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VOC volatile organic contaminant 

WAC Washington Administrative Code 

WHR Washington Heritage Register 

WPTP West Point Treatment Plant 

WQA Water Quality Assessment for the Duwamish River and Elliott Bay 
WTD Wastewater Treatment Division 

WWF wet weather flow 

WWHM Western Washington Hydraulic Model 

WWPUG Wastewater Planning Users Group 

WWTP Wastewater Treatment Plant 
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CHAPTER NO. 1 

EXECUTIVE SUMMARY 

1.1 BACKGROUND 

The South Magnolia Basin, located in Seattle on Puget Sound, is illustrated in Figure 1.1. 
The basin covers approximately 744 acres, and its sewer system drains to a combined 
sewer overflow (CSO) control manhole (MAGCSO) located on 32nd Avenue W at its 
southern edge. The basin is bounded by Discovery Park on the north, 28th Avenue W on 
the east, and Puget Sound on the west and south edges.  

Over the last twenty years, King County has measured an average of 19.2 overflows at the 
MAGCSO annually, with an average annual total of 31 million gallons per year (2008 CSO 
Plan Update, King County, June 2008). In 2009 there were 25 overflow events totaling 4.77 
million gallons. Year 2009 was characterized by several small storms which caused small 
overflows, and a few large storms which resulted in the bulk of the overflow volume. 

The South Magnolia basin sewer system was originally constructed as a combined sewer 
system, conveying both sanitary sewage and stormwater. The system has been modified 
over time; there is now existing a Municipal Separate Storm Sewer System (MS4) that 
collects stormwater from most streets and alleyways in the basin. The existing combined 
sewer system (CSS) conveys sanitary sewage and rooftop drainage. The system is 
tributary to King County’s South Magnolia Trunk Sewer via a network of sewers and Seattle 
Public Utilities (SPU) sewage pump station #77. 

The existing South Magnolia Trunk Sewer (SMTS) conveys combined sewage (wastewater 
and stormwater) flow from the South Magnolia drainage basin to the Interbay Pump Station 
for further conveyance to the West Point Treatment Plant. The trunk sewer has inadequate 
capacity to convey all combined sewage flows from the drainage basin to downstream 
conveyance facilities. The capacity of the trunk sewer limits the peak flow rate that can be 
conveyed downstream to approximately 4.3 million gallons per day (mgd). Flows in excess 
of 4.3 mgd overflow a weir in the County’s control structure, referred to as “MAGCSO” to an 
existing 42-inch diameter overflow sewer and then to the 36-inch diameter CSO outfall 
(County #006) into Puget Sound. King County is proposing to construct a 1.8 million gallon 
(MG) storage tank outside the basin, on a site located southeast of the western terminus of 
the existing Magnolia Bridge. 

This project was initiated to address the following regulations: 

 Revised Code of Washington (RCW) 90.48.480: This law requires “the greatest 
reasonable reduction of combined sewer overflows at the earliest possible date.” 

Washington Administrative Code (WAC) 173-245-020 (22): “The greatest reasonable 
reduction’ means control of each CSO in such a way that an average of one untreated 
discharge may occur per year.”  
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According to these regulatory requirements, CSOs must be controlled to an average of no 
more than one untreated discharge per year per outfall based on a long-term average. This 
Engineering Report outlines improvements to the King County sewer system serving the 
South Magnolia Basin that are necessary to control CSOs in compliance with the RCW and 
WAC. 

1.2 BASIS OF PLANNING 

During the planning process that is described in this report, four CSO control approaches 
were considered to be potentially effective at controlling overflows to the required level in 
the South Magnolia basin. These approaches were: 

 Storage: storage of flow exceeding the SMTS capacity with later release to the 
existing conveyance system. 

 Convey-and-Treat: conveyance of all flow via the Interbay Pump Station to West 
Point Treatment Plant for treatment. End-of-Pipe Treatment: High-rate clarification of 
peak flow exceeding SMTS capacity at or near the location of MAGCSO. 

 Peak-Flow Reduction (Demand Management): disconnection of stormwater currently 
entering the CSS through rooftop and driveway drainage, combined with storage. 

In addition, a combination of these approaches was considered wherever feasible. 

Combined sewer flow in the South Magnolia basin was modeled based on historical flow 
monitoring, to determine peak wet-weather flows and volumes. The calibrated models were 
run for a 30-year long-term simulation for the period from January 1, 1978 to June 30, 
2008. Over the simulation period, the once per year CSO volumes ranged between 1.6MG 
and 1.9MG over any of the 20-year periods, with the long-term average at 1.8MG. Based 
on the modeling data, the required storage volume and peak flow rate were compared for 
the following conditions: 

 The long-term average from the entire rainfall record. 

 The average of 20-year averages. 

 The maximum 20-year rainfall period in the entire rainfall record.  

Storage, treatment, or conveyance required by these three conditions were nearly the 
same (well within the accuracy of the analysis). Table 1.1 summarizes the resulting basis-
of-planning requirements for the South Magnolia Basin. 
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Table 1.1 South Magnolia Basis-of-Planning Requirements 

Control Approach Required Volume or Capacity 

Total Peak Flow 20 mgd1 

Required Peak Convey-and-Treat Capacity 15.7 mgd 

Existing Convey-and-Treat Capacity  4.3 mgd 

Storage Capacity 1.8 MG 

End-of-Pipe Treatment Capacity 15.7 mgd2 

Peak Flow Reduction (Demand Management)  

Storage Volume for 25% Impervious Disconnection3 1.11 MG 

Storage Volume for 50% Impervious Disconnection3 0.49 MG 

Storage Volume for 75% Impervious Disconnection3 0.13 MG 

Notes: 
1. Required convey-and-treat capacity is the difference between "required peak convey-and-treat 

capacity" and "existing convey-and-treat capacity". 
2. End-of-Pipe treatment capacity is the difference between "required peak end-of-pipe capacity" 

and "existing end-of-pipe capacity". 
3. Represents the percentage of impervious surface currently connected to the combined sewer 

system that must be disconnected to reduce the required storage volume. 

1.3 PRELIMINARY ALTERNATIVE DEVELOPMENT AND EVALUATION 

Identification of preliminary alternatives included evaluation of sites suitable for facilities 
based on technical criteria including proximity to MAGCSO, downstream capacity, 
topography, and similar factors. Initial screening resulted in identification of several parcels 
and right-of-way locations meeting the project requirements. 

Using these potential sites, preliminary alternatives were developed based upon control 
approaches and basis-of-planning requirements. Eleven preliminary alternatives were 
developed for the South Magnolia Basin as summarized in Table 1.2. 

The alternatives were refined and evaluated between August 2009 and December 2009. 
The preliminary alternatives were evaluated based upon a range of factors:  

 Technical feasibility 

 Environmental impacts 

 Community impacts 

 Land use and permitting impacts 

 Property acquisition 

 Cost 

 Operations and maintenance   
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Table 1.2 Summary of South Magnolia Basin Preliminary Alternatives 

Approach Alternative Description 

Centralized storage 1A Rectangular storage at bottom of basin near 
MAGCSO. 

1B Rectangular storage at bottom of basin near 
MAGCSO with increased conveyance to 
Interbay pump station (PS). 

1C/1B1 Rectangular storage in upper basin, pump 
station and storage at bottom of basin and 
increased conveyance. 

 1D/1B1 Rectangular storage at bottom of basin, 
rectangular storage in upper basin, increased 
conveyance. 

 1H Tunnel storage under Magnolia bluff. 

1I/1J/1K2 Conveyance to rectangular storage out of basin. 

Convey/Treat 2A Pump Station, force main, gravity sewer to 
Interbay PS. 

End-of-Pipe Treatment 3A Treatment plant at bottom of basin. 

Combined 5A Rooftop disconnection of 600 homes and bottom 
of basin storage at bottom of basin. 

Notes:  
1. Potential alternatives were combined to describe dispersed storage alternatives where more 

than one storage tank location was used. 

2. Alternatives 1I/1J/1K were variations of conveyance from MAGCSO to an out of basin storage 
tank location. The most feasible of these was selected and referred to as Alternative 1F1 later in 
the evaluation process. 

The refined preliminary alternatives were reviewed in a team workshop on December 17, 
2009, at which time they were screened using specific criteria and reduced to four 
alternatives for further evaluation. Alternatives that included upper basin storage were 
eliminated due to costs as well as affects on the community during construction. 

 Alternative 1A – A below-grade, rectangular concrete storage tank, located adjacent 
to the existing MAGCSO control structure at the foot of 32nd Avenue W. 

 Alternative 1F1 (a refined version of 1I/1J/1K) – A below-grade, rectangular 
concrete storage tank, located out of the basin adjacent to 23rd Avenue W and W 
Garfield Street. Wastewater flow into the tank would be diverted from the MAGCSO 
control structure through a gravity sewer installed using horizontal directional drilling 
techniques. 

 Alternative 2A –12-foot diameter below-grade, in-line storage pipe located on Port of 
Seattle property north of the Magnolia Bridge between 23rd Avenue W and Elliott 
Avenue W. Flow to the storage pipe would be diverted through a gravity sewer similar 
to Alternative 1F1. 
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 Alternative 5A –Peak-flow reduction by disconnection of approximately 600 rooftops 
or installation of approximately 1,200 rain gardens, and a storage tank near the 
MAGCSO control structure. 

Subsequent to the workshop in December 2009, Alternative 5A was re-evaluated. Because 
of uncertainties regarding the level of voluntary participation required for this alternative to 
meet the CSO control objective (approximately 600 rooftop rain leader disconnections 
along with 1,200 rain gardens would be required on private property, and there is an 
existing stormwater system that serves most streets), this alternative was dropped from 
further consideration. 

1.4 REFINEMENT OF SHORT-LISTED ALTERNATIVES 

The project team convened several internal focus group meetings between January and 
May 2010. The team reviewed updated and new information about the alternatives 
developed by the technical engineering team, permitting, land use, environmental, and 
community program team members, and using community input from a public meeting in 
March 2010. The team refined criteria questions and evaluation ratings developed during 
preliminary alternatives analysis to reflect new and refined information developed as more 
information about the alternatives became available. At the May 2010 workshop the team 
selected Alternative 1F1, Out of Basin Storage as the alternative proposed for further 
environmental review. 

In June 2010, the project team conducted two project implementation risk assessment 
workshops for the short-listed alternatives. The purpose of these workshops was to identify 
potential high-impact risks, such as Shoreline Permit appeals, that would have a high-
probability (greater than 60 percent) of impacting the project schedule and/or cost to 
County ratepayers. Alternatives 1A and 2A had potential high-risk and high-probability risks 
associated with land use and contaminated soil that would likely result in cost and schedule 
impacts. Alternative 1F1 had one potential high impact risk and much lower risk to 
ratepayers. The results of the risk analysis confirmed the team’s earlier selection of 
Alternative 1F1. Table 1.3 provides a summary of the project team analysis of the three 
short-listed alternatives.
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Table 1.3 Alternatives Analysis Summary 
 Alternative 1A: Bottom of Basin Storage1 Alternative 1F1: Out of Basin Storage2 Alternative 2A: Out of Basin Pipe Storage1 
Alternative Evaluation  
 

Had the most negative impacts to the community, the 
environment, land use and permitting.  

Has the lowest impact to the community, operations and 
maintenance, and the environment.  
 

In terms of negative impacts there was one high 
impact rating for contaminated soils.  

Technical Considerations Slope stability above the site; shoring and 
groundwater. Restricted physical space due to steep 
slopes. 

Horizontal Directional Drill (HDD) installation, shoring required 
for the storage tank due to poor soil conditions and high 
potential for soil liquefaction.  

HDD drilling, In-line storage location along the 
alignment of the existing Magnolia Trunk sewer and  
contaminated soil/water. 

Sensitivity Analysis There is no need to increase the size of the tank for a 
higher average rainfall. 

There is no need to increase the size of the tank for a higher 
average rainfall. 

There is no need to increase the size of the pipe for a 
higher average rainfall. 

Preliminary Cost Estimates    
Construction $13,100,000 $14,300,000 $12,300,000 
Land/Easement $35,000 $45,000 $65,000 
Street Use Fees $1,760,000 $2,150,000 $1,430,000 
Additional Costs $15,200,00 $16,600,000 $14,200,000 

Total $30,100,000 $33,100,000 $28,000,000 
Community Input Strong opposition to this alternative. Support for this alternative. Support for this alternative. 
Real Estate Seattle Parks voiced concerns about cutting into the 

hillside in Magnolia Park. 
Discussions with the Port of Seattle indicated that the Port is 
willing to consider using Smith Cove Marina Park or the Port 
West Yard sites for storage.  

Port of Seattle has concerns about impact to cruise 
ship passenger parking at the terminal.  

Land Use Permits 
In addition to the typical 
construction permits 

Seattle Parks permit, Environmental Critical Areas 
review. 
 
Seattle Council Conditional use permit – high 
probability of appeal. 
 

Shoreline permit, Environmental Critical Areas review, Council 
Conditional use permit. 
 
Least complicated to permit of the three alternatives. 

Shoreline permit, Environmental Critical Areas review, 
Council Conditional use permit. 

Environmental 
Considerations 

Steep slopes greater than >40% with the potential for 
landslides. 

Leaking storage tank in Smith Cove Park. Known contaminated soils on the Port property. 

High – High Risks a) Both Seattle Parks and the community oppose use 
of this site for the CSO project and could challenge 
the required zoning change from Single Family use 
to Industrial Use to build the facility.   

 
b) Significant construction on a steep slope and 

clearing of 2.5 acres of vegetation, which is 
opposed by citizens and which will trigger critical 
area review by the city. 

a) Specialty contractors required for the horizontal directional 
drilling are limited and could drive up the cost.  

a) Specialty contractors required for the horizontal 
directional drilling are limited and could drive up the 
cost.   

 
b) Sites the project on land that is federally registered 

as hazardous material area, requiring additional 
environmental review and increasing risk of added 
cost and liability. 

 
c) Potentially could impede the Port’s plans for future 

development.  
Notes 

1. Alternatives 1A and 2A have a number of potential high impact and high probability risks, which may affect the County’s ability to meet the compliance schedule. 

2. Alternative 1F1 has one potential high impact risk and much lower risk to County rate payers. 
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1.5 PROPOSED ALTERNATIVE 

Alternative 1F1 includes a rectangular, below-grade, cast-in-place, six-channel storage 
tank with an ancillary facility, located somewhere on the site illustrated in Figure 1.2. This 
site includes Smith Cove Park and Port West Yard, which are currently owned by the City 
of Seattle Parks Department and the Port of Seattle, respectively. Since this site was 
identified as potentially viable in 2010, King County has been and continues to 
communicate with the key stakeholder agencies (City of Seattle Parks Department, Port of 
Seattle, and City of Seattle Department of Transportation) to confirm the best location for 
the storage tank within the feasible area. The tank provides 1.8 MG of combined sewage 
storage volume. The final location of the tank will be determined by the County and the 
property owners during 2011. 

Figure 1.3 illustrates related facilities that include a diversion structure located on 32nd 
Avenue W and a gravity sewer to convey flow to the tank.  

The project includes the following elements: 

 Modification of the MAGCSO control structure to provide connection of a pipeline to 
convey flow to the storage tank when peak flows into the structure exceed the 
capacity of the SMTS. 

 A 2,700 LF, 15.7 mgd capacity gravity sewer that will convey flow from the modified 
MAGCSO structure to the storage tank. Gravity sewer elements include: 

– 24-inch diameter carrier pipe, material to be selected during final design. 

– An isolation gate for maintenance and reliability uses. 

 A rectangular, below-grade, cast-in-place storage tank includes:  

– A 24-inch diameter influent sewer. 

– A cast in place, buried storage tank, comprising six, 17-18-feet deep by 15-feet 
wide channels. 

– A tank flushing system including tipping buckets and non-potable water supply 
using City of Seattle water. 

– A pump station located in the tank, to discharge tank contents to the SMTS at 
manhole W10-88, within 24-hours following use of the tank. 

– A 10-inch to 12-inch diameter discharge force main, approximately 500-feet 
long from the tank to the discharge manhole. 

– Access hatches and lift slabs for routine and long-term operation and 
maintenance. 
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 An ancillary equipment facility for odor control, mechanical, and electrical equipment 
including: 

– Control panels and motor control centers (MCC).Standby power generator 
including fuel storage tank. 

– Odor control system including mist eliminator, carbon scrubbers, and fans. 

– Ventilation system. 

 Utility water system including backflow preventer, air gap tank, pumps, and 
hydropneumatic tank. 

 Site improvements including: 

– Improvements as required by Seattle Department of Transportation (SDOT) 
and/or the Port of Seattle or City of Seattle Parks Department and the City of 
Seattle Department of Planning and Development (DPD), along 23rd Avenue 
W. 

– Tank site, tank, and AEF surface improvement, including access paving, 
fencing and landscape modification, and restoration. 

Table 1.4 summarizes the estimated project costs based on the additional information 
developed to further define the proposed alternative. 

 

Table 1.4 Project Cost Summary 

Item Amount

Construction  $21,100,000

Land/Easement (Temporary construction easements staging) $45,000

Street Use Fees $2,150,000

Additional Costs (tax, allied costs, permit fees, and project 
contingency) 

$15,400,000

Total $38,700,000

 

Table 1.5 summarizes estimated O&M costs for the first year of operation. Subsequent 
years are escalated at 3 percent per annum for the life-cycle cost calculations. 
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Table 1.5 South Magnolia CSO Facility - Annual O&M Cost Summary 

Item Annual Cost – 2015 
($/yr)

Operations and Maintenance (tank, diversion structure, ancillary 
facilities) 

$75,0001

Electricity (ventilation, power) $1,000

Chemicals (activated carbon replacement once per two years) $11,000

Standby generator (fuel) $5,000

Total $92,000

Note: 

1. It is assumed in the life cycle cost estimates that O&M costs will escalate yearly after the first 
year of operation. 

The preliminary project schedule is summarized in Table 1.6. The dates are approximate 
and the schedule will be updated as the project progresses. 

 

Table 1.6  Preliminary Project Schedule 

Activity Anticipated Dates 

Engineering Report June 2010 – December 31, 2010 

SEPA Threshold Determination May 2011 

Engineering Report Approval September 2011 

Permitting June 1, 2011 – January 1, 2013 

Final Design June 1, 2011 – December 31, 2012 

Construction March 1, 2013 – October 1, 2015 

Startup October 1, 2015 – June 1, 2016 

Project Commissioning October 1, 2015 – May 31, 2017 
(2 wet seasons)1 

Notes: 

1. While it may not take a full two years for commissioning, South Magnolia facilities must be 
controlled in a way that does not impact the Elliott Bay Interceptor. Therefore, some 
commissioning period will be required. 

 

1.6 ALTERNATIVE REFINEMENT 

As of December 2010, the basis of planning had resulted in selection of a 1.8 MG storage 
tank and peak conveyance of 15.8 mgd to handle an average of 30 events in 30 years (one 
overflow per year). In 2011, following submission of the draft Engineering Report to 
Ecology, the tank storage volume and conveyance capacity were refined and resulted in 
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the storage volume increasing to 1.9 MG to remain below one overflow per year over the 
peak 20-year duration. Peak conveyance capacity was also increased to 20.0 mgd, 
resulting in a 30-inch diameter pipeline. These refinements limit CSOs caused by high 
intensity, low volume storm events. Final confirmation of pipeline diameter and storage tank 
dimensions will be completed during detailed design. King County will amend the 
Engineering Report if the design confirmation results in a substantial change from the 
approved Engineering Plan per WAC 173-240-060(2). 
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CHAPTER NO. 2 

INTRODUCTION 

2.1 PURPOSE AND SCOPE 

Currently, King County (County) is unable to consistently meet the combined sewer 
overflow (CSO) control regulation as defined by the State of Washington and as described 
in the CSO 2008 Control Plan Update (King County, June 2008). To address this problem, 
the County needs to make improvements to County infrastructure. The Barton, Murray, 
Magnolia, and North Beach CSO Facilities Project was initiated to identify improvements 
needed to meet the County’s CSO control requirements in the South Magnolia Basin. The 
South Magnolia combined sewer basin is located in the City of Seattle southeast of 
Discovery Park and West Point as shown in Figure 2.1. This report presents the CSO 
control plan for the South Magnolia Basin. 

2.1.1 Problem Description 

The trunk sewer has inadequate capacity to convey all combined sewage flows from the 
drainage basin to downstream conveyance facilities. The existing South Magnolia Trunk 
Sewer (SMTS) conveys combined sewage (wastewater and stormwater) flow from the 
South Magnolia drainage basin to the Interbay Pump Station for further conveyance to the 
West Point Treatment Plant. The capacity of the trunk sewer limits the peak flow rate that 
can be conveyed downstream to approximately 4.3 million gallons per day (mgd.) Flows in 
excess of 4.3 mgd overflow a weir in the County’s control structure, referred to as 
“MAGCSO” to an existing 42-inch diameter overflow sewer and then to the 36-inch 
diameter CSO outfall (County #006) into Puget Sound.  

Over the last twenty years, there have been an average of 19.2 overflows at the MAGCSO 
annually, with an average annual total of 31 million gallons per year (2008 CSO Plan 
Update, King County, June 2008). In 2009 there were 25 overflow events totaling 4.77 
million gallons. 2009 was characterized by several small storms which caused small 
overflows, and a few large storms which resulted in the bulk of the overflow volume. 

2.1.2 Project Goal 

The goal of the Barton, Murray, Magnolia and North Beach CSO Facilities Project is to 
develop facility plans to meet the CSO control regulation – to reduce overflows to no more 
than one event per year on a long-term average. 
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2.2 ENGINEERING REPORT REQUIREMENTS 

This Engineering Report has been prepared in the format required by the Washington 
Administrative Code (WAC) 173-240-060, and the requirements of the State of Washington 
Criteria for Sewage Works Design (Orange Book) (Ecology, August 2008). The 
requirements of these two documents and the location of where those requirements are 
addressed in this document are presented in Table 2.1.  

2.3 CONTACT INFORMATION 

The owner of this project is King County. The project representative is: 
 
Shahrzad Namini, Project Manager 
King County Department of Natural Resources and Parks 
Wastewater Treatment Division 
King Street Center 
KSC-NR-0507 
201 S. Jackson St. 
Seattle, WA  98104-3855 
shahrzad.namini@kingcounty.gov 
(206) 263-6038 
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Table 2.1 Engineering Report Requirements 

WAC 173-240-060 Requirement Location Addressed

 The name, address, and telephone number of the owner of the 
proposed facilities, and the owner’s authorized representative. 

Chapter 2 

 A project description that includes a location map and a map of 
the present and proposed service area. 

Chapter 2 

 A statement of the present and expected future quantity and 
quality of wastewater including any industrial wastes that may 
be present or expected in the sewer system. 

Chapter 4 

 The degree of treatment required based upon applicable 
permits and rules, the receiving body of water, the amount and 
strength of wastewater to be treated, and other influencing 
factors. 

Chapter 2 and 4 

 A description of the receiving water, applicable water quality 
standards, and how water quality standards will be met outside 
any applicable dilution zone.  

Chapter 2, 3 and 4 

 The type of treatment process proposed, based upon the 
character of the wastewater to be handled, the method of 
disposal, the degree of treatment required, and a discussion of 
the alternatives evaluated and the reasons they are 
unacceptable. 

Chapter 4, 5 and 6 

 The basic design data and sizing calculations of each unit of 
the treatment works. Expected efficiencies of each unit and 
also of the entire plant, and character of effluent anticipated. 

Chapter 4, 5 and 6 

 Discussion of the various sites available and the advantages 
and disadvantages of the site or sites recommended. The 
proximity of residences or developed areas to any treatment 
plant site and the various plant units. 

Chapter 5 

 A flow diagram that shows general layout of the various units, 
the location of the effluent discharge, and a hydraulic profile of 
the system that is the subject of the facility plan and any 
hydraulic related portions. 

Chapter 6 

 A discussion of infiltration and inflow problems, overflows and 
bypasses, and proposed corrections and controls. 

Chapter 4 and 5 

 A discussion of any special provision for treating industrial 
wastes, including any pretreatment requirements for significant 
industrial sources. 

Not Applicable 
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Table 2.1 Engineering Report Requirements 

WAC 173-240-060 Requirement Location Addressed

 Detailed outfall analysis or other disposal method selected. Not Applicable 

 A discussion of the method of final sludge disposal and any 
alternatives considered. 

Not Applicable 

 Provisions for future needs. Chapter 6 

 Staffing and testing requirements for the facilities. Chapter 6 

 An estimate of the cost and expenses of the proposed facility 
and the method of assessing costs and expenses. The total 
amount shall include both capital costs and also operations 
and maintenance costs for the life of the project, and must be 
presented in terms of the total annual cost and present worth. 

Chapter 7 

 A statement regarding compliance with any applicable state or 
local water quality management plan or any plan adopted 
under the Federal Water Pollution Control Act as amended. 

Not Applicable 

 A statement regarding compliance with the State 
Environmental Policy Act (SEPA) and the National 
Environmental Policy Act (NEPA), if applicable. 

Chapter 6 and 9 

Orange Book Requirement Location Addressed

 Well documented site description, problem identification, and 
map. 

Chapter 2 

 Well documented description of discharge standards. Chapter 2 

 Background information including:   

– Existing Environment (water, air, sensitive areas, flood 
plains, shore lands, wetlands, endangered 
species/habitats, public health, prime or unique 
farmland, archaeological and historical sites, any 
federally recognized “wild  and scenic rivers”, threatened 
species).  

Chapter 3 and 6 

– Demographic and Land Use (current population, present 
wastewater treatment, advanced wastewater treatment 
need evaluated, infiltration and inflow [I/I] studies, CSOs, 
sanitary surveys for unsewered areas, determination that 
I/I is not excessive). 

Chapter 3 and 4 
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Table 2.1 Engineering Report Requirements 

Orange Book Requirement Location Addressed

 Future conditions including appropriateness of population data 
source, zoning changes, future domestic and industrial flows, 
and flow reduction options, future flows and loading, reserved 
capacity, future environment without project, discussion of 
whether recreation and open space alternatives could be 
incorporated. 

Chapter 4 

 Alternatives: list of specific alternative categories, including no 
action, collection system alternatives, sludge management/use 
alternatives, flow reduction, costs, environmental impacts, 
public acceptability, rank order, recommended alternative, 
description of innovative and alternative technologies. 

Chapter 5 

 Final recommended alternative: site layout, flow diagram, 
sizing, environmental impacts, design life, sludge 
management, ability to expand, O&M/staffing needs, design 
parameters, feasibility of implementation 

Chapter 6 

 Financial Analysis: costs, user charges, financial capability, 
capital financing plan, implementation plan 

Chapter 7 and 8 

 Other:  

– Water quality management plan conformance Not Applicable 

– SEPA approval, list required permits, environmental 
issues analysis 

Chapter 6, 8 and 9 

– Documentation that the project is identified in a sewer 
general plan 

Chapter 2 and 9 

– Capital improvement plan Chapter 7 

– Documentation of adequate public involvement process Chapter 9 

 

2.4 CSO CONTROL REQUIREMENTS 
Amendments to the Federal Water Pollution Control Act, also known as the “Clean Water 
Act,” or “CWA,” were passed in 1972 and later expanded in 1977 and 1987. The purpose of 
this body of law is to “restore and maintain the chemical, physical, and biological integrity of 
the Nation’s waters” (33 CFR 26.I§1251(a)). This objective translates into two overarching 
goals: 1) to eliminate the discharge of pollutants into the nation’s waters, and 2) to achieve 
and maintain fishable and swimmable waters. The first goal, elimination of pollutant 
discharge, is met, in part, through the National Pollutant Discharge Elimination System 
(NPDES) permitting program. The second goal, restoration and maintenance of water 
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quality, is being addressed by developing 
pollution control programs to meet specific 
water quality standards for specific water 
bodies. 

The CWA requires all wastewater treatment 
facilities and industries that discharge 
effluent into surface waters to have an 
NPDES permit. In Washington State, 
NPDES permits are issued by the 
Washington State Department of Ecology 
(Ecology) and define appropriate technology 
controls and limits on the quality and 
quantity of effluent discharged from point 
sources such as treatment plants, CSOs, 
and industrial facilities. 

CSOs were recognized as a unique 
category of discharge that was not 
adequately covered by the existing federal 
or state regulations.  

In 1984, Ecology introduced legislation 
requiring agencies with CSOs to develop 
plans for “the greatest reasonable reduction 
[of CSOs] at the earliest possible date”. In 
January 1987, Ecology published a new 
regulation (WAC 173-245) that defined the 
greatest reasonable reduction in CSOs as 
“control of each CSO such that an average 
of one untreated discharge may occur per 
year”. The new regulation also allows the 
single untreated discharge to be exempt 
from mixing zone numeric size criteria 
limitations [WAC 173-201A-400(11)]. Water 
Quality Standards allow a once-per-year exemption from the mixing zone standards for 
“one untreated discharge” from CSO treatment facilities. Water quality–based effluent limits 
also apply to treated CSO discharges where determined needed.  

The U.S. Environmental Protection Agency’s (EPA’s) 1994 CSO Control Policy was 
codified as the Wet Weather Water Quality Act of 2000 (H.R. 4577, 33 U.D.C. 1342(q)). 
This act requires implementation of Nine Minimum Controls for CSOs and the development 
of long-term CSO control plans. The purpose of the Nine Minimum Controls is to implement 
early actions that can improve water quality before the protracted and more expensive 
capital projects in the control plan are built. EPA has determined that the Nine Minimum 
Controls are equal to Best Available Technology (BAT). Agencies must show that water 

Regulations that Affect CSO Control 
Planning 

Clean Water Act (CWA)—Adopted in 1972 to 
eliminate the discharge of pollutants into the nation’s 
waters and to achieve and maintain fishable and 
swimmable waters.  

National Pollutant Discharge Elimination System 
(NPDES)—The Washington State Department of 
Ecology (Ecology) implements the CWA by issuing 
NPDES permits to wastewater agencies and 
industries that discharge effluent (including CSOs) to 
water bodies. 

Water Quality Standards—To implement CWA, 
Ecology has developed biological, chemical, and 
physical criteria to assess a water body’s health and 
to impose NPDES permit limits accordingly. 

State CSO Control Regulations—Ecology requires 
agencies to develop plans for controlling CSOs at the 
earliest possible date so that an average of one 
untreated discharge per year occurs at each location. 

Wet Weather Water Quality Act of 2000 (based on 
the CSO Control Policy)—The U.S. Environmental 
Protection Agency (EPA) requires agencies to 
implement Nine Minimum Controls and to develop 
long-term CSO control plans. 

Sediment Quality Standards—Ecology developed 
chemical criteria to characterize healthy sediment 
quality and identified a threshold for sediment 
cleanup. King County has participated in sediment 
cleanup at some of its CSO locations.  

Endangered Species Act (ESA)—Three fish 
species that use local water bodies where CSOs 
occur have been listed as threatened under ESA. 
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quality standards are met after implementation of their CSO control plan. The requirements 
of this act are incorporated in the NPDES permit for the West Point plant.  

In 1999, King County adopted the Regional Wastewater Services Plan (RWSP), a 30-year 
wastewater comprehensive plan. RWSP CSO policies are intended to guide King County in 
controlling CSO discharges so that all CSO locations meet state and federal regulations. In 
setting schedules for implementing CSO control projects, the RWSP gives highest priority 
to locations with the greatest potential to impact human health, bathing beaches, and ESA-
listed species. The policies call for regular assessment of CSO projects, priorities, and 
opportunities using the most current studies. Another CSO control policy addresses the 
cleanup of contaminated sediments near County CSOs. The policy directs the County to 
implement its long-range sediment management strategy and, where applicable, to 
participate with partners in sharing responsibilities and costs of cleaning up sites. 
Sediments near the County’s South Magnolia outfall (#006) do not require any cleanup at 
this time 

2.5 CSO CONTROL PROGRAM OVERVIEW 

In 1958, the Municipality of Metropolitan Seattle (Metro) was formed to clean up the waters 
of Lake Washington and the Seattle waterfront. In the 1960s, Metro assumed ownership of 
the City of Seattle’s wastewater treatment plants and portions of its sewer system. It built 
large pipes, called interceptors, to carry regional wastewater from local systems to the 
treatment plants. In 1994, King County assumed Metro’s responsibilities for regional 
wastewater management. In most of the Seattle area, wastewater and stormwater were 
combining in one conveyance system. The regional improvements in collecting, conveying, 
and treating wastewater that were made after the formation of Metro continue to be 
effective, even as the population and regional development have grown dramatically over 
the intervening decades. 

In response to the Clean Water Act of 1972, Metro adopted the Combined Sewer Overflow 
Control Program in 1979. Since adoption of this first program, Metro, and then King 
County, have modified their CSO plans as CSO regulations have evolved and changed, 
including Ecology’s current control standard of no more than one untreated discharge per 
year on average at each CSO location.  

Strategies for reducing or mitigating the effects of CSOs include: pollution prevention 
through source control, stormwater management, operational controls that transfer as 
much CSO flow as possible to regional treatment plants, upgrades of existing facilities, and 
construction of CSO-control facilities.  

Construction of CSO-control facilities in the region began in the late 1970s. Figure 2.2 
illustrates the positive impact these CSO-control efforts have had on sewer overflows. 
Since 1988, when systematic monitoring and measuring of CSO flows began, CSO 
volumes have dropped by more than half due to various improvements projects, from an 
estimated 2.4 billion gallons per year to approximately 900 million gallons per year. 



Figure 2.2
KING COUNTY CSO CONTROL PROGRAM OVERVIEW

Fi
gu

re
 2

.2
.a

i



 SOUTH MAGNOLIA COMBINED SEWER OVERFLOW CONTROL FACILITY ENGINEERING REPORT 
INTRODUCTION 

 

 2-10 September 2011 
pw://Carollo/Documents/Client/WA/King County/7562A10/Magnolia Basin/Facilities Plan/Chapter 2/CH02_SM.docx 

So far, about $360 million (in 2008 dollars) has been spent by the County to control CSOs. 
Another $400 million in expenditures is planned to implement the CSO control projects in 
the long-term control plan approved in 1999 as part of the County’s RWSP. Many early 
projects involved sewer separation, flow diversion, and construction of storage tunnels. 
Most current and future CSO projects involve the construction of conveyance 
improvements, storage tanks, and treatment facilities. 

The most recent update to the King County CSO Control Program is described in the 2008 
CSO Control Plan Update (King County, June 2008) and in the Regional Wastewater 
Services Plan (2008 Annual Report). Control facilities that were under construction prior to 
RWSP adoption - the Mercer/Elliott West and the Henderson/Norfolk CSO control systems 
- were brought on-line in 2005. Now, based on the last seven years of monitoring, 13 of 
King County’s 38 CSOs are controlled to Ecology’s standard. The control status at five 
more CSO sites where projects have been completed will be assessed after the facilities 
have operated a sufficient number of years. The remaining 20 uncontrolled CSOs will meet 
state standards as capital improvement projects are completed between 2013 and 2030.  

The South Magnolia CSO control project is one of four Priority 1 projects, as shown in 
Figure 2.3 (RWSP Annual Update, September 2000). (Note: The SW Alaska project was 
removed from the priorities list subsequent to the 2008 update as this CSO is now 
adequately controlled as a result of the Alki Transfer Project.) The CSO projects after 
Mercer/Elliott West and Henderson/Norfolk given the highest priority were at locations with 
recreational uses, such as swimming, where direct human contact with the water is likely to 
occur. Priorities for future projects may change based on upcoming CSO Program reviews 
and updates. 

2.6 PREVIOUS STUDIES 

King County and its predecessor agency, Metro, have consistently relied on scientific 
information to inform their wastewater management decisions. When information has not 
been available, they have initiated or participated in special studies to develop the needed 
data. This section describes the foundational studies that have shaped King County’s 
decisions on CSO control.  

2.6.1 1958 Metropolitan Seattle Wastewater and Drainage Study 

Beginning with the 1958 Metropolitan Seattle Wastewater and Drainage Study, regional 
agencies have collaborated on studies to identify major environmental protection needs 
and to identify and prioritize corrective actions. This study recognized that providing better 
wastewater management would result in the most environmental improvement. As part of 
the larger three-stage schedule of projects, the study recommended a program of sewer 
separation and storage, as needed, to control overflows in the City of Seattle. 
  



Figure 2.3
KING COUNTY CSO CONTROL PROJECT PRIORITIES
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2.6.2 1978 Areawide Section 208 Water Quality Plan  

Two years of investigation was done under Section 208 of the federal Clean Water Act. 
Toxic chemicals were identified as one of the five main water quality problems facing the 
Seattle–King County region. The plan recommended CSO control as part of improved 
wastewater management and identified the need for more understanding of the toxic 
impacts of CSOs. 

2.6.3 1979–1984 Toxicant Pretreatment Planning Study  

In 1979, Metro, with the support of the EPA and Ecology, initiated a 5-year, $7 million 
(1979 dollars) study—the Toxicant Pretreatment Planning Study (TPPS)—to develop a 
better understanding of toxic chemicals in the environment and in wastewater, and of their 
impacts and treatability. A scientific advisory panel provided advice, oversight, and review 
during the study. The TPPS recommended that CSO control should be part of a 
coordinated Elliott Bay Action Plan, and that source control, including enhancing Metro’s 
pretreatment program, should be a priority. 

2.6.4 1983 Water Quality Assessment of the Duwamish Estuary  

Because of the potential conflict between uses of the Duwamish Waterway, EPA and 
Ecology classified the estuary as a high priority study area. In the 1982 state/EPA 
agreement, both agencies identified the Duwamish Waterway as having one of the four 
worst water quality problems in the state. As the designated water quality management 
agency for the Green/Duwamish basin, Metro was awarded a grant to inventory pollutants 
entering and impacting the waterway and to develop a strategy for pollution control. The 
1983 Water Quality Assessment of the Duwamish Estuary (also known as the Harper-
Owes Study) documented this work. It overlapped TPPS activities in some areas. 

The assessment synthesized the findings of the many Duwamish studies performed 
through July 1982 in order to identify data strengths, deficiencies, and gaps requiring 
further investigation. Public input and interagency task force review comments were 
considered in developing a ranked list of beneficial uses of the estuary. Mass balances 
were performed for 20 parameters to identify impacts to beneficial uses. Upstream sources 
were found to contribute more than two-thirds of the total sediment, iron, and mercury load, 
as well as much of the organic carbon and pesticides. Major impacts to beneficial uses 
were attributed to ammonia, residual chlorine, copper, lead, mercury, polychlorinated 
biphenyls (PCBs), and polycyclic aromatic hydrocarbons (PAHs). Temperature, dissolved 
oxygen demand, nitrite, cadmium, DDT, pathogens, and sediments were found to produce 
only minor effects.  

The Renton Treatment Plant (now called South Treatment Plant) was found to contribute 
nearly 80 percent of the total ammonia load. The anticipated diversion of plant effluent out 
of the Duwamish River in 1986 was expected to result in marked reductions in ammonia, 
chlorine, dissolved oxygen demand, nitrite, and cadmium impacts. CSOs were found to be 
a source of all pollutants measured—but only a small source. One exception was fecal 
coliform bacteria. An estimated 80 percent of the total pathogens released to the estuary 
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were estimated to originate from CSOs. While concentrations of toxicants were found to be 
relatively high in CSOs, the small annual volume made them a minor source.  

The most significant finding was that the majority of metal and organic toxicants could not 
be attributed to documented sources, which shifted attention to the heavy industrial and 
commercial activity along the river. Future conditions were projected to adversely impact 
beneficial uses. Temperature, sediment, pathogens, copper, lead, mercury, PCBs, and 
PAHs were identified as the greatest contributors to future adverse impacts.  

CSOs were identified as a minor contributor to the larger pollution problem; CSO control 
was recommended as a part of the solution. 

2.6.5 1988 Draft Elliott Bay Action Plan  

In 1985, the Puget Sound Estuary Program (PSEP) was formed to minimize toxic chemical 
contamination of Puget Sound and to protect its living resources. The Urban Bay Action 
Program, an element of the PSEP, developed the 1988 Action Plan (King County, 1988) for 
the Elliott Bay Action Program. Its objectives were as follows: 

 Identify specific toxic areas of concern in the bay and the Duwamish Waterway based 
on chemical contamination and associated adverse biological effects 

 Identify historical and ongoing sources of contamination 

 Rank toxic problem areas and sources (to the extent possible) in terms of priority for 
development of corrective actions 

 Implement corrective actions to reduce or eliminate sources of ongoing pollution and 
restore polluted areas to support natural resources and beneficial uses. 

Early accomplishments of the Elliott Bay Action Program included more than 175 
inspections at 102 sites, identification of 42 unpermitted discharges, and development of 
permits and best management practices for shipyards. Fifteen contaminated upland sites 
were identified for cleanup; two cleanups and negotiation of cleanups for twelve additional 
sites were completed. By September 1987, enforcement actions included 36 notices of 
violation, 22 administrative orders, and 28 fines totaling $44,500 (1988 dollars). 

Through these efforts, most known direct industrial discharges to the Elliott Bay and 
Duwamish River were ended or routed to the municipal sewer system under permits. In 
addition, the effluent discharge from the Metro Renton Treatment Plant was relocated from 
the Duwamish River to Puget Sound off Duwamish Head in 1987. The remaining ongoing 
contaminant sources were believed to include contaminated groundwater, storm drains, 
CSOs, and a few unidentified direct discharges.  

To characterize contaminant inputs from CSOs and storm drains (SD), sediment was 
collected from the downstream end of seven CSOs, 20 SDs, and 15 combination 
CSO/SDs. These inline sediments were compared to offshore sediments to evaluate CSO 
and storm drain contributions to the contamination in priority areas and stations. Ten 
priority drainages were identified for source control activities.  
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Control of direct discharges and stormwater source control were identified as the greatest 
needs; these controls were expected to improve CSO discharge quality. Metro’s Denny 
Way and Michigan CSOs were identified as priorities for control. Although the Denny Way 
CSO was not identified as a candidate for source control activities, it was determined that 
controlling the site would benefit the Denny Way “problem area.” 

2.6.6 1988–1996 Metro Receiving Water Monitoring Program 

In Administrative Order DE-84-577, Ecology instructed Metro to develop and implement a 
plan for monitoring receiving waters in the vicinity of its primary treatment plants—West 
Point, Alki, Carkeek, and Richmond Beach—and in other point source discharge areas. 
(The Renton plant provided secondary treatment.) The proposed plan included water 
column surveys of fecal coliform and enterococcus bacteria; subtidal sediment surveys 
including benthic taxonomy, amphipod bioassays, and analysis of conventional 
constituents (particle size distribution, total organic carbon, oil, and grease), metals, and 
extractable organic priority pollutants (plus a survey); intertidal monitoring of water for 
bacteria and of sediments for metals and extractable organic priority pollutants; and clam 
and algae tissue samples for analysis of bacteria, metals, and extractable organic priority 
pollutants. Monitoring was to occur quarterly to biennially at a range of stations near the 
treatment plants and nearby shorelines.  

This “point source” monitoring program was approved by Ecology on April 5, 1988, in a first 
amendment to Administrative Order DE-84-577. Data were reported to Ecology as QA/QC 
was completed and were summarized in annual water quality status reports for marine 
waters. The monitoring program was implemented until discontinued after issuance of the 
1996 NPDES permit for the West Point plant, which was upgraded to provide secondary 
treatment, and after closure of the Richmond Beach plant. After 1996, Metro focused its 
monitoring program on collecting data on key parameters that could be used in long-term 
trend assessments. In parallel, an ambient monitoring program was implemented to 
provide background data that could be compared to the point source monitoring data. The 
comparison would help identify impacts related to Metro discharges and ensure that water 
quality improvements were not undermined. 

These monitoring efforts affirmed that CSO control was a minor to moderate part of a larger 
wet-weather problem and that while CSO control was part of the solution, it would not bring 
the largest benefit. 

2.6.7 1988–1997 Metro/King County CSO Discharge and Sediment 
Characterization Study 

In approving Metro’s 1988 CSO control plan, Ecology required characterization of CSO and 
sediment quality. The purpose of the characterization was to obtain additional information 
to be used in setting site control priorities and a control project schedule. Because some 
sampling had already been done, the approved monitoring plan called for taking four 
discharge samples at five active overflow sites per year until all sites had been sampled. 
The sampling was completed in 1994. Sediment sampling was also completed for all sites 
at the rate of five sites per year. When the state promulgated the Sediment Management 
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Standards and attendant testing protocols, additional sediment sampling was done to fully 
meet these requirements. This additional sampling was completed in 1997. 

Analysis of overflow samples showed that the variability between different samples at a site 
was generally greater than variability among sites. Sediment sampling confirmed that 
sediments had been significantly impacted by pollution and that the contamination resulted 
from many sources. Recognizing that further understanding of sediment contamination was 
needed, King County made it a focus of both the 1999 CSO Water Quality Assessment for 
the Duwamish River and Elliott Bay and the 1999 Sediment Management Plan. 

The Denny Way CSO, containing overflow from the Elliott Bay Interceptor via the Interbay 
Pump Station, was slightly higher in pollutant concentrations than the other CSOs, affirming 
it as a priority site for control; chemistry at other overflows did not greatly influence their 
control priority. 

2.6.8 1999 Combined Sewer Overflow Water Quality Assessment for the 
Duwamish River and Elliott Bay  

King County completed the 1999 CSO Water Quality Assessment for the Duwamish River 
and Elliott Bay (WQA) with support from a large stakeholder group and a peer-review 
panel. The WQA reviewed the health of the Duwamish River and Elliott Bay Estuary and 
the effects of CSO discharges. A computer model was developed to predict existing and 
future water and sediment quality conditions, and a risk assessment was undertaken to 
identify risks to aquatic life, wildlife, and human health. Findings identified during the course 
of the WQA were taken into account during development of the RWSP CSO control 
program. 

The findings of the WQA affirmed that CSO pollution is a very small part of a larger 
problem, mainly because of the low pollutant concentrations in CSOs and the brief and 
infrequent exposure of the estuary to CSOs. It recommended that CSO control continue to 
meet state regulations and helped determine the priority of the CSO projects in the RWSP. 
It recommended that locations with greater potential for human contact - the Puget Sound 
beaches - be controlled first. It identified sediment contamination as the largest risk in the 
river environment. 

2.6.9 1999 Sediment Management Plan  

The Sediment Management Plan assessed areas near seven County CSOs that were 
listed on the Washington State Contaminated Sites list. The areas were assessed for their 
risk, preferred cleanup approach, partnering opportunities, and potential for 
recontamination after remediation. 

The Sediment Management Plan highlighted the growing interest in sediment management 
as a factor in CSO control planning and the need for more information about CSOs as an 
ongoing or historical contributor to contamination. The sediment management program was 
formed to implement the plan and any new projects developed after the plan in the broader 
context of wastewater planning. The program addresses sediment quality issues near CSO 
discharges and treatment plant outfalls, evaluates and addresses emerging wastewater 
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treatment sediment quality issues, and incorporates sediment quality considerations into 
comprehensive planning. 

2.6.10 1999 Regional Wastewater Services Plan 

In 1999, King County adopted the Regional Wastewater Services Plan, (King County, 
November 1999), a 30-year wastewater comprehensive plan. RWSP CSO policies are 
intended to guide King County in controlling CSO discharges so that all CSO locations 
meet state and federal regulations by 2030. In setting schedules for implementing CSO 
control projects, the RWSP gives highest priority to locations with the greatest potential to 
impact human health, bathing beaches, and ESA-listed species. The policies call for 
regular assessment of CSO projects, priorities, and opportunities using the most current 
studies. Another CSO control policy addresses the cleanup of contaminated sediments 
near County CSOs. The policy directs the County to implement its long-range sediment 
management strategy and, where applicable, to participate with partners in sharing 
responsibilities and costs of cleaning up sites. Sediments near the South Magnolia CSO 
outfalls do not require any cleanup at this time. However, pre-construction monitoring will 
be performed as part of the project to re-evaluate this conclusion. 

2.6.11 2000 and 2008 CSO Control Plan Updates 

The 2000 CSO Control Plan (King County, June 2000) documents King County’s 
compliance with state and federal CSO requirements and updates the CSO Control Plan in 
the 1999 RWSP. Updates include: redefining the definition of a CSO event, studying 
alternative methods for CSO control and treatment, researching potential total maximum 
daily load requirements, developing watershed management programs, studying sediment 
contamination, developing a sediment management plan, developing a CSO posting and 
notification program, and listing Chinook salmon under the Endangered Species Act. 

The 2008 CSO Control Update (King County, June 2008) provides updates required to the 
County’s 2000 CSO Control Plan (King County, June 2008). An Ecology CSO regulation 
(WAC 173-245) requires that updates coincide with each NPDES permit renewal for the 
West Point Treatment Plant. Updates are intended to document progress on implementing 
the County’s previous CSO control program and, identify the plan for the next five years. 

2.6.12  Sediment Quality Summary Report for CSO Discharge Locations 

The Comprehensive Sediment Quality Report for CSO Discharge Locations (King County, 
December 2009) documents sediment sampling near the South Magnolia outfall. Sediment 
samples were collected from six locations proximal to the South Magnolia CSO discharge 
point in October 1996. Five of the stations formed a transect perpendicular to the end of the 
outfall and the sixth station was located approximately 1,000 feet from the outfall. Sediment 
chemistry results, normalized to dry weight (DW), are summarized in the accompanying 
CD. Organic carbon concentrations in these six samples ranged from 1,200 to 1,760 mg/Kg 
DW or approximately 0.12 to 0.18 percent DW. Because of these low organic carbon 
concentrations, organic data from this site were compared to LAET and 2LAET values 
rather than SQS and CSL chemical criteria for those compounds generally normalized to 
organic carbon. All detected chemical concentrations were less than their respective SQS 
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criteria or LAET values. Data from this sampling event may be found in EIM under User 
Study ID MAGCSO96. 

2.7 PLANNING PERIOD 

The South Magnolia Basin CSO Control Project planning is one of the four CSO control 
projects undertaken as part of the King County long-term control plan. CSO control 
volumes described in this Report to meet the CSO control requirements have been 
determined based on historical flow monitoring from December 2007 through June 2008 
pump tests performed in December 2008 and November 2009, and modeling using long-
term rainfall records. Proposed facilities described in this Report have been evaluated 
based on an anticipated construction start date in 2013, operational date of 2016, and a 
project life of 35 years. 
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CHAPTER NO. 3 

EXISTING CONDITIONS 

The South Magnolia Basin lies along the shore of Puget Sound, northwest of Elliott Bay 
and southeast of Discovery Park (see Figure 3.1). The South Magnolia Basin is located on 
the southwestern slope of the Magnolia neighborhood of Seattle, Washington. Puget 
Sound and Elliott Bay form the western and southern boundaries of the basin. The north 
boundary varies from Discovery Park and W Emerson Street on the northwest, to W 
Dravus Street on the northeast. The basin’s eastern boundary roughly follows 28th Avenue 
W. An additional area outside the natural drainage basin was considered for facility 
locations in alternatives development. The area east of the drainage basin bounded by 
Smith Cove on the east and south, the Magnolia Bridge on the north, and the Magnolia 
basin on the west is also covered in this chapter. 

3.1 HUMAN ENVIRONMENT 

3.1.1 Land Use 

The South Magnolia Basin is almost completely developed, predominantly with single-
family residential homes. One of Seattle’s largest park properties, Magnolia Park, is located 
in the southeast corner of the basin, along with Smith Cove Park, and the Port of Seattle’s 
Smith Cove Marina Park.  

Table 3.1 lists land uses in the basin and Figure 3.2 South Magnolia Land Use shows the 
current zoning. 
 

Table 3.1 Land Use in the South Magnolia Basin 

Land Use Type Area (acres)1 Percent of Total 

Residential 515 69% 

Commercial/Government/Institutional 115 15% 

Industrial 1 0% 

Parks 78 10% 

Vacant 35 5% 

Total 744 100% 

Notes 

1. Source: King County GIS 
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3.1.2 Wastewater System 

3.1.2.1 Local Collection System 

The wastewater collection system in the South Magnolia Basin (see figures 3.3 and 3.4) is 
owned and maintained by Seattle Public Utilities (SPU) and serves primarily single-family 
and multi-family residential and commercial customers. The systems consist of local 8- to 
42-inch-diameter gravity sewer pipes and one Seattle Public Utility-operated local pump 
station (SPU PS77). The pump station is the connection point for two sub basins (Figure 
3.1, 3.4), SM02 and SM03, and a portion of the shoreline. It discharges to the MAGCSO 
structure. The remainder of the basin’s sewerage is tributary by gravity to the MAGCSO. 

In the South Magnolia Basin, a majority of the collection system has been partially 
separated: municipal separated stormwater sewer systems (MS4) serve streets, alleyways, 
and some private properties, but a significant portion of rooftops and private property 
impervious areas are still connected to the combined sewer system (CSS). Approximately 
2,400 residential properties and 80 non-residential properties are connected to the CSS in 
the South Magnolia Basin.  

3.1.2.2 CSO Control Structures and Outfalls 

The CSO control structure for the South Magnolia Basin (MAGCSO) includes an overflow 
weir in a buried control structure. If flow exceeds the capacity of the South Magnolia Trunk 
Sewer, 4.3 mgd, the water elevation in the structure rises. Once the water elevation 
exceeds elevation 130 (METRO datum,) the water overflows a weir and excess flows are 
discharged to Puget Sound through a 36-inch diameter CSO outfall.  

Figure 3.4 South Magnolia Trunk Sewer shows the CSO and regional conveyance facilities 
in the South Magnolia Basin. 

3.1.2.3 Flow and Loads 

The MAGCSO averages 19 CSO events per year based on historical information. The total 
annual volume of discharge from these events averages 20 million gallons (MG) per year 
over the long term. In 2009, the total volume was 4.77 MG. 

3.1.3 Public Health 

CSO’s are a public health concern since they carry pollutants, primarily in the form of 
untreated sewage and stormwater, into water bodies. These pose a threat to aquatic life 
and the natural environment. CSO’s also pose a threat to human health through potential 
contact with water or the consumption of fish/shellfish harvested from areas of recent CSO 
discharge. It is through the regulation of CSO’s that these threats can be reduced and 
controlled. 

3.1.4 Cultural Resources 

A preliminary review of potential cultural, archaeological, and historic resources within the 
South Magnolia Basin determined that several cultural, archaeological, and/or historic  
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resources are located in the broader South Magnolia Basin. One area, located at the base 
of the bluff in the southeast portion of the basin, near 23rd Avenue W, has a high potential 
for containing archaeological resources. The Admiral’s House, located on the bluff west of 
23rd Avenue W is a historic structure, although construction will not likely affect this house. 
There is also a former ammunition bunker near the shore of Puget Sound, on the southern 
part of the site east of 23rd Avenue W; another site unlikely to be affected by construction. 

A creek, known as Wolf Creek, previously flowed in ravine near the bottom of 32nd Avenue 
W. The creek has been filled and paved. The Wolf Creek ravine area has a low probability 
of containing archaeological resources. 

3.2 PHYSICAL ENVIRONMENT 

3.2.1 Land 

3.2.1.1 Soils 

Soil conditions in the South Magnolia Basin are the result of nonglacial and glacial 
processes during the Pleistocene, post-glacial geological processes, and human 
modification of the ground surface. The ridge on the eastern end of the South Magnolia 
Basin is underlain by Vashon Till and Vashon Advance Outwash deposited during the last 
glaciation in the Puget Lowland. Locally, these very dense soils are overlain by a relatively 
thin layer of recessional outwash and weathered topsoil zones. Based upon boring logs 
obtained for this area, this relatively thin layer is loose to medium dense and is typically 0 to 
2 feet thick; however, locally, it may be 5 to 10 feet thick and may have as much as 25 feet 
of fill material placed over it. Near SW South Magnolia Street and 29th Avenue SW, post-
glacial depression deposits consist of a mixture of soft peat and loose to medium dense silt 
and sand. Both the advance and recessional outwash deposits are relatively pervious, 
whereas the Vashon Till is relatively impervious. Permeability of the post-glacial depression 
deposits is highly variable. 

In the lower, western part of the South Magnolia Basin, the surficial deposit is primarily 
recessional outwash sand and gravel. This loose to medium dense soil covers glacial clay 
and till deposits from the early and late Pleistocene. Holocene beach deposits dominate the 
shoreline area. All of the steep slope areas in the basin are covered with colluvium to 
depths of 3 to 10 or more feet. This deposit is the result of past landslide and erosional 
events on the slopes. In addition, colluvium is present at the toe of the existing steep 
slopes throughout the basin. In the vicinity of Smith Cove, east of the Magnolia Basin, the 
natural soils are covered with fill that is 10 to 20 feet thick. 

Appendix A is a preliminary geological description and geotechnical characteristics 
evaluation for the South Magnolia basin. 

