
 

 
 
 
 
 
 
 
 

Prepared for 
KING COUNTY 

DEPARTMENT OF NATURAL RESOURCES AND PARKS 
WASTEWATER TREATMENT DIVISION 

by Carollo Engineers 

 
NORTH BEACH  

COMBINED SEWER OVERFLOW CONTROL FACILITY PLAN 
 

 
 
 
 

September 2011 
 
 
 
 
 
 
 
 
 
 

This information is available in alternative formats on  
request at 206-684-1280 (voice) or 711 (TTY) 

 
 



NORTH BEACH COMBINED SEWER OVERFLOW CONTROL FACILITY PLAN 
TABLE OF CONTENTS 

 

 i September 2011 
pw:\\Carollo\Documents\Client\WA\King County\7562A10\North Beach Basin\Facilities Plan\Cover_TOC_NB.doc 

 
 

KING COUNTY WASTEWATER TREATMENT DIVISION 
 

NORTH BEACH COMBINED SEWER OVERFLOW CONTROL FACILITY PLAN 

TABLE OF CONTENTS 

 
CHAPTER 1 - EXECUTIVE SUMMARY 
1.1  Background ................................................................................................................... 1-1 
1.2  Basis of Planning ........................................................................................................... 1-1 
1.3  Preliminary Alternative Development and Evaluation .................................................... 1-4 
1.4  Refinement of Short-listed Alternatives ......................................................................... 1-5 
1.5  Proposed Alternative ..................................................................................................... 1-7 
 
CHAPTER 2 - INTRODUCTION 
2.1  Project Description ........................................................................................................ 2-1 

2.1.1  Purpose and Scope ........................................................................................... 2-1 
2.1.2  Problem Description .......................................................................................... 2-1 
2.1.3  Project Goal ....................................................................................................... 2-1 

2.2  Facility Plan Requirements ............................................................................................ 2-3 
2.3  Contact Information ....................................................................................................... 2-3 
2.4  CSO Control Requirements ........................................................................................... 2-7 
2.5  CSO Control Program Overview ................................................................................... 2-8 
2.6  Previous Studies .......................................................................................................... 2-11 

2.6.1  1958 Metropolitan Seattle Wastewater and Drainage Study ........................... 2-11 
2.6.2  1978 Area-wide Section 208 Water Quality Plan ............................................. 2-11 
2.6.3  1979–1984 Toxicant Pretreatment Planning Study ......................................... 2-13 
2.6.4  1983 Water Quality Assessment of the Duwamish Estuary ............................ 2-13 
2.6.5  1988 Draft Elliott Bay Action Plan .................................................................... 2-14 
2.6.6  1988–1996 Metro Receiving Water Monitoring Program ................................. 2-15 
2.6.7  1988–1997 Metro/King County CSO Discharge and Sediment Characterization 

Study ................................................................................................................ 2-15 
2.6.8  1999 Combined Sewer Overflow Water Quality Assessment for the Duwamish 

River and Elliott Bay ........................................................................................ 2-16 
2.6.9  1999 Sediment Management Plan .................................................................. 2-16 
2.6.10  1999 Regional Wastewater Services Plan ....................................................... 2-17 
2.6.11  2000 and 2008 CSO Control Plan Updates ..................................................... 2-17 
2.6.12  Sediment Quality Summary Report for CSO Discharge Locations .................. 2-17 

2.7  Project Planning Period ............................................................................................... 2-18 
 
CHAPTER 3 - EXISTING CONDITIONS 
3.1  Human Environment ...................................................................................................... 3-1 

3.1.1  Land Use ........................................................................................................... 3-1 
3.1.2  Wastewater System ........................................................................................... 3-4 

3.1.2.1  Local Collection System .................................................................... 3-4 
3.1.2.2  Regional Conveyance System .......................................................... 3-4 



 North Beach Combined Sewer Overflow Control Facility Plan 
TABLE OF CONTENTS 

 ii September 2011 
pw:\\Carollo\Documents\Client\WA\King County\7562A10\North Beach Basin\Facilities Plan\Cover_TOC_NB.doc 

3.1.2.3  CSO Control Structures and Outfalls ................................................. 3-7 
3.1.2.4  Flows and Loads ................................................................................ 3-7 

