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AFFIDAVIT OF MAILING 

Date: May 23, 2018 

Subject: Doheny Ocean Desalination Project NOA and Public Meeting Notice 

 

 

AFFIDAVIT OF POSTING 

I, Amanda McCallum, do hereby certify that a copy of the attached Notice of Availability and Public 

Meeting Notice was posted at the City of Dana Point Public Library, 33841 Niguel Road, Dana Point, 

CA 92629, the South Coast Water District, 31592 West Street, Laguna Beach, CA 92651, and with the 

County Clerks for Orange, Los Angeles, San Diego, San Bernardino, and Riverside Counties, 

May 23, 2018.  I declare under penalty of perjury that the foregoing is true and correct.  

____________________________________ 

Amanda McCallum 

Kimley-Horn and Associates 

 

AFFIDAVIT OF MAILING 

I, Amanda McCallum, do hereby certify that a copy of the attached Notice of Availability and Public 

Meeting Notice was mailed via USPS or sent via FedEx to each and every person on the attached 

distribution lists on May 23, 2018.  Copies of the NOA distribution lists are attached.  FedEx delivery 

receipts are on file.  I declare under penalty of perjury that the foregoing is true and correct. 

____________________________________ 

Amanda McCallum 

Kimley-Horn and Associates 

 

AFFIDAVIT OF NEWSPAPER PUBLICATION 

I, Amanda McCallum, do hereby certify that a copy of the attached Notice of Availability and Public 

Meeting Notice was published in the OC Register on May 24, 2018 and the Dana Point Times on 

May 25, 2018.  I declare under penalty of perjury that the foregoing is true and correct. 

____________________________________ 

Amanda McCallum 

Kimley-Horn and Associates  

 



  Affidavit of Distribution 

 

Doheny Ocean Desalination Project  NOA and Public Meeting Notice 

NOA and Public Meeting Notice Posting 

- Orange County Clerk Filing Copy 

- San Diego County Clerk Filing Copy 

- Los Angeles County Clerk Filing Copy 

- San Bernardino County Clerk Filing Copy 

- Riverside County Clerk Filing Copy 

 

  





























Notice of Availability & Public Meeting Notice 

Doheny Ocean Desalination Project 

 

� Page 2                                      May 23, 2018                                           

 A raw (ocean) water conveyance pipeline that would deliver the subsurface intake system’s ocean 

water to the desalination facility site. 

 A desalination facility that would receive ocean feedwater at approximately 10 to 30 MGD, with a 

recovery rate of ~50% resulting in up to 5 to 15 MGD of potable drinking water (for the Phase I and 

Regional Project, respectively). The proposed desalination facility is located on the District’s existing 

San Juan Creek Property site, on an industrial site located away from the beach but in close 

proximity to the subsurface intake wells. This facility siting is also consistent with state and federal 

regulator preference to minimize desalination facilities on the coast while being close enough to 

avoid lengthy raw water and brine conveyance pipelines. The desalination facility includes a variety 

of typical desalination process equipment and appurtenant facilities, such as pretreatment, 

seawater reverse osmosis (SWRO) membranes, an energy recovery system, post-treatment 

conditioning, solids handling and disposal, product water storage, electrical equipment, staff 

facilities, and connections to off-site brine disposal, sanitary sewer, and product water conveyance 

facilities. It is assumed there will be a utility power connection required; however, the District is also 

evaluating the feasibility of supplementing or replacing that supply with an alternative energy 

source. The desalination facility will include solar photovoltaic panels on flat rooftops where 

feasible. Other alternative energy sources being evaluated include natural-gas turbines and fuel 

cells to maximize efficiency and minimize energy costs.  

 A concentrate (brine) disposal system that would utilize the existing San Juan Creek Ocean Outfall 

(SJCOO), to return brine and treated process waste streams to the ocean with negligible impact on 

coastal and marine water quality. This would be achieved in part through blending in the outfall 

pipe with the existing wastewater stream from the J.B. Latham Wastewater Treatment Plant, and 

other regional treatment plants. Mixing desalination brine with existing wastewater treatment 

plant flow (a “comingled discharge”) is the preferred method by state and federal regulators and is 

consistent with the State Board’s Ocean Plan Amendment. 

 A product water storage tank and distribution system that would feed into the District’s local 

distribution system and, depending on plant capacity and District demands, other adjacent local 

and regional transmission pipelines that are located adjacent to the site. Desalinated product water 

from the Phase I Project could be conveyed entirely using existing District and local infrastructure 

with no off-site improvements other than a short connection to the District’s existing local 

transmission lines. 

 All appurtenant facilities (e.g. pump stations, valves and metering) as well as all construction, 

operation and maintenance activities associated with all Project facilities. 

 Offsite Electrical Transmission Facilities provided by San Diego Gas & Electric Company (SDG&E). 

At this time, SDG&E has indicated that electrical service can be provided to the Phase I Project using 

existing facilities, with a short connection from the desalination site to underground electrical lines 

in Stonehill Drive.  
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SIGNIFICANT ENVIRONMENTAL IMPACTS:  

The Draft EIR addresses Aesthetics, Air Quality, Biological Resources, Cultural Resources, Geology and Soils, 

Greenhouse Gas Emissions, Hazards and Hazardous Materials, Hydrology and Water Quality, Land Use and 

Planning, Noise, Public Services, Recreation, Transportation and Traffic, Tribal Cultural Resources and 

Utilities and Service Systems, as well as energy conservation, alternatives, potential growth-inducing 

impacts, and cumulative impacts.  With implementation of various Project Design Features and EIR 

mitigation measures, the EIR has concluded that the Phase I Project (up to 5 MGD) would not have any 

“unavoidable significant impacts.” The Regional Project, if pursued at a later date, could result in 

unavoidable significant impacts, although this is speculative at this time due to lack of Regional Project 

details. 

CEQA also requires this NOA to specify if the Project site contains any listed toxic sites.  The Project site does 

not contain sites identified as meeting the “Cortese List” requirement (Government Code Section 65962.5). 

AGENCIES:  

The District requests each Responsible and Trustee agency review the Draft EIR relevant to the agency’s 

statutory responsibilities in connection with the proposed Project, in a manner consistent with California 

Code of Regulations, Title 14, Section 15087. Each agency may use the EIR prepared by the District when 

considering any permits that the agency must issue, or other approvals for the Project. 

PUBLIC REVIEW PERIOD:  

The Draft EIR is available for public review for a period of 60 days. In accordance with CEQA, should you 

have any comments, please provide written comments on the Draft EIR within the 60-day period between 

May 23, 2018 to July 23, 2018.  

LOCATIONS WHERE DRAFT EIR IS AVAILABLE FOR PUBLIC REVIEW 

An electronic PDF of the Draft EIR is available for download on the District’s Project website at 

www.scwd.org/desal.   In addition, during the 60-day public review period, hard copies of the Draft EIR and 

the documents referenced in the EIR will be available at the following locations: 

� South Coast Water District Offices, address noted below 

� Orange County Public Library, Dana Point Branch, 33841 Niguel Rd. Dana Point, CA 92629 

PUBLIC COMMENTS:  

The District requests your careful review and consideration of the Draft EIR, and invites written comments 

from interested agencies, persons, and organizations regarding environmental issues identified in the Draft 

EIR.  Please indicate a contact person for your agency or organization.  You may also provide oral or written 

comments in person at the Public Meeting noted below.  Comments in response to this notice must be 

submitted to the District through close of business (5:00 PM) on July 23, 2018. 
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LEAD AGENCY CONTACT:  

All comments should be submitted in writing to: 

 South Coast Water District 

 Attn:  Mr. Rick Shintaku, PE – Acting General Manager, Chief Engineer 

31592 West Street, Laguna Beach, CA 92651 

(949) 499-4555 

PUBLIC MEETING:  

The District will conduct a public meeting in order to receive public comments on the Draft EIR. The meeting 

will be held at the following location, date and time: 

Tuesday, June 26, 2018 

6:00 p.m. 

(ending no later than 8:00 p.m. or when discussion concludes) 

Capistrano Unified School District 

CUSD Education Center 

33122 Valle Road, San Juan Capistrano, CA 92675 

 Phone: (949) 234-9200 

Special Accommodations. Should you require special accommodations at the public meeting, such as for 

the hearing impaired or an English translator, please contact South Coast Water District no later than 

June 19, 2018 (see contact information above). 
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- Government Agencies 

- Non-Government Organizations 

- Interested Parties 

  



Government Agencies

Organization Attention Address Phone Number Email

FEDERAL

NOAA National Marine Fisheries Services Bryant Chesney  501 West Ocean Blvd. Suite 4200                                            Long Beach, CA 90802
562‐980‐4000 562‐980‐

4197

bryant.chesney@noaa.gov          

Eric.Chavez@noaa.gov

NOAA National Marine Fisheries Services Anthony P. Spina 501 West Ocean Blvd. Suite 4200                                            Long Beach, CA 90802

U.S. Army Corps of Engineers Regulatory Permitting‐Orange County

U.S. Army Corps of Engineers

915 Wilshire Boulevard Suite 930 

LOS ANGELES, CA 90017

 213‐452‐3417

U.S. Army Corps of Engineers

Therese O'Rourke‐Bradford

ACOE, Carlsbad Field Office  5900 La Place Court, Carlsbad, California, 92008 therese.o.bradford@usace.army.mil 

U.S. Army Corps of Engineers
Cori Farrar

ACOE Carlsbad Field Office
5900 La Place Court, Carlsbad, California, 92008 Corice.J.Farrar@usace.army.mil

U.S. Fish & Wildlife Service, Region 8 Environmental Services, April Evenas Federal Building 2800 Cottage Way, Room W‐2606               Sacramento, CA  95825 916‐414‐6464
april_evans@usace.army.mil

stephen.M.Estes@usace.army.mil

Federal Emergency Mangement Agency CEQA Review 1111 Broadway, Suite 1200, Oakland, CA 94607‐4052

STATE

California Coastal Commission Tom Luster 45 Fremont St #1900, San Francisco, CA 94105 (415) 904‐5248 tluster@coastal.ca.gov

California Coastal Commission, South Coast District 

Office
Karl Schwing, South Coast District Manager

South Coast Area Office

200 Oceangate, Suite 1000

Long Beach, California 90802‐4302

562‐590‐5071 Karl.Schwing@coastal.ca.gov

California Coastal Commission, South Coast District 

Office
Deborah Lee

South Coast Area Office

200 Oceangate, Suite 1000

Long Beach, California 90802‐4302

DLee@coastal.ca.gov

California Department of Fish & Wildlife Bill Paznokas
4949 Viewridge Avenue

San Diego, CA 92123
(858) 467‐4218

William.Paznokas@wildlife.ca.gov

WPaznokas@dfg.ca.gov

California Department of Fish & Wildlife Jennifer Edwards
3883 Ruffin Rd.