3.2.1.2 Topography, Steep Slopes and Landslides 

A topographic map of the South Magnolia Basin is shown in Figure 3.5 South Magnolia 
Basin Topography. The land rises in a bluff from the Puget Sound/Elliott Bay shoreline, with 
steep slopes and landslide areas forming a band parallel to the shoreline. Ground surface 
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elevations in the South Magnolia Basin range from roughly 400 feet mean sea level (MSL) 
in the area near Discovery Park to MSL near the South Magnolia CSO control structure. 
Many residences are built close to the top-of-slope around the perimeter of this ravine 
system. Two landslides are reported in the Seattle Landslide database on the northern 
edge of the ravine system, to the south of SW South Magnolia Street. As shown in Figures 
3.6 and 3.7, steep slopes are concentrated along the bluffs adjacent to Puget Sound and 
are also present throughout the basin.   

3.2.1.3 Soil or Groundwater Contamination 

In general, there are few areas in the basins that are known to contain soil or groundwater 
contamination. These are typically associated with industrial areas and commercial land 
uses along major arterials. Ecology maintains databases of contaminated site locations. 
Figures 3.6 and 3.7 depict the sites that have confirmed or suspected contamination or 
have leaking underground storage tanks according to the Ecology databases.   

3.2.1.4 Liquefaction 

Areas of potential liquefaction within the South Magnolia Basin are depicted on Figures 3.6 
and 3.7. The largest liquefaction prone area is in the southeast portion of the basin, in the 
Interbay area. 

3.2.2 Surface Water 

In the South Magnolia Basin there is one small stream that flows from the western edge of 
the basin to Puget Sound. The South Magnolia Basin critical areas map (Figure 3.6) shows 
that most of this surface stream has been piped near the shoreline.  

3.2.3 Rainfall 

Average yearly rainfall in Seattle is between 36 and 37 inches. Heaviest rainfall occurs in 
the winter months, with November, December, and January averaging 5 to 6 inches per 
month. June, July, and August each average 1 inch per month. 

3.2.4 Air 

The Puget Sound region is a unique part of the country. No other region in the United 
States at this latitude has weather that is as moderate, with mild temperatures and few 
serious storms. Puget Sound weather is largely a result of maritime influences and diverse 
topography. The jet stream typically supplies the area with a steady supply of cool, fresh air 
off the ocean. This marine flow not only contributes to the mild climate, but also mixes the 
air, which helps keep pollution from building up. 

Air quality within King County and the City of Seattle is monitored and regulated by the 
Puget Sound Clean Air Agency. According to data published in 2007 by the Clean Air 
Agency (the most recent published data), the air quality in King County was good 78% of 
the time and moderate 21% of the time.  
  



THIS PAGE LEFT INTENTIONALLY BLANK 



.-.-

.-

_̀̀_̀_̀_̀_̀_

_̀̀_

_̀̀_

M
a

g
n

o
li

a
P

la
yf

ie
ld

D
is

co
ve

ry
P

ar
k

M
a

g
n

o
li

a
P

ar
k

M
a

g
n

o
li

a
P

la
yf

ie
ld

C

N
C

N
C L

R

L
R

L
R

C

U
R

B
A

N
N

A
T

U
R

A
L

O
P

E
N

S
PA

C
E

U
R

B
A

N
N

A
T

U
R

A
L

O
P

E
N

S
PA

C
E

34THAVEW

W
E

M
E

R
S

O
N

S
T

CLISEPLW

W
B

A
R

R
E

T
T

S
T

W
D

R
A

V
U

S
S

T

M
A

G
N

O
LI

A
B

LV
D

W
W

G
A

L
E

R
S

T

30THAVEW

S
O

U
R

C
E

:
C

ity
of

S
ea

ttl
e,

20
09

;
W

D
F

W
,2

00
7;

A
E

X
,2

00
7

(A
er

ia
l)

0
37

5
75

0

F
ee

t

G:\WATERRESOURCES\2007Projects\207057_KingCountyCSOFacilities-BMMNB\GIS\Magnolia.mxd(ATR:10/30/09))

¯
S

ub
ba

si
n

B
ou

nd
ar

y

S
tr

ea
m

s

S
tr

ea
m

s
(P

ip
ed

)

M
aj

or
R

oa
ds

R
ip

a
ria

n
C

or
rid

or
s

W
et

la
nd

A
re

as

S
ho

re
lin

e

Fl
oo

d
P

ro
ne

A
re

as

Li
qu

ef
ac

tio
n

Z
on

es

P
ot

e
nt

ia
lL

an
ds

lid
e

A
re

as

K
no

w
n

La
nd

sl
id

e
A

re
as

S
te

e
p

S
lo

pe
s

(>
40

%
S

lo
p

e)

P
ar

ks

P
rio

rit
y

H
ab

ita
tS

pe
ci

es
(P

H
S

)

P
rio

rit
y

F
is

h
P

re
se

nc
e

/M
ig

ra
tio

n
(C

oh
o

S
al

m
on

,C
ut

th
ro

at
Tr

ou
t)

_̀
C

on
fir

m
ed

an
d

S
us

pe
ct

ed
C

on
ta

m
in

at
ed

S
ite

s

.-
Le

ak
in

g
U

nd
er

gr
ou

nd
S

to
ra

g
e

Ta
nk

s
(L

U
S

T
)

S
ea

tt
le

Zo
n

in
g

D
es

ig
n

at
io

n
s

C
,C

om
m

er
ci

al

IB
,I

nd
us

tr
ia

lB
uf

fe
r

IG
,I

nd
us

tr
ia

lG
en

er
al

LR
,L

ow
ris

e

M
R

,M
id

ris
e

N
C

,N
ei

gh
bo

rh
oo

d
C

om
m

er
ci

al

S
F,

S
in

gl
e

F
am

ily

S
F

72
0

0

S
F

72
0

0

S
F

72
0

0

S
F

72
0

0

S
F

72
0

0

S
F

72
0

0

S
F

72
0

0

S
F

72
0

0

S
F

50
0

0

S
F

50
0

0

S
F

50
0

0

S
F

50
0

0

S
F

50
0

0

S
F

50
0

0

S
F

50
0

0
S

F
50

0
0

S
F

50
0

0

S
F

50
0

0

S
F

50
0

0 S
F

72
0

0

S
F

50
0

0

S
F

50
0

0

L
E

G
E

N
D

Figure 3-6.ai

Fi
g

ur
e 

3.
6

S
O

U
TH

 M
A

G
N

O
LI

A
 B

A
S

IN
 C

R
IT

IC
A

L 
A

R
E

A
S

 W
E

S
T

FILE NAME: Fig05_SMagnolia_CA.ai
CREATED BY: JAB / DATE LAST UPDATED: 04/21/10



THIS PAGE LEFT INTENTIONALLY BLANK 



.-.-

.-.-.-.-
.-.-

.-.-.-.-

.-.-

.-.-

.-

.-.-.-.-

.-.-.-.-.-.-
.-.-

.-.-

.-.-

_̀̀_̀_

_̀̀__̀̀_ _̀̀__̀̀_ _̀̀_̀_̀_̀_̀_̀_
_̀̀_̀_̀_̀_̀_

_̀̀_̀_̀_̀_̀_̀_

_̀̀_

E
lli

o
t

O
p

en
W

a
te

r
P

a
rk

S
m

it
h

C
o

v
e

P
ar

k

B
ay

V
ie

w
P

la
yg

ro
u

n
d

E
lla

B
a

ile
y

P
a

rk

In
te

rb
a

y
P

-p
a

tc
h S
W

Q
u

e
en

A
n

n
e

G
re

en
b

e
lt

T
h

o
rn

d
yk

e
P

ar
k

12
th

W
e

s
t

&
W

e
st

H
oS
o

IG

L
R

C

S
F

7
20

0

N
C

N
C

15THAVEW

THORNDYKEAVEW

M
A

G
N

O
L

IA
B

R

GILMAN DR W

ELLIO
TT AVE

W

W
G

A
L

E
R

S
T

M
A

G
N

O
L

IA
W

B
B

R
M

A
G

N
O

LI
A

B
LV

D
W

MAGNOLIA BR

S
O

U
R

C
E

:
C

ity
o

fS
e

a
tt

le
,

2
0

0
9

;
W

D
F

W
,

2
0

0
7

;
A

E
X

,
2

0
0

7
(A

e
ri

a
l)

0
37

5
75

0

F
ee

t

G:\WATERRESOURCES\2007Projects\207057_KingCountyCSOFacilities-BMMNB\GIS\Magnolia_Southeast.mxd(MJL:11/19/09))

¯
S

ub
b

as
in

B
ou

n
da

ry

S
tr

ea
m

s

S
tr

ea
m

s
(P

ip
e

d)

M
aj

or
R

oa
d

s

R
ip

a
ria

n
C

or
rid

or
s

W
et

la
nd

A
re

as

S
ho

re
lin

e

F
lo

od
P

ro
ne

A
re

as

Li
qu

ef
ac

tio
n

Z
on

es

P
ot

e
nt

ia
lL

an
ds

lid
e

A
re

a
s

K
no

w
n

La
n

ds
lid

e
A

re
as

S
te

e
p

S
lo

pe
s

(>
40

%
S

lo
pe

)

P
ar

ks

P
rio

ri
ty

H
ab

ita
tS

pe
ci

e
s

(P
H

S
)

P
rio

ri
ty

F
is

h
P

re
se

nc
e/

M
ig

ra
tio

n
(C

o
ho

S
al

m
on

,C
ut

th
ro

a
tT

ro
ut

)

_̀
C

on
fir

m
ed

a
nd

S
us

pe
ct

ed
C

on
ta

m
in

at
ed

S
ite

s

.-
Le

ak
in

g
U

nd
er

gr
ou

nd
S

to
ra

g
e

Ta
n

ks
(L

U
S

T
)

S
ea

tt
le

Z
o

n
in

g
D

es
ig

n
a

ti
o

n
s

C
,

C
o

m
m

e
rc

ia
l

IB
,

In
d

u
st

ri
a

lB
u

ff
e

r

IG
,

In
d

u
st

ri
a

lG
e

n
e

ra
l

LR
,L

o
w

ri
se

M
R

,
M

id
ri

se

N
C

,
N

e
ig

h
b

o
rh

o
o

d
C

o
m

m
e

rc
ia

l

S
F,

S
in

g
le

F
am

ily

L
E

G
E

N
D

Figure 3-7.ai

Fi
g

ur
e 

3.
7

S
O

U
TH

 M
A

G
N

O
LI

A
 B

A
S

IN
 C

R
IT

IC
A

L 
A

R
E

A
S

 E
A

S
T

FILE NAME: Fig06_SMagnolia-SE_CA.ai
CREATED BY: JAB / DATE LAST UPDATED: 04/21/10



THIS PAGE LEFT INTENTIONALLY BLANK 



 SOUTH MAGNOLIA COMBINED SEWER OVERFLOW CONTROL FACILITY ENGINEERING REPORT 
EXISTING CONDITIONS 

 

 3-12 September 2011 
pw:\\Carollo\Documents\Client\WA\King County\7562A10\Magnolia Basin\Facilities Plan\Chapter 3\Ch03_SM.docx 

3.2.5 Sensitive Areas 

3.2.5.1 Wetlands and Streams 

Wetlands and streams within the South Magnolia Basin are shown on Figures 3.6 and 3.7. 
Mapped areas include the shoreline adjacent to Puget Sound and an unnamed stream that 
drains into Puget Sound from the western shore of the eastern portion of the basin. The 
historic Wolf Creek that is not reflected on current maps appears to have originally been 
located under 32nd Avenue W near the County’s CSO control structure. 

3.2.5.2 Shorelines 

The Puget Sound shoreline lies to the south of the South Magnolia Basin. Land use along 
the bluffs adjacent to the shoreline is primarily residential. A commercial area exists at the 
marina. An industrial area that includes the proposed project site lies in the shoreline east 
of Magnolia Bluff along 23rd Avenue W. 

3.2.5.3 Floodplains 

The City of Seattle has mapped flood prone areas within the basin (refer to Figures 3.6 and 
3.7). This area generally corresponds to the shoreline of Puget Sound. 

3.3 ENDANGERED/THREATENED SPECIES AND HABITATS 

There are no Priority Habitats and Species (PHS) as mapped by the Washington 
Department of Fish and Wildlife, in the South Magnolia Basin. The nearest mapped habitat 
is located north of the basin in Discovery Park. Puget Sound contains numerous threatened 
and endangered species, including Chinook salmon, bull trout, steelhead, canary rockfish, 
yelloweye rockfish, bocaccio rockfish, green sturgeon, orca whale, Stellar sea lion, and 
marbled murrelet. 
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CHAPTER NO. 4 

BASIS OF PLANNING 

The following documentation describes the modeling efforts and control approaches 
considered in the development of the basis-of-planning requirements to manage CSOs 
from the South Magnolia Basin. 

4.1 SYSTEM MODELING 

The South Magnolia Basin was modeled and calibrated based on historical flow monitoring 
to determine peak wet-weather flows and volumes. 

4.1.1 Background 

King County provides wastewater treatment for a number of municipalities in western 
Washington. The County owns and operates an extensive regional collection system to 
convey wastewater from the municipalities to the County’s treatment plants. Portions of the 
system are up to 100 years old. The older sewer basins in the City of Seattle use combined 
sewers that convey both sanitary and stormwater flows in a common pipe.  

The stormwater flow component entering the sewer during and following a rain event can 
be significant and exceed the system’s conveyance capacity. The County has overflow 
points in the combined system to allow the excess flow, “combined sewer overflows”, to be 
diverted to a receiving water body.  

Figure 4.1 shows the extent of the South Magnolia Basin. The basin is divided into nine 
sub-basins. Sub-basin flows converge at the bottom of the South Magnolia Basin near the 
County’s CSO control structure. 

4.1.2 Data 

The South Magnolia Basin model was developed based on physical basin data, flow data, 
and rainfall records provided by the County.  

4.1.2.1 Physical Basin Data 

King County collected and provided all the necessary Geographical Information System 
(GIS) information for developing the models used in an electronic database format. The 
GIS data is from databases maintained by the County and the City of Seattle. Basin data 
falls into one of three general categories: geometric data, land use data, and population 
data. 
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4.1.2.1.1 Geometric Data 

The GIS database contains the majority of the physical data including the following layers: 

 Basin boundary. 

 Building footprints. 

 Points where ditches drain into the combined sewer. 

 Elevation contours with 2-foot intervals. 

 Combined sewer piping, including pipe diameter, length, and the upstream and 
downstream manholes. 

 Numbered sub-basins delineated by King County. 

 Surface run-off channel. 

 Known lateral sewer and drain line locations. 

 Known lateral sewer drain entrances. 

 Tax parcels within each basin, impervious and pervious connections noted. 

 Impervious areas within the Parcels layer. 

 Rights-of-way within the basin divided into sub areas by run-off destination. 

 Road labels broken down by block. 

4.1.2.1.2 Land Use Data 

Land use data is contained in a separate GIS database table. Data is coded by parcel 
identification number and contains all of the zoning information.  

4.1.2.1.3 Population Data 

The population data for the basin was provided in spreadsheet format by the County. The 
population is divided into residential, commercial, and industrial populations on a County-
designated basin level. 

4.1.2.2 Flow Data 

Flow data for model setup and calibration came from several sources, including King 
County and ADS Environmental Services. King County monitors sewer flows, levels, and 
overflows at select points within the system. The flow data is sampled every 10 to 15 
minutes and is measured with a portable flow meter. In the South Magnolia basin, the 
county’s long-term portable flow meter is located just upstream of its CSO control manhole, 
and it is named “MAGCSO.” It records flow from most of the basin; additional data is 
obtained from two long-term portable meters in sub basins SM02 and SM03 upstream of 
the City of Seattle pump station 77. 
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The flow data used for model calibration came from a King County portable flow meter at 
the CSO control structure as well as the two upstream meters. Initial modeling by the 
County to determine peak flows and volumes was based on 11 years of long-term data 
from these three sources. These sources capture most flow in the basin, the exception 
being flow directly tributary to pump station 77 and downstream of the two sub basins that 
are monitored. 

In December 2007, ADS Environmental Services installed and monitored five additional 
flow meters (SM05, SM06, SM07, SM08, and SM09 and at the City of Seattle pump station 
77) to supplement County data and to provide data for the individual sub-basins through 
June 2008. The details of the ADS flow-monitoring program were summarized in the 
Temporary Flow Monitoring Report (ADS, July 2008). These data were used in conjunction 
with County data for initial input and calibration of flow models developed for this project. 

4.1.2.3 Rainfall Records 

The City of Seattle maintains a number of rain gauges throughout the city. The rain data for 
the South Magnolia Basin was provided from Rain Gauge RG12 located at Catherine 
Blaine Middle School, 2550 34th Avenue W. during flow monitoring in 2007/2008. 

4.1.3 Model Description 

The modeling software, MIKE Urban, was selected for developing the sub-basin models for 
this project. The county has typically used its Runoff/Transport Model for these purposes. 
The MIKE Urban software models and details can be found in the MIKE Urban Collection 
Systems Users Guide (Danish Hydraulic Institute, 2005), as well as the MIKE Urban Model 
Manager Users Guide (Danish Hydraulic Institute, 2007).  

4.1.3.1 Hydrology 

MIKE Urban has several modules to estimate wet weather flow from a sub-basin. In 
consultation with King County, the catchment modules consisting of MOUSE Kinematic 
Wave -B (MOUSE-B) and RDI were chosen to model inflow and infiltration, respectively. 
MOUSE- B includes measurable parameters that can be extracted from GIS databases 
including catchment slope, length (analogous to time of concentration), and five parameters 
describing percent impervious/pervious area. MOUSE-B also includes 26 Kinematic Wave 
parameters, including values for Horton’s and Manning’s equation for estimating inflow. 
These parameters are not directly measurable; these must be estimated. RDI module 19 
parameters for infiltration (near surface and groundwater) that are also not directly 
measurable and so must be estimated.  

4.1.3.2 Hydraulics 

The collection system hydraulic module CS Pipeflow was used to model pipes and 
junctions. This module solves the complete St. Venant (dynamic wave) equations 
throughout the drainage network, which allows for modeling of backwater effects, flow 
reversal, surcharging in manholes, alternating free-surface and pressurized flow, tidal 
outfalls, storage basins, pumps, weirs, orifices, etc. The pipe flow model can also perform 
long term simulation (LTS) and automatic dynamic pipe design. 
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4.1.4 Model Setup, Calibration, and Verification 

The details of model construction for the basin are described in the MIKE Urban Modeling 
Approach Technical Memorandum (Carollo Engineers, October 2008) included in Appendix 
B. An initial test calibration that addressed calibration of the model for all basins was 
conducted for the North Beach Sub-basin NB05, which is also summarized in the MIKE 
Urban Calibration Test Technical Memorandum (Carollo Engineers, November 2008) 
included in Appendix B. The results are summarized here.  

4.1.4.1 Calibration Standards 

Proper calibration requires an assessment of the precision and accuracy of the modeled 
variables in predicting the measured variables. In this case, flows are the primary variables 
used for calibration. The goal of calibration depends on the specific use of the model. The 
model needed to be accurately calibrated to flow volume, peaks, and hydrograph shape 
because both conveyance as well as equalization facilities were analyzed. 

The wet weather calibration focused on meeting the recommendations on model 
verification contained in the Code of Practice for the Hydraulic Modeling of Sewer Systems, 
Version 3.001, (Wastewater Planning Users Group (WWPUG) December 2002), a section 
of the Chartered Institution of Water and Environmental Management. By these 
conventions, the comparison period between observed and modeled events should last 
until flow has substantially returned to dry weather flows (DWF). Observed and modeled 
hydrographs should meet the criteria for two out of three events. The accuracy of the 
predicted peak flow should be in the range +25% to -10%. The accuracy of the predicted 
volume of flow should be in the range of +20% to -10%. 

4.1.4.2 Initial South Magnolia Calibration 

The South Magnolia model was calibrated to the ADS flow data. A statistical analysis of the 
data including correlation (R2), total volume, peak flows, and time to centroid was 
performed for each sub-basin. In general, the data correlation was average (R2 = 0.60 to 
0.79; Volume/Peak/Timing Error = 10 to 20%) to good (R2 ≥ 0.80; Volume/Peak/Timing 
Error ≤ 10%). Detailed results of this calibration are provided in the South Magnolia Basin 
Calibration Round 2 Technical Memorandum (Carollo Engineers, March 2009) in Appendix 
B.  

4.1.4.3 Data Disaggregation Procedure 

Following initial modeling, there were questions on the dry weather flow since the sum of 
the ADS meters was greater than the downstream County meters. A decision was made to 
adjust the ADS meter DWF to match the County meters, as this would result in the model 
predicting less DWF and a more conservative estimate of inflow/infiltration. Details of the 
data disaggregation procedure are summarized in the South Magnolia and North Beach 
Basins Population/Land Use Analysis Technical Memorandum (Carollo Engineers, January 
2008) in Appendix B. 

Based on the DWF questions raised for the ADS meters, King County also concluded the 
downstream meter owned by the County represented more accurate flows for the basin in 
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total, than the sum of the observed ADS meters. Therefore, the individual sub-basin flows 
used in the model were disaggregated county flows based on observed ADS meters. 
Meters in sub basins SM02 and SM03 are tributary to the City of Seattle pump station 
PS77 and so flows were not disaggregated; these basins discharge through a force main to 
the County’s CSO control structure downstream of the County’s flow meter at the CSO 
control structure. 

The disaggregation procedure is summarized in the North Beach Flow Adjustment 
Technical Memorandum (Carollo Engineers, January 2009) in Appendix B; it is applicable 
to all basins.  

To revise all of the flows, three factors were developed for each meter and applied to the 
county data. These factors include: base infiltration (BI), sanitary flow (SF), and wet 
weather flow (WWF). Base infiltration is calculated using the Stevens-Schutzbach equation 
and, along with the sanitary flow, makes up the average dry weather flow. Sanitary flow is 
flow generated only by customers. It is calculated as the average dry weather flow minus 
BI. Wet weather flow  is water that enters the system from rainfall events. It is calculated as 
total flow minus BI minus SF. The process to revise the flows was as follows: 

 Step 1: County data and ADS data were converted to common time step of 15 
minutes. For the South Magnolia Basin, the county meter was MAGCSO. 

 Step 2: County flow data was disaggregated for each sub-basin by applying the three 
component factors (BI, SF, and WWF). The BI and SF values are presented in the 
North Beach and South Magnolia Basins Population/Land Use Analysis Technical 
Memorandum (Carollo Engineers, January 2008). BI and SF were based on the dry 
weather flow period from May 4, 2008 to May 11, 2008. This period observed no 
rainfall with light to dry antecedent conditions. WWF for each meter, ADS, and 
County were calculated as total flow minus BI and SF. The WWF factor was based 
on the weighted-average WWF.  

 Step 3: Each disaggregated county hydrograph was plotted against the observed 
ADS data. The three factors were adjusted until a good fit was found for peak flows 
and volumes.  

 Step 4: All disaggregated county hydrographs were added together and checked 
against the total county basin hydrograph. When the individual disaggregated county 
hydrographs matched well to the observed ADS meter flow, and added up these 
equaled the downstream county hydrograph, the process was considered complete. 

Based on this process, the factors in the North Beach Flow Adjustment Technical 
Memorandum (Carollo Engineers, January 2009) were generated to produce an adequate 
fit to each sub-basin. The sum of the disaggregated County hydrographs added up to the 
County downstream flows.  
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4.1.4.4 Wet Weather Calibration and Verification 

The details of the South Magnolia wet weather calibration are summarized in the South 
Magnolia Round 3 Calibration Technical Memorandum (Carollo Engineers, June 2009) 
included in Appendix B. The model calibrated well (see Section 4.1.4.1 for calibration 
standards) to all wet weather storms, and was acceptable for conducting long-term 
simulations. 

The final basis-of-planning requirements are presented in Section 4.3. 

4.2 CSO CONTROL APPROACHES 

During the planning process, four CSO control approaches were considered partially 
effective at controlling overflows to the required level. These approaches were: 

 Convey-and-Treat. 

 Storage. 

 End-of-Pipe Treatment. 

 Peak-Flow Reduction (Demand Management). 

In addition, a combination of these approaches was considered wherever feasible.  

The process of developing CSO control approaches was initiated in 2007 based on existing 
county documentation, flow monitoring records, modeling data, and basin-specific field 
work. Preliminary evaluations of potential approaches, including constraints and 
opportunities in each basin, were prepared.  

During this effort, it was recognized that additional information relating to how peak flows 
were distributed within each sub-basin was needed to fully evaluate the range of potential 
approaches. Therefore, a flow monitoring and modeling program was initiated in late 2007 
using a contractor, ADS Environmental. The contractor installed five additional portable 
flow meters at selected points in the collection system, as well as a flow meter in the City of 
Seattle pump station 77. These meters were used to obtain data for smaller areas within 
each basin. This information helped determine the feasibility of the distributed control 
approaches and/or approaches away from the bottom of the basin considered in this work.  

4.2.1 Convey-and-Treat Approach 

The convey-and-treat control approach involves transporting peak flows out of the basin to 
existing facilities for treatment prior to discharge. This approach requires an increase in 
pumping and/or conveyance capacity as well as an increase in treatment and/or outfall 
capacity at existing facilities. 

In South Magnolia, the convey-and-treat approach involves increasing the capacity of the 
South Magnolia Trunk Sewer by supplementing or replacing the existing infrastructure. 
Downstream capacity of the Interbay Pump Station may be a limiting factor in feasibility of 
this approach. 
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4.2.2 Storage Approach 

The storage-control approach involves capturing peak flows in excess of the existing 
conveyance capacity during precipitation events for storage. Stored flow is pumped back to 
the existing combined system for conveyance/treatment at existing facilities following the 
event. This approach would require new storage facilities in the basin. Rectangular storage 
on private property and pipeline storage within the public right of way were considered. 

4.2.3 End-of-Pipe Treatment Approach 

The end-of-pipe treatment control approach involves capturing peak flows in excess of the 
existing conveyance capacity during precipitation events for treatment and discharge. This 
approach would require new treatment, including solids capture and disinfection, at or near 
the existing CSO location.  

In South Magnolia, end-of-pipe treatment would involve construction of a high-rate 
clarification and disinfection treatment facility within the basin. Discharge is assumed to be 
through the existing CSO outfall as the peak rate of discharge would be identical to the 
existing system.   

4.2.4 Peak-Flow Reduction Approach 

Peak-flow reduction entails reducing the basin-wide flow to the combined system 
infrastructure during precipitation events to a level that provides adequate CSO control. 
This could be achieved through one or more of the following techniques. 

4.2.4.1 Green Stormwater Infrastructure (GSI) 

Stormwater is separated from the combined sewer system and re-routed to GSI (e.g., rain 
barrels, rain gardens, bioswales, etc.) facilities. Stormwater generated during precipitation 
events can also be reduced through implementing other GSI techniques (e.g., permeable 
pavement). 

4.2.4.2 Inflow and Infiltration  Improvements 

Inflow improvements involve taking stormwater from impervious areas (e.g., rooftops, 
roadways, driveways, etc.) that currently goes to the combined sewer system and re-
routing the flow to new or existing storm sewer pipes and outfalls. Infiltration improvements 
involve rehabilitation of sewer laterals and mains to eliminate stormwater/groundwater 
infiltration to the sewer system. 

4.2.5 Combined Approach 

A combined approach involves using any of the above CSO control approaches together 
(where feasible) to minimize impacts and costs (e.g., rooftop disconnections to reduce the 
storage volume at the bottom of the basin). 
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4.3 BASIS OF PLANNING REQUIREMENTS 

The following planning requirements were developed based on regulatory requirements for 
control of CSOs, system modeling and viable control approaches.  

Regulatory requirements require CSOs to be limited to an average of no more than one 
untreated discharge per year per outfall on a long-term average, according to the following: 

 Revised Code of Washington (RCW) 90.48.480: This law requires “the greatest 
reasonable reduction of combined sewer overflows at the earliest possible date.” 

 Washington Administrative Code  173-245-020 (22): “The greatest reasonable 
reduction’ means control of each CSO in such a way that an average of one 
untreated discharge may occur per year.” 

King County calibrated the South Magnolia Basin Model using the County’s Runoff Model 
and approximately two years of data collected prior to 2007. In order to compare MIKE 
Urban model results with previous County Runoff/Transport model results, both the MIKE 
Urban and the County’s Runoff/Transport calibrated models were used to simulate a 30-
year record using the historical data from City of Seattle Rain Gauge RG07 as a 
comparison of two model approaches. Both calibrated models were run for a 30-year long-
term simulation for the period from January 1, 1978 to June 30, 2008. An assumed 
capacity of 4.3 mgd was used for the South Magnolia Trunk. All peak flows above 4.3 mgd 
during the 30-year simulation were marked for analysis. Volumes of the events that 
exceeded the 4.3 mgd were ranked by storm event. A list of the resulting overflow volumes 
and peak flow rates are shown in Appendix B. For the 30-year simulation, the 30th CSO 
volume was selected for sizing the CSO storage facilities in the South Magnolia basin. The 
30-year simulation produces a time series of flows at the basin outlet. The output from 
these model runs represent the base wastewater flow plus the rainfall-dependent inflow 
and infiltration that is conveyed to the pump stations.   

A comparison of overflow events and overflow durations was made between each of the 
model results and the historical data. A judgment was made that the Runoff/Transport 
model had a closer match to the number and duration of overflow events. Therefore, it was 
used for sizing the South Magnolia CSO facility (see Appendix B). 

Based on the modeling data, the required storage volume and peak flow rate were 
determined for the following conditions: 

1. The long-term average from the entire rainfall record. 

2. The average of 20-year averages (e.g., the 1-year control volume is computed for 
each 20-year period in the 30-year record; then the 11 1-year control volumes are 
averaged). 

3. The maximum 20-year rainfall period in the entire rainfall record. (The rainfall record 
is not repeated for this calculation.) 

This work is summarized in the technical memorandum Updated CSO Control Volumes for 
Puget Sound Beach CSOs (King County, June 2010) in Appendix B.  
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The resulting design storage volume for South Magnolia was approximately 1.8 million 
gallons (MG) based on a South Magnolia Trunk Sewer capacity of 4.3 mgd. The peak flow 
conveyance was 20 mgd total. Peak conveyance capacity was selected to maximize 
conveyance without adversely affecting the downstream infrastructure including the Elliott 
Bay Interceptor, Interbay Pump Station, and Elliott West CSO Facility. The conveyance 
capacity to the storage tank will be reviewed and optimized during design. Appendix B 
contains the final summary table of 1-year CSO control volumes for the 3 conditions 
evaluated and 1-year peak flow rate. The supporting data files for this table (also in 
Appendix B) rank the storms by overflow volume and peak flow rate to yield the basis-of-
planning requirements of 1.8 MG and 15.7 mgd. Table 4.1 summarizes the basis of 
planning for the South Magnolia Basin. 

 

Table 4.1 South Magnolia Basis-of-Planning Requirements 

Control Approach Required Volume or Capacity 

Total Peak Flow 20 mgd1 

Required Peak Convey-and-Treat Capacity 15.7 mgd 

Existing Convey-and-Treat Capacity  4.3 mgd 

Storage Capacity 1.8 MG 

End-of-Pipe Treatment Capacity 15.7 mgd2 

Peak Flow Reduction (Demand Management)  

Storage Volume for 25% Impervious Disconnection3 1.11 MG 

Storage Volume for 50% Impervious Disconnection3 0.49 MG 

Storage Volume for 75% Impervious Disconnection3 0.13 MG 

Notes: 
1. Convey-and-treat capacity is the difference between "required peak convey-and-treat capacity" 

and "existing convey-and-treat capacity". 
2. End-of-pipe treatment capacity is the difference between "required peak end-of-pipe capacity" 

and "existing end-of-pipe capacity". 
3. Represents the percentage of impervious surface currently connected to the combined sewer 

system that must be disconnected to reduce the required storage volume. 
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CHAPTER NO. 5 

ALTERNATIVES DEVELOPMENT AND EVALUATION 

This chapter describes the process used to develop and evaluate alternatives for meeting the 
combined sewer overflow control objective for the South Magnolia Basin. Alternatives that 
could achieve the objective were developed for several broad CSO control approaches: 
storage, end-of-pipe treatment, convey-and-treat, peak flow reduction, or a combination of 
these. 

Each alternative was evaluated for technical and non-technical considerations; impacts on 
the community, environmental impact, and cost. The number of alternatives was reduced 
from a preliminary set of 14 to a shortlist of three and, finally, to a recommendation of one 
alternative for further environmental review. 

5.1 EVALUATION METHODOLOGY 

Alternative development and evaluation was conducted in two phases. Phase 1, which 
began in January 2007, focused on reviewing flow projections, assessing the viability of 
broad CSO control approaches, and developing initial criteria for evaluating CSO control 
approaches. The work included the following: 

 Define evaluation criteria. 

 Identify potentially viable control approaches. 

 Develop initial conceptual alternatives. 

 Evaluate initial conceptual alternatives. 

Existing flow data was reviewed during Phase 1, which indicated that fieldwork was needed 
to better define the origin of peak flows. Flow monitoring was conducted in several sub-
basins between December 2007 and June 2008. The flow monitoring helped define peak 
flow contributions from discrete sub-basin areas and confirmed flow modeling previously 
performed by the County. As a result of this effort, CSO control volumes were developed for 
several sub-basins, and overall control volumes for the basin were refined. 

Phase 2 built upon the results of Phase 1 and flow monitoring work. Phase 2 included the 
following: 

 Refine and re-evaluate preliminary CSO control alternatives. 

 Screen preliminary alternatives. 

 Refine short-listed alternatives to select a proposed project.  
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5.1.1 Phase 1 

Phase 1 comprised development of initial criteria to screen control approaches and identify 
initial alternatives that respond to the criteria. During this phase, the project boundaries were 
established, as depicted in Figure 5.1. This phase included the steps described below. 

5.1.1.1 Step 1: Define Evaluation Criteria  

This step began at project inception in January 2007. Criteria that were used to determine 
viability of CSO control approaches were defined by the project team. Seven criteria 
categories were selected, as illustrated in Table 5.1. Technical Memorandum CSO Control 
Approaches and Planning Boundaries (Carollo Engineers, December 2007) describes the 
considerations for these categories in more detail.  

5.1.1.2 Step 2: Identify Potentially Viable Control Approaches 

The CSO control approaches evaluated in this project are described in detail in TM 202.1. 
These approaches represent broad concepts for achieving CSO control without the detail of 
alternatives developed for specific sites. The following control approaches were considered: 

 Control Approach 1, Peak Flow Storage. Store peak flows that exceed conveyance 
capacity in the basin during each storm event, and use existing pumping and piping 
facilities to convey stored flow downstream once the rainfall event has subsided. 

 Control Approach 2, Convey-and-Treat Peak Flows. Convey peak flows out of the 
basin by increasing pumping and force main capacity, or the capacity of the gravity 
sewer system. This approach may also require treatment upgrades at the point where 
the peak flows are discharged, as the capacity of existing treatment facilities may not 
be adequate for additional flows and loads. 

 Control Approach 3, End-of-Pipe Treatment for Peak Flows. Treat and discharge 
peak flows at or near the current CSO locations. The typical treatment process used 
for end of pipe treatment includes high rate clarification (HRC) and ultraviolet (UV) 
disinfection. 

 Control Approach 4, Peak-Flow Reduction. Reduce the magnitude of the flow in 
the collection system through I/Ireduction in separated systems, or by disconnecting 
impervious areas in combined systems. 

 Control Approach 5, Combined Approach. Reduce peak flows within the basin by 
implementing a combination of two or more of the previously mentioned CSO 
approaches. 
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5.1.1.1 Step 3: Develop Initial Conceptual Alternatives 

Initial alternatives were developed in order to assess each control approach, as described 
in Technical Memorandum CSO Control Approaches and Planning Boundaries. Each initial 
alternative identified necessary infrastructure improvements associated with conceptual, 
acceptable locations. The locations were chosen based on their proximity to the combined 
sewer overflow location and the feasibility of using gravity sewerage to convey flow into 
and out of the proposed infrastructure. Storage alternatives identified during this phase 
were limited to a single centralized storage location, either in the basin or out of the basin; 
dispersed storage options were identified in Phase 2, after flow monitoring and modeling 
were completed. 

5.1.1.2 Step 4: Evaluation of Initial Conceptual Alternatives 

Following the development of initial alternatives, an assessment of the viability of each 
control approach was completed considering the constraints of the South Magnolia Basin 
(topography, land use, downstream capacity, and peak-flow sources). The conclusions of 
this assessment were as follows: 

 Peak-Flow Storage Approach. The topography of the South Magnolia Basin is such 
that few locations exist for siting storage facilities. Each potential site identified faces 
construction challenges (geotechnical concerns). Use of some sites may require an 
upgraded SPU Pump Station #77 (located 200 feet south of the county’s control 
structure) to convey peak flows to the storage facility. It was recommended that 
further consideration be given to locating a storage facility at either the CSO control 
point on 32nd Avenue W., or near the Elliott Bay Marina .It was recommended that 
geotechnical analysis of the two locations be conducted to further develop the 
viability of this CSO approach. 

 Convey and Treat Approach. The convey and treat control approach was 
determined to be technically infeasible because of capacity limitations of the South 
Magnolia Trunk and the Interbay Pump Station (PS), impacts on CSO events along 
the North Interceptor, and the impacts on operations at the West Point Treatment 
Plant during a wet-weather event. 

 End-of-Pipe Treatment Approach. End-of-pipe treatment was determined to be 
technically feasible. It was recommended that a geotechnical analysis of soil 
conditions be conducted to determine the feasibility of locating a facility near the CSO 
control structure. 

 Peak-Flow Reduction Approach. Peak-flow reduction alone was evaluated, based 
on impervious area disconnection; results indicated that it might not be sufficient to 
reduce CSOs to one event per year in the South Magnolia Basin. Therefore, peak-
flow reduction must be used in combination with storage to meet the CSO 
regulations. It was recommended that the costs and feasibility (e.g., technical, inter-
jurisdictional) associated with implementing peak-flow reduction within the South 
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Magnolia Basin be more fully evaluated to determine the viability of this combined 
approach. 

These were only initial assessments of the viability of the identified control approaches. 
Some further consideration was given in Phase 2 to the control approaches identified here 
as not viable (convey-and-treat and peak-flow reduction alone). 

These conceptual alternatives were reviewed with agency stakeholders at Agency 
Workshop No. 1 on May 7, 2009. Stakeholders included King County, Ecology, and Seattle 
Public Utilities. Input from the workshop was used to help refine the alternatives and criteria 
for Phase 2. 

5.1.2 Phase 2 

Phase 2 included refinement and re-evaluation of CSO approaches and preliminary 
alternatives from Phase 1 following completion of flow monitoring. Community information 
meetings and briefings with citizens in the South Magnolia Basin in late 2007 and early 
2009 elicited comments on community concerns and support or opposition to approaches 
and alternatives. Community members expressed several preferences and concerns: 

 Avoid cutting steep, unstable slopes in areas of the neighborhood that have had 
historical slide occurrences. 

 Avoid affecting surface groundwater flow by disconnecting stormwater from 
combined sewers in slide-prone areas. 

 Encourage implementing rain gardens, cisterns, and similar approaches to retain 
and re-use rainwater. 

5.1.2.1 Step 1: Refine and Re-Evaluate CSO Control Alternatives 

The memoranda Developing Criteria for Evaluating CSO Alternatives (Carollo Engineers, 
August 2009) and Selecting Candidate Sites for CSO Control Approaches (Carollo 
Engineers, August 2009) describe the process used to refine and re-evaluate the 
preliminary alternatives. The process is summarized below.  

5.1.2.1.1 Step 1A:  Criteria Development 

In order to develop criteria for evaluation of alternatives, the CSO Project Team appointed 
a “Category Lead” for each of seven categories of selection criteria. The Category Leads 
developed selection criteria and applied them in three steps: 

1. Select up to five criteria for each final category shown in Table 5.2. In the 
operations and maintenance (O&M) category, for example, one criterion might be 
“Reliability,” another might be “Site Access,” etc. As part of this process, the seven 
categories developed in Phase 1 were refined. During refinement, some categories 
were combined and renamed as shown in Table 5.2. Two initial categories, 
“Flexibility” and “Compatibility with other Programs and Initiatives” were combined 
with other categories due to their interrelationship. The “Land Use/Acquisition/ 
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Permitting” category was subdivided into two categories in recognition of 
differences between land acquisition and project permitting. 

2. Develop questions to be answered for each criterion. These questions were used to 
“test” the impact of a particular alternative on the criteria being considered. For 
example, one question for the “Reliability” criterion was, “Does the alternative rely 
on complex automation for successful operation?” Another question may be, “Has 
the alternative proven to be a reliable CSO control method in other installations?” 

3. Develop a description of how the criterion will be measured using the rating scale 
(i.e. Low, Moderate, and High impact). For the question, “Does the alternative rely 
on complex automation for successful operation?” a “High” score would be 
described by, “The alternative requires substantial automation of mechanical 
equipment for performance.” A “Low” score would be described by, “The alternative 
is relatively simple and requires limited automation and equipment for 
performance.” A copy of the final criteria and evaluation questions are included in 
the Alternatives Summary documentation in Appendix C. 

 

Table 5.2 Evaluation Category Development 

Initial Category 
(June 2007) 

Final Category  
(September 2009) 

Cost Effectiveness Cost 

Ease of Operations and Maintenance Operations and Maintenance (O&M) 

Technical Feasibility and Compatibility Technical 

Public Health and Environmental Environmental 

Community Considerations Community Impact 

Flexibility1 Land Use/Acquisition2 

Compatibility with other Programs 
and Initiatives1 

Land Use/Permitting2 

Notes: 

1. Criteria combined with other categories in final criteria category list. 
2. Category added following initial criteria category development. 

 

5.1.2.1.2 Step 1B: Alternatives Development 

Site suitability criteria for the evaluation were developed and then used together with GIS 
data to identify potential preliminary sites. 
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Available land areas where new system components could be sited and constructed were 
identified based on the “technical feasibility” of the resulting alternative. “Technical 
feasibility” was defined as follows: 

 Availability of Peak Flows. The resulting alternative must be sited in a location that 
allows sufficient peak flows to be captured and routed to the new facility. 

 Constructability. The resulting alternative (and associated system components) must 
be constructible on the site. In order for an alternative to be constructible, the site 
where components would be built must be of sufficient size, with reasonable access 
for construction activities (staging, shoring, excavation, tank construction, etc.). 

 Operational Performance. The resulting alternative (and system components) must 
be capable of meeting the intended performance within the existing hydraulic profile 
of the CSO outfall and CSS. 

A hierarchy of technical considerations was used to judge “technical feasibility” and identify 
potential sites for the CSO control approaches. They are listed in order from most favorable 
to less favorable as follows: 

1. Favor locations and facility configurations at the bottom of the basin near the 
existing CSO outfall. 
a. Provides ability to capture 100 percent of the flow in the basin and route it to the 

new facility. 
b. Reduces complexity of control system required to route flows to new facility; 

thereby reducing risks of future overflows. 
c. Minimizes conveyance system construction requirements. 

2. Favor locations along existing combined sewer trunk lines through which 50 percent 
or more of the total basin peak flow is conveyed. 
a. Helps ensure sufficient volumes are captured to adequately reduce peak flows 

and volumes at the bottom of the basin at the existing CSO outfall. 
3. Favor locations and facility configurations that allow a passive diversion of peak 

flows to the new facility (e.g. over a weir wall) rather than more complex control 
systems requiring telemetry or SCADA. 
a. Increases reliability by eliminating the need for power and control system. 
b. Reduces the potential need to oversize the facility to limit overflows. 

4. Favor locations and facility configurations where the bottom of new structures will 
not exceed a depth of 30 feet below the ground surface elevation. 
a. Minimizes shoring and dewatering requirements. 
b. Requires less area for construction and staging. 
c. Shallower facilities are easier to access. 
d. Avoids excessive structural requirements for tanks and treatment facilities. 
e. Increases feasibility of cut-and-cover construction for storage pipes vs. riskier 

and more expensive tunneled construction. 

5.1.2.2 Step 2: Preliminary Alternatives Screening 

This step involved screening the alternatives to develop a shortlist of three for detailed 
evaluation. Step 2 was completed in a series of non-technical and technical meetings with 
the community and team members from August to December 2009. The screening process 
for reducing the preliminary alternatives to three is described in memoranda titled “CSO 
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Control Alternative Review and Comment Procedure: (Carollo Engineers, September 2009) 
and “Alternative Narrowing Process” (Triangle Associates, November 2009) and 
summarized in Table 5.3. 

During the development of a shortlist of three alternatives, potential sites were further 
refined so the project team could focus on the characteristics of specific sites and how they 
would affect the implementation of each alternative. 

5.1.2.3 Step 3: Refinement of Short-listed Alternatives and Selection of a 
Proposed Project 

Between January 2010 and May 2010, the three short-listed alternatives were further 
developed. Detailed information is provided in , the “Magnolia Alternatives Update 
Information Technical Memorandum” (Carollo Engineers, June 2010), Appendix C of this 
chapter. Step 3 was completed in a series of non-technical (community relations, land use 
and permitting, environmental) and technical (technical implementation, operations and 
maintenance, cost) meetings to identify information needed to complete the alternative 
review and prepare evaluation matrices for each alternative. 
 

Table 5.3 Screening Steps and Schedule for Shortlist of Alternatives 

Workshop / 
Meeting Date 

August 
2009 

September 
2009 

October  
2009 

November 
2009 

December 
2009 

Meeting Purpose Basin Leads 
present 
preliminary 
alternatives 
for initial 
comment. 

Non-
technical 
focus 
meetings to 
identify 
information 
needed to 
complete 
alternative 
review 
matrices. 

Technical 
focus 
meetings to 
add detail for 
O&M issues 
(layouts, 
configurations
, etc.). 

Team 
workshop to 
complete 
review 
matrices for 
each 
alternative. 

Team 
workshops to 
select 3 
alternatives. 

Screening Results Preliminary 
cut at 
alternatives 
by 
Consultant. 

Revisions to 
preliminary 
alternative 
evaluations 
based on 
comments 
received 
from CSO 
Team (non-
technical 
focus). 

Revisions to 
preliminary 
alternative 
evaluations 
based on 
comments 
received from 
CSO Team 
(technical 
focus). 

Revisions to 
preliminary 
alternative 
evaluations 
based on 
comments 
received 
from CSO 
Team 

Select 3 
alternatives 
for further 
evaluation. 

5.2 NO ACTION ALTERNATIVE 

RCW 90.48.480 and WAC 173-245-020 (22) require CSOs to be limited to an average of 
no more than one untreated discharge per year per outfall on a long-term average. In the 
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North Beach Basin, there were an average of 10 combined sewer overflows annually from 
1991 to 2009, with an average annual total overflow of 2.2 million gallons.  

The No Action Alternative entails no changes to the sewer system in the South Magnolia 
Basin. This alternative would result in CSOs in the South Magnolia Basin in excess of one 
per year on a long-term average based on historical data. The Basin would not comply with 
RCW 90.48.480 and WAC 173-245-020 (22) or the West Point Treatment Plant NPDES 
Permit. 

The risk to Puget Sound water quality (e.g., bacteria, nutrients, and metals) would remain 
at present levels. Decreased water quality could adversely affect biological resources and 
potentially result in decreased availability of the beach and/or public exposure. 

5.3 PRELIMINARY ALTERNATIVES 

This section provides a detailed description of the alternatives developed under Step 1B of 
Phase 2 (as described in Section 5.1.2.1.2). Development of alternatives began with 
identification of preliminary sites suitable for CSO facilities. Based on this information and 
design criteria resulting from flow monitoring and modeling, preliminary alternatives were 
developed using the identified viable CSO control approaches. 

5.3.1 Basis of Design 

5.3.1.1 Basis of Planning 

Table 5.4 summarizes the initial basis of design for control of the South Magnolia Basin. 
These data were developed by the County using flow monitoring and analysis of long term 
rainfall data. This information was used to size facilities for each CSO control approach 
during this phase. During development of refined preliminary alternatives in step 2 of Phase 
2 (section 5.4 of this chapter) the basis of planning criteria were refined by updated County 
model results. Refer to Chapter 4 for details on the basis of planning development. 

 

Table 5.4 South Magnolia Basin Initial Basis Of Planning Requirements 

Required Storage Volume  1.8 MG 

Required Conveyance Capacity w/No Storage 7.7MGD1 

Required End of Pipe Treatment Capacity 7.7 MGD2 

Storage Volume for 25% Impervious Disconnection 1.11 MG 

Storage Volume for 50% Impervious Disconnection 0.49 MG 

Storage Volume for 75% Impervious Disconnection 0.13 MG 

Notes: 

1. Required conveyance is the difference between "required peak conveyance capacity" and 
"existing conveyance capacity in basin.” 

2. Required treatment capacity is the difference between "required peak conveyance capacity" 
and "existing conveyance capacity in basin.”
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5.3.1.2 Basis of Design Criteria 

The basis of design criteria are key criteria established as a basis for sizing equipment and 
laying out facilities. Consistency of design criteria is important for evaluating alternatives. 
Documenting the design criteria also provides key input for final design of the 
improvements. 

Figures 5.2 through 5.4 illustrate typical details for potential facilities common to many of 
the alternatives developed, including storage (rectangular and pipeline), conveyance (pump 
station), and end of pipe treatment. Table 5.5 highlights key design criteria for preliminary 
screening.  
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Table 5.5 South Magnolia Basin Basis of Design Criteria 

Control Facility Design Criteria 

Peak Flow Storage (Rectangular or Pipeline)

Number of Cells Rectangular - 2 to 4; 
Pipeline - 1 

Floor Slope 1% 

Minimum Freeboard 2 feet 

Number of Drain Pumps 3 duty 

Type of Pumps  Submersible 

Maximum Time to Drain Storage  24 hours 

Odor Control Peak air displacement rate (peak flow to storage) or 2 air 
changes per hour (whichever is greater) 

Air Treatment Activated carbon; 1 pass; 50 fpm; constant speed fan/blower 

Occupied Space Ventilation 12 air changes per hour 

Standby Generator Total estimated load; diesel w/ 24 hour capacity 

Access Every 200 feet (maximum); outside right-of-way 

Equipment Materials Corrosion resistant (316 SS or FRP) 

Conveyance (Convey-and-
Treat)  

 

Number of Pumps 3 duty + 1 standby (per stage1) 

Type of Pumps  Centrifugal, dry-pit 

Firm Capacity  Required conveyance capacity2

Wet well Self-cleaning 

Odor Control 2 air changes per hour (wetwell) 

Air Treatment Activated carbon; 1 pass; 50 fpm; constant speed fan/blower 

Occupied Space Ventilation 12 air changes per hour 

Standby Generator Total estimated load; diesel w/ 36 hour capacity 

Force Main 2 @ Firm Capacity; 8 feet per second (maximum) 

Equipment Materials Corrosion resistant (316 SS or FRP) 

End-of-Pipe Treatment  

Influent Screening  

Type Perforated plate 

Number of Screens 2 

Screen Spacing 6 mm 

High Rate Clarification  

Number of Trains 2 

TSS Removal 85% or 10 mg/L (maximum) 

BOD Removal 50% or 10 mg/L (maximum) 
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Table 5.5 South Magnolia Basin Basis of Design Criteria 

Control Facility Design Criteria 

Chemical Feed Systems Coagulant and Polymer 

Ultraviolet Disinfection  

Number of Channels 1 

Transmittance @254 nm 70% 

Minimum Dose 40 mJ/sqcm 

Odor Control 2 air changes per hour (process basins) 

Air Treatment Activated carbon; 1 pass; 50 fpm; constant speed fan/blower 

Occupied Space Ventilation 12 air changes per hour 

Standby Generator Total estimated load; diesel w/ 36 hour capacity 

Equipment Materials Corrosion resistant (316 SS or FRP) 

Notes: 

1. Total head above 200 feet requires 2-stage pumping for solids handling pumps. 

2. See Table 5.4. 

5.3.2 Identification of Preliminary Sites 

Potential sites for facilities were evaluated using the criteria provided in Table 5.6 and GIS 
data from King County and the City of Seattle. The first screening identified 70 parcels 
meeting the criteria. A windshield survey and review of the site characteristics narrowed 
these to three candidate sites. Additional sites were identified by the windshield survey and 
included in the candidate site list. Figure 5.5 illustrates parcels in the South Magnolia Basin 
that could be suitable for siting CSO alternatives.  

The viable control approaches were matched with the preliminary sites based on the 
results of flow monitoring and modeling and basin reconnaissance. Potential areas were 
defined roughly by the ability to route flow to the CSO facility location, topography, and 
distance from the existing CSO control facility. An important project assumption is that 
existing CSO outfalls would not be modified due to environmental and permitting impacts 
on the required CSO implementation schedule. Therefore, it is important that no new 
control points were created by the alternatives. 
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5.3.3 Preliminary Alternatives Overview 

Development of preliminary alternatives is described in detail in TM 507.5 – “Planning 
Confirmation” (Carollo Engineers, March 2010) and TM 505.1 – “Siting Report” (Carollo 
Engineers, June 2010). The following alternatives were developed for the South Magnolia 
Basin: 

 Control Approach 1 – Peak Flow Storage: 

 Alternative 1A – Centralized single tank, Bottom of Basin Storage. 

 Alternative 1B – Increased S. Magnolia Trunk conveyance, and bottom of basin 
Storage. 

 Alternative 1C – Pump station and centralized single tank, upper basin. 

 Alternative 1D – Distributed storage, two tanks, bottom of basin and upper 
basin. 

 Alternative 1E – Distributed storage, three tanks, bottom of basin and upper 
basin. 

 Alternative 1F – Distributed storage, three tanks, bottom of basin and upper 
basin. 

 Alternative 1G – Distributed storage, bottom of basin tank, and two pipe storage 
tanks in upper basin. 

 Alternative 1H – Tunnel storage bottom of basin. 

 Alternatives 1I, 1J, 1K – Three options for conveyance to out-of-basin single 
tank storage. 

 Control Approach 2 - Convey and Treat: 

 Alternative 2A – Pump station and conveyance force main to Interbay PS. 

 Control Approach 3 – End-of-Pipe Treatment: 

 Alternative 3A – End-of-Pipe Treatment at the Bottom of the Basin. 

 Control Approach 5 - Combined Approach: 

 Alternative 5A - Peak Flow Reduction and Storage. 

The preliminary alternatives are described below and summarized in Table 5.7. Conceptual 
layouts for improvement facilities were developed and drawn at representative sites within 
the alternative locations. 
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Table 5.7 Magnolia Basin Preliminary Alternatives 

Approach Alternative Description Site (Figure 5.2) 

Peak Flow 
Centralized 
storage 

1A One tank, 1.8 MG A 

1B Increase conveyance 1.2 mgd, with one 
tank, 0.8 MG 

A 

1C 7.7 MG PS with one tank, 1.8 MG A,E 

Distributed 
Storage 

1D Two tanks, 1.08, 0.72 MG A,E 

1E Three tanks, 0.93, 0.72, 0.15 MG A,B,F 

1F Three tanks, 0.98, 0.67, 0.15 MG A,D,F 

1G Maximize pipe storage, 0.48MG tank, 0.45, 
0.72, 0.15 MG pipes 

A,G,H,J 

Out of Basin 
Storage 

1H 12-ft Tunnel storage, 2.5 MG A,C 

1I 7.7 mgd Gravity sewer, one tank, 1.8 MG A, I, C 

1J 7.7 mgd PS, FM, one tank, 1.8MG A,I,C 

1K 12 mgd PS, FM, one tank, 1.8 MG A,C 

Convey/Treat 2A 7.7 mgd PS, FM, gravity sewer A,I 

End-of-Pipe 
Treatment 

3A 7.7 mgd HRC treatment plant A 

Combined 5A Rooftop disconnection and tank storage  Multiples sites 

5.3.4 Alternatives Using Control Approach 1 – Peak-Flow Storage 

This control approach requires one or more storage tanks, tunnels, or pipes large enough 
to achieve the control objective. Alternatives with one tank, tunnel, or pipe are termed 
“centralized storage”, while alternatives with more than one location for storage are termed 
“distributed storage.” 

Storage could be located anywhere in the basin or out of the basin. It could be at the CSO 
control location where the flows already are conveyed, or it could include a pump station 
and conveyance to collect and convey wastewater from the collection system to the 
storage site. The preliminary alternatives are described in following paragraphs.  
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Alternative 1A - Centralized Storage at Site A - Figure 5.6. This alternative comprises a 
1.8-MG storage tank at Site A, adjacent to the Magnolia CSO control structure. Figure 5.3 
illustrates the alternative. It includes the following elements: 

 Storage tank. A below-grade storage tank with approximate dimensions of 85 x 300 
x 15 feet deep. 

 Infrastructure. A new diversion structure in the City of Seattle trunk sewer upstream 
of the tank site to divert flow into the tank. The Magnolia CSO diversion structure 
modified to return flow to the South Magnolia Trunk sewer. 

 A pump station to empty the tank contents over a 24-hour period after a storm. 

 Odor control comprising carbon scrubbers. 

 Standby power with fuel storage. 

 The site includes surface access, fencing, and parking off street. 

