Attachment 3 Master List of References

San Francisco Bay Regional Water Enhancement Program IRWM Round
2 Implementation Proposal

Attachment 3 References

Project 1. Bay Area Regional Conservation and Education Program

1.

10.

11.

12.

13.

14.

15.

Water Conservation Market Penetration Study, EBMUD, 2001
Handbook of Water Use and Conservation, Amy Vickers, 2002
CUWCC MOU Exhibit6, ULFT Savings Assumption, CUWCC, 1992
Potential Best Management Practices, CUWCC, 2006

California Energy Commission

Bern, Kansas Clothes Washer Study, US Department of Energy, 1998

Bay-Friendly Landscape Guidelines, Sustainable Practices for the Landscape Professional,
StopWaste.org, 2008

Large Landscape Water Audit Savings Study, Contra Costa Water District, 1994

Water Use Classification of Landscape Species (WUCOLS), UC Cooperative Extension, 1994
Xeriscape Conversion Study, Southern Nevada Water Authority, 2005

Aquacraft, Inc. 2011. CaliforniaSingle-Family Water Use Efficiency Studly.

California Urban Water Conservation Council. 2004. BMP Costs & Savings Study: A Guide to Data
and Methods for Cost-Effectiveness Analysis of Urban Water Conservation Best Management
Practices. Sacramento, CA: Prepared by A & N Technical Services, Inc. for California Urban Water
Conservation Council.

Aquacraft, Inc. 2009. Evaluation of California Weather-Based “Smart” Irrigation Controller
Programs. July 1. Presented to the California Department of Water Resources by the
Metropolitan Water District of Southern California and the East Bay Municipal Utility District.

ET ControllerUnitSavings, MWDOC, 2004

Dukes, M.D. 2012. Water conservation potential of landscapeirrigation smart controllers.
Transactions of the ASABE 55(2): 563-569. Pages 565 and 566.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

2.

30.

31

Attachment 3 Master List of References

SFPUC Retail Water Conservation Plan, SFPUC 2011.

SFPUC. 2009. Water Supply Availability Study for the City and County of San Francisco.
BAWSCA. 2009. Water Conservation Implementation Plan. September.

Water Conservation Master Plan, EBMUD, 1994.

CCWD Future Water Supply Implementation Final EIR, 1999.

East Bay Municipal Utility District. 2012. Water Supply Management Program 2040 Plan.
Oakland, California: East Bay Municipal Utility District.

SCVWD. 2008. Water Use Efficiency Strategic Plan.
SCVWD CVPIA Water Conservation Plan, 2005
2009. Water Conservation Implementation Plan; pages 7-9-7-10 and 8-11-8-12

2012. Annual Water Conservation Report, FY 2010-11 BAWSCA Water conservation Programs
Annual Report Final February 24, 2012; pages 15 and 49-50

Advisory Committee. 2013. California Water Plan Update 2013. Draft. Page 3-13. Accessed
March 5, 2013 at: http://www.waterplan.water.ca.gov/docs/cwpu2013/2012-ac-
draft/Vol3 Ch03 UrbanWUE AdvisoryCommitteeDraft ss.pdf

American Water Works Association. 2013. “Drip Calculator.” Accessed March 5, 2013 at
http://www.awwa.org/resources-tools/public-affairs/public-information/dripcal culator.aspx

CALGreen Code, Water efficiency requirements begin on page 17

ConSol. 2010. Water Use in the California ResidentialHome. January. Accessed March 5, 2013 at
http://www.cbia.org/go/cbia/?LinkServID=E242764F-88F9-4438-9992948EF86E49EA

Dukes, M.D. 2012. Water conservation potential of landscape irrigation smart controllers.
Transactions of the ASABE 55(2): 563-569.

a. Page565: Table 1. Summary of smart irrigation controller studies and irrigation savings
in plot-scale scientificstudies.

b. Page566: Table 2. Summary of smartirrigation controller pilottestsandirrigation
savingsin home/commercial landscapes.

Koellerand Company. 2008. Toilet Replacement Programs in the U.S. May 1.



32.

33.

34.

35.

36.

37.

38.

Attachment 3 Master List of References

Koellerand Company. 2010. Interactions Among AB 715 (Laird 2007), SB 407 (Padilla 2009), and
CALGreen Building Standards. pp. 2, 6.

Koellerand Company. 2010. Toilet and Urinal Fixtures in the California Codes.

Koellerand Company. 2012. High-Efficiency Plumbing Fixture Direct Install Water Savings
Analysis. For Santa Clara Valley Water District and California Urban Water Conservation Council.
October.

Koellerand Company. 2012. Water Savings from Toilet Fixture Replacements—Santa Clara
Valley Water & Sonoma County Water. December.

Alliance for Water Efficiency. 2010. Water Conservation Tracking ToolVersion 1.2 User Guide: A
Tool for Planning and Tracking Urban Water Conservation Programs. August. Pages 92,96, 108,
138-145, 158-161, 166-168, 172-174, 225-227 and 228-230.

SCVWD. FY 2005-2006. Water Use Efficiency Program Annual Report.

San Francisco PUC (SFPUC) and RPD. 2009. San Francisco Parks Water Conservation Plan, Final
Report. Pages 2-1 to 2-15.

Project 2. East Bayshore Recycled Water Project Phase 1A (Emeryville)

1.

4.

East Bay Municipal Utility District. 2000. Facilities Plan for the East Bayshore Recycled Water
Project. December.

East Bay Municipal Utility District. 2010. Urban Water Management Plan. June.

East Bay Municipal Utility District. 2012. Water Supply Management Program 2040 Plan.
Oakland, California. April.

See Attachment 3, Project 1 References

Parsons. 2001. East Bayshore Recycled Water Project Final EIR. Oakland, California. May.

Project 3. Lagunitas Creek Watershed Sediment Reduction and Management

Project

1.

CDFG. 2011 and 2013. California Department of Fish and Game, Marin County, Lagunitas Creek
Watershed, Stream Habitat Assessment Reports: Unnamed Tributaries 1, 2, and 3 of Lagunitas
Creek.

DFG. 1998. California Salmonid Stream Habitat Restoration Manual— Excerpt.
Google Maps. 2013. Bay Area Ridge Trail map.
MMWD. 2011. Lagunitas Creek Stewardship Plan.

MMWD and Ettlinger, etal. 2009. Lagunitas Creek Salmon Spawner Survey Report 2008-2009.



10.

11

12.

13.

Attachment 3 Master List of References

MMWD and Ettlinger, etal. 2012. Juvenile Salmoind Population Monitoring Report, Lagunitas
Creek: Fall 2011.

NOAA, National Marine Fisheries Service. 2012. Federal Central California Coast Coho Recovery
Plan — Executive Summary. September.

O’ConnorEnvironmental. 2012. Sediment and Streambed Monitoring Plan for Lagunitas Creek
For MMWD.

Stetson Engineers. 2002. San Geronimo Creek Watershed Sediment Sources Site Assessment. For
MMWD.

Stetson Engineers. 2012. Lagunitas Creek Unpaved Roads Sediment Source Site Assessment.
Draft, for MMWD and CDFW.

Stetson Engineers. 2013. Jewell Creek Culvert Replacement Project: 100-year flow analysis and
50% design submittal. For MMWD.

Stillwater Sciences. 2007. Middle Lagunitas Creek Watershed Sediment Delivery Analysis. For
County of Marin.

Stillwater Sciences. 2008. Lagunitas Limiting Factors Analysis: Limiting Factors for Coho Salmon
and Steelhead. For Marin Resource Conservation District.

Project 4. Marin/Sonoma Conserving Our Watersheds: Agricultural BMP

Projects

1.

California Department of Fish and Wildlife (CDFW). 2010. California Salmonid Stream Habitat
Restoration Manual. 4™ Edition. Available:
http://www.dfg.ca.gov/fish/Resources/HabitatManual.asp

Groundwork: A Handbook for Small-Scale Erosion Controlin Coastal California.

Marin Resource Conservation District. 2010. Marin Coastal Permit Coordination Program Initial
Study and Mitigated Negative Declaration for Marin Coastal Watersheds Permit Coordination
Program. November. Prepared by Prunuske Chatham, Inc. (SCH # 2004052008)

Lewis, D., M. Lennox, N. Scolari, L. Prunuske, C. Epifanio. 2011. A Half Century of Stewardship:a
programmaticreview of conservation by Marin RCD & partnerorganizations (1959-2009).
Prepared for Marin Resource Conservation District by U.C. Cooperative Extension, Novato CA. 99
- Pageiv. http://cemarin.ucdavis.edu/files/130468.pdf

Natural Resources Conservation Service. 2011. Conservation Practice Specifications and
Standards; BMPs #560 Access Roads, #575 Animal Trail and Walkway, #342 Critical Area
Planting, #382 Fence, #393 Filter Strip, #396 Fish Passage, #395 Fish Stream Improvement, #410
Grade Stabilization Structure, #412 Grassed Waterway, #468 Lined Waterway, #516 Pipeline,
#350 SedimentBasin, #574 Spring Development, #580 Streambank Protection, #584 Stream


http://www.dfg.ca.gov/fish/Resources/HabitatManual.asp
http://cemarin.ucdavis.edu/files/130468.pdf

Attachment 3 Master List of References
Channel Stabilization, #587 Structure for Water Control, #614 Trough/Tank, #620 Underground
Outlets, and #638 Water and Sediment Control Basin. June.

Southern Sonoma County Resource Conservation District. 2008. San Antonio Creek Watershed
Plan http://www.sscrcd.org/pdf/San%20Antonio%20Creek%20P1an%20(3-31-08) web.pdf

Tomales Bay Watershed Council. 2003. Tomales Bay Watershed Stewardship Plan: A Framework
forAction. http://www.tomalesbaywatershed.org/stewardship framework.pdf

Lennox, M., N. Scolari, and D. Lewis. 2010. Riparian Zone Monitoring Plan. Prepared by
University of California Cooperative Extension for Marin Resource Conservation District, Point
Reyes Station CA. 75 p. http://cesonoma.ucdavis.edu/files/76316.pdf

Project 5. Napa Milliken Creek Flood Damage Reduction and Fish Passage
Barrier Removal

1.

HDR Engineering. 2010. Preliminary results for the Milliken Creek crossing at Silverado Resort.
November.

HSI Hydrologic Systems. 2007. Milliken Creek Flood Mitigation and Restoration Analysis.
December.

Napa County Resource Conservation District. 2012. Milliken Creek Steelhead Habitat Modeling
and Instream Flow Study. December.

Riechersand Spence Associates. 2011. Cost Benefit Evaluation for Milliken Creek Flood
Mitigation Measures. December.

Project 6. North Bay Water Reuse Program—Sonoma Valley CSD 5th Street
East/McGill Road Recycled Water Project

1.

California Department of PublicHealth. 2001. California Health Laws Related to Recycled Water,
“The Purple Book,” Excerpts from the Health and Safety Code, Water Code, and Titles 22 and 17
of the California Code of Regulations. Last Update: June 2001.

CDM Smith. 2012 (October). North Bay Water Reuse Program Phase 2 Project Definition Scoping
Study Report. Prepared for North Bay Water Reuse Authority.

Environmental Science Associates (ESA). 2006 (September). Sonoma Valley Recycled Water
Project Draft. EnvironmentalImpact Report (SCH#2005092083). Prepared forthe Sonoma Valley
County Sanitation District.

Environmental Science Associates (ESA). 2006 (December). Sonoma Valley Recycled Water
Project Final. Environmental Impact Report. Certified by Sonoma Valley County Sanitation
District, 12/06 (SCH# 2005092083). Prepared forthe Sonoma Valley County Sanitation District.


http://www.sscrcd.org/pdf/San%20Antonio%20Creek%20Plan%20(3-31-08)_web.pdf
http://www.tomalesbaywatershed.org/stewardship_framework.pdf
http://cesonoma.ucdavis.edu/files/76316.pdf

10.

11.

12.

Attachment 3 Master List of References

Environmental Science Associates (ESA). 2009. Draft North San Pablo Bay Restoration and Reuse
Project Environmental Impact Report/Environmental Impact Statement (SCH# 2008072096).
Prepared for Bureau of Reclamation and North Bay Water Reuse Authority.

Environmental Science Associates (ESA). 2009. Final North San Pablo Bay Restoration and Reuse
Project Environmental Impact Report/Environmental Impact Statement (SCH# 2008072096).
Prepared for Bureau of Reclamation and North Bay Water Reuse Authority.

M.Cubed. 2007 (May). Importance of Recycled Water to the San Francisco Bay Area. Prepared
for Bay Area Clean Water Agencies.

Sonoma County Water Agency. 2010. Urban Water Management Plan 2010.
Sonoma County Water Agency. 2007. Sonoma Valley Groundwater Management Plan.

Sonoma County Water Agency. 2005. Sonoma Valley Recycled Water Feasibility Study; On Behalf
of Sonoma Valley County Sanitation District, Valley of the Moon Water District, City of Sonoma.
December 2005.

Sonoma County Water Agency and Bureau of Reclamation. 2008. Phase 3 Engineering and
Economic/ Financial Analysis Report for the North San Pablo Bay Restoration and Reuse Project.

SVCSD Recycled Water Line at McGill Road 90% Complete Project Designs.

Project 7. Oakland Sausal Creek Restoration Project

1.

City of Oakland. 2007. Sausal Creek Restoration Project at Dimond Canyon, California River
Parkways Grant Application. Prepared by City of Oakland Watershed Improvement Program.

HortScience, Inc. 2012. Tree Management Report: Sausal Creek Restoration Project in Dimond
Park, Oakland, CA. Prepared for Restoration Design Group LLC. Retrieved February 24, 2013,
from City of Oakland:
http://www?2.0aklandnet.com/oakcal/groups/pwa/documents/report/0ak039116.pdf

Demgen, F, J. Hagar, and T. Cooke. 1998. Technical MemorandumAquatic Resource Inventory of
Oakland Streams. Prepared for City of Oakland. October1.

Hagar, J. 2011. “Sausal Creek Restoration Project at Dimond Canyon”: Letterevaluatingfish
habitat to Kristin Hathaway, CSM, City of Oakland Watershed Program Specialist, City of Oakland
PublicWorks Agency. Prepared for Restoration Design Group by Hagar Environmental Science.
April 12.

Lowe, M. 2012. SausalCreek Restoration at Dimond Park: Biological Resources Survey Report.
Prepared for City of Oakland by ESA Biological Resources and Land Management Group.
December10.


http://www2.oaklandnet.com/oakca1/groups/pwa/documents/report/oak039116.pdf

10.

Attachment 3 Master List of References

Marcus, L. 2010. SausalCreek Watershed Enhancement Plan. Prepared by Laurel Marcus and
Associates, New Fields River Basin Services, Hydrologic Systems, Inc. for the City of Oakland.
Retrieved February 24, 2013, from Friends of Sausal Creek:
http://www.sausalcreek.org/Plan/SCWEP.pdf

Ng, C and Dare, C. 2011. GeotechnicalStudy, Sausal Creek Restoration Projectin Dimond Park.
Prepared by FUGRO CONSULTANTS, Inc. for City of Oakland.

Paulsell, K. 2010. "The Fish Story.” August. Retrieved April 22, 2011, from Friends of Sausal
Creek: http://www.sausalcreek.org/sausal/nature pdf/Fish Story.pdf

Restoration Design Group, LLC. 2011. SausalCreek Restoration Project in Dimond Park, Design
Basis Memorandum. Prepared by Erik Stromberg, RDG, for City of Oakland. April 29.

Restoration Design Group, LLC. 2012. SausalCreek Restoration Project in Dimond Park, Final
Review Hydraulic Memorandum. Prepared by Erik Stromberg, RDG, for City of Oakland. April 16.

Project 8. Pescadero Water Supply and Sustainability Project

1.

County of San Mateo. 2013. “Part B — Technical Specifications.” Water Supply Well and Storage
Reservoir 75% Specifications. Draft. March.

County of San Mateo, Department of Public Works. 2011. Pescadero Community Water System
(County Service Area No. 11) Public Meeting, October 19.
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting, %20Sewer
%20and%20Water/Water%20Services/CSA11%2010%2019%202011%20Public%20Meet%20Pre

s.pdf

County of San Mateo, Department of Public Works. 2011. Pescadero Community Water System
— County Service AreaNo. 11 (CSA11) August 2011 Water Outage Report.

County of San Mateo, Department of Public Works. 2012. Adoption of Water Rates and Charges
for County Service AreaNo. 11, Pescadero Area. May 30, 2012.
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer
%20and%20Water/Water%20Services/CSA11%20BOS%20Adopt%20Rate s%202012-06-

26%20.pdf

HydroScience Engineers. 2012. “Proposal for Engineering Services—CSA 11 Water Supply
Project.” Dated November 8 (updated December 18) from Curtis Lam to Edelzar Garcia.

HydroScience Engineers, Inc. 2013. Technical Memorandum #1: Water Supply Reliability.

Kennedy/Jenks/Chilton. 1986. Project Description: WaterSystem forthe Pescadero Rural
Service Center, County of San Mateo.

Koretsky King Associates. 1976. Community Water Plan forthe Town of Pescadero, County of
San Mateo. September.


http://www.sausalcreek.org/Plan/SCWEP.pdf
http://www.sausalcreek.org/sausal/nature_pdf/Fish_Story.pdf
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer%20and%20Water/Water%20Services/CSA11%2010%2019%202011%20Public%20Meet%20Pres.pdf
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer%20and%20Water/Water%20Services/CSA11%2010%2019%202011%20Public%20Meet%20Pres.pdf
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer%20and%20Water/Water%20Services/CSA11%2010%2019%202011%20Public%20Meet%20Pres.pdf
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer%20and%20Water/Water%20Services/CSA11%20BOS%20Adopt%20Rates%202012-06-26%20.pdf
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer%20and%20Water/Water%20Services/CSA11%20BOS%20Adopt%20Rates%202012-06-26%20.pdf
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer%20and%20Water/Water%20Services/CSA11%20BOS%20Adopt%20Rates%202012-06-26%20.pdf

10.

11

12.

13.

14.

15.

16.

17.

Attachment 3 Master List of References

Pescadero Municipal Advisory Council. 2011. Meeting Minutes September 13, 2011. Calculated
internally using references from East Bay Municipal Utility District.
http://pescaderocouncil files.wordpress.com/2011/10/pmacsept13minutes2011.pdf

Pescadero Municipal Advisory Council. 2012. Meeting Minutes December 11, 2012.
http://pescaderocouncil files.wordpress.com/2013/01/pmac-meeting-minutes-dec-11-2012.pdf

Rural Community Assistance Corporation. 2013. “Pescadero (CSA 11) Community Median
Household Income Survey Results.”Final results letter from Karen D. McBride to Carole Foster.
March 15, 2013.

San Mateo County, County Service Area 11.2013. (Pescadero) “Water Supply Project Storage
Tank and Well 75% Submittal.” March.

San Mateo County Health Department. 2006. Community of Pescadero, Pescadero Sewer
Project Income Survey Results and Request for Eligibility Determination, SCG No. 959.
http://pescaderocouncil files.wordpress.com/2012/01/pescadero-2006-income-survey.pdf

San Mateo County Planning and Building Department. 1986. San Mateo County General Plan,
Chapter10: Water Supply. http://www.co.sanmateo.ca.us/planning/genplan/index.html

San Mateo Local Agency Formation Commission. 2011. Municipal Service Review and Sphere of
Influence Update for County Service Area 11 (Pescadero). October 12.
http://www.co.sanmateo.ca.us/Attachments/lafco/pdfs/2011 10 19 lafco agenda item4.pdf

Todd Engineers. 2002. Assessment of Source Water forthe Pescadero Water System - CSA 11.
Prepared for Department of Public Works, San Mateo County, California.
http://www.co.sanmateo.ca.us/publicworks/ContentUnassigned/CSA11%20Assessment%20Rep
ort%20March%2002.pdf

Winzler & Kelly Consulting Engineers. 2009. Pescadero Fire Flow Analysis Memorandum. May 1.
http://www.co.sanmateo.ca.us/Attachments/lafco/pdfs/lafco pescadero comm fireflow final

analysis.pdf

Project 9. Petaluma Flood Reduction, Water & Habitat Quality, and Recreation
Project for Capri Creek

1.

City of Petaluma. 1996. Petaluma River Access and Enhancement Plan. Available:
http://cityofpetaluma.net/pubworks/fp-river-enhancement.html

City of Petaluma. 2008. City of Petaluma: General Plan 2025. May. Available:
http://cityofpetaluma.net/cdd/plan-general-plan.html

City of Petaluma. 2010. City of Petaluma Floodplain Management Plan. October.

Naphtali H. Knox & Associates, Inc. and Wagstaff and Associates. 1989. Corona/Ely Specific Plan.
Prepared forthe City of Petaluma. May 1.


http://pescaderocouncil.files.wordpress.com/2011/10/pmacsept13minutes2011.pdf
http://pescaderocouncil.files.wordpress.com/2013/01/pmac-meeting-minutes-dec-11-2012.pdf
http://pescaderocouncil.files.wordpress.com/2012/01/pescadero-2006-income-survey.pdf
http://www.co.sanmateo.ca.us/planning/genplan/index.html
http://www.co.sanmateo.ca.us/Attachments/lafco/pdfs/2011_10_19_lafco_agenda_item4.pdf
http://www.co.sanmateo.ca.us/publicworks/ContentUnassigned/CSA11%20Assessment%20Report%20March%2002.pdf
http://www.co.sanmateo.ca.us/publicworks/ContentUnassigned/CSA11%20Assessment%20Report%20March%2002.pdf
http://www.co.sanmateo.ca.us/Attachments/lafco/pdfs/lafco_pescadero_comm_fireflow_final_analysis.pdf
http://www.co.sanmateo.ca.us/Attachments/lafco/pdfs/lafco_pescadero_comm_fireflow_final_analysis.pdf
http://cityofpetaluma.net/pubworks/fp-river-enhancement.html
http://cityofpetaluma.net/cdd/plan-general-plan.html

Attachment 3 Master List of References

Sonoma County Water Agency. Sonoma County Water Agency Petaluma River Watershed
Master Drainage Plan (projectlocation on map no. 29 of document).

The Southern Sonoma County Resource Conservation District and the people of the Petaluma
Watershed. 1999. Petaluma Watershed Enhancement Plan. July. Available:
http://www.sscrcd.org/publications.php#pwep

USACE. Hydrologic Engineering Center’s River Analysis System (HEC-RAS) Analysis Report.
Includesillustrated cross-sections for creating flood terrace and season wetlands areas.

Waxman Environmental Consulting & Services, Questa Engineering Corporation, and City of
Petaluma, Planning Department. 1996. Restoration Design and Management Guidelines for the
Petaluma River Watershed: Volumeland Volume ll, Restoration and Revegetation Design. July.

WEST Consultants, Inc. 2013. Capri Creek Terracing XP-Storm Evaluation Results Summary.
February 13. To Pamela Tuftand Kent Carothers, City of Petaluma.

Project 10. Redwood City Bayfront Canal and Atherton Channel Flood
Improvement and Habitat Restoration Project

1.

Moffatt & Nichol (M&N). 2012. Bayfront Canaland South Bay Salt Ponds S5/R5 Flood Mitigation
Feasibility Study. Prepared for City of Redwood City. May 22.

URS. 2012. Opportunities and Constraints for Ravenswood Pond Complex, South Bay Salt Ponds
Restoration, Phasell. Prepared for State Coastal Conservancy. June 28.

Project 11. Regional Groundwater Storage and Recovery Project Phase 1A -
South Westside Basin, Northern San Mateo County

1.

City of San Francisco. 2009. EIR Notice of Preparation for Regional Groundwater Storage and
Recovery (GSR) Project. (Case 2005.0164E).

MWH, Inc. 2007. San Francisco Public Utilities Commission Water System Improvement Program
Groundwater Conjunctive Use Project - WSIP Project CUW30103 - Final Alternatives Analysis
Report. For San Francisco Public Utilities Commission (SFPUC). October.

MWH, Inc. 2008. San Francisco Public Utilities Commission Water System Improvement Program
Groundwater Conjunctive Use Project - WSIP Project CUW30103 - Conceptual Engineering
Report. For SFPUC. November.

SFPUC. 2012. South Westside Basin Groundwater Management Plan. July.
http://sfwater.org/Modules/ShowDocument.aspx?documentid=3104.

Project 12. Richmond Breuner Marsh Restoration Project

1.

California Regional Water Quality Control Board. 2011. Plan/Goal: San Francisco Bay Basin
(Region 2) Water Quality Control Plan. San Francisco.
http://www.waterboards.ca.gov/sanfranciscobay/basin_planning.shtml



http://www.sscrcd.org/publications.php#pwep
http://sfwater.org/Modules/ShowDocument.aspx?documentid=3104
http://www.waterboards.ca.gov/sanfranciscobay/basin_planning.shtml

Attachment 3 Master List of References

California State Coastal Conservancy. 2007. Strategic Plan.
http://scc.ca.gov/strategic-plan-2007/

East Bay Regional Park District. 2012. Breuner Marsh Restoration and Public Access Improvement
Project 60% Plans. Richmond, California. November 1, 2012.

Monroe, M, Olofson PR, Collins JN, Grossinger RM, HaltinerJ, and Wilcox C. 1999. Baylands
Ecosystem Habitat Goals Report Recommendations. U.S. Environmental Protection Agency, San
Francisco, Calif./S.F. Bay Regional Water Quality Control Board, Oakland, Calif.
http://www.sfei.org/node/2123/

Natural Heritage Institute. 2007. The Rheem Creek Watershed Assessment and Conceptual
Restoration Plan. http://www.n-h-i.org/uploads/tx _rtgfiles/7734 RheemWA .pdf

National Oceanicand Atmospheric Administration, United States Fish and Wildlife Service, and
California Department of Fish and Game. 2010. Castro Cove/Chevron Richmond Refinery
Damage Assessment and Restoration Plan/Environmental Assessment. June.
http://bit.ly/PlgTBh

San Francisco Bay JointVenture. 2013. Restoring the Estuary: A Strategic Vision forthe
Restoration of Wetlands and Wildlife in the SF Bay Area. http://www.sfbayjv.org/strategy.php

San Francisco Estuary Institute. 2009. Comprehensive Conservation and Management Plan.
http://www.sfei.org/CCMPPhase6

Project 13. Roseview Heights Infrastructure Upgrades for Water Supply and
Quality Improvement, Santa Clara County

1.

Alvarez & Associates. 2011. Water Easement. APN 612-07-027. 10517 Crothers Road, San Jose,
CA 95127. November.

Alvarez & Associates. 2011. Water Easement. APN 612-07-033. 10515 Crothers Road, San Jose,
CA 95127. November.

Alvarez & Associates. 2011. Water Easement. APN 612-07-034. 10495 Crothers Road, San Jose,
CA 95127. November.

Binkley Associates, Inc. 2012. Roseview Heights Mutual Water Company Water Tank and
Pipeline Replacement Project Civil Engineering Drawings. September.

California Department of Public Health. 2012. “Replacement of the Bon Vistaand Crothers Tanks
Domestic Water Supply Permit Requirements Roseview Heights Mutual Water Company, Water
System No.4300562.” October 10. (CDPHdesign acceptance letter.)

Murray Engineers, Inc. 2009. Geotechnical Investigation, New Water Tank. APN 612-07-019.

Crothers Road, Santa Clara County, California. Prepared for Roseview Heights Water Company.
October.

10


http://scc.ca.gov/strategic-plan-2007/
http://www.sfei.org/node/2123/
http://www.n-h-i.org/uploads/tx_rtgfiles/7734_RheemWA.pdf
http://bit.ly/PlgTBh
http://www.sfbayjv.org/strategy.php
http://www.sfei.org/CCMPPhase6

7.

Attachment 3 Master List of References

Murray Engineers, Inc. 2011. Geotechnical Investigation, New Water Tank. APN 612-50-039. Bon
Vista Court, Santa Clara County, California. Prepared for Roseview Heights Water Company.
May.

Roseview Heights Mutual Water Company. 2013. Water and Power Usage 1999, 2004—2012.
Prepared by Tim Schacher, Board President. January 19.

Project 14. San Francisco Bay Climate Change Pilot Projects Combining

Ecosystem Adaptation, Flood Risk Management and Wastewater Effluent
Polishing

1.

ESA PWA and PeterBaye. 2012. Oro Loma Wet Weather Equalization, Treatment Wetland and
Ecotone Demonstration Project, Initial Feasibility Study. July 29, 2012.

San Francisco Bay Conservation and Development Commission (BCDC). 2011. Staff Report: Living
with a Rising Bay: Vulnerability and Adaptation in San Francisco Bay and on its Shoreline.
October6, 2011.

Project 15. San Francisco International Airport Reclaimed Water Facility

1.

CH2M Hill. 2012. “Technical Memorandum 2,” “Technical Memorandum 3,” “Technical
Memorandum4,” and “Technical Memorandum 5.” Prepared for San Francisco International
Airport. September.

Department of Public Works Bureau of Engineering. 2009. San Francisco International Airport
Recycled Water Project Alternatives Analysis Report. Prepared for San Francisco Airport
Commission. June 15.

Stanford University. 2012. San Francisco Airport Tertiary Treatment Plant Life Cycle Analysis.
December.

Project 16. San José Green Streets & Alleys Demonstration Projects

1.

2.

City of SanJosé. Envision San José 2040 General Plan: Building a City of Great Places.

City of San José. 2008. Spartan Keyes NeighborhoodImprovement Plan Amendment. December.
http://www.sanjoseca.gov/DocumentCenter/View/3015

City of SanJosé Department of Public Works. 1992. Standard Details City of San Jose
Department of Public Works.

City of San José PublicWorks. 2013. Traffic ControlManual.
http://www.sanjoseca.gov/index.aspx?NID=3464

Conceptual designs forthe San José Green Streets & Alleys Demonstration Projects.

Natural Resources Defense Council. 2009. A Clear Blue Future: How Greening California Cities
Can Address Water Resources and Climate Challenges in the 21st Century. August.
http://www.nrdc.org/water/lid/

11


http://www.oroloma.org/engineering/projects/Treatment%20Wetland%20and%20Ecotone%20Project%20-%20Feasibility%20Study.pdf
http://www.oroloma.org/engineering/projects/Treatment%20Wetland%20and%20Ecotone%20Project%20-%20Feasibility%20Study.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CDUQFjAA&url=http%3A%2F%2Fwww.bcdc.ca.gov%2FBPA%2FLivingWithRisingBay.pdf&ei=uYb4UKinCKH6iwKasICwDg&usg=AFQjCNHXjrPMIttcDkG3_XvM8v75lRnlKw&sig2=mbydAU3Yc_g9k9MfcPoJ9Q&bvm=bv.41248874,d.cGE
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CDUQFjAA&url=http%3A%2F%2Fwww.bcdc.ca.gov%2FBPA%2FLivingWithRisingBay.pdf&ei=uYb4UKinCKH6iwKasICwDg&usg=AFQjCNHXjrPMIttcDkG3_XvM8v75lRnlKw&sig2=mbydAU3Yc_g9k9MfcPoJ9Q&bvm=bv.41248874,d.cGE
http://www.sanjoseca.gov/DocumentCenter/View/3015
http://www.sanjoseca.gov/index.aspx?NID=3464
http://www.nrdc.org/water/lid/

Attachment 3 Master List of References

7. San Mateo Countywide Water Pollution Prevention Program. 2009. San Mateo County

Sustainable Green Streets and Parking Lots Design Guidebook, 1°* Edition. January.
http://www.flowstobay.org/ms_sustainable streets.php

Selbigand Bannerman. 2007. Evaluation of Street Sweeping as a Stormwater-Quality-
Management Toolin Three Residential Basins in Madison, Wisconsin. USGS Report 2007-5156.

Project 17. San Pablo Rheem Creek Wetlands Restoration Project

1.

CCWD. 2011. Shortcut Pipeline Improvement Project, Initial Study/Mitigated Negative
Declaration. Available: http://www.ccwater.com/files/SCPL%20.pdf. September.

Kamman Hydrology & Engineering. 2012. Hydrologic Sufficiency Analysis Rheem Creek
Mitigation Bank, Richmond CA. October.

Natural Heritage Institute. 2007. Rheem Creek Watershed Assessment and Conceptual
Restoration Plan. Available: http://www.n-h-i.org/uploads/tx rtgfiles/7734 RheemWA.pdf.

Olberding Environmental. 2013. Baseline Mitigation and Monitoring Report 2013 forthe
Parkway Commerce Center Property. Contra Costa County, California. January.

Project 18. St. Helena Upper York Creek Dam Removal and Ecosystem
Restoration Project

1.

City of St. Helena. 2007. Draft Environmental Impact Report, Upper York Creek Ecosystem
Restoration Project, Napa County, California. Prepared by Prunuske Chatham, Inc. April 20,
2007. SCH #2006092096.

Department of Water Resources (DWR). 2004. Final EnvironmentalImpact Report for the City of
St. Helena York Creek Diversion Modification Project. January 14, 2004.

Eastman, B. 2003. Historical Resources Evaluation Report forthe Proposed Removalof an
Earthen Dam and Diversion Structure on York Creek near the City of St. Helena in Napa County,
California. Prepared forthe City of St. Helena by Bright Eastman, Anthropological Studies
Center, Sonoma State University, Rohnert Park, California.

U.S. Army Corps of Engineers (Corps). 2005. Upper York Creek Dam Removal Project Section 206:
Aquatic Ecosystem Restoration Without Project Hydrology Certification Basin Hydrology
Assessment. U.S. Army Corps of Engineers, San Francisco District, South Pacific Division. March
2005.

U.S. Army Corps of Engineers (Corps). 2006. Draft Detailed Project Report: Upper York

Creek Ecosystem Restoration Project, Napa County, California (DPR). U.S. Army Corps of
Engineers, San Francisco District, South Pacific Division. December 15, 2006.

12


http://www.flowstobay.org/ms_sustainable_streets.php
http://www.ccwater.com/files/SCPL%20.pdf
http://www.n-h-i.org/uploads/tx_rtgfiles/7734_RheemWA.pdf

Attachment 3 Master List of References

Project 19. Students and Teachers Restoring a Watershed (STRAW) Project—
North and East Bay Watersheds

1.

10.

11.

California Department of Fish and Game. 2010. California Salmonid Stream Habitat Restoration
Manual, 4" edition. July. http://www.dfg.ca.gov/fish/resources/habitatmanual.asp

ECONorthwest. 2012. Handbook for Estimating Economic Benefits of Environmental Projects.
December.

Glazebrook, J.D., M.S., R.M.A., Catriona MacGregor. 2007. Valuation of STRAW: An Independent
Evaluation by Pathfinder International Consulting. May.

Kreitinger, K.and T. Gardali. 2006. Bringing the Birds Back: A Guide to Habitat Enhancement in
Riparian and Oak Woodlands forthe North Bay Region. California Partnersin Flight Regional Bird
Conservation Plan No. 1, http://www.prbo.org/calpif.

Lennox, M., N. Scolari, and D. Lewis. 2010. Riparian Zone Monitoring Plan. Prepared by
University of California Cooperative Extension for Marin Resource Conservation District, Point
Reyes Station CA. 75 p. http://cesonoma.ucanr.edu/files/76316.pdf.

See Attachment 3, Project 4 References

Marin County Community Development Agency, Planning Division. 2004. Marin County
Watershed Management Plan. April.
http://www.co.marin.ca.us/depts/CD/main/comdev/Watershed/WMP_Pt1.pdf
http://www.co.marin.ca.us/depts/CD/main/comdev/Watershed/WMP_Pt2.pdf

Marin Resource Conservation Districtand Marin County Stormwater Pollution Prevention
Program. 1987. Groundwork—A Handbook for small-scale erosion controlin coastal California,
2" edition.

Monroe, et al. 1999. Goals Project. A report of habitat recommendations prepared by the San
Francisco Bay Area Wetlands Ecosystem Goals Project. U. S. Environmental Protection Agency,
San Francisco, Calif./S.F. Bay Regional Water Quality Control Board, Oakland, Calif.
http://www.sfei.org/node/2123

Napa County. 2011. Integrated Water Resource Management Planning Framework.
April.http://www.napawatersheds.org/files/managed/Document/5054/Napa%20County%20IR
WM%20Planning%20Framework%20-%20Report.pdf

Nutters, Heidi. 2012. Addressing Social Vulnerability and Equity In Climate Change Adaptation
Planning. Adaptingto Rising Tides White Paper. June. http://www.adaptingtorisingtides.org/wp-
content/uploads/2012/06/Equity-White-Paper.pdf

Ralph, C.J., G.R. Geupel, P. Pyle, T.E. Martin and D.F. DeSante. 1993. Handbook of field methods
for monitoringlandbirds. USDA Forest Service General Technical ReportPSW-GTR-144.

13


http://www.dfg.ca.gov/fish/resources/habitatmanual.asp
http://www.prbo.org/calpif
http://www.co.marin.ca.us/depts/CD/main/comdev/Watershed/WMP_Pt1.pdf
http://www.co.marin.ca.us/depts/CD/main/comdev/Watershed/WMP_Pt2.pdf
http://www.sfei.org/node/2123
http://www.napawatersheds.org/files/managed/Document/5054/Napa%20County%20IRWM%20Planning%20Framework%20-%20Report.pdf
http://www.napawatersheds.org/files/managed/Document/5054/Napa%20County%20IRWM%20Planning%20Framework%20-%20Report.pdf
http://www.adaptingtorisingtides.org/wp-content/uploads/2012/06/Equity-White-Paper.pdf
http://www.adaptingtorisingtides.org/wp-content/uploads/2012/06/Equity-White-Paper.pdf

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Attachment 3 Master List of References

Riley, etal.2009. Putting a Price on Riparian Corridors as Water Treatment Facilities. The San
Francisco Bay Water Quality Control Board in conjunction with the Economics Division of the
Department of Water Resources.

http://www.waterboards.ca.gov/sanfranciscobay/water issues/programs/watershed/Riley 200

9.pdf

See Attachment 8, Project 7 References

Riparian HabitatJoint Venture (RHJV). 2000. The Riparian Bird Conservation Plan: A strategy for
reversing the decline of riparian associated birds in California.Version 1.0. California Partnersin
Flight. http://www.prbo.org/calpif/pdfs/riparian_v-2.pdf

San Pablo Bay Watershed Restoration Program, The. 2010. DRAFT Watershed Management
Plan.
http://www.marinwatersheds.org/documents/SPBWMngmtPlan DRAFT 6May 2010 004.pdf

Seavy, N.E., etal. 2009. Why Climate Change Makes Riparian Restoration More Important than
Ever: Recommendations for Practice and Research. Ecological Restoration 27:330-338.
http://er.uwpress.org/content/27/3/330.full.pdf+html

Songbird Response to Riparian Restoration on Marin County Ranches, PRBO Conservation
Science Unpublished Data.

Sonoma County Permitand Resource Management Department. 2008. Sonoma County General
Plan 2020: Open Space and Resource Conservation Element.

Solano Resource Conservation District and The Community Alliance with Family Famers. 2005.
Solano Conservation and Restoration Manual. http://caff.org/wp-

content/uploads/2010/07/SolanoConservationManual.pdf

State Water Resources Control Board. 2001. Standard Operating Procedure (SOP) 4.2.1.4.
Stream Photo Documentation Procedure.

Tomales Bay Watershed Council. 2007. Integrated Coastal Watershed management Plan
(ICWMP). September. http://www.tomalesbaywatershed.org/informationreports.html

University of California Cooperative Extension (UCCE), County of Sonoma. 2007. Riparian
Revegetation Evaluation on California’s North Coast Ranches. June.
http://cesonoma.ucanr.edu/files/27406.pdf

USDA Natural Resources Conservation Service. Field Office Technical Guide. #342 Critical Area
Planting and #580 Streambank Protection.

14


http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/watershed/Riley_2009.pdf
http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/watershed/Riley_2009.pdf
http://www.prbo.org/calpif/pdfs/riparian_v-2.pdf
http://www.marinwatersheds.org/documents/SPBWMngmtPlan_DRAFT_6May_2010_004.pdf
http://er.uwpress.org/content/27/3/330.full.pdf+html
http://caff.org/wp-content/uploads/2010/07/SolanoConservationManual.pdf
http://caff.org/wp-content/uploads/2010/07/SolanoConservationManual.pdf
http://www.tomalesbaywatershed.org/informationreports.html
http://cesonoma.ucanr.edu/files/27406.pdf

Process Definition Report

San Francisco International
Airport

Industrial Wastewater
Treatment Plant Upgrade
(Technical Memorandum 5)

Prepared for

San Francisco International Airport

September 2012

\) CH2MHILL

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707






Contents

Chapter Page
AbDbreviations and ACIONYINS .......ccicrncrnisenesnisssistsissnesssisssissssisssisssssssssissssssssssssssssssssses IV
1.0 Preliminary Process DeSCription .......ccecnircnnisininencsincsencsnscssnesssesssscsssessesessenes 1-1
1.1 INtrodUCHON. ..o 1-1
1.2 Primary and Secondary Treatment Process Change Details...........ccccccoeveeeeee. 1-1
121  Equalization Basin.......c..ccccciomeeiiinnciinneeireeeeeeeeeeeeeeee e 1-2
1.2.2  Preliminary Treatment...........cccoccceoivriiiinniiiininieciccceeeceeeennes 1-2
1.2.3 Primary Treatment..........cccooviviiiiiniiiiiicc 1-2
1.24 Secondary Treatment...........ccooeiivirieiiininiiiiinineeceeceeee e 1-3
1.2.5 Disinfection SYStem..........cccccoveeiriniiiiiiniicireceeeeeee s 1-4
1.2.6 Sludge Handling Facility..........cccccovriiinniiiiniiiiiccceeeceeees 1-4
1.2.7  Chemical Facilities..........cccccoovieiiiniiiiiiiiiiccccceeceees 1-4
1.2.8 Clarifier Effluent Pump Station.........c..cccoecnecincincincnncincinccneen 1-4
1.3 Tertiary Treatment Process Change Details ............ccccoeiiiiiiinnniinnnn. 1-4
1.3.1 Membrane Filtration ..o 1-5
1.3.2  Chlorine Disinfection...........cccoccceioiiiiiiiininiiiiiiiiiiccccecee 1-6
1.3.3 Recycled Water Storage...........ccccceevvuruiuiininiiiininiiiiinicccceecceen 1-6
1.3.4 Recycled Water Pump Station ............ccooeiviiiiiiiiiiiice, 1-7
1.4 IWTP Upgraded Overall Process ...........cccovuiiiviniiiininiiiiniicccccccce 1-7
1.41 Preliminary Mass Balance.............cccccocooviiiinninie, 1-7
1.4.2 Primary and Secondary Treatment Design Criteria...........cccccceuevnee 1-8
1.43 Tertiary Treatment Design Criteria .........cccccovviviiiiiiinnccnciinn, 1-10
1.5 Power Supply and Distribution System............ccccccoovvnniiiiiiiiiiiii 1-15
1.5.1 Preliminary Load ANalysis ......cccccovueueoirnieeinnieieieeeneeeeeeeeneenes 1-15
1.5.2  Primary POWer SUPPLY ..c.ccecvreeeueirecireeccreeceeeeeee s 1-15
1.5.3 Standby POWer SyStem ..........coccccoevrieucininiereienineeeeeeeeeeeeeeeeeenenes 1-15
1.6 Site Layout and Hydraulic Profile ...........ccccccceoneeiinnncinnecineeceneeeeenes 1-15
1.7 Preliminary Process Control Narratives ..........c.cccceeveeeernneenennecennenenenes 1-15
1.7.1  Equalization Tank .........c.ccccvrieinneciinieceeeeeeeeeeeeeeeene s 1-15
1.7.2  DAF URItS...coiiiiiiiiiii s 1-15
1.7.3  Trickling Filter ........cccoviiiiiniiiiicccccccc s 1-16
1.7.4  CIarifiers ... 1-16
1.7.5 MEF/UF Feed Strainers........cccceoeeveevriereeieniieeereseeiesreseeesvesreeveesesveesnenns 1-17
1.7.6 ME/UF SKidS ....cccooiiiiiiiiiiiiiiccc s 1-17
1.7.7 Intermediate Pump Station (Optional - Valid for Recycled
Water Storage Tank with Integrated CCB) ... 1-19
1.7.8  Sodium Hypochlorite Injection ............ccccccceevvviiiinniiinniciicne 1-20
1.7.9 Recycled Water Pump Station ..........ccccoeeiivniiinniiinnicie, 1-21
2.0 Preliminary Construction Cost Estimates..........cccoceccveverrireernneiniesnnnnncesnsnesiesnssssescannns 2-1
21 Construction Cost Estimate (Pending) .........cccccccevveiinniiinnccincciees 2-1

WBG090512211739SCO



CONTENTS

3.0 Project Schedule, and Implementation .........ncnncsncnncsnencesnncsssesssessenes 3-1
3.1 Permitting Requirements ............ccccocoiiiiniiiiiiniiiccccce 3-1
3.2 Schedule and Implementation............cccoeeoiniiiiinnnciininceeeeecee 3-1

Appendices

Process Schematics and Mass Balances
Vendor Quotes

Preliminary Layout

Preliminary Construction Schedule
Previous Technical Memorandums
E.2 ... Technical Memorandum 2

E.3 ... Technical Memorandum 3

E.4 ... Technical Memorandum 4

Mg N

Tables

1-1 Primary and Secondary Treatment Design Criteria

1-2  Tertiary Treatment Design Criteria for MF/UF, CCB and Separate Recycled Water
Storage

1-3  Tertiary Treatment Design Criteria for MF/UF, CCB and Separate Recycled Water
Storage with Integrated CCB
3-1 Construction Sequencing Constraints

WBG090512211739SCO Il



Abbreviations and Acronyms

pum
BOD
CCB
CDPH
CIP
CT
DAF
FRP
f2

gal
gph

gpm
HMI

IWTP
Ib

LCP
LOR
MCC
MF,/ UF

WBG090512211739SCO

micrometer(s)

biochemical oxygen demand
chlorine contact basin

California Department of Public Health
clean-in-place

concentration times contact time
dissolved air flotation

fiberglass reinforced pipe
square feet

gallon(s)

gallon(s) per hour

gallon(s) per minute
human-machine interface
horsepower

Industrial Wastewater Treatment Plant
pound(s)

Local Control Panel

Local Off-Remote

motor control center

micro filtration or ultra filtration
milligram(s)

million gallon(s) per day
millimeter

milligram(s) per liter

Mel Leong Treatment Plant
nephelometric turbidity units
operations and maintenance

programmable logic controller



ABBREVIATIONS AND ACRONYMS

psi
psig
SCADA
SBRs
SFIA
SWD
SWTP
TBD
TDH
™
VFD

WBG090512211739SCO

pound(s) per square inch

pound(s) per square inch gauge
supervisory control and data acquisition
Sequencing Batch Reactors

San Francisco International Airport

side water depth

Sanitary Wastewater Treatment Plant

to be done

total dynamic head

technical memorandum

variable frequency drive



1.0 Preliminary Process Description

1.1 Introduction

The City and County of San Francisco owns and operates the Mel Leong Treatment Plant
(MLTP) through the San Francisco International Airport (SFIA). The MLTP includes an
Industrial Wastewater Treatment Plant (IWTP) and a Sanitary Wastewater Treatment Plant
(SWTP). The IWTP treats industrial wastewater as well as first-flush, stormwater runoff
from airport facilities, and the SWTP treats the sanitary sewer from the airport facilities. The
effluent from both facilities (IWTP and SWTP) is routed to either the effluent pump station
or the water reclamation pump station. The combined effluent is pumped to the North
Bayside System Unit outfall, where the treated water is combined with effluent from South
San Francisco, Millbrae, and Burlingame. Dechlorination takes place in the shared outfall
before the effluent is discharged into the Bay. The effluent from the water reclamation pump
station is used within SFIA for irrigation purposes under a restricted use permit. The IWTP
sludge is conveyed directly to onsite sludge drying beds for dewatering and drying. The
SWTP biosolids are first sent to a belt-filter press and then to the drying beds.

Technical Memorandum (TM) 4 entitled “San Francisco International Airport Treatment
Technology Selection” identified the following unit treatment processes for IWTP and
tertiary treatment plant upgrades:

IWTP Unit Treatment Processes:

e Dissolved air flotation with flocculation

e Trickling filter and secondary clarification
Tertiary Treatment Unit Treatment Processes:
e Membrane filtration

e Chlorine contact basin

e Recycled water storage (a consideration will also given to provide recycled water
storage tank with integrated chlorine contact basin)

The objective of this report is to define the project elements and unit treatment processes in
sufficient detail. This information will be used in the Facility Design Definition phase. It also
provides preliminary cost estimates for each new unit and a preliminary construction
schedule. TM 5 is based on information developed in previous TMs 2 through 4, which are
provided in Appendix E for reference.

