities 
a) Meeting with DEQ to review Process – October 28th @ 8:30 AM 

b) IFAS Vendor Visits 

c) Blower Vendor Visits 

d) Alternative Delivery Workshop – November 17th? 

 

Notes 
Bill reviewed flows/loads. 

Facility Plan Flows and Loads 

1. The goal is to move away from benchmarking the capacities of unit processes at the 
WRF based on a year.  Rather, the goal is to benchmark capacities on actual process 
capacities of each unit process. 

2. The current benchmark influent flow rate is 8.5 MGD because this is the project flow rate 
of all the equivalent dwelling unit connections currently sold in the City of Bend. 

3. Dave discussed disinfection and design criteria. Preliminary work at Oct 21 meeting, 
decided to separate re-use and re-use disinfection as a side-stream from the process flow 
going to ponds.  Decided to provide 2.5 MGD to Pronghorn. City confirmed that this is 
up to 2.5 MGD per day over 24 hours.   City only is required to provide up to 2.5 MGD 
volume daily, pumping to golf pond.  No need to exceed 2.5 MGD peak rate, or daily 
volume.  A future re-use user would need to be covered by a separate pipe, arrangement 
that is compatible with agreement with Pronghorn. The City of Bend does not intend to 
build the reuse disinfection system to accommodate new customers as part of this 
current secondary expansion project. New users of reclaimed water would initiate that 
work. 
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Fact Sheet 2 - Blower and Blower Building Improvements 
1. Many operating IFAS projects have IFAS basins sized for a DO of 6 mg/l.  Design team 

is refining recommendations but are suggesting DO of 4 mg/l.  Team is optimizing 
media fill, DO, to arrive an optimally sized facility.  High speed turbo blowers allow 
flexibility (50% turndown), so you can still achieve air demand with fewer larger 
blowers and meet turndown for flexibility.  

2. CH2M HILL’s experience with operating IFAS systems shows that the design of IFAS 
aeration systems by media vendors tends to be overly conservative and oversized to 
accommodate a DO of 6 mg/L at the design flows and loads.  This leads to start up 
difficulties with turn down for the near term loading rates.  CH2M HILL will be 
working to optimized the design to ensure all key process conditions can be reliably 
accounted for the with the IFAS design. 

 

3. High speed turbo (HST) blower vendors are similar. Motor cooling accomplished by 
liquid or air cooling depending on vendor.  Turndown will be accomplished by integral 
VFDs. The advantage of turbo blowers in this application is that they can achieve 50% 
turn down while maintaining acceptable efficiency. 

4. A 6 or 8 pulse VFD is used, and there is harmonic distortion. Active harmonic filters are 
assumed to be required. Air bearing is a contact bearing during shutdown.   

5. ABS has a electromagnetic bearing that prevents the air bearing from touching down. 
Specifying HST blowers requires careful listing of requirements to achieve equal 
comparison.  

6. 300 HP machines are typical maximum size.  (4) 300 HP machines are maximum that can 
be reasonably fit into the existing blower building.  This only achieves 19,500 scfm.  
Assume 8 psi. Use of fine bubble, vs. coarse bubble diffusers didn’t result in significant 
difference in required scfm.  Use of (3) 600 HP dual air core units plus additional header 
tie-in is required.  Existing blower room has 1000 HP connected load, and need to move 
to 1200HP (two 600 HP blowers) firm operation.  The current air usage is on the order of 
9,000 to 10,000 scfm.  The night time air demands are currently around 4,000 to 5,000 
scfm based on the Deschutes pilot testing data.  The predicted 2010 average annual air 
demand for the IFAS basin is 14,000 scfm. 

 

7. The turbo blowers have air bearings that are the key maintenance/wear-and-tear item.  
ABS is the only vendor that has magnetic bearing that take over when the blower idles 
to save on the wear and tear.  This is good in applications with many starts and stops 
but may not be a big benefit for the Bend WRF aeration system since a large number of 
starts and stops are not expected.  The specification should account for differences 
between manufactures. 

 

8. City expressed that if a new basin is required, then build a new blower building. This is 
a similar approach. New blower building was in facilities plan, existing building not big 
enough for ultimate loads.  Retrofit existing blower building for constructability and 
phasing reasons in coordination with any new building.  Consider base loading 
operating existing muti-stage centrifugal blowers in their most efficient operating point, 
and modulating the HST blowers.  
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9. Constructability of retrofitting the existing building may limit the opportunity to expand 
with 600-HP blowers because all the air piping will need upsized.  Electrical constraints 
may also limit the maximum capacity of the existing blower building.  Phasing of 
upgrading each blower individually with smaller blowers is eaiser and more efficient 
turbo blowers  are expected to have a short pay-back period. 

10. All the high speed turbo blowers have integral VFDs.  However, there is some harmonic 
distortion due to these VFDs therefore, harmonic filters are required.  The specification 
needs to ensure the harmonic filters are included by all vendors. 

 

11. Can’t get to 2030 with current blower building so need to decide when to build new 
blower building. What fraction of the IFAS process air requirements can the existing 
blowers satisfy? 

 

12. Could squeeze more aeration capacity out of the blower building by routing parallel 
feed pipe of north end of header and route around west side of building.  

13. Jason to add electrical evaluation of the existing MCC and determine maximum process 
capacity of the existing blower building.  

 

Fact Sheet 3 - Aeration/IFAS Basin Configuration and Piping  
and Fact Sheet 4 - Existing Aeration Basin Modifications for 
Conversion to IFAS 
1) Big question is whether to provide 4th aeration basin now or defer to a later date.  

2) In previous work evaluation of 4th basin wasn’t considered until the end, because of 
constructability.  Bill reviewed media fill vs. flows/loads.  Adding the fourth aeration basin 
was not considered during the initial process evaluation but could make constructability 
easier.  With the maximum media fill, the capacity per basin is approximately 4.25 MGD.   

 

3) Peak hour flow 67% fill, 3 aeration basins = 13 MGD, 4 basins = 17 MGD. One aeration basin 
with 67% media fill only provides about 5 MGD of capacity.  Option could be to build a 
slightly larger fourth aeration basin to accommodate all the current treatment plant loading. 

 

4) Bill reviewed different scenarios.   

5) City agreed that looking at 4th basin option and optimizing with media in new/existing 
basins is useful.  Look at putting in new concrete, but least amount of carrier media fill, vs. 
modifying existing basins with needed media.  Explain any challenges in RAS/WAS/ML 
combination.  This will deliver more capacity for the longer term.  Falling out of compliance 
is a real risk so we don’t want to walk too fine a line.  

6) Constructability of modifying existing basins (schedule = 18  months) can’t be started until 
after you get a new blower building, and RAS improvements first.  Then we’d be managing 
6 mgd + a year’s worth of growth through this period of having only 2 basins operating 
during construction.   
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7) Bill to complete statistical analysis of the justification of media fill, air demand.  

8) Reviewed IFAS basin configuration sketch.  

9) Consider use of vertical turbine style pump for MLR pump vs. submersible propeller pump 
like existing.  

10) Can we build a new basin and run it as conventional activated sludge system while the 
other basins are retrofitted?  Consider the change from coarse to fine bubble systems during 
this time.   Consider not purchasing media for the 4th basin to offset costs of capacity that is 
not needed. 

11) Continue to consider constructing a fourth basin to minimize construction constraints, 
minimize the risk of permit compliance issues and maximize the capacity gained during the 
current project. 

 

12) Top of wall needs to be high enough to retain media under all peak flow conditions.  

13) Plant drain pump station to drain aeration basins will be designed to drain all basins.  Need 
drainage provisions to keep media in the system.  

14) Concepts for taking sieves out of service. Mike Wilson/CH2M HILL has some concepts for 
this.  

15) CH2M HILL to consider how to swing aeration headers out of the soup.  

16) New headworks has significantly reduced ragging.  

17) Reviewed design criteria (temperature, SRT, sieve area, variable speed MLR pumps) 

18) How long is the City of Bend comfortable having a basin offline for retrofits? 
19) Previous experience with running mixed IFAS/MLE systems suggests that it is 

operationally difficult but most IFAS projects are retrofits and have to deal with this issue. 
20) Prepare a graphic depicting capacity gained versus cost extended of the current project to 

help explain the decision. 
21) The City of Bend would like a detailed comparison of 3 vs 4 basins in terms of costs and key 

variables driving the decision. 
22) Expected start up timing is 6-8 weeks once media is added to the basins 
23) Scenarios to Consider 

a) Build a new aeration basin and buy media for 3 aeration basins (this many make the 
upgrading the yard piping and other improvements easier – may also allow deferral of 
upgrades to a later date). 

b) Retrofit existing 3 basins. 
c) Optimize the size of the proposed AB #4.  

 

Components of the IFAS retrofit 

1) The City of Bend would like replace the current mixed liquor recycle pumps because the 
bearings and seals need replaced about every year and a half.  Current pump is KSB.  The 
City of Bend would like to consider platform mounted axial flow pumps like those at Rock 
Creek. 
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2) Considering a vertical flow meter and control valve for primary effluent distribution as 
current. 

3) Consider options to remove air manifolds and sieves without removing a basin from 
service. 

 
Design Criteria  

1) The City of Bend agrees with the design criteria stated in Fact Sheet 4. 
 

Carrier Media Procurement 
1) Discussed three main vendors. (AnoxKaldness, IDI, World Water Works) 

2) Discussed preselection (selection of media prior to final design).  

3) Using preselection has historically had less risk for changes than for owner-furnished 
equipment.  

4) There is design portion, then there is furnishing equipment, price guarantee, commitment 
letter, agree to bid during a certain amount of time, startup assistance, warranty.   Bill to 
provide IFAS procurement examples.  Use of CM/GC could allow contractor to engage 
IFAS vendor and bidding IFAS media and services.  

5) Jim to discuss with Gary. Agree that preselection method is preferred by City PM team.  Just 
need to work through legal/purchasing.  In any case, the actual pre-selection would occur 
after schematic design but the decision about approach needs to be made during schematic 
design. 

6) The goal would be to know which vendor will be providing the IFAS system prior to 
detailed design. 

7) The City would have to contract with the vendor for design services – although CH2M 
HILL could contract IFAS vendor as subconsultant for design phase.  The contractor would 
then work with the vendor on equipment supply.  If the design goes CM/GC, that would be 
another option for contracting the pre-selection process through the CM/GC contractor’s 
preconstruction services. 

8) The vendor would come on board at the end of 30% design. 
 

Instrumentation 
1) DO, Ammonia, Nitrate, MLR flow meter.  Multiple levels of control would be provided (but 

recognize that there is potential to have the nitrate probe telling you  

2) What are relative accuracy and precision, and range of these field instruments? Where have 
they been installed. Include need for any shelters. What have other installations learned 
about these.  

3) Ammonia would be needed for chloramination, so accuracy of the instrument would be 
important to measure if we’re trying to achieve certain ammonia level.  

4) Energy saving idea:  Meet TN limit, but maybe run with more ammonia than current 
operation. Use of instrumentation would allow this.  
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a) The City of Bend would like to know who is using the probes, how successful are the 
existing installations, how much maintenance do they require, is there additional 
infrastructure do they require, what is the accuracy and precision of the available 
probes. 

b) The necessity of the controlling ammonia for reuse benefits will depend on the 
disinfection system chosen for the reuse water. 

 

Fact Sheet 5 - Secondary Splitter Box Modifications 
Need more site layout definition. Not presented at this time 

Fact Sheet 6 - RAS Pump System Upgrade 
1) Reviewed design criteria.   

2) Maximum beneficial RAS discussed. (no additional sludge blanket or process benefit).  

3) Three existing pumps 2 duty, 1 stanby have a capacity of 2100 gpm each, a firm capacity of 
4200 gpm (6 mgd).  

4) Typically only need RAS rates to be 50 to 60% of ADMM PE flow for process capacity.  

5) How much additional RAS capacity is desired? CH2M HILL should clarify what the RAS 
rate design criteria are and how that might change with IFAS. 

6) The City of Bend has never gone to 100% RAS rate therefore there is no driver to push the 
RAS sizing criteria. 

7) The project team should document when the current RAS system reaches capacity and lay 
out a plan for future expansion. 

 

8) Clarifier physical capability of sludge removal capacity has not been evaluated.  (RSR type 
clarifier).  Determine what the capacity of the sludge removal mechanisms is – is there an 
additional bottleneck associated with that mechanism? 

 

9) The 13 MGD of 3 aeration basins requires all yard piping, all RAS, all air demand sizing so 
this may be far out.   

10) VFD’s are in old/poor condition and should be replaced. The VFDs on the RAS pumps are 
the only ones in the plant that are not Allen Bradley.  The City of Bend would like to 
upgrade them to be consistent with their rest of the plant.  The RAS pumps have check 
valves on them rather than being actuated isolation valves (as done elsewhere on-site) but 
the maintenance on the pumps has been minimal.  PD could evaluate cost effectiveness of 
swapping out check valves (as energy savings idea).  

 

11) Pumps are in OK shape for near term.  

12) Jason to evaluate crane capacity improvements needed for future new pumps. (concept 
design for new jib crane?) 
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13) Capacity of WAS pumps was based on wasting in 8 hour day, then feed to digester 24 hours 
per day. WAS pumps provide capacity out to 2030.  This will eventually require additional 
thickening equipment. Providing higher WAS pump capacity would allow more future 
flexibility of thickening equipment. A 200 gpm WAS rate at 2030 Max month conditions 
with 4 aeration basins would result in wasting 23 hours a day, 7 days a week. Currently 
waste and operate the GBT 24 hours/day, 7 days a week.  The facility plan criteria provides 
a design criteria of 500 gpm Joe Burghardt had indicated that he thought that there is a 350 
gpm limitation to the system.Bend staff at the meeting did not feel that their GBT or wasting 
pumps are limiting with respect to capacity.   

 

14) WAS pump VFD is newer, but consider if we need to update in line with RAS.  

15) Need new PLC in this building to replace existing.  

16) Bubbler is gone from RAS/WAS wet well. A pressure transducer is reportedly used to 
monitor level. The WRF has a pressure sensor to control level in the RAS well 

 

17) Sump pumps in building need to be replaced.  (may have other problem, controls, 
piping…evaluate in PD or SD).  

18) Tank drain for AB #3 is not tied into common tank drain system throughout plant.  The tank 
drain for aeration basin 3 is not tied into the tank drain system for the rest of the plant.  AB3 
has a fitting to connect a pump for basin drain. 

 

19) Ventilation. Review for compliance with NFPA 820.   

 

Hydraulic Evaluation and Preliminary Yard Piping Evaluation 
1) Griff and Brady discussed site layouts for disinfection, yard piping (SE, ML, PE, PI). 

2) The discussion from the last meeting was to keep the reuse disinfection facility separate 
from the rest of the plant discharge disinfection system.   

3) Since a new disinfection system is necessary, it is proposed to dedicate the existing CCBs to 
reuse disinfection downstream of the filters and build a separate facility elsewhere on the 
site where there is more space and the yard piping and hydraulic constraints can be 
minimized. 

4) There is an existing 42” stub coming into the site to eliminate the hydraulic bottlenecks that 
occur through the primary effluent. 

5) Can not go any further north than the secondary clarifiers with new structures on the site 
because of the BPA power lines (unless they get moved).  Can put buried piping through 
that corridor though. 

6) Options for disinfection pipe rerouting were discussed to address both reuse disinfection 
and plant discharge. Issues associated with existing power lines and location of existing 
outfall to seepage ponds may drive siting decisions for new disinfection basins. 
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Coordination between Miscellaneous I&C Projects and WRF 
Predesign (see attachment from Jeff Kanyuch) 

 Solids.   

 Plant water process flow diagram.   

 Primary Clarifier.   

 Potable Water process flow diagram.   

 Air System process flow diagram.   

1) There should be coordination with existing projects (potable water, plant water, solids 
handling and primary clarifiers) to ensure that the current improvements are compatible 
with the new design. 

2) Some elements of the Misc I&C work should be delayed and scoped as part of the overall 
predesign/plant upgrade work. CH2M HILL will work with City staff to re-define near 
term priorities and align remaining work with the overall plant upgrades. 