3.1.3  Public Health ...................................................................................................... 3-7 
3.1.4  Cultural Resources ............................................................................................. 3-7 

3.2  Physical Environment ..................................................................................................... 3-7 
3.2.1  Land ................................................................................................................... 3-7 

3.2.1.1  Soils/Geology ..................................................................................... 3-7 
3.2.1.2  Topography, Steep Slopes, and Landslides ....................................... 3-9 
3.2.1.3  Soil and Groundwater Contamination ................................................ 3-9 
3.2.1.4  Liquefaction ........................................................................................ 3-9 

3.2.2  Surface Water .................................................................................................... 3-9 
3.2.3  Rainfall ............................................................................................................. 3-12 
3.2.4  Air ..................................................................................................................... 3-12 
3.2.5  Sensitive Areas ................................................................................................ 3-12 

3.2.5.1  Wetlands and Streams ..................................................................... 3-12 
3.2.5.2  Shorelines ........................................................................................ 3-12 
3.2.5.3  Floodplains ....................................................................................... 3-12 

3.3  Endangered/threatened Species and Habitats ............................................................ 3-12 
 
CHAPTER 4 - BASIS OF PLANNING 
4.1  System Modeling ............................................................................................................ 4-1 

4.1.1  Background ........................................................................................................ 4-1 
4.1.2  Data .................................................................................................................... 4-1 

4.1.2.1  Physical Basin Data ........................................................................... 4-1 
4.1.2.2  Flow Data ........................................................................................... 4-3 
4.1.2.3  Rainfall Records ................................................................................. 4-4 

4.1.3  Model Description ............................................................................................... 4-4 
4.1.3.1  Hydrology ........................................................................................... 4-4 
4.1.3.2  Hydraulics .......................................................................................... 4-4 

4.1.4  Model Setup, Calibration, and Verification ......................................................... 4-4 
4.1.4.1  Calibration Standards ......................................................................... 4-5 
4.1.4.2  Initial North Beach Calibration ............................................................ 4-5 
4.1.4.3  Data Disaggregation........................................................................... 4-5 
4.1.4.4  Wet-Weather Calibration and Verification .......................................... 4-6 

4.2  CSO Control Approaches ............................................................................................... 4-6 
4.2.1  Convey-and-Treat Approach .............................................................................. 4-7 
4.2.2  Storage Approach .............................................................................................. 4-7 
4.2.3  End-of-Pipe Treatment Approach ....................................................................... 4-7 
4.2.4  Peak-Flow Reduction Approach ......................................................................... 4-8 

4.2.4.1  Green Stormwater Infrastructure (GSI) .............................................. 4-8 
4.2.4.2  Inflow and Infiltration (I/I) Improvements ............................................ 4-8 

4.2.5  Combined Approach ........................................................................................... 4-8 
4.3  Basis of Planning Requirements .................................................................................... 4-8 
 
CHAPTER 5 - ALTERNATIVE DEVELOPMENT AND EVALUATION 
5.1  Evaluation Methodology ................................................................................................. 5-1 

5.1.1  Phase 1 .............................................................................................................. 5-1 
5.1.1.1  Step 1: Define Evaluation Criteria ...................................................... 5-3 
5.1.1.2  Step 2: Identify Potentially Viable Control Approaches ...................... 5-3 
5.1.1.3  Step 3: Develop Initial Conceptual Alternatives ................................. 5-5 
5.1.1.4  Step 4: Evaluate Initial Conceptual Alternatives ................................. 5-5 



 North Beach Combined Sewer Overflow Control Facility Plan 
TABLE OF CONTENTS 

 iii September 2011 
pw:\\Carollo\Documents\Client\WA\King County\7562A10\North Beach Basin\Facilities Plan\Cover_TOC_NB.doc 

5.1.2  Phase 2 .............................................................................................................. 5-6 
5.1.2.1  Step 1: Refine and Re-evaluate Preliminary CSO Control 

Alternatives ........................................................................................ 5-6 
5.1.2.2  Step 2: Preliminary Alternative Screening ......................................... 5-8 
5.1.2.3  Step 3: Refinement of Short-listed Alternatives and Selection of a 

Proposed Alternative ......................................................................... 5-9 
5.2  No Action Alternative ..................................................................................................... 5-9 
5.3  Preliminary Alternatives ............................................................................................... 5-10 