San Diego, CA 92123
858‐467‐2717 jennifer.edwards@wildlife.ca.gov

California Department of Fish & Wildlife Jennifer Turner
3883 Ruffin Rd.

San Diego, CA 92123
Jennifer.Turner@wildlife.ca.gov 

California Department of Fish & Wildlife Loni Adams, Marine Environmental Scientist
3883 Ruffin Rd.

San Diego, CA 92123
858‐627‐3985  loni.adams@wildlife.ca.gov

California Department of Fish & Wildlife, South 

Coast Region
Ed Pert, Regional Manager

3883 Ruffin Rd.

San Diego, CA 92123
858‐467‐4201 epert@dfg.ca.gov

California Department of Parks and Recreation, 

Orange Coast District
Steve Scott 3030 Avenida del Presidente San Clemente, CA 92672 949‐492‐0802 sscott@parks.ca.gov

California Department of Transportation (Caltrans), 

Division 12
Maureen El Harake, Branch Chief 3347 Michelson Dr. Suite 100 Irvine, CA 92612 949‐724‐2000 Maureen.el.harake@dot.ca.gov

Yatman Kwan

California Department of Water Resources
Richard Mills, Section Chief, Water Recycling and 

Desalination
901 P Street, Room 313A , Third Floor. Sacramento, CA 94236‐0001 (916) 651‐0715 richard.mills@water.ca.gov

California Natural Resources Agency Amy Vierra, Deputy Director, Ocean Protection Council
1416 Ninth Street, Suite 1311

Sacramento, CA 95814
Amy.Vierra@resources.ca.gov 

California Public Utilities Commission
Chi Cheung To, P.E.

Utilities Engineer

 505 Van Ness Ave

San Francisco, CA 94102
213.576.5766 cct@cpuc.ca.gov

California State Parks Rich Haydon, State Park Superintendent 3030 Avenida del Presidente San Clemente, CA 92672 949‐366‐4895
rhaydon@parks.ca.gov; 

rich.haydon@parks.ca.gov

California State Parks, Orange County District James Newland, Park and Recreation Specialist 3030 Avenida del Presidente San Clemente, CA 92672 949‐607‐9510 james.newlandd@parks.ca.gov

California Toxic Substances Control Department 5796 Corporate Ave, Cypress, CA 90630

Native American Heritage Commission Gayle Totton, Associate Analyst 1550 Harbor Blvd, Suite 100    West Sacramento, CA  95691 916‐373‐3710 nahc@nahc.ca.gov

Regional Water Quality Control Board, San Diego David Gibson, Executive Officer
2375 Northside Drive, Suite 100

San Diego, CA 92108‐2700
619‐516‐1990 David.Gibson@waterboards.ca.gov

Regional Water Quality Control Board, San Diego Ben Neill, Brandi Outwin‐Beals
2375 Northside Drive, Suite 100

San Diego, CA 92108‐2700
(619) 521‐3376

Ben.Neill@waterboards.ca.gov; Brandi.Outwin‐

Beals@waterboards.ca.gov

Southern California Regional Rail Authority 2703 Melbourne Ave, Pomona, CA 91767

State Clearinghouse Scott Morgan, Director
1400 Tenth Street, PO Box 3044

Sacramento, CA  95812‐3044
916‐445‐0613 Scott.Morgan@opr.ca.gov

State Lands Commission Cy Oggins, Chief, Environmental Planning and Management  100 Howe Avenue, Suite 100  South Sacramento, CA 95825 916‐574‐1900 cy.oggins@slc.ca.gov

State Lands Commission Eric Gillies 100 Howe Avenue, Suite 100  South Sacramento, CA 95825   eric.gillies@slc.ca.gov

State Lands Commission Alexandra Borack 100 Howe Avenue, Suite 100  South Sacramento, CA 95825 Alexandra.Borack@slc.ca.gov

State Office of Historic Preservation CEQA Notice 1725 23rd Street, Suite 100  Sacramento, CA 95816 916‐445‐7000

State Water Resources Control Board Daniel Ellis
1001 I Street ‐ P.O. Box 2815

Sacramento, CA 95812‐2815

 

Daniel.Ellis@waterboards.ca.gov

State Water Resources Control Board Scott Seyfried
1001 I Street ‐ P.O. Box 2815

Sacramento, CA 95812‐2815
Scott.Seyfried@waterboards.ca.gov

State Water Resources Control Board Claire Waggoner and  Kimberly Tenggardjaja
1001 I Street ‐ P.O. Box 2815

Sacramento, CA 95812‐2815
(916) 341‐5858

Claire.Waggoner@waterboards.ca.gov 

Kimberly.Tenggardjaja@waterboards.ca.gov

State Water Resources Control Board Mariela Carpio Obeso, Chief, Ocean Standards Unit
1001 I Street ‐ P.O. Box 2815

Sacramento, CA 95812‐2815
MarielaPaz.Carpio‐Obeso@waterboards.ca.gov

State Water Resources Control Board ‐  Division of 

Drinking Water
Oliver Pacifico

605 West Santa Ana Blvd, Building #28, Room 325

Santa Ana CA 92701
(714) 558‐4410 oliver.pacifico@waterboards.ca.gov

State Water Resources Control Board ‐ Drinking 

Water Revolving Fund
James Garrett

1001 I Street ‐ P.O. Box 2815

Sacramento, CA 95812‐2815
James.Garrett@waterboards.ca.gov

State Water Resources Control Board Carol Atkins
1001 I Street ‐ P.O. Box 2815

Sacramento, CA 95812‐2815
Carol.Atkins@Waterboards.ca.gov

LOCAL

California Air Resources Board CEQA Notice P.O. Box 2815  Sacramento, CA 95812

Capistrano Bay District  35000 Beach Road, Capistrano Beach, CA 92624 9149‐496‐6576 drussell@capobay.org



Government Agencies

Organization Attention Address Phone Number Email

City of Brea, Water Division CEQA Notice One Civic Center Circle Brea, CA 92821 714‐990‐7687

City of Buena Park, Water Services CEQA Notice 6650 Beach Blvd. Buena Park, CA 90620 714‐562‐3721

City of Dana Point, Community Development
CEQA Notice c/o Ursula Luna, Community Development 

Director
33282 Golden Lantern Dana Point, CA 92629 949‐248‐3567

mschneider@danapoint.org

uluna@danapoint.org

msinacori@danapoint.org  

City of Dana Point, City Council Richard Viczorek, Mayor 33282 Golden Lantern, Dana Point, CA 92629 (949) 248‐3500 rviczorek@danapoint.org 

City of Dana Point Matt Schneider, Planning Manager 33282 Golden Lantern Dana Point, CA 92629 949 248 3560

City of Dana Point Matt Sinacori, Public Works Director 33282 Golden Lantern Dana Point, CA 92629 949 248 3574

City of Fountain Valley, Water Department CEQA Notice 18240 Ward Street Fountain Valley, CA 92708 714‐593‐4420

City of Garden Grove, Water Services CEQA Notice 13802 Newhope Street Garden Grove, CA 92843 714‐741‐5395

City of Huntington Beach, Water Division CEQA Notice 19001 Huntington St. Huntington Beach, CA 92648 714‐536‐5431

City of La Habra, Water/Sewer Division CEQA Notice 621 W Lambert Road La Habra, CA 90633 562‐383‐4170

City of La Palma, Water Division CEQA Notice 7822 Walker Street La Palma, CA 90623 714‐690‐3310

City of Laguna Beach IGR/CEQA Review 505 Forest Avenue, Laguna Beach, CA 92651

City of Laguna Niguel IGR/CEQA Review 30111 Crown Valley Parkway, Laguna Niguel, CA 92677

City of Newport Beach, Public Works CEQA Notice 100 Civic Center Drive, Bay 2D Newport Beach, CA 92660 949‐644‐3330

City of Orange, Public Works Water Service, CEQA Notice 189 S. Water Street Orange, CA 92866 714‐288‐2475

City of San Clemente IGR/CEQA Review 910 Calle Negocio # 100, San Clemente, CA 92673

City of San Clemente, Utilities Services CEQA Notice 100 Avenida Presidio 3, San Clemente, CA 92672 949‐361‐8200

City of San Juan Capistrano IGR/CEQA Review 32400 Paseo Adelanto, San Juan Capistrano, CA 92675 lmaravilla@planning.lacounty.gov

City of San Juan Capistrano, Utilities Department Steve May, Public Works and Utilities Director 32400 Paseo Adelanto, San Juan Capistrano, CA 92675 949‐234‐4400

City of Seal Beach, Public Works Department Administrative & Engineering Division, CEQA Notice 211 8th Street Seal Beach, CA 90740 562‐631‐2527

City of Tustin, Water Operations CEQA Notice 300 Centennial Way, Tustin, CA 92780 714‐573‐3000

City of Westminster, Water Division CEQA Notice 8200 Westminster Blvd.  Westminster, CA 92683 714‐895‐2876

County of Los Angeles IGR/CEQA Review 320 W Temple St, Los Angeles, CA 90012 kristi lovelady

County of Orange Planning CEQA Notice 300 N. Flower St. Santa Ana, CA 92702 (714) 667‐8845 chris.uzodiribe@ocpw.ocgov.com

County of Riverside IGR/CEQA Review, Wendel Bugtai 4080 Lemon St. Riverside, CA 92501

County of San Bernardino IGR/CEQA Review, Tom Hudson 385 N Arrowhead Ave, San Bernardino, CA 92415 Tom.Hudson@lus.sbcounty.gov

County of San Diego IGR/CEQA Review, Marc Cass 5510 Overland Ave, San Diego, CA 92123 Marc.Cass@sdcounty.ca.gov

East Orange County Water District Lisa Ohlund, General Manager 185 N. McPherson Road Orange, CA 92869 2451  714‐538‐5815 lohlund@eocwd.com

El Toro Water District CEQA Notice‐Dennis Cafferty Los Alisos Blvd. Lake Forest, CA 92630  949‐837‐7050 dcafferty@etwd.com

Emerald Bay Service District Michael Dunbar, General Manager 600 Emerald Bay Laguna Beach, CA 92651 949‐494‐8571 mdunbar@ebservicedistrict.com

Golden State Water Company, West Orange County 

District
Dino Orbiso 1920 West Corporate Way Anaheim, CA 92801 714‐535‐8010 Dino.orbiso@gswater.com

