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scfm/ft2 standard cubic feet per meter per square foot 
sec second 
T time required for disinfection 
t mixing time 
TDH total dynamic head 
V volt 
WSE water surface elevation 
wt% percent by weight 
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Executive Summary 
The Portland Water Bureau (Water Bureau) provides high-quality drinking water to almost a quarter of the 
state’s population in a 225-square-mile service area encompassing the City of Portland (City) and neighboring 
municipalities and water districts. In 2017, PWB launched the Bull Run Filtration Project (Project), which will 
construct a water filtration facility to help the City’s water supply meet the requirements of the U.S. 
Environmental Protection Agency’s (EPA’s) Long-Term 2 Enhanced Surface Water Treatment Rule (LT2). The new 
Facility is anticipated to be online and compliant by September 30, 2027.  

The Project has two primary elements: the Filtration Facility (Facility) and the Filtration Pipelines (Pipelines) 
connecting the Facility to the Water Bureau’s existing conduits. This document’s purpose is to describe the 
preliminary design of the Facility, establishing water quality and level of service goals and providing detailed 
narratives for each treatment process and ancillary processes. It also sets design criteria for key disciplines, site 
utilization plans, and project implementation strategies.   

Chapters 1 through 7 of this document present the following topics: project background, water quality, level of 
service, treatment process recommendations, discipline design criteria, site utilization, and project 
implementation. Chapter 8 of this document, Value Engineering, identifies changes to the recommendations 
presented in the previous chapters for the Facility to reduce the estimated cost of the Facility to fit within the 
Project’s affordability target. As such, various elements of the Facility will be different in Chapter 8 than the rest 
of the document. These changes are also summarized throughout Chapters 3 through 6 with bold text. This 
Executive Summary follows a similar format; Sections ES-1 through ES-7 summarize the preliminary design work, 
and Section ES-8 summarizes the value engineering efforts that took place.   

ES-1 Project Background 

PWB’s primary water source is the 102-square-mile Bull Run Watershed, a federally protected watershed in the 
Mount Hood National Forest. PWB supplements this source with groundwater from the Columbia South Shore 
Well Field (CSSWF) under emergencies or to augment supply during the dry summer months. The Water Bureau 
owns and operates facilities at these sources to meet demands. 

Figure ES-1 shows an overview of PWB’s existing water system.  
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Figure ES-1: Overview of PWB’s Water System Components 

The Bull Run Watershed is an unfiltered water supply whose quality has consistently complied with filtration 
avoidance criteria established by the EPA’s Surface Water Treatment Rule (SWTR). Between 2012 and 2017, the 
watershed’s raw water samples also showed exceptionally low concentrations of the pathogen Cryptosporidium, 
which allowed the Oregon Health Authority (OHA) to issue PWB a variance from LT2. However, on May 19, 2017, 
OHA revoked PWB’s treatment variance after a series of samples detected low levels of Cryptosporidium. 

To comply with LT2, the Water Bureau was directed by Portland City Council to complete the Project. The 
Project will build a new 145 million gallons per day (mgd) Facility and construct two new raw and two new 
finished pipelines to connect the existing conduits to and from the new Facility.  

Planning efforts conducted in 2019 by the Water Bureau identified feasible alternatives for the Project that are 
best suited for the City’s drinking water needs and led to City Council Resolution 37460. The resolution 
established priority values and expectations to guide design and implementation of the Project and identified a 
recommended option, shown in Figure ES-2. The figure shows a conventional treatment process consisting of 
ozone, flash mix flocculation, sedimentation, and granular media filtration, and onsite storage. Early planning 
decisions also included siting the Facility on an approximately 95-acre  
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Figure ES-2: Recommended Project Approach for the Bull Run Filtration Facility and Pipelines 

Bull Run Treatment Projects are a collection of projects being completed under a program delivery framework. 
The projects include Improved Corrosion Control Treatment (ICCT), and the Filtration Project which includes the 
Filtration Facility (Facility) and the Filtration Pipelines (Pipelines). The Filtration Facility  is being delivered 
collaboratively by PWB,  a program management team led by Brown and Caldwell, a facility design team led by 
Stantec, and a CM/GC, which is a joint venture between MWH Constructors and Kiewit. Figure ES-3 shows the 
organizations that will support the Project’s implementation.  

 

Figure ES-3: Structure of Organizations Supporting the Project 

The Project team is guided by the community values wheel shown in Figure ES-4. This wheel is the foundation 
upon which decisions about the Facility’s design criteria, site utilization, and project implementation are made. 
These values were embodied in a Program Charter developed as part of the project definition process. The 
values include input from public stakeholders and were adopted by the Project team. 
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Figure ES-4. Project values developed with community and PWB staff input 

The Design team has incorporated PWB’s 2021-2025 Plan to Advance Equity, Diversity, and Inclusion (Equity 
Plan) into the facility implementation plan, using PWB’s five-year equity objectives as their framework. For each 
strategic goal and category, the design team developed specific actions that can be implemented in the 
development of the Facility. A variety of actions are described in this report, touching on fifteen different 
objectives, and covering all five equity goals (system reliability, community relationship, workforce and culture, 
organizational process, and accountability and leadership). 

ES-2 Raw Water Quality and Regulatory Compliance 

Careful management of the Bull Run Watershed yields high-quality drinking water. This Facility’s design 
considers future threats to water quality and evolving regulatory standards.  

Key raw water quality parameters considered during design included turbidity, organic content, and 
microbiological presence. Turbidity has typically been very low in the Bull Run source, but turbidity events as 
high as 120 NTU have been recorded. Other potential concerns include algal toxins, filter-clogging algae, 
wildfires, landslides, and external contamination sources such as volcanic eruptions.  

Primary drinking water regulations established under the Oregon Drinking Water Quality Act that will 
immediately affect the Facility and potential future regulations include the Long Term 2 Enhanced Surface Water 
Treatment Rule, which defines requirements for pretreatment, filtration, and disinfection for microbial 
contaminants. Table ES-1 lists the EPA and OHA’s required inactivation of Giardia, Cryptosporidium, and viruses, 
and the available removal credits for conventional and direct filtration. 
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Table ES-1: Disinfection Requirements for Conventional and Direct Filtration 

 
Conventional Filtration Direct Filtration 

Giardia Virus Cryptosporidium Giardia Virus Cryptosporidium 

Required Removal by OHA 3-log 4-log 2-log 3-log 4-log 2-log 

Treatment Removal Credits 2.5-log 2-log 2-log 2-log 1-log 2-log 

Additional Inactivation 
Requireda 0.5-log 2-log - 1-log 3-log - 

a. OHA requires minimum 0.5-log Giardia and 1.0-log virus inactivation following surface water filtration facilities. 
OHA = Oregon Health Authority 

ES-3 Finished Water Quality and Level of Service Goals 

Level of service (LOS) goals define production capacity and finished water quality under normally anticipated 
conditions as well as following potential local event scenarios. LOS goals for the Facility were developed in 
collaboration with PWB staff, reflect the community values guiding this project, and guide all other Facility 
design criteria. 

The Facility will be designed to meet a peak day demand of 145 mgd  with a site layout that allows for 50% 
expansion to approximately 220 mgd. The Facility will include two parallel treatment trains. Each of the two 
initial trains (except for filtration) will have a hydraulic capacity of 110 mgd, allowing the Facility to meet system 
demand over 80 percent of the time with any single hydraulic unit out of service. This additional hydraulic 
capacity could also be used to increase total plant production capacity by adding filters or increasing the 
approved filtration rate on the initial filters.  

Finished water quality goals for the Facility were established to support PWB’s goal of achieving recognition 
under Phase IV of the American Water Works Association’s Partnership for Safe Water (PSW) program and out 
of awareness of OHA’s Area Wide Optimization Program. This award is given to facilities that have achieved the 
highest possible levels of optimized unit process performance, as measured against optimization goals for 
sedimentation, filtration, and disinfection.  

During and after local events, the Facility’s ability to achieve production and PSW/AWOP goals may be 
compromised, so the Project team evaluated potential local events to determine if improvements to the design 
should be made, or if lower production or finished water quality could be accepted while PWB recovered from 
an event. Types of local events evaluated included seismic events, landslides, algae blooms, and fires in the 
watershed. To this end, the project team considered critical LOS goals, the most restrictive being LOS goals 
outlined by Oregon Resilience Plan for returning to service after a seismic event.  

Water Bureau LOS goals for seismic events were established primarily to meet or exceed the guidelines 
established by the Oregon Resilience Plan. Of most relevance to the Facility are the target timeframes for 
restoration of potable water production at water treatment facilities: 

• 20 – 30 percent (30 – 45 mgd) within 0 to 24 hours 
• 50 – 60 percent (70 – 85 mgd) within 1 to 3 days  
• 80 – 90 percent (115 – 130 mgd) within 1 to 2 weeks 

To achieve these planning-level goals, the Facility’s structural, electrical, and mechanical systems will be 
designed to function after a major earthquake. Codes and standards from the State of Oregon, the American 
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Society of Civil Engineers and other regulatory agencies establish requirements and guidelines for designing 
different levels of seismically resistant structures.  

ES-4 Treatment Process Recommendations 

The Facility will integrate potable water production and residuals management processes that will produce up to 
145 mgd. To reduce energy use at the Facility as much  as possible, water will flow through the main treatment 
processes by gravity, requiring no pumping; however, some ancillary systems, such as solids handling, 
backwashing, and recycling, will require pumps. 

Table ES-2 summarizes the overall capacity of the Facility. Figures ES-5 and ES-6 illustrate the Facility’s liquid and 
solids train processes, respectively. The sections that follow detail the recommended design criteria for 
individual treatment processes. 
 

Table ES-2: Filtration Facility Main Process Capacity 

Design Criteria Units Initial Ultimate 

Finished Water Design Flow 

Minimuma mgd 20 to 40 20 to 40 

Annual Average mgd 88 135 

Peak Day mgd 145 220 

Peak Day (Winter) mgd 88 135 

a. Operating minimum flow is 40 mgd. 20 mgd is for start-up only. 
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Figure ES-5: Process Flow Diagram for Main Process 
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Figure ES-6: Process Flow Diagram for Residuals Train Process 
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ES-4.1 Ozone 

Raw water from the Bull Run Headworks will pass through the Facility’s raw water inlet structure and enter a 
pre-ozonation process, which will use two ozone contact basins to provide a barrier against algal toxins and 
oxidation benefits upstream of other major treatment processes. Other benefits might include improved filter 
productivity, reduced disinfection byproduct formation, and resilience against other future regulations or 
unforeseen raw water quality changes. The ozone system is not being designed for primary disinfection credit, 
however. The recommended criteria for the ozone process, shown in Table ES-3, include the type of oxygen 
source, dosages, dosing locations, contact time, alternatives for ozone components including the ozone 
generators, and other factors that will influence the Facility’s design.  
 

Table ES-3: Ozone System Design Criteria 

Parameter Unit Value 

Dosing Location - Pre-Ozone 

Oxygen Source 

Type - Liquid Oxygen (LOX) 

Number of LOX Tanks Number 2 

Ozone Generation 

Number of Generators (duty + standby) Number 2+1 

Ozone Injection and Contactor 

Injection Type - Sidestream Injection 

Number of Contact Basins Number 2 

Hydraulic Retention Time Min. 8 

ES-4.2 Flash Mix 

The Facility will be equipped with two parallel flash mix systems that rapidly mix a primary coagulant and 
potentially other chemicals, such as coagulant aid, into the water prior to flocculation. An efficient flash mix 
process minimizes the required chemical dose and costs, minimizes solids production, and ensures that all 
chemicals are well dispersed before entering downstream process trains. After an evaluation of five flash mix 
alternatives, pumped diffusion flash mixing was recommended for implementation.  

Table ES-4 summarizes the key design recommendations for the Facility’s flash mix systems. 
 

Table ES-4: Flash Mix Design Criteria 

Parameter Unit Value 

Type - Pumped Diffusion 

Velocity Gradient, G Seconds-1 1,200 

ES-4.3 Flocculation and Sedimentation 

The flocculation and sedimentation process slow-mixes neutralized particles until they come together to form 
larger floc. The floc is then  removed during sedimentation. The Facility will  use four flocculation and 
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sedimentation basins with vertical turbine flocculators and stainless-steel plate settlers for high-rate gravity 
sedimentation.   

Table ES-7 summarizes key recommended design criteria for the Facility’s flocculation and sedimentation 
process. 

Table ES-5: Flocculation and Sedimentation Design Criteria 

Parameter Unit Value 

Number of Basins Number 4 

Flocculation Basins 

Flocculator Type - Vertical Turbine 

Number of Stages per Basin Number 3 

Number of Cells per Stage Number 3 

Hydraulic Retention Time Minutes 30 

 Typical Velocity Gradient  
(Stage 1/2/3) 

Seconds1 80/60/30  

Sedimentation Basins 

Sedimentation Type - High Rate Stainless Steel Plate 
Settlers 

Hydraulic Retention Time  Minutes 45 

Sludge Removal System 

Type - Telescoping 

ES-4.4 Filtration 

Twelve granular media filters will be installed at the Facility to remove particles and reduce turbidity  in settled 
water to comply with LT2’s treatment requirements. This filtration process will be designed to treat 145 mgd 
plus an additional 10 percent from internal recycle streams, which are discussed in Section ES-4.7.  

Table ES-6 summarizes the recommended configuration and design criteria for the filtration system. Reliability, 
resilience, and redundancy were considered when developing the filters’ basis of design.  
 

Table ES-6: Filter Design Criteria 

Parameter Unit Value 
Design Flow Rate mgd 145 

Number of Filters Number 12 

Number of Filters Assumed Out of Service  
(for backwash or otherwise) Number 1 

Design Filtration Rate (for filter area) gpm/ft2 8 

Maximum Filtration Rate (for filter pipe sizing) gpm/ft2 10 

Filter Area, each ft2 1271 

 Number of filter cells Number 1 

Filter Media Design Type Anthracite/Sand 
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Table ES-6: Filter Design Criteria 

Parameter Unit Value 
 Sand Depth Inches 12 

 Anthracite Depth Inches 60 

Underdrains Type Nozzles 

mgd = million gallons per day 
 

The filtration system requires an accompanying filter backwash system to clean captured debris, particles, and 
contaminants out of the media. The backwash system will include an air-scour system using two blowers and a 
non-chlorinated, directly pumped backwash supply using four pumps.  

Table ES-7 summarizes the recommended configuration and design criteria for the Facility’s filter backwash 
system.  
 

Table ES-7: Backwash System Design Criteria 

Parameter Unit Value 

Filter Backwash Source - Non-Chlorinated 
Water 

Filter Backwash Supply - Pumped 

Maximum Filter Backwash Rate gpm/ft2 22.5 

Backwash Pumps   

 Number of Pumps Duty + 
standby 2 + 2 

 Flow Rate, Each gpm 14,616 

 Pump Size HP 250 

Air Scour Rate scfm/ft2 4 

Air Scour Flow scfm 5,100 

Air Scour Blowers   

 Number of Blowers Duty + 
standby 2+1 

 Flow Rate, Each scfm 5,100 

 Blower Size HP 250 

gpm = gallons per minute 
scfm = standard cubic feet per minute 
TBD = to be determined 
HP = horsepower 

ES-4.5 Disinfection and Storage 

To inactivate Giardia and viruses, the Facility will have a disinfection process with two parallel trains that use 
two below-grade backwash tanks, two disinfection basins with chemical addition, two clearwells for storage, and 
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an overflow weir box. Table ES-8 shows some of the input characteristics used to size the disinfection basins 
while Table ES-9 shows the resulting design criteria. 

Table ES-8: Disinfection Design Criteria 

Parameter Value Notes 

Giardia lamblia inactivation (log) 0.5 Additional inactivation of Giardia required after 
filtration to meet disinfection requirements 

Free Chlorine Residual (mg/L) 2.0 Typical value, prior to ammonia addition 

Minimum Chlorine Contact Time (T10) 

(min.) 21.4 Based on CT table value and free chlorine residual 

Design Chlorine Contact Time (T) (min.) 30.5 Considers baffling factor (hydraulic inefficiencies, short-
circuiting) to ensure disinfection is reached 

Worst-case Winter flow rate (mgd) 113 Design value for disinfection 

°C = degrees Celsius 
mgd = million gallons per day 
mg/L = milligrams per liter 
mg-min/L = milligram minutes per liter 

 
Table ES-9: Disinfection Basin Design Criteria 

Parameter Value Notes 
Winter Design Flow (mgd) 113 Average annual winter flow rate 

Basin Capacity (MG) 2.40 As calculated for each basin 

Number of basins 2 (1+1) Fully redundant. Basin layouts to be mirrored 

Maximum flowrate (mgd) 145 Per basin 
 

ES-4.6 Chemical Storage and Handling  

As currently designed, up to twelve unique chemicals can be handled, stored, or used regularly at the Facility. 
Thus, the design must consider the volume and weight of chemicals to be stored, the location and method of 
storage, and location and method of delivering the chemical to their dosing points throughout the site. 
Additionally, safety regarding chemical usage, storage, and delivery will be a key design consideration 
throughout the design process. 

Table ES-10 is a partial list of chemicals, uses, dosage and storage quantities proposed for the Facility. Usage of 
other chemicals, such as filter aid, coagulant aid, and quenching chemicals, are described in more detail in 
Section 4-7. 
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Table ES-10: Summary of Chemicals Dosing and Metering 

Chemical Use 
Dose (mg/L) Storage (days) 

Storage 
Quantity  Min Avg Max 

Avg 
Use 

Max 
Use 

Alum Primary Coagulant 0.5 10 25 33 8 50,000 gal 

Polyaluminum Chloride 
(PACl) Primary Coagulant 0.2 2 8 31 5 12,500 gal 

Sodium Hypochlorite 
(0.8%) Primary Disinfectant 0.2 2 8 2 1 75,000 gal 

Ammonium Hydroxide Chloramine Formation 0.2 0.6 0.8 34 15 20,000 gal 

Soda Ash Alkalinity Adjustment 1 25 35.5 43 18 94,000 ft3 

Carbon Dioxide pH Adjustment 3 5 9.3 30 10 60 tons 

Salt Sodium Hypochlorite 
Production N/A N/A N/A 36 16 120 tons 

ES-4.7 Residuals Handling 

The Facility’s various treatment processes will produce a significant volume of liquid residuals with low solids 
concentration, primarily from the filter backwashing and filter-to-waste processes. The Facility will operate with 
zero liquid discharge (ZLD) because feasible municipal sewer or river discharge options are not available at the 
site. Therefore, each residual stream must be processed efficiently and not hinder either finished water quality 
or facility operations; the Facility will achieve this through mechanical dewatering.  

The design will address the challenges posed by ZLD, including those related to water quality and facility 
construction and startup. Table ES-11 summarizes the design recommendations for the Facility’s liquid-residual 
handling.  