Alternative 1B - Increased Conveyance and Storage at Site A - Figure 5.7. This 
alternative comprises an increase in the capacity of the South Magnolia Trunk Sewer by 
raising the overflow weir in the South Magnolia CSO control structure. A 0.8-MG storage 
tank is located on Site A, adjacent to the Magnolia CSO diversion structure. Figure 5.4 
illustrates the alternative. It includes the following elements: 

 The control structure modified to raise weir approximately 3 feet to increase 
pressure in trunk sewer and capacity to 5.5 mgd. 

 Storage tank. A below-grade storage tank with dimensions of approximately 70 x 
180 x 15 feet deep. 

 Infrastructure. A new diversion structure in the City of Seattle trunk sewer upstream 
of the tank site to divert flow into the tank. The Magnolia CSO diversion structure 
modified to return flow to the South Magnolia Trunk sewer. 

 A pump station to empty the tank contents over a 24-hour period after a storm. 

 Odor control comprising carbon scrubbers. 

 Standby power with fuel storage. 

 The site includes surface access, fencing, and parking off street. 
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Alternative 1C - Pump Station at Site A and Centralized Storage at Site E - Figure 5.8. 
This alternative comprises a pump station at Site A, a 2,500-LF force main, and a 1.8-MG 
storage tank at Site E. A 7.7-mgd sewage pump station is located on Site A, adjacent to the 
Magnolia CSO diversion structure. Site E comprises a storage tank and ancillary facilities 
located in the SE corner of the West Magnolia Play Field site beneath existing baseball 
fields. Figure 5.5 illustrates the alternative. It includes the following elements: 

 Infrastructure. A new diversion structure in the City of Seattle trunk sewer upstream 
of the tank site to divert flow into the pump station. 

 A 7.7-mgd high-head pump station on Site A. 

 A 21-inch diameter, 2,500-LF force main along 32nd Avenue W to Site E. 

 The tank at Site E is 170 x 140 x 15 feet deep and includes a pump station to empty 
its contents over a 24-hour period after a storm. 

 Odor control comprising carbon scrubbers. 

 Standby power with fuel storage. 

 The site includes a 10,000-SF fenced area for access and odor control. 

Alternative 1D - Distributed Storage at Sites A and E - Figure 5.9. This alternative 
comprises two tanks, a 1.08-MG storage tank on Site A, adjacent to the Magnolia CSO 
control structure, and a 0.72-MG tank at Site E. Figure 5.6 illustrates the alternative. It 
includes the following elements: 

 A below-grade storage tank at Site A with dimensions of 85 x 185 x 15 feet deep. 

 Infrastructure. A new diversion structure in the City of Seattle trunk sewer upstream 
of the tank site to divert flow into the tank at Site A. The Magnolia CSO diversion 
structure modified to return flow to the South Magnolia Trunk sewer. 

 A below-grade storage tank at Site E with dimensions of 85 x 130 x 15 feet deep. 
The tank could be located under existing tennis courts at the southwest corner of 
the site. 

 Infrastructure modifications along W McGraw Street. Two to three diversion 
structures to divert flow from Sub-basins SM05, SM07, and SM08 into sewerage to 
convey flow to Site E. 

 New sewerage along 32nd Avenue W and 34th Avenue W to convey flow to Site E 
from the diversion structures. 

 Two pump stations to empty the tank contents over a 24-hour period after a storm. 

 Both tanks include odor control comprising carbon scrubbers. 

 Both tanks include standby power and fuel storage. 

 Both tanks include surface access, fencing, and parking off-street. 
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Alternative 1E - Distributed Storage at Sites A, B, and F - Figure 5.10. This alternative 
comprises three tanks, a 0.93-MG storage tank on Site A, adjacent to the Magnolia CSO 
control structure, a 0.72-MG storage tank at Site B, and a 0.15-MG tank at Site F. 
Figure 5.7 illustrates the alternative. It includes the following elements: 

 A buried storage tank at Site A with dimensions of 85 x 160 x 15 feet deep. 

 Infrastructure. A new diversion structure in the City of Seattle trunk sewer upstream 
of the tank site to divert flow into the tank at Site A. The Magnolia CSO diversion 
structure modified to return flow to the South Magnolia Trunk sewer. 

 A buried storage tank at Site B with dimensions of 70 x 165 x 15 feet deep. This 
tank is located under a parking lot. 

 A below-grade storage tank is constructed at Site F with dimensions of 70 x 70 x 10 
feet deep. This tank is located under a tennis court. 

 Infrastructure modifications along W McGraw Street. Two to three diversion 
structures to divert flow from Sub-basins SM05, SM07, and SM08 into sewerage to 
convey flow to Site B. 

 New sewerage along 32nd Avenue W and W McGraw Street to convey flow to Site 
B from the diversion structures. 

 Construction of a diversion structure on W Howe Street to divert flow to Site F. 

 All tanks include a pump station to empty the tank contents over a 24-hour period 
after a storm. Tanks at Sites B and F return flow to the downstream sewer. 

 All tanks include odor control comprising carbon scrubbers. 

 All tanks include standby power. 

 Site B and F tanks include surface access. 

 Site A tank includes surface access, fencing, and off-street parking. 

Alternative 1F - Distributed Storage at Sites A, D, and F - Figure 5.11. This alternative 
comprises three tanks, a 0.98-MG storage tank on Site A, adjacent to the Magnolia CSO 
control structure, a 0.67-MG storage tank at Site D, and a 0.15-MG tank at Site F. Figure 
5.8 illustrates the alternative. It includes the following elements: 

 A below-grade storage tank is constructed at Site A with dimensions of 85 x 165 x 
15 feet deep. 

 Infrastructure. A new diversion structure in the City of Seattle trunk sewer upstream 
of the tank site to divert flow into the tank at Site A. The Magnolia CSO diversion 
structure modified to return flow to the South Magnolia Trunk sewer. 

 A below-grade storage tank is constructed at Site D with dimensions of 100 x 100 x 
15 feet deep. This tank is located on a former residential lot. Demolition of one 
house is required. 

 A below-grade storage tank is constructed at Site F with dimensions of 70 x 70 x 10 
feet deep. This tank is located under a tennis court. 
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 Infrastructure modifications along W McGraw Street. Two to three diversion 
structures to divert flow from Sub-basins SM05, SM07, and SM08 into sewerage to 
convey flow to Site D. 

 New sewerage along 32nd Avenue W and W McGraw Street to convey flow to Site 
D from the diversion structures. 

 Construction of a diversion structure on W Howe Street to divert flow to Site F. 

 All tanks include a pump station to empty the tank contents over a 24-hour period 
after a storm. Tanks at Sites B and F return flow to the downstream sewer. 

 All tanks include odor control comprising carbon scrubbers. 

 All tanks include standby power. 

 Site F tank includes surface access. 

 Site A and D tanks include surface access, fencing, and off-street parking. 

Alternative 1G - Distributed Storage at Sites A, G, H, and J - Figure 5.12. This 
alternative comprises one tank, a 0.48-MG storage tank on Site A adjacent to the Magnolia 
CSO control structure, and three 12-foot-diameter buried parallel pipe storage tanks at 
Sites G, H, and J. Figure 5.9 illustrates the alternative. It includes the following elements: 

 A below-grade storage tank is constructed at Site A with dimensions of 70 x 135 x 
12.5 feet deep. 

 Infrastructure. A new diversion structure in the City of Seattle trunk sewer upstream 
of the tank site to divert flow into the tank at Site A. The Magnolia CSO diversion 
structure modified to return flow to the South Magnolia Trunk sewer. 

 Pipe storage, 600 LF, 0.45 MG, at Site G, located in the right of way of Magnolia 
Boulevard, north of Montista Place. 

 Pipe storage, 950 LF, 0.72 MG, at Site H. located in the right of way in 32nd 
Avenue W, north of W McGraw Street. 

 Pipe storage, 200 LF, 0.15 MG, at Site J, located in the right of way of Clise Place 
W, north of W Howe Street. 

 Diversion structures at sited G and J to divert sewage into the storage pipes. 

 Infrastructure modifications along W. McGraw Street. Two to three diversion 
structures to divert flow from Sub-basins SM05, SM07, and SM08 into sewerage to 
convey flow to Site H. 

 New sewerage along 32nd Avenue W and W McGraw Street to convey flow to Site 
H from the diversion structures. 

 All tanks are assumed to be gravity flow in and out. 

 All tanks include below-grade odor control comprising carbon scrubbers. 

 No standby power is assumed. 

 All tanks are accessed from the roadway. 
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Alternative 1H - Tunnel Storage at Sites A, C, and I - Figure 5.13. This alternative 
comprises a 3,000-LF tunnel for storage. This alternative provides 2.5 MG of storage due 
to the length and diameter required to traverse the alignment. Diversion structures and 
tunnel portals are located at Sites A and C. Figure 5.10 illustrates the alternative. It 
includes the following elements: 

 The Magnolia CSO diversion structure modified to divert flow to the tunnel. 

 A tunnel portal outside the right of way on Site A. 

 A 3,000-LF 12-foot diameter bored tunnel along Site I, generally under City of 
Seattle property and W Galer Street right of way from Site A to the western edge of 
Site C. 

 A tunnel portal and connecting infrastructure at Site C to connect to the existing 
South Magnolia Trunk sewer on W Marina Place. As illustrated in the figure, 
modifications to the existing sewerage are required to make this connection, 
including modifications to the existing lift station serving the marina. 

Alternative 1I - Gravity Sewer and Storage at Sites A, C, and I - Figure 5.14. This 
alternative comprises a new gravity sewer between Site A and Site C to convey peak flow, 
and a 1.8-MG storage tank at Site C. The gravity sewer could be directionally drilled. Figure 
5.11 illustrates the alternative. It includes the following elements: 

 The Magnolia CSO diversion structure modified to divert flow to the new sewer. 

 A new, 3,100-LF, 21-inch, 7.7-mgd gravity sewer using horizontal directional drilling 
(HDD) techniques along Site I, generally under City of Seattle property and W Galer 
Street to Site C. 

 A 1.8-MG storage tank having dimensions of 120 x 200 x 15 feet deep. Soils at the 
site may require pile foundations. 

 Diversion structure and pumping facilities to discharge the tank into the existing 
South Magnolia Trunk sewer on W. Marina Place. As illustrated in the figure, 
modifications to the existing sewerage are required to make this connection, 
including modifications to the existing lift station serving the marina. 
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Alternative 1J - Pump Station, Force Main, and Storage Tank at Sites A, C, and I - 
Figure 5.15. This alternative comprises a new 7.7-mgd pump station at Site A, 3,100 LF of 
18- to 21-inch force main, and a 1.8-MG tank at Site C. Figure 5.12 illustrates the 
alternative. It includes the following elements: 

 The Magnolia CSO diversion structure modified to divert flow to the new pump 
station. 

 A new 7.7 mgd pump station out of the right of way on Site A. 

 A new, 3,100-LF, 21-inch, 7.7-mgd force main using a combination of HDD and cut-
and-cover construction along Site I, generally under City of Seattle property and W 
Galer Street to Site C. HDD would be used at the east and west ends of the 
alignment where the force main traverses steep slopes. 

 A 1.8 MG storage tank having dimensions of 120 x 200 x 15 feet deep. Soils at the 
site may require pile foundations. 

 Diversion structure and pumping facilities to discharge the tank into the existing 
South Magnolia Trunk sewer on W Marina Place. As illustrated in the figure, 
modifications to the existing sewerage are required to make this connection, 
including modifications to the existing lift station serving the marina. 

Alternative 1K - Pump Station, Converted Sewer, and Storage Tank at Sites A, C, and 
I - Figure 5.16. This alternative comprises a new 12-mgd pump station at Site A, 
conversion of the existing 4.3-mgd gravity South Magnolia Trunk Sewer to a 12-mgd force 
main, and a storage tank at Site C. Figure 5.13 illustrates the alternative. It includes the 
following elements: 

 The Magnolia CSO diversion structure modified to divert flow to the new pump 
station. 

 A new 12-mgd pump station out of the right of way on Site A. 

 The existing 18-inch ductile iron pipe pressure sewer between Site A and Site C is 
converted to a force main. 

 A 1.8-MG storage tank having dimensions of 120 x 200 x 15 feet deep. Soils at the 
site may require pile foundations. 

 Diversion structure and pumping facilities to discharge the tank into the existing 
South Magnolia Trunk sewer on W. Marina Place. 
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5.3.5 Alternative Using Control Approach 2 - Convey and Treat 

This control approach comprises conveyance capacity increases to convey peak flows out 
of the basin to downstream facilities. One alternative is presented, although various 
alignments and construction methods could be used. A significant constraint of this 
approach is the apparent limitations on capacity of the Interbay PS and downstream 
facilities to accept an increase in peak flow of 7.7 mgd or more. 

Alternative 2A - Pump Station, Force Main from Site A to Site C and a Gravity Sewer 
to the Interbay PS - Figure 5.17. This alternative comprises a new 7.7-mgd pump station 
at Site A, and a new force main and gravity sewer from Site A to the Interbay PS. The 
existing South Magnolia Trunk sewer would continue to convey up to 4.3 mgd. Figure 5.16 
illustrates the alternative. It includes the following elements: 

 The Magnolia CSO diversion structure modified to divert flow to the new pump 
station. 

 A new 7.7 mgd pump station out of the right of way on Site A. 

 A new, 3,100-LF, 21-inch, 12-mgd force main using a combination of HDD and cut-
and-cover construction along Site I, generally under City of Seattle property and W. 
Galer Street to Site C. HDD would be used at the east and west ends of the 
alignment where the force main traverses steep slopes. 

 A new, 3,500-LF 30-inch gravity sewer with a capacity of 8.4 mgd from the force 
main terminus on Site C to the Interbay PS. The sewer would be a sealed ductile 
iron pipe, may require pile support in some areas, and would require new 
easements from the City of Seattle and Port of Seattle. 

 Diversion structure and pumping facilities to discharge the tank into the existing 
South Magnolia Trunk sewer on W. Marina Place. 

5.3.6 Alternative Using Control Approach 3 - End of Pipe Treatment 

This control approach includes end-of-pipe treatment of peak flows between 4.3 and 12 
mgd that are tributary to the CSO control location. One alternative is presented, located at 
Site A, which makes use of the existing outfall to convey treated flow. Other sites, such as 
Site C may be used, but would require additional facilities and new outfalls. 

Alternative 3A - End of Pipe Treatment at Site A - Figure 5.18. This alternative 
comprises a 7.7-mgd HRC wet-weather treatment plant at Site A. Figure 5.15 illustrates the 
alternative. It includes the following elements. 

 A new diversion structure in the City of Seattle trunk sewer upstream of the Site A 
to divert flow into the treatment plant influent pump station. 

 A new 7.7-mgd influent pump station out of the right of way on Site A to convey flow 
into the treatment plant. 

 A 7.7-mgd HRC plant with approximate dimensions of 90 x 105 feet. 

 The Magnolia CSO diversion structure modified to return flow to the South Magnolia 
Trunk sewer. 
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5.3.7 Alternative Using Control Approach 5 - Combined Storage or 
Conveyance and Stormwater Reduction 

This approach reduces stormwater from rooftops that are currently connected to the CSS, 
in combination with storage. It is assumed that disconnected rooftops would be routed to 
rain gardens in order to not increase stormwater flows to the existing storm system, thereby 
requiring treatment of storm flows. The approach is variable depending on how many 
houses are separated. One alternative is presented that assumes 50% disconnection of 
rooftops. According to City of Seattle guidelines, one rain garden will provide storage for 
700 square feet of rooftop. Based on the average building size as determined from GIS 
data, an average house will require two rain gardens. The number of rooftops connected 
and the number needing to be disconnected  for various levels of storage reduction is 
shown in Table 5.8. It is noted that 100% disconnection reduces peak flow storage 
requirements by 93% so that some storage is needed regardless of disconnections. 
 

Table 5.8 Alternative 5A Rooftop Disconnection. Connected Rooftops  
by Sub Basin 

Sub Basin # 

# Rooftops 
Connected  
per model 

25% Reduction 
#disconnected 

75% Reduction 

#disconnected 

02 15 4 11 

03 57 15 44 

05 23 6 18 

06 638 160 480 

07 207 52 156 

08 184 46 138 

09 79 20 60 

Total 1204 303 907 

Alternative 5A - Rooftop Disconnection- (not illustrated.) This alternative comprises 50 
percent rooftop disconnection in Sub-basins 06, 07, 08, and 09. Additional reductions are 
taken in Sub-basin 06, to account for Sub-basins 02, 03, and 05. This reduces the total 
storage requirement to 1.11 MG. This alternative comprises one tank at Site A. It includes 
the following elements: 

 A below-grade 1.11-MG storage tank at Site A, with dimensions of 85 x 115 feet. 

 Infrastructure. A new diversion structure in the City of Seattle trunk sewer upstream 
of the tank site to divert flow into the tank at Site A. The Magnolia CSO diversion 
structure modified to return flow to the South Magnolia Trunk sewer. 

 The tank is assumed to be gravity flow in and out. 
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 The tank includes below-grade odor control comprising carbon scrubbers. 

 Standby power is provided for odor control. 

5.4 SCREENING OF PRELIMINARY ALTERNATIVES 

This section provides a detailed description of the alternatives screening performed under 
Step 2 of Phase 2 (as described in Section 5.1.3.2). The screening process is described in 
detail in memoranda titled “CSO Control Alternative Review and Comment Procedure: 
(Carollo Engineers, September 2009) and “Alternative Narrowing Process” (Triangle 
Associates, November 2009). 

5.4.1 Refined Preliminary Alternatives  

The project team used the selection criteria to perform a screening of the preliminary 
alternatives. Further information was available to the team through ongoing evaluation of 
community input, CSO modeling by the County, and review of land use and permitting 
criteria. The screening took advantage of refinements in the selection criteria evaluation 
questions based on the expanded information. As a result of team deliberations, some 
alternatives were dropped from further consideration and some were modified or combined. 
The result is summarized in Table 5.9. 

The refined preliminary alternatives were further developed and evaluated between August 
and December 2009. Team workshops held each month focused on technical and 
nontechnical aspects of the alternatives. Engineering schematics of each of the CSO 
control approaches were developed in order to refine costs as a result of County operations 
and maintenance input. The schematics were used to develop a basis of costs for the 
alternatives. A planning level cost estimate for each of the alternatives was developed and 
included in the evaluation. The refined alternatives are illustrated in Figures 5.19 through 
5.29. 
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5.4.2 Short-List Development 

Technical aspects of some alternatives changed as a result of the ongoing development 
between August and December 2009. The peak flow entering the CSO control facilities was 
revised from 12 mgd to 20 mgd to reflect new modeling information. The result of this 
revision was that peak conveyance and/or treatment requirement was increased to 15.7 
mgd. Required storage volume was not affected. Cost estimates for the alternatives were 
revised as needed. Further, it was determined that downstream capacity at the Interbay PS 
would limit increases in peak flows from the basin to 1 mgd or less. Table 5.10 shows the 
refined basis of planning criteria. 

 

Table 5.10 South Magnolia Final Basis of Planning Requirements 

Control Approach Required Volume or Capacity 

Total Peak Flow 20 mgd1 

Required Peak Convey-and-Treat Capacity 15.7 mgd 

Existing Convey-and-Treat Capacity  4.3 mgd 

Storage Capacity 1.8 MG 

End-of-Pipe Treatment Capacity 15.7 mgd2 

Peak Flow Reduction (Demand Management)  

Storage Volume for 25% Impervious Disconnection3 1.11 MG 

Storage Volume for 50% Impervious Disconnection3 0.49 MG 

Storage Volume for 75% Impervious Disconnection3 0.13 MG 

Notes: 
1. Required convey-and-treat capacity is the difference between "required peak convey-and-treat 

capacity" and "existing convey-and-treat capacity". 

2. End-of-Pipe Treatment capacity is the difference between "required end-of-pipe treatment" 
and "existing end-of-pipe treatment". 

3. Represents the percentage of impervious surface currently connected to the combined sewer 
system that must be disconnected to reduce the required storage volume. 

The refined preliminary alternatives were evaluated using the criteria and reviewed in a team 
workshop on December 17, 2009, at which they were reduced to four alternatives for further 
evaluation: 

 Alternative 1A – A below-grade, rectangular concrete storage tank, located adjacent to 
the existing County CSO control structure on 32nd Avenue W, and comprising 1.8 MG of 
combined sewage storage volume. Gravity flow in, and pumped flow out of tank. Above-
grade odor control and electrical facilities are included. Modification of the existing CSO 
control structure to add a diversion control structure with gates and hydraulic operators. 

 Alternative 1F1 – During development of alternatives, there were three versions of this 
alternative, Figures 5.24 through 5.26. These were combined for evaluation, with the 
simplest and most cost effective option selected for development. Alternative 1F1 was 
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selected for further development for the evaluation process. The resulting alternative is a 
below-grade, rectangular concrete storage tank, located out of the basin adjacent to 23rd 

Avenue W. and W. Garfield Street, and comprising 1.8 MG of combined sewage storage 
volume. Gravity flow into the tank via a 24-inch diameter, 2,700-LF sewer installed by 
HDD and 500 LF of cut-and-cover pressure sewer. Above-grade odor control and 
electrical facilities are included. Modification of the existing CSO control structure to add 
a diversion control structure with gates and hydraulic operators. 

 Alternative 2A – 2,100 LF of 12-foot diameter buried in-line storage pipe or similar sized 
precast concrete box section, located on Port of Seattle property adjacent to the existing 
South Magnolia Trunk sewer, north of the Magnolia Bridge between 23rd Avenue W and 
Elliott Avenue W. Gravity flow into the storage pipe via a 27-inch diameter, 2,700-LF 
sewer installed by HDD and approximately 800 LF of 27-inch pressure sewer installed by 
cut-and-cover methods. Above-grade odor control and electrical facilities are included. 
Modification of the existing CSO control structure to add a diversion control structure with 
gates and hydraulic operators. 

 Alternative 5A – Peak-flow reduction by disconnection of approximately 600 rooftops or 
installation of approximately 1,200 rain gardens. Storage at Site A, 1.1 MG. 

The process and results are described in meeting notes for this workshop (407.2 Planning 
Confirmation Workshop, December 17, 2009) are included as Appendix C. 

Subsequent to the workshop, Alternative 5A was re-evaluated. Because of uncertainties 
regarding the level of voluntary participation that would be required for this alternative to 
meet the CSO control objective (disconnection of  rooftops and installation of rain gardens 
would be required, and there is an existing stormwater system that serves most streets), this 
alternative was dropped from further consideration, leaving three alternatives to be further 
considered.  

5.4.3 Refinement of Short-Listed Alternatives  

Between January 2010 and May 2010, three alternatives were further developed. These 
three alternatives were subjected to close scrutiny by the project team Category Leaders, 
Basin Leads, and team at large. This evaluation culminated in selection of one alternative; 
the process and outcome is described at the end of this chapter. The three alternatives are 
described in the following sections and are illustrated in Figures 5.30 through 5.32. 
  



South Magnolia Alternative 1A - Storage Bottom of Basin

Project Elements:

1.8 MG buried tank X

Gravity in, pumped out - telemetry controlled X

Diversion structure in 32nd Avenue - telemetry  X

controlled

Benefits:

Single facility X

Lowest level of complexity to operate and maintain X

Similar to other county facilities, operators familiar  X

Not in Shoreline zone X

Challenges:

Street use permit required X

Narrow street restricts working area and access to nearby  X

homes

Steep slopes may require special permitting and  X

construction techniques.

Requires land acquisition or easements from Seattle Parks X

Planning Level Cost Estimate:

Capital  X
_ $28.3 million

Land  X
_ $1.76 million

Street Use Permits  X
_ $32,000

Figure 5.30
SHORTLISTED ALTERNATIVE 1A
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 Project Elements:

Horizontal directional drill (HDD)/trenchless  X

technology installation of gravity sewer from 
32nd Ave. to tank

1.8 million gallon buried tank X

Gravity in, pumped out - telemetry controlled X

Diversion structure in 32nd Ave. - telemetry  X

controlled

Benefits:

Single facility X

Low level of complexity to operate and  X

maintain

Similar to other county facilities, operators  X

familiar

Challenges:

Street use permit required X

Trenchless technique slightly risky - geotechnical  X

conditions good

Tank site has poor soils - may require pile support X

Requires land acquisition or easements from Seattle Parks X

High probability for cultural resources at base of east bluff X

Possibility of contaminated soils northeast of site X

Planning Level Budget:

Capital  X
_ $30.9 million

Land  X
_ $2.1 million

Street Use Permits  X
_ $40,000

South Magnolia Alternative 1F1 - Storage Out of Basin
Figure 5.31

SHORTLISTED ALTERNATIVE 1F1
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Project Elements:

Horizontal directional drill (HDD)/trenchless  X

technology installation of 27” gravity sewer to 
23rd Ave.

12’ diameter storage pipe X

27” gravity sewer to Interbay Pump Station X

Benefits:

Transfers all flows out of basin X

Similar to other county facilities, operators  X

familiar

Challenges:

Possible contaminated soils X

Street use permit required X

Work in port industrial area will affect businesses X

Requires land acquisition or easements from Seattle  X

Parks and Port of Seattle

Some probability of cultural resources X

Contaminated soils identified in east 500 feet of  X

alignment

Planning Level Cost Estimate:

Capital  X
_ $26.5 million

Land  X
_ $1.4 million

Street Use Permits  X
_ $40,000

South Magnolia Alternative 2A - Pipe Storage
Figure 5.32

SHORTLISTED ALTERNATIVE 2A
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Appendix C of this chapter includes a detailed description of the three alternatives 
considered, Technical Memorandum “South Magnolia Alternatives Update Information,” 
Carollo Engineers, , May 2010. Appendix C includes detailed operational descriptions and 
control narratives. Summaries of the alternatives are given below. Table 5.11 summarizes 
pertinent data for the three alternatives. 
 

Table 5.11 Short-Listed Alternatives Data 

 Alternative 1A 

(Fig 5-29) 

Alternative 1F1 

(Fig 5-30) 

Alternative 2A  

(Fig 5-31) 

Type of vessel,  
Dims., ft. 

Below Grade, 
Rectangular Tank, 

285 x 75 x 15 

Below Grade, 
Rectangular Tank, 

185 x 105 x 15 

Buried, In-Line 
Storage Pipe/Box, 

12 ft Dia. or 12 x 10 
Box, 2,100 LF 

# Internal Channels 4 6 1 

Sewer, Diameter inch/ 
length, ft/ construction 

NA 24/ 2,700 LF/ HDD 

24/ 500 LF/ Cut-and-
Cover 

27/ 2,700 LF/ HDD 

27/ 1,600 LF/ Cut- 
and-Cover 

Excavation Limits to 
Shoring, 

L x W x H (depth), ft 

300 x 85 x 34 (ave) 200 x 120 x 30 16 x 2,100 x 18 

Diversion Control 
Structure Dims 

L x W x H (depth), ft 

15 x 15 x 15 15 x 15 x 15 15 x 15 x 15 

Odor Control/Electrical 
Footprint, 

L x W x H (height),ft 

40 x 60 x 13-15 40 x 60 x 13-15 40 x 60 x 13-15 

Land acquisition, SF 27,000 (Tank) 27,000 (Tank) 5,000 (Odor Control 
Structure) 

Construction Limits, 
Staging, SF 

100,000 (required 
for slope 
modification.) 

158,000 (Potentially 
available.) 

126,000 (60-ft TCE 
along storage 
pipeline.) 

Planning Level 
Construction Cost, $ 

$13,100,000 $14,300,000 $12,300,000 

Preliminary Land 
Acquisition Cost, $ 

$1,760,000 $2,150,000 $1,430,000 

Street Use Fees, $ $1,760,000 $2,150,000 $1,430,000 

Additional Costs, $ $15,200,000 $16,600,000 $14,200,000 

Total, $ $30,100,000 $33,100,000 $28,000,000 
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5.4.3.1 Alternative 1A – Below-Grade Rectangular Storage Tank, 32nd Avenue W 

See Figure 5.30. This alternative includes a 1.8-MG rectangular, below-grade, cast-in-place 
concrete storage tank, diversion structure, tank cleaning mechanism, and submersible 
pumps for tank draining. It is located at approximately 6120 32nd Avenue W along the east 
edge of the right of way. The tank would have dimensions of 285 feet x 75 feet x 15 feet 
(water depth). The tank would be constructed by cut-and-cover methods. A large excavation 
into the hillside would be required to accommodate the tank. Cuts up to 60 feet high would 
necessary and require special shoring. Vegetation would be removed from the hillside. 
Several restoration options are available, ranging from a permanent, concrete tie-back wall to 
restoring the hillside. 

Operationally, the alternative would comprise a simple overflow structure added to the CSO 
control structure that would divert flow through pipeline to the tank at a pre-set level, 
illustrated in Figure 5.28 at the end of this chapter. A control gate would be remotely 
controlled to close when the tank is nearly full, and flow exceeding the capacity of the S. 
Magnolia Trunk Sewer would be diverted to the CSO outfall. The tank would retain the 
required volume, depending on the total peak storm volume, until rainfall has ceased for a 
pre-set time. At that time, automatic cleaning cycles would empty each of the four tank 
channels in turn, and the contents would be pumped back into the S. Magnolia Trunk Sewer 
over a 24-hour period using submersible pumps in the tank. 

The tank would be equipped with carbon scrubber odor control, electrical equipment, and a 
backup generator, housed in a separate above-grade structure. The tank would be accessed 
from the top at the ends for maintenance. Cleaning equipment would likely consist of either 
flushing gates or tipping buckets, to be determined during detailed design. 

Category Leads evaluated this alternative using the evaluation criteria shown in Appendix C 
of this chapter. The sections below describe evaluation considerations for this alternative. 

5.4.3.1.1 Land Use and Permitting Considerations 

The site for Alternative 1A is located in a residentially zoned area, and on open space owned 
by the City of Seattle Parks Department. The site is part of Magnolia Park. Use will require a 
conditional use permit and determination of consistency with Parks uses. Property 
acquisition and a construction easement will be required from Parks. 

5.4.3.1.2 Environmental Effects 

The 32nd Ave. W. site is in a narrow, steeply sided, wooded ravine. Construction of the 
storage tank would require substantial cuts into the hillside east of the roadway, extending 
50-60 feet up the hill and up to 100-ft to the east. Removal of trees and regrading would 
likely result in the need for specialized stabilization techniques. Cuts east of the tank site 
would likely affect trails and the existing public restroom facility in the Seattle Parks property 
at the top of the slope, requiring fencing and other measures for site stability.  

The adjacent street is narrow and is the only access to the waterfront boat ramp, a City-
owned water access site. The street is the only access to approximately 12 residences. 
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Because of the constrained site, water access by the contractor via the existing boat ramp at 
the foot of 32nd Avenue W may be needed during construction. 

5.4.3.1.3 Technical Considerations 

Alternative 1A is the simplest to operate of the three alternatives because the tank is located 
immediately adjacent to the CSO control structure. There is ease of control and access for 
coordinated operations and maintenance. 

Site location and size will limit the ability to expand the tank for greater peak flows than 
currently predicted. 

Alternative 1A has one substantial construction consideration: slope changes above the site. 
While early geotechnical studies indicate the feasibility of slope stabilization methods - 
including compacted embankment, reinforced soil, retaining walls, mechanically stabilized 
earth or combinations thereof - design geotechnical studies as well as slope restoration 
requirements that may be identified during final design will determine the post-construction 
slope topography and finish. 

5.4.3.1.4 Operations and Maintenance Considerations 

The tank concept is familiar to the County for operations. The concept is simple to operate 
and maintain. There is more limited access to the site because of the street and topography. 

5.4.3.1.5 Costs 

This alternative is the second least costly of the short-listed alternatives; at this level of 
estimating its cost is essentially equal to that of Alternative 2A. However, construction 
contingencies at this planning level may increase cost due to geotechnical and slope 
excavation conditions. Capital and Life Cycle Cost estimates are included in Appendix C of 
this chapter. 

5.4.3.1.6 Community Impacts 

Construction at this site has two substantial impacts on the community: 

 Short-term impacts from approximately 7,500 truck trips for removal of excavated 
materials and import of construction materials. The haul route is through the Magnolia 
commercial area and residential areas. 

 Short-term impacts from reduction of parking and restriction of access to the 12 
residences along the shoreline. 

 The community expressed concerns about steep unstable slopes in Magnolia in 
general. 

5.4.3.2 Alternative 1F1 – Below Grade Rectangular Storage Tank, 23rd Avenue W 
and W Garfield Street 

See Figure 5.31 at the end of this chapter. This alternative comprises a diversion structure, 
3,200 feet of 24-inch diameter gravity sewer, a 1.8-MG rectangular, below-grade, cast-in-
place concrete storage tank, tank cleaning mechanism, and submersible pumps for tank 
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draining. The diversion structure is located at approximately 6120 32nd Avenue W. along the 
east edge of the right of way. The gravity sewer would be installed using horizontal 
directional drilling and cut-and-cover techniques and would connect the diversion structure to 
the storage tank. The tank would be located adjacent to 23rd Avenue W. on one of two 6-
acre parcels. Siting of the tank on these parcels would be determined during final design in 
2011. 

The tank would have dimensions of 105 feet by 185 feet by 15 feet (water depth). The tank 
would be constructed by cut-and-cover methods. A shored excavation in level ground would 
be required. It is anticipated that the tank would be covered by 2 to 4 feet of earth and gravel 
or asphalt pavement. A 50-foot by 90-foot above- or below-grade structure would house 
carbon scrubber odor control, electrical equipment, and a backup generator. 

The tank would be accessed from the top at the ends for maintenance. Cleaning equipment 
would likely consist of either flushing gates or tipping buckets, to be determined during 
detailed design. 

Operationally, the alternative would comprise a simple overflow structure added to the CSO 
control structure that would divert flow through the gravity sewer to the tank at a pre-set level. 
A control gate would be remotely controlled to close when the tank is nearly full, and flow 
exceeding the capacity of the S. Magnolia Trunk Sewer would be diverted to the CSO outfall. 
The tank would retain the required volume, depending on the total peak storm volume, until 
rainfall has ceased for a pre-set time. At that time, automatic cleaning cycles would empty 
each of the six tank channels in turn, and the contents would be pumped back into the S. 
Magnolia Trunk Sewer over a 24-hour period using submersible pumps in the tank. A small 
force main would convey tank contents to the existing S. Magnolia Trunk Sewer within 500 
feet of the tank near the Magnolia Bridge. 

Category Leads evaluated this alternative using the evaluation criteria shown in Appendix C 
of this chapter. The sections below describe evaluation considerations for this alternative. 

5.4.3.2.1 Land Use and Permitting Considerations 

This site is in a General Industrial zoned area of the Port of Seattle and Seattle Parks. The 
site for the control structure and directional drilling is in residential zoned land and open 
space. Site uses at both locations may require a conditional use permit. Depending on final 
location, the tank site may be in the Shoreline zone, requiring a Shoreline permit. An HPA 
may be needed in order to stage pipe near or in water for the directional drilling operation. 
Property acquisition and easements from Parks and the Port of Seattle will be necessary. 

5.4.3.2.2 Environmental Effects 

The site for the diversion structure, along 32nd Avenue W. is constrained but impacts here 
will be minimal. At the tank site there may be impacts from near-shoreline construction or 
soil/groundwater contamination, as yet unconfirmed. The area at the base of Magnolia Bluff, 
adjacent to Parks property, has a high probability for cultural resources. There is potential for 
historical resources in Smith Cove Park. 
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5.4.3.2.3 Technical Considerations 

This alternative is relatively straightforward to construct and operate. The site is on flat 
ground with easy access through the Port of Seattle. Operation would be somewhat more 
complex than Alternative 1A due to the distance between the CSO control structure and the 
tank location. Controls to prevent tank overtopping during filling will require somewhat more 
complex control. 

This site offers the greatest flexibility for expansion if flows are greater than currently 
predicted. 

Some technical considerations may complicate final construction: 

 Preliminary data review indicates geotechnical conditions for the gravity sewer are 
likely favorable for HDD, but layout space for pipe installation may be a challenge due 
to the constrained areas at either end of the pipeline alignment. 

 Due to poor soil conditions and a high potential for soil liquefaction, the storage tank 
will likely be pile supported. 

 There is some chance of soil and groundwater contamination in the area of the tank 
site. 

5.4.3.2.4 Operations and Maintenance Considerations 

Access for maintenance for this alternative is the best of the short-listed alternatives. The site 
is easily accessed through Port property and there is adequate space around the tank for 
maintenance. The tank is a familiar concept for the County. Communications with the 
diversion structure are critical to operational success, and extra consideration for 
communications reliability is necessary. 

5.4.3.2.5 Costs 

Because of soil and groundwater conditions, and the historical uses of the site, this 
alternative has the highest cost of the short-listed alternatives. Construction related cost 
contingencies include soil conditions and post-construction site restoration. Capital and Life 
Cycle Cost estimates are included in Appendix C of this chapter. 

5.4.3.2.6 Community Impacts 

Depending on final siting of the facility, there may be impacts on the community’s use of the 
recreational areas of the overall site. There will be some short-term disruptions of traffic and 
pedestrian access to the Elliott Bay Marina and Smith Cove Park. 

5.4.3.3 Alternative 2A – In-Line Storage in Port of Seattle Property 

See Figure 5.30 at the end of this chapter. This alternative comprises a diversion structure, 
4,300 feet of 27-inch diameter gravity sewer, a 1.8-MG concrete storage pipe comprising 12-
foot diameter concrete pipe or similar construction, and submersible pumps for tank draining. 
The diversion structure is located at approximately 6120 32nd Avenue W. along the east 
edge of the right of way. The gravity sewer would be installed using HDD and cut-and-cover 
techniques and would connect the diversion structure to the storage pipe. The storage pipe 
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would be located north of the Magnolia Bridge along an expanded, existing sewer easement 
in the Port of Seattle industrial area. Siting of the storage pipe would be determined during 
final design. 

The storage pipe would have dimensions of 2,100 linear feet with a 12-foot water depth. The 
storage pipe would be constructed by cut-and-cover methods. A shored excavation in level 
ground would be required along the length of the storage pipe. It is anticipated that the tank 
would be covered by 4 to 6 feet of earth and asphalt pavement. A 50-foot by 90-foot above- 
or below-grade structure would house carbon scrubber odor control, electrical equipment, 
and a backup generator. The structure would be located near the inlet end of the storage 
pipe, with a location to be determined during final design. 

The storage pipe would be accessed from the top at the ends for maintenance. The pipe 
would be sloped slightly to the east to facilitate draining to a sump housing submersible 
pumps for draining. 

Operationally, the alternative would comprise a simple overflow structure added to the CSO 
control structure that would divert flow through the gravity sewer to the storage pipe at a pre-
set level, illustrated in Figure 5.32 at the end of this chapter. A control gate would be 
remotely controlled to close when the storage pipe is nearly full, and flow exceeding the 
capacity of the S. Magnolia Trunk Sewer would be diverted to the CSO outfall. The storage 
pipe would retain the required volume, depending on the total peak storm volume, until 
rainfall has ceased for a pre-set time. At that time, the contents would be pumped to the 
Interbay PS through a 500-foot force main, over a 24-hour period. 

Category Leads evaluated this alternative using the evaluation criteria shown in Appendix A-
2 of this chapter. The sections below describe evaluation considerations for this alternative. 

5.4.3.3.1 Land Use and Permitting Considerations 

Portions of this alternative are in the Shoreline zone and will require a Shorelines permit. 
Other uses in the industrially zoned area are consistent with zoning; however, the overall 
project may require a conditional use permit. An HPA may be required to support the HDD 
construction process. Property acquisition and easements from Parks and the Port of Seattle 
will be necessary. 

5.4.3.3.2 Environmental Effects 

Portions of the site on Port of Seattle property are listed by the State of Washington and 
USEPA as a hazardous materials site. 

5.4.3.3.3 Technical Considerations 

This alternative will have the most complex operations and maintenance of the three 
alternatives due to distance from the CSO control structure, the method of draining and 
cleaning, and access to the storage pipe. This alternative offers some limited ability for 
expansion. 

Alternative 2A has three technical considerations: 
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 Geotechnical conditions for the gravity sewer are consistent for HDD, but layout 
space for pipe installation may be a challenge due to the constrained areas at either 
end of the pipeline alignment. 

 The pipeline alignment for in-line storage is depicted as parallel to the existing 
S. Magnolia Trunk Sewer as an extension of the existing alignment. A detailed site 
survey will be needed to confirm the viability of this assumed route. 

 There is confirmed soil and groundwater contamination in the area of the tank site; 
the east end of the site is regulated by RCRA. 

5.4.3.3.4 Operations and Maintenance Considerations 

Access to the facilities is the most complex of the short-listed alternatives. The linear 
arrangement through an industrial area will make access for operations and maintenance 
more difficult. Odor control for the long pipe will be relatively more difficult and expensive to 
construct and operate. Direct discharge to the Interbay PS from the tank will increase the 
complexity of operational control. This pipe storage concept would be the second of this type 
operated by the County. 

5.4.3.3.5 Costs 

While costs appear to be the least of the short-listed alternatives, construction contingencies 
associated with the RCRA-regulated area of contaminated soil and water and working in an 
active industrial area may add more cost to the project. Capital and Life Cycle Cost estimates 
are included in Appendix C of this chapter. 

5.4.3.3.6 Community Impacts 

Community impacts will be limited to the minor construction along 32nd Avenue W. for the 
diversion structure. There will be short-term traffic disruptions during directional drilling. 
There will be some disruption of access and operations in the Port area. 

5.5 SELECTION OF A PROPOSED ALTERNATIVE 

This section describes the selection of a proposed alternative under Step 3 of Phase 2 (as 
described in Section 5.1.3.3). Detailed information is provided in Appendix C of the “South 
Magnolia Alternatives Update Information Project Memorandum” (Carollo Engineers, June 
2010).  

5.5.1 Refinement of Evaluation Criteria 

The evaluation template used by the project team to evaluate these alternatives is attached 
in Appendix C of this chapter. It describes the team’s comments on the various factors 
affecting selection of alternatives. 

5.5.2 Evaluation Process 

5.5.2.1 Screening Analysis 

The project team convened several focus group meetings between March 2010 and August 
2010. The team reviewed updated and new information about the alternatives developed by 
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the team and elicited from community input. The team refined the criteria questions and 
evaluation ratings as a result of the updated and new information. 

The team compiled evaluation results from the focus group meetings and convened a 
workshop in August 2010 to make a recommendation for a proposed alternative to carry 
forward for further environmental review. Meeting notes from the workshop are in Appendix 
C of this chapter. Table 5.11 contains a summary of the project team’s analysis of the three 
shortlisted alternatives. 

5.5.2.2 Project Implementation Risk Analysis 

In June 2010 the project team conducted two project risk assessment workshops for the 
short-listed alternatives. The resulting risk assessment matrices are in Appendix C. 
Alternative 1A and 2A had a number of potential high impact and high probability risks as 
shown in Table 5.12. This resulted in higher cost and schedule risk for these alternatives that 
would affect ability to meet the compliance schedule and would affect final project costs. 
Alternative 1F1 had only one potential high impact risk. 

5.5.3 Proposed Alternative for Further Environmental Review 

Resolving the identified potential cost and schedule disadvantages associated with 
Alternatives 1A and 2A may result in high impact and high probability risks to the County’s 
ability to meet the compliance schedule and/or minimize cost to County rate payers. As a 
result, Alternative 1F1 (Rectangular Storage Tank Out of Basin) is the alternative 
recommended for further environmental review (Proposed Alternative). Identified risks for the 
other alternatives included: 

 Alternative 1A has environmental and community impacts associated with slope 
modification and park use both during and after construction. 

 Alternative 2A has substantial risks associated with known soil contamination, 
impacts to Port of Seattle operations, and O&M access difficulties. 

Chapter 6 describes development of the alternative for review and approval. The 
environmental review process under SEPA has been completed. The County issued a 
Determination of Nonsignificance on May 23, 2011 (Appendix D).
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Table 5.12 Alternatives Analysis Summary 

 Alternative 1A: Bottom of Basin Storage1 Alternative 1F1: Out of Basin Storage2 Alternative 2A: Out of Basin Pipe Storage1 

Alternative Evaluation  
 

Had the most negative impacts to the community, the 
environment, land use and permitting.  

Has the lowest impact to the community, operations and 
maintenance, and the environment.  
 

In terms of negative impacts there was one high 
impact rating for contaminated soils.  

Technical Considerations Slope stability above the site; shoring and 
groundwater. Restricted physical space due to steep 
slopes. 

Horizontal Directional Drill (HDD)installation,  shoring required 
for the storage tank due to poor soil conditions and high 
potential for soil liquefaction  

HDD drilling, In-line storage location along the 
alignment of the existing Magnolia Trunk sewer and  
contaminated soil/water 

Sensitivity Analysis There is no need to increase the size of the tank for a 
higher average rainfall. 

There is no need to increase the size of the tank for a higher 
average rainfall. 

There is no need to increase the size of the pipe for a 
higher average rainfall. 

Preliminary Cost Estimates    

Construction $13,100,000 $14,300,000 $12,300,000 

Land/Easement $35,000 $45,000 $65,000 

Street Use Feee $1,760,000 $2,150,000 $1,430,000 

Additional Costs $15,200,000 $16,600,000 $14,200,000 

Total $30,100,000 $33,100,000 $28,000,000 

Community Input Strong opposition to this alternative. Support for this alternative. Support for this alternative. 

Real Estate Seattle Parks voiced concerns about cutting into the 
hillside in Magnolia Park. 

Discussions with the Port of Seattle indicated that the Port is 
willing to consider using Smith Cove Marina Park or the Port 
West Yard sites for storage.  

Port of Seattle has concerns about impact to cruise 
ship passenger parking at the terminal  
 

Land Use Permits 
In addition to the typical 
construction permits 

Seattle Parks permit, Environmental Critical Areas 
review 
 
Seattle Council Conditional use permit – high 
probability of appeal 

Shoreline permit, Environmental Critical Areas review, Council 
Conditional use permit 
 
Least complicated to permit of the three alternatives.   

Shoreline permit, Environmental Critical Areas review, 
Council Conditional use permit 

Environmental 
Considerations 

Steep slopes greater than >40% with the potential for 
landslides. 

Leaking storage tank in Smith Cove Park. Known contaminated soils on the Port property. 
 

High – High Risks a) Both Seattle Parks and the community oppose use 
of this site for the CSO project and could challenge 
the required zoning change from Single Family use 
to Industrial Use to build the facility.   

 
b) Significant construction on a steep slope and 

clearing of 2.5 acres of vegetation, which is 
opposed by citizens and which will trigger critical 
area review by the city. 

a) Specialty contractors required for the horizontal directional 
drilling are limited and could drive up the cost.  

a) Specialty contractors required for the horizontal 
directional drilling are limited and could drive up the 
cost.   

 
b) Sites the project on land that is federally registered 

as hazardous material area, requiring additional 
environmental review and increasing risk of added 
cost and liability. 

 
c) Potentially could impede the Port’s plans for future 

development.  
Notes: 

1. Alternatives 1A and 2A have a number of potential high impact and high probability risks, which may affect the County’s ability to meet the compliance schedule. 

2. Alternative 1F1 has one potential high impact risk and much lower risk to County rate payers. 
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CHAPTER NO. 6 

PROPOSED ALTERNATIVE – SOUTH MAGNOLIA BASIN 

This chapter provides engineering, cost and environmental information for the proposed 
alternative – Alternative 1F1 – Rectangular Tank Out of Basin Storage. Preliminary information 
for this alternative was provided in the previous chapter as part of the alternative development 
and evaluation documentation. The preliminary information along with additional design details 
and environmental information is provided in this chapter to provide a complete description of 
the proposed alternative. 

6.1 ALTERNATIVE OVERVIEW 

6.1.1 Overflow Frequency and Volume 

Table 6.1 shows CSO frequency and volume at South Magnolia CSO outfall both prior to project 
implementation and anticipated after implementation. 

 

Table 6.1 CSO Frequency and Volume from the South Magnolia Basin 

CSO Frequency and Volume 
Prior To Project 
Implementation 

Anticipated After Project 
Implementation2  

Annual Frequency 19 Overflows/year 1 Overflow/year 

Annual Volume 31 MG 4.6 MG 

30-year Simulation Total Volume 322 MG1 139 MG 

Notes: 

1. Based on MIKE Urban Model calibrated by Carollo Engineers, and a South Magnolia Trunk capacity 
of 4.3 MGD. 

2. Based on MIKE Urban Model, South Magnolia Trunk capacity of 4.3 MGD, and 1.8 MG of storage at 
bottom of basin. 

6.1.2 Existing Conveyance Operation 

The Proposed Alternative will be integrated with the existing South Magnolia Trunk Sewer 
system. The existing conveyance system consists of three components, the King County 
Magnolia CSO Control Structure (MAGCSO), the County outfall, and the South Magnolia Trunk 
Sewer (SMTS). The MAGCSO is located at approximately 6100 32nd Avenue W. 

Combined sewage entering the existing MAGCSO structure at the origin of the SMTS flows 
from a 42-inch diameter City of Seattle sewer along 32nd Avenue W entering from the north, 
and a 10-inch diameter force main entering the structure from the City of Seattle SPU PS77 
approximately 300-feet southwest of the structure. This flow pattern is not expected to change 
during the project life. However, the City of Seattle is planning an upgrade of its SPU PS77 to 
restore peak design capacity; increased flow is likely to slightly affect the draining schedule for 
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the South Magnolia CSO Facility tank, and possibly the number of uses of the tank annually1. A 
detailed operational schedule will be determined during design of the South Magnolia CSO 
Facility (SMCF). During dry weather, flows exit the existing MAGCSO structure through a 30-
inch diameter opening in the bottom of the structure that transitions to an 18-inch diameter 
ductile iron pressure sewer, the existing SMTS. The SMTS conveys up to 4.3 mgd from this 
structure approximately 3,700 linear feet along the Puget Sound shoreline to manhole W10-88 
north of the Magnolia Bridge. 

At manhole W10-88, the 18-inch sewer transitions to a 27-inch diameter concrete gravity sewer 
to convey flow from the basin, a local City of Seattle separated sewer, and a pressure sewer 
from the Port of Seattle industrial area 3,700 feet east to a manhole on the Elliott Bay 
Interceptor just outside the county’s Interbay Pump Station. The Interbay Pump Station conveys 
flow from the Elliott Bay Interceptor and the SMTS north to conveyance tributary to the West 
Point Treatment Plant.  

During wet weather and storm events, combined sewage entering the MAGCSO flows through 
the SMTS until flow in the pressure sewer causes the water level in the structure to rise to the 
level of a static weir in the structure. Flow exceeding the capacity of the SMTS tops the static 
weir into a 42-inch sewer that becomes a 36-inch diameter, 833-foot long outfall into Puget 
Sound (County outfall number 006), discharging at elevation minus 20 feet mean sea level 
(MSL). 

6.1.3 Facility Sizing 

The Proposed Alternative will augment the existing conveyance system. The basis of planning 
is detailed in Chapter 4 and summarized in Chapter 5, Table 5.5. The tank will provide a 
minimum of 1.8 million gallons of storage and the influent piping will convey a minimum of 15.7 
mgd from the SMCF Diversion Structure to the tank. 

Major project dimensions and sizes are provided in Table 6.1. Additional details of the proposed 
facilities can be found on the drawings in Figures 6.3 through 6.10 later in this chapter. The 
facility geometry and dimensions shown in this chapter are conceptual. The final location, 
geometry, and elevations will be determined during final design. 

                                                 
1 SPU PS77 is a draw/fill pump station. Station upgrades will return peak flow rates to design capacity. 

Peak discharge rates may affect short term flows in the SMTS, causing intermittent water level 
increases at the MAGCSO. During tank draining cycles, the capacity limit of the downstream SMTS 
combined with peak discharge from PS77 may cause a short term reduction in tank draining flow rates. 
Typical peak discharges are expected to be 10-20 minutes duration based on historic wetwell data 
provided by SPU. 
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Table 6.2  South Magnolia Basin CSO Facility Design Criteria 

Facility Component Design Criteria1 

Tank  

Tank Volume 1.8 MG 

Tank Length 190 feet 

Tank Width 110 feet 

Number of Channels 6 

Floor Slope 1%± 

Minimum Freeboard 2 feet 

Number of Drain Pumps 2 duty + 1 standby 

Drain Pump Type  Submersible 

Drain Pump Capacity 680 gpm per pump 

Diameter of Effluent Force Main 10-12 inches 

Maximum Time to Drain Storage  24 hours (incl. time for tipping bucket filling) 

Access Maintenance hatches over all equipment 
Lift slabs over all equipment 

Equipment Materials Corrosion resistant (316 SS or FRP) 
Concrete 

Ancillary Equipment Facility 

Odor Control Peak air displacement rate (peak flow to storage) or 
2 air changes per hour (whichever is greater) 

Air Treatment Activated carbon; 1 pass; 50 fpm; variable speed 
fan/blower 

Occupied Space Ventilation 12 air changes per hour 

Standby Generator Total estimated load; diesel w/ 24 hour capacity 

Backflow Preventer 4 inch 

Air Gap Tank TBD 

Number of Utility Water Pumps 1 duty + 1 standby 

Utility Water Pump Type  End-suction centrifugal 

Utility Water Pump Capacity 80 -100 gpm 

Facility Footprint 90 feet x 50 feet x 20-ft high 

Notes: 

1. Design criteria are approximate and may be revised during final design. 
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the operation of major project elements are described in following paragraphs. This project 
includes the following elements: 

 Modification of the existing below-grade MAGCSO will provide for flows from the control 
structure to be routed to the storage tank when peak flows into the structure exceed the 
capacity of the SMTS.  

 A 2,700 LF, 15.7 mgd capacity gravity sewer installed using Horizontal Directional 
Drilling technique that will convey flow from the diversion structure to the storage tank. 
Gravity sewer elements include: 

 24-inch diameter sewer, material to be selected during final design. 

 Manual isolation gate. 

 A rectangular, below-grade, cast-in-place storage tank includes:  

 A 24-inch influent sewer and powered control gate. 

 A cast in place, below-grade storage tank, comprising six, 17-18-feet deep by 15-feet 
wide channels. 

 A tank flushing system including tipping buckets and non-potable water supply using 
City of Seattle water. 

 A pump station located in the tank, to discharge tank contents to the South Magnolia 
Trunk at manhole W10-88, within 24-hours following use of the tank. 

 A 10-inch to 12-inch diameter discharge force main, approximately 500-feet long 
from the tank to the discharge manhole. 

 Access hatches and lift slabs for routine and long-term operation and maintenance. 

 An ancillary equipment facility for odor control, mechanical and electrical equipment 
including: 

 Control panels and MCCs. 

 Standby power generator with fuel storage tank. 

 Odor control system including mist eliminator, carbon scrubbers, and fans. 

 Ventilation system. 

 Utility water system including backflow preventer, air gap tank, pumps, and 
hydropneumatic tank. 

 Site improvements including: 

 Improvements as required by SDOT and/or the Port of Seattle or City of Seattle 
Parks Department and the City of Seattle DPD, along 23rd Avenue W. 

 Tank site access paving and fencing as required. 
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6.1.3.1 SMCF Diversion Structure 

A modified below-grade MAGCSO structure will include an opening for a 24-inch diameter 
gravity sewer to convey flow approximately 2,700 feet to the storage tank. Figure 6.3 illustrates 
the concept for the diversion structure at the MAGCSO control structure. It is anticipated that all 
structures associated with this diversion structure will be located in the right of way of 32nd 
Avenue W. 

The inlet for the diversion box will be set at a level to allow gravity flow exceeding the capacity 
of the SMTS to enter a new gravity sewer. The pipeline will be designed to flow partially full 
when the design peak flow of approximately 15.7 mgd is being conveyed to the storage tank. 
Flow velocities in the gravity sewer are expected to be high enough to effectively draw air into 
the sewer, minimizing odors at this location.  

The static weir in the MAGCSO structure that is the overflow control to the outfall will be raised 
to allow rising water levels in the structure to enter the SMTS and the gravity sewer to the 
SMCF. Total flow exceeding 20 mgd (4.3 mgd in the SMTS and 15.7 mgd in the gravity sewer) 
will pass over the weir into the existing outfall. Based on design decisions, a manual gate may 
be installed in this structure for redundant control of flows to the tank or for maintenance 
purposes. 

6.1.3.2 Conveyance Pipeline 

The SMCF Diversion structure will route flow to the gravity sewer and the SMCF. The 
conveyance pipeline will be a 24-inch diameter gravity sewer, 2,700 feet long, constructed using 
horizontal directional drill (HDD) techniques (2,200 feet) and cut and cover construction 
techniques (500 feet). Figure 6.2 illustrates the general location of the conveyance pipeline. In 
general the pipeline will vary from 6 feet to 150 feet below the ground surface, and be sloped to 
the east at about 1%±. The pipeline will be designed to flow partially full at design flow (15.7 
mgd) to allow air to enter at the MAGCSO structure and move along the pipeline to the storage 
tank and odor control system. 