1.2 Primary and Secondary Treatment Process Change Details

The following sections describe the existing IWTP treatment units and processes as well as
the proposed changes.

WBG090512211739SCO 11



1.0 PRELIMINARY PROCESS DESCRIPTION

1.2.1 Equalization Basin

The existing equalization tank is a 60-foot diameter, 30-foot tall steel tank with a total
volume of 560,300 gallons. However, the wastewater flows by gravity to the rapid mixed
tank such that the equalization tank can only be emptied to an elevation equal to the
existing rapid mix tank #1 liquid level plus the gravity flow head loss between the two
tanks. The effective storage volume is limited to 200,000 gallons. Additional equalization
storage capacity is needed and will be provided as noted below.

The existing tank will be retained and refurbished. The tank is old and has operational
problems such as a broken mixer, etc. The construction contractor will determine the nature
and extent of refurbishment required.

In order to increase the equalization capacity of the existing equalization tank by a factor of
about 2, a new pump station will be installed to pump the wastewater to the new rapid mix
tanks, allowing the full volume of each equalization tank to be used if necessary. Utilization
of the full volume of the equalization tank will also minimize the buildup of sludge at the
bottom of the tank. Currently, the tank can only empty about half of the volume, thereby
allowing sludge to build up in the tank with no easy means to remove it. A bypass valve
will be installed in parallel to the new pumps station to maintain the possibility of gravity
flow to the dissolved air flotation (DAF) units. An emergency bypass will also be installed to
send the equalization tank effluent to any of the Sequencing Batch Reactors (SBRs), one of
which will be empty at any given time to receive wastewater in an emergency.

The existing trickling filter will be used for equalization purposes while the existing
equalization tank is being refurbished to allow IWTP operation during construction (see
discussion below under secondary treatment).

1.2.2 Preliminary Treatment

The existing preliminary treatment facilities consist of a rapid mix tank and a flocculent tank
with detention times of 5 and 10 minutes, respectively. The existing rapid mix tank is used
to mix the coagulant agent and the polymer into the wastewater, with an option to also add
caustic or acid. Both tanks are located in the IWTP building.

In the new IWTP, rapid mixing and flocculation steps will be integrated into each of three
new DAF units as described below.

1.2.3 Primary Treatment

The existing primary treatment facilities include two DAF units. The existing DAF units do
not have bottom sludge collectors to collect heavy material that settles out, requiring
periodic shutdown and cleanout of the DAF units.

The new design will include three new 50 percent capacity DAF units. The proposed DAF
units each include an integrated rapid mixing zone and flocculation zone and are expected
to produce a thickened sludge of 2 to 4 percent. The new DAF units will be canopy covered
in the new IWTP building.

DAFs can be either the circular type with a rake mechanism for sludge solids removal or the
rectangular type with submerged sludge scrapers or screw conveyors for sludge solids
removal. The circular design has the advantage of using well-proven, robust rake
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1.0 PRELIMINARY PROCESS DESCRIPTION

mechanisms that operate very reliably; however, the circular design occupies a somewhat
larger footprint. The rectangular design typically includes a bottom scrapper, a “V” bottom
and a submerged screw conveyor, and/or automatic valves to remove sludge solids. The
rectangular design occupies less space. Quotes for both types of DAF units are provided in
Appendix B. SFIA staff have made the decision to go with rectangular DAF units. (Note:
Type of sludge removal device is yet to be finalized.)

1.2.4 Secondary Treatment

The existing secondary treatment includes a DAF effluent pump station, rapid mix tank #2,
a trickling filter, and two clarifiers. The existing rapid mix tank is used for pH control (if
needed —normally bypassed) with the possibility of adding sodium hydroxide of sulfuric
acid into the wastewater. The tank detention time is 3.4 minutes.

Under current operations, the wastewater is pumped from the rapid mix tank #2 to

one 100 percent capacity trickling filter. The existing trickling filter is a 75-foot diameter,
13.5-foot tall steel tank filled with plastic medium. Wastewater is applied at a controlled rate
with a rotary distributor at the tank top. The existing recycle flow ranges from 1.2 million
gallon(s) per day (mgd) to 2.4 mgd. Two 100 percent capacity, 32-foot diameter, 15-foot tall
steel tank clarifiers are used for removing total suspended solids (TSS). The sludge is
currently sent to Pump Station F, from which the sludge flows into the equalization tank
and subsequently to the DAF units (as floating scum or bottoms sludge) and ultimately
discharges into the drying beds. The clarified effluent currently flows by gravity to a small
industrial wastewater chlorine contactor and subsequently by gravity flow to the existing
combined effluent pumping station.

For the new facility, one new rapid mix tank #2 will be installed (for pH control if needed —
normally bypassed). It will be a 4,100-gallon steel tank with the same detention time as the
existing tank at design flow.

A new 100 percent capacity trickling filter will be installed. The trickling filter tank will be
constructed of steel and the size will be about 76-foot diameter by 15-foot tall, about the
same as the existing trickling filter. The recirculation pumps will be set up the same way as
the existing scheme, with a design flow of 1.6 mgd to insure sufficient loading. Recirculation
of trickling filter effluent from the tank bottom to the top improves filter efficiency and
reduces odor potential. A rotary distribution arm on top of the filter will allow a good flow
distribution.

Two new 100 percent capacity concrete clarifiers will be built with a size similar to the
existing ones. The clarified effluent will be pumped directly to the new tertiary treatment
process. The clarifier sludge will be recycled directly to the DAF units instead of to the
equalization tank to minimize solid settling and sludge buildup in the equalization tank.
As an alternative scenario, capability to send the clarifier sludge to the waste sludge pump
station for direct discharge to the sludge drying beds will be provided.

After the new trickling filter is installed, the existing trickling filter will be utilized as a
temporary equalization tank while the existing equalization tank is being refurbished. After
all construction is completed, the existing trickling filter will be abandoned in place or used
for other purposes yet to be determined.

WBG090512211739SCO 1-3



1.0 PRELIMINARY PROCESS DESCRIPTION

1.2.5 Disinfection System

The clarified effluent is currently sent to an existing small chlorine contact basin at the
IWTP. The chlorination facilities consist of a chlorine contact basin and sodium hypochorite
storage and metering system. The basin is a 15-foot by 50-foot concrete structure, placed

3 feet below grade level, with a depth of 6 feet. The chlorine contact basin provides

20 minutes of contact time.

In the new IWTP, the trickling filter effluent will be sent directly to tertiary treatment
through a new pump station or to the existing combined chlorine contact basin.
The disinfection process will not be part of the secondary treatment units.

1.2.6 Sludge Handling Facility

Under current operations, sludge from the DAF process flows by gravity to the sludge wet
well. From there, it is pumped to the sludge drying beds for dewatering. The clarifier sludge
is pumped to the equalization tank and recirculated through the plant.

The same configuration for sludge pumping will be retained in the new IWTP. In the new
ITWP, the clarifiers sludge will be sent directly to the DAF units. Sludge will be produced
on the DAF units” tops and bottoms. It will be pumped similarly to the existing drying beds
through a waste sludge pit. The volume of the new waste sludge pit will be twice as big as
the existing one, as requested by facility staff.

It is recommended that the clarifier sludge be recycled directly to the DAF units instead of
to the equalization tank to minimize solid settling and sludge buildup in the equalization.

1.2.7 Chemical Facilities

The existing system includes storage tanks for caustic, alum, and polymer storage and
mixing. The system also includes feeders, mixers, metering pumps, flow meters, day tanks,
and associated controls. The chemical facilities will be installed in a separate enclosed room
attached to the new DAF canopy building. A nominal 45-day supply of chemicals will be
provided. Although not required for routine usage, a small acid metering system (for
example, carboy size) will be included for emergency pH control.

1.2.8 Clarifier Effluent Pump Station

The existing clarified effluent pump station will be replaced or refurbished to pump clarifier
effluent to the new tertiary treatment system or to the combined chlorine contactor. The
pump station will have a design flow of 1.7 mgd.

1.3 Tertiary Treatment Process Change Details

The proposed tertiary treatment plant will produce up to 1.0-mgd disinfected tertiary
recycled water for unrestricted nonpotable uses including landscape irrigation and urban
reuse. The tertiary treatment plant will be designed to handle both ITWP and SWTP
secondary effluent. However, as noted in TM 3 and TM 4, the SWTP secondary effluent will
be used as the primary source for the tertiary treatment. Furthermore, the quality of the
SWTP secondary effluent is such that it controls the design of the tertiary treatment plant
design. The SWTP secondary effluent has an average turbidity of 11 nephelometric turbidity
units (NTU) with periodic excursion exceeding 20 NTU, which is more challenging to treat
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1.0 PRELIMINARY PROCESS DESCRIPTION

and meet Title 22 recycled water criteria compared to treating INTP secondary effluent. The
tertiary treatment plant will include membrane filtration, chlorine disinfection, and recycled
water storage.

1.3.1 Membrane Filtration

Membrane filtration, micro filtration or ultra filtration (MF/UF), is a pressure-driven
separation process that typically employs hollow-fiber membranes to block the passage of
solids (i.e., turbidity, suspended solids) and pathogenic microorganisms, including bacteria
and protozoa. While MF pore sizes range from about 0.1 to 0.2 micron (nominally

0.1 micron), UF pore sizes range from 0.01 to 0.05 micron (nominally 0.01 micron). Despite
the pore-size differences, both systems produce virtually solids-free effluent with a turbidity
typically less than 0.1 NTU without chemical addition for particle coagulation.

MEF /UF can be configured as both pressurized (encased) or submerged systems. MF/UF
systems are also classified based on flow pathway (outside-in vs. inside-out). For high solids
feed water applications (i.e., reuse application), outside-in MF/UF systems generally
perform better than inside-out configurations. In both types of systems, membrane fibers are
bundled in groups of several thousand and potted in a resin on both ends to form a module,
with tens to hundreds of modules coupled together to form a system. With pressurized
type, the modules are housed in a pressure vessel, or the vessel is integral to the module.
Feed water is pressurized and applied to the feed side of the membranes in the module.
Typical operating pressures range from 3 to 40 pounds per square inch (psi), depending on
membrane technology and specific product operating conditions.

MEF/UF systems are designed to filter small suspended solids and particles. Larger-size
suspended solids, if allowed to enter the fiber bundle, can cause fiber damage (including
breakage), and accumulate, leading to a buildup of solids. As a result, MF/UF systems
employ self-cleaning strainers with a screen size of 500 microns or less to prevent entry of
larger particulates into the membrane modules. As constituents accumulate on the
membranes, modules need to be backwashed or cleaned chemically to prevent membrane
fouling. The backwash flows will be returned to the head of the SWTP for further
processing. Chemical cleaning waste will be neutralized and returned back to the head of
the SWTP.

For small applications (<1.5 mgd), packaged membrane systems are more cost effective than
custom design systems. In addition, pressurized membrane systems require less footprint
and are typically more cost effective than submerged membrane systems for small
applications (<5 to 10 mgd). Therefore, in this project, packaged and pressurized membrane
systems will be considered. Because membranes are proprietary, the design filtration (flux),
backwash, and chemical cleaning regimes may vary among the suppliers. The design
criteria in this TM is based on a packaged MF system (AP-6) provided by Pall
Microfiltration System. It should be noted that other membrane systems supplied by
Siemens, GE Water and Process, DOW, Toray, and California Department of Public Health
(CDPH)-approved other membranes are also qualified and can be used in this project.

Two membrane trains (each has capability to produce 0.5 mgd) will be provided. The
treated (filtered) flow will enter the chlorine contact basin influent channel. Since the filtrate
from the pressurized MF/UF systems will have a residual pressure of minimum 10 to
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15 pounds per square inch (psi), which is enough to convey flow to the chlorine contact
basin without additional pumping.

1.3.2 Chlorine Disinfection

The filtered wastewater will be disinfected in a dedicated chlorine contact basin (CCB).
The new CCB for the tertiary treatment plant will be sized using tertiary peaking factor of
1.5 to satisfy peak recycled water demand. Chlorine in the form of gaseous chlorine or
liquid sodium hypochlorite is injected into the wastewater. Chlorine disinfection should
provide a minimum concentration times contact time (CT) requirement of 450 milligrams
(mg) per minute per liter with a modal contact time of no less than 90 minutes enforced by
the CDPH. A tracer testing is required to determine modal contact time for the CCB.
Current design practices generally use 120-minute hydraulic detention time in lieu of
90-minute modal contact time for well-baffled CCBs, which form a plug flow to provide
adequate contact between disinfectant and wastewater pathogen.

The chlorine demand for the tertiary plant will be calculated by a programmable logic
controller (PLC) based on the chlorine dose setpoint and filtrate flow, with the chlorine
residual analyzers (at the end of the new CCBs) providing the trimming signal to control the
chlorine dose.

The inlet to the new CCBs will consist of sluice gates to minimize off-gassing. A motor-
operated sluice gate connected to a pipe will be provided at the end of the last pass of the
CCB to allow out-of-compliance water to be conveyed to the plant outfall.

A dedicated chlorine feed and storage system will be provided for tertiary plant disinfection
system. Liquid sodium hypochlorite (12.5 percent) will be used for disinfection. The chlorine
feed and storage system will consist of one bulk tank, one day tank, and chemical transfer
and metering pumps (each will arrange as one duty plus one standby).

1.3.3 Recycled Water Storage

For most recycled schemes (i.e., landscape and agricultural irrigation), the recycled water
demand usually occurs only during a portion of the day, thereby requiring water storage to
satisfy the demand. The SFIA staff indicated that the recycled water can be distributed to
the users throughout the day, which reduces the need for recycled water storage. With the
lack of detailed recycled water, demand data, and per SFIA staff input, a recycled water
storage volume of 200,000 gallons was assumed.

For recycled water storage, there are two viable options:
e A concrete tank adjacent to the chlorine contact basin tank effluent
e A storage tank with integrated CCB

In the second option, a 325,000-gallon storage tank will be constructed and baffled to
simulate the CCB flow pattern to enhance contact between chemical and microorganisms to
ensure adequate inactivation of pathogens. The baffle walls will be extended almost to the
tank height and a level sensor will be provided to maintain the CCB volume. A minimum
volume of 125,000 gallons will be maintained and dedicated for the CCB, while the
remaining volume of 200,000 gallons will serve as storage.
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One main advantage of the second option over the first one is that it combines both CCB
and recycled water in a single tank that reduces footprint requirement. On the other hand,
the second option requires pumping after CCB, which contributes to both capital and
operations and maintenance (O&M) cost of the facility. Comparison of capital costs (include
contractor markups and 25 percent project contingency) revealed that Option 1 ($1,465,000)
is slightly better option than Option 2 ($1,549,000) offering about $84,000 savings in capital
investment. Option 1 has slightly lower O&M cost than Option 1 due to exclusion of
intermediate pumping. Despite the cost disadvantage, the footprint available in the site may
favor Option 2 over Option 1. Therefore, footprint and facility requirements will be
developed for the two options considered.

1.3.4 Recycled Water Pump Station

A new recycled water pump station will convey recycled water to SFIA’s users. The variable
frequency drive (VFD)-driven pumps will operate to maintain a desired pressure setpoint in
the recycled water distribution system. Because the recycled water will mainly be used
within the SFIA boundary and its close proximity, the hydraulic grade lines for the recycled
water users may be very similar, which simplifies pump station and distribution system
design. A TDH of 150 feet was assumed for sizing the recycled water pump station (to be
verified in forthcoming task). Two pumps (one duty and one standby), along with a
common jockey pump, are selected for the design. The recirculation piping system consists
of a branch on the main discharge header with a pressure reducing valve and manual
isolation valve that will return the recycled water back to the recycled water storage tank.
The recirculation piping system will be used when the actual recycled water demands are
below the minimum operating flow of the jockey pump.

1.4 IWTP Upgraded Overall Process

1.4.1 Preliminary Mass Balance

Process schematics with flow, TSS, and biochemical oxygen demand (BOD) information for
the primary, secondary, and tertiary treatment are provided in Appendix A.

The SWTP secondary effluent will be used as the primary source for the tertiary treatment.
Considering SFIA objectives to reduce NPDES discharges and maximize recycled water
production in the near future, the tertiary treatment plant will be designed to treat both
IWTP and SWTP secondary effluent. TM 4, San Francisco International Airport Treatment
Technology Selection, identified that membrane filtration is the most suitable and cost-
effective technology to meet turbidity criteria of Title 22 recycled water regulations. Because
membrane filtration is an absolute barrier to solids, chemical pretreatment for solids
removal is not required to meet Title 22 turbidity requirements. Membranes require
frequent backwashes and periodic chemical cleanings during which no water is produced.
To satisfy redundancy criteria of Title 22 recycled water regulations, two identical
membrane trains will be provided that will satisfy average recycled water demand as one
train out of service. While the chlorine feed pumps are configured as duty and standby
arrangements, no redundant train for CCB will be provided, because CCB itself has no
mechanical or electrical component that requires routine maintenance. Appendix A shows
the process schematics and flows and solids mass balances under design flows (1.0 mgd
recycled water produced) for the two train options (one with separate CCB and recycled
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water storage and the other with combined CCB and water storage). The backwash streams
from strainers and MF will be returned back to the SWTP headworks. The chemical cleaning
wastes from MF will be neutralized before being returned to the SWTP headworks.

1.4.2 Primary and Secondary Treatment Design Criteria

Preliminary design criteria for the major equipment associated with the INTP upgrade is
provided in Table 1-1. Appendix B includes equipment information from vendor quotes.

TABLE 1-1
Primary and Secondary Treatment Design Criteria

Design Criteria

Value

Equalization Tank Pump Station

Number of Feed Pumps

3 (2 duty+1 standby)

Pump TDH, each, feet 35
Capacity, each, mgd 0.85
Brake Motor, HP, each 7.0
Pump HP, each 10.0
Alum Pump Station
Design Flow, mgd 1.7
Design Dosage, mg/L 50 (30 - 70)
Design Daily Usage, Ib/day 709
Effective (Active) Density, lb/gal 5.42
Design Daily Usage, gal/day 131
Number of Feed Pumps 2 (1 duty+1 standby)
Capacity of Pump, gph, each 10
Type Hydraulically actuated flat diaphragm
Pump Motor 1/2 hp
Alum Storage
Number of tanks 1
Tank volume, each, gal 5,000
Tank description Fiberglass
Minimum Storage Provided at Design Flows and Dose, days 38
Also Includes: feeder, mixer, metering pump, flowmeter, day tank, and control
Polymer Feed and Storage System
Polymer Pump Station
Design Flow, mgd 1.7
Design Dosage, mg/L 60 (40 - 80)
Design Daily Usage, Ib/day 851
Effective (Active) Density, Ib/gal 9.17
Design Daily Usage, gal/day 93
Number of Feed Pumps 2 (1 duty+1 standby)
Capacity of Pump, gph, each 5
Type Hydraulically actuated flat diaphragm
Pump Motor 1/2 hp
Polymer Storage
Number of tanks 2
Tank volume, each, gal 133

Tank description

Fiberglass for polymer mixing and aging

Also Includes: feeder, mixer, metering pump, flowmeter, day tank, and control

Rapid Mix Tank No.2

Number of tanks 1
HRT, min 3.4
Tank volume, each, gal 4,100
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TABLE 1-1
Primary and Secondary Treatment Design Criteria

Design Criteria

Value

DAF Units

Mixing Integrated Unit

Flocculation Integrated Unit

DAF Unit (rectangular, V Bottom with screw conveyor-pending)

3 @ 50% Capacity each

s . . 8 x 58 (Westech)
DAF Unit Dimensions, feet wide x feet long 12 x 22 (World Water Works)
Recycle pumps Included

Scum/sludge Pump Station

Number of Feed Pumps

3 (2 duty+1 standby)

Pump TDH, each, ft 20
Capacity, each, mgd 0.0035
Brake Motor, HP, each 0.016
Pump HP, each 5.0

Primary to Secondary Pump Station

Number of Feed Pumps

3 (2 duty+1 standby)

Pump TDH, each, ft 35
Capacity, each, mgd 0.85
Brake Motor, HP, each 7.0
Pump HP, each 10.0
Acid Feed System (Sulfuric Acid)
Acid Metering Station
(For emergency use only)
Number of pumps 1
Type Metering Pump
Number of tanks (carboys) 1
Tank volume, each, gal 100 to 250
Tank description (provided by chemical supplier) Carboy
Caustic Feed and Storage System
Caustic Pump Station
Design Flow, mgd 1.7
Design Dosage, mg/L 3
Design Daily Usage, Ib/day 43
Effective (Active) Density, lb/gal 6.42
Design Daily Usage, gal/day 7
Number of Feed Pumps 2 (1 duty+1 standby)
Capacity of Pump, gph, each 5
Type Hydraulically actuated flat diaphragm
Pump Motor 1/2 hp
Caustic Storage
Number of tanks 1
Tank volume, each, gal 1,600
Tank description FRP or HDPE
Minimum Storage Provided at Design Flows and Dose, day 241
Also Includes: feeder, mixer, metering pump, flowmeter, day tank, and control
Trickling Filter
Tank
Number of Units 1 steel tank
Tank dimensions, each, feet diameter x ft height 76 x 15
Packing Media
Media volume, feet® 46,720
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TABLE 1-1
Primary and Secondary Treatment Design Criteria

Design Criteria

Value

TF Flow Recirculation Pumps

Number of Feed Pumps

3 pumps (2 duty+1 standby)

Feed Pump TDH, each, feet 20
Design flow (50%), each, mgd 0.82
Pump HP,, each 25
Distribution Arm

Secondary Clarifier
Number of Units 2
Tank dimensions, each, feet diameter x feet height 32x15

Sludge Recirculation Pump Station

Number of Feed Pumps

3 (2 duty+1 standby)

Pump TDH, each, feet 35
Capacity, each, mgd 0.0035
Brake Motor, HP, each 0.029
Pump HP, each 5.0

Pump Station to Tertiary Treatment

Number of Feed Pumps

1 duty + 1 standby and a small Jockey pump

Pump Type

Vertical Turbines

Pump TDH, each, feet 150
Capacity, each, mgd 1.7
Brake Motor, HP, each 59.6
Pump HP, each 70.0
Drive VFD

1.4.3 Tertiary Treatment Design Criteria

Tables 1-2 and 1-3 present tertiary treatment design criteria for the two options presented in
Appendix A. The membrane filtration design criteria in Table 1-2 are based on Pall
Corporation AP 60 packaged pressurized MF system. Other CDPH packaged membrane
filtration systems (MF or UF) utilizing CDPH-approved membranes provided by GE Water
Technologies, Siemens, DOW, Toray, and others may also be considered for facility design.

TABLE 1-2

Tertiary Treatment Design Criteria for MF/UF,CCB, and Separate Recycled Water Storage

Design Criteria Value
Membrane Pretreatment-Self-Cleaning Strainer

Design Feed Flow, mgd 1.06
Clean strainer pressure drop at the design flow, psig 1
Projected backwash waste (% of the feed) 0.5
Screen Size, um 300
Expected Head Loss, psi <2 psi

Type

Automatic self cleaning

Number of Strainers

2 (1duty+1 standby)

Motor Size, hp 0.25
Membrane System1

Design feed flow, mgd 1.05
Design filtrate flow, mgd 1.00
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TABLE 1-2

Tertiary Treatment Design Criteria for MF/UF,CCB, and Separate Recycled Water Storage

Design Criteria

Value

Membrane Modules

Type

AP-6 Package

Nominal Pore Size, micron 0.1
Membrane Material PVDF
Membrane Area per Module, ft? 538
Number of membrane trains 2
Number of Modules Per Train 60
Membrane Module Area per Train, ft? 32,280
Flux with one train out of service at Design Flow, gpd/ft2 31
Recovery, % 95
Maximum TMP, psi 40

Membrane Feed Pumps

Number of Feed Pumps

One per Train (1 shelf spare)

Feed Pump TDH, each, feet 110
Horsepower, each, HP 30
Drive VFD

Reverse Flow Pumps

Number of Feed Pumps

One per Train (1 shelf spare)

Feed Pump TDH, each, feet 69
Horsepower, each, HP 20
Drive VFD

Reverse Flow Tanks

Number of Tanks

One per Train (1 shelf spare)

Material HDPE
Volume, gal 1,100
Compressed Air System

Number of Compressors 2 (1 Duty+1 standby)
Type Rotary Screw
Number of Receivers 1

Type Vertical
Pressure rating, psi 200 (ASME Coded)
Drain Valve, inches 0.5

Drain Valve Type Ball Valve

CIP Skid (One Common Skid)

Number of CIP Tank 1
Volume of Tank, gal 2,500
Material of Construction HDPE

CIP Recirculation Pumps

Number of Recirculation Pumps per Train

One per Train (1 shelf spare)

Capacity, each, gpm 120
Motor, hp 3
Drive VFD
Neutralization Skid (One Common Skid)

Number of Neutralization Tank 1
Volume of Tank, gal 8,750
Material of Construction HDPE
Diameter, feet 12
Tank SWD, feet 10.4
Tank Shell Height, feet 12.4
Volume, gal 8,800
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TABLE 1-2

Tertiary Treatment Design Criteria for MF/UF,CCB, and Separate Recycled Water Storage

Design Criteria

Value

CIP Chemical Transfer Pumps

Number of Chemical Feed Pumps

3 (1 shelf spare)

Capacity, gpm, each 3
Motor, hp 0.5
Chlorine Disinfection

Chlorine Feed System

Design Chlorine Dose, mg/L 10
Design Chlorine Dose for Chlorine Residual 2
Chlorine Strength, % 12.5
Design Flow, mgd 1.00
Design Daily Sodium Hypochlorite Usage for Disinfection, lb/day 83
Design Daily Sodium Hypochlorite Usage for Disinfection, gal/day 66.2
Number of Tanks 1
Type FRP
Diameter, feet 10
Tank SWD, feet 6
Tank Shell Height, feet 8
Volume, gal 3,520
Storage Provided at Average Flow, days 53

Chlorine Metering Pumps

Number of Metering Pumps

2 (1 duty+1 standby)

Capacity, each, gph 10.0
hp, each 0.25
Chlorine Contact Basin

Design Flow, mgd 1.0
Peak Hourly Flow at Tertiary peaking Factor of 1.5, mgd 1.5
Minimum Detention Time, minutes 120
Minimum CT, mg/L*minutes 450
Basin Volume, gal 125,000
Number of Basins 1
Number of Passes per Basin 3
SWD, feet 9
Length, feet 75
Width of Each Pass, feet 9
Total Volume Provided, gal 136,400
Chlorine Contact Basin Influent Channel

Channel width, feet 10
Channel Length, feet 31
Channel Depth, feet 9
Recycled Water Storage Tank

Channel width, feet 31
Channel Length, feet 60
Channel Depth, feet 15
Desired Volume, gal 200,000
Volume Provided, gal 208,700
Recycled Water Pump Station

Design Flow, mgd 1.5

Design TDH, feet

150 (to be verified during facility design)

Number of Pumps

2 (1 duty+1 standby) plus one small jockey pump

Capacity, each, gpm

1,100

Motor, each, hp

60

! Membrane system design is based on Pall Corporation AP 60 Packaged MF system. Other packaged membrane filtration
systems with CDPH-approved membranes are qualified and can be used during facility design.
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TABLE 1-3

Tertiary Treatment Design Criteria for MF/UF, CCB, and Water Storage with Integrated CCB
Design Criteria Value
Membrane Pretreatment-Self-Cleaning Strainer

Design Feed Flow, mgd 1.06
Clean strainer pressure drop at the design flow, psig 1
Projected backwash waste (% of the feed) 0.5
Screen Size, um 300
Expected Head Loss, psi <2 psi

Type

Automatic self cleaning

Number of Strainers

2 (1duty+1 standby)

Motor Size, hp 0.25
Membrane System1

Design feed flow, mgd 1.05
Design filtrate flow, mgd 1.00

Membrane Modules

Type

AP-6 Package

Nominal Pore Size, micron 0.1
Membrane Material PVDF
Membrane Area per Module, ft? 538
Number of membrane trains 2
Number of Modules Per Train 60
Membrane Module Area per Train, ft’ 32,280
Flux with one train out of service at Design Flow, gpd/ft2 31
Recovery, % 95
Maximum TMP, psi 40

Membrane Feed Pumps

Number of Feed Pumps

One per Train (1 shelf spare)

Feed Pump TDH, each, feet 110
Motor, each, hp 30
Drive VFD

Reverse Flow Pumps

Number of Feed Pumps

One per Train (1 shelf spare)

Feed Pump TDH, each, ft 69
Motor, each, hp 20
Drive VFD

Reverse Flow Tanks

Number of Tanks

One per Train (1 shelf spare)

Material HDPE
Volume, gal 1,100
Compressed Air System

Number of Compressors 2 (1 Duty+1 standby)
Type Rotary Screw
Number of Receivers 1

Type Vertical
Pressure rating, psi 200 (ASME Coded)
Drain Valve, inches 0.5

Drain Valve Type Ball Valve

CIP Skid (One Common Skid)

Number of CIP Tank 1
Volume of Tank, gal 2,500
Material of Construction HDPE
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TABLE 1-3

Tertiary Treatment Design Criteria for MF/UF, CCB, and Water Storage with Integrated CCB

Design Criteria

Value

CIP Recirculation Pumps

Number of Recirculation Pumps per Train

One per Train (1 shelf spare)

Capacity, each, gpm 120
Motor, each, hp 3
Drive VFD
Neutralization Skid (One Common Skid)

Number of Neutralization Tank 1
Volume of Tank, gal 8,750
Material of Construction HDPE
Diameter, feet 12
Tank SWD, feet 10.4
Tank Shell Height, feet 12.4
Volume, gal 8,800

CIP Chemical Transfer Pumps

Number of Chemical Feed Pumps

3 (1 shelf spare)

Capacity, each, gpm 3
Motor, each, hp 0.5
Intermediate Pump Station

Design Flow, mgd 1.00
Design TDH, feet 40
Number of Pumps 2 (1 duty+1 standby)
Capacity, each, gpm 750
Motor, each, hp 15
Chlorine Feed System

Design Chlorine Dose, mg/L 10
Design Chlorine Dose for Chlorine Residual 2
Chlorine Strength, % 12.5
Design Flow, mgd 1.00
Design Daily Sodium Hypochlorite Usage for Disinfection, Ib/day 83
Design Daily Sodium Hypochlorite Usage for Disinfection, gal/day 66.2
Number of Tanks 1
Type FRP
Diameter, feet 10
Tank SWD, feet 6
Tank Shell Height, feet 8
Volume, gal 3,200
Storage Provided at Average Flow, days 53

Chlorine Metering Pumps

Number of Metering Pumps

2 (1 duty+1 standby)

Capacity, each, gph 10.0
Motor, each, hp 0.25
Chlorine Contact Basin

Recycled Water Storage with Integrated Chlorine Contact Basin

Design Flow, mgd 1.0
Peak Hourly Flow at Tertiary peaking Factor of 1.5, mgd 15
Minimum Detention Time, minutes 120
Minimum CT, mg/L*minutes 450
Minimum Basin Volume Required for CCB, gal 125,000
Storage Volume, gal 200,000
Total Tank Volume, gal 325,000
Number of Tanks 1
Diameter, feet 50
Tank SWD, feet 23

WBG090512211739SCO

1-14




1.0 PRELIMINARY PROCESS DESCRIPTION

TABLE 1-3

Tertiary Treatment Design Criteria for MF/UF, CCB, and Water Storage with Integrated CCB

Design Criteria Value

Tank Shell Height, feet 25.5

Total Volume Provided, gal 337,700

Recycled Water Pump Station

Design Flow, mgd 1.5

Design TDH, ft 150 (to be verified during facility design)
Number of Pumps 2 (1 duty+1 standby) plus one small jockey pump
Capacity, each, gpm 1,100

Motor, each, hp 60

! Membrane system design is based on Pall Corporation AP 60 Packaged MF system. Other packaged membrane filtration
systems with CDPH-approved membranes are qualified and can be used during facility design.

1.5 Power Supply and Distribution System

This section will be completed upon confirmation of the above.

1.5.1 Preliminary Load Analysis
1.5.2 Primary Power Supply
1.5.3 Standby Power System

1.6 Site Layout and Hydraulic Profile

A preliminary site layout is provided in Appendix C. The wastewater is expected to either
flow by gravity or be moved by pumps. The equalization tank effluent will be pumped to
the DAF units. The DAFs effluent will flow by gravity to Rapid Mix Tank #2 and then will
be pumped to the trickling filter. The DAFs scum and sludge will be pumped to the drying
beds. The secondary clarifiers will be partially underground, so that the trickling filter
effluent will flow to them by gravity. Sludge from the secondary clarifiers will be pumped
and recirculated to the DAF units. A pumps station will send the secondary clarifier effluent
to the tertiary treatment location or to the combined chlorine contactor.

1.7 Preliminary Process Control Narratives
1.7.1 Equalization Tank

After refurbishment, the existing equalization tank and associated pump station will be
controlled based on tank level control. The associated pumps will have VFDs.

1.7.2 DAF Units

The following description corresponds to a standard control system for these units.

In the flocculation mixing chamber, the mixer gently mixes inlet stream to promote particle
growth. The flocculator drive unit is mounted on the tank side wall. The flocculator drive
unit consists of a VFD-rated motor coupled to a constant speed reducer. The flocculated
stream is sent to the floatation chamber. These flocs are floated to the surface where they are
collected by the skimmer system and moved to the float chamber for removal. Heavier solid
particles that settle to the floor of the tank are removed by using drain valves. Clarified
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effluent flows under a baffle and over an adjustable weir at the discharge end of the DAF
clarifier.

Part of the clear effluent is withdrawn from the effluent collection box and directed through
recycle pumps into the saturation tank. Within the saturation tank, air is dissolved into the
liquid under pressure. The liquid level within the tank is controlled by the amount of air
and the air release valve. The air saturated liquid then exits the saturation tank and is
directed toward the back pressure control valve. This valve is designed to create very fine
air bubbles as the saturated air is suddenly released from the liquid. The valve is placed
such that the air bubbles are released near the inlet of the sludge.

The pressurization system includes a recycle pump that sends part of the effluent into a
saturation tank. A torque box automatically stops the drive in the event that the torque limit
is exceeded. The air is dissolved into the water, and the pressurized mixture is then directed
into the back pressure pipe inlet. Pressure gauges measure pressure in the primary recycle
line after the primary recycle pump saturation tank and in the piping before entering a back-
pressure control valve.

An air flow control panel regulates and measures air flow and pressure to the saturation
tank. The control panel includes a pressure regulator, a solenoid valve connected to the
recycle pump and a rotameter.

The saturation tank is equipped with a level controller that controls the water level in
relation to air flow and pressure. A pressure relief valve is installed for safety. The sight
glass visually shows the level of liquid in the saturation tank and indicates a high water
alarm.

An electrical control panel monitors operation of the DAF mechanism.

1.7.3 Trickling Filter

Trickling filters are a simple biological treatment and require minimal process control
instrumentation. The arm rotary distributor will be driven by hydraulic head. The recycling
pumps will be equipped with VFDs, and the recycling flow should be adjusted to maintain
an adequate loading/wetting. A flowmeter on the pipe discharge will be required, so that
operators can either input the speed of the pumps and change it when necessary or they can
input a flow setpoint, and the recirculation pump speed is controlled to achieve the flow
setpoint.

1.7.4 Clarifiers

Secondary clarifiers monitoring and control takes many forms and can range from complete
manual operation to complete automation of clarifier sludge collection and withdrawal and
control of the clarifier’s sludge blanket level. Due to the size of the plant, limited automation
is recommended for this application. Removal of sludge in a manner that allows
maximizing solids concentration, while minimizing the effect of sludge removal on effluent
water quality, is the principal task of the controls. Typically, sludge and scum will be
removed alternatively based on levels in the skimming wells.

Because the sludge generation and withdrawal rates can vary over time as a result of
fluctuations of influent water quality and quantity, frequent monitoring of the concentration

WBG090512211739SCO 116



1.0 PRELIMINARY PROCESS DESCRIPTION

of sludge removed from the clarifiers and clarifier sludge blanket will be needed to provide
an indication of the overall clarifier performance.

1.7.5 MF/UF Feed Strainers

Operators can locally monitor differential pressure across each of the motorized automatic
strainers. Differential pressure signals will be transmitted to the plant PLC. The backwash
cycle will be triggered based on either differential pressure or a predetermined time
interval. Once a backwash cycle is triggered, the motorized drain valve located on the
equipment will be opened for a period of time that is factory selected. However, this time
period is field adjustable. One local control panel (LCP) will be provided with the strainers.
This LCP will control the backwash cycle for each strainer. The pressure differential value
and the strainer ON status will be displayed in the human-machine interface (HMI).

e LOCAL EQUIPMENT MONITORING AND CONTROL

— Operators can locally monitor the differential pressure across each strainer.
The differential pressure signal will be provided to the plant PLC.

— Operators can locally operate strainers at the common LCP provided with the
strainers. ON statuses for the strainers will be provided to the plant PLC.

e PCS MONITORING AND CONTROL
e PCSMANUAL - None.
e PCS AUTOMATIC

— The PCS will measure, scale, indicate, and trend the strainers differential pressures.
— The PCS will indicate the ON status for the strainers.

1.7.6 MF/UF Skids

There will be a magnetic flowmeter and modulating valve (motor operated) upstream of
each of the two membrane filter skids to control the flow of secondary effluent to each of the
skids. The operator will be able to set the flow to be treated by each MF/UF skid at the HMI.

Each of the modulating valves supplying secondary effluent to the membrane filtration
skids can be manually controlled at their respective local control stations by placing the
LOCAL-OFF-REMOTE (LOR) switch in LOCAL and pushing the OPEN-STOP-CLOSE
pushbuttons. By placing the LOR selector switch at the local control station to the REMOTE
position, each valve position can be controlled manually at the supervisory control and data
acquisition (SCADA) system by selecting MANUAL from their AUTO/MANUAL selector
and activating their POSITION CONTROL or OPEN/CLOSE software buttons at the HMI.

The minimum and maximum travel can also be set manually at the HMI for each of the
valves. When the LOR switch for the modulating valve is in REMOTE, the modulating valve
will be controlled to maintain its corresponding secondary effluent flow set point, which
will be entered by the operator at the HMI. The flowmeter corresponding to the modulating
valve will control the valve to maintain the flow set point.
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1.0 PRELIMINARY PROCESS DESCRIPTION

Each MF/UF skid will be provided with an LCP housing, a PLC, and control switches to
control and monitor system performance and backwash cycles. Each MF/UF skid PLC shall
receive the following input from the Plant PLC for operation of the system:

e CLOSED position for the inlet modulating valve for the MF/UF skid. If in the CLOSED
position, the corresponding MF/UF skid shall STOP running.

e OPEN position of the inlet modulating valve for the MF/UF skid. If not in the CLOSED
position, the corresponding cloth media filter skid shall be allowed to run.

e HIGH-HIGH level alarm from the storage tank shall STOP any operating MF/UF trains.

e LOW level signal from the storage tank shall increase the amount of flow to the
operating MF/ UF trains.

e MEDIUM-HIGH level signal from the storage tank shall decrease the amount of flow to
the MF/UF trains.

e HIGH level signal from the storage tank shall STOP any operating MF/UF trains.

e HIGH-HIGH level signal from the storage tank shall ALARM and STOP any operating
MF/UF trains.

The HMI will monitor the following signals from each of the MF/UF skids LCPs:
e MF/UF system ON
e MF/UF system FAIL

e All valve positions (OPEN/CLOSE/FAIL), backwash cycles (ON/OFF), backwash
pumps (ON/OFF/FAIL), and skid tank level

The two main operating modes for the MF/ UF skids are [AUTO] and [MANUAL]. A third
mode is labeled [DISABLED], meaning the machine is off and neither the Auto nor the
Manual mode is selected. [MANUAL] mode is only necessary for setup, troubleshooting
and maintenance.

e [LOCAL EQUIPMENT MONITORING AND CONTROL

— Operators can locally monitor the MF/UF feed water turbidity analyzer provided as
part of the MF/UF package system. The analyzer signal will be transmitted to the
MEF/UF PLC. The flow to the analyzer is set locally via a rotameter dedicated to the
analyzer.

— Operators can locally monitor the MF /UF effluent flow provided as part of the
MF /UF package system.

— Operators can locally monitor the MF/UF effluent turbidity analyzer provided as
part of the MF/UF package system. The analyzer signal will be transmitted to the
MF/UEF PLC. The flow to the analyzer is set locally via a rotameter dedicated to the
analyzer.
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1.0 PRELIMINARY PROCESS DESCRIPTION

e PCS MONITORING AND CONTROL

— The manufacturer of the MF/UF system supplier will provide the entire control
package for their respective systems, including the required instrumentation, control
and remote I/O panels, and PLC for automatic and manual operation.

— Data is transmitted via an Ethernet link between the MF/UF system master PLC
panel and the plant PLC.

— The MF/UF effluent flow signal will be transmitted to the plant PLC. Other signals
to transmit between the PCS and the MF/UF system will be determined as described
in the procurement specifications for the MF/UF system and as determined by
coordination with Pall Corporation, the MF/UF system supplier.

— Total feed flow from the lift pump stations shall be transmitted from the PCS to the
MF/UF system via the Ethernet link.

e PCSMANUAL - None.
e PCS AUTOMATIC

— The PCS will measure, scale, indicate, and trend the MF/UF feed water turbidity.

— The PCS will measure, scale, indicate, and trend the MF/UF effluent turbidity.
An alarm will be provided at the HMI after a time delay when a turbidity set point
of 0.5 NTU is exceeded.

1.7.7 Intermediate Pump Station (Optional - Valid for Recycled Water Storage
Tank with Integrated CCB)

An intermediate pump station will lift membrane-treated water to the recycled water
storage basin with integrated CCB.

Each pump will be started and stopped at the local control station by placing its LOR switch
to LOCAL and by using the START/LOCKOUT/STOP pushbuttons. Each pump will
operate at the speed set point, in this mode. In REMOTE AUTO, the VFD will operate at the
speed set by the SCADA system to maintain the level set point in the recycled water storage
tank. In REMOTE MANUAL mode, the operator can adjust the speed of each pump at the
VED control panel. In the REMOTE MANUAL mode, each of the pumps will be stopped by
pushing the STOP button.

Control of each pump will be transferred to the SCADA system by placing the LOR selector
switch at its local control station in REMOTE. In this mode, the pumps will operate to
maintain the level set point in the recycled water storage tank. This includes starting and
stopping the pumps and ramping their speed up and down.

The interface for the pump station control system includes:

e HIGH-HIGH level alarm from the existing wet well that will house the pumps shall
STOP any operating MF/UF trains

The following alarms and parameters will be monitored for each of the pumps:

e Motor ON status
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1.0 PRELIMINARY PROCESS DESCRIPTION

e REMOTE status
e VFD SPEED
e VFD FAIL alarm

In addition, the level in the recycled water storage basin will be monitored and displayed.

1.7.8 Sodium Hypochlorite Injection

A new sodium hypochlorite storage and feed system will be used for disinfecting filtered
water. One duty and one standby pump will be dedicated to disinfection. The sodium
hypochlorite will be injected upstream of the CCB or recycled water storage with integrated
CCB. Each of the SHC feed pumps will be started and stopped at the local control station by
placing its LOR switch to LOCAL and by using the START/LOCKOUT/STOP pushbuttons.
Each SHC feed pump will operate at the speed set point, in this mode.

¢ In REMOTE AUTO mode, the VFD for the disinfection SHC feed pump will operate at
the speed set by the SCADA system based on the filter effluent flow (flow pace function
based on the flowmeter downstream of the MF/UF and the chlorine residual
immediately upstream of the recycled water pump station (trim function). In REMOTE
MANUAL mode, the operator can adjust the speed of the sodium hypochlorite feed
pump at the VFD control panel. In the REMOTE MANUAL mode, the disinfection feed
pump will be stopped by pushing the STOP button.

Control of each SHC feed pump will be transferred to the SCADA system by placing the
LOR selector switch at its local control station in REMOTE as described above. This includes
starting/stopping each sodium hypochlorite feed pump and ramping their speed up and
down.

Below are the interfaces for the sodium hypochlorite feed pumps:

o Filter effluent NO flow signal (from the flowmeter downstream of the MF/UF) shall
STOP the sodium hypochlorite feed pump.

e HIGH-HIGH level alarm from the recycled water storage tank shall STOP the sodium
hypochlorite feed pump.

The following alarms and parameters will be monitored for each of the sodium hypochlorite
feed pumps:

e Motor ON status
e REMOTE status
e VFD SPEED

e VFD FAIL alarm

In addition, the level in the chlorine contact basin effluent channel.
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1.0 PRELIMINARY PROCESS DESCRIPTION

1.7.8.1 CCB/Recycled Water Storage Tank

The new CCB will be provided with baffles, a level transmitter, and a chlorine residual
analyzer on the effluent nozzle piping. Chlorinated effluent will be collected by the recycled
water storage tank, which will be adjacent to the effluent section of the CCB.

The interfaces for the CCB/Recycled Water Storage Tank are:
e LOW-LOW level signal from the level transmitter shall STOP the recycled water pumps.

e LOW level signal from the recycled water storage tank shall increase the amount of flow
to the MF/UF trains.

e MEDIUM-HIGH level signal from the level transmitter shall slow down the amount of
flow to the MF/UF trains.

e HIGH-level signal from the level transmitter shall STOP any operating MF/UF trains.

e HIGH-HIGH level signal from the level transmitter shall ALARM and STOP any
MF/UF trains.

The following status and alarms will be monitored: level in the recycled water storage tank,
LOW-LOW level and alarm, LOW level, MEDIUM-HIGH level, HIGH level, HIGH-HIGH
level and alarm, LOW chlorine residual and ALARM, and HIGH chlorine residual.

1.7.9 Recycled Water Pump Station

The new recycled water pumps will convey recycled water to SFIA’s recycled water users.
The VFD-driven pumps will operate to maintain a pressure set point in the recycled water
distribution system.

Each recycled water pump will be started and stopped at the local control station by placing
its LOR switch to LOCAL and by using the START/LOCKOUT/STOP pushbuttons. Each
recycled water pump will operate at the speed set point, in this mode. In REMOTE AUTO,
the VFD will operate at the speed set by the SCADA system to maintain the pressure set
point in the recycled water distribution system. In REMOTE MANUAL mode, the operator
can adjust the speed of each recycled water pump at the VFD control panel. In the REMOTE
MANUAL mode, each recycled water pump will be stopped by pushing the STOP button.

The interfaces for the recycled water pumps are:

e LOW level in the CCB/recycled water storage tank shall STOP the recycled water
pumps.

e LOW chlorine residual alarm from the chlorine residual analyzer on the effluent side of
the CCB/recycled water storage tank shall STOP the recycled water pumps.

e HIGH pressure switch alarm shall stop the corresponding pump.

The following alarms and parameters will be monitored for each of the RW pumps: motor
ON status, REMOTE status, VED SPEED, VED FAIL alarm, and motor run time meter. In
addition, the following signals will be monitored and displayed at the HMI: flow and
pressure in the distribution system.
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2.0 Preliminary Construction Cost Estimates

2.1 Construction Cost Estimate (Pending)
The construction cost opinion for the SFIA IWTP upgrade is presented in Table X (TBD),

and the breakdown of cost components for each facility is presented in Appendix X (TBD).

The cost opinion is based on July 2012 dollars and includes labor, materials, equipment,
overhead, bonds and insurance, mobilization, and contractor’s profit.
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3.0 Project Schedule, and Implementation

3.1 Permitting Requirements
3.2 Schedule and Implementation

Table 3-1 provides feasible site planning options for construction and commissioning of the
IWTP upgrades and tertiary treatment while keeping the IWTP operational. During the
construction of all project elements, the INTP must maintain full operational capabilities
(1.7 mgd) for all units.

TABLE 3-1

Construction Sequencing Constraints

Component Description/Constraints

Temporary IWTP Control Contractor shall provide a small trailer to serve as the IWTP Control Room.