Table ES-11: Key Recommendations for the Residuals Handling System Design 

Parameter Unit Value 

WWW Equalization Basin    

Number of WWW cycles contained number 3 

WWW Basins number 2 

WWW Basin volume, each gallons 670,000 

WWW Pumps   

 Total Number of WWW Pumps duty + standby 
2 + 2 

(1+1 per basin) 

 Pump capacity, each mgd 5.5 

Washwater Clarifiers   

Peak day flow to clarifiers mgd 11 

Total number of clarifiers number 2 

Capacity, each mgd 5.5 

Recycle Equalization basin   
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Table ES-11: Key Recommendations for the Residuals Handling System Design 

Parameter Unit Value 

 Number of FTW cycles contained number 3 

 Number of Recycle Equalization basins number 2 

 Basin volume, each mg 0.75 

Recycled Water Pumps   

 Total Number of RW Pumps duty + standby 
2 + 2 

(1+1 per basin) 

 Pump capacity, each mgd 3.75 

Notes: 
mgd = million gallons per day 
MG = million gallons 
FTW = filter-to-waste 
RW = recycled water 
WWW = waste washwater 

ES-4.8 Solids Handling  

Similar to liquid-residual handling, the Facility’s sedimentation and filtration processes will produce a 
considerable volume of solids that must be handled using thickening and dewatering equipment. The design 
must size these components to handle a wide range of solids volumes and concentrations produced during 
normal operations (consistent with seasonal changes in plant production and water quality) and emergency 
operations, all while avoiding bottlenecks. Emergency sludge storage will also be provided for events that 
exceed the capacity of the solids handling system.  

Table ES-12 presents the recommended design criteria for the Facility’s solids-handling system.  
 

Table ES-12: Solids Handling Design Criteria 

Parameter Unit Value 

Maximum Daily Solids Handling Capacity dry lbs/day 56,000 

Design Turbidity NTU 24 

Design Facility Flow mgd 145 

Thickeners    

Thickener diameter ft. 50 

Number of Thickeners number 2 

Thickened Sludge Tank   

Number of Duty Thickened Sludge Tanks number 2 

Volume, each gal 150,000 

Diameter ft. 43 

Mechanical Dewatering   

Type  Centrifuge 
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Table ES-12: Solids Handling Design Criteria 

Parameter Unit Value 

Hydraulic Loading Rate gpm 150 

Solids Loading Rate dry lbs/hr 1,000 
Total Number of Centrifuges number 3 

lbs/day = pounds per day 
lbs/hr = pounds per hour 
NTU = Nephelometric Turbidity Units 

ES-4.9 Hydraulics and Overflow 

The hydraulics of the Facility’s main process flows, process overflows, residual streams, and solids were 
evaluated, and hydraulic grade lines were established. Figure ES-7 shows the hydraulic profile for the main 
treatment process. Process units will be installed well-below the existing grade, with decks generally configured 
slightly above finished grade. 

To ensure consistent treatment, flow from the main process units will be split at locations throughout the 
Facility using either passive flow split or active flow control. Table ES-13 summarizes the flow split locations and 
methods used at each location.   

The design must incorporate plant controls that eliminate offsite overflows to surrounding drainage areas. To 
this end, the Facility will have a basin for both raw water and process basin overflows. Main process overflows 
will occur at the raw water inlet structure, filter influent channel, and clearwell inlet. All overflows would be 
recycled to the head of the plant for treatment.  
 

Table ES-13: Filtration Facility Flow Control and Split Schemes 

Process 
Flow Split to X 

Number of Basins 
Max Hydraulic Capacity 

per Basin (mgd) 
Method 

Influent Structure 2 110 Passive, Weir 

Rapid Mix 2 120 Active(1), Valves and Meters 

Flocculation/Sedimentation 4 53 
Passive, Flocculation Inlet Channel 

Symmetry and Sedimentation Basin 
Weir 

Filter 12 14.5 Active, Valves and Meters 

CT Basin 2 110  Passive, Pipe Symmetry 

Note: 
1. May not be used for normal operation as flow can be split upstream at influent structure. 
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Figure ES-7: Hydraulic Profile – Main Process 
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ES-4.10 Pumps  

Although the Facility’s primary treatment process will rely on the gravity flow of water, several pump stations 
will support the Facility’s treatment processes, residuals-handling systems, and fire protection supply. Table ES-
14 presents the pump stations that will be constructed, the purposes that they will serve, where their water 
supplies will be derived from, and where they will end.  
 

Table ES-14: Pump Station Summary 

Pump Station Stream Source Destination 

Plant Water Filter washwater Backwash basin 
(unchlorinated) Filters 

Plant Water Utility water Clearwell (pre-disinfection) Utility water system 

Plant Water Potable water Clearwell Potable water system 

Plant Water / Fire  Fire Flow Clearwell Fire suppression system 

Non-Sanitary Drains1 Building Drain  Various Building Drains Overflow Basin 

Sanitary Drains1 Sanitary Drain  Various Sanitary Drains  Septic system.  

Overflow Overflow Overflow basin Recycle Equalization (EQ) 
Basin 

Recycle Recycle Recycle EQ Basin Influent  

Note: 
1. Multiple pump stations 
 

The majority of these pump stations will pump filtered water or decant water from the treatment processes, 
and their pump applications and selection will follow preferences established in PWB’s process mechanical 
guidelines. Coordination regarding the pump’s drivers, motors, and electrical loads will be conducted between 
applicable disciplines. Pumps will be sized to meet the Facility’s ultimate design capacity with accommodations 
for future expansions. Table ES-15 shows the design preferences for the pumping equipment. 
 

Table ES-15: Pumping Equipment Design Preferences 

Pump Application Preferred Design 

Water Vertical turbine 

Solids, dilute, < 3% solids by weight Non-clog centrifugal 

Solids, dilute, >3% solids by weight Rotary lobe or progressive cavity 

Chemical Pump components compatible with chemical to be handled 

Sample 
Select pumps based on liquid type and verify all pump 
components compatible with chemical to be handled 

 

Four pump systems are also required to serve onsite water needs including filter backwashing, utility, potable 
water, and fire flows. Detailed design efforts will determine how water will be routed to the pumps, where the 
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pump stations will be located, where the analyzers and probes that monitor water quality will be located, and 
other key coordination items.   
 

ES-4.11 Mass Balance 

The Facility’s design team has built a preliminary simulation and optimization model, which was used to 
model mass balance for the Facility’s liquid and solids treatment processes. To capture a range of mass balance 
conditions, the model was used to run a scenario analysis considering several influential operational parameters, 
specifically related to the sizing of the residuals treatment system. 

ES-5 Discipline Design Criteria and Relevant Requirements 

After reviewing the recommendations made for each of the Facility’s major processes, design criteria and other 
key requirements were developed for the following disciplines: 

• Civil, including geotechnical and corrosion protection 

• Landscape 

• Architecture, including building occupancy and hazardous area designations 

• Structural 

• Instrumentation and control 

• Electrical 

• Building mechanical and plumbing 

Each discipline’s design is dictated by specific goals and objectives, approaches, industry standards and guidance 
documents, PWB-established standards and guidance documents, and, where relevant, national, state, and local 
codes. Figure ES-8 presents a rendering of the Facility’s architectural concept, one of the most critical and 
compelling aspects of its overall design. 
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9

Figure ES-8: Preferred Concept Aerial View from Northeast 

ES-6 Site Utilization 

The bureau developed the facility’s site optimization plans over a series of workshops and weekly meetings. As 
shown in Figure ES-9, the Facility site occupies approximately 95 acres in unincorporated Multnomah County 
east of Gresham, in an area used for agriculture interspersed with single-family homes.  
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Figure ES-9: Filtration Facility Site  

The design used the site’s existing constraints and opportunities to identify an optimal area for the Facility 
layout, site access, and view buffers, while addressing safety and referencing the Project’s community values 
shown in Figure ES-3. Using these guiding principles and considerations, the design team refined the Facility’s 
conceptual layout, making recommendations about the following:  

• General organization of facilities and major components 

• Site grading strategy 

• Facility expansion strategies 

• Parking strategies 

• Facility circulation for staff 

• Access considerations for deliveries, tours, and road sections 

• Facility and site security measures 

• Constructability considerations 

• Stormwater management 

• Other design criteria for site acoustics and lighting  

These efforts led to a recommended site layout, shown in Figure ES-10. 
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Figure ES-10: Filtration Facility’s Recommended Site Layout 

ES-7 Project Implementation 

The Facility’s success, as well as the scheduled completion of the overall Project, relies upon an effective project 
implementation plan. This plan not only ensures the safe, efficient, and timely carry-out of design, construction, 
and start-up and commissioning (SU&C) activities but also upholds PWB’s values surrounding sustainability and 
equity. The following sections summarize key topics that will influence how the Project, including the Facility, 
will be implemented.  

ES-7.1 Sustainability 

PWB is committed to serving customers with high-quality, reliable drinking water while also remaining 
environmental stewards.  

The Design team established general strategies for sustainability according to the community values shown in 
Figure ES-3 and the Project’s goals. To achieve these objectives responsibly and with accountability, the Project 
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team established the following general strategies for sustainability, which will be further developed in the 
Facility’s detailed design: 

• Design a gravity-fed system and use high efficiency pumps/motors when pumping is required to reduce the 
electric power required   

• Right-sizing treatment processes to minimize overbuilding 

• Comply with the City’s Green Building Policy , including the State of Oregon requirement of 1.5% for 
renewables 

• Align with the Energy Trust of Oregon’s Path to Net Zero incentive program.  

• Certify all occupied buildings to a Leadership in Energy and Environmental Design® version 4 Building Design 
and Construction: New Construction (v4 BD+C: NC) Gold level.  

• Use Version 3 of the Envision Sustainable Infrastructure Framework.  

• Explore other feasible opportunities to increase sustainability and investigate additional considerations for 
design, including energy and water use and management, climate change, and resilience.  

ES-7.2 Procurement Plan 

The Facility will be delivered via a Construction Manager/General Contractor (CM/GC) method, which allows 
PWB to build a collaborative relationship with the contractor while maintaining a higher level of involvement in 
the design. Furthermore, this delivery method allows for the greatest flexibility and control during the 
procurement process, maximizing the participation of local construction contractors that are disadvantaged, 
minority-owned, women-owned, emerging small business, or service-disabled veterans business enterprises. 
This helps achieve one of PWB’s equity goals. 

Taking advantage of the flexibility offered by the CM/GC format, the design team is currently reviewing options 
for optimal equipment procurement timing and selection basis.  

ES-7.3 Permitting Strategy 

Construction of the Facility will require permits from multiple agencies for different aspects of the Project. The 
program team has developed and is implementing a comprehensive permitting strategy. Permitting agencies 
which will be most important for the Facility include: 

• Multnomah County 

• Clackamas County 

• Oregon Department of Environmental Quality 

• Oregon Health Authority 

ES-7.4 Design Safety  

The Water Bureau ranks safety as an extremely high priority for this project based on the amount and types of 
potential hazards, and a prevention through design approach has been adopted for the Facility. A Facility design 
safety plan will be developed that follows a systematic process to identify and address risks and hazards while 
complying with applicable laws, regulations, standards, and PWB preferences in order to best protect staff, 
workers on site, and visitors. The goal of this process is to achieve safe operation and construction for all end 
users through better design via early hazard identification and mitigation.   
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To this end, a safety risk log will document how staff do the following: 

1. Identify hazards. 

1. Assess risks, including their probability and consequence.  

2. Mitigate hazards. 

3. Improve the design.  

In particular, safety hazard mitigation will be crucial in developing the most effective solutions; as such, this step 
will follow a hierarchy of control as shown in Figure ES-11. 

 

Figure ES-11: Safety Hazard Management Steps and the Hierarchy of Control 

ES-7.5 Operation and Maintenance Plan 

Establishing a clear and accessible operation and maintenance (O&M) plan is essential in securing process 
efficiency, regulatory compliance, staff development, safety, and reliability while also maximizing the service life 
of PWB’s assets. In preliminary design, the design team identified preliminary staffing plans and operating costs 
as well as the critical stages for O&M staff engagement. 

ES-7.6 Startup, Commissioning, and Process Optimization 

SU&C of the Facility will be a complex undertaking, requiring the collaborative efforts of the Water Bureau, the 
construction manager, the CM/GC, the design team, and OHA. Each new system, subsystem, and component 
will need to be systematically tested and verified as acceptable by O&M, engineering, and administrative staff. 

While SU&C challenges and strategies will be further detailed as the Project’s design progresses, key tasks of the 
SU&C plan have been defined as follows: 

• Define roles and responsibilities and establish test teams consisting of PWB, CM/GC, system integrator, 
vendors, and engineering staff.  
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• Train O&M staff on SU&C operations 

• Identify specific systems and subsystems to be tested.  

• Identify support systems and materials that are necessary and must be operational. 

• Prepare test protocols, including specific components (such as valves) to be operated in the field, specific 
sequences to be followed, and parameters to be measured.  

• Define “success” and “failure,” along with procedures for resolving failed tests.   

• Prepare a test schedule.  

• Document safety practices to be followed during testing (such as ear protection requirements).  

• Coordinate SU&C of the Filtration Facility with SU&C of the associated raw water and finished water 
pipelines. 

ES-7.7 Design and Construction Schedule 

As part of its compliance agreement with OHA, PWB has committed to meeting all surface water and 
Cryptosporidium treatment requirements by September 30, 2027 and submitting plans and specifications to 
OHA for review and approval by October 31, 2022. The milestone schedule shown in Figure ES-12 meets these 
commitments and establishes dates for key interim design milestones. 

 

Figure ES-12: Milestone Design and Construction Schedule 

ES-7.8 Opinion of Probable Construction Cost 

The Design Team developed an opinion of probable construction cost (OPCC) for the project defined in this Basis 
of Design Report (BDR) following the recommended practice established by the Association for the 
Advancement of Cost Engineering (AACE) International for a Class 4 Estimate. This type of estimate is used to 
establish project budgets and is based on the kind of early project definition contained in this BDR and has an 
accuracy range of -15% to +30%. This range the standard practice for Class 4 Estimates and is a function of the 
estimating method used and the information available at the predesign stage.  
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The Design Team’s OPCC for the Facility is approximately $670 million. Sitework and utilities make up the largest 
component of the OPCC, accounting for about 15 percent of the direct cost of the work. The main treatment 
complex makes up the second largest component of the OPCC, with concrete costs for the floors, walls, slabs, 
and basins.  

This OPCC is approximately 50 percent higher than the construction cost estimated developed for the Project 
Definition Report (PDR), as shown in Figure ES-13. Note that the Decision Process and Project Definition costs 
shown in this figure have been escalated to September 2020 based on the Construction Cost Index (CCI) 
published by Engineering News Record (ENR). The significant increase in estimated construction cost is 
addressed, to some extent, in the Value Engineering (VE) process described in Chapter 8 and summarized in the 
following section. 

 

Figure ES-13: Comparison of BDR OPCC to Previous Cost Estimates 

ES-8 Value Engineering 

The recommendations presented in Chapters 1 through 7, and summarized in the sections above, were 
developed in collaboration with the Water Bureau engineering, operations and maintenance teams, subject 
matter experts and other key stakeholders, and were based on the Level of Service (LOS) Goals and guiding 
principles established for this project and endorsed by Water Bureau leadership. However, the upper bounds of 
the preliminary OPCC exceeded the City’s affordability target, triggering Value Engineering (VE) efforts to reduce 
the overall capital and operating costs of the project, while maintaining the performance, safety, and longevity 
of the project.   

The VE process consisted of two distinct phases: VE idea generation followed by close scrutiny and vetting of the 
concepts to prioritize those that would have significant cost savings while incurring minimal impact on the 
Facility’s level of service. Major ideas that were recommended to be carried forward include the following:  

• Lowering the Facility production capacity to 135 mgd. 
• Reducing the ozone system to one train (capable of treating 135 mgd with a dose of 0.75 mg/l at a 4 

minute hydraulic retention time). 
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• Reducing the solids system capacity to allow solids processing at 135 mgd and 1.5 NTU during normal 
operation and 88 mgd at 24 NTU during extended operation.  

Additional VE recommendations and their associated cost savings are described in Chapter 8. Note that no 
changes have been made to any commitments related to equity, diversity, or inclusion as described in 
Chapter 1. In total, the recommendations developed from VE efforts are expected to reduce the overall 
construction cost between $100M and $125M.  

Chapter 8 summarizes the Facility configuration that will be carried forward into the detailed design phase 
and how it differs from the configuration presented in previous chapters. Information presented in Chapter 
8 supersedes information presented in Chapters 1 – 7. Therefore, readers should refer to Chapter 8 for 
information on the final recommendations for the Facility from the preliminary design phase. Items that 
have undergone changes in the VE process are also summarized throughout Chapters 3 through 6 where 
applicable to indicate they have been changed. These summarized items will be shown in bold text 
throughout these chapters.   



Final Basis of Design Report │ Chapter 1: Introduction 

 

 
1-1 Bull Run Filtration Project 

 

1.0 Introduction 
The City of Portland Water Bureau (Water Bureau) provides high quality drinking water, customer service, and 
stewardship of the critical infrastructure, fiscal, and natural resources entrusted to its care. Constructing a Water 
Filtration Facility (Facility) as part of the Bull Run Filtration Project (Project) aligns with the Water Bureau’s 
mission of providing safe and reliable water service to customers by meeting Long Term 2 Enhanced Surface 
Water Treatment Rule (LT2) requirements. This Basis of Design Report (BDR) defines one element of the 
Project―the Facility―and lays out the criteria to be used during the detailed design phase for the Facility. In 
2020, Water Bureau staff and Brown and Caldwell, who make up the Program Team, and the Facility Design 
Team, which is led by Stantec Consulting Services Inc. (Stantec), conducted a series of 40 workshops to review 
preliminary recommendations from the Facility Design Team, collect input and feedback from the Program 
Team, and make the decisions and recommendations documented in this BDR. 

1.1 Project Background 
As shown in Figure 1-1, Portland’s water system includes two water sources―the Bull Run Watershed and the 
Columbia South Shore Wellfield (CSSWF) – and provides potable water within the City of Portland (City) and to 
wholesale customers.  

 

Figure 1-1: Overview of the Existing Water System 



 Final Basis of Design Report │ Chapter 1: Introduction 

 
1-2 Bull Run Filtration Project 

 

The primary water source for Portland is the Bull Run Watershed located east of Portland in the Mount Hood 
National Forest. The watershed consists of 102 square miles of protected forest land and is managed 
cooperatively by the U.S. Forest Service and  the City. The City has two large dam structures within the 
watershed, Dam No. 1 and Dam No. 2, which create two surface water reservoirs with a combined storage 
capacity of 16.5 billion gallons, though not all this storage is available for use as drinking water. This water is 
transported from the lower reservoir near the Water Bureau’s Headworks site to the Portland metro area via 
three large-diameter pipelines called Conduits No. 2, 3, and 4. The Bull Run supply is currently an unfiltered 
water supply. Prior to distribution, the supply is treated with free chlorine for primary disinfection, ammonia to 
form chloramines as a secondary disinfectant, and sodium hydroxide for pH adjustment.   

The Water Bureau supplements the Bull Run source as needed with groundwater withdrawn from the CSSWF. 
The CSSWF is used as a second supply, typically during turbidity events in the Bull Run Watershed, and for 
summer supply augmentation. If necessary, during the winter the Bull Run supply can be shut off and 
groundwater can be used for 100 percent of the supply. When used for summer supply augmentation, 
groundwater is blended at the Powell Butte Reservoir with Bull Run water.   