5.3.1  Planning Level Basis of Design ....................................................................... 5-10 
5.3.1.1  Basis-of-Planning Requirements ..................................................... 5-10 
5.3.1.2  Basis-of-Design Criteria ................................................................... 5-10 

5.3.2  Identification of Preliminary Sites ..................................................................... 5-15 
5.3.3  Preliminary Alternatives Overview ................................................................... 5-20 
5.3.4  Alternatives Using Control Approach 1 – Peak-Flow Storage ......................... 5-30 
5.3.5  Alternatives Using Control Approach 2 - Convey-and-Treat ............................ 5-33 
5.3.6  Alternatives Using Control Approach 3 – End-of-Pipe Treatment ................... 5-34 
5.3.7  Alternatives Using Control Approach 5 - Combined Approach ........................ 5-35 

5.4  Screening of Preliminary Alternatives .......................................................................... 5-39 
5.4.1  Refined Preliminary Alternatives ...................................................................... 5-39 
5.4.2  Short-List Development ................................................................................... 5-39 
5.4.3  Refinement of Short-Listed Alternatives .......................................................... 5-41 

5.4.3.1  Alternative 1A – Rectangular Bottom of Basin Storage ................... 5-41 
5.4.3.2  Alternative 1B – Pipeline Bottom of Basin Storage ......................... 5-48 
5.4.3.3  Alternative 1D – Rectangular Bottom-of-Basin with Conveyance to 

8th Avenue Interceptor .................................................................... 5-50 
5.5  Selection of a Proposed Alternative ............................................................................ 5-53 

5.5.1  Refinement of the Evaluation Criteria .............................................................. 5-53 
5.5.2  Evaluation Process .......................................................................................... 5-53 

5.5.2.1  Screening Analysis .......................................................................... 5-53 
5.5.2.2  Project Risk Analysis ....................................................................... 5-55 

5.5.3  Proposed Alternative for Further Environmental Review ................................. 5-55 
 
CHAPTER 6 - PROPOSED ALTERNATIVE 
6.1  Alternative Overview ...................................................................................................... 6-1 

6.1.1  Overflow Frequency and Volume ...................................................................... 6-1 
6.1.2  General Layout .................................................................................................. 6-1 

6.1.2.1  Diversion Structure ............................................................................ 6-3 
6.1.2.2  Pipeline Storage ................................................................................ 6-3 
6.1.2.3  Ancillary Equipment Facility ............................................................... 6-7 
6.1.2.4  Site Improvements ............................................................................. 6-9 

6.1.3  Process Flow ................................................................................................... 6-11 
6.1.3.1  Normal Flow Description ................................................................. 6-11 
6.1.3.2  Peak Wet-Weather Flow Description ............................................... 6-11 
6.1.3.3  Process Flow Diagram .................................................................... 6-11 
6.1.3.4  Hydraulic Profile .............................................................................. 6-15 

6.1.4  Facility Sizing ................................................................................................... 6-15 
6.2  Environmental Impacts ................................................................................................ 6-17 

6.2.1  Existing Ecosystems ........................................................................................ 6-17 
6.2.1.1  Wetlands .......................................................................................... 6-18 
6.2.1.2  Streams and Ditches ....................................................................... 6-18 
6.2.1.3  Fish Resources ................................................................................ 6-18 



 North Beach Combined Sewer Overflow Control Facility Plan 
TABLE OF CONTENTS 

 iv September 2011 
pw:\\Carollo\Documents\Client\WA\King County\7562A10\North Beach Basin\Facilities Plan\Cover_TOC_NB.doc 

6.2.2  Groundwater and Surface Water ...................................................................... 6-18 
6.2.3  Earth Resources ............................................................................................... 6-19 

6.2.3.1  Soils ................................................................................................. 6-19 
6.2.3.2  Geologic Hazards ............................................................................. 6-19 
6.2.3.3  Soil and Groundwater Contamination .............................................. 6-19 

6.2.4  Land Use .......................................................................................................... 6-19 
6.2.5  Recreational Resources ................................................................................... 6-19 
6.2.6  Utilities .............................................................................................................. 6-19 
6.2.7  Transportation .................................................................................................. 6-19 
6.2.8  Odor and Air Quality ......................................................................................... 6-20 
6.2.9  Noise ................................................................................................................ 6-21 
6.2.10  Vibration  ......................................................................................................... 6-21 
6.2.11  Cultural Resources ........................................................................................... 6-21 
6.2.12  Endangered/Threatened Species or Habitats .................................................. 6-21 
6.2.13  Prime or Unique Farmland ............................................................................... 6-21 