Irvine Ranch Water District Jo Ann Corey 15600 Sand Canyon Ave. Irvine, CA 92619‐7000 949‐453‐5300 corey@irwd.com

Laguna Beach County Water District CEQA Notice ‐ David Youngblood 306 Third Street Laguna Beach, CA 92651 949‐494‐1041 dyoungblood@lbcwd.org

Mesa Water District CEQA Notice 1965 Placentia Ave. Costa Mesa, CA 92627 949‐631‐1200

MetroLink Christos Sourmelis One Gateway Plaza, 12th Floor, Los Angeles, CA 90012 909.392.8463 sourmelisc@scrra.net

MetroLink Ron Mathieu One Gateway Plaza, 12th Floor, Los Angeles, CA 90012

Metropolitan Water District  Dee Bradshaw
700 North Alameda Street

Los Angeles, CA  90012
(213) 217‐6028 VBradshaw@mwdh2o.com

Metropolitan Water District  Warren Teitz
700 North Alameda Street

Los Angeles, CA  90012
(213) 217‐7418 wteitz@mwdh2o.com

Moulton Niguel Water District Matt Collings, Asst. General Manager 27500 La Paz Road Laguna Niguel, CA 92677 949‐448‐4032 mcollings@mnwd.com

Municipal Water District of Orange County Karl Seckel, Assistant Manager 18700 Ward Street Fountain Valley, CA 92708 714‐963‐3058 kseckel@mwdoc.com

Orange County Board of Supervisors Supervisor Lisa Bartlett
34145 Pacific Coast Highway, Suite 710

 Dana Point, Ca 92629
949‐232‐8882 Info@lisaforsupervisor.com

Orange County Board of Supervisors 333 W. Santa Ana Blvd., Santa Ana, CA 92701

Orange County Transportation Authority CEQA Notice 550 S. Main Street  Orange, CA 92868 dphu@octa.net

Orange County Flood Control District Ariel Corpuz
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
ariel.corpuz@ocpw.ocgov.com

Orange County Health Care Agency Anna Peters 405 W. Fifth Street Santa Ana, CA 92701 714‐834‐5150 apeters@ochca.com

Orange County Public Works Robert McLean
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
Robert.McLean@ocpw.ocgov.com

Orange County Public Works Penny Lew
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐647‐3990 Penny.Lew@ocpw.ocgov.com

Orange County Public Works  James Tyler
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐667‐3210 James.Tyler@ocpw.ocgov.com

Orange County Public Works Jeff Dickman
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
jeff.dickman@ocpw.ocgov.com

Orange County Public Works William Fegley
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
949‐923‐2289 william.fegley@ocparks.com

Orange County Public Works James Volz
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐647‐3904 james.volz@ocpw.ocgov.com

Orange County Public Works  Andy Ngo
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐726‐4297 andy.ngo@ocpw.ocgov.com

Orange County Public Works Duc Nguyen
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐955‐0676 duc.nguyen@ocpw.ocgov.com

Orange County Public Works Richard Vuong
300 N. Flower Street, Suite 716

Santa Ana, CA 92703

Orange County Public Works Laree Alonso
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐647‐9649 Laree.alonso@ocpw.ocgov.com 

Orange County Public Works Nardy Khan
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐647‐3906 nardy.khan@ocpw.ocgov.com

Orange County Parks Susan Brodeur
13042 Old Myford Rd. 

Irvine, CA 92602
949‐585‐6448 susan.brodeur@ocparks.com

Orange County Parks Kory McCain
13042 Old Myford Rd. 

Irvine, CA 92602
714‐856‐5772 kory.mccain@ocparks.com



Government Agencies

Organization Attention Address Phone Number Email

Orange County Parks Eric E. Hull
13043 Old Myford Rd. 

Irvine, CA 92602

Orange County Parks Tom Townsend
13042 Old Myford Rd. 

Irvine, CA 92602
949‐923‐3747 tom.townsend@ocparks.com

Orange County Water District CEQA Notice 18700 Ward St. Fountain Valley, CA 92708 714‐378‐3200 chris.uzodiribe@ocpw.ocgov.com

San Diego Gas and Electric 662 Camino de Los Mares, San Clemente, CA 

San Juan Basin Authority
Daniel Ferons‐c/o 

Santa Margarita Water District

26111 Antonio Parkway

Rancho Santa Margarita, CA 92688
949‐459‐6400

Norris Brandt 

Santa Margarita Water District Dan Ferons, Don Bunts 26111 Antonio Parkway, Rancho Santa Margarita, CA 92688 949‐459‐6400 danf@smwd.com; donb@smwd.com

Serrano Water District CEQA Notice 18021 East Lincoln Street Villa Park, CA 92861 714‐538‐0079

South Orange County Wastewater Authority Amber Baylor
34156 Del Obispo Street

Dana Point, CA 92629
949‐234‐5400 abaylor@socwa.com

South Orange County Wastewater Authority Jim Burror
34156 Del Obispo Street

Dana Point, CA 92629
949‐234‐5400 jburror@socwa.com

South Coast Air Quality Management District Jillian Wong, Program Supervisor 21865 East Copley Drive Diamond Bar, CA 91765‐4178 909‐396‐2000 jcheng@aqmd.gov

Lijin Sun 

South Orange County Wastewater Authority Betty Burnett, General Manager 34156 Del Obispo St. Dana Point, CA 92629 949‐234‐5400 bburnett@socwa.com

Southern California Association of Governments  Attn: Intergovernmental Review 900 Wilshire Blvd, 17th floor,  Los Angeles, California 90017 (213) 236‐1800 sunl@scag.ca.gov

Trabuco Canyon Water District CEQA Notice 32003 Dove Canyon Drive Trabuco Canyon, CA 92679 949‐858‐0277

Yorba Linda Water District CEQA Notice 1717 East Miraloma Ave. Placentia, CA 92870 714‐777‐3018

TRIBES

Juaneno Band of Mission Indians Acjachemen NationMatias Belardes, Chairperson 32161 Avenida Los Amigos, San Juan Capistrano, CA 92675
949‐293‐8522

949‐444‐4340

Juaneno Band of Mission Indians Acjachemen NationJoyce Perry, Tribal Manager 4955 Paseo Segovia, Irvine, CA 92612 949‐293‐8522 kaamalam@gmail.com

Juaneno Band of Mission Indians Acjachemen NationTeresa Romero, Chairwoman 31411‐A La Matanza Street, San Juan Capistrano, CA 92675
949‐488‐3484

530‐354‐5876

Juaneno Band of Mission Indians Sonia Johnston, Tribal Chairperson P.O. Box 25628, Santa Ana, CA 92799 sonia.johnston@sbcglobal.net 

San Gabriel Band of Mission Indians Anthony Morales, Chief P.O. Box 693 San Gabriel, CA 91778 626‐483‐3564 GTTribalcouncil@aol.com



Non‐Government Agencies

NAME CONTACT ADDRESS PHONE  EMAIL

California Coastal Protection Network Susan Jordan Po Box 30290, Santa Barbara, CA 93130 (805) 637‐3037 left a message 

California Coastkeeper Alliance Sara Aminzadeh 156 Second Street, San Francisco, CA 94105 (415) 794‐8422 sara@cacoastkeeper.org

California Union for Reliable Energy (CURE) Sheila Sannadan 601 Gateway Boulevard, Suite 1000, South San Francisco CA 94080 650‐589‐1660 ssannadan@adambroadwell.com

California Union for Reliable Energy (CURE) Alisha C. Pember 601 Gateway Boulevard, Suite 1000, South San Francisco CA 94080 650‐589‐1660 apember@adamsbroadwell.com

California Union for Reliable Energy (CURE) Linda T. Sobczynski  601 Gateway Boulevard, Suite 1000, South San Francisco CA 94080 650‐589‐1660 lsobczynski@adamsbroadwell.com

Capo Bay CSD Don Russell 35000 Beach Rd, Capistrano Beach, CA 92624 drussell@capobay.org

Capo Cares capocares@gmail.com

Center for Biological Diversity Ilene Anderson 660 S. Figueroa St., Suite 1000,  Los Angeles, CA 90017 (323) 654‐5943 ianderson@biologicaldiversity.org

Clean Water Now! Roger Von Butow
P.O. Box 4711, Laguna Beach CA 92652

2796 Victoria Drive "B", Laguna Beach, CA 92651
(949) 280‐2225

info@clean‐water‐now.org; 

rogerbutow@me.com

Coastal Environmental Rights Foundation Monika Whisenhunt 1140 South Coast Hwy 101, Encinitas, CA 92024 (760) 942‐8505 monika@coastlawgroup.com

Dana Point Headlands Conservancy 34681 Calle Paso Robles, Capo Beach, CA 92624 (949) 248‐3527 left a message

Dana Point Library 33841 Niguel Road, Dana Point, CA 92629

Doheny Longboard Surfing Association P.O. Box 664, Dana Point, CA 92629 949‐413‐6250 no email, for inquiries only

Earth Resource Foundation Stephanie Barger, Executive Dir.  1706 Newport Blvd. Ste. B, Costa Mesa, CA 95627 (949) 645‐5163 stephanie.barger@earthresource.org

Ecology Center Meg Hiesinger 32701 Alipaz St., San Juan Capistrano, CA 92675 (949) 443‐4223 meg@theecologycenter.org

Endangered Habitats League Dan Silver 8424 Santa Monica Blvd., Ste. A 592, Los Angeles, CA 90069 (213) 804‐2750 dsilverla@me.com

Heal the Bay Rita Kampalath 1444 9th St. Santa Monica, CA 90401 (310) 451‐1500 rkampalath@healthebay.org

Laguna Ocean Foundation P.O. Box 5247 Laguna Beach, CA 92652 no phone number lagunaoceanfoundation@gmail.com

Marlborough Seaside Villas, Homeowners Association Lazar Skundric, Vice President 910 Calle Negocio, Suite 200 San Clemente, CA 92763 949‐661‐7767

MetroLink Christos Sourmelis One Gateway Plaza , 12th Floor, Los Angeles, CA 90012

Mi Ocean Patrick Fuscoe 16795 Von Karman Ave, Ste 100, Irvine, CA 92606 (949) 271‐4386 left a message

Natural Resources Defense Council Joe Geever 1314 Second St., Santa Monica, CA 90401 (310) 434‐2300 nrdcinfo@nrdc.org

Orange County Coastkeeper Colin Kelly, Senior Staff Attorney 3151 Airway Ave. Suite F‐110, Costa Mesa, CA 92626 (714) 850‐1965 colin@coastkeeper.org 