The conveyance pipeline will likely be installed by drilling from east to west, originating near 
23rd Avenue W and exiting near the diversion structure adjacent to 32nd Avenue W. Detailed 
design decisions will determine the sequence of drilling and carrier pipe insertion, and the 
material used for the carrier pipe. Near its origin on 23rd Avenue W the pipeline will be 
continued to the SMCF as a relatively shallow gravity sewer, using cut and cover construction 
techniques. The conveyance pipeline will terminate at the SMCF inlet box. 

6.1.3.3 South Magnolia CSO Facility 

The proposed SMCF will be a 1.8 million gallon, rectangular, below-grade, cast-in-place, six-
channel storage tank with plan dimensions of approximately 110 feet by 190 feet to the outside 
of walls. The tank will have a working water depth of 15 feet and a freeboard of at least two feet. 
Figure 6.4 shows a conceptual SMCF plan and Figure 6.5 illustrates a conceptual SMCF 
section view of the tank. The ancillary facility on the site includes a single story, above-grade 
structure with a footprint of approximately 50 feet by 90 feet that houses carbon scrubber odor 
control unit with fans, electrical equipment, and a backup generator.   
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The storage tank will be constructed with access hatches over equipment at both ends of the 
tank. An underground gallery with ventilation and lighting, for access to control gates, level 
sensing devices and drain pumps will be provided at the discharge end of the tank. Lift slabs will 
be constructed over all major equipment to allow access for major equipment repairs or 
replacement. 

The SMCF will control flow from the diversion structure at a powered inlet gate at where the 
gravity sewer enters the tank. Gate position will be controlled by level in the most downstream 
channel in the tank. Fixed weir openings between the tank channels in the tank will allow flow to 
enter each channel in sequence. The most upstream channel, Channel 1 will fill first; when it is 
full, flow will top the weir in the wall separating Channel 1 from Channel 2 and Channel 2 will fill. 
The channels will continue to fill in sequence until the tank has reached its maximum water 
level, as measured by a level sensing device in Channel 6. When the tank is full, the inlet 
isolation gate will close, terminating flow into the tank. Flow will backup in the conveyance 
pipeline, raising the water level in the MAGCSO structure until it overtops the static weir at the 
outfall entrance. 

Water levels in the downstream SMTS and the Elliott Bay Interceptor (EBI) will be monitored. 
Following storm events, when water level in the EBI drops, drain pumps in the SMCF will initiate 
the draining and flushing cycle. 

The tank channels will begin to drain in sequence by opening a drain gate at the end of tank 
Channel number 1. Each tank channel will empty into a common channel across the tank that 
ends at the sump for the drain pumps. As the drain gate opens, float switches in the drain pump 
station will activate one to two submersible pumps to convey flow through a 500-foot long force 
main to manhole W10-88 on the SMTS, northeast of the tank site.  

As the water level drops in channel number 1, the inlet control gate at the SMCF will open to 
allow flow stored in the incoming gravity sewer to be emptied into the tank and drained. 

As the water in Channel number 1 reaches it minimum level, a tipping bucket system will be 
filled using non potable water from the City of Seattle system, provided through a backflow 
preventer, air gap tank, and pumps. This water system will be located in the Odor 
Control/Electrical building. Manifold piping and automatic valves in the building will provide 
water to each tipping bucket in sequence as needed during cleaning. 

The tipping bucket will empty by gravity when it fills; the flow will create a moving hydraulic jump 
to wash accumulated solids to the drain pump sump. When this cycle is complete, the Channel 
number 1 drain gate will be closed, and the cleaning cycle will proceed to Channel number 2, 
and so on, until the entire tank has been drained and flushed. 

The flushing cycle is expected to last 24 hours when the tank has been completely filled during 
a storm event. At the conclusion of the cleaning cycle, the inlet control gate at the SMCF will 
open to prepare the system for the next use. 

6.1.3.4 Ancillary Equipment Facility 

An ancillary equipment facility, shown in Figure 6.6, will house the odor control system, 
mechanical equipment, and electrical equipment to support operation of the storage tank. The 
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exterior dimensions of the facility will be approximately 90 feet long by 50 feet wide. The above-
grade building may be located above or adjacent to, the storage tank depending on siting 
decisions. 

The odor control system will consist of one or more carbon adsorption scrubber vessels, mist 
eliminator, and fans. The ventilation rate will be two air changes per hour (ac/hr) or the 
equivalent of a maximum fill rate (15.7 mgd), whichever is greater. The odor control fan will be 
equipped with a variable speed fan to increase ventilation rates to 6 ac/hr to facilitate manned 
entry. The odor control system will be directly connected to the storage facility with buried 
corrosion-resistant ductwork or piping (PVC or fiberglass ductwork).  

The building will also house HVAC equipment for the storage tank access galleries. The 
ventilation rate will be 12 air changes per hour. 

To provide water for the flushing system and other facility needs, water drawn from a new 
service from the nearest City of Seattle water line will be routed through an above-grade 
backflow preventer and air break tank as required by current health codes. The air break tank 
will be a reservoir inside the ancillary facility. Utility water pumps will draw from the reservoir and 
pump the water into a hydropneumatic tank to pressurize the utility water system.   

6.1.3.5 Dry Weather Flow Description 

Operation of the SMCF was generally described in previous paragraphs. Figure 6.7 is a 
schematic of dry weather flow. Dry weather flow is defined as flow less than or equal to 4.3 
mgd, which is the capacity of the SMTS.  

6.1.3.6 Wet Weather Flow Description 

Figure 6.8 is a schematic of wet weather flow. Wet weather flow is defined as flow greater than 
4.3 mgd, and less that 20 mgd.  

6.1.3.7 Process Flow Diagram 

Instrumentation and controls strategies will be developed during final design of this project. The 
SCADA system will provide the operator with applicable control set points and will generate 
level alarms when the storage facilities approach and reach their fill levels and when flows over-
top weirs. Figure 6.9 the process flow. Appropriate control actions will be implemented for the 
following situations: 

 Power failure and restore. 

 Communications failure and restore. 

 PLC self-diagnostics alarms and restore. 

 Level measure calibration, out of range (high and low), and restore. 

 Set point entry range checking. 

6.1.3.8 Hydraulic Profile 

The hydraulic profile of the SMCF is shown in Figure 6.10.  
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6.1.4 Site Improvements 

6.1.4.1 Access to Proposed Facilities 

The site for the SMCF is depicted in Figure 6.1. The SMCF will be located on this site as 
determined by design decisions. Factors in location of the tank include potential location and 
impacts of the future Magnolia Bridge replacement project, and other sites uses as determined 
by the property owner. There are currently two property owners of land, City of Seattle Parks 
Department and Port of Seattle, that may be used for the SMCF. Ownership of the site may 
reside with the current owner, with the County having subsurface and surface use rights. Since 
this site was identified as potentially viable in 2010, King County has been and continues to 
communicate with the key stakeholder agencies (City of Seattle Parks Department, Port of 
Seattle, and City of Seattle Department of Transportation) to confirm the best location for the 
storage tank within the feasible area. 

It is anticipated that access to the SMCF for operations and maintenance will be from 23rd 
Avenue W or from an extension of W Garfield Street, or both. It is also anticipated that some 
area over the top of the tank will be used for other purposes as determined by the property 
owner. 

The characteristics of access to the SMCF include: 

 Street access to the entire SMCF site around the tank and ancillary facility. Street 
access may be shared with the property owner. 

 Dedicated paved access around the equipment hatches and lift slabs. 

 Dedicated paved access around the ancillary facility. 

 It is not anticipated that the site will be fenced. 

6.1.4.2 Right-of-Way Improvements 

The right-of-way along a portion of 23rd Avenue W and/or W Garfield Street may be required to 
meet current SDOT pavement and street restoration requirements, and/or the requirements of 
the Port of Seattle:  

 Ordinance 122615 (Sidewalks Improvement Initiative) requires that development 
projects provide full street improvements.  

 Pavement removal and restoration in the right-of-way will conform to Seattle Department 
of Transportation Director’s Rule 2004-02. 

 Any new landscaping will be in accordance with City of Seattle standards.  

 Stormwater requirements will conform to Seattle Department of Planning and 
Development Director’s Rule 17-2009 (SMC Chapters 22.800 – 22.808).  

 Temporary relocation of the Elliott Bay Bike Path along 23rd Avenue W. 
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6.1.4.3 Stormwater Requirements 

Due to likely improvements both within the right-of-way and on a parcel, this alternative will be 
classified as a "Joint Project" requiring that both parcel-based and roadway stormwater 
requirements be met (SMC 22.805.070). The area of impact for the proposed project will include 
greater than 7,000 square feet of new or replaced impervious surface. Therefore, for site 
stormwater control, according to the November 2009 Directors' Rules for the Seattle Stormwater 
Code (SMC Chapters 22.800-22.808), runoff from the site will require water quality treatment. 
The design water quality treatment volume will be equal to 91 percent of the total volume of the 
simulation period using an approved continuous model (SMC 22.805.090.B1.a).  

The site is tributary to a storm sewer system that drains to Puget Sound, which is classified as a 
designated receiving water and will not require the project to implement flow control.  

This location is not been designated as "capacity-constrained,” which requires peak flow control 
(SMC 22.805.080.B4). However, as a "large" project (replacing 5,000 square feet or more of 
impervious surface), an analysis of the downstream system within 1/4-mile of the site will be 
required to ensure sufficient capacity of the drainage system (SMC 22.805.020.I). Should the 
downstream system be determined to have insufficient capacity (based on the peak flow’s four 
percent annual probability or 25-year recurrence interval), peak flow control or improvements to 
the drainage system may be necessary.  

This alternative will implement Green Stormwater Infrastructure (GSI) Best Management 
Practices (BMP) to the maximum extent feasible (SMC 22.805.020.F), including, but not limited 
to, the use of permeable surfacing and bioretention planters for water quality treatment. Using 
the City’s current standards for design of GSI concepts, the size of the treatment facility required 
will be based on the percentage of existing impervious surface and will vary based on the 
technologies used.  

6.1.4.4 Landscaping 

There is no landscaping on the project site on 32nd Avenue W. A variety of shrubs and existing 
grass along 23rd Avenue W and in Smith Cove Park will likely be removed during construction. 
There are large deciduous trees along 32nd Avenue W. The 23rd Avenue W site potentially has 
significant large trees. The area and extent of impact within Smith Cove Park will depend upon 
the final tank location. 

Areas disturbed by construction will be replanted with drought tolerant or native planting, or 
both, as developed during final design. Landscaping will be in accordance with City of Seattle 
standards and the county will work with the community to develop the landscaping plan. 

6.2 ENVIRONMENTAL IMPACTS 

The project will reduce the CSO volume and frequency to Puget Sound which is anticipated to 
enhance water quality and wildlife habitat. Elements evaluated during initial analyses included 
ecosystems, groundwater and surface water, earth resources, land use, recreational resources, 
utilities, transportation, odor and air quality, noise, vibration, cultural resources, endangered/ 
threatened species and habitats. The County has prepared a SEPA Environmental Checklist in 
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accordance with WAC 197-11 and issued a Determination of Nonsignificance in May 2011. A 
copy of the Environmental Checklist and threshold determination has been provided in 
Appendix D. 

6.2.1 Ecosystems 

The primary project area consists of a parcel adjacent to 23rd Avenue W south of W Garfield 
Street in the City of Seattle. The site contains two parcels, one owned by the City of Seattle 
Parks Department and the other by the Port of Seattle. Each site is approximately 6 acres. The 
steep slope area west of Smith Cove Park also contains a mature forested community 
dominated by big-leaf maple and western red cedar and likely provides habitat for migratory and 
resident wildlife. 

The ravine above 32nd Avenue W and west of South Magnolia Park contains a mature 
deciduous forest community dominated by big-leaf maple and provides habitat for migratory and 
resident wildlife.  

6.2.1.1 Wetlands 

The 23rd Avenue W site is bordered by Puget Sound on the east side. No wetlands are mapped 
for this location; however, during a site investigation, wet soils and hydrophytic vegetation were 
observed at the base of the 32nd Avenue W ravine within a ditch on the east side of the road.   

6.2.1.2 Streams and Ditches 

There are no streams on or adjacent to the site. A historical stream, Wolf Creek, now exists in a 
piped section near the 32nd Avenue W project area. 

6.2.1.3 Fish Resources 

Existing mapping does not indicate fish usage for the piped portion of Wolf Creek through the 
32nd Avenue W project area (WDFW 2010; WDFW 2008). The site is adjacent to Puget Sound. 
Construction staging of pipe in the water (floating) could occur depending on future design 
decisions; this may have a temporary effect on fish, as yet undetermined. The project will limit 
combined sewer overflows to Puget Sound which is anticipated to enhance water quality and 
wildlife habitat. Therefore, no negative impact to fish resources is expected. 

6.2.2 Groundwater and Surface Water 

Shannon & Wilson, Inc. performed a preliminary geologic/geotechnical evaluation of South 
Magnolia alternatives for this project (Shannon & Wilson, Inc., December 2009). As described in 
Chapter 3, the evaluation included an assessment of the geologic conditions in the project area 
and information on the geotechnical limitations. 

The depth to groundwater is unknown, but it is probably close to the ground surface due to its 
proximity to Puget Sound.  

Since the storage tank will be approximately 30 feet below ground surface, groundwater is 
assumed to be encountered during excavation for the tank. Dewatering water will most likely be 
discharged through the existing sewer or storm drain systems. 
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There is some possibility of contaminated groundwater at the site based on the proximity to a 
state-listed hazardous materials site approximately 1,000 feet east of the site. Currently 
available information does not indicate contamination on the proposed project site. The City of 
Seattle Critical Areas map, Figure 3.7 identifies a potentially leaking underground storage tank 
on the west side of 23rd Avenue W on part of the proposed site. Its location is not confirmed. 

Puget Sound lies to the south and east of the project area. Based on design decisions, there 
may be some impacts to Puget Sound due to a need to stage carrier pipe for the horizontally 
directionally drilled conveyance sewer to be installed as part of the project. The project will have 
a long-term beneficial impact on water resources since it will satisfy Ecology’s CSO 
requirements by complying with the one untreated event per year on average requirement. 

6.2.3 Earth Resources 

6.2.3.1 Soils 

Due to soils in the tank site area, the tank may require pile support. Shoring and groundwater 
control are likely to be required to support construction. All soils excavated for the storage tank 
will be hauled off-site to approved locations. There is a potential for soil contamination at the site 
due to a state-listed hazardous materials site approximately 1,000 feet east of the site. 
Geotechnical exploration for the project site will include sampling for contamination in the soils 
and groundwater. Soils on the project site are likely to be fill 10-20 feet thick below the improved 
surfaces. Dewatering water from excavation activities will likely be discharged to the SMTS, 
capacity allowing. 

Soils at the diversion structure site on 32nd Avenue W are likely to be glacial outwash near the 
surface, with interception of the Lawton clay layer close to the point of HDD entry/exit. The 
diversion structure will be a small utility structure; typical dewatering and shoring for a 12-15 foot 
deep structure are expected. Shoring and near surface water control will likely be needed for the 
HDD entry/exit point. Groundwater from the HDD construction will be collected at the east end 
of the alignment near 23rd Avenue W and likely be discharged to the County’s SMTS. 

6.2.3.2 Geologic Hazards 

A review of the Critical Areas Maps (Figures 3.6 and 3.7 in Chapter 3) shows a potential for 
liquefaction at the site due to the nature of fill materials underlying the site. The extreme western 
edge of the site is adjacent to steep slopes with landslide potential according to City of Seattle 
sensitive area maps. The Magnolia Bluff area has a well documented history of landslide 
activity. Construction activities using HDD techniques will likely be routed in pre glacial clay 
deposits below the later glacial and post glacial materials of the bluffs. See Appendix A of this 
document for more information. 

6.2.3.3 Soil and Groundwater Contamination 

There are no known contaminated areas located on the project site. However there is a state-
listed (under the Model Toxics Control Act) hazardous materials site approximately 1,000 feet 
east of the site. 
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6.2.4 Land Use 

The zoning at the location of the facilities near the bottom of 32nd Avenue W is single family (SF 
7200). Structures in the street right of way will require a street use permit from the Seattle 
Department of Transportation (SDOT), while structures out of the right of way will require Master 
Use Permits from the City of Seattle Department of Planning and Development (SDPD). If on 
Seattle Parks property, approvals from City of Seattle Parks Department (Parks) will also be 
needed. 

Conveyance east from the bottom of 32nd Avenue W will variously traverse (below grade) street 
rights of way and/or Seattle Parks property, and approvals as described above will be 
necessary. The storage tank would be located on Port of Seattle property zoned industrial (IG, 
General Industrial).  

6.2.5 Recreational Resources 

There are two recreational areas potentially impacted by the project. Adjacent to the 32nd 
Avenue W site of the CSO diversion structure, there is an undeveloped park area. Construction 
impacts to the area within the right of way and adjacent to 32nd Avenue W are likely to be 
limited to small areas of tree removal at the base of the slope for construction equipment related 
to installation of the HDD gravity sewer. Following construction, access is not likely to be 
affected.  

The west half of the potential project tank site adjacent to 23rd Avenue W will be impacted 
during construction, and potentially for the long term, depending on location of the storage tank. 
During construction, horizontal directional drilling equipment will be located on the north half of 
the parcel west of 23rd Avenue W, and a cut and cover sewer will be constructed across this 
area to 23rd Avenue W. If the storage tank is located on this parcel, the sewer will not be 
constructed, however access hatches, removable slabs, the ancillary equipment facility, and 
other surface features will reduce recreational uses of the site. Construction may affect access 
to Elliott Bay Marina and Thorndyke Park during some work activities. 

Long term access to the recreational field west of 23rd Avenue W may be reduced if the tank is 
located on that parcel, due to the need for surface access to the tank for operations and 
maintenance purposes. While the tank will be underground, several surface hatches will affect 
use of the area as a park. The ancillary facility, an above-grade 4,500 square foot building will 
also occupy approximately 16,500 square feet when access is included. This facility could be 
constructed over the tank or adjacent to it. 

6.2.6 Utilities 

Existing utilities along 23rd Avenue W may be affected as part of facility construction and 
improvements to the property. Existing sewer, drainage, power, gas, and telecommunications 
services will be maintained through temporary and/or permanent relocation of utilities as 
required by the final design. 
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6.2.7 Transportation 

There will be limited impacts to traffic and access during construction as a result of construction. 
Potential delays and detours during construction could have temporary, indirect impacts.  

One lane of 32nd Avenue W will likely be closed near the site during construction. Informal 
parking in the right-of-way will be displaced. 

Temporary lane closures will occur on 23rd Avenue W within the construction area to construct 
the conveyance pipeline. The length of traffic interruption will vary depending on the selected 
construction sequence for the HDD pipeline installation and the road crossing of 23rd Avenue 
W.  

In addition to road closures and detours during construction, there will be increased construction 
traffic to and from the project site. The peak number of daily construction trips will occur during 
excavation and backfilling of the storage tank and asphalt paving and are estimated at 
approximately 30 trips per day. During other phases of construction, the number of daily 
construction trips is likely to be less than 30 trips per day. If construction is scheduled 
appropriately in consideration of other uses in the Port of Seattle area adjacent to the site, it is 
likely that the general construction traffic will have little impact on the level of service in the area.  

The contractor will be required to submit a traffic control plan detailing the haul route for 
construction traffic. Additional traffic control measures, such as warning signs and flaggers, may 
be a requirement of the haul route approval.  

Measures to reduce or control transportation impacts by the completed project will not be 
required. 

6.2.8 Odor and Air Quality 

Air quality impacts from earth-moving activities during construction are typical for large 
construction projects. Best Management Practices (BMP) will be implemented for dust control 
including street sweeping, watering exposed soil surfaces, and covering soil stockpiles to help 
minimize the amount of fugitive dust and particulate pollution to the surrounding areas. Other 
similar BMPs might be employed by the contractor to minimize dust. Construction activities 
often concentrate heavy equipment powered by gas or diesel engines in a particular location. 
Air pollution from engines could increase during certain activities, such as queuing trucks for 
loading and offloading of materials, or during heavy excavation. Provisions to limit idling of 
mechanical equipment typically are included in King County projects and will be employed 
during construction to minimize the amount of air pollution generated from gas- and diesel-
engine-driven machinery, as well as to limit greenhouse gas effects. 

Long-term impacts (continuous emissions) from odors associated with operation of the facilities 
would be minimized and mitigated through several design features. Odor generation in the new 
Diversion Structure would be minimized by limiting turbulence and keeping the hatches to the 
structure closed. Odors generated at the storage tank would be minimized through the 
automated flushing system installed to clean settled solids from the tank after each storage 
event. Periodic manual wash down of the accessible portions of the tank walls could be used to 
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minimize odorous gas formation in the tank further; however, the current design prioritizes the 
automated flushing system. Any odors generated within the tank from stored wastewater or 
solids not removed from the wash down system would be mitigated through operation of the 
planned odor control facility.  

Instrumentation to measure inlet and outlet gas concentrations at the odor control facility will 
help determine the functional performance and life remaining on the carbon filter media to more 
accurately schedule carbon replacement. This active monitoring will ensure that foul odors are 
controlled to the extent possible by the installed system. 

6.2.9 Noise 

Noise impacts during construction will be mitigated by contract documents requiring compliance 
with noise regulations, local jurisdictional codes, and the county’s noise policy. Variances may 
be obtained if the schedule requires working additional hours beyond current ordinance 
allowances. 

Equipment operation after the facility is in operation will produce little if any noticeable noise. 
Pumps in the storage tank are submersible and will not produce noticeable noise levels. All 
functional noise controls, such as insulation under access hatches, will be implemented so that 
noise levels at the property line will not exceed those levels required for the site’s current 
zoning.  

Odor control equipment, pump motor starters and standby generator will be housed in a facility 
on the storage tank site. Additional noise mitigation measures such as louver baffles, acoustical 
shrouds, and exhaust stack silencers will be included as necessary to provide minimum noise 
conditions at the site’s property line. Additional measures such as cabinet acoustical insulation 
or noise-suppressing insulation inside the structure may be required if noise levels at the site 
become unacceptable to the adjacent residents. 

6.2.10 Vibration 

Vibration during construction of the facilities will be monitored at nearby residences. Standards 
of care will be applied and specified in the contract documents.  

During normal operation of the storage tank and completed facility equipment, vibrations will be 
localized to the degree that only those persons standing near the equipment enclosure or on 
hatches directly adjacent to equipment will notice vibrations. Pumps currently sized for this 
facility are not large enough to create vibration issues, particularly given the mass of the new 
storage facility. Odor control equipment and standby generator will be fitted with anti-vibration 
components in the equipment anchoring systems specified for the project. 

6.2.11 Cultural Resources 

A review of known, potential cultural, archaeological, and historic resources within the South 
Magnolia Basin has been conducted. There are no known archaeological sites or historic 
structures on or near the proposed project site. Based on site characteristics and location, the 
project area near 23rd Avenue W has a high probability of containing archaeological or cultural 
resources, while the location of the small diversion structure and gravity pipeline near 32nd 
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Avenue W has a low probability. Near the 23rd Avenue W site, the area at the base of the east 
facing Magnolia bluff has a high probability of cultural resources. The Admiral’s House (Figure 
6.1) is a historic structure, although construction will not likely affect this house. 

6.2.12 Endangered/Threatened Species or Habitats 

There are no threatened or endangered species known to be on or immediately adjacent to the 
project site. Project construction at the Diversion Structure will be approximately 200 to 300 feet 
north of Puget Sound. Project construction for the tank could be within 200 feet of the shoreline 
of Puget Sound. Long-term effects of the project will be beneficial to listed species in Puget 
Sound as water quality will be improved with a reduction in the combined sewer outfall overflow 
events. 

6.2.13 Prime or Unique Farmland 

There is no farmland within the project area, so there are no impacts to prime or unique 
farmland. 

6.3 DESIGN LIFE 

The design life of the storage facility is based on a 50-year life cycle and the primary equipment 
design life is based on a 20-year life cycle. Routine maintenance of the facility and replacement 
of equipment will occur as needed to obtain the design life. 

6.4 RESIDUALS MANAGEMENT 

The proposed pipeline storage tank will be designed with a tipping bucket flushing system, so 
that any solids will be flushed out of the tank following a CSO event and not likely accumulate in 
the storage tank. Residual solids will be flushed through the tank drain pumps and  back into the 
South Magnolia Trunk Sewer. However, should the tank need additional cleaning, it will be 
designed to allow for multiple flush cycles, and access for manual cleaning.  

6.5 ABILITY TO EXPAND 

It is not anticipated the South Magnolia Basin will experience any significant demographic or 
land use changes in the future. The area is considered built out and population levels are 
anticipated to remain relatively constant. The need for this project is not due to anticipated 
population growth or increase in sewered areas (connecting on-site systems to sewer system); 
therefore, it is not anticipated that future demographics, land use, or population growth will 
increase the storage volume required to meet current Ecology requirements. 

In the event the facility is undersized, the County has the option to add on to the tank on the 
site, or support additional CSO reduction measures including a focus on the City of Seattle’s 
Residential RainWise Program and the City of Seattle Drainage Code. 

The City’s Residential RainWise Program aims at reducing the amount of stormwater runoff 
(inflow) from private properties into the sewer collection system. By removing residential 
stormwater connections from the combined system, the volume and flow rate of wet weather 
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peak flows are reduced. This reduction increases the capacity of the existing facilities within the 
basin.  

6.6 O&M STAFFING NEEDS 

The recommended alternative will need regular maintenance to ensure the design life of the 
facility is met and proper operation occurs. Table 6.3 shows the types of O&M activities that 
could occur, the frequency of each activity, and staffing requirements to perform those activities. 

Key issues for O&M include: 

 Design for safety of personnel. 

 Monitor the system remotely during a wet weather event. 

 Design the system for ease of operations and maintenance including post-wet weather 
event cleaning. 

 Design so that maintenance staff will not need to routinely enter the storage tank.  

 Provide provisions for safe entry to storage tank and maintenance, if needed.  

 Visually integrate the ancillary facility with the surrounding neighborhood.  

6.7 DESIGN GUIDELINES 

This section summarizes the guiding principles being used for the design of the proposed 
alternative. 

6.7.1 Site Design 

The finished design of the site must provide for adequate traffic movement and safety while 
providing adequate access, working space, and parking for maintenance of the facilities. 
Minimizing impact to existing land uses is an important design parameter in the final design of 
the alternative.  

6.7.2 Traffic 

It is important to minimize road closures and impacts to traffic during construction of the 
alternative. 

Once the facility is completed, King County O&M staff will periodically be required to visit the 
site. Disruption to traffic should be minimized without compromising King County’s ability to 
effectively operate and maintain the facility. 

6.7.3 Structural/Geotechnical  

Shoring for earthwork shall be of a type appropriate for the available space on the site and other 
site conditions. Shoring for earthwork must adequately support the sides of the excavation and 
protect adjacent areas and structures.  
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Anticipated groundwater levels will require dewatering during construction of the tank, piping 
and Diversion Structure. The structural design of the storage tank also will need to 
counteract buoyancy due to groundwater while avoiding or minimizing the need for piles or 
other foundation supports. 

6.7.4 Stormwater Management 

Stormwater design will follow the City of Seattle Stormwater Code for water quality treatment 
for runoff. The design water quality treatment volume will be equal to 91 percent of the total 
volume of the simulation period using an approved continuous model (SMC 
22.805.090.B1.a). The stormwater design also will incorporate GSI concepts to the extent 
feasible including, but not limited to, the use of permeable surfacing and bioretention swales. 

6.7.5 Architecture/Landscaping 

The ancillary equipment facility will be architecturally designed to be visually integrated with 
the surrounding neighborhood. Architectural consideration will be given to retaining walls, 
exhaust stacks, intake and exhaust plenum vaults, and other exposed above-grade features 
to ensure compatibility with the existing site’s aesthetic characteristics. Landscape design will 
be compatible with the surrounding neighborhood and park, will utilize native or drought-
tolerant plants, and will minimize irrigation and maintenance requirements. 

6.7.6 O&M and Facility Inspections 

An important objective in the design of the project is for simple, reliable and safe operation 
and maintenance. This includes avoiding the need to routinely enter the storage tank to 
perform O&M activities by including a post-event flushing system and other design features.  

The storage tank will be maintainable from access portals or the ground surface whenever 
possible, including the post-event solids removal activities. Access portals will be located so 
that O&M crews can access the equipment and pipeline storage tank, if needed.  

Provisions for personnel and equipment to enter the tank will be provided. For example, 
removable concrete panels will be incorporated into the design to allow large equipment to 
be placed inside or removed. Smaller access hatches will also be provided to allow access 
for routine operation and maintenance. Furthermore, the overall facility will be remotely 
monitored during operation to verify the mechanical systems are working properly. 

Pumps will be used to drain the storage facility rather than to drain storage by gravity. When 
downstream capacity is available, the storage facility will drain at the maximum flow rate 
possible without overloading the downstream conveyance system. The pumps will be rail-
guided submersible pumps to minimize the need for entry for maintenance. 

The odor control system can assist in ventilation for maintenance activities as well as odor 
control. The ventilation rate will be two ac/hr to control odors, with provisions for six ac/hr 
with a bypass around the carbon scrubber prior to entry into the storage facility. Auxiliary 
portable ventilation equipment could be employed for infrequent entrance into the tank.  
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6.7.7 Reliability 

The location of the site allows for filling of storage by gravity. The existing outfall also 
provides a relief point in the event flow rates or volumes exceed the capacity of the tank and 
influent piping. 

The odor control equipment, drain pumps, and other items requiring power are not 
considered critical to storing flows to prevent CSOs since the storage tank will fill by gravity. 
Loss of power would prevent the storage facility from being drained by the pumps after an 
event; however, this would not prevent the sewer collection system from continuing to 
operate. Furthermore, it is anticipated that the CSO facility will only be used a few times a 
year and that the likelihood of back-to-back uses of the facility is very low. Although not 
considered critical, the design includes on-site standby power for reliability of some facility 
equipment such as the tank drain pumps, odor controls systems,  inlet control gates, and 
telemetry systems.  

6.7.8 Effects of Sea Level Rise 

In March of 2006, the King County Executive issued an executive order on Global Warming 
Preparedness directing all agencies to prepare for the affects of climate change including 
adaptation, mitigation and sequestration. The Wastewater Treatment Division  is evaluating 
the effects of rising sea levels associated with climate change. Sea level rise (SLR) 
scenarios were developed by combining prediction of future SLR and storm surge from 
statistical analysis.  The three main sources for the scenarios came from the University of 
Washington’s Climate Impacts Group, Department of Ecology Report Sea Level Rise in the 
Coastal Waters of Washington State (2008) and Response of Extreme Storm Tide Levels to 
Long-Term Sea Level Change (C.E. Zervas, 2005).  

To give a broad array of possibilities 1, 2, 10, and 100 year storm events were considered for 
each of the SLR scenarios. Table 6.4 shows the values used for possible future sea-level 
conditions with storm events. 

 

Table 6.4  Puget Sound Sea-Level Rise Scenarios with Storm Surge 

Sea-Level Rise Scenarios 
(Metro datum in ft.) 

Storm Surge 

No Storm
1 yr 

(1.48') 
2 yr 

(2.27') 
10 yr 

(2.79') 
100 yr 
(3.19') 

Current Conditions (Mean High High-Water) 105.36 106.84 107.63 108.15 108.55 

Medium SLR 2050 (6") 105.86 107.34 108.13 108.65 109.05 

Medium SLR 2100 (13") 106.44 107.92 108.71 109.23 109.63 

Very High SLR 2050 (22") 107.19 108.67 109.46 109.98 110.38 

Very High SLR 2100 (50") 109.53 111.01 111.8 112.32 112.72 

No facilities associated with the CSO project are vulnerable to sea level rise scenarios.  The 
lowest point vulnerable to SLR is the bottom of the storage pipeline at (Elevation 109.0 
Metro) which will be designed for high groundwater conditions. 
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The outfall flow rate could be diminished under future SLR scenarios. This is being evaluated 
for the entire combined sewer system and adaptation plans will be evaluated under a 
separate project. 

6.8 FEASIBILITY OF IMPLEMENTATION 

Based on an evaluation of landuse/permitting, environmental impacts, engineering, 
operations and maintenance, and community impacts, implementation of Alternative 1F1 – 
Rectangular Out of Basin Storage - appears to be feasible with no identification of fatal flaws. 

6.9 ALTERNATIVE REFINEMENT 

As of December 2010, the basis of planning had resulted in selection of a 1.8 MG storage 
tank and peak conveyance of 15.8 mgd to handle an average of 30 events in 30 years (one 
overflow per year). In 2011, following submission of the draft Engineering Report to Ecology, 
the tank storage volume was subsequently increased to 1.9 mgd to remain below one 
overflow per year over the peak 20 year duration (Appendix B). Adding 0.1 MG of storage 
volume to the tank could be accomplished in several ways within the existing tank footprint, 
such as: increasing the tank depth by approximately 7-inches; keeping the depth constant 
while using the available freeboard; or using the storage volume provided by the conveyance 
pipeline. 

The required conveyance capacity was also refined during subsequent analysis, to reduce 
hydraulic restrictions caused by the 24-inch pipe during high intensity, low volume storm 
events. Planning level analysis indicates the pipeline should be increased to a 30-inch 
diameter pipe, to allow peak flow conveyance for up to 20 mgd to the storage tank. Final 
confirmation of pipeline diameter and storage tank dimensions will be completed during 
detailed design. King County will amend the Engineering Report if the design confirmation 
results in a substantial change from the approved Engineering Plan per WAC 173-240-
060(2). 
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CHAPTER NO. 7 

FINANCIAL ANALYSIS 

This chapter includes financial information related to the Proposed Alternative, Alternative 
1F1 – Storage Out of Basin. The components of project cost are described, including 
construction, engineering, property acquisition, and O&M. Life cycle cost computations are 
described in this chapter. Finally, this chapter describes how the project will be financed. 

7.1 CAPITAL COSTS 

This section includes planning -level construction, engineering, property acquisition, and 
O&M costs for the project in 2010 dollars. Estimated quantities are based on schematic plans 
presented in Chapter 6.  

7.1.1 Construction Cost Estimate 

The planning-level cost estimates is based on quantity takeoffs developed for the conceptual 
facilities shown in Chapter 6. These costs were developed in 2010 dollars, then escalated to 
develop total project costs, including general contractor overhead and profit, an estimating 
contingency and allied costs (including engineering, legal, and administrative costs).  

During development of the Proposed Alternative, quantities and project details were 
developed further, and unit costs were refined. This resulted in updates to the cost estimates 
presented in Chapter 5 of this report. The estimating contingency of 30 percent is derived 
from the cost estimate classification system defined by the Association for Advancement of 
Cost Engineering (AACE) International. Class 4 estimate accuracy ranges from minus 30 
percent to plus 50 percent due to the preliminary nature of project data and engineering. The 
estimating contingency of 30 percent reflects the recommended standard contingency for the 
preliminary stage of the project. 

Key cost factors include: 

 Basis Year: 2010  

 ENR CCI: 8645. 

 Allied Costs: 30 percent.  

 Contractor markups: included. 

 Sales tax: 9.5 percent. 

Table 7.1 summarizes the construction cost estimate for this alternative. A more detailed 
estimate is provided in Appendix E. 
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Table 7.1  Construction Cost Summary 

Item Description Amount

Base Cost Construction cost including contractor’s 
overhead, profit, general conditions 

$16,200,000

Construction 
Contingency 

30% without escalation to 2014 $  4,900,000

Total  $21,100,000

7.1.1.1 Total Project Costs 

Table 7.2 summarizes total project costs including engineering, construction assistance, and 
county administrative costs. 
 

Table 7.2  Project Cost Summary 

Item Description Amount

Construction  See Table 7.1 $21,100,000

Land/Easement Temporary construction easement for 
staging 

$45,000

Street Use Fees  2,150,000

Additional Costs Tax, allied costs, permit fees, and project 
contingency 

$15,400,000

Total  $38,700,000

7.2 OPERATIONS AND MAINTENANCE COSTS 

The basis of O&M costs for purposes of planning level estimates and input to life cycle cost 
spreadsheets was developed using information supplied by the county and a memo prepared 
by the county (“South Samammish Basin Conveyance Facility O&M Assumptions”, Brown 
and Caldwell, March 4, 2002.) Relevant assumptions are summarized below. Assumptions 
are those in the memo, unless otherwise stated.  

Costs and labor rates were quoted in 2002 dollars in the memorandum, updated to current 
labor rates, and escalated to 2015 dollars for the life cycle cost calculations. Cost 
assumptions and unit costs are shown in Appendix C. Labor and materials associated with 
annual O&M are shown in Appendix C. 

Table 7.3 summarizes annual O&M units costs by CSO facility type in man-hours/year 
(Mh/yr) for the life cycle cost. Minimum effort is rounded up to 0.1 Mh/yr. Table 7.4 
summarizes O&M costs for the first year of operation in 2016. Subsequent years are 
escalated at 3 percent per annum for the life cycle cost calculations shown in Appendix C. 
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Table 7.3  O&M Unit Cost Summary 

Item Annual Labor 
Cost Basis 

Value 

Rectangular Tank (annual) mh/MG/yr 365 

Pump Station Mh/yr/station 496 

Gravity sewers, trenchless pressure sewers mh /LF/yr 0.01 

Flow Control Structures mh /ea/yr 192 

 

Table 7.4  Annual O&M Cost Summary 

Item $/yr, 2015

Operations and Maintenance1 (tank, diversion structure, ancillary 
facilities) 

$75,000

Electricity (ventilation, power) $  1,000

Chemicals (activated carbon replacement once per two years) $ 11,000

Standby Generator (fuel) $5,000

Total $92,000

Notes: 

1. Labor hour rate is $52.65/hr for 2016 and increases 1% per annum thereafter. 

7.3 LIFE CYCLE COSTS 

Life cycle costs are based on a 20-year capital cost repayment, and operations and 
maintenance over a 35-year project life (2015-2049) using a Wastewater Treatment Division 
Business Case Evaluation calculation method (King County, 2009.) A county discount rate of 
2.7 percent was used for the analysis. The net life cycle cost for the project is estimated to be 
$34,000,000. The average annual project cost is estimated to be $1,700,000. Life cycle costs 
are included in Appendix E. 

7.4 PROJECT FINANCING 

This section describes methods of financing projects. 

7.4.1 Project Financing 

The County’s Wastewater Treatment Division (WTD) capital improvement program (CIP) is 
funded primarily through proceeds from sewer revenue bond sales, variable-rate short-term 
borrowing, capacity charge revenues, and transfers from the operating fund. Additionally, 
some low-interest loan programs such as the State Revolving Fund (SRF) and the Public 
Works Trust Fund (PWTF) may be available to fund all or part of the project. However, loan 
applications must go through a competitive ranking process and rank high enough to receive 
available loan funds. Approximately 84 percent of WTD’s total operating revenues are from 
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monthly sewer charges collected from WTD’s component agencies. Transfers of operating 
funds to the capital program are the result of the additional cash generated to meet the 
financial policy requirement of maintaining a debt service coverage ratio of no less than 1.15 
times all debt service requirements. WTD uses these transfers to reduce the amount of 
borrowing necessary to finance the capital program. 

Standard & Poor's and Moody's Investor Services are leading global financial firms that rate 
corporate stocks and municipal bonds according to risk profiles. In 2009, the firms confirmed 
the ratings to the Wastewater Treatment Division’s bonds, citing: 

 Strong management practices.  

 Continued positive financial performance.  

 Solid rate base and large service area.  

 Commitment to a capital improvement plan. 

The Moody's rating for WTD’s sewer revenue bonds, as well as similar bonds issued in the 
past, remained at Aa3 while the Standard and Poor’s rating remained at AA+. These 
favorable credit ratings lower the cost of borrowing by reducing the amount of debt service, 
which, in turn, reduces impacts to the rate. 

7.4.2 Capital Financing Plan 

The capital costs associated with the South Magnolia CSO Facility will be financed through 
the resources available for capital improvements in accordance with the financial policies of 
the County and the WTD. The actual financing mix and cost of these instruments will reflect 
economic and financial conditions, WTD’s financial position, and the appropriateness of the 
project for securing below-market-rate resources. 

7.4.3 Customer Charges 

The costs associated with construction plus operation and maintenance of the facility will be 
reimbursed or supported through a combination of user charges. These include the regular 
monthly sewer rate and the capacity charge which is levied on customers establishing new 
connections to the system. The monthly rate is a uniform amount levied on all system 
customers or customer equivalents. The capacity charge is levied on new connections to the 
system for a period of 15 years, with the option of payoff at a discount.  

Annually, the County Executive proposes a sewer rate and capacity charge reflecting the 
current forecast of monetary requirements. In accordance with long-term contracts with the 
component sewer agencies, the monthly sewer rate must be adopted by the Council by June 
30 of each year. In June 2010, the County Council adopted a monthly wholesale sewer rate 
of $36.10 and a capacity charge of $50.45 commencing January 1, 2011. In accordance with 
the financial plan associated with the 2011 adopted sewer rate and the proposed 2011 
capital budget covering the period of 2011 to 2016, the revenues generated by this rate, 
capacity charge and subsequent planned increases in each will provide the funding for the 
construction of the South Magnolia CSO Facility.  
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CHAPTER NO. 8 

IMPLEMENTATION PLAN 

8.1 IMPLEMENTATION PLAN 

This chapter describes the implementation plan for the selected project, 1F1- Storage Out of 
Basin. It includes the preliminary project schedule and lists required permits for project 
implementation as they are currently known. 

8.1.1 Project Schedule 

The preliminary project schedule is summarized in Table 8.1 
 

Table 8.1  Preliminary Project Schedule 

Activity Anticipated Dates 

Engineering Report June 2010 – December 31, 2010 

SEPA Threshold Determination May 2011 

Engineering Report Approval September 2011 

Permitting June 1, 2011 – January 1, 2013 

Final Design June 1, 2011 – December 31, 2012 

Construction March 1, 2013 – October 1, 2015 

Startup October 1, 2015 – June 1, 2016 

Project Commissioning October 1, 2015 – May 31, 2017 
(2 wet seasons)1 

Notes: 

1. While it may not take a full two years for commissioning, South Magnolia facilities must be 
controlled in a way that does not impact the Elliott Bay Interceptor. Therefore, some 
commissioning period will be required. 

8.1.2 Required Permits 

The following permits will be obtained prior to construction of the new facility: 

 Washington Department of Ecology: 

– NPDES permit (construction dewatering). 

– Underground Storage Tank Permit (required for generator). 

 Seattle Department of Planning and Development: 

– Master Use Permit: 

 Council Conditional Use (for ancillary facilities). 
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 Building Permit. 

 Clear and Grade (will include any critical areas review). 

 Seattle Department of Transportation: 

– Street Use Permit. 

– Utility Permit. 

 King County: 

– Industrial Waste Stormwater Discharge Permit. 

Other permits that may apply to the facility: 

 Puget Sound Clean Air Agency: 

– Air Quality Permit (for odor control). 
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CHAPTER NO. 9 

MISCELLANEOUS REQUIREMENTS 

The State of Washington Criteria for Sewage Works Design (Ecology, August 2008) has a 
number of miscellaneous requirements for a complete Engineering Report. The following 
sections provide documentation of these miscellaneous requirements including SEPA/SERP 
compliance and public involvement. 

9.1 STATE ENVIRONMENTAL POLICY ACT COMPLIANCE 

Compliance with the State Environmental Policy Act is a prerequisite to obtaining any 
permits/approvals for a CSO project. SEPA allows agencies to both consider and mitigate for 
environmental impacts of proposals as well as to provide opportunities for public participation 
prior to any final decision.   

King County, as SEPA lead agency, has conducted SEPA reviews for this project. The 
determination of Nonsignificance was issued on May 23, 2011. The determination and SEPA 
checklist documents have been provided in Appendix D. 

9.1.1 National Historic Preservation Act/Archaeological and Historic 
Preservation Act 

The National Historic Preservation Act (NHPA) requires federal agencies to evaluate the 
effects of federal undertakings on historical, archaeological, and cultural resources, and to 
consult with the State Historic Preservation Officer (SHPO) regarding adverse cultural 
resources impacts. A review of historic, archaeological, and cultural resources that could be 
impacted by the proposed alternative is summarized in Section 6.2. 

 

9.2 PUBLIC INVOLVEMENT 

The goal of public involvement and outreach was to inform interested citizens about the 
Combined Sewer Overflow Beach project in the South Magnolia basin and to provide 
opportunities for meaningful involvement in the CSO control planning process. 

The public process objectives were to: 

 Provide timely and clear information to stakeholders and the public about the purpose of 
the project and their opportunities to participate. 

 Conduct a clear, systematic, and objective process for identifying and evaluating 
alternatives for CSO control and associated wastewater infrastructure (pump station, 
pipeline, etc.), and selecting preferred alternative(s) and site(s).  

 Obtain input from stakeholders and the public on the alternatives and criteria before 
preferred alternative(s) and site(s) are selected by King County. 
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9.2.1 Agency Stakeholder Engagement Process 

To facilitate stakeholder input, a workshop for local and state agency staff and tribal entities 
was held on May 7, 2009 to advise the development of the CSO control alternatives and their 
evaluation criteria. This workshop covered the four basins associated with the CSO Beaches 
project: North Beach, South Magnolia, Murray, and Barton. Agencies and Tribes were sent a 
letter of invitation and a reminder email. A meeting summary was sent to all attendees. 

The workshop participants reviewed the CSO program, the range of approaches the County 
considered to address CSOs in the four basins, and its public outreach approach. 
Participants provided input on the approaches, existing conditions, current and future 
projects, plans and opportunities for coordination and methods for public outreach. The 
project team used this input to guide development of the range of alternatives that would be 
considered as well as to modify the existing public involvement plan where appropriate. 

A technical memo was sent in the winter of 2010 to agency stakeholders as the alternatives 
were narrowed from nine to three. The memo explained how the short list of alternatives was 
determined and solicited written comments to inform the identification of an alternative for 
environmental review. Stakeholders will receive a letter explaining how their input was used 
to inform the process, as well as provide information about the upcoming SEPA process. 
Agencies were also notified via email of all public meetings. 

Elected officials (King County Executive, Councilmember Larry Phillips, Seattle City 
Councilmember, Rasmussen), agencies (Department of Ecology, Seattle Public Utilities and 
Seattle Public Utilities and Neighborhoods Committee, Suquamish, Muckelshoot and Tulalip 
Tribes ) and regional committees (Metropolitan Water Pollution Abatement Advisory 
Committee and Regional Water Quality Committee) were briefed at key milestones for each 
basin. 

9.2.2 Public Information 

King County hosted public meetings and community group meetings and briefings between 
2007 and 2010 to provide information about the development of CSO control alternatives and 
to facilitate active public participation in the planning process. In advance of the public 
meetings, postcards or newsletters were mailed to property owners in the basin area, people 
who had joined the mailing list, and representatives of community organizations who had 
expressed interest in the planning process. Email notifications were sent to the County’s 
contact lists and community organizations with listservs for additional distribution. Notices of 
public meetings were available on the project and King County website and were provided to 
local and regional media through news releases.  

9.2.2.1 Public Meetings 

 October 22, 2009: A public open house was held to provide an overview of the CSO 
control problem in South Magnolia, to explain approaches identified to control CSOs, 
provide information on how to stay up to date on progress, and solicit input. 
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 March 23, 2010: A public meeting was held to present the three proposed CSO control 
alternatives and solicit public input. 

9.2.2.2 Community Meetings and Briefings  

 June 19, 2007: King County presented information on the CSO control program at a 
regularly scheduled Magnolia Community Council meeting. 

 October 11, 2007: A community meeting was co-sponsored by the Magnolia 
Community and King County to introduce the Wastewater Treatment Division and the 
South Magnolia CSO control project. 

 October 20, 2010: King County presented information on CSO control in South 
Magnolia to the Port of Seattle Neighborhood Advisory Committee. 

Public input from all meetings and briefings was used to identify an alternative for further 
review. All respondents recognized the need to address the CSO problem in South Magnolia.  
The community expressed a desire for a green infrastructure solution but understood that 
feasibility of GSI to address CSOs in Magnolia was limited by topography, soils, and the high 
storage volume required to meet control requirements. 

Respondents expressed strong concern and opposition to the proposed underground 
storage tank in the ravine on 32nd Avenue W, citing slope stability issues, construction 
impacts, and proximity to the shoreline area. Several community members promoted the Port 
of Seattle storage site for an underground storage tank, with encouragement to restore the 
surface as wildlife habitat to enhance the Smith Cove Park area. The Magnolia Community 
Club expressed interest in mitigation available to the community as part of these projects. 
People expressed concerns about environmental protection during construction and 
restoration. 

9.2.3 Public Information 

9.2.3.1 Project Website  

In 2009 a project website, www.kingcounty.gov/CSObeachprojects, was established to make 
information on the development of the CSO control approaches available to the public. A link 
to the project website was made available on the Wastewater Treatment Division’s 
homepage and provided to the public in meeting notices, press releases, newsletters, emails 
and at meetings. 

Notice of all public meetings and stakeholder workshops were posted on the website. After 
public meetings, written summary, presentations, and handouts were made available on the 
website. Interested parties were able to sign up for the project mailing list and were provided 
a phone and email contact for King County staff. 

Technical information was made available on the website as a separate link 
(http://www.kingcounty.gov/environment/wtd/Construction/Seattle/BeachCSO/Library/ 
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TechInfo.aspx) to allow interested citizens opportunities to better understand the decision 
process. Individuals could request CD copies of the technical information as needed.  

9.2.3.2 Project Mailings  

A newsletter was mailed to basin residents in fall 2009 with information about the upcoming 
decision process for CSO control projects and options for community involvement and 
participation. The newsletter included a mail-in form to sign up for email updates and/or hard 
copies of web materials. A second newsletter was sent in spring 2010 to announce the three 
selected alternatives for CSO control and provide information about a public meeting to 
discuss the alternatives. Newsletters were also provided as a PDF by email and mailed to 
local and state agencies and tribes. 

In addition to targeted mailings, at key milestones news releases were sent to local and 
regional media, including blogs, and to city and state agencies for distribution. 

9.2.3.3 Comment Tracking and Response Process 

Members of the public submitted feedback or input in a variety of ways.  Stakeholders and 
members of the public were invited to ask questions and provide comments at all of the 
stakeholder workshops and public meetings. The consultant team and representatives of 
King County responded to comments and questions during those meetings. A summary of 
public comment and response from each meeting was posted in the meeting summary 
available on the project website, and a ‘frequently asked questions’ page was included on 
the website. 

King County community relations planning staff received the comments that were submitted 
via the website, an online survey, email and phone. The comments were saved by County 
staff for their records. Some comments were intended to inform the CSO control decision 
process and did not require a response. For questions and comments that did require a 
response, King County staff responded via email or phone.   

Public input from all meetings, briefings, and comments was used to identify an alternative 
for further review. Based on the strong level of public input during the decision-making 
process, specific requests from stakeholders, and King County’s commitment to public 
involvement, the County is planning continued public outreach throughout the design and 
construction phases. An updated public involvement plan will be developed for design and 
construction to keep the community and stakeholders engaged and informed, and to respond 
to concerns during design, environmental review, and construction. 
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Appendix A 

PRELIMINARY GEOLOGIC/GEOTECHNICAL EVALUATION OF 
SOUTH MAGNOLIA CSO ALTERNATIVES  
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Appendix B-1 

EXECUTIVE SUMMARY 
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PROJECT MEMORANDUM 
 

Project Name: 
Barton, Murray, North Beach, South Magnolia 
CSO Facilities 

Date:
September, 12, 2011 

Client: 
King County DNRP, Wastewater Treatment 
Division 

Project Number: 
7562A10 

Prepared By: Brian Matson 

Reviewed By: Susanna Leung 

Subject: Introduction to Appendix B 

  

INTRODUCTION 

Several modeling efforts were used part of the King County Barton, Murray, Magnolia, and 
North Beach CSO Projects. This appendix includes a series of documents that describe the 
modeling efforts and how they were used. The documents are listed in Table 1 below. 

 

Table 1 Appendix B documents 

Document Applicable Basin 

Comparing Modeled Flow Events against Observed Events: 
Determining Preferred Model for Estimating CSO Storage Volumes 

North Beach & South 
Magnolia 

Updated CSO Control Volumes for Puget Sound Beach CSOs North Beach & South 
Magnolia 

Mike Urban Modeling Approach North Beach & South 
Magnolia 

Mike Urban Calibration Test North Beach & South 
Magnolia 

North Beach Basin Calibration, Round 1 North Beach 

South Magnolia Basin Calibration, Round 2 South Magnolia 

South Magnolia and North Beach Basins Population/Land Use 
Analysis 

North Beach & South 
Magnolia 

North Beach Flow Adjustment North Beach & South 
Magnolia 

North Beach Basin Calibration, Round 3 North Beach 

South Magnolia Basin Calibration, Round 3 South Magnolia 
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SUMMARY 

Models for all four basins were initially calibrated by King County using the Runoff hydrologic 
model. Data for these calibration efforts largely describe flows at the bottom of each basin. 
Therefore, it was difficult to assess the feasibility and magnitude of various “up-basin” CSO 
control alternatives (such as peak flow reduction and/or distributed storage) using the County’s 
Runoff model. Portable flow meters were selectively placed in the four basins to delineate how 
much basin flow came from each sub-basin and provide data for more refined basin model 
calibrations. As King County is gradually replacing the Runoff model with Mouse/RDII, the 
Mouse/RDII (within the Mike Urban platform) was selected for sub-basin flow simulations. 

After the flow monitoring period was over, the County found the portable metered data 
disagreed with measured pump station flows. This finding resulted in a decision to omit direct 
use of the portable flow meters for calibrating model sub-basins; however, sub-basin calibration 
was accomplished by disaggregating a single downstream hydrograph into sub-basin 
hydrographs based on the portable flow data. This disaggregating approach was used for 
calibrating sub-basins in all four basins. 

Following the disaggregation and calibration process, it was determined that the Mouse/RDII 
model produced significantly different storage volumes relative to the Runoff model. Because 
calibrations were acceptable for both models, King County performed an assessment to 
determine which model better matched observed data. The results of the assessment are 
documented in this appendix, along with a recommendation to use the Runoff model for 
determining CSO control requirements in the South Magnolia, Barton, and Murray basins. The 
RDII/Mouse model was selected for the North Beach basin. Tables of flows and volumes 
(produced by the selected mode) are included at the end of this appendix. These data were 
used to determine the required CSO storage and peak flow conveyance capacity. 
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Appendix B-2 

SOUTH MAGNOLIA SERVICE BASIN CALIBRATION 
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Appendix B-3 

COMPARING MODELED FLOW EVENTS AGAINST OBSERVED 
EVENTS: DETERMINING PREFERRED MODEL FOR 

ESTIMATING CSO STORAGE VOLUMES 
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Appendix B-4 

UPDATED CSO CONTROL VOLUMES FOR  
PUGET SOUND BEACH CSOS  
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MIKE URBAN MODELING APPROACH  

 

  



 

 



pw:\\Carollo\Documents\Client\WA\King County\7562A10\Deliverables\Modeling\Appendix A\Modeling_Approach_TM_v2 1 

 

TECHNICAL MEMORANDUM 
 

Project Name: 
Barton, Murray, North Beach, South Magnolia 
CSO Facilities Date: 10/17/2008 

Client: 
King County DNRP, Wastewater Treatment 
Division Project Number: 7562A10 

Prepared By: Shawn Dent 

Reviewed By: Brian Matson, Allen de Steiger, Karl Hadler, Jason Nikaido, Ed Wicklein 

Subject: Mike Urban Modeling Approach 

Distribution: 

Bob Swarner, King County 

Bruce Crawford, King County 

Kevin Schock, King County 

Shahrzad Namini, King County  

Purpose 
The purpose of this Technical Memorandum (TM) is describe the approach for applying the 
MIKE URBAN software to model the hydrology of the subbasins and the hydraulics of the 
sewers in the Barton, Murray, North Beach and South Magnolia basins. The sewers to be 
modeled include a selection of the Combined Sewer System (CSS), Sanitary Sewer System 
(SSS), and the Municipal Separate Storm Sewer System (MS4) within the basins. The purpose 
of modeling these basins and sewers is to accurately estimate the flow generated by each type 
of sewers and if demand management alternatives will be effective in reducing or eliminating 
end-of-basin Combined Sewer Overflows (CSOs). 
 

Model Construction Approach 
Every model is a simplification of the actual system. The models for the four basins need to be 
constructed as a tool that represents the hydrology and hydraulics of the basins at a level that 
allows for analysis of demand management solutions. This study will utilize the hydrologic 
(surface and subsurface) and hydraulic modules of MIKE URBAN. It is assumed that only select 
pipes within each of the four basins will be modeled. 