3) Have updated process flow diagrams and control block diagrams for plant water, hot water, 
potable system, and air systems that contain better information than is available in the 
existing plant drawings. 

 

Schedule 
 

1) Site visit for IFAS/Blowers Nov 16th (preferred) or 18th.  

2) Suggest using the November 17 date both the alternative delivery workshop and another 
workshop to address open issues raised during this workshop.  The draft report is expected 
to drift into early December. 

3) Friday November 12 was chosen for another blower/IFAS manufacturer visit during the 
last workshop but November 11 is a holiday and may limit attendance.  Suggest a 
blower/IFAS visit on November 16 instead. 

4) Bend would like to see site layout options in the next workshop illustrated onto current site 
plan. 
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M E E T I N G  S U M M A R Y   

 

November 17, 2010 - WRF Secondary Expansion 
Project Definition Workshop #3 

Jim Wodrich/COB 
Paul Roy/COB 
Jim Griffiths/CH2M HILL 

Dave Green/CH2M HILL 
Brady Fuller/CH2M HILL 
Lizzy English/CH2M HILL

File

FROM: Brady Fuller 

DATE: November 18, 2010 

 

Discussion @ WRF prior to Boyd Acres Meeting 
Scott Thompson to provide SCADA flow data from effluent flow meter @ CCB for peak flow 
duration when Secondary Clarifier weirs were overflowing.  

Brady task - Description of hydraulics work in TM should give a step-wise description.  
Siphon hydraulic capacity under NUID canal is limiting peak conveyance to plant.  
Hydraulics TM should also provide paper trail to the peak flow values used (especially the 
50 mgd modeling flow.  Link facilities plan, collection system master plan, headwork design 
to this project. Provide information for future project teams to look back on and understand.  

Jim Wodrich to provide hydraulic memo and analysis from Headworks project. This helped 
set headwork finished floor elevation. Predesign work should utilize flow projections and 
peak flow logic from the Headworks project, aligning downstream facilities with the current 
capacity and buildout capacity of the Headworks. 

Original plant was sized for 12 mgd peak flow (see BECON drawings) 

Proj Definition report should provide decision path that led to decision to abandon existing 
CCB and build new ones.  

Plant drain pump station. Assume dry pit style, and go to submersible only if dry pit is 
determined to be too expensive or unworkable. More planning needed to site and determine 
best configuration.  Existing AB 1 and 2, and PC’s are drained to RAS pump station.  AB 3, 
future AB 4 and new CCB’s also need permanent drain.  Project team to optimize the site 
location and discharge locations (later in the day, we discussed possible separation of PC, 
AB and CCB drain functions since the discharge locations of all these process flow streams 
seem to vary.  Project Definition should define proposed locations, design criteria (type, 
flow rate, discharge location). Wet well for pump station should match top of wall of facility 
that it’s draining.  

ATTENDEES: 

COPIES: 
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Jim/Scott described the allowable plant shut-down duration.  2 hours from 4am – 6am.  Jim 
Wodrich to provide documentation memo used to define the shut-down duration for 
headworks project.  

Discussion @ Boyd Acres with Jim and Paul 
Project presentations should be structured, formal, and well-researched prior to the 
meetings with staff.   

Conduct the evaluations, rely on the science, and give the City recommendations and tools 
to make decisions.  

Don’t focus on cost at expense of considering ways to innovate.  

Communicate all requests and project information through the City’s project manager. 

Review of Draft Presentation. 

Headworks and plant wide yard piping/hydraulics  
Show what is needed for 30 mgd, vs 50 mgd.  Add 30 and 50 mgd annotations to page. 
Define blue vs. red (existing vs. new).  Show piping that’s too small presently (ie..30-inch PI) 

Describe why we are putting in parallel 30” when original plant had only one 30”.  (this is 
difference between original peak Q of 12 mgd vs. 50 mgd now) 

Brady to add direction lines to yard piping figure ( This may change for existing vs. new in 
the SE pipes for instance).  Label all lines.  

Brady to look @ need for entire loop of 54-inch pipe around secondaries.  If loop not 
provided, do you need to retrofit existing 24-inch or 30-inch SE pipes from SC 1 and 2.  Or 
parallel them?  

Primary clarifiers 
Description of peak flows in PC’s and overflow rate needs to explain that design PC 
overflow rates are higher now than in 1980’s.  Dave to Clarify 3000 gpd/sf or 3500.  (fix and 
match in presentation). 

Make the right decision about type of pumps for new clarifier, and then retrofit existing PC 
pumps.  Coordination of timing of primary sludge pump control is critical part of design.  

Remove 18” RAS description in presentation and move to RAS pump station slide.  

Plant drain pump station 
Capacity needs to keep up with two washdown hoses, and wet well needs to be deep 
enough to accept all flow. Discharge location of ML from AB drain should be PE header or 
similar location.   Discharge of PC should be PC splitter box, or PE header.  Discharge of 
CCB should be the other CCB. (this suggests that CCB may need an integral drain pump. 

Primary effluent piping 

Label 12” PE and label RAS.   
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RAS pump station and piping.   
RAS rate basis of design is 50% of PE flow up to DWMM.   Existing 6 mgd RAS capacity 
(pumps) suggests that RAS pump capacity is good to 12 mgd PE flow which is beyond 2030 
planning period. However, typical design criteria is to match RAS capacity to 100% PE to 
allow flexibility.  Assume startup RAS rate @ 50% will remain acceptable, and will allow 
WRF time to determine if RAS pump upgrades need. PD report will recommend some field 
testing of RAS peak flow capacity from clarifiers to RAS wet well.  

Aeration Basins 
Alternative 1 – Retrofit 3 AB.  Do not build AB 4. assumed MLSS and SVI are unrealistically 
high/low.  Need to run @ 2400 MLSS, and SVI = 250 and see capacity.  Bill Leaf to complete 
probability/ risk analysis to help City make decision on 3 AB’s or 4.  Paul does not prefer 
seeking waiver to WRF discharge permit to allow construction phase reduced performance.  
Clarify that the 8.5 mgd flow assumed during startup is this 8.5 mgd value (planning has 
committed development that hasn’t yet connected). 

Alternative 2 – Retrofit 3 AB’s, and add SC #4.  This helps settling and SVI issue, but not 
nitrogen removal.   SC #4  not needed until 2025 approx otherwise.  

Alternative 3 – Add AB 4. Retrofit AB 2, 3, and maybe 1.  What is cost to set AB 1 up for 
IFAS, but not buy media? Include capacity of (4) AB’s with 66% IFAS fill. = 17 mgd ADMM, 
and 42 mgd peak.  Acknowledge that choosing Alt 3 requires that you commit to making all 
yard piping improvements.  Point out that AB #5 is beyond planning period, but that AB#5 
was needed for the MLE alternative evaluated in the Process Evaluation.  

Discuss accuracy of Parshall flume over entire flow range. Add future Parshall flume for 
future CCB 3 and 4.  

Struvite  
PD report to show elimination of degass basins and how to route filtrate and supernatant to 
appropriate locations (PE or PI).   Has this been modeled (assume 8 hours per day 
dewatering).  Bill described struvite chemistry, and mitigating measures.  PD needs to 
include provisions for struvite control station (assume this is chemical addition of ferric?) 

Blower building 
Spell out high speed turbo blower first instance of HSTB. List existing blower building 
capacity (9,000 scfm?) 

Need to clearly spell out the reasoning and recommendations for various blower sizes, 
layout, re-use of existing as redundant.   

What is minimum IFAS mixing requirements (SCFM) and how does this compare to 
minimum process air needs and blower turndown/sizing?  

Need to re-order the ML/Blower/SC slides in logical order.  

SC RAS hydraulics – Brady to talk with Jason about max RAS hydraulics, need for future 
RAS pipe (at what flow), and the field testing we’re recommending.  
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Disinfection/Re-use 

Jim Wodrich to provide water system hypo demands. 

Consider relocation of plant water pumps to new CCB’s and also associated piping (and 
hydropneumatic tank or VFDs’??)  

Clearly document basis of design for hypo tank storage area (pole-barn, sun shade, 
insulation).  

In presentation need to show existing CCBs abandoned, show new in-vessel UV. 

Re-use alternative 2 is way too complicated and conclusion is not recommend. Make 
description in fact sheet very brief, and don’t review in workshop.  

“RL” flow stream may be typo. Jennifer Change to check.  

Call out demo/relocation of Pronghorn line.  

Jennifer find a better screened back site plan that shows re-use area.  Hard to see on screen.  

RE-use top of wall at filter PS needed.  

Presentation should address the issue of abandoning facilities head-on…this happens..staff 
may have a hard time with this.   

The north property boundary issue is currently unclear. Brady asked WHPacific Nov 18th to 
look at it, and come back with findings.   

Jim Wodrich to provide conditional use permit details and memo that Carollo (Eimstad) 
wrote.   

Cleaning needs for UV – include something in fact sheet. 

Does hypo for residual go upstream of downstream of UV, or does it matter? 

For Alternative 2 reuse, we could cartoon the yard piping for presentation to depict that it’s 
unreasonable option.  

Summary 

Presentation to include “decision points” and monetary vs. non-monetary decisions. 

3AB or 4AB 

Yard piping to go with either of selected options.  

 

Cost estimating:  

For presentation, describe that we started with process evaluation, construction costs, build 
up to final planning costs. Brady to provide Lawson at cost estimating template (City 
standard) 
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Bring CM/GC options after phasing/sequence discussion is known.   

Need to know cost differential between 3AB and 4AB.  

Submit costs/fact sheets 2 days prior to Dec 2nd workshop 

Add recommendations section at end of each fact sheet to succinctly summarize 
recommendations.  

 

Action item summary 
1. Scott Thompson to provide flow data from effluent flow meter @ CCB for peak flow 

duration when Secondary Clarifier weirs were overflowing.  

2. Jim Wodrich to provide hydraulic memo and analysis from Headworks project. This 
helped set headwork finished floor elevation.  

3. Jim Wodrich to provide documentation memo used to define the shut-down duration 
for headworks project.  

4. Bill Leaf to complete probability/ risk analysis to help City make decision on 3 AB’s or 
4.  Paul does not prefer seeking waiver to WRF discharge permit to allow construction 
phase reduced performance.   

5. Brady to talk with Jason about max RAS hydraulics, need for future RAS pipe (at what 
flow), and the field testing we’re recommending.  

6. Jim Wodrich to provide water system hypo demands. 

7. Jim Wodrich to provide conditional use permit details and memo that Carollo (Eimstad) 
wrote.   

8. Brady to provide Lawson at cost estimating template (City standard) 
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Bend WRF Predesign: 
Project Definition Workshop No 3

PRESENTATION

Project Definition Workshop No. 3

Sample boxes for pic inserts

Dave Green, CH2M HILL 

Jim Griffiths, CH2M HILL 

November 17, 2010

William Leaf, CH2M HILL

Brady Fuller, CH2M HILL

Workshop Agenda

• Introductions/Objectives

• Unit Process Review and Direction

• Cost Information

• Project Summary / Schedule

• Path Forward through Predesign
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Headworks

• No work planned for this facility

• Existing Capacity: 30 MGD

• Ultimate Capacity: 45 MGD

• Buildout Capacity: 50 MGD (from Collection System Model)

• Utilize existing 42‐inch header in headworks

• Plant shutdown duration? All flow?

3

New Headworks and Existing PI Piping

4
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New Headworks and Existing PI piping

5

Headworks

PRIMARY CLARIFIER 
SPLITTER BOX & 
SLUDGE PUMP 
STATION

6
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Primary Clarifiers

• Exst 65‐foot diameter clarifiers

• 10 mgd peak capacity each based on SOR• 10 mgd peak capacity each, based on SOR 
3000 gpd/sf

– Some constraints with existing PI/PE piping

– Existing Primary Sludge PS location also 
constrains PI piping upgrades

• Existing primary clarifier splitter box set up 
for addition of 3rd clarifier

• Existing primary sludge pump station 
configured for two primary sludge pumpsconfigured for two primary sludge pumps 
with primary scum pump pulling off of 
primary sludge suction.

• Existing primary sludge pumps do not 
currently allow for automated control or 
monitoring of discharge flow.

7

Primary Clarifiers

• PI/PE Hydraulic Improvements:

ll l ” l f d f d k fl– Parallel 42” PI line from west side of Headworks to new PC influent 
structure

– Parallel 30” PI line with existing 30” PI to existing primary clarifier splitter 
box into PC3 location

– Modify existing primary clarifier splitter box for parallel feed

– New 42” PE line from PC3 to the 42” AB influent header

• PSD Improvements:

N P i Sl d /S P St ti f PC3 d fi d f f t– New Primary Sludge/Scum Pump Station for PC3 and configured for future 
PC4

– Existing PSD pumps modified for automatic control and flow monitoring or 
replace pumps

– Modify existing primary scum system to allow for automated control
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Primary Clarifier Layout Alternatives

• West Alternative: Build PC 3 to the west to allow parallel PI/PE piping

– Drives the need for a new Primary Sludge/Scum Pump Station. 

– New PS would serve both PC 3 and 4, perhaps integral with AB dewatering 
pump station.

• PC4 Alternative: PC 3 in location slated for PC 4

– Might allow use of existing pump station

– Long sludge suction lines to existing pump station 

Primary Clarifier Layout Alternatives –
West Alternative

New PC3
Future 
PC4

Exst
PC2

Exst
PC1
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Primary Clarifier Layout Alternatives –
PC4 Alternative

PC2PC1

Additional Primary Clarifier Design Issues

• Need new flow splitter structure for PC 3&4

• Under ultimate peak flows of 50 mgd PI:

– Increase SOR thru all primary clarifiers to 3800 gpd/sf

– Increase SOR thru PC 3 and 4?

– Flooded weirs through primary splitter boxes

– Headworks hydraulics?

• Need to address flow split and flow/solids equalization issues. 

– Could operate PC 1 and PC2 during normal flows and use PC3 for peak flows

• Need new flow splitter structure for PC 3&4
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Primary Clarifier Constructability Issues

• Build and startup PC3 offline with separate splitter box

• Connect new PE from PC3 over to west end of existing PE header• Connect new PE from PC3 over to west end of existing PE header

• Disconnect and upgrade PI to PC1&PC2 influent/effluent

• Connection of parallel PE, upsizing of existing PE to 42” for PC1&PC2

• Consider delaying PC1&PC2 piping upgrades until full IFAS upgrades are in 
place (3 ABs)

• Modify existing primary sludge/scum suction piping to allow for automated 
operation of primary sludge & scum systems

• West Alternative:

– New Primary Sludge/Scum PS allows for retrofit of existing PS

• PC4 Alternative:

– Connection of PC3 sludge and scum to existing Primary Sludge PS

– Installation of 3rd primary sludge pump into existing PS

Primary Clarifier Constructability Issues (continued)

• Operating with PC3 only for some period of time 

– Consider delaying PC1&PC2 upgrades until full IFAS upgrades are in place (3 
AB’s)

• Current 18” RAS line is adequate for 8.5 MGD ADMM flows

– Need to parallel 18” RAS with AB 4 and 5
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Plant Drain Pump Station

• Clarify current ability to drain

– Aeration basins?

– Primary clarifiers?

• Define criteria and goals for operations and maintenance

Plant Drain Pump Station

• Need to show drawing with proposed Plant Drain PS?
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Aeration Basin Influent Connections

Aeration Basins

• Alternative 1

– Convert 3 existing units to IFAS

• Alternative 2

– Build SC #4 to address SVI concerns

• Alternative 3

– Build AB4 prior to converting AB1,2 &3

– Build AB4 w/common wall construction or separate new basin to the west
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Aeration Basin Site Plan

Aeration 
Basin 4

19

Aeration Basins ‐ Alternative 1

• Convert 3 existing units to IFAS

– Sequence construction one AB at a time

– MLE Operation with only two basins required for XX months

– Capacity of (2) Existing MLE Aeration Basins ‐ PRELIMINARY

• 6.0‐mgd ADMM

– SRT = 7.5 days (Temp = 17‐deg C)

– MLSS = 3,600 mg/L

– SC SLR = 22.3 lb/day/ft2 (with 3, 80‐ft Dia SC in Service)/ y/ ( , )

– Limiting SC SLR = 29.0 lb/day/ft2 (with SVI = 179)

• Include temporary post‐anoxic zone to meet effluent TN < 10 mg/L

• TBD – Document seasonal impacts on capacity

• TBD – Determine probability/risk of TN limit exceedance
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Aeration Basins ‐ Alternative 1

• Convert 3 existing units to IFAS

– Operational Tools for 2‐basin period:

• Flow Equalization

• More air?