Pacific Marine Mammal Center 20612 Laguna Canyon Rd, Laguna Beach, CA 92651 (949) 494‐3050 info@pacificmmc.org

Planning and Conservation League Jonas Minton 1107 9th St., Ste. 901, Sacramento, CA 95814 (916) 822‐5631 pclmail@pcl.org

Residents for Responsible Desalination  Dave Hamilton P.O. Box 5422, Huntington Beach, CA 92615‐5422 de.hamilton@verizon.net

Residents for Responsible Desalination ‐ Huntington Beach Don Shultz 21352 Yarmouth Ln, Huntington Beach, CA 92646 (714) 840‐8901 info@r4rd.org

San Clemente Green Bill Hart 2837 Penasco, San Clemente, CA 92673 emailed for number bill@sanclementegreen.org

Sea and Sage Audubon Society Dr. Victor Leipzig Audubon House, 5 Riparian View, Irvine, CA 92612 (714) 848‐5394 vicleipzig@aol.com

Sierra Club Penny Elia 3435 Wilshire Blvd. Ste. 660, Los Angeles, CA 90010 (213) 387‐4287 greenp1@cox.net

Soto Resources Me Joey Soto  joey@sotoresources.com

South Laguna Civic Association Greg O'Loughlin 31558 Eagle Rock Way, Laguna Beach, CA 92651 (949) 415‐1312 GregO@SouthLaguna.org

South Orange County Economic Coalition 27758 Santa Margarita Parkway #378  Mission Viejo, CA 92691  949.600.5470 brian@communicationslab.com

Southern California Coastal Water Research Project Dr. Stephen Weisberg, Executive Dir. 3535 Harbor Blvd., Costa Mesa, CA 92626 (714) 755‐3200 christinas@sccwrp.org

Southern California Watershed Alliance, Desal Response Group Aubrey Bettencourt PO Box 1267, Hanford, CA 93232 (559) 816‐8691 aubrey@californiawateralliance.org

Surfrider Foundation Rick Wilson P.O. Box 6010, San Clemente, CA 92674 (949) 492‐8170 rwilson@surfrider.org

Katie Day kday@surfrider.org

Mandy Sackett Mandy Sackett <msackett@surfrider.org>

Transition Laguna Beach 1215 Bluebird Canyon Dr. Laguna Beach, CA 92561 emailed for number ecolagunabeach@gmail.com

Trout Unlimited Robert Blankenship P.O. Box 1977, Costa Mesa, CA 92628 (703) 522‐0500
bob@hremcleanup.com; 

SouthCoastTU@gmail.com

Trout Unlimited George Sutherland 419 Via Presa, San Clemente, CA  92672 (703)522‐0500 scgsland@gmail.com

Wyland Foundation Greg Stone 6b Macon, Irvine, CA 92620 (949) 643‐7070 info@wylandfoundation.org



Interested Parties

NAME ADDRESS EMAIL PHONE 

Robert Campbell 33231 Mesa Vista Drive, Dana Point, CA 92629 rsbobcamp@aol.com

Richard Ciampa 25582 Mainsail Way,  Dana Point, CA 92629 rciampa@cox.net

Pam Enqille 33701 Surfside Dana Point, CA 92629 pabenqelke@gmail.com

Richard Gardner capopalm@hotmail.com

Catherine Gick 27045 Mill Pond Road, Capistrano Beach, CA 92624 geoplex@earthlink.net

Dennis Heider 34112 Bedford Lane, Dana Point, CA 92629 dheider@heiderinspection.com 909‐673‐0292

Jim Mahaney Mahaney.jim@sbcglobal.net

Jan Mestion jan@citysun.com

George Miller 24005 Atun, Dana Point, CA 92629 papageo13@aol.com

Bobby Young by4golden@yahoo.com

Matt Allaire 24911 Sea Aire, Dana Point, CA 92629 mallaire2112@gmail.com

Jonelle Malloy 33112 Palo Alto Street, Dana Point 92629 jonelle1malloy@gmail.com

Irene Bowie 31582 Wildwood Rd, Laguna Beach CA 92651 huladog1@earthlink.net

Ray Hiemstra ray@coastkeeper.org

Kaye Romo 24351 La Cresta Drive, Dana Point, CA 

Bob Oakley bob_oakley@msn.com



  Affidavit of Distribution 

 

Doheny Ocean Desalination Project  NOA and Public Meeting Notice 

Proof of Publication 

- Orange County Register 

- Dana Point Times  

 



 

AFFIDAVIT OF PUBLICATION    

 
          STATE OF CALIFORNIA,  ) 

                                                         ) ss. 

          County of Orange                  ) 

 
I am a citizen of the United States and a resident 

of the County aforesaid; I am over the age of 

eighteen years, and not a party to or interested in 

the above entitled matter. I am the principal clerk 

of The Orange County Register, a newspaper 

of general circulation, published in the city of 

Santa Ana, County of Orange, and which news-

paper has been adjudged to be a newspaper of 

general circulation by the Superior Court of the 

County of Orange, State of California, under the 

date of November 19, 1905, Case No. A-21046, 

that the notice, of which the annexed is a true 

printed copy, has been published in each regular 

and entire issue of said newspaper and not in any 

supplement thereof on the following dates, to 

wit: 

May 24, 2018 

 

“I certify (or declare) under the penalty of 

perjury under the laws of the State of California 

that the foregoing is true and correct”: 

Executed at Santa Ana, Orange County, 

California, on 

 

Date:    May 24, 2018 

 

 

 
 

_______________________________                             

Signature:  Sandra Campos 

 

The Orange County Register 

2190 S. Towne Centre Place 

Anaheim, CA 92806 

(714) 796-2209 

 

 

 

 

 

 

PROOF OF PUBLICATION 

________________________________ 
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EYE ON DP

Dana Point Times May 25-31, 2018

DOUG APPLEGATE, Democrat  
• Has vowed to work with 

federal legislators to remove 
spent nuclear waste from San 
Onofre Nuclear Generating 

Station 
• Wants to bring more power back to 

Congress to approve U.S. military engag-
ing in combat missions and wars 

• Is in favor of having 100 percent 
renewable energy in the U.S. in the next 
10 years 

• Advocates for a single-payer health 
care system 

JOSHUA SCHOONOVER, 
Republican 

• Vows to help keep the 
ocean and environment clean 
by providing incentives to 

businesses to use sustainable materials 
and waste removal practices 

• Wants to decrease the cost of health 
care 

• Advocates to fix illegal immigration 
problems 

• Wants to remove cannabis from 
the Drug Enforcement Administration’s 
schedule of illegal drugs 

MIKE SCHMITT, Republican
• Advocates for health care 

reform to repeal the Afford-
able Care Act, return control 
to patients and doctors 

• Opposes offshore drilling by 2024 off 
U.S. coasts 

• Supports gun rights and is a “strong” 
proponent of the Second Amendment 

• Advocates immigration policies to ac-
cept based on merit and skill sets 

DANIELLE ST. JOHN, Green 
• Is in favor of bringing 

harmonizing discussions to 
Congress in an effort to make 
collaborative legislation 

• Wants to drive a “cooperative 
economy” that is accountable for all mem-
bers, eliminating any kind of greed in the 
marketplace

• Advocates for a complete reform of 
the U.S. education system, increasing 
teachers’ salaries and better physical 
health and creative curriculum 

• Advocates for gun laws that allow 
responsible ownership 

ROCKY J. CHÁVEZ, 
Republican 

• Wants to scale back fed-
eral regulations and interven-
tion into business to create 

an easier market on small businesses and 
industry 

• Advocates creating programs to crack 
down on human trafficking and other 
violent felony-level crimes 

• Has stayed neutral on federal and 
state gun-reform policies 

• Favors creating a stronger national 
defense 

DIANE L. HARKEY, Republican 
• Wants to make changes 

to the federal tax code
• Advocates for strengthen-

ing California’s resources of 
water, power and transportation 

• Is in favor of reducing the national 
deficit by cutting federal spending 

• Supports stronger national defense 

JOSHUA L. HANCOCK, 
Libertarian 

• Seeks to address the 
growing homeless popula-
tions in California and U.S. 

• Supports increasing funding for U.S. 
border security 

• Wants to dramatically cut federal 
spending to decrease the national debt 

• Supports responsible gun ownership, 
would not ban assault rifles 

BRIAN MARYOTT, Republican
• Wants more national 

security measures in place; 
would vote to authorize more 
authority to the president to 

engage in foreign conflicts, such as with 
North Korea

• Does not support off-shore oil drilling, 
advocates for environmental protection, 
but wants a balance of responsibility  

• Favors repealing the Affordable Care 
Act 

• Opposes California’s “Sanctuary 
State” laws  

JORDAN P. MILLS, Peace and 
Freedom 

• Opposes the Trump ad-
ministration’s proposed wall 
along the Mexican border as 

well as deportations  
• Is in favor of outlawing high-caliber 

rifles for public purchase; opposes all war
• Supports pro-choice policies for 

women 
• Wants to strengthen Social Security 

and social services 

DAVID MEDWAY, Republican 
• Aims to lower the na-

tional debt 
• Favors affordable health 

care across the spectrum 
• Is a pro-choice candidate and is pro 

women’s rights to access health care 
services 

• Wants to find “innovative” solutions to 
stop gun violence 

CRAIG A. NORDAL, 
Republican 

• Supports the Trump ad-
ministration’s plan to increase 
offshore oil drilling by 2024 in 

an effort to boost U.S. trade status 
• Advocates for a more Christian-based 

Legislature, religious freedom and liberty 
• Is in favor of overturning Roe V. Wade 
• Supports building and completing a 

wall along the Mexican border 
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kimley-horn.com 3880 Lemon Street, Suite 420, Riverside, CA 92501 951-543-9868 

 

AFFIDAVIT OF MAILING 

Date: June 6, 2018 

Subject: Doheny Ocean Desalination Project Amended NOA and Public Meeting Notice 

 
Note:  Due to a digital file error which occurred on CDs distributed on May 23rd, this amended 

version was distributed to ensure all parties were properly notified and received all materials 

related to the project and details. 

 

 

AFFIDAVIT OF POSTING 

I, Amanda McCallum, do hereby certify that a copy of the attached Notice of Availability and Public 

Meeting Notice was posted at the City of Dana Point Public Library, 33841 Niguel Road, Dana Point, 

CA 92629, the South Coast Water District, 31592 West Street, Laguna Beach, CA 92651, and with the 

County Clerks for Orange, Los Angeles, San Diego, San Bernardino, and Riverside Counties, on 

June 6, 2018.  I declare under penalty of perjury that the foregoing is true and correct. 