6.3  Design Life ................................................................................................................... 6-22 
6.4  Residuals Management ............................................................................................... 6-22 
6.5  Ability to Expand .......................................................................................................... 6-22 
6.6  O&M and Staffing Needs ............................................................................................. 6-23 
6.7  Design Guidelines ........................................................................................................ 6-23 

6.7.1  Site Design ....................................................................................................... 6-23 
6.7.2  Traffic ............................................................................................................... 6-23 
6.7.3  Structural/Geotechnical .................................................................................... 6-23 
6.7.4  Stormwater Management ................................................................................. 6-28 
6.7.5  Architecture/Landscaping ................................................................................. 6-28 
6.7.6  O&M and Facility Inspections ........................................................................... 6-28 
6.7.7  Reliability .......................................................................................................... 6-29 
6.7.8  Effects of Sea Level Rise ................................................................................. 6-29 

6.8  Feasibility of Implementation ........................................................................................ 6-30 
 
CHAPTER 7 - FINANCIAL ANALYSIS 
7.1  Capital Costs .................................................................................................................. 7-1 

7.1.1  Construction Cost Estimate ................................................................................ 7-1 
7.1.2  Project Cost Estimate ......................................................................................... 7-2 

7.2  Operation and Maintenance Costs ................................................................................. 7-2 
7.3  Life-Cycle Cost Estimate ................................................................................................ 7-3 
7.4  Project Financing ........................................................................................................... 7-3 

7.4.1  Financial Capability ............................................................................................ 7-3 
7.4.2  Capital Financing Plan ....................................................................................... 7-4 
7.4.3  Customer Charges ............................................................................................. 7-4 

 
CHAPTER 8 - IMPLEMENTATION PLAN 
8.1  Implementation Plan ...................................................................................................... 8-1 

8.1.1  Project Schedule ................................................................................................ 8-1 
8.1.2  Required Permits ................................................................................................ 8-1 

 
CHAPTER 9 - MISCELLANEOUS REQUIREMENTS 
9.1  State Environmental Policy Act Compliance .................................................................. 9-1 
9.2  State Environmental Review Process ComPliance ........................................................ 9-1 

9.2.1  National Historic Preservation Act/Archaeological and Historic Preservation Act9-1 
9.2.2  Clean Air Act ...................................................................................................... 9-1 



 North Beach Combined Sewer Overflow Control Facility Plan 
TABLE OF CONTENTS 

 v September 2011 
pw:\\Carollo\Documents\Client\WA\King County\7562A10\North Beach Basin\Facilities Plan\Cover_TOC_NB.doc 

9.2.3  Coastal Zone Management Act ......................................................................... 9-2 
9.2.4  Endangered Species Act ................................................................................... 9-2 
9.2.5  Farmland Protection Policy Act .......................................................................... 9-2 
9.2.6  Fish and Wildlife Coordination Act ..................................................................... 9-2 
9.2.7  Executive Order 11988, Floodplain Management ............................................. 9-2 
9.2.8  Executive Order 11990, Protection of Wetlands ................................................ 9-2 
9.2.9  Wild and Scenic Rivers Act ................................................................................ 9-2 

9.3  Public Involvement and Outreach .................................................................................. 9-2 
9.3.1  Agency Stakeholder Engagement Process ....................................................... 9-3 
9.3.2  Public Meetings and Briefings ........................................................................... 9-3 

9.3.2.1  Public Meetings ................................................................................. 9-4 
9.3.2.2  Community Group Meetings and Briefings ........................................ 9-4 
9.3.2.3  Tribal Briefings ................................................................................... 9-4 

9.3.3  Public Information .............................................................................................. 9-5 
9.3.3.1  Project Website ................................................................................. 9-5 
9.3.3.2  Project Mailings ................................................................................. 9-5 

9.3.4  Comment Tracking and Response Process ...................................................... 9-6 
 
 