In 2006, the U.S. Environmental Protection Agency (EPA) promulgated LT2, which required water utilities to 
treat for the pathogen Cryptosporidium. From 2012 to 2017, the Oregon Health Authority (OHA) issued the 
Water Bureau a variance from the treatment requirements of this rule subject to a set of conditions that 
included exhibiting an exceptionally low concentration of Cryptosporidium in ongoing raw water sampling. 
However, due to a series of low-detection events in early 2017, OHA issued an order to the Water Bureau 
revoking Portland’s treatment variance on May 19, 2017.   

In August 2017, after reviewing treatment options, the Portland City Council voted to build a filtration facility  to 
meet the treatment requirements for Cryptosporidium (Resolution #37309). On December 18, 2017, OHA and 
the Water Bureau signed a bilateral compliance agreement establishing a compliance schedule for meeting the 
requirements of the LT2. The compliance schedule gave the Water Bureau just under 10 years to plan, design, 
and construct the facilities necessary for compliance with treatment requirements. 

Key dates in the compliance schedule include the following: 

• November 30, 2020: Submit pilot results and preliminary planning to OHA 

• October 31, 2022: Submit final construction plans and construction schedule to OHA 

• September 30, 2027: Water served by the Water Bureau meets all surface water and Cryptosporidium 
treatment requirements 

During pre-planning, the Program Team and Facility Design Team developed a set of values using community 
and Water Bureau staff input. These values shown in Figure 1-2 have been used to guide decision making.  
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Figure 1-2: Project-Specific Values Developed with Community and Water Bureau Staff Input 
 

Considering these values, the Water Bureau completed technical analyses to make four critical decisions with 
the City Council: delivery method, Facility capacity, Facility location, and filtration technology. These values will 
continue to be used throughout the detailed design phase.  

• Delivery Method. Construction Manager/General Contractor (CM/GC) was selected as the delivery method, 
allowing for contractor input during design to improve constructability and reduce cost and schedule risks. 

• Facility Capacity. A range of 145 to 160 million gallons per day (mgd) was selected as the appropriate initial 
capacity for the Facility to consistently meet Portland’s projected water system demands. This was later 
narrowed to 145 mgd. 

• Facility Location. The Facility will be located at an approximately 95-acre Filtration Site (Site) owned by the 
Water Bureau near SE Carpenter Lane, in eastern Multnomah County, Oregon. This Site was selected based 
on passing all of the siting criteria that included:  gravity flow; reasonably close to existing and future 
conduits; adequate area, reasonable slopes and suitable geologic conditions; and ability to meet the 
compliance schedule. Sites that met these criteria were then evaluated for zoning and ownership. 

• Filtration Technology. Granular media filtration was selected as a proven technology widely used at 
filtration facilities nationwide to provide excellent water quality.  

1.2 Equity, Diversity, and Inclusion 
In alignment with the City of Portland’s Core Values, the Water Bureau has committed to centering equity in all 
decisions and has developed a 2021-2025 Plan to Advance Equity, Diversity, and Inclusion (Equity Plan). This 
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Equity Plan defines equity goals and desired outcomes for each of the five strategic goals of the Water Bureau’s 
2019 Strategic Plan: system reliability, community relationship, workforce and culture, organizational process, 
and accountability and leadership.  

The Water Bureau is committed to delivering the Project in alignment with the Equity Plan. Most of the 
initiatives to integrate equity into the program are being developed and managed at the program level, such 
that they apply to all components and stages of the Project. Those efforts currently include initial development 
of community values used for program decision-making, engagement with tribal nations, focused advisory 
groups to improve outreach to urban Native populations and delivering business and workforce opportunities to 
women and people of color. Those efforts and their alignment with the Equity Plan will be documented and 
tracked separate from this report. 

This section focuses on the intersection between programmatic equity initiatives and development of the 
Facility through the BDR. Five key equity opportunities have been identified through the Project definition phase 
and will be further developed through final design. Brief descriptions of the five opportunities and their 
connections to the Equity Plan are provided herein. 

Opportunity 1. Create business and employment opportunities for historically disadvantaged communities.  

• The Filtration Facility design contract includes a 20-percent goal for subcontracting to businesses certified 
by the Certification Office for Business Inclusion and Diversity (COBID), including disadvantaged business 
enterprises (DBEs), minority-owned business enterprises (MBEs), women-owned businesses enterprises 
(WBEs), service-disabled veteran-owned business enterprises (SDVBEs) and emerging small businesses 
(ESBs). The prime consultant, Stantec, has committed to meeting or exceeding this goal. 

• COBID-certified firms serving as subconsultants are eligible to participate in Development and Support 
Program to increase the long-term technical and managerial capacity of their firm.  

• The Facility will be constructed under a Community Benefits Agreement that includes both subcontracting 
and diverse workforce requirements. Specific requirements include the following: 

− 22 percent of subcontract dollars during construction committed to COBID-certified firms, including at 
least 12 percent to MBEs and DBEs, and at least 5 percent to WBEs.  

− 31 percent of apprentice labor hours to be performed by people of color or women. 

− 28 percent of journey level labor hours to be performed by people of color or women. 

This opportunity aligns with initiatives to increase opportunities for COBID-Certified firms under Equity Plan 
Goal 1 on System Reliability and Goal 4 on Organizational Process. Diverse workforce opportunities align with 
Goal 2 on Community Relationships. 

Opportunity 2. Integrate community values and input from directly affected communities into decision 
making.  

• Design decisions include community values developed during the pre-planning phase. More than 1,700 
community members contributed to those values through stakeholder interviews, an online survey and a 
public open house. Outreach to underrepresented communities included stakeholder interviews with 
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communities of color, strong representation of renters in the online survey, and hosting the public open 
house at the Immigrant and Refugee Community Organization (IRCO). 

• The Water Bureau meets regularly with a Site Advisory Group, neighbors, and community stakeholders near 
the selected Facility location to discuss details and opportunities for the Bull Run Filtration Project. Input 
from the Site Advisors and other community members is being used to develop a Good Neighbor 
Agreement that will help ensure neighbors’ interests are considered in Facility design, construction, and 
future operations. Site Advisors include property owners, farm operators, a local school representative, and 
environmental interests near the Site.  

• The City of Portland is committed to engaging with the tribal nations indigenous to our region and to 
upholding treaty rights and trust responsibility. As part of that commitment, the Program Team has reached 
out to eight tribal nations to determine whether there are cultural resources within the Project area not 
currently listed in the National Register of Historic Places and to identify opportunities to honor Native 
culture and lifeways at the Project Site.  

This opportunity aligns with Equity Plan Goal 2 on Community Relationships.  

Opportunity 3. Reduce barriers to a more diverse workforce, both current and future.  

• Design the Facility to be gender-inclusive, making all restrooms, showers, locker rooms and changing rooms 
usable by persons of all gender identities and expressions while providing privacy and security for the 
individual user.  

• Use accessibility requirements as a starting point, not an end goal, for making staff and public areas 
accessible and adaptable to all, regardless of defined disabilities. Consider public tours (specifically to 
support science, technology, engineering, and math [STEM] education in schools) when determining which 
areas will be publicly accessible.  

This opportunity aligns with Equity Plan Goal 3 on Workforce and Culture.  

Opportunity 4. Take a rigorous approach to managing costs to keep water affordable while providing the best 
value to customers.   

• Practice good fiscal responsibility in all aspects of design, tracking Project changes to manage cost escalation 
due to feature creep.  

• Conduct a third-party Value Engineering study on the BDR prior to proceeding to detailed design.  

• Consider both capital and operations and maintenance costs when making design decisions. 

This opportunity aligns with Equity Plan Goal 2 on Community Relationships.  

Opportunity 5. Meet the City’s green building policy and identify opportunities to reduce carbon footprint and 
further sustainability.  

Additional information about sustainability assessments and opportunities are documented in Chapter 7, Project 
Implementation. This opportunity aligns with Equity Plan Goal 1 on System Reliability.  
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1.3 Project Organization 
The Bull Run Treatment Projects are a collection of projects being completed under a program delivery 
framework. As shown in Figure 1-3, the projects include Improved Corrosion Control Treatment (ICCT), two 
filtration projects – the Facility and the filtration pipelines. All projects are supported by a program management 
team led by Brown and Caldwell. Other firms and their roles in Project delivery are also shown in Figure 1-3. 

 

Figure 1-3: Structure of Organizations Supporting the Project 

1.4 Proposed Facilities 
Planning efforts conducted in 2019 by the Water Bureau identified feasible alternatives for the Facility that are 
best suited for the City’s drinking water needs and led to City Council Resolution 37460. The resolution 
established priority values and expectations to guide design and implementation of the Project and identified a 
recommended option, shown in Figure 1-4, that includes the following:   

• Target capacity of 145 mgd to meet most projected peak day demands through 2045   

• Conventional treatment including flocculation, sedimentation, and filtration to best handle turbidity events 
(optimized based on pilot study results) 

• Ozone for enhanced water treatment and protection from a wide range of current and future risks   

• Clearwell (onsite water storage) optimized for operational flexibility   

• Two pipelines into and out of the Facility to maximize gravity flow, reduce future impacts to the Facility 
neighborhood, and provide a more resilient, easier-to-maintain system  
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Figure 1-4: Recommended Project Option for the Filtration Facility and Pipelines 
 

Details for the recommended option were developed during 2019 and 2020, and documented in a Project 
Definition Report (PDR) published in October 2020. The Filtration Project includes two parts: the Filtration 
Facility and the pipelines connecting the existing conduits to and from the Facility. The preliminary design efforts 
described in this BDR pertain to the Filtration Facility only. 

A conceptual process flow schematic for the recommended option as described in the PDR is shown in Figure 
1-5. This schematic includes the features identified in Figure 1-4 but provides more context relative to the 
connections between these and other associated processes such as solids handling. The schematic serves as a 
baseline for the preliminary design efforts of the Facility, as documented in this BDR. 
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Figure 1-5: Conceptual Process Flow Schematic Used in the PDR 
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2.0 Raw Water Quality and Regulatory Compliance 
The Bull Run Watershed has been carefully managed to sustain and supply clean drinking water for the City of 
Portland (City) and its wholesale customers. These efforts have yielded high-quality drinking water and allowed 
Portland Water Bureau (Water Bureau) to operate without filtration for many years. However, due to recent 
detections of Cryptosporidium in the watershed, the Oregon Health Authority (OHA) rescinded the Water 
Bureau’s treatment waiver, requiring integration of treatment at the Bull Run before September 2027. In 
selecting and sizing the Filtration Facility’s (Facility) treatment processes, the design considers both the historic 
raw water quality, future threats to water quality, and evolving regulatory standards. 

2.1 Raw Water Quality 
Recent historical raw water quality data was used to support the determination of appropriate treatment 
methods and sizes of treatment processes. Raw water quality was measured at the Bull Run Headworks 
immediately downstream of the dam on Reservoir 2. Reservoir 2 can receive water from various levels in 
Reservoir 1 via a multi-level intake structure. Historical data from 2007 to 2018 was presented in the Project 
Definition Report (PDR), and the following parameters are summarized in this section:  

• Turbidity 

• Temperature 

• pH 

• Alkalinity 

• Organic Carbon 

• Taste and Odor (T&O) and Algae 

• Iron and Manganese 

• Microbiological Presence 

Refer to Section 3.1, Water Quality Considerations, of the PDR for additional information on historical raw water 
quality.    

2.1.1 Turbidity 

Raw water turbidity is one of the most important water quality parameters when evaluating Facility 
performance and alternative process design criteria. Turbidity is a measure of light penetration through a water 
sample and is indicative of the relative amount of particulate matter in the sample. Water with low turbidity 
usually requires lower chemical doses for optimum coagulation, sedimentation, and filtration. High turbidity 
levels can reduce the effectiveness of disinfection treatment processes and can provide a medium for the 
growth of microorganisms.  

Historical raw water turbidity from the Bull Run Headworks between 2007 and 2018 is summarized below: 

• Historical average raw water turbidity was 0.6 Nephelometric Turbidity Units (NTU). 

• Turbidity typically ranged from 0.3 NTU to 1.2 NTU (10th and 95th percentile data). 

• Turbidity was seasonally impacted such that average turbidity was highest during the winter and lowest 
during the spring: 
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− Average winter (January through March) turbidity was 0.7 NTU and ranged from 0.1 NTU to greater 
than 25 NTU (maximum instrument measurement). 

− Average spring (April through June) turbidity was 0.3 NTU and ranged from 0.2 to 1.5 NTU. 

− Average summer (July through September) turbidity was 0.4 NTU and ranged from 0.2 to 3.0 NTU. 

− Average fall (October through December) turbidity was 0.7 NTU and ranged from 0.2 to 4.3 NTU. 

• The Water Bureau’s drinking water facilities currently send unfiltered water to its customers. Therefore, 
flow from the Headworks is shut down before turbidity reaches 5 NTU and turbidity measurements at the 
intake are discontinued. Turbidity levels during these times are not well documented.   

2.1.2 Temperature 

Temperature plays an important role in water treatment because it affects the rate of chemical reactions 
(i.e., coagulation, disinfection, and formation of disinfection by-products [DBP]), floc formation and settling, and 
filter performance. Higher temperature water typically requires lower chemical doses and offers better floc 
formation, settling, filtration and disinfection characteristics. Filter backwashing is also impacted by 
temperature, such that higher backwashing rates are needed to expand the media in warmer water due to the 
lower viscosity.  

Historical raw water temperature from the Bull Run Headworks between 2007 and 2018 is summarized below: 

• Historical average water temperature was 9.8 degrees Celsius (⁰C). 

• Temperature typically ranged from 2.2⁰C to 16.5⁰C (10th and 95th percentile data). 

• Water temperature was seasonally impacted such that average water temperature was the highest in the 
summer and lowest in the winter: 

− Average winter water temperature was 5.1⁰C and ranged from 2.2 to 8.7⁰C. 

− Average spring water temperature was 8.9⁰C and ranged from 4.7 to 15.0⁰C. 

− Average summer water temperature was 14.6⁰C and ranged from 7.0 to 18.7⁰C. 

− Average fall water temperature was 9.8⁰C and ranged from 3.0 to 17.8⁰C. 

2.1.3 pH 

pH is a measure of the acidic or basic nature of a water sample and can also be indicative of whether or not a 
water is corrosive. A pH of 7.0 represents neutral conditions. pH values greater than 7.0 are normally considered 
to have a lower potential for pipe corrosion. pH values less than 7.0 usually have a higher potential for pipe 
corrosion, which can lead to leaching of metals into the water system and potential degradation of conveyance 
facilities.  

pH is also important in water treatment because of its impacts on various treatment processes, including: 
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• Coagulation: Coagulants typically have an optimal pH range and can sometimes suppress the treated 
water pH. Therefore, pH should be considered when selecting the type of coagulant and determining if 
pH and alkalinity adjustment is needed ahead of coagulation.  

• Disinfection: Lower pH values result in more efficient disinfection with oxidants like chlorine and ozone. 
The formation of DBPs such as total trihalomethanes (TTHMs) and haloacetic acids (HAA5s) is also 
affected by the pH of the water during and following chlorination.  

Several water treatment chemicals alter the pH. Aluminum sulfate and carbon dioxide (CO2) depresses the pH; 
sodium hypochlorite (NaOCl), caustic soda (NaOH), and sodium carbonate (Na2CO3, or soda ash) increase pH.   

Historical raw water pH from the Bull Run Headworks between 2007 and 2018 is summarized below: 

• Historical average raw water pH was 7.1. 

• Raw water pH typically ranged from 6.9 to 7.4 (10th and 95th percentile data). 

• Raw water pH had minimal seasonal variation. 

2.1.4 Alkalinity 

Alkalinity is important in water treatment because of its impact on pH stability, coagulation performance and 
corrosivity. Alkalinity greater than 20 milligrams per liter (mg/L) as calcium carbonate (CaCO3) is generally 
considered adequate for aluminum sulfate coagulation and for improved pH stability in the distribution system. 
Alkalinity can also impact total organic carbon (TOC) removal requirements, depending on raw water organic 
concentrations. 

Historical raw water alkalinity from the Bull Run Headworks between 2007 and 2018 is summarized below: 

• Historical annual average raw water alkalinity was 7.8 mg/L as CaCO3. 

• Alkalinity typically ranged from 5.8 to 12 mg/L as CaCO3 (10th and 95th percentile data). 

• Raw water alkalinity was seasonally impacted, such that average alkalinity was the highest in the summer 
and lowest in the winter:  

− Average winter alkalinity was 6.2 mg/L as CaCO3 and ranged from 4.1 to 7.9 mg/L as CaCO3. 

− Average spring alkalinity was 6.9 mg/L as CaCO3 and ranged from 5.5 to 9.3 mg/L as CaCO3. 

− Average summer alkalinity was 9.6 mg/L as CaCO3 and ranged from 6.3 to 18 mg/L as CaCO3. 

− Average fall alkalinity was 8.4 mg/L as CaCO3 and ranged from 5.1 to 14 mg/L as CaCO3. 

The alkalinity in the Bull Run raw water is relatively low for a surface water in the Pacific Northwest. It has been 
determined through prior studies that the Water Bureau needs to boost alkalinity and pH to maintain stable 
distribution system water quality. New soda ash and CO2 chemical facilities are under construction to increase 
alkalinity and control pH as part of the Water Bureau Improved Corrosion Control Treatment (ICCT) project. 
Design criteria from the ICCT project will be carried forward in design until the updated corrosion control study 
is completed using treated water from the pilot. 
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2.1.5 Organic Content 

The natural level of organic matter in the raw water can affect its treatability as well as other parameters, 
including coagulant demand, chlorine demand and decay, ozone demand and decay, DBP formation, and T&O. It 
can also affect the performance of biologically enhanced filtration if the Facility is designed and operated to 
provide this function. For the most part, organic content is derived from the natural decay and deposition of 
plant life forms, as in fulvic and humic acids, or from the presence of algae and their by-products. As the 
concentrations of organic matter in the water increase, the requirement for chemicals that react with the 
organic matter (i.e., coagulants, chlorine, and ozone) also typically increases. Since DBPs result from chlorine’s 
reaction with organic matter, higher concentrations of organic matter in raw water usually result in higher levels 
of DBPs in the distribution system. 

Historical raw water organic content at the Bull Run Headworks from 2007 to 2018 was quantified using TOC 
concentration. TOC is the summation of dissolved and particulate organic carbon. Dissolved organic carbon 
(DOC) in the raw water was measured for approximately 1 year between October 2010 and December 2011 by 
filtering the TOC sample using a 45 micrometer (µm) filter. The resulting DOC concentration was consistently 
higher than TOC concentration, which can occur if the filter is not thoroughly rinsed prior to filtering the sample 
with low TOC water. TOC and DOC concentrations are typically similar in low turbidity water.  

Historical raw water TOC from the Bull Run Headworks between 2007 and 2018 is summarized below: 

• Historical annual average raw water TOC was 1.1 mg/L. 

• TOC typically ranged from 0.8 to 1.8 mg/L (10th and 95th percentile data). 

• TOC was seasonally impacted, such that average TOC was the highest in the winter and lowest in the 
summer:  

− Average winter TOC was 1.0 mg/L and ranged from 0.7 to 1.8 mg/L. 

− Average spring TOC was 0.9 mg/L and ranged from 0.3 to 1.3 mg/L. 

− Average summer TOC was 0.8 mg/L and ranged from 0.7 to 1.5 mg/L. 

− Average fall TOC was 1.5 mg/L and ranged from 0.7 to 4.1 mg/L. 