Trailer This IWTP Control Room Trailer will remain in service until the new IWTP Control Room is
complete and all remote SCADA capabilities are transferred to the new IWTP Control
Room.

Trickling Filter (New) Existing drying bed area to be demolished.

A new Trickling Filter will be constructed.
Upon accepted operation of the new Trickling Filter, the existing Trickling Filter will be
converted to use as a Temporary Equalization Tank.

Equalization Tank The Temporary Equalization Tank must be operational prior to taking the existing
Equalization Tank out of service.
The existing Equalization Tank will be refurbished or replaced.

DAFs New DAFs, chemical storage, pump(s), and MCCs (local controls) will be constructed.

Yard piping to/from new DAFs to be completed.

The existing DAFs, chemical storage, pump(s), and MCCs may be demolished only after the
new DAFs, chemical storage, pump(s), and MCCs are operational.

Contractor must demonstrate full functionality of MCCs, including local and SCADA
control, prior to demo of the existing MCCs.

Secondary Clarifiers Demolish one of the two existing secondary clarifiers and construct a 100% Secondary
Clarifier in its location.

Upon acceptance of the new Secondary Clarifier, demolish the other existing Clarifier and
construct a second 100% Secondary Clarifier in its location.

Tertiary Treatment Since this facility is new and requires no expansion or modification of existing facilities, it
(Recycled Water Facility) can be constructed at any time.

The tertiary treatment facility shall include: Two 0.5-mgd MF/UF skids, chlorine contact
basin, recycled water storage tank, sodium hypochlorite storage and feed station, recycled
water pump station, and local tertiary treatment controls.

SCADA Programming to SWTP Control Room (confirm)

Existing recycled water facility and existing chlorine contact chamber may be demolished
upon accepted operation of the new tertiary treatment facility.

Piping of Secondary Clarifiers effluent to FEB.

Building 918 Remodel This remodel cannot commence until the new Laboratory and IWTP Control Room is
complete.

Building 908 Demo and New | This building cannot be demolished until the following is built and accepted:

Building - New DAFs, chemical storage, and pump

- All MCCs functionality currently housed in the building are rebuilt and operational
- AllIWTP Control Room Functionality is available in the IWTP Control Room Trailer

Bioassay Trailer Removal Bioassay trailer shall be removed following transfer of bioassay equipment to new lab.
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3.0 PROJECT SCHEDULE, AND IMPLEMENTATION

Based on the constraints shown during construction, a preliminary schedule was developed
and is presented in Appendix D.
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Appendix A
Process Schematics and Mass Balances
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Appendix B
Vendor Quotes

WBG090512211739SCO






From: An, Li [mailto:li.an@veoliawater.com]
Sent: Tuesday, August 07, 2012 8:57 AM
To: Abercrombie, Laure/DEN

Cc: Grigorieff, Mike/SCO

Subject: RE: CH2M Hill - DAF quote

Hello Laure,

The scope (as shown on attached drawings) for 3x Circular DAFs, each with skid-mounted
air dissolving tube and Recycle Pump, each with Support Stand with Access platform, each
with Tube Flocculator with Coagulant Static Mixer. A single NEMA-4 PLC-based Control
Panel will control all three DAFs.

Total Budgetary Price is $775,000.

Please let me know if you need anything else.
Thank you,

Li An

Li An, PhD
Senior Application Engineer

N.A. Water Systems

A Veolia Water Solutions & Technologies Company
Airside Business Park

250 Airside Drive

Moon Township, PA 15108

Direct: 412-809-6673

Mobile: 724-719-0130

Facsimile: 412-809-6075

Email: li.an@veoliawater.com
www.nawatersystems.com

Service ° Value - Responsibility

3 1%‘-‘.%.\._
PLEASE CONSIDER THE ENVIRONMENT BEFORE PRINTING THIS EMAIL
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Budget Proposal For:
CH2M, CA

Engineer:
CH2M HILL

Equipment:
Rectangular Dissolved Air Flotation Units

Represented By:

Sepco, Inc.

1224 Centennial Road

Fort Collins, CO 80525
Contact: Dan Bruce

Phone: (970) 282-9015

Fax: (970) 282-9020
danbruce.sepco@earthlink.net

Furnished By:

WesTech Engineering, Inc.

Salt Lake City, Utah

Contact: Michael Vanderhooft / lan Fife

Phone: (801) 265-1000

email: mvanderhooft@westech-inc.com
ifife@westech-inc.com

WesTech Proposal: 1210403 rev 1
Date: August 8, 2012



BUDGET PRICING

Unless otherwise indicated, prices listed below are for equipment only.

ITEM EQUIPMENT PRICE (U.S. $)
A Three (3) 8 Wide x 58' Long Rectangular Dissolved | $ 735,000.00
Air Flotation Units with Saturation Systems and V-
Bottom Steel Tanks. WesTech Model DAFR6S
Option 1 | Three (3) 46’ long screw conveyors. $ 63,500.00
Option 2 | Three (3) air compressors $ 12,600.00
Project: CH2M CA Page 2 of 7

Proposal Number: 1210403 rev 1

Date: August 8, 2012



EQUIPMENT DESCRIPTION

ITEM A: Three (3) 8 Wide x 58' Long Rectangular Dissolved Air Flotation Units with
Saturation Systems and V-Bottom Steel Tanks. WesTech Model DAFR6S

General

Each DAF unit is designed for an influent flow rate of 590 gpm (0.85 mgd). The
influent TSS design is for a maximum of 400 mg/L. The recycle rate is 150 gpm,
resulting in a hydraulic loading rate of rate of 2.0 gpm/ft* and an air to solids ratio
greater than 0.02 Ibs air/lbs solids.

DESIGN FEATURES

The system shall be designed to recirculate a portion of the clean effluent through a
pressurization system. This pressurization system shall saturate the recycle with
pressurized air and then inject the mixed solution into the DAF tank at the influent
point of entry. Introduction of the air saturated liquid, influent feed, and the collection of
floated solids shall be all accomplished in a single tank.

Recirculation of a percentage of the effluent shall be accomplished by means of a
centrifugal recycle pump. The pump shall propel flow into a pressurization vessel
(retention tank) where air shall be introduced and the two mixed under pressure to
produce an air saturated liquid. The resultant flow shall then pass out of a distribution
manifold where it will thoroughly mix with the influent flow. Solids that adhere to the air
particles will float and be removed by skimmer assemblies. The float solids will be
elevated up a sloped beach surface and dropped into the float box where it will then
be removed from the DAF tank. Any solids that settle to the bottom of the tank shall be
transferred to the end of the tank by a bottom screw conveyor assembly for
periodically removed by a manually actuated valve.

The clarified effluent will flow under a float baffle separating the DAF cell from an
adjustable weir. The clean effluent will fill a small clear well where the flow is split
between the recycle and the clarified water.

EACH UNIT FURNISHED COMPLETE WITH THE FOLLOWING COMPONENTS:

One (1) 8 Wide x 58' long (48 for the floatation zone) v-bottom steel tank
fabricated of carbon steel plate with suitable reinforcements.

One (1) 8 Wide x 7’ long Flocculation basin with flocculating mixer. Flocculation
basin has an approximate detention of 5 minutes at the design flow rate.

One (1) 3’ Wide x 3’ long flash mix basin with mixer. Flash mix basin has an
approximate detention of 1 minute at the design flow rate.

One (1) 1.5' long clearwell integral to the tank

Project: CH2M CA Page 3 of 7
Proposal Number: 1210403 rev 1 Date: August 8, 2012



- One (1) skimmer drive unit directly coupled to the drive shaft with a VFD rated %
hp 230/460 VAC, 3 phase, TEFC motor.

- Two (2) shafts, drive and tail, of carbon steel with bearings.

- One (1) carbon steel effluent baffle with adjustable overflow weir integral to the
tank.

- One (1) carbon steel effluent clear well integral to the tank.

- Four (4) non-metallic sprockets with non-metallic chain.

- Nineteen (19) FRP flight skimmer assemblies with wipers.

- One (1) carbon steel float beach and float box combination integral to the tank.

- One (1) 3" backpressure control valve Haymore style with horizontal section of
pipe.

- One (1) bottom solids auger to transport settled solids to sludge hopper.

- One (1) auger drive unit directly coupled to the auger drive shaft with a %2 hp
230/460 VAC, 3 phase, TEFC motor.

- One (1) saturation tank, 30" diameter x 48" side shell height, with level controls,
sight glass, pressure relief valve and pressure gauge.

- One (1) stainless steel air control panel with air flow control, solenoid valve,
rotameter, check valve, filter regulator and pressure gauge.

- One (1) 15 hp horizontal centrifugal recycle pump, rated for 150 gpm at 175' TDH
with 230/460 VAC, 3 phase, TEFC motor.

- Plant air will be used, and should be able to supply 2.5 SCFM at 100 psi or greater,
otherwise a dedicated air compressor will be needed.

- One (1) electric control panel for control of proposed equipment.
- One (1) lot 304 stainless steel hardware and fasteners for all supplied equipment.

- Ferrous metal will be blasted with one (1) coat of epoxy primer and one (1) coat of
epoxy top coat.

- Field service of two (2) trips for four (4) days for inspection, start-up and training.

Project: CH2M CA Page 4 of 7
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Option 1: Three (3) 46' Long screw conveyors. (One for each DAF unit)

- Each DAF unit will be supplied with one (1) rotary screw coveyor system complete
with Carbon Steel auger, electrical motor, reducer, and bearings.

- The DAF tanks will be modified with a half pipe bottom to accommodate the screw
conveyor, as well as mechanical seals.

Option 2: Three (3) air compressors. (One for each DAF unit)
- Each DAF unit will be supplied with one (1) reciprocating air compressor with

compressor receiving tank. Each compressor is capable of supplying 6.7 SCFM of
air at 100 psi into the receiving tank.

NOTE: ANY ITEM NOT LISTED ABOVE TO BE FURNISHED BY OTHERS.

These proposal sections have been reviewed for accuracy and approved for issue:

By: Michael WwMaoﬂ Date: August 8, 2012
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WESTECH TERMS

Unless otherwise indicated, prices listed are for equipment only. Prices are based on
the estimated cost of goods and services at the budget proposal date. Future
escalation is not included in the pricing.

Pricing is based on fabricating, assembling, inspecting, delivering and performing field
service on multiple units concurrently. If any of these phases are to be broken out into
separate occurrences upon customer request, a change order may be required for the
additional material and/or resources this extra process may incur.

Sales Tax: No sales taxes, use taxes, or duties have been included in our pricing.
Equipment Payment Terms: Terms for equipment are 15 percent payment of the

purchase price with submittal drawings, 35 percent upon release to fabrication, and 50
percent net 30 days from shipment.

Freight: Not Quoted.

Schedule: Approval drawings will be submitted within 6 to 8 weeks after receipt and
acceptance of purchase order.

Shipment: Estimated shipment time is 16 to 18 weeks after approved shop drawings
are received in our office.

Project: CH2M CA Page 6 of 7
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WARRANTY

WesTech equipment is backed by WesTech's reputation as a quality manufacturer, and by
many years of experience in the design of reliable equipment.

Equipment manufactured or sold by WesTech Engineering, Inc., once paid for in full, is
backed by the following warranty:

For the benefit of the original user, WesTech warrants all new equipment manufactured by
WesTech Engineering, Inc. to be free from defects in material and workmanship, and will
replace or repair, F.O.B. its factories or other location designated by it, any part or parts
returned to it which WesTech's examination shall show to have failed under normal use and
service by the original user within one (1) year following initial start-up, or eighteen (18)
months from shipment to the purchaser, whichever occurs first. Such repair or replacement
shall be free of charge for all items except for those items such as resin, filter media and the
like that are consumable and normally replaced during maintenance, with respect to which,
repair or replacement shall be subject to a pro-rata charge based upon WesTech's estimate of
the percentage of normal service life realized from the part. WesTech's obligation under this
warranty is conditioned upon its receiving prompt notice of claimed defects, which shall in no
event be later than thirty (30) days following expiration of the warranty period, and is limited to
repair or replacement as aforesaid.

THIS WARRANTY IS EXPRESSLY MADE BY WESTECH AND ACCEPTED BY
PURCHASER IN LIEU OF ALL OTHER WARRANTIES, INCLUDING WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR PARTICULAR PURPOSE, WHETHER WRITTEN,
ORAL, EXPRESS, IMPLIED, OR STATUTORY. WESTECH NEITHER ASSUMES NOR
AUTHORIZES ANY OTHER PERSON TO ASSUME FOR IT ANY OTHER LIABILITY WITH
RESPECT TO ITS EQUIPMENT. WESTECH SHALL NOT BE LIABLE FOR NORMAL WEAR
AND TEAR, CORROSION, OR ANY CONTINGENT, INCIDENTAL, OR CONSEQUENTIAL
DAMAGE OR EXPENSE DUE TO PARTIAL OR COMPLETE INOPERABILITY OF ITS
EQUIPMENT FOR ANY REASON WHATSOEVER.

This warranty shall not apply to equipment or parts thereof which have been altered or
repaired outside of a WesTech factory, or damaged by improper installation, application, or
maintenance, or subjected to misuse, abuse, neglect, accident, or incomplete adherence to all
manufacturer’s requirements, including, but not limited to, Operations & Maintenance Manual
guidelines & procedures.

This warranty applies only to equipment made or sold by WesTech Engineering, Inc.
WesTech Engineering, Inc. makes no warranty with respect to parts, accessories, or

components purchased by the customer from others. The warranties which apply to such
items are those offered by their respective manufacturers.

QF-00-032E Rev. 08/18/05
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ID |Task Name Duration Start Finish Predecessors 3rd Quarter 4th Quarter 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 1st Quarter 2nd Quarter
Jul | Aug | Sep | Oct | Nov [ Dec | Jan [ Feb | Mar | Apr [ May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [ Jun

1 |SFIA Industrial WWTP Project 450 days  Tue 8/14/12 Mon 5/5/14 | o )

2 Notice of Award 0 days Tue 8/14/12 Tue 8/14/12 Q—S#h

3 Notice to Proceed 30 days Tue 8/14/12 Mon 9/24/12 2 ©-9/24

4

5 Temporary IWTP Trailer 28days  Tue 9/25/12  Thu 11/1/12 )

6 Mobilize and install temp trailer 3days Tue9/25/12  Thu9/27/123 A\

7 Configure temp IWTP trailer 15 days Fri 9/28/12 Thu 10/18/12 6 #

8 Functional Testing and Acceptance 10 days Fri 10/19/12 Thu 11/1/12'7 -

9

10 Trickling Filter (New) 115 days Tue 8/14/12  Mon 1/21/13 9 Y

11 Demo Existing Drying Bed and prep site 5 days Tue 8/14/12  Mon 8/20/12

12 Piling/Foundation 20 days Tue 8/21/12  Mon 9/17/12 11 25——

13 TF Shop drawings submttal and approval 30 days Tue 8/14/12  Mon 9/24/12 Ei

14 Fabrication and delivery 45 days Tue 9/25/12 Mon 11/26/12 13

15 Steel Tank Construction 20 days Tue 11/27/12 Mon 12/24/12 14,12

16 Install media 5days Tue 12/25/12 Mon 12/31/12 15 o

17 Install TF Equip., mechanical piping, pumps, and electircal 60 days Tue 10/16/12 Mon 1/7/13 15FF+10 days

18 Electrical and 1&C 45 days Tue 11/6/12 Mon 1/7/13 17FF

19 Trickling Filter Acceptance Testing 10 days Tue 1/8/13  Mon 1/21/13 18

20

21 New DAFs, Chem Storage, Pumps, and MCC 185days  Tue 8/14/12 Mon 4/29/13 = )

22 DAF Shop drwgs submittal and approval 40 days Tue 8/14/12  Mon 10/8/12 Ei

23 DAF Fabrication and delivery 90 days Tue 10/9/12  Mon 2/11/13 22 S

24 Site Demo and Preparation 20days  Tue 8/14/12  Mon 9/10/12 =

25 Foundation 20 days Tue 9/11/12  Mon 10/8/12 24

26 Chemical Storage/Pump Room, incl mech and elec. 90 days Tue 10/9/12  Mon 2/11/13 25 g

27 DAF Units installed 15 days Tue 2/12/13 Mon 3/4/13 23 £

28 Local IWTP Controls (MCCs) connected and tested 10 days Tue 3/5/13  Mon 3/18/13 27,26

29 Testing and Acceptance of DAF Units 10 days Tue 3/19/13 Mon 4/1/13 28

30 Demo exst DAFs, chem storage, pumps, and MCC 20 days Tue 4/2/13  Mon 4/29/13 29

31

32 Equalization Tank (Refurb/Replace) 83 days Tue 1/22/13  Thu 5/16/13 P

33 Existing Trickling Filter Converted to Temp EQ Tank 33days  Tue 1/22/13 Thu 3/7/13

34 Remove exst TF equipment 10 days Tue 1/22/13 Mon 2/4/13 19 (—

35 Remove exst TF Media 5 days Tue 2/5/13  Mon 2/11/13 34

36 Install temporary pumps and piping for DAF process 15days  Tue 2/12/13 Mon 3/4/13 35

37 Testing and Acceptacne of Temp EQ Tank 3 days Tue 3/5/13 Thu 3/7/13 36 G

38 Refurbish Existing Equalization Tank 50 days Fri 3/8/13  Thu 5/16/13 p—

39 Remove equip and prep 10 days Fri 3/8/13 Thu 3/21/13 37

40 Repair/replace equip and install 30 days Fri 3/22/13 Thu 5/2/13 39

41 Testing and Accpetance of Refurbished EQ Tank 10 days Fri 5/3/13 Thu 5/16/13 40

42

43 Secondary Clarifiers 225 days Fri 5/17/13  Thu 3/27/14 4

44 Demo Exst Clarifier No.1 10 days Fri 5/17/13 Thu 5/30/13 5,32

45 Construct new Secondary Clarifier No.1 95 days Fri 5/31/13 Thu 10/10/13

46 Foundation 20 days Fri 5/31/13 Thu 6/27/13 44

47 Construct Tank - 32" dia x 15' high 20 days Fri 6/28/13 Thu 7/25/13 46

48 Install equipment, and mech piping 45 days Fri 7/26/13 ~ Thu 9/26/13 47

49 Electrical and 1&C 45 days Fri 7/26/13 Thu 9/26/13 48FF

50 Testing and Acceptance 10 days Fri 9/27/13  Thu 10/10/13 49

51 Demo Exst Clarifire No.2 10 days Fri 10/11/13 Thu 10/24/13 50

52 Construct new Secondary Clarifier No.2 95days  Fri 10/25/13 Thu 3/6/14

53 Foundation 20 days Fri 10/25/13 Thu 11/21/13 51

54 Construct Tank - 32' dia x 15' high 20 days Fri 11/22/13  Thu 12/19/13 53

55 Install equipment, piping, electrical 45 days Fri 12/20/13 Thu 2/20/14 54

56 Electrical and 1&C 45 days Fri 12/20/13 Thu 2/20/14 55FF
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ID |Task Name Duration Start Finish Predecessors 3rd Quarter 4th Quarter 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 1st Quarter 2nd Quarter
Jul | Aug | Sep | Oct | Nov [ Dec | Jan [ Feb | Mar | Apr [ May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [ Jun
57 Testing and Acceptance 10 days Fri 2/21/14 Thu 3/6/14 56 -
58 Yard piping Secondary Clarifier effluent to FEB 45 days Fri 8/9/13 Thu 10/10/13 50FF
59 Demolish existing Chlorine Contact Chamber 15 days Fri 3/7/14 Thu 3/27/14 93,57
60 Demolish existing RW Facility 15 days Fri 3/7/14 Thu 3/27/14 93,57
61
62 Building 908 185 days Tue 4/2/13 Mon 12/16/13
63 Building 908 Demo 60 days Tue 4/2/13  Mon 6/24/13
64 Remove equipment, salvage materials 30 days Tue 4/2/13  Mon 5/13/13 29
65 Demo building structure and prep site 30days  Tue5/14/13  Mon 6/24/13 64
66 Building 908 New 125days  Tue 6/25/13 Mon 12/16/13
67 Foundation 20 days Tue 6/25/13  Mon 7/22/13 65
68 Building Structure 90 days  Tue 7/23/13 Mon 11/25/13 67
69 Install equipment 45 days Tue 9/3/13  Mon 11/4/13 68SS+30 days
70 Install mechanical and electrical 45 days  Tue 8/20/13 Mon 10/21/13 68SS+20 days
71 All IWTP MCC and SCADA Controls accepted 5days Tue 11/26/13  Mon 12/2/13 69,70,68
72 Testing and Acceptance 10days  Tue 12/3/13 Mon 12/16/13 71
73
74 Building 918 Remodel 60 days Tue 12/17/13 Mon 3/10/14
75 Lunch rooom / conference room 45 days Tue 12/17/13  Mon 2/17/14 72
76 Restrooms and Locker Facilities (men and women) 60 days Tue 12/17/13  Mon 3/10/14 72
77 Complete remodel Odays Mon 3/10/14  Mon 3/10/14 75,76 3/10
78
79 Bioassay Trailer Removal 5 days Tue 3/11/14  Mon 3/17/14 77 @V
80
81 Tertiary Treatment (Recyled Water Facility) 266 days  Tue 9/25/12  Tue 10/1/13 > Q)
82 Shop drawings submittal and approval 60 days  Tue 9/25/12 Mon 12/17/12 3 £
83 Fabrication and delivery 60 days Tue 12/18/12  Mon 3/11/13 82
84 Site clearing and Preparation 10 days Tue 12/18/12 Mon 12/31/12 82
85 Foundations 30 days Tue 1/1/13  Mon 2/11/13 84
86 Mechanical piping 120 days Wed 3/27/13  Tue 9/10/13 92FF,85
87 Electrical, 1&C 120 days  Wed 3/27/13 Tue 9/10/13 92FF,85
88 Recycled Water Pump Station 60 days  Tue 2/12/13 Mon 5/6/13 85
89 Chlorine Contact Basins and Feed Channel 60 days  Tue 2/12/13 Mon 5/6/13 85
90 Membrane Filtration Facility 90 days Tue 5/7/13 Mon 9/9/13 89
91 Sodium Hypochlorite Feed and Storage 60 days Tue 5/7/13  Mon 7/29/13 89
92 Tertiary Treatment - ready for testing lday  Tue9/10/13  Tue 9/10/13 90
93 Testing and Acceptance 15days Wed 9/11/13  Tue 10/1/13 92 (-~
94
95 Contractract Closeout 40 days  Mon 3/10/14 Mon 5/5/14 f:'ﬁﬁ
96 Contract ready for closeout Odays Mon 3/10/14  Mon 3/10/14 74,77,92 3/10
97 Final punch list and acceptance 30days  Tue 3/11/14 Mon 4/21/14 96
98 Final Acceptance and Contractor demobilization 10days  Tue 4/22/14 Mon 5/5/14 97
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FINAL TECHNICAL MEMORANDUM 2 CH2MHILL .

San Francisco International Airport
Industrial Wastewater Treatment Plant Data Analysis

PREPARED FOR: San Francisco International Airport
PREPARED BY: CH2M HILL
DATE: March 20, 2012

Introduction and Obijectives

The City and County of San Francisco owns and operates the Mel Leong Treatment Plant. The Industrial Wastewater
Treatment Plant (IWTP) treats industrial wastewater as well as first flush, storm water runoff from airport facilities.
The IWTP is comprised of flow equalization, rapid mix and flocculation, dissolved air floatation, trickling filter,
secondary clarification, and chlorine based disinfection. The effluent form the IWTP is routed to either the effluent
pump station or the water reclamation pump station. The combined effluent is pumped to the North Bayside System
Unit outfall, where the treated water is combined with effluent from South San Francisco, Millbrae, and Burlingame.
Dechlorination takes place in the shared outfall before the effluent is discharged in to the Bay. The effluent from the
water reclamation pump station is used within the Airport for irrigation purposes under a restricted use permit. The
sludge and scum collected from dissolved air floatation and secondary clarification are conveyed to sludge drying
beds for dewatering and drying.

The IWTP collection system collects wastewater from point sources from specific areas (maintenance shops, etc) and
surface runoff. The point source wastewater is collected by the industrial wastewater collection system and pumped
to the IWTP. The first part of runoff (first flush) is collected by first flush ponds. The collected runoff is then pumped
to the IWTP at a controlled rate to avoid shock loading the IWTP.

In this technical memorandum (TM), historical wastewater treatment flow and water quality data (from 2006 to
2010) for the IWTP as well as Sanitary Wastewater Treatment Plant (SWTP) are analyzed. The purpose of this
technical memorandum is to analyze the existing flow and water quality data to characterize raw and treated
wastewater. These data will be a basis for establishing design criteria and selecting treatment unit processes to
produce disinfected tertiary recycled water for unrestricted irrigation, urban reuse and industrial reuse purposes.

Evaluation of Historical IWTP Flows and Water Quality Data
The flow data between 2006 and 2010 were analyzed to establish:

e annual average daily flow - average of flow that occurs during a specified period (total flow during a
specified period is divided by the number of days in the specified period). If the period covers an entire year,
it refers to annual average day flow)

e maximum monthly flow (Qmax 30) — the largest of flow anticipated to occur during a continuous 30-day
period, expressed as daily average

e  maximum day flow - The highest flow anticipated to occur during a 1-day period, expressed as a daily
average

e peak instantaneous flow- The highest flow anticipated to occur during a short period (i.e., 30 minutes),
expressed as daily average

e minimum day flow - The lowest flow anticipated to occur during a 1-day period, expressed as a daily average

SCO/DOCUMENT IN DRAFT_TM5_SFIA PROCESS DEFINITION REPORT 09-04-12_MG1_TM.DOCX 1
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Because of the lack of hourly and instantaneous flows data, these flows could not be established. However, these
flows are not critical in our evaluation knowing that the existing ponds and equalization tank dampen the diurnal
peak flows occurring at the IWTP.

Average day flow is important for estimating annual operation and maintenance (O&M) cost while maximum month
flow (Qmax 30) is important for sizing treatment facilities.

The analyzed data indicated that the IWTP has received an average annual day flow of 0.58 mgd between the data
evaluation period. During the same period, minimum day, maximum monthly flow and maximum day flows were
0.11, 0.63 and 1.62 mgd, respectively. Approximately 90% of the daily flows were less than 1.0 mgd during the
evaluation period. Table 1 summarizes the IWTP flows and established flow ratios. The detailed flow analysis is
presented in Appendix A.

Table 1 IWTP Flows and Flow Ratios (2006-2010)

Parameter Value
Annual Average Day Flow, mgd 0.58
Maximum Monthly Flow (Qmax30), mgd 0.63
Minimum Day Flow, mgd 0.11
Maximum Day Flow, mgd 1.62
Peak Instantaneous Flow, mgd 2.58
Maximum Month to Annual Average Flow Ratio 1.09
Minimum Day to Annual Average Day Flow Ratio 0.19
Maximum Day to Annual Average Day Flow Ratio 2.79

The flows presented in Table 1 indicate significant fluctuations as minimum, annual average and maximum day flows
are compared. Seasonal storm events and fluctuations in point source waste generation are the main reasons for
such fluctuations. Although such fluctuations are quite normal, the facility design should have flexibility to handle
variations in wastewater flows and loads without sacrificing plant performance.

Secondary effluent (treated wastewater) from the Sanitary Wastewater Treatment Plant (SWTP) may be blended
with IWTP treated flow prior to tertiary treatment to increase reclaimed water production capacity. The data
evaluation in this TM also covered Sanitary Treatment Plant effluent flows and key water quality parameters for
treated effluent. Table 2 summarizes flows between 2007 and 2011 for the SWTP. The detailed flow data for the
SWTP are presented in Appendix B.

Table 2 SWTP Effluent Flows (2007-2011)

Parameter Value
Annual Average Day Flow, mgd 0.58
Maximum Monthly Flow (Qmax30), mgd 0.70
Minimum Day Flow, mgd 0.34
Maximum Day Flow, mgd 1.05
Maximum Month to Annual Average Flow Ratio 1.21
Minimum Day to Annual Average Day Flow Ratio 0.59
Maximum Day to Annual Average Day Flow Ratio 1.81
SCO/DOCUMENT IN DRAFT_TM5_SFIA PROCESS DEFINITION REPORT 09-04-12_MG1_TM.DOCX 2
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The annual average daily treated flow is the same (0.58 mgd) for the IWTP and the SWTP. The flow ratios in Table 2
indicate that the treated flows at SWTP show relatively small fluctuations which make blending the two streams an
attractive option for increasing recycled water production capacity. However, water quality parameters need to be
evaluated before considering the combination of the effluents from the IWTP and the SWTP. The average monthly
flow from the IWTP, the SWTP and their combined values are presented in Exhibit 1.

Exhibit 1 Average Monthly Flows Measured at IWTP, SWTP and Their Combined Values (2006-2010)

Evaluation of Water Quality Data

Water quality has a significant impact on the technology selection, the size of the treatment plant unit processes, the
need for pretreatment, chemical requirement, sludge and solids generation, capital and operations and maintenance
(O&M) costs of the facilities.

The available daily historic water quality data for the IWTP included the following key parameters: influent and
effluent total suspended solids (TSS); effluent turbidity; influent and effluent conductivity; influent and effluent
biochemical oxygen demand (BOD), available three days per week; and dissolved oxygen (DO), available after
October 2007. The analysis presented herein is based on 5 years of data between January 2006 and December 2010.

During the evaluation period, the average biochemical oxygen demand (BOD), total suspended solids (TSS) and
ammonia as nitrogen (ammonia-N) values at the IWTP influent were approximately 17, 49 and 2 mg/L; respectively,
This indicates a low strength wastewater (i.e., BOD <100 mg/L, TSS<100 mg/L). The influent pH values were typically
between 7 and 8.5 which are very suitable for biological treatment.. The water quality parameters for the IWTP
influent and effluent are summarized in Appendix A.

IWTP Effluent Quality and Plant Performance

The IWTP is required to meet the existing waste discharge Order No. R2-2007-0060 and NPDES No. CA0028070
issued by California Regional Water Quality Control Board for San Francisco Bay Region. The existing NPDES permit is
valid until September 30, 2012.
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Because the provided water quality data does not cover upstream and downstream information for each unit
treatment process, the performance of individual unit processes could not be determined with the existing
information. Evaluating performance of the individual unit processes requires composite sampling and water quality
analysis (minimum of one year) form upstream and downstream of the unit processes to determine removal
efficiencies of key water quality parameters (i.e., BOD, TSS, etc.).

During the evaluation period (2006 -2010), the average effluent BOD concentration was relatively low (2.4 mg/L)
which yielded an overall average BOD removal efficiency of approximately 86% at the IWTP as presented in Table 3..
In an average monthly basis, the IWTP has consistently met its maximum monthly discharge limit of 30 mg/L for BOD
during the data evaluation period (Exhibit 2). It should be noted that in August 2006, effluent BOD values were
significantly high for 5 consecutive days and were reported as high as 138 mg/L. Based on discussions with the SFIA
project team, SFIA determined that this was a one-time aberration and CH2M HILL should exclude it from the
analysis. The outlier data has been excluded for the data analysis as shown in Table 3.

Table 3 IWTP BOD, Conductivity and DO Values

BOD Conductivity DO
Influent | Effluent Percent Influent Effluent Effluent
Removal
mg/L mg/L % umhos/cm umhos/cm mg/L
Ave 16.5 2.3 84% 1829 1894 -
3 Min 5.8 1.0 41% 592 652 -
b Max 51.6 7.1 96% 9647 8686 -
Stdev 8.2 1.1 8% 950 954 -
Ave 20.2 2.8 85% 1288 1338 7.4
5 Min 7.2 1.7 61% 576 671 6.1
b Max 42.7 8.2 93% 2180 2069 9.1
Stdev 7.0 1.1 6% 334 326 0.6
Ave 20.4 2.6 86% 1766 1760 7.2
3 Min 4.3 2.0 53% 617 692 5.0
Q Max 138.0 10.0 97% 3128 2957 9.0
Stdev 119 1.3 6% 521 491 0.8
Ave 15.0 2.1 84% 1663 1630 7.2
8 Min 5.5 2.0 64% 517 587 5.1
Q Max 447 5.8 96% 6455 5948 9.2
Stdev 5.8 0.6 5% 740 634 0.7
Ave 11.1 2.1 79% 1162 1167 7.1
S Min 4.3 2.0 46% 523 590 5.1
P Max | 229 5.1 91% 2240 2041 8.8
Stdev 3.8 0.4 8% 314 269 0.7
_ Ave 16.6 2.4 84% 1535 1554 7.2
?; Min 4.3 1.0 41% 517 587 5.0
3 Max 138 10 97% 9647 8686 9.2
Stdev 8.5 1.0 7% 668 639 0.7
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Exhibit 2 Effluent BOD Concentration at IWTP (2006-2010)

Table 4 summarizes the IWTP influent and effluent TSS concentrations and overall TSS removal efficiency of the
plant. Effluent turbidity values measured at the IWTP effluent were also presented in Table 4. Exhibit 3 illustrates the
effluent TSS measured at the IWTP. The average TSS concentration at the plant effluent was estimated at 4.3 mg/L;
the data included a few spikes reaching 20 mg/L, which are comfortably less than the monthly average TSS limit of 30
mg/L in the NPDES permit. During the same evaluation period, the average TSS removal efficiency was approximately

90% which indicates a good solids removal performance at the IWTP. Effluent turbidity values and their implications
are discussed in the next section.
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Table 4

IWTP Effluent TSS and Turbidity Values and TSS Removal Performance

TSS Turbidity
N.O' of Perce'ntage ) Percentage of
Percent Times of Time No. of Times Time Turbidity
Influent | Effluent Effluent | Turbidity Turbidity Turbidity Values
Removal Values
Values Values > 10 NTU > 10 NTU
>5NTU >5NTU
mg/L mg/L % NTU No. % No. %

Ave 40 3.9 89% 1.43 1 0% 0 0%

3 Min 8 0.8 50% 0.36 - - - -
Q Max 129 14.0 98% 5.11 - - - -
Stdev 23 2.4 7% 0.84 - - - -

Ave 39 3.2 91% 1.08 3 1% 0 0%

5 Min 12 0.6 44% 0.35 - - - -
S Max 139 9.8 99% 6.38 - - - -
Stdev 17 1.8 7% 0.66 - - - -

Ave 52 3.8 90% 1.47 1 0% 0 0%

3 Min 8 1.0 46% 0.50 - - - -
5 Max 290 11.4 99% 5.77 - - - -
Stdev 37 1.7 8% 0.66 - - - -

Ave 58 4.5 90% 1.98 6 2% 1 0.3%

g Min 9 1.0 66% 0.63 - - - -
Q Max 216 16.0 99% 10.20 - - - -
Stdev 34 2.2 6% 1.12 - - - -

Ave 53 5.4 87% 1.96 13 1% 0 0%

S Min 12 1.3 48% 0.42 - - - -
] Max 367 17.7 98% 9.38 - - - -
Stdev 44 2.8 9% 1.32 - - - -

_ Ave 49 4.2 89% 1.58 24 1% 1 0.1%
g Min 8 0.6 44% 0.35 - - - -
s Max 367 17.7 99% 10.2 - - - -
Stdev 33 2.3 8% 1.02 - - - -
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Exhibit 3 Effluent TSS Measured at IWTP (2006-2010)

Oil and grease concentration in the IWTP effluent included fluctuations during the evaluation period as summarized
in Appendix A. In July 2007, a high value of 36.5 mg/L was reported in the plant effluent for oil and grease
concentration. However, this high oil and grease concentration was due to a large spill that occurred in July 2007
based on information from SFIA project staff. The IWTP operation staff indicated that such large spills rarely occur
and do not reflect typical oil and grease concentration in IWTP influent. In addition, the standard current practice at
SFIA is to collect the spills in one of the containment basins and slowly feed it to the IWTP. Without this one-time
event in July 2007, oil and grease concentration in the IWTP effluent are relatively low (averaged at 2.5 mg/L). High
oil and grease concentration could pose problems in the treatment facility such as reduction in the oxygen transfer
and mass transfer of substrate within the biofilm in trickling filters, and foam creation. In addition, oil and grease
control is important for the performance of tertiary treatment facilities where oil and grease fouls filters and UV
lamps. Therefore, implementation of effective oil and grease removal practices is essential for tertiary treatment
performance.

Effluent Water Quality and Plant Performance Relevant to Tertiary Treatment

The IWTP will require tertiary treatment facilities (filtration and disinfection) to produce disinfected tertiary treated
Title 22 recycled water. California Department of Public Health (CDPH) defines disinfected tertiary recycled water as
“oxidized, filtered and subsequently disinfected wastewater” that meets the criteria presented in Table 5.
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Table 5 Water Quality Requirement for Disinfected Tertiary Treated Recycled Water

Parameter

Requirement

Organic material

Wastewater has to be properly oxidized under all conditions.

" ‘Oxidized wastewater’ means wastewater in which the organic matter has
been stabilized, is nonputrescible, and contains dissolved oxygen.”

All biological treatment unit processes shall be provided with reliability
features such as “alarms and multiple biological treatment units capable of
producing oxidized wastewater with one unit not in operation.”

Turbidity (if treated through natural
undisturbed soils or a bed of filter; i.e.,
dual or mixed media, upflow or pressure
filtration systems, traveling bridge
automatic filters)

Average of 2 NTU within 24-hour period
5 NTU not more than 5 percent of the time during 24-hour period
Less than 10 NTU at all times

Turbidity (if treated through
microfiltration, ultrafiltration,
nanofiltration, or reverse osmosis [RO]

Average of 0.1 NTU within 24-hour period
0.2 NTU not more than 5 percent of the time during 24-hour period
Less than 0.5 NTU at all times

membranes)

Disinfection A chlorine disinfection process following filtration that provides a CT (the
product of total chlorine residual and modal CT measured at the same point)
value of not less than 450 milligram-minutes per liter at all times with a modal
CT of at least 90 minutes, based on peak dry weather design flow;

or
A disinfection process that, when combined with the filtration process, has
been demonstrated to inactivate and/or remove 99.999 percent of the plaque
forming units of F-specific bacteriophage MS2, or polio virus in the
wastewater.

Total coliform bacteria 2.2 MPN per 100 mL per sample, median reading not to exceed over any
7-day continuous period
23 MPN per 100 mL per sample, not to occur more than once within 30 days

240 MPN per 100 mL in any sample

Recent communication with SFIA project staff revealed that the IWTP is expected to treat a very small flow during
summer (especially if the United Airlines Facilities are relocated). The average year recycled water demand of 0.43-
0.59 mgd cannot be satisfied by the IWTP alone and requires a more reliable source water. The SWTP has capacity
and can provide the source water for tertiary treatment year round. The tertiary facility design will, therefore, be
based on the SWTP effluent quality.

The dissolved oxygen (DO) concentration in the IWTP effluent during the evaluation period was between 5.0 and 9.2
mg/L with an average value of 7.2 mg/L thereby indicating that the wastewater was oxidized, a CDPH requirement
for Title 22 unrestricted reuse application.

Because the IWTP secondary effluent quality is superior to SWTP effluent in terms of solids (i.e., TSS, turbidity) and
BOD and ammonia-N, providing provision to treat flows from IWTP will be beneficial for tertiary treatment
perspective. This provision will reduce operation cost of the tertiary treatment facilities. The proposed tertiary
facilities will be designed with flexibility to treat secondary effluent from the following:

1. Only SWTP
2. Only IWTP (Seasonal)
3. Combination of SWTP and IWTP
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Feed water quality is of utmost importance for designing tertiary treatment facilities. Poor feed quality fouls filters,
requires more frequent cleanings, reduces filter run time, generates larger volumes of backwash waste and increases
chemical costs. In some cases, despite chemical use, certain non-membrane based filtration technologies (i.e., shallow
bed traveling bridge filters) are not qualified by the CDPH to meet the turbidity requirement of 2 nephelometric turbidity
units (NTU), if the turbidity in the influent to the filtration equipment exceeds 10 NTU

The secondary effluent (feed) water quality data from IWTP and SWTP that are relevant to tertiary treatment facility
design are summarized below.

Exhibit 4 illustrates the effluent turbidity measurements relative to the Title 22 turbidity requirement for unrestricted
use for non-membrane processes (i.e., conventional deep bed sand filtration, cloth disc media filtration,
compressible medium filtration, etc.).

During the evaluation period, the IWTP has produced good effluent quality with an average effluent turbidity of 1.60
NTU which is less than the Title 22 turbidity requirement for non-membrane processes (2 NTU). During the 5 year
data evaluation period, the effluent turbidity values exceeded 5 NTU thirty times and 10 NTU one time, respectively.
In other words, the IWTP effluent has exceeded turbidity of 5 and 10 NTU about 2 percent and 0.1 percent of the
time in 5 years. The IWTP effluent would be easy to treat with most filtration technologies to meet CDPH
requirements for unrestricted use. Most CDPH approved filtration technologies are expected to meet the Title 22
turbidity requirements presented in Table 5.

Exhibit 4 Effluent Turbidity Measured at IWTP (2006-2010)

Using a conductivity to TDS ratio of between 1.3 and 1.7 and the average measured effluent conductivity of 1,580
ps/cm (Appendix A), the effluent TDS values at IWTP are estimated to be between 930 and 1,215 mg/L. During the
same period, the maximum estimated TDS concentrations were between 5,100 and 6,880 us/cm depending on the
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ratio used. Those high values, however, occurred less than 1% of the time for the 5-year data evaluation period. Title
22 recycled water regulations do not have a specific limit for TDS. The USEPA Reuse Guidelines recommend that the
recycled water TDS be no higher than 2,000 mg/L. In general, the TDS content of IWTP secondary effluent is suitable
for all purpose irrigation without further treatment. It is recommended that the tertiary treatment plant be furnished
with an on-line conductivity meter to give flexibility to select low TDS source water (either IWTP or SWTP) for tertiary
treatment.

It is also recommended that SFIA establishes the conductivity-TDS relationship at the IWTP and SWTP to better assess
TDS content of water sources and the need for further treatment

Since a portion of recycled water may be used for industrial purpose (coiling tower), specific requirements for TDS
and other water quality parameters should be discussed with the industrial user(s). CH2ZMHILL has requested specific
water quality requirements (if any) from the industrial user(s).

Although not regulated by CDPH for non-potable reuse applications, both IWTP and SWTP effluent as well as the
combined treated effluent contain substantial amount of ammonia (average of 1.7 mg/L for the IWTP and 62 mg/L
for the SWTP). Certain cooling tower applications and industrial reuse schemes require no ammonia in the recycled
water to protect their equipment and fixtures against ammonia induced corrosion. CH2MHILL has requested specific
water quality requirements (if any) from the industrial user(s).

Although not regulated by CDPH, the presence of oil and grease in treated water is not desired. Qil and grease can
foul membranes and filters used in tertiary filtration applications. Oil and grease can also foul UV lamp and exerts
disinfectant demand which results in increased O&M costs. While the average oil and grease concentration is
relatively low in the plant effluent (2.5 mg/L), a few oil and grease excursions (36.5 mg/L) have occurred during the
data evaluation period due to large spills. It is recommended that the wastewater treatment upgrades consider
treatment processes that are effective in removing oil and grease prior to tertiary treatment and the existing current
practice to contain the spills and slowly feed it to the IWTP continues to be implemented.

The IWTP effluent contains metals, metalloids and fuel additives in trace quantities. These compounds cannot be
removed during tertiary treatment unless coagulation/flocculation and other metal removal technologies are
incorporated. Title 22 regulations for tertiary treated recycled water do not have specific limits for metals, metalloids
and fuel additives. The USEPA Guidelines has recommendations for agricultural irrigation. However, these
recommendations are expected to be more stringent for agricultural reuse than urban reuse due to direct human
health as a result of edible crops consumption grown on recycled water. CH2ZMHILL has requested specific water
quality requirements (if any) from the industrial user(s). These requirements also include metals and metalloids.

Sanitary Wastewater Treatment Plant Effluent Water Quality Data

Historic effluent water quality data for the SFIA Mel Leong SWTP was reviewed and analyzed, establishing average,
minimum, maximum and standard deviation of key water quality parameter values. The analysis presented herein is
based on historic water quality data provided by SFIA for SWTP effluent.

The daily historic water quality data available for the SWTP effluent included key parameters including: flows; TSS;
turbidity; conductivity; carbonaceous biological oxygen demand (CBOD), available for three days per week; and DO
(available after October 2007). The analysis presented herein is based on 5 years of data between January 2007 and
December 2011. Yearly and overall average, minimum, maximum, and standard deviation of the historic data are
presented in Table 6. A detailed summary of the historic data trends for these key parameters as well as several
other parameters measured between January 2007 and December 2011 is provided in Appendix B. Effluent TDS
concentrations were calculated for the SWTP assuming [TDS] = [Conductivity]/1.7.
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Table 6 Data Analysis of Key Water Quality Parameters Measured in the SWTP Effluent

Flow TSS Turbidity | Conductivity CBOD DO
Effluent Combined Effluent | Effluent Effluent Effluent Effluent
Effluent
mgd Mgd mg/L NTU umhos/cm mg/L mg/L

Ave 0.60 1.12 11 10 2230 11 7.4

B Min 0.44 0.71 6 4 1568 4 6.1
4 Max 0.79 1.63 38 25 4449 24 9.1
Stdev 0.06 0.18 3 4 343 4 0.6

Ave 0.57 1.09 15 13 1900 12 7.2

3 Min 0.38 0.74 7 7 1417 4 5.0
Q Max 1.05 2.04 33 22 3514 27 9.0
Stdev 0.09 0.17 5 3 239 4 0.8

Ave 0.53 1.14 16 12 1725 11 7.2

3 Min 0.34 0.74 8 5 1210 4 5.1
Q& Max 0.98 2.54 48 23 2599 24 9.2
Stdev 0.08 0.19 5 4 215 4 0.7

Ave 0.54 1.21 16 13 1586 11 7.1

S Min 0.38 0.84 7 4 1003 4 5.1
& Max 0.92 2.03 33 24 2516 27 8.8
Stdev 0.08 0.16 5 5 309 5 0.7

Ave 0.63 1.18 16 11 1651 10 6.9

s Min 0.39 0.72 7 5 1033 4 5.2
Q Max 1.00 1.87 40 24 2494 24 8.8
Stdev 0.09 0.15 4 4 261 4 0.5

_ Ave 0.58 1.15 14 11 1820 11 7.1
g Min 0.34 0.71 6 4 1003 4 5.0
5 Max 1.05 2.54 48 25 4449 27 9.2
Stdev 0.09 0.17 5 4 361 4 0.7

The secondary effluent TSS values ranged between 6 and 48 mg/L with an average of 14 mg/L. These SWTP TSS
values are higher than the values observed at IWTP. The average turbidity value of 11 NTU with a value of as high as
25 NTU for the SWTP effluent indicates a relatively poor effluent quality for use as the feed for the filtration process
(tertiary treatment). A turbidity exceeding 10 NTU in an average basis is a major concern because it:

o precludes the use of shallow bed filtration technologies (shallow bed filters are not approved by CDPH for
filtration applications where feed water turbidity exceeds 10 NTU)

e requires pretreatment facilities (i.e., coagulation, flocculation and sedimentation) to meet Title 22 turbidity
requirements (with the exception of membrane filtration)

e requires chemical use on a continuous basis with all filtration options (with the exception of membrane
filtration

o makes filtration design and operation complicated and increases capital and O&M investment

The DO concentration in the SWTP effluent during the evaluation period was between 5.0 and 9.2 mg/L with an
average value of 7.1 mg/L thereby indicating that the wastewater was oxidized and meets a CDPH requirement for
Title 22 unrestricted reuse application.

Using a conductivity to TDS ratio of between 1.3 and 1.7 and the average effluent conductivity of 1,820 ps/cm (Table
6), the average TDS values at SWTP effluent are estimated to be between 1,070 and 1,400 mg/L. As mentioned
previously, the USEPA Reuse Guidelines recommend that the recycled water TDS be no higher than 2,000 mg/L. In
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general, the TDS content of SWTP secondary effluent is suitable for all purpose irrigation without further treatment.
However, in certain instances, the TDS concentration has exceeded 2,000 mg/L in two consecutive weeks. Itis
recommended that the tertiary treatment plant be furnished with an on-line conductivity meter to give flexibility to
select low TDS source water (either IWTP or SWTP) for tertiary treatment.

It is also recommended that the San Francisco Airport to establish conductivity-TDS relationship at IWTP and SWTP
to better assess TDS content of water sources and the need for further treatment.