____________________________________ 

Amanda McCallum 

Kimley-Horn and Associates 

 

AFFIDAVIT OF MAILING 

I, Amanda McCallum, do hereby certify that a copy of the attached Notice of Availability and Public 

Meeting Notice was mailed via USPS or sent via FedEx to each and every person on the attached 

distribution lists on June 6, 2018.  Copies of the NOA distribution lists are attached.  FedEx delivery 

receipts are on file.  I declare under penalty of perjury that the foregoing is true and correct. 

____________________________________ 

Amanda McCallum 

Kimley-Horn and Associates 

 

AFFIDAVIT OF NEWSPAPER PUBLICATION 

I, Amanda McCallum, do hereby certify that a copy of the attached Notice of Availability and Public 

Meeting Notice was published in the OC Register on June 6, 2018 and the Dana Point Times on 

June 8, 2018.  I declare under penalty of perjury that the foregoing is true and correct. 

____________________________________ 

Amanda McCallum 

Kimley-Horn and Associates 
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AMENDED NOA and Public Meeting Notice Posting 

- Orange County Clerk Filing Copy 

- San Diego County Clerk Filing Copy 

- Los Angeles County Clerk Filing Copy 

- San Bernardino County Clerk Filing Copy 

- Riverside County Clerk Filing Copy 
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Transmittal Letters 

- General 

- State Clearinghouse  
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Doheny Ocean Desalination Project  AMENDED NOA and Public Meeting Notice 

Distribution Lists 

- Government Agencies 

- Non-Government Organizations 

- Interested Parties 

  



Government Agencies

Organization Attention Address Phone Number Email

FEDERAL

NOAA National Marine Fisheries Services Bryant Chesney  501 West Ocean Blvd. Suite 4200                                            Long Beach, CA 90802
562‐980‐4000 562‐980‐

4197

bryant.chesney@noaa.gov          

Eric.Chavez@noaa.gov

NOAA National Marine Fisheries Services Anthony P. Spina 501 West Ocean Blvd. Suite 4200                                            Long Beach, CA 90802

U.S. Army Corps of Engineers Regulatory Permitting‐Orange County

U.S. Army Corps of Engineers

915 Wilshire Boulevard Suite 930 

LOS ANGELES, CA 90017

 213‐452‐3417

U.S. Army Corps of Engineers

Therese O'Rourke‐Bradford

ACOE, Carlsbad Field Office  5900 La Place Court, Carlsbad, California, 92008 therese.o.bradford@usace.army.mil 

U.S. Army Corps of Engineers
Cori Farrar

ACOE Carlsbad Field Office
5900 La Place Court, Carlsbad, California, 92008 Corice.J.Farrar@usace.army.mil

U.S. Fish & Wildlife Service, Region 8 Environmental Services, April Evenas Federal Building 2800 Cottage Way, Room W‐2606               Sacramento, CA  95825 916‐414‐6464
april_evans@usace.army.mil

stephen.M.Estes@usace.army.mil

Federal Emergency Mangement Agency CEQA Review 1111 Broadway, Suite 1200, Oakland, CA 94607‐4052

STATE

California Coastal Commission Tom Luster 45 Fremont St #1900, San Francisco, CA 94105 (415) 904‐5248 tluster@coastal.ca.gov

California Coastal Commission, South Coast District 

Office
Karl Schwing, South Coast District Manager

South Coast Area Office

200 Oceangate, Suite 1000

Long Beach, California 90802‐4302

562‐590‐5071 Karl.Schwing@coastal.ca.gov

California Coastal Commission, South Coast District 

Office
Deborah Lee

South Coast Area Office

200 Oceangate, Suite 1000

Long Beach, California 90802‐4302

DLee@coastal.ca.gov

California Department of Fish & Wildlife Bill Paznokas
4949 Viewridge Avenue

San Diego, CA 92123
(858) 467‐4218

William.Paznokas@wildlife.ca.gov

WPaznokas@dfg.ca.gov

California Department of Fish & Wildlife Jennifer Edwards
3883 Ruffin Rd.

San Diego, CA 92123
858‐467‐2717 jennifer.edwards@wildlife.ca.gov

California Department of Fish & Wildlife Jennifer Turner
3883 Ruffin Rd.

San Diego, CA 92123
Jennifer.Turner@wildlife.ca.gov 

California Department of Fish & Wildlife Loni Adams, Marine Environmental Scientist
3883 Ruffin Rd.

San Diego, CA 92123
858‐627‐3985  loni.adams@wildlife.ca.gov

California Department of Fish & Wildlife, South 

Coast Region
Ed Pert, Regional Manager

3883 Ruffin Rd.

San Diego, CA 92123
858‐467‐4201 epert@dfg.ca.gov

California Department of Parks and Recreation, 

Orange Coast District
Steve Scott 3030 Avenida del Presidente San Clemente, CA 92672 949‐492‐0802 sscott@parks.ca.gov

California Department of Transportation (Caltrans), 

Division 12
Maureen El Harake, Branch Chief 3347 Michelson Dr. Suite 100 Irvine, CA 92612 949‐724‐2000 Maureen.el.harake@dot.ca.gov

Yatman Kwan

California Department of Water Resources
Richard Mills, Section Chief, Water Recycling and 

Desalination
901 P Street, Room 313A , Third Floor. Sacramento, CA 94236‐0001 (916) 651‐0715 richard.mills@water.ca.gov

California Natural Resources Agency Amy Vierra, Deputy Director, Ocean Protection Council
1416 Ninth Street, Suite 1311

Sacramento, CA 95814
Amy.Vierra@resources.ca.gov 

California Public Utilities Commission
Chi Cheung To, P.E.

Utilities Engineer

 505 Van Ness Ave

San Francisco, CA 94102
213.576.5766 cct@cpuc.ca.gov

California State Parks Rich Haydon, State Park Superintendent 3030 Avenida del Presidente San Clemente, CA 92672 949‐366‐4895
rhaydon@parks.ca.gov; 

rich.haydon@parks.ca.gov

California State Parks, Orange County District James Newland, Park and Recreation Specialist 3030 Avenida del Presidente San Clemente, CA 92672 949‐607‐9510 james.newlandd@parks.ca.gov

California Toxic Substances Control Department 5796 Corporate Ave, Cypress, CA 90630

Native American Heritage Commission Gayle Totton, Associate Analyst 1550 Harbor Blvd, Suite 100    West Sacramento, CA  95691 916‐373‐3710 nahc@nahc.ca.gov

Regional Water Quality Control Board, San Diego David Gibson, Executive Officer
2375 Northside Drive, Suite 100

San Diego, CA 92108‐2700
619‐516‐1990 David.Gibson@waterboards.ca.gov

Regional Water Quality Control Board, San Diego Ben Neill, Brandi Outwin‐Beals
2375 Northside Drive, Suite 100

San Diego, CA 92108‐2700
(619) 521‐3376

Ben.Neill@waterboards.ca.gov; Brandi.Outwin‐

Beals@waterboards.ca.gov

Southern California Regional Rail Authority 2703 Melbourne Ave, Pomona, CA 91767

State Clearinghouse Scott Morgan, Director
1400 Tenth Street, PO Box 3044

Sacramento, CA  95812‐3044
916‐445‐0613 Scott.Morgan@opr.ca.gov

State Lands Commission Cy Oggins, Chief, Environmental Planning and Management  100 Howe Avenue, Suite 100  South Sacramento, CA 95825 916‐574‐1900 cy.oggins@slc.ca.gov

State Lands Commission Eric Gillies 100 Howe Avenue, Suite 100  South Sacramento, CA 95825   eric.gillies@slc.ca.gov

State Lands Commission Alexandra Borack 100 Howe Avenue, Suite 100  South Sacramento, CA 95825 Alexandra.Borack@slc.ca.gov

State Office of Historic Preservation CEQA Notice 1725 23rd Street, Suite 100  Sacramento, CA 95816 916‐445‐7000

State Water Resources Control Board Daniel Ellis
1001 I Street ‐ P.O. Box 2815

Sacramento, CA 95812‐2815

 

Daniel.Ellis@waterboards.ca.gov

State Water Resources Control Board Scott Seyfried
1001 I Street ‐ P.O. Box 2815

Sacramento, CA 95812‐2815
Scott.Seyfried@waterboards.ca.gov

State Water Resources Control Board Claire Waggoner and  Kimberly Tenggardjaja
1001 I Street ‐ P.O. Box 2815

Sacramento, CA 95812‐2815
(916) 341‐5858

Claire.Waggoner@waterboards.ca.gov 

Kimberly.Tenggardjaja@waterboards.ca.gov

State Water Resources Control Board Mariela Carpio Obeso, Chief, Ocean Standards Unit
1001 I Street ‐ P.O. Box 2815

Sacramento, CA 95812‐2815
MarielaPaz.Carpio‐Obeso@waterboards.ca.gov

State Water Resources Control Board ‐  Division of 

Drinking Water
Oliver Pacifico

605 West Santa Ana Blvd, Building #28, Room 325

Santa Ana CA 92701
(714) 558‐4410 oliver.pacifico@waterboards.ca.gov

State Water Resources Control Board ‐ Drinking 

Water Revolving Fund
James Garrett

1001 I Street ‐ P.O. Box 2815

Sacramento, CA 95812‐2815
James.Garrett@waterboards.ca.gov

State Water Resources Control Board Carol Atkins
1001 I Street ‐ P.O. Box 2815

Sacramento, CA 95812‐2815
Carol.Atkins@Waterboards.ca.gov

LOCAL

California Air Resources Board CEQA Notice P.O. Box 2815  Sacramento, CA 95812

Capistrano Bay District  35000 Beach Road, Capistrano Beach, CA 92624 9149‐496‐6576 drussell@capobay.org



Government Agencies

Organization Attention Address Phone Number Email

City of Brea, Water Division CEQA Notice One Civic Center Circle Brea, CA 92821 714‐990‐7687

City of Buena Park, Water Services CEQA Notice 6650 Beach Blvd. Buena Park, CA 90620 714‐562‐3721

City of Dana Point, Community Development
CEQA Notice c/o Ursula Luna, Community Development 

Director
33282 Golden Lantern Dana Point, CA 92629 949‐248‐3567

mschneider@danapoint.org

uluna@danapoint.org

msinacori@danapoint.org  

City of Dana Point, City Council Richard Viczorek, Mayor 33282 Golden Lantern, Dana Point, CA 92629 (949) 248‐3500 rviczorek@danapoint.org 