• Step feed?

• Polyaluminum chloride (PAX) for SVI control?

• Temp RAS pumping?

– Permit variance with DEQ?Permit variance with DEQ?

Aeration Basins ‐ Alternative 1

• Convert 3 existing units to IFAS

– 8.5 mgd ADMM – Initial design point

• Two basins – Need 55% media fill

• Three basins – Need 25% media fill

– Turn flow 90 degrees in carrier media zone to maximize capacity.

• Allows optimal zone volume/media fill, within design approach velocity criteria

• Without turning flow, reduced IFAS capacity (as a result of maintaining required 
approach velocity criteria)

– Results in minor increase over existing MLE basins
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Aeration Basins ‐ Alternative 2

• Convert 3 existing units to IFAS

l d f– See previous slides for IFAS conversion steps

• Build SC #4 to address SVI concerns

– Additional SC will provide additional solids loading capacity, allowing 
increase in AB MLSS

– Preliminary evaluation:

• SC SLR = 16.7 lb/day/ft2 (4 SC in service)

• Limiting SLR = 23.6 lb/day/ft2

• Maximum SVI = 296

• Retrofit existing 3 AB’s

• Sequence construction one at a time. 

– Same duration for operation with only 2 aeration basins

Aeration Basins ‐ Alternative 3

• Building AB4 is optional and expensive but easier from a 
i / i k t d i tsequencing/risk standpoint

– Startup as MLE basin with no media

• Retrofit AB #3

– Continue to operate as MLE basin

– Add media and convert to IFAS operation

– Operate AB 4 and AB 3 as IFAS basins, AB 2 and AB 1 off‐line

fi A #2• Retrofit AB #2

– Distribute media to all 3 AB’s and startup AB #2 with IFAS

• No retrofit at this time for AB #1
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Aeration Basins ‐ Alternative 3

• Build AB4 offline w/common wall construction

• Discuss location of 4th AB common walled with AB3 as probably more 
advantageous that separating AB4 but depends somewhat on whether 
there is an eventual AB5.

• Also evaluated larger AB #4 but saw no benefit.

Mixed Liquor Hydraulic Improvements

• Parallel 54” ML line running north, west of blower building and SC 2, to 
litt b d t i i t th i ti SC litt b t lia new splitter box and tying into the existing SC splitter box to equalize 

flow

• Run new 54” ML to new SC splitter box (in same trench as 54” SE)

• Reconnect SC2 to the new splitter box and stub out connection for 
future SC4

• Observe that building SC4 new would alleviate loading difficulties during 
AB1,2,3 retrofit period., , p

• Determine if portions of new 54” SE could be delayed until construction 
of SC #4.
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Blower Building(s)

• Short term retrofit of the existing bldg (with HSTB) vs building new 
bl f ilit ( ith HSTB)blower facility now (with HSTB)

• Alternatives:

– (1) Construct new blower building now with enough capacity, in addition to 
existing, to handle the load through the design period

– (2) Retrofit existing blower building now, plan for new blower building in 
the future

• Design criteria for alternatives comparison is only 6.5 mgd ADMMg p y g

– Allows for comparison at startup conditions, where blower turndown is 
greatest

– Typically, turndown requirements of blower system can drive equipment 
selection

Blower Building(s)

• Design criteria for alternatives comparison is only 6.5 mgd ADMM

– Firm capacity of 21,000 SCFM (largest blower out of service)

– IFAS air demand criteria

• Allow for DO = 6.0 mg/L in carrier media zone – colder seasons, ambient 
temperature of 15‐deg C

• DO to be less than 4.0 mg/L in carrier media zone – warmer seasons, ambient 
temperature of 25‐deg C

• Blower turndown requirements – impacts with reduced nightly flow and 
loads

– Deschutes Brewery nighttime discharge is advantageous, air demand will be 
more consistent
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Blower Building(s) – Alternative 1

• Short term fix in existing building now with eventual construction of 
bl b ildinew blower building

• 400 HP units are needed in retrofit of existing blower building – not 
much industry experience with this size.

• Even with 400 HP units, existing blower building does not meet full air 
demand from AB 1‐3

• Small blower is also needed for turndown

• Discuss $, Pros and Cons, seasonal variability in IFAS air demand, blower 
turndown capability/limitations

Blower Building(s) – Alternative 1

• Insert Drawing showing retrofit of existing blower building
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Blower Building(s) – Alternative 2

• Alternative is to construct new blower building now with enough capacity, 
in addition to existing to handle the load through the design periodin addition to existing, to handle the load through the design period

• Use of 300 hp turbo machines enhances turndown capabilities over larger 
units

• Small blower is still needed for turndown

• Use existing blower building for backup/redundancy but operate turbo 
blowers to achieve energy savings

• Eventually, existing blower building would be converted to turbo blower 
facilityy

• Discuss $, Pros and Cons, seasonal variability in IFAS air demand, blower 
turndown capability/limitations

Blower Building(s) – Alternative 2

• Insert Drawing showing retrofit of existing blower building
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Secondary Clarifiers

• Capacity with (3) existing clarifiers available for near‐term conditions

– Up to 10‐mgd ADMM, firm capacity

– Fourth clarifier needed about 2025/2027 (based on facility plan projections 
of flow and load)

• One more (fourth) provides capacity for 16‐mgd ADMM (assuming 4 
IFAS aeration basins in service)

• Fifth clarifier required for buildout beyond 17‐mgd ADMM

Secondary Effluent (SE) Hydraulic Improvements

• New 54” SE around existing SC’s to the north and east to new CCBs

– Tie into existing SE piping to eliminate hydraulic bottlenecks

– Defer some of the proposed 54” SE piping if possible

– Install new SC splitter box now with portion of 54” ML and 54” SE

• Existing SE piping from SCs to the existing CCBs becomes dedicated to 
supplying Reuse only

• Brady to develop construction sequence for SE piping
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Secondary Effluent (SE) Hydraulic Improvements

• RAS capacity from each SC may be limited by mechanisms? 

• Need to test?

RAS Pump Station

• Capacity is OK for this expansion phase (8.5 mgd ADMM)

– 50 to 60% RAS requires only 5 MGD

– Current firm capacity of RAS pump station=6 MGD

• Additional capacity (probably a new pump station) will be needed for 
fourth AB

• Consider RAS piping from new SC 4 and where/what direction that 
piping would run?
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Plant Effluent Disinfection

• Existing CCBs currently used for disinfection of all plant flow. Reuse flow 
i d f CCB ffl t th h filtis pumped from CCB effluent through filters

– Existing CCBs are at capacity

– Requires reconfiguration of reuse flow to meet current DEQ requirements

– Location is not suitable for long‐term expansion

• Existing 42” outfall is at capacity for planned 30 mgd peak flows

– Determine timing for parallel outfall

l i i hl i i h d li d di h hl i• Replace existing chlorine gas system with delivered sodium hypochlorite 
system

– Provide sufficient storage for WRF and for use at off‐site applications

Plant Effluent Disinfection

• Two new 15‐mgd CCBs in the area north of reuse facility

– Existing Pronghorn line to be rerouted around basins, parallel to existing 
plant outfall

– Parshall flume to measure plant effluent flow

• Existing Plant Water Pump Station located at existing CCB influent can 
continue to be used, expanded as necessary 

– Use hypochlorite totes for disinfection due to distance from new Chemical 
Facility

• Reuse Disinfection Options:

– In‐vessel UV (Alternative 1)

– Existing CCBs (Alternative 2)
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Plant Effluent Disinfection

• New Chlorine Contact Basins ‐ Plan

Plant Effluent Disinfection

• New Chemical Facility (sunshade structure) ‐ Plan
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Reuse Facility Modifications Alternatives

• Alternative 1

Modify SE piping to divert SE to existing filter feed PS– Modify SE piping to divert SE to existing filter feed PS

– Utilize existing Pronghorn reuse pumps to drive flow through new in‐vessel UV units and on 
to Pronghorn

– Use sodium hypochlorite for residual in reuse pipeline

– Reroute RL piping parallel to existing 42” outfall, around new CCBs

• Alternative 2

– Divert SE flow to new filter feed PS and connect to filter influent piping

– Relocate existing filter feed pumps to new PS

– Reroute alum to new filter feed PS

– Reroute filter effluent piping to gravity flow into existing CCBs

– Use hypochlorite to disinfect reuse flow

– Use existing filter feed pump station with new submersible reuse pumps to Pronghorn

– Reroute RL piping parallel to existing 42” outfall, around new CCBs

REUSE FACILITY MODIFICATIONS

Alternative 1

Existing Filter Effluent 
Wetwell & Reuse Pumps

Existing Filter 
Feed PS
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REUSE FACILITY MODIFICATIONS

Alternative 1

REUSE FACILITY MODIFICATIONS

Alternative 1

• UV Reactors

8’

18’



2/9/2011

23

REUSE FACILITY MODIFICATIONS

Alternative 1

• UV Area Plan

REUSE FACILITY MODIFICATIONS

Alternative 1

• UV Area Section
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REUSE FACILITY MODIFICATIONS

Alternative 1

• Electrical Room Plan

REUSE FACILITY MODIFICATIONS 

Alternative 2

Exst PS,
New Pumps

New Filter 
Feed PS, 

Exst Pumps
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Solids Building Modifications

• Add second belt press (not a dual‐use unit) 

• Include controls upgrades and modifications started by Kanyuch

Potable Water System Modifications

• Complete as an early‐out package

• No additional loads anticipated on this system as a result of the 
Secondary Improvements Project at this time



2/9/2011

26

Cost Estimating Approach for WRF Predesign

Updated Schedule for Project Definition
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QUESTIONS??
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M E E T I N G  S U M M A R Y   

 

Bend WRF Secondary Expansion,  
Project Definition Workshop #3 Notes 

City of Bend 

Jim Wodrich 
Steve Prazak 
Paul Roy 
Jason Suhr 
Scott Thompson 
 
 

CH2M HILL  

Dave Green 
Jim Griffiths 
Jason Krumsick 
Bill Leaf 
Jim Frost 
Brady Fuller 
Jeff Kanyuch

FROM: CH2M HILL 

DATE: December 7, 2010 

 

I&C Meeting (Pre-meeting with Wodrich, Kanyuch, Green & Fuller) 
1) Manage I&C work so that it is prioritized and addressed efficiently through predesign 

and design of the WRF improvements. 

2) City License for PLC’s does not support function block programming (RSLogix 5000 
programming software). Headworks was programmed with all ladder logic – no block 
programming. Jim to ask Harris about the use of function blocks. 

3) Ask Griff re: W3 System pump capacity 

4) Kanyuch to put all decisions needed from City of Bend (or Harris) in writing. Send 
through Dave and Brady. 

5) Change Notice will be prepared to cover all Controls work in the Digester Mixing and 
Secondary Predesign projects. Scope of work will be revised but overall existing budgets 
will not be exceeded. CH2M HILL will transfer costs and coordinate with accounting to 
incorporate new/modified scope. 

   

ATTENDEES: 
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Agenda for Project Definition Workshop No. 3: 

1. Review Unit Process Decisions and Assumptions 

2. Review Alternative Configurations/Approaches 

a. Primary Clarifier layout 

b. Aeration Basin retrofit vs. new basin 

c. Blower building expansion/upgrade 

d. Secondary Clarifier Options (depending on AB retrofit decision) 

e. Disinfection for plant effluent 

f. Filtration and Disinfection for Reuse 

g. Yard Piping 

3. Review comparative cost comparisons and phasing opportunities 

4. Review preliminary Site Layout and Site Circulation Plan 

5. Confirm cost estimating approach for overall Project Definition 

6. Review revised schedule for Project Definition Report 
 

Headworks Facility 
1) Scott Thompson has “black book” re: hydraulics. Scott will provide data/history of flow 

events. 

2) Power monitoring for headworks?  Not currently in the project. (Jim Wodrich/ Jeff 
Kanyuch to determine)  

Primary Clarifiers 
1) Facilities Plan Memo was reserving space for PS degritting in original PC 4 locations.  

2) Cost of PS pump station? CH2M HILL will determine as part of the overall cost 
estimate. 

3) Existing PC Pump station could be able to serve PC 3 on interim basis to defer cost of PC pump 
station 

4) The cost differential between the two PC layout options is mostly in the sludge PS costs 
– new PC3 to the west of PC2 will require a new sludge PS be constructed with PC 3. 

5) Tweak drawings showing PC 4 and PC 5 to show full 50 mgd buildout (similar to other 
site hydraulic drawing). 

6) Flow split to PC’s in PI piping is not “trimmed” - no magmeters and valves to modulate 
flow to PC’s. 

7) Cost estimates- check if PC1 and PC2 sludge pump cost upgrades are included in cost 
estimate? 

8) Brady/ Griff check size of 42” PE header too small for range of on-line AB’s? 

9) Review maximum duration of shutdown of PC’s. Review overall Schedule/ Sequence. 
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Aeration Basins 
The temperature can change 3 to 4 degrees within 30 days (March- May) due to storms and 
snow melt and warming weather. 

Highest ML has been up to 3500-4000 mg/l, 10,000 RAS, but ML concentration for an 
extended period= 2700 mg/l±. 

Commissioning Plan- need to build into schedule/ sequence 

Alt #’s in fact sheet do not correspond to Alt #’s in the PPT presentation (or in PPT 
presentation). CH2M HILL will make notes in the PPT presentation to address. 

CH2M HILL will carry retrofit for all 3 existing aeration basins forward in cost estimate.  

Design Issues:  

 High rate curtain of dissolved oxygen (DO) will not be required with IFAS. 

 Need to provide accommodations in design for future supplemental carbon source.  

 Scum is designed to be removed or knocked down. 

 Fire Protection for media storage? CH2M HILL to check.  

Blowers 
400 HP blowers req’d to make exist blower bldg work.  City staff sees this as a fatal flaw, 
given the lack of vendor experience with 400 HP units. 

Any ice/frosting issues on intakes outdoors, Need to check on vendor experience. City of 
Bend does not currently have frosting issues on air intakes. 

Trigger point for retrofit of existing blower building – approximately XX mgd, ADMM. 

Use of CMU block building similar to existing is preferred by City.  

Secondary Clarifier 
CH2M HILL (Jennifer Chang) to  write secondary clarifier testing plan/ protocol for RAS 
removal. 

Common Wall construction for CCB is preferred for cost savings.  Adjust site plan 

Add in water system demand for hypochlorite into final report.  

Frost find overall site plan.  All is EFU.  

Is conditional use permit only covering portion of site, or is the entire site permitted for the 
treatment plant uses? Jim Frost to follow up.  

How many hypochlorite suppliers are there that could compete for service to Bend. Jennifer 
Chang to find out and document.  
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Pace disinfection off plant effluent flow meter?  The number of CCB’s in service may affect 
the dosing location, and pacing depending on number of dosing locations.  

Reuse 
Provide hypo before/ after UV disinfection?  CH2M HILL plans to give option to dose at 
either location.  

Provide recommendation for running tests on transmisivity.  There was not apparent issue 
with using fluorometer for the brewery pilot work.  IPP Program should prohibit photo 
inhibitor chemicals as this will affect UV transmittance.  

Provide for hypo feed on both sides of UV, confirm hypo doesn’t affect UV 
Test effluent for photo-inhibiter, scaling potential, transmissivity, elastomer handle hypo, 
winterization issues 
 

Design for ability to drain the UV Reactors.  Are they typically kept wet/full of water? 
Design for freeze protection. How to mothball/ drain the units at end of each season?  Re-
use memo to include provisions for this.  