Since a portion of recycled water may be used for industrial purpose (coiling towers), specific requirements for TDS
and other water quality parameters should be discussed with the industrial user(s). CH2ZMHILL has requested specific
water quality requirements (if any) from the industrial user(s).

Although not regulated by CDPH for non-potable reuse applications, SWTP effluent contains a substantial amount of
ammonia (average of 62 mg/L and maximum daily concentration of 141 mg/L ). The cooling tower application in San
Francisco Airport, on the other hand, requires ammonia free recycled water. Therefore, ammonia in wastewater
should be removed via biological or chemical methods or combination of both methods. The separate treatment
methods as well as combined treatment options will be discussed in TM 3- Technology Selection for Treatment
Alternatives.

Summary

The IWTP flow and water quality data between 2006 and 2010 were analyzed to characterize influent and secondary
effluent quality. The flows and influent water quality will be the basis for designing preliminary, primary and
secondary treatment facilities. The key flow and water quality data that will be used for the design of the preliminary,
primary and secondary treatment facilities are presented in Table 7.

Table 7 Preliminary Key Design Parameters for Preliminary, Primary and Secondary Treatment Processes of the IWTP

Parameter Value
Annual Average Day Flow, mgd 0.58
Maximum Monthly Flow (Qmax30), mgd 0.63
Minimum Day Flow, mgd 0.11
Maximum Day Flow, mgd 1.62
Average Influent BOD Concentration, mg/L 17
Maximum / Minimum Month Influent BOD Concentration, mg/L 35/181
Average Influent TSS Concentration, mg/L 50
Minimum / Maximum Month Influent TSS Concentration, mg/L 103 /541
Average Influent Ammonia-N Concentration, mg/L 1.7
Minimum / Maximum Month Ammonia-N Concentration, mg/L 6.5/34
Average Influent pH 7.5
Minimum / Maximum Influent pH 6.6/9.6
Average Influent Temperature, oC 19.9
Minimum / Maximum Influent Temperature, oC 14.7 / 25.6

Although the IWTP secondary effluent quality is superior to that of SWTP, IWTP flows are seasonal and cannot satisfy
recycled water demand year round. SWTP is the only source water that can reliably satisfy recycled water demand
year round, consequently, SWTP will be the primary source for recycled water. The tertiary treatment facilities will be
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designed with flexibility to maximize the use of IWTP treated water, when available, to reduce O&M cost of the
tertiary facilities. Tables 8 and 9 summarize key secondary effluent water quality data from SWTP and IWTP,
respectively. These data will be used for the design of the tertiary treatment facilities.

Table 8 SWTP Key Secondary Effluent Flow and Water Quality Parameters For Tertiary Treatment

Parameter Value
Annual Average Day Flow, mgd 0.58
Maximum Monthly Flow (Qmax30), mgd 0.70
Minimum / Maximum Day Flow, mgd 0.34/1.05
Average Feed (Secondary Effluent) BOD Concentration, mg/L 11
Maximum Feed (Secondary Effluent) BOD Concentration, mg/L 27
Average Feed TSS Concentration, mg/L 14
Maximum Feed TSS Concentration, mg/L 48
Average Feed Ammonia-N Concentration, mg/L 62
Maximum Day Feed Ammonia-N Concentration, mg/L 141
Average Feed Turbidity Concentration, NTU 11
Maximum Feed Turbidity Concentration, NTU 25
Percentage of Time the Feed Turbidity Exceed 5 NTU, % 85
Minimum Feed DO Concentration, mg/L 5
Average Feed Oil and Grease, mg/L 2.9
Maximum (Instantaneous) Feed Oil and Grease Concentration, mg/L 5.6

Table 9 IWTP Key Secondary Effluent Flow and Water Quality Parameters For Tertiary Treatment

Parameter Value
Annual Average Day Flow, mgd 0.58
Maximum Monthly Flow (Qmax30), mgd 0.63
Minimum / Maximum Day Flow, mgd 0.11/1.62
Average Feed (Secondary Effluent) BOD Concentration, mg/L <5
Average Feed TSS Concentration, mg/L 4.3
Maximum Feed TSS Concentration, mg/L 19
Average Feed Turbidity Concentration, NTU <2
Maximum Feed Turbidity Concentration, NTU 10.2
Percentage of Time the Feed Turbidity Exceed 5 NTU, % 2
Minimum Feed DO Concentration, mg/L 5
Average Feed Oil and Grease, mg/L 2.5
Maximum (Instantaneous) Feed Qil and Grease Concentration, mg/L 36.5
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Appendix A
Industrial Wastewater Treatment Plant Data Analysis
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Appendix B
Sanitary Treatment Plant Data Analysis
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SAN FRANCISCO INTERNATIONAL AIRPORT
EVALUATION OF TREATMENT TECHNOLOGY ALTERNATIVES

FINAL TECHNICAL MEMORANDUM 3 CH2MHILL.

San Francisco International Airport
Evaluation of Treatment Technology Alternatives

PREPARED FOR: San Francisco International Airport
PREPARED BY: CH2M HILL
DATE: April 2, 2012

Introduction and Obijectives

The City and County of San Francisco owns and operates the Mel Leong Treatment Plant (MLTP) through the San
Francisco International Airport (SFIA). The MLTP includes an Industrial Wastewater Treatment Plant (IWTP) and a
Sanitary Wastewater Treatment Plant (SWTP). The IWTP treats industrial wastewater as well as first flush, storm
water runoff from airport facilities and the SWTP treats the sanitary sewer from the airport facilities. The effluent
from both facilities (IWTP and SWTP) is routed to either the effluent pump station or the water reclamation pump
station. The combined effluent is pumped to the North Bayside System Unit outfall, where the treated water is
combined with effluent from South San Francisco, Millbrae, and Burlingame. Dechlorination takes place in the shared
outfall before the effluent is discharged in to the Bay. The effluent from the water reclamation pump station is used
within the Airport for irrigation purposes under a restricted use permit. The sludge from both facilities is conveyed to
sludge drying beds for dewatering and drying.

Technical Memorandum 2 (TM2) entitled “San Francisco International Airport Industrial Wastewater Treatment Plant
Data Analysis” contains the analysis of the existing flow and water quality data to characterize the raw influent and
treated effluent at the IWTP. This information will be used to establish the criteria and selecting treatment unit
processes to meet SFIA’s objective to produce effluent that meets the California Department of Public Health (CDPH)
Title 22 requirements for unrestricted use.

The IWTP collection system collects wastewater from point sources from specific areas (maintenance shops, etc) and
surface runoff. The point source wastewater is collected by the industrial wastewater collection system and pumped
to the IWTP. The first part of runoff (first flush) is collected by first flush ponds. The collected runoff is then pumped
to the IWTP at a controlled rate to avoid shock loading the IWTP. The existing IWTP is comprised of flow
equalization, primary treatment (rapid mix and flocculation, and dissolved air flotation), secondary treatment
(trickling filter and secondary clarifiers), and disinfection (using sodium hypochlorite). . The IWTP was built
approximately X years ago and all its components are in need of replacement due to settlement and severe corrosion
issues. The objective to produce Title 22 effluent for unrestricted use requires the new IWTP to include tertiary
treatment in addition to the existing primary, secondary and disinfection processes at the existing facility.

This technical Memorandum 3 (TM 3) identifies and describes the different technologies available for each of the
processes needed for the new IWTP. In addition, TM 3 contains the evaluation to short list two technologies for each
type of treatment process. The short listed technologies will be assembled in up to two preliminary treatment train
alternatives for the IWTP that will be described and evaluated in technical memorandum 4 (TM 4).

This TM contains the following sections:
1. Evaluation of Treatment Options

e Primary Treatment

e Secondary Treatment
e Tertiary Treatment

e Disinfection Treatment
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2. Short Listing of Treatment Technologies Using Multi Criteria Analysis

3. Summary of Technology Evaluation

1. Evaluation of Treatment Options

1.1 Primary Treatment Options

The wastewater flows vary and show significant daily and seasonal fluctuations. While the summer flows are
projected to be approximately less than 0.1 million gallons per day (mgd), flows as high as 1.7 mgd have been
recorded during wet periods. Therefore, the primary treatment should have the capability to treat peak flows and
variable loads.

Primary treatment technologies typically focus on removal of settleable solids, suspended solids and oil and grease
(O&G). In the case of the SFIA IWTP, primary treatment must also periodically handle oil/water emulsions in the
influent.

The IWTP influent is not well characterized in terms of settleable solids and O&G content. However, influent total
suspended solids (TSS) concentrations over the 2006-2010 time period ranged from a minimum of 8 milligrams per
liter (mg/L) to as high as 367 mg/L with an average of about 49 mg/L. The amount of settleable solids such as dirt,
sand and grit has not been measured; however, it is present in significant quantities as would be typically expected in
industrial wastewater and first flush storm water. SFIA ITWP operators state that there is significant buildup of solids
in the existing influent water equalization tanks. In addition, operating staff state that settled sludge builds up in the
bottom of the existing dissolved air flotation (DAF) units such that they need to be periodically taken off line to clean
out the settled solids sludge. This is because the existing DAF units do not have bottom sludge scrapers for solids
removal.

Oil/water emulsions are also of concern to ITWP operators due to fuel spills that occur at the airport. Airport staff
typically diverts any fuel spills into large existing storm water holding ponds for containment and equalization prior to
sending the water to the IWTP for treatment. Despite this procedure, ITWP operators indicate that that oil/water
emulsions can be problematic on occasion and should be addressed in the design of the new IWTP.

Primary treatment technologies employ physical means to remove settleable solids, suspended solids, 0&G. Some of
these technologies can treat oil/water emulsions as well. Treatment chemicals such as coagulants and flocculants are
often used to enhance the performance of physical separation processes. Potentially applicable technologies for
primary treatment for the IWTP include the following:

e Qil/Water Separators(OWS)
e Dissolved Air Flotation
e Primary Clarifiers

These technologies are briefly described and key issues and relative advantages and disadvantages are discussed.
a. Oil/Water Separator

Oil/water separators (OWS) are designed to separate free and dispersed oils and greases (as well as gross quantities
of solids) from wastewater or process streams. Qil/water separators are usually the first stage of any wastewater
treatment system. They operate on the principal of gravity differences between the water and the organic phase to
separate one from the other. Oil/water separators can provide gross solids removal; however, the TSS in the effluent
can still be relatively high.

There are a number of different types of OWS with some that include inclined corrugated plates to facilitate
oil/water separation and to minimize equipment footprint size as indicate in Exhibit 1 below.
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Exhibit 1 Oil /Water Separator Schematic
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Advantages of Oil/Water Separators

e Simple to operate

e Can handle variations in flow rates

o Very efficient in gross oil phase removal and gross solids removal
e Proven technology

e Relatively small footprint compared to DAF and primary clarifiers

Disadvantages of Oil/Water Separators

e Cannot handle emulsions
e Cannot reduce TSS to low levels in effluent compared to DAF or primary clarifier
e Not a stand-alone technology in this application

b. Dissolved Air Flotation

The DAF process uses the principal of flotation to clarify wastewater by the removal of suspended matter such as oil
or solids. The removal is achieved by dissolving air in the water or wastewater under pressure and then releasing the
air at atmospheric pressure in a flotation tank or basin. The released air forms tiny bubbles which adhere to the
suspended matter causing the suspended matter to float to the surface of the water where it may then be removed
by a skimming device. Heavier settled solids can be removed by installation of sludge scrapers at the bottom.
Coagulants and flocculants are commonly used in conjunction with DAF treatment. DAF treatment is currently being
used successfully in the existing IWTP, except for the periodic need to remove accumulated sludge in the bottom of
the DAF units. Exhibit 2 shows an example of a DAF unit.

Exhibit 2 Dissolved Air Flotation
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Advantages of DAF

e Canreduce O&G concentrations to lower levels compared to oil/water separator and primary clarification

e Effective in treating emulsions

e Very small or light particle that settle slowly can be removed more completely and in a shorter time; a high
rate process compared to traditional gravity based settlement systems and typically requires less space and
produces a thicker sludge;

e Sludge rakes can be installed at the bottom of a DAF unit to remove settled solids

e A stand-alone technology for O&G, gross solids, TSS and emulsion removal

Disadvantages of DAF

e Mechanically more complicated because of the need for air compressors/air handling systems
e Potential for higher air emissions and odor issues associated with air flow through the water
e Higher power load due to air compressors

c. Primary Clarifier

Primary clarification is a mainstay treatment technology commonly used for wastewater treatment based on
separation of suspended particles by gravitational settling. This process is also effective for removal of O&G.
Coagulants and flocculants are commonly used in conjunction with primary clarification. Clarification is currently
being used successfully in the existing IWTP as part of downstream secondary treatment. Exhibit 3 shows an example
of a primary clarifier.

Exhibit 3 Primary Clarifier

Primary Clarifier Advantages

e Simple proven process
e Excellent at TSS removal

Primary Clarifier Advantages

e Typically requires more space compared to DAF or oil/water separator
e Clarifier underflow sludge is much less dense compare to DAF sludge
e Not a stand-alone primary treatment technology because cannot handle gross solids and emulsions
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1.2 Secondary Treatment Options

The IWTP raw wastewater is a low strength wastewater with a relatively low average biological oxygen demand
(BOD) and TSS concentration (each below 50 mg/L). The wastewater flows vary and show significant daily and
seasonal fluctuations. This flow variation is from less than 0.1 mgd in the summer to as high as 1.7 mgd during the
wet periods. Therefore, the secondary treatment should have the capacity to treat peak flows and variable loads. In
addition, the selected treatment alternative should meet project objectives in a cost effective manner. The project
water quality objectives are two-fold:

1. The treated wastewater should fully satisfy National Pollutant Discharge Elimination System (NPDES) permit
limit for BOD, TSS and other specified constituents

2. The treated wastewater should satisfy Title 22 tertiary recycled water criteria when coupled with filtration
and disinfection. This is required based on San Francisco Airport staff’s interest to minimize NPDES discharges
while maximizing water reuse

To meet these objectives, the following technologies were identified:
e Trickling filters (TFs)

e Sequencing batch reactors (SBRs)

e Rotating biological contactor (RBCs)

e Biologically aerated filter (BAFs)

The existing trickling filter-secondary clarification at the IWTP produces effluent turbidity ranging between 0.5 and
10.2 nephelometric turbidity unit (NTU) while averaging at 1.6 NTU (more than 98% of the time secondary effluent
turbidities were less than 5 NTU between 2006 and 2010). This is a relatively good water quality that can satisfy Title
22 recycled water turbidity requirements when coupled with an approved filtration technology by the CDPH. It is
expected that all four identified secondary treatment technologies can produce similar effluent quality in terms of
solids and turbidity. There are other secondary treatment options that can meet project objectives with higher
capital and operations and maintenance (O&M) costs. In addition, these alternatives (i.e., conventional activated
sludge systems, membrane bioreactors) will also have difficulty in handling varying flows and loads. Therefore,
conventional activated sludge (CAS) and membrane bioreactor (MBR) systems were not included in this evaluation.

a. Trickling Filters

Trickling filters are attached growth systems, which use fixed biofilm carriers to treat wastewater. Primary effluent is
either pumped or flows by gravity to a trickling filter distribution system and trickles down over the biofilm surface.
Air moves upward or downward to provide oxygen to support biological growth. Biofilm develops on biofilm carriers.
Trickling filter components typically include a distribution system, containment structure, rock or plastic biofilm
carrier, underdrain and ventilation system. Trickling filters produce solids that need to be separated using a liquid-
solids separation process (i.e., secondary clarification, dissolved air flotation). Therefore, a trickling filter process
typically includes an influent pumping station, trickling filter(s), trickling filter recirculation pumping station, and a
liquid-solids separation unit process. Exhibit 4 shows an example of a hydraulically driven rotary distributor.

Ideal trickling filter biofilm carriers, or media, provide a high specific surface area, low cost, high durability, and high
enough porosity to avoid clogging and promote ventilation (Metcalf and Eddy, 2003). Trickling filter biofilm carriers
include rock, random (synthetic), vertical flow (synthetic), and 60°crossflow (synthetic) media. Modular plastic
trickling filter media (i.e., self-supporting vertical flow or crossflow modules) is used almost exclusively for new
trickling-filter-based wastewater treatment facilities.
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Exhibit 4 Hydraulically Driven Rotary Distributor

Trickling filters are the most commonly utilized attached growth systems; and with proper design, they can produce
treated effluent that would be conducive to Title 22 use with tertiary filtration followed with disinfection. Trickling
filters are relatively simple to operate and offer some advantages over attached growth systems (CAS, MBR, SBR)

Advantages of Trickling Filters:

Simple to operate

Require less energy compared to suspended growth systems (CAS, SBR, MBR)
Proven technology

Operating experience at IWTP

Rapid recovery from shock flows and loads as well as toxic and inhibitory substances

Disadvantages of Trickling Filters:

b.

As in other fixed film systems, mass transfer rate of oxygen limits the process performance
Effluent quality is not consistent due to random sloughing

More prone to washouts

Poor media wetting may lead to dry media pockets, ineffective treatment zones and odors
Periodic snails control is required

Sequencing Batch Reactors

The SBR is an activated sludge process that involves a fill-and-draw, complete-mix reactor in which both aeration and
clarification occur in a single reactor. The major difference between SBR and conventional continuous-flow,
activated sludge system is that the SBR tank carries out the functions of equalization aeration and sedimentation in a
time sequence rather than in the conventional space sequence of continuous-flow systems. The sequential phases
comprise a cycle with defined time intervals to achieve certain objectives. The typical phases of each cycle are
identified below and presented in Exhibit 5.

Fill (raw or settled wastewater fed to the reactor);
React (aeration/mixing of the reactor contents);

Settle (quiescent settling and separation of MLSS from the treated wastewater);
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e Draw/decant (withdrawal of treated wastewater from the reactor); and

e Idle (delay period before beginning the next cycle and might include removal of waste sludge from the
reactor bottom).

Exhibit 5 SBR Phases for Each Operating Cycle

The intermittent cycle extended aeration system (ICEAS) was developed in Australia as a modification to the typical
SBR (Goronsky, 1979). Influent feeds continuously to the reactor during all cycles as in a continuous-flow system; but
withdrawal is intermittent, similar to the SBR system (WEF, MOP 8, 2010).

Preliminary treatment is provided and it typically includes screening and grit removal. Primary settling is often not

required. Elimination of secondary clarifiers will reduce foot-print of the facility. A picture of a 5-mgd SBR facility is
presented in Exhibit 6.

Exhibit 6 A 5-mgd SBR Facility (Courtesy of Aqua Aerobic Systems Inc.)
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Advantages of SBRs:

No need for secondary clarifiers and returned activated sludge (RAS) pumping systems.
Clarification occurs under nearly ideal quiescent conditions which improves settling performance
The fill, react, settle and idle times are adjustable that provide flexibility to meet project objectives

Disadvantages of SBRs:

C.

Completely mixed activated sludge (CMAS) reactors used in SBR systems can promote growth of filamentous
bacteria that hinder sludge compaction. For larger plants, conventional plug flow (some with configuration
flexibility) used in CAS systems is favored.

Inability to effectively chlorinate RAS for filament control,

Equalization of effluent decant may be required for subsequent downstream treatment

Longer recovery period from shock flows and loadings

Rotating Biological Contactors

As a secondary treatment process, RBC has been applied where average effluent water-quality standards are less
than or equal to 30-mg/L BOD and TSS. When the RBC is used in conjunction with effluent filtration, RBCs are capable
of meeting more stringent effluent water-quality limits of 10-mg/L BOD and TSS. RBCs employ a cylindrical, synthetic
media bundle that is mounted on a horizontal shaft. Exhibit 7 illustrates the shaft-mounted media. The media is
partially submerged (typically 40%) and slowly (1 to 1.6 rpm) rotates to expose the biofilm to substrate in the bulk of
the liquid (when submerged), and to air (when not submerged). Detached biofilm fragments suspended in the RBC
effluent stream are removed by solids separation units. The RBC process typically is configured with stages operating
in series. Each reactor-in-series may have one or more shafts. Parallel trains are implemented to provide additional
surface area for biofilm development.

Exhibit 7 RBC cylindrical synthetic media bundle mounted on a horizontal shaft (left) and RBC covers (right) (Adapted from MOP 8,
WEF, 2010)

Media-supporting shafts typically are rotated by mechanical-drives. Diffused air drive systems and an array of air-
entraining cups that are fixed to the periphery of the media (to capture diffused air) have been used to rotate the

shafts.
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Advantages of RBCs:

e Easyto operate

e Low operating cost

e Rapid recovery from shock loadings

e Cover tanks eliminate aerosol pollution

Disadvantages of RBCs:

e Susceptible to shaft, media or media support structure failures

e Macro fauna infestation

e Poor biofilm thickness control (results in inconsistent effluent water quality)
¢ Inadequate performance of air drive systems for shaft rotation

e Limited full-scale experience compared to trickling filters

d. Biologically Aerated Filters

Biological wastewater treatment and suspended-solids removal are carried out in BAF under either aerobic or anoxic
conditions. In a BAF, the media acts simultaneously to support the growth of biomass and as a filtration medium to
retain filtered solids. Accumulated solids are removed from the BAF through backwashing. There is a direct
interaction between the media characteristics and the process, because the configuration (sunken media or floating
media), and flow and backwash regimes depend on media density. Media may be natural mineral, structured plastic,
or random plastic.

The BAF reactors can be used for carbon oxidation or BOD removal, only, combined BOD removal and nitrification,
combined nitrification and dentrification, tertiary nitrification, and tertiary denitrification. The BAF reactors can be
characterized into groups according to their media configurations and flow regime (WEF MOP 8):

Downflow BAF with media heavier than water: This general category includes both the Biocarbone® reactors
commercially marketed in the 1980s for secondary and tertiary treatment and packed-bed tertiary denitrification
reactors such as Tetra Denite® filters. These BAFs are backwashed using an intermittent countercurrent flow regime.

Upflow BAF with media heavier than water: This includes BAF reactors for secondary and tertiary treatment that use
expanded clay and other mineral media, such as the Veolia Biofor®. These BAFs are backwashed using an
intermittent concurrent flow regime.

BAF with floating media. This includes BAF with polystyrene, polypropylene, or polyethylene media, such as the
Kruger Biostyr®. These BAFs are backwashed using an intermittent counter-current flow regime.

Continuous backwashing filters. These filters operate in an upflow mode and consist of media heavier than water
that continuously moves downward, countercurrent to the wastewater flow. Media is directed continuously to a
center air lift where it is scoured, rinsed, and returned to the top of the media bed.

With the exception of Down flow BAF with heavier media (i.e., Denite filters), the last three configurations can be
used at IWTP. One commonly used BAF is the BIOFOR® BAF system supplied by Veolia. The BIOFOR® is a high-rate,
up-flow biological fixed-film system. It employs a proprietary dense granular support media that acts as a
biological contactor as well as a filter, thus eliminating the need for a separate clarification. The effluent to be
treated enters continuously from the bottom of the reactor and is distributed over the entire filter surface area by
the nozzle underdrain. The water then passes through the Biolite™ filter media which retain the suspended solids.

Air is introduced continuously into the lower part of the reactor by Oxazur® air diffusers. The use of a co-current
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upflow design helps to limit odor generation since the treated water is situated at the surface of the filter (in
contact with the atmosphere), and the untreated water enters at the bottom of the filter. Solids are trapped
mostly in the lower part of the media bed during normal operation and are backwashed as required by increasing
the hydraulic rate and applying scour air. As the backwash consists of concurrent scour air and backwash water,
the accumulated solids travel up through the media bed before being released at the top. During low flow
periods, off-duty filters are aerated periodically to maintain the biomass in optimum condition. The media is
typically 10 to 13 feet deep with another 3 feet of freeboard. Exhibit 8 shows BIOFOR flow schematic.

Exhibit 8 Process Schematic of BIOFOR BAF (Courtesy of Veolia)

Treated
waler

Dirty washing
Alr@* Effluent waler

titotrtoHd
Process air = p<=> __Elm_ﬁ'ﬂ?mﬁ'ﬂ Tj'.'m] =
Cleaning air =[><j=> - : ‘ Effluent to
be treated
Advantages of BAFs

e Eliminates need for clarification or floatation for liquid/ solids separation which reduces foot-print and
maintenance costs

e Better handle shock flows and loadings, less prone to washouts compared to SBRs

e Produces better effluent solids quality than all three identified candidates due to incorporating filtration

Disadvantages of BAFs

e Asin other fixed film systems, mass transfer of oxygen limits the process performance

e Short circuiting and boils (violent eruption of the flow through the point of least resistance) occur when the
filter bed or nozzles become blocked

e Produces backwash waste and requires backwash handling facilities

e Media loss may occur

e Requires skilled operation

e Limited full-scale experience compared to trickling filters

1.3 Tertiary Treatment Options

Tertiary treatment will include filtration and disinfection to produce Title 22 tertiary disinfected water criteria as
presented in TM 2. The secondary treated effluent from the Sanitary Treatment Plant will serve as the feed (influent)
water for the tertiary treatment facilities.

1.3.1 Filtration Options

Nearly two dozen tertiary filtration technologies have Title 22 approval for reuse applications. The filtration
technologies used in reuse applications may be categorized as follows:

o Depth filtration
e Surface filtration
e Membrane filtration
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a. Depth Filtration
Depth filtration is one of the most common methods used for filtration of effluents from treatment processes,
especially in water reuse applications. The types of depth filters used most commonly for wastewater filtration are:

e Conventional downflow filters (mono, dual, and multimedia)

e Deep bed downflow filters (mono, dual, and multimedia)

o Deep bed up-flow continuous backwash filters (e.g.; DynaSand)

e Compressible media filters (fuzzy filters)

e Shallow bed traveling bridge filters

e Shallow pulsed bed filters

Headloss buildup occurs as filtration takes place, and the system is backwashed one filter cell at a time. Filters that
must be taken off-line periodically for backwash are classified as semi-continuous filters, whereas filters in which
backwash and filtration operation occurs simultaneously are classified as continuous filters. Filter influent is
conditioned using chemicals such as alum and polymer.

1. Conventional Downflow Filters

Flow containing suspended matter is applied to the top of the filter bed. Single, dual, and multimedia filter materials
can be used. Sand and/or anthracite are the most common types used for reuse applications. Headloss buildup
occurs as filtration takes place, and system must be backwashed routinely one filter cell at a time. They are classified
as semi-continuous filters. They are approved by CDPH a filtration rate of up to 2 gallons per square foot (gpm/sq-ft).
California example includes City of Stockton.

Advantages of Conventional Downflow Filters:

e Proven track record

Can store solids within the filter bed which increases filter run length and reduces backwash waste
Compatible with pretreatment chemicals

e Relatively easy to operate

[ ]

Disadvantages of Conventional Downflow Filters:

e Typically higher capital costs
e larger foot-print

2. Deep-bed Downflow Filters

The deep-bed filters are similar to conventional filters with the exception that the filter medium depth and the size of
filtering medium are greater than those values in conventional filters. Because of greater depth and larger medium
size, more solids can be stored within the filter bed and the filter run length can be extended. These filters are not
generally fluidized completely during backwash thereby requiring air scour plus water for effective cleaning. They are
also semi-continuous and approved for Title 22 applications by CDPH for a filtration rate of up to 2 gpm/sqg-ft. The
advantages and disadvantages of these filters are similar to the conventional downflow filters.

3. Deep-bed Upflow Continuous Backwash Filters

Deep bed (typically 40 inches or higher) upflow continuous backwash filters such as DynaSand, Siemens Astrasand,
Westech Technasand, etc., require the chemically preconditioned wastewater to be introduced from the bottom of
the filter where it flows upward through a series of riser tubes and is distributed evenly into the sand bed through
the open bottom of an inlet distribution hood. The water flows upward through the downward-moving sand. Clean
filtrate exits from the sand bed, overflows to a weir, and is discharged from the filter. Sand and trapped solids are
drawn downward at the same elevation into the suction of an airlift pipe that is in the center of the filter.
Compressed air is introduced to the bottom of the airlift to uplift sand and solids containing water. It is possible to
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get sand blow off in the effluent, which can affect downstream disinfection. They are approved by CDPH a filtration
rate of up to 2 gpm/sqg-ft. Deep-bed up-flow continuous backwash filter users include Sausalito-Marin City Sanitary
District and City of Rialto.

The major disadvantages of deep-bed upflow continuous backwash filters over the conventional and deep bed down
flow filters are the media loss and increased backwash waste generation.

4. Compressible Medium Filters (Fuzzy Filters)

Compressible medium filter technology, a relatively new filtration technology, has unique properties. It involves use
of a synthetic compressible fiber porous material as the filtering medium instead of conventional granular material
(Caliskaner and Tchobanoglous, 2006). The media properties can be changed, by varying media compression, to meet
the filtration requirements of different feed characteristics. Therefore, the filtration rates can be much higher than
for conventional filters. A general schematic of the fuzzy filter system during both the filtration and wash cycles is
shown in Exhibit 9.

Exhibit 9 Fuzzy Filter Operation Schematic (Adapted from Caliskaner et al. 2006)

T QU P N

During filtration, feed enters the bottom of the filter and travels upward through the media bed. The media consists
of porous, compressible, synthetic-fiber balls that are 30 millimeters (mm; 1.25 inches) in diameter. Media depth is
typically 30 inches but higher depths can be selected depending on applications. The media bed is supported on the
bottom by a fixed retainer plate located above an influent plenum. On the top of the filter, the media bed is
contained by a movable retainer plate. Both retainer plates have uniformly distributed holes to promote equal
distribution of flow. The position of the top retainer plate can be changed by a motor and threaded shaft mounted to
the top of the filter. By adjusting the position of the upper plate, the bed compression can be varied, depending on
performance requirements.

CDPH approved the fuzzy filters for Title 22 applications at filtration rates of up to 30 gpm/sqg-ft and at 30 inches
uncompressed media depth and media effective size of 1.25 inches and uniformity coefficient of 1.50. There are few
installations of fuzzy filters across the US, and only one installation in California (City of Yountville) as reported by
CDPH.
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Advantages of Fuzzy Filters:

e Compact footprint due to higher filtration rates
e Media depth and porosity are adjustable to meet stringent water quality requirements

Disadvantages of Fuzzy Filters:

e Relatively new (no established track record on filter performance, chemical usage, backwash generation)
e O&M costs are not established
e Requires skilled operators

5. Shallow Bed Filters

Shallow bed filters have two main categories including traveling bridge automatic backwash filters (ABF) and shallow
bed pulsed filters.

Traveling bridge ABFs are shallow bed (11 inches) continuous downflow, automatic backwash, low-head, and
granular medium-depth filters. The filter bed is divided horizontally into long independent cells that treat the
wastewater as it flows through them by gravity. A traveling bridge assembly is used to backwash each cell individually
while other cells remain in service. Water used for backwashing is pumped directly from a clearwell plenum up
through the medium and deposited in a backwash trough. Since backwashing is performed on an as-needed basis,
the backwash cycle is termed semi-continuous. CDPH approval limits loading rate limited to 2 gpm/ sq-ft and
maximum influent turbidity of 10 NTU. Examples of users of these applications include Sacramento County,
Sepulveda Water Reclamation, Folsom WWTP, and Inland Empire Utility Agency Carbon Canyon Water Recycling
Plant.

Shallow Bed Pulsed Filters are the derivatives of sand filters that use a shallow bed (10-12 inches). They are operated
with a pulsing bed where pulses occur at least every 6 minutes, and no more than 25 pulses per filter run are
maintained in Title 22 applications. CDPH approval limits loading rate limited to 2 gpm/ sq-ft and maximum influent
turbidity of 10 NTU Title 22 applications include South Orange County Wastewater Authority, San Luis Obispo, San
Clemente, Rancho Murrieta, Fallbrook, and others.

Advantages of Shallow Bed Filters:

e Low energy requirement due to low head losses
e Well established operating experience
e Typically generates less backwash waste than deep bed media filtration options

Disadvantages of Shallow Bed Filters:

e They are not approved for high feed turbidity applications (>10 NTU). They cannot be used at IWTP without
full pretreatment (coagulation, flocculation, settling) to reduce feed turbidity less than 10 NTU at any given
time

e Relatively large foot-print due to low filtration rates (2 gpm/sq-ft)

b. Surface Filtration

Surface filtration involves the removal of suspended materials by mechanical sieving by passing the liquid through a
thin septum. Filter materials include cloth fabrics, woven metal fabrics, and variety of synthetic materials. The two
common types of systems used in water reuse applications with Title 22 approval are the cloth media, cloth media
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disc filters, and non-cloth disc filters (i.e., stainless steel media). These are relatively newer technologies, but there
are a number of installations currently in operation.

1. Cloth Media Disc Filters (CMDFs)

The cloth media filters utilize nylon, acrylic, and polyester pile fabric to remove suspended materials from the water.
The system is typically arranged as vertical disks (i.e., AquaDisk from Aqua Aerobic, Hydrotech from Kruger, Forty X
from Siemens, etc.) or the fixed cloth media (AquaDiamond from Aqua Aerobic) in concrete or fabricated steel or
stainless steel tanks. CMDFs are commonly used cloth filters that are available from multiple suppliers. They can be
designed based on outside-in or inside-out flow configuration.

The most commonly used CMDF in California Title 22 applications is the AquaDisk supplied by Aqua Aerobic. The
AguaDisk is designed to backwash automatically based upon water differential while maintaining continuous
filtration during backwash. Each disk is made up of six pie-shaped sections which are mounted vertically to a common
center tube, which conveys filtered effluent from the tank. This vertical media orientation allows for a large amount
of filter area in a very small footprint (up to 75 percent less than typical filters). The filter is completely submerged
during filtration with the disks only rotating during the backwash process. The pressure loss across the membrane
increases as more particles are accumulated and a mat is formed on the surface of the membrane. The backwash
operation is started when the terminal headloss (usually 12 inches of water) or a certain run time is reached.
Accumulated particles are removed from the surface of the cloth membrane by liquid suction applied to each side of
the disk. The accumulated solids are vacuumed from the media as the disk rotates past the shoes. Filtration occurs
through the remainder of the filter disk, resulting in continuous filtration operation. Filtered water is used for
backwash, therefore a separate clean water tank is not required as part of the backwash system. Large particles that
have settled in the filter basin are removed through sludge assembly piping connected to the backwash pumps.
Typical backwash is less than 2 to 3 percent (although this can be significantly higher during high solids loading), with
a typical recovery time of less than 3 minutes. Exhibit 10 shows AquaDisk CDMF components.

Exhibit 10 AquaDisk CDMF Components (Courtesy of Aqua-Aerobic Systems Inc.)

AquaDisk uses 102-needle felt fabric, nylon pile fabric, acrylic pile fabric, and woven polyester fabric. Media openings
are typically 10 microns. The CDPH-approved maximum filtration rate is 6 gpm/sqg-ft. Applications of AquaDisk in
tertiary filtration can be found in the USA. Title 22 applications include City of LA Tillman WRP, San Jacinto Valley
RWRF, Temecula Valley Regional WRF, and Santa Margarita Water District Chiquita WWTP.
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Advantages of Cloth Media Disc Filters:

e Established track record

e Easy to operate and maintain

e Continuous operation during backwash

e Very low energy requirement

e Low backwash waste generation (typically less than 3%)

Disadvantages of Cloth Media Disc Filters:

e High turbidity in Sanitary Wastewater Treatment Plant effluent requires chemical pretreatment. The
pretreatment chemicals may adversely impact (media blinding occurs with polymer) CMDF performance

e High solids applications as in the IWTP may require sizing of the facilities at reduced filtration rates (i.e. <3
gpm/sg-ft) which increase capital cost and foot-print of the facilities

2. Non-Cloth Disc Filters

The Ultrascreen® is an inside-out surface filtration system that consists of continuously rotating disk filters made of
AIS| 316 stainless-steel screen mesh. The stainless-steel mesh screen (20-micron nominal-size) allows the Ultrascreen
to handle higher hydrostatic heads, which translates to more efficient use of the total available filtering surface,
potentially decreasing the overall footprint. The influent flows into the filter between each pair of disks, and then
passes through the media. The filtered water freefalls into a collection well and exits through the outlet pipe. The
wet edge of each disk is sealed to form a positive barrier to prevent the filtered effluent from mixing with the feed.

The disks are partially submerged in the water. Typically, 1 to 2 percent of the filter influent flow is being rejected.
Exhibit 11 shows operating principles of Ultrascreen and media material.

Exhibit 11 Operating Principles of Ultrascreen® and Media Material

Demonstration studies have indicated that the Ultrascreen® can produce an effluent with a turbidity of less than

2 NTU while operating at a filtration rate of up to 16 gpm/ft>, more than twice the hydraulic loading rate at which
other commercially available disk filtration technologies operate (Burgeous et.al., 2009). However, the maximum
filtration rate of 16 gpm/sg-ft is contingent upon it being complemented with a disinfection process that achieves 5-
log inactivation/removal of the plague-forming units of F-specific bacteriophage MS2, or polio virus. Therefore, CDPH
approval, in most cases, is limited to a maximum filtration rate of 6 gpm/sqg-ft, identical to those approved for all the
other cloth disc media filters.
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Advantages of Non-Cloth Media Disc Filters:

e Easy to operate and maintain

e Continuous operation during backwash

e Very low energy requirement

e Low backwash waste generation (typically less than 3%)

Disadvantages of Non-Cloth Media Disc Filters:

No full-scale facility in California for Title 22 applications

e Has larger nominal pore size (20 micron) than CDMFs (10-11 micron)

. High turbidity in Sanitary Wastewater Treatment Plant effluent requires chemical pretreatment. The
pretreatment chemicals may adversely impact (media blinding occurs with polymer) CMDF performance

e High solids applications as in the IWTP may require sizing of the facilities at reduced filtration rates (i.e. <3

gpm/sg-ft) which increase capital cost and foot-print of the facilities

c. Membrane Filtration

Membrane filtration, micro filtration or ultra filtration (MF/UF), is a pressure-driven separation process that typically
employs hollow-fiber membranes to block the passage of solids (i.e., turbidity, suspended solids) and pathogenic
microorganisms, including bacteria and protozoa. While MF pore sizes range from about 0.1 — 0.2 micron (nominally
0.1 micron), UF pore sizes range from 0.01 — 0.05 micron (nominally 0.01 micron). Despite the pore-size differences,
both systems produce virtually solids-free effluent with a turbidity typically less than 0.1 NTU without chemical
addition for particle coagulation.

MF/UF can be configured as both pressurized (encased) or submerged systems. MF/UF systems are also classified
based on flow pathway (outside-in vs. inside-out). For high solids feed water applications (i.e., reuse application),
outside-in MF/UF systems generally perform better than inside-out configurations. In both types of systems,
membrane fibers are bundled in groups of several thousand and potted in a resin on both ends to form a module,
with tens to hundreds of modules coupled together to form a system. With pressurized type, the modules are
housed in a pressure vessel or the vessel is integral to the module. Feed water is pressurized and applied to the feed
side of the membranes in the module. Typical operating pressures range from 3 to 40 pounds per square inch (psi),
depending on membrane technology and specific product operating conditions.

MF/UF systems are designed to filter small suspended solids and particles. Larger-size suspended solids, if allowed to
enter the fiber bundle, can cause fiber damage (including breakage), and accumulate, leading to a buildup of solids.
As a result, MF/UF systems employ self cleaning strainers with a screen size of 500 microns or less to prevent entry of
larger particulates into the membrane modules. As constituents accumulate on the membranes, modules need to be
backwashed or cleaned chemically to prevent membrane fouling. Exhibit 12 is a process schematic of a typical
pressurized MF/UF system and example of an MF skid.

When coupled with a TDS removal technology (i.e., nanofiltration or reverse osmosis [RO]), only membrane filtration
provides the adequate pretreatment and satisfies turbidity and silt density index (SDI) requirements for a sustainable
RO operation (RO membrane manufacturers require feed turbidity and SDI values to be less than 1 NTU and 5,
respectively while the goal is less than 0.2 NTU and 3, respectively, for sustainable RO system performance).

Other membrane material such as ceramic membranes and flat sheet and tubular configurations are able to meet
Title 22 requirements. Because membranes are proprietary, the design filtration (flux), backwash, and chemical
cleaning regimes may vary among suppliers. For small reuse applications (i.e., less than 5 mgd), pressurized hollow
fiber membranes are the most cost-effective membrane technology (CH2MHILL, 2007).

SCO/DOCUMENT IN DRAFT_TM5_SFIA PROCESS DEFINITION REPORT 09-04-12_MG1_TM.DOCX 16
COPYRIGHT 2012 BY CH2M HILL, INC.



Exhibit 12 Process Schematic of a Typical Pressurized MF/UF System and Example of an MF Skid

California Title 22 MF/UF full-scale installation examples include Orange County Water District, Leo Vander Lans
Advanced Water Treatment Facility, Lake Arrowhead and West Basin Municipal District.

Advantages of Membrane Filtration:

e Produce superior water quality with very low solids (i.e., turbidity less than 0.1 NTU)

e Meet water quality objectives independent of feed water quality and without requiring chemical
pretreatment

e Proven technology

e Fully automated, relatively easy to operate

e Compact foot-print

e Reduces equipment requirement and O&M cost for the downstream UV disinfection facilities

e Reduces chlorine dose for chlorine disinfection

Disadvantages of Membrane Filtration:

e High capital and O&M costs
e Generates higher backwash volumes than many other filtration options (i.e., CDMF, shallow bed filters)
e Requires handling of chemicals for membrane cleaning

1.3.2 Disinfection Options

The objective of disinfection is to kill (inactivate) pathogenic microorganisms in the wastewater. Although chlorine
dioxide is established for drinking water treatment, it is not used for wastewater, largely because only limited
benefits are provided relative to chlorine disinfection of wastewater and they do not justify the additional system
complexity and expense. Bromine species are proven disinfectants, but may also react with organic materials to form
unwanted trihalomethanes (THMs). Brominated organics formed during disinfection are often considered more
harmful than the analogous chlorinated organics (Water Environment Federation [WEF], 2006). Therefore, chlorine
dioxide and bromine-based disinfection technologies are not included in this evaluation. Ferrate disinfection and
peracetic acid could potentially meet Title 22 disinfection requirements. However, they are not cost effective and do
not have CDPH approval for use in Title 22 applications, therefore, they were excluded from this evaluation.

The following CDPH approved disinfection technologies were evaluated:
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e Chlorine disinfection
e UV disinfection

e (Ozonation

e Pasteurization

a. Chlorine Disinfection

Chlorine disinfection is the oldest and most commonly used disinfection technology in wastewater treatment and
reuse applications. Chlorine in the form of gaseous chlorine or liquid sodium hypochlorite is injected into the
wastewater. Chlorine disinfection should provide a minimum concentration contact-time (CT) requirement of 450 mg
per minute per liter with a modal contact time of no less than 90 minutes enforced by the CDPH. Baffle walls are
used to form a serpentine flow to provide adequate contact between disinfectant and wastewater pathogens. One of
the major advantages of using chlorination is that the existing MLTP has liquid chlorine feed systems, which can be
used with little or no upgrade.

Chlorination is highly effective for inactivating diverse pathogens including viruses. However, chlorination generates
unwanted disinfection byproducts (DBPs), which have been strictly regulated in drinking water projects by the United
States Environmental Protection Agency (USEPA) and local regulatory agencies. More recently, regulatory agencies
and the public have raised concerns regarding DBPs in recycled water projects that necessitated consideration of
alternative disinfection technologies such as UV disinfection, ozonation, etc., that result in lesser DBPs produced
compared to chlorine-based disinfection.

Advantages of Chlorine Disinfection:

e Proven technology, excellent track record

e  Water quality has a very little impact on disinfection performance
e Very effective on virus

e Easyto operate

e Familiarity of IWTP operators with the chlorine disinfection

e Low capital and O&M cost

Disadvantages of Chlorine Disinfection:

e large foot-print
e Chemical to handle
e Generates disinfection by products

b. UV Disinfection

UV disinfection transfers electromagnetic energy from a mercury arc lamp to wastewater, emitting a broad spectrum
of radiation. UV light penetrates an organism’s cell walls and disrupts the cell’s genetic material, making
reproduction impossible.

With the proper dosage, UV irradiation has proven to be an effective disinfectant for bacteria, protozoa and viruses
in recycled water, while not contributing to formation of DBPs. The principal electrode-type lamps used to produce
UV light fall into the following three categories based on internal operating parameters:

e Low pressure-low intensity UV lamps
e Low pressure-high output UV lamps
e Medium pressure UV lamps

Low pressure lamps generate UV light with intense peaks at UV wavelengths of 253.7 nanometers (nm) and a lesser
peak at 184.9 nm. Medium pressure lamps generate polychromatic light with peaks at multiple UV lengths, of which
only approximately 7 to 15 percent is germicidal (200 to 300 nm, with 254 the optimum). The majority of the energy

used by medium pressure lamps is wasted because their wavelength is outside the germicidal range. As a result,
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medium pressure system energy costs are higher than those of low-pressure systems. In addition to the type of UV
lamps used, UV systems are often classified according to whether flow occurs in open or closed channels. For small-
to mid-size water reuse applications, a closed-channel configuration using low pressure-high output lamps is the
most commonly used and cost-effective technology. UV disinfection with its compact footprint is the disinfection
technology finding wider use, especially following membrane technologies that produce high-quality effluent suitable
for UV disinfection. This is especially true for expansions at treatment plants that are located within built-out
settings.

There are multiple suppliers (i.e., Trojan, ITT Wedeco, Aquionics, Ultraguard, Degremont, Quay Technologies, etc.)
that have received CDPH approval for Title 22 applications. The UV systems are designed based on National Water
Research Institute (NWRI) UV Disinfection Guidelines for reuse. The UV reactor examples are presented in Exhibit 13.

Exhibit 13 UV Reactor Examples

Advantages of UV Disinfection:

e Small footprint

e Does not create disinfection by products
e [Easyto operate

e No chemical to handle

Disadvantages of UV Disinfection:

e Water quality has a very little impact on disinfection performance

High hardness can foul UV lamps

Low UV transmittance, turbidity, nitrite and other UV scavengers reduce disinfection performance
e Sophisticated dose control required

e Not effective on virus inactivation

e Relatively high capital and O&M cost
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c. Ozonation

Ozone is a pale blue gas that forms when diatomic oxygen (02) is excited to a higher energy state with a triatomic
form (0O3). This transformation occurs as oxygen is exposed to a source of high energy. Ozone can be generated
onsite by passing a high-voltage alternating current (6-20 kilovolts [kV]) across a dielectric discharge gap through
which oxygen or oxygen-laden air passes, resulting in the formation of ozone.

Ozone is used in water treatment plants for a variety of reasons, including primary disinfection, oxidation of taste and
odor compounds, and control of chlorinated DBPs. Use at wastewater plants is less common, although it is gaining
popularity because of its ability to simultaneously disinfect pathogens and oxidize trace organic compounds (e.g.,
chemicals of emerging concern). Ozone is a strong oxidant and disinfectant. Unlike free chlorine, however, ozone
decays rapidly in aqueous solutions, and it does not maintain a residual concentration. Oxidation reactions are not
selective; therefore, ozone reacts in water with a wide variety of materials (that is, both organic and inorganic
materials). These reactions create an ozone demand that is characteristic to the specific water quality. Other DBPs
may be formed from ozonation (bromate), but bromated formation depends on the bromide concentration in the
water and can be minimized by pH adjustment and peroxide addition.

Ozone is a sparingly soluble gas in water, which usually requires longer CT to dissolve and become effective for
disinfection. The traditional ozonation process requires large contact basins with multiple contact chambers. Ozone is
bubbled in the first two or three chambers and subsequent chambers provide additional CT. CT requirements for
disinfection are met when the effluent leaves the last chamber.

Pressurized plug-flow tubular reactors, where ozone can be added in sequential steps, allow ozone to dissolve faster
in water and to utilize it more efficiently than using contact basins. HiPOX supplied by APT Water uses a tubular
reactor (Exhibit 14) and is the only CDPH-approved reactor system for Title 22 applications.

The ozone doses are dependent on the feed water quality and typically between 2 and 5 mg/L in Title 22
applications. CT of as low as 5 mg/L-minute is sufficient to inactivate pathogens. Currently, no full-scale ozonation
application exists in California for recycled water.

