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Technical Memorandum 13 

LIQUIDS TREATMENT PROCESS ALTERNATIVES 
ANALYSIS 

13.1   Executive Summary 

Technical Memorandum (TM) 11 Liquids Treatment Process Capacity Analysis identified three 
processes that would require upgrades in the 20-yrs planning horizon to 2040. These include the 
primary effluent pumping station, secondary treatment (aeration basins [AB], secondary 
clarifiers, and aeration), and tertiary treatment. Since expansion of the primary effluent pumping 
station and the secondary treatment process is straight forward, the alternative analysis in this 
memorandum focused on alternatives for tertiary expansion.  

Future aluminum and phosphorus regulatory requirements drove alternatives selection for 
tertiary treatment. An update to the aluminum testing procedure as well as testing in summer 
of 2020 indicated that current alum dosing should meet compliance requirements with the 
projected aluminum requirements. TM 4 Regulatory Update identified two potential total 
phosphorus effluent limits of either continuation of the 0.11 milligrams per liter (mg/L) limit or a 
relaxed limit of 0.5 mg/L.  

Three alternatives tertiary treatment alternatives were considered to meet the two different 
potential regulatory outcomes. If the less stringent phosphorus criteria governs, the 
recommended alternative is to perform a limited rehabilitation of the existing tertiary system 
(Alternative 3), which will entail the lowest costs and maximize use of existing assets. If the more 
stringent regulatory criteria governs, conducting the proposed tertiary clarifier rehaul 
(Alternative 1) would achieve the treatment objectives at a lower cost than retrofitting the 
tertiary system to use cloth media filtration (Alternative 2). 

13.2   Introduction  

The objective of this TM is to analyze alternatives for the unit process improvements needed at 
the Durham Advanced Wastewater Treatment Facility (AWWTF) that were identified in TM 11: 
Liquids Treatment Process Capacity Analysis. 

The existing and future needs of the plant’s treatment processes were defined by comparing the 
plant’s existing capacity and reliability with the projected flows, loads, and regulatory constraints 
defined in TM 4: Regulatory Update and TM 10: Flow and Load Projections. Evaluation of future 
needs considered operating parameters, space requirements, capital and operation and 
maintenance (O&M) costs, and other parameters as defined as core criteria in TM 1: Project 
Goals and Planning Criteria. The most significant alternatives were also analyzed using Clean 
Water Services’ (the District’s) cost-effectiveness model. 
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13.3   Background 

Flow and load projections utilized as the basis for facilities planning were developed as part of 
TM 10: Flow and Load Update.  

Capacities of existing liquids process units were determined as part of TM 11: Liquids Treatment 
Process Capacity Analysis and are utilized as the basis for liquid process alternative development. 
Specific sizing criteria are referenced in the body of this memorandum. 

As described in detail in TM 4: Regulatory Update, future aluminum limits and current 
phosphorus limits are driving the alternatives selection for the tertiary processes. Two 
phosphorus limits were selected for evaluation. The first uses the existing 0.11 mg/L monthly 
medium total phosphorus (TP) limit. The second provides a relaxed TP limit of 0.5 mg/L. Full 
scale testing during the summer of 2020 demonstrated that the existing enhanced biological 
phosphorus removal (EBPR) treatment system could reliably meet the relaxed TP limit with 
continued aluminum addition at the primaries along with minimal, periodic, dosing at the 
secondaries. No metal salt dosing was required at the tertiary system during normal operation 
with an exception during severe upsets.  

The proposed aquatic life criteria for aluminum by the Environmental Protection Agency (EPA) 
will impose future discharge limits that present a potential concern due to limited historical data 
for effluent aluminum concentrations. Further clarification from Oregon Department of 
Environmental Quality (DEQ) indicated that a gentler digestion methodology for aluminum 
measurement would not extract that naturally occurring colloidal aluminum in the river which is 
not bioavailable. This change in digestion methodology effectively reduces the background 
aluminum concentration in the river and increases the allowable aluminum that can be 
discharged from the Durham AWWTF. While limits have not been finalized and insufficient data 
currently exists on the new bioavailable testing methodology, preliminary work by the District1 
anticipates limits of approximately 900 micrograms per liter (µg/L) on a monthly average basis 
and 1,800 µg/L on a maximum daily basis. The lack of performance data resulted in uncertainty 
surrounding the tertiary system’s ability to meet future aluminum discharge limits.  