City of Dana Point Matt Schneider, Planning Manager 33282 Golden Lantern Dana Point, CA 92629 949 248 3560

City of Dana Point Matt Sinacori, Public Works Director 33282 Golden Lantern Dana Point, CA 92629 949 248 3574

City of Fountain Valley, Water Department CEQA Notice 18240 Ward Street Fountain Valley, CA 92708 714‐593‐4420

City of Garden Grove, Water Services CEQA Notice 13802 Newhope Street Garden Grove, CA 92843 714‐741‐5395

City of Huntington Beach, Water Division CEQA Notice 19001 Huntington St. Huntington Beach, CA 92648 714‐536‐5431

City of La Habra, Water/Sewer Division CEQA Notice 621 W Lambert Road La Habra, CA 90633 562‐383‐4170

City of La Palma, Water Division CEQA Notice 7822 Walker Street La Palma, CA 90623 714‐690‐3310

City of Laguna Beach IGR/CEQA Review 505 Forest Avenue, Laguna Beach, CA 92651

City of Laguna Niguel IGR/CEQA Review 30111 Crown Valley Parkway, Laguna Niguel, CA 92677

City of Newport Beach, Public Works CEQA Notice 100 Civic Center Drive, Bay 2D Newport Beach, CA 92660 949‐644‐3330

City of Orange, Public Works Water Service, CEQA Notice 189 S. Water Street Orange, CA 92866 714‐288‐2475

City of San Clemente IGR/CEQA Review 910 Calle Negocio # 100, San Clemente, CA 92673

City of San Clemente, Utilities Services CEQA Notice 100 Avenida Presidio 3, San Clemente, CA 92672 949‐361‐8200

City of San Juan Capistrano IGR/CEQA Review 32400 Paseo Adelanto, San Juan Capistrano, CA 92675 lmaravilla@planning.lacounty.gov

City of San Juan Capistrano, Utilities Department Steve May, Public Works and Utilities Director 32400 Paseo Adelanto, San Juan Capistrano, CA 92675 949‐234‐4400

City of Seal Beach, Public Works Department Administrative & Engineering Division, CEQA Notice 211 8th Street Seal Beach, CA 90740 562‐631‐2527

City of Tustin, Water Operations CEQA Notice 300 Centennial Way, Tustin, CA 92780 714‐573‐3000

City of Westminster, Water Division CEQA Notice 8200 Westminster Blvd.  Westminster, CA 92683 714‐895‐2876

County of Los Angeles IGR/CEQA Review 320 W Temple St, Los Angeles, CA 90012 kristi lovelady

County of Orange Planning CEQA Notice 300 N. Flower St. Santa Ana, CA 92702 (714) 667‐8845 chris.uzodiribe@ocpw.ocgov.com

County of Riverside IGR/CEQA Review, Wendel Bugtai 4080 Lemon St. Riverside, CA 92501

County of San Bernardino IGR/CEQA Review, Tom Hudson 385 N Arrowhead Ave, San Bernardino, CA 92415 Tom.Hudson@lus.sbcounty.gov

County of San Diego IGR/CEQA Review, Marc Cass 5510 Overland Ave, San Diego, CA 92123 Marc.Cass@sdcounty.ca.gov

East Orange County Water District Lisa Ohlund, General Manager 185 N. McPherson Road Orange, CA 92869 2451  714‐538‐5815 lohlund@eocwd.com

El Toro Water District CEQA Notice‐Dennis Cafferty Los Alisos Blvd. Lake Forest, CA 92630  949‐837‐7050 dcafferty@etwd.com

Emerald Bay Service District Michael Dunbar, General Manager 600 Emerald Bay Laguna Beach, CA 92651 949‐494‐8571 mdunbar@ebservicedistrict.com

Golden State Water Company, West Orange County 

District
Dino Orbiso 1920 West Corporate Way Anaheim, CA 92801 714‐535‐8010 Dino.orbiso@gswater.com

Irvine Ranch Water District Jo Ann Corey 15600 Sand Canyon Ave. Irvine, CA 92619‐7000 949‐453‐5300 corey@irwd.com

Laguna Beach County Water District CEQA Notice ‐ David Youngblood 306 Third Street Laguna Beach, CA 92651 949‐494‐1041 dyoungblood@lbcwd.org

Mesa Water District CEQA Notice 1965 Placentia Ave. Costa Mesa, CA 92627 949‐631‐1200

MetroLink Christos Sourmelis One Gateway Plaza, 12th Floor, Los Angeles, CA 90012 909.392.8463 sourmelisc@scrra.net

MetroLink Ron Mathieu One Gateway Plaza, 12th Floor, Los Angeles, CA 90012

Metropolitan Water District  Dee Bradshaw
700 North Alameda Street

Los Angeles, CA  90012
(213) 217‐6028 VBradshaw@mwdh2o.com

Metropolitan Water District  Warren Teitz
700 North Alameda Street

Los Angeles, CA  90012
(213) 217‐7418 wteitz@mwdh2o.com

Moulton Niguel Water District Matt Collings, Asst. General Manager 27500 La Paz Road Laguna Niguel, CA 92677 949‐448‐4032 mcollings@mnwd.com

Municipal Water District of Orange County Karl Seckel, Assistant Manager 18700 Ward Street Fountain Valley, CA 92708 714‐963‐3058 kseckel@mwdoc.com

Orange County Board of Supervisors Supervisor Lisa Bartlett
34145 Pacific Coast Highway, Suite 710

 Dana Point, Ca 92629
949‐232‐8882 Info@lisaforsupervisor.com

Orange County Board of Supervisors 333 W. Santa Ana Blvd., Santa Ana, CA 92701

Orange County Transportation Authority CEQA Notice 550 S. Main Street  Orange, CA 92868 dphu@octa.net

Orange County Flood Control District Ariel Corpuz
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
ariel.corpuz@ocpw.ocgov.com

Orange County Health Care Agency Anna Peters 405 W. Fifth Street Santa Ana, CA 92701 714‐834‐5150 apeters@ochca.com

Orange County Public Works Robert McLean
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
Robert.McLean@ocpw.ocgov.com

Orange County Public Works Penny Lew
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐647‐3990 Penny.Lew@ocpw.ocgov.com

Orange County Public Works  James Tyler
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐667‐3210 James.Tyler@ocpw.ocgov.com

Orange County Public Works Jeff Dickman
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
jeff.dickman@ocpw.ocgov.com

Orange County Public Works William Fegley
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
949‐923‐2289 william.fegley@ocparks.com

Orange County Public Works James Volz
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐647‐3904 james.volz@ocpw.ocgov.com

Orange County Public Works  Andy Ngo
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐726‐4297 andy.ngo@ocpw.ocgov.com

Orange County Public Works Duc Nguyen
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐955‐0676 duc.nguyen@ocpw.ocgov.com

Orange County Public Works Richard Vuong
300 N. Flower Street, Suite 716

Santa Ana, CA 92703

Orange County Public Works Laree Alonso
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐647‐9649 Laree.alonso@ocpw.ocgov.com 

Orange County Public Works Nardy Khan
300 N. Flower Street, Suite 716

Santa Ana, CA 92703
714‐647‐3906 nardy.khan@ocpw.ocgov.com

Orange County Parks Susan Brodeur
13042 Old Myford Rd. 

Irvine, CA 92602
949‐585‐6448 susan.brodeur@ocparks.com

Orange County Parks Kory McCain
13042 Old Myford Rd. 

Irvine, CA 92602
714‐856‐5772 kory.mccain@ocparks.com



Government Agencies

Organization Attention Address Phone Number Email

Orange County Parks Eric E. Hull
13043 Old Myford Rd. 

Irvine, CA 92602

Orange County Parks Tom Townsend
13042 Old Myford Rd. 

Irvine, CA 92602
949‐923‐3747 tom.townsend@ocparks.com

Orange County Water District CEQA Notice 18700 Ward St. Fountain Valley, CA 92708 714‐378‐3200 chris.uzodiribe@ocpw.ocgov.com

San Diego Gas and Electric 662 Camino de Los Mares, San Clemente, CA 

San Juan Basin Authority
Daniel Ferons‐c/o 

Santa Margarita Water District

26111 Antonio Parkway

Rancho Santa Margarita, CA 92688
949‐459‐6400

Norris Brandt 

Santa Margarita Water District Dan Ferons, Don Bunts 26111 Antonio Parkway, Rancho Santa Margarita, CA 92688 949‐459‐6400 danf@smwd.com; donb@smwd.com

Serrano Water District CEQA Notice 18021 East Lincoln Street Villa Park, CA 92861 714‐538‐0079

South Orange County Wastewater Authority Amber Baylor
34156 Del Obispo Street

Dana Point, CA 92629
949‐234‐5400 abaylor@socwa.com

South Orange County Wastewater Authority Jim Burror
34156 Del Obispo Street

Dana Point, CA 92629
949‐234‐5400 jburror@socwa.com

South Coast Air Quality Management District Jillian Wong, Program Supervisor 21865 East Copley Drive Diamond Bar, CA 91765‐4178 909‐396‐2000 jcheng@aqmd.gov

Lijin Sun 

South Orange County Wastewater Authority Betty Burnett, General Manager 34156 Del Obispo St. Dana Point, CA 92629 949‐234‐5400 bburnett@socwa.com

Southern California Association of Governments  Attn: Intergovernmental Review 900 Wilshire Blvd, 17th floor,  Los Angeles, California 90017 (213) 236‐1800 sunl@scag.ca.gov

Trabuco Canyon Water District CEQA Notice 32003 Dove Canyon Drive Trabuco Canyon, CA 92679 949‐858‐0277

Yorba Linda Water District CEQA Notice 1717 East Miraloma Ave. Placentia, CA 92870 714‐777‐3018

TRIBES

Juaneno Band of Mission Indians Acjachemen NationMatias Belardes, Chairperson 32161 Avenida Los Amigos, San Juan Capistrano, CA 92675
949‐293‐8522

949‐444‐4340

Juaneno Band of Mission Indians Acjachemen NationJoyce Perry, Tribal Manager 4955 Paseo Segovia, Irvine, CA 92612 949‐293‐8522 kaamalam@gmail.com

Juaneno Band of Mission Indians Acjachemen NationTeresa Romero, Chairwoman 31411‐A La Matanza Street, San Juan Capistrano, CA 92675
949‐488‐3484

530‐354‐5876

Juaneno Band of Mission Indians Sonia Johnston, Tribal Chairperson P.O. Box 25628, Santa Ana, CA 92799 sonia.johnston@sbcglobal.net 