Exhibit 14 APT HiPOX Reactor

Advantages of Ozonation:

e Small footprint

e Does not create disinfection by products as much as chlorine
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e Strong oxidant; also remove emerging contaminants
e Performance is not very sensitive to water quality

Disadvantages of Ozonation:

e High capital and O&M cost

e No full-scale application in wastewater and reuse applications

e Poor feed water quality (i.e, high turbidity, organics) increases ozone dose
e Sophisticated dose control required

d. Pasteurization

Pasteurization of water by boiling has long been practiced as a way of treating water contaminated with enteric
pathogens. In fact, pasteurization can take place at much lower temperatures, depending on the length of time the
water is held at the pasteurization temperature (Burch and Thomas, 1997). Pasteurization time decreases
exponentially with increasing temperature. Above 50 degrees Celsius (°C), time decreases at roughly a factor of 10 for
every 10°C increase in pasteurization temperature. Viruses appear the hardest to kill and essentially set the boundary
for acceptable time—temperature processes. A typical process is 75°C for 10 minutes. The major advantage of
pasteurization is that apparently all major pathogens of concern are killed, independent of wastewater quality;
turbidity, pH, and other parameters that influence the efficacy of other disinfection methods.

Pasteurization has never been considered as a water/wastewater disinfection method because of the high energy
cost in heating large volumes of water. Recently, Pasteurization Technology Group, USA, developed an innovative
pasteurization concept where disinfection may be achieved at a reduced cost. The reduced cost of pasteurization is
based upon the capture of a waste heat source (such as turbine exhaust, solar heat, or cooling towers) and the
transfer of that heat to the water for disinfection, as depicted in Exhibit 15. The main components of this process are
commercially available and include a gas engine generator and a set of heat exchangers.

Exhibit 15 Schematic of Pasteurization (Courtesy of Pasteurization Technology Group)
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There is no full-scale application of this technology in the US. Pilot studies were conducted at the Laguna Wastewater
Treatment Plant (WWTP), in Santa Rosa for Title 22 approval. Conditional approval for reuse application was granted to
the technology by CDPH on July 25, 2007. CDPH required that pasteurization temperatures of at least 82°C (180 degrees
Farenheit [°F]) be maintained continuously for a minimum of 10 seconds. This minimum temperature and CT must be
demonstrated to the CDPH, spanning a range of flow from the lowest to the highest, with two intermediate flow points.
Following successful demonstration and approval, the technology was pilot-tested in three municipal wastewater
treatment plants (WWTPs) in California. One demonstration-scale (0.5-mgd) facility is under construction in California to
further evaluate the technology and develop an economic analysis.

Potential Advantages of Pasteurization:

e Effective for inactivating virus, bacteria and other pathogens

e Does not create disinfection by products

e No chemical to handle

o Feed water quality has very little or no impact on disinfection performance

Disadvantages of Chlorine Pasteurization:

e New technology, no track record

e High capital and O&M costs

e Requires skilled operation

e Requires large heat exchanger to reduce water temperature on treated effluent
e Susceptible to calcium carbonate scaling

2. Short Listing Treatment Alternatives Using Multi Criteria Analysis

CH2M HILL's proprietary software, SMART, uses multi criteria analysis (MCA) methodology to develop clear and
defensible benefit scores for each candidate treatment technology. With SMART, a set of criteria is developed for use
in ranking the appropriateness of each alternative to satisfy project objectives. Then each criterion is assigned a
weight factor that reflects its relative importance. The weighting factors range from one (least important relative to
other criteria) to ten (most important relative to other criteria), allowing calculation of a weighted criterion score
based on how important the criterion is for the project in the decision-making process for short listing the treatment
technologies.

CH2M HILL developed candidate criteria then submitted these criteria to SFIA for review, comment, and then
endorsement. Table 1 summarizes the evaluation criteria, criteria definition and respective weight resulting from this
collaborative process for preliminary/primary, secondary and tertiary filtration options. The evaluation criteria for
the disinfection options are the same as the information presented in Table, except the “Backwash waste / reject/
sludge generation” criterion was modified because it does not apply to the disinfection process. For the disinfection
options, the criterion was revised to “DBP Generation and Compatibility with Future Regulations” which has the
following description “The extent the technology generates DBPs and capability of technology to meet stringent
water quality requirements in future without no or minor modifications/upgrade”. The weighting factor for this
criterion is 5.

Each criterion received a score from 0 to 5 where, O reflects fatal flaw (technology is not acceptable), 1 reflects the
least favorable and 5 reflects the most favorable score for each criterion.
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Table 1 Non Monetary Criteria, Criteria Description and Weighting Factors for Preliminary/Primary, Secondary and Filtration Options

Criteria

Description

Weighting
(importance) Factor

Reliable and consistent

Ability of the alternative to reliably treat wastewater regardless of influent

1

operation wastewater quality conditions 0

Operating experience (Proven The extent of successful full-scale operations 10

Technology)

Ease of O&M Relative degree of ease and extent of time required to operate and maintain the 10
treatment facilities

Ease of expansion Ability of the alternative to be expanded 4

Air quality impact The extent the technology contributes to air pollution and degree of difficulty 5
obtaining air quality permit

Ease of incorporating into the Degree of design and construction necessary to integrate alternative into existing

existing facility plant, difficulty/time required for such integration, and extent of impact on ongoing 6
operations

Backwash waste/reject/sludge | The extent of backwash waste/reject generated from the facility 5

generation

Power requirement/ carbon Extent of power consumption and carbon footprint of the technology 6

footprint

Olfactory impacts/overall Appearance of the facilities associated with the alternative and its

aesthetics visual/auditory/olfactory impact on project locations (height, noise, odor) and 2
impacts of these effects on plant operators and surrounding neighborhood

Chemical usage Relative number of chemical storage and feed facilities and hazardous nature of 1
chemicals to be stored

Footprint Space requirement of each technology 1

Multi Criteria Analysis Results

The following section discusses the results of the multi criteria analysis and presents a graphical summary of the
results for each technology type. Appendix A includes the detailed numerical rating spreadsheets from which the
graphical summaries were developed.

Primary Treatment Options

The SMART Multi criteria analysis results for primary treatment options showed that DAF is the most suitable option
with the highest combined benefit scores of 4.02 (Exhibit 16). DAF is a well established and proven technology and is
currently being used successfully at the IWTP.

On a practical level, DAF is a complete stand alone treatment process that can handle O&G, suspended solids and
emulsions. This is a clear advantage over primary clarifier that cannot handle emulsions and over OWS that cannot

handle fine suspended solids or emulsions. DAF treatment is recommended for primary treatment.
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Exhibit 16 SMART Analysis Results for Primary treatment
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Oil Water Separator DAF Clarifier
Technology Alternative

Secondary Treatment Options

The SMART Multi criteria analysis results for secondary treatment options showed that trickling filter is the most
suitable option with the highest combined benefit scores of 3.77 (Exhibit 17). Trickling filters have been a choice for
treating wastewater flows and loads exhibiting significant fluctuations as in IWTP. SFIA is currently operating trickling
filter at the IWTP which all together maximized the score for operating experience. In addition, trickling filter is easy
to operate and maintain compared to other identified alternatives. Power requirements for trickling filters are similar
or less than the identified alternatives.

Rotating biological contactors have received the second highest combined benefit score. Rotating biological
contactors are covered to eliminate aerosol pollution. Although this increases capital cost of the facility which
minimizes air quality concerns. This added feature contributed to the total benefit score of rotating biological
contactor thereby making it second highest scoring technology.

Both trickling filters and rotating biological contactors are recommended as secondary treatment technology for
further evaluation (cost will be incorporated in the final evaluation).
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Exhibit 17 SMART Analysis Results for Secondary Treatment Alternatives
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Filtration Options

The SMART analysis for filtration options showed that the conventional down flow sand filters have the highest
combined benefit score (3.75) among 9 filtration alternatives identified. Proven track record, performance and ease
of operation of trickling filters placed conventional down flow sand filters into the top spot. The combined benefit
scores for the membrane filtration and cloth disc filtration (3.63 and 3.60, respectively) are also high and very close
to the top score. Membrane filtration is a high cost option, but provides superior and reliable treatment without
need for chemical addition. Cloth media disc filters are very energy efficient, cost effective, compact and easy to
operate option. Therefore, in addition to conventional down flow sand filters, membrane and cloth disc media
filtration are recommend for further evaluation.

Ability of cloth disc media filters to reliably meet effluent quality objectives relies on feed water quality and chemical
pretreatment. Therefore, a detailed analysis (particle size distribution, filterability with and without chemicals)
should be performed to determine feasibility of cloth media disc filters as a filtration option for the MLTP. As this
project progresses, CH2ZMHILL has coordinated with Aqua Aerobic the collection of samples from the SWTP
secondary effluent for particle size distribution and filterability analysis.
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SAN FRANCISCO INTERNATIONAL AIRPORT
EVALUATION OF TREATMENT TECHNOLOGY ALTERNATIVES

Disinfection Options

The SMART identified chlorine disinfection as the most suitable disinfection technology with a combined benefit
score of 4.17 (Exhibit 19). Chlorine disinfection is proven, very effective and easy to operate and maintain. In
addition, SFIA staff is currently operating chlorine disinfection system successfully. UV disinfection received the
second highest score (3.62). One advantage of UV disinfection is that it does not generate DBPs. On the other hand, it
has higher capital and O&M costs than chlorine disinfection. In addition, feed water quality has a strong impact on
UV design and performance.

Ozonation is an approved disinfection process by the CDPH and provides effective disinfection with higher capital and
O&M costs. Although ozonation has been used in the drinking water area for many years, there is no full-scale
operating ozonation as a primary disinfection unit in Title 22 applications. Due to lack of operating experience,
ozonation was eliminated for further consideration.

Pasteurization has recently been demonstrated in pilot scale. However, capital and O&M costs, long term
performance, maintenance requirements yet to be determined. As a result, pasteurization was eliminated from

further consideration.

Exhibit 19 SMART Analysis Results for Disinfection Alternatives

San Francisco Airport
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3. Summary of Technology Evaluation

Based on the technology evaluation performed, the following technologies are recommended for further
development as part of alternative overall treatment trains that will be evaluated in more detail and presented in
forthcoming Technical Memorandum 4.

e  Primary Treatment
0 Dissolved Air Flotation
e Secondary Treatment
0 Trickling Filter
0 Rotating Biological Contactor
e Tertiary Treatment
0 Conventional Down Flow Sand Filter
0 Membrane Filtration
0 Cloth Disc filtration
e Disinfection
0 Chlorination
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Appendix A
SMART Evaluation Results
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SAN FRANCISCO INTERNATIONAL AIRPORT
EVALUATION OF TREATMENT TECHNOLOGY ALTERNATIVES
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SAN FRANCISCO INTERNATIONAL AIRPORT
TREATMENT TECHNOLOGY SELECTION

DRAFT TECHNICAL MEMORANDUM 4 CH2MHILL.

San Francisco International Airport
Treatment Technology Selection

PREPARED FOR: San Francisco International Airport
PREPARED BY: CH2M HILL
DATE: May 10, 2012

Introduction and Obijectives

The City and County of San Francisco owns and operates the Mel Leong Treatment Plant (MLTP) through the San
Francisco International Airport (SFIA). The MLTP includes an Industrial Wastewater Treatment Plant (IWTP) and a
Sanitary Wastewater Treatment Plant (SWTP). The IWTP treats industrial wastewater as well as first flush, storm
water runoff from airport facilities and the SWTP treats the sanitary sewer from the airport facilities. The effluent
from both facilities (IWTP and SWTP) is routed to either the effluent pump station or the water reclamation pump
station. The combined effluent is pumped to the North Bayside System Unit outfall, where the treated water is
combined with effluent from South San Francisco, Millbrae, and Burlingame. Dechlorination takes place in the shared
outfall before the effluent is discharged in to the Bay. The effluent from the water reclamation pump station is used
within the Airport for irrigation purposes under a restricted use permit. The sludge from both facilities is conveyed to
on-site sludge drying beds for dewatering and drying.

Technical Memorandum 3 (TM3) entitled “San Francisco International Airport Evaluation of Treatment Technology
Alternatives” used multi criteria analysis to short list the following treatment technology alternatives based on the
highest combined benefit scores received.

Treatment Technology Alternatives for IWTP Upgrade:
e Primary treatment: dissolved air flotation
e Secondary treatment: (1) trickling filters and (2) rotating biological contactors (RBCs)
Treatment Technology Alternatives for Tertiary Treatment for Reuse:
e Filtration: (1) conventional down flow sand filtration, (2) cloth disc filtration and (3) membrane filtration

e Disinfection: chlorine disinfection (initial evaluation also identified UV disinfection as an alternative.
However, this option was eliminated from further consideration due to unfamiliarity of plant operators with
UV disinfection and operation and maintenance concerns as a result of chemicals used in the upstream
treatment process (i.e., pretreatment of filtration).

In this TM (TM 4), the short listed technologies presented above (except for DAF which was pre-selected in TM3) are
further evaluated using a 25 year life cycle cost (LCC) analysis. The objective of TM 4 is to develop benefit-to-cost
ratios for the treatment alternatives using SMART (CH2MHILL’s proprietary decision science model) to select a
technology in each category based on the highest calculated benefit-to-cost ratios.

TM 4 contains the following sections:
1. Basis of Cost Estimates for LCC Analysis

2. Evaluation of Primary and Secondary Treatment Technology Alternatives for IWTP Upgrade

Background
Design Criteria, Sizing and Cost Estimate Assumptions
Planning Level Cost Estimate for the Treatment Alternatives

Benefit to Cost Ratios for the Treatment Alternatives
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3. Evaluation of Tertiary Treatment Alternatives

Background

Design Criteria, Sizing and Cost Estimate Assumptions
Planning Level Cost Estimate for the Treatment Alternatives
Benefit to Cost Ratios for the Treatment Alternatives

4. Summary of the Treatment Technology Selection

1. Basis of Cost Estimates for Life Cycle Cost Analysis

Cost estimates for the technology alternatives were developed by obtaining budgetary-level equipment costs from
equipment suppliers and calculating facility costs using CH2M HILL’s cost-estimating methodology (CPES) for projects
of similar type and size.

The cost estimates developed for this analysis provide a relative comparison of the treatment alternatives and are
considered order-of-magnitude estimates. An order-of-magnitude cost estimate is defined as “an approximate
estimate made without detailed engineering data.” The Association for the Advancement of Cost Engineering (AACE)
International defines order-of-magnitude costs as Class 5 cost estimates without detailed engineering data. This
estimate is prepared based on limited information, where little more than proposed plant type, its location, and the
capacity are known, where preliminary engineering is from 0% to 2% complete. Strategic planning purposes include,
but are not limited to, market studies, assessment of viability, evaluation of alternate schemes, project screening,
location and evaluation of resource needs and budgeting, and long-range capital planning. Examples of estimating
methods used would include cost/capacity curves and factors, scale-up factors, and parametric and modeling
techniques. Typically, little time is expended in the development of this estimate. The expected accuracy ranges for
this class of estimate are —20% to —=50% on the low range side and +30% to +100% on the high range side.

The cost estimates prepared, which include any resulting conclusions on project financial or economic feasibility or
funding requirements, have been prepared for guidance in project evaluation and implementation from the
information available at the time of the estimate. The final costs of the project and resulting feasibility will depend on
actual labor and material costs, competitive market conditions, actual site conditions, final project scope,
implementation schedule, continuity of personnel and engineering, and other variable factors. Therefore, the final
project costs will vary from the estimate presented here. Because of these factors, project feasibility, benefit/cost
ratios, risks, and funding needs must be carefully reviewed prior to making specific financial decisions or establishing
project budgets to help ensure proper project evaluation and adequate funding.

The subtotal of capital cost includes the following contractor markups:

e Bond and insurance: 5 percent
e Contractors overheads: 10 percent
e Contractor profit: 6 percent

The following contingencies (as an additional percentage of the sub total) were included in the facility costs:

e Project contingency: 25 percent
e Engineering and administrative fees: 20 percent
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The chemical and power unit costs were obtained from similar projects in San Francisco area and presented in Table
1-1. These unit costs were used for comparing treatment alternatives on a 25-year LCC basis at 5.0 percent discount
rate. LCC is the total cost of ownership of equipment and technology, including its cost of acquisition and operations
and maintenance (O&M). It takes into account the costs associated with consumables (chemicals, energy) and parts
replacement (i.e., membrane replacement, cloth media replacement), and is an effective, unbiased method to
choose the most cost-effective alternative from a series of alternatives.

TABLE 1-1

Electricity Unit Cost and Chemical Unit Costs

Item Unit Cost
Electricity, $/kWh 0.12
Alum (Dry), $/lb 0.35
Citric Acid (50%), S/gal 5.99
Sodium hypochlorite (12.5%), $/gal 1.20
Sodium bisulfite (25%), $/gal 2.25
Sodium hydroxide (25%), S$/gal 2.38

2. Evaluation of Primary and Secondary Treatment Technology Alternatives for INTP
Upgrade

Background

The wastewater flows vary and show significant daily and seasonal fluctuations. While the summer flows are
projected to be approximately less than 0.1 million gallons per day (mgd), flows as high as 1.7 mgd have been
recorded during wet periods. Most units of the IWTP need to be replaced. The proposed process schematic showing
existing and new units can be found in Appendix A. For primary treatment, TM3 identified dissolved air flotation
(DAF) as the most suitable primary treatment option compared to oil/water separators or primary clarifiers; primarily
because it is a technology that can easily handle emulsions and flow variations. In this TM a cost comparison is
unnecessary for primary treatment; therefore, no design criteria and no cost estimates for primary treatment are
provided. Furthermore, the common chlorination step is not included in this secondary treatment process
comparison. Primary treatment and chlorination facilities will be developed in the next process development stage
of the project.

The secondary treatment will be designed to treat peak flows and variable loads. In addition, the two short listed
treatment alternatives should meet project objectives in a cost effective manner. The project water quality objectives
are two-fold:

1. The treated wastewater should fully satisfy National Pollutant Discharge Elimination System (NPDES) permit
limit for BOD, TSS and other specified constituents

2. The treated wastewater should satisfy Title 22 tertiary recycled water criteria when coupled with filtration
and disinfection. This is required based on SFIA staff’s interest to minimize NPDES discharges while
maximizing water reuse
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Design Criteria, Sizing Unit Treatment Processes and Cost Estimate Assumptions

To satisfy redundancy requirements by SFIA operations, two parallel trains of equipment will be provided for the
IWTP. Table 2-1 summarizes key design criteria used for sizing the new secondary treatment unit processes.

TABLE 2-1

Design Criteria for Secondary treatment Unit Processes

Criteria

Description

Design flow for the IWTP, mgd

SECONDARY TREATMENT

Trickling Filters

Number of filters

Design feed flow per train, mgd

Filter diameter, ft

Media filter height, ft

Design Recirculation rate per unit, mgd

Rotating Biological Contactors

Number of contactors per train

Design feed flow per train, mgd

Total surface area per unit, sf

Soluble BOD loading on stage 1, Ibs BOD/1000sf/day
Secondary Clarifiers

Number of clarifiers

Design feed flow per train, mgd

Maximum surface overflow rate, gpd/sf

Tank diameter, ft

Sidewater depth, ft

1.7

0.85

66

10 (based on existing facility design)

1.23 (based on 0.25 gpm/sf)

3 (6 total for 2 trains)
0.85
114,750 (688,500 sq.ft. total)

2.07

0.85
1,060
32

15

Cost Estimate Summary for the Secondary Treatment Alternatives

The design criteria presented in Table 2-1 were used to develop capital, O&M and LCC for the two short listed
secondary treatment alternatives. The capital cost estimate was prepared as described under Section 1.

Table 2-2 summarizes capital, O&M and LCCs for the two secondary treatment alternatives evaluated. Cost estimate
details for the secondary treatment alternatives are presented in Appendix B. As indicated in the process schematic
in Appendix A, both the trickling filters and the RBC units are followed by a secondary clarifier. Consequently, the
secondary clarifier costs are included in each secondary treatment alternative. The costs displayed in Table 2-2
include the associated costs with the secondary clarifier and sludge recirculation pump station. Since the chlorination
basin and tertiary treatment pump station and associated costs will be identical for the two alternatives evaluated,

these costs are not included in Table 2-2.
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Key O&M assumptions common to each alternative include the following:

e Annual O&M cost is based on annual average flow of approximately 0.58 mgd.

e No additional personnel are needed to operate and maintain the facilities in each treatment alternative.
e Facility runs 24 hours per day, 365 days per year.

e One percent of the direct cost is assigned for maintenance.

TABLE 2-2

Capital, O&M and LCCs for the Two Secondary Treatment Alternatives

Item Trickling Filters + RBCs +
Secondary Clarifier Secondary Clarifier

Total Capital Cost, $ 7,111,000 7,667,000

Total O&M Cost, $/year 49,000 52,000

Life Cycle Cost (LCC), $ 7,802,000 8,400,000

Alternative costs are relatively close. However, both the capital and O&M costs associated with the trickling filter are
lower, resulting in a lower LCC of about $600,000, compared to the RBC’s LCC. It should be realized that the cost
comparison assumed concrete tanks for both trickling filters and RBCs. The use of steel tank may reduce the capital
cost for the trickling filters. The use of steel tanks in lieu of concrete tanks in trickling filters will be further evaluated
in the fort coming task of the project.

Benefit to Cost (B/C) Ratios

The TM 3 short listed the top two secondary treatment alternatives based on the total benefit scores. The total
benefit scores were 3.77 and 3.00 for trickling filters and RBCs, respectively. In this section, the total benefit scores
are coupled with the LCCs to estimate benefit to cost ratios for the two alternatives. Figure 2-1 shows the estimated
benefit to cost (B/C) ratios and LCC for the two alternatives. The cost values on B/C in Figure 2-1 refer to LCCs and are
as $1 million.
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FIGURE 2-1
B/C Ratios and LCCs for the Two Secondary Treatment Alternatives

$9,000,000 0.60
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$7,000,000 - - 0.20
- 0.10
$6,000,000 - - 0.00
Trickling Filter Rotating Biological
Contactor

Based on the results shown in Figure 2-1, trickling filters exhibited the highest cost to benefit ratio (0.48 compared to
0.36) of the two alternatives evaluated and identified as the most favorable secondary treatment alternative. In
addition, trickling filters are the recommended secondary treatment alternative because:

- They are effective for treating wastewater flows and loads exhibiting significant fluctuations as in the IWTP.
- They are easy to operate and maintain
- SFIA operators have good operating experience with trickling filter

3. Evaluation of Tertiary Treatment Technology Alternatives for Reuse
Background

The proposed tertiary treatment plant will produce up to 1.0-mgd disinfected tertiary recycled water for unrestricted
non-potable uses including landscape irrigation and urban reuse. California Department of Public Health (CDPH)
defines disinfected tertiary recycled water as “oxidized, filtered and subsequently disinfected wastewater” that
meets the criteria presented in Table 3-1.
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TABLE 3-1

Water Quality Requirement for Disinfected Tertiary Recycled Water

Parameter

Requirement

Organic material

Turbidity (if treated through natural undisturbed
soils or a bed of filter; i.e., dual or mixed media,
upflow or pressure filtration systems, traveling
bridge automatic filters)

Turbidity (if treated through microfiltration,
ultrafiltration, nanofiltration, or reverse osmosis
membranes)

Disinfection

Total coliform bacteria

Wastewater has to be properly oxidized under all conditions.

"’Oxidized wastewater’ means wastewater in which the organic matter has
been stabilized, is non-putrescible, and contains dissolved oxygen.”

All biological treatment unit processes shall be provided with reliability
features such as “alarms and multiple biological treatment units capable of
producing oxidized wastewater with one unit not in operation.”

Average of 2 NTU within 24-hr period
5 NTU not more than 5% of the time during 24-hr period
Less than 10 NTU at all times

Average of 0.1 NTU within 24-hr period
0.2 NTU not more than 5% of the time during 24-hr period
Less than 0.5 NTU at all times

A chlorine disinfection process following filtration that provides a CT (the product
of total chlorine residual and modal CT measured at the same point) value of not
less than 450 milligram-minutes per liter at all times with a modal CT of at least
90 minutes, based on peak dry weather design flow;

or

A disinfection process that, when combined with the filtration process, has been
demonstrated to inactivate and/or remove 99.999 percent of the plaque forming
units of F-specific bacteriophage MS2, or polio virus in the wastewater.

2.2 MPN per 100 mL per sample, median reading not to exceed over any 7-day
continuous period

23 MPN per 100 mL per sample, not to occur more than once within 30 days

240 MPN per 100 mL in any sample
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Design Criteria, Sizing Unit Treatment Processes and Cost Estimate Assumptions

As discussed in TM 3, the tertiary treatment plant will be designed to handle both ITWP and SWTP secondary
effluent. However, as noted in TM3, the SWTP secondary effluent will be used as the primary source for the tertiary
treatment. Furthermore, the quality of the SWTP secondary effluent is such that it controls the design of the tertiary
treatment plant design. The SWTP secondary effluent has an average turbidity of 11 NTU with periodic excursion
exceeding 20 NTU, which requires full pretreatment (coagulation, flocculation and solids removal) to meet Title 22
recycled water turbidity requirements summarized in Table 3-1. Because membrane filtration is an absolute barrier
to solids, chemical pretreatment for solids removal is not required to meet turbidity requirements for membrane
filtration. To satisfy redundancy criteria of Title 22 recycled water regulations, two treatment trains will be provided
where the TTP will satisfy average recycled water demand as the largest train out of service. Table 3-2 summarizes

key design criteria used for sizing the tertiary treatment unit processes.

TABLE 3-2
Design Criteria for Treatment Unit Processes

Criteria Description
Annual average flow, mgd 0.64
Maximum design flow, mgd 1.00

FILTRATION TECHNOLOGIES

Conventional Deep Bed Sand Filters

Design feed flow, mgd

1.10 (assumes 10% backwash waste)

Design filtrate flow, mgd 1.00
Pretreatment

Coagulation

Number of filters 2
Rapid mix velocity gradient, sec- 2,000
Minimum water temperature, °C 15

Projected alum dose, mg/L

10 (for comparison purpose only, other chemicals including iron
salts and other form of aluminum salts can be used for the same
purpose. The dosed to be verified during full design)

Flocculation

Number of units 2

Number of flocculation stages, each unit 3

Detention time, min, each unit 15
Velocity gradient in the first stage, sec-! 60
Velocity gradient in the second stage, sec-! 40
Velocity gradient in the third stage, sec-t 20
Inclined Plate Settling

Number of settling basins 2

Maximum hydraulic loading rate, each settler, gpm/sqg-ft 0.4
Plate angles, degrees 55
Projected effluent turbidity, NTU <5

Sand Filters
Type of media
Minimum media depth, inches

Number of Filters

Mono media sand
60
2
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Maximum Design Surface Overflow Rate at 1.0 mgd, gpm/ft2 6 (with 1 train out of service)
Projected Backwash Waste (% of the feed) 5-10

Cloth/Disc Media Filters

Design Feed Flow, mgd 1.03 (assumes 13% backwash waste)
Design Filtrate Flow, mgd 1.00
Pretreatment
Coagulation
Number of units 2
Rapid mix velocity gradient, sec-! 2,000
Minimum water temperature, °C 15
10 (for comparison purpose only, other chemicals including iron
Projected alum dose, mg/L salts and other form of aluminum salts can be used for the same
purpose. The dosed to be verified during full design)
Flocculation
Number of untis 2
Number of flocculation stages, each unit 3
Detention time, min, each unit 15
Velocity gradient in the first stage, sec-! 60
Velocity gradient in the second stage, sec-! 40
Velocity gradient in the third stage, sec-! 20
Inclined Plate Settling
Number of settling basins 2
Maximum hydraulic loading rate, each settler, gpm/sqg-ft 0.4
Plate angles, degrees 55
Projected effluent turbidity, NTU <5
Cloth Disc Filters
Type of media Cloth/fabric
Nominal pore size of the media, inches 10-11
Number of filter tanks 2
Maximum filtration rate at 1.0 mgd, gpm/ft® 6 (with 1 train out of service)
Projected backwash waste (% of the feed) 1-3

Membrane Filtration (Based on Pressurized Systems)

Membrane Pretreatment-Self Cleaning Strainer

Design filtrate flow, mgd 1.05
Clean strainer pressure drop at the design flow, psig 1
Projected backwash waste (% of the feed) 0.5
Membrane System

Design feed flow, mgd 1.05
Design filtrate flow, mgd 1.0
No. of membrane trains 2
Design flux with one train out of service, gal per day per square

foot (gpd/sqg-ft) 25
Recovery, % 95
Maximum TMP, psi 40
Minimum spare module space, % 10

DISINFECTION TECHNOLOGIES

Chlorine Disinfection
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Design feed flow, mgd 1.0
Minimum hydraulic detention time at 1.0 mgd design flow, min 120

Minimum CT requirement, mg*min/L 450

10 with membrane filtrations

Typical chlorine dose, mg/L 12 with other filtration technologies

Cost Estimate Summary for the Tertiary Treatment Alternatives

The design criteria presented in Table 3-2 and unit costs presented in Table 1-1 were used to develop capital, O&M
and LCC for three short listed tertiary filtration alternatives. Cost estimate details for the tertiary filtration
alternatives are presented in Appendix B. As previously discussed, with the exception of membrane filtration, the
conventional down flow sand filters and cloth media filters require coagulation, flocculation, and settling prior to
filtration to reduce solids to a manageable levels (<5-7 NTU) in filtration influent to reliably meet Title 22 recycled
water quality requirements for turbidity. Table 3-3 summarizes capital, O&M and LCCs for the three filtration
alternatives evaluated. Since the chlorine disinfection and recycled water storage and associated costs will be
identical for the three filtration alternatives evaluated, these costs are not included in Table 3-3.

Key O&M assumptions common to each alternative include the following:

e Annual O&M cost is based on annual average flow of approximately 0.64 mgd.

o No additional personnel are needed to operate and maintain the facilities in each treatment alternative.
e Facility runs 24 hours per day, 365 days per year.

e One percent of the direct cost is assigned for maintenance.

e Backwash waste from the filtration facilities will be returned to head of the STP. Costs associated with backwash
flow conveyance were not included for alternative comparison.

e The major equipment including membrane filtration system and associated chemical clean in place system, cloth
disc filter system and chemical feed facilities are housed under a canopy. The installed canopy unit cost is $40 per
square foot.

e MF membrane will be replaced every 10 years and MF module replacement costs $2,900 per module based on
Pall Aria membranes provided by Pall Inc. It should be noted that Pall Aria Membranes are used for the
evaluation purpose only. Other CDPH approved membrane products supplied by GE Water Technologies,
Siemens, Toray, Hydranautics, etc. are also qualified and can be considered in this project.

e Cloth/disc media capital and O&M costs projections are based on Aqua Aerobic’s Aquadisk system and obtained
from Aqua Aerobic. Chlorine tolerant polyester (PET) cloth media was assumed in this evaluation. It should be
noted that Aqua Aerobic disc system is used for the evaluation purpose only. Other CDPH approved cloth/disc
products supplied by Siemens, Kruger, etc. are also qualified and can be considered in this project.

TABLE 3-3
Capital, O&M and LCCs for the Three Filtration Alternatives
It i
em Membrane Cloth Disc Media Conventlor?al
. . . . Sand Media
Filtration Filtration . .
Filtration
Total Capital Cost, $ 3,785,000 4,556,000 5,237,000
Total O&M Cost, $/year 85,000 46,000 49,000
Life Cycle Cost (LCC), $ 4,983,000 5,204,000 5,928,000
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Even though membrane filtration usually costs higher than other filtration alternatives, the need for pretreatment
(i.e., coagulation, flocculation and settling) for the cloth disc media and conventional sand media filtration
alternatives has increased the capital costs for both cloth disc and conventional sand media filtration. Despite the
highest O&M cost (high cost is primarily associated with membrane replacement cost), membrane filtration has the
lowest LCCs among the three filtration alternatives evaluated.

Benefit to Cost (B/C) Ratios

The TM 3 short listed the top three filtration alternatives based on the total benefit scores. The total benefit scores
were 3.75, 3.63 and 3.60 for conventional sand filtration, membrane filtration and cloth disc media filtration,
respectively. In this section, the total benefit scores are coupled with the LCCs to estimate benefit to cost ratios for
the filtration alternatives (Per SFIA staff’ input, the chlorine disinfection was chosen as the disinfection process in the
tertiary treatment facility. Therefore, the benefit to cost ratio only covered filtration alternatives). Figure 3-1 shows
the estimated benefit to cost (B/C) ratios and LCC for the three filtration alternatives. The cost values on B/C in Figure
3-1 refer to LCCs and are as $1 million.

FIGURE 3-1
B/C Ratios and LCCs for the Three Filtration Alternatives
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Based on results shown in Figure 3-1, membrane filtration exhibited the highest cost to benefit ratio (0.73) of the
alternatives evaluated and identified as the most favorable filtration alternative. Membrane filtration has the lowest
capital costs among the evaluated technologies, it offers very reliable and robust performance, fully satisfies treated
water quality objectives without chemical addition and regardless of the feed water quality.

Cloth disc filtration and sand media filtration cannot reliably meet the water quality requirements without full
pretreatment which substantially increase capital cost thereby yielding relatively low B/C ratio.
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4. Summary of the Technology Selection
A three-step decision process has been utilized to select secondary treatment and tertiary filtration alternatives.

The secondary treatment technology selection and comparison are based on 1.7 mgd treatment capacity. The SMART
(CH2MHILL’s proprietary decision science model) identified and short listed the top two alternatives (trickling filters
and rotating biological contactors) based on the combined benefit scores in TM 3. Capital, O&M and LCCs were then
estimated for each technology. The benefit scores were then divided by the net present value cost to develop a
benefit-to-cost ratio that was then used as a quantitative means of ranking the technologies and selecting the most
favorable filtration alternative.

Trickling filters exhibited the highest cost to benefit ratio (0.48) and was identified as the most favorable secondary
treatment alternative. Trickling filters have been a choice for treating wastewater flows and loads exhibiting
significant fluctuations as in IWTP. SFIA is currently operating trickling filter at the IWTP which all together maximized
the score for operating experience.

The tertiary treatment filtration technology selection and comparison are based on 1.0 mgd treatment capacity to
produce an average recycled water of 0.64 mgd. The SMART identified and short listed the top three filtration
alternatives (membrane filtration, cloth disc filtration and conventional sand media filtration) based on the combined
benefit scores in TM 3. Capital, O&M and LCCs were then estimated for each technology. The benefit scores were
then divided by the net present value cost to develop a benefit-to-cost ratio that was then used as a quantitative
means of ranking the technologies and selecting the most favorable filtration alternative.

Membrane filtration exhibited the highest cost to benefit ratio (0.73) and identified as the most favorable filtration
alternative. Even though membrane filtration has the highest annual O&M costs ($85,000/year) among the three
evaluated technologies, it offers very reliable and robust performance, fully satisfies treated water quality objectives
without need for chemical pretreatment and independent of feed water quality. Membrane filtration is
recommended for the implementation at the SFIA.

Membrane filtration will be coupled with chlorine disinfection to produce disinfected tertiary treated recycled water
at the SFIA. One option is to use a separate chlorine contact basin and recycled water storage tank. The other option
is to build a recycled water storage tank with an integrated chlorine contact basin. The later option is expected to
lower the capital cost and offers some flexibility as chlorine contact basin is expended in future. These options will be
further evaluated during design phase of the project.
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Appendix A

Process Flow Diagram for IWTP
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SAN FRANCISCO INTERNATIONAL AIRPORT
TREATMENT TECHNOLOGY SELECTION

Appendix B

Cost Estimate Details
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TABLE B-1

Capital, O&M and LCCs for the Two Secondary Treatment Alternatives

Item Trickling Filters + RBCs +
Secondary Clarifier Secondary Clarifier
Capital Cost
Siteworks 162,000 96,000
Concrete 1,170,000 315,000
Canopy/Building 318,000 121,000
Metals 75,000 75,000
Equipment 1,191,000 2,485,000
1&C 195,000 235,000
Mechanical 315,000 345,000
Electrical 157,000 192,000
Subtotal, $ 3,583,000 3,864,000
Siteworks Allowance 108,000 116,000
Yard Piping Allowance 180,000 194,000
Electrical Allowance 180,000 194,000
Direct Cost with Allowances, $ 4,051,000 4,368,000
Contractor's Markups
Bonds and Insurance (5%) 203,000 219,000
Contractor's Overhead (10%) 406,000 437,000
Contractor's Profit (6%) 244,000 263,000
Total Markups 853,000 919,000
Sub Total with Markups, $ 4,904,000 5,287,000
. . o .
Project Contingency, 25% of the Subtotal with 1,226,000 1,322,000
Markups, $
Engineering, Lega.l and Administrative Fees, 20% of 981,000 1,058,000
the Sub Total with Markups, $
Total Capital Cost, $ 7,111,000 7,667,000
O&M Cost
Power, $/year 12,000 12,000
Maintenance, $/year 37,000 40,000
Total O&M Cost, S/year 49,000 52,000
Life Cycle Cost (LCC), $ 7,802,000 8,400,000
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TABLE B-2

Capital, O&M and LCCs for the Three Filtration Alternatives

Item . . Conventional
Membrane Cloth Disc Media .
. . . . Sand Media
Filtration Filtration . .
Filtration
Capital Cost
Siteworks 20,000 73,000 75,000
Concrete 63,000 158,000 522,000
Canopy/Building 160,000 206,000 344,000
Metals 10,000 47,000 51,000
Equipment 1,433,000 1,394,000 915,000
1&C 60,000 105,000 276,000
Mechanical 80,000 140,000 322,000
Electrical 80,000 173,000 134,000
Subtotal, $ 1,906,000 2,296,000 2,639,000
Siteworks Allowance 58,000 69,000 80,000
Yard Piping Allowance 96,000 115,000 132,000
Electrical Allowance 96,000 115,000 132,000
Direct Cost with Allowances, $ 2,156,000 2,595,000 2,983,000
Contractor's Markups
Bonds and Insurance (5%) 108,000 130,000 150,000
Contractor's Overhead (10%) 216,000 260,000 299,000
Contractor's Profit (6%) 130,000 156,000 179,000
Total Markups 454,000 546,000 628,000
Sub Total with Markups, $ 2,610,000 3,141,000 3,611,000
Project Contingency, 25% of the Subtotal with
Markups, S 653,000 786,000 903,000
Engineering, Legal and Administrative Fees, 20% of
the Sub Total with Markups, $ 522,000 629,000 723,000
Total Capital Cost, $ 3,785,000 4,556,000 5,237,000
O&M Cost
Power, $/year 19,000 12,000 14,000
Consumables, $/year 32,000 2,000 0
Chemicals, S/year 14,000 7,000 7,000
Maintenance, $/year 20,000 25,000 28,000
Total O&M Cost, $/year 85,000 46,000 49,000
Life Cycle Cost (LCC), $ 4,983,000 5,204,000 5,928,000
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Executive Summary

ES.1 Project Background

San Francisco International Airport (“SFIA”) has prepared a preliminary planning report
to provide a strategy for implementing a recycled water project. Recycled water has been
identified as a reliable and sustainable alternative water source that can reduce fresh
water demand for irrigation and other non-potable purposes, and will reduce the level of
rationing during drought periods.

ES.2 Alternative Analysis and Evaluation Approach

The alternative analysis and evaluation (“AAE”) is a procedure used by the San
Francisco Department of Public Works (“SFDPW?”) to select a preferred alternative
for the implementation of capital improvement projects prior to preparation of a
conceptual engineering report (“CER”). This alternative analysis report (“AAR”) is
the documentation of the AAE process.

The first step of the AAE was to review, update, and define recycled water demands
developed in the 2008 recycled water planning phase (generated by SFIA engineering) to
provide a basis for developing project design criteria for the treatment, storage, and
distribution facilities. Table ES-1 presents a summary of all refined demand estimates for
recycled water for the project. Figure ES.1 shows an overview of the potential recycled
water users.

Table ES-1
Summary of Refined Demand Estimates
Annual Summer Winter
Avg (MGD) (May-Oct) (Nov-Apr)
Avg (MGD) Avg (MGD)
Landscape Irrigation 0.10 0.16 0.04
Dual Plumbing 0.17 0.17 0.17
Cooling Towers - Airport 0.13 0.15 0.11
Cooling Towers - Cogen 0.15 0.15 0.15
MLTP 0.10 0.10 0.10
Total 0.65 0.73 0.57

Using the secondary effluent from the Mel Leong Treatment Plant (“MLTP”), two
qualities of recycled water will be produced to meet the needs of the identified end users.
Disinfected tertiary recycled water, meeting the requirements of Title 22 in the California
Code of Regulations, would be used for landscaping irrigation. This water may also be
used in industrial and municipal applications as well as dual plumbing systems. Water
used for cooling towers at the United Airlines Cogeneration Facility and SFIA Central
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Plant requires an advanced level of treatment because of the potential damage to cooling
tower heat exchangers.

Currently, there are many treatment technologies available that will produce Title 22
quality water. In contrast, advanced treatment technologies for producing a higher
quality of water are limited to reverse osmosis (“RO”) or microfiltration and ultra-
filtration membrane filtration (“MF/UF”).

In order to identify the best combination of treatment technologies, site locations, and
distribution system routing, a systematic and objective approach was used to analyze and
rank the alternatives. This AAE process included:

Development of statement of objectives.

Initial screening of alternatives using boundary conditions.

Establishment of evaluation criteria to measure relative benefits of alternatives.
Assessment of net benefits of alternatives.

Assessment of costs of alternatives.

Assessment of benefit-to-cost ratios of alternatives.

Identification of the programmatic alternative that offers the best value.

ES.3 Conclusions and Recommendations

Presented below are the preferred recommendations for each of the following objectives:
tertiary and advanced treatment of recycled water, viable treatment locations, and
distribution alternatives.

e Tertiary Treatment (Title 22 water)

0 Rapid-mix coagulation

o Continuous backwash sand filtration

o Ultraviolet irradiation disinfection

o Sodium hypochlorite residual disinfection
e Advanced Treatment

0 Reverse Osmosis

o Microfiltration/Ultra-filtration membrane filtration
e Treatment Locations

0 Mel Leong Treatment Plant

o Parking Lot C near the SFIA/US-101 interchange
e Distribution Alternatives

o0 Centralized/Decentralized treatment with centralized/decentralized supply

For this analysis, “centralized” is defined as tertiary/advanced treatment processes (and
irrigation supply) being located at the same location, the MLTP. Conversely,
“decentralized” is defined as the tertiary/advanced treatment (and irrigation supply) being
in multiple locations. Since the tertiary treatment requires being near the MLTP
secondary effluent, “decentralized” refers to the placement of advanced treatment
facilities.
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Thus, four scenarios were considered using the distribution alternatives for cost
comparison. Table ES-2 summarizes the cost versus each scenario described below:

Scenario 1: Centralized treatment with centralized irrigation supply.
Scenario 2: Centralized treatment with decentralized irrigation supply.
Scenario 3: Decentralized treatment with centralized irrigation supply.
Scenario 4: Decentralized treatment with decentralized irrigation supply.

Table ES-2
Total and Annual Scenario Costs

Item Scenario 1 Scenario 2 Scenario 3 Scenario 4

Total Program Cost $17,625,000 $18,532,500 $16,582,000 $17,492,000
Total Annual O&M $595,000 $625,000 $660,000 $675,000
Annualized Capital Cost $1,189,000 $1,250,000 $1,118,000 $1,180,000
Net Annualized Cost $1,784,000 $1,875,000 $1,778,000 $1,855,000

Since the net annual costs of each scenario are within a 4% range, other factors had to be
evaluated to determine the best alternative. Scenarios 3 and 4 (decentralized treatment)
offer more flexibility in phasing and implementation of the project. A tertiary treatment
facility and distribution system can be constructed, independent of advanced treatment, to
provide Title 22 water to the end user. Scenarios 1 and 2 (centralized treatment), on the
other hand, would require tertiary and advanced distribution systems to be installed
simultaneously. In the event that an advanced treatment facility is not constructed, all
additional piping costs for the advanced treatment distribution system would be wasted.

A decentralized irrigation supply (scenarios 2 and 3) is desirable because of ease of
control and ability to accommodate future increases in irrigation demands. A centralized
irrigation supply (scenario 1 and 4) would require a large pump station capable of
delivering water to far reaching locations at working pressures of 60-70 psi. More supply
points and smaller pumps would make the irrigation supply system more robust and
manageable.

Given the analysis, scenario 4 is the recommended alternative. The attached figures
(ES.2, ES.3, ES.4, and ES.5) show the proposed distribution system, overall schematic
flow diagram, and site layouts at the MLTP and in Lot C. Preliminary design criteria for
scenario 4 for the treatment and distribution systems are included in Section 8.0 of the
AAR.
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2.0 Recycled Water Demand Estimates

2.1 Introduction

SFIA’s preliminary planning report proposed the following end users as part of the SFIA
Recycled Water Project:

» Landscape irrigation

» Cooling towers

* Dual plumbed facilities

* Runway median irrigation
» Groundwater recharge

During evaluation, the runway median irrigation and groundwater recharge uses were
omitted from the list. Irrigating the runway medians would facilitate plant growth and
attract birds and insects, creating a hazardous environment for potential bird strikes.
Groundwater recharge was eliminated because of the difficulties of obtaining a permit
approval from the Department of Public Health.

Thus, the Recycled Water Project treatment process equipment will be sized to meet the
demands for the following end users: landscape irrigation, dual plumbed facilities, and
cooling towers.

2.2  Demand Estimates from Preliminary Planning

Preliminary planning phase has estimated the following demands for the end users.

Table 2-1
Summary of Demand Estimates from Preliminary Planning
Annual Summer Winter
Avg (MGD) (May-Oct) (Nov-Apr)
Avg (MGD) Avg (MGD)
Landscape Irrigation 0.10 0.15 0.04
Dual Plumbing 0.16 0.16 0.16
Cooling Towers 0.33 0.33 0.33
Total 0.59 0.64 0.53

2.3 Review and Refinement of Estimated Demands
2.3.1 Irrigation Demands

The irrigation demands were estimated using water meter readings and by interviewing
Airport staff. While the majority of the water meters are dedicated to the irrigation
system, some irrigated areas are extensions of building water meters; therefore, a
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component of error exists in the water meter data for irrigation. This data, confirmed by
Airport landscapers, is the basis for future irrigation demands. See Figure 2.1 for the
graphical representation of the irrigation demands per the Airport landscaping staff.
Future actual demands, however, could exceed these initial estimates. In supplying
recycled water for irrigation in lieu of domestic water, the Airport staff may be more
inclined to irrigate the ground more often.

2.3.2  Dual Plumbing Demands

The estimated dual plumbing demands are based on terminal “population” data.
Passenger enplane/deplane data was used to determine the total amount of people in the
terminals per month for the past five years. An additional 5,000 people per day were
added to the data to account for general public, custodians, airline employees, tenants,
etc. It was assumed that each person flushed at least once a day and each flush is 1.6
gallons, (typical of standard water closets). This figure is conservative because not all
dual plumbed facilities will be 1.6 gallon water closets (i.e. a percentage of men will
only use urinals which require 0.8 gallons per flush).

Given the analysis, the results are as follows:

Table 2-2
2004-2008 Terminal Population Flush Data
Population Total Water Estimated
(Million) Flushed Flush Demand

(MGY) (MGD)
2004 33.98 54.37 0.148
2005 34.62 55.40 0.151
2006 34.90 55.85 0.153
2007 37.14 59.42 0.163
2008 38.89 62.22 0.170

The annual increase in flush demand is consistent with the annual growth characteristics
of the Airport. Looking forward, the Airport is expecting a slight decrease in growth for
fiscal year 2009 in the range of 1 to 3%. In fiscal year 2010, a year-over-year decline in
the range of 2 to 4% is projected. Starting in fiscal year 2011, an average annual growth
rate in the range of 2 to 2.5% is projected through fiscal year 2015.

2.3.3 Central Plant Cooling Tower Demands

The cooling tower demands were estimated using the water meter readings for each
cooling tower located at the SFIA’s Central Plant. The dedicated water meters only
supply cooling towers. To obtain an estimate of the peak flow and average flow
demands between the cooling towers, the Airport analyzed the monthly water meter
readings from January 2005 through December 2008. The peak “dry weather months”
demand of a cooling tower occurs between May and October. Given the four year
historical data, the average demand was calculated to be 0.1 MGD as shown in Fig 2.2.
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Figure 2-2
Four Year Historical Data of the Central Plant Cooling Tower Demands
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2.3.4 United Airlines Cogeneration Facility Cooling Tower Demands

The United Airline Cogeneration facility cooling tower demands were determined via
staff interviews and a site visit. The staff stated that the demand ranged from 0.135 -
0.145 MGD for the summer of 2008.