• DOC concentrations tend to trend with TOC measurements. During a colored water event in 2011, DOC was 
found to be as high as 6.6 mg/L, but paired TOC data was not reported due to analytical limitations. By 
definition, DOC cannot be higher than TOC; therefore, it is expected that DOC concentrations are likely 
similar to TOC concentrations. 

2.1.6 Taste and Odor and Algae 

In some Pacific Northwest surface water supplies, objectionable T&O can occur during the late summer months, 
often times because of increased algal activity, which results from warmer water temperatures and other 
factors. The North Clackamas County Water Commission Water Treatment Plant (WTP) and the Lake Oswego-
Tigard WTP have processes in place to treat for T&O events from the nearby Clackamas River―powdered 
activated carbon and ozone, respectively. Although objectionable, the organic compounds responsible for these 
types of T&O pose no health risks to persons who ingest the water.   



Final Basis of Design Report │ Chapter 2: Raw Water Quality and Regulatory Compliance 

Carollo–Stantec–Brown and Caldwell 2-5 Bull Run Filtration Project 

 

Historical algae data on the raw water (measured at the Headworks) is presented in Section 3.1.2, Water Quality 
Considerations, of the PDR, which includes measurements of total and viable algae counts, and algal speciation 
was quantified at the Bull Run Headworks between 2008 and 2018. Algae genera detected at the Bull Run 
Headworks include the following:

• Chlamydomonas sp. (can cause T&O) 

• Dinobryon sp. (filter clogger, can cause T&O) 

• Ochromonas sp. (filter clogger) 

• Melosira sp. (filter clogger) 

• Cyclotella sp. (filter clogger) 

• Aphanothece sp. (filter clogger) 

• Mallomonas sp.  

• Kephyrion sp. 

• Botryococcus sp. 

• Rhodomonas sp. 

Of the dominant algae genera measured at the Headworks, two have caused issues in the Water Bureau’s 
system: Dinobryon sp. and Ochromonas sp. Dinobryon sp. is known to clog Water Bureau customers’ household 
filters and have T&O issues based on repeat customer complaints. In addition, Ochromonas sp. was responsible 
for a bloom in 2005.  

Cyanobacteria are regularly observed but typically at very low densities and cyanotoxins have only been 
detected once or twice at very trace concentrations. The Water Bureau collected raw water samples every two 
weeks from July through October 2018 (8 samples total) as part of OHA temporary rules for cyanotoxin (total 
microcystins and cylindrospermopsin) monitoring and testing at public water systems. All cyanotoxin results 
were below detection levels. When OHA adopted permanent cyanotoxin rules in December 2018, the Water 
Bureau was no longer on the list of susceptible sources and therefore was no longer required to monitor for 
cyanotoxins. 

The Water Bureau recently participated in the Federal Unregulated Contaminant Monitoring Rule 4 (UCMR4) 
(EPA 2015) monitoring program between 2018 and 2020, which included sampling for included 10 cyanotoxins 
(total microcystins, microcystin-LA, microcystin-LF, microcystin-LR, microcystin-LY, microcystin-RR, microcystin-
YR, nodularin, anatoxin-a, and cylindrospermopsin). The Water Bureau tested eight samples from the entry 
point to the distribution system (at Lusted Hill) for these cyanotoxins from July through October 2019, and all of 
these results were below detection levels. 

The presence of algae can also be correlated to the level at which the water is withdrawn from the Bull Run 
Reservoirs, as algae densities are higher in the upper layer of the reservoir than lower in the water column. The 
Water Bureau will continue to monitor algae in the reservoirs and adjust the intake levels as necessary.  

2.1.7 Iron and Manganese  

Iron (Fe) and manganese (Mn) are secondary contaminants, associated with discolored water, and staining; the 
secondary standards are 300 micrograms per liter (µg/L) and 50 µg/L, respectively. Mn can be perceived by 
customers at levels above 20 µg/L. Mn may be regulated in the future based on health effects.  In stratified lakes 
and reservoirs, precipitates (solid forms) of these metals contained within the sediments may be reduced in the 
lower anoxic layer, thereby solubilizing into the water.  In aerobic waters, these metals are oxidized and form a 
precipitate. An oxidizing process, such as chlorination or ozonation, will also result in formation of precipitates, 
which can then be settled and/or filtered in a filtration facility. In the Pacific Northwest, reservoirs that stratify 
usually experience anoxia in the lower depths starting in June and lasting through September. Therefore, 
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elevated levels of dissolved Fe and Mn in the Facility supply, if any, would be expected during the summer and 
fall months. During these months, the Water Bureau is able to manage Mn concentrations using a multi-level 
intake structure.  

Historical Fe concentrations measured at the Bull Run Headworks between 2007 and 2018 is summarized below: 

• Historical annual average water Fe concentration was 61 µg/L. 

• Fe concentration typically ranged from 20 to 151 µg/L (10th and 95th percentile data). 

• Fe concentration was seasonally impacted such that average iron concentration was the highest in the 
summer and lowest in the spring: 

− Average winter Fe concentration was 29 µg/L and ranged from 17 to 177 µg/L. 

− Average spring Fe concentration was 24 µg/L and ranged from 15 to 42 µg/L. 

− Average summer Fe concentration was 89 µg/L and ranged from 27 to 173 µg/L. 

− Average fall Fe concentration was 79 µg/L and ranged from 28 to 269 µg/L. 

Historical Mn concentration measured at the Bull Run Headworks between 2007 and 2018 is summarized below: 

• Historical annual average Mn concentration was 9.2 µg/L. 

• Mn concentration typically ranged from 1.7 to 28 µg/L (10th and 95th percentile data). 

• Mn concentration was seasonally impacted such that average Mn concentration was the highest in the 
summer and lowest in the winter: 

− Average winter Mn concentration was 2.3 µg/L and ranged from 1.2 to 15 µg/L. 

− Average spring Mn concentration was 3.3 µg/L and ranged from 1.5 to 25 µg/L. 

− Average summer Mn concentration was 15 µg/L and ranged from 1.3 to 46 µg/L. 

− Average fall Mn concentration was 12 µg/L and ranged from 1.1 to 56 µg/L. 

2.1.8 Microbiological Presence 

The Water Bureau operated under a variance from the Cryptosporidium treatment requirements of the Long-
Term 2 Enhanced Surface Water Treatment Rule (LT2) until 2017, when monitoring indicated that 
Cryptosporidium was present above the low detection threshold established in the variance. Following 
exceedance of the Cryptosporidium levels required to maintain a treatment waiver, the Water Bureau entered 
into an agreement with OHA to have a filtration facility online by September 30, 2027. The Bull Run watershed is 
considered a Bin 1 classification based on Cryptosporidium levels in the source water. Bin 1 classification does 
not require additional removal or inactivation for conventional and direct filtration facilities as these treatment 
strategies are deemed adequate to provide 2.0-log Cryptosporidium removal to satisfy the requirements of OHA. 
Additional detail on Water Bureau compliance is included in Chapter 1, Introduction, of the PDR. 
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Historical microbiological presence measured at the Bull Run Headworks between 2010 and 2017 is summarized 
below: 

• Historical annual average Cryptosporidium presence was less than 1 oocysts/L and ranged from 0 to 0.18 
oocysts/Liter (L) (minimum and maximum). Cryptosporidium oocyst counts were between 0 and 3 with 
sample volumes ranging from 10 to 55 L. 

• Historical annual average Giardia lamblia (Giardia) presence was less than 1 cysts/L and ranged from 0 to 
0.27 cysts/L (minimum and maximum). Giardia cyst counts were between 0 and 5 with sample volumes 
ranging from 10 to 55 L. 

• Historical annual average E.coli presence was 1.3 most probable number (MPN)/100 milliliter (mL) and 
ranged from 0.5 to 4.1 MPN/100 mL (10th to 95th percentile data). 

• Historical annual average Fecal Coliform presence was 1.0 colony forming unit (cfu)/100 mL and ranged 
from 0.5 to 2.0 cfu/100 mL (10th to 95th percentile data). 

• Historical annual average Total Coliform presence was 59 cfu/100 mL and ranged from 10 to 179 cfu/100 mL 
(10th to 95th percentile data). 

2.1.9 Summary 

Historical raw water quality is summarized in Table 2-1 adopted from Chapter 3, Water Quality Considerations, 
of the PDR. Refer to the PDR for more information on water quality parameters not discussed in this section. 
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Table 2-1: Raw Water Quality Data (2007-2018), Brown & Caldwell 2020a 

Parameter Units 
10th 

Percentile 
Average 

90th 
Percentile 

95th 
Percentile 

Min–
Max 

No. of 
Samples 

Method (MRL) MCL or SMCLb 

Conventional Parameters 

Alkalinity mg/L as 
CaCO3 5.8 7.8 11.0 12.0 4.1–

18.0 629 
SM2320B 
(1 mg/L as 

CaCO3) 
― 

Color units 8.0 11.0 15.0 17.0 6.0–
75.0 4,173 HM10048 (5.0 

units) SMCL: 15 

pH units 6.9 7.1 7.3 7.4 6.3–7.6 4,785 SM4500B (0.1 
units) SMCL: 6.5-8.5 

Temperature °C 2.2 9.8 15.3 16.5 2.2–
18.7 4,833 SM2550B 

(0.1°C) ― 

Total Hardness mg/L as 
CaCO3 5.4 7.1 8.7 9.4 3.0–

12.0 30 SM2340B (0.1 
mg/L as CaCO3) ― 

Total Suspended 
Solids mg/L 0.25 0.5 1.0 1.3 0.25–

16.0 662 SM2540D (0.5 
mg/L) ― 

Turbidity NTU 0.3 0.6 0.9 1.2 0.1–
>25c 4,556 SM2130B (0.05 

NTU) ― 

Total Organic 
Carbon (TOC)d mg/L 0.8 1.1 1.6 1.8 0.3–4.1 358 SM5310C (0.1 

mg/L) ― 

Dissolved 
Organic Carbon 

(DOC) 
mg/L 1.2 2.6 4.3 4.9 1.1–6.6 20d SM5310C (0.5 

mg/L) ― 

Ultraviolet (UV) 
254 cm-1 0.03 0.05 0.07 0.08 0.02–

0.11 311 
SM5910B 

(0.005 
absorbance/cm) 

― 
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Table 2-1: Raw Water Quality Data (2007-2018), Brown & Caldwell 2020a 

Parameter Units 
10th 

Percentile 
Average 

90th 
Percentile 

95th 
Percentile 

Min–
Max 

No. of 
Samples 

Method (MRL) MCL or SMCLb 

Metals and Minerals 

Iron (Fe) µg/L 19.6 61.1 130.0 151.2 14.7–
269.0 228 

EPA 200.8 (5 
µg/L) starting in 
2009, SM311B 

(100 µg/L) 
before 2009 

SMCL: 300 

Manganese (Mn) µg/L 1.7 9.2 24.6 28.4 1.1–
55.7 247 

EPA 200.8 ( 0.5 
µg/L) after 

2009, SM3111B 
(0.05 mg/L) in 

2007, SM3111B 
(0.03 mg/L) 
2008–2009 

SMCL: 50 

Aluminum (Al) µg/L 9.9 29.2 52.8 71.8 6.7–
132.0 210 EPA 200.8 (0.5 

µg/L) SMCL: 50–200 

Silica (Si) mg/L as Si 3.6 4.2 4.9 5.2 2.9–5.9 334 SM4500-Si E 
(0.1 mg/L as Si) ― 

Nutrients, Chlorophyll, and Algae 

Nitrite as N mg/L <MRL <MRL <MRL <MRL <MRL – 
0.01 315 SM4500-NO3 F 

(0.005 mg/L) MCL: 1.0 

Nitrate as N mg/L <MRL 0.023 0.050 0.059 <MRL – 
0.090 325 SM4500-NO3 F 

(0.01 mg/L) MCL: 10 

Total Phosphorus mg/L 0.005 0.006 0.008 0.010 <MRL –
0.051 336 SM4500-P F 

(0.005 mg/L) ― 

Chlorophyll µg/L 0.2 0.7 1.3 1.4 0.03–
2.6 647 SM10200H 

(0.01 µg/L) ― 

Viable Algae units/mL 30 647 1,371 1,532 2–3,310  540 SM10200A-F (1 
unit/mL) ― 

Protozoa and Bacteria 
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Table 2-1: Raw Water Quality Data (2007-2018), Brown & Caldwell 2020a 

Parameter Units 
10th 

Percentile 
Average 

90th 
Percentile 

95th 
Percentile 

Min–
Max 

No. of 
Samples 

Method (MRL) MCL or SMCLb 

Cryptosporidium 
e oocysts/L ― 0.0009 ― ― 0–0.18 2,518 ― ― 

Giardia e cysts/L ― 0.0040 ― 0.02 0–0.27 2,518 ― ― 

E. coli MPN/100mL 0.5 1.3 2.0 4.1 0.5–
56.0 3,630 SM9223 B QTY 

(MPN/100mL) ― 

Fecal Coliform cfu/100mL 0.5 1.0 2.0 2.0 0.25–
47.0 3,924 SM9222 D 

(cfu/100mL) ― 

Total Coliform MPN/100mL 10 59 115 179 0.5–
1,733 3,630 SM9223 B QTY 

(MPN/100mL) ― 

 Results from 2007–2018 provided by the Water Bureau. Non-detect values were replaced with half the MRL, unless otherwise indicated. Statistics were calculated 
comprehensively for source water, including all intake locations: Primary Intake Structure (labeled 2PIS in data file) and Screenhouse P (labeled 2P in data file). 

 Maximum contaminant level (MCL) or secondary MCL (SMCL) for finished water.  

 Maximum daily turbidity was limited by the instrument setting, which varied over the dataset, therefore the value reporting in this table is “>,” because the actual maximum 
value observed is greater than the recorded value (Anderson, 2018). 

 Per OAR 333-061-0032 9d, enhanced coagulation to remove TOC is required if the source water TOC >2.0 mg/L as calculated quarterly as a locational running annual average 
(LRAA). As reported in this section, the average TOC value = 1.0 mg/L. This data suggests enhanced coagulation and TOC removal is not mandatory from a regulatory 
perspective. 

 DOC is not routinely tested in the system; therefore, a limited number of DOC samples are available. DOC was collected from October to December 2010 as part of a special 
sampling program at the intake (i.e., “WS WATERRF TC 04348”), followed by monthly sampling in 2011, starting in February as part of the LT2 sampling program (i.e., “WS LT2 
INTERIM INTAKE”). TOC data collected on the same day was typically lower than the DOC results, which is not expected. The DOC levels sampled in 2011 were highest in fall, 
ranging from 1.95 mg/L DOC in February to 2.69 mg/L DOC in November. 

 Cryptosporidium and Giardia results (2010–2017) are based on a count of oocysts and cysts, respectively, divided by the sample volume. Oocysts counts for Cryptosporidium 
where either 0, 1, 2, or 3, while cyst counts for Giardia were 0, 1, 2, 3, 4, or 5, with sample volumes ranging from 10–55 L. In the dataset, 1.7% of the Cryptosporidium and 
7.1% of the Giardia counts were >0. Values presented as “―” are 0.0000. Non-detects were treated as 0. 

µg/L = micrograms per liter; °C = degrees Celsius; CaCO3 = calcium carbonate; cm = centimeter; DOC = dissolved organic carbon; EPA = United States Environmental Protection 
Agency; HM = HACH Method; LT2 = Long Term 2 Enhanced Surface Water Treatment Rule; mg/L = milligrams per liter; mL = milliliter; MRL = maximum reporting limit; NTL = 
Nephelometric Turbidity Units; OAR = Oregon Administrative Rule; SM = Standard Methods; TOC = total organic carbon  



Final Basis of Design Report │ Chapter 2: Raw Water Quality and Regulatory Compliance 

Carollo–Stantec–Brown and Caldwell 2-11 Bull Run Filtration Project 

 

2.1.10 Potential Risks to Raw Water Quality 

The design of the Facility will include treatment processes that are resilient to future catastrophic events and are 
reliable over a wide range of operating conditions. Therefore, it is critical to not only understand historical raw 
water quality, but also to understand potential regional risks to raw water quality when selecting and sizing 
appropriate unit processes. Table 2-2 outlines various potential risks to raw water quality.  

Table 2-2: Future Risk Impacts to Water Quality, Brown and Caldwell 2020 

Potential Event Event Likelihood Water Quality Change Potential Impacts 

Temperature 
Increase 

Increase of 4–9°F by 
2100 in Oregon, and 30 
additional days per 
year >86°Fa 

Potential for cyanotoxins from 
increased cyanobacteria 
blooms (e.g., anatoxin and 
microcystin) and related T&O 
issues leading to potential to 
trigger health advisories 

• Filter clogging and maintenance 
issues due to filter-clogging algae 

• Increased wildfire risk 

Extreme 
Precipitation 

Significantly larger 
winter rainfall amounts 
for the top 5% and top 
1% of daily rain eventsb 

Potential for increased 
turbidity, organics and 
nutrients, and elevated DOC 

• Debris flow from landslide or 
increased streamflow resulting in 
increased turbidity or infrastructure 
damage 

Wildfire  
1% probability of a 

major wildfire (>2,000 
acres)c 

100s to 1,000 NTU turbidity 1–3 
years after fire event, followed 
by periodic spikes 
Elevated turbidity, TOC, metals, 
nutrients 

• Temporary Filtration Facility 
shutdown and use of an alternative 
supply 

• Destabilized hillslopes in burned 
areas years after the fire causing 
landslides, which can bring 
sustained high turbidity and large 
woody debris downstream 

Earthquake 

16–22% chance of an 
8.5 or more earthquake 
occurring in the next 50 
yearsd 

Potential for landslides, which 
could elevate turbidity, algae, 
nutrients, and metals 

• Infrastructure damage resulting in 
extreme water quality used leading 
to service disruptions, specifically 
dam crack damaging Headworks 

Mount Hood 
Eruption 

Potentially active, but 
considered dormant, 
with 1:10,000 30-year 
likelihoode 

Elevated turbidity and deposits 
of volcanic ash 

• Increased turbidity could require 
periodic shutdowns of the Filtration 
Facility and use of an alternate 
supply 

a. Temperature projection based on results from downscaling 20 GCMs for the Columbia River Basin for RCP 8.5 (emission scenario) 
prepared by OCCRI research partner Professor John Abatzoglou (Mote el al. 2019). 

b. From Water Bureau Technical Memo 5.1: Climate Change Impacts to High Bull Run Streamflows: An Indicator of Future Turbidity 
Events, prepared by K. Heyn et al. in January 2017 (Heyn et al. 2017). 

c. From Water Bureau Technical Memo 8.2: Risk of Wildfire in the Bull Run Watershed, prepared by Liane Davis for the Water Bureau, 
sent to Cindi Lombard on January 25, 2017, and updated May 15, 2018 (Davis 2018). 

d. Statistic from “The importance of site selection, sediment supply, and hydrodynamics” accessed at 
dx.doi.org/10.1016/j.margeo.2016.06.008 (Goldfinger et al. 2016) 

e. Probability according to USGS report “Volcano Hazards in the Mount Hood Region, Oregon” (Scott et al. 1997). 
DOC = dissolved organic carbon; °F = degrees Fahrenheit; T&O = taste and odor; TOC = total organic carbon 
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An understanding of regional events that can affect water quality is important when designing resilient systems. 
Examples of potential catastrophic events that have occurred in Oregon and Washington are discussed below.  