Elastomers must handle hypochlorite.   

Confined space issues may exist with UV reactor layout.  Avoid this if possible.  

Schedule Aquionics for vendor site visit.  

Is chemical cleaning needed? Alum- any scaling issues expected? Alum is used in the 
filtration process upstream of the UV reactors.  

Solids System 
Evaluate support systems, and trigger point for improvements 

Look out farther and what is plan for 2030? 

Run 2 BFP’s- check simultaneous operation and ability of polymer/support systems to 
accommodate these flows.  

Labor is a big issue, so design approach shouldn’t just assume that more hours of operation 
are acceptable.  Need to continue to get City input on resulting hours/week of operation.  

Presently dewatering is fed at 2% total solids - but trying to increase TS in digester to 4%-
5%.   

Where was the dual use unit Scott saw?  Scott to provide name of facility for CH2M HILL 
follow up regarding TWAS conveyance and effectiveness of that approach.  

Carry cost to support both machines in the cost estimate.  

Design Criteria should be documented in memo. What is the current loading of the BFP.  
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Site Civil 

General 

Updated scope needed from WHPacific for site survey of missing areas.  

Point out Bonneville Power Administration easement. 

Some additional refinement of site layouts for CCB’s and chemical building may be needed.  
Utility relocate for CCB ¾. Move Chem Bldg to east. Shift CCB ½ to South 

Brady/Frost meet to review design dwgs for site boundary. Staff confirmed that walking 
access must be provided around entire secondary clarifier perimeter.  

RAS and Blower building elevations 
Site layout of blower building and future RAS pump station at “mid elevation” between 
native ground and secondary clarifier perimeter walkway did not seem objectionable.  

CCBs  
Common walls with the CCBs, with CCB 3 and 4 lined up north-south with 1 and 2, a 
temporary road around the north side of 1 and 2, and a future road around the north side of 
3 and 4 seemed the preferred direction.  That leaves about 25 feet between the northwest 
corner of 3 and 4 and the BPA ROW.  We could reroute the 8” sewer from Pronghorn and 
the 14” Avion Water line in this space, under the future road around the north side of CCB 3 
and 4.  The parallel 42” outfall would then need to extend further south.  WHPacific can 
obtain a surveyed location of the 42” outfall to better define this relatively tight area.  
 

Vehicle Circulation 
WHPacific to run Vac Truck in AutoTurn software to confirm circulation with Vac Truck is 
no worse that with fire truck.   
 

Other site issues 
 
Provision for Supplemental Carbon Source for Future 
Show rough plant property lines 
Check Newton’s review of Land Use, meet with Anthony Raguine, County Planner, at some 
point to review conceptual plans and any land use issues 
 
 
Next Step 
 
WHPacific to update topo survey scope and fees for new areas, once team is confident the 
City has accepted the recommended layouts for PCs, CCBs, and Reuse locations. 
 
 

ACTION ITEMS  
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I&C Meeting (Pre-meeting with Wodrich, Kanyuch, Green & Fuller) 
1) Jim to ask Harris about the use of function blocks. 

2) Griff review W3 System pump capacity and share with Krumsick/Frost. 

3) Kanyuch to put all decisions needed from City of Bend (or Harris) in writing. Send 
through Dave and Brady. 

4) Dave/Jeff prepare Change Notice will be prepared to cover all Controls work in the 
Digester Mixing and Secondary Predesign projects. Scope of work will be revised but 
overall existing budgets will not be exceeded. CH2M HILL will transfer costs and 
coordinate with accounting to incorporate new/modified scope. 

Headworks Facility 
3) Scott Thompson has “black book” re: hydraulics. Scott to provide data/history of flow 

events to Jim who will provide to Consultant team.  

4) Jim Wodrich/Jeff Kanyuch to determine if power monitoring needed for headworks  

Primary Clarifiers 
5) Facilities Plan Memo was reserving space for PS degritting in original PC 4 locations.  

Jim Frost to show on Site Plan for consistency.  

6) Tweak site and primary clarifier drawings showing PC 4 and PC 5 to show full 50 mgd 
buildout (similar to other site hydraulic drawing). 

7) Brady/ Griff check size of 42” PE header too small for range of on-line AB’s? 

Aeration Basins 
8) Bill Leaf to check on any construction phase, and O&M phase Fire Protection required 

for media storage. 

Blowers 
9) Krumsick to check on vendor experience and CH2M HILL experience with air intake 

frosting/freezing. 

Secondary Clarifier 
10) CH2M HILL (Jennifer Chang) to write secondary clarifier testing plan/ protocol for RAS 

removal. 

11) Is conditional use permit only covering portion of site, or is the entire site permitted for 
the treatment plant uses? Jim Frost to follow up.  

12) How many hypochlorite suppliers are there that could compete for service to Bend. 
Jennifer Chang to find out and document.  
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Reuse 
None.  

Solids System 
13) Krumsick to check solids system capacity for 2030 and buildout (polymer, washwater, 

etc)  

14) Where was the dual use unit Scott saw?  Scott to provide name of facility for CH2M 
HILL follow up regarding TWAS conveyance and effectiveness of that approach.  

Site Civil 
15) Brady/Frost meet to review design dwgs for site boundary. Staff confirmed that 

walking access must be provided around entire secondary clarifier perimeter.  

16) WHPacific to run Vac Truck in AutoTurn software to confirm circulation with Vac Truck 
is no worse that with fire truck.   

17) Check Newton’s review of Land Use, meet with Anthony Raguine, County Planner, at 
some point to review conceptual plans and any land use issues 
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Bend WRF Predesign: 
Project Definition Workshop No 3

PRESENTATION

Project Definition Workshop No. 3

Dave Green, CH2M HILL 

Jim Griffiths, CH2M HILL 

December 7, 2010

William Leaf, CH2M HILL

Brady Fuller, CH2M HILL

Jim Frost, WH Pacific
Jason Krumsick, CH2M HILL 

Workshop Agenda

• Introductions/Objectives

• Unit Process Review and Direction

• Summary and Decision Points

• Cost Information

• Schedule and Path Forward through Predesign



2/9/2011

2

Headworks

• No work planned for this facility

• Existing Capacity: 30 MGD

• Ultimate Capacity: 45 MGD

• Buildout Capacity: 50 MGD (from Collection System Model)

• Utilize existing 42‐inch header in headworks

• Plant shutdown duration? 

– Allowable plant shut‐down duration:  2 hours from 4am – 6am.  

– Documentation memo defining the shut‐down duration for headworks 
project 

3

New Headworks and Existing PI piping

4
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New Headworks and Existing PI Piping

5

Primary Clarifiers

• Exst 65‐foot diameter clarifiers:

~10 mgd peak capacity per clarifier– 10 mgd peak capacity per clarifier, 
based on SOR 3000 gpd/sf @ 20 MGD

– Some constraints with existing PI/PE 
piping

– Existing Primary Sludge PS location 
also constrains PI piping upgrades

• Existing primary clarifier splitter box 
set up for addition of 3rd primary 
clarifier

i i i l d i• Existing primary sludge pump station: 

– Configured for two primary sludge 
pumps with primary scum pump 
pulling off of primary sludge suction

– Existing primary sludge pumps do not 
currently allow for automated control 
or monitoring of discharge flow

6
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Primary Clarifier Layout Alternatives

• PC4 Alternative: PC 3 in location slated for PC 4

– Might allow use of existing primary sludge pump station

– Could defer new pump station costs

– Minimizes length of new PI piping

– More constrained construction

Primary Clarifier Layout – PC4 Alternative

PC2PC1
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Primary Clarifier Layout

• Build PC3 to the west

– More room for construction

– Allows more symmetrical PI/PE piping

– Drives the immediate need for a new Primary 
Sludge/Scum Pump Station

– New PS would serve PC 3 and future PC4 and PC5, 
perhaps integral with PC/AB plant drain pump stationperhaps integral with PC/AB plant drain pump station

Primary Clarifier Layout 

30 mgd30 mgd 30 mgd

50 mgd

50 mgd

10

New
Existing
Future
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Primary Clarifiers – Hydraulics and Flow Split

• PI/PE Hydraulic Improvements:

– Parallel 42” PI line from west side of Headworks to new PC influent structure

ll l ” l h ” l f l b– Parallel 30” PI line with existing 30” PI to existing primary clarifier splitter box 
into PC3 location

– Modify existing primary clarifier splitter box for parallel feed

– New 42” PE line from PC3 to the 42” AB influent header

• Need new flow splitter structure for PC 3 & future PC4, PC5

• Need to address flow split and flow/solids equalization issues. 

– Could operate PC 1 and PC2 during normal flows and use PC3 for peak flows

• Under ultimate peak flows of 50 mgd PI:

– Construct 5 total clarifiers, each 65 feet diameter

– Increase SOR thru all primary clarifiers at 50 mgd:

– Five clarifiers in service: 3000 gpd/sf

– Four clarifiers in service: 3800 gpd/sf

– Could increase size of PC 4 and 5 (beyond 30 mgd)

– Headworks hydraulics appear OK for 45 mgd

Primary Clarifiers – Sludge Pumping Issues

• Primary Sludge Improvements:

– Construct new Primary Sludge/Scum Pump Station for PC3 and 
configured for future PC4 and PC5

– Existing PS pumps need to be modified for automatic control and 
flow monitoring or replace pumps (critical to coordinate pump 
operation through loop descriptions)

– Modify existing primary scum system to allow for automated control

Make right decision about pumps for new clarifier and retrofit– Make right decision about pumps for new clarifier and retrofit 
existing to match (Schematic Design)

• Air‐operated diaphragm (existing pumps)

• Screw‐centrifugal

• Progressing cavity
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Primary Clarifier Constructability Issues

• Build and startup PC3 offline with separate splitter box

• Connect new PE from PC3 over to west end of existing PE header

• Disconnect and upgrade exst. PI/PE to PC1&PC2 influent/effluent

• Connection of parallel PE, upsizing of existing PE to 42” for 
PC1&PC2

• Operating with PC3 only for some period of time 

• Consider delaying PC1&PC2 upgrades until full IFAS upgrades are 
in place (3 AB’s) to accommodate reduced BOD/TSS removal.

• Paralleling existing 30” PI with new 30” PI will minimize outage 
time (shutdown only for tie‐ins to junction boxes each end of 
parallel pipe) 

• Primary clarifier layout to west

– New Primary Sludge/Scum PS allows for retrofit of existing PS

Primary Clarifier Recommendations

Primary Clarifiers

C 3rd P i Cl ifi i di l P i Cl ifi N 4 i• Construct 3rd Primary Clarifier immediately.  Primary Clarifier No. 4 is not 
required until 2030 (30 mgd peak flow).

• Replace or rehab mechanisms for existing PC1 and PC2. Evaluate SST versus 
coated steel solutions.

• New splitter box and possible Plant Drain Pump Station.

New Primary Sludge Pump Station

• New sludge pumps (air‐operated diaphragm, screw‐centrifugal,  or 
progressing cavity)progressing cavity)

Existing Primary Sludge Pump Station

• Upgrade ventilation to meet NFPA 820

• Upgrade pump systems to match new pump station

• Controls
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Plant Drain Pump Station

• Currently PC1, PC2, AB1, AB2, SC1, SC2, SC3 and CCB all drain to existing 
RAS pump station via Tank Drain piping networkRAS pump station via Tank Drain piping network.

• AB 3 drains to portable pump connection (pump over deck to AB1, AB2)

• Original plant drain concept was single new PD pump station, but PC, 
AB, SC, and CCB all suggest need to discharge to separate location

• PC – drain and pump to PE header or PI splitter box

• AB – drain and pump to another PE header

• SC – keep routing to RAS/WAS PS?

CCB d i d t th CCB ( d ibl bi ith l t t PS?)• CCB – drain and pump to another CCB (and possibly combine with plant water PS?)

• Criteria and goals for operations and maintenance

• Deep enough and large conveyance to “quickly” drain a tank (2 to 4 hours)

• Keep up with large hose washdown

Plant Drain Pump Station

• PC – re‐route existing and new drains to new PD pump station @ 
i i Di h t AB h d d PI di t ib ti bprimaries. Discharge to AB header and PI distribution box

• AB – retain existing AB1 & AB2 to RAS pump station.  AB3 & AB4, route 
drain to new PD pump station @ primaries

• CCB – site layout would require long gravity pipe across yard.  
Recommend integral dewatering pump(s). Plant water pump station @ 
CCB configured to include dewatering pumps. Advance concept in 
schematic design

• Abandon/disconnect existing CCB drain after existing CCB’s are 
abandoned. 
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Aeration Basins – Hydraulics and Flow Split

• Existing 12‐inch PE pipes retained

• Additional 20‐inch parallel pipes into Anoxic Zone 1 and IFAS zone (for 
wet weather contact stabilization mode). 

• Single 30‐inch pipe required, but if we use parallel 20‐inch 
pipes/valves/meters it allows valving and flow measurement in the 
gallery

• Advance layout/refinement during schematic design

• Construction sequencing suggests need for new header to AB1 AB2• Construction sequencing suggests need for new header to AB1, AB2

17

Aeration Basin Influent Connections

12‐inch PE30‐in PE

42‐in PE
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Aeration Basin Influent Connections

12‐inch PE

42‐in PE

Aeration Basins

• Project Definition to determine number of aeration basins and associated 
IFAS configurationIFAS configuration

• Three (3) Existing 1.05‐Mgal aeration basins – operated in a MLE 
configuration

• Two alternatives for expansion

– Alternative 1 from Fact Sheet dropped

– Alternative 1 (Alt 2 in Fact Sheet) 

• Convert 3 existing units to IFAS configuration

• Aeration Basin (AB) 4 not installedAeration Basin (AB) 4 not installed

– Alternative 2 (Alt 3 in Fact Sheet)

• Build AB 4 prior to converting AB 1, 2, and 3

• Build AB 4 w/common wall construction

• Optimize media distribution
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Aeration Basin Site Plan

21

Aeration Basins ‐ Alternative 1 (Alt 2 in Fact Sheet)

• Convert three (3) existing aeration basins to IFAS

– Sequence construction one AB at a time

– MLE Operation with only two basins required for 4 to 6 months

– Treatment performance developed for comparison of MLE operation with 
two ABs in service to MLE operation with three ABs in service

• Identifies associated increase in key operational variables

• Developed for winter condition and annual average condition

• Treatment evaluation assumptions:p

– Winter Temperature = 14‐deg C (Nitrification Safety Factor = 1.5)

– Annual Average Temperature = 17‐deg C (Nitrification Safety Factor = 2.0)

– SVI = 200
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Existing Treatment Comparison – Winter Conditions

Units  

Number of Aeration Basins Online 

% Increase Three Two 

ADMM capacity mgd 6.5 6.5 - 

Winter Conditions 

Temperature C 14 14 - 

SRT  8 8 - 

MLSS mg/L 3,000 4,120 37% 

SVI  200 200 - 

SLR  20.0 26.5 33% 

Limiting SLR 27.0 27.0 -Limiting SLR  27.0 27.0

Effluent TKN mg/L 2.5 2.57 3% 

Effluent NH3-N mg/L 0.37 0.41 11% 

Effluent NO3-N mg/L 8.1 8.21 1% 

Effluent TIN mg/L 8.47 8.6 2% 

Effluent TN mg/L 10.6 10.78 2% 

 

Existing Treatment Comparison – Annual Average 
Conditions

Units  

Number of Aeration Basins Online 

% Increase Three Two 

ADMM capacity mgd 6.5 6.5 - 

 Average Annual Conditions   

Temperature C 17 17 - 

SRT  8 8 - 

MLSS mg/L 2,700 4,000 48% 

SVI  200 200 - 

SLR  17.4 25.9 49% 

Limiting SLR 27 0 27 0Limiting SLR 27.0 27.0 -

Effluent TKN mg/L 2.31 2.31 - 

Effluent NH3-N mg/L 0.16 0.16 - 

Effluent NO3-N mg/L 7.4 7.7 4% 

Effluent TIN mg/L 7.56 7.9 4% 

Effluent TN mg/L 9.71 10.01 3% 

 



2/9/2011

13

Aeration Basins ‐ Alternative 1 (Alt 2 in Fact Sheet)

• Convert three existing aeration basins to IFAS

d f h h– Process comparison indicates significant operation changes when operating 
with only two AB in service

– Possible operational tools for 2‐basin period:

• Flow Equalization

• Evaluated Contact Stabilization with existing system, no process capacity 
improvement 

• Polyaluminum chloride (PAX) or similar for improved for SVI control (?)