2.3.5 Mel Leong Treatment Plant Demands

An additional 0.1 MGD was added to the total annual demand to replace any recycled
(No. 3) water that MLTP may currently use with the existing recycled water facility.
Currently, MTLP uses No. 3 water for local irrigation and equipment washing.

2.4  Summary of Refined Demand Estimates

Refined demand estimates were calculated for each of the end users and are listed in Table 2-3.

Table 2-3
Refined Demand Estimates
Annual Summer Winter
Avg (MGD) (May-Oct) (Nov-Apr)
Avg (MGD) Avg (MGD)
Landscape Irrigation 0.10 0.16 0.04
Dual Plumbing 0.17 0.17 0.17
Cooling Towers - Airport 0.13 0.15 0.11
Cooling Towers - Cogen 0.15 0.15 0.15
MLTP 0.10 0.10 0.10
Total 0.65 0.73 0.57
Department of Public Works 2-3

Bureau of Engineering




° %
o £
g OT‘ . 2 N San Francisco International Alrport
\ . i
2D ol
_ - ! I CURRENT OPERATIONS
| ] 8 HOUR RUN TIMES EVERY 2-3 DAYS
| 4
| Key Map
e | :
|
/ — :
\ |
_ |
»0 ! .
|
%
E g
> g 2
gt | 3
$3k| 2
50-75 GPM - Mkm 3 3
3 5= &
|
% 100 GPM NRM MH
_ 4
“ £ Mm i w
I THIE 0 i
HIZZ |
D ] <
FUTURE ) ¥ AT L
AN ; AL 1 ne
%]
i N
u
™SI . 50 GPM
=S '
>
150 GPM f@#&a »
Col ht 2007 the City and County of San F These are the sole property of the City Note: . "
Mq__nﬂ__._onmv.:q__-—_« tﬂu_n u~ J:Eﬂ.w_ﬂotmﬂuzﬂ ﬂ:nuﬁoﬂnu &m:w_“_n oww.wxl_._.m:o,q >%_+m MDHK_..H“mﬂnoﬁn:h“w.uh:M..%::H-ouﬂn:ﬂaa!ﬂw. H_n»n:._-wﬂﬂnﬁ:%h&o:uanhtﬂu.nwaﬁ__"inﬂnJ_ﬂJﬂ:ﬂMﬂ n_Wv_._um_an__u._




SFIA RECYCLED WATER
ALTERNATIVES ANALYSIS REPORT

3.0 Alternatives Analysis Approach

3.1 Introduction

Recycled water can be produced at several locations using different treatment processes,
and water can be distributed to end users using many routes. To identify the best
combination of choices, a systematic and objective approach was used to analyze and
rank the alternatives. This section describes the approach used to identify alternatives
with the most promise for achieving the objectives of the SFIA Recycled Water Project.

The alternatives analysis process includes:

Development of statement of objectives.

Initial screening of alternatives using boundary conditions.

Establishment of evaluation criteria to measure relative benefits of alternatives
Assessment of net benefits of alternatives

Assessment of costs of alternatives

Assessment of benefits-to-cost ratios of alternatives

e ldentification of the programmatic alternative that offers the best value

Each step was completed for identifying alternative treatment technologies and site for
the treatment facilities. Each treatment technology was evaluated in relation to the
identified site for treatment to establish the recommended program.

3.2  Statement of objectives

Obijectives are broad statement of the goals that must be achieved for the program to be
successful. Generally, a statement of objectives should be specific, measurable,
attainable, realistic, and time-bound. The following objectives of the RWP were
established during meeting with SFIA staff;

e Recycled water will reduce reliance on water supplied from SFPUC and diversify
SFIA overall water supply portfolio by providing a new drought —proof, sustained
and reliable water supply.

e Recycled water facilities will be:
- Operator friendly and functional
- Cost effective

e The Recycled Water Program will foster credibility and confidence with public
through expedited implementation
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3.3 Boundary conditions

Boundary conditions were established to aid with the initial screening of alternatives.
Boundary conditions are the minimum standards that must be met for an alternative to be
considered feasible. Alternatives that do not meet the boundary conditions were removed
from the list of viable alternatives.
3.3.1 Boundary Conditions for Treatment Facility Sites
Boundary conditions for treatment facility sites include:
e Space available for the treatment alternative being considered must be adequate
for normal operation and maintenance, readily accessible to construct the facility
and for delivery of chemicals upon completion of the project.

e SFIA must have permitting authority or be able to obtain permits to construct the
facility and regulatory approval to use the site(s).

e The site(s) must have the appropriate land-use designation(s)/ zoning district(s).
e The site(s) must not have significant geological or contamination hazards that
would preclude construction of treatment facilities within the established

schedule.

e The site(s) must not have cultural or environmental resources that would preclude
construction of treatment facilities within the established schedule.

3.3.2 Boundary Conditions for Treatment Processes
Boundary conditions for the treatment process are:

e Treatment processes must be capable of meeting Title 22 standards for disinfected
tertiary recycled.

e Treatment processes must be capable of achieving other water quality criteria
required by the end uses that may go beyond the requirements of Title 22.

e Treatment processes must fit within the selected area.
3.4 Evaluation Criteria for Measuring Benefits
The ability of alternatives to achieve the objective of the program can be measured using

evaluation criteria. Performance measures were established for each criterion to provide
an objective means for quantifying the benefits of each alternative. Benefits are a

Department of Public Works
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measure of the advantages offered by an alternative that are difficult to measure in the
terms of cost.

1.

Implementability: This criterion measures the feasibility of successfully constructing
and operating an alternative. Items that may impact the feasibility of implementing an
alternative that are beyond the items listed in other criteria include property
acquisition, zoning changes, and approval by other government agencies.

Reliability: This criterion measures the ability of an alternative to consistently meet
water quality and supply objectives without disruption. Alternative that can handle
fluctuations in the quality of feedwater to the treatment process are preferable. In
addition, alternatives that have a proven track record and have higher levels of
redundancy are considered more desirable.

Ease of Operations and maintenance: This criterion measures the amount of labor
required to attain water quality and supply objectives. Alternatives that require less
operator attention through automation or robustness of the system are preferable. In
addition alternatives that less complex and have fewer routine maintenance
requirements are preferable.

Impacts to Cultural and environment resources: This criterion measures the
amount of cultural and environmental resources that may be affected by construction
and operation of the facilities. Fewer impacts preferable.

Geological contamination hazards: This criterion measures the relative risk
alternatives have from geological and contamination hazards. Geological hazards
include the liquefaction potential during seismic events landslides, and tsunamis.
Contamination hazards include the potential for encountering known soil or water
contamination during construction of an alternative.

Staff Training Requirement: This criterion measures the relative amount of training
required to operate and maintain an alternative. Alternatives with fewer training
requirements are preferable.

Implementation Schedule: This criterion measures the duration required to
implement an alternative. Alternative with more complex construction and mitigation
requirements will take longer to implement and, therefore, less desirable.

Once the criteria were established, team members were asked to weight the relative
importance of the criteria. Each item was weighed using the following scale:

Trivial

Not very important
Important

Very important
Critical

SAE I

Department of Public Works
Bureau of Engineering

3-3



SFIA RECYCLED WATER
ALTERNATIVES ANALYSIS REPORT

As a result, some criteria were more heavily weighted in the decision model to reflect
their relative importance.

3.5 Cost Estimates

Planning-level cost estimates were prepared to aid the analysis of alternatives. The
estimates include:

e (Capital Costs, which include construction costs and non-construction costs (i.e.,
planning, permitting, design, construction management, legal counseling, and
administration).

e Operation and maintenance cost.
e Net present value and annualized costs.

The cost estimates were prepared using industry-standard cost estimating practices,
references, costs of similar projects, and material quotes from vendors. The costs
presented herein are considered a Class 4 estimate, as defined by the Association for the
Advancement of Cost Engineering International for construction cost estimating. Class 4
cost estimates are generally prepared during preliminary planning to form the basis for
the project authorization and/or funding. The typical expected accuracy range for this
class of estimate is -15 to -30 on the low side and +20 to +50 on the high side.

The opinions of cost shown and any resulting conclusion on project financial or
economic feasibility or funding requirements have been prepared for guidance in project
evaluation and implementation from the information available at the time the opinion was
prepared. The final costs of the project and resulting feasibility will depend on actual
labor and material costs, competitive market conditions, actual sites condition, final
project scope, implementation schedule, continuity of personnel and engineering and
other variable factors. As a result, the project costs may vary from the opinions of cost
presented herein. Given these factors, project feasibility, benefits/cost ratios, risk, and
funding needs must be carefully reviewed prior to making specific financial decision or
establishing project budgets to help ensure proper project evaluation and adequate
funding.

3.6 Benefit-to-Cost Ratios

A benefit-to-cost ratio is simply the net benefit score of an alternative divided by its net
present value. Alternatives with higher benefit-to-cost ratios are considered more
desirable because these alternatives achieve the technical objectives at the most
reasonable cost. Comparing the benefit-to-cost ratios for each alternative aids in the
decision-making process. (See section 3.4 for the measuring criteria to develop a benefit-
to-cost ratio)
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3.7 Conclusions

This process was followed to arrive at all conclusions and recommendations in the report.
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4.0 Evaluation of Treatment Technologies

41 Introduction

A number of treatment processes are available to produce recycled water from secondary
effluent or raw sewage pumped from local sewers. The alternatives were screened to identify the
most promising technologies in a multi-step process. First, the alternatives were screened using a
qualitative process that retained the most promising technologies for further evaluation. The
remaining alternatives were then compared in terms of net benefits and costs to identify the
alternative that offers the best value.

4.2  Water Quality Requirements

The treatment technologies presented herein for producing recycled water have been approved
under Title 22 CCR, Division 4, Environmental Health, Chapter 3, Recycling Criteria (adopted
December 2000) (Title 22). The technologies are described in a September 2008 report Treatment
Technology Report for Recycled Water (DHS 2008). Recycled water used for irrigating landscaping
(Title 22, Section 60304), filling unrestricted recreational impounds (Title 22, Section 60305),
cooling (Title 22, Section 60306), and other purposes such as flushing toilet and urinals (Title 22,
Section 60307), must be treated to "disinfected tertiary recycled water" standards, as defined in
Title 22, using approved treatment methods. Some of the pertinent details of the requirements of
Title 22 are described below.

Recycled water that may be used for United Airline Co-generation plant and Airport Central
cooling towers will require advanced treatment beyond Title 22 standards to further reduce the
Total Suspended Solids (TSS) and level of conductivity to an acceptable level to prevent scaling
and corrosion in cooling tower piping. The advanced treatment processes described herein are
based on similar projects in many parts of California where recycled water is used for similar
applications.

4.3  Overview of Treatment Technologies

Descriptions of the treatment processes, schematic process diagrams, and preliminary design
criteria are provided below. The treatment technologies are grouped into the following
categories:

1 Technologies for producing "tertiary disinfected recycled water" from secondary effluent:
* Pretreatment
» Filtration

- Non-membrane filtration
- Membrane filtration
» Disinfection
2. Technologies for producing "tertiary disinfected recycled water" from raw sewage:
e Membrane Bio-Reactor (MBR)
3. Advanced treatment to produce water suitable for use by Airport Central and United Airline
Cooling Towers: « Reverse osmosis and advanced oxidation

Department of Public Works 4-1
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4.4  Pretreatment Technologies

Pretreatment processes involve coagulation and flocculation of particles suspended in the feed
water to form larger particles (flocs) that are easier to remove in clarification and filtration
processes. Pretreatment is typically used ahead of non-membrane filtration processes, but it can
be used before membrane filtration too. Title 22 contains the following pretreatment
requirements for recycled water that is used for irrigation which is produced using non-
membrane filtration:

Recycled water used for the surface irrigation of the following shall be a disinfected tertiary recycled water,
except that for filtration pursuant to Section 60301.320(a) coagulation need not be used as part of the
treatment process provided that the filter effluent turbidity does not exceed 2 NTU (nephelometric
turbidity unit), the turbidity of the influent to the filters is continuously measured, the influent turbidity
does not exceed 5 NTU for more than 15 minutes and never exceeds 10 NTU, and that there is the
capability to automatically activate chemical addition or divert the wastewater should the filter influent
turbidity exceed 5 NTU for more than 15 minutes:

a) Food crops, including all edible root crops, where the recycled water comes into contact with the edible
portion of the crop,

b) Parks and playgrounds,

c) School yards,

d) Residential landscaping,

e) Unrestricted access golf courses, and

f)  Any other irrigation use not specified in this section and not prohibited by other sections of the
California Code of Regulations.

It is likely that influent turbidity will sometimes exceed 5 NTU so at a minimum, pretreatment
consisting of coagulation would be required to produce tertiary disinfected recycled water if
non-membrane media filtration is used. Depending on the quality of feed water to the recycled
water treatment facility and the selected filtration technology, additional pretreatment may be
necessary to achieve compliance with water quality standards. Pretreatment is not required when
membrane filtration processes are used, but it is often used when the feed water has very high
turbidity.

Operating data obtained from daily grab samples of the final effluents of the Industrial and
Sanitary treatment plants collected by the Mel Leong Treatment Plant (MLTP) lab between July,
2006 and February, 2008 indicates that the turbidity and concentration of total suspended solids
(TSS) of the final effluent coming from the sanitary treatment plant can vary significantly. The
18 month operating data further indicate that the average turbidity of final effluent from the
sanitary treatment plant exceeded 10 NTU, in September, 2006, and September through
November, 2007 as shown on Figures 4-1.

Figures 4-1 through Figure 4-3 are plots showing variation in the monthly average turbidity for
the sanitary, industrial and combined final effluents of the two treatment facilities. The average
turbidity of the combined final effluent as shown in Figure 4-3 is less than 8 NTU for the most
part of the year. However, the final effluent of the sanitary treatment plant shows significant
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points of turbidity above 10 NTU for the periods the data was collected which therefore impacts
the turbidity of the combined final effluent a few months out of the year. Although some
remedial action can be taken to lower the turbidity of the sanitary treatment plant, the treatment
technology recommended to achieve Title 22 requirements in this alternative analysis report is
based on the assumption that there is no improvement planned in conjunction with the recycled
water facility.

Figure4-1
Sanitary Wastewater Final Effluent Turbidity
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Figure 4-2
Industrial Wastewater Final Effluent Turbidity
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Figure 4-3
Combined Wastewater Final Effluent Turbidity
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The following pretreatment processes, which are described in detail below, are commonly used:

» Rapid-mix coagulation before in-line filtration

» Rapid-mix coagulation and flocculation before direct filtration

* Rapid-mix coagulation, flocculation, and conventional clarification before filtration

» Rapid-mix coagulation, flocculation, and lamella plate/tube clarification before filtration
» | ligh-rate ballasted clarification (Actiflo®) before filtration

4.4.1 Rapid-mix Coagulation before In-line Filtration

This process would entail injecting a coagulant (such as alum or polyaluminum chloride) into feed water
using an inline rapid-mixing device to destabilize charges on suspended particles, thereby allowing the
particles to collide and agglomerate into larger particles. Capability to inject polymer solution
downstream of the rapid mixer to help flocculate particles would also be provided. The mixed flow would
then be conveyed to a downstream filtration process. This type of process is commonly called inline
filtration. A schematic diagram of rapid-mix coagulation before inline filtration is shown in Figure 4-3.

Inline filtration does not include a clarification step between coagulation and filtration. Therefore,
production of large flocs that can be removed easily in clarification is not necessary. Instead, inline
filtration processes are usually designed to produce pinpoint-sized flocs that can be removed through
filtration. Filterability improves as pin flocs undergo contact flocculation within the pore spaces of the
filter media.

This process is best suited to high-quality feed water. If the feed water has high-turbidity (>10 NTU) or
the feed water quality fluctuates rapidly, inline filtration may not be feasible.

Department of Public Works 4-4
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Advantages of this process include:

* Relatively low capital costs.

* Relatively low operation and maintenance costs.
*  Low space requirements.

e Low chemical use.

Disadvantages of this process include:

* Relatively poor performance with high-turbidity feed water.

» Relatively poor capability to handle fluctuations in feed water quality.

* Requires a high level of automation and operator attention to react to variations in feed water
quality.

»  Only suitable for use with deep-bed granular media filtration.

» Does not decrease solids loading on filters.

Figure 4-4
Schematic Diagram of Rapid-mix Coagulation before Inline Filiration

Alum or PAC

C Feedwater Inline FiltraliorD

Feedwater Rapid Mix
Pump Station ~ Coagulation

4.4.2 Rapid-mix Coagulation and Flocculation before Direct Filtration

This process would be identical to inline filtration except that flocculation tanks would be
inserted between the coagulation and filtration steps. Mechanical mixers would be installed in
the flocculation tanks to promote collisions between polymer solution and coagulated solids in a
controlled manner. This type of process is commonly called direct filtration. A schematic
diagram of rapid-mix coagulation and flocculation before inline filtration is shown in Figure 4-5.

Flocculation using separate tanks may provide better results than inline filtration because the
detention time can be increased, and the applied mixing energy can be controlled. Tests have
shown that flocculation improves filtrate quality before breakthrough, shortens the initial
improvement period of the filter cycle (i.e., the filter "ripening" period), and reduces the rate of
headloss increase. However, flocculation can result in earlier breakthrough, which shortens filter
cycles. Detention time in the flocculation tanks is typically between 10 and 20 minutes.

Direct filtration plants can be designed to bypass the flocculation step to provide additional
operational flexibility. Therefore, performance of direct filtration is expected to be more robust

Department of Public Works 4-5
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compared to inline filtration and the capability to handle fluctuations in feed water quality would
improve.

Conversely, this process would require more land space due to the addition of flocculation tanks.
It would also be more expensive to construct compared to In-line Filtration.

A clarification step to remove flocculated solids before filtration would not be provided.
Therefore, this process would not reduce solids loading on the filtration process.

Advantages of this process include:
* Moderate capital costs.

» Relatively low operation and maintenance costs.
* Moderate space requirement.
* Low chemical use.

Disadvantages of this process include:

» Relatively poor performance with high-turbidity feed water.

» Moderate capability to handle fluctuations in feed water quality.

» Requires a high level of automation and operator attention to react to variations in feed water
quality.

* Only suitable for use with deep-bed granular media filtration.

* Does not decrease solids loading on filters.

Figure 4-5
Schematic Diagram of Rapid-mix Coagulation before Inline Filtration

4.4.3 Rapid-mix Coagulation, Flocculation, and Conventional Clarification

This process would be similar to the direct filtration process except that conventional circular or
rectangular clarifiers would be provided after flocculation to remove settleable solids before they
can reach the filtration process. Because solids loading on the filters would be reduced, this
process would be more robust and reliable than the first two processes. However, this process
would require additional land space for construction of clarifiers. It would also cost more to
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construct than the first two processes. A schematic diagram of rapid-mix coagulation,
flocculation, and conventional clarification is shown in Figure 4-6.

Surface loading on conventional clarifiers can be as high as 800 gallons per day per square foot
(gpd/ft?), which is much lower than other clarification technologies described below.

Advantages of this process include:

* Good performance with high-turbidity feed water.

» Good capability to handle fluctuations in feed water quality.
* Relatively low automation and operator attention required.
» Can be used with all approved filtration technologies.

» Decreases solids loading on filters.

Disadvantages of this process include:

» High capital costs.

* Moderately high operation and maintenance costs.
» High space requirement.

* Moderately high chemical use.

Figure 4-6
Schematic Diagram of Rapid-mix Coagulation before Inline Filtration, Flocculation, and Conventional Clarification before Filtration

@) ()

Featwater

4.4.4 Rapid-mix Coagulation, Flocculation, and Lamella Clarification

This option would entail rapid-mix coagulation and flocculation followed by lamella plate or
tube clarifiers instead of conventional clarifiers. Lamella clarifiers use parallel inclined plates or
tubes installed inside the clarifier that increase the effective surface area without increasing the
size of the tank. Use of lamella clarifiers would reduce land space requirements while still
providing the benefit of reducing solids loading on the filtration process. Lamella clarifiers can
be coupled with proprietary treatment systems that incorporate rapid mixing and flocculation
tanks in a complete pretreatment process. The treatment steps can also be kept separate in a
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customized system. A schematic diagram of rapid-mix coagulation, flocculation, and lamella
clarification is shown in Figure 4-8.

Figure 4-7
Lamella Plate Clarifier Parkson GEWE Plate Settler

Surface loading on lamella clarifiers can be as high as 6,000 gpd/ft, which is much higher than
conventional clarifiers, but less than the Actiflo® and Densadeg® (Densadge is a product of
Infilco Degremont, not included in this report) processes described below.

This option would use less land space than conventional clarifiers, but it would retain similar
reliability and performance.

Advantages of this process include:

» Good performance with high-turbidity feed water.

* Good capability to handle fluctuations in feed water quality.
» Relatively low automation and operator attention required.
» Can be used with all approved filtration technologies.

» Decreases solids loading on filters.

Disadvantages of this process include:

* High capital costs.

* Moderately high operation and maintenance costs.
* Moderately high space requirement.

* Moderately high chemical use.
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Figure 4-8
Schematic Diagram of Rapid-mix Coagulation, Flocculation, and Lamella Clarification before Filtration
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4.4.5 High-rate Ballasted Clarification (Actiflo®)

This process would use the Actiflo® high-rate ballasted clarification process marketed by
Kruger, Inc. ActiFlo® uses a three-step process that includes coagulation, flocculation, and
clarification using inclined lamella settling tubes, as shown on Figure 4-9. In addition, Actiflo®
uses microsand that is injected downstream of the coagulation tank to act as a nucleus for
agglomerating solids into flocs. The relatively dense particles, which are made up of sand,
solids, coagulant, and polymer, settle much more rapidly than flocs that do not include sand. As
a result, much higher clarifier loading rates are possible. A schematic diagram of the Actiflo®
process is shown in Figure 4-10.

The Actiflo® process consists of the following subsystems:

* Rapid-mix coagulation tank

» Sand and flocculation aid injection tank

» Maturation tank

» Settling tank

e Sand recirculation pump

* Hydrocyclones to separate sand and solids

The detention time in the coagulation and flocculation steps is typically about 6 to 10 minutes. A
coagulation aid (such as alum) and a flocculation aid (such as polymer solution) are used to help
form flocs that are separated from water in the clarifier zone. Settled flocs are pumped from the
bottom of the clarifier through hydrocyclone separators to segregate relatively dense sand from
the captured solids. The cleaned sand is recycled through the process, while the solids are
removed from the process. The waste sludge typically has suspended solids concentrations
ranging from 0.1 to 0.2 percent solids.

Surface loading rates for the Actiflo® process can be as high as 36,000 gpd/ft*, which significantly
reduces the required surface area compared to other technologies.
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Actiflo® is advantageous compared to conventional pretreatment processes because it requires
much less space. It is also capable of handling large fluctuations in feed water quality. On the
other hand, Actiflo® is a proprietary technology that is more complicated to operate than
conventional processes. In addition, it uses relatively high amounts of energy and conditioning
chemicals. Therefore, Actiflo® is usually limited to situations where limited space is available
and/or the quality of the feed water is poor.

Figure 4-9
Configuration of Actiflo® High-rate Ballasted Clarification Process

Advantages of this process include:

» Excellent performance with high-turbidity feed water.

» Excellent capability to handle fluctuations in feed water quality.
* Moderate automation and operator attention required.

» Can be used with all approved filtration technologies.

» Decreases solids loading on filters.

* Rapid startup period.

Disadvantages of this process include:

» High capital costs.

* High operation and maintenance costs.
* Moderate space requirement.

» High chemical use.
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Figure 4-10
Schematic Diagram of High-rate Ballasted Clarification (Actiflo®)

4.4.6 Summary of Pretreatment Alternatives

Table 4-1 presents a summary of the pretreatment alternatives. It is recommended that all of the
alternatives except Alternative 3 (Rapid-mix Coagulation, Flocculation, and Conventional
Clarification) be retained for further evaluation. Alternative 3 is less desirable because it requires
much more land space, and construction costs are expected to be relatively high. Moreover, this
alternative does not provide any treatment benefits compared to options that use much smaller
lamella clarifiers.

It is recommended that alternatives that involve inline and direct filtration (i.e., no clarification
ahead of filtration) be retained for further evaluation, but these alternatives should only be
considered as pretreatment ahead of granular media filters with bed depths of at least 80 inches
(2 meters). The alternatives that do not include clarification are not suitable for pretreatment
ahead of granular media filters with shallower bed depths or cloth-media filters because the
combined effluent turbidity is beyond the limits of the feedwater quality specified by the
manufacturers of the system.

Alternatives 4 and 5, which all include clarification ahead of filtration, would provide better
pretreatment for all granular-media and cloth-media filtration processes, however we are
reasonably confident that the need for this type of system may not be required because the
average quality of the combined effluent of the SFO treatment plants can be treated using
Alternatives 1 and 2 to achieve Title 22 water quality requirements.

In addition to the use of flocculation tank of alternative 2, we are investigating the possibility of
using a fine screen strainer ahead of the rapid mix coagulation process to eliminate the need of
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using a flocculation tank. The installed cost of a fine screen strainer (which requires significantly
less space) is considerably lower than a 4-stage flocculator that may be needed for use in this
project. Likewise the cost of energy used during flushing to backwash the strainer is
considerably lower than the chemical and energy cost of the flocculator.

As noted previously, the pretreatment processes listed here are not required ahead of membrane
filtration processes. However, membrane filtration would require that the influent flow be
passed through fine screen strainers to prevent fouling of membranes. These requirements are

discussed in more detail below.

Table4-1
Comparison of Pretreatment Technologies
Pretreatment
Technology 1 2 3 4 5
Description Rapid-mix Rapid-mix Rapid-mix Rapid-mix High-rate Ballasted
Coagulation Coagulation Coagulation, Coagulation, Clarification
for Inline and Flocculation, Flocculation, (Actiflo)
Filtration Flocculation and and
for Direct Filtration Conventional Lamella
Clarification Clarification
Ability to Treat
High-turbidity Water v © A A AA
Ability to Handle
Water Quality v @ A A AA
Fluctuations
Level of Automation and
amount of Operator vy v A A O]
Attention Required
Decreased
Loading on Filters v o A A AA
Complexity AA © v O] vy
Chemical
Consumption A A © © ©
Land Space Required A @ \ A 4 O] O]
Capital Costs A O] \ A 4 \ 4 \ 4
O&M Cost A A O] O] \ 4
Recommendation Retained for Retained for further Eliminate from further Retained for further Retained for further
further evaluation, but only as consideration due to evaluation. evaluation.
evaluation, but pretreatment for deep-bed | space and cost issues.
only as granular media Lamella plate clarifiers
pretreatment filtration are a better alternative.
for deep-bed
granular media
filtration
Legend:
AA Superior
A Good
O Average
v Fair
\A 4 Inferior
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4.5 Filtration Technologies

Title 22 of the California Water Recycling Criteria (adopted December 2000) defines Disinfected
Tertiary Recycled Water as a wastewater, which has been oxidized and meets the following:

A Has been coagulated* and passed through natural undisturbed soils or a bed of filter
media pursuant to the following:

1. At a rate that does not exceed gpm/ft2in mono, dual or mixed media gravity or
pressure filtration systems, or does not exceed 2 gpm/ftZin traveling bridge automatic
backwash filters; and

2. The turbidity does not exceed any of the following; a daily average of 2 NTU, 5 NTU
more than 5% of the time within a 24-hour period, and 10 NTU at any time.

*Note: Coagulation may be waived if the filter effluent does not exceed 2 NTU, the filter
influent is continuously measured, the filter influent turbidity does not exceed 5 NTU, and
automatically activated chemical addition or diversion facilities are provided in the event
filter effluent turbidity exceeds 5 NTU.

OR

B. Has been passed through a micro, nano, or R.O. membrane following which the turbidity
does not exceed any of the following: 0.2 NTU more than 5% of the time within a 24hour
period and 0.5 NTU at any time.

AND

C. Has been disinfected by either:
1. Achlorine disinfection process that provides a CT 0f450 mg-min/l with a modal
contact time of not less than 90 minutes based on peak dry weather flow, or
2. Adisinfection process that, when combined with filtration, has been demonstrated to
achieve 5-loginactivation of virus.

The DHS has established a list of filtration technologies that have been accepted for producing
recycled water under Title 22, as shown in Table 4-2 (DHS September 2008). These
technologies include granular media filters, cloth-media filters, membrane systems, and the
Fuzzy Filter® sold by Schreiber, LLC.

Table 4-2

Accepted Filtration Technologies under Title 22

Category

Manufacturer and
Product

Maximum Hydraulic
Loading Rate, gpm/ft

Example Installations
in CA

Conventional Deep-bed
(Granular Media)

Nonproprietary; Tetra
Technology's Tetra-Denit.

Clear Creek; Monterey;
Santa Barbara; Santa Rosa

5 Laguna; Livermore;
Glendale; Lake Arrowhead;
Padre Dam; Scotts Valley
Upflow/Downflow Deep- | Parkson's DynaSand; Waterlink's Auburn; Carmel Valley
bed Continuous Backwash | SuperSand; Andritz Ruthner's Ranch; Coachella Valley;
(Granular Media) Hydrasand; Applied Process Escondido; EBMUD
Technology's Centra-flo; 5 Richmond; Santa Rosa;

Fluidyne's Fluidsand; Westech's
Technasand; Davco's Astrasand,;

Ashbrook's Strata-Sand

Oakmont; Delta Diablo SD;
Mt View SD; Napa; Dublin
San Ramon; Camarillo; San
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Bernardino; Sausalito;
Tiburon; Stockton; Las
Galinas; Castanoa Ranch,
San Mateo County;
Oceanside

Shallow-bed Traveling
Bridge (Granular Media)

Aqua-Aerobic's AquaABF;
Infilco Degremont's AquaABF;

Shasta Lake City;
Stillwater; Folsom;

US Filter Davco's Gravisand 2 Sacramento; Shasta Lake;
Victor Valley Sepulveda;
Los Angeles
Shallow Pulsed Bed US Filter Zimpro's HydroClear Moulton Niguel Water
(Granular Media) 5 District; San Luis Obispo;
San Clemente; Rancho
Murrieta; Fallbrook
Cloth Media Aqua-Aerobic's AquaDisk and Bodega Bay; Lodi;
AquaDiamond; Kruger"s Huntington Beach: Penis; San
Hydrotech; Nordic Water Disc 6 Jacinto; Hopland; Hume Lake
Filter; Parkson Dynadisc
Siemens- 40X, and Five Star
Other Media Schreibers Fuzzy Filter 30 Yountville

Membrane Filtration

Zenon/ZeeWeed

US Filter/Memcor/CMF, CMF-S
and Jet Tech products Memijet;
Pall (Asashi)/ Microza™

GE lonics (Norit)/ XIGA™
Mitsubishi; Kubota; Koch/Puron;
Huber Technologies
Parkson/Dynalift

Ashbrook Simon-Hartley IMAS
DOW Ultrafiltration and several
others

45.1 Filterability of Combined Secondary Effluent from Mel Leong WPCP

The Sanitary wastewater treatment plant employs a Sequencing Batch Reactor (SBR) that was
designed to treat up to 4.4 MGD in rain events. The quality of the turbidity of the final effluent
of this plant shows significant variation ranging from below 5 NTU to a maximum of 25 NTU.
However the inherent design of the SBR can be exploited to produce a much better effluent by
optimizing the process and relaxing the Mayor’s energy conservation directives to allow use of
the blowers to achieve water quality objectives. On the other hand the Industrial wastewater
treatment uses a conventional treatment process where the turbidity of the final effluent of less
than 2 NTU throughout the year almost meets Title 22 requirement with the addition of a
disinfection process only.

Since there were no pilot tests done to determine feasibility of using non-membrane filtration of
the combined effluent to meet Title 22 requirements, we have planned to rent a mobile
continuous-backwash upflow sand filter unit prior to moving forward on to the CER phase of
this project. A Parkson DynaSand®-D2 Filtration system with an xx-inch bed of silica sand
followed by a patented micro-sand will be scheduled for mid-June of this year to do pilot testing
for a period of 4 weeks. Pilot test will be designed to simulate worst case condition to evaluate
suitability of the granular media filtration for the SFO Recycle water project.
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Typical wastewater filtrate qualities of the Parkson DynaSand®-D2 are:
e Turbidity 0.05-0.1NTU
e BOD/TSS <3 mgll
e 7 log of Cryptosporidium and Giardia removal

The system produces filtrates that are equivalent or better than low-pressure membrane
Microfiltration process with slightly higher use of coagulant but with 1/8 of the power
consumption. Since the D2 is also capable of removing metals, results of the pilot may help us
determine if the quality of the filtrate water is good enough for use by UAL and Airport central
cooling towers which may eliminate the need to have an RO facility thereby reducing the
overall RWF cost. However since there are no published pilot test results that shows the D2’s
capability to reduce effluent conductivity, we do not put high hope of eliminating advanced
treatment using RO filtration.

4.5.2 Non-membrane Filtration Technologies

The list of approved technologies includes 14 granular-media filters, three cloth-media filters,
and one other media filter (the Fuzzy Filter) that have been accepted for producing recycled
water through demonstrated ability to meet the water quality requirements of Title 22. Of the 17
granular-media filters, there are eight upflow, continuous backwash filters; one shallow pulsed-
bed filter; three shallow-bed, traveling bridge filters; one deep-bed gravity mono-media
(conventional) filter; and two downflow, continuous backwash filters.

4.5.2.1 Conventional Deep-bed Granular Media Filters

Conventional deep-bed filters generally consist of 36 to 72 inches of a single-, dual-, or tri-media
(sand, anthracite, and/or garnet) beds supported by a gravel layer and an underdrain system, as
shown on Figure 4-11. Secondary effluent flows downward through the media, and suspended
particulate matter is retained within the media. At the end of a filter cycle, when limiting
headloss or solids breakthrough begins or after a preset duration has lapsed, the filter is
backwashed to clean the filter media using a portion of the water filtered previously. During a
backwash cycle, flow through the filter is reversed, and air and/or water are introduced to scour
the media. The material released by backwashing is collected in backwash troughs and conveyed
back to an equalization tank. Typical backwash water consumption is 6 to 10 percent of filter
throughput.

Filtered water is normally stored in a tank so it is available when needed for backwashing.
Backwash water is sometimes drawn from the clear well of the filters (instead of a separate
storage tank), but this practice can be infeasible if the backwash demand is greater than the
production capacity of the filters that remain in service. Moreover, drawing backwash water
directly from the clear well can disrupt downstream disinfection processes.

Equalization tanks typically are used to retain backwash flow to avoid overloading the filter
plant or the sewer.

Capability to chlorinate the backwash water is normally provided to prevent fouling of the filter
media and underdrains by biological growth.

Department of Public Works 4-15
Bureau of Engineering



SFIA RECYCLED WATER
ALTERNATIVES ANALYSIS REPORT

The advantages of conventional deep-bed filtration are:
» Proven record of performance at municipal wastewater treatment plants in California and the
United States.

» High solids loading capacity possible using deep beds.
» Able to handle process upsets and shock hydraulic loads.
The disadvantages of conventional deep-bed filtration are:

» Large footprint.

* Relatively high capital cost.

» Semi-continuous operation requires more redundancy.

» Backwash supply and waste equalization tanks required.
» High capacity backwash pumps required.

» Potential for dead zones and 'mud-ball' formation.

* Relatively complex design.

Because of the high cost, complexity, and large footprint required for conventional deep-bed
filters, it is recommended that this technology be eliminated from further consideration. Other
alternatives, such as continuous backwash sand filters, offer equivalent performance but are less
complex and have smaller footprints.

Figure 4-11
Configuration of Convention Granular Media Filter
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4.5.2.2 Upflow and Downflow Continuous-backwash Sand Filters

In upflow, deep-bed continuous backwash sand filters, wastewater is introduced at the bottom of
the filter that flows upward through a downward-moving sand bed, as shown on Figure 4-12).
The filtered effluent flows over a weir at the top of the tank and is discharged from the filter.
When the sand and retained solids reach the bottom of the filter, they are conveyed upward
through an airlift pump that provides turbulent mixing causing solids to be dislodged from the
sand. The relatively dense sand is then recycled back to the top of the filter bed, while less dense
solids are removed with waste flow from the airlift pump.

The clean sand is redistributed on top of the sand bed, allowing for continuous flow of filtrate
and reject water; therefore, no downtime for backwashing is required.

Backwash consumption is typically 5 to 8 percent of filter throughput. Typical media depth is
40 inches (1 meter), but designs with bed depths up to 80 inches (2 meters) are available when
needed to filter water that is more difficult to treat.

Downflow, deep-bed continuous backwash filters are similar to upflow filters except that the
flow directions of water and sand are reversed. Upflow filters are generally preferred because
they have a longer record of performance, they provide good results, and there are seven Title
22- accepted vendors of upflow continuous backwash filters, which results in strong cost
competition.

The advantages of upflow deep-bed continuous backwash filtration are:

» Proven record of performance at municipal wastewater treatment plants in California and the
United States.

» Continuous operation (no shutdown during backwash).

» Smaller footprint than conventional filters.

* No backwash supply tanks required.

* No backwash holding or equalization tanks required.

* No backwash pumps required.

* Low power requirements.

» Low operation and maintenance requirements.

The disadvantages of the upflow deep-bed continuous backwash filters are:

» Sensitive to high solids-loading and process upsets (2-meter beds perform better than 1-
meter beds).

» Airlift tubes can become clogged.

» Sand abrasion can wear through airlift tubes.

* A compressed air system and metering panels are required.

» Media can be lost during backwash unless careful attention is paid to air flow.
» Complex design compared to cloth-media filters.
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Due to its smaller footprint and its good record of performance in Title 22 applications, the
upflow deep-bed continuous backwash filter technology is recommended for further
evaluation.

Recent experience at the Dublin San Ramon Services District (DSRSD) tertiary filtration project
indicates that the very deep-bed (80-inch) upflow continuous backwash filter is preferable to the
regular deep bed (40-inch) filter for secondary effluent from an activated sludge plant operating
at a low SRT if full pretreatment (with clarification process) is not included. Pilot testing results
showed that filter effluent quality using a 40-inch bed depth could not consistently meet Title 22
requirements when influent turbidity was high, even when coagulation and flocculation were
provided. The 80-inch-deep filter provided consistent results, meeting Title 22 turbidity
requirements following only coagulation and flocculation. The 40-inch-deep filter worked well
with high-rate ballasted clarification (Actiflo®) as pretreatment. The 80-inch-deep filter was
selected for implementation at DSRSD with coagulation and flocculation pretreatment.

Figure 4-12
Configuration of Upflow, Continuous Backwash Sand Filter
Parkson, DynaSand. Filter in steel vessel (left) and concrete tank (right)
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4.5.2.3 Shallow-bed Traveling Bridge Filters

Shallow-bed traveling bridge filters use an 11-inch-deep bed of sand in a segmented bed
arrangement, as shown on Figure 4-13. The backwash system is suspended from a bridge that
moves across the filter bed.

Backwashing is accomplished by a pump that takes filtered water from the effluent channel and
directs it back to the filter bed, forcing the water back up through the bed to dislodge trapped
particles. A second pump, attached to a hood covering the segment being washed, draws waste
backwash water into the hood and discharges it into a trough that returns the water to the head of
the treatment plant or a sewer. Since the bridge travels continuously across the filter bed, this
process produces a continuous and relatively small backwash stream. Because the backwash
process is continuous, there is no need for backwash supply and waste equalization tanks.

The system requires relatively little pressure head, allowing it to fit within the hydraulic profiles
of many treatment plants without additional intermediate pumping into the filters.

The advantages of shallow-bed traveling bridge filters are:

* Proven record of performance at municipal wastewater treatment plants in California
and the U.S., but less than other technologies.

» Continuous operation (no shutdown during backwash).

* No backwash holding or equalization tanks required.

» Low power requirements.

* Low O&M requirements.

The disadvantages of shallow-bed traveling bridge filters are:

» Sensitive to high solids loading and process upsets.

* A compressed air system and metering panels are required.
* Relatively large footprint.

» Complex design compared to cloth-media filters.

Shallow-bed traveling bridge filters have similar advantages and disadvantages as the upflow
continuous-backwash filters. However, because of its shallow media depth, DHS limits the
hydraulic surface loading rate to 2 gpm/ft. This filtration technology is not desirable in this case
because of the larger footprint required compared to the upflow filter technology. Moreover, it
offers no cost or performance benefits compared to other technologies. Therefore, it is not
recommended for further consideration.
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Figure 4-13

Configuration of Traveling Bridge San Filter (Aqua Aerobic System, Aqua ABF)
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4.5.2.4 Shallow Pulsed-bed Filter

The Hydro-Clear® pulsed-bed sand filtration system marketed by US Filter/Zimpro uses a
unique underdrain system and a shallow bed (10-inches) of mono-media, fine-grained (0.45
mm) sand. The system includes the following subsystems:

* Pulse Mix® system
* Hydro-Scour® system
* Chem-Clean® system

The system is designed such that the filter media is "pulsed” periodically to remove accumulated
solids. The Pulse Mix® system regenerates the media surface, which extends filter runs and keeps
the system online during upsets. The Hydro-Scour® system is designed to backwash the media
in 3.5 minutes using low power and water rates. The Chem-Clean® system allows semi-
automatic media cleaning to remove grease and oil from the filter bed.

Although the net backwash water volume needed by shallow pulsed-bed filters is less than that
of conventional filters, backwash supply and waste equalization tanks would still be needed for
periodic backwash cycles.

The advantages of shallow-bed traveling bridge filters are:

» Proven record of performance at municipal wastewater treatment plants in California and the
United States, but less than other technologies.

* Low power requirements.
» Low operation and maintenance requirements.
The disadvantages of shallow-bed traveling bridge filters are:

» Backwash supply and waste equalization tanks are required.
» Sensitive to high solids loading and process upsets.

»  Shutdown for backwash required.

* A compressed air system and metering panels are required.
* Relatively large footprint.

» Complex design compared to cloth-media filters.

Shallow pulsed-bed filters have similar advantages and disadvantages as other sand filters.
However, this filtration technology is not desirable in this case because of the larger footprint
required compared to upflow filter technology. Moreover, it offers no cost or performance
benefits compared to other technologies. This is a proprietary technology without an "equal”
competitor. Because of the proprietary nature of this system and its large footprint, the system is
not recommended for further consideration.
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45.2.5 Cloth-media Filters

Cloth-media filters are relatively new to the wastewater industry in the United States but are
gaining popularity because of their relatively low cost, compact footprint, and ease of operation.
The technology originated in Europe and was brought to the United States in the early 1990s.

Cloth-media filters are relatively new in California, but they have been used extensively in other
states for water reuse applications, especially in plants with high SRTs. However, pilot testing at
DSRSD and other locations indicates that cloth-media filters are not reliable for filtering

secondary effluent from activated sludge plants operating at low SRTs without full pretreatment.

The two cloth media filters approved for Title 22 applications are the AquaDisk by Aqua-
Aerobic Systems and Hydrotech Discfilter by Veolia Kruger. These filters use a cloth fabric as the
filtering medium, and they are typically arranged as vertical disks in concrete, fabricated steel or
stainless-steel tanks, as shown on Figure 4-14. The flow path through the disks, disk
submergence, cloth type, and backwash method are the principal differences between AquaDisk
and Hydrotech Discfilter. However, from a design standpoint, these two filters can be considered
equal since they have similar performance and can be accommodated by a single design.

Both systems use a series of vertical disks that support the filter cloth. The vertical orientation
provides a large amount of filter area in a small footprint.

The AquaDisk filter medium consists of nylon fibers arranged in a pile construction on a
polyester backing material. The nominal pore size of the media is 10 microns, and the media
depth is approximately 3 to 5 mm. Each disk is made up of six pie-shaped sections that are
mounted vertically to a common hollow tube that conveys filtered effluent from the tank. Under
normal operation, the disks are completely submerged and stationary.

In the AquaDisk system, feed water flows through the filter media from the outside to the inside
of the disks. The medium is washed by applying a vacuum to the outer surface of the disk
surface. The vacuum draws water and retained solids off the media as the disks rotate. Solids
that settle within the tank prior to reaching the filter media are removed by a sludge pump set to
run on a timer.

The Hydrotech Discfilter medium consists of woven polyester fibers with a nominal pore size of
10 microns. The medium is essentially a microscreen supported by modular stainless-steel filter
panels. The filter panels are mounted vertically to a common hollow tube that conveys feed
water to each disk. Under normal operation, the disks are partially submerged and stationary.
Wastewater flows from the inside to the outside of the disk. The filter is automatically
backwashed by applying a high-pressure spray to the outside of the filter panels as the disk
rotates, forcing retained solids and floatable materials into a backwash collection trough.

Both types of filter are backwashed automatically based on water level differential (or a timer)
and maintain continuous filtration during backwash. Backwash water is supplied from filters that
remain online, and typical backwash consumption is 1 to 3 percent of filter production. The
media require relatively little cleaning energy, resulting in low backwash water volume without
compromising filtration performance.
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Although various cloth-media filtration systems are available in the market that could potentially
be utilized to filter the combined effluent of the SFO WPCPs, the technology is relatively new
with fewer installed facilities to consider its use at this time.

The advantages of cloth-media filtration are:

* Smallest footprint.

* Low capital cost.

» Continuous operation.

* Low backwash water consumption.

* No sand, underdrains, or airlift tubes to clog.

* High solids loading capacity.

* No backwash holding or equalization tanks required.
» Low power requirements.

» Low operation and maintenance requirements.
» Simple design.

* Simple to operate.

The disadvantages of the cloth-media filtration are:

» Less experience than other filter technologies, especially in California.
* Cloth media replacement recommended after about 6 years.
* Not reliable for low-SRT activated sludge effluent without pretreatment.

The AquaDisk worked well with Actiflo® as pretreatment in the DSRSD pilot tests. Hence, the
cloth-media filtration may be a viable technology in this case. However, this technology will
only be evaluated in combination with full pretreatment including clarification.

Figure 4-14
Configuration of Cloth-media Filter Aqua Aerobic Systems, AquaDisk
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4.5.2.6 Fuzzy Filters

The Fuzzy Filter, marketed by Schreiber, is a high-rate filtration system that uses compressible,
synthetic fiber spheres as the medium for filtration. Filter cells are square, and feed water flows
upward through the medium. This technology has been approved to operate at hydraulic loading
rates up to 30 gpm/ft.

The low density and high porosity of the medium results in more solids being captured per
volume of media compared to conventional filters. Because of its compressibility, the porosity of
the filter media bed can be altered to suit influent characteristics by mechanically compressing
the filter bed. The filter medium is different from conventional filter media in that the water
flows through the medium as opposed to flowing around the medium. These features permit
relatively high hydraulic loading.

Air scouring is used during the wash cycle to clean the media. During the wash cycle, influent
continues to enter the filter (filtered water is not required for washing) while an external blower
supplies air in the bottom of the chamber to agitate the medium. The medium, which is retained
between two perforated plates, is subjected to vigorous air scouring to free captured solids. Freed
solids exit the filter continuously during the washing cycle. After the washing cycle, the medium
IS returned to its compressed state and filtration is resumed.

The Fuzzy Filter is a proprietary filtration technology without an "equal” competitor. The only
known installation in California that produces recycled water under Title 22 is in Yountville. The
Fuzzy Filter has similar advantages and disadvantages as cloth-media filters. However, because
it is proprietary and lacks experience in California, it is not recommended for further
consideration.

4.5.2.7 Non-membrane Filter Technologies Recommended for Further Evaluation

Based on the above discussion of non-membrane filtration technologies, two filtration
technologies have been recommended for further evaluation. These are the upflow, continuous
backwash sand filter and the cloth-media filter systems.

Upflow Continuous Backwash Filter Design Criteria. As discussed previously, there are two bed-
depth options for upflow continuous-backwash filters. For alternatives with full pretreatment
including clarification, 40-inch-deep beds would be used. Pretreatment may allow hydraulic
loading up to 5 gpm/ft®, the maximum allowed under Title 22.

For alternatives that include pretreatment consisting of coagulation and flocculation only,
80-inch-deep beds would be used. The surface loading rate would be designed more
conservatively at 4 gpm/ ft? with one cell out of service (for redundancy).