• Historical High Turbidity Event in the Bull Run Watershed (1972): In 1972, the Bull Run watershed 
experienced a historical high turbidity event in the Bull Run River. Table 2-3 shows that throughout 1972, 
the turbidity recorded at Bull Run Headworks was much higher than values typically seen, including a winter 
peak of 120 Jackson Turbidity Units (JTU). A JTU is measured using a Jackson Candle Turbidimeter and is 
assumed to be similar to an NTU.  

Table 2-3: Historical High Turbidity Event at Bull Run Headworks 

Year January Average, JTU February Average, JTU Winter Peak, JTU 

1968 0.5 2.5 6.6 

1969 1.5 0.7 3.2 

1970 1.3 0.7 3.4 

1971 1.1 0.5 2.6 

1972 24 20 120 

1973 2.7 1.2 8 

High turbidity event shaded in gray. 
JTU = Jackson Turbidity Units 

 

• High Levels of Cyanotoxins Detected in Salem, OR (2018): During the late spring of 2018, high levels of the 
cyanotoxin Cylindrospermopsin (6.96 µg/L) and total Microcystin (4.6 µg/L) were detected in the Salem, 
Oregon, raw water supply. For reference, OHA health advisory levels for Cylindrospermopsin and 
Microcystin are 0.7 µg/L and 0.3 µg/L, respectively, for vulnerable people and 3.0 µg/L and 1.6 µg/L, 
respectively, for people aged 6 years and older. While the slow sand filters at Geren Island WTP can typically 
remove the low levels historically found in the watershed (Detroit Lake and downstream in the North 
Santiam River), these slow sand filters did not have enough time to acclimate to the high level of 
Cylindrospermopsin that early in the typical algal toxin season.  

In response to the high levels of Cylindrospermopsin, Salem enacted a "do not drink" advisory for vulnerable 
people on May 29, 2018, which was later lifted on June 2, 2018. Just a few days later, the levels of 
Microcystin measured above the health advisory levels at the entry point to the distribution system, 
initiating a second health advisory being sent to the public. While near-term solutions were able to mitigate 
further algal events that summer, it placed an urgent need for long-term solutions to mitigate future algal 
events. The City of Salem is now constructing an ozone system to increase the WTP’s resiliency to algal toxin 
events. 

• Filter Clogging Algae in Bellingham, WA (2009): In the summer of 2009, the City of Bellingham, Washington, 
WTP filters were experiencing shorter than normal filter runs, as indicated by the unit filter run volume 
(UFRV). Typical UFRVs at the WTP range from 7,000 to 10,000 gallons per square foot (gal/ft2) in late winter 
and spring, and 2,000 to 3,000 gal/ft2 in the summer. During this 2009 event, UFRVs dropped below 900 
gal/ft2. As a result, the City of Bellingham was forced to implement a mandatory water restriction due to a 
significant decrease in WTP production capacity. Filter clogging was attributed to high levels of 
Aphanocapsa and Aphanothece, or blue-green algae, in Lake Whatcom, the city’s water supply.  
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In response to increasing severity of algal blooms in Lake Whatcom, the city explored treatment alternatives 
to improve the WTP’s resiliency to algal blooms, including dissolved air floatation, conventional 
sedimentation, ballasted flocculation, and ozonation. A dissolved air floatation system was installed to 
increase the WTP’s resiliency to filter clogging events caused by algae.  

• Water Quality Impacts in Longview, WA After Mount St. Helens Eruption (1980): Mount St. Helens erupted 
in May 1980 which has resulted in long-term water quality concerns for the City of Longview, Washington. 
The city ultimately decided to abandon its aging WTP and developed a groundwater source (online in 2013) 
due to the cost of a new WTP that could adequately deal with the extreme turbidity events during spring 
run-off and winter storms. Turbidity in the Cowlitz River has exceeded 2,000 NTU during wet weather 
events even 40 years after the eruption. Further, studies by the U.S. Army Corps of Engineers indicate that 
these events are expected to continue over the next few decades.  

2.2 Regulatory Framework 
This section provides a general overview of current drinking water regulations under the Oregon Drinking Water 
Quality Act (Oregon Administrative Rule [OAR] 333-061 – Rules for Public Water Systems), as well as anticipated 
future regulations. Recommended process and monitoring improvements to ensure continued compliance with 
all existing and anticipated regulatory requirements are discussed where appropriate. This regulatory summary 
is current as of October 2020. 

2.2.1 Current Regulations 

Currently enforced federal drinking water regulations that have implications for the Facility are listed below: 

• National Primary Drinking Water Regulations (1975)  

• National Secondary Drinking Water Regulations (Secondary Standards) (1979, 1991)  

• Phase I, II, and V Regulations for inorganic chemicals (IOCs), synthetic organic chemicals (SOCs), and volatile 
organic chemicals (VOCs) (1987, 1991, and 1992, respectively)  

• Surface Water Treatment Rule (SWTR) (1989)  

• Interim Enhanced SWTR (1999)  

• LT2 (2006)  

• Total Coliform Rule (TCR) (1989) and Revised Total Coliform Rule (RTCR) (2014) 

• Lead and Copper Rule (LCR) (1991)  

• Consumer Confidence Reports Rule (CCR) (1998)  

• Stage 1 Disinfectants and Disinfection By-products Rule (ST1DBPR) (1998)  

• Stage 2 Disinfectants and Disinfection By-products Rule (ST2DBPR) (2006)  

• UCMR 1 (1999), 2 (2006) 3 (2012) and 4 (2016) 

• Radionuclides Rule (2000)  
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• Arsenic Rule (2001)  

• Filter Backwash Recycle Rule (2001) 

• Public Notification Rule  

With the exception of the UCMR, the water quality standards established under these federal regulations have 
been adopted into the Oregon Drinking Water Quality Act (OAR 333-061) by the OHA Drinking Water Services. 
OHA is responsible for implementing and enforcing these federal water quality standards. If a system is found to 
be in violation, OHA will issue a Notice of Violation. If violations are accumulated, the system is considered a 
“significant non-complier”, and an administrative order (for monitoring violations) or remedial order (where 
plant improvements are required) is issued with a schedule for compliance. If the schedule is not met, civil 
penalties (i.e., fines) will be issued. Enforcement of the UCMR is the responsibility of the U.S. Environmental 
Protection Agency (EPA). 

There are currently drinking water quality standards for 95 primary and 12 secondary contaminants in the State 
of Oregon. Under the Oregon Drinking Water Quality Act, each contaminant has either an associated established 
maximum contaminant level (MCL) or recommended treatment technique (TT). These contaminants are 
grouped into the following general categories: 

• Microbial contaminants 

• Inorganic chemicals 

• Organic chemicals 

• Radiologic contaminants 

• Lead and copper 

• Federally monitored unregulated contaminants 

Microbial Contaminants 
The National Primary Drinking Water Regulations (NPDWR) represented the first set of drinking water 
regulations promulgated by EPA in December 1975; the MCLs established in the NPDWR were adopted into 
Oregon Law in September 1982. However, the microbial requirements outlined in the NPDWR have since been 
superseded by new federal regulations. The Revised Total Coliform Rule, published in the Federal Register in 
2012 and adopted in Oregon in April 2016, supersedes the original 1989 Total Coliform Rule. Similarly, 
increasingly rigid requirements for turbidity have evolved since the adoption of the NPDWR.  

EPA also promulgated the SWTR in 1989 to protect the public from exposure to pathogenic organisms, 
particularly Cryptosporidium oocysts, Giardia cysts, Legionella, and viruses, which can be found in surface water 
supplies. The SWTR was augmented by the Interim Enhanced SWTR in 1999 and the LT2 in 2006. The regulations 
require all utilities served by a surface water supply to achieve a minimum 3-log reduction of Giardia cysts, a 4-
log reduction of viruses, and a 2-log reduction of Cryptosporidium oocysts during drinking water treatment. The 
reductions in Giardia, bacteria, and viruses are to be achieved through a multiple barrier process of physical 
removal and chemical inactivation. Under the LT2, utilities are required to provide additional reduction of 
Cryptosporidium if their raw water sources are found to have certain concentrations of those protozoa. The Bull 
Run watershed is considered Bin 1 classification based on Cryptosporidium levels in the source water. Bin 1 
classification does not require additional removal or inactivation for conventional and direct filtration facilities; 
these treatment strategies are deemed adequate to provide 2.0-log Cryptosporidium removal to satisfy the 
requirements of OHA, provided turbidity requirements are met in the filtered water. The rule states the filtered 
water turbidity must be continuously monitored on each individual filter effluent and on the combined filter 
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effluent (CFE). CFE turbidity must not exceed 0.3 NTU 95 percent of the time (monthly) and 1.0 NTU 100 percent 
of the time (daily). Particle count monitoring on the filtered water effluent is not regulated. 

Table 2-4 summarizes the required inactivation of Giardia, Cryptosporidium, and viruses, and the available 
removal credits for conventional and direct filtration.  

Table 2-4: Disinfection Requirements for Conventional and Direct Filtration 

 
Conventional Filtration Direct Filtration 

Giardia Virus Cryptosporidium Giardia Virus Cryptosporidium 
Required Removal by OHA 3-log 4-log 2-log 3-log 4-log 2-log 

Treatment Removal Credits 2.5-log 2-log 2-log 2-log 1-log 2-log 

Additional Inactivation 
Requireda 0.5-log 2-log - 1-log 3-log - 

a. OHA requires minimum 0.5-log Giardia and 1.0-log virus inactivation following surface water filtration facilities. 
OHA = Oregon Health Authority 
 

Water treatment plants typically use chlorine as the primary disinfectant to achieve the additional log 
inactivation of each organism. However, there are other chemicals available to be used for disinfection such as 
ozone. The Ozone Coalition was formed to help WTPs in Oregon receive disinfection credits for pre- and 
intermediate ozonation. The first WTP to receive disinfection credit for its intermediate ozonation system in 
Oregon was the Willamette River WTP, which would require the City of Wilsonville to meet  the following six 
conditions if ozone was used for disinfection credit: 

• Settled water turbidity must be less than 2 NTU 95 percent of the time, and never greater than 5 NTU. 
Settled water turbidities must be submitted to the state monthly. 

• Ozonation doses must be applied to meet a minimum of 0.5-log removal of Giardia, and log inactivation 
must be reported to the state monthly.  

• Filters must be covered, or individual filtered water turbidities must be less than or equal to 0.15 NTU 95 
percent of the time and never exceed 0.3 NTU. Filtered water turbidities must be submitted to the state 
monthly. 

• Disinfection downstream of filtration must be sufficient to achieve 4-log inactivation of viruses, and log 
inactivation must be reported to the state monthly. 

• Uninterruptible power supply or automatic plant shutdown must be in place in the event of a power failure. 

• A tracer study must be completed on the ozone contact basins.  

The Water Bureau is not currently planning to use ozone as a primary disinfectant; however, if the Water Bureau 
chooses to apply for a waiver with OHA to receive disinfection credit for the ozonation system in the future, it is 
possible these conditions would also apply to the Facility.  

Inorganic Chemicals 
Original MCLs established for IOCs in the NPDWR have been replaced by subsequent regulations. The MCLs for 
all regulated IOCs under the Oregon Drinking Water Quality Act were adopted from the Safe Drinking Water Act 
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(SDWA). MCLs for IOCs outlined in the Phase II (promulgated July 1, 1991) and Phase V (promulgated July 19, 
1992) of the SDWA amended the Oregon Drinking Water Quality Act on June 6, 1992, and January 14, 1994, 
respectively. NPDWR regulations were amended in 2006 to reduce the MCL for arsenic from 50 µg/L to 10 µg/L. 

The intent of the Oregon Drinking Water Quality Act, with regard to IOCs, is to control the levels of minerals and 
metals in drinking water that create health concerns. These health concerns result after long-term (lifetime) 
exposure to the compounds for most IOCs. However, the risks associated with nitrate are acute. Thus, additional 
monitoring requirements for nitrate and nitrite are included in Oregon law. 

Organic Chemicals 
All of the original MCLs established for organic contaminants, both volatile and synthetic, in the NPDWR have 
been replaced by subsequent regulations. MCLs for 53 different organic contaminants under the Oregon 
Drinking Water Quality Act were adopted from the SDWA. 

Phase I Regulations of the SDWA were promulgated in June 1987 and established MCLs for eight VOCs. These 
MCLs were adopted into Oregon Law in November 1989. Phase II Regulations were promulgated in July 1991 
and established final standards for 10 VOCs and 18 SOCs. Phase V Regulations were promulgated in July 1992 
and included MCLs for three VOCs and 15 SOCs. 

Radiologic Contaminants 
The original MCLs adopted from the NPDWR by Oregon in September 1982 are still in effect in the Oregon 
Drinking Water Quality Act today. These rules were revised in October 2003 to include a new MCL for uranium, 
and to clarify and modify monitoring requirements. Together, these established MCLs seek to minimize the 
cancer risk associated with long-term exposure to six natural and man-made radiologic contaminants. 

Lead and Copper 
In December 1975, the NPDWR established the first lead maximum containment level goal (MCLG) at 0.05 mg/L. 
This MCLG was adopted into Oregon Law in September 1982. In 1991, the LCR was promulgated by EPA to 
reduce lead and copper concentrations in drinking water. Oregon adopted the LCR in December 1992 without 
exception. Lead and copper regulations under the Oregon Drinking Water Quality Act require utilities to 
implement optimal corrosion control treatment that minimizes the lead and copper concentrations at user’s 
taps, while ensuring that the treatment efforts do not cause the water system to violate other existing water 
regulations.   

Action levels were created for lead and copper rather than establishing MCLs for lead and copper. The action 
level for lead has been established at 0.015 mg/L, while the action level for copper is 1.3 mg/L. Utilities are 
required to conduct monitoring for lead and copper from taps in “high risk” homes. Two rounds of initial 
sampling were required from 1992 to 1994, collected at 6-month intervals; annual sampling was required after 
these initial efforts. Following three years of annual sampling, samples are to be taken every 3 years. The action 
level for either metal is “exceeded” when, in each monitoring period, more than 10 percent of the samples are 
greater than the action level.  Revisions to the LCR were released in December 2020, which defined a lead 
trigger level for the 90th percentile data between 0.01 and 0.015 mg/L that triggers additional planning, 
monitoring, and treatment requirements. 

In compliance with the LCR, the Water Bureau has been operating under an OHA-approved alternative corrosion 
treatment program that consisted of a Lead Hazard Reduction Program (LHRP) and pH adjustment with caustic 
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soda to reach a target pH of 8.2. On November 4, 2016, OHA approved the Water Bureau’s proposed schedule 
to implement ICCT by September 30, 2022. The Water Bureau completed a water quality corrosion study in 2017 
and a corrosion control pilot study in 2018. The recommendation from the 2018 corrosion study was that water 
be treated to maintain a pH of at least 8.5 throughout the distribution system with an alkalinity between 25 to 
40 mg/L as CaCO3 when using 100 percent Bull Run water. OHA accepted the Water Bureau’s treatment 
recommendation on October 15, 2018. Design of ICCT at the Lusted Hill Treatment Facility is underway. The 
corrosion control treatment system at Lusted Hill will eventually be replaced by  treatment at the Filtration 
Facility.   

Filtration and pre-treatment will modify the source water quality, possibly  requiring completion of a new 
Optimized Corrosion Control Treatment study.  

Federally Monitored Unregulated Contaminants 
The UCMR was published by EPA in the March 2002 Federal Register. The 1996 Amendments to the SDWA 
required EPA to promulgate revisions to the existing monitoring requirements for unregulated contaminants 
every 5 years. The Water Bureau has participated in UCMR 3, UCMR 3, and most recently UCMR 4. This Rule was 
not adopted into Oregon’s Drinking Water Quality Act as the rule is enforced by EPA. 

The UCMR includes a list of contaminants to be monitored, procedures for selecting a national representative 
sample of public water systems, and procedures for incorporating the monitoring results into the National 
Contaminant Occurrence Database. The contaminants for monitoring are divided into three lists. List 1 
contaminants are to be monitored by all public water systems serving over 10,000 people and a smaller group of 
public water systems serving less than 10,000 people. List 2 contaminants are to be monitored by a 
representative group of 300 randomly chosen public water systems. List 3 is to be monitored at 200 
“vulnerable” systems across the country.  

Additional contaminants were monitored under UCMR 4 between 2018 and 2020 to provide a deeper 
understanding of how they affect human health, including various cyanotoxin compounds, germanium, Mn, 
pesticides, brominated haloacetic acid groups, alcohols, and semi-volatile chemicals. While UCMR 4 ended in 
2020, it is possible another set of contaminants (UCMR 5) may be studied, or some of the contaminants on the 
UCMR 4 list may be regulated in future.  

2.2.2 Potential Future Regulations 

Potential future drinking water regulations were identified in Section 3.4, Water Quality Considerations, of the 
PDR, which outlined potentials changes to federal and state regulations, including contaminants listed in the 
NPDWR Six-Year Review and the Contaminant Candidate List. This section summarizes the potential regulations 
which may have an impact on the Facility design.  

NPDWR Six-Year Review 
The SDWA requires EPA to review and, if necessary, revise each drinking water regulation in a 6-year review 
cycle. This review considers health effects, changes in technology, and factors that will improve public health 
protection. In the most recent 6-Year Review 3, revisions to the LCR were proposed and are being reviewed. The 
LCR Long-Term Revisions were proposed by EPA in October 2019. These proposed revisions are not anticipated 
to impact the design of the Facility due to the Water Bureau’s ICCT project.  
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Along with the LCR Long-Term Revisions, a list of eight contaminants were also identified as candidates for 
revisions from the 6-Year Review 3, including chlorite, Cryptosporidium, haloacetic acids, heterotrophic bacteria, 
Giardia lamblia, Legionella, total trihalomethanes, and viruses.  

The next 6-Year Review process has already begun, with completion anticipated in 2023.  

Contaminant Candidate List  
EPA periodically publishes a Contaminant Candidate List (CCL) and establishes regulatory determination on at 
least five contaminants from the list of known or anticipated to occur contaminants in water systems. While 
these contaminants are not currently regulated, they are listed on the EPA’s current CCL4 and may be subject to 
future regulation under the SDWA. These chemical and microbiological contaminants include pesticides, 
carcinogens (e.g., DBPs), chemicals used in commerce and pharmaceuticals, and waterborne pathogens such as 
legionella, mycobacterium, and salmonella. Additionally, some of the containments monitored under the UCMR 
4 are also monitored as part of the CCL4 list. According to OHA, cyanotoxins, Mn, and per- and polyfluoroalkyl 
substances (PFAS) are contaminants of concern in Oregon.   

Cyanotox in Monitor ing 
The EPA submitted the Agal Toxin Risk Assessment and Management Strategic Plan for Drinking Water in 
November 2015 as part of the SDWA in August 2015. The strategic plan indicates that the EPA does not currently 
have a federal cyanotoxin monitoring program and has advised state agencies to develop an appropriate 
monitoring program for drinking water systems. The EPA included cyanotoxins in the CCL4 and UCMR 4 lists, 
which may lead a federal monitoring program. 

In Oregon, cyanotoxin monitoring is a state regulatory requirement for watersheds that are considered 
susceptible. The Bull Run Watershed has not experienced any documented or known cyanobacteria blooms in 
either reservoir. The Water Bureau’s source is not currently considered susceptible to cyanotoxins under the 
OHA permanent rule and therefore is not required to monitor its raw water for cyanotoxins. Requirements 
associated with the permanent rule are not anticipated to impact the design of the Facility. However, algal 
blooms have been identified as a risk to the raw water quality and were considered in the design alternatives. 