Jar testing conducted by plant during the summer of 2020 was intended to demonstrate 
feasibility of using iron-based metal salts as an option over the current aluminum metal salts. It 
should be noted that a similar aquatic life limit for iron is expected as well. The results 
(Figure 13.1) demonstrated that at current dosing represented by the medium dose of around 
30 mg/L, alum was capable of meeting both the anticipated monthly limit using the bioavailable 
method (985 µg/L) and the anticipated monthly limit using the more restrictive total aluminum 
method (450 µg/L) while continuing to meet the current 0.11 mg/L median month phosphorus 
limit. Iron was similar, however, it required higher dosages to meet the strictest potential limit. It 
should be stressed that these jar testing results should not be considered representative of 
expected full system performance. A review of the historical plant data for aluminum, indicates 
that the plant historically has been capable of complying with the anticipated 900 µg/L limit 
(Figure 13.2). However, some samples have been measured above the limit. Discussions with the 
District indicate that these higher samples were due to an upset process condition and while it is 
not considered a normal operating condition, it should at least be recognized that process upsets 
present a risk.  

 
1 Clean Water Services, December 2020.  Tualatin River Phosphorus Study Report 
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Figure  .   Jar Testing Summary 

 

 

Figure  .   Historical Aluminum Testing at Durham AWWTF 
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Overall, the limited historical dataset from July 2017 to October 2019 (53 samples) indicated that 
at current dosing for a TP limit of 0.11 mg/L, the facility was below the anticipated monthly limit 
(using the bioavailable method) for approximately 90 percent of the samples (Figure 13.3).  

 

Figure 13.3 Effluent Aluminum Distribution 

13.4   Liquid Treatment Capacity Summary and Upgrade Needs 

The following estimated limiting capacity and trigger year for the liquids treatment processes, 
from TM 11, are provided in Table 13.1. Upgrades required prior to 2040 include: 

• Chemical clarification (by 2026). 
• Secondary treatment (by 2038). 
• Primary effluent pumping (by 2038). 

In addition, should the DEQ require a change in criteria to utilize firm capacity at peak hour, 
instead of peak day, as outlined by their design guidelines2, then the influent pump station will 
require an upgrade as well.  
  

 
2 Oregon Standards for the Design and Construction of Wastewater Pump Stations (DEQ, 2001) 
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Table 13.1 Summary of Liquids Treatment Process Capacities and Limiting Criteria 

Liquid Unit Process 
Estimated 

Capacity Year 
Condition 

Limiting 
Capacity 

Capacity Criteria 

Influent Pumping 
2059 
2029 

MHWW 
180 mgd 
140 mgd 

Total capacity 
Firm Capacity 

Headworks 2073 MHWW 195 mgd 
All units online with reduced 
grit removal performance  

Primary Clarification 2063 MHWW 184 mgd <3,750 gpd/sf 

Primary Effluent 
Pumping 

2038 MHWW 119 mgd 

Firm capacity with use of 
surge basin. Assumes an 
upgrade when AB6 is 
required. 

Secondary 
Treatment 

2038 MMDW 42.1 mgd 
Maximum applied flux with 
maximum month inventory 
and peak week flow 

Aeration system 2047 MWDW 
N/A 

(28,200 
scfm) 

MWDW aeration demands 
with 2 blowers out of 
service 

Chemical 
Clarification 

2026 MWDW 40 mgd 
<1,000 gpd/sf hydraulic 
loading rate, 1 unit OOS 

Tertiary Filtration 2063 MDDW 75.3 mgd 
5 gpm/sf with 1 filter OOS 
and 1 filter in backwash 

Disinfection 
Beyond 
Buildout 

MHWW 249.6 mgd 
15-minute contact time with 
all units in service 

Notes: 
Bold text refers to unit processes requiring upgrades in the 20-year planning horizon. 
Abbreviations: gpd/sf = gallons per day per square foot; gpm/sf = gallons per minute per square foot; MDDW = maximum day 
dry weather; mgd = million gallons per day; MHWW = maximum hour wet weather; MMDW = maximum month dry weather; 
MWDW = maximum week dry weather; OOS = out-of-service; scfm = standard cubic feet per minute. 

The following subsections describe the liquid unit process upgrades required within the 20-year 
planning horizon. 

13.4.1   Influent Pump Station 

The existing influent pump station (IPS) consists of two small pumps with a 25 million gallon per 
day (mgd) capacity and four large pumps with a 40 mgd capacity, resulting in a firm capacity, 
defined as largest unit out-of-service (OOS), of 140 mgd and a maximum total capacity of 
180 mgd. The design criteria for the influent pump station is based on total capacity at maximum 
hour wet weather (MHWW) flow and firm capacity at maximum day wet weather flow. This 
criterion differs from the DEQ design guidelines, which specify the capacity of pump stations 
should be based upon the peak hour flow (PHF) with the largest unit out of service. If the District 
desires to have firm capacity for PHF, then the IPS will require an upgrade by 2029. The pump 
station can be expanded to provide peak hour redundancy by replacing the two small 25-mgd 
pumps with 40-mgd pumps thereby providing a firm capacity of 200 mgd and a maximum total 
capacity of 240 mgd. This capacity is just shy of the buildout capacity of 209 mgd. 
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Table 13.2 Proposed Influent Pump Station Capacity 