Upflow continuous backwash filters are usually configured in 50-square-foot-modules, but
larger modules are beginning to be used by some vendors to reduce costs.

Cloth Media Filter Design Criteria As discussed previously, cloth-media filters would only be
used in conjunction with full pretreatment that includes clarification. With stable influent quality
from full pretreatment, a maximum loading rate of 6 gpm/square feet can be used with one filter
out of service (for redundancy). The filters usually have even number of disks, each having a
filter area of 50 to 60 square feet.
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4.5.3 Membrane Filtration Technologies
Membrane filtration is also approved under Title 22 for producing "disinfected tertiary recycled
water," and it can be used to pretreat water prior to advanced treatment using RO as well.

4.5.3.1 Overview of Membrane Filtration Technologies

Low-pressure membrane filtration technologies, including microfiltration and ultrafiltration, are
relatively new, especially in the wastewater industry. Nevertheless, use of membranes in water
and wastewater treatment has grown rapidly during the past 5 to 6 years. This growth is due to
improvements in membrane technology and system integrity, making low-pressure membranes
more versatile and reliable than conventional filters for reducing turbidity and removing
pathogens. Other reasons that membrane filtration has increased in popularity include its
compact size, reductions in capital and operating costs, acceptance by regulatory agencies, and
favorable experience at operating facilities. Recent major uses of MF and ultrafiltration include
treatment of potable water, water recycling, pretreatment for RO, and liquids/solids separation in
MBRs.

Low-pressure membrane systems can include spiral-wound, hollow-fiber, sheet, and tubular
configurations. However, for drinking water and water recycling applications, hollow-fiber
membranes predominate. The main advantages of hollow-fiber MF/UF include the high packing
density and capability to tolerate frequent cleaning cycles. Both immersed (Figure 4-15) and
pressurized (Figure 4-16) hollow-fiber MF/UF systems are approved for use under Title 22. For
MBR applications, hollow-fiber and plate technologies can be used.

MF and UF are designed to remove particulate matter by size exclusion. Particles ranging from
0.05 to 1.0 um can be removed by MF, while particles ranging from 0.003 to 0.1 um can be
removed by UF. Unlike high-pressure membrane processes such as nanofiltration (NF) and RO,
MF and UF usually operate in the range of 3 to 50 pounds per square inch gauge (psig).

When membrane systems are used for producing recycled water, Title 22 requires that the
filtered water turbidity not exceed 0.2 NTU more than 5 percent of the time within a 24-hour
period and 0.5 NTU at any time. In addition, membrane integrity testing is required.

Department of Public Works 4-25
Bureau of Engineering



SFIA RECYCLED WATER
ALTERNATIVES ANALYSIS REPORT

Figure 4-15
Configuration of Immersed MF/UF Membrane Filtration Zenon, Zeeweed

Figure 4-16
Configuration of Pressurized MF/UF Membrane

4.5.3.2 Membrane Filtration Technologies Accepted under Title 22

MF/UF technologies from four vendors, including Zenon (General Electric), US Filter, Pall, and
lonics (General Electric), are accepted under Title 22. Each vendor provides unique membrane
and backwash systems. Two of the vendors (Zenon and US Filter) supply immersed membrane
systems that use vacuum force to pull clean water through hollow-fiber membranes. Figure 4-17
shows a general process flow diagram of an immersed membrane system. Others (including US
Filter) supply membrane cartridges incorporating thousands of hollow-fibers or capillary tubes
installed inside pressurized vessels. Figure 4-18 shows a general process flow diagram of a
pressurized low-pressure membrane system.
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In hollow-fiber systems, feed water can flow from the outside to the inside or from the inside to

the outside.

The four available systems are described below, and Table 4-3 provides a summary of the

systems.
Tabled-3 _ _
Membrane Filtration Technologies Approved under Title 22
Vendor/Technology MFor Pressurized or Membrane Pore Size Backwash Flow
UF Immersed Material or MWCO Procedures Pattern
US Filter/Memcor/CMF MF Both PPL/PVDF 0.2 pm Air/water Outside-In
and CMF-S
Pall (Asashi)/ Microza™ MF/UF Pressurized PVDFPAN 13,000 or Air/water Outside-In
80,000
GE lonics UF Pressurized PVP/PES 0.03pm  Water only Inside-Out
(NorityXIGA™
Figure 4-17
Schematic Process Flow Diagram of Immersed MF/UF Membrane Filtration
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Figure 4-18
Schematic Process Flow Diagram of Pressurized MF/UF Membrane Filtration
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Zenon ZeeWeed® (Immersed). ZeeWeed® is a patented immersed membrane technology
manufactured by Zenon Environmental, which was recently acquired by General Electric. Like
other immersed membrane technologies, the ZeeWeed® process operates under a partial vacuum
(-3to -12 psig). ZeeWeed® membranes have a nominal pore size of 0.036 microns, which
qualifies as UF.

The ZeeWeed® 500 system, which is typically used in wastewater applications, uses a reinforced
fiber backing with a membrane cast to the surface. The outer and inner diameters of the hollow
fibers are 1.9 and 0.9 mm, respectively.

Because ZeeWeed® operates at relatively low pressure; energy consumption is low compared to
pressurized systems. In addition, the rate of fouling is typically lower compared to pressurized
systems because the pressure drop across the membranes {i.e., transmembrane pressure
(TMP)}is lower. Since flow passes from outside to inside the hollow fibers, the risk of plugging
flow channels inside the membrane tubes is relatively low.

The membrane material, polyvinylidene difluoride (PVVDF), can tolerate chlorine at
concentrations of up to 2,000 mg/L, which facilitates periodic cleaning to remove biofilm,
restore flux, and reduce TMP.

Immersed membrane systems can be designed within relatively small spaces, and they can be
installed in existing tanks (when available) to reduce costs. Individual membrane strands are
packaged in modules. Each module is integrated into a cassette of either eight or 22 ZeeWeed®
membrane modules. The cassettes are connected to a main permeate header pipe in trains of up
to 15 cassettes.
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Durlng operation, the membrane fibers are scoured continuously or periodically by coarse
aeration to remove solids that accumulate on membrane fibers. Aeration intensity and frequency
can be adjusted to suit site-specific conditions and to save energy. By removing solids, aeration
allows the system to operate at higher flux rates and lower TMP. In addition, air scouring
minimizes concentration polarization, which is recognized as a significant mechanism of
membrane fouling that can contribute to poor permeate quality. Aeration allows the Zee Weed®
system to handle very high TSS concentrations. In MBR systems, the TSS concentration can be as
high as 15,000 mg/L.

The ZeeWeed® membrane system also includes an automatic backpulse system that is used to
remove solids from the surfaces of the membrane fibers. During a backpulse cycle, permeate is
pumped backwards through the membrane fibers for a few seconds. The frequency of backpulse
cycles can be adjusted to suit site-specific conditions.

A clean-in-place (CIP) system is used as a supplement to the backpulse system. The CIP system
provides more thorough cleaning when needed to recover flux or reduce TMP. The CIP system

can apply sodium hypochlorite solution to remove biological fouling or acid solution to remove
mineral fouling.

For water with relatively low turbidity (i.e., secondary effluent or raw water with full
pretreatment), Zenon sometimes recommends its newer and less expensive ZeeWeed® 1000
system. The ZeeWeed® 1000 system has similar filtration characteristics as the ZeeWeed® 500
system, but it is oriented horizontally instead of vertically. In addition, membrane fibers in the
ZeeWeed® 1000 system do not have fiber backing. The ZeeWeed® 1000 membrane system does
not need air scouring except during backpulse cycles, so the system uses less energy. Both
ZeeWeed 500 and ZeeWeed 1000 are accepted for Title 22 applications.

US Filter (now Siemens) Memcor® (Immersed and Pressurized). US Filter's Memcor pressurized
(encased) Continuous microfiltration (CMF) system was the most popular low-pressure
membrane process when membrane filtration was first introduced to the water and wastewater
industries. It was primarily used as pretreatment for RO in municipal wastewater reclamation
projects and for potable water treatment.

The CMF system uses hollow-fiber membranes that operate in the ‘outside-in' mode. A patented
compressed-air backwash system is used to control fouling, so the CMF system can handle
relatively high TSS concentrations.

The membrane fibers are usually made of polypropylene with a pore size of 0.2 microns.
Polypropylene cannot tolerate free chlorine, so its use is limited in applications where free
chlorine is used to control biofouling. However, in applications where the feedwater has a high
concentration of ammonia, chlorine and ammonia can be combined to form chloramines that do
not harm polypropylene membranes but are still effective for controlling biofouling.

US Filter later developed the Continuous Microfiltration submerged (CMF-S) system that is
similar to the immersed system offered by Zenon. In addition, US Filter now offers membranes
constructed of PVDF in both the CMF and CMF-S systems to overcome intolerance to free
chlorine.

In the CMF-S system, the hollow-fiber membrane modules are immersed into the water or
wastewater to be treated. A vacuum pump draws permeate to the inside of the fibers, leaving the
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SO|IdS in the tank. Aeration is used to scour the membranes during backwash cycles. The CMF-S
system is preferred to the CMF system in larger projects (>10 mgd) because of favorable
economics and reduced space requirements.

Pall (Asahl) (Pressurized). Pall Corporation offers pressurized MF and UF systems that use
Microza™ hollow-fiber membranes supplied by Asahi Chemical Industries. Pall MF/UF systems
have been widely used in drinking water treatment, municipal wastewater reclamation, and as
pretreatment ahead of RO during the past several years. Microza™ MF and UF systems are used
as pretreatment for RO/NF processes in the City of Chandler, Arizona to treat semiconductor
wastewater. A Pall MF system was installed near the Santa Rosa Airport to treat lagoon
wastewater to produce Title 22-quality water.

The hollow fibers of the MF system have inner and outer diameters of 0.7 mm and 1.3 mm,
respectively. The pore size rating is 0.1 microns. The material of the MF fibers is PVDF, and the
material of the pressurized housing is PVC.

The UF hollow fibers have inner and outer diameters of 0.8 mm and 1.4 mm, respectively. The
pore size rating is 13,000 to 80,000 Daltons in molecular weight cutoff. The material of the UF
fibers is polyacrylonitrile and the material of the pressurized housing is PVC. PVDF is more
chlorine resistant than polyacrylonitrile, but polyacrylonitrile can withstand free chlorine at
concentrations up to 1,000 mg/L.

The Microza™ MF/UF modules operate in an ‘outside-in' mode with a small amount of
recirculation past the outside of the hollow fibers. The recirculation helps prevent accumulation
of deposits on membrane surfaces and evenly distribute flow through the module.

Periodically, each rack goes through a backwash cycle consisting of simultaneous air scrub -
reverse filtration. Compressed air and backwash water loosen and dislodge particles collected on
the membrane fibers. If biological fouling is to be removed, a small amount of chlorine is
injected into the reverse filtration water as it is being fed into the modules.

The modules may be cleaned periodically through a process called enhanced flux maintenance
that uses 1 percent sodium hydroxide (NaOH) and 0.1 percent sodium hypochlorite (NaOCI) in
the backwash water. Enhanced flux maintenance can be initiated daily or weekly to reduce TMP
rise, reduce feed-pressure requirements, and prolong periods between full chemical cleaning
cycles.

When needed, a more complete cleaning cycle can be performed using a CIP system. Chemicals
used in the CIP system can include NaOCI, NaOH, and mild acid, depending on site-specific
requirements. The maximum allowable concentrations for NaOCI are 5,000 mg/L for PVDF and
1,000 mg/L for ployacrylomitrile membranes. Maximum caustic strengths are IN for PVDF and
0.1N for ployacrylomitrile membranes; both types can withstand IN strength acid.

GE lonics/Norlt UF (Pressurized). GE lonics supplies UF systems using Norit XIGA™ UF
membrane systems. The XIGA™ element consists of a pressurized PVC cartridge with a central
permeate tube that contains membrane capillaries made from a blend of polyethersulphone and
polyvinylpyrrolidone.

Unlike other MF and UF systems approved for Title 22 applications, this system uses ‘inside-out'
crossflow membrane elements that are analogous to RO membrane elements. Up to four 1.5-meter
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elements are installed inside each pressure vessel. The membranes fibers are typically 0.8 or 1.5
mm in diameter, and each element has a surface area of 22 or 35 square meters.

Like other MF/UF systems, this system requires periodic cleaning to reduce TMP. Clean
permeate water is forced from the outside of the capillaries to the inside to transport accumulated
solids out of the capillaries. The maximum allowable TMP during backwash is 44 psi, and the
maximum allowable flux rate is about 150 gfd. The duration of a backwash cycle is generally 30
to 40 seconds, and the frequency is typically about 15 to 20 minutes.

Periodic cleaning using disinfectants like peroxide or hypochlorite is recommended to control
bacterial growth. In addition, cleaning using chemicals like sodium hydroxide,
ethylenediaminetetraacetic acid, citric acid, etc. may be used when needed.

If backwashing alone is insufficient to reduce TMP, chemically-enhanced backwash can be used.
The chemically-enhanced backwash mode consists of a normal backwash procedure, a backwash
cycle with chemicals, a soaking period, and another backwash cycle to flush-out the chemicals.

The XIGA™ UF technology is used as pretreatment for RO for a large municipal wastewater
treatment and reuse project near Kuwait City. Tine treatment plant in Sulaibiya, Kuwait, which
was commissioned in 2005, is the largest membrane-based municipal effluent reuse plant in the
world (100 mgd or 380 ML/d).

4.5.3.3 Summary of Membrane Filtration Technologies

Each of the membrane filtration processes approved under Title 22 are suitable for producing
recycled water for irrigating landscaping and/or for pretreatment ahead of RO. However,
immersed systems have become more common in recent years, especially in larger applications.
Immersed systems are advantageous because they use less energy and are less prone to fouling.
Therefore, if MF or UF is to be used, the immersed systems provided by Zenon and US Filter are
preferable.
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4.6 Disinfection Technologies

Recycled water that is used for irrigating landscaping, recharging unrestricted recreational
impounds without conducting special monitoring, or commercial purposes must be disinfected
according to the following standards set forth in Title 22:

"Disinfected tertiary recycled water" means a filtered and subsequently disinfected wastewater
that meets the following criteria:

(a) The filtered wastewater has been disinfected by either:

(1) A chlorine disinfection process following filtration that provides a CT (the product of
total chlorine residual and modal contact time measured at the same point) value of not
less than 450 milligram-minutes per liter at all times with a modal contact time of at
least 90 minutes, based on peak dry weather design flow; or

(2) A disinfection process that, when combined with the filtration process, has been
demonstrated to inactivate and/or remove 99.999 percent of the plaqueforming units of
F-specific bacteriophage MS2, or polio virus in the wastewater. A virus that is at least
as resistant to disinfection as polio virus may be used for purposes of the
demonstration.

(b) The median concentration of total colifonn bacteria measured in the disinfected effluent does
not exceed an MPN of 2.2 per 100 milliliters utilizing the bacteriological results of the last
seven days for which analyses have been completed and the number of total coliform bacteria
does not exceed an MPN of 23 per 100 milliliters in more than one sample in any 30 day

period. No sample shall exceed an MPN of 240 total Coliform bacteria per 100
milliliters.

These requirements can be satisfied using disinfection processes that use chlorine or irradiation
by UV light. Other disinfection processes may be feasible as well, but only chlorine-based and
UV systems are currently in use for Title 22 applications.

Chlorine disinfection processes can use gaseous chlorine or chlorine in another form such as
sodium hypochlorite or calcium hypochlorite. Gaseous chlorine is being phased out by the
Department of Homeland Security and most water and wastewater utilities for security reasons
and because it is relatively dangerous to handle. Therefore, gaseous chlorine is excluded from
the alternatives evaluated below. In addition, calcium hypochlorite systems are generally not
practical at large facilities. Therefore, only sodium hypochlorite and UV irradiation are
considered viable options for producing "tertiary disinfected recycled water.”

Recycled water used as an indirect potable water supply must undergo additional treatment that
is described below.
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4.6.1 Disinfection Using Sodium Hypochlorite
Options for disinfection using sodium hypochlorite solution include:

» Delivery of high-strength sodium hypochlorite solution in bulk.
» Onsite generation of low-strength sodium hypochlorite solution.
» Onsite generation of high-strength sodium hypochlorite solution.

Each of these options would include chlorine contact tanks where sodium hypochlorite solution
would be mixed with filtered water and held for a specified period.

4611 Delivery of High-strength Sodium Hypochlorite in Bulk

Sodium hypochlorite solution can be delivered to the treatment facility in bulk at a minimum
concentration of 12.5 percent. The solution would be stored in tanks and delivered to the
injection point using metering pumps. The system would be constructed inside a containment
basin as required by fire codes. Similar systems are in operation at numerous water and
wastewater treatment facilities across the United States.

4.6.1.2 Onsite Generation of Low-strength Sodium Hypochlorite

In an onsite generation system, an electric current is applied to a concentrated brine solution to
generate low-strength (0.8 percent) sodium hypochlorite solution. The system uses high-purity,
food-grade sodium chloride salt dissolved in softened water. The resulting brine mixture is fed to
hypochlorite generators. Approximately 3.5 pounds of salt are required to produce 1 pound of
available chlorine. The waste product, hydrogen gas, is normally vented to the atmosphere. The
entire flow stream, consisting of remaining brine solution and hypochlorite, is injected into the
filtered water stream.

A hypochlorite generating system would consist of a water softener, salt storage/brine tanks,
brine feed pumps, hypochlorite generators, hypochlorite day tanks, metering pumps, and an acid
cleaning system for the generators' electrolytic cells. The generation system would need to be
connected to a standby power generator to ensure continuous power supply.

The electrolytic cells must be cleaned regularly with an acid solution. The cleaning process
produces a concentrated waste acid byproduct. Typically, the cells require cleaning after 2,000 to
4,000 hours of service. The cleaning frequency is dependent on the salt purity and water quality.
In addition, the electrolytic cells require replacement about every 3 to 5 years, depending on the
hours of operation. To minimize electrode fouling, soft water (maximum hardness of 25 mg/L as
CaCCb) that is free of trace organics and metals is recommended to create the brine feed.

4.6.1.3 Onsite Generation of High-strength Sodium Hypochlorite Solution

A company called Electrolytic Technologies Corporation has developed a new technology to
produce either high-strength (-12 percent) sodium hypochlorite solution or separate streams of
chlorine gas and sodium hydroxide on site. Advantages over older technology that produces low-
strength sodium hypochlorite solution (~1 percent) may include reduction in chloride and
sodium added to treated water and lower maintenance requirements.

The system, which is called Klorigen, combines electrolysis of brine with membrane technology
to deliver chlorine gas at atmospheric pressure and caustic soda at a 15 percent concentration.
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The process may combine these two products to produce sodium hypochlorite at a 10 to 12
percent concentration. Systems are available to produce 55 to 1,200 gallons per day of 10 to 12
percent sodium hypochlorite solution. Since the process entails generation of chlorine gas, it is
not considered a viable option.

4.6.2 Disinfection Using UV Irradiation

UV disinfection involves the use of ultraviolet light generated by lamps immersed in water to
deactivate pathogens. The principal mechanism for UV disinfection is different from the
oxidant-based disinfectants. UV disinfection uses photochemical energy to prevent cellular
proteins and nucleic acids (i.e., DNA and RNA) from further replication. The germicidal effect
of UV light occurs through the dimerization of pyrimidine nucleobases (e.g., thymine) on the
DNA molecules to distort the normal helical structure and prevent cell replication. A cell that
cannot replicate also cannot infect. The UV electromagnetic waves range from 40 to 400 nm
long (between the X-ray and visible light spectrums). The germicidal UV light wavelengths
range from 200 to 300 nm, with the optimum germicidal effect occurring at 253.7 nm.

UV electromagnetic energy typically is generated by the flow of electrons from an electrical
source through ionized mercury vapor in a lamp. Several manufacturers have developed systems
that align UV lamps in vessels or channels to provide UV light in the germicidal range for
inactivation of bacteria, viruses, and other microorganisms. The UV lamps are similar to
household fluorescent lamps except that fluorescent lamps are coated with phosphorous that
converts the UV light to visible light. Ballasts (i.e., transformers) that control the power to the
UV lamps are either electronic or electromagnetic. Electronic ballasts offer several potential
advantages including lower lamp operating temperatures, higher efficiency, and longer life.

4621 Parameters that Affect Design and Performance of UV Disinfection Systems

Research indicates that typical water quality parameters such as pH, temperature, alkalinity, and
total inorganic carbon do not appear to affect the overall effectiveness of UV disinfection.
Hardness affects the rate of lamp fouling, but the automatic lamp cleaning systems incorporated
in newer UV equipment have minimized the impact of hardness on system design and operation.

The effectiveness of UV disinfection is mainly impacted by water quality parameters that
prevent UV energy from reaching target micro-organisms. Particles, turbidity, and suspended
solids may shield microorganisms from UV light or scatter UV light to prevent it from reaching
target microorganisms. Some organic compounds (e.g., phenols) and inorganics (e.g., iron)
absorb UV energy and reduce the UV transmittance of the water being treated. Thus, turbidity
and UV transmittance are commonly used as process controls at UV facilities.

UV transmittance is measured by a UV-range spectrophotometer set at a wavelength of
253.7 nm using a 1-cm-thick layer of water. UV transmittance is related to UV absorbance (A) at
the same wavelength by the equation:

Percent Transmittance = 100 x 10"

For example, a UV absorbance of 0.022 per cm corresponds to a water percent transmittance of
95 percent (i.e., at 1 cm from the UV lamp, only 95 percent of lamp output is left). Similarly, 90
percent UV transmittance is equivalent to UV absorbance of 0.046 per cm.
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The footprint size and the associated cost of a UV disinfection system depend on the selected
UV design dose. Because UV transmittance is a direct measure of the capacity of the water to
transmit UV light, the required size and cost of a U V system also depend directly on the design
value of UV transmittance.

4.6.22 Regulatory Issues Related to UV Disinfection

Guidelines for designing UV disinfection facilities have been developed to provide direction to
regulatory staff of the Water Board and the DHS, the agencies responsible for approving UV
disinfection for water recycling applications. An independent panel of experts, convened by the
National Water Research Institute (NWRI) and the DHS, developed the guidelines for UV
disinfection. The Treatment Technology Report for Recycled Water issued by the DHS (March 2006)
contains the following excerpt regarding use of UV disinfection to treat recycled water:

UV Disinfection Guidelines were first published in 1993 by the National Water Research Institute.
Since that time, the field of ultraviolet disinfection has taken great strides forward. As a result of
the progress made in understanding the UV disinfection process, the CDHS and the NWRI
agreed that it was time to revise and update the guidelines. NWRI and the American Water
Works Association Research Foundation [JAWWARF) pooled their resources in order to revise
the original guidelines, which noiv cover water recycling and drinking water UV disinfection
applications. As a result of these efforts the "Ultraviolet Disinfection Guidelines for Drinking
Water and Water Reuse" were published by NWRI/AWWARF in December 2000 and revised as
a Second Edition dated May 2003. CDHS endorses the May 2003 Guidelines and refers to them
when evaluating UV disinfection proposals. One major recommendation of the guidelines is that
all UV equipment (including previously approved equipment) be tested and validated under
these new guidelines before being accepted by the Department. For existing systems approved
under earlier guidelines, documentation of compliance with the May 2003 guidelines should be
provided when permits issued by the Regional Water Quality Control Boards come up for
renewal. It is believed that existing UV disinfection systems that were properly designed should
comply with the elements of the revised guidelines.

According to the technology report, the following systems have been validated by DHS under
the 2003 NWRI/AWWARF guidelines:

» Trojan Technologies, Inc., UV 3000 Plus (low pressure/high intensity)
* Wedeco/ldeal Horizons TAK 55 HP (low pressure/high intensity)
* Infilco Degremont, Aquaray 40 Vertical Lamp System (low pressure/low intensity)

* Infilco Degremont, Aquaray 40 High Output Vertical Lamp System (low pressure/high
intensity)

Each of these systems may be suitable for disinfecting recycled water produced using the
filtration alternatives described previously. However, demonstration testing may be required to
confirm that UV disinfection can be used following granular-media or cloth-media filtration,
which will produce filtrate with relatively low transmittance. Use of UV disinfection following
membrane filtration is expected to be feasible.
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4.6.2.3 Configuration of UV Disinfection Systems

Mercury vapor lamps are used in all of the validated systems to produce UV light. Low-pressure
systems operate at either 10° to 10 torr. Medium-pressure systems, which operate at 10° to 10°
torr, have not been validated under the 2003 NWRI/AWWARF guidelines. These two ranges of
operating pressure provide the highest conversion of electrical energy to radiation. Low-pressure
mercury lamps are more efficient in producing germicidal UV radiation, but the total UV
radiation is much weaker compared to medium-pressure lamps. The low-pressure, high-intensity
mercury lamps have special design features to maintain mercury pressure at an optimum level
under high discharge currents.

UV disinfection systems can be configured in three reactor designs: open-channel, closed-
chamber, and Teflon-tube. However, all of the technologies validated to date under the 2003
NWRI/AWWARF guidelines use an open-channel configuration as shown in Figure 4-20.
Orientation of the lamps varies within the open channels, with the lamps oriented either
horizontally and parallel to flow or vertically and perpendicular to flow.

In a horizontal UV system, the lamps are grouped in modules with lamps spaced about 3 inches
apart (center to center). The number of lamps needed in each module depends on the depth of
the channel and varies from 2 to 16 lamps. Two to 24 modules can be used to span the width of a
channel. The set of modules spanning the channel width comprises a lamp bank. Lamps are
typically 64 inches long.

In a vertical UV system, each vertical lamp module contains five staggered rows, with eight
lamps in each row. Within each row, the lamps are spaced 2.8 inches apart (center to center).
The rows are spaced 5 inches apart (center to center) in the direction of flow. The number of
modules in the lamp bank spanning the channel varies from one to four. An air-scouring system
is provided with the Infilco Degremont system to reduce fouling. Typically, full-scale systems
employ 64-inch-long lamps.

Cleaning of the lamp sleeves can be accomplished by taking UV banks out of service and
moving them to a cleaning basin using an overhead crane. Once inside the cleaning basin, the
lamps are agitated with a cleaning solution. A wash-down area is provided adjacent to the
cleaning basin for wiping or rinsing purposes.
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Figure 4-20
Configuration of Open-channel UV Disinfection Process
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4.6.2.4 Comparison of UV Disinfection Alternatives

A vertical UV system has the advantage of being more compact than a horizontal UV system
because vertical systems use a deeper channel. In addition, vertical systems pace flow well and
lamps are easier to replace. Relatively high headloss is the main concern with vertical UV
systems because higher headloss results in a larger variation of water level under the full range
of flow. Conversely, increased headloss results in more mixing and possibly better disinfection.

The low-pressure, low-intensity UV system provided by Infilco Degremont requires manual
cleaning of the lamps in a separate tank filled with an acid solution. This manual cleaning system
requires a crane to move the modules between the UV channels and the cleaning tank.
Conversely, the three low-pressure, high-intensity UV systems have automatic lamp cleaning
mechanisms that minimize the need for manual cleaning.

Another disadvantage of the Infilco Degremont low-pressure, low-intensity UV system is that it
requires three times more lamps than the low-pressure, high-intensity UV systems. Moreover,
low-pressure, high-intensity UV systems are more energy efficient.

Given these relative advantages and disadvantages, low-pressure/high-intensity UV disinfection
appears to be the best UV disinfection option. However, if UV disinfection is used, a relatively
small sodium hypochlorite injection system would still be required to maintain chlorine residual
in the recycled water distribution system to prevent regrowth of pathogens.

4.6.3 Summary of Disinfection Alternatives

Each of the sodium hypochlorite and UV disinfection alternatives described above can be used
effectively. The major advantage of UV disinfection compared to sodium hypochlorite is that a
UV system can be much smaller because a large contact tank is not required. On the other hand,
UV disinfection uses significantly more energy compared to sodium hypochlorite processes,
particularly when UV disinfection is used to treat water from granular-media and cloth-media
filters.
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Based on the initial screening evaluation, the following alternatives were retained for further
evaluation:

* Imported bulk sodium hypochlorite solution.
» On-site generation of low-strength sodium hypochlorite solution.
» Low-pressure/high-intensity UV irradiation.

4.7 Membrane Bioreactor Technology

MBR technology could be used to produce recycled water from raw sewage at a new satellite
treatment facility. The new facility would consist of the following unit processes:

* Preliminary treatment using fine screens and grit removal tanks.
» Biological and chemical treatment in aeration tanks.

* Immersed microfiltration or ultrafiltration in membrane tanks.

» Disinfection using chlorine contact or UV irradiation.

» Odor control.

An MBR system would incorporate one of the immersed MF/UF systems described above. In
addition to providing membrane filtration, MBR systems can provide biological and chemical
treatment using a combination of a hybrid suspended-growth activated sludge process with
membrane filtration to separate solids and water.

The benefits of MBR systems include excellent effluent quality (TSS <1 mg/L and turbidity <0.2
NTU) and a small footprint compared to a conventional treatment process.

There are six manufacturers of membrane equipment for use in MBR systems, but only three are
currently approved for Title 22 applications. Zenon has been the predominant provider in North
America so far, but US Filter and Kubota also provide MBR systems that are approved under
Title 22. The Kubota system is marketed by Enviroquip in the United States. Most offer a choice
of purchasing the equipment only or of purchasing a package that includes equipment plus
process design and performance responsibility.

Most MBR systems constructed to date have been packaged systems with capacities below
1 mgd. In larger plants, process design and equipment supply responsibilities are normally kept
separate.

MBR systems rely on numerous ancillary processes including screening, grit removal, flow
equalization, biological and chemical treatment, aeration for mixing, biological growth, and
scouring membrane fibers, disinfection, and standby power.

471 Screening

Membrane filtration equipment requires fine screening to avoid fouling and damage by particles
with a diameter greater than a 2-mm. Rotary drum or perforated traveling band screens are
normally used. Screenings would be washed, dewatered, and conveyed to a roll-off waste
container. The facility could be enclosed to minimize odors and prolong equipment life.
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4.7.2 Grit Removal

Grit removal is necessary to protect the membrane fibers and prevent grit from collecting in the
aeration tanks. A vortex or aerated grit chamber would be necessary to remove the grit. Grit
could be washed and conveyed to a roll-off waste container.

4.7.3 Oxidation and Membrane Filtration

MBRs combine biological treatment and membrane filtration. Biological treatment occurs in
aeration tanks where flow from the preliminary treatment processes is mixed and aerated with
mixed-liquor that is recycled from the membrane tanks. Flow from the aeration tanks passes into
the membrane tanks where some of the water is separated from the mixed liquor through
membrane filtration. The remainder of the mixed liquor is recycled back to the aeration tanks.
Alum can be added to the mixed-liquor to remove phosphorous through chemical precipitation.

The MBR process is analogous to conventional activated sludge processes. The membrane tanks
are like secondary clarifiers in that they are used to separate solids from treated water. However,
unlike a conventional activated sludge process, MBRs operate a relatively high mixed liquor
suspended solids concentrations (8,000 to 12,000 mg/L). MBRs also operate at much higher
mixed liquor recycle rates (typically around 400 percent of influent flow). Because MBRS use
membrane filtration, the effluent quality is generally much better than effluent from conventional
secondary clarifiers.

As with conventional activated sludge processes, aeration blowers and diffusers are used to
provide oxygen for aerobic biological growth and for mixing/agitating the mixed liquor.
Likewise, recyle pumps are used to return biomass to the aeration tanks, and waste pumps are
used to remove excess solids.

The membrane systems consist of immersed membrane UF/MF like those previously described.
The membranes act as molecular filters removing solids, bacteria, and some viruses. The
membranes are immersed in the mixed liquor and filtration is achieved by drawing water
through the membranes under a vacuum produced by permeate pumps.

Aeration plays a critical role in the operation of some types of membrane equipment. For most
equipment, coarse bubble airflow is introduced to the bottom of the membrane modules
producing turbulence that scours the external surface of the hollow fibers, thus transferring
rejected solids away from the membrane surface. Air scouring reduces the need for periodic
cleaning of the membranes.

4.74 Disinfection

Disinfection of the filtrate would be required in accordance with Title 22 guidelines. Any of the
disinfection technologies described previously could be used.

4.7.5 Summary of MBR Technology

MBR technology is feasible for producing recycled water from raw sewage at a satellite
treatment facility. MBR technology is also suitable for pretreatment of water to be processed
through an RO system. However, the cost of satellite MBR treatment will be much higher
compared to processes designed to treat secondary effluent from the SFO WPCP. Because of the
high cost of MBR treatment, it is not recommended.
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4.8 Advanced Treatment

Recycled water for use by UAL co-generation facility and Airport central cooling towers may
require advanced treatment to remove nutrients and other constituents of concern. The advanced
treatment will reduce the TSS and TDS and lower the conductivity of the Tertiary treated water
to an acceptable level to prevent calcium carbonate scaling and corrosion.

4.8.1 Advanced Treatment Technology

Appendix C provides a summary of advanced treatment of recycled water by various agencies.
Advanced treatment facilities approved to date by DHS include:

* Pretreatment systems.

» High-pressure pumps and RO membrane assemblies.
e CIP system.

» Post-treatment system.

* Advanced oxidation.

4811 Pretreatment Systems

Pretreatment is necessary to reduce potential for fouling of RO membranes by mineral
precipitation and microbial growth. Sulfuric acid and scale inhibitors are normally injected into
the feed water for this purpose.

48.1.2 Sulfuric Acid

The pH of the feed water must be controlled to prevent precipitation of minerals such as calcium
carbonate. Sulfuric acid can be added to the feed water to react with alkalinity, lower the pH, and
reduce precipitation. The required acid dosage may be in the range of 35 to 45 mg/L, but testing
is required to determine the optimal the dose.

48.1.3 Scale Inhibitors

Scale inhibitors are polymeric substances that interfere with mineral precipitation either by
inhibiting the formation of mineral crystals or by limiting the extent of crystal growth. Modern
inhibitors are effective for a range of sparingly soluble minerals, including carbonates, sulfates,
and silica. Limiting scaling/fouling parameters may include barium sulfate, calcium sulfate,
calcium fluoride, strontium sulfate, and silica, but additional water quality data are needed
before a scale inhibitor can be selected.

4.8.1.4 High-pressure Pumps and Membrane Assembly

RO is a pressure-driven membrane-separation process that removes dissolved inorganic and
organic compounds. RO systems for wastewater applications typically have three stages to
recover of 80 to 85 percent of the feed water. Concentrate from the first stage is applied to a
second stage, and the concentrate from the second stage applied be applied to a third stage. The
flux rate is expected to be about 10 gfd at a water temperature of 21 "C, but additional testing is
required to establish these parameters.

Pretreated water is fed continuously to the RO system at elevated pressure (150 to 200 psig) by a
set of high-pressure feed pumps. Energy savings may be realized by adding pumping between
RO stages. The required feed pressure varies depending on the dissolved solids content of the
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feed water (i.e., osmotic potential), membrane properties, and the water temperature. RO feed
pumps are usually equipped with variable speed drives to maintain constant flux.

Evaluation of RO Technology Alternatives - RO technology is becoming more popular as a
treatment process to produce high-quality water. Historically, RO systems have used
standardized 8-inch-diameter by 40-inch-long elements (8-inch by 40-inch). However,
conventional 8-inch by 40-inch elements may be more expensive than newer 16-inch-diameter
elements, depending on the size of the facility.

In 2004, a consortium of RO membrane element manufacturers prepared a study that concluded
that the 16-inch-diameter by 40-inch-long elements could be more cost effective. The
consortium was composed of the following membrane element manufacturers:

* Filmtec Corporation

* Hydranautics

* Toray Membrane America, Inc.
» Trisep Corporation

Although the consortium found that 16-inch elements are preferable, a schedule for producing
16-inch elements was not established. The latest information indicates that the 16-inch elements
from the original consortium are still in pilot testing stage and may not be available before late
2009. In addition to the original consortium, DOW Water solution, a unit of DOW Chemical and
Koch Membrane Systems, Inc has piloted a 16 and 18 (respectively) diameter membrane and
are ready for production by late 2009 or early 2010.

To date the only operating 16” RO membrane is in Singapore. The facility, engineered, procured
and constructed (EPC) by US-based CH2M HILL, is the world’s first full-scale seawater
desalination plant to use large-diameter Sea Water RO (SWRO) membrane technology. Built at
a cost of approximately S$20 million, the project was successfully delivered by CH2M HILL as
the EPC contractor, over a fast-track schedule of 18 months, from contract signing to plant
handover. The use of 16-inch diameter membrane elements instead of the current industry
standard of 8-inch diameter — results in significant capital and operating cost savings to
PowerSeraya.

The 10,000-m3/day (2.64-MGD) SWRO desalination plant produces two customized grades of
water: High-grade service water used for power production, and potable drinking water. CH2M
HILL achieved significant cost savings for the project by utilizing the power plant’s existing
infrastructure of cooling water intake, discharge outfalls and on-site storage tanks. The project
was completed without a single lost time incident (LTI) over the 300,000 man hours required for
construction, commissioning, and operation.

The desalination plant features granular media filtration pretreatment and a two-pass SWRO
system. CH2M HILL selected a SWRO technology supplied by GrahamTek for the new SWRO
desalination plant. The GrahamTek technology uses 16-inch spiral wound reverse osmosis
elements incorporated with an integrated flow distributor and electromagnetic field device.
Advantages of this technology include a reduced footprint and capability to operate at higher
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flow rates of about 1.5 times that of conventional SWRO technologies — resulting in lower
capital and operating costs.

Since the number of manufacturers who are producing 16” RO membranes are currently limited
and the daily production of water required to meet the demand of the cooling towers is relatively
small, it is recommended that planning of advanced treatment facilities be based on use of 8-inch
elements.

4815 CIP System

Chemical cleaning may be required about once every 6 months. Membrane cleaning detergents
that are certified under American National Standards Institute/National Science Foundation
Standard 60 for drinking water would be used. The chemicals should not contain oxidants or
other substances harmful to the membranes.

48.1.6 Post-treatment-Decarbonation

Decarbonation may or may not be required, depending on the alkalinity of the feed water. If feed
water contains high levels of bicarbonate, a decarbonation process can be used remove excess
carbon dioxide by stripping through a packed tower using counter-current forced-draft air. CO2
removal can increase the pH and, therefore, help stabilize the product water.

4.8.1.7 Advanced Oxidation Process

The RO permeate would be passed through an ultraviolet advanced oxidation (UV/AOX)
process to destroy any contaminants of concern that pass through the RO membranes.
Experience in southern California has shown that NDMA and 1,4-dioxane (both carcinogenic
compounds) can pass through RO. Therefore, UV/AOX as has been used to provide additional
treatment.

The UV/AOX process can disinfect the water and remove micro pollutants.

The key design criteria for a UV/AOX process include transmittance, flow rate, lamp sleeve
fouling/lamp aging factors, the target pathogen inactivation level, the target reduction levels for
micro pollutants (NDMA and 1,4-dioxane), and the level of redundancy. Additional criteria to
consider in establishing design criteria include the potential for off-specification operation and
the potential impacts of changes in source water quality.

The main components of UV/AOX systems are the UV light system and a delivery system for
hydrogen peroxide. Various reactor configurations and lamp arrangements have been developed
to optimize disinfection and oxidation performance. UV lamps are classified as low-pressure and
medium-pressure lamps. Low-pressure lamps are more efficient (on a disinfection-per-watt of
input power basis) than medium-pressure lamps. However, the UV output per lamp in low-
pressure systems is less, so more lamps are required. Typically, the optimum lamp configuration
for a given project depends on a detailed technology evaluation that considers site- and water-
specific factors.

The two primary UV lamp technologies are low-pressure/high-output and medium-pressure.
Selection of a preferred alternative cannot be made until additional water quality data are
obtained.
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4.9 Summary of Treatment Technology Screening

Based on the initial screening evaluation presented above, the treatment technologies presented
in Table 4-4 were retained for further analysis. The remaining technologies were evaluated using
a more rigorous benefit-to-cost ratio analysis to determine which combination of treatment

processes offers the best value.

Table 4-4

Summary of Treatment Technologies Retained for Evaluation after Initial Screening

Technology

Comments

Pretreatment

Rapid-mix coagulation and flocculation
before direct filtration

Rapid-mix coagulation, flocculation, and
lamella plate/ tube clarification before
filtration

High-rate ballasted clarification (Actiflo®)
before filtration

Filtration

Continuous Backwash, Upflow Sand Media
Filtration

Cloth Media Filtration

Immersed Micro/Ultra filtration

Disinfection

Imported Bulk Sodium Hypochlorite Solution

On-site Generation of Low-strength Sodium
Hypochlorite Solution

Low-pressure/High-intensity Ultraviolet
Irradiation

Advanced Treatment

Reverse Osmosis Followed by UV and
Oxidation methods as necessary

Not suitable as pretreatment for cloth media
filtration

If clarification were not included in pretreatment,
80-inch-deep filter beds would be required. 40-inch
beds may be feasible with clarification ahead of
filtration

Pretreatment with clarification will be required

MF/UF can be used to produce disinfected tertiary
recycled water; it can also pretreatment ahead of
Reverse Osmosis treatment

Disinfection with sodium hypochlorite would require
construction of chlorine contact tanks.

Disinfection with sodium hypochlorite would require
construction of chlorine contact tanks.

Only those systems that have been certified under the 2003
NWRI/AWWA-RF guidelines are included.

Advanced treatment would be based on similar installation
to be further investigated during CER phase of the project

Department of Public Works
Bureau of Engineering

4-43



SFIA RECYCLED WATER
ALTERNATIVES ANALYSIS REPORT

4.10 Benefits and Costs of Treatment Technologies

Benefit-to-cost ratio analyses were performed to identify the treatment technologies that offer
the best value for producing "disinfected tertiary recycled water" to serve irrigation, commercial
use such as toilet and urinal flushing, and UAL co-generation and Airport Central cooling
towers.

Since there is only one viable alternative for advanced treatment to supply recycle water UAL
co-generation and Airport Central cooling towers. It is assumed that advanced treatment
consisting of MF/UF, RO and advanced oxidation would be retained as an option under all
scenarios.

4.10.1 Estimated Treatment Costs

4.10.1.1 Pretreatment

Table 4-5 presents a summary of estimated capital, O&M, and net annualized costs for the
retained pretreatment alternatives. The listed costs only include costs associated with this
treatment step; they do not include costs for downstream processes (i.e., filtration and
disinfection) or ancillary facilities such as pump stations and support facilities. The listed costs
are only intended to show the relative cost differences between the processes and should not be
used for budgeting purposes.

The direct filtration and Actiflo alternatives have the lowest relative capital and net annualized
costs by a significant margin. Therefore, these two options were retained for evaluation in
combination with the remaining filtration and disinfection alternatives. The pretreatment
alternatives involving lamella clarification and the High-rate blasted Actiflo® were eliminated
from further evaluation because they have significantly higher costs but do not offer
performance advantages.

Table45
Estimated Relative Costs of Pretreatment Alternatives
Item Rapid-mix Rapid-mix Rapid-mix High-rate
coagulation coagulationand coagulation, ballasted
before direct flocculation flocculation, and clarification
filtration before direct lamella plate/tube  (Actiflo®) before
filtration clarification filtration
before filtration
Capital Cost ($ millions) 4 1 g5 05 $0.2 $0.08 $0.35 $0.15 $0.25 $0.1
Annual O&M Cost ($
millions)
$0.55 $0.31 $0.17 $0.12
Net Annualized Cost ($
millions)
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4.10.1.2 Filtration

Table 4-6 presents a summary of estimated capital, O&M, and net annualized costs for the
remaining filtration alternatives. As with the pretreatment alternatives, the listed costs for
filtration technologies only include costs associated with this treatment step and should not be
used for budgeting purposes.

The sand- and cloth-media filtration options would require pretreatment, which is not included in
the costs listed in Table 4-6. Conversely, MF/UF would not require pretreatment. Therefore, the
costs are not directly comparable unless all associated components are included.

The cloth-media filtration option has relatively high costs compared to the sand filtration
options, but it offers no performance advantages. Therefore, the cloth-media filtration option was
eliminated from further evaluation.

Table46
Estimated Relative Costs of Filtration Alternatives
ltem 40-inch 80-inch Cloth-media Immersed MF/UF
Continuous Continuous Filtration
Backwash Sand Backwash Sand
Filtration Filtration
Capital Cost ($ millions)  $0.55 $0.65 $0.4 $1.15
Annual O&M Cost ($
millions) $0.05 $0.05 $0.05 $0.2
Net Annualized Cost
millions) ® $0.08 $0.08 $0.07 $0.26
4.10.1.3 Disinfection

Table 4-7 presents a summary of estimated capital, O&M, and net annualized costs for the
remaining disinfection alternatives. As with the alternatives described above, the listed costs for
disinfection technologies only include costs associated with this treatment step and should not be
used for budgeting purposes.

UV irradiation following membrane filtration has the apparent lowest capital and net annualized
costs. Imported bulk sodium hypochlorite solution and UV irradiation following media filtration
have nearly identical costs.

Imported bulk sodium hypochlorite is disadvantageous because it would require construction of
a chlorine contact tank, which would take up significant space. If the treatment facilities must be
constructed underground (as seems likely at the preferred sites), additional costs that are not
reflected in Table 4-7 would be incurred. Costs for constructing facilities underground would be
significantly lower for the UV alternatives because they are much smaller.

Chemical handling is another disadvantage of imported bulk sodium hypochlorite solution.
Chemical handling raises potential safety issues for plant workers, and it would require delivery
of chemicals through city streets.

Given the relative advantages and disadvantages of the alternatives, only UV irradiation was
carried forward for additional evaluation.
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Table 4-7
Estimated Relative Costs of Disinfection Alternatives
Item On-site Imported Bulk UV Irradiation UV Irradiation
Generation of Sodium Following Media Following
Sodium Hypochlorite Filtration Membrane

Hypochlorite Solution Filtration
Solution

Capital Cost (millions) ¢4 51 g0,01 $0.02 $0.01 $0.55 $0.15 $0.4 $0.15

Annual O&M Cost ($

millions)
$0.01 $0.01 $0.18 $0.17

Net Annualized Cost ($
millions)

4.10.1.4 Combined Treatment Trains

Three possible combinations of treatment processes (trains) can be constructed from the remaining
treatment technologies. These trains and their estimated costs are listed in Table 4-8. Treatment Train
No. 2, which includes direct filtration using 80-inch-deep sand filters followed by UV irradiation, has
the lowest estimated capital and net annualized costs.

Table4-8
Estimated Relative Costs of Combined Treatment Train Altermatives

Item Treatment Train No. 1 Treatment Train No. 2  Treatment Train No. 3
Pretreatment High-rate ballasted Rapid-mix coagulation and N/A
clarification (Actiflo®) flocculation before direct
before filtration filtration
Filtration 40-inch Continuous 80-inch Continuous Immersed MF/UF
Backwash Sand Filtration  Backwash Sand Filtration
Disinfection UV Irradiation Following UV Irradiation Following UV Irradiation Following

Capital Cost ($ millions)

Annual O&M Cost ($
millions)

Net Annualized Cost ($
millions)

Media Filtration
$1.4
$0.3

$0.37

Media Filtration
$1.4
$0.28

$0.35

Membrane Filtration
$1.55
$0.3

$0.38
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4.10.2 Benefits of Treatment Processes

Benefit scores and benefit-to-cost ratios were calculated for the each of the three treatment train
alternatives as shown in Table 4-9. The results indicate that Alternatives No. 2 has the best benefit-to-

cost ratio, followed by Train No. 1 and Train No. 3.