Manganese 
Mn is currently being monitored under the UCMR 4/CCL contaminant list. Mn is currently listed as a secondary 
contaminant by the EPA with an SMCL of 50 µg/Land a non-regulatory health advisory limit of 300 µg/L. In 
recent years, international standards on regulated MCL for Mn have become more stringent due to neurological 
effects on infants with chronic exposure. Some examples are presented below: 

• Health Canada proposed new guidelines in 2016 enforcing an MCL of 100 µg/L and lowering the aesthetic 
limit from 50 to 20 µg /L.  

• In 2012, Minnesota Department of Health has a health-based guidance for Mn of 100 µg /L for infants (less 
than 1 year old) and 300 µg /L for anyone older than 1 year of age. 

• In 2017, Ohio Department of Health proposed a less than 50 µg /L MCL and has a “do not drink” health 
advisory if Mn concentration exceeds 1000 µg /L. Ohio DHS did not continue pursuing this and continues to 
monitor Mn as a SMCL. 

Annual average Mn concentration at the intake of the Bull Run water supply at Headworks is 9 µg /L, typically 
ranges from 2 to 28 µg /L, and has a 10-year historical maximum of 60 µg /L. Mn can be perceived by customers 
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at levels above 20 µg/L. While regulations may become more stringent in the coming years, the Bull Run 
Reservoir 2 typically contains less than the regulated MCL for Health Canada (100 µg /L). Therefore, potential 
future regulations on Mn are not anticipated to impact the Facility design. 

PFAS Compounds 
Perfluoroalkyl and PFAS have not been detected in the Bull Run source; however, properties near the Columbian 
South Shore Well Field (CSSWF) have detected significant concentrations of PFAS, making it a consideration for 
the Water Bureau’s groundwater source. These high concentrations suggest that the Water Bureau’s 
groundwater source may be vulnerable to contamination and may impact the use of groundwater as a backup 
supply to the Facility. PFAS regulations are not anticipated to have an impact on the Facility design; however, 
they may impact the use of the CSSWF. Refer to Chapter 3, Water Quality Considerations in the PDR for more 
information. 

2.2.3 Summary of Existing Water Quality Requirements 

Table 2-5 summarizes the general finished water quality requirements per OHA regulations. 

Table 2-5: General Finished Water Quality Requirements 

Water Quality Parameter Unit Requirement 

Total/fecal coliform #/100 mL <5% positive in system 

Turbidity NTU ≤0.3 95% of time; Always <1.0 

Particle Count count/mL None 

Pathogen Removal/Inactivation 

Viruses - 4-log inactivationa 

Giardia - 3-log inactivationb 

Cryptosporidium - 2-log inactivationc 

Disinfection By-Products 

TTHMs µg/L 80 

HAA5 µg/L 60 

Bromate µg/L 10 

Synthetic Organic Chemicals µg/L MCL varies per contaminant 

Volatile Organic Chemicals  µg/L MCL varies per contaminant 

Inorganic Chemicals µg/L MCL varies per contaminant 

Arsenic µg/L 2–10  

Sulfate mg/L 250  

TOC mg/L 35% reduction in TOC if raw water in TOC is from 2-4 
mg/L. 45% reduction if raw water TOC is from 4-8 mg/L. 
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Table 2-5: General Finished Water Quality Requirements 

Water Quality Parameter Unit Requirement 

Taste and Odor Compounds 

Odors TON 3 
a. 2-log virus inactivation credit is granted for conventional treatment. An additional 2-log inactivation is required using a 

disinfectant. 
b. 2.5-log Giardia inactivation credit is granted for conventional treatment. An additional 0.5-log inactivation is required using a 

disinfectant. This inactivation must be achieved  after filtration. 
c. 3-log Cryptosporidium inactivation credit is granted for conventional treatment. No additional log inactivation is required. 
µg/L = micrograms per liter; HAA5 = haloacetic acids; MCL = maximum contaminant level; mg/L = milligrams per liter; mL = milliliter; 
NTU = Nephelometric Turbidity Units; TOC = total organic carbon; TON = Threshold Order Number; TTHM = trihalomethane 
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3.0 Level of Service Goals 
This chapter presents recommendations for level of service (LOS) goals defining the production capacity and 
finished water quality under normally anticipated conditions as well as following potential local events. These 
goals were developed in collaboration with Portland Water Bureau (Water Bureau) staff, reflect the community 
values guiding the Bull Run Filtration Project (Project), and guide all other Filtration Facility (Facility) design 
criteria. 

As described below, the Facility will be designed to meet the Water Bureau’s peak day demand (PDD) of 145 
million gallons per day (mgd) and allow for expansion to an ultimate production rate of 220 mgd. Each of the 
two initial trains (except for filtration) will have a hydraulic capacity of 110 mgd, allowing the Facility to meet the 
system demand over 80 percent of the time with any single hydraulic unit out of service. This additional 
hydraulic capacity could also be used to increase total Facility production capacity by adding filters or increasing 
the approved filtration rate on the initial filters.  

Finished water quality goals for the Facility were established to support the Water Bureau’s goal of achieving 
recognition under Phase IV of the American Water Works Association’s Partnership for Safe Water (PSW) 
program and to meet the Oregon Area-Wide Optimization Program (AWOP) goals. This award is given to 
filtration facilities that have achieved the highest possible levels of optimized unit process performance, as 
measured against optimization goals for sedimentation, filtration, and disinfection.  

During and after local water quality events, the Facility’s ability to achieve production and PSW goals may be 
compromised, so the Facility Design Team evaluated potential events to determine if improvements to the 
design should be made, or if lower production or finished water quality could be accepted while the Water 
Bureau recovered from the event. Seismic events were the primary potential events evaluated, but other types 
of local events, such as landslides, algae blooms, and fire in the watershed, were also considered. 

The Water Bureau developed a technical memorandum (TM) that describes a summary of the intended LOS 
goals for the Facility relative to water quality and seismic event response. This TM, which was released on May 
6, 2020, states that the LOS goals for seismic events were established primarily to meet or exceed the guidelines 
established by the Oregon Resilience Plan (ORP). Further, it was later decided that the Facility shall also meet or 
exceed the LOS goals established in the Water Bureau’s Water Systems Seismic Study. Of most relevance to the 
Facility are the target timeframes for restoration of potable water production at water treatment facilities: 

• 20 – 30% of PDD (30–45 mgd) within 0 to 24 hours 

• 50 – 60% of PDD (70–85 mgd) within 1 to 3 days 

• 80 – 90% of PDD (115–130 mgd) within 1 to 2 weeks 

To achieve these planning-level goals, the Facility’s structural, mechanical and electrical systems will be designed 
robust enough so the recovery timelines allow the Facility to meet the LOS goals.  In addition to meeting the 
minimum requirements of the building code, the Facility design will include Project specific criteria for 
earthquakes, this criteria is listed in 3.3 Seismic Goals, and 5.4 Structural Design Criteria. While limited capacity 



Final Basis of Design Report │ Chapter 3: Level of Service Goals 

 
3-2 Bull Run Filtration Project 

 

and performance would likely be consistent with the short-term capacity restoration targets of the ORP, repairs 
to the Facility would be required to restore full capacity and performance.  

3.1 Production Capacity  
The following VE recommendations were adopted as described in Chapter 8: 

• Reduction of initial Facility production capacity to 135 mgd. 
 

As shown in Table 3-1, the Facility will be designed to meet the Water Bureau’s PDD of 145 mgd and allow for 
expansion to an ultimate production rate of 220 mgd. The minimum production rate of 40 mgd may be used 
during low-demand periods, and production rates as low as 20 mgd may be needed during startup, 
commissioning, and initial operation of the Facility. 

Table 3-1: Production Capacity Goals 

Flow Criteria Capacity (mgd) 

Minimum Production 40a 

Average Day Demand 88 

Peak Day Demand/Initial Maximum 
Production 

145 

Ultimate Production 220 

a. 20 mgd will be the designated minimum flow during Facility startup 
mgd = million gallons per day 
 

Under seismic and other local event scenarios, lower production goals may be established, as described in the 
sections below. During instances that may require short-term reduced production (discussed further in Section 
3.4) or instances of short-term power outages, the Facility can rely on its storage capacity to meet demand. 
During longer-term shutdowns (and depending on storage volume at the time), groundwater can be used to 
help meet demand when necessary. Relative to the Facility’s redundancy, it was assumed that the Water 
Bureau’s future groundwater usage will remain consistent with the Water Bureau’s current frequency of 
groundwater usage. As such, using groundwater as a specific mitigation measure to respond to water quality 
events or to meet LOS goals is not discussed further in this chapter.  

3.1.1 Process Redundancy  

The following VE recommendations were adopted as described in Chapter 8.  
• Size each treatment train and piping connections for trains for a maximum hydraulic capacity of 88 

mgd. 
• Size treatment processes for 5% recycle flow at peak day demand. 
• Size residuals system to treat raw water turbidity of 1.5 NTU during peak day demand during normal 

operation and 24 NTU during peak winter demand with extended operation. 
 
The hydraulic and treatment capacity of the Facility will be directly related to its reliability and robustness during 
various events. The ability for processes to handle flows and treat them successfully allows for the Facility to 
meet its LOS goals. With a process unit out of service, whether it be for planned maintenance or an unexpected 
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failure, the capacity of the entire Facility may be reduced. Therefore, a critical question related to the 
redundancy of the treatment processes must be asked: how much flow must be provided with one hydraulic 
unit out of service? 

Figure 3-1 shows a projected cumulative flow probability plot of the expected average day demand (ADD) at the 
Facility. The blue line shows the cumulative probability of demand at the Facility. The data was derived from a 
forecasted model that projected demand out to the year 2040.  On this graph, the y-axis is the percent of 
maximum flow, where 100 percent represents 145 mgd and 0 percent represents 0 mgd. The x-axis is the flow 
percentile, where the value of the x-axis equates to the percent of time that demand is equal to or less than a 
given value. For example, 100 percent of the time, the demand is expected to be equal to or less than 100 
percent of the maximum flow (145 mgd). Similarly, approximately 28 to 30 percent of the time, the demand is 
expected to be equal to or less than 72.5 mgd (50 percent of the maximum flow). These two examples are 
shown as the orange lines in Figure 3-1. 

 

Figure 3-1: Estimated Cumulative Flow Probability Distribution 
 

This discussion is significant because it shows the amount of time that the Facility can expect to operate under 
certain demands. If a process train is out of service for any reason, hydraulic capacity is lost. The Facility must be 
able to continue to meet demands even with lost hydraulic capacity. Consider the two rapid mix trains, for 
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example. If each is sized for 50 percent of the maximum rated Facility flow, they will each have a 72.5 mgd 
capacity. If one train becomes inoperable for any reason, the Facility can only pass 72.5 mgd through that 
process. According to the cumulative flow probability plot, the Facility’s production rate is equal to or less than 
72.5 mgd roughly 30 percent of the time, meaning that with one flash mix train out of service, the Facility can 
only meet demand approximately 30 percent of the time. This provides the Facility staff with a relatively small 
window of time to perform maintenance or diagnose and fix any problems. In this case, the Facility may not 
have the redundancy and flexibility to meet all LOS goals. On the other hand, if each rapid mix train is sized for 
100 percent of the maximum flow (145 mgd), then all flows through the Facility can be handled by one of the 
two trains. There is an indefinite maintenance window for one train in this case, and full redundancy is provided 
for this process. However, this level of redundancy comes at a high capital cost, would require a large area 
onsite, and would require additional mechanical equipment to facilitate a turndown of this magnitude (from 
minimum production to PDD of 145 mgd for each train).  

Providing an optimal level of process redundancy allows for a large maintenance window with one hydraulic unit 
out of service while still considering overall cost, Filtration Site (Site) footprint, and equipment turndown for 
normal operations. The recommended hydraulic capacity of all unit processes is as follows: with one unit out of 
service, the Facility will be able to produce 75 percent of 145 mgd. This equates to approximately 110 mgd and 
is expected to meet demand roughly 83 percent of the time as shown by the green line in Figure 3-2. This 
process redundancy goal provides a good balance between cost, Site space, and level of redundancy within the 
process. Additionally, the turndown required for the mechanical equipment in each train is feasible at this scale 
and does not require additional considerations. To meet the production goal, processes upstream of the 
Concentration x Time (CT) basins will need to pass a higher flow to accommodate internal recycle flow. Flow 
rates stated herein are all production flows of the Facility, for comparing capacity versus demand. Exact design 
flows of individual processes are discussed in Chapter 4, Treatment Process Recommendations. Details on how 
this redundancy philosophy works for each process are described below. 

• Raw Water Inlet Structure: The raw water inlet structure will be designed with two major chambers. Each 
chamber will be sized appropriately to be capable of passing 110 mgd with the other chamber out of 
service. Operation of one box will meet demand roughly 83 percent of the time. 

• Ozonation: The recommended design includes two ozone contact basins along with three ozone generators 
(two duty and one standby) and other associated equipment. Each basin will remain sized for 72.5 mgd plus 
recycle flow (approximately 80 mgd of production capacity) for 8 minutes of contact time. With one unit out 
of service, the ozone contact time will decrease to 5 minutes in the operational basin to accommodate 
110 mgd plus recycle flow through the remaining basin. While treatment capacity differs in this situation 
due to the decreased contact time, hydraulically, a single basin will accommodate the goal of 110 mgd plus 
recycle flow. Therefore, operation of one contactor will meet flow demand roughly 83 percent of the time. 
It is estimated that constructing each basin to accommodate 110 mgd plus recycle flow at a reduced contact 
time will increase the construction costs by $250,000 relative to the Project Definition Report (PDR) 
assumed cost. 

• Flash Mix: The recommended design includes two flash mix trains, each with redundant pumps, and each 
capable of passing 110 mgd plus recycle flow. With one chamber out of service, a single rapid mix basin will 
be capable of meeting flow demand roughly 83 percent of the time.  
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• Flocculation/Sedimentation: The recommended design includes four flocculation/sedimentation trains, 
each sized for 36.25 mgd (plus recycle flow) each. This equates to 145 mgd plus recycle flow with all four 
trains online. In terms of treatment capacity, this allows the three operable trains to accommodate roughly 
110 mgd plus recycle flow with the fourth train out of service. However, hydraulically, the process will be 
sized to accommodate 145 mgd with only three trains in operation. This configuration is not expected to 
increase the PDR construction cost estimate for these processes. 

• Filtration: Per the recommended design, the 12 filters will be able to accommodate 145 mgd plus recycle 
flow with one unit in backwash mode. With 11 filters in operation and one in backwash mode, each filter in 
operation will be able to accommodate up to approximately 13 mgd plus recycle flow at the design filtration 
rate of 8 gallons per minute per square foot (gpm/ft2). It is assumed that one filter in backwash mode is part 
of standard operation. With one filter out of service (and one in backwash mode), only 10 filters would be 
available to treat the flow. With each filter accommodating 13 mgd plus recycle flow, the 10 filters in 
operation would be able to accommodate 130 mgd plus recycle flow. This is above the stated process 
redundancy goal of 110 mgd with one unit out of service. 

• CT Basin: The recommended volume for the CT basins is 2.4 million gallons (MG) per cell in a dual-cell 
configuration. These volumes would be able to treat 85 mgd per cell and 145 mgd per cell during winter and 
summer conditions, respectively. These volumes will allow the CT basins to meet the process redundancy 
goal of treating 110 mgd per cell during winter conditions. Not only does a volume of 2.4 MG provide a good 
balance within the recommended range, but it also saves roughly $10M in construction costs relative to the 
PDR assumption of two cells, each with a volume of 5 MG. 

In most cases, designing each unit process to 110 mgd with one unit out of service involves increasing hydraulic 
capacity, not treatment capacity. Many processes would be designed with larger piping or weir sizing to 
accommodate this flow. The exception is for rapid mix, where mechanical equipment would need to be sized 
differently. Figure 3-2 summarizes the capacities of each process when one unit of that process is out of service. 
As described in the filtration discussion above, 10 filters are assumed when one unit is out of service because 
one filter in backwash mode is assumed to be part of standard operation. As such, Figure 3-2 shows the capacity 
of 10 filters although there are 12 total.   

 

Figure 3-2: Capacity with One Unit Out of Service 
 

The ability to produce 110 mgd (versus 72.5 mgd) with one unit out of service means higher redundancy, a 
longer recovery window for maintenance, and higher overall resiliency. Relative to the PDR cost, implementing 
this recommendation will save roughly $9.5M on Project construction costs.  
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3.1.2 Future Expansion 

The ability to produce 110 mgd with one unit out of service also promotes redundancy for future operations. 
Half of the ultimate capacity of 220 mgd is 110 mgd. For raw water inlet structure, ozonation, flash mix, and CT 
basins/clearwells with all units in service, the proposed design can pass flows up to the ultimate capacity. In 
theory, no new structures would need to be built for these four processes to accommodate the ultimate 
capacity. However, the level of redundancy is reduced in this case; both process trains can together 
accommodate 220 mgd, but with one unit out of service, ultimate capacity cannot be met, and the maintenance 
window time is reduced. Current strategy for future expansion includes an additional process train to meet 
ultimate capacity. Hydraulically building each process train for 110 mgd during the initial construction provides a 
greater level of redundancy for future operations; with one process train out of service, the remaining two trains 
will be able to pass the ultimate flow of 220 mgd. Even though such an operation will be with reduced process 
criteria (e.g., ozone contact time), it will still help promote overall redundancy, especially as a temporary 
operation.  

3.2 Finished Water Quality Goals 
The Facility will be designed to meet PSW Performance Goals during normal operation. Normal operation is 
defined as Facility operation that is not impacted or otherwise hindered by an event that could disrupt the 
Facility from providing all flow demands between minimum (40 mgd) to peak day demand (145 mgd). PSW 
Performance Goals are summarized in Table 3-2. 

Table 3-2: Partnership for Safe Water Performance Goals (Phase IV) 

Unit Process Goal Description Partnership Optimization Performance Goal 

Sedimentation 
Continuous, stable performance 
regardless of variation in raw 
water quality 

95th percentile < 1.0 NTU for raw waters 
averaging 10 NTU or less, 95th percentile < 2.0 
NTU for raw water averaging >10 NTU.  

Filtration― Combined 
Filter Effluent (CFE) 
Turbidity 

Continuous, stable performance 
regardless of variations in raw 
and settled water quality 

95th percentile CFE turbidity , 0.10 NTU, 
maximum CFE turbidity ≤0.30 NTU.  

Filtration― Individual 
Filter Effluent (IFE) 
Turbidity 

Continuous, stable performance 
regardless of variations in raw 
and settled water quality 

95th percentile IFE turbidity < 0.10 NTU 
maximum IFE turbidity ≤0.30 NTU.  

Filtration Backwash 
Recovery  

With filter to waste: return to service when filter 
effluent turbidity <0.10 NTU. Oregon AWOP 
requires this turbidity within 15 minutes. 

Disinfection 
CT values to achieve required inactivation of Giardia and viruses, where CT is the 
Concentration-Time product of the disinfectant’s concentration multiplied by the 
time in contact with the water. (See Section 4.6.2 for more details). 