Hydrologic Modules 
MIKE URBAN has several modules to estimate the wet weather flow from a subbasin. In 
consultation with King County, the catchment modules consisting of MOUSE Kinematic Wave -
B (MOUSE-B) and RDI were chosen to model inflow and infiltration respectively.  These 
catchment modules are the most complex modules available in MIKE URBAN. All catchment 
modules require a value for subbasin area. Other parameters necessary for MOUSE-B and RDI 
are summarized below: 
 
 MOUSE-B module - This module includes measurable parameters that can be extracted 

from the GIS including catchment slope, length (analogous to time of concentration), and 
five parameters describing percent impervious/pervious area. This module also includes 26 
Kinematic Wave parameters (including values for Horton’s and Manning’s equation) for 
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estimating inflow. These 26 parameters are not directly measurable and must be estimated. 
 
 RDI module - This module includes 19 parameters for infiltration (near surface and 

groundwater) that are not directly measurable and must be estimated. 
 
Therefore, the application of MOUSE-B and RDI modules requires a total of 53 parameters, 
eight that are directly measurable from GIS data, and 45 parameters that must be estimated as 
part of the calibration effort. Estimating these 45 parameters for each subbasin will present a 
challenge, but default values will be used as much as possible for parameters that don’t 
contribute significantly to calibration. 
 
It is envisioned that MOUSE-B and RDI will be used to simulate rainfall dependent infiltration 
and inflow (I/I) in the CSS and SSS subbasins, while only MOUSE-B will be used to simulate 
inflow and overland flow in the MS4 subbasins. 

Hydraulic Module 
The collection system hydraulic module (CS Pipeflow) will be used to model pipes and 
junctions. This module solves the complete St. Venants (dynamic wave) equations throughout 
the drainage network both looped and branched, which allows for modeling backwater water 
effects, flow reversal, surcharging in manholes, alternating free-surface and pressurized flow, 
tidal outfalls, storage basins, pumps, weirs, orifices etc. The pipe flow model can also perform 
Long Term Simulation (LTS) and automatic dynamic pipe design.  

Model Structure 
This modeling effort needs to accurately represent the CSS, SSS, and MS4 systems within 
each basin. The flow monitoring effort measured flows in the CSS and SSS in each of the four 
basins, but no MS4 sewers were monitored. However, the MS4 system needs to be modeled in 
order to examine potential demand management alternatives. The modeled MS4 pipelines will 
have different subbasins tributary to those sewers than the CSS, and therefore, a second set of 
subbasins will need to be defined.  
 
CSS/SSS System. Subbasins (or catchments) for the CSS and SSS are defined by each meter 
location within each basin. Therefore, there will be 7 subbasins in Barton, 6 in Murray, 5 in 
North Beach and 7 in South Magnolia. An estimate of sanitary flow and I/I will be made for each 
of these subbasins based on the characteristics of the tributary area upstream of each meter 
location. Only CSS and SSS pipes downstream of these meter locations will be modeled. 
Attachment No.1 illustrates the subbasins that are tributary to each meter location and 
highlights the pipelines that will be modeled in each of the four basins. 
 
The MS4 was not monitored in any of the basins. Therefore, defining MS4 subbasins will be 
more subjective than the method described for the CSS/SSS. The MS4 basins will be defined 
based on the either Scenario A or B defined by King County (CSO Beach Project GIS Analysis, 
Draft Technical Memorandum, King County, August 2008). Discussion of which scenario is 
appropriate for each basin will be discussed below (section on calibration).  
 
MS4 System. Inclusion of MS4 pipes in the model will also be subjective since only pipes 
downstream of the defined MS4 subbasins will be modeled. It is the intent of this modeling effort 
to include MS4 pipelines that have a similar extent or slightly larger extent than the CSS/SSS. 
The extent of modeled MS4 pipelines will also define how detailed the demand management 
alternatives can be investigated.  
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The initial criteria for including MS4 pipelines in the model will be generally based on the extent 
of the modeled CSS/SSS along with a generalized guideline of modeling only pipes that are 
equal to or greater than 18-inches in diameter. Therefore, defining MS4 pipelines in the model 
will be somewhat basin-specific.  Only MS4 pipes (downstream of the MS4 subbasins) will be 
included in the model and analyzed for capacity deficiencies for the demand management 
alternatives. Attachment No.2 illustrates the MS4 subbasins and highlights the pipelines that will 
be modeled in each of the four basins. 
 
The pipe networks included in the models will be based on the data available in the GIS layers 
provided to by King County. If data is not available in the GIS for necessary pipes or junctions, 
King County will be contacted to provide this information. If this information is not easily 
available, then assumptions will be made to fill in this data based on available upstream and 
downstream data. Any data that is interpolated in this fashion will be noted for future verification 
by King County. 
 
Since this modeling effort is not meant to be an all inclusive pipe model, demand management 
alternatives will only be able to identify capacity limitation in the downstream MS4 pipelines that 
will be modeled. MS4 pipes upstream in the subbasin need to be further analyzed in more 
detailed modeling efforts if demand management projects are to be designed. 
 
Rainfall. Rainfall was monitored by one to two rain gages in each basin during the flow 
monitoring study. The Murray Basin had two gages. One rain gage for each basin has been 
assigned to each of the subbasins within that basin. This method assumes that the rainfall 
measured at each gage fell uniformly across each subbasin. 
 

Model Calibration Approach 
Once the four models are constructed, the CSS/SSS portions of the models will be calibrated to 
measured flows using monitored rainfall. The calibrated models will then be used to investigate 
the feasibility of demand management alternatives within the basins.  
 
Calibration is the process of adjusting parameters in a model to accurately and precisely 
represent measured variables (e.g., flow, depths, velocity, volume, etc.). Calibration is 
necessary because collection system models are mathematical representations of a physical 
system that incorporate some level of simplification. These necessary simplifications introduce 
error and uncertainty into the analysis. Adjustments of model parameters are necessary to 
reduce error and better meet the expectations of model application. Both dry weather flow and 
I/I will be calibrated for the CSS/SSS models. 

Dry and Wet Weather Flows 
 
The sanitary flow, or Dry Weather Flow (DWF), will be calibrated by applying a unit diurnal 
pattern and an Average Dry Weather Flow (ADWF). The unit diurnal pattern for each subbasin 
will be approximated from the flows that are least affected by rainfall (flows in the late May to 
June monitoring period). The ADWF will be estimated based on unit flow factors applied to the 
parcel level land use data in the GIS for residential, commercial and industrial contributions. The 
unit flow factors will be adjusted to best match the measured ADWF’s. The unit flow factors may 
vary between basins, but due to similar land use patterns, it is not envisioned that these 
differences will be substantial. 
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Wet weather flows, or I/I, will be calibrated by inputting measured parameters from the GIS (e.g. 
area, slope, length, and percent imperviousness) and adjusting other parameters that cannot be 
directly measured. Although length (analogous to time of concentration) can be measured, this 
parameter is usually considered a “calibration parameter” that can be adjusted to best represent 
measured data. Other calibration parameters are usually a subset of unmeasured parameters 
that have the most dramatic affect in adjusting modeled flow to match measured flow. Several of 
the unmeasured parameters are included in the model but may not have much affect on 
calibration. The calibration parameters used in each subbasin will be defined in a later TM. 

Precision and Accuracy 
Proper calibration requires an assessment of the precision and accuracy of modeled variables 
compared to measured variables. In this case, flows are the primary variable used for 
calibration. The goal of calibration depends on the specific use of the model. This model will 
need to be accurately calibrated to flow volume, peaks, and hydrograph shape because both 
conveyance as well as equalization facilities will be analyzed. MIKE URBAN provides several 
calibration tools that will be used and reported (e.g. scatter graphs, residuals, statistics, etc.). 
King County and Carollo will mutually decide upon what constitutes an adequate calibration by 
discussing the quality of the monitoring data and the results of the calibration effort. 
 

Time Intervals 
The monitoring effort completed by ADS provides the rainfall, flow, depth and velocity 
measurements that will be used for this study. It was the initial intent of this monitoring effort to 
record data at 5-minute intervals. However, due to various issues, not all the flow/depth/velocity 
data could be provided at this interval. Some of the data was provided at a 15-minute interval. 
When measured flows in a basin consist of both 5-minute and 15-minute data, the best 
accuracy for the overall basin defaults to 15-minute data. However, the rainfall data was 
provided at 5-minute intervals for each basin and will be used in the calibration effort. Therefore, 
5-minute rain data will be used to run the models, but modeled flows will be aggregated to 15-
minute intervals, and reported at this interval, for calibration of the subbasin flows. 

GIS Analysis Scenarios 
Scenario A, generated by King County’s GIS analysis, will first be chosen to represent the 
basins, since this scenario appears to represent the most conservative flow estimate for the 
MS4 (i.e. the largest amount of flow directed to the MS4). This assumption is necessary due to 
the demand management objectives. Calibration to the CSS/SSS flows will then be used as a 
second check to verify that total wet weather flows generated by the rainfall over the basins 
balances. For example, if Scenario A is chosen, but the CSS/SSS within that basin can not be 
calibrated using reasonable parameters, then the Scenario B will be selected for calibration 
(assuming that Scenario B provides for a better calibration of the CSS/SSS monitored system). 

Flow Balance 
Rainfall that is intercepted by each basin must either enter the CSS or SSS (as I/I), enter the 
MS4 (as inflow), flow overland out of the basin, or be stored within the basin (at either the 
surface or subsurface). Since the models will only be calibrated to the flows in the CSS/SSS, 
the other flows (entering the MS4, overland flow, and storage) will need to be estimated.  The 
flows entering the MS4 or flowing overland can readily be estimated using the area and percent 
impervious estimates generated using the GIS data. However, as stated above, the length (or 
time of concentration) can be measured, but is usually manipulated as a calibration parameter. 
Based on the results of the CSS calibrations, a best estimate will be made for each MS4’s and 
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overland subbasins length. The flow remaining in the subbasins as surface or subsurface 
storage will be that rainfall that hasn’t been conveyed by the other systems. 

Design Event and LTS Analysis 
The hydrologic modules described above will be used to perform both the design event analysis 
and the Long Term Simulation (LTS) analysis. The LTS analysis will only utilize the hydrologic 
portion of the model to project hourly long-term flows based on hourly long-term measured 
rainfall.  
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TECHNICAL MEMORANDUM 
 

Project Name: 
Barton, Murray, North Beach, South Magnolia 
CSO Facilities Date: 11/05/2008 

Client: 
King County DNRP, Wastewater Treatment 
Division Project Number: 7562A10 

Prepared By: Jason Nikaido, Ed Wicklein, Shawn Dent 

Reviewed By: Brian Matson, Allen de Steiger, Karl Hadler 

Subject: MIKE URBAN Calibration Test 

Distribution: 

Bob Swarner, King County 

Bruce Crawford, King County 

Kevin Schock, King County 

Shahrzad Namini, King County  

Purpose 
The purpose of this Technical Memorandum (TM) is describe the results of a calibration test 
using MIKE URBAN software to model the hydrology of subbasin NB05 in the North Beach 
basin. The purpose of this model calibration effort is to demonstrate how the model was 
calibrated, what parameters were used, and summarize the results obtained. Statistical tools 
available in MIKE URBAN are used to report on the accuracy and precision of the calibration. 
This TM provides a structured protocol for calibrating the models and a basis for judging the 
efficacy of MIKE URBAN to model the hydrology of the subbasins in the North Beach, South 
Magnolia, Barton and Murray basins. The TM, MIKE URBAN Modeling Approach, Carollo 
Engineers, October 17, 2008, should be reference for further detail on the overall modeling 
approach. 
 

Subbasin NB05 Description 
The North Beach basin consists of five subbasins designated by five metering locations. 
Subbasin NB05, the most upstream subbasin, was chosen for the test calibration. This subbasin 
was chosen because it is the most upstream subbasin in the North Beach basin (no upstream 
flow influence). The subbasin is primarily overland flow but also contains a mix of Combined 
Sewer System (CSS), Sanitary Sewer System (SSS) and Municipal Separate Storm Sewer 
System (MS4). The average slope of this subbasin is 0.014 feet/feet. The average length of this 
subbasin is 328 feet (length is a surrogate parameter used for time of concentration). 
 
Table 1 summarizes the characteristics of this subbasin. Figure 1 illustrates the features of this 
subbasin. 
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Figure 1SUBBASIN NB05 FEATURES
BARTON, MURRAY, NORTH BEACH, 
SOUTH MAGNOLIA CSO FACILITIES 

KING COUNTY DNRP,
WASTEWATER TREATMENT DIVISION
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Table 1 Subbasin NB05 Characteristics 
 Barton, Murray, North Beach, and South Magnolia CSO Basins 
 King County DNRP, Wastewater Treatment Division 

Feature 
Feature 
Class 

Acreage Percentage 
Scenario A Scenario B Scenario A Scenario B 

CSS MS4 O CSS (1) MS4 O CSS MS4 O CSS MS4 O 
ROW Impervious 0.0 2.9 21.9 0.0 2.9 21.9 0.0 2.6 19.9 0.0 2.6 19.9 

 Pervious 0.0 0.3 2.8 0.0 0.3 2.8 0.0 0.3 2.6 0.0 0.3 2.6 

Parcels Roof 4.6 1.8 17.1 5.3 1.9 16.3 4.1 1.7 15.6 4.8 1.7 14.8 

 Impervious 5.9 5.6 24.1 7.5 5.5 22.5 5.4 5.0 21.9 6.8 5.0 20.4 

 Pervious 0.8 8.1 14.2 1.0 8.1 14.1 0.7 7.4 12.9 0.9 7.4 12.8 

Total 
Area 

--- 11.3 18.7 80.3 13.7 18.7 77.7 10.2 17.0 72.8 12.5 16.9 70.5 

Notes: 
(1) O = Overland flow 

Monitored data 
The monitoring effort completed by ADS provides the rainfall, flow, depth and velocity 
measurements that will be used for this study. It was the initial intent of this monitoring effort to 
record data at 5-minute intervals. However, due to various issues, not all the flow/depth/velocity 
data could be provided at this interval. Some of the data was provided at a 15-minute interval. 
When measured flows in a basin consist of both 5-minute and 15-minute data, the best accuracy 
for the overall basin defaults to 15-minute data. However, the rainfall data was provided at 5-
minute intervals for each basin and will be used in the calibration effort. Therefore, 5-minute rain 
data will be used to run the models, but modeled flows will be aggregated to 15-minute intervals, 
and reported at this interval, for calibration of the subbasin flows. 

Calibration Parameters 
The subbasin model was calibrated to both Dry Weather Flow (DWF) and Infiltration and Inflow 
(I/I). DWF was calibrated by applying a unit diurnal pattern and an Average Dry Weather Flow 
(ADWF). The unit diurnal pattern for each subbasin was approximated from the flows that are 
least affected by rainfall, which included weekend and weekday flows from May 4 - 11, 2008. No 
rainfall was observed during this period with minimal preceding it. The ADWF was estimated as 
person equivalents (PE) based on unit flow factors applied to population estimates and parcel 
level land use data in the GIS for residential, commercial and industrial contributions. The unit 
flow factors were adjusted to best match the measured ADWF’s. Based on the period from May 
4 - 11, 2008, a dry weather flow of 0.1023 mgd was estimated. Using an average of 100 gallons 
per capita per day, a PE of 1,023 was used. 
 
The MOUSE Kinematic Wave - B (MOUSE-B) and RDI were chosen to model inflow and 
infiltration respectively.  I/I was calibrated by inputting measured parameters from the GIS (e.g. 
area, slope, length, and percent imperviousness) and adjusting other parameters that cannot be 
directly measured. Although length (analogous to time of concentration) can be measured, this 
parameter is usually considered a “calibration parameter” that can be adjusted to best represent 
measured data. Other calibration parameters are usually a subset of unmeasured parameters 
that have the most dramatic affect in adjusting modeled flow to match measured flow. Table 2 
summarizes the calibration parameter set and the values used to calibrate the subbasins 
response. Figure 2 presents the Kinematic Wave and RDI parameters. 
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Figure 2 - Kinematic Wave and RDI Parameters 
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Table 2 Subbasin NB05 Hydrologic Calibration Parameters 
 Barton, Murray, North Beach, and South Magnolia CSO Basins 
 King County DNRP, Wastewater Treatment Division 

Parameter (units) Typical Range Value Used Comments 
Area (acres) Varies 11.3 

Physical measurement - total area 
tributary to CSS 

Length (feet) Varies 0.25 
Physical measurement - adjusted 

during calibration 

Slope (ft/ft) Varies 5.00 
Physical Measurement - adjusted 

during calibration 
Steep Impervious (%) Varies 0.00 Physical Measurement 

Flat Impervious (%) Varies 7.08 
Physical Measurement - total 

impervious area  
Small Pervious (%) Varies 0.00 Physical Measurement 

Medium Pervious (%) Varies 92.92 
Physical Measurement - total 

pervious area 
Large Pervious (%) Varies 0.00 Physical Measurement 

RDI Area (acres) Varies 0.83 
Physical Measurement - pervious 

area tributary to CSS 
Kinematic Wave Varies See Fig 2 Default 

RDI Varies See Fig 2 Default 

Results 
Proper calibration requires an assessment of the precision and accuracy of modeled variables 
compared to measured variables. In this case, flows are the primary variable used for 
calibration. The goal of calibration depends on the specific use of the model. This model will 
need to be accurately calibrated to flow volume, peaks, and hydrograph shape because both 
conveyance as well as equalization facilities will be analyzed. MIKE URBAN provides several 
calibration tools that will be used and reported (e.g. scatter graphs, residuals, statistics, etc.). 
King County and Carollo will mutually decide upon what constitutes an adequate calibration by 
discussing the quality of the monitoring data and the results of the calibration effort. 
 
Figures 3-9 present hydrographs of the calibration for each month. In general, the response to 
rainfall is good. Peak flows, hydrograph shape, and dry weather flows for the measured and 
modeled data match well. In addition, wet weather flows return to dry weather flows as expected.  
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TECHNICAL MEMORANDUM 
 

Project Name: CSO Planning/Predesign Services Date: 01/06/2009 

Client: King County DNRP, Wastewater Treatment 
Division Project Number: 7562A.10 

Prepared By: Jason Nikaido, Ed Wicklein 

Reviewed By: Shawn Dent 

Subject: South Magnolia and North Beach Basins Population/Land Use Analysis 

Distribution: King County, Carollo Project Team 

 

 
Purpose 

Based on comments from the Round 1 Magnolia/North Beach Calibration meeting, a detailed analysis 
was performed on the dry weather flow (DWF). Dry weather flow for the sum of the ADS meters was 
greater than the downstream County meters in both basins. A decision was made to adjust the ADS 
meter DWF to match the County DWF because this would result in the model predicting less DWF 
but more inflow/infiltration (I/I) at the meter locations (i.e. a more conservative estimate of I/I). As 
before, peak flows for the sum of the ADS meters and downstream meters would remain equal. 
 

 
Methodology 

Using GIS and spreadsheet calculations, the population (provided by the County for County CSO 
basins) was distributed to the metered basins. 
 
Step 1: Compare County CSO Basin populations with ADS metered basin present use. 
 
Step 2: Distribute population to ADS metered basins by weighted area of County CSO basins. 
 
Step 3: Estimate base infiltration using flow meter data and Stevens-Schutzbach equation. 
  

Where, 
  BI = Base infiltration 
  MDWF = Minimum average day flow 

ADWF = Average dry weather flow 
 
Step 4. Re-apportion dry weather flow in metered subbasins (ADS) to match downstream meters  
            (County) (i.e. ADS subbasin flows proportionally adjusted down). 
 
 
 
 
 
 

0.7

)/0.6(-1        

                          4.0
ADWFADWFMDWF

MDWFBI ×=
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South Magnolia Basin 

Figure 1 illustrates the Round 1 calibration for the MAGCSO meter. As discussed in the Round 1 
calibration meeting, the ADS metered DWF is greater than the MAGCSO meter. This may be due to 
the low depths and high velocities (pipelines are on steep slopes) which could underestimate flows. 
However, the high wet weather flows (with greater depths) most likely produced more accurate results 
as shown by the peak flows corresponding well to each other.  
 
 
Figure 1 - Sum of ADS meters vs. County meter 

 
 
Table 1 presents a comparison for the total basin flow between the sum of the upstream meters and 
the basin meters. The sum of the meters unit factor of 141.5 gallons per capita per day (gpcd) is 2.6 
times greater than the City of Seattle average of ~55 gpcd1

 

. The basin meter unit factor of 90.8 is also 
higher than the City average by a factor of 1.7 but may be reasonable when considering basin to 
basin differences in wastewater generation. 

                                                 
1 Per County Staff, 12/16/2008 teleconference. 

County Meter 
Sum of ADS 

Meters 

Peak flows 
match 
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Table 1 Magnolia basin comparison (ADS vs. County meter) 

Description Units 
Sum of 

Meters Basin Meter(1) Difference(2) (3) 

Sanitary Flow MGD 0.626 (4) 0.401 +0.225 

Base Infiltration MGD 0.286 0.266 +0.020 

ADWF MGD (5) 0.861 0.668 +0.193 

Population Persons 4,422 4,422 0 

Unit Factor Gal/capita/day 141.5 90.8 +50.7 
Notes: 
1. Sum of Meters = SM02 + SM03 + SM05 + SM06 + SM07 + SM08 + SM09 + 

Unmetered area 
2. Basin Meter = MAGCSO meter + SM02 + SM03 
3. Difference = Sum of Meters - Basin Meter 
4. MGD = million gallons per day 
5. ADWF = Average dry weather flow 

 
The ADS meter DWF was reduced to match the County’s MAGCSO meter. In this process, several 
anomalies arose and are described below. Figure 2 and Tables 2-4 illustrate the population and 
present use in the basin and present the revised DWF values. Meters SM02 and SM03 are not 
tributary to the MAGCSO meter and were thus calibrated to the ADS meters. This explains the greatly 
varying unit factor for SM02 and SM03 when compared with the other meters. 
 

 
Anomalies 

• CSO Basin 151 contains no commercial area. The commercial population of 378 was not 
distributed to the model since it there was no corresponding present use. 

 
• CSO Basin 153 has 545 residential parcels but only a population of 172. 
 
• Large unmetered area (~14% of population). 
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[ÚUnmetered
Unmetered

SM06

SM07

SM08

SM03SM02

SM09SM05152

151
153

154
TABLE 3SOUTH MAGNOLIA MODELED POPULATION
Meter             RES     COM    IND    Total
SM021              586         0          0       586
SM031             1333        0          0      1333
SM05                34         13         0        47
SM06               458         0          0       458
SM07               170        32         0       202
SM08               893        77         0       970
SM09               150        75         0       225
Unmetered      312       280        9       601 Total               3936     476        9     4422
Notes:
(1) Present Use shows no COM area in CSO Basin 
     151.The 378 persons were NOT distributed to  
     metered subbasins SM02 and SM03.

TABLE 2SOUTH MAGNOLIA CSO BASIN POPULATION
Meter             RES     COM    IND    Total
1511                1947       378       0       2325
152                  856        264       9       1129
153                  172         41        0        212
154                  961        172       0       1133Total              3936       854      9       4799
Notes:
(1) Present Use shows no COM area in CSO Basin 
     151.The 378 persons were NOT distributed to  
     metered subbasins SM02 and SM03.

Legend
[Ú Pump station

"C̀ Flow Meter

CSO basin boundary

Meter basin boundary
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E:\Carollo\King_Co\7562A10\GIS\082508_from_shaun\Magnolia\magnolia_pop_lu.mxd
Wednesday, December 03, 2008
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Figure 2SOUTH MAGNOLIA POPULATION AND PRESENT USE
CSO PLANNING/PREDESIGN SERVICES

KING COUNTY DNRP, WASTEWATER TREATMENT DIVISION

TABLE 4SOUTH MAGNOLIA DRY WEATHER FLOW
                       Min       Max       Avg        San                 BI% of     UnitMeter            DWF1     DWF1     DWF1     Flow2      BI3        Min     Factor4
SM02             0.019     0.055      0.036     0.019    0.017     91.4%     32.8
SM03             0.032     0.110      0.071     0.043    0.028     85.2%     32.4
SM05             0.005     0.019      0.010     0.006    0.004     75.6%    135.4
SM06             0.013     0.192      0.102     0.062    0.040     64.4%    135.4
SM07             0.015     0.076      0.045     0.027    0.018     64.4%    135.4
SM08             0.155     0.288      0.215     0.131    0.084     54.5%    135.4
SM09             0.022     0.078      0.050     0.030    0.020     87.9%    135.4
Unmetered    0.079     0.197      0.138     0.082    0.056     68.5%    135.4  Total              0.375    0.968      0.668    0.401    0.266    71.1%     90.8
Notes:
(1) Flows in MGD.
(2) San Flow = Sanitary Flow in MGD
(3) BI = Base Infiltration in MGD. Calculated using Stevens-Schutzbach equation.
(4) Unit Factor in gallons per capita per day..
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North Beach 

Figure 3 illustrates the Round 1 calibration for the NBEACHINLET meter. Like in the Magnolia basin, 
the ADS metered DWF in North Beach is also higher than the County’s NBEACHINLET metered 
DWF. ADS meter locations in steep areas are likely contributing to low depths and underestimating of 
flow. However, wet weather flows with higher depths result in equivalent peak flows between ADS and 
NBEACHINLET meters. 
 
Figure 3 - Sum of ADS meters vs. County meter 
 

 
 
Table 1 presents a comparison for the total basin flow between the sum of the upstream meters and 
the basin meters. The sum of the meters unit factor of 118.6 gallons per capita per day (gpcd) is high 
when compared to the City of Seattle average of ~55 gpcd. The basin meter unit factor of 50.7 gpcd 
is close to the Seattle per capita average. 
 
 
 

County Meter 
Sum of ADS 

Meters 

Peak flows 
match 
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Table 5 North Beach basin comparison (ADS vs. County meter) 

Description Units 
Sum of 

Meters Basin Meter(1) Difference(2) (3) 

Sanitary Flow MGD 0.484 (4) 0.309 +0.175 

Base Infiltration MGD 0.240 0.121 +0.119 

ADWF MGD (5) 0.724 0.430 +0.294 

Population Persons 6,101 6,101 0 

Unit Factor Gal/capita/day 118.6 50.7 +67.9 
Notes: 
1. Sum of Meters = NB01 + NB02 + NB03 + NB04 + NB05 + Unmetered area 
2. Basin Meter = NBEACHINLET meter 
3. Difference = Sum of Meters - Basin Meter 
4. MGD = million gallons per day 
5. ADWF = Average dry weather flow 

 
Like the Magnolia basin, the ADS meter DWF in North Beach was also reduced to match the 
County’s NBEACHINLET meter. In this process, several anomalies arose and are described below. 
Figure 4 and Tables 6-8 illustrate the population and present use in the basin and present the revised 
DWF values. 
 

• CSO Basin 440 contains no commercial area. The commercial population of 88 was not 
distributed to the model since there was no corresponding present use. 

Anomalies 

 
• CSO Basin 441 has only one small commercial parcel. Only 2 of the 139 commercial 

population was distributed. 
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439
440

441

TABLE 7NORTH BEACH MODELED POPULATION
Meter             RES     COM    IND    Total
NB01               622         0          0        622
NB02              1575      182        0       1758
NB031              789         2          4        795
NB04              1491        0          0       1491
NB05              1120      276       11      1407
Unmetered2      28          0          0         28  Total              5625      461      15      6101
Notes:
(1) Present Use shows only a small COM area in CSO
     Basin 441. Only 2 person (out of 139) were 
     distributed to NB03.
(2) Present Use shows no COM area in CSO Basin 
     440.The 88 persons were NOT distributed to the 
     metered subbasins.
(3) Total population in model reduced from 6326 to 
     6101 due to conflicts with Present Use.

TABLE 6NORTH BEACH CSO BASIN POPULATION
Meter             RES     COM    IND    Total
439                 2697      459       11      3167
4401                2143       88         0       2232
4412                 785       139        4        927 Total              5625      686      15      6326
Notes:
(1) Present Use shows no COM area in CSO Basin 
     440.The 88 persons were NOT distributed to the 
     metered subbasins.
(2) Present Use shows only a small COM area in CSO
     Basin 441. Only 2 person (out of 139) were 
     distributed to NB03.

Legend
[Ú Pump station
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CSO basin boundary

Meter basin boundary
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E:\Carollo\King_Co\7562A10\GIS\082508_from_shaun\NorthBeach\northbeach_pop_lu.mxd
Thursday, December 04, 2008
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Figure 4NORTH BEACH POPULATION AND PRESENT USE
CSO PLANNING/PREDESIGN SERVICES

KING COUNTY DNRP, WASTEWATER TREATMENT DIVISION

TABLE 8NORTH BEACH DRY WEATHER FLOW
                       Min       Max       Avg        San                 BI% of     UnitMeter            DWF1     DWF1     DWF1     Flow2      BI3        Min     Factor4
NB01             0.062      0.161     0.109     0.033    0.013     21.1%     53.8
NB02             0.121      0.477     0.295     0.095    0.037     30.4%     53.8
NB03             0.053      0.189     0.119     0.043    0.017     31.8%     43.1
NB04             0.040      0.223     0.097     0.064    0.033     80.9%     43.1
NB05             0.038      0.161     0.102     0.073    0.030     78.5%     51.6
Unmetered    0.001      0.002     0.001     0.001    0.000      0.0%      50.7  Total              0.188     0.643     0.430    0.309    0.121    64.4%     50.7
Notes:
(1) Flows in MGD.
(2) San Flow = Sanitary Flow in MGD
(3) BI = Base Infiltration in MGD. Calculated using Stevens-Schutzbach equation.
(4) Unit Factor in gallons per capita per day..
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Recommendation 
 
Carollo recommends using the DWF’s measured by the County’s basin meter (and the adjustment of 
the subbasin ADS DWFs presented in Tables 4 and 8) rather than the higher ADS metered flows for 
the following reasons: 
 

• Overall basin unit factors are reasonable, 
 
• ADS and County meter peak flows correspond well to each other, 
 
• Using the lower County DWF results in peak flows that are more conservative. 
 

Action Items 
 
County to decide whether to proceed with model calibration using methodology presented in this 
memo or revised population/land use values. 
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Appendix B-8 

SOUTH MAGNOLIA BASIN CALIBRATION, ROUND 2 
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PROJECT MEMORANDUM 
 

Project Name: CSO Planning/Predesign Services Date: 03/13/2009 

Client: 
King County DNRP, Wastewater Treatment 
Division Project Number: 

7562A.10 

Prepared By: Ed Wicklein 

Reviewed By: Jason Nikaido, Allen DeSteiguer, Shawn Dent 

Subject: South Magnolia Calibration, Round 2 

Distribution: King County, Carollo Project Team 

 
The South Magnolia model was further calibrated from the previous round, primarily using the ADS 
data, but also looking at the MAGCSO data.  The complete rainfall record was used, with hydrologic 
calculations beginning on September 1, 2007.  The hydraulic calculations began on December 1, 
2007.   
 
The largest storms for the monitored period occurred in December and June.  The storm in 
December lasted 56 hours and 7.2 inches of rain fell.  The June storm lasted 36 hours and a total of 
1.12 inches of rain fell.  Calibration focused on matching a storm event in June 2008, while also 
looking at the larger record.  Data was also not available from all meters for the December event.  
The December event produced a much larger recorded volume in the collection system relative to 
the volume of rain, as compared with the June event for the meters that had data.  Matching the 
peak for the December event leads to the model generally over-predicting the collection flows for 
longer term and June storm.  The peak ADS flows are already greater that the flows recorded at the 
MAGCSO meter.   
 
The attached figures and tables show the results.  The peak flows appear to be dominated by inflow 
at the storm peaks.  The system seems to rapidly return to the DWF conditions within a few days of 
the peak storm.  The model under predicts the December storm, but generally models a slightly 
higher volume than that recorded for the rest of the period.   
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Correlation coeficient R2 0.912
Max. positive difference 0.09 cfs
Max. negative difference -0.788 cfs
Volume observed 96442.165 CF
Volume modelled 70882.949 CF
Volume error -26.502 %
Peak observed value 1.406 cfs
Peak modelled value 0.711 cfs
Peak error -49.48 %

Correlation coeficient R2 0.537
Max. positive difference 0.064 cfs
Max. negative difference -0.241 cfs
Volume observed 181772.14 CF
Volume modelled 183378.35 CF
Volume error 0.884 %
Peak observed value 0.345 cfs
Peak modelled value 0.217 cfs
Peak error -37.023 %

Correlation coeficient R2 0.714
Max. positive difference 0.126 cfs
Max. negative difference -0.161 cfs
Volume observed 26587.809 CF
Volume modelled 30616.295 CF
Volume error 15.152 %
Peak observed value 0.398 cfs
Peak modelled value 0.464 cfs
Peak error 16.684 %

December Event

March 2008

June Event

South Magnolia 02



Correlation coeficient R2 0.908
Max. positive difference 0.339 cfs
Max. negative difference -6.398 cfs
Volume observed 411656.741 CF
Volume modelled 272301.271 CF
Volume error -33.852 %
Peak observed value 9.282 cfs
Peak modelled value 3.332 cfs
Peak error -64.098 %

Correlation coeficient R2 0.712
Max. positive difference 0.349 cfs
Max. negative difference -0.441 cfs
Volume observed 366511.003 CF
Volume modelled 454488.06 CF
Volume error 24.004 %
Peak observed value 0.947 cfs
Peak modelled value 0.887 cfs
Peak error -6.274 %

Correlation coeficient R2 0.911
Max. positive difference 0.428 cfs
Max. negative difference -0.244 cfs
Volume observed 82569.327 CF
Volume modelled 91093.418 CF
Volume error 10.324 %
Peak observed value 1.997 cfs
Peak modelled value 2.044 cfs
Peak error 2.341 %

June Event

March

December Event

South Magnolia 03



Correlation coeficient R2 0.876
Max. positive difference 0.327 cfs
Max. negative difference -0.299 cfs
Volume observed 57364.972 CF
Volume modelled 53367.886 CF
Volume error -6.968 %
Peak observed value 0.761 cfs
Peak modelled value 0.751 cfs
Peak error -1.408 %

Correlation coeficient R2 0.607
Max. positive difference 0.183 cfs
Max. negative difference -0.215 cfs
Volume observed 91230.017 CF
Volume modelled 75479.825 CF
Volume error -17.264 %
Peak observed value 0.303 cfs
Peak modelled value 0.248 cfs
Peak error -18.072 %

Correlation coeficient R2 0.54
Max. positive difference 0.291 cfs
Max. negative difference -0.84 cfs
Volume observed 17455.756 CF
Volume modelled 18164.098 CF
Volume error 4.058 %
Peak observed value 0.893 cfs
Peak modelled value 0.617 cfs
Peak error -30.918 %

June

March

December

South Magnolia 05



Correlation coeficient R2 0.741
Max. positive difference 0.957 cfs
Max. negative difference -1.724 cfs
Volume observed 1081830 CF
Volume modelled 904489.2 CF
Volume error -16.393 %
Peak observed value 3.896 cfs
Peak modelled value 2.995 cfs
Peak error -23.119 %

Correlation coeficient R2 0.817
Max. positive difference 2.18 cfs
Max. negative difference -8.034 cfs
Volume observed 218682.8 CF
Volume modelled 230042 CF
Volume error 5.194 %
Peak observed value 16.014 cfs
Peak modelled value 7.98 cfs
Peak error -50.169 %

December - No meter data

June Event

March

South Magnolia 06



South Magnolia 07

December - No meter data

March
Correlation coeficient R2 0.614
Max. positive difference 0.625 cfs
Max. negative difference -1.608 cfs
Volume observed 1242144.2 CF
Volume modelled 957162.61 CF
Volume error -22.943 %
Peak observed value 3.32 cfs
Peak modelled value 2.349 cfs
Peak error -29.251 %

June
Correlation coeficient R2 0.725
Max. positive difference 3.616 cfs
Max. negative difference -2.007 cfs
Volume observed 184665.76 CF
Volume modelled 218138.08 CF
Volume error 18.126 %
Peak observed value 7.738 cfs
Peak modelled value 6.26 cfs
Peak error -19.092 %



South Magnolia 08

December
Correlation coeficient R2 0.824
Max. positive difference 2.832 cfs
Max. negative difference -1.072 cfs
Volume observed 309573.3 CF
Volume modelled 367680.5 CF
Volume error 18.77 %
Peak observed value 3.577 cfs
Peak modelled value 4.21 cfs
Peak error 17.691 %

March
Correlation coeficient R2 0.615
Max. positive difference 0.481 cfs
Max. negative difference -1.368 cfs
Volume observed 725208.4 CF
Volume modelled 888835.9 CF
Volume error 22.563 %
Peak observed value 2.107 cfs
Peak modelled value 1.283 cfs
Peak error -39.101 %

June
Correlation coeficient R2 0.77
Max. positive difference 1.854 cfs
Max. negative difference -0.603 cfs
Volume observed 103325.1 CF
Volume modelled 162233.1 CF
Volume error 57.012 %
Peak observed value 3.26 cfs
Peak modelled value 3.214 cfs
Peak error -1.426 %



South Magnolia 09

December
Correlation coeficient R2 0.893
Max. positive difference 0.992 cfs
Max. negative difference -1.105 cfs
Volume observed 210978.552 CF
Volume modelled 181466.197 CF
Volume error -13.988 %
Peak observed value 3 cfs
Peak modelled value 2.397 cfs
Peak error -20.09 %

March
Correlation coeficient R2 0.112
Max. positive difference 0.684 cfs
Max. negative difference -0.708 cfs
Volume observed 97319.444 CF
Volume modelled 308160.254 CF
Volume error 216.648 %
Peak observed value 0.928 cfs
Peak modelled value 0.684 cfs
Peak error -26.283 %

June
Correlation coeficient R2 0.772
Max. positive difference 0.904 cfs
Max. negative difference -0.711 cfs
Volume observed 57250.09 CF
Volume modelled 67398.684 CF
Volume error 17.727 %
Peak observed value 2.222 cfs
Peak modelled value 1.797 cfs
Peak error -19.107 %



South Magnolia MAGCSO

December
Correlation coeficient R2 0.982
Max. positive difference 1.958 cfs
Max. negative difference -10.43 cfs
Volume observed 2506948.2 CF
Volume modelled 2181802.2 CF
Volume error -12.97 %
Peak observed value 34.732 cfs
Peak modelled value 28.098 cfs
Peak error -19.099 %

March
Correlation coeficient R2 0.818
Max. positive difference 2.234 cfs
Max. negative difference -3.415 cfs
Volume observed 2606481.7 CF
Volume modelled 3433347 CF
Volume error 31.723 %
Peak observed value 9.711 cfs
Peak modelled value 7.871 cfs
Peak error -18.94 %

June
Correlation coeficient R2 0.896
Max. positive difference 5.973 cfs
Max. negative difference -3.96 cfs
Volume observed 533737.51 CF
Volume modelled 759909 CF
Volume error 42.375 %
Peak observed value 20.024 cfs
Peak modelled value 21.411 cfs
Peak error 6.925 %
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Objective 

This Technical Memorandum (TM) is to document the process by which downstream County flow 
hydrographs will be disaggregated to produce upstream subbasin hydrographs using observed ADS 
flow data. These disaggregated County hydrographs will then be the basis for calibration. This TM 
specifically documents the North Beach basin flow adjustments, but the same process will be used for 
the other three basins. 
 

 
Methodology 

It was decided after two meetings with King County that the downstream meters for each basin, 
owned by the County, represent more accurate flows for the basin in total than the sum of the 
observed ADS meters. Therefore, the individual subbasin flows will be disaggregated County flows 
based on observed ADS meters. The ADS meters will be used to determine factors to aid the 
disaggregation process. The disaggregated County hydrographs will generally match the observed 
ADS data. However, it is known that dry weather flow errors exist. These errors were corrected 
previously and also assumed that the downstream County meter was correct. 
 
The disaggregation process includes applying factors to the total County metered flow, for each ADS 
meter, so that a new “adjusted” hydrograph can be developed for each ADS meter location. This 
process will also help the County to disaggregate downstream County flow meter data in the future by 
application of these factors. 
 
Three factors are developed for each meter and applied to the County data. These include base 
infiltration (BI), sanitary flow (SF), and wet weather flow (WWF). Base infiltration (BI) is calculated 
using the Stevens-Schutzbach equation and along with sanitary flow make up average dry weather 
flow. Sanitary flow (SF) is flow generated only by customers and calculated as the average dry 
weather flow minus BI. Wet weather flow (WWF) is water that enters the system from rainfall events 
and is calculated as total flow minus BI minus SF. The process is as follows: 
 
Step 1: County data and ADS data converted to common time step of 15 minutes. For the North 
Beach basin, the County meter is NBEACHINLET. 
 
Step 2: County flow data disaggregated for each subbasin by applying the three component factors 
(BI, SF, WWF). The BI and SF values were presented previously in the South Magnolia and North 
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.  BI and SF are based on the dry weather flow 
period from 5/4/2008 to 5/11/2008. This period observed no rainfall with light to dry antecedent 
conditions. WWF for each meter, ADS and County, is calculated (Total flow - BI - SF). WWF factor 
based on weighted-average WWF.  

Step 3: Each disaggregated County hydrograph is plotted against the observed ADS data. The three 
factors are adjusted until a good fit is accomplished for peak flows and volumes. The DWF’s will 
obviously be different, since these are were the main adjustments need to be made. The peak 
WWF’s should be very close for each measured data set. 
 
Step 4: All disaggregated County hydrographs are added together and checked against the total 
County basin hydrograph. When the individual disaggregated County hydrographs match well to the 
observed ADS meter flow, and they add up to equal the downstream County hydrograph, the process 
is complete. 
 
Based on this process, the factors in Table 1 were generated to produce an adequate fit to each 
subbasin. The sum of the disaggregated County hydrographs add up the County downstream flows. 
 
Figures 1 through 5 represent the disaggregated County and observed ADS hydrographs for 
March 20082

 

. Figure 6 represents the County downstream metered flows and the sum of the 
disaggregated County hydrographs for March 2008. As expected, the two hydrographs are 
identical. It is assumed that little to no travel time for flows is apparent between the subbasin 
outlets and the basin outlet. Therefore, the four meters (NB05 is upstream of NB02) can be 
summed directly to equal the downstream County meter flows. 

Figures 7 and 8 represent the County downstream metered flows and the sum of the observed 
ADS hydrographs for the December and June events, respectively. Figures 9 through 11 
represent the statistical analysis for the County data and the sum of the observed ADS 
hydrographs. 
 

 
Observations and Discussion 

The following observations were noted based on this analysis. 
 
1. For meters NB01 through NB04, ADS meters measured higher DWF than the adjusted flows. 
 
2. The sum of the observed ADS meters measured more WWF than County meter for the large 

December wet weather event. Therefore, the sum of the ADS meters (during wet weather flows) 
will be used instead of the downstream County meter flows. However, the adjusted DWF’s will still 
be applied during this wet weather period. 

 
3. Generally, the WWF patterns between the disaggregated County and observed ADS flows match 

well, even when accounting for differences in DWF. 
 
The disaggregated County hydrographs will be the basis for the calibration of the MIKE URBAN 
model. This same process will be applied to the other three basins. 
 
 
 
 
                                                 
1 South Magnolia and North Beach Basins Population/Land Use Analysis, January 6, 2009. 
2 In the 1/12/2009 version of the memo, the entire flow monitoring period was shown. For the 1/21/2009 
version, the period shown has been changed to March 2008 to better illustrate the correlation between the 
two data sets. 
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Table 1 BI, SF, and WWF Factors 

Component NB01 NB02 NB03 (1) NB04 NB05 Unmetered 
Sum of 

ADS 
BI 10.14% (2) 28.63% 12.94% 25.27% 23.02% 0.00% 100% 

SF 10.83% (3) 30.59% 13.83% 20.79% 23.49% 0.46% 100% 

WWF 17.54% (4) 16.22% 29.89% 24.02% 9.33% 3.00% 100% 

Notes: 
1. Factors for NB02 only. Upstream meter NB05 was subtracted out prior to analysis. 

2. BI = Base Infiltration = 0.7

)/0.6(-1

                          4.0
ADWFADWFMDWF

MDWF×
  

Where, 
  MDWF = Minimum average day flow (i.e. minimum of diurnal pattern average from 5/4/2008 
                         through 5/11/2008) 
  ADWF = Average dry weather flow 
 

      BI% =

∑
=

× 05

NB01i
iBI

NB
i

i
BI

BI  

 

3. SF% = Sanitary Flow% = Average dry weather flow - BI = 
County

i

SF
SF

 

 
4. WWF = Wet Weather Flow = WWF - BI - SF 

WWF Factor = 

n         

                 
1
∑
=

n

t County

iADS

WWF
WWF

 

Where, 
  WWFADS
  WWF

 = Wet weather flow of each ADS meter 
County

 
 = Wet weather flow of each downstream County meter 

      WWF% =

∑
=

× 05

NB01i
iWWF

NB
i

i
WWF

WWF  
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PROJECT MEMORANDUM 
 

Project Name: CSO Planning/Predesign Services Date: 06/17/2009 

Client: 
King County DNRP, Wastewater Treatment 
Division Project Number: 

7562A.10 

Prepared By: Ed Wicklein 

Reviewed By: Allen DeSteiguer, Brian Matson 

Subject: South Magnolia Calibration, Round 3 

Distribution: King County, Carollo Project Team 

 
INTRODUCTION AND BACKGROUND 
 
This project memorandum (PM) summarizes the results of the round 3 wet weather calibration of 
South Magnolia sub-basins based on comments we have received from the county, ADS, DHI, and 
review of literature.  The dry weather flow (DWF) and base infiltration (BI) used for the sub basins 
were summarized in a PM “South Magnolia and North Beach Basins Population/Land Use Analysis” 
dated 1/06/2009. 
 
Wet weather calibration focused on meeting the recommendations on model verification contained in 
the “Code of Practice for the Hydraulic Modeling of Sewer Systems”, version 3.001, published by the 
Wastewater Planning Group, a section of the Chartered Institution of Water and Environmental 
Management.  The document is available at: 
http://www.ciwem.org/groups/wapug/code_of_practice.asp  The recommendations summarized 
below are a portion of section 6.5.4 Storm Flow Verification, from the aforementioned document and 
are the basis of our model calibration:  
 

• The comparison period between observed and modeled events should last until flow has 
substantially returned to DWF.   

• Observed and modeled hydrographs should meet the criteria for two out of three events.   
• The peak flow should be in the range +25% to -10% 
• The volume of flow should be in the range of +20% to -10% 

 
BASIS OF MODEL 
 
The five largest storms that occurred during the flow-monitoring period of 12/1/2007 through 
6/12/2008 at rain gage (RG) 12 are summarized in Table 1.  The largest were used for model 
verification.  Storms were defined by a period of at least 24 hours without rain before and after.  
Table 1 lists details of the rain events in order of size.  The ADS data shows that generally the 
system returned to DWF conditions within 24 hours from a storm, including the 100+ year event in 
December 2007.  Therefore the South Magnolia combined sewer flows are governed by direct 
sanitary flow, direct impervious connections, and pervious connections. 
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Table 1 - Storms Statistics Based on Period of Rain Record 
Statistics - Subcatchment RG12_catchment Rainfall 

 Event Event 

 Duration Total 
Rank for 

Monitoring 
Period Start Date (hours) (in) 

1 12/1/2007 71.5 7.95 

2 6/2/2008 28.8 1.86 

3 12/16/2007 63.8 1.26 

4 1/2/2008 74 1.17 

5 3/13/2008 69 0.81 
 
Attempts to calibrate to the largest storm that occurred on 12/1/07 were not successful and data was 
not available for all meters.  Therefore calibration focused on the next two larges storms, on in June 
2008, and on starting on December 16, 2007.  Comparisons were made between the model and the 
next two smaller storms, beginning on January 2, 2008, and March 13, 2008.   
 
The model was built and calibrated using Mike Urban Model B+RDI.  Model B calculates the fast 
response curve (FRC), and RDI calculates the slow response curve (SRC).  These models have a 
large number of parameters that can be adjusted, although only a few are significant.  The 
parameters used and the model results summaries are contained in the following tables.  There are 
figures showing the hydrographs from the events.   
 
 



Meter
Parameter MU name Units SM02 SM03 SM05 SM06 SM07 SM08 SM09 Unmetered

Catchment Geometry
Drainage Area Area Acres 83.396 93.194 13.27 156.247 109.255 95.797 56.291 8.268

Kinematic Wave (B)
Length Length Feet 350.00 260.00 150.00 3000.00 300.00 250.00 250.00 250.00
Slope Slope 0/00 30 30 15 20 30 30 30 30
Steep Impervious Area AISteep % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Flat Impervious Area AIFlat % 0.77 2.52 6.25 17.5 6.1 5.55 4.9 1
Small Pervious Area APSmall % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Medium Pervious Area APMedium % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Large Pervious Area APLarge % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Manning number, steep impervious area ManningSteep --- na na na na na na na na
Manning number, flat impervious area ManningFlat --- 0.0300 0.0250 0.0550 0.0200 0.0200 0.0200 0.0200 0.0140
Manning number, small pervious area ManningSmall --- na na na na na na na na
Manning number, medium pervious area ManningMedium --- na na na na na na na na
Manning number, large pervious area ManningLarge --- na na na na na na na na

RDI
Area RdiiArea % 2.450 7.150 9.200 6.900 23.600 1.350 4.900 2.000
Surface storage (Umax) Umax Inches 0.44 0.4 0.445 0.025 0.34 0.25 0.25 0.25
Root zone storage (Lmax) Lmax Inches 8 8 8 8 8 8 4 4
Overland coefficient (CQof) Cqof --- 0.04 0.3 0.65 0.05 0.3 0.4 0.5 0.5
Groundwater coefficient (Carea) GwCarea --- 1 1 1 1 1 1 1 1
TC overland flow (CK) Ck Hours 1.4 0.8 0.025 0.025 0.55 0.75 0.5 0.5
TC interflow (CKif) Ckif Hours 42 1.5 14.5 8 24 48 1.75 1.75
TC baseflow (BF) Ckof Hours 210 2.5 120 210 144 168 96 96
Overland flow threshold (Tof) Tof % 0 0 0 0 0 0 0 0
Interflow threshold (Tif) Tif % 0 0 0 0 0 0 0 0
Groundwater threshold (Tg) Tg % 0 0 0 0 0 0 0 0
Specific yield (Sy) GwSy --- 0.2 0.2 0.4 0.2 0.25 0.2 0.2 0.2
Minimum groundwater depth (GWLmin) GwLmin Feet 8 8 8 8 8 8 4 4
Maximum groundwater depth causing baseflow
(GWLbf0)

GWLbf0 Feet
0 0 0 0 0 0 0 0

Groundwater depth for unit capilary flux 
(GWLfl1)

GWLfl1 Feet
0 0 0 0 0 0 0 0

Initial surface storage (U) InitU Inches 0 0 0 0 0 0 0 0
Initial root zone moisture (L) InitL Inches 8 8 8 8 8 8 4 4
Initial groundwater depth (GWL) InitGwl Feet 0 0 0 0 0 0 0 0
Initial overland flow (OF) InitOf Inches/hour 18 18 18 18 18 18 18 18
Initial interflow (IF) InitIf Inches/hour 1 1 1 1 1 1 1 1



 

 



6/2/2008 Storm 1/2/2008 Storm
Correlation coeficient R2 0.681 Correlation coeficient R2 0.23
Max. positive difference 0.104 cfs Max. positive difference 0.1 cfs
Max. negative difference -0.14 cfs Max. negative difference -0.2 cfs
Volume observed 16985.79 CF Volume observed 64297 CF
Volume modelled 18408.1 CF Volume modelled 56290 CF
Volume error 8.374 % Volume error -12.5 %
Peak observed value 0.398 cfs Peak observed value 0.2 cfs
Peak modelled value 0.502 cfs Peak modelled value 0.2 cfs
Peak error 26.271 % Peak error -34.3 %

12/16/2007 Storm 3/13/2008 Storm
Correlation coeficient R2 0.284 Correlation coeficient R2 0.59
Max. positive difference 0.157 cfs Max. positive difference 0.1 cfs
Max. negative difference -0.187 cfs Max. negative difference -0.2 cfs
Volume observed 37237.69 CF Volume observed 31304 CF
Volume modelled 37521.93 CF Volume modelled 34433 CF
Volume error 0.763 % Volume error 10.0 %
Peak observed value 0.288 cfs Peak observed value 0.345 cfs
Peak modelled value 0.279 cfs Peak modelled value 0.213 cfs
Peak error -3.065 % Peak error -38.2 %

Volume Comparison
December 1, 2007 to June 13, 2008
Volume observed 1072945 CF
Volume modelled 1111797 CF
Volume error 3.62 %

CF

South Magnolia Sub Basin 2



South Magnolia Sub Basin 3
12/2/2007 Storm 1/2/2008 Storm
Correlation coeficient R2 0.88 Correlation coeficient R2 0.65
Max. positive difference 0.6 cfs Max. positive difference 0.4 cfs
Max. negative difference -5.6 cfs Max. negative difference -0.3 cfs
Volume observed 402550 CF Volume observed 133599 CF
Volume modelled 277274 CF Volume modelled 131642 CF
Volume error -31.1 % Volume error -1.5 %
Peak observed value 9.3 cfs Peak observed value 0.732 cfs
Peak modelled value 4.2 cfs Peak modelled value 0.712 cfs
Peak error -55.2 % Peak error -2.7 %

6/2/2008 Storm 3/13/2008 Storm
Correlation coeficient R2 0.90 Correlation coeficient R2 0.70
Max. positive difference 0.8 cfs Max. positive difference 0.4 cfs
Max. negative difference -0.2 cfs Max. negative difference -0.4 cfs
Volume observed 61265 CF Volume observed 70542 CF
Volume modelled 73883 CF Volume modelled 80250 CF
Volume error 20.6 % Volume error 13.8 %
Peak observed value 2.0 cfs Peak observed value 0.928 cfs
Peak modelled value 2.4 cfs Peak modelled value 0.807 cfs
Peak error 21.6 % Peak error -13.1 %

12/16/2007 Storm Volume Comparison
Correlation coeficient R2 0.61 December 1, 2007 to June 13, 2008
Max. positive difference 0.7 cfs Volume observed 2132194 CF
Max. negative difference -0.4 cfs Volume modelled 2291142 CF
Volume observed 85572 CF Volume error 7.46 %
Volume modelled 82356 CF
Volume error -3.8 % DWF volume 1909611 CF
Peak observed value 0.9 cfs Storm Volume Measured 222583 CF
Peak modelled value 1.0 cfs Storm Volume Modeled 381530 CF
Peak error 6.8 % Storm Volume error 71.41 %

CF



South Magnolia Sub Basin 5
6/2/2008 Storm 1/2/2008 Storm
Correlation coeficient R2 0.803 Correlation coeficient R2 0.59
Max. positive difference 0.401 cfs Max. positive difference 0.1 cfs
Max. negative difference -0.255 cfs Max. negative difference -0.1 cfs
Volume observed 11505.58 CF Volume observed 25172 CF
Volume modelled 13924.53 CF Volume modelled 23358 CF
Volume error 21.024 % Volume error -7.2 %
Peak observed value 0.893 cfs Peak observed value 0.1 cfs
Peak modelled value 0.801 cfs Peak modelled value 0.1 cfs
Peak error -10.249 % Peak error 15.4 %

12/16/2007 Storm 3/13/2008 Storm
Correlation coeficient R2 0.648 Correlation coeficient R2 0.54
Max. positive difference 0.176 cfs Max. positive difference 0.2 cfs
Max. negative difference -0.06 cfs Max. negative difference -0.2 cfs
Volume observed 15323.83 CF Volume observed 16243 CF
Volume modelled 15335.08 CF Volume modelled 14005 CF
Volume error 0.073 % Volume error -13.8 %
Peak observed value 0.192 cfs Peak observed value 0.303 cfs
Peak modelled value 0.242 cfs Peak modelled value 0.253 cfs
Peak error 26.064 % Peak error -16.5 %

Volume Comparison
December 1, 2007 to June 13, 2008
Volume observed 492860 CF
Volume modelled 369912 CF
Volume error -24.95 %

CF



South Magnolia Sub Basin 6
6/2/2008 Storm 1/2/2008 Storm
Correlation coeficient R2 0.877 Correlation coeficient R2 0.86
Max. positive difference 4.666 cfs Max. positive difference 0.9 cfs
Max. negative difference -2.958 cfs Max. negative difference -0.5 cfs
Volume observed 162018.5 CF Volume observed 412018 CF
Volume modelled 207691.2 CF Volume modelled 328698 CF
Volume error 28.19 % Volume error -20.2 %
Peak observed value 16.014 cfs Peak observed value 1.9 cfs
Peak modelled value 13.055 cfs Peak modelled value 2.6 cfs
Peak error -18.474 % Peak error 39.3 %

12/16/2007 Storm 3/13/2008 Storm
Correlation coeficient R2 0.882 Correlation coeficient R2 0.88
Max. positive difference 1.822 cfs Max. positive difference 2.1 cfs
Max. negative difference -0.464 cfs Max. negative difference -0.5 cfs
Volume observed 254500.9 CF Volume observed 216479 CF
Volume modelled 224079.6 CF Volume modelled 180033 CF
Volume error -11.953 % Volume error -16.8 %
Peak observed value 3.023 cfs Peak observed value 3.896 cfs
Peak modelled value 3.783 cfs Peak modelled value 5.222 cfs
Peak error 25.13 % Peak error 34.0 %

Volume Comparison
December 1, 2007 to June 13, 2008
Volume observed 6095393 CF
Volume modelled 4662321 CF
Volume error -23.51 %

CF



South Magnolia Sub Basin 7
6/2/2008 Storm 1/2/2008 Storm
Correlation coeficient R2 0.78 Correlation coeficient R2 0.49
Max. positive difference 3.2 cfs Max. positive difference 0.8 cfs
Max. negative difference -1.6 cfs Max. negative difference -1.2 cfs
Volume observed 127622 CF Volume observed 398778 CF
Volume modelled 159469 CF Volume modelled 312159 CF
Volume error 25.0 % Volume error -21.7 %
Peak observed value 7.7 cfs Peak observed value 1.7 cfs
Peak modelled value 7.0 cfs Peak modelled value 1.7 cfs
Peak error -9.3 % Peak error -0.9 %

12/16/2007 Storm 3/13/2008 Storm
Correlation coeficient R2 0.59 Correlation coeficient R2 0.66
Max. positive difference 1.7 cfs Max. positive difference 0.8 cfs
Max. negative difference -1.0 cfs Max. negative difference -2.0 cfs
Volume observed 239553 CF Volume observed 216748 CF
Volume modelled 223324 CF Volume modelled 185422 CF
Volume error -6.8 % Volume error -14.5 %
Peak observed value 2.0 cfs Peak observed value 3.32 cfs
Peak modelled value 2.5 cfs Peak modelled value 2.235 cfs
Peak error 28.3 % Peak error -32.7 %

Volume Comparison
December 1, 2007 to June 13, 2008
Volume observed 7032877 CF
Volume modelled 4724413 CF
Volume error -32.82 %

CF



South Magnolia Sub Basin 8
6/2/2008 Storm 1/2/2008 Storm
Correlation coeficient R2 0.73 Correlation coeficient R2 0.51
Max. positive difference 2.6 cfs Max. positive difference 0.8 cfs
Max. negative difference -1.2 cfs Max. negative difference -0.7 cfs
Volume observed 68592 CF Volume observed 216443 CF
Volume modelled 79717 CF Volume modelled 210414 CF
Volume error 16.2 % Volume error -2.8 %
Peak observed value 3.3 cfs Peak observed value 1.1 cfs
Peak modelled value 3.8 cfs Peak modelled value 1.3 cfs
Peak error 15.5 % Peak error 18.2 %

12/16/2007 Storm 3/13/2008 Storm
Correlation coeficient R2 0.54 Correlation coeficient R2 0.68
Max. positive difference 1.4 cfs Max. positive difference 1.1 cfs
Max. negative difference -0.8 cfs Max. negative difference -0.8 cfs
Volume observed 134342 CF Volume observed 127955 CF
Volume modelled 127893 CF Volume modelled 132169 CF
Volume error -4.8 % Volume error 3.3 %
Peak observed value 1.7 cfs Peak observed value 2.0 cfs
Peak modelled value 1.8 cfs Peak modelled value 1.8 cfs
Peak error 11.6 % Peak error -12.7 %

Volume Comparison
December 1, 2007 to June 13, 2008
Volume observed 4326679 CF
Volume modelled 4362702 CF
Volume error 0.83 %

CF



South Magnolia Sub Basin 9
6/2/2008 Storm 1/2/2008 Storm
Correlation coeficient R2 0.83 Correlation coeficient R2 0.69
Max. positive difference 0.8 cfs Max. positive difference 0.3 cfs
Max. negative difference -0.7 cfs Max. negative difference -0.3 cfs
Volume observed 38530 CF Volume observed 96002 CF
Volume modelled 46036 CF Volume modelled 86548 CF
Volume error 19.5 % Volume error -9.8 %
Peak observed value 2.2 cfs Peak observed value 0.6 cfs
Peak modelled value 2.2 cfs Peak modelled value 0.7 cfs
Peak error -1.4 % Peak error 15.6 %

12/16/2007 Storm 3/13/2008 Storm
Correlation coeficient R2 0.65 Correlation coeficient R2
Max. positive difference 0.8 cfs Max. positive difference cfs
Max. negative difference -0.4 cfs Max. negative difference cfs
Volume observed 57365 CF Volume observed CF
Volume modelled 54151 CF Volume modelled CF
Volume error -5.6 % Volume error %
Peak observed value 0.9 cfs Peak observed value 0.928 cfs
Peak modelled value 1.0 cfs Peak modelled value 0.93 cfs
Peak error 8.4 % Peak error 0.1 %

Volume Comparison
December 1, 2007 to June 13, 2008
Volume observed 1112071.36 CF
Volume modelled 1538766.74 CF
Volume error 38.369 %

CF



6/2/2008 Storm 1/2/2008 Storm
Correlation coeficient R2 0.93 Correlation 0.41
Max. positive difference 10.2 cfs Max. positiv 3.8 cfs
Max. negative difference -2.6 cfs Max. negat -3.3 cfs
Volume observed 378282 CF Volume ob 1008858 CF
Volume modelled 521837 CF Volume mo 952128 CF
Volume error 37.9 % Volume err -5.6 %
Peak observed value 20.0 cfs Peak obser 5.4 cfs
Peak modelled value 24.1 cfs Peak mode 5.7 cfs
Peak error 20.2 % Peak error 6.2 %

12/16/2007 Storm 3/13/2008 Storm
Correlation coeficient R2 0.29 Correlation 0.83
Max. positive difference 5.9 cfs Max. positiv 5.4 cfs
Max. negative difference -6.9 cfs Max. negat -1.6 cfs
Volume observed 658680 CF Volume ob 424054 CF
Volume modelled 678087 CF Volume mo 600608 CF
Volume error 2.9 % Volume err 41.6 %
Peak observed value 10.0 cfs Peak obser 9.7 cfs
Peak modelled value 7.6 cfs Peak mode 9.0 cfs
Peak error -24.5 % Peak error -7.8 %

South Magnolia MAGCSO
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Alternative Narrowing (9 to 3) Workshop for South Magnolia 
Dec. 17, 2009, 1:00 PM – 4:00 PM 

King Street Center 6th Floor (Rm 603/604) 
 

Summary 
 
Attendance 
 
King County Consultant SPU 
Betsy Cooper 
Hien Dung 
Pam Erstad 
Ron Kohler 
Sue Meyer 
Shahrzad Namini  
Chris Okuda 

John Phillips  
Kevin Schock  
Linda Sullivan 
Jim Weber  
Mary Wohleb  
Monica Van Der 
Vieren 

Ellen Blair 
Jennifer Corrigan 
Kevin Dour 
Karl Hadler 
Jeff Lykken 
Allen de Steiguer 
Lloyd Skinner 
Bob Wheeler 

Sahba Mohandessi 

 
Project Overview 
During heavy rains when flows in the combined sewer system exceed the system’s capacity at 
the South Magnolia CSO Control Structure, the system can overflow into Puget Sound at the 
South Magnolia outfall near the 32nd Ave W boat ramp. When this happens, about 90 percent of 
the combined volume of the overflow is storm water and the rest is diluted sewage. These events 
are called combined sewer overflows, or CSOs.   
 