Design Criteria Existing Proposed 

Number of Pumps 
Large 
Small 

 
4 
2 

 
6 
0 

Capacity per pump, mgd  
Large 
Small 

40 
25 

40 
40 

Firm Pumping Capacity, mgd  140 200 

Total Pumping Capacity, mgd 180 240 

Estimated Capacity Year 2059 Beyond Buildout 

13.4.2   Primary Effluent Pump Station 

Effluent from primary clarification is routed to the Primary Effluent Pump Station (PEPS), which 
pumps primary effluent to the aeration basins. As discussed in TM 11: Liquids Treatment Process 
Capacity Analysis, the current PEPS capacity is adequate (119 mgd) with the current construction 
of AB5. The PEPS will need pumping capacity improvements when AB6 is constructed around 
2038 and when AB7 comes online around 2062. For the AB6 expansion, its estimated that one of 
the small pumps would be upgraded with the second small pump upgraded with AB7.  

Table 13.3 Proposed Primary Effluent Pump Station Capacity 

Parameter Existing Proposed 

Number of Pumps 
Large 
Small 

 
4 
2 

 
5 
1 

Capacity per Pump, mgd 33 
10 

33 
10 

Firm PEPS Capacity, mgd 119 142 

Total PEPS Capacity, mgd 152 175 

Estimated Capacity Year 2038 2062 

To address discrepancy between the flow to PEPS and the capacity of secondary treatment as 
well as the launders in the “at risk” range and the fully submerged v-notch weir, increased pipe 
capacity between the effluent diversion structure and the primary effluent pump station is 
recommended. This can be achieved by rearranging the 48-inch PC 3 effluent piping so that it no 
longer connects to the 60-inch primary effluent piping from the excess flow diversion 
structure (EFDS). The existing tee will be capped on the 48-inch branch, and the pipe will be 
routed to the northwest between primary clarifiers (PCs) 3 & 4 and connect into the existing 
84-inch stub out at the PEPS junction manhole. The new segment of pipe is approximately 
450 feet long. 

13.5   Secondary Treatment 

Secondary treatment encompasses biological treatment and settling utilizing the activated 
sludge process with biological nutrient removal. There are four independent bioreactor trains, 
each consisting of a bioreactor basin and its dedicated secondary clarifier and a fifth train is 
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currently under construction. The bioreactors consist of anaerobic, anoxic, and aerobic zones to 
provide biological nutrient removal. 

As described in detail in TM 11: Liquids Treatment Process Capacity Analysis, the aeration basins 
will have sufficient capacity to treat projected influent flows and loads until approximately 2038, 
when dry-weather capacity becomes limiting. Construction of a new AB6, similar in design to 
AB5, is planned to meet this capacity requirement. Installation of an additional blower building 
will also be required as part of these future improvements for AB6 and AB7. It should be noted 
that when AB6 is needed, two aeration basins will be required to operate in nitrification mode 
during the wet weather season in order to maintain compliance with the strictest nitrification 
compliance limit (<500 cubic feet per second [cfs] stream, discharge limit of 8.5 mg/L).  

Table 13.4 Proposed Secondary Treatment Capacity 

Parameter Existing Proposed 

Number of Trains 5 6 

MMDW Capacity per Train 8.41 8.41 

Dry-Weather Plant Capacity 42.1 50.5 

Estimated Capacity Year 2038 2056 

Number of Trains in Wet Weather 
Nitrifying 
Non-Nitrifying 

 
1 
4 

 
2 
4 

MMWW Capacity per Train 
Nitrifying 
Non-Nitrifying 

 
9.9 
13.7 

 
9.9 
13.7 

Wet-Weather Plant Capacity 64.5 74.4 

Estimated Capacity Year 2047 2072 
Note:  
Abbreviation: MMWW = maximum month wet weather.  

13.6   Tertiary Treatment 

The chemical clarifiers (CCs) at the Durham AWWTF are used to reduce effluent phosphorus 
through the addition of alum during the dry-weather season. During the wet weather season, 
the clarifiers are simply pass-through units that must be used to deliver flow to the chlorine 
contact chambers. Following chemical clarification, effluent is discharged to the chlorine contact 
basins (CCBs) for disinfection, then to the tertiary filters for solids removal.  