APPENDICES 
 
APPENDIX A Preliminary Geologic/Geotechnical Evaluation  
APPENDIX B-1 Executive Summary 
APPENDIX B-2 Comparing Modeled Flow Events against Observed Events: Determining 

Preferred Model for Estimating CSO Storage Volumes 
APPENDIX B-3 Updated CSO Control Volumes for Puget Sound Beach CSOs 
APPENDIX B-4 Mike Urban Modeling Approach 
APPENDIX B-5 Mike Urban Calibration Test 
APPENDIX B-6 North Beach Basin Calibration, Round 1 
APPENDIX B-7 South Magnolia and North Beach Basins Population/Land Use Analysis 
APPENDIX B-8 North Beach Flow Adjustment 
APPENDIX B-9 North Beach Basin Calibration, Round 3 
APPENDIX C Alternative Evaluation Summary Documentation  
APPENDIX D-1 State Environmental Review Process (SERP) Documentation  
APPENDIX D-2 Public Meeting Agendas and Summaries 
APPENDIX D-3 SEPA Affidavits of Publication 
APPENDIX D-4 SEPA Comments and Responses 
APPENDIX E Cost Data  
 
 

LIST OF TABLES 
 
Table 1.1  North Beach Basis-of-Planning Requirements ..................................................... 1-3 
Table 1.2  Summary of North Beach Basin Preliminary Alternatives .................................... 1-4 
Table 1.3  North Beach Basin Short-Listed Alternative Data ................................................ 1-6 
Table 1.4  Project Cost Summary ......................................................................................... 1-9 
Table 1.5  O&M Cost Summary ............................................................................................ 1-9 
Table 1.6  Preliminary Project Schedule ............................................................................. 1-10 
 
Table 2.1  Facility Plan Requirements .................................................................................. 2-4 
 



 North Beach Combined Sewer Overflow Control Facility Plan 
TABLE OF CONTENTS 

 vi September 2011 
pw:\\Carollo\Documents\Client\WA\King County\7562A10\North Beach Basin\Facilities Plan\Cover_TOC_NB.doc 

Table 3.1  Land Use in the North Beach Basin ...................................................................... 3-1 
 
Table 4.1  North Beach Basis-of-Planning Requirements ................................................... 4-10 
 
Table 5.1  Initial Evaluation Categories and Criteria .............................................................. 5-4 
Table 5.2  Initial and Final Evaluation Categories ................................................................. 5-7 
Table 5.3  Screening Steps and Schedule for Short-listing of Alternatives ........................... 5-9 
Table 5.4  North Beach Basin Basis-of-Planning Requirements ......................................... 5-10 
Table 5.5  North Beach Basin Basis-of-Design Criteria ....................................................... 5-14 
Table 5.6  Site Suitability Analysis ....................................................................................... 5-16 
Table 5.7  Summary of North Beach Basin Preliminary Alternatives ................................... 5-21 
Table 5.8  I/I Analysis Assumptions ..................................................................................... 5-35 
Table 5.9  Used to Identify Areas Suitable for GSI Techniques .......................................... 5-39 
Table 5.10  North Beach Basin Short-Listed Alternative Data ............................................... 5-42 
Table 5.11  Evaluation Summary of Short-Listed Alternative Data ........................................ 5-54 
 
Table 6.1  CSO Frequency and Volume from the North Beach Basin ................................... 6-1 
Table 6.2   North Beach Basin CSO Facility Sizing .............................................................. 6-15 
Table 6.3  Operations and Maintenance Activities .............................................................. 6-24 
Table 6.4   Puget Sound Sea-Level Rise Scenarios with Storm Surge ................................ 6-29 
 
Table 7.1   Construction Cost Summary ................................................................................. 7-2 
Table 7.2   Project Cost Summary .......................................................................................... 7-2 
Table 7.3   O&M Cost Summary ............................................................................................. 7-3 
 
Table 8.1   Preliminary Project Schedule ................................................................................ 8-1 
 

 
LIST OF FIGURES 

 
Figure 1.1  North Beach Basin Overview ................................................................................ 1-2 
Figure 1.2  North Beach Basin Alternative 1B Site Plan ......................................................... 1-8 
 
Figure 2.1  North Beach Basin ................................................................................................ 2-2 
Figure 2.2  King County CSO Control Program Overview ...................................................... 2-9 
Figure 2.3  CSO Control Project Priorities ............................................................................ 2-11 
 