• Early‐out project: New blowers with high‐intensity air to control SVIy p j g y

• Build SC 4 to provide additional solids loading capacity (allowing for higher SVI, 
MLSS within aeration basins)

– SC SLR = 16.7 lb/day/ft2 (4 SC in service)

– Limiting SLR = 23.6 lb/day/ft2

– Maximum SVI = 296

Aeration Basins ‐ Alternative 2 (Alt 3 in Fact Sheet)

• Building AB 4 is more expensive but easier from a sequencing/risk 
standpointstandpoint

– Build AB 4 with common wall construction to AB 3, include IFAS system 
infrastructure

– Startup as MLE basin with no media

• Retrofit AB 3

– Continue to operate as MLE basin

– Add media and convert to IFAS operation

– Operate AB 4 and AB 3 as IFAS basins AB 2 and AB 1 off‐lineOperate AB 4 and AB 3 as IFAS basins, AB 2 and AB 1 off line

• Retrofit AB 2

– Distribute media to all 3 AB’s and startup AB #2 with IFAS

• Retrofit AB 1

– Not needed for near‐term capacity (may be possible to defer retrofit)
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Aeration Basins ‐ Alternative 2 (Alt 3 in Fact Sheet)

• Build AB 4 offline w/common wall construction

• Discuss location of AB 4 common walled with AB 3 as probably more 
advantageous that separating AB4 but depends somewhat on whether 
there is an eventual AB 5.

• Also evaluated larger AB 4 but saw no benefit.

• Capacity of (4) ABs with 67% fill = 17 mgd ADMM and 42 mgd peak

• All yard piping improvements needed with selection of AB 3

• AB 5 is beyond planning period for IFAS, but would have been needed 
for MLE option. 

Aeration Basins – IFAS Configuration Capacity

Scenario Results 

Ultimate Aeration Basin Process Capacity (67% (3) Aeration Basins – 13 0-mgd ADMM

N t it f 8 5 d ADMM d

Ultimate Aeration Basin Process Capacity (67% 
Media Fill) 

(3) Aeration Basins 13.0 mgd ADMM

(4) Aeration Basins – 17.0-mgd ADMM 

2030 Flow and Loads Comparison (11.9-mgd ADMM) 

 

(3) Aeration Basins – 60% Media Fill 

(4) Aeration Basins – 44% Media Fill 

Near-term Capacity Comparison (8.5-mgd ADMM) 

 

(2) Aeration Basins – 55% Media Fill 

(3) Aeration Basins – 25% Media Fill 

(4) Aeration Basins – 25% Media Fill 

 

• Near‐term process capacity of 8.5‐mgd ADMM proposed, 
accommodates capacity committed to by the City (total EDUs allowed at 
WRF)
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Aeration Basins – Retrofit Capital Cost Comparison, 
Alternative 1 (Alt 2 in Fact Sheet)

Scenario Description Carrier Media Fill Total Capital Cost

Retrofit AB 1, 2, 3 + 55% 

Media in (2) AB Only Total Secondary Process Capacity = 8.5‐mgd 55%

Conversion of Existing Aeration Basin 1, 2, 

and 3 (no media) 4,918,802$                             

IFAS Carrier Media AB 1, yd3 963 1,505,158$                             

IFAS Carrier Media AB 2, yd3 963 1,505,158$                             

IFAS Carrier Media AB 3, yd3 ‐$                                          

Subtotal = 7,929,118$                             

Aeration Basin 4 (no media)

IFAS Carrier Media, yd3

Subtotal = ‐$                                          

TOTAL = 7,929,118$                             

Aeration Basins – Retrofit Capital Cost Comparison, 
Alternative 2 (Alt 3 in Fact Sheet)

Scenario Description Carrier Media Fill Total Capital Cost

fiNew AB + Retrofit AB 1, 2, 3 + 

25% Media in (3) AB Only Total Secondary Process Capacity = 8.5‐mgd 25%

Conversion of Existing Aeration Basin 1, 2, 

and 3 (no media) 4,918,802$                             

IFAS Carrier Media AB 1, yd3 428.0 668,959$                                 

IFAS Carrier Media AB 2, yd3 428.0 668,959$                                 

IFAS Carrier Media AB 3, yd3 ‐$                                          

Subtotal = 6,256,720$                             

Aeration Basin 4 (no media) 3,144,745$                             

$IFAS Carrier Media, yd3 428.0 668,959$                                 

Subtotal = 3,813,704$                             

TOTAL = 10,070,424$                           
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Aeration Basins – Retrofit Capital Cost Comparison, 
Alternative 2B (Defer retrofit of AB 1) (Alt 3 in Fact Sheet)

Scenario Description Carrier Media Fill Total Capital Cost

Retrofit Costs Per Basin + 

New AB + 25% Media in (3) 

AB Only Total Secondary Process Capacity = 8.5‐mgd 25%

Conversion of Existing Aeration Basin 1 (no media) ‐$                                          

Conversion of Existing Aeration Basin 2 (no media) 1,639,601$                             

Conversion of Existing Aeration Basin 3 (no media) 1,639,601$                             

IFAS Carrier Media AB 1, yd3 ‐$                                          

IFAS Carrier Media AB 2, yd3 427.1 667,497$                                 

IFAS Carrier Media AB 3, yd3 427.1 667,497$                                 

Subtotal = 4,614,196$                             

Aeration Basin 4 (no media) 3,144,745$                             

IFAS Carrier Media, yd3 427.1 667,497$                                 

Subtotal = 3,812,242$                             

TOTAL = 8,426,438$                             

Aeration Basins – Retrofit Cost Comparison Summary

• Alternative 1 in Fact Sheet Dropped

• Alternative 1 (Alt 2 in Fact Sheet) – Retrofit of AB 1, 2, and 3, 
55% Carrier Media fill in two AB

– $7.9M

• Alternative 2 (Alt 3 in Fact Sheet) – Build AB 4; Retrofit AB 1, 2, and 3; 
25% Carrier Media fill in three AB

– $10.0M

• Alternati e 2B (Alt 4 in Fact Sheet) B ild AB 4 Retrofit AB 2 and 3• Alternative 2B (Alt 4 in Fact Sheet) – Build AB 4; Retrofit AB 2 and 3; 
25% Carrier Media fill in three AB

– $8.4M
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Aeration Basins – Recommendation

• Alternative 2 recommended, Build AB 4 and convert all existing ABs to 
IFAS fi tiIFAS configuration

– $2.1M increase to build AB 4

– Deferring retrofit of AB 1 to IFAS possible, but future retrofit will be more 
expensive (crew experience, economy of scale, vendor pricing)

– Install carrier media to allow for 8.5‐mgd ADMM process capacity

Aeration Basins – Recommendation

Feature Sizing Information 

Retrofit Aeration Basin 1, 2, and 3 to an IFAS system See Fact Sheet 4 

Install Aeration Basin 4 Length x Width = 210 ft x 44 ft 

 Side water depth = 15 ft 

 Anoxic volume per basin =  0.48 MG 

 Aerobic volume per basin = 0.56 MG 

 IFAS aerobic volume per basin = 0.34 MG 

 Total volume per basin = 1.04 MG 

 Reactor Configuration Equal to AB 1, 2, and 3 (See 
Fact Sheet 4) 

3 Use common wall construction with Aeration Basin 3 

Near-term Process Capacity 8.5-mgd ADMM 

IFAS Carrier Media Volume AB 1 – No Media, internal modifications for future media 
only 

 AB 2 – 427.1 yd3 (25% Fill) 

 AB 3 – 427.1 yd3 (25% Fill) 

 AB 4 – 427.1 yd3 (25% Fill) 
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Aeration Basins – IFAS Design Criteria

Criteria Value 

Type of process Integrated fixed-film activated sludge (IFAS) in a 5-stage Bardenpho 
configuration 

Design suspended growth SRT 5 days

Design average annual temperature 17°C 

Design 30-day minimum temperature 13.5°C 

Effluent nitrogen requirements Total nitrogen = 10 mg/L at average annual temperature and maximum 
month flows and loads 

 Maintain full nitrification at 30-day minimum temperature and maximum 
month flows and loads 

Design SVI 120 mL/g 

Clarifier capacity Clarifier not overloaded with maximum week flows and maximum month 
inventory 

Clarifier capacity based on a state point analysis with a 10% derating 
factor on the theoretical capacity 

Wet weather operating mode   Flows in excess of maximum week flows will be directed to Zone 5A 

Sieve area sizing criteria Maximum month loading rate = 55 m/hr 

Peak hydraulic loading rate = 85 m/hr 

Sieve submergence 35-65% of the side water depth 

Maximum approach velocity toward 
sieve wall 

35 m/hr under all flow conditions 

Mixed liquor return rate at 2030 
maximum month flow condition 

400% 

mg/L = milligrams per liter; m/hr = meters per hour; mL/g = milliliters per gram; SRT = solids retention time; SVI = 
sludge volume index. 

 

Aeration Basins – IFAS Design Configuration

Criteria  Value 

Aeration Basins 

L th Width 210 ft 44 ft Length x Width 210 ft x 44 ft

 Side water depth 15 ft 

 Anoxic volume per basin  0.48 MG 

 Aerobic volume per basin 0.56 MG 

 IFAS aerobic volume per basin 0.34 MG 

 Total volume per basin 1.04 MG 

 Number of basins 4 (recommended) 

 Number of individual zones per basin 7 

 Volume of Anoxic Zone 1 0.09 MG

 Volume of Anoxic Zone 2 0.09 MG 

 Volume of Anoxic Zone 3 0.18 MG 

 Volume of Aerobic Zone 4 (IFAS Zone) 0.34 MG 

 Volume of Aerobic Zone 5A 0.11 MG 

 Volume of Anoxic/Aerobic Zone 5B 0.12 MG 

 Volume of Aerobic Zone 5C 0.11 MG 
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Aeration Basins – IFAS Design and Configuration

Anx SwingAnx

IFASAnx

Anx Aer
Aer

Aeration Basins – Air Demands

  IFAS Zone DO = 4.0 mg/L 

  Wastewater Temperature = 25°C 

 ADMM Wastewater Flow 7.3 MGD 8.5 MGD 11.9 MGD 17 MGD 

Maximum Month Air Demand (scfm)1. 17,100 20,000 27,500 37,600 

Maximum Week Air Demand (scfm)2. 21,600 25,200 34,700 47,400 

  IFAS Zone DO = 6.0 mg/L 

  Wastewater Temperature = 15°C 

ADMM Wastewater Flow 7.3 MGD 8.5 MGD 11.9 MGD 17 MGD 

Maximum Month Air Demand (scfm)1. 22,300 25,700 35,000 52,500 

IFAS Zone DO = 2.0 mg/L  IFAS Zone DO  2.0 mg/L

  Wastewater Temperature = 25°C 

ADMM Wastewater Flow 7.3 MGD 8.5 MGD 11.9 MGD 17 MGD 

Minimum Week Air Demand (scfm)3. 3,600 4,100 5,800 8,200 

1. Maximum month influent flows, as listed, with the associated loads are utilized 

2. Maximum week influent flow and loads, associated with the listed ADMM value, are utilized 

3. Minimum week influent flow and loads, associated with the listed ADMM value, are utilized 
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Aeration Basins – IFAS Procurement Proposal

• Determine capabilities of each IFAS vendor in the market place, have a 
l d t di f i t t Cit i d l t dclear understanding of impacts to City given vendor selected

• Preparation of procurement specification and documents

• Receive proposals from vendors

• Performance guarantee to be included by vendor

Aeration Basins – IFAS Design Summary

• Aeration system to be designed to provide 6.0 mg/L DO to the IFAS zone 
during the winter monthsg

• Include coarse‐bubble diffusers throughout aeration basins in all aerated 
zones

• Provide 90‐deg turning of flow within IFAS zone to accommodate approach 
velocity requirements

• IFAS design features

– Carrier media

– Media retention screens

Di t ib ti / ll ti h l– Distribution/collection channels

– Coarse bubble diffuser system

– Post anoxic zone (with new mixer)

– New mixed liquor recycle pumping system

– Wet weather flow bypass

– New instrumentation and control
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Blower Building(s)

• Short term retrofit of the existing bldg (with High Speed Turbo Blower ‐
HSTB) vs building new blower facility now (with HSTB)HSTB) vs. building new blower facility now (with HSTB)

• Existing blower building capacity – 9,000 scfm firm. 

• Alternatives:

1. Retrofit existing blower building now, plan for new blower building in the future

2. Construct new blower building now with enough capacity, in addition to 
existing, to handle the load through the design period

• Enclosed blower building

• Open, 3‐sided blower buildingOpen, 3 sided blower building

• Design criteria for alternatives comparison is only 7.3‐7.6 mgd ADMM

– Allows for comparison at startup conditions, where blower turndown is greatest

– Typically, turndown requirements of blower system can drive equipment selection

Blower Building(s)

• Design criteria for alternatives comparison:

– Existing Blower Building retrofit 22 500 SCFM Firm capacity (largest blower out of service)Existing Blower Building retrofit, 22,500 SCFM Firm capacity (largest blower out of service) 
7.3 mgd ADMM

– New blower building 23,500 SCFM Firm capacity (largest blower out of service)  7.6 mgd 
ADMM

– IFAS air demand criteria

• Allow for DO = 6.0 mg/L in carrier media zone – colder seasons, ambient temperature of 15‐
deg C

• DO to be less than 4.0 mg/L in carrier media zone – warmer seasons, ambient temperature 
of 25‐deg C

• Blower turndown requirements – impacts with reduced nightly flow and loads

– Deschutes Brewery nighttime discharge is advantageous, air demand will be more 
consistent

• Minimum scfm for IFAS mixing requirements = 1,144 scfm (per basin) = 3,432 scfm 
for 3 basins (6.5 m3/m2/hr)

• Minimum scfm for process requirements = 3,600 scfm for 3 basins
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Blower Building(s) – Alternative 1

• Short term fix in existing building now with eventual construction of 
bl b ildinew blower building

• Continuing operation during construction will be challenging

• 400 HP units are needed in retrofit of existing blower building – not 
much industry experience with this size.