San Gabriel Band of Mission Indians Anthony Morales, Chief P.O. Box 693 San Gabriel, CA 91778 626‐483‐3564 GTTribalcouncil@aol.com



Non‐Government Agencies

NAME CONTACT ADDRESS PHONE  EMAIL

California Coastal Protection Network Susan Jordan Po Box 30290, Santa Barbara, CA 93130 (805) 637‐3037 left a message 

California Coastkeeper Alliance Sara Aminzadeh 156 Second Street, San Francisco, CA 94105 (415) 794‐8422 sara@cacoastkeeper.org

California Union for Reliable Energy (CURE) Sheila Sannadan 601 Gateway Boulevard, Suite 1000, South San Francisco CA 94080 650‐589‐1660 ssannadan@adambroadwell.com

California Union for Reliable Energy (CURE) Alisha C. Pember 601 Gateway Boulevard, Suite 1000, South San Francisco CA 94080 650‐589‐1660 apember@adamsbroadwell.com

California Union for Reliable Energy (CURE) Linda T. Sobczynski  601 Gateway Boulevard, Suite 1000, South San Francisco CA 94080 650‐589‐1660 lsobczynski@adamsbroadwell.com

Capo Bay CSD Don Russell 35000 Beach Rd, Capistrano Beach, CA 92624 drussell@capobay.org

Capo Cares capocares@gmail.com

Center for Biological Diversity Ilene Anderson 660 S. Figueroa St., Suite 1000,  Los Angeles, CA 90017 (323) 654‐5943 ianderson@biologicaldiversity.org

Clean Water Now! Roger Von Butow
P.O. Box 4711, Laguna Beach CA 92652

2796 Victoria Drive "B", Laguna Beach, CA 92651
(949) 280‐2225

info@clean‐water‐now.org; 

rogerbutow@me.com

Coastal Environmental Rights Foundation Monika Whisenhunt 1140 South Coast Hwy 101, Encinitas, CA 92024 (760) 942‐8505 monika@coastlawgroup.com

Dana Point Headlands Conservancy 34681 Calle Paso Robles, Capo Beach, CA 92624 (949) 248‐3527 left a message

Dana Point Library 33841 Niguel Road, Dana Point, CA 92629

Doheny Longboard Surfing Association P.O. Box 664, Dana Point, CA 92629 949‐413‐6250 no email, for inquiries only

Earth Resource Foundation Stephanie Barger, Executive Dir.  1706 Newport Blvd. Ste. B, Costa Mesa, CA 95627 (949) 645‐5163 stephanie.barger@earthresource.org

Ecology Center Meg Hiesinger 32701 Alipaz St., San Juan Capistrano, CA 92675 (949) 443‐4223 meg@theecologycenter.org

Endangered Habitats League Dan Silver 8424 Santa Monica Blvd., Ste. A 592, Los Angeles, CA 90069 (213) 804‐2750 dsilverla@me.com

Heal the Bay Rita Kampalath 1444 9th St. Santa Monica, CA 90401 (310) 451‐1500 rkampalath@healthebay.org

Laguna Ocean Foundation P.O. Box 5247 Laguna Beach, CA 92652 no phone number lagunaoceanfoundation@gmail.com

Marlborough Seaside Villas, Homeowners Association Lazar Skundric, Vice President 910 Calle Negocio, Suite 200 San Clemente, CA 92763 949‐661‐7767

MetroLink Christos Sourmelis One Gateway Plaza , 12th Floor, Los Angeles, CA 90012

Mi Ocean Patrick Fuscoe 16795 Von Karman Ave, Ste 100, Irvine, CA 92606 (949) 271‐4386 left a message

Natural Resources Defense Council Joe Geever 1314 Second St., Santa Monica, CA 90401 (310) 434‐2300 nrdcinfo@nrdc.org

Orange County Coastkeeper Colin Kelly, Senior Staff Attorney 3151 Airway Ave. Suite F‐110, Costa Mesa, CA 92626 (714) 850‐1965 colin@coastkeeper.org 

Pacific Marine Mammal Center 20612 Laguna Canyon Rd, Laguna Beach, CA 92651 (949) 494‐3050 info@pacificmmc.org

Planning and Conservation League Jonas Minton 1107 9th St., Ste. 901, Sacramento, CA 95814 (916) 822‐5631 pclmail@pcl.org

Residents for Responsible Desalination  Dave Hamilton P.O. Box 5422, Huntington Beach, CA 92615‐5422 de.hamilton@verizon.net

Residents for Responsible Desalination ‐ Huntington Beach Don Shultz 21352 Yarmouth Ln, Huntington Beach, CA 92646 (714) 840‐8901 info@r4rd.org

San Clemente Green Bill Hart 2837 Penasco, San Clemente, CA 92673 emailed for number bill@sanclementegreen.org

Sea and Sage Audubon Society Dr. Victor Leipzig Audubon House, 5 Riparian View, Irvine, CA 92612 (714) 848‐5394 vicleipzig@aol.com

Sierra Club Penny Elia 3435 Wilshire Blvd. Ste. 660, Los Angeles, CA 90010 (213) 387‐4287 greenp1@cox.net

Soto Resources Me Joey Soto  joey@sotoresources.com

South Laguna Civic Association Greg O'Loughlin 31558 Eagle Rock Way, Laguna Beach, CA 92651 (949) 415‐1312 GregO@SouthLaguna.org

South Orange County Economic Coalition 27758 Santa Margarita Parkway #378  Mission Viejo, CA 92691  949.600.5470 brian@communicationslab.com

Southern California Coastal Water Research Project Dr. Stephen Weisberg, Executive Dir. 3535 Harbor Blvd., Costa Mesa, CA 92626 (714) 755‐3200 christinas@sccwrp.org

Southern California Watershed Alliance, Desal Response Group Aubrey Bettencourt PO Box 1267, Hanford, CA 93232 (559) 816‐8691 aubrey@californiawateralliance.org

Surfrider Foundation Rick Wilson P.O. Box 6010, San Clemente, CA 92674 (949) 492‐8170 rwilson@surfrider.org

Katie Day kday@surfrider.org

Mandy Sackett Mandy Sackett <msackett@surfrider.org>

Transition Laguna Beach 1215 Bluebird Canyon Dr. Laguna Beach, CA 92561 emailed for number ecolagunabeach@gmail.com

Trout Unlimited Robert Blankenship P.O. Box 1977, Costa Mesa, CA 92628 (703) 522‐0500
bob@hremcleanup.com; 

SouthCoastTU@gmail.com

Trout Unlimited George Sutherland 419 Via Presa, San Clemente, CA  92672 (703)522‐0500 scgsland@gmail.com

Wyland Foundation Greg Stone 6b Macon, Irvine, CA 92620 (949) 643‐7070 info@wylandfoundation.org



Interested Parties

NAME ADDRESS EMAIL PHONE 

Robert Campbell 33231 Mesa Vista Drive, Dana Point, CA 92629 rsbobcamp@aol.com

Richard Ciampa 25582 Mainsail Way,  Dana Point, CA 92629 rciampa@cox.net

Pam Enqille 33701 Surfside Dana Point, CA 92629 pabenqelke@gmail.com

Richard Gardner capopalm@hotmail.com

Catherine Gick 27045 Mill Pond Road, Capistrano Beach, CA 92624 geoplex@earthlink.net

Dennis Heider 34112 Bedford Lane, Dana Point, CA 92629 dheider@heiderinspection.com 909‐673‐0292

Jim Mahaney Mahaney.jim@sbcglobal.net

Jan Mestion jan@citysun.com

George Miller 24005 Atun, Dana Point, CA 92629 papageo13@aol.com

Bobby Young by4golden@yahoo.com

Matt Allaire 24911 Sea Aire, Dana Point, CA 92629 mallaire2112@gmail.com

Jonelle Malloy 33112 Palo Alto Street, Dana Point 92629 jonelle1malloy@gmail.com

Irene Bowie 31582 Wildwood Rd, Laguna Beach CA 92651 huladog1@earthlink.net

Ray Hiemstra ray@coastkeeper.org

Kaye Romo 24351 La Cresta Drive, Dana Point, CA 

Bob Oakley bob_oakley@msn.com
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GETTING OUT

Monday | 11
KUNDALINI YOGA AND MEDITATION
8-9 a.m. Enjoy this ancient uplifting blend of 
spiritual and physical practice with Sukhmani, 
E-RYT. Kundalini Yoga incorporates physical 
movement to strengthen the nervous system 
and balance the glandular system as well as 
breathing techniques, meditation and the 
chanting of mantras to help process emotions 
and feelings, release stress, and help develop 
concentration and discipline of the mind. All 
levels are welcome and encouraged. Dona-
tion based – suggested $15. MindBody Well-
ness Club. 34207 Pacific Coast Hwy., Dana 
Point. www.dharmayogahouse.com. 

Tuesday | 12
OCEAN INSTITUTE DISTINGUISHED 
SPEAKER SERIES: DR. GEOFF SHESTER
6 p.m. Join the Ocean Institute in the Samueli 
Conference Center for The Nicholas Endow-
ment Distinguished Speaker Series with Dr. 
Geoff Shester. Dr. Geoff Shester is the senior 
scientist and California campaign director 
for Oceana, where he advocated for seafloor 
protection, including leading an expedition 
to gather footage and data on never-before-
seen seafloor habitats. Light appetizers and 
refreshments from Above All Catering is 
included in the ticket price. For persons over 
the age of 21, your ticket will include one 
adult beverage, and a cash bar will be avail-
able for additional beverages. Tickets are 
$10. The Ocean Institute. 24200 Dana Point 
Harbor Dr. www.ocean-institute.org. 

VETERANS OF FOREIGN WARS MEETING
6 p.m. All veterans who served in a combat 
zone are invited to attend their meeting on 
the second Tuesday of each month. Can-
nons Restaurant. 34344 Green Lantern, Dana 
Point. 949.248.1419. www.vfwpost9934.org.   

Wednesday | 13
DOHENY STATE BEACH VISITOR CENTER
10 a.m.-4 p.m. Join the volunteer team at 
the Doheny State Beach Visitor Center. 
It’s fun and easy. Open every day. If you 
have a few hours a month to come and 
welcome Doheny’s many visitors, contact 
Kathy at volunteer@dohenystatebeach.org 
or Vicki at vicki.wiker@parks.ca.gov. 

Thursday | 14
YAPPY HOUR
5 -8 p.m. Bark your calendar to join other 
canines and their companions to sniff and 
schmooze at Yappy Hour. Haute hounds 
enjoy lapping up libations, thanks to water 
in his favorite flavor – bacon, chicken, 
beef or vegan – while human guests relax 
with a glass of Mutt Lynch Unleashed 
Chardonnay, Merlot Over and Play Dead, 
Chateau d’Og Cabernet Sauvignon or a 
refreshing cocktail featuring Tito’s Vodka. 