Figure 3.1  North Beach Basin Vicinity Map ........................................................................... 3-2 
Figure 3.2  North Beach Basin Zoning Map ............................................................................ 3-3 
Figure 3.3  North Beach Basin Wastewater Collection System .............................................. 3-5 
Figure 3.4  King County Regional Conveyance System in Vicinity of North Beach Basin ...... 3-6 
Figure 3.5  North Beach Basin Geology ................................................................................. 3-8 
Figure 3.6  North Beach Basin Topography .......................................................................... 3-10 
Figure 3.7  North Beach Basin Critical Areas Map ............................................................... 3-11 
 
Figure 4.1  North Beach Basin Overview ................................................................................ 4-2 
 
Figure 5.1  North Beach Basin Overview ................................................................................ 5-2 
Figure 5.2  Rectangular Storage Basis of Design Typical Detail .......................................... 5-11 
Figure 5.3  Pipeline Storage Basis of Design Typical Detail ................................................. 5-12 
Figure 5.4  Pump Station Basis of Design Typical Detail ...................................................... 5-13 



 North Beach Combined Sewer Overflow Control Facility Plan 
TABLE OF CONTENTS 

 vii September 2011 
pw:\\Carollo\Documents\Client\WA\King County\7562A10\North Beach Basin\Facilities Plan\Cover_TOC_NB.doc 

Figure 5.5  North Beach Basin Preliminary Site Alternatives ............................................... 5-19 
Figure 5.6  North Beach Basin Alternative 1A ...................................................................... 5-22 
Figure 5.7  North Beach Basin Alternative 1B ...................................................................... 5-23 
Figure 5.8  North Beach Basin Alternative 1C ...................................................................... 5-24 
Figure 5.9  North Beach Basin Alternative 1D ...................................................................... 5-25 
Figure 5.10  North Beach Basin Alternative 2A ...................................................................... 5-26 
Figure 5.11  North Beach Basin Alternative 2B ...................................................................... 5-27 
Figure 5.12  North Beach Basin Alternative 3A ...................................................................... 5-28 
Figure 5.13  North Beach Basin Alternative 3B ...................................................................... 5-29 
Figure 5.14  North Beach Basin Sub-basin Flow Percentages .............................................. 5-31 
Figure 5.15  Results of GSI Feasibility Analysis ..................................................................... 5-40 
Figure 5.16  North Beach Basin Alternative 1A - Rectangular Bottom of Basin Storage -  

Site Plan and Sections ....................................................................................... 5-43 
Figure 5.17  North Beach Basin Alternative 1B - Pipeline Bottom of Basin Storage -  

Site Plan and Sections ....................................................................................... 5-44 
Figure 5.18  North Beach Basin Alternative 1D - Rectangular Bottom-of-Basin Storage  

with Conveyance to 8th Avenue Interceptor - Site Plan and Sections ................ 5-45 
Figure 5.19  North Beach Basin Alternative 1A - Rectangular Bottom-of-Basin Storage  

Flow Schematic .................................................................................................. 5-46 
Figure 5.20  North Beach Basin Alternative 1B - Pipeline Bottom of Basin Storage Flow 

Schematic .......................................................................................................... 5-49 
Figure 5.21  North Beach Basin Alternative 1D - Rectangular Bottom-of-Basin Storage  

with Conveyance to 8th Avenue Interceptor Flow Schematic ............................. 5-52 
 
Figure 6.1  Site Layout Plan ................................................................................................... 6-2 
Figure 6.2  Diversion Structure Plan and Section .................................................................. 6-4 
Figure 6.3  Storage Pipeline Plan ........................................................................................... 6-5 
Figure 6.4  Storage Pipeline Sections .................................................................................... 6-6 
Figure 6.5  Ancillary Equipment Facility Plan and Section ..................................................... 6-8 
Figure 6.6  Normal Flow Schematic ..................................................................................... 6-12 
Figure 6.7  Peak Wet-Weather Flow Schematic .................................................................. 6-13 
Figure 6.8  Process Flow Diagram ....................................................................................... 6-14 
Figure 6.9  Hydraulic Profile ................................................................................................. 6-16 

 


	Final Facilities Plan, North Beach CSO Reduction, September 2011 
	Table of Contents