• Even with 400 HP units, blower building can only provide air for 7.3 mgd 
ADMM

• Small blower may also needed for turndown must be mounted• Small blower may also needed for turndown – must be mounted 
outside for this alternative

• Defers cost of new blower building for a couple of years

Blower Building(s) – Alternative 1

• Insert Drawing showing retrofit of existing blower building
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Blower Building(s) – Alternative 2

• Alternative is to construct new blower building now with enough 
it t h dl th l d th h th d i i dcapacity to handle the load through the design period

• Four 300 hp blowers, using existing centrifugal blowers for redundancy, 
will provide air for 7.6 mgd ADMM

• Use of 300 hp turbo machines enhances turndown capabilities over 
larger units

• Small blower may still be needed for turndown

• Use existing blower building for backup/redundancy but operate turbo• Use existing blower building for backup/redundancy but operate turbo 
blowers to achieve energy savings

• Eventually, existing blower building would be converted to turbo blower 
facility

Blower Building(s) – Alternative 2

• Insert Drawing showing retrofit of existing blower building
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Blower Building(s) – Alternative 3

• Alternative is to construct new 3‐sided blower building now with enough 
capacity to handle the load through the design periodcapacity, to handle the load through the design period

• Electrical gear would be pad‐mounted outside in a weatherproof enclosure

Remaining blower design is the same:

• Four 300 hp blowers, using existing centrifugal blowers for redundancy, will 
provide air for 7.6 mgd ADMM

• Use of 300 hp turbo machines enhances turndown capabilities over larger 
units

• Small blower is still needed for turndown• Small blower is still needed for turndown

• Use existing blower building for backup/redundancy but operate turbo 
blowers to achieve energy savings

• Eventually, existing blower building would be converted to turbo blower 
facility

Blower building – three sided structure

48
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Blower Building(s) – Capital Cost Comparison

TABLE 5 
Blower Building Alternative Comparison
City of Bend WRF Secondary Expansion Project 

 Retrofit Existing 

Blower Building 

New Block Blower 
Building 

New Metal Open 
Blower Building 

Blowers Four 400 hp units (7,000 
cfm/each) 

One 100 hp unit (1,500 
cfm/each) 

Four 300 hp units (5,500 
cfm/each) 

One 100 hp unit (1,500 
cfm/each) 

Four 300 hp units (5,500 
cfm/each) 

One 100 hp unit (1,500 
cfm/each) 

Firm capacity Three units * 7,000 + one 
unit *1,500 = 22,500 cfm 

(One 400 hp unit out of 
service) 

Four units * 5,500 + one 
unit * 1,500 = 23,500 cfm 

(Existing 250 hp blowers as 
redundancy) 

Four units * 5,500 + one 
unit * 1,500 = 23,500 
cfm 

(Existing 250 hp blowers 
as redundancy) 

49

Blower cost $1,882,456 $1,530,998 $1,530,998 

Building/piping cost $468,916 $915,644 $344,568 

Air header to aeration 
basin cost 

$164,900 $71,589 $71,589 

Electrical cost $39,156 $152,470 $325,411 

Total cost $2,555,427 $2,670,701 $2,272566 

 

 

Blower Building(s) ‐ Recommendations

• Construct new block or metal blower building, with four 300 hp and one 100 
hp high‐speed direct‐drive turbo blowers. Redundancy will be provided by 
the existing centrifugal blowers.g g

• The new blower building will provide process air to treat up to 7.6 mgd 
ADMM influent flow.

• Providing this new building will allow for easier retrofitting of the existing 
blower building as flows reach 7.6 mgd ADMM.

• Above 7.6 mgd ADMM: 

– Install a fifth 300 hp direct‐drive turbo blower in the new blower building 

– Retrofit and replace the existing 250 hp blowers in the existing blower building 
with four 300 hp high‐speed direct‐drive turbo blowerswith four 300 hp high speed direct drive turbo blowers

• At full build out of both blower buildings (16 mgd ADMM, DO 6mg/L, waste 
water temp 25°C) blower system will consist of:

– Six 300 hp high‐speed direct‐drive turbo blowers in the new blower building

– And four 300 hp high speed direct drive turbo blowers in the existing retrofitted 
blower building. 
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Hydraulic Profile included in Project Definition 

51

Mixed Liquor Hydraulic Improvements

• Parallel 54” ML line running north, west of blower building and SC 2, to 
litt b d t i i t th i ti ML litt b ith 30”a new splitter box and tying into the existing ML splitter box with 30” 

ML to equalize flow

• Observe that building SC4 new would alleviate loading difficulties during 
AB1,2,3 retrofit period

• ML effluent channel improvements:

– Make new ML channels deeper than existing 

– ML effluent channel capacity is acceptable at peak flowsML effluent channel capacity is acceptable at peak flows
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53

Secondary Clarifiers

• Capacity with (3) existing clarifiers addresses near‐term conditions:

U 10 d ADMM fi i– Up to 10‐mgd ADMM, firm capacity

– Fourth clarifier needed about 2025/2027 (based on facility plan projections of 
flow and load)

– RAS withdrawal through the clarifier mechanism and RAS piping is expected to 
meet RAS rates required for the IFAS process up to ADMM of 11.5 mgd. Testing 
during schematic design will confirm.

• One more (fourth clarifier) provides capacity for 16‐mgd ADMM (assuming 4 
IFAS aeration basins in service)

• Fifth clarifier required for buildout beyond 17‐mgd ADMM

• With the IFAS secondary treatment process being a relatively high‐rate 
system (lower SRT values), the RAS withdrawal rate becomes limiting

• New RAS pump station is likely required about the same time as Secondary 
Clarifier No. 4
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Secondary Clarifiers – New Splitter Structure

• Construct new Secondary 
Splitter BoxSplitter Box 
to serve future SC 4 
and SC 5

• Required to reduce 
headloss between the 
aeration basins and 
secondary clarifiers

• Hydraulic connection 
between the proposed newbetween the proposed new 
splitter box and the existing 
splitter box is 
recommended to provide 
equal flow split with 
parallel ML pipes

Secondary Effluent (SE) Hydraulic Improvements

• New 54” SE to new CCBs

• Tie into existing SE piping to eliminate hydraulic bottlenecks

• New SE piping from SC4 and future SC5

• Install new SC splitter box

• Existing SE piping from SCs toward existing CCBs becomes dedicated to 
supplying Reuse only

• Construction sequence is integrated with re‐use water operation, 
construction of new CCB and hypo facility, and decommissioning of 
existing CCB
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SE construction sequence

• Commission new CCB

• Connect SC3 to new CCB 
(operate new and old CCB)

• Install 54” SE parallel to 24” 
SE from SC3

• Remove 30” SE tee, replace 
with new 42”x42”x30” tee 
and new 42” back to SC1

• Following connection 
existing CCB can go off‐line

57

Secondary Clarifier RAS and Scum removal

• RAS

– RAS flow control valves in RAS PS limit maximum RAS

– Recommend field testing of maximum RAS rate. At some point with fully‐
open RAS flow control valve, RAS maximum capacity is reached.  What is 
this value? 

– Clarifier mechanism has no ability to adjust RAS withdrawal across radius of 
clarifier

• Scum

– Scum pump pit in center of clarifier mechanism pumps to scum sump @ 
RAS pump station

– Scum removal could be improved, but existing mechanism constrains 
options
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RAS Pump Station

• Capacity is OK for this expansion phase (8.5 mgd ADMM)

– 50 to 60% RAS requires only 5 MGD

– Current firm capacity of RAS pump station=6 MGD

• Additional capacity (probably a new pump station) will be needed for 
fourth AB

• Consider RAS piping from new SC 4 and where/what direction that 
piping would run?

• C rrent 18” RAS line is adeq ate for 8 5 MGD ADMM flo s• Current 18” RAS line is adequate for 8.5 MGD ADMM flows

– Need to parallel 18” RAS with AB 4 and 5

Plant Effluent Disinfection

• Existing CCBs currently used for disinfection of all plant flow. Reuse flow 
i d f CCB ffl t th h filtis pumped from CCB effluent through filters

– Existing CCBs are at capacity

– Requires reconfiguration of reuse flow to meet current DEQ requirements

– Location is not suitable for long‐term expansion

• Existing 42” outfall will be at capacity for planned 30 mgd peak flows

– Parallel outfall required when peak flows exceed 30 mgd

l i i hl i i h d li d di h hl i• Replace existing chlorine gas system with delivered sodium hypochlorite 
system

– Provide 60‐day storage for WRF and for use at off‐site applications
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Plant Effluent Disinfection

• Existing CCB/chlorine facilities located east and plant expanding to west and 
north Recommend abandoning them and laying out facilities for buildoutnorth.  Recommend abandoning them and laying out facilities for buildout.   

• Two new 15‐mgd CCBs in the area north of reuse facility

– Existing Pronghorn and Avion lines to be rerouted around basins, parallel to 
existing plant outfall

– Parshall flume to measure plant effluent flow (CCB 1&2, and 3&4 each have a 
Parshall flume) to provide turndown over flow range

• New Chemical Facility south of new CCBs

– Sunshade structure with insulated bulk storage tanks for delivered sodium 
hypochlorite

– 3‐foot containment walls for tanks and 8‐inch containment curbs for pumps

– Sufficient add’l storage of chemical provided for winter usage and for remote 
water use.

Plant Effluent Disinfection

• New Chlorine Contact Basins – Plan
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Plant Effluent Disinfection

• Landuse and layout

– North property boundary and BPA easement is close to future CCB 3 and 4.

– CH2M HILL reviewing Facilities Plan landuse background information 
recently provided to help inform project definition and layouts

63

Plant Effluent Disinfection

• New Chemical Facility (sunshade structure) – Plan
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Plant Outfall ‐ Hydraulic Improvements

• Existing 42‐inch outfall pipe is adequate to about 30 mgd.

• Recommendation: Beyond 30 mgd peak flow, recommend parallel 42‐
inch line and modifications at distribution structure.  

Reuse Facility Modifications & Alternative 1

• Alternative 1 – In‐vessel UV (Recommended)

– Modify SE piping to divert SE to existing filter feed PS

– Utilize existing Pronghorn reuse pumps to drive flow through new in‐vessel 
UV units and on to Pronghorn

– Use sodium hypochlorite for residual in reuse pipeline

– Reroute re‐use (RL) piping parallel to existing 42” outfall, around new CCBs
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REUSE FACILITY MODIFICATIONS

Alternative 1

REUSE FACILITY MODIFICATIONS

Alternative 1
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REUSE FACILITY MODIFICATIONS

Alternative 1

• UV Area Plan

REUSE FACILITY MODIFICATIONS

Alternative 1

• UV Area Section
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REUSE FACILITY MODIFICATIONS

Alternative 1

• UV layout and O&M

– Monorail hoist for removal and installation of UV units

– Cleaning procedures

• Automated wiping of lamp sleeves minimizes O&M requirements for UV units

• SHC injection can be upstream to prevent growth at lamp sleeves

• Chemical cleaning may be required prior to taking reuse system off‐line

– Side access ports at UV units provide for ease of access for removal/ 
installation of lampsp

– Wiping mechanism requires annual maintenance/replacement (minimum)

REUSE FACILITY MODIFICATIONS

Alternative 1

• Electrical Room Plan & Section
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Reuse Facility Modifications & Alternative 2

• Alternative 2 – Existing CCBs (Not Recommended)

– Divert SE flow to new filter feed PS and connect to filter influent piping

– Disconnect existing piping from existing filter feed PS and cap

– Relocate existing filter feed pumps to new PS

– Reroute alum to new filter feed PS

– Reroute filter effluent piping to gravity flow into existing CCBs

– Disconnect overflow piping from filter effluent piping

– Use hypochlorite to disinfect reuse flow

– Use existing filter feed pump station with new submersible reuse pumps to 
Pronghorn

– Reroute RL piping parallel to existing 42” outfall, around new CCBs

REUSE FACILITY MODIFICATIONS 

Alternative 2
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REUSE FACILITY MODIFICATIONS

Alternative 2

Solids Thickening

• Existing GBT provides capacity to meet the WAS loading requirements 
th h 2030through 2030. 

• ”Dual Use” BFP intended to provide redundancy for GBT but TWAS 
pumping/conveyance system is needed

• Existing GBT discharges to a single TWAS feed pump. No spare TWAS 
feed pump is provided.
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Solids Dewatering

• Current operation of the BFP uses the centrifuge for dewatering 
redundancy. 

• A new, dual use BFP was recommended as part of the facilities plan to 
replace the centrifuge and provide redundancy for the existing BFP. 

• Redundancy could also be provided with a dedicated belt filter press 
(without the dual use feature). 

• The existing centrifuge is expected to be salvaged and sold

• Assuming BFP operation of 8 hours a day, 5 days a week, when influent 
flows reach 7 mgd ADMM, it will be necessary to operate two BFPs at the 
same time This will require the installation of a third BFP to providesame time. This will require the installation of a third BFP to provide 
adequate dewatering redundancy when all units are required to be in 
service.

• If dewatering operations are modified to 16 hours a day, 5 days a week, then 
it will not be necessary to run the second BFP in parallel until influent flows 
reach 13 mgd ADMM.

Polymer system

• Single polymer used for thickening/dewatering

• Polymer feed loop control reportedly provides unsteady dilute polymer 
delivery

• Make‐up and dilution water improvements may improve operation

• Polymer system capacity

– Mix‐age time = 25 minutes?

– Make up @ 0.4%

– Space constraints, secondary containment

• Dilution water metering (add rotameters)

78
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Solids Building Recommendations – Near Term 
Improvements

• Demo/salvage centrifuge. Add 2nd belt press (not a dual‐use unit). 
Installation may require in‐place assembly or wall removalInstallation may require in place assembly or wall removal. 

• New cake pump with 2nd belt press

• Modify existing cake pump with bridge breaker?

• New TWAS conveyance from dual‐use unit (for GBT redundancy)

• Polymer optimization

• Foul air curtain, HVAC system evaluation

• Filtrate improvements (abandon degas beds)

• Cake hopper load cell evaluation

• Solids building lighting evaluation and upgrades

• Consider rehab of existing BFP to address maintenance access?

• Include controls upgrades and modifications

Solids Building 2006 Drawings

80
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Solids Building 2006 Drawings

81

Long Term Improvements ‐ Solids

• As noted, near‐term improvements will provide capacity up to 13 mgd 
ADMM flow including the addition of:ADMM flow, including the addition of:

– A second belt filter press and 

– GBT capability with the existing dual use BFP

• Beyond 13 mgd, decisions will need to be made about expanding the 
existing solids building (to accommodate additional dewatering capability) 
or constructing new facilities. 

• Converting the existing solids building into a facility dedicated to dewateringConverting the existing solids building into a facility dedicated to dewatering 
only, while building a separate GBT facility, is a likely recommendation to 
address long term capacity issues. 

• Further evaluation of technology and plant configuration/layout will need to 
be conducted as this deadline approaches.



2/9/2011

42

Struvite control strategies and tactics

• IFAS system configuration likely to allow ‘unintentional’ EBPR 

– Lower aerobic SRT relative to the SRT in the remaining reactors, will 
inherently cause anaerobic pockets in our anoxic environments. 

– The risks suggest that project should plan for these control measures

• Eliminate degas basins, route filtrate directly to PE or PI. (the 8‐hours 
per day filtrate return has been evaluated through process model)

• Introduction of phosphorus precipitating chemicals (ferric chloride or 
similar), providing for the removal of 20 to 30 percent of ), p g p
orthophosphate, upstream of the dewatering system or digestion 
process

• Provide taps and isolation valves around critical equipment, allowing the 
use of cleaning loops

83

Struvite control strategies and tactics (continued)

• Where applicable, utilize high‐purity materials for the pipe lining such as 
l i lid fl id (PVDF) d H l LXT® t k l tipolyvinylidene fluoride (PVDF) and Harvel LXT®, at key locations 

susceptible to struvite deposition

• Pinch valves have proven to be less prone to struvite deposition

• Dilution water (25 to 50 percent) within the dewatering filtrate has been 
used successfully to prevent struvite formation

• Intentional struvite crystallization systems have been utilized for 
phosphorus recovery and the associated control of unintentional p p y
struvite deposition

84
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Potable Water System Modifications

• Complete as an early‐out package

• No additional loads anticipated on this system as a result of the 
Secondary Improvements Project at this time

Civil:

86
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Civil: Site Layout

• Are all critical areas accessed by the proposed road system?

• Is the road between the SC #2 and filter building needed?

• Does relocation of the 14” Avion water, 8” City water, and 8” 
sewer forcemain look acceptable?

88
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Civil: Site Vehicle Circulation

• Do the City of Bend Fire Truck and Double Tanker represent the 
l h l ?largest vehicles?

• Are any additional pullouts or turnarounds needed?

• Is minimum 20 ft paved width acceptable, with 2’ shoulders?

89

90
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Civil: Site Grading Plan

• Is the lower road acceptable at existing ground elevation?

• Should the access to the new Aeration Basin stay at the 
same grade, into the gallery?

• Are exposed sides acceptable for Clarifiers, like the existing 
secondary clarifiers?

91

Civil: Site Topographical Map (see next slide for layout)

• We will obtain additional survey for the new areas defined 
for improvements, once the City accepts the proposed 
improvements.

• We will also complete survey of potholed conflicts.

92
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• Areas for 
dditi ladditional 
topo survey

93

Summary – Decision Points

• Primary Clarifier layout

• IFAS – modify 3 basins or 4 basins

• Yard piping for either of selected AB options

• Disinfection and hypo storage

• Solids Building improvements
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Cost Estimating Approach for WRF Predesign

• Process evaluation study (Pro2D Model and CPES)

• Line item Construction Cost Estimate• Line item Construction Cost Estimate

• Classification of Cost Estimate and Detail Definition
– Classification of estimates as defined by the Association for the Advancement of 

Cost Engineering (AACE). 