The estimated capacity of the CCs is presented in TM 11: Liquids Treatment Process Capacity 
Analysis. The capacity of the CCs was established using a surface overflow rate (SOR) of 
1,000 gpd/sf, which was based on the 2017 preliminary design report and stress testing. Overall, 
the capacity is limited by the ability to take a CC offline for construction during the peak week 
dry weather condition. Under this condition, the capacity limit of the CCs will be reached in 2026. 
However, regulatory considerations related to the use of alum for chemical phosphorus removal 
(presented above and described in detail in the Regulatory Update TM) may drive future 
planning related to tertiary treatment rather than the estimated capacity. The existing CCs as 
compared to similar tertiary units at AlexRenew (Alexandria, VA) indicates they can handle 
higher overflow rates while maintaining similar performance (see Figure 13.4).  
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Figure 13.4 Durham Chemical Clarifier Performance compared to AlexRenew 

However, overall tertiary performance (clarifiers and filtration) shows superior quality from 
AlexRenew (total suspended solids [TSS] <1 mg/L) whereas Durham is approximately 2.0 mg/L). 
It is hypothesized that the performance difference is due to much better rapid mix and 
flocculation performance. Therefore, to address the regulatory drivers as well as the capacity 
needs by 2026, the chemical clarifiers will require upgrades.  

As noted previously, jar-testing conducted by plant staff during the summer of 2020 focused on 
comparing alum and ferric chloride as chemical coagulants. The results indicated that high 
dosages of ferric chloride would be required to achieve low residual iron, likely as a result of 
colloidal iron needing to be captured. Alum was found to be effective at medium dosages and 
would result in effluent aluminum concentrations below anticipated limits when filtered at 
5 microns. Testing data from 2020 also indicated that alum injection at primary and secondary 
treatment influences final effluent aluminum concentrations but alum addition in these areas 
still kept the effluent aluminum concentration well below the expected future limits (see 
Figure 13.5).  
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Figure 13.5 Aluminum Dosing Influence on Effluent Quality 

A preliminary design for CC upgrades was produced by HDR3 in 2017 and included new two-stage 
flocculation, basin modifications, sludge removal improvements, and launder replacement. The 
CC upgrades are expected to increase hydraulic throughput while also increasing the reliability of 
TSS removal that is needed to meet low phosphorus requirements. However, if the phosphorus 
limits can be relaxed, it is likely the existing tertiary system may only need minor upgrades to 
address hydraulics and chemical efficiency.  

The following sections present an analysis of three alternatives to address the future regulatory 
scenarios and capacity limitations described above.  

13.6.1   Tertiary Alternatives Development Criteria 

Liquid process alternatives for tertiary treatment were developed primarily to address capacity 
needs and regulatory requirements. Other factors considered were implementation, operability, 
and maintenance concerns.  

13.6.1.1   Capacity 

The alternatives for tertiary treatment were required to meet planning period (2040) capacity 
needs. Additionally, utilization of existing process capacity was preferred to maximize the 
benefits of previous capital investment.  

13.6.1.2   Regulatory Constraints 

Tertiary and secondary treatment processes have been evaluated based on the following two 
scenarios: 

• Scenario 1: Monthly Median TP of 0.11 mg/L, Max Month Aluminum limit of 900 µg/L, 
and a Max Day Aluminum limit of 1,800 µg/L. 

• Scenario 2: Monthly Median TP of 0.50 mg/L, Max Month Aluminum limit of 900 µg/L, 
and a Max Day Aluminum limit of 1,800 µg/L. 

 
3 HDR, 2017.  10% Preliminary Design Report – Tertiary Improvements Project. 
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The two phosphorus scenarios provide both an existing compliance limit and a potential relaxed 
limit. Existing testing has shown that the existing EBPR process is capable of meeting the higher, 
relaxed, limit with little to no metal salt addition in the tertiary clarifiers. The EBPR performance 
could allow for a tertiary rehabilitation in lieu of a complete overhaul.  

13.6.1.3   Implementation, Operability, and Maintenance 

The alternatives were also evaluated on their impacts to operations and maintenance relative to 
the existing equipment and their ease of implementation.  

13.6.2   Overview of Alternatives 

The following alternatives were developed to meet the stringent phosphorus regulatory 
scenario, as described above: 

• Alternative 1: Chemical Clarifier Upgrades. 
• Alternative 2: Cloth-Media Filters + New Pump Station. 

With the relaxed phosphorus limit in Scenario 2, a third alternative was developed that would 
rehabilitate the existing tertiary clarifiers:  

• Alternative 3: Limited Chemical Clarifier Rehabilitation. 

13.6.3   Alternative 1: Chemical Clarifier Upgrades 

13.6.3.1   Description 

The baseline alternative would involve upgrading the chemical clarifiers, in accordance with the 
10% Preliminary Design Report from the Tertiary Improvements Project (HDR, 2017). These 
upgrades would consist of the following: 

• Rapid mix upgrades – more complete chemical conversion. 
• Rehabilitation of existing flocculation – replace single-stage units with new two-stage 

flocculation. 
• Upgrade effluent launders – increase hydraulic capacity and fix short circuiting issues. 
• Replace tertiary sludge pumps – replace aging pumps with new. 
• Sludge removal improvements. 
• Improve clarifier feed/flocculation hydraulics – equalize feed flow and provide additional 

flocculation volume, improve hydraulics up to 90 mgd. 