Each year, the South Magnolia CSO discharges into Puget Sound approximately 19 times, for a 
total of 31 million gallons of mixed storm water and raw sewage.   
 
CSOs help to avoid sewer backups into homes and businesses and onto streets, but CSOs can be 
a public health and environmental concern. State regulations require King County to reduce the 
number of CSOs each year, with a long-term goal of less than one untreated discharge per 
location per year. 
 
Meeting Purposes   

1. Primarily to narrow the 9 alternatives for the South Magnolia Basin to 3 recommended 
alternatives that will be further evaluated and considered. 

2. Provide the reasons and rationale why alternatives were and were not recommended for 
public, agency, and workshop participants’ understanding. 

 
Information Available for Workshop 

1. Final revised South Magnolia Basin Alternatives summary sheets (1 for each alternative) 
2. Final revised table of criteria ratings and descriptions of Low, Moderate, and High impact 
3. Final revised Alternative Rating Sheets for South Magnolia Basin (summary & expanded 

to include description of ratings) 
4. Comment logs relating to Barton, Murray, and South Magnolia Basin Alternatives 
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5. Summary of major changes to Barton, Murray, and South Magnolia Basin Alternatives 
and overall evaluation criteria 

6. Preliminary planning level cost information for comparison purposes for South Magnolia 
Basin 

7. Community input from public meetings 
8. Initial Straw Poll Results 

 
Agenda 
 
* The recommendations for the Murray basin were finalized before the beginning of the Magnolia basin discussion, 
which is outlined in the agenda below.  The discussion of the Murray basin is reflected in the summary of the 
December 16, 2009 workshop. 
 
Review of Initial Straw Poll Results for South Magnolia (Allen de Steiguer, Carollo Engineers) 
 
Initial South Magnolia Alternatives Narrowing - Discussion (facilitated by Bob Wheeler, 
Triangle Associates) 

• Alternatives clearly not meriting further consideration 
• Alternatives clearly meriting further consideration 
• Iterative Process for remaining alternatives to decide what will be and not be considered 

further 
• Identify reasons and rationale for being recommended or not recommended 

 
Presentation of Preliminary Planning Level Cost Information for Comparison Purposes (Allen 
de Steiguer, Carollo Engineers) 

• Methodology for determining costs 
• Review of methodology for creating comparative cost ratings 
• Discussion – Does cost information change any of the three alternatives currently 

identified for further evaluation? 
 
Team Agreement on 3 Alternatives to Consider Further (facilitated by Bob Wheeler, Triangle 
Associates) 

• Truth Test – Do we have the right 3 alternatives to consider further? 
• Additional reasons and rationale for recommendation or non-recommendation 

 
Summary of Workshop Outcome 
King County staff agreed that the CSO control alternatives to evaluate further include: 

• Single Rectangular Storage Tank (Alternative 1A) 
• Rectangular Storage Tank out of Basin w/ Gravity Sewer (Alternative 1F1) 
• Conveyance out of Basin to downstream treatment (Alternative 2A) 
• Peak flow Reduction w/ Storage (Alternative 5A) 

 
The project team decided to recommend four alternatives for further evaluation.  The capacity 
available in the King County sewer system downstream of the South Magnolia basin had been 
reconsidered, which could make Alternative 2A (Conveyance out of Basin to downstream 
treatment) more feasible than originally thought. The project team decided that more information 
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about downstream capacity is needed before deciding whether to develop Alternative 2A in more 
detail. If downstream capacity is confirmed to be adequate, Alternative 2A will be developed in 
more detail along with the three other recommended alternatives. If downstream capacity is 
found to be inadequate, only the three other recommended alternatives will be developed in more 
detail. 
 
The Basin Lead for the South Magnolia Basin supported these choices. 
 
Action Items Responsibility 
The capacity of the King County sanitary sewer system 
downstream of the South Magnolia Basin will be verified by 
mid-January 2010. 

Betsy Cooper, Ron Koehler, John 
Phillips; King County 

John Phillips will confirm with Christie True whether to 
start communicating with the City of Seattle RainWise 
Program about the CSO control alternatives. 

John Phillips, King County 

 
Key Points of Discussion 

• Geotechnical reports may affect permitting issues for the CSO control alternatives. Initial 
review of geotechnical conditions is promising for all alternatives. 

• The project team is uncertain how much capacity exists in the King County sanitary 
sewer system downstream of the South Magnolia basin. Previous estimates have been 
reconsidered. 

• Peak flow reduction is paired with a storage tank in Alternative 5A, but it could also be 
paired with a convey-and-treat element. Peak flow reduction could reduce the amount of 
flow to convey and treat from 7.7 MGD as described in Alternative 2A to roughly 5 
MGD. 

• The degree of uncertainty about the likelihood of meeting the CSO control requirement is 
similar for all of the CSO control alternatives. 

 
Reasons and Rationale for Recommendation & Non-Recommendation of Alternatives for 
Further Evaluation 
 
RECOMMENDED  Alternative 1A: Single Rectangular Storage Tank – Bottom of Basin 
 
Reasons and Rationale for Being Recommended 

• Single storage facility requires lowest level of complexity to operate, control, and 
maintain compared to other CSO control approaches. 

• All of the basin flow is captured passively. Most reliable location to capture the highest 
volume of peak flows. 

• Location is out of the shoreline zone. 
• Low cost compared to other South Magnolia CSO control alternatives. 
• Low risk of cost estimate changing dramatically compared to other South Magnolia CSO 

control alternatives. 
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Challenges 
• Project requires construction of a relatively large facility sited at the base of steep slopes; 

facility may require permanent slope reinforcement uphill of the facility. 
• Construction access difficult due to narrow streets; will present access challenges for 

nearby residents. 
• Steep slopes may make permitting the project difficult. 
 

Other Considerations 
• There will be less environmental impact and permitting will be easier if no marine access 

is used for construction. 
• Single storage facility localizes impacts to one area. 
• Potential to use property owned by the City of Seattle Dept. of Parks and Recreation. 
• City of Seattle Dept. of Parks and Recreation may not want construction to occur on 

parks property. 
• Maintenance access is an issue.  Access would be restricted if entry were within the 

paved road or special provisions would be required so the structures could be accessed 
from the side of the road a safe distance from the paved area. 

• Geotech reports are critical to project costs, permitting, and feasibility. 
 
Not Recommended  Alternative 1B: Dispersed Rectangular Storage Tanks 
 
Reasons and Rationale for Not Being Recommended 

• Technically complex. 
• Multiple facilities will require more maintenance and are not as easy to manage as a 

single facility. 
• Multiple facilities will create construction disruption at multiple locations in the basin. 

 
Benefits 

• Reduces volume of storage tank at bottom of basin. 
 
Other Considerations 

• There will be less environmental impact and permitting will be easier if no marine access 
is used for construction. 

• Telemetry and instrumentation will be necessary to predict and capture adequate flows at 
multiple facilities to meet the CSO control requirement.  Telemetry and flow control is 
more difficult for meeting the CSO control requirement compared to passively capturing 
basin flow at the bottom of the basin. 

• Geotech reports may revise expectations for permitting. 
 
Not Recommended  Alternative 1C: Dispersed Rectangular Storage Tanks (different 
configuration) 
 
Reasons and Rationale for Not Being Recommended 

• Technically complex. 
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• Multiple facilities will require more maintenance and are not as easy to manage as a 
single facility. 

• Multiple facilities will create construction disruption at multiple locations in the basin. 
 
Benefits 

• Reduces volume of storage tank at bottom of basin. 
 
Other Considerations 

• Telemetry and instrumentation will be necessary to predict and capture adequate flows at 
multiple facilities to meet the CSO control requirement.  Telemetry and flow control is 
more difficult for meeting the CSO control requirement compared to passively capturing 
all of basin flow at the bottom of the basin. 

• There will be less environmental impact and permitting will be easier if no marine access 
is used for construction. 

• Geotech reports are critical to project costs, permitting, and feasibility. 
 
 Not Recommended  Alternative 1D: Pipe Storage in Rights of Way and Rectangular Storage 
at Bottom of Basin 
 
Reasons and Rationale for Not Being Recommended 

• Technically complex. 
• Multiple facilities will create construction disruption at multiple locations in the basin. 
• Multiple facilities will require more maintenance and are not as easy to manage as a 

single facility. 
 
Benefits  

• Reduces volume of storage tank at bottom of basin. 
 
Other Considerations 

• Construction of pipe storage will disrupt use of arterial streets, 34th Ave W and Magnolia 
Blvd. during construction. 

• Telemetry and instrumentation will be necessary to predict and capture adequate flows at 
multiple facilities to meet the CSO control requirement.  Telemetry and flow control is 
more difficult for meeting the CSO control requirement compared to passively capturing 
all of basin flow at the bottom of the basin. 

• There will be less environmental impact and permitting will be easier if no marine access 
is used for construction. 

• Geotech reports are critical to project costs, permitting, and feasibility. 
 
Not Recommended  Alternative 1E: Tunnel Storage under Galer St. 
 
Reasons and Rationale for Not Being Recommended 

• High cost compared to other South Magnolia CSO control alternatives. 
• Tunneling is a somewhat more complex and risky construction method than cut-and-

cover methods proposed for other South Magnolia CSO control alternatives. 
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Benefits 

• All of the basin flow is captured passively. Most reliable location to capture the highest 
volume of peak flows. 

• Single storage facility requires lowest level of effort and complexity to operate, control, 
and maintain. 

• Fewer community impacts from construction and permanent facilities compared to 
building rectangular or pipe storage. 

 
Other Considerations 

• City of Seattle Dept. of Parks and Recreation may not want construction to occur on 
parks property. 

• There will be less environmental impact and permitting will be easier if no marine access 
is used for construction. 

• Tunnel alignment is close to planned route of new Magnolia Bridge. 
• Geotech reports are critical to project costs, permitting, and feasibility. 

 
RECOMMENDED  Alternative 1F1: Rectangular Storage Tank out of Basin (Gravity Sewer) 
 
Reasons and Rationale for Being Recommended 

• Project components are limited in size in steep slope area. 
• Storage tank is located outside basin in area with industrial zoning. 
• Facility has lower level of complexity and fewer limiting operations and control and 

maintenance efforts compared to most of the other S. Magnolia CSO control alternatives. 
 
Challenges 

• Pipeline through hill will require trenchless construction method; adequate area for pipe 
laydown presents some challenges. 

• Storage tank requires special foundation support in poor soils of potential area. 
• A manhole or regulator structure would be located in steep slope area. 

 
Other Considerations 

• Single storage facility and gravity pipeline require low level of effort and complexity to 
operate, control, and maintain. 

• Storage tank could be located within Seattle Dept. of Parks and Recreation property. City 
of Seattle Dept. of Parks and Recreation may not want construction to occur on parks 
property. 

• Avoids building storage in constrained, environmentally sensitive area at 32nd Ave W. 
• Construction traffic and other construction impacts will be concentrated in area with 

industrial zoning. 
• Geotech reports are critical to project costs, permitting, and feasibility. 
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Not Recommended  Alternative 1F2: Rectangular Storage Tank out of Basin (Pump 
Station/Force Main) 
 
Reasons and Rationale for Not Being Recommended 

• More complex technically, higher cost, and creates more new, permanent facilities than 
Alternative 1F1 but provides no additional operational benefits compared to Alternative 
1F1. 

 
Benefits  

• Storage tank is located outside basin in area with industrial zoning. 
 

Other Considerations 
• Storage tank requires special foundation support in poor soils of potential area. 
• Geotech reports are critical to project costs, permitting, and feasibility. 

 
Not Recommended  Alternative 1F3 – Rectangular Storage Tank out of Basin (Convert 
existing sewer) 
 
Reasons and Rationale for Being Recommended 

• More complex technically, higher cost, and creates more new, permanent facilities than 
Alternative 1F1 but provides no additional operational benefits compared to Alternative 
1F1. 

 
Benefits 

• Storage tank is located outside basin in area with industrial zoning. 
 
Other Considerations 

• Conversion of existing sewer to force main may present unexpected construction 
challenges. 

• 12 MGD pump station for peak flows needed. 
• Storage tank requires special foundation support in poor soils. 

 
RECOMMENDED  Alternative 2A – Conveyance out of Basin to downstream treatment 
 
Reasons and Rationale for Being Recommended 

• System is simple to operate and utilizes existing infrastructure. 
• Potential reduction or elimination of storage volumes. 
• Low cost compared to other South Magnolia CSO control alternatives. 
• Low risk of cost estimate changing dramatically compared to other South Magnolia CSO 

control alternatives. 
 

Challenges 
• Potential need for new pump station and sewer construction. 
• Pump station would be located on steep slope. 
• Construction access limited and neighborhood traffic/access impacts would occur. 
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Other Considerations 

• Members of the project team will verify whether there is downstream capacity in the 
King County system before deciding whether to develop Alternative 2A in more detail. 

• Soils in the Port of Seattle area may be contaminated. 
• There will be less environmental impact and permitting will be easier if no marine access 

is used for construction. 
• Geotech reports are critical to project costs, permitting, and feasibility. 
 

Not Recommended  Alternative 3A – End of Pipe Treatment 
 
Reasons and Rationale for Not Being Recommended 

• Technically complex.   
• O&M more complicated and time-consuming for staff than a storage facility. 
• Permitting effluent discharge to Puget Sound could cause significant schedule delay. 
• Community members may object to treatment facility in residential neighborhood. 

 
Benefits  

• Eliminates need for storage. 
 
Other Considerations 

• Construction and permanent facility located in constrained, environmentally sensitive 
area at 32nd Ave W 

• Construction access difficult due to narrow streets; will present access challenges for 
nearby residents. 

• There will be less environmental impact and permitting will be easier if no marine access 
is used for construction. 

 
RECOMMENDED  Alternative 5A – Peak flow Reduction w/ Storage 
 
Reasons and Rationale for Being Recommended 

• Reduces storage volume required and size of facility in steep slope area. 
• Many community members have expressed interest in demand management approaches. 
• Efficient use of existing stormwater infrastructure. 
• Combined approach that results in a single facility requiring operation/maintenance 

effort. 
• Low cost compared to other South Magnolia CSO control alternatives. 
• Low risk of cost estimate changing dramatically compared to other South Magnolia CSO 

control alternatives. 
• The King County CSO Program is interested in roof drain disconnects as a way to control 

CSOs. Other agencies have had success with roof drain disconnects.  The City of Seattle 
has a good roof drain disconnect program and they have offered to partner and cost-share 
with King County to encourage people to redirect their roof drains to the stormwater 
system in partially separated basins.  
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• Department of Ecology and EPA have indicated interest in “source control” as a way to 
control CSOs. 

• While it may take some time to achieve peak flow reduction, the disconnect efforts can 
begin as soon as the Facility Plan is complete. 

 
Challenges 

• May be challenging to identify sufficient stormwater sources that can be disconnected 
from the system to reliably reduce the storage volume to meet CSO control requirements. 

• Project schedule could be significantly delayed because of need to coordinate with City 
of Seattle and work required on hundreds of private properties. 

 
Other Considerations 

• Some community members are concerned that demand management approaches could 
exacerbate problems with unstable slopes. 

• The capacity of the City of Seattle municipal storm sewer system is unknown. 
• Maintenance access to the storage facility is an issue.  Access would be restricted if entry 

were within the paved road or special provisions would be required so the structures 
could be accessed from the side of the road a safe distance from the paved area. 

• There will be less environmental impact and permitting will be easier if no marine access 
is used for construction. 

• Geotech reports may revise expectations for permitting. 
 



 

 



Barton, Murray, Magnolia and North Beach CSO Projects
Alternatives Analysis

MAGNOLIA BASIN ALTERNATIVES
PRELIMINARY DRAFT

CATEGORY / CRITERI

IMPACT RATING DESCRIPTION
IMPACT 
RATING

DESCRIPTION
IMPACT 
RATING

DESCRIPTION

LAND USE AND 
PERMITTING

1. City of Seattle 
Comprehensive 
Plan

2

Section 6.5 of the Seattle Comprehensive Plan (Utilities Element of the Planning Policies, U16) 
states that the City should work cooperatively with King County to identify and expeditiously 
address combined sewer overflows.  <Location of utilities within Seattle Parks are strongly 
discouraged>. [See Murray Alt. 1A] Affected park property is currently undeveloped, natural 
area.

3

Section 6.5 of the Seattle Comprehensive Plan (Utilities Element of the Planning Policies, 
U16) states that the City should work cooperatively with King County to identify and 
expeditiously address combined sewer overflows.  Elsewhere in the Comp Plan (Land Use 
Element, Section 2.1, LU 61 & 62), uses in Single Family Residential neighborhoods 
should affirm and encourage residential use by one household as the principal use or 
should only encourage uses that are permitted outright.  Location will require review for 
consistency with City parks policies.

3

Section 6.5 of the Seattle Comprehensive Plan (Utilities Element of the Planning Policies, U16) states that the City 
should work cooperatively with King County to identify and expeditiously address combined sewer overflows.  
Elsewhere in the Comp Plan (Land Use Element, Section 2.1, LU 61 & 62), uses in Single Family Residential 
neighborhoods should affirm and encourage residential use by one household as the principal use or should only 
encourage uses that are permitted outright.  Location will require review for consistency with City parks policies.

2. Seattle 
Municipal Code 
(SMC/Zoning 
Code) 

2

Zoning is Single Family Residential. Locations will require review for consistency with Parks 
policies. Utility service use may require conditioinal use permit. (5/19/10)SMC 23.51A.002(B):  
Public Facilities in SF zones will likely require a CCU. Locations will require review for 
consistency with Parks policies. 

2
Zoning is Single Family Residential for the diversion structure, and Industrial General for 
the storage tank site. (5/19/10) Entry/exit HDD pit may require CCU.

2
(5/19/10) This alternative has same issues as 1F1 for SMC. N/A: Portions of the pipeline alignment are within the 
Shoreline District, but in developed road rights of way.  Zoning for the east half of the alternative site is Industrial 
General.

3. Shoreline 
Master Program 
Compatibility

3 Location is not in Shoreline Zone. 2

Storage tank is most likely considered a "Utility Service Use".   A Utility Service Use is 
allowed outright within the Shoreline District only if it can be demonstrated that it requires a 
shoreline location, although water-related uses (CSO tank will likely be considered a water-
related use)  are preferred next in line to water-dependent uses within the Shoreline District. 
May require Council Conditional Use Permit.  (THIS SITE IN THE SHORELINE DISTRICT)

3 Consistent with Shoreline Districts Urban Industrial designation.

4. Permitting 
Complexity

1

Potential 10-20-ft high retaining wall in steep slope area will require special conditions for 
steep slopes and work in landslide areas. Streeet Use permit will affect nearby residences. 
Stormwater control will be complex due to likelihood of groundwater from steep slopes. Traffic 
volumes in residential areas with single access to residences will require careful traffic 
planning to maintain access to residential land uses. Only local permits required (no federal or 
state permits required). Traffic impacts for local residents. Provisions for temporary and 
emergency access required. Conditional use permit required. Will likely require City of Seattle 
reviews from DPD, SDOT, and Parks. Above ground OCU and electrical would be less than 15-
feet high and will meet height requirements and view requirements. (5/19/10)Construction 
would require a significant number of trees to be removed - some may be considered 
"exceptional" trees.  Although trees are not considered as an ECA, a separate section of the 
code only allows removal under limited circumstances.

2

(5/19/10)Shoreline zoning is Urban Industrial. Public facilities may be allowed outright within
Shoreline Distict if water-dependent or water-related (SMC 23.60.840). Language vague in
other areas of code. Small diversion structure in 32nd Ave W should not be difficult to permit.
The large size of the storage tank at the 23rd Ave site, within a City of Seattle park may be
difficult to get permitted if Parks does not consider the use consistent with their policy.
Shorelines permit required. Will likely require City of Seattle reviews from DPD, SDOT, and
Parks. Above ground OCU and electrical would be less than 15-feet high and will meet height
requirements and view requirements. Marine access not anticipated to be required.

3

Potential 50-ft high retaining wall in steep slope area near pump station will require special conditions for steep slopes 
and work in landslide areas. Streeet Use permit will affect nearby residences. Stormwater control will be complex due 
to likelihood of groundwater from steep slopes. Low traffic volumes in residential areas with single access to 
residences (32nd) will require careful traffic planning to maintain access to residential land uses.  Provisions for 
temporary and emergency access required.                                                                                                                          
Only local permits required (no federal or state permits required). 
Approximately 1,200 lineal feet of force main and sewer is proposed, located within the public ROW  of Galer St.-  
SDOT street use fee could be high.  High traffic volumes on Galer St north of the Magnolia Bridge will require traffic 
planning and control during construction of a force main along the street. Stormwater control will be complex due to 
likelihood of groundwater from steep slopes. Possible special conditions for steep slopes and work in landslide areas.     
Low traffic volumes in commercial area of park and marina may require traffic planning to reduce conflicts with 
construction traffic.          Will likely require City of Seattle reviews from DPD, SDOT, and Parks. Above ground OCU 
and electrical would be less than 15-feet high and will meet height requirements and view requirements. Marine access 
not anticipated to be required.  Shoreline permit required.           Permitting complexity under 2A most likely will be less 
onerous than 1F1 because this alternative does not have a large storage tank within the Shoreline District.                     

5. Property 
Acquisition 
Complexity

1
Purchase from City of Seattle Parks Dept. may be difficult.  Location of storage may be located 
in under-utilitized (open space) portion of the park. <May impact future park uses>. <The tank 
will be located partially within the right-of-way.>

2 <Changed 
from 1 to 2>

Purchase from City of Seattle Parks Dept. may be difficult.  If storage located on Port of 
Seattle property, rating would change from 1 to 2.  Purchase from Port of Seattle in Urban 
Industrial zone. <Easements may need to be acquired from Seattle Parks Dept. and Dept. 
of Defense.>

2
Purchase from City of Seattle Parks Dept. may be difficult.  Location of pump station may be in under-utilitized (open 
space) portion of the park. <Purchase from Port of Seattle <approx. 5,000 sft. For odor control and electrical. 30 foot 
wide permanent easement for storage pipe across Parks and Port Property,> 

ALTERNATIVE 1F1: OUT OF BASIN RECTANGULAR STORAGE - Gravity SewerALTERNATIVE 1A: RECTANGULAR STORAGE, BOTTOM OF BASIN ALTERNATIVE 2A: IN-LINE STORAGE

CAROLLO ENGINEERS/TETRATECH
PAGE 1 OF 3
VERSION 5.1 10/4/2010



 

 



Barton, Murray, Magnolia and North Beach CSO Projects
Alternatives Analysis

MAGNOLIA BASIN ALTERNATIVES
PRELIMINARY DRAFT

CATEGORY / CRITERI

IMPACT RATING DESCRIPTION
IMPACT 
RATING

DESCRIPTION
IMPACT 
RATING

DESCRIPTION

ALTERNATIVE 1F1: OUT OF BASIN RECTANGULAR STORAGE - Gravity SewerALTERNATIVE 1A: RECTANGULAR STORAGE, BOTTOM OF BASIN ALTERNATIVE 2A: IN-LINE STORAGE

ENVIRONMENT

1. Cultural 
Resources

3

The project area is located in a historic creek ravine that has been filled and paved. The ravine 
is identified as an ethnologic site ("Wolf Creek"). Based on site characteristics, this project 
area has a low probability of containing archaeological resources. No historic resources 
identified in the project area.

2

32nd Ave. W. Site: This project area is located in a historic creek ravine that has been 
filled and paved. The ravine is identified as an ethnologic site ("Wolf Creek"). Based on 
site characteristics, this project area has a low probability of containing archaeological 
resources. No historic resources identified in this project area. 23rd Ave. W. Site: Based 
on site characteristics, this project area has a high probability of containing archaeological 
resources if in native soil at the base of the bluff . No historic resources identified in this 
project area. Pipeline area: Based on site characteristics, the eastern end of the pipeline 
area has a high probability of containing archaeological resources (same as 23rd Ave. W. 
Site). The rest of the pipeline area has a low probability of containing archaeological 
resources. A historic building is located at 1461 Magnolia Blvd. (the Magnolia Park 
Comfort Station) but construction is not expected to affect the building .

2

32nd Ave. W. Site: This project area is located in a historic creek ravine that has been filled and paved. The 
ravine is identified as an ethnologic site ("Wolf Creek"). Based on site characteristics, this project area has 
a low probability of containing archaeological resources. No historic resources identified in this project 
area. 23rd Ave. W. Site: Based on site characteristics, this project area has a high probability of containing 
archaeological resources if in native soil at the base of the bluff. No historic resources identified in this 
project area. Pipeline area: Based on site characteristics, the eastern end of the pipeline area has a high 
probability of containing archaeological resources (same as 23rd Ave. W. Site). The rest of the pipeline area 
has a low probability of containing archaeological resources. A historic building is located at 1461 Magnolia 
Blvd. (the Magnolia Park Comfort Station) but construction is not expected to affect the building . The 
pipeline alignment in the Port area is adjacent to an existing pipeline in a previously disturbed industrial area.  

2. Fish and 
Wildlife

2

If marine access is required, construction would likely have adverse effects on fish and wildlife 
and/or their habitat in Puget Sound.  Marine access not required with addition of off site 
staging and acceptability of large number of haul trips. Construction would require clearing of 
forested area, which may also affect fish and wildlife. If marine access was not required, rating 
would change from a 1 to a 2 2 to a 1. Note presence or absence of PHS.

3

32nd Ave. W Site: Construction would not require clearing of forested area. Construction 
and operation at this site would not affect fish and wildlife, or their habitat. Marine access 
is not anticipated required. 23rd Ave. W Site: Construction and operation at this site would 
not affect fish and wildlife, or their habitat.  Note presence or absence of PHS. No trees 
would need to be removed for construction at the base of the bluff.

3

32nd Ave. W Site: If marine access is required, construction would likely have adverse effects on fish and wildlife 
and/or their habitat in Puget Sound.  Marine access is not required . Construction would require limited clearing of 
forested area, which may also affect fish and wildlife. Construction and operation at the site would not affect fish and 
wildlife.  23rd Ave. W site and pipeline alignment: Construction and operation at this site would not affect fish and 
wildlife, or their habitat. If marine access was not required, rating would change from a 1 to a 2. 

3. Wetlands, 
Streams, and 
Shorelines

2

There is no shoreline in the project area. If marine access is required, construction would 
impact Puget Sound shoreline. Marine access not required with addition of off site staging and 
acceptability of large number of haul trips. Wolf Creek may be piped through project area. No 
wetlands in project area are mapped for this area, but field observations indicate possible 
presence of wetlands. Further study may be needed.  If marine access was not required, rating 
would change from a 1 to a 3 2 to a 1. 

2

32nd Ave.W Site:   Project site not in shoreline. Wolf Creek may be piped through this 
project area near diversion structure. No wetlands and no impacts to shoreline area 
anticipated in this project area.   No wetlands in project area are mapped for this area, but 
field observations indicate possible presence of wetlands.  Further study may be needed. 
23rd Ave. W. Site: Shorelines around tank site (5/19/10) in the project area. No wetlands 
or streams, and no impacts to shoreline area anticipated in this project area.

2

32nd Ave.W Site: If marine access is required, construction would impact Puget Sound shoreline. Wolf Creek may 
be piped through this project area. No wetlands in this project area.  23rd Ave. W. site and pipeline alignment: No 
wetlands or streams, and no impacts to shoreline area anticipated in these project areas. If marine access was not 
required, rating would change from a 1 to a 3.   32nd Ave.W Site:  No shoreline in the project area. Wolf Creek may 
be piped through this project area.   No wetlands  are mapped for this area, but field observations indicate possible 
presence of wetlands. Further study may be needed. Pipeline alignment: no wetlands or streams or impacts to 
shorelines are anticipated in this area.

4. Soils and 
Sediments

1
No known contaminated sites in project area. Project area contains steep slopes (>40%) and 
potential landslide areas. Permanent retaining wall may be required. Project area is not within 
liquifaction zone. 

2

32nd Ave. W Site: No known contaminated sites in this project area. Project area contains 
steep slopes (>40%) and potential landslide areas. Construction area and location in the 
right of way avoids steep slopes. Project area is not within liquifaction zone. 23rd Ave. W. 
site: Leaking underground storage tank in northwest corner of Smith Cove Park. Smith 
Cove Park is liquefaction zone. There are steep slopes with landslide potential on the west 
side of Smith Cove Park, but the pipeline alignment is not expected to impact them. 

1

32nd Ave. W Site: No known contaminated sites in this project area. Project area contains steep slopes (>40%) and 
potential landslide areas. Construction area and location in the right of way avoids steep slopes. Project area is not 
within liquifaction zone. 23rd Ave. W. site: Leaking underground storage tank in northwest corner of Smith Cove 
Park. Smith Cove Park is liquefaction zone. There are steep slopes with landslide potential on the west side of 
Smith Cove Park, but the pipeline alignment is not expected to impact them. Pipeline alignment east of 23rd Ave 
site: Alignment in liquifaction zone. No steep slopes or potential or known landslide areas. Known leaking 
underground storage tank and suspected contaminated soils at Magnolia Bridge and BNSF railway. Other 
suspected contamination along the alignment.

5. Water Quality 3 No new untreated discharges to surface waters. 3 No new untreated discharges to surface waters. 3 New new untreated discharges to surface waters.

TECHNICAL

1. Technical 
Complexity

3
Single site. Simple approach. Gravity overflow at new control structure to gravity fill tank. 
Automatic cleaning and emptying after event will require telemetry and local controls. Flows 
exceeding tank capacity overflow at diversion structure to existing outfall.

3

Simple approach. 32nd Ave. W. Site:Gravity overflow at new control structure to gravity 
sewer that discharges to a storage tank. Automatic cleaning and emptying of storage tank 
after event will require telemetry and local controls. Tank empties to existing Magnolia 
Trunk on 23rd Ave. W. 

3
Simple approach. 32nd Ave. W. Site:Gravity overflow at new control structure to pump station that discharges to 
pressure sewer that terminates at the Elliott Bay Interceptor near the Interbay PS. 

2. Compatibility 
with Existing WW 
system

3
Stand alone alternative. Diversion structure to tank built in SPU collection system upstream of 
existing CSO control. Likely to have to comply with SPU standards.  Does not affect 
downstream capacity in county system. 

3
Stand alone alternative. Diversion structure to tank built in SPU collection system 
upstream of existing CSO control. Likely to have to comply with SPU standards. Does not 
affect downstream capacity in county system. 

3
Stand alone alternative. Diversion structure to tank built in SPU collection system upstream of existing CSO control. 
Likely to have to comply with SPU standards. Does not affect downstream capacity in county system. 

3. 
Flexibility/Adaptive 
Management

1
Not easily modified for enlargement due to restricted physical space related to steep slopes 
and slope of ground in direction of flow.

3
Good opportunity for tank expansion on site up to 100%, depending on size of site 
acquired. No topograhpical or system limitations. 

2
Limited opportunity for pump station and/or sewer  pipe storage expansion unless provided during initial 
construction. 

4. 
Constructability/Im
plementation 
Schedule

1

Significant risks associated with shoring and groundwater. Cuts in adjacent hillside of up to 60-
ft likely to accommodate dimensions of tank. Very limited staging and access area due to 
topography and width of adjacent right of way. Alternative can likely meet the construction 
schedule.

3
 Alternative can likely meet the construction schedule. 23rd Ave. W site: shoring and 
groundwater control required. May Like to require pile supported tank.

2

Some risks Significant risks associated with shoring and groundwater. Cuts in adjacent hillside of up to 25-ft likely to 
accommodate pump station on 32nd Ave. W. Very limited staging and access area due to topography and width of 
adjacent right of way. Alternative can likely meet the construction schedule. 23rd Ave. W site: shoring and 
groundwater control required. May require pile supported tank.
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Barton, Murray, Magnolia and North Beach CSO Projects
Alternatives Analysis

MAGNOLIA BASIN ALTERNATIVES
PRELIMINARY DRAFT

CATEGORY / CRITERI

IMPACT RATING DESCRIPTION
IMPACT 
RATING

DESCRIPTION
IMPACT 
RATING

DESCRIPTION

ALTERNATIVE 1F1: OUT OF BASIN RECTANGULAR STORAGE - Gravity SewerALTERNATIVE 1A: RECTANGULAR STORAGE, BOTTOM OF BASIN ALTERNATIVE 2A: IN-LINE STORAGE

O&M

1. Staffing 3

Facility can be automatically started (gravity overflow) and run autonomously under design 
conditions. Minimal staffing required for operation and shut down. Some staffing/supervision 
may needed for cleaning. <At the end of the rain event, telemetry and coordination with 
downstream facilities required before drainage.>

3

Facility can be automatically started (gravity overflow) and run autonomously under design 
conditions. Minimal staffing required for operation and shut down. Some 
staffing/supervision may needed for cleaning. <At the end of the rain event, telemetry and 
coordination with downstream facilities required before drainage.>

3
Facility can be automatically started (gravity overflow) and run autonomously under design conditions. Minimal 
staffing required for operation and shut down. Some staffing/supervision may needed for cleaning. <At the end of 
the rain event, telemetry and coordination with downstream facilities required before drainage.>

2. Training 3
Staff familiary with storage facilities and technology such as North Creek. Similar control 
approaches to other facilities within the system can be specified for consistency.

3
Staff familiary with storage facilities and technology such as North Creek. Similar control 
approaches to other facilities within the system can be specified for consistency.

3
Staff familiary with storage facilities and technology such as North Creek. Similar control approaches to other 
facilities within the system can be specified for consistency.

3. Reliability 3
System is not complex.  Gravity diversion over a weir.  Power is   <required to prevent an 
excursion from design conditions.> Storage is a proven technology for controlling peak flow 
events.

3
<System is not complex.  Gravity diversion over a weir.  Power is   <required to prevent an 
excursion from design conditions.> Storage is a proven technology for controlling peak 
flow events.>

3
<System is not complex.  Gravity diversion over a weir.  Power is   <required to prevent an excursion from design 
conditions.> Storage is a proven technology for controlling peak flow events.>

4. Maintenance 3
Alternative requires less maintenance than other alternatives.  Automatic flushing gates should 
provide most, if not all, the cleaning needed.  Minimal telemetry/controls to maintain (typical 
level sensing and pump system controls). Assumes no entry.

3
Alternative requires less maintenance than other alternatives.  Automatic flushing gates 
should provide most, if not all, the cleaning needed.  Minimal telemetry/controls to maintain 
(typical level sensing and pump system controls). Assumes no entry.

2

<Specialized cleaning equipment may be needed to clean the storage pipe. The change in direction of the storage 
pipe renders flushing gates not efficient. Additional ventilation requirements may increase size of ventilatio/odor 
control structure. Required multiple points of access for maintenance. May require special access considerations 
because of land use.>

5. Safety 3
No street access required. No traffic control procedures required. No street use/closure permit 
required.

3
No street access required. No traffic control procedures required. No street use/closure 
permit required.

2
<Coordination with another agency required for access. Special access considerations may be required (raised 
hatches, etc.)>

COST EFFECTIVENESS

1. Relative Project 
Costs

3 Relative Cost = 1.1 3 Relative Cost = 1.1 3 Relative Cost = 1.0 (Base)

2. Relative 
Lifecycle Costs

3 Relative Cost = 1.0 3 Relative Cost = 1.0 3 Relative Cost = 1.0 (Base)

3. Relative 
Variability/Risk

2
Relative Variability = 1.1  Limited availability to increase costs of key construction items within 
contingency amount

3
Relative Variability = 1.15  Good availability to increase costs of key construction items 
within contingency amount

2
Relative Variability = 1.0 (Base)   Limited availability to increase costs of key construction items within contingency 
amount

COMMUNITY IMPACT

1. Location 1
<Large> above ground facilities and vents may cause limited reduction in land use. <Potential 
for large permanent retaining wall/permanent alteration of the existing slope>. <Design cannot 
mitigate these permanent changes>. <Several large trees must be removed>. 

3
Small, above ground facilities and vents may cause limited reduction in land use.  
<Potential for restoration benefit. Location is consistent with industrial use>.

3
Aboveground structure for large pump station in parks use on residential street. Design can help facility remain 
consistent with area.  Below grade tank does not impose similar limitations on land use. <Location is consistent with 
industrial use>.

2. Potential 
Community 
Impacts

1

Community has expressed concern about facility changing character and nature of the 
neighborhood. <Community has expressed concerns about potential impacts to slopes and 
existing homes>. <Design will have to consider re-vegetation of the slope and lengthy re-
establishment period.>

3

Facilities can be design<ed> such that any small aboveground facilities can fit into 
community vision that is consistent with current surrounding uses. Storage tank and 
ancillary facilities located near a marina and sports field at base of a bluff. No residential 
properties immediately adjacent. <Limited O&M activities associated with diversion 
structure on 32nd Avenue W..>

3

Community has expressed concern about facility changing character and nature of the neighborhood. However, 
facilities can be design such that any small aboveground facilities can fit into community vision that is consistent 
with current surrounding uses. Potential impact limited to small pump station on residential street . <Limited O&M 
activities associated with diversion structure on 32nd Avenue W and on Port Property associated with storage 
pipeline maintenance.>

3. Construction 
Impacts

1

Construction will affect traffic and parking for 11 residences. Likely need for offsite temporary 
parking for residences. <Large number of truck trips through the residential streets and 
arterials will affect  traffic in the local neighborhood and community center. Standard 
construction practices may not be able to completely mitigate noise effects. Park use will be 
restricted during construction.>

3
32nd Ave. W. Site: Construction will affect parking for 11 residences. 

<Althetic Facility: If necessary, potential exists to relocate activities during construction.>
2

32nd Ave. W. Site: Construction will affect parking for 11 residences. 

<Althetic Facility: If necessary, potential exists to relocate activities during construction.>

<Port of Seattle: Pipeline construction will require traffic diversion during construction.
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Barton, Murray, Magnolia and North Beach CSO Projects
Alternatives Analysis

PRELIMINARY DRAFT CRITERIA
Version 11 April 2010

Category Sample Criteria

Low Impact (rating of 3) Moderate Impact (rating of 2) High Impact (rating of 1)
LAND USE AND 

PERMITTING

[REV 11/23/09] 1. City of Seattle Comprehensive 
Plan

Yes Partly consistent Potentially inconsistent with policies

[REV 11/23/09] 2. Seattle Municipal Code
Yes Partly consistent Inconsistent; requires change to code or major exception to existing 

regulations

[REV 11/23/09] 3. Shoreline Master Program Not located in shoreline zone Located in shoreline zone, generally consistent with SMP Located in shoreline zone, potentially inconsistent with SMP

4. Permitting Complexity
[REV03/08/10] SEPA and local permits (no conditional use or variances required) SEPA and local permits (conditional use and/or variance required) COE Individual Section 10 or 404 permit required with Public Notice or 

NWP 404 and Section 10 Review required; HPA Permit; Shoreline permit 
and ECA reviews required

[REV03/08/10] 1 departmental review only 2 departmental reviews required 3 or more departmental reviews required

[REV04/05/10] NEW 
QUESTION

Yes Consistent with Conditions (CCU required) No - prohibited

[REV 11/23/09] No marine access required. No known fish or wildlife impact likely. Marine access may be required. Fish and wildlife impacts low to moderate 
may occur.

Marine access believed required for project. Fish and wildlife impacts 
higher and more certain.

Roadways not affected, or affected roadways are low volume and 
provide access to few residents for a short duration project.

Affected roadways will require careful attention to traffic control and 
maintaining access to properties during a moderate duration project

Major traffic and access issues raised by the alternative during a long 
duration project.

[REV 11/16/09] 5. Property Acquisition 
Complexity

King County has ownership, or  Existing use of ROW Voluntary seller has been/will be identified, or Acquisition  

Ability to acquire property rights unknown Property ownership requires 
work with other agencies Acquisition difficulty evaluated case-by-case 
basis by KC

Scale
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Barton, Murray, Magnolia and North Beach CSO Projects
Alternatives Analysis

PRELIMINARY DRAFT CRITERIA
Version 11 April 2010

Category Sample Criteria

Low Impact (rating of 3) Moderate Impact (rating of 2) High Impact (rating of 1)

Scale

Owner accepts appraised value, or King County offers listed price Owner requests additional compensation that is supported Significant costs of acquisition probable

No conflict w/ current use Owner(s) /tenant(s) require relocation Agency, neighbors or other stakeholders may have strong opposition

ENVIRONMENT

[REV 11/23/09] 1. Cultural Resources
The project site area does not contain any known archaeological sites. 
And, based on site characteristics, there is low potential for 
archaeological resources to be present in the project site area.

The project site area does not contain any known archaeological sites. 
However, based on site characteristics, there is potential for archaeological 
resources to be present in the project site area.

The project site area contains or is adjacent to a known archaeological 
site(s).

[REV 11/23/09] Historic properties are located in or near the project site area. Historic properties are located in or near the project site area, but 
construction of the alternative is not likely to impact those properties.

Historic properties are located in or near the project site area and 
construction of the alternative will likely impact those properties.

[REV 11/23/09] 2. Fish and Wildlife
Construction and operation of the alternative will not adversely affect, or 
will beneficially affect, fish and wildlife and/or their habitat.

Construction and/or operation of the alternative may adversely affect fish 
and wildlife or their habitat. <Including removal of exceptional trees and 

Construction and/or operation of the alternative is likely to adversely affect 
fish and wildlife and/or their habitat.

[REV 11/23/09] 3. Wetlands, Streams, and 
Shoreline

[REV 12/3/09] It is unlikely that the alternative will impact wetlands, streams, their 
buffers, or shoreline areas.

It is likely that the alternative will directly impact wetland and/or stream 
buffer, and/or piped streams, but not wetlands, non-pipe streams, or 
shoreline areas.

It is likely that the alternative will directly impact wetlands, non-piped 
streams, and/or shoreline areas.

[REV 11/23/09] 4. Soils and Sediments
[REV 12/3/09] The project site area is not known to contain contaminated soils. And, 

based on site characteristics, there is low potential for contaminated 
soils to be present in the project site area.

The project site area is not known to contain contaminated soils. However, 
based on site characteristics, there is potential for contaminated soils to be 
present in the project site area.

The project site area is known to contain contaminated soils. New 
discharges of untreated stormwater could impact sediment quality.

It is unlikely that the alternative will disrupt steep slopes or increase the 
potential for landslides.

It is likely that the alternative will temporarily impact steep slopes and/or 
temporarily increase the potential for landslides.

It is likely that the alternative will result in long-term disruptions to steep 
slopes and/or result in long-term increase in the potential for landslides.

[REV 11/23/09] 5. Water Quality
Operation of the alternative will not result in the discharge of a new 
source of untreated stormwater to a surface waterbody.  

N/A Operation of the alternative will result in the discharge of a new source of 
untreated stormwater to a surface waterbody.  
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Barton, Murray, Magnolia and North Beach CSO Projects
Alternatives Analysis

PRELIMINARY DRAFT CRITERIA
Version 11 April 2010

Category Sample Criteria

Low Impact (rating of 3) Moderate Impact (rating of 2) High Impact (rating of 1)

Scale

TECHNICAL
1. Technical Complexity

Routing of flows is simple, with overflow weirs, automatic gates, or 
similar controls. Alternative is located adjacent to or part of the 
infrastructure. Flow measurement is simple and controls require only 
simple 'on/off' controls.

 Implementation requires remote measurement of flows, measurement of 
flows in downstream infrastructure to coordinate and control routing of flows 
to the alternative storage or treatment facility. Location of the alternative is 
remote from the measurement point. Modifications to infrastructure include 
simple structures and limited pipelines.

There are more than two locations included in flow control. The alternative 
includes modifications to existing infrastructure and complex controls to 
route flow including complex measurement of upstream and downstream 
flows. Pump stations may be required to route flows to the alternative 
storage or treatment facility. New pipelines of significant length may be 
needed to implement.

There is one site included in the alternative. All controls and 
infrastrcture are located within the site or on adjacent existing rights of 
way or county-owned property.

There are two non adjacent sites included in the alternative. There may be 
differing construction methodologies, e.g. a pump station combined with a 
storage tank. Flow routing and diversion structures may be located 
adjacent to the sites on rights of way or county-owned property.

There are multiple non-adjacent sites included in the alternative. There 
may be two or more differing construction technologies involved, e.g. 
pump stations, storage tanks, and pipelines that are not contiguous.

2. Compatibility with Existing 
WW system

[REV 3/01/10] King county design standards are the only applicable standards. 
Construction and operation is entirely within county infrastructure.

Structures required for flow routing may be located in City of Seattle right of 
way, and be subject to City sewer operational standards. No City access 
permissions are needed for access. (WTD would not accept City 
operational standards for operations. Some engineering elements for 
design may need to meet City design standards.)

Major structures may be located within City of Seattle right of way, e.g. 
pipeline storage adjacent to collector sewers, where City standards 
control design and operation. Access permissions and coordination are 
needed for normal O&M activities.  (Can't see where any City issues 
would affect operational designs. Structures would need to meet City 
engineering requirements)

[REV 3/01/10] The alternative is stand alone, and does not affect downstream or 
upstream county facilities. Peak flows at the WPTP are not affected.

The alternative may require modifications to the county's infrastructure 
upstream and downstream for implementation, e.g. modification of pump 
stations, pipelines, or operational methods for existing infrastructure. Peak 
flows at the WPTP may be affected. (Should delete affecting peak flows at 
WP as a criteria. This is a no go criteria.)

The alternative requires modification of both City of Seattle and county 
infrastructure and operational methods for both, e.g. flow patterns may be 
changed in City sewers, changes in capacity of wet weather treatment 
plants may occur. (Should delete affecting peak flows at WP as a criteria. 
This is a no go criteria.)

3. Flexibility/Adaptive 
Management

Yes, with minimal modification of controls. Yes, with moderate modification of controls. Yes, but significant modification of complex controls likely.

[REV 3/01/10] Infrastructure can readily be modified in the future. Infrastructure can be modified in the future with significant effort. Infrastructure can not be modified in the future.
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Barton, Murray, Magnolia and North Beach CSO Projects
Alternatives Analysis

PRELIMINARY DRAFT CRITERIA
Version 11 April 2010

Category Sample Criteria

Low Impact (rating of 3) Moderate Impact (rating of 2) High Impact (rating of 1)

Scale

[REV 3/01/10] 4. 
Contructability/Implementation 
Schedule

Alternatives  are on stable, low-slope sites, with groundwater elevations 
not affected during construction or operation.

Sites may have low to moderate slopes, require some dewatering, and 
robust foundations including piles or tiebacks.

Sites have steep slopes with groundwater and soils conditions that 
increase instability if disturbed. Erosion potential may be high. Special 
construction and permanent measures are needed to stablize the site 
such as caissons, slurry walls, tiebacks, permanent dewatering.

[REV 3/01/10] Site is not constrained. Adequate area for access and staging and 
operation of special equipment can be accomodated. There is 
adequate room on site for contractor staging and operations.

Site may be constrained, but access and staging are not required for 
adequate construction sequencing. Constractor may have to provide offsite 
staging and operations.

Site is constrained, requiring careful construction sequencing, with 
several move-in, move-out stages to accommodate specialty contractors 
as well as conventional construction. Contractor must provide offsite 
staging and operations.

O&M
1. Staffing

[REV 03/01/10] The facility can be automatically started. The facility can operate 
autonomously under the design conditions.

The facility can be automatically started. The facility may requires operator 
attention during design conditions (e.g. monitoring, sampling, chemical 
control, etc.).

The facility will likely require operator attention during startup or 
operations. The facility will likely require operator attention during design 
conditions (e.g. monitoring, sampling, chemical control, etc.).

[REV 03/01/10] The facility can be remotely operated. Peak staff times require  no 
operator be present during operation or startup. The facility can be shut 
down via automated processes. Cleanup work is automated.

The facility can generally be remotely operated. An operator may need to 
be present periodically for sampling, chemical make-up, chemical delivery 
acceptance or other discrete tasks. Peak staff times require 1-2 operators. 
The facility can be shut down with minimal staff time. Cleanup work is 
generally just monitored however, 1-2 personnel may very infrequently be 
required. Some procedures of shutdown may need to be conducted 
immediately, however, most work can be automated or scheduled to be 
integrated with other staff duties.

The facility requires operator attention during the event. Peak staff times 
require 2 or more operators. The facility requires significant effort for shut 
down (e.g. vac/boom truck, several days for cleanup). Cleanup work is 
generally manual with 2 or more personnel required for more than one 
day. Most procedures of shutdown need to be conducted immediately.

[REV 03/01/10] No impact on downstream secondary processes. No impact on 
secondary treatment bypass frequency.

Impact on downstream secondary processes minimal but no effect on 
permit compliance. Increase on secondary treatment bypass frequency but 
within permit limits.

Impact on downstream secondary processes that may affect permit 
compliance or require construction of additional facilities. Increase on 
secondary treatment bypass frequency.

[REV 03/01/10] The facility by design does not require post event cleanup activities. the facility by design requires post event cleanup activities. Previous 
designs of this type have successfully designed automated cleanup 
systems that reduce staffing requirements to a single individual.

The facility by design will require annual or schedule large effort confined 
space entries by multiple staff. These type of activities will require large 
number of mobile resources and require large amounts of area to stage 
in.
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Barton, Murray, Magnolia and North Beach CSO Projects
Alternatives Analysis

PRELIMINARY DRAFT CRITERIA
Version 11 April 2010

Category Sample Criteria

Low Impact (rating of 3) Moderate Impact (rating of 2) High Impact (rating of 1)

Scale

2. Training
[REV 03/01/10] Minimal routine annual training is required. Staff is familiar with the 

technology and similar processes are used at other WTD facilities.
Minimal routine annual training is required. Staff does not routinely operate 
similar processes or the processes are distinctly different than those used 
at other CSO projects.