• Construction Cost Estimate Accuracy Ranges
– Capital costs for the project definition report are defined as order‐of‐magnitude‐

level (Class 4) cost estimates defined by AACE. 

– Estimate of this type is normally expected to be within +50 percent or –30 
percent of the actual construction cost. 

– The final cost of the projects will depend on actual labor and materials costs, 
actual site conditions, productivity, competitive market conditions, bid dates, 
seasonal fluctuations, final project scope, final project schedule, and other 
variables. 

– Final project costs will vary from the estimates presented in this report.

Cost Estimating Approach for WRF Predesign
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Cost Estimating Approach for WRF Predesign

Utilize City of Bend 
cost estimating 
template

Updated Schedule for Project Definition
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Updated Schedule for Project Definition

• Key Dates:y

– Submit draft report on Dec 24th – Merry 
Christmas!

– Review draft report – Thursday, January 6th

– Review Comments returned to CH2M HILL –
January 10thJanuary 10th

– Final Report – Deliver on January 28th

QUESTIONS??
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Extra slides

101

Solids Building 1997 Drawings
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Solids Building 1997 Drawings

103
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Bend City Council Work Session  
Wednesday, May 19, 2010 

  
1. Convene Work Session 

 
The work session of the Bend City Council was called to order at 5:04 PM on 
Wednesday, May 19, 2010 in the City Council Chambers at Bend City Hall, 710 NW 
Wall.  Present were Bend City Councilors Tom Greene, Jeff Eager, Mark Capell, Oran 
Teater, and Mayor Kathie Eckman.  Councilors Jim Clinton and Jodie Barram were 
absent.   
  
2. Update on New Treatment Technology at Water Reclamation Facility  
 
Paul Roy and Jim Wodrich from the Public Works Department gave a Powerpoint 
presentation on the Water Reclamation Facility (WRF) Secondary Expansion and 
Treatment Selection Process and Results as outlined below.   
  
WRF Facilities Plan 

• Completed in June 2008 by Carollo Engineers 
• Developed to serve as a guide document to year 2030 
• Anticipated Bend population of 119,000 
• Current secondary treatment system deemed “insufficient to meet future flows 

and loads” 
 
Pre-design process 

• CH2M-Hill hired to complete design of the secondary treatment system 
• First step to verify findings of WRF Facilities Plan 
• Value Engineering (VE) Study utilized to review technology and potential 

alternatives 
• VE Study revealed several potential options 

 
VE Selection  

• Staff and CH2M-Hill identified four top technologies for further study 
• Two options beyond current system technology and Facilities Plan recommended 

option 
• Formal process developed to analyze the selected options 
• Process goals to determine “best” process for Bend and to develop staff “buy-in” 

 
A flow chart for the selection process was identified and explained. 
 
Selection activities 

• Stakeholders identified 
• Teams were developed to perform site visits 
• Attempted site selection with similarities with Bend 
• Criteria and question developed by stakeholders  
• Site visit information formally presented to stakeholders by site teams 

 
Technology site visits were conducted 

• Filtrate Re-Aeration 
– New York City / Mesa, AZ 

• Step Feed Aeration 
– Hillsboro, OR 

• IFAS Process 
– Denver, CO / Cheyenne, WY 

• MLE Process 
– Current Bend treatment process 

 
Final Selection 

• Staff scoring tabulated 
• Consultant completed WRF Process Evaluation technical memorandum 
• Staff and consultant unanimously agreed on technology direction 
• Integrated Fixed-Film Activated Sludge (IFAS) system selected 
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Photos showing the system were displayed.  
 
Conclusion:  

• IFAS system found to be best option for the City of Bend – in terms of least 
project life costs & reduced ease of process operation 

• Easily adapted to current system 
• Capacity for industrial / commercial / residential flow can be added incrementally 

and efficiently in future 
• Allows a phased approach to defer capital costs to match WRF Capacity 

requirements to City Population Growth  
• Selection process chosen for presentation at October 2010 PNCWA Conference 

in Bend  
 
3. Bend Municipal Airport Infrastructure Update  
  
A video was presented providing an update on the Airport.  Staff invited Council and 
citizens to Airport Day on June 19th.  
 
4. Public Contracting Proposal  
  
Gwen Chapman from the Finance Department made a Powerpoint presentation on 
Public Contracting Code amendments as outlined below. 
 
Purpose of public contracting: 

 Acquire public improvements, goods, and services by: 
 Obtaining best combination of High Quality / Low Cost 
 Encouraging competition 
 Avoiding favoritism 
 Using an appropriate and fair process based on the contract type and 

amount 
 
Proposed changes to review: 

 Approval Authorities & Levels 
 Local Contract Review Board 
 Department Heads, City Manager, and City Council 

 Life Cycle Cost Analysis 
 Surplus Property 

 
Approval Authorities/Levels 

Current Process 
 Under $5,000 Department Heads 
 $5,001 - $19,999  

Purchasing Manager 
 Over $20,000  

City Manager, unless not in budget 
 City Council, if was not already approved in the budget 

Proposed Changes 
 No Change 
 $5,001 - $24,999 
 $25,000 - $99,999* 

 Must be in budget 
 Over $100,000  

 * In an emergency situation, the City Manager can approve contracts in excess of 
$100,000 with Council approval at the next Council meeting. 
 
Local Contract Review Board 

 The City Council is the Local Contract Review Board (LCRB). 
 Specific powers are granted to the LCRB by State law and City Charter 

Current Practice. 
 Only items not approved in the budget are presented to Council for approval. 
 Change orders can be approved at the discretion of the Purchasing Manager. 
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 Large change orders are presented to the City Manager for consideration and 
may be forwarded to Council. 

Proposed Changes 
 All contracts over $100,000 will go to the LCRB for approval, regardless of 

budget approval. 
 Change orders over $100,000 will go to the LCRB. 
 Change orders greater than $25,000 or 25% single or $50,000 or 50% 

cumulatively must be approved by the City Manager. 
 
Procurement Process (no change - FYI) 

 Depends upon the value of the contract: 
 Formal RFP or Invitation to Bid Process    

 Over $100,000 
 Informal Quote Process (At least 3 Quotes) 

 $5,000 - $99,999 Goods or Construction 
 $10,000 - $99,999 Personal/Professional services 

 Direct Process 
 Under $5,000 by Department procedure (good faith effort to meet 

procurement goals expected) 
 Cannot break purchase into smaller pieces to qualify for a different process 
 Recommend choosing the next process up, if bumping into the top of the process 

range 
 
The City can, and in many cases should, use a life cycle cost analysis to determine total 
cost. 

 
Surplus Property  

 Surplus property is declared when we no longer need it to provide service or it’s 
scheduled for replacement in the budget. 

 The goal is to achieve the best net result for the City. 
Current Practice 
 Declaration approval levels inconsistent 
 The City holds an annual auction, proceeds vary depending on interest 

Proposed Changes. 
 Property over $25,000 requires Council action to declare surplus if not past 

replacement schedule 
 Competitive process required for property over $25,000 with exceptions 

 
Impacts of proposed changes:  
Consistent City-wide approach to contracting 
 Standard processes for all departments 
 Standard format for contracts and bids 
 Maximum contract price will be included in the contract 
 Amendments that would raise the total value of the contract beyond the maximum 

for the type of process used will not be permitted 
 Clarifies expectations for internal Project Managers and consultants / businesses 

interested in doing business with the City 
Consistent City-wide approach to contracting 
 More items will be presented to City Council for approval 

 Normally will be presented on the Consent Agenda  
 Items for Council approval will include: 

 Contracts and amendments over $100,000 
 Un-budgeted items under $100,000 

 Staff proposes a sub-committee of Council members to review contracts that are 
unique or have unresolved issues. 

 
Councilors Capell, Teater, and Greene offered to serve on the committee. 
 
The Public Contracting Code will be coming to Council for approval in an ordinance at 
the next meeting.   
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Mayor Eckman called a recess into Executive Session at 6:55 PM pursuant to 
ORS 192.660 (2) (h) to consult with legal counsel  
 
Respectfully submitted, 
 
 
 
Kim Meyers 
Administrative Assistant to the City Manager 
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Treatment Selection Process and Results

WRF Secondary Expansion

Paul Roy / Jim Wodrich

Public Works - Utilities

May 19, 2010

WRF Facilities Plan 

• Completed in June 2008 by Carollo 
E iEngineers

• Developed to serve as a guide document 
to year 2030

• Anticipated Bend population of 119,000

Current secondary treatment system• Current secondary treatment system 
deemed “insufficient to meet future flows 
and loads”
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Predesign process

• CH2M-Hill hired to complete design of the 
secondary treatment systemsecondary treatment system

• First step to verify findings of WRF 
Facilities Plan

• Value Engineering (VE) Study utilized to 
review technology and potential 
lt tialternatives

• VE Study revealed several potential 
options

VE Study

• Staff and CH2M-Hill identified four top 
technologies for further studytechnologies for further study

• Two options beyond current system 
technology and Facilities Plan 
recommended option

• Formal process developed to analyze the 
l t d tiselected options

• Process goals to determine “best” process 
for Bend and to develop staff “buy-in”
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Selection Process

Selection Activities

• Stakeholders identified
T d l d t f it• Teams were developed to perform site 
visits

• Attempted site selection with similarities 
with Bend

• Criteria and question developed by 
stakeholders 

• Site visit info formally presented to 
stakeholders by site teams
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Technology - Site Visits 

• Filtrate Re-Aeration
– New York City / Mesa, AZ

• Step Feed Aeration
– `Hillsboro, OR

• IFAS Process
Den er CO / Che enne WY– Denver, CO / Cheyenne, WY

• MLE Process
– Current Bend treatment process

Final Selection

• Staff scoring tabulated

• Consultant completed WRF Process 
Evaluation technical memorandum

• Staff and consultant unanimously agreed 
on technology direction

Integrated Fixed Film Activated Sludge• Integrated Fixed-Film Activated Sludge 
(IFAS) system selected
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IFAS System

• Photos
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IFAS Media In Action

Conclusions
• IFAS system found to be best option 

for the City of Bend – in terms of least 
project life costs & reduced ease of 
process operation

• Easily adapted to current system

• Capacity for industrial / commercial / 
residential flow can be added 
incrementally and efficiently in future

• Alllows a phased approach to defer 
capital costs to match WRF Capacitycapital costs to match WRF Capacity 
requirements to City Population 
Growth

• Selection process chosen for 
presentation at October 2010 PNCWA 
Conference in Bend 
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City of Bend Review Comments 

Date: 1 21 211 Project Name:   Bend Water Reclamation Facility Secondary Expansion Project    SW0802 

Department: Utilities   Submittal: Due by January 14, 2011 to Jim Wodrich  

Reviewer: JVW/PR/ST  Page 1 of 14 

Item #  Dwg Sht/ Spec Paragraph Comments Type Consultant Response 
 

\\midway\proj\BendORCityOf\391657SecondaryExpan\A3_Predesign\1_Project_Definition\Proj_Def_Report\Tech Memos\Appendix\Appendix C - Response to Review 
Comments\COBCommentsonPDwithResponses02142011_final_App_C.docx  
COMMENT TYPE: ‘F’ - FATAL FLAW MUST BE REVISED 
 ‘S’ - SERIOUS PROBLEM, NEEDS TO BE ADDRESSED.  COULD ESCALATE TO ‘F’ IF LEFT UNATTENDED. 
 ‘C’ - COORDINATION PROBLEM.  DISCIPLINE NEEDS TO TALK. 
 ‘N’ - NOTE TO DESIGNER, ITEM, NOT SERIOUS, NO NEED TO INCORPORATE, BUT COULD RESULT IN A BETTER PRODUCT IN FUTURE. 

 

1 ST Comments      

2  TM 1 p.5  2nd clarifier ADMM Flow @ 11.5 mgd at what 
SVI? 

C The rated capacity of the existing secondary 
clarifiers with the IFAS process assumes an SVI 
of 120 mL/g.  The text has been revised to state 
this. 

3  TM 1 p. 7   Parshall Flume?  Would a mag meter not be 
more accurate? 

C Yes, but multiple units would be required for the 
wide range of flows. 

4  TM 1 pg. 7  Mixed liquor splitter box – could we use mag 
meters/FCV’s  to flow split to clarifiers? 

C CH2M HILL did not evaluate using flow meters 
and flow control valves for splitting mixed liquor 
flow to the secondary clarifiers.  Using the 
existing infrastructure minimizes project cost, and 
maintenance and automation requirements.  Flow 
split to the secondary clarifiers can be revisited 
during Schematic Design if desired by the City of 
Bend.  However, flow splitting in the current 
manner is the industry standard and CH2M HILL 
believes it will provide uniform, reliable 
performance.   

5  TM-6 pg 2  Peak wet weather flow 50 mgd?  Refer to 
capacity of siphon structure 

S TM 6 has been revised to include a discussion of 
the capacity of the siphon. 

6 TM 7    Need to consider process with respect to Filtrate 
effluent without degas basins 

S The process simulations assume a continuous 
flow of filtrate is recycled to the secondary 
process.  Therefore, the lack of equalization in the 
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degas basins has already been incorporated into 
to the process simulations. 

7 TM 8 pg 6   Since D.O. control is automated-why have 
course air in the aeration zone-other than IFAS 

C Coarse aeration in aerobic zones outside the 
IFAS zone would limit the differences in header 
pressure between the two diffuser types. 

8  TM 8 pg 9  Poly optimize for BDP Belt Press-GBT is easy 
and very minimal, can utilize same poly as BDP 

C Will evaluate in Schematic Design. 

9  TM 8 pg 10  Need to evaluate Polymer Feed System to feed 
both higher % concentration limits, Post dilution 
limits will  help increase capacity to a point. 

C Will evaluate in Schematic Design. 

10  TM 8 pg 10   Chem feed pumps –Parastaltic??? Not 
recommended by COB 

S Peristaltic pumps are not desirable; other types of 
pumps (e.g., diaphragm, PC, etc.) will be 
evaluated during Schematic Design. 

11  TM 8 p. 11  Instrument Air-Ideal place would be old HW C Will consider in Schematic Design. 

12 TM 8 pg 11   Plant drainage-a gallery was discussed recently 
between AB-3 and AB-4, is this not a viable 
option? 

C Still an option. Will consider in Schematic Design. 

13  TM 8 p.11  Plant water Evaluation-Good!! C Will address in Schematic Design. 

14 Draft Fact Sheet 1   Gravity Thickener? C The facilities plan goal of postponing digester 
capacity expansion is part of the objectives of this 
project.  The gravity belt press performance and 
control upgrades should produce more 
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concentrated thickened WAS, reducing the 
volume feed to the digester.  CH2M HILL 
recommends keeping gravity thickening for 
primary sludge in the plan for capital 
improvements but to postpone implementation of 
this odorous new process until Bend determines 
the capacity of the digester feed pumping system 
to handle thicker sludge.   Space is reserved 
between the new headworks and the existing 
primary clarifiers to implement gravity thickeners. 

15  Primary Clarifier 6, 7  Current Structure is for 3 clarifier and going to 
42-inch dia at our flowrate, what about grit at low 
flows? 

S 42-inch PI pipe to PC3/PC4 needed for peak flow 
conveyance. Typically City would only run 2 PC’s 
except during wet weather peak events.  42-inch 
PI could be left off-line (with valve or splitter gate). 
Cleaning access and isolation approach will be 
provided in Schematic Design to allow O&M 
access for removing sediment/grit. 

16  Fact Sheet 2  This area demands a lot of attention, in relation 
to early years, turndown,etc 

C Understood. 

17  Fact Sheet 3  4th AB if we can afford it, or MOU with DE, no 
receiving stream NPDES 

S The recommended approach is to move forward 
with the installation of AB 4 and retrofit of AB 1, 2, 
and 3. If required due to budgetary constraints, 
the retrofit of AB 1 (and/or AB 2) could be 
deferred to a future project. At this time we are 
planning to avoid the need for an MOU with DEQ. 
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18  Fact Sheet 4  Scum/Foam management-“manual surface 
wasting (you are kidding right?) 