Table 4-9

Benefit-to-Cost Ratios for Combined Treatment Train Alternatives

Process and Criteria Weights Treatment Train Treatment Train Treatment Train
No. 1 No. 2 No. 3
Pretreatment High-rate ballasted  Rapid-mix N/A
clarification coagulation and
(Actiflo) before flocculation before
filtration direct filtration
Filtration 40-inch continuous ~ 80-inch continuous  Immersed MF/UF
backwash sand backwash sand
filtration filtration
Disinfection UV irradiation UV irradiation UV irradiation
following media following media following
filtration filtration membrane
filtration
Raw Benefits Scores
Implementability 3 5 5 5
Ease of Operation and Maintenance 3 4 4 4
Impacts to Cultural and 3 5 5 5
Environmental Resources
Geological and Contamination 3 5 5 5
Hazards
Neighborhood Impacts 3 4
Staff Training Requirements 3 3
Implementation Schedule 3 5
Weighted Benefit Scores 105 105 108
Benefit-to-Cost Ratio 284 300 284

4.11 Conclusions and Recommendations

Treatment Train No. 2 has the lowest costs and the highest benefit-to-cost ratio. Therefore, it is
recommended over the other alternatives.
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5.0 Evaluation of Treatment Facility Sites

5.1 Introduction

As discussed in Section 4, two treatment processes are needed to meet the SFIA requirements:
tertiary treatment to meet Title 22 requirements for irrigation and dual plumbing, and advanced
treatment for cooling tower water. The tertiary treatment facility will be located at the MLTP and
near the secondary effluent supply. The location of the advanced treatment facility, however, can
be centralized at the MLTP or be remote and near the cooling towers. The three following sites
were identified and evaluated in conjunction with the centralized, MLTP location to determine
the most optimum site for the advanced treatment:

1. United Airline Cogeneration Facility parking lot
2. LotC
3. Terminal Parking Garage

5.2 Evaluation Criteria

Eight criteria were used to compare the relative benefits of the sites. The criteria encompass legal
and political issues, potential environmental impacts, and other issues that could affect
construction and operation of recycled water treatment facilities. The evaluation criteria are as
follows:

1. Available space: For a site to be considered suitable there must be adequate space available
on the site for constructing new treatment facilities. Some treatment processes are relatively
compact (e.g., membrane filtration), whereas other processes require much more space (e.g.,
processes that involve conventional coagulation, flocculation, clarification, filtration, and
disinfection by chlorine contact). All sites are suitable for the most compact treatment
processes, but not all of the sites can accommaodate the largest processes. Sites with more
available space are preferable. In situations where more space is available than needed, the
extra land could be used as buffer space or for mitigation measures that may be required.

2. Ownership/management: Sites under the direct control of SFIA are preferable. Sites that
are controlled by others are less desirable because obtaining authority to use them may
require negotiation of a contract and implementation of mitigation measures that could
increase costs and delay the implementation schedule.

3. Current use of site: Construction of treatment facilities at vacant or unused sites is preferred
because existing facilities and operations would not be disrupted. Construction of treatment
facilities at sites that are currently in use may require relocation of the existing uses or other
mitigation measures that could add cost and delay the implementation schedule.

4. Zoning requirements: Sites that have less restrictive zoning requirements are preferable.
Construction of treatment facilities at sites with more restrictive zoning may require zoning
changes or mitigation measures to comply with height and bulk restrictions, for example.
Such measures may increase costs and delay the implementation schedule.
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5. Accessibility to major roads: Easy access to major roads is desirable during construction
and operation of treatment facilities. During construction, access will be required for
construction equipment, material deliveries, and construction workers. During operation,
access will be required for material and chemical deliveries and operations and maintenance
staff. Sites located adjacent to major roads are preferable because impacts to sensitive
neighbors will be minimized and the efficiency of construction and operations will increase.

6. Seismic risk: Sites that are within geologic hazard zones that are subject to liquefaction and
landslides are less desirable. The treatment facilities can be designed to mitigate these
hazards, but costs will increase and the implementation schedule may be delayed.

7. Tsunami risk: Sites that are within the tsunami threat zone are less desirable. The treatment
facilities can be designed to mitigate this hazard, but costs will increase and the
implementation schedule may be delayed.

8. Existence of cultural and environmental resources: Sites that do not have significant
existing cultural and environmental resources are preferable. Use of sites that have cultural
and environmental resources may require mitigation measures that would add costs and may
delay the implementation schedule.

5.3 Descriptions of Sites for Advanced Treatment Facilities

Narrative descriptions of the four sites are provided below. Site maps are provided in Figure 5.1
through Figure 5.4 and a qualitative site matrix based on the evaluation criteria is presented in
Table 5-1.

5.3.1 Tertiary and Advanced Treatment Facilities at MLTP

Roughly 2,500 ft2, the area adjacent to the northern most SBR tank at ML TP would be most
suitable for the tertiary and advanced treatment of the effluent. (See Figure 5.1) This location is
near the combined effluent pump station, and would not impede current operations or future
plans for a new industrial waste treatment facility. Given its proximity, power and waste utilities
are easily accessible.

5.3.2 United Airline Cogeneration Facility East Parking Lot

The 720,000 ft2 east parking lot, along North Access Road, is currently leased property to United
Airlines. This lot is adjacent to the cogeneration plant and North Access Road. (See Figure 5.2)
The advanced treatment would require approximately 625 ft2 of space. Currently, the Airport
does not have accessible power and waste utilities for the advance treatment process at this site.

533 LotC

Lot C is roughly 25,000 ft2 and owned by the Airport. This lot is ideally located near the
terminals at the US101/SF Airport interchange. (See Figure 5.3) There are five 40,000 gallon
underground storage tanks in this lot that were installed during the Airport Master Plan but never
utilized. An advanced treatment unit would occupy 625 ft2 of space in this lot. With power and
waste utilities in the vicinity, this location is a viable option for advanced treatment.
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5.3.4 Terminal Parking Lot

The proposed location for an advanced treatment unit is near the southern-most cooling tower on
the 2" level of the parking garage. (See Figure 5.4) This location offers weather protection and
accessibility to maintenance staff; however, construction constraints and utility accessibility may
outweigh these advantages. The proposed unit would require 625 ft2 of space in the garage.

Table 5-1
Qualitative Comparison off Advanced Treatment Facility Sites

Criteria MLTP UA Cogen LotC Terminal
Parking Lot Parking Lot
Available space Yes Yes Yes Yes
Current management SFO SFO SFO SFO
Current use Treatment Plant  Parking None Parking
Zoning Open Space Open Space  Open Space  Height
Restriction
Access to major roads Excellent Excellent Excellent Good
Seismic risk Moderate Moderate Moderate High
Tsunami risk Moderate Low Low Low
Cultural and environmental Limited None None None

resources

5.4 Conclusions and Recommendations
Conclusions and recommendations regarding each site are presented below that are based on the

preceding evaluations.

5.4.1 Advanced Treatment at MLTP

The MLTP site is preferable to other sites because it offers:
e Currently under management by SFIA.

e Appropriate zoning already in place.

e Excellent access to major roads.

e Suitable for treating secondary effluent to produce Title 22 water and advanced
treatment for cooling towers.

There are no disadvantages of the MLTP site.

Recommendation: Retain for further evaluation.
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5.4.2 United Airline Cogeneration Facility Parking Lot
Beneficial attributes of the UAL Cogeneration Facility Parking Lot include:
e Adequate available space.
e (Good access to major roads.
Disadvantages of the site are as follows:
e Does not have accessible power and waste utilities.
e Requires additional pumping of waste back to MLTP.
e Requires an enclosure or housing for the equipment.
Since the site requires conveying of Title 22 water for advanced treatment and is in close

proximity of MLTP. The advanced treatment can be located in MLTP and advanced treated

water can be delivered directly to UAL cogeneration cooling tower.
Recommendation: Do not carry forward for further evaluation.

543 LotC
Beneficial attributes of the Lot C site include:

e Adequate available space.

e Currently under management by SFIA.

e Excellent access to major roads.

e Can utilize existing underground storage tanks.

e Required utilities moderately accessible.
Disadvantages of the site are as follows:

e Requires an enclosure or housing for the equipment.
Recommendation: Retain for further evaluation.

5.4.4 Terminal Parking Lot
Beneficial attributes of the Lot C site include:
e (Good access to major roads.
e Weather protection.
e Close accessibility to maintenance staff.
Disadvantages of the site are as follows:
e Height constraint during construction and installation of equipment.
e Not zoned for construction and installation of treatment facilities.
Recommendation: Do not carry forward for further evaluation.
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6.0 Distribution System Evaluation

6.1 Introduction

A distribution system will be required to convey recycled water from the treatment facilities to
the users. Major components of distribution systems would include pump stations, storage tanks,
and pipelines.

Four alternatives for distributing recycled water to potential users were developed and evaluated.
The alternatives are configured to serve potential users from the two preferred sites for new
advanced treatment facilities and irrigation supply system.

This section includes comparisons of the four alternatives for the distribution system and
preliminary design criteria for pipes, pump stations, and storage tanks.

6.2 Regulations and Guidelines for Distribution System

The following regulations and guidelines were referenced in preparing the analysis of
distribution alternatives:

» California Health Laws Related to Recycled Water (aka, "The Purple Book™) (California
Department of Health Services 2001)

»  Guidelines for Water Reuse (USEPA 2004)
»  Guidelines for Distribution of Nonpotable Water, California-Nevada Section (AWWA 1992)

These documents contain recommendations regarding pressure, minimum burial depth,
separation distances from other utilities (especially potable water), pipe identification, isolation
valves, air relief and vacuum valves, and blowoff assemblies. The documents also contain
recommendations for seasonal storage, operational storage, and backup water supplies, as well as
considerations for retrofitting customers' facilities to use recycled water.

It is recommended that the regulatory requirements and guidelines contained in the documents
be used throughout design, construction, startup, and operation of the facilities. In addition,
Guidelines for the On-Site Retrofit of Facilities Using Disinfected Tertiary Recycled Water, California-
Nevada Section AWWA (1999) should be referenced when planning and designing retrofits of
facilities to use recycled water.

6.3 Configurations of Distribution Systems

The recycled water demands and locations of end users and treatment facilities were used to
evaluate options for configuring the distribution systems to serve the end users.

Department of Public Works 6-1
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6.3.1 Configuration Alternatives

Four separate alternatives for configuring the distribution system were evaluated to identify the
alternative that offers the most benefit for the lowest cost. The four alternatives include:

» Centralized advanced treatment at MLTP.

» Decentralized advanced treatment at MLTP and Lot C.

» Centralized irrigation supply at Lot C.

» Decentralized irrigation supply at Lot C and San Bruno Site.

"Centralized" alternatives include both tertiary and advanced treatment facilities located at the
MLTP site, and irrigation supply at Lot C. Conversely, "decentralized" alternatives entail
construction of separate advanced treatment facilities and irrigation supply at two of the
preferred sites.

The four alternatives are depicted in Figures 6.1 through 6.4. The pipeline routes are based on
both directional drilling and open trench construction methods. The figures also show proposed
locations of storage tanks and pump stations that are described later.

Centralized Advanced Treatment at MLTP - In this scenario, a single advanced treatment
facility would be sized to meet the demands for both the United Airline Cogeneration and Main
Terminal cooling towers to be located at the MLTP near the tertiary treatment facility. Advanced
treated water would be stored in a new storage tank with two dedicated pumps delivering treated
water to the United Airline Cogeneration cooling tower and Main Terminal cooling towers.

Decentralized Advanced Treatment - In the decentralized scenario, two advanced treatment
facilities will be constructed in the distribution system. One would be located at MLTP and sized
to meet the demand for the United Airline Cogeneration cooling tower. A new storage tank with
a dedicated pumping system would deliver advanced treated recycled water to the United Airline
Cogeneration cooling tower. The other facility will be located in Lot C and sized to meet the
Main Terminal cooling towers’ demands. A similar delivery system will be constructed in Lot C
to deliver advanced treated recycled water to the Main Terminal cooling towers.

Centralized Irrigation Supply at Lot C - Disinfected tertiary recycled water will be distributed
from a primary storage tank at the MLTP to the existing Lot C storage tanks. The Lot C storage
tank and hydro pneumatic pumping system will be sized to supply recycled water for all the
landscape irrigation around the San Bruno area and Lot C area as well as dual plumbing facilities
in the terminals. The irrigation supply system near Lot C will require control valves and pressure
reducing valves to offset the high discharge pressure from the pumping system.

Decentralized Irrigation Supply - In this scenario, disinfected tertiary recycled water will be
distributed from MLTP to two, individual irrigation supply systems: San Bruno site and Lot C.
The San Bruno irrigation system will be sized to supply recycled water for landscape irrigation
around the San Bruno site as shown in Fig. 6.4 and, likewise, the Lot C irrigation system will be
sized to supply recycled water for landscape irrigation around Lot C area as well as dual
plumbing facilities in the terminals. The pumping system at Lot C will be smaller and pressure
reducing valves will not be required since the pumping system discharge pressure will be
designed to meet the pressure requirement at Lot C area only.
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6.3.2 Pipeline Alignment Alternatives

Three alignments were initially proposed for the routing of the main distribution. However,
selection of the final pipeline alignment depends upon the configuration selected in the
preceding section. Alignments were evaluated for their feasibility, design and construction
constraints, and overall operation of the system.

The criteria used for evaluating and selecting an alignment were as follows:
1. shortest distance from RWF to end-user point,
2. most direct route that avoids critical areas of the AOA as best as possible

3. lowest construction cost using materials that provide long term reliability of the
distribution system

Of the three alternatives, two were rejected because they failed to meet the listed criteria. One
alternative proposed that the distribution main be routed along city right-of-ways (North Access
Road/McDonnell Road). Although this alignment circumvents the airfield, it fails to meet the
criteria of being the shortest route between the MLTP and Lot C. Further, this alternative did not
offer a distinct advantage when compared to other options. The second alternative proposed to
install the distribution main under active taxiways and runways. While this alternative
represented the shortest possible distance between the MLTP and Lot C, it failed to meet the
second criteria; namely, avoiding critical AOA infrastructure. Moreover, installing a main under
the critical areas of the AOA would require that a pipe be deep enough to not disturb/impact the
taxiway/runway base. Pipe failure in this instance could have catastrophic political and financial
consequences.

The remaining viable alignment that met all the criteria is shown in Figure 6.2. This alignment
represents the shortest route between the MLTP and Lot C, and avoids all major taxiways and
runways.

6.3.3 Pipeline Design Criteria

Ideally, the system would operate under gravity flow. However, the pipes will be designed to
operate in forced flow condition if pumps are needed to meet future requirements. Distribution
pipes will be sized to maintain flow velocities below 7 ft/s while maintaining maximum head
loss limits for future system expansion. The minimum pipe diameter within the system is 4
inches. Pipe diameters for each of the alternatives are shown in conjunction with the proposed
alignments (section 6.3.2) in Figures 6.1 through 6.4.

6.3.4 Pipeline Construction Methods

Four methods of construction were identified for the installation of the distribution pipes:
namely, open trench, directional drilling, micro-tunneling, and jack and bore. The latter three
are categorized as trenchless technology. Trenchless technology is desirable because it is the
least invasive method of installation; allowing roadways and taxiways to potentially remain
active while utilities are being installed. This method, however, requires precision utility
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Iocatlng and presents a greater risk when crossing existing utilities. Although, open trenching is
the most invasive method of installation, it does expose existing utilities in the trench, thus
reducing the risk of compromising an existing utility.

Of the four identified methods above, the micro-tunneling and jack-and-bore methods were
rejected because they require a straight alignment and are more ideal for gravity line applications
where constant slopes need to be maintained. Conversely, directional drilling is more dynamic
during installation and offers greater flexibility. Generally, pipes can be installed in longer
“pulls” with directional drilling which reduces mobilizations. Typical “pulls” are 500 feet in
length as opposed to 100 — 200 feet with micro-tunneling or jack and bore. Directional drilling
allows the operator to change vertical and horizontal directions when installing the pipe. (Plastic
pipe presents a specified bending radius which offer distinct installation advantages.) In
contrast, open trench installations are labor intensive but are inherently safer in comparison to
directional drilling.

Ideally, the distribution system will be constructed using both methods. In areas where the
distribution pipes cross critical pipes (force mains, gas lines, aviation fuel lines) or when pipe
layout areas are not feasible, open trenching may be required. Directional drilling though would
be the preferred method based on lower per-foot costs.

6.3.5 Pump Stations

Regardless of the configuration selected in section 6.3.1, multiple pumps stations would be
required to deliver water from the MLTP to the end users. A primary pump station, located at
the MLTP, would distribute treated water to the storage facilities in Lot C. A smaller pump
stations would then deliver water from the Lot C facilities to selected end users (irrigation,
cooling towers, etc.) that do not require a constant pressure. Since the dual plumbing facilities in
the terminal require a constant operating pressure, a hydro-pneumatic tank would be constructed
in Lot C.

Estimated flow and discharge pressure capacities for the pump stations required for each
alternative are listed in Table 6-1. These estimates should be refined during later phases of
implementation.
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Table 6-1
Estimated Requirements for Pump Stations

Estimated Flow (gpm) and Pressure (psig) at Peak Demand

Centralized Decentralized Centralized Decentralized
advanced advanced Irrigation Irrigation Supply
treatment at treatment at Supplyat LotC  at Lot C and San
Item MLTP MLTP and Lot C Bruno site
Secondary Effluent
Pump Station 525 @ 35 525 @ 35 525 @ 35 525 @ 35
Primary Pump Stations - 425 @ 50 425 @ 50 425 @ 50
San Bruno Pump Station - - - 300 @ 85
Lot C Pump Station - - 750 @ 115 450 @ 95
UAL CT Pump Station 120 @ 95 120 @ 95
Terminal CT Pump Station 100 @ 115 100 @ 95

6.3.6 Storage Tanks

A main storage tank at the tertiary treatment facility will be required to store the treated Title 22
water for distribution. In addition, storage tanks will also be required for advanced treated water
for distribution to the cooling towers.

At Lot C, the existing five 40,000 gallon underground tanks will be utilized. Depending on the
configuration alternative selected, the tanks can be modified to maximize the storage capacity of
Title 22 and/or advanced treated water.

Storage sizing will be performed during the design phase to meet ADMM demand based on the
assumed diurnal use patterns using a mass-balance equation with a 1-hour time step. The
equation to be used is as follows:

Vn+1= Vn + Inflow — Outflow
Where:
Vn = volume of water in the storage at time n.
Vn+1 = volume of water in the storage at time n + 1 hour.
Inflow = amount of water added to the storage tank during the 1-hour time step.

Outflow = amount of water removed from the storage to meet demands during the 1-hour time
step.
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7.0 Development of Combined Scenarios

7.1 Introduction

The following preferred alternatives were identified in previous sections of this report for the
treatment sites, treatment technologies, and distribution system:

* Preferred Treatment Sites

e MLTP
e LotC

» Preferred Treatment Technologies

» "Disinfected tertiary recycled water": Direct filtration using rapid-mix coagulation,
60-inch-deep continuous backwash sand filtration, and disinfection by UV irradiation

e Advanced treatment to cooling towers: Pressurized microfiltration/ultrafiltration and
reverse 0Smosis

* Preferred Distribution Alternatives

Centralized advanced treatment at MLTP.

Decentralized advanced treatment at MLTP and Lot C.
Centralized irrigation supply at Lot C.

Decentralized irrigation supply at Lot C and San Bruno Site.

These alternatives were combined into the four different scenarios listed in Table 7-1. The
difference between each scenario is the placement of the advanced treatment facilities and
irrigation supply system. The proposed treatment technology, however, remains constant for
each scenario.

Scenario 1: Centralized treatment with centralized irrigation supply.
Scenario 2: Centralized treatment with decentralized irrigation supply.
Scenario 3: Decentralized treatment with centralized irrigation supply.
Scenario 4: Decentralized treatment with decentralized irrigation supply.
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Table 7-1

Combined Treatment and Distribution Scenarios

Item

Scenario No.1

Scenario No.2

Scenario No.3

Scenario No.4

Location of “disinfected
tertiary recycled water”
treatment facilities

Location of advanced
treatment facilities

Tertiary Treatment
Technology

Advanced Treatment
Technology

Distribution System

MLTP

MLTP

Direct filtration
using rapid-mix
coagulation, 60-
inch-deep
continuous
backwash sand
filtration, and
disinfection by
UV irradiation

Pressurized
MF/UF and
reverse 0Smosis

Irrigation supply
system at Lot C

MLTP

MLTP

Direct filtration
using rapid-mix
coagulation, 60-
inch-deep
continuous
backwash sand
filtration, and
disinfection by
UV irradiation

Pressurized
MF/UF and
reverse osmosis

Irrigation
supply system
at Lot C and
San Bruno Site

MLTP

MLTP and Lot C

Direct filtration
using rapid-mix
coagulation, 60-
inch-deep
continuous
backwash sand
filtration, and
disinfection by
UV irradiation

Pressurized
MF/UF and
reverse 0Smosis

Irrigation supply
system at Lot C

MLTP

MLTP and Lot C

Direct filtration
using rapid-mix
coagulation, 60-
inch-deep
continuous
backwash sand
filtration, and
disinfection by
UV irradiation

Pressurized
MF/UF and
reverse osmosis

Irrigation supply
system at Lot C
and San Bruno
Site

7.2 Configuration of Combined Scenarios

Figures 7.1 through 7.4 show the proposed configurations of the four scenarios, and Figures 7.5
through 7.8 show schematic process flow diagrams. Drawings showing preliminary layouts of the
treatment facilities and irrigation supply system on different sites are provided in Figures 7.9
through 7.11. (All figures for this section are presented at the end of this section.)

7.3 Estimated Costs

Estimates of costs for construction and operation of the recycled water system were prepared for
each of the four scenarios as shown in Table 7-6.

7.3.1 Basis of Cost Estimates
Assumptions and details of the cost estimates are contained in the appendices of this report.

The cost estimates were prepared using industry standard cost estimating practices, references,
costs of similar projects, and material quotes from vendors. The costs presented herein are
considered a Class 4 Estimate, as defined by AACE International (the Association for the
Advancement of Cost Engineering) for construction cost estimating. Class 4 cost estimates are
generally prepared during preliminary planning to form the basis for the project authorization
and/or funding. The typical expected accuracy range for this class of estimate is -15 to -30
percent on the low side and +20 to +50 percent on the high side.
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The opinions of cost shown and any resulting conclusions on project financial or economic
feasibility or funding requirements have been prepared for guidance in project evaluation and
implementation from the information available at the time the opinion was prepared. The final
project costs will depend on actual labor and material costs, competitive market conditions, actual
site conditions, final project scope, implementation schedule, continuity of personnel and
engineering, and other variable factors. As a result, the final project costs may vary from the
opinions of cost presented herein. Because of these factors, project feasibility, benefit/cost ratios,
risks, and funding needs must be carefully reviewed prior to making specific financial decisions
or establishing project budgets to help ensure proper project evaluation and adequate funding.

7.3.2 Summary of Estimated Costs

As indicated in Table 7-2, Scenarios 1 and 2 have higher pipeline costs with the construction of a
dedicated force main to deliver advanced treated water from MLTP to the terminal in addition to
the Title 22 water distribution main from MLTP to Lot C. With Scenarios 3 and 4, the advanced
treated water force main will only be from Lot C to the terminal, but the costs for advanced
treatment facility are higher with two treatment facilities versus one for Scenarios 1 and 2.
Overall Scenario 3 has the lowest Program Cost and Scenario 2 has the highest Program Cost
and overall Net Annualized Costs are within plus/minus 10% of each other.

Table 7-2
Summary of Estimated Capital, O&M and Lifecycle Costs of Combined Scenarios

Item Scenario No.1 Scenario No.2 Scenario No.3 Scenario No.4
Tertiary Treatment Facilities
Pretreatment $100,000 $100,000 $100,000 $100,000
Continuous Backwash Sand Filtration $525,000 $525,000 $525,000 $525,000
UV Disinfection $415,000 $415,000 $415,000 $415,000
Chemical System $ 75,000 $ 75,000 $ 75,000 $ 75,000
Structural Foundation and Piles $380,000 $380,000 $380,000 $380,000
Support Facilities
Secondary Effluent Pump Station $71,000 $71,000 $71,000 $71,000
Secondary Effluent Force Main $22,500 $22,500 $22,500 $22,500
Modification of (E) Effluent Pump $25,000 $25,000 $25,000 $25,000
Station

Title 22 Distribution System
Pump Stations

Primary Pump Station $135,000 $135,000 $135,000 $135,000
Lot C Pump Station w/Hydro Tanks $250,000 $250,000 $250,000 $250,000
San Bruno Pump Station - $125,000 - $100,000
Storage Tanks

Main Storage Tank $700,000 $700,000 $700,000 $700,000
Lot C Storage Tank Retrofit $500,000 $500,000 $750,000 $500,000
San Bruno Storage Tank - $500,000 - $500,000
Advanced Treatment Facilities

UF/RO $585,000 $585,000 $875,000 $875,000
UA Pump Station $ 95,000 $ 95,000 $ 95,000 $ 95,000
Terminal Pump Station $110,000 $110,000 $ 95,000 $ 95,000
O&M Building at Lot C - - $175,000 $175,000
Department of Public Works 7-3
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Electrical and 1&C Work
Mechanical and Process Piping
Structural and Site Work

Subtotal

Mob/Demob/Bonds/Insurance
Allowances
Subtotal
15% Contractor Markup
15% Contingency
Subtotal Construction Cost

Pipelines
80% D. Drilling + 20% Trench

Subtotal Construction Cost
7.5% Escal/Local Adjust Factor
Total Construction Cost

25% Non Construction Cost
TOTAL PROGRAM COST

Annual O&M Costs

Title 22 System

Secondary effluent Pump Station
Pretreatment

Filtration

Disinfection

Pump Stations

Advanced Treatment
Advanced Treatment Processes
Pump Stations
Total Annual O&M
Annualized Capital Cost

Net Annualized Cost

$775,000
$500,000
$250,000

$5,513,500

$250,000
$150,000
$5,913,500
$887,000
$887,000
$7,687,500

$5,428,000
$13,115,000
$ 985,000
$14,100,000

$ 3,525,000
$17,625,000

$ 25,000
$ 85,000
$ 65,000
$110,000
$ 60,000

$175,000

$ 75,000

$595,000
$1,189,000

$1,784,000

$775,000
$500,000
$250,000

$6,063,500

$250,000
$150,000
$6,463,500
$969,525
$969,525
$8,402,550

$5,338,000
$13,791,000
$ 1,035,000
$14,826,000

$ 3,706,500
$18,532,500

$ 25,000
$ 85,000
$ 65,000
$110,000
$ 90,000

$175,000

$ 75,000

$625,000
$1,250,000

$1,875,000

$775,000
$500,000
$250,000

$6,083,500

$250,000
$150,000
$6,483,500
$972,525
$972,525
$8,428,550

$3,912,000
$12,340,000
$ 926,000
$13,266,000

$ 3,316,000
$16,582,000

$ 25,000
$ 85,000
$ 65,000
$110,000
$ 75,000

$225,000

$ 75,000

$660,000
$1,118,000

$1,778,000

$775,000
$500,000
$250,000

$6,633,500

$250,000

$150,000
$7,033,500
$1,005,000
$1,005,000
$9,143,500

$3,872,000
$13,015,000
$ 976,000
$13,992,000

$ 3,500,000
$17,492,000

$ 25,000
$ 85,000
$ 65,000
$110,000
$ 90,000

$225,000

$ 75,000

$675,000
$1,180,000

$1,855,000

Department of Public Works
Bureau of Engineering
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SFIA RECYCLED WATER
ALTERNATIVES ANALYSIS REPORT

8.0 Recommendation

8.1 Introduction

This section presents a benefit-to-cost ratio analysis for each scenario, as described in the
previous section, and recommends an alternative.

8.2 Benefit-to-Cost Ratio Analysis

Table 8-1 presents a summary of the benefit-to-cost ratio analysis for the four scenarios.

Table 8-1
Benefit-to-Cost Ratios of Four Combined Scenarios

Item Criteria Scenario Scenario Scenario Scenario

Weights No.1 No.2 No.3 No.4

Raw Benefits Scores
Implementability 2 2 2 3 2
Reliability 4 3 3 3 4
Ease of Operation and 5 4 3 3 3

Maintenance

Impacts to cultural and 1 2 2 2 2
Environmental Resources

Geologic and Contamination 2 2 2 2 2
Hazards

Staff Training Requirements 3 3 3 3 3
Implementation Schedule 3 2 2 3 3
Weighted Benefit Scores o7 52 = 59
Net Annualized Cost $1.8 $1.9 $1.8 $1.9
(millions)

Benefit-to-Cost Ratio 31.7 27.4 30.6 31.1

(See section 3.4: “Evaluation criteria for measuring benefits” for the value of each score)

Since the net annual costs of each scenario are within a 4% range, other factors had to be evaluated
to determine the best alternative. Scenarios 3 and 4 (decentralized treatment) offer more flexibility
in phasing and implementation of the project. A tertiary treatment facility and distribution system
can be constructed, independent of advanced treatment, to provide Title 22 water to the end user.
Scenarios 1 and 2 (centralized treatment), on the other hand, would require tertiary and advanced

Department of Public Works 8-1
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distribution systems to be installed simultaneously. In the event that an advanced treatment
facility is not constructed, all additional piping costs for the advanced treatment distribution
system would be wasted.

A decentralized irrigation supply (scenarios 2 and 3) is desirable because of ease of control and
ability to accommodate future increases in irrigation demands. A centralized irrigation supply
(scenario 1 and 4) would require a large pump station capable of delivering water to far reaching
locations at working pressures of 60-70 psi. More supply points and smaller pumps would make
the irrigation supply system more robust and manageable.

8.3 Recommended Alternative

Given the analysis, scenario 4 is the recommended alternative. A proposed system configuration,
process flow diagram, and layout are shown in Figures 8.1 through 8.4. (All figures in this section
are provided at the end of this section.)

8.3.1 Preliminary Design Criteria

Lists of major equipment and preliminary design criteria are presented below. These
parameters are based on planning-level analyses. Further refinement of process elements and
detailed design criteria will be established during the CER report phase of the project.

8.3.1.1 Tertiary Treatment Facilities

Based on the recommended alternative, a CER will be prepared for the tertiary treatment
processes that include rapid mix coagulation, upflow deep-bed continuous backwash
filtration, UV disinfection, and residual disinfection with sodium hypochlorite. The
backwash wastewater from the continuous backwash filters would be recycled to the
equalization tanks at MLTP.

Table 8-2 presents a summary of the preliminary process design criteria for producing
"tertiary disinfected recycled water." The design treatment capacity of 0.75 MGD is
adequate for ADMM demands of the landscape irrigation, dual plumbing and cooling
towers.

Table 8-2
Preliminary Design Criteria for Tertiary Treatment Facility
Criteria Value
Tertiary Treatment Feedwater Pump Station
Firm Capacity, gpm (mgd) 525 gpm (0.75 mgd)
Number of Pumps, duty (standby) 2(1)
Approximate Motor Size, hp 7.5
Pretreatment
Coagulant Alum
Average Coagulant Dose, mg/L 30.0 (25 to 40)
Rapid-mix Coagulation
Type Inline Mechanical Mixer
Department of Public Works 8-2
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Number, duty (standby)
Mixing Time, seconds
Headloss, feet of water
Pipe Velocity, ft/second
Flocculation
Type
Detention Time, minutes
Number of Stages per train
Approximate Flocculator Power, hp each

1(2)
2
lto3
2t06

Vertical Impeller Mixer
20

Filtration
Type
Bed Depth, Inches
Maximum Hydraulic Loading Rate, gpm/ft2
Air compressors for Airlift Pump
Number, duty (standby)
Approximate Motor Size, hp

Continuous Backwash, Upflow Sand Filters
60
4

1(1)
20

Disinfection
Type
Number of Tube
Number of Modules, duty (standby)
Minimum UV bioassay dose, mJ/cm?
Minimum Ultraviolet Transmittance @ 253.7 nm

Low-pressure/High-Intensity UV Irradiation
40

1(1)

80

65%

Chlorination for Distribution System
Type
Dose, mg/L average (range)

Sodium Hypochlorite Solution
3(1to3)

8.3.1.2 Advanced Treatment Facilities

Preliminary design criteria for advanced treatment facilities are presented in Table 8-3. The
recommended advanced treatment system for producing recycled water for the cooling towers
include pressurized MF/UF, chemical conditioning, RO and residual disinfection with sodium
hypochlorite. The rejects from MF/UF and RO systems would be discharged to the sewer and
returned to the MLTP for treatment. The effect of the rejects on the treatment plant performance
Is not expected to be significant because of the relatively small capacity compared to the total
flow. It is recommended that the design criteria be refined through detailed analyses prior to

completing the design.

Table 8-3
Preliminary Design Criteria for Advanced Treatment Facility

Criteria

Value

Feedwater Pump Station
Capacity, gpm (mgd)
Number of Pumps, duty (standby)

210 gpm (0.3 mgd)
1(1)

Microfiltration/Ultrafiltration
Type

Pressurized, Low Pressure
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Membrane Type

Recovery

Flux Rate, gfd

Approximate Backpulse Interval, minutes
Approximate Clean-In-Place Interval, days
95" Percentile Filtrate Turbidity, NTU

Hollow Fiber, PVDF
88%

36

25

30

<0.1

Reverse Osmosis

Membrane Material

Polyamide Thin-film Composite

Number of stages 2
Membrane Element Size, diameter x length 8” x 40”
Operating Pressure, psig 175
Recovery 77.5%
Flux, gdf 10to 12
Approximate Clean-In-Place Interval, days 180

8.3.2 Pump Stations

Preliminary sizes and locations of pump stations were established in the analysis of alternatives
for the distribution system. The preliminary results are listed in Table 8-4.

Table 8-4

Estimated Requirements for Pump Stations

Pump Name | Estimated Flow (gpm) and Pressure (psig) at Peak Demand

Secondary Effluent Pump Station 525 @ 35

Primary Pump Stations 425 @ 50

San Bruno Pump Station 300 @ 85

Lot C Pump Station 450 @ 95

UAL CT Pump Station 120 @ 95

Terminal CT Pump Station 100 @ 95

8.3.3 Storage Tanks

Storage sizing will be performed during preliminary design phase. For planning cost
estimating purposes, the main Title 22 water storage tank at MLTP is 300,000 gallons, the
advanced treated water storage tank at MLTP is 100,000 gallons. The San Bruno site storage
tank is 75,000 gallons. Three of the existing underground storage tanks will be retrofitted to
store the Title 22 water and the remaining two will store the advanced treated water.

Department of Public Works 8-4
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8.34 Operating Strategy

The recycled water treatment systems would be designed for automatic control as much as
possible to minimize labor requirements. A PLC would be provided for control and
monitoring of the treatment systems. The recycled water treatment system PLCs would be
located in a new or existing electrical and control building at respective sites. Feasibility of
completely integrating monitoring and control functions of RWF to the existing MLTP
SCADA system will be explored to reduce the number of new operators required to operate
the new facility. Integrating RWF controls to existing SCADA will also allow monitoring
and control of RWF from the existing main control room and make it possible to remotely
initiate operation of the treatment systems, including changing control set points, performing
remote manual controls and viewing all treatment plant alarm data, discrete and analog
variables statuses.

Local control panels would also be provided for automatic and local manual control. The recycled
water treatment system PLCs would monitor status and alarm signals from the local control
panels. In general, emergency shutdown of equipment due to alarm conditions (low discharge
flow, high discharge pressure, motor overload, pump seal water failure, etc.) would be hardwired
and would occur at the associated motor control center (MCC) or local control panel. These
alarms conditions would require manual reset at the MCC or local control panel. Manual reset of
these alarms at the MCC or local control panel would automatically reset the alarm at the PLC.
When the PLC receives these alarm signals for equipment it is allowed to control, the PLC would
remove the run command and would reset the equipment control mode to manual. Alarms that do
not result in equipment protection shutdown would reset automatically when the alarm conditions
no longer exist.

8.3.4.1 Tertiary Treatment Facilities

The tertiary treatment facilities would be operated to match seasonal demands. During peak
conditions, up to 0.75 mgd would be consumed for irrigation, dual plumbing, cooling towers and
MLTP needs. The peak demands are expected to occur during summer months when irrigation
and cooling towers demands peak. Portions of the treatment facilities would be idled when
demand is reduced. However, recycled water production would remain relatively constant
throughout the day. Storage tanks in the distribution system would be used to equalize daily
demands.

The primary pump station located at the treatment facility would operate as needed to meet
demands and fill storage tanks in the distribution system. Other pump stations in the system
would operate as needed to maintain pressure in the system.

It would be necessary to flush tanks and pipes periodically to maintain water quality. The water
flushed from the system could be discharged into the sewer system and retreated at the MLTP.
Blowoff valves would be provided at low points and dead ends of the distribution system to
facilitate flushing.

8.3.4.2 Advanced Treatment Facilities

The advanced treatment system would operate daily to provide advanced treated water supply
to the cooling towers. Backwash and brine produced in the plant would be discharged to the
sewer system and retreated at the MLTP.

Department of Public Works 8-5
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8.3.5 Power Supply

The primary power supply for the treatment and distribution systems would be supplied off the
SFIA electrical power grid. The treatment facility and each pump station would require a
separate power feed that includes transformers, meters, and switchgear.

Standby power for the treatment facility and primary pump station can be provided using diesel
engine generators. At remote pump stations, receptacles would be provided so portable generators
could be connected.

8.3.6 Corrosion Control

Measures to control corrosion would be required to prevent premature degradation of the
recycled water system. Corrosion may result from contact between incompatible materials,
contact with corrosive soils, salt spray from the ocean, chemicals used in treatment, and the
water itself. Each of these potential sources of corrosion should be addressed in the design of
the facilities.

8.3.6.1 Distribution Pipes

Buried pipelines shall be protected using corrosion resistant material such as PVC. For
construction of ductile iron pipe, corrosion measures can include cement mortar lining, asphalt
varnish coating, polyethylene encasement, and/or cathodic protection.

8.3.6.2 Pump Stations
Buried pipelines at pump stations should be protected in the same manner that distribution
pipelines are protected.

Aboveground components of pump stations should be protected using appropriate coatings
and shelters. In addition, all dissimilar materials shall be separated to prevent galvanic
corrosion.

8.3.6.3 Storage Tanks
Protective coatings should be applied to storage tanks to prevent corrosion.

8.3.6.4 Tertiary Treatment Facility

Corrosion protection measures at the tertiary treatment facilities would be similar to
measured used at the pump stations and storage tanks. In addition, the system should be
design to prevent corrosion from chemicals used for treatment.

If the facilities must be constructed underground, special protection and waterproofing
measures may be required for concrete structures, especially if they are constructed in highly
corrosive soils. Likewise, materials of construction should be selected carefully if the facility
will be exposed to salt spray from the ocean.

Department of Public Works 8-6
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8.4 Construction Phasing

Construction of the recommended alternative for Recycled Water Project can be phased-in to
construct and commission the tertiary treatment facility and distribution system to Lot C for
dual plumbing supply first and the irrigation supply and advanced treatment to follow. Table
8-5 shows the estimated cost for the first phase of construction for dual plumbing.

Table 8-5
Estimated Construction Costs for Dual Plumbing Phase

Item Scenario 4

Tertiary Treatment Facilities

Pretreatment $100,000
Continuous Backwash Sand Filtration $525,000
UV Disinfection $415,000
Chemical System $ 75,000
Structural Foundation and Piles $380,000
Support Facilities

Secondary Effluent Pump Station $71,000
Secondary Effluent Force Main $22,500
Modification of (E) Effluent Pump Station $25,000

Title 22 Distribution System
Pump Stations

Primary Pump Station $135,000
Lot C Pump Station w/Hydro Tanks $250,000
Storage Tanks
Main Storage Tank $700,000
Lot C Storage Tank Retrofit $500,000
Electrical and 1&C Work $375,000
Mechanical and Process Piping $250,000
Structural and Site Work $100,000
Subtotal $3,923,500
Mob/Demob/Bonds/Insurance $ 150,000
Allowances $ 50,000
Subtotal $4,123,500
15% Contractor Markup $ 618,500
159% Contingency $ 618,500
Subtotal $5,360,500
Pipeline Work $2,353,000
Total Construction Cost $7,713,500
Department of Public Works 8-7
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9.0 Project Implementation

9.1 Introduction

This section describes some of the implementation support tasks, including the project
implementation plan and schedule, phasing, recommendations for additional studies,
conceptual engineering report outline, and cross-connection control evaluation study
plan.

9.2 Project Implementation Plan and Schedule

The preparation of the AAR is the first step in the implementation of the SFIA
Recycled Water Project. The project activities following the AAR will include
conducting additional studies as required, preparation of the CER, environmental
documentation and permitting, funding, financing, detailed design, contract bidding,
construction, and start of operation. A preliminary schedule of major implementation
activities or tasks is presented in Table 9-1.

Table 9-1
Implementation Activities and Schedule Summary
Tasks Schedule
Program Management Ongoing
Environmental Documentation and Permitting 2009
Engineering and Construction 2009
Alternative Analysis 2009 (Completed)
Additional Studies 2009 (As required)
Conceptual Engineering 2009
Detail Design/Bidding 2009-2010
(Tertiary Treatment Design Phase) 2009
(Advanced Treatment Design Phase) 2010
Construction Permitting 2010
Construction 2009-2010
(Tertiary Treatment Construction Phase) 2010
(Advanced Treatment Construction Phase) 2011
Commissioning 2011-2012
(Tertiary Treatment) 2011
(Advanced Treatment) 2012
Start of Operation 2011-2012
(Tertiary Treatment) 2011
(Advanced Treatment) 2012

Department of Public Works
Bureau of Engineering



SFIA RECYCLED WATER
ALTERNATIVES ANALYSIS REPORT

9.3 Project Phasing

The primary objective of this project is to deliver recycled water to Terminal 2 by
February 2011. Terminal 2 is currently being renovated and all water closets and
urinals will be plumbed for recycled water. Given that, the project will be phased
into three separate contracts: main distribution, treatment facilities, and
irrigation/cooling towers distribution.

The main distribution contract will construct the pipe from the MLTP to Lot C, and
the delivery pipe from Lot C to Terminal 2. It will also install distribution pump
stations, hydro-pneumatic pumps, and storage tanks, as well as retrofit the existing 5
-40,000 gallon underground storage tanks. This project will be completed by
December 2010.

The treatment facilities contract will construction the tertiary treatment facility at the
MLTP. This project, likewise, will be completed by January 2011.

The third phase will construct all the irrigation and cooling tower supply pipes.
Given the priority of the Terminal 2 Renovation project, this contract will be
completed by December 2011.

9.4 Recommendations for Additional Studies

During the course of the alternative analysis process several additional required studies
were identified. These studies include:

» Additional sampling of MLTP secondary effluent for pertinent parameters
* Monitoring of water demands for landscape irrigation
* Piloting of sand filtration system using a DynaSand D2 mobile pilot unit

9.4.1 Additional Sampling of Secondary Effluent

The historical secondary effluent data does not provide adequate information for design
of the RO system. Periodical sampling should be conducted for general minerals, TDS,
silica and other constituents required in Title 22 for cooling tower usage.

9.4.2 Monitoring of Water Demands for Landscape Irrigation

The landscape irrigation demands should to be monitored and recorded in order to

confirm the demand and have accurate flow requirement during design. BOE can assist in
provisioning flow measuring and recording instrumentation to achieve this objectives.

9.5 Conceptual Engineering Report Outline

The CER will be prepared to develop the preferred alternative identified in the AAR. The
CER serves as the basis of design for the recommended project. A sample outline (table
of contents) of a CER from a similar recycled water project is shown in Table 9-2.

Department of Public Works
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Table 9-2
Example Table of Content
Section Title
1 Introduction
2 Regulatory Requirements
3 Interfacing with Existing Facilities
4 Process Description and Design Criteria
5 Process Control, Instrumentation and Monitoring
6 Civil Design Criteria
7 Structural and Geotechnical Design Criteria
8 Mechanical Design Criteria
9 Electrical Design Criteria
10 Construction Aspects and Preliminary Cost Estimates
11 Recommendations for Final design
12 Operations Plan and Staffing Requirements

Appendices
9.6 Cross-connection Control Evaluation Study Plan

A cross-connection is an unapproved interconnection between a potable water line and a
piped system containing some non-potable fluid. A cross-connection could allow the non-
potable fluid to flow under pressure or be siphoned into the potable water system. The
use of recycled water in the proximity of potable water creates the risk of cross-
connection between the water systems and the contamination of potable water.

State laws and regulations help to protect public domestic water systems and prevent
cross-connections. Adopted by the Department of Health Services (“DHS”), Title 17 of
the California Code of Regulations (“CCR?”) specifies the installation of backflow
prevention devices or features, depending on the conditions on the use site and the degree
of public health risk. Such approved devices (listed in an increasing level of protection)
include: double-check valve assembly, reduced pressure principle backflow prevention
device, and an air-gap. The water user may choose a higher level of protection than
required by the water supplier.

Title 22 of CCR has specific requirements for dual-plumbed recycle water systems to
prevent the unintentional misuse of recycled water and the cross-connection of recycled
water and potable water within buildings and landscaping. The dual-plumbed section uses
a combination of postings, plumbing access restrictions, plumbing labels, supervision,
periodic inspection, and testing to minimize the chance of misuse or cross-connection.

The California Plumbing Code (Appendix J) has cross-connection requirements
specifically for the installation, construction, alteration, and repair of recycled water
systems intended to supply toilets (water closets), urinals, and trap primers for floor
drains and floor sinks. The recycled water system shall not have any connections to the
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potable water system. Before the building may be occupied, the installer shall perform an
initial cross-connection test using a temporary connection to a potable water source and
the test shall be ruled successful before the recycled water supply can be connected.

In addition to the cross-connection requirements at the user premises, there are guidelines
from DHS, United State Environmental Protection Agency (“USEPA”), California-
Nevada (“CA-NV”) Section America Water Works Association (“AWWA?”) that contain
recommendations regarding pressure, minimum burial depth, separation distances from
other utilities (especially potable water), pipe identification, isolation valves, air relief
and vacuum valves, and blow-off assemblies. The CA-NV Section AWWA also has
guidelines for the on-site retrofit of facilities using disinfected tertiary recycled water for
the planning and designing retrofits of facilities to use recycled water.

During the pre-design stage of the RWP, a cross-connection control study should be
conducted to evaluate each user site to ensure that all the above mentioned
requirements and guidelines are complied with, and that the design of the
distribution system and retrofits of facilities do not allow any potential for cross-
connection.

SF PUC Water Supply and Treatment Division’s Water Quality Bureau (“WQB”)
has jurisdiction over cross-connection when an entity using their water intends to
produce and distribute recycled water. SFIA will need to make arrangement and
contact WQB to initiate the permitting and approval of the cross-connection systems
during the CER phase of the project.
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~— Proposed New System

New Industrial Wastewater Treatment Plant

New Tertiary Treatment Plant
e Filtration Membrane
e Treat the waste water into re-useable

e Water used for domestic use in toilets/urinals,
landscaping, cooling towers, and potentially ground
water recharge
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Project Goals

Life cycle assessment of the new tertiary water treatment
plant proposed by SFO.

Determine the better option:
Tertiary treatment and reuse of water
VS

Purchase of water from SF Public Utilities Commission
e Water Use
 Energy
e Emissions
e Costs
Functional Unit — water consumption of SFO - 1 mgd
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Chemical Inputs

Caustic (Sodium Hydroxide)

e Added to raise the pH

3,500 gallons per year of caustic in the new tertiary system.
Citric Acid

e Cleaning solution for membrane systems

* 5,900 gallons of citric acid per year
Sodium Hypochlorite

e Disinfectant

* 42,455 gallons per year
Sodium Bisulfate

e Added to the water to dechlorinate it

* 2,400 gallons per year
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Environmental Impacts
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- Pollutants Comparison

Tertiary treatment results in a 48% reduction in heavy
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Cost Comparison

Comparison of 20 Year NPV, no increase in water use
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Cost Sensitivity Analysis

Factors Influencing NPV Over 20 Years--Linear Increases
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Conclusion / Recommendations

Water use:
e Less water from PUC and Hetch Hetchy

e Have more uses for reclaimed water for additional savings

Energy:

e Slight increase in energy

Environmental:
e Small increase in most pollutants
e ~50% reduction in heavy metals

e Cut done on caustic use by change in wastewater policy

Cost:

e Tertiary plant is profitable
e Charge tenant $10 per unit for reused water
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San José Green Street and Alleys Demonstration Project

Support Documents and References
Martha Gardens CEQA Filing
Spartan Keyes Neighborhood Improvement Plan Amendment
NRDC Report: A Clear Blue Future Executive Summary
San Mateo Green Streets Guidebook Introduction
International BMP Database - Urban Stormwater BMP Monitoring Manual

City of San José Public Works Guidance for Planning, Development, and Construction of
Streetscape Projects

City of San José Traffic Control Manual

Envision San José 2040 General Plan

Selbig and Bannerman (USGS Report 2007-5156)

City of San José Public Works Standard Details and Specifications.
EPA’s Low Impact Development (LID) Literature Review

Conceptual designs for the San José Green Streets & Alleys Demonstration Projects
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