Under this alternative, the existing alum injection system would continue to be used. Alternative 1 
would also maintain the existing site layout of the tertiary system, as presented in Figure 13.6.  
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Figure 13.6 Tertiary System Alternative 1: Tertiary Clarifier Upgrades 

13.6.3.2   Regulatory Flexibility 

The upgraded tertiary system of Alternative 1 would be expected to meet both regulatory 
planning scenarios, including the more stringent planning scenario of 0.11 mg/L of effluent total 
phosphorus given that the existing facility already achieves compliance. The upgraded tertiary 
facility will most likely perform similar to AlexRenew which, as noted previously, produces better 
effluent quality than the District.  

13.6.3.3   Implementation, Operability, and Maintenance 

Construction of Alternative 1 would be phased to upgrade chemical clarifiers in sequence. Since 
the alternative would consist only of upgrades to existing equipment, staff would not be required 
to adjust to new equipment during commissioning. Once commissioned, operations and 
maintenance requirements of the upgraded clarifiers would be similar to the existing units.  

13.6.4   Alternative 2: Cloth-Media Filters + New Pump Station 

13.6.4.1   Description 

This alternative would involve conversion of one of the existing chemical clarifiers to house new 
cloth-media filters and a new pump station. Five cloth media filters, based upon Aqua-Aerobics 
Megadisk units utilizing 16 disks per unit, would be required to treat the 2040 MMDW capacity of 
43.2 mgd. Three additional units would be required to meet the buildout capacity of 64.1 mgd. 
The small footprint requirement of the cloth media filter units allows the proposed 5 plus 3 future 
units to be installed within the footprint of a single chemical clarifier.  
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Prior to filtration, chemical efficiency upgrades would be installed to provide reliable 
performance. The existing alum system would remain in service for chemical coagulation. The 
reliability upgrades are largely in accordance with the 10% Preliminary Design Report from the 
Tertiary Improvements Project (HDR, 2017). These upgrades would consist of the following: 

• Rapid mix upgrades – more complete chemical conversion. 
• Rehabilitation of existing flocculation – replace single-stage units with new two-stage 

flocculation. 

A pump station is required to overcome head losses resulting from the proposed filtration 
system. While the existing tertiary hydraulics results in approximately 0.47-ft of peak head loss 
through the chemical clarifiers, the cloth media filtration system would have a peak head loss of 
2.9-ft, per manufacturer documentation. Effluent from the cloth-media filters would be pumped 
by the new tertiary pump station to the CCB prior to being filtered again by the existing media 
filters.  

A site plan of Alternative 2 is presented in Figure 13.7, while Figure 13.8 provides a proposed 
footprint.  

  

Figure 13.7 Tertiary System Alternative 2: Cloth-Media Filters + New Pump Station 
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Figure 13.8 Closeup view of Tertiary System Alternative 2: Cloth-Media Filters + New Pump Station 

13.6.4.2   Regulatory Flexibility 

The upgraded tertiary system of Alternative 2 would be expected to meet both regulatory 
planning scenarios, including the more stringent planning scenario of 0.11 mg/L of effluent total 
phosphorus. The upgraded chemical addition and flocculation system in addition to filtered 
effluent is expected to perform similar to the existing treatment system.  

13.6.4.3   Implementation, Operability, and Maintenance 

Alternative 2 would introduce new equipment to the tertiary process with cloth-media filters and 
a new pump station. As shown in Figure 13.8, the new tertiary system is proposed to be located 
in CC1. Rapid mix and flocculation upgrades would be similar to the existing chemical addition 
system, with upgrades to address better chemical efficiency. Each cloth media unit will have an 
influent gate for isolation followed by influent launders to control flow to each filter unit. The 
cloth media filter unit will consist of 16 vertical discs where the flow passes ‘outside-in’. The 
filtered flow will collect in a center column where it will exit to an effluent channel with launders. 
Flow from each individual unit launders will collect in a common effluent channel where it will be 
directed to the effluent pumping station. Figure 13.9 provides a typical layout. For the proposed 
layout the location of the sludge and backwash pumping is located on the downstream end. The 
effluent pump station is assumed to be in a dry pit configuration alongside the backwash pumps 
pulling from the common filter effluent channel. 
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Figure 13.9 Typical layout for a MegaDisk Cloth Media Filter Unit (Aqua Aerobic Systems) 

Backwashing of the filters occurs based on water level. As the filter media becomes fouled, the 
head loss through the filter media increases resulting in the water level increasing within the 
unit. Once the water level passes a pre-set level, the unit begins a backwash. During backwash, a 
backwash pump initiates drawing flow from a vacuum like manifold on the disks to draw flow 
from the ‘inside’ to the ‘outside’ removing foulants. A drive motor and chain connected to the 
disk mechanism will slowly rotate all the disks to vacuum the full area of the disk. It should be 
noted that tertiary flow is continuing to feed the disk filter during this process. Once a full 
rotation is complete and providing the water level has reduced to below the backwash trigger, 
then the backwash pumps shutdown and the disks stop rotating.  