Source: https://www.awwa.org/Portals/0/AWWA/Partnerships/PSW/Excellence_Award_Guidelines_092520.pdf?ver=2020-09-25-
090130-790  
AWOP = Area Wide Optimization Program 
NTU -= Nephelometric Turbidity Units 

 

https://www.awwa.org/Portals/0/AWWA/Partnerships/PSW/Excellence_Award_Guidelines_092520.pdf?ver=2020-09-25-090130-790
https://www.awwa.org/Portals/0/AWWA/Partnerships/PSW/Excellence_Award_Guidelines_092520.pdf?ver=2020-09-25-090130-790
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PSW goals are more stringent than federal and state regulations and require specific reporting requirements. 
Table 3-3 shows the requirements for Phase IV guidance for the “Excellence in Water Treatment” designation 
from PSW. The performance goals are based on turbidity data from individual filters collected at discrete 15-
minute intervals or averaged over 15 minutes.  

In addition to PSW goals, the Facility will also be designed to achieve specific operational goals related to 
disinfection by-products (DBPs). If able to achieve a goal of half the maximum contaminant level (MCL) for the 
two DPBs of interest shown in Table 3-3, the Facility would then be eligible for reduced DBP monitoring 
requirements.  

Table 3-3: DBP Water Quality Goals  

Parameter Location 
Regulatory 

Requirement 
Operational 

Goal 
Comments on Operational Goal 

TTHM 
Stage 2 

approved 
locations  

MCL = 80 µg/L 
based on 

LRAA sampling 
<40 µg/L  If operational goals are achieved 

(meeting half of the MCL or less based 
on LRAA), then the Water Bureau can 
request approval for a reduced DBP 

monitoring schedule.  
Sum of 
HAA5 

MCL = 60 µg/L 
based on 

LRAA sampling 
<30 µg/L  

µg/L = micrograms per liter 
DBP = disinfection by-products 
HAA5 = haloacetic acids 5 
LRAA = locational running annual average 
MCL = maximum contaminant level 
TTHM = total trihalomethanes 
 

3.3 Seismic Goals 

3.3.1 Seismic Resiliency 

The Facility will be designed to meet ORP guidelines per the Water Bureau LOS TM. This plan guides the design 
and construction of the Facility such that it can withstand a design earthquake and minimize the recovery time 
to become operational following a design earthquake. Table 3-4 outlines the ORP’s guidelines for recovery time 
based on system function.  
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Table 3-4: Oregon Resilience Plan Guidelines 

 

Source: Portland Water Bureau Water System Seismic Study, Figure ES-4 
 

3.3.2 Seismic Events 

LOS goals define the resiliency of the Facility with respect to hazard mitigation, resistance, and recovery. The 
Facility will not always be subject to normal conditions. A hazard analysis helps define LOS goals that provide a 
plan for service during an event, as well as response time to the event. A given LOS goal can be defined with the 
following statement: "Following a W event, within X days/weeks of the event, the Facility will deliver Y percent 
of average day demand with Z water quality;" W is the event and its severity, X is the number of days/weeks, Y is 
the defined flowrate percentage, and Z is the defined water quality level. These variables change based on the 
desired LOS following a given event.  

The Facility uses the ORP as a framework for the seismic design of the Facility. Following the guidance in the 
ORP, the following criteria will be met: 

1. Following the design seismic event, the Facility will deliver 20 to 30 percent of PDD (30 to 45 mgd) that 
meets federal and state drinking water regulations within 24 hours.  
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2. Following the design seismic event, the Facility will deliver 50 to 60 percent of PDD (70 to 85 mgd) that 
meets federal and state drinking water regulations within 3 days.  

3. Following the design seismic event, the Facility will deliver 80 to 90 percent of PDD (115 to 130 mgd) that 
meets federal and state drinking water regulations within 2 weeks.  

The structural design of the Facility shall allow for immediate occupancy following the design earthquake 
according to the LOS criteria listed above. The LOS criteria will be achieved with seismic design criteria above 
building code minimum, as established by the seismic design workgroup during the Project pre-design phase. 
Most notably the Facility seismic importance factor, component importance factors, and structure drift 
limitations will match that of essential facilities.  

Seismic hazards are typically discussed relative to the probability of an event occurring within a 50-year period 
and the associated return period. A 50-year time frame is used because it represents a building's typical life 
expectancy; this is considered the target life-expectancy for the Facility. For example, an earthquake with a 10-
percent chance of occurring in 50 years has a 500-year return period; one with a 5-percent chance of occurring 
in 50 years has a 1,000-year return period, and one with a 2-percent chance of occurring in 50 years has a 2,500-
year return period. A Cascadia subduction zone (CSZ) earthquake, which has a significant impact on the design 
seismic event,  occurs every 500 years, on average. There is a 10 to 15 percent chance of a CSZ earthquake 
within the next 50 years. A detailed discussion of the structural design criteria is presented in Chapter 5. 

Structural design loads are set by the enforceable building code and the reference standards, a standard called 
the Minimum Design Loads for Buildings and Other Structures (ASCE 7, 2016) and are used in conjunction with 
the Oregon Structural Specialty Code (OSSC). When designing most facilities, it is typical to identify the 2,500-
year probabilistic ground motion, multiply it by two-thirds, and use that value as the base ground motion. This is 
how code-minimum design defines the “Design” earthquake: two-thirds of the maximum considered event 
(MCE). While this base ground motion level is used to achieve life safety in many cases, the Facility must not 
only allow for immediate occupancy following the design earthquake but become operational quickly to achieve 
the defined LOS goals following a CSZ seismic event. Figure 3-3 demonstrates the Facility’s required 
performance level with respect to the design earthquake. The star represents that the Facility will be designed 
to be operational following the design earthquake (which is the MCE in this case, not two-thirds of the MCE), not 
just rated for immediate occupancy as most structures with “Essential” designations. 
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Figure 3-3. Expected Performance as Related to Risk Category and Level of Ground Motion 
(reference ASCE 7 – 16 Figure C11.5-1 Expected Performance as Related to Risk Category and Level of Ground motion) 

 

The OSSC assigns a risk category (RC) from I to IV for buildings and other structures (OSSC 1604.5). The risk 
categories are classified as follows: 

1. RC I – Buildings and other structures that represent a low hazard to human life, such as agricultural facilities, 
minor storage facilities, etc. 

2. RC II – Buildings and other structures except those listed as Risk Categories I, III, or IV.  

3. RC III – Buildings and other structures that represent a substantial risk to human life in the event of failure, 
such as water treatment facilities for potable water.  

4. RC IV – Buildings and other structures designated as essential facilities, such as water storage facilities and 
pump stations, that are required to maintain water pressure for fire suppression. 

The code established RC for water treatment facilities is RC III. However, this Facility can be designed as RC IV 
Essential Facility, if this is requested by the Water Bureau. This design criteria will support the achievement of 
the seismic LOS goals by allowing the Facility to be operable shortly after a CSZ event. A critical distinction 
between the RCs includes the importance factors associated with the structures. Importance factors affect the 
structural loads for wind, seismic, ice, and snow loads. RC III, which is assigned to all non-critical water 
treatment facilities, has a seismic importance factor of 1.25 and RC IV, which is assigned to all essential facilities 
required for fire suppression and emergency response, has a seismic importance factor of 1.5. These factors are 
applied to the design ground motion in the structural design calculations.  
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Non-structural components include mechanical, electrical, and architectural components that are permanently 
attached to structures. The OSSC requires that nonstructural components within RC IV facilities include an 
engineered design for the support and attachment of the non-structural component to the structure, with few 
exceptions. In addition to the support and attachment, active electrical and mechanical equipment can be 
designed for operation after a seismic event; this designation is defined as a Designated Seismic System in ASCE 
7. With the understanding that achieving Designated Seismic System certification is complex and requires 
coordination with equipment manufacturers, the Facility Design Team has proposed alternative methods of 
ensuring that the Facility will operate after a seismic event.  

Non-structural components that are necessary to the operation of the Facility following a seismic event will be 
designed with adequate robustness to ensure continued operation after a seismic event. Continued operation 
can be achieved through redundancy, providing extra equipment (shelf spare),  or specifying as a Designated 
Seismic System (ASCE 7, Section 13.2.2), which involves shake table certification. It is recommended that during 
the design phase equipment be evaluated and adequate robustness included in the design to provide 
confidence that the Facility will be operable after a seismic event.  

The seismic LOS goals presented will help guide the design and operation of the Facility. Decisions on equipment 
redundancy, spares, and strategies for eliminating single points of failure (SPFs) stem from designing for the 
goals presented. Additional considerations will be taken during design to ensure that there is no major damage 
to critical components so necessary repairs can be completed without major interruption to Facility operation. 

3.4 Local Event Goals 
While the Facility will be capable of meeting production and PSW goals during normal operations, typical 
operations can be interrupted by a local event. A set of LOS goals were developed to define the Facility’s level of 
resiliency and recovery timeframe for each event. The framework for each goal follows the formula: "Following 
a W event, within X days/weeks of the event, the Facility will deliver Y percent of average day demand with Z 
water quality.” An analysis was conducted to examine the consequences of eight different risk events and their 
impacts on Facility performance. A given event can have multiple consequences and multiple ways to mitigate 
the performance impacts that may occur. This analysis found that the treatment process described in the PDR 
(Brown and Caldwell 2020) is close to mitigating all moderate events. Each event  considered is listed below: 

• Landslide  

• Climate change  

• Fire in the watershed  

• Elevated Cryptosporidium detection (in raw water)  

• Drought  

• Algal bloom  

• External contamination (chemical contamination in raw water) 

• Supply chain Interruption 
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The levels of impacts of events presented are mild, moderate, and severe. By definition, mild events are events 
that can be reasonably expected to occur at the Facility, but its severity does not impose a significant risk of 
hindering the Facility’s ability to achieve LOS goals. Because the frequency of mild events can be difficult to 
predict, especially given the highly protected nature of the Bull Run watershed, a recurrence interval is not 
defined for mild events. A moderate event is an event that induces a more significant impact on Facility 
operations relative to a mild event. A moderate event is one the Facility could reasonably expect to experience 
during its lifetime. A severe event would have the largest potential impact on Facility operations. It is defined as 
the worst case ever experienced in the region. Any event, mild, moderate, or severe, may have an associated 
timeframe by which the Facility is impacted. A short-term event is defined as occurring for less than 1 month. A 
long-term event is defined as occurring for greater than 1 month. This analysis of local events assumes that 
some steps would be taken to mitigate these events other than operating the Facility per normal operation. 
Some of those assumptions include paying extra for chemicals when needed, running all equipment at once, and 
running equipment on extended schedules. The assumption for mitigation of risk events is that the Water 
Bureau will accept reasonable, short-term increases in operations and maintenance (O&M) costs for 
unanticipated events. Tables 3-5 to 3-11 list the considered local events and their consequences and severities, 
as well as which treatment processes can address or become limited by the event. 

Table 3-5: Landslide Impacts and Mitigations  

 

 

 

Event Consequence Mild Moderate Severe

Landslide Turbidity (short-term, < 1 month), 
NTU

10 – 20 20 – 120 120 - 1000
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Mild Event Moderate Event Severe Event
Impact •Higher operations costs •Reduced plant production •Reduced plant production

Turbidity (short-term) •No changes •Expand residuals capacity •Expand residuals capacity

Event Impacts & LOS Improvement Options

Improvement Option

a. Recommendation made during Residuals Workshop (Workshop 13) 
partially mitigated event to 88 MGD using emergency storage

A landslide in the Bull Run watershed would impact the turbidity of the raw water. It was estimated that a 
landslide could cause a short-term turbidity event, increasing raw water turbidity values for approximately 1 
month. Assumptions for the consequences of a landslide event are based on a limited dataset. The assumption 
that a moderate landslide event would produce turbidities up to 120 Nephelometric Turbidity Units (NTU) in the 
raw water was based on data measurements taken during a landslide that occurred in the 1970s.   

The treatment process assumed by the PDR will address short-term turbidity spikes associated with a severe 
landslide event, with no reduction in production or finished water quality. However, the PDR assumed that the 
baseline residuals handling process would only be able to address a mild landslide event. Production limitations 
during a landslide event would be caused by insufficient capacity to process and off-haul solids. This limitation 
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could be overcome by decreasing process capacity or by temporarily storing solids during the event. 
Additionally, contract dewatering could be considered during moderate or severe events as a method to 
temporarily increase solids handling capacity. This method would need to be thoroughly planned, however, as 
contract dewatering has historically not been readily available to utilities in the Pacific Northwest. 

Recommendations made during the Residuals Workshop (Workshop 14) and Final Process Recommendations 
Workshop (Workshop 37) during the design process will improve process performance, allowing the Facility to 
mitigate a moderate landslide event. This will be done by increasing residuals capacity using an overflow basin 
for emergency residuals storage during a moderate event up to ADD flow. More details on this capacity increase 
can be seen in Section 4.8, Residuals Handling. The evaluation of the residuals process performance assumed 
longer operating times for mechanical equipment and longer shifts for staff. With these recommendations in 
place, the residuals handling process will allow the Facility to effectively mitigate a moderate turbidity event.  

Table 3-6: Algae Bloom Impacts and Mitigations 

 

 

 

Event Consequence Mild Moderate Severe

Algae (taste & odor), ng/L geosmin 10 – 20 20 – 200 200 - 1000 a

Algae (filter clogging), CFU/mL 1 – 2 2 – 20 20 – 100 

Algae (toxins), µg/L 1 – 3 3 – 5 5 – 7
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Mild Event Moderate Event Severe Event

Impact •Higher operating costs •Taste and odor complaints
•Reduced plant capacity due to 
shorter filter runs

•Increase ozone dose and/or 
contact time

•Increase ozone dose and/or 
contact time

•Add PAC •Add PAC
•Add GAC filter media •Add GAC filter media

Algae (filter clogging) •No changes
•Expand residuals process liquid-
handling capacity

•Expand residuals process liquid-
handling capacity

Algae (toxins) •No changes •No changes •No changes

Event Impacts & LOS Improvement Options

Improvement Option

Algae (taste & odor)b •No changes

a. Ozone dose required to remove T&O compounds depends on concentration of compound and background organic matter. 
Bench-scale testing can better define ozone requirement.

b. Future T&O episodes can be mitigated by monitoring algae in the water supply, and planning for expansion of ozone or 
other T&O mitigation measures before they are likely to be needed.

An algal bloom, defined as the rapid increase in the population of algae in the source water, is anticipated to 
have three major consequences:  

1. Taste and odor (T&O) compounds (e.g. geosmin and MIB), measured as nanograms per liter (ng/L).  

2. Filter clogging algae, measured as colony forming unit per milliliter (cfu/mL).  

3. Algal toxins (e.g. microcystin, cylindrospermopsin, anatoxin-a), measured as micrograms per liter (µg/L). 
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The baseline treatment process assumed by the PDR will address a mild T&O event. Ozone may reduce the 
concentration of T&O contaminants stemming from a mild algal bloom, but higher doses and contact times than 
currently proposed would be needed to address higher levels of T&O-causing compounds. The Facility Design 
Team recommends additional bench-scale testing to determine the ozone dose and contact time needed to 
mitigate higher T&O-causing compound concentrations. However, the results of any testing for T&O will not 
impact the design ozone dose described in Section 4.2, Ozone. Because the baseline process can handle mild 
T&O events effectively, improvements to the capability of the baseline treatment process specifically to mitigate 
T&O events are not recommended.  

The baseline treatment process will address a moderate level of filter-clogging algae via flocculation and 
sedimentation processes and a severe level of algal toxins via ozonation. For this reason, and based on the 
current knowledge of algae bloom risk in the Bull Run reservoir, improvements to the capability of the baseline 
treatment process specifically to mitigate risks from filter clogging algae or algal toxins are not recommended. 
Continued monitoring of nutrient, algae, and T&O compound levels in the watershed should allow the Water 
Bureau to predict future T&O issues and expand treatment capabilities before they are likely to be needed. 
Increasing water temperatures from Climate Change, among other causes, may contribute to the changing 
frequency of algal blooms in the future. 

If Water Bureau monitoring finds that a greater level of mitigation against algal events is warranted in the 
future, there are a variety of strategies that could be employed. For instance, increasing ozone dose and/or 
contact time, or expanding the residuals process liquid-handling capacity would help further address moderate 
or severe events. The addition of powdered activated carbon (PAC) in the flocculation basins could help mitigate 
these impacts as well. Because this addition would also impact filter runs and settled water quality, it is 
recommended that PAC addition be piloted before full-scale adoption. Further, the addition of granular 
activated carbon (GAC) in the filter media could help mitigate impacts. This GAC would replace the anthracite 
that is currently recommended in the filter beds to allow for an approximate 5 minute empty bed contact time, 
that would otherwise be unachievable with a GAC cap. As with PAC addition, it is recommended that this 
strategy be piloted before full-scale adoption. Lastly, a temporary reduction in overall Facility capacity would 
help mitigate a future, severe algal event.  

Table 3-7: Watershed Fire Impacts and Mitigations 

 

 

Event Consequence Mild Moderate Severe
Turbidity (short-term, <1 mo), NTU 10 – 20 20 – 120 120 - 1000

Turbidity (long-term, > 1 mo), NTU 1 – 2 2 – 20 20 – 100 

Organics (TOC), mg/L 1 – 3 3 – 5 5 – 7
Chemical Contamination 
(fire retardant, trace metals, etc.)
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T&O T&O

? ?

(see algae blooms)
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A fire in the watershed may have several adverse consequences for raw water quality. Notably, short- and long-
term increases in turbidity; increases in organics, nutrients, and trace metals; and algal blooms are all potential 
consequences. Metals released from the burned wood would be expected to appear in elevated concentrations 
in the raw water (Brown and Caldwell 2020). The effectiveness of ozone may be reduced at higher raw water 
turbidities as higher turbidity levels are associated with higher ozone demand.  

Chemicals used in firefighting retardants are of a lesser risk to the water supply following a wildfire. According to 
the Bull Run Watershed Management Unit Fire Management Plan, the U.S. Forest Service provides the Water 
Bureau with updated lists of the retardants scheduled to be used by their fleets to potentially respond to fires in 
the Bull Run Watershed. The Water Bureau acknowledges review of any Safety Data Sheets associated with 
these chemicals to develop a list of approved retardants. According to the Water Bureau, the risks of chemical 
contamination due to the use of fire retardants is low. Compounds used by the U.S. Forest Service are similar to 
nitrogen fertilizer and are used sparingly in watersheds. Foams are not used for wildland fires, and their use has 
not adversely affected other watersheds.  

Given that no large fires have occurred in the Bull Run Watershed during the more than 100-year history of the 
Water Bureau’s water system, specific water quality effects from future fires are uncertain. Data from similar 
forest systems is also limited (Brown and Caldwell 2020). 

The baseline treatment process is anticipated to address moderate short-term turbidity events, assuming that 
the recommendation to expand the residuals handling capacity is carried forward. Long-term turbidity spikes 
will be mitigated by the baseline treatment process, as these severe events (defined as 20-100 NTU lasting for 
more than 1 month) would have less of a peak load on the solids handling system. The consequences of algal 
blooms caused by nutrient loading after a fire would be similar to those described above for algal blooms 
resulting from other causes. It is unknown how the treatment process will address specific contaminations from 
constituents such as trace metals. If warranted, increasing the ozone dose and/or contact time, using PAC, or 
using GAC may be viable options against contamination from algae and organics. During a moderate or severe 
watershed fire, the residuals capacity would be the limiting process. The Facility can also temporarily reduce 
production to allow the treatment processes to better handle the challenges that may arise. 