F The surface wasting function can be automated 
but manually initiated.  This functionality is only 
intended for use if foam causing microorganisms 
become a problem in the IFAS zone.  The 
process control of the IFAS aeration basins, 
including the scum and foam management 
approach, will be further defined in Schematic 
Design. 

19    MLR-Flowmeter less accuracy not less reliable S Will evaluate in Schematic Design. 

20    Ammonia Nitrate probes-where are these used 
reliably-note 

S Will evaluate in Schematic Design. 

21  Fact Sheet 7  TWAS Pump hopper pressure level sensor is 
not load cell, it is pressure element mounted on 
flange off tank 

S The text has been changed. 

22    Cake Hopper is 100 cyd not 36 cyd-Consultant 
to verify if accurate. 

S The volume of the cake hopper was recalculated 
to fill entirely.  The resulting volume is 49.5 cyd.  
The text has been revised to show this volume. 

23    Efficiency/sustainability –great consider “Control 
Blg HVAC”, recycle water ??? 

C Will evaluate in Schematic Design. 

24  JVW/PR comments      

25 ES-1   Add Council Meeting Notes approving VE in 
Memo 

S Council Meeting Notes and Slides have been 
included in an Appendix to the report. 
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26  ES-2 1st paragraph  Since 8.5 mgd is such an important assumption, 
showing what has already been approved by our 
palnning dept, we need the calcs showing this. 

S The following text has been inserted into TM 6.  
CH2M HILL will work the City to verify and 
document the initial estimate for near term 
capacity during Schematic Design. 

 
“The City has authorized development of a number of 
properties with a substantial number of equivalent 
dwelling units (EDU’s) that have not yet connected to 
the City sewer system.  These outstanding EDU’s 
present some uncertainty about the timing of near-term 
sewage flows as these EDU’s could apparently connect 
at any time. The recent recession has significantly 
slowed development, such that the City’s planning 
division authorization will likely expire on some of 
these committed EDU’s.  City staff performed 
hydraulic modeling in January 2010 to estimate the 
near term peak dry weather average daily flow, and 
calculated 8.3 mgd.  This result has not be 
independently checked during completion of the 
project definition report, however a meeting is being 
planned near the beginning of schematic design to 
provide project documentation of the calculations, 
assumptions, and results.  It is assumed that the near-
term committed average day dry weather flow of 8.3 
mgd is conservative because of the observed slow 
development in the community.  Future project 
documentation will clarify the basis of this near term 
estimate of average day dry weather flows.“ 
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27  ES-5 Primary  65-ft PRIMARY not Secondary C The text has been corrected. 

28    Can we get a table showing improvements vs 
flow as a variation from improvements vs years 
as presented in FP 

C This table has been added to the ES. 

29  ES-9 Table 2  Round to 4 significant figures.  Gives the 
appearance we know more than we do. 

C The table has been adjusted. 

30    Note Primary 1, 2 improvements in Phase 2- 
Mechanism replacement 

C It has been noted. 

31  TM 2 pg 3  Current NPDES, note that ODEQ has issued 
new NPDES with date, etc.  Steve Prazak mgr 

C The text has been updated to reflect current 
discharge permit requirements. 

32 TM 2 pg 4 Note AJHD is County for land use, mechanical, 
structural.  State is electrical 

C The text addressing Construction Permits has 
been revised to note this. 

33 TM 2 p.8 Note Structural Special Inspection per IBC….. C The text addressing structural codes and 
standards has been revised to note this. 

34 TM 2 p. 18 

And TM 2 p. 21 bulleted items 

Note :All HVAC Controls to treated as a process, 
not package Johnson Controls type control.  
Thus HVAC will have it’s own P&ID, Process 
Loop Descriptions, etc. 

S Understood. Will advance this in Schematic 
Design. 

35 TM 5 Civil Not sure we need the curves on the roads?  
Layout with future construction in mind and 
straighten out the roads.  This is not a 
development. 

C The road layouts can be adjusted to 
accommodate straight road after additional 
survey data are collected during Schematic 
Design. 
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36 TM 6 Need to point out the siphon is really the limiting 
flow element in the WRF.  Maybe note as with 
existing siphon ___ mgd, with new PPI ____mgd 
based on CSMP modeling, etc. 

F Based upon the existing CSMP model and recent 
modeling, the existing plant interceptor reaches 
capacity by year 2028 (that is, the design criteria 
of wet weather surcharging are exceeded).  
Existing siphon capacity is less than 30 mgd, and 
Option B2 for new PPI is 50 mgd.  A discussion 
has been added to TM 6. 

37 TM 6 p.5. p.8 2nd to last para Last para, need supporting calcs from consultant 
showing 8.5 mgd. Not from the City 

S Please see response to comment 26. 

38 TM 6 p. 7 Great discussion on reducing the chances of 
“STRANDED INVESTMENT” 

C Noted. 

39 TM 6 p.8 There are no “bar” screens C The table has been updated to read “band” 
screens rather than “bar” screens. 

40 TM 7 p.1 Last para, need supporting calcs from consultant 
showing 8.5 mgd. Not from the City 

S Please see response to comment 26. 

41 TM 7 p.3 Note why the excursion of SRT to 20 days in 
October 

C CH2M HILL is uncertain why the treatment facility 
appears to historically have significant variability 
in wasting rates and SRT.  No difficulties with 
wasting rate control were noted by City of Bend 
staff during the Project Definition phase.  The 
recommendation for no change to the existing 
wasting system for the current project will be 
revisited during Schematic Design if necessary. 
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42 TM 7 p.4 Note significant variance in wasting rates over 
time, one goal of this project should be noted to 
reduce the variations 

C Please see response to comment 41. 

43 TM 7 p.5 Add any alkalinity testing of influent C CH2M HILL currently does not have influent 
alkalinity data prior because the influent 
characterization effort was not able to sample 
upstream of the existing supplemental alkalinity 
addition at the facility.  The influent alkalinity 
concentration has been assumed to be 250 mg/L 
based on the presence of alkalinity addition 
system.  Testing to confirm the actual influent 
alkalinity concentration should be performed 
during the Schematic Design if the City of Bend 
would like estimates of any changes to the 
alkalinity addition requirements with IFAS. 

44 TM 7 p. 16 8.6 mg/L seems to be close to 10 mg/L our limit.  
Is this an acceptable safety factor.  Worried we 
might always be running on the edge of the 
permit limits?  Maybe discuss other facilities 
operations and ability to stay under 10 without 
trouble. etc 

C The 8.5-mg/L treatment goal is provided during 
the maximum month conditions for the year. 
During average conditions, this value could be 
lower. Our experience indicates that this provides 
an acceptable safety factor to meet the annual 
monthly average TN limit of 10 mg/L, established 
in the permit. In addition, the annual monthly 
average requirement allows some additional 
flexibility at the WRF when compared to a strictly 
monthly average requirement. The criteria will be 
confirmed and verified during the Schematic 
Design phase of the project. In addition, the 



City of Bend Review Comments 

Date: 1 21 211 Project Name:   Bend Water Reclamation Facility Secondary Expansion Project    SW0802 

Department: Utilities   Submittal: Due by January 14, 2011 to Jim Wodrich  

Reviewer: JVW/PR/ST  Page 9 of 14 

Item #  Dwg Sht/ Spec Paragraph Comments Type Consultant Response 
 

\\midway\proj\BendORCityOf\391657SecondaryExpan\A3_Predesign\1_Project_Definition\Proj_Def_Report\Tech Memos\Appendix\Appendix C - Response to Review 
Comments\COBCommentsonPDwithResponses02142011_final_App_C.docx  
COMMENT TYPE: ‘F’ - FATAL FLAW MUST BE REVISED 
 ‘S’ - SERIOUS PROBLEM, NEEDS TO BE ADDRESSED.  COULD ESCALATE TO ‘F’ IF LEFT UNATTENDED. 
 ‘C’ - COORDINATION PROBLEM.  DISCIPLINE NEEDS TO TALK. 
 ‘N’ - NOTE TO DESIGNER, ITEM, NOT SERIOUS, NO NEED TO INCORPORATE, BUT COULD RESULT IN A BETTER PRODUCT IN FUTURE. 

Schematic Design report will contain a review of 
IFAS facilities with similar permit requirements 
and process designs along with their associated 
treatment performance to demonstrate the 
removal performance reliability for the IFAS 
process design at Bend. 

45 TM 8 Table 1 p. 3 Note that UV should be tested for transmissivity 
before and after ferric, also does lime or alum 
cause too much scaling of UV tubes, inhibitors, 
etc. 

S Understood. Will address this during Schematic 
Design. 

46 TM 8 p.5 Blower Blg Insure there is space extra for 
electrical room future needs 

C Will address in Schematic Design. 

47 TM 8 p. 7 Need to note that this proposed process requires 
fewer secondary clarifiers, saving $ millions. 

S It has been noted in TM 8. 

48 TM 8 p. 9 Solids Treatment needs work.  Assume if we 
have another BFP we will not let it sit idle as a 
redundant unit.  Redundancy is in rollers, belts, 
extra drives, etc. 

F The recommendations for solids treatment in 
TM 9 and Fact Sheet 6 have been revised to 
note that the new BFP is needed to provide 
capacity not redundancy. 

49 TM 8 p. 10 Not sure there has been enough work to show 
we need to replace the polymer system yet. 

S Will evaluate in Schematic Design. 

50  NO Peristaltic pumps-Major problems with 
similar system in Anchorage using hose pumps 
Marlow Watson 

S Peristaltic pumps are undesirable; will evaluate 
other types of pumps (e.g., diaphragm, PC, etc.) 
during Schematic Design. 
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51 TM 8 p. 11 Check Instrument Air Capacity C Will address in Schematic Design. 

52 TM 8 p. 11 Note for what purposes propane is currently 
used 

C CH2M HILL understands that propane is currently 
used as a back-up fuel source for digester 
heating and to heat a shed structure on the site.  
This has been noted in TM 8. 

53 Fact Sht 1 p.7 Would be nice to note possible uses for old 
headworks? 

Parts Storage?  Maintenance shops? Future 
Septage? 

C The old headworks facility has not been 
discussed in depth in this fact sheet.  CH2M HILL 
agrees that the old head works may have 
beneficial uses, including IFAS media storage in 
addition to those mentioned here. 

54 Fact Sheet 6 Table 1 22 hp?  25 hp maybe? C The RAS pumps are 30 hp.  The table has been 
updated with the correct value. 

55  Add drawings of existing facilities to this fact 
sheet, weak without exst drawings 

C Mechanical drawings of the existing RAS/WAS 
pump station have been added. 

56 Fact Sheet 6 p.3 Show schematic of proposed mods on exist or 
new 

S Project definition proposed additional WAS 
pump(s) at the new RAS/WAS pump station. No 
modifications to existing WAS pumps are 
recommended. 

57 Fact Sheet 6 p.5 Discuss in terms of gpm at what % solids, 
lbs/mtr/time 

F CH2M HILL believes this comment is meant to 
address Fact Sheet 7 – Solids because of the 
loading rate provided.  This will be addressed in 
Schematic Design. 
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58 Fact Sheet 7 Solids Fact Sheet needs work, need to discuss solids in 
terms of % solids, gpm and pounds/mtr, not just 
gpm (only part of the picture) Senior review 
needed 

F Will address in Schematic Design. 

59  Note in a table the capacity of the existing 
equipment from GBT, BFP, washwater, polymer, 
pumps, etc Design vs Exist 

F Will address in Schematic Design. 

60 Table 1 Need to discuss solids in terms of % solids, gpm 
and pounds/mtr, not just gpm (only part of the 
picture) Senior review needed 

S Will address in Schematic Design. 

61 Table 3 Typical capture is 95% S Will address in Schematic Design. 

62 Fact Sheet 7 Solids p. 9 No rotary lobe pumps, remember Milwaukie 
where CH replaced a dozen due to high wear on 
own nickel.  Can’t be used if pressure is over 20 
psig, wears out.  Was experimented with at 
Boise to no avail. 

F Understood. No further consideration of lobe 
pumps. 

63 Fact Sheet 8 Can you summarize operating costs, existing, if 
we go to Hypo/UV, if we had stayed with gas 
with increased flows, etc so we aren’t surprised 
with annual operating costs and can budget for 
the increase. 

S Table added to fact sheet for operating costs. 

64 Fact Sheet 8 Note inhibitors like Ferric Chloride, scaling 
potential with alum and lime addition, etc.  The 
need for testing prior to moving forward. 

S Since the Bend WRF produces reuse water for 
only portions of the year, the system will be 
removed from service at least once per year. 
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Standard protocol for removing the system from 
service will include a chemical cleaning to remove 
any built up precipitate.  Additionally, both the 
LPHO and MPHO in-vessel UV units come with 
automatic wiping mechanisms to keep the 
sleeves clean.  At typical dosing rates of alum at 
the filters, lime at the headworks and ferric 
chloride at the digesters, fouling of the UV lamps 
due to precipitate build up is not expected to be a 
significant concern.  CH2M HILL will work with UV 
manufacturers during Schematic Design to 
determine if testing is necessary prior to final 
design. 

65 Fact Sheet 8 Fig 4 What are the 3353 numbers? C These numbers are preliminary water surface 
elevations.  The graphic and caption have been 
revised to make this clearer. 

66 Fact Sht 9 Needs a summary of existing vs proposed 
pumps, design criteria, maybe an exst drawing 
or to to help describe needs,recommendations 

C Design criteria from O&M manual information and 
drawings of the existing plant water pump station 
have been included in TM 9.  Reasons for the 
recommendation of constructing a new pump 
station as part of this project has also been 
provided.  The design criteria for the new plant 
water pump station will be developed during 
Schematic Design as the plant water needs are 
more fully defined. 
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67 TM 9 Note that siphon is WRF Limiting flow structure, 
calc limits 

S Please see response to comment 36. 

68 TM 9 p.5 Ponds, reiterate capacity of two existing ponds 
and when we need to upgrade the other two 
ponds, in terms of flow. 

S The facilities plan does not provide the capacity of 
the existing percolation ponds in terms of flow.  
The capacity of the ponds is provided in acre-feet 
per year per acre of pond.  Because the facilities 
plan is not clear on what the capacity of the 
ponds are in terms of flow, CH2M HILL has 
chosen not to attempt to calculate this value for 
the Project Definition report. 

69 TM 9 p.8 Note in Table in Headworks capacity of band 
screens depends upon the opening size of the 
plates.  3mm opening is 10 mgd per screen total 
30 mgd, 6mm opening is 15 mgd per screen 45 
mgd for 3 screens 

S TM 9 has been revised to note this. 

70 TM 10 elec Should include a site plan showing existing 
power feed layout, exst genset,  and proposed 
needs 

S Electrical site plan and oneline diagrams showing 
the existing and proposed power feed layouts will 
be included as part of the Schematic Design 
report. 

71 TM 11 p. 7 Note the Headworks translucent panels, reduced 
need for lights, etc 

C This has been noted in TM 11 

72 TM 11 p. 15 Purple Pipe Discussion-note in discussion the 
benefits of running purple pipe back into town in 
new PPI trench  if the new interceptor work 
proceeds 

C The existing discussion on purple pipe highlights 
the benefits of installing purple pipe parallel to the 
PPI to allow a future purple pipe network to be 
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established along the PPI corridor. 

73 TM 12 Comparison table needed of Facility Plan costs 
and this Process Evaluation Summary 
Comparison purposes 

C The projects recommended by the facilities plan 
and what is being built in this current expansion 
project are different enough they are not 
amendable to presentation in the same table.  A 
table comparing the overall facilities plan cost 
estimates with the Project Definition cost 
estimates has been included in the executive 
summary. 

74  Watch significant figures in costs C The table has been revised. 

75  Add COB Project Cost Summary Sheet to TM C The project cost summary sheet has been 
included as an appendix to TM 12. 

76  END OF COMMENTS   
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