Periodic maintenance on the disk filters include maintaining the backwash pumps, the drive unit 
and drive chain. The cloth media will need replacement after approximately 7 to 10 years. To 
replace the media, the unit will be taken offline. Each of the 16 disks consists of multiple 
‘wedges’ that can be unbolted and removed from the unit. The cloth media is stretched across 
each wedge and thus, replacing the media is an exercise in removing the old cloth from each 
edge and stretching new cloth onto it. 

Construction of this alternative could be completed in mainly one phase followed by a shorter 
phase for interconnections. In the first phase, CC1 would be taken offline to be retrofitted with 
the cloth media filters and pump station. Once the pump station is complete, a second phase of 
construction will commence for the interconnections between the pump station and the two 
chlorine contact basins downstream of CCs 2 and 3.  
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13.6.5   Alternative 3: Limited Tertiary Clarifier Rehab 

13.6.5.1   Description 

This alternative would be similar to Alternative 1 but would limit the clarifier rehabilitation 
upgrades to the following:  

• Rapid mix upgrades – more complete chemical conversion. 
• Rehabilitation of existing flocculation – replacement of aging single-stage flocculation 

equipment with similar equipment. 
• Upgrade effluent launders – increase hydraulic capacity and fix short circuiting issues. 
• Replace tertiary sludge pumps – replace aging pumps with new. 
• Improve clarifier feed/flocculation hydraulics – equalize feed flow and provide additional 

flocculation volume, improve hydraulics up to 90 mgd. 

Site impacts from this alternative would be minimal, as construction would only involve 
replacements to existing equipment.  

13.6.5.2   Regulatory Flexibility 

This alternative, with the underlying assumption that the tertiary metal salt addition system is not 
used on a daily basis, would only meet the less stringent phosphorus removal requirement of 
0.5 mg/L in Scenario 2. However, if necessary, the upgraded dosing system could be operated 
continuously allowing the system to meet the more stringent limit of 0.11 mg/L monthly median. 
The performance of this system, with the less stringent limit and limited metal salt dosing to the 
tertiary system, is expected to be well within compliance of the aluminum limit, as it was illustrated 
during the 2020 testing.  

13.6.5.3   Implementation, Operability, and Maintenance 

Improvements to the existing chemical clarifier proposed with Alternative 3 would be phased so 
that only one clarifier would be offline at one time. Upgrades would consist of rehabbing existing 
equipment and would therefore not introduce new operations and maintenance needs.  

13.6.6   Comparison of Alternatives 

13.6.6.1   Non-Cost Comparison 

Alternatives 1 and 2 would provide sufficient capacity beyond the planning period (2040) and 
meet the stricter regulatory criteria of Scenario 1, which limits effluent total phosphorus to 
0.11 mg/L. Alternative 3, while it could be operated similar to Scenario 1, assumes limited 
tertiary metal salt addition and would only be applicable under Scenario 2. Because 
Alternatives 1 and 3 consist of improving existing equipment rather than converting to a new 
unit process (cloth-media filters), they would require less complicated commissioning processes 
than Alternative 2. Once established, likely all three alternatives would provide robust and 
reliable operation. Table 13.5 summarizes the comparison of non-cost criteria. 
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Table 13.5 Non-Cost Comparison of Alternatives 

Consideration Alt 1 Alt 2 Alt 3 

Footprint  

Requires location of additional facilities No No No 

Implementation  

Impact on operations during construction  Average Higher Average 

Amenable to staged construction Yes Yes Yes 

Operation  

Performance reliability Average Higher Average 

Maintenance requirements Average Average Average 

13.6.6.2   Capital and Operating Cost Comparison 

The relative capital costs of the three alternatives were developed based on Class 5 estimates, 
defined as having actual costs that are within -50 percent and +100 percent of the estimated 
cost. The relative costs should provide a reasonable basis for relative comparison of the two 
alternatives.  

Equivalent uniform annual costs (EUAC) for each alternative were developed with common 
assumptions, as presented in TM 1: Goals and Planning. It should be noted that for Scenario 2 
with the relaxed phosphorus limit, it is assumed the alum addition is significantly reduced with 
dosing assumed for one 30-day upset per year.  