Significant routine annual training is required. Staff does not routinely 
operate similar processes and the processes are distinctly different than 
those used at other CSO projects.

Similar control approaches are specified with identical components at 
each facility. Control procedures are similar to exsting West Section 
facilities. The facilities can be used to simulate an event during testing 
and training. 

Somewhat similar control approaches are specified at each facility, 
however there may be differences due to different equipment requirements. 
Control procedures are not similar to exsting West Section facilities. The 
facilities can be used to simulate an event during testing and training. 

Differnt control approaches are specified at each facility. Control 
procedures are not similar to exsting West Section facilities. The facilities 
can not be used to simulate an event during testing and training. 

3. Reliability
[REV 03/01/10] <Single storage facility. This alternative relies on passive structures for 

control (i.e.) weirs, etc. no telemetry or controls required.>
The alternative has several components in that control is not achieved at a 
single structure with one or two inlet/outlet structures.. Startup procedures 
are automated locally with redundant control systems and backup power. 

The alternative has numerous components (>4 pump stations, storage 
facilities, treatment processes, etc.). Startup procedures are generally 
automated locally but may require operator testing/monitoring with 
redundant control systems and backup power. 

The alternative employs standard processes commonly used in the 
West Section and within the industry. Control requirements are minimal 
and routinely used for similar facilities. 

The alternative employs standard processes commonly used within the 
industry. Control requirements may be significant but are routinely used for 
similar facilities. 

The alternative employs processes not commonly used within the 
industry. Control requirements may be significant and unique. 

4. Maintenance
[REV 03/01/10] The facilities only requires annual preventive maintenance. The 

processes have minimal mechanical/instrumentation components 
The facilities require monthly maintenance such as bumping pumps. The 
processes have an increasing level of mechanical/instrumentation 
components.

The facilities require monthly maintenance such as bumping pumps. The 
processes have an increasing level of mechanical/instrumentation 
components.

[REV 03/01/10] The facilities are accessible. The facilities are accessible for routine O&M. Special procedures or traffic 
control may be required for irregular maintenance. 

The facilities have restricted access for routine O&M. Special procedures 
or traffic control may be required for irregular maintenance. 

[REV 03/01/10] Coordination with other agencies (Seattle Parks, etc.) is not required for 
operation and maintenance.

Coordination with other agencies (Seattle Parks, etc.) is not required for 
operation. Coordination is required for routine maintenance.

Coordination with other agencies is required for operation and 
maintenance. Coordination not required for operations however 
maintenance coordination is extensive requiring multiple days notice 
before significant entry.

5. Safety
The facility does not have right of way access requirements or require 
confined space entry. No traffic control procedures are required during 
operations and maintenance.

The facility has right of way access requirements or confined space entry 
during for non-routine operation and/or maintenance procedures. Traffic 
control procedures are required during non-routine operations and 
maintenance procedures.

The facility has <roadway> access requirements or confined space entry 
during for routine operation and/or maintenance procedures. Traffic 
control procedures are required during routine operations and 
maintenance procedures.

COST EFFECTIVNESS
[REV 12/08/09] 1. Relative Project Costs

Alternative has the lowest Project Cost, or the Project Cost is tightly 
grouped near the lowest cost alternative relative to the expected 
accuracy of the estimate.

Alternative has a Project Cost that is significantly higher than the low cost 
alternative, and significantly lower than the high cost alternative, relative to 
the expected accuracy of the estimate.

Alternative has the highest Project Cost and/or is significantly higher than 
the next lowest cost alternative, relative to the expected accuracy of the 
estimate.

[REV 12/08/09] 2. Relative Life-Cycle Costs
Alternative has the lowest Life-Cycle Cost, or the Life-Cycle Cost is 
tightly grouped near the lowest cost alternative relative to the expected 
accuracy of the estimate.

Alternative has a Life-Cycle Cost that is significantly higher than the low 
cost alternative, and significantly lower than the high cost alternative, 
relative to the expected accuracy of the estimate.

Alternative has the highest Life-Cycle Cost and/or is significantly higher 
than the next lowest cost alternative, relative to the expected accuracy of 
the estimate.
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Barton, Murray, Magnolia and North Beach CSO Projects
Alternatives Analysis

PRELIMINARY DRAFT CRITERIA
Version 11 April 2010

Category Sample Criteria

Low Impact (rating of 3) Moderate Impact (rating of 2) High Impact (rating of 1)

Scale

[REV 12/08/09] 3. Cost Variability/Risk
There is a minimal spread in the Project Cost range (i.e. the difference 
between the high end and the low end of the Project Cost range is 
small relative to the expected accuracy of the estimate). There is low 
risk of the Project Cost growing significantly as the project develops.

There is a minimal spread in the Project Cost range (i.e. the difference 
between the high end and the low end of the Project Cost range is 
moderate relative to the expected accuracy of the estimate). There is 
moderate risk of the Project Cost growing significantly as the project 
develops.

There is a large spread in the Project Cost range (i.e. the difference 
between the high end and the low end of the Project Cost range is high 
relative to the expected accuracy of the estimate). There is a high risk of 
the Project Cost growing significantly as the project develops.

COMMUNITY IMPACT
[REV 11/20/09] 1. Location

Facility does not change or impede surrounding land and marine use. Facility design must be considered to limit changes or impediments to 
surrounding land and marine use. 

Facility changes or impedes surrounding land and marine use, and 
changes can't be addressed during design.  

[REV 11/20/09] 2.Potential Community Impacts

[REV 11/30/09] Facility is consistent with or does not affect community's vision of itself. Facility and grounds can be designed to remain consistent with 
community's vision of itself.

Facility type/size <and/or grounds> is distinct from character, use, 
community's vision of area and distinction can't be addressed through 
design.

Minimal staff will be present infrequently (intermittent or only 
during/after storms) and maintenance is carried out within facilities.

Routine maintenance will be needed by staff, and staff may be onsite round 
the clock to check facilities during large storms. Some special equipment 
may be necessary to maintain the facility, but noise/light/work hours, and/or 
traffic disruptions are minor.

Routine maintenance will be needed by staff, and multiple staff will be 
present around the clock during large storms, for special parking, traffic 
disruptions and or/access limitations to homes and businesses during 
maintenance operations. 

[REV 11/20/09] 3. Construction Impacts
Short term project in residential area, long term project in 
business/industrial area, or longer term project on alignment.

Project extends over 1 year on a site near residences of any kind, or over 
two years on an alignment.

Project extends several years, or follows another substantial construction 
project in one area.

Project located on site with no public access, or public access can be 
maintained during construction, and project is short duration or 
constructed outside main user season.

Project located in public access area; access may be reduced, but some 
access can be maintained during construction.  Duration may be longer. 

Project lasts year or more,  located in heavy use roadway, park or beach 
area , with serious and unavoidable area closures, resulting in significant 
use impact.

Neighbors and businesses will experience limited impacts from Construction will be located near residences and businesses, but impacts Construction will be located adjacent to residences and businesses, and it 

Limited amount of hauling required for materials/equipment; roadways 
sufficient to support traffic (arterials).

Project requires moderate level of hauling that may occur on residential 
streets but can be scheduled and routed to avoid conflicts with 
neighborhood traffic, transportation, and services.  

Project requires high volume, long term truck traffic on constricted 
roadways that cannot be carried out on a restricted schedule or route.  

Construction can be carried out on facility site, with limited offsite area 
required.

Construction can be carried out on facility site, but additional offsite areas 
will be required for equipment/materials storage or other activities.  

Additional property or extensive easements must be obtained for the 
alternative to be constructed.  Multiple offsite areas will be required for 
equipment/materials storage with ongoing transport of materials to 
primary construction site.  

Project located in area with no public access, few neighbors, little 
commuter traffic.

Project located in public access area; however, area is closed only during 
winter (note high flow months).

Project located in heavy use roadway, park or beach area , resulting in 
area closure or significant use impact, with duration an entire dry weather 
season or longer. 

Construction will be located distant to residences and businesses. Haul 
routes.

Construction will be located near residences and businesses, but impacts 
will be minimal, or can be mitigated.

Construction will be located near residences and businesses, and it will 
be difficult or impossible to mitigate impacts such as noise, after hours 
work, light, vibration, and access.
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Risk Mitigation / Response

Risk # Description of Risk Event Addt'l Info

Threat 
(T); 

Opportun
ity (O)

Cost (C); 
Schedule 

(S); Both (B)
Probability Impact

Workshop 
Rating

Probability
Impact 

(schedule)
Impact 

(dollars)
Risk Time - 

Threat (mos)
 Risk Cost - 

Threat 
 Risk Cost - 
Opportunity 

Description
(Accept/Avoid/Transfer/Mitigate)

Example Threat with Cost Impacts  T C H L HL 60% 250,000$     150,000$        -$                  
Example Opportunity with Schedule Impacts O S M H MH 25% 3 900,000$     0 -$                     (225,000)$     

1.0 Land Use and Permitting

1.01
Political opposition to above grade facility on 32nd 
Ave delays permitting through appeal process.

T B H H HH 100% 16 800,000$     16.0 800,000$        -$                  Mitigate through public involvement and 
information

1.02

Mitigation for steep slopes and tree removal is costly 
and causes permit (review) delays 

T S H M HM 100% 16 16.0 Mitigate:  up-front work to know permit 
requirements and shedule of obtaining 
permits; allow enough time to obtain in 
project

1.05
Permit application rejected for 32nd Ave. site T S M M MM 50% 24 12.0 Avoid:  Project will be revised as necessary 

for city acceptance

1.06
City Changes zoning rules disallowing utility 
structures in Industrial General or Urban Residential 
zone

T B L H LH 2% 12 2,000,000$  0.2 40,000$          -$                  Avoid:  work with City throughout process

1.07

Permits - potential for unanticipated delays or 
rejection of contractor procured permits minor 
schedule impact (spring)

Shoring, erosion 
control, building - 
permit issuance delay

T S L L LL 10% 1 0.1 Transfer to the contractor contractually. 
Cushion in contract

1.08
Permits - potential for delays or rejection of County 
procured permits major schedule impact

This is delay beyond 
the 10 month period.

T B M M MM 50% 3 500,000$     1.5 250,000$        -$                  Mitigate with pre-work with City staff and 
briefing agency staff

1.11
DPD will not allow significant tree removal in Park T B L H LH 10% 24 4,000,000$  2.4 400,000$        -$                  Avoid:  Project will be revised as necessary 

for city acceptance.

1.13
Water access will be required triggering HPA and 
possibly COE permit

T B M H MH 50% 15 6,000,000$  7.5 3,000,000$     -$                  Avoid:  up-front work to determine access / 
haul routes.  Include requirements in 
contract.

1.25
One or more codes change during design or 
construction.

Building or energy 
codes

T B L L LL 5% 2 100,000$     0.1 5,000$             -$                  Avoid:  stay educated for potential code 
changes

1.26
If launch into design before permit approval, may not 
get approval. Redesign required due to permit 
review.

T B H M HM 75% 4 500,000$     3.0 375,000$        -$                  Mitigate:  schedule it in; pre work with City

1.29 Inability to clear a cloudy title T B M H MH 30% 12 2,000,000$  3.6 600,000$        -$                  Avoid

1.30
Cloudy title can be cleared but only through the 
courts

O S M M MM 30% 3 0.0 Avoid

1.31
Disposal Permit for dewatering delayed T S M M MM 30% 3 0.9 Mitigate:  prepare adequate plans/permits for 

dewatering with contingency plans

2.0 Environmental

2.02
Environmental limitation not present during 
planning/predesign develops during final design; new 
regulations, etc.

Requires redesign T B L M LM 10% 4 500,000$     0.4 50,000$          -$                  Avoid:  Stay educated about environmental 
regulations and potential changes

2.03 SEPA appeal successful, EIS required T B L H LH 10% 16 2,000,000$  1.6 200,000$        -$                  Accept

2.04
Barging required, triggering ESA review May also require other 

marine reviews such 
as eelgrass.

T B M H MH 30% 9 2,000,000$  2.7 600,000$        -$                  Avoid:  Make early determination to minimize 
impacts

2.05
Unidentified special-interest sites discovered - 
wetlands

Discovery assumed in 
design phase

T B L M LM 5% 4 100,000$     0.2 5,000$             -$                  Mitigate:  expand predesign exploration as 
necessary

2.07
Archaeological resources found during construction T B L L LL 5% 2 500,000$     0.1 25,000$          -$                  Mitigate:  Additional review during design

2.08
New species listed under ESA - section 7 
consultation must be reinitiated

 T B L H LH 2% 12 100,000$     0.2 2,000$             -$                  Accept:  have plan in place for early/quick 
action if this occurs

2.09 SEPA appeal unsuccessful, no EIS required T B M M MM 20% 4 500,000$     0.8 100,000$        -$                  Accept

3.0 Technical

3.02
Unknown utilities discovered during construction Public utilities 

assumed
T B L L LL 5% 2 500,000$     0.1 25,000$          -$                  Mitigate:  sufficient design budget to perform 

utility exploration / relocation

3.05
Soil stability worse than expected  T B L L LL 5% 2 250,000$     0.1 12,500$          -$                  Mitigate:  Geotechnical characterization to 

include exloration of this potential.

3.12
Surveys are late or in error  T B L L LL 15% 2 200,000$     0.3 30,000$          -$                  Mitigate with QC plan or transfer survey 

responsibility to contractor

3.15
Weather event alters terrain in project area during 
construction

Site not identified on 
landslide maps

T B L M LL 1% 6 1,500,000$  0.1 15,000$          -$                  Accept

3.34 Design errors and omissions Delay completion T B L M LM 10% 3 1,000,000$  0.3 100,000$        -$                  Mitigate:  establish and audit QC plan

3.35
Flawed basis of predesign T B L M LM 5% 8 1,000,000$  0.4 50,000$          -$                  Mitigate:  establish checkpoints and criteria 

for acceptance; KC involved in establishing 
prelim design criteria

3.36 Private property damage results from construction Shut down of project T B L M LL 2% 4 100,000$     0.1 2,000$             -$                  Transfer to the contractor contractually

3.38

Dewatering volume greater than anticipated T B M M MM 30% 3 200,000$     0.9 60,000$          -$                  Avoid: Collect adequate site-specific soil and 
groundwater data as early as possible, have 
geotech reports prepared by experienced 
engrs, perform rigorous QA/reviews

Magnolia Basin - CSO Risk Workshop

Risk Indentification Risk Type Risk Qualification Risk Quanitification

Alternative 1A



 

 



Risk Mitigation / Response

Risk # Description of Risk Event Addt'l Info

Threat 
(T); 

Opportun
ity (O)

Cost (C); 
Schedule 

(S); Both (B)
Probability Impact

Workshop 
Rating

Probability
Impact 

(schedule)
Impact 

(dollars)
Risk Time - 

Threat (mos)
 Risk Cost - 

Threat 
 Risk Cost - 
Opportunity 

Description
(Accept/Avoid/Transfer/Mitigate)

Magnolia Basin - CSO Risk Workshop

Risk Indentification Risk Type Risk Qualification Risk Quanitification

Alternative 1A

3.39

Extending utilities to new facilities is more difficult 
than expected

Water, power, 
communications

T B M M MM 50% 3 100,000$     1.5 50,000$          -$                  Accept: Start utility extension designs early; 
schedule adequate time to begin early 
coordination with the utilities. Consider 
constructing utility extensions before the 
construction contract begins. 

3.40
Groundwater volume impacts design of foundations Tremie seal req'd T C M L ML 25% 50,000$       12,500$          -$                  Mitigate:  Collect adequate site-specific 

groundwater data as early as possible.

4.0 Operations & Maintenance

4.01
O&M changes desired standards after 30% design is 
completed

T C L L LL 10% 1,000,000$  100,000$        -$                  Avoid; up-front work to know potential 
changes to avoid surprises

4.03
Permit review process does not allow fence to protect 
facility. No fence leads to frequent graffiti.

$ Impact is per year T C M L ML 50% 10,000$       5,000$             -$                  Accept

4.04
Lack of a fence leads to severe injury to a citizen T C L L LL 10% 1,000,000$  100,000$        -$                  Mitigate:  Investigate signing and site 

monitoring potentials during design.

4.05

Groundwater conditions impact infiltration/leakage of 
facilities

T C L M LM 15% 1,500,000$  225,000$        -$                  Mitigate:  involve construction management 
staff during design to check that the design 
can be constructed per design, and discuss 
construction contingency plans.

5.0 Community Impacts 

5.01
Community expectation for mitigation exceeds 
reasonable determination

T B L M LM 10% 3 100,000$     0.3 10,000$          -$                  Mitigate:  Community involvment with design 
aesthetics (architecture/ landscaping).

5.03
Community opposes water access required for 
construction

T B H M HM 75% 4 150,000$     3.0 112,500$        -$                  Mitigate:  Early involvement with community 
leaders with respect to mitigation of 
community impacts

5.05
Community requests GSI to be included in project T C L M LM 5% 2,000,000$  100,000$        -$                  Avoid:  up-front work to know potential for 

this requirement and have plan in place for 
early action, if required

5.06
Community demands same treatment as other 
basins, resulting in schedule delay

T S H M HM 60% 6 3.6 Mitigate:  Move project forward to avoid 
overlapping concerns

5.08
Community contests traffic plan and estimation of 
traffic/parking impact of 32nd Avenue West 
construction

T S H M HM 90% 4 3.6 Mitigate:  Early involvement with community 
leaders; upfront and open communication; 
keep involved in process

5.09
Public opposition develops resulting in delay of 
schedule for design

T S H M HM 100% 8 8.0 Mitigate:  Early involvement with community 
leaders; upfront and open communication; 
keep involved in process

5.12

Contractor means and methods, or change to 
contract specifications, results in unanticipated 
community impacts that can't be mitigated by 
standard practices

Includes unanticipated 
staging, laydown and 
parking areas; 
construction 
equipment impacts.

T B M L ML 20% 2 100,000$     0.4 20,000$          -$                  Mitigate:  Discuss likely means and methods 
during design, and plan mitigative elements 
into the project before construction begins. 
Specify/acquire staging area. 
Route contractor-requested changes 
through the CM group; do not allow changes 
which would cause impacts that cannot be 
mitigated.  Include Community Relations 
lessons learned from other projects.

5.14
Stakeholders request additional meetings to discuss 
the project

T B M M MM 30% 3 50,000$       0.9 15,000$          -$                  Accept:  have plan in place for early/quick 
action if this occurs

5.15
Comments from other external stakeholders raise 
new issues

Interbay, Queen Anne, 
tribal communities.

T B M L ML 20% 2 25,000$       0.4 5,000$             -$                  Avoid:  up-front work to know potential for 
this requirement and have plan in place for 
early action, if required

5.16

Community requests a partnership project and/or 
mitigation project.

Examples: habitat 
restoration, public 
art/education, public 
access features.

T B M M MM 30% 3 100,000$     0.9 30,000$          -$                  Accept: Be aware of the characteristics, 
needs and goals of the City and the 
community, and ways that the community or 
other stakeholders could contribute to the 
the project goal. Propose project elements 
and/or partnerships that will meet the goals 
of both the project and the community to 
achieve public acceptance

6.0 Experience/Capability of the Team

7.0 Contractor/Vendor Issues

7.02
Availability of materials - materials for project are not 
available

T B L H LM 10% 12 1,000,000$  1.2 100,000$        -$                  Mitigate:  Explore availability during design 
or potential pre-purchase by KC; include 
long-lead language in specs.

7.05
Language interpretation of SCS requirements 
changes.

T B M M LM 30% 6 100,000$     1.8 30,000$          -$                  Avoid:  up-front work to understand 
interpretations; work with agencies to be fully 
involved in loop



 

 



Risk Mitigation / Response

Risk # Description of Risk Event Addt'l Info

Threat 
(T); 

Opportun
ity (O)

Cost (C); 
Schedule 

(S); Both (B)
Probability Impact

Workshop 
Rating

Probability
Impact 

(schedule)
Impact 

(dollars)
Risk Time - 

Threat (mos)
 Risk Cost - 

Threat 
 Risk Cost - 
Opportunity 

Description
(Accept/Avoid/Transfer/Mitigate)

Magnolia Basin - CSO Risk Workshop

Risk Indentification Risk Type Risk Qualification Risk Quanitification

Alternative 1A

7.06

Bid protest T B M M MH 25% 6 100,000$     1.5 25,000$          -$                  Mitigate:  accepting this is a potential, ensure 
contract schedule is set up to avoid long-
term impacts due to delay associated with 
protest

7.11

Final design consultant team uses different design 
assumptions, causing a change to the Facility Plan 
design.

T B M M MM 25% 3 100,000$     0.8 25,000$          -$                  Mitigate:  Min 6 mo overlap transitional 
period for Carollo team and new consultant 
to exchange info; hold project review 
workshop with the two teams; and have new 
team bring up differing issues as soon as 
possible.

9.0 Property Acquisition

9.01
Parks property could be transferred under a federal 
covenant

Cannot use park T B L H LH 5% 12 100,000$     0.6 5,000$             -$                  Avoid;  cannot mitigate;  perform as much up-
front work as possible to keep risk from 
occurring

9.02
Initiative 42 (Park for Park) Could only use parks 

for parks use or 
replace

T C L L LL 10% 500,000$     50,000$          -$                  Avoid;  cannot mitigate;  perform as much up-
front work as possible to keep risk from 
occurring

9.04
City Council involvement in acquisitions due to 
community activism

T S H H HH 90% 12 10.8 Mitigation Required

10.0 Project Funding

10.01
Project  funding is cut or reduced  T B L M LM 2% 6 100,000$     0.1 2,000$             -$                  Avoid:  up-front work to keep this project with 

adequate funding; there is 6 months float in 
the schedule.  

10.02
Low rate loan funding opportunities become available Free money O C L L LL 10% 500,000$     -$                     (50,000)$       Explore funding options during pre-design 

phase

10.06
Decision to apply for federal funding that triggers 
SERP

T S L L LL 10% 2 0.2 Make a decision about federal funding 
during pre-design

10.07
Current economic climate has favorable bid 
environment.

O C M L LL 20% 1,000,000$  -$                     (200,000)$     Accept: HDD is a contruction specialy  and it 
not market sensitive.

10.08
Engineer's estimate is low, resulting in re-bid 
requirement or funding unavailable

T B L M LM 10% 3 200,000$     0.3 20,000$          -$                  Mitigate:  perform independent 
review/confirmation of estimate at 60% 
phase

11.0 CSO program 

11.06
DOE rejects sizing of project during Facility Plan 
review.

Could trigger SEPA 
review.  Might need 
more space.  

T B M M MM 20% 6 3,000,000$  1.2 600,000$        -$                  Mitigate to know by end of predesign

11.12
Flows from Port site sewer connections increase 
reducing allowable max flow out of storage

T C L H LH 10% 5,000,000$  500,000$        -$                  Accept:  Would need to be addressed with a 
future project for expansion

11.13

Project changes occur due to County organization 
changes, new direction given by management, 
and/or new County policy

DOE is the regulatory 
driver; Leadership 
change potential

T S L L LL 5% 1 0.1 Accept

11.14
Regulations changes result in stricter storage and 
water quality control requirements. Storage tank too 
small and/or treatment needs to be added.

Assumes this occurs 
during design phase

T B L L LL 5% 2 100,000$     0.1 5,000$             -$                  Mitigate: Upcoming regulation changes are 
typically known in advance;  keep up-to-date 
on potential

 

12.0 Interfaces
 

13.0 Safety

13.01
Injury/death to citizen(s)  T B L M LM 2% 2 3,000,000$  0.0 60,000$          -$                  Mitigate:  Safety fencing; security procedures 

required in Project Manual

13.02
Health and safety hazards cause lost work days T S L M LM 10% 4 0.4 Mitigate:  Followup with required QC to 

ensure address by contractor

13.03
Auto accident in construction zone T C M L ML 45% 50,000$       22,500$          -$                  Transfer:  contractually require contractor to 

be responsible; set safety requirements

13.04
Vandalism or theft at jobsite T C H L HL 85% 250,000$     212,500$        -$                  Transfer:  contractually require contractor to 

be responsible for site security

113 9,188,500$           (250,000)$          



 

 



Risk Mitigation / Response

Risk # Description of Risk Event Addt'l Info

Threat 
(T); 

Opportun
ity (O)

Cost (C); 
Schedule 

(S); Both (B)
Probability Impact

Workshop 
Rating

Probability
Impact 

(schedule)
Impact 

(dollars)
Risk Time - 

Threat (mos)
 Risk Cost - 

Threat 
 Risk Cost - 
Opportunity 

Description
(Accept/Avoid/Transfer/Mitigate)

Example Threat with Cost Impacts  T C H L HL 60% 250,000$     150,000$          -$                  
Example Opportunity with Schedule Impacts O S M H MH 25% 3 900,000$     0 -$                       (225,000)$     

1.0 Land Use and Permitting

1.01
Political opposition to above grade facility on 32nd 
Ave delays permitting through appeal process.

T C L L LL 5% 100,000$     5,000$               -$                  Mitigate through public involvement and 
information

1.05
Permit application rejected for 32nd Ave. site T S L M LM 3% 2 0.1 Avoid:  Project will be revised as necessary 

for city acceptance

1.06
City Changes zoning rules disallowing utility 
structures in Industrial General or Urban Residential 
zone

T B L H LH 2% 12 2,000,000$  0.2 40,000$             -$                  Avoid:  work with City throughout process

1.07

Permits - potential for unanticipated delays or 
rejection of contractor procured permits minor 
schedule impact (spring)

Shoring, erosion 
control, building - 
permit issuance delay

T S L L LL 10% 1 0.1 Transfer to the contractor contractually. 
Cushion in contract

1.08
Permits - potential for delays or rejection of County 
procured permits major schedule impact

This is delay beyond 
the 10 month period.

T B M M MM 50% 3 500,000$     1.5 250,000$          -$                  Mitigate with pre-work with City staff and 
briefing agency staff

1.15
Code revisions due to SMP update will impact 
proposed uses at the site

T B L M LM 10% 6 1,500,000$  0.6 150,000$          -$                  Avoid:  know by end of 2010 proposed 
changes; incorporate into project.

1.19
Parks will not approve permanent subterranean 
easement

T S L M LM 5% 8 0.4 Avoid:  upfront work to know what additiona 
easements would be required.

1.25
One or more codes change during design or 
construction.

Building or energy 
codes

T B L L LL 5% 2 100,000$     0.1 5,000$               -$                  Avoid:  stay educated for potential code 
changes

1.26
If launch into design before permit approval, may not 
get approval. Redesign required due to permit 
review.

T B H M HM 75% 4 500,000$     3.0 375,000$          -$                  Mitigate:  schedule it in; pre work with City

1.29 Inability to clear a cloudy title T B M H MH 30% 12 2,000,000$  3.6 600,000$          -$                  Avoid

1.30
Cloudy title can be cleared but only through the 
courts

O S M M MM 30% 3 0.0 Avoid

1.31
Disposal Permit for dewatering delayed T S M M MM 30% 3 0.9 Mitigate:  prepare adequate plans/permits for 

dewatering with contingency plans

1.32
Shoreline permit appealed T S L M LM 10% 6 0.6 Avoid:  up-front work to avoid potential 

appeal; include buffer in contract schedule to 
allow time to deal with event

1.33

Parks/DPD/SDOT will deny easements to allow 
temporary disturbance within Smith Cove Park

Will also require a 
subterranean 
easement from Parks

T S L L LL 10% 2 0.2 Mitigate:  work with agencies during design 
to ensure easements will be obtained

2.0 Environmental

2.01

Extent of contaminated soils/groundwater 
encountered greater than anticipated during 
construction

Assumed 25% on 1F1 
and 50% on 2A of 
contaminated soils.  
Stockpiling/testing 
assumed.

T B H M HM 75% 4 4,000,000$  3.0 3,000,000$       -$                  Mitigate by add'l testing during design.  Also 
research/test for rock, abandoned wood 
pilings and other debris. Special provisions 
to have stockpiling locations identified.

2.02
Environmental limitation not present during 
planning/predesign develops during final design; new 
regulations, etc.

Requires redesign T B L M LM 10% 4 500,000$     0.4 50,000$             -$                  Avoid:  Stay educated about environmental 
regulations and potential changes

2.03 SEPA appeal successful, EIS required T B L H LH 2% 16 2,000,000$  0.3 40,000$             -$                  Accept

2.04
Barging required, triggering ESA review May also require other 

marine reviews such 
as eelgrass.

T B M H MH 30% 9 2,000,000$  2.7 600,000$          -$                  Avoid:  Make early determination to minimize 
impacts

2.05
Unidentified special-interest sites discovered - 
wetlands

Discovery assumed in 
design phase

T B L M LM 5% 4 100,000$     0.2 5,000$               -$                  Mitigate:  expand predesign exploration as 
necessary

2.07
Archaeological resources found during construction T B M M MM 20% 4 1,000,000$  0.8 200,000$          -$                  Mitigate:  Additional review during design

2.08
New species listed under ESA - section 7 
consultation must be reinitiated

 T B L H LH 2% 12 100,000$     0.2 2,000$               -$                  Accept:  have plan in place for early/quick 
action if this occurs

2.09 SEPA appeal unsuccessful, no EIS required T B L M LM 3% 4 500,000$     0.1 15,000$             -$                  Accept

3.0 Technical

3.02
Unknown utilities discovered during construction Public utilities 

assumed
T B L L LL 10% 2 500,000$     0.2 50,000$             -$                  Mitigate:  sufficient design budget to perform 

utility exploration / relocation

3.03
Sink hole apears during construction Assume near entry or 

exit point
T C M L ML 25% 100,000$     25,000$             -$                  Mitigate:  geotechnical characterization to 

include exloration of this potential.

3.04
Soils prove more difficult to drill through than planned HDD T B L L LL 5% 1 100,000$     0.1 5,000$               -$                  Mitigate: soil characterization included in 

contract; geotechnical exploration sufficient 
to reduce risk

Difficult soil stops project HDD is stopped. T B L H LH 5% 9 3,000,000$  0.5 150,000$          -$                  Mitigate:  Sufficient explorations during 
design phase.

3.05
Soil stability worse than expected  T B L L LL 10% 2 250,000$     0.2 25,000$             -$                  Mitigate:  Geotechnical characterization to 

include exloration of this potential.

Magnolia Basin - CSO Risk Workshop

Risk Indentification Risk Type Risk Qualification Risk Quanitification

Alternative 1F1



 

 



Risk Mitigation / Response

Risk # Description of Risk Event Addt'l Info

Threat 
(T); 

Opportun
ity (O)

Cost (C); 
Schedule 

(S); Both (B)
Probability Impact

Workshop 
Rating

Probability
Impact 

(schedule)
Impact 

(dollars)
Risk Time - 

Threat (mos)
 Risk Cost - 

Threat 
 Risk Cost - 
Opportunity 

Description
(Accept/Avoid/Transfer/Mitigate)

Magnolia Basin - CSO Risk Workshop

Risk Indentification Risk Type Risk Qualification Risk Quanitification

Alternative 1F1

3.12
Surveys are late or in error  T B L L LL 15% 2 200,000$     0.3 30,000$             -$                  Mitigate with QC plan or transfer survey 

responsibility to contractor

3.15
Weather event alters terrain in project area during 
construction

Site not identified on 
landslide maps

T B L L LL 1% 1 250,000$     0.0 2,500$               -$                  Accept

3.22

Geotech exploraton indictes piles needed for pipe 
storage support. 

Unknown soil 
condition in Port and 
Smith Cove Park 
properties.

T C M 30% 1 100,000$     0.3 30,000$             -$                  Mitigate:  determine need during predesign 
to limit impact to project.

3.23 HDD must be done from 32nd Avenue Add'l permits needed. T C L M LM 5% 2,000,000$  100,000$          -$                  Mitigate:  early determination required.
3.34 Design errors and omissions Delay completion T B L M LM 10% 3 1,000,000$  0.3 100,000$          -$                  Mitigate:  establish and audit QC plan

3.35
Flawed basis of predesign T B L M LM 5% 8 1,000,000$  0.4 50,000$             -$                  Mitigate:  establish checkpoints and criteria 

for acceptance; KC involved in establishing 
prelim design criteria

3.36 Private property damage results from construction Shut down of project T B L M LL 2% 4 100,000$     0.1 2,000$               -$                  Transfer to the contractor contractually

3.38

Dewatering volume greater than anticipated T B M M MM 30% 3 200,000$     0.9 60,000$             -$                  Avoid: Collect adequate site-specific soil and 
groundwater data as early as possible, have 
geotech reports prepared by experienced 
engrs, perform rigorous QA/reviews

3.39

Extending utilities to new facilities is more difficult 
than expected

Water, power, 
communications

T B M M MM 50% 3 100,000$     1.5 50,000$             -$                  Accept: Start utility extension designs early; 
schedule adequate time to begin early 
coordination with the utilities. Consider 
constructing utility extensions before the 
construction contract begins. 

3.40
Groundwater volume impacts design of foundations tie-downs req'd T C M L ML 25% 20,000$       5,000$               -$                  Mitigate:  Collect adequate site-specific 

groundwater data as early as possible.

4.0 Operations & Maintenance

4.01
O&M changes desired standards after 30% design is 
completed

T C L L LL 10% 1,000,000$  100,000$          -$                  Avoid; up-front work to know potential 
changes to avoid surprises

4.02
HDD sewer becomes clogged during operation 
resulting in inability to use line

T B L L LL 2% 0.25 100,000$     0.0 2,000$               -$                  Mitigate: O&M involvement in sizing of 
facility during predesign. 

4.05

Groundwater conditions impact infiltration/leakage of 
facilities

T C L M LM 15% 1,500,000$  225,000$          -$                  Mitigate:  involve construction management 
staff during design to check that the design 
can be constructed per design, and discuss 
construction contingency plans.

5.0 Community Impacts 

5.01
Community expectation for mitigation exceeds 
reasonable determination

T B H L HL 60% 2 50,000$       1.2 30,000$             -$                  Mitigate:  Community involvment with design 
aesthetics (architecture/ landscaping).

5.05
Community requests GSI to be included in project T C L M LM 5% 2,000,000$  100,000$          -$                  Avoid:  up-front work to know potential for 

this requirement and have plan in place for 
early action, if required

5.06
Community demands same treatment as other 
basins, resulting in schedule delay

T S L L LL 5% 2 0.1 Mitigate:  Move project forward to avoid 
overlapping concerns

5.08
Community contests traffic plan and estimation of 
traffic/parking impact of 32nd Avenue West 
construction

T S L L LL 10% 2 0.2 Mitigate:  Early involvement with community 
leaders; upfront and open communication; 
keep involved in process

5.09
Public opposition develops resulting in delay of 
schedule for design

T S M M MM 20% 4 0.8 Mitigate:  Early involvement with community 
leaders; upfront and open communication; 
keep involved in process

5.12

Contractor means and methods, or change to 
contract specifications, results in unanticipated 
community impacts that can't be mitigated by 
standard practices

Includes unanticipated 
staging, laydown and 
parking areas; 
construction 
equipment impacts.

T C L L LL 10% 50,000$       5,000$               -$                  Mitigate:  Discuss likely means and methods 
during design, and plan mitigative elements 
into the project before construction begins. 
Specify/acquire staging area. 
Route contractor-requested changes 
through the CM group; do not allow changes 
which would cause impacts that cannot be 
mitigated.  Include Community Relations 
lessons learned from other projects.

5.14
Stakeholders request additional meetings to discuss 
the project

T B M M MM 30% 3 50,000$       0.9 15,000$             -$                  Accept:  have plan in place for early/quick 
action if this occurs

5.15
Comments from other external stakeholders raise 
new issues

Interbay, Queen Anne, 
tribal communities.

T B M L ML 20% 2 25,000$       0.4 5,000$               -$                  Avoid:  up-front work to know potential for 
this requirement and have plan in place for 
early action, if required
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5.16

Community requests a partnership project and/or 
mitigation project.

Examples: habitat 
restoration, public 
art/education, public 
access features.

T B M M MM 30% 3 100,000$     0.9 30,000$             -$                  Accept: Be aware of the characteristics, 
needs and goals of the City and the 
community, and ways that the community or 
other stakeholders could contribute to the 
the project goal. Propose project elements 
and/or partnerships that will meet the goals 
of both the project and the community to 
achieve public acceptance

6.0 Experience/Capability of the Team

7.0 Contractor/Vendor Issues

7.02
Availability of materials - materials for project are not 
available

T B L H LM 10% 12 1,000,000$  1.2 100,000$          -$                  Mitigate:  Explore availability during design 
or potential pre-purchase by KC; include 
long-lead language in specs.

7.05
Language interpretation of SCS requirements 
changes.

T B M M LM 30% 6 100,000$     1.8 30,000$             -$                  Avoid:  up-front work to understand 
interpretations; work with agencies to be fully 
involved in loop

7.06

Bid protest T B M M MH 25% 6 100,000$     1.5 25,000$             -$                  Mitigate:  accepting this is a potential, ensure 
contract schedule is set up to avoid long-
term impacts due to delay associated with 
protest

7.09
Specialty contractors required due to HDD drive in 
project schedule timeline.

T C H M HH 95% 2,500,000$  2,375,000$       -$                  Accept: build into the project cost.

7.11

Final design consultant team uses different design 
assumptions, causing a change to the Facility Plan 
design.

T B M M MM 25% 3 100,000$     0.8 25,000$             -$                  Mitigate:  Min 6 mo overlap transitional 
period for Carollo team and new consultant 
to exchange info; hold project review 
workshop with the two teams; and have new 
team bring up differing issues as soon as 
possible.

 

9.0 Property Acquisition

9.01
Parks property could be transferred under a federal 
covenant

Cannot use park T B L H LH 5% 12 100,000$     0.6 5,000$               -$                  Avoid;  cannot mitigate;  perform as much up-
front work as possible to keep risk from 
occurring

9.02
Initiative 42 (Park for Park) Could only use parks 

for parks use or 
replace

T C L L LL 10% 500,000$     50,000$             -$                  Avoid;  cannot mitigate;  perform as much up-
front work as possible to keep risk from 
occurring

9.04
City Council involvement in acquisitions due to 
community activism

T S L H LH 10% 12 1.2 Mitigation required

9.29
Admiral House requires approval from federal govt & 
private developer

title report reveals that 
both signatures are 
needed

T S M M MM 50% 6 Avoid:  get signatures prior to start of design 
(if possible).

9.10
Admiral House is owned by federal gov't - require 
location of portal.  Fed gov't denies subterranean 
easement.

T B M H MH 50% 12 400,000$     6.0 200,000$          -$                  Mitigate:  Resolve prior to 60% design.

9.12
Ursula Judkins Viewpoint and Magnolia Park is not 
highly used

Low resistance to 
permitting/easements.

O S M M MM 50% 3 0.0 Capture:  Pursue opportunity, if possible.  
Determination to be made during preliminary 
design.

9.13

Smith Cove Park is highly used during summer; 
conflicts with construction activities

T S H M HM 100% 4 4.0 Mitigate:  Evaluate the anticipated need for 
construction, staging and operation in the 
park, negotiate a construction and 
permanent easment with conditions for the 
anticipated uses, and incorporate into the 
construction document.

9.15
Seattle Parks easement across sports field requires 
unanticipated concessions.

T B M M MM 50% 3 500,000$     1.5 250,000$          -$                  Mitigate:  Incorporate concessions into 
project budget as soon as known.  Up-front 
work to identiy these concessions.

9.23
Port sells storage site to SDOT first and SDOT 
requirements increase fees and potential design 
change.

Magnolia Bridge 
project

T B M M MM 50% 6 1,000,000$  3.0 500,000$          -$                  Mitigate:  Determine prior to final design; 
negotiate with SDOT first.

9.24
Use of Port property for storage tank not allowed (moved from Land 

Use and Permitting)
T B L H LH 10% 12 500,000$     1.2 50,000$             -$                  Avoid:  If event occurs, different alternative 

would be required.  Require ink deal before 
starting final design.

9.26
Stockpiling location unavailable. T C L L LL 10% 1,000,000$  100,000$          -$                  Mitigate:  Identify and/or purchase 

stockpiling location.

9.28
City accelerates Magnolia Bridge replacement and it 
takes more of property

T B L L LL 5% 2 100,000$     0.1 5,000$               -$                  Mitigate:  close coordination with SDOT 
during design phases.

 

10.0 Project Funding
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10.01
Project  funding is cut or reduced  T B L M LM 2% 6 100,000$     0.1 2,000$               -$                  Avoid:  up-front work to keep this project with 

adequate funding; there is 6 months float in 
the schedule.  

10.02
Low rate loan funding opportunities become available Free money O C L L LL 10% 500,000$     -$                       (50,000)$       Explore funding options during pre-design 

phase

10.06
Decision to apply for federal funding that triggers 
SERP

T S L L LL 10% 2 0.2 Make a decision about federal funding 
during pre-design

10.07
Current economic climate has favorable bid 
environment.

O C M L LL 20% 1,000,000$  -$                       (200,000)$     Accept: HDD is a contruction specialy  and it 
not market sensitive.

10.08
Engineer's estimate is low, resulting in re-bid 
requirement or funding unavailable

T B L M LM 10% 3 200,000$     0.3 20,000$             -$                  Mitigate:  perform independent 
review/confirmation of estimate at 60% 
phase

11.0 CSO program 

11.06
DOE rejects sizing of project during Facility Plan 
review.

Could trigger SEPA 
review.  Might need 
more space.  

T B M M MM 20% 6 3,000,000$  1.2 600,000$          -$                  Mitigate to know by end of predesign

11.12
Flows from Port site sewer connections increase 
reducing allowable max flow out of storage

T C L H LH 10% 5,000,000$  500,000$          -$                  Accept:  Would need to be addressed with a 
future project for expansion

11.13

Project changes occur due to County organization 
changes, new direction given by management, 
and/or new County policy

DOE is the regulatory 
driver; Leadership 
change potential

T S L L LL 5% 1 0.1 Accept

11.14
Regulations changes result in stricter storage and 
water quality control requirements. Storage tank too 
small and/or treatment needs to be added.

Assumes this occurs 
during design phase

T B L M LM 10% 6 200,000$     1 20,000$             -$                  Mitigate: Upcoming regulation changes are 
typically known in advance;  keep up-to-date 
on potential

12.0 Interfaces

12.01

Magnolia Bridge construction happens at the same 
time as tank construction causing site access and 
construction conflicts.

 T S H M HM 60% 4 2 Mitigate:  Work with SDOT during design to 
delineate size and locations of adjacent work 
zones.  Schedule weekly coordination 
meetings with adjacent contractors to 
resolve any issues.

12.02
SDOT objects to the project and gets Port to go along 
with their objections, resulting in Port not selling 
property or not allowing project.

T B M M MM 25% 8 500,000$     2 125,000$          -$                  Avoid:  Get binding agreement with Port 
during pre-design.

12.03

Magnolia Bridge plans/schedule changes and 
creates conflict with WTD schedule / or plan by 
taking more land than anticipated.

T B M L ML 40% 2 50,000$       1 20,000$             -$                  Mitigate: Assign liaison for both SDOT and 
KC to be involved in the design reviews for 
each project; work with SDOT to ensure they 
are aware of KC project needs during their 
bridge design.

12.05

Magnolia Bridge project proceeding with coincident 
tasks eliminating same tasks from CSO project

O C L L LL 5% 100,000$     -$                       (5,000)$         Mitigate: Assign liaison to work with SDOT to 
ensure they are aware of KC project needs 
during their bridge design; look for partnering 
opportunities

Development is planned at Elliott Bay Marina, Smith 
Cove Park, Port or other property which requires 
coordination

T C L M LM 10% 3 50,000$       0.3 5,000$               -$                  Start early and maintain contacts on future 
development plans nearby to determine 
whether coordination or interference 
avoidance is needed.

13.0 Safety

13.01
Injury/death to citizen(s)  T B L M LM 2% 2 3,000,000$  0.0 60,000$             -$                  Mitigate:  Safety fencing; security procedures 

required in Project Manual

13.02
Health and safety hazards cause lost work days T S L M LM 10% 4 0.4 Mitigate:  Followup with required QC to 

ensure address by contractor

13.03
Auto accident in construction zone T C M L ML 45% 50,000$       22,500$             -$                  Transfer:  contractually require contractor to 

be responsible; set safety requirements

13.04
Vandalism or theft at jobsite T C H L HL 85% 250,000$     212,500$          -$                  Transfer:  contractually require contractor to 

be responsible for site security
 

59.5 11,835,500$            (255,000)$          
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Example Threat with Cost Impacts  T C H L HL 60% 250,000$      150,000$            -$                  
Example Opportunity with Schedule Impacts O S M H MH 25% 3 900,000$      0 -$                       (225,000)$      

1.0 Land Use and Permitting

1.01
Political opposition to above grade facility on 32nd Ave 
delays permitting through appeal process.

T C L L LL 5% 100,000$      5,000$               -$                  Mitigate through public involvement and 
information

1.05
Permit application rejected for 32nd Ave. site T S L M LM 3% 2 0.1 Avoid:  Project will be revised as necessary 

for city acceptance

1.06
City Changes zoning rules disallowing utility structures 
in Industrial General or Urban Residential zone

T B L H LH 2% 12 2,000,000$   0.2 40,000$             -$                  Avoid:  work with City throughout process

1.07

Permits - potential for unanticipated delays or rejection 
of contractor procured permits minor schedule impact 
(spring)

Shoring, erosion 
control, building - 
permit issuance delay

T S L L LL 10% 1 0.1 Transfer to the contractor contractually. 
Cushion in contract

1.08
Permits - potential for delays or rejection of County 
procured permits major schedule impact

This is delay beyond 
the 10 month period.

T B M M MM 50% 3 500,000$      1.5 250,000$            -$                  Mitigate with pre-work with City staff and 
briefing agency staff

1.15
Code revisions due to SMP update will impact 
proposed uses at the site

T B L M LM 10% 6 1,500,000$   0.6 150,000$            -$                  Avoid:  know by end of 2010 proposed 
changes; incorporate into project.

1.19
Parks will not approve permanent subterranean 
easement

T S L M LM 5% 8 0.4 Avoid:  upfront work to know what additiona 
easements would be required.

1.25
One or more codes change during design or 
construction.

Building or energy 
codes

T B L L LL 5% 2 100,000$      0.1 5,000$               -$                  Avoid:  stay educated for potential code 
changes

1.26
If launch into design before permit approval, may not 
get approval. Redesign required due to permit review.

T B H M HM 75% 4 500,000$      3.0 375,000$            -$                  Mitigate:  schedule it in; pre work with City

1.27
BNSF will not give WTD a crossing permit T S L M LM 15% 6 0.9 Avoid:  Work wth RR early ;decision as to 

whether this old impact project before final 
design

1.29 Inability to clear a cloudy title T B M H MH 30% 12 2,000,000$   3.6 600,000$            -$                  Avoid

1.30
Cloudy title can be cleared but only through the courts O S M M MM 30% 3 0.0 Avoid

1.31
Disposal Permit for dewatering delayed T S M M MM 30% 3 0.9 Mitigate:  prepare adequate plans/permits for 

dewatering with contingency plans

1.32
Shoreline permit appealed T S L M LM 10% 6 0.6 Avoid:  up-front work to avoid potential 

appeal; include buffer in contract schedule to 
allow time to deal with event

2.0 Environmental

2.01

Extent of contaminated soils/groundwater encountered 
greater than anticipated during construction

Assumed 25% on 1F1 
and 50% on 2A of 
contaminated soils.  
Stockpiling/testing 
assumed.

T B H M HM 75% 4 4,000,000$   3.0 3,000,000$         -$                  Mitigate by add'l testing during design.  Also 
research/test for rock, abandoned wood 
pilings and other debris. Special provisions to 
have stockpiling locations identified.

2.02
Environmental limitation not present during 
planning/predesign develops during final design; new 
regulations, etc.

Requires redesign T B L M LM 10% 4 500,000$      0.4 50,000$             -$                  Avoid:  Stay educated about environmental 
regulations and potential changes

2.03 SEPA appeal successful, EIS required T B L H LH 2% 16 2,000,000$   0.3 40,000$             -$                  Accept

2.05
Unidentified special-interest sites discovered - 
wetlands

Discovery assumed in 
design phase

T B L M LM 5% 4 100,000$      0.2 5,000$               -$                  Mitigate:  expand predesign exploration as 
necessary

2.07
Archaeological resources found during construction T B L M LM 10% 3 750,000$      0.3 75,000$             -$                  Mitigate:  Additional review during design

2.08
New species listed under ESA - section 7 consultation 
must be reinitiated

 T B L H LH 2% 12 100,000$      0.2 2,000$               -$                  Accept:  have plan in place for early/quick 
action if this occurs

2.09 SEPA appeal unsuccessful, no EIS required T B L M LM 3% 4 500,000$      0.1 15,000$             -$                  Accept

3.0 Technical

3.02
Unknown utilities discovered during construction Public utilities assumed T B M L ML 20% 2 750,000$      0.4 150,000$            -$                  Mitigate:  sufficient design budget to perform 

utility exploration / relocation

3.03
Sink hole apears during construction Assume near entry or 

exit point
T C M L ML 25% 100,000$      25,000$             -$                  Mitigate:  geotechnical characterization to 

include exloration of this potential.

3.04
Soils prove more difficult to drill through than planned HDD T B L L LL 5% 1 100,000$      0.1 5,000$               -$                  Mitigate: soil characterization included in 

contract; geotechnical exploration sufficient to 
reduce risk

Difficult soil stops project HDD is stopped. T B L H LH 5% 9 3,000,000$   0.5 150,000$            -$                  Mitigate:  Sufficient explorations during design 
phase.

3.05
Soil stability worse than expected  T B L L LL 10% 2 250,000$      0.2 25,000$             -$                  Mitigate:  Geotechnical characterization to 

include exloration of this potential.

3.12
Surveys are late or in error  T B L L LL 15% 2 200,000$      0.3 30,000$             -$                  Mitigate with QC plan or transfer survey 

responsibility to contractor

Magnolia Basin - CSO Risk Workshop

Risk Indentification Risk Type Risk Qualification Risk Quanitification

Alternative 2A
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3.15
Weather event alters terrain in project area during 
construction

Site not identified on 
landslide maps

T B L L LL 1% 1 250,000$      0.0 2,500$               -$                  Accept

3.18
Microtunnel crossing of railroad encounters boulders 
or other changed ground conditions

 T B M L ML 20% 1 75,000$        0.2 15,000$             -$                  Accept; exploration at RR crossings difficult 
due to easement issues.

3.22
Geotech exploraton indictes piles needed for pipe 
storage support. 

Will be determined 
during design.

T C M H MH 20% 5,000,000$   1,000,000$         -$                  Mitigate:  determine need during predesign to 
limit impact to project.

3.23 HDD must be done from 32nd Avenue Add'l permits needed. T C L M LM 5% 2,000,000$   100,000$            -$                  Mitigate:  early determination required.
3.34 Design errors and omissions Delay completion T B L M LM 10% 3 1,000,000$   0.3 100,000$            -$                  Mitigate:  establish and audit QC plan

3.35
Flawed basis of predesign T B L M LM 5% 8 1,000,000$   0.4 50,000$             -$                  Mitigate:  establish checkpoints and criteria 

for acceptance; KC involved in establishing 
prelim design criteria

3.36 Private property damage results from construction Shut down of project T B L M LL 2% 4 100,000$      0.1 2,000$               -$                  Transfer to the contractor contractually

3.38

Dewatering volume greater than anticipated T B M M MM 30% 3 200,000$      0.9 60,000$             -$                  Avoid: Collect adequate site-specific soil and 
groundwater data as early as possible, have 
geotech reports prepared by experienced 
engrs, perform rigorous QA/reviews

3.39

Extending utilities to new facilities is more difficult than 
expected

Water, power, 
communications

T B M M MM 50% 3 100,000$      1.5 50,000$             -$                  Accept: Start utility extension designs early; 
schedule adequate time to begin early 
coordination with the utilities. Consider 
constructing utility extensions before the 
construction contract begins. 

3.40
Groundwater volume impacts design of foundations tie-downs req'd T C M L ML 25% 20,000$        5,000$               -$                  Mitigate:  Collect adequate site-specific 

groundwater data as early as possible.

4.0 Operations & Maintenance

4.01
O&M changes desired standards after 30% design is 
completed

T C L L LL 10% 1,000,000$   100,000$            -$                  Avoid; up-front work to know potential 
changes to avoid surprises

4.02
HDD sewer becomes clogged during operation 
resulting in inability to use line

T B L L LL 2% 0.25 100,000$      0.0 2,000$               -$                  Mitigate: O&M involvement in sizing of facility 
during predesign. 

4.05

Groundwater conditions impact infiltration/leakage of 
facilities

T C L M LM 15% 1,500,000$   225,000$            -$                  Mitigate:  involve construction management 
staff during design to check that the design 
can be constructed per design, and discuss 
construction contingency plans.

5.0 Community Impacts 

5.01
Community expectation for mitigation exceeds 
reasonable determination

T B H L HL 60% 2 50,000$        1.2 30,000$             -$                  Mitigate:  Community involvment with design 
aesthetics (architecture/ landscaping).

5.05
Community requests GSI to be included in project T C L M LM 5% 2,000,000$   100,000$            -$                  Avoid:  up-front work to know potential for this 

requirement and have plan in place for early 
action, if required

5.06
Community demands same treatment as other basins, 
resulting in schedule delay

T S L L LL 5% 2 0.1 Mitigate:  Move project forward to avoid 
overlapping concerns

5.08
Community contests traffic plan and estimation of 
traffic/parking impact of 32nd Avenue West 
construction

T S L L LL 10% 2 0.2 Mitigate:  Early involvement with community 
leaders; upfront and open communication; 
keep involved in process

5.09
Public opposition develops resulting in delay of 
schedule for design

T S L L LL 10% 2 0.2 Mitigate:  Early involvement with community 
leaders; upfront and open communication; 
keep involved in process

5.12

Contractor means and methods, or change to contract 
specifications, results in unanticipated community 
impacts that can't be mitigated by standard practices

Includes unanticipated 
staging, laydown and 
parking areas; 
construction equipment 
impacts.

T C L L LL 5% 20,000$        1,000$               -$                  Mitigate:  Discuss likely means and methods 
during design, and plan mitigative elements 
into the project before construction begins. 
Specify/acquire staging area. 
Route contractor-requested changes through 
the CM group; do not allow changes which 
would cause impacts that cannot be 
mitigated.  Include Community Relations 
lessons learned from other projects.

5.14
Stakeholders request additional meetings to discuss 
the project

T B M M MM 30% 3 50,000$        0.9 15,000$             -$                  Accept:  have plan in place for early/quick 
action if this occurs

5.15
Comments from other external stakeholders raise new 
issues

Interbay, Queen Anne, 
tribal communities.

T B M L ML 20% 2 25,000$        0.4 5,000$               -$                  Avoid:  up-front work to know potential for this 
requirement and have plan in place for early 
action, if required

6.0 Experience/Capability of the Team
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7.0 Contractor/Vendor Issues

7.02
Availability of materials - materials for project are not 
available

T B L H LM 10% 12 1,000,000$   1.2 100,000$            -$                  Mitigate:  Explore availability during design or 
potential pre-purchase by KC; include long-
lead language in specs.

7.05
Language interpretation of SCS requirements 
changes.

T B M M LM 30% 6 100,000$      1.8 30,000$             -$                  Avoid:  up-front work to understand 
interpretations; work with agencies to be fully 
involved in loop

7.06

Bid protest T B M M MH 25% 6 100,000$      1.5 25,000$             -$                  Mitigate:  accepting this is a potential, ensure 
contract schedule is set up to avoid long-term 
impacts due to delay associated with protest

7.09
Specialty contractors required due to HDD drive in 
project schedule timeline.

T C H M HH 95% 2,500,000$   2,375,000$         -$                  Accept: build into the project cost.

7.11

Final design consultant team uses different design 
assumptions, causing a change to the Facility Plan 
design.

T B M M MM 25% 3 100,000$      0.8 25,000$             -$                  Mitigate:  Min 6 mo overlap transitional period 
for Carollo team and new consultant to 
exchange info; hold project review workshop 
with the two teams; and have new team bring 
up differing issues as soon as possible.

 

9.0 Property Acquisition

9.01
Parks property could be transferred under a federal 
covenant

Cannot use park T B L H LH 5% 12 100,000$      0.6 5,000$               -$                  Avoid;  cannot mitigate;  perform as much up-
front work as possible to keep risk from 
occurring

9.02
Initiative 42 (Park for Park) Could only use parks 

for parks use or 
replace

T C L L LL 10% 500,000$      50,000$             -$                  Avoid;  cannot mitigate;  perform as much up-
front work as possible to keep risk from 
occurring

9.04
City Council involvement in acquisitions due to 
community activism

T S L H LH 10% 12 1.2 Mitigation required

9.29
Admiral House requires approval from federal govt & 
private developer

title report reveals that 
both signatures are 
needed

T S M M MM 50% 6 Avoid:  get signatures prior to start of design 
(if possible).