Mild Event Moderate Event Severe Event

Impact •Higher operating costs •Increased DBPs, but meet WQ 
goals

•Increased DBPs, exceed WQ 
Goals

Turbidity (short-term): •No changes •Expand residuals capacity •Expand residuals capacity
Turbidity (long-term): •No changes •No changes •Expand residuals capacity

Organics (TOC) •No changes •Practice enhanced coagulation
•Add PAC and/or GAC filter 
media

Other Contamination

Event Impacts & LOS Improvement Options

Improvement Option

Algae (T&O) •No changes
•Increase ozone dose and/or contact time
•Add PAC
•Add GAC filter media
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Table 3-8: Cryptosporidium Detection Impacts and Mitigations 

 

 

 

Event Consequence Mild Moderate Severe

Bin 1/ Bin 1/ Bin 2/
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Elevated 
Crypto  
Detection

Removal Requirement (Log)

Mild Event Moderate Event Severe Event
Impact •No impact •No impact •No impact

Removal Requirement •No changes •No changes •No changes

Event Impacts & LOS Improvement Options

Improvement Option

 

The baseline treatment process at the Facility will be able to handle a severe level of Cryptosporidium, meaning 
that the process is capable of removing 3-log Cryptosporidium, though levels are not expected to be this high 
during the expected lifespan of the Facility. The Bull Run Reservoir is classified as a Bin 1 supply. It will continue 
to be a highly protected watershed well into the future and the Facility’s recommended process is well equipped 
to treat for its classified bin condition.  

Table 3-9: Drought Impacts and Mitigations 

 

Addressed with 
PDR assumptions 
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Event Consequence Mild Moderate Severe

Turbidity (long-term, > 1 mo), NTU 1 – 2 2 – 20 20 – 100 

Algae
T&O

Elevated Cryptosporidium  
Detection

Bin 1/ 
2-log

Bin 1/
2-log

Bin 2/
 3-log
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(see algae blooms)

Mild Event Moderate Event Severe Event
•Elevated Crypto detections could 
trigger requirement for additional 
1 to 1.5-log removal credit w/ 
inactivation process.

•Overloaded residuals processes 
force reduction in plant production

Turbidity (long-term): •No changes •No changes •Expand residuals capacity

•Increase ozone dose and contact 
time
•Add UV disinfection

Event Impacts & LOS Improvement Options

Improvement Option

•No changes •Increase ozone dose and/or contact time
•Add PAC

Crypto Removal Requirement

Algae (T&O)

Impact •No Impact •T&O Complaints

•No changes •No changes

 

An extended drought may bring several consequences. Considering potential impacts of climate change, it is 
possible that droughts will become more severe and more frequent in the Pacific Northwest over time. 
Droughts, in turn, coincide with warmer water temperatures. Turbidity increases may occur if reservoir levels 
drop and the banks are exposed to erosion during fall rains. Increases in Cryptosporidium levels could occur if 
wildlife spend more time at lower elevations, closer to the reservoir surface. Increases in algae are possible due 
to warmer water temperatures and increased nutrients from bank erosion. The consequences of increased 
turbidity are not expected to be long-term, but the values defined for a long-term, severe turbidity event more 
closely match what may occur during a drought. The consequences of algal blooms caused by a drought would 
be similar to those described previously for algal blooms resulting from other causes. No improvements to the 
proposed treatment processes for the Facility are recommended to specifically mitigate drought events.   
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Table 3-10: External Contamination Impacts and Mitigations 

 

 

External contamination events are a very low risk for the Bull Run supply due to the protected nature of the 
watershed. Consequences of an intentional contamination act are not well enough defined to recommend 
specific treatment strategies. However, ozone may provide some ability to mitigate certain types of external 
contamination events. PAC or GAC usage may also provide treatment in this case. Additional investigations to 
examine and mitigate the potential for external contamination will occur as part of the detailed design process. 

Table 3-11: Supply Chain Interruption Impacts and Mitigations 

 

 

Note that the durations shown above in Table 3-11 assume production at ADD. Staffing or supply chain 
interruptions could have many different causes, including a pandemic, economic disruption, labor action, severe 
weather, or other unforeseen causes. Supply chain interruptions can be mitigated by increasing the quantities of 
chemical and fuel storage, either onsite or offsite. Staffing interruptions should be considered during staffing 
planning and training for the Facility early in the design process.  

In addition to the events and consequences described above, climate change was also discussed within the 
framework of water quality and the Facility’s ability to continue to meet its LOS goals. Because the 
consequences of climate change are long-term effects and not specific events, consequences were not defined 
with specific severities. Rather, they may accelerate or magnify the severities of some of the events discussed 
previously. Further, climate change may slowly increase the temperature of the Bull Run watershed over time. 
This may increase algal bloom risk and could have operational impacts, such as requiring―to draw water from 

Event Consequence Treatment Optionsa

Chemical Contamination in Raw 
Water

 Ozone

(e.g. organic and inorganic 
compounds)

PAC

GAC

External Contamination

a. External contamination events are anticipated to be very rare, and chemicals, dose 
and duration are unknown. Proposed treatment process will have some ability to 
address certain categories of contaminants. Recommend additional investigations into 
contamination potential in parallel with design.

Mild Event Moderate Event Severe Event
Duration (assuming ADD) <14 day interruption <30 day interruption >30 day interruption
Impact •None •Reduced production •Potential plant shutdown
Improvement Option

•Increase on-site storage
•Secure off-site storage

•Develop City-owned transportation

Staffing Interruption

Event Impacts & LOS Improvement Options

Supply Chain Interruption

•No changes •Modify operations to minimize 
chemical uses

•Cross-train operations staff
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the upper gates of the watershed to preserve cooler water for fish. Warmer water temperatures will not have 
any notable, negative impacts on the treatment process or mechanical equipment. The time or chlorine dose 
required for achieving the required CT values will decrease with warmer water temperatures, however. 

While the probability and consequences of climate change are uncertain, the design allows for appropriate 
space and accommodations to optimize the treatment process for future challenges, such as leaving space for 
additional filter media or GAC, or the ability to adjust chemical types or doses. For the current design of the 
Facility, no specific changes are recommended to increase the treatment processes’ resilience against the 
impacts of climate change. 

Table 3-12 provides a high-level summary of how the baseline treatment process meets the local risk events that 
are discussed herein. 

Table 3-12: Summary of Local Events and Baseline Process Performance 

 

The following recommendations are suggested as an addition to the baseline treatment process described in the 
PDR: 

• Increase residuals (solids dewatering) capacity as recommended during Residuals Workshop (Workshop 13). 

• Make provisions for future expansion of ozone to address T&O. The provisions at this point will include 
space onsite to include expansion of future equipment and basins, which would include more ozone 
generators if necessary. The space onsite should also be able to accommodate the usage of advanced 
oxidation processes (AOP) should it be used in the future. This would include space for additional chemical 
storage.  

With increased solids dewatering capacity, the Facility processes will address all evaluated risk events likely to 
occur during the lifetime of the Facility. 

The following LOS goals related to local risk events are summarized below:  

• During a minor local event, the Facility will provide peak day demand at Partnership for Safe Water quality. 

• During a moderate local event, the Facility will provide average day demand at Partnership for Safe Water 
quality.  

Baseline Process  

Event

Landslide Residuals Reduce production •Increase residuals capacity

Algal Bloom Ozone Taste & Odor •Increase O3 dose & contact time         *
Watershed Fire Residuals Reduce production •Increase residuals capacity

Elevated Crypto  Detection

Drought

External Contamination ? ? ?

Supply Chain Interuptions

* with timely future expansion
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3.5 Designing for Resiliency, Reliability, Redundancy, and Recovery 
To meet the LOS goals and achieve key performance objectives, an evaluation of critical systems and associated 
processes, controls, and equipment is necessary. With critical systems defined, an evaluation of 
interdependencies and SPFs can be completed. Interdependencies must be considered to assess if failure of one 
element disrupts another. The goal of this evaluation is to manage and mitigate SPFs so that the Facility’s LOS is 
maintained. Figure 3-4 demonstrates the general approach of this evaluation.  

 

Figure 3-4: Conceptual Map for Evaluation of Interdependencies and Facility Resiliency  
 

All components of the Facility are critical to meet LOS goals. To better differentiate criticality, components of the 
Facility are categorized into two levels. Level A systems are defined as processes and associated components 
that are essential for maintaining LOS following a seismic event. Failure of these systems would result in an 
inability to achieve seismic LOS goals. Level B systems are defined as important processes and associated 
components that are required to meet LOS goals following a non-seismic risk event but not immediately 
essential for maintaining seismic LOS goals. For example, the filters would be considered a Level A component 
because their failure could directly result in a water quality goal or capacity goal not being met following a 
seismic event. For example, the overflow basins would be considered a Level B component. If the basin were to 
fail in some capacity, there would be time available to fix it before it immediately impacted the performance of 
the Facility or the Facility’s LOS goals. A full categorization of potential SPFs and critical systems within the 
Facility will occur during detailed design. This categorization allows for the development of proper mitigation 
strategies that will allow for a cost-effective, resilient, and robust design. The recommended performance 
objective for critical and less-critical systems is as follows. 

Level A systems will manage or mitigate SPFs by design. For example, a common filtered water pipe responsible 
for conveying all flows from the filters to the clearwell is a potential SPF. Mitigation by design could include 
designing double isolation valves within that pipe or in the case of the proposed design, dual filtered water pipes 
to the clearwells. In this case, if a pipe breaks, the other would still convey flow from one bank of filters (i.e., six 
filters) to the clearwells. Another example of mitigating SPFs by design for critical systems is to avoid structural 
irregularities whenever possible. Structures that are regular in shape perform better than irregular structures, 
even when designed and constructed properly. In this case, the goal is to avoid irregularities except when 
necessary based on process requirements. 
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Level B Systems will manage or mitigate SPFs through O&M practices. Piping for liquid residuals are considered 
Level B systems. For example, if a common piping fails on one of these processes, the process overflow basin 
could temporarily hold liquids residual flow for approximately 1 day of operation at 145 mgd. Instead of avoiding 
the SPF by design, which might include redundant pipes for liquid residual streams, an operational practice 
would be put in place that provides time to repair the failure while still allowing the Facility to meet its LOS 
goals. 

The Facility design will consider accessibility for maintenance and repair to minimize response time to any 
failures. For example, the Site layout will incorporate efficient means for equipment removal and replacement, 
avoid overhead constraints that would limit accessibility, and consider limitations of large cranes for normal 
maintenance and emergency repairs.  

To meet LOS goals specifically following a seismic event, not only does the Facility need to be able to 
accommodate immediate occupancy, it must also become operational quickly. The design will specifically 
evaluate which systems within the Facility will need to be operable following a CSZ event. In some cases, 
continued operation can be achieved through redundancy, providing extra equipment (shelf spare), or 
specifying as a Designated Seismic System (ASCE 7, Section 13.2.2), which involves shake table certification. 
However, providing for redundancy does not guarantee continued operation. Figure 3-5 shows a flow diagram of 
the analysis that will be done on a component-by-component basis to ensure that the Facility can meet the LOS 
goals following a CSZ event.  

 

Figure 3-5: Flow Diagram for Designing Components to be Reliable following a Seismic Event 
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3.5.1 Internal and External Interdependencies 

In addition to an evaluation of SPFs, it is critical to consider dependencies. Internal interdependencies are 
defined as dependencies within the Facility or under the control of - . These could include Site power, process 
piping, controls, O&M, storage, supplies, and others. External dependencies are defined as dependencies that 
are essential for operation of the Facility but are not under the direct control of - . These include power supply, 
fuel availability, chemical availability, transportation, and others. For external dependencies, -  is reliant upon 
other organizations to accommodate the needs of the Facility.  

All external dependencies should have a strategy in place for mitigation, elimination, or acceptance of the risk 
associated with that dependence.  

Chemical Suppliers: Two chemical suppliers that can provide five of the Facility’s required chemicals are located 
in northwest Portland with buildings on liquefiable soils. Following a seismic event, these suppliers may not be 
available. Other known chemical suppliers are located in California, Washington, and in northeast Utah. It is 
recommended that a plan be developed and regularly updated that will have the ability to source chemicals 
from various suppliers when needed. It is recommended that enough chemicals are stored onsite to meet an 
average production of 88 mgd at an average dose for 30 days, or 145 mgd at a maximum dose for 7 days, 
whichever results in a larger volume. Additionally, it is recommended that more than one tank be available for 
critical chemicals to increase storage redundancy. 

Power Feed: It is recommended that the Facility use both available power feeds from Portland General Electric 
(PGE): Dunn’s Corner Substation and Orient Substation. Dunn’s Corner Substation feed will be routed into the 
Site from the south, and Orient Substation’s feed will be routed into the Site from the north. Dual power feeds 
will increase the Facility’s resiliency against power outages and its ability to reduce response time following an 
event. PGE has indicated that the second line service is available for a preliminary estimated cost of $1,025,000, 
which covers the cost of extending this second line service plus an initial one-time assessment to cover the cost 
of reserve line capacity. Compared to Orient Substation, Dunn’s Corner Substation is in a zone of lower seismic 
hazard and is less likely to go out of service due to a seismic event. Dunn’s Corner Substation also has more 
service connections, so it is likely to be prioritized and restored sooner following an outage. The following 
information was received from PGE regarding the interconnections related to both the Dunn’s Corner and Orient 
Substations: 

Orient Substation: 

• 1 transmission source:  

− Dunns Corner-Hogan South 57 kilovolts (kV) 

• One transformer from 57kV to 13kV, BR1, with three 13kV feeders:  

− Orient-Orient 13kV (preferred feed) 

− Orient-Barlow 

− Orient-Oxbow 

Dunns Corner: 
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• 5 transmission sources:  

− Dunns Corner-Hogan South 57kV 

− Dunns Corner-Brightwood 57kV 

− Dunns Corner-Portland Hydro 57kV 

− Dunns Corner-Welches 57kV 

− Boring-Dunns Corner 57kV 

• One transformer from 57kV to 13kV, BR1, with two 13kV feeders:  

− Dunns Corner-Kelso 

− Dunns Corner-Dunns Corner 13kV (alternative feed) 

 

Based on the above information, it is recommended that Dunn’s Corner Substation be made the primary power 
feed, with the Orient Substation feed operating as the standby (backup) power feed. (In this manner, the Facility 
will be powered entirely from the Dunn’s Corner feed under normal conditions, and will transfer to the Orient 
feed in the event the Dunn’s Corner feed is interrupted. Upon failure of both utility feeds, the plant standby 
generator system will be brought online.) 

Fuel Supply: The Facility will also have a standby power system to allow critical components to maintain 
operation if power from both utility feeds is lost. The PDR assumed a 3,500-kilowatt (kW) load on two standby 
generators (1,750 kW each), with 5 days of fuel storage, which equates to 30,000 gallons of fuel. Based on an 
initial load analysis, it is recommended that two 3,000-kW generators are assumed in the design.  

Fuel storage capacity for the standby generator system has considered factors such as typical utility outage data 
(under non-seismic conditions), long-term outages that could be experienced due to a major seismic event 
where it may take a long period of time to repair the service lines, and availability of fuel supply. With these 
widely varying and unpredictable factors, it is difficult to provide a definitive value of fuel capacity to deal with 
all scenarios. Based on discussions with the various stakeholders, it was determined that five (5) days of fuel 
storage at generator full load would be provided. With five (5) days of fuel storage, approximately 50,000 
gallons of fuel would need to be stored to accommodate this load for 5 days.   

While the PDR assumes that all loads will be connected to standby power, it is recommended that only critical 
systems will remain on during a long-term/catastrophic power outage and draw from fuel storage to preserve 
fuel supplies. Critical systems requiring significant power input include the diesel fuel transfer pumps, backwash 
pumps, air scour blowers, onsite hypochlorite generation units, and other plant pumping systems. Critical 
systems that do not require significant power (relative to the aforementioned) include supervisory control and 
data acquisition (SCADA) systems, instrumentation and control (I&C) systems, and other electronics required to 
keep the Facility operational. (For the SCADA related systems, uninterruptible power supplies will be provided to 
maintain continuous operations of these systems during momentary outages and periods during transfer 
between power sources during outages.) 
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Various preliminary scenarios have been calculated and have determined that the Facility could be powered for 
three (3) weeks or more, depending on implementation of energy and water saving measures that are employed 
during an extended outage. Further, this assumes that the fuel tanks are maintained at or near full capacity 
(greater than 85 percent) at all times.  A full list of loads that remain functional on standby power will be based 
on an analysis of critical systems and finalized as part of the detailed design process. 

3.5.2 Considerations for LOS under Compounding Events 

It is recommended that -  consider resiliency against a compounding hazard. If a CSZ event were to occur and 
the Facility was unable to acquire fuel, chemicals, and/or power, the Facility would need to prioritize how 
resources are used to continue producing potable water. An operational strategy is recommended for the rare 
case that the Facility may experience a compounding hazard that would include no access to power, chemicals, 
or additional fuel. This operational strategy involves sending raw water through the Facility and only disinfecting 
the water. It is important to note that this situation would be considered a last-resort, emergency operation. 
This operation would likely require a boil-water notice to be sent to all users of the water system. . In this case, 
fuel reserves for the generator would be prioritized to power onsite hypochlorite generation and injection such 
that the water is disinfected. No other treatment processes would be used in this operational strategy. Given 
the design conditions of the hypochlorite generation system and the fuel storage onsite, it is expected that the 
Facility can operate in this emergency operational strategy between 9 and 16 days. This assumes the Facility is 
operating at 145 mgd, the generators’ fuel storage is three quarters full at the beginning of the emergency 
operation, and lighting and receptacle panels are on at 80 percent of normal operation. The assumption of three 
quarters of the fuel storage (37,500 gallons available of 50,000 gallon storage) is assumed because it is less likely 
that the fuel reserve tanks are full at the moment that a compounding hazard would occur. The 9 to 16 days of 
emergency operation is sensitive not only to the current fuel levels but to receptacle power, heating used for 
the buildings, and the amount of sodium hypochlorite generators needed during the emergency operation. 
Table 3-13 estimates the potential operational timeline allotted for the Facility depending on these factors.  

Table 3-13: Compounding Hazard Scenario – Operational Timeframe 

Number of 
Sodium Hypo 
Units Online 

Run Time - Full 
Fuel Tank – With 

Heat (days) 

Run Time – Full 
Fuel Tank – w/o 

Heat (days) 

Run Time – 75% 
Full Tank – w/heat 

(days) 

Run Time – 75% 
Full Tank – w/o 

heat (days) 

1 16 34 12 25 

2 14 26 10.5 19.5 

3 12.5 21 9.4 16 
 

3.6 Issues for Further Consideration 
Issues related to LOS goals that require further collaboration and discussion with -  include the following: 

• Selection of seismic Risk Category and design factor for the MCE (code permitted 2/3, or 1).  

• Categorization of critical and less critical systems within the Facility 
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• Equipment evaluation for standby power on a component-by-component basis 

• Examination of potential sources or causes of external contamination 

• Staffing planning and training, including planning for staffing shortages and working remotely in some cases. 
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