The EUAC methodology calculates the annualized present value of constructing, operating, and 
maintaining components of a system. The EUAC for multiple components of a system can be 
summed to develop an EUAC for an entire system or combination of improvements that make up 
an alternative. The EUAC includes the initial and replacement cost of capital, annual O&M costs, 
and annual energy costs. The approach also considers varied life spans for infrastructure 
replacement and provides discounts for time of project implementation. The EUAC approach is 
more specifically documented in TM 1.  

Capital and EUAC costs for both alternatives are presented in Table 13.6.  

Table 13.6 Capital and EUAC Costs for Alternatives 

Regulatory 
Alternatives 

Alternatives 
Est. 

Construction 
($M) 

Est. 
Annual 
O&M 

Est. 
Annual 

Elec 
($M) 

Est. 
Annual 
Chem 
($M) 

Est. 
Replace 

($M) 

Est. 
EUAC 
($M) 

Scenario 1 
(TP = 

0.11 mg/L) 

Alternative 1 $16.26 $0.06 $0.007 $0.47 $0.78 $1.19 

Alternative 2 $21.51 $0.06 $0.032 $0.47 $1.13 $1.51 

Scenario 2 
(TP = 

0.5 mg/L) 

Alternative 1  $16.26 $0.06 $0.007 $0.042 $0.75 $0.77 

Alternative 2 $21.51 $0.06 $0.032 $0.042 $1.13 $1.09 

Alternative 3 $5.43 $0.06 $0.007 $0.042 $0.37 $0.42 

The cost breakdown indicates that Alternative 2 would have greater capital and EUAC costs than 
the other alternatives. Alternative 3, the limited tertiary clarifier rehab option, would have the 
lowest costs but would only meet the regulatory conditions of Scenario 2.  
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13.6.7   Recommended Improvements  

Most of the liquids processes that are estimated to reach capacity during the planning period 
require improvements that are similar in kind to existing processes and equipment. Three tertiary 
treatment expansion alternatives were evaluated to meet two different potential regulatory 
outcomes, which are differentiated by limits on effluent total phosphorus (either 0.11 mg/L 
or 0.5 mg/L). If the less stringent phosphorus criteria governs, the recommended alternative is to 
perform a limited rehabilitation of the existing tertiary system, which will entail the lowest EUAC 
costs and maximize use of existing assets. If the more stringent regulatory criteria governs, 
Alternative 1 would achieve the treatment objectives at a lower cost than Alternative 2. 
Alternative 2 would meet all required objectives under either scenario and provide an advantage in 
terms of performance reliability, however. Both Alternatives 1 and 2 would satisfy the non-cost 
criteria, and selection would be based on cost considerations and staff preference.  

In addition to recommended improvements to the tertiary process to address performance 
issues, improvements are also recommended to address hydraulic constraints. In 2017, HDR 
completed a Technical Memorandum entitled “10% Preliminary Design Report” for proposed 
upgrades of the Tertiary Treatment Improvements Project. Section 4 of the 10% Preliminary 
Design Report includes seven recommended improvements based on the results of the hydraulic 
models and by observational experience of the tertiary process during high flow events. Based 
on the hydraulic modeling conducted as part of this Facility Planning effort, two of those seven 
hydraulic improvements are currently recommended to address hydraulic constraints. These 
improvements include: 

• Remove the existing carbon steel clarifier effluent channel and replace with a wider 
concrete channel for Trains 2. 

• Remove the existing CCB effluent weir and channel and patch any concrete blemishes 
for Train 2. 

13.7   Estimated Construction Costs 

Estimated non-escalated construction costs for the liquid stream upgrades are provided in 
Table 13.7. These costs represent estimates to upgrade the influent pump station, PEPS, 
secondary treatment, tertiary treatment and hydraulic upgrades.  

Table 13.7 Estimated Capital Costs for Non-Alternatives 

Facility Upgrade 
Estimated Construction Costs 

($M) 
Estimated 

Timing 

Tertiary process improvements  $16.26 2026 

Tertiary process hydraulic improvements $0.16 2026 

Influent Pump Station Redundancy $3.33 2029 

PEPS Upgrade $2.24 2038 

Primary Effluent Hydraulics $1.28 2038 

AB6 Upgrade  $26.14 2038 

AB6 Blower Facility $3.02 2038 
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13.8   Buildout Facility Needs 

Buildout for the Durham AWWTF is estimated to be around the year 2087, as projected by the 
Influent flows and loading technical memorandum (TM 10, December 2020). The estimated 
facilities required to meet the buildout conditions are summarized in the following subsections, 
while Figure 13.10 shows conceptual site plans for the buildout condition.  