9.10
Admiral House is owned by federal gov't - require 
location of portal.  Fed gov't denies subterranean 
easement.

T B M H MH 50% 12 400,000$      6.0 200,000$            -$                  Mitigate:  Resolve prior to 60% design.

9.12
Ursula Judkins Viewpoint and Magnolia Park is not 
highly used

Low resistance to 
permitting/easements.

O S M M MM 50% 3 0.0 Capture:  Pursue opportunity, if possible.  
Determination to be made during preliminary 
design.

9.13

Smith Cove Park is highly used during summer; 
conflicts with construction activities

T S H M HH 100% 4 4.0 Mitigate:  Evaluate the anticipated need for 
construction, staging and operation in the 
park, negotiate a construction and permanent 
easment with conditions for the anticipated 
uses, and incorporate into the construction 
document.

9.15
Seattle Parks easement across sports field requires 
unanticipated concessions.

T B M M MM 50% 3 500,000$      1.5 250,000$            -$                  Mitigate:  Incorporate concessions into project 
budget as soon as known.  Up-front work to 
identiy these concessions.

9.16
Port does not want pipeline work to be done on Port 
property

T B H M HM 100% 6 500,000$      6.0 500,000$            -$                  Mitigate:  Start early - may take longer to 
negotiate.

9.17
Pipeline work in Port property could impact parking for 
cruise ship passengers

T B H H HH 100% 12 1,000,000$   12.0 1,000,000$         -$                  Mitigate:  Work with Port to identify critical 
areas; incorporate into design and 
construction work zones.

9.19
BNSF might sell rail property to different owner after 
we get crossing permit

T B L M LM 10% 6 1,000,000$   0.6 100,000$            -$                  Accept.

9.20
Port won't sell easement for storage pipe T C M L ML 50% 500,000$      250,000$            -$                  Avoid:  If event occurs, different alternative 

would be required.  Require ink deal before 
starting final design.

9.21

Easements become a requirement under properties 
along HDD route

T C L L LL 5% 300,000$      15,000$             -$                  Mitigate:  Determine temp and permanent 
easement during predesign to ensure 
adequacy.  Involve several contractors in 
early discussions for expertise/input. 

9.26
Stockpiling location unavailable. T C L L LL 10% 1,000,000$   100,000$            -$                  Mitigate:  Identify and/or purchase stockpiling 

location.
 

10.0 Project Funding

10.01
Project  funding is cut or reduced  T B L M LM 2% 6 100,000$      0.1 2,000$               -$                  Avoid:  up-front work to keep this project with 

adequate funding; there is 6 months float in 
the schedule.  



 

 



Risk Mitigation / Response

Risk # Description of Risk Event Addt'l Info

Threat 
(T); 

Opportun
ity (O)

Cost (C); 
Schedule 

(S); Both (B)
Probability Impact

Workshop 
Rating

Probability
Impact 

(schedule)
Impact 

(dollars)
Risk Time - 

Threat (mos)
 Risk Cost - 

Threat 
 Risk Cost - 
Opportunity 

Description
(Accept/Avoid/Transfer/Mitigate)

Magnolia Basin - CSO Risk Workshop

Risk Indentification Risk Type Risk Qualification Risk Quanitification

Alternative 2A

10.02
Low rate loan funding opportunities become available Free money O C L L LL 10% 500,000$      -$                       (50,000)$        Explore funding options during pre-design 

phase

10.06
Decision to apply for federal funding that triggers 
SERP

T S L L LL 10% 2 0.2 Make a decision about federal funding during 
pre-design

10.07
Current economic climate has favorable bid 
environment.

O C M L LL 20% 1,000,000$   -$                       (200,000)$      Accept: HDD is a contruction specialy  and it 
not market sensitive.

10.08
Engineer's estimate is low, resulting in re-bid 
requirement or funding unavailable

T B L M LM 10% 3 200,000$      0.3 20,000$             -$                  Mitigate:  perform independent 
review/confirmation of estimate at 60% phase

11.0 CSO program 

11.06
DOE rejects sizing of project during Facility Plan 
review.

Could trigger SEPA 
review.  Might need 
more space.  

T B M M MM 20% 6 3,000,000$   1.2 600,000$            -$                  Mitigate to know by end of predesign

11.12
Flows from Port site sewer connections increase 
reducing allowable max flow out of storage

T C L H LH 10% 5,000,000$   500,000$            -$                  Accept:  Would need to be addressed with a 
future project for expansion

11.13

Project changes occur due to County organization 
changes, new direction given by management, and/or 
new County policy

DOE is the regulatory 
driver; Leadership 
change potential

T S L L LL 5% 1 0.1 Accept

11.14
Regulations changes result in stricter storage and 
water quality control requirements. Storage tank too 
small and/or treatment needs to be added.

Assumes this occurs 
during design phase

T B L L LL 5% 2 100,000$      0.1 5,000$               -$                  Mitigate: Upcoming regulation changes are 
typically known in advance;  keep up-to-date 
on potential

12.0 Interfaces

12.01

Magnolia Bridge construction happens at the same 
time as tank construction causing site access and 
construction conflicts.

 T S H M HM 60% 4 2 Mitigate:  Work with SDOT during design to 
delineate size and locations of adjacent work 
zones.  Schedule weekly coordination 
meetings with adjacent contractors to resolve 
any issues.

12.02
SDOT objects to the project and gets Port to go along 
with their objections, resulting in Port not selling 
property or not allowing project.

T B M M MM 25% 8 500,000$      2 125,000$            -$                  Avoid:  Get binding agreement with Port 
during pre-design.

12.03

Magnolia Bridge plans/schedule changes and creates 
conflict with WTD schedule / or plan by taking more 
land than anticipated.

T B M L ML 40% 2 50,000$        1 20,000$             -$                  Mitigate: Assign liaison for both SDOT and 
KC to be involved in the design reviews for 
each project; work with SDOT to ensure they 
are aware of KC project needs during their 
bridge design.

12.05

Magnolia Bridge project proceeding with coincident 
tasks eliminating same tasks from CSO project

O C L L LL 5% 100,000$      -$                       (5,000)$         Mitigate: Assign liaison to work with SDOT to 
ensure they are aware of KC project needs 
during their bridge design; look for partnering 
opportunities

Development is planned at Elliott Bay Marina, Smith 
Cove Park, Port or other property which requires 
coordination

T C L M LM 10% 3 50,000$        0.3 5,000$               -$                  Start early and maintain contacts on future 
development plans nearby to determine 
whether coordination or interference 
avoidance is needed.

13.0 Safety

13.01
Injury/death to citizen(s)  T B L M LM 2% 2 3,000,000$   0.0 60,000$             -$                  Mitigate:  Safety fencing; security procedures 

required in Project Manual

13.02
Health and safety hazards cause lost work days T S L M LM 10% 4 0.4 Mitigate:  Followup with required QC to 

ensure address by contractor

13.03
Auto accident in construction zone T C M L ML 45% 50,000$        22,500$             -$                  Transfer:  contractually require contractor to 

be responsible; set safety requirements

13.04
Vandalism or theft at jobsite T C H L HL 85% 250,000$      212,500$            -$                  Transfer:  contractually require contractor to 

be responsible for site security
 

69 13,456,500$             (255,000)$           



 

 



BARTON, MURRAY, MAGNOLIA, AND NORTH BEACH

CSO BEACHES PROJECT

ALTERNATIVES COSTS

MAY 2010

Project: King County CSO

Subject: Magnolia Alternative 1A

By : ALS

Date : 17-May-10

Rectangular Storage Tank 

Capital Cost Estimate

Item Description Quantity Unit Unit cost, $ Cost, $

DIVISION 1 - GENERAL REQUIREMENTS

Temporary Traffic Control 1 LS $253,957 $253,957

Temporary Erosion & Sediment Control 1 LS $126,979 $126,979

DIVISION 2 - SITE WORK

Equipment Mobilization 1 EA 10000 $10,000

ACP Removal

    Storage Tank 778 SY $20 $15,556

    Odor Control Building 0 SY $20 $0

    Diversion Structure 100 SY $20 $2,000

Clearing & Grubbing 1 AC $25,000 $28,696

Excavation

    Storage Tank 72,942 BCY $15 $1,094,130

    Diversion Structure 405 BCY $25 $10,125

Haul/Disposal - Tank+Diversion 91,684 LCY $11 $1,008,521

Shoring

    Storage Tank 51,819 SF $42 $2,197,126

    Diversion Structure 1,944 SF $42 $82,426

Dewatering 1 LS $1,000,000 $1,000,000

Backfill 32,000 BCY $15 $480,000

Install 24 inch diversion to tank 50 LF $750 $37,500

Install 10" FM to connection 100 LF $200 $20,000

Pipe Bedding 67 CY $18 $1,200

12" Compacted Gravel Fill - Tank 2,122 CY $20 $42,436

96" MH (14' to 16' deep) 1 EA $12,000 $12,000

48" MH (14' to 16' deep) 0 EA $0

48" MH (16' to 20' deep) 0 EA $0

Imported Backfill/Compaction 944 CY $20 $18,889

AC Surface Restoration 1,900 SY $45 $85,500

Generator fuel tank 1 LS $12,000 $12,000

Slope restoration 1 LS $1,000,000 $1,000,000

CAROLLO ENGINEERS
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BARTON, MURRAY, MAGNOLIA, AND NORTH BEACH

CSO BEACHES PROJECT

ALTERNATIVES COSTS

MAY 2010

Project: King County CSO

Subject: Magnolia Alternative 1A

By : ALS

Date : 17-May-10

Rectangular Storage Tank 

Capital Cost Estimate

Item Description Quantity Unit Unit cost, $ Cost, $

DIVISION 3 - CONCRETE

Diversion Structure

    Base Slab 8 CY $300 $2,400

    Walls 27 CY $500 $13,500

    Top Slab 8 CY $800 $6,400

    Core Drill - 30" Dia, 2' wall 1 EA $2,000 $2,000

Storage Tank

    Base Slab 3,040 CY $300 $912,000

    External Walls 2,423 CY $500 $1,211,500

    Internal Walls 779 CY $500 $389,500

    Top Elevated Slab 1,520 CY $800 $1,216,000

    Miscellaneous fill/appurtenances 20 CY $500 $10,000

    Crane Mobilization 1 EA $22,000 $22,000

    Crane Rental  350 HR $1,500 $525,000

    Crane Crew 350 HR $240 $84,000

Odor Control and Electrical Bldg

    Strip Footings 22 CY $300 $6,667

    Foundation Walls 11 CY $400 $4,444

    Slab on Grade 89 CY $326 $28,978

Retaining Wall, 350x15 894 CY $400 $357,778

DIVISION 4 - MASONRY

Odor Control Bldg

12" CMU Walls; Full grouted, 12-ft high, slab on 
grade 2,400 SF $38 $91,200

DIVISION 5 - METALS

Odor Control Bldg

    Metal Decking 2,400 SF $6 $14,400

Roof Joists, 8-ft OC Fabricated Steel 12,000 LB $3 $32,400

    Miscellaneous Plates/Shapes 11,000 LB $3 $33,000

Metal Roof 2,400 SF $6 $15,000

Fencing - Diversion Structure 200 LF $8 $1,600

Hatches 10 EA $10,000 $100,000

DIVISIONS 7 & 8 - ARCHITECTURAL

Roofing, doors, windows, finishes, etc 1 LS $6,000 $6,000
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BARTON, MURRAY, MAGNOLIA, AND NORTH BEACH

CSO BEACHES PROJECT

ALTERNATIVES COSTS

MAY 2010

Project: King County CSO

Subject: Magnolia Alternative 1A

By : ALS

Date : 17-May-10

Rectangular Storage Tank 

Capital Cost Estimate

Item Description Quantity Unit Unit cost, $ Cost, $

DIVISION 15 - MECHANICAL

Storage Tank

    Tipping Bucket 4 LS $25,000 $100,000

Drain Gates 4 LS $10,000 $40,000

    Pumps 3 LS $5,000 $15,000

    Miscellaneous Mechanical 1 LS $12,000 $12,000

Diversion Structure 

     Slide Gate 1 EA $10,000 $10,000

     Level Sensor 1 EA $5,000 $5,000

Odor Control/Electrical/Generator Bldg

    Heating, Ventilating, Plumbing 1 EA $65,000 $65,000

Odor Control Equipment

    Scrubber, Fan, Sound Enclosure 1 LS $25,000 $25,000

DIVISION 16 - ELECTRICAL

Electrical

     Electrical 1 LS $97,000 $97,000

     Standby Generator 1 LS $60,000 $60,000

Telemetry 1 LS $25,000 $25,000

Subtotal $13,078,806

Escalation to time of construction 0.00% $0

Total estimated construction cost $13,078,806

Contingency 45% $5,885,463

Engineering Design 15% $1,961,821

Construction Management 15% $1,961,821

Sales Tax 9.5% $1,801,606

Total Estimated Capital Cost $24,690,000
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BARTON, MURRAY, MAGNOLIA, AND NORTH BEACH

CSO BEACHES PROJECT

ALTERNATIVES COSTS

MAY 2010

Project: King County CSO

Subject: Magnolia Alternative 1F1 

By : ALS

Date : 17-May-10

Rectangular Storage Tank and Gravity Sewer

Capital Cost Estimate

Item Description Quantity Unit Unit cost, $ Cost, $

DIVISION 1 - GENERAL REQUIREMENTS

Temporary Traffic Control 1 LS $276,993 $276,993

Temporary Erosion & Sediment Control 1 LS $138,497 $138,497

DIVISION 2 - SITE WORK

Equipment Mobilization 1 EA 10000 $10,000

ACP Removal

    Storage Tank 0 SY $20 $0

    Odor Control Building 0 SY $20 $0

    Diversion Structure 100 SY $20 $2,000

Clearing & Grubbing 1 AC 12,000 $15,120

Excavation

    Storage Tank 38,000 BCY $15 $570,000

    Diversion Structure 405 BCY $25 $10,125

Haul/Disposal - Tank 47,500 LCY $32 $1,520,000

Shoring

    Storage Tank 36,180 SF $42 $1,534,032

    Diversion Structure 1,944 SF $42 $82,426

Dewatering 1 LS $1,000,000 $1,000,000

Carbon Treatment, contaminated water 1 LS $250,000 $250,000

Backfill 5,037 BCY $15 $75,556

24" HDD Gravity Sewer 2,700 LF $585 $1,579,500

24" Fusible PVC 2,700 LF $100 $270,000

Fusion Machine 1 WK $6,000 $6,000

 Jack and Bore Launch Pit 1 LS $100,000 $100,000

 Jack and Bore Receiving Pit 1 LS $75,000 $75,000

Boring and Jacking 250 LF $500 $125,000
Install 10" FM to connection 500 LF $200 $100,000

Pipe Bedding 67 CY $18 $1,200

12" Compacted Gravel Fill - Tank 1,972 CY $20 $39,443

48" MH (14' to 16' deep) 1 EA $6,500 $6,500

48" MH (14' to 16' deep) 0 EA $0

48" MH (16' to 20' deep) 0 EA $0

Imported Backfill/Compaction 889 CY $20 $17,778

AC Surface Restoration 2,833 SY $45 $127,500

Generator fuel tank 1 LS $12,000 $12,000

Staging Area Restoration, 6" gravel 1,574 CY $12 $18,889
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BARTON, MURRAY, MAGNOLIA, AND NORTH BEACH

CSO BEACHES PROJECT

ALTERNATIVES COSTS

MAY 2010

Project: King County CSO

Subject: Magnolia Alternative 1F1 

By : ALS

Date : 17-May-10

Rectangular Storage Tank and Gravity Sewer

Capital Cost Estimate

Item Description Quantity Unit Unit cost, $ Cost, $

DIVISION 3 - CONCRETE

Diversion Structure

    Base Slab 8 CY $300 $2,400

    Walls 27 CY $500 $13,500

    Top Slab 8 CY $800 $6,400

    Core Drill - 30" Dia, 2' wall 1 EA $2,000 $2,000

Storage Tank

Auger Piles - 18" Diameter, 20 ft. long 12,000 LF $60 $720,000

    Base Slab 2,900 CY $500 $1,450,000

    External Walls 2,000 CY $500 $1,000,000

    Internal Walls 850 CY $500 $425,000

    Top Elevated Slab 1,422 CY $800 $1,137,600

    Miscellaneous fill/appurtenances 20 CY $500 $10,000

    Crane Mobilization 1 EA $22,000 $22,000

    Crane Rental  350 HR $1,500 $525,000

    Crane Crew 350 HR $240 $84,000

Odor Control and Electrical Bldg

    Strip Footings 22 CY $300 $6,667

    Foundation Walls 11 CY $400 $4,444

    Slab on Grade 89 CY $326 $28,978

DIVISION 4 - MASONRY

Odor Control Bldg

12" CMU Walls; Full grouted, 12-ft high, slab on 
grade 2,400 SF $38 $91,200

DIVISION 5 - METALS

Odor Control Bldg

    Metal Decking 2,400 SF $6 $14,400

Roof Joists, 8-ft OC Fabricated Steel 12,000 LB $3 $32,400

    Miscellaneous Plates/Shapes 11,000 LB $3 $33,000

Metal Roof 2,400 SF $6 $15,000

Fencing - Diversion Structure 200 LF $8 $1,600

Hatches 14 EA $10,000 $140,000

DIVISIONS 7 & 8 - ARCHITECTURAL

Roofing, doors, windows, finishes, etc 1 LS $12,000 $12,000
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BARTON, MURRAY, MAGNOLIA, AND NORTH BEACH

CSO BEACHES PROJECT

ALTERNATIVES COSTS

MAY 2010

Project: King County CSO

Subject: Magnolia Alternative 1F1 

By : ALS

Date : 17-May-10

Rectangular Storage Tank and Gravity Sewer

Capital Cost Estimate

Item Description Quantity Unit Unit cost, $ Cost, $

DIVISION 15 - MECHANICAL

Storage Tank

    Tipping Bucket 6 LS $25,000 $150,000

Drain Gates 6 LS $10,000 $60,000

    Pumps 3 LS $5,000 $15,000

    Miscellaneous Mechanical 1 LS $12,000 $12,000

Diversion Structure 

     Slide Gate 1 EA $10,000 $10,000

     Level Sensor 1 EA $5,000 $5,000

Odor Control/Electrical/Generator Bldg

    Heating, Ventilating, Plumbing 1 EA $65,000 $65,000

Odor Control Equipment

    Scrubber, Fan, Sound Enclosure 1 LS $25,000 $25,000

DIVISION 16 - ELECTRICAL

Electrical

     Electrical 1 LS $97,000 $97,000

     Standby Generator 1 LS $60,000 $60,000

Telemetry 1 LS $25,000 $25,000

Subtotal $14,265,146

Escalation to time of construction 0.00% $0

Total estimated construction cost $14,265,146

Contingency 45% $6,419,316

Engineering Design 15% $2,139,772

Construction Management 15% $2,139,772

Sales Tax 9.5% $1,965,024

Total Estimated Capital Cost $26,929,000
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BARTON, MURRAY, MAGNOLIA, AND NORTH BEACH

CSO BEACHES PROJECT

ALTERNATIVES COSTS

MAY 2010

Project: King County CSO

Subject: Magnolia Alternative 2A

By : ALS

Date : 17-May-10

12' Inline Storage

Capital Cost Estimate

Item Description Quantity Unit Unit cost, $ Cost, $

DIVISION 1 - GENERAL REQUIREMENTS

Temporary Traffic Control, detours, Business 
Access 1 LS $466,199 $466,199

Temporary Erosion & Sediment Control 1 LS $116,550 $116,550

DIVISION 2 - SITE WORK

Equipment Mobilization 1 EA 10000 $10,000

ACP Removal

    Storage Pipe 14,667 SY $20 $293,333

    Odor Control Building 1,111 SY $20 $22,222

    23rd Ave. W and W. Garfield 622 SY $20 $12,444

Clearing & Grubbing 0.06 AC $25,000 $1,435

Demolition and relocation of surface improvements 1 LS $50,000 $50,000

Excavation

    Diversion Structure 405 BCY $25 $10,125

Pipe Storage 25,122 BCY $25 $628,056

Haul/Disposal - Tank+Diversion 31,909 LCY $58 $1,834,769

Shoring

    Storage Pipe 5,700 SF $42 $241,680

    Diversion Structure 1,944 SF $42 $82,426

Dewatering 1 LS $760,000 $760,000

Carbon Treatment, contaminated water 1 LS $375,000 $375,000

27" HDD Gravity Sewer 2,700 LF $700 $1,890,000

27" Fusible PVC HDD 2,700 LF $110 $297,000

27" PVC Gravity Sewer HDD to Storage 800 LF $200 $160,000

27" RCP Gravity Sewer Storage to IBPS 500 LF $200 $100,000

PVC fusion machine 1 WK $6,000 $6,000

Jacking and Boring Street and RR

    Jack and Bore Launch Pit 3 LS $100,000 $300,000

    Jack and Bore Receiving Pit 3 LS $75,000 $225,000

    Boring and Jacking 800 LF $300 $240,000

Install 12 Ft Dia RCP Storage Pipe 2,100 LF $1,000 $2,100,000

Imported Backfill/Compaction 2,644 CY $18 $47,600

Pipe bedding and compaction 13,611 CY $44 $598,889

48" MH (16' to 20' deep) 7 EA $7,500 $52,500

AC Surface Restoration 16,400 SY $45 $738,000
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BARTON, MURRAY, MAGNOLIA, AND NORTH BEACH

CSO BEACHES PROJECT

ALTERNATIVES COSTS

MAY 2010

Project: King County CSO

Subject: Magnolia Alternative 2A

By : ALS

Date : 17-May-10

12' Inline Storage

Capital Cost Estimate

Item Description Quantity Unit Unit cost, $ Cost, $

DIVISION 3 - CONCRETE

Diversion Structure

    Base Slab 8 CY $300 $2,400

    Walls 27 CY $500 $13,500

    Top Slab 8 CY $800 $6,400

    Core Drill - 30" Dia, 2' wall

Odor Control and Electrical Bldg

    Strip Footings 22 CY $300 $6,667

    Foundation Walls 11 CY $400 $4,444

    Slab on Grade 89 CY $326 $28,978

DIVISION 4 - MASONRY

Odor Control Bldg

12" CMU Walls; Full grouted, 12-ft high, slab on 
grade 2,400 SF $38 $91,200

DIVISION 5 - METALS

Odor Control Bldg

    Metal Decking 2,400 SF $6 $14,400

Roof Joists, 8-ft OC Fabricated Steel 12,000 LB $3 $32,400

    Miscellaneous Plates/Shapes 11,000 LB $3 $33,000

Metal Roof 2,400 SF $6 $15,000

Fencing - Diversion Structure 200 LF $8 $1,600

DIVISIONS 7 & 8 - ARCHITECTURAL

Roofing, doors, windows, finishes, etc 1 LS $12,000 $12,000
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BARTON, MURRAY, MAGNOLIA, AND NORTH BEACH

CSO BEACHES PROJECT

ALTERNATIVES COSTS

MAY 2010

Project: King County CSO

Subject: Magnolia Alternative 2A

By : ALS

Date : 17-May-10

12' Inline Storage

Capital Cost Estimate

Item Description Quantity Unit Unit cost, $ Cost, $

DIVISION 15 - MECHANICAL

    Drain Gates 1 LS $10,000 $10,000

    Pumps 3 LS $5,000 $15,000

    Miscellaneous Mechanical 1 LS $4,500 $4,500

Diversion Structure 

     Slide Gate 1 EA $10,000 $10,000

     Level Sensor 1 EA $5,000 $5,000

Odor Control/Electrical/Generator Bldg

    Heating, Ventilating, Plumbing 1 EA $65,000 $65,000

Odor Control Equipment

    Scrubber, Fan, Sound Enclosure 1 LS $25,000 $25,000

DIVISION 16 - ELECTRICAL

Electrical

     Electrical 1 LS $97,000 $97,000

     Standby Generator 1 LS $60,000 $60,000

Telemetry 1 LS $25,000 $25,000

Subtotal $12,237,716

Escalation to time of construction 0.00% $0

Total estimated construction cost $12,237,716

Contingency 45% $5,506,972

Engineering Design 15% $1,835,657

Construction Management 15% $1,835,657

Sales Tax 9.5% $1,685,745

Total Estimated Capital Cost $23,102,000
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Describe Alternate 1A:---> Bottom of Basin Storage Tank
Brief Title, 20 characters or less:
"Alt 1A"    "    "

   "    "

Lifetime (in years)---> 20 Please provide See instructions below
First year of O&M costs  ---> 2016 the appropriate
Electricity Supplier (SCL or PSE)  ---> SCL information in the
Indicate "Plant" or "Off-Site"  ---> Off-site shaded areas

All project 
costs through

Current year (from Results summary sheet) 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Total Benefits (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Capital and O&M $13,110,000 $11,320,000 $5,734,858 $75,607 $98,363 $77,127 $100,340 $78,677 $102,357 $80,258 $104,414 $81,871 $106,513
Debt-related and O&M $1,078,308 $1,747,187 $2,061,185 $1,948,733 $1,971,489 $1,950,253 $1,973,466 $1,951,803 $1,975,483 $1,953,385 $1,977,541 $1,954,998 $1,979,639
Risk (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Uncertainty (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Capital outlays $13,110,000 $11,320,000 $5,660,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Debt issuance $262,200 $226,400 $113,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Debt service $816,108 $816,108 $816,108 $816,108 $816,108 $816,108 $816,108 $816,108 $816,108 $816,108 $816,108 $816,108 $816,108

$704,679 $704,679 $704,679 $704,679 $704,679 $704,679 $704,679 $704,679 $704,679 $704,679 $704,679 $704,679
$352,339 $352,339 $352,339 $352,339 $352,339 $352,339 $352,339 $352,339 $352,339 $352,339 $352,339

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0

Energy use $0 $0 $556 $562 $568 $573 $579 $585 $591 $597 $603 $609 $615
N t l G $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Natural Gas $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

therms 0 0 0 0 0 0 0 0 0 0 0 0 0

Electricity $0 $0 $556 $562 $568 $573 $579 $585 $591 $597 $603 $609 $615
Electricity Use kwh 0 0 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167
Demand kW or kVa 0 0 0 0 0 0 0 0 0 0 0 0 0

Chemical spending $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Sodium hypochlorite required in gal. 0 0 0 0 0 0 0 0 0 0 0 0 0
Bisulfide required in gal. 0 0 0 0 0 0 0 0 0 0 0 0 0

Other chemical costs - enter $ $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

M t i l d S li $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Materials and Supplies $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Other Costs $0 $0 $0 $0 $22,000 $0 $22,442 $0 $22,893 $0 $23,353 $0 $23,823

Labor $0 $0 $74,302 $75,045 $75,795 $76,553 $77,319 $78,092 $78,873 $79,662 $80,458 $81,263 $82,075
Labor Hours 1474 1474 1474 1474 1474 1474 1474 1474 1474 1474 1474 1474 1474
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Describe Alternate 1A:--->
Brief Title, 20 characters or less:
"Alt 1A"

Lifetime (in years)--->
First year of O&M costs  --->
Electricity Supplier (SCL or PSE)  --->
Indicate "Plant" or "Off-Site"  --->

Current year (from Results summary sheet)

Total Benefits (from below)

2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Capital and O&M
Debt-related and O&M
Risk (from below)
Uncertainty (from below)

Capital outlays
Debt issuance
Debt service

Energy use
N t l G

$83,517 $108,654 $85,196 $110,838 $86,908 $113,066 $88,655 $115,338 $90,437 $117,657 $92,255 $120,021 $94,109
$1,956,643 $1,981,780 $1,958,322 $1,983,964 $1,960,034 $1,986,192 $1,961,781 $1,172,357 $442,776 $117,657 $92,255 $120,021 $94,109

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$816,108 $816,108 $816,108 $816,108 $816,108 $816,108 $816,108 $0 $0 $0 $0 $0 $0
$704,679 $704,679 $704,679 $704,679 $704,679 $704,679 $704,679 $704,679 $0 $0 $0 $0 $0
$352,339 $352,339 $352,339 $352,339 $352,339 $352,339 $352,339 $352,339 $352,339 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$621 $627 $633 $640 $646 $653 $659 $666 $672 $679 $686 $693 $700
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Natural Gas

therms

Electricity
Electricity Use kwh
Demand kW or kVa

Chemical spending

Sodium hypochlorite required in gal.
Bisulfide required in gal.

Other chemical costs - enter $

M t i l d S li

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
0 0 0 0 0 0 0 0 0 0 0 0 0

$621 $627 $633 $640 $646 $653 $659 $666 $672 $679 $686 $693 $700
8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167

0 0 0 0 0 0 0 0 0 0 0 0 0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Materials and Supplies

Other Costs

Labor
Labor Hours

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $24,302 $0 $24,790 $0 $25,288 $0 $25,797 $0 $26,315 $0 $26,844 $0

$82,896 $83,725 $84,562 $85,408 $86,262 $87,125 $87,996 $88,876 $89,765 $90,662 $91,569 $92,485 $93,409
1474 1474 1474 1474 1474 1474 1474 1474 1474 1474 1474 1474 1474
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Describe Alternate 1A:--->
Brief Title, 20 characters or less:
"Alt 1A"

Lifetime (in years)--->
First year of O&M costs  --->
Electricity Supplier (SCL or PSE)  --->
Indicate "Plant" or "Off-Site"  --->

Current year (from Results summary sheet)

Total Benefits (from below)

2040 2041 2042 2043 2044 2045 2046 2047 2048 2049

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Capital and O&M
Debt-related and O&M
Risk (from below)
Uncertainty (from below)

Capital outlays
Debt issuance
Debt service

Energy use
N t l G

$891,434 $96,001 $124,895 $97,930 $127,405 $99,899 $129,966 $101,907 $132,578 $103,955
$137,814 $96,001 $124,895 $97,930 $127,405 $99,899 $129,966 $101,907 $132,578 $103,955

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$769,000 $0 $0 $0 $0 $0 $0 $0 $0 $0
$15,380 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$707 $714 $721 $728 $735 $743 $750 $758 $765 $773
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0Natural Gas

therms

Electricity
Electricity Use kwh
Demand kW or kVa

Chemical spending

Sodium hypochlorite required in gal.
Bisulfide required in gal.

Other chemical costs - enter $

M t i l d S li

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0
0 0 0 0 0 0 0 0 0 0

$707 $714 $721 $728 $735 $743 $750 $758 $765 $773
8167 8167 8167 8167 8167 8167 8167 8167 8167 8167

0 0 0 0 0 0 0 0 0 0

$0 $0 $0

0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0Materials and Supplies

Other Costs

Labor
Labor Hours

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$27,384 $0 $27,934 $0 $28,496 $0 $29,068 $0 $29,653 $0

$94,343 $95,287 $96,240 $97,202 $98,174 $99,156 $100,148 $101,149 $102,160 $103,182
1474 1474 1474 1474 1474 1474 1474 1474 1474 1474
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Describe Alternate 1F.1:---> Rectangular Storage Out of Basin

Brief Title, 20 characters or less:    "    "
"Alt 1F.1"    "    "

" "   "    "

Lifetime (in years)---> 20 Please provide See instructions below
First year of O&M costs  ---> 2016 the appropriatey pp p
Electricity Supplier (SCL or PSE)  ---> SCL information in the
Indicate "Plant" or "Off-Site"  ---> Off-Site shaded areas

All projects 
costs throughcosts through

Current year (from Results summary sheet) 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Total Benefits (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Capital and O&M $14,530,000 $12,360,000 $6,275,677 $96,634 $119,600 $98,576 $122,004 $100,557 $124,456 $102,579 $126,958 $104,640
Debt-related and O&M $1,195,104 $1,921,124 $2,277,911 $2,155,267 $2,178,234 $2,157,210 $2,180,638 $2,159,191 $2,183,090 $2,161,212 $2,185,592 $2,163,274
Risk (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Uncertainty (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Uncertainty (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Capital outlays $14,530,000 $12,360,000 $6,180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0
Debt issuance $290,600 $247,200 $123,600 $0 $0 $0 $0 $0 $0 $0 $0 $0
D bt i $904 504 $904 504 $904 504 $904 504 $904 504 $904 504 $904 504 $904 504 $904 504 $904 504 $904 504 $904 504Debt service $904,504 $904,504 $904,504 $904,504 $904,504 $904,504 $904,504 $904,504 $904,504 $904,504 $904,504 $904,504

$769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420
$384,710 $384,710 $384,710 $384,710 $384,710 $384,710 $384,710 $384,710 $384,710 $384,710

$0 $0 $0 $0 $0 $0 $0 $0 $0$0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0

Total Energy use $0 $0 $556 $562 $568 $573 $579 $585 $591 $597 $603 $609
Natural Gas $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Natural Gas $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

therms 0 0 0 0 0 0 0 0 0 0 0 0

Electricity $0 $0 $556 $562 $568 $573 $579 $585 $591 $597 $603 $609
Electricty Use kwh 0 0 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167
Demand kW or kVa 0 0 0 0 0 0 0 0 0 0 0 0

Total Chemical spending $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Sodium hypochlorite required in gal. 0 0 0 0 0 0 0 0 0 0 0 0
Bi lfid i d i l 0 0 0 0 0 0 0 0 0 0 0 0Bisulfide required in gal. 0 0 0 0 0 0 0 0 0 0 0 0

Other chemical costs - enter $ $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Materials and Supplies $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Materials and Supplies $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Other Costs $0 $0 $0 $0 $22,000 $0 $22,442 $0 $22,893 $0 $23,353 $0

Labor $0 $0 $95,120 $96,072 $97,032 $98,003 $98,983 $99,972 $100,972 $101,982 $103,002 $104,032
Labor Hours 1887 1887 1887 1887 1887 1887 1887 1887 1887 1887 1887 1887



 

 



Describe Alternate 1F.1:--->
Brief Title, 20 characters or less:
"Alt 1F.1"

Lifetime (in years)--->
First year of O&M costs  --->y
Electricity Supplier (SCL or PSE)  --->
Indicate "Plant" or "Off-Site"  --->

Current year (from Results summary sheet)

Total Benefits (from below)

2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Capital and O&M
Debt-related and O&M
Risk (from below)

Uncertainty (from below)

$129,510 $106,744 $132,113 $108,889 $134,768 $111,078 $137,477 $113,310 $140,240 $115,588 $143,059 $117,911
$2,188,143 $2,165,377 $2,190,747 $2,167,523 $2,193,402 $2,169,712 $2,196,111 $2,171,944 $1,294,370 $500,298 $143,059 $117,911

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Uncertainty (from below)

Capital outlays
Debt issuance
D bt i

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$904 504 $904 504 $904 504 $904 504 $904 504 $904 504 $904 504 $904 504 $0 $0 $0 $0Debt service $904,504 $904,504 $904,504 $904,504 $904,504 $904,504 $904,504 $904,504 $0 $0 $0 $0
$769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $0 $0 $0
$384,710 $384,710 $384,710 $384,710 $384,710 $384,710 $384,710 $384,710 $384,710 $384,710 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Energy use
Natural Gas

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$615 $621 $627 $633 $640 $646 $653 $659 $666 $672 $679 $686
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Natural Gas

therms
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

0 0 0 0 0 0 0 0 0 0 0 0

Electricity
Electricty Use kwh
Demand kW or kVa

$615 $621 $627 $633 $640 $646 $653 $659 $666 $672 $679 $686
8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167

0 0 0 0 0 0 0 0 0 0 0 0

Total Chemical spending

Sodium hypochlorite required in gal.
Bi lfid i d i l

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0Bisulfide required in gal.

Other chemical costs - enter $

Materials and Supplies

0 0 0 0 0 0 0 0 0 0 0 0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Materials and Supplies

Other Costs

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$23,823 $0 $24,302 $0 $24,790 $0 $25,288 $0 $25,797 $0 $26,315 $0

Labor
Labor Hours

$105,072 $106,123 $107,184 $108,256 $109,338 $110,432 $111,536 $112,651 $113,778 $114,916 $116,065 $117,226
1887 1887 1887 1887 1887 1887 1887 1887 1887 1887 1887 1887



 

 



Describe Alternate 1F.1:--->
Brief Title, 20 characters or less:
"Alt 1F.1"

Lifetime (in years)--->
First year of O&M costs  --->y
Electricity Supplier (SCL or PSE)  --->
Indicate "Plant" or "Off-Site"  --->

Current year (from Results summary sheet)

Total Benefits (from below)

2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Capital and O&M
Debt-related and O&M
Risk (from below)

Uncertainty (from below)

$145,935 $120,281 $917,868 $122,699 $151,860 $125,165 $154,913 $127,681 $158,026 $130,247 $161,203 $132,865
$145,935 $120,281 $164,248 $122,699 $151,860 $125,165 $154,913 $127,681 $158,026 $130,247 $161,203 $132,865

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Uncertainty (from below)

Capital outlays
Debt issuance
D bt i

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $769,000 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $15,380 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Debt service $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Energy use
Natural Gas

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$693 $700 $707 $714 $721 $728 $735 $743 $750 $758 $765 $773
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Natural Gas

therms
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

0 0 0 0 0 0 0 0 0 0 0 0

Electricity
Electricty Use kwh
Demand kW or kVa

$693 $700 $707 $714 $721 $728 $735 $743 $750 $758 $765 $773
8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167

0 0 0 0 0 0 0 0 0 0 0 0

Total Chemical spending

Sodium hypochlorite required in gal.
Bi lfid i d i l

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0Bisulfide required in gal.

Other chemical costs - enter $

Materials and Supplies

0 0 0 0 0 0 0 0 0 0 0 0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Materials and Supplies

Other Costs

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$26,844 $0 $27,384 $0 $27,934 $0 $28,496 $0 $29,068 $0 $29,653 $0

Labor
Labor Hours

$118,398 $119,582 $120,778 $121,985 $123,205 $124,437 $125,682 $126,938 $128,208 $129,490 $130,785 $132,093
1887 1887 1887 1887 1887 1887 1887 1887 1887 1887 1887 1887



 

 



Describe Alternate 2A:---> Pipe Storage - Out of Basin

Brief Title, 20 characters or less:    "    "
"Alt 2A"    "    "

" "   "    "

Lifetime (in years)---> 20 Please provide See instructions below
First year of O&M costs  ---> 2016 the appropriatey pp p
Electricity Supplier (SCL or PSE)  ---> SCL information in the
Indicate "Plant" or "Off-Site"  ---> Off-Site shaded areas

All projects 
costs throughcosts through

Current year (from Results summary sheet) 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Total Benefits (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0( ) $ $ $ $ $ $ $ $ $ $ $ $
Capital and O&M $12,360,000 $10,600,000 $5,300,000 $54,427 $54,972 $77,521 $56,076 $79,079 $57,204 $80,669 $58,353 $82,290
Debt-related and O&M $1,016,620 $1,641,278 $1,865,207 $1,813,635 $1,814,179 $1,836,729 $1,815,284 $1,838,287 $1,816,411 $1,839,876 $1,817,561 $1,841,498
Risk (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Uncertainty (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Uncertainty (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Capital outlays $12,360,000 $10,600,000 $5,300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0
Debt issuance $247,200 $212,000 $106,000 $0 $0 $0 $0 $0 $0 $0 $0 $0

$ $ $ $ $ $ $ $ $ $ $ $Debt service $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420
$659,858 $659,858 $659,858 $659,858 $659,858 $659,858 $659,858 $659,858 $659,858 $659,858 $659,858

$329,929 $329,929 $329,929 $329,929 $329,929 $329,929 $329,929 $329,929 $329,929 $329,929
$0 $0 $0 $0 $0 $0 $0 $0 $0$0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0

Total Energy use $0 $0 $0 $562 $568 $573 $579 $585 $591 $597 $603 $609
Nat ral Gas $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Natural Gas $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

therms 0 0 0 0 0 0 0 0 0 0 0 0

Electricity $0 $0 $0 $562 $568 $573 $579 $585 $591 $597 $603 $609
Electricty Use kwh 0 0 8167 8167 8167 8167 8167 8167 8167 8167 8167
Demand kW or kVa 0 0 0 0 0 0 0 0 0 0 0 0

Total Chemical spending $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Sodium hypochlorite required in gal. 0 0 0 0 0 0 0 0 0 0 0 0Sodium hypochlorite required in gal. 0 0 0 0 0 0 0 0 0 0 0 0
Bisulfide required in gal. 0 0 0 0 0 0 0 0 0 0 0 0

Other chemical costs - enter $ $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Materials and Supplies $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Materials and Supplies $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Other Costs $0 $0 $0 $0 $0 $22,000 $0 $22,442 $0 $22,893 $0 $23,353

Labor $0 $53,865 $54,404 $54,948 $55,497 $56,052 $56,613 $57,179 $57,751 $58,328
Labor Hours 0 1058 1058 1058 1058 1058 1058 1058 1058 1058



 

 



Describe Alternate 2A:--->
Brief Title, 20 characters or less:
"Alt 2A"

Lifetime (in years)--->
First year of O&M costs  --->y
Electricity Supplier (SCL or PSE)  --->
Indicate "Plant" or "Off-Site"  --->

Current year (from Results summary sheet)

Total Benefits (from below)

2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0( )

Capital and O&M
Debt-related and O&M
Risk (from below)

Uncertainty (from below)

$ $ $ $ $ $ $ $ $ $ $ $
$59,526 $83,944 $60,723 $85,632 $61,943 $87,353 $63,188 $89,109 $64,458 $90,900 $65,754 $92,727

$1,818,734 $1,843,152 $1,819,930 $1,844,839 $1,821,151 $1,846,560 $1,822,396 $1,848,316 $1,054,246 $420,829 $65,754 $92,727
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Uncertainty (from below)

Capital outlays
Debt issuance

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$ $ $ $ $ $ $ $ $ $ $ $Debt service $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $769,420 $0 $0 $0 $0
$659,858 $659,858 $659,858 $659,858 $659,858 $659,858 $659,858 $659,858 $659,858 $0 $0 $0
$329,929 $329,929 $329,929 $329,929 $329,929 $329,929 $329,929 $329,929 $329,929 $329,929 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Energy use
Nat ral Gas

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$615 $621 $627 $633 $640 $646 $653 $659 $666 $672 $679 $686
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Natural Gas

therms
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

0 0 0 0 0 0 0 0 0 0 0 0

Electricity
Electricty Use kwh
Demand kW or kVa

$615 $621 $627 $633 $640 $646 $653 $659 $666 $672 $679 $686
8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167

0 0 0 0 0 0 0 0 0 0 0 0

Total Chemical spending

Sodium hypochlorite required in gal.

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

0 0 0 0 0 0 0 0 0 0 0 0Sodium hypochlorite required in gal.
Bisulfide required in gal.

Other chemical costs - enter $

Materials and Supplies

0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Materials and Supplies

Other Costs

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $23,823 $0 $24,302 $0 $24,790 $0 $25,288 $0 $25,797 $0 $26,315

Labor
Labor Hours

$58,912 $59,501 $60,096 $60,697 $61,304 $61,917 $62,536 $63,161 $63,793 $64,431 $65,075 $65,726
1058 1058 1058 1058 1058 1058 1058 1058 1058 1058 1058 1058



 

 



Describe Alternate 2A:--->
Brief Title, 20 characters or less:
"Alt 2A"

Lifetime (in years)--->
First year of O&M costs  --->y
Electricity Supplier (SCL or PSE)  --->
Indicate "Plant" or "Off-Site"  --->

Current year (from Results summary sheet)

Total Benefits (from below)

2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0( )

Capital and O&M
Debt-related and O&M
Risk (from below)

Uncertainty (from below)

$ $ $ $ $ $ $ $ $ $ $ $ $
$67,076 $94,591 $68,424 $865,492 $69,799 $98,431 $71,202 $100,410 $72,633 $102,428 $74,093 $104,487 $75,583
$67,076 $94,591 $68,424 $111,872 $69,799 $98,431 $71,202 $100,410 $72,633 $102,428 $74,093 $104,487 $75,583

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Uncertainty (from below)

Capital outlays
Debt issuance

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $769,000 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $15,380 $0 $0 $0 $0 $0 $0 $0 $0 $0
$ $ $ $ $ $ $ $ $ $ $ $ $Debt service $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Energy use
Nat ral Gas

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$693 $700 $707 $714 $721 $728 $735 $743 $750 $758 $765 $773 $781
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Natural Gas

therms
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

0 0 0 0 0 0 0 0 0 0 0 0 0

Electricity
Electricty Use kwh
Demand kW or kVa

$693 $700 $707 $714 $721 $728 $735 $743 $750 $758 $765 $773 $781
8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167

0 0 0 0 0 0 0 0 0 0 0 0 0

Total Chemical spending

Sodium hypochlorite required in gal.

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

0 0 0 0 0 0 0 0 0 0 0 0 0Sodium hypochlorite required in gal.
Bisulfide required in gal.

Other chemical costs - enter $

Materials and Supplies

0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0Materials and Supplies

Other Costs

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $26,844 $0 $27,384 $0 $27,934 $0 $28,496 $0 $29,068 $0 $29,653 $0

Labor
Labor Hours

$66,383 $67,047 $67,717 $68,395 $69,078 $69,769 $70,467 $71,172 $71,883 $72,602 $73,328 $74,061 $74,802
1058 1058 1058 1058 1058 1058 1058 1058 1058 1058 1058 1058 1058
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STATE ENVIRONMENTAL POLICY ACT (SEPA)  
DOCUMENTATION 
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APPENDIX E‐1

SOUTH MAGNOLIA CSO FACILITY

PRELIMINARY COST ESTIMATE

DECEMBER 2010

Project: King County CSO

Subject: Magnolia Alternative 1F1 

By : ALS

Date : 1-Dec-10

Rectangular Storage Tank and Gravity Sewer

Capital Cost Estimate

Item Description Quantity Unit Unit cost, $ Cost, $

DIVISION 1 - GENERAL REQUIREMENTS

Mobilization 1 LS $604,554 $604,554

Temporary Traffic Control 1 LS $302,277 $302,277

Temporary Erosion & Sediment Control 1 LS $151,139 $151,139

DIVISION 2 - SITE WORK

Equipment Mobilization 1 EA 25000 $25,000

ACP Removal

    Storage Tank 0 SY $20 $0

    Odor Control Building 0 SY $20 $0

    Diversion Structure 100 SY $20 $2,000

Clearing & Grubbing 1 AC 12,000 $15,120

Excavation

    Storage Tank 38,000 BCY $15 $570,000

    Diversion Structure 405 BCY $25 $10,125

Haul/Disposal - Tank 47,500 LCY $32 $1,520,000

Shoring

    Storage Tank 36,180 SF $42 $1,534,032

    Diversion Structure 1,944 SF $42 $82,426

Dewatering 1 LS $1,000,000 $1,000,000

Carbon Treatment, contaminated water 1 LS $250,000 $250,000

Backfill 5,037 BCY $15 $75,556

24" HDD Gravity Sewer 2,700 LF $700 $1,890,000

24" Fusible PVC 2,700 LF $100 $270,000

Fusion Machine 2 WK $6,000 $12,000

 Jack and Bore Launch Pit 1 LS $100,000 $100,000

 Jack and Bore Receiving Pit 1 LS $50,000 $50,000

Boring and Jacking 250 LF $500 $125,000
Install 10" FM to connection 500 LF $200 $100,000

Pipe Bedding 67 CY $18 $1,200

12" Compacted Gravel Fill - Tank 1,972 CY $20 $39,443

8" waterline, DIP to Seattle Water 500 LF $120 $60,000

SPU meter charge 1 LS $10,000 $10,000

48" MH (14' to 16' deep) 1 EA $6,500 $6,500

Imported Backfill/Compaction 889 CY $20 $17,778

23rd Ave. W. AC Surface Restoration and site 
paving 46,200 SF $4 $166,320

Fuel tank for Generator 1 LS $12,000 $12,000

Staging Area Restoration, 6" gravel 1,574 CY $12 $18,889

Landscaping and misc. street restoration 1 LS $100,000 $100,000

KING COUNTY DECEMBER 2010 PAGE 1 OF 3



APPENDIX E‐1

SOUTH MAGNOLIA CSO FACILITY

PRELIMINARY COST ESTIMATE

DECEMBER 2010

Project: King County CSO

Subject: Magnolia Alternative 1F1 

By : ALS

Date : 1-Dec-10

Rectangular Storage Tank and Gravity Sewer

Capital Cost Estimate

Item Description Quantity Unit Unit cost, $ Cost, $

DIVISION 3 - CONCRETE

Diversion Structure

    Base Slab 8 CY $300 $2,400

    Walls 27 CY $500 $13,500

    Top Slab 8 CY $800 $6,400

    Core Drill - 30" Dia, 2' wall 1 EA $2,000 $2,000

Storage Tank

Auger Piles - 18" Diameter, 20 ft. long 12,000 LF $60 $720,000

    Base Slab 2,900 CY $500 $1,450,000

    External Walls 2,000 CY $500 $1,000,000

    Internal Walls 850 CY $500 $425,000

    Top Elevated Slab 1,422 CY $800 $1,137,600

    Miscellaneous fill/appurtenances 20 CY $500 $10,000

    Crane Rental  350 HR $1,500 $525,000

    Crane Crew 350 HR $240 $84,000

Odor Control and Electrical Bldg

    Strip Footings 31 CY $300 $9,333

    Foundation Walls 16 CY $400 $6,222

    Slab on Grade 167 CY $326 $54,333

DIVISION 4 - MASONRY

Odor Control Bldg

12" CMU Walls; Full grouted, 12-ft high, slab on 
grade 3,920 SF $38 $148,960

DIVISION 5 - METALS

Odor Control Bldg

    Metal Decking 4,500 SF $6 $27,000

Roof Joists, 8-ft OC Fabricated Steel 24,000 LB $3 $64,800

    Miscellaneous Plates/Shapes 15,000 LB $3 $45,000

Metal Roof 4,500 SF $6 $28,125

Hatches 14 EA $10,000 $140,000

DIVISIONS 7 & 8 - ARCHITECTURAL

Roofing, doors, windows, finishes, etc 1 LS $12,000 $12,000

KING COUNTY DECEMBER 2010 PAGE 2 OF 3



APPENDIX E‐1

SOUTH MAGNOLIA CSO FACILITY

PRELIMINARY COST ESTIMATE

DECEMBER 2010

Project: King County CSO

Subject: Magnolia Alternative 1F1 

By : ALS

Date : 1-Dec-10

Rectangular Storage Tank and Gravity Sewer

Capital Cost Estimate

Item Description Quantity Unit Unit cost, $ Cost, $

DIVISION 15 - MECHANICAL

Storage Tank

    Tipping Bucket 6 LS $75,000 $450,000

    Inlet gate 1 LS $16,000 $16,000

    Drain Gates 6 LS $10,000 $60,000

    Pumps 3 LS $5,000 $15,000

    Miscellaneous Mechanical 1 LS $31,800 $31,800

Diversion Structure 

     Isolation Gate 1 EA $16,000 $16,000

     Level Sensor 1 EA $5,000 $5,000

Odor Control/Electrical/Generator Bldg

    Heating, Ventilating, Plumbing 1 EA $65,000 $65,000

Odor Control Equipment

    Scrubber, Fan, ducting 1 LS $150,000 $150,000

DIVISION 16 - ELECTRICAL

Electrical

     Site Electrical supply 1 LS $50,000 $50,000

     Electrical 1 LS $100,000 $100,000

     Standby Generator 1 LS $80,000 $80,000

Telemetry 1 LS $100,000 $100,000

Subtotal $16,171,832

Escalation to time of construction 0.00% $0

Total estimated construction cost $16,171,832

Contingency 30% $4,851,550

Engineering Design 15% $2,425,775

Construction Management 15% $2,425,775

Sales Tax 9.5% $1,997,221

Total Estimated Capital Cost $27,872,000

KING COUNTY DECEMBER 2010 PAGE 3 OF 3
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APPENDIX E-2
SOUTH MAGNOLIA CSO FACILITY

LIFE CYCLE COSTS
DECEMBER 2010

Describe Alternate 1F.1:---> Rectangular Storage Out of Basin

Brief Title, 20 characters or less:    "    "
"Alt 1F.1"    "    "

   "    "

f ( ) 3 SLifetime (in years)---> 35 Please provide See instructions below
First year of O&M costs  ---> 2016 the appropriate
Electricity Supplier (SCL or PSE)  ---> SCL information in the
Indicate "Plant" or "Off-Site"  ---> Off-Site shaded areas

All projects 
costs throughcosts through

Current year (from Results summary sheet) 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Total Benefits (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Capital and O&M $14,930,000 $12,760,000 $6,528,366 $149,849 $151,348 $152,861 $154,390 $155,934 $157,493 $159,068 $160,659 $162,265 $163,888 $165,527 $167,182 $168,854 $170,543 $172,248 $173,970
Debt-related and O&M $965,958 $1,492,919 $1,798,866 $1,672,749 $1,674,248 $1,675,761 $1,677,290 $1,678,834 $1,680,393 $1,681,968 $1,683,559 $1,685,165 $1,686,788 $1,688,427 $1,690,082 $1,691,754 $1,693,442 $1,695,148 $1,696,870Debt related and O&M $965,958 $1,492,919 $1,798,866 $1,672,749 $1,674,248 $1,675,761 $1,677,290 $1,678,834 $1,680,393 $1,681,968 $1,683,559 $1,685,165 $1,686,788 $1,688,427 $1,690,082 $1,691,754 $1,693,442 $1,695,148 $1,696,870
Risk (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Uncertainty (from below) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Capital outlays $14,930,000 $12,760,000 $6,380,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Debt issuance $298,600 $255,200 $127,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Debt service $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358

$570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361
$285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Energy use $0 $0 $556 $562 $568 $573 $579 $585 $591 $597 $603 $609 $615 $621 $627 $633 $640 $646 $653
Natural Gas $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

therms 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Electricity $0 $0 $556 $562 $568 $573 $579 $585 $591 $597 $603 $609 $615 $621 $627 $633 $640 $646 $653
Electricty Use kwh 0 0 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167
Demand kW or kVa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total Chemical spending $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Sodium hypochlorite required in gal. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bisulfide required in gal. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Other chemical costs - enter $ $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Materials and Supplies $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0ate a s a d Supp es $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Other Costs $0 $0 $72,000 $72,720 $73,447 $74,182 $74,923 $75,673 $76,429 $77,194 $77,966 $78,745 $79,533 $80,328 $81,131 $81,943 $82,762 $83,590 $84,426

Labor $0 $0 $75,809 $76,567 $77,333 $78,106 $78,887 $79,676 $80,473 $81,278 $82,091 $82,911 $83,741 $84,578 $85,424 $86,278 $87,141 $88,012 $88,892
Labor Hours 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5
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APPENDIX E-2
SOUTH MAGNOLIA CSO FACILITY

LIFE CYCLE COSTS
DECEMBER 2010

Describe Alternate 1F.1:--->

Brief Title, 20 characters or less:
"Alt 1F.1"

f ( )Lifetime (in years)--->
First year of O&M costs  --->
Electricity Supplier (SCL or PSE)  --->
Indicate "Plant" or "Off-Site"  --->

Current year (from Results summary sheet)

Total Benefits (from below)

Capital and O&M
Debt-related and O&M

2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$175,710 $177,467 $179,242 $181,034 $182,845 $184,673 $186,520 $188,385 $190,269 $192,172 $194,093 $196,034 $197,995 $199,975 $201,974 $203,994 $206,034

$1,698,610 $1,700,367 $1,702,142 $1,703,934 $1,705,745 $1,707,573 $1,709,420 $1,711,285 $1,713,169 $1,715,071 $1,716,993 $1,718,934 $1,720,894 $1,722,874 $1,724,874 $1,726,894 $1,061,576Debt related and O&M
Risk (from below)
Uncertainty (from below)

Capital outlays
Debt issuance

$1,698,610 $1,700,367 $1,702,142 $1,703,934 $1,705,745 $1,707,573 $1,709,420 $1,711,285 $1,713,169 $1,715,071 $1,716,993 $1,718,934 $1,720,894 $1,722,874 $1,724,874 $1,726,894 $1,061,576
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Debt service $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $667,358 $0
$570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361 $570,361
$285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181 $285,181

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Energy use
Natural Gas

therms

$659 $666 $672 $679 $686 $693 $700 $707 $714 $721 $728 $735 $743 $750 $758 $765 $773
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Electricity
Electricty Use kwh
Demand kW or kVa

Total Chemical spending

$659 $666 $672 $679 $686 $693 $700 $707 $714 $721 $728 $735 $743 $750 $758 $765 $773
8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167 8167

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Sodium hypochlorite required in gal.
Bisulfide required in gal.

Other chemical costs - enter $

Materials and Supplies

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0ate a s a d Supp es

Other Costs

Labor
Labor Hours

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$85,270 $86,123 $86,984 $87,854 $88,732 $89,620 $90,516 $91,421 $92,335 $93,258 $94,191 $95,133 $96,084 $97,045 $98,016 $98,996 $99,986

$89,781 $90,679 $91,586 $92,502 $93,427 $94,361 $95,305 $96,258 $97,220 $98,192 $99,174 $100,166 $101,168 $102,179 $103,201 $104,233 $105,276
1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5 1411.5
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