13.8.1   Influent Pump Station 

Hydraulic buildout conditions are estimated to require 209 mgd of MHWW capacity. To achieve 
the buildout capacity, the pump station can be further expanded by replacing the two small 
25-mgd pumps with 40-mgd pumps to provide a firm capacity of 200 mgd and a maximum total 
capacity of 240 mgd. If DEQ requires design guidance compliance using firm capacity, then the 
new pumps will need to be upgraded to 50 mgd which would provide 210 mgd of firm PHF 
capacity and 260 mgd of total capacity. 

13.8.2    Headworks 

Similar to the influent pump station, approximately 209 mgd of PHF capacity is required at 
buildout. The existing headworks is estimated to have a capacity of 195 mgd with the 2010 
headworks upgrade including a pipe stub-out to be used for a future bypass or wet weather 
treatment facility. For the buildout condition, it is assumed that a wet weather treatment facility 
would be constructed. The facility would have an assumed capacity of 70 mgd which would allow 
a screen to be taken out of service.  

13.8.3   Primary Clarification 

The existing PCs have sufficient capacity to reach approximately 2060 before an expansion is 
required. Installing one additional primary clarifier, whether it is 120 or 130-ft diameter to match 
the existing facilities, will provide sufficient capacity to beyond buildout in 2087.  

13.8.4   Primary Effluent Pumping Capacity 

The required pumping capacity for the PEPS will be largely driven by the secondary capacity and 
the regulatory drivers. As discussed in TM 11, as AB6 and AB7 are required for secondary 
treatment, PEPS will need to convey flow to the new facilities. Replacing the small 10 mgd 
pumps with larger pumps to match the existing large pumps will provide up to 165 mgd of firm 
and 208 mgd of total pumping capacity. Assuming the current ammonia regulations are 
maintained, 8 total secondary treatment units will be required to meet the MMDW flow 
condition. If the wet weather capacity of the future trains is similar to Train 5, then 
approximately 184 mgd of pumping capacity would be required, assuming 3 trains are nitrifying 
and the remaining trains are not nitrifying. To achieve 184 mgd of firm capacity, the existing 
small (10 mgd) pumps would need to be upgraded to 52 mgd.  

13.8.5    Secondary Treatment 

Buildout conditions in secondary treatment will require 64.1 mgd of MMDW capacity. If future 
new secondary treatment trains are designed and constructed similar to Train 5 (currently under 
construction), then three additional secondary treatment trains will be required, providing eight 
total secondary treatment trains. It should be noted that given site limitations for secondar trains 
beyond Train 7 and for the downstream tertiary treatment facilities, it may be more 
advantageous in the future to explore intensified treatment within the existing aeration basins 
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such as with a membrane bioreactor (MBRs) after the construction of Train 7. Not only would 
this provide a smaller footprint over a conventional treatment train, but it would also eliminate 
the need to expand chemical clarification and filtration. As explained further in this document, 
tertiary treatment will need expansion around approximately 2060 which will correlate to 
between the expansions of Train 7 (approx. 2056), and Train 8 (approx. 2072).  

In addition, if regulatory conditions change requiring full-year nitrification, then the MMWW 
conditions will dictate capacity requiring the need for another secondary treatment train 
(Train 9) to meet the buildout capacity. The lack of available footprint beyond Train 7, will most 
likely require an MBR which may drive the decision to design Train 7 as an MBR with sufficient 
capacity to meet either regulatory requirement.  

13.8.6   Chemical Clarification 

Buildout conditions for the chemical clarifiers will require approximately 91 mgd of max day total 
capacity, or 80 mgd of MWDW firm capacity. If secondary treatment continues to use 
conventional activated sludge treatment (basins and clarifiers), then at least one additional 
chemical clarifier will need to be installed. However, if downstream hydraulics are favorable or 
issues can be mitigated, then an alternative could be to install plates within the chemical 
clarifiers to increase the effective surface area. This would eliminate the need for a fourth 
chemical clarifier. Alternatively, if secondary treatment installs MBRs for Train 7 or 8, then that 
flow from Trains 7 or 8 would not require tertiary treatment and would go directly to disinfection 
thereby eliminating the need for an expansion.  

13.8.7   Tertiary Filtration 

The existing filtration facility is estimated to reach capacity by 2063 which is limited by MDDW 
flows with one filter in backwash and another filter out of service. At buildout, approximately 
91 mgd of MDDW capacity is needed which will require two additional larger (980 square foot) 
filters to be constructed. Similar to the chemical clarifiers, if secondary treatment installs MBRs 
for Train 7 or 8, then that flow from Trains 7 or 8 would not require tertiary treatment and would 
go directly to disinfection thereby eliminating the need for an expansion.  

13.8.8   Disinfection 

As noted in TM 11, there is adequate disinfection capacity for beyond buildout. Therefore, no 
additional facilities are expected to be required. 
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