Photo: Courtesy of Shannon Rae

On Stage at the Coach 
House: Shannon Rae

BY EMILY RASMUSSEN, DANA POINT TIMES

ocal country musician Shannon 
Rae, of San Clemente, is coming 
to The Coach House on Satur-

day, June 9, after recently releasing 
her second album Lucky 13.

Although Lucky 13 was released 
Friday, June 1, Rae’s performance 
at The Coach House will also be the 
official album release party. Rae’s 
music is described as country rock, 
“similar to Keith Urban, Shania Twain 
and Carrie Underwood,” according to 
a press release.

“It is my debut at The Coach House 
and I will be sharing the stage with 
The PettyBreakers, the No. 1 tribute 
band to Tom Petty,” Rae said. “I play 
for one hour with my band and will 
also perform ‘Stop Draggin My Heart 
Around’ with The PettyBreakers.”

Rae is accompanied by Dave Polich, 
producer, songwriter and keyboardist; 
Rick Gagliano with guitar and backing 
vocals; Ted Mentry on guitar; Rick 
Thibodeau on bass and backing vo-
cals; and Tony Scarbrough on drums.

The six-piece band brings a rockin’ 
high energy performance with tunes 
including “Both Guns Blazin’” and 
“Get Lucky” with Rae on lead vocals.

Rae has been a San Clemente resi-
dent for 16 years and also performs 
with her band 100 Proof. Tickets for 
The Coach House performance can 
be purchased directly through her 
website at www.shannonrae.com.  

The doors open for the show at 6 
p.m. and it starts at 8 p.m. on Sat-
urday, June 9 at The Coach House, 
located at 33157 Camino Capistrano. 
Tickets are $20 and can also be 
bought by calling 949.496.8930 or on-
line at www.thecoachhouse.com. DP

L

Beer and a selection of barbecue items 
are also available for purchase. Proceeds 
support The Veterans Initiative of Canine 
Companions for Independence. The Ritz-
Carlton, Laguna Niguel. One Ritz Carlton 
Dr., Dana Point. 949.240.2000. 
www.ritzcarlton.com.
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EXECUTIVE SUMMARY: 

This 2019 study, prepared in response to comments for the Final EIR, provides further 
analysis to amplify the Coastal Hazards Analysis prepared in 2017 for the Draft EIR of the 
Doheny Desalination Project (DDP). That earlier work is being amplified herein in response to a 
revision of the California Coastal Commission Sea Level Rise Policy Guidance document that 
was originally released in August 2015, (CCC, 2015), but has been updated in July 2018 with new 
sea level rise projections. In addition, there have been minor adjustments in the locations of a 
number of the well heads and pump stations being proposed for the Doheny Desalination Project. 
The following study accounts for these intervening changes in policy guidance and minor 
modifications to the project description.    

The primary analysis tool used in this study is the Coastal Evolution Model (CEM) 

developed at the Scripps Institution of Oceanography was used to evaluate Appendix-B 
requirements of the California Coastal Commission Sea Level Rise Policy Guidance document 
(CCC, 2015) for a sea level rise/coastal hazards analysis of the DDP. The Coastal Evolution 

Model is public domain and available from the University of California Digital Library at: http://

repositories.cdlib.org/sio/techreport/58/. The Coastal Evolution Model employs algorithms 

consistent with the U.S. Army Corps of Engineers Coastal Engineering Manual, (USACE, 2006), 

but employs the latest generation equilibrium beach profile algorithms from Jenkins and Inman 

(2006) that provide 3-dimensional predictive and mapping capability of the wave run-up field, 

beach erosion and shoreline recession under the effects of wave climate variability, climate cycles 

and sea level rise. The CEM input files were populated with National Ocean Survey digital 

bathymetry in the offshore domain; beach profiles sediment grain size measurements by the U.S. 
Army Corps of Engineers, Coastal Environments and Coastal Frontiers; long-term wave data from 

the Coastal Data Information Program; long-term ocean water level measurements by the National 

Oceanic and Atmospheric Administration (NOAA); and stream flow and sediment flux for the San 

Juan Creek from the United States Geological Survey (USGS) and the Federal Emergency 

Management Agency (FEMA). Sea level rise projections used in this study were based on the best 

fit equation from Appendix-B of the California Coastal Commission Sea Level Rise Policy 

Guidance document for a 50 year project planning horizon (year 2070) and for a critical 

infrastructure planning horizon (year 2100). Critical project infrastructure subject to potential 

flooding by extreme event waves or tsunami concurrent with extreme ocean water levels and sea 

level rise are placed at two sites, namely Doheny State Beach and Capistrano Beach Park (cf. 

Figure ES-1a & b). At the Doheny Beach site, five potential locations are being evaluated for 
vaulted well heads with submersible pumps, including: Well Head A, elevation 17 ft. NAVD, at 
33°27'44.38"N, 117°41'16.32"W; Well Head B, elevation 17 ft. NAVD, at  33°27'45.07"N, 117°

41'10.30"W; Well Head C, elevation 17 ft. NAVD at  33°27'45.12"N, 117°41'6.62"W; Well Head 

D, at elevation 18 ft. NAVD at 33°27'44.48"N, 117°40'55.30"W; and Well Head E, at elevation 

18 ft. NAVD at 33°27'42.45"N, 117°40'47.33"W; (see Figure ES-1a). Two additional vaulted well 

heads with submersible pumps are being evaluated at the Capistrano Beach site (Figure ES-1b), 

which includes: Well Head G, at elevation 18 ft. NAVD at 33°27'14.94"N, 117°

39'59.91"W; and Well Head H, at elevation 19 ft. NAVD at 33°27'13.17"N, 117°39'57.15"W. 

This study is based on sea level rise projections appearing in Appendix-G, Table G-11, of 

the recently updated California Coastal Commission Sea Level Rise Policy Guidance document 
(CCC, 2018). This document provides no specific guidance on the redline frequency for flooding 

or inundation. In the absence of such guidance we have adopted FEMA standards for flooding

http://repositories.cdlib.org/sio/techreport/58/
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(a) 

(b) 

Figure ES-1: Critical shore-front infrastructure locations for the Doheny Desalination Project: a) 

Doheny State Beach site; and b) Capistrano Beach Park site
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Q

Q

Q

frequency and set redline planning frequency at the 100 year event (1% probability of 

recurrence). The 100 year wave event was the two day storm of 17-18 January, 1988, which 

produced deep water significant wave heights off Doheny State Beach reaching 15.5 ft., 

approaching the beach from 2700 with 14 second significant wave periods. An analysis of 

extremal total water levels, (TWL’s), based on the occurrence of extreme waves concurrent with 

extreme ocean water levels at present and at year 2100 sea levels, is summarized in Table ES-1a 

for structures at the Doheny Beach site and Table ES-1 b for the Capistrano Beach site. 

Inspection of Table ES-1a & b reveals that all the beach front well sites for the Doheny 

Desalination Project (Figure ES-1) are safe from flooding or inundation at present sea levels by 

extreme event waves concurrent with extreme ocean water levels for event return periods 

between 1 yr. and 100 yr. However, once we admit to 2100 sea level rise projections, a number 

of the beach front facilities for the Doheny Desalination Project will suffer some flooding and 

overtopping to varying degrees. 

For the low-range 2100 sea level projections, the three well sites on the north side of San 

Juan Creek (Well Heads A-C) and one of the wells at the Capistrano Beach site (Well Head G) 

will experience minor overtopping, even for a 1 year event if the beaches have been accreted by 

additional sands from water shed floods or still retain a built-out summer equilibrium beach 

profile, with overtopping rates of about (1yr) = 0.038 cfs per lineal ft. of shoreline. However, 

if a 100-yr total water level event occurs during the low-range projection of 2100 sea levels, then 

all of the well sites will be overtopped to varying degrees if the beaches remain in an accreted 

condition with elevated berms and steep beach slopes. Under these beach conditions, 

overtopping rates will range from a high of (100yr) = 0.094 cfs per lineal ft. of shoreline at 

Well Heads A- C, to a low of  (100yr) = 0.014 cfs/ft at Well Head H. Interestingly enough, 

none of the well heads would experience overtopping during a 100 year event when occurring 

during the low range 2100 sea levels if the beach were eroded, which would be the most likely 

condition during a 100-year event. Total water levels for eroded beach conditions are always 

less, because these beaches have flatter slopes and are more dissipative of wave set-up and run-

up than the steeper accreted beaches.   

Q

For the high-range 2100 sea level projections, Table ES-1a indicates the 100 year total 

water level events at the Doheny Beach site reach TWL(100) = 21.9 ft. NAVD for the steeply 

sloping accreted beach conditions and TWL(100) = 20.2 ft. NAVD for the eroded beach 

conditions. At the Capistrano Beach site, shoaling wave heights are higher and total water levels 

for a 100 year event superimposed on the high range projections for 2100 sea levels produce total 

water levels reaching TWL(100) = 22.7 ft. NAVD for the steeply sloping accreted beach 

conditions and TWL(100) = 21.1 ft. NAVD for the eroded beach conditions. Consequently, all 

beach front well head vaults for the Doheny Desalination Project will be overtopped when 

extreme waves happen concurrently with extreme ocean water levels that are superimposed on the 

high range of 2100 sea levels. The lowest lying well heads (Well Heads A-C) would experience 

the highest overtopping rates, ranging from (100yr) = 0.216 cfs/ft. to 0.331 cfs/ft. depending 

on the eroded or accreted condition of Doheny State Beach. According Table VI-5-6 in the 

Coastal Engineering Manual (USACE, 2006) overtopping rates of this order of magnitude are 

very dangerous for pedestrian and vehicle traffic, and may cause structural damage to adjacent 

buildings, but the well heads and pumps for the Doheny Desalination project will be protected by 

steel vault enclosures. The smallest overtopping rates during the 100-year event at the high range 
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Table ES-1a: Doheny Beach Extremal Total Water Level (*TWL) and Overtopping Rates ( Q ) 

Well Head-A 
Elevation = 

17 ft. NAVD 

Well Head-B 
Elevation = 

17 ft. NAVD 

Well Head-C 
Elevation = 

17 ft. NAVD 

Well Head-D 
Elevation = 

18 ft. NAVD 

Well Head-E 
Elevation = 

18 ft. NAVD 

*TWL(1)
Present Sea Level 
(eroded/accreted) 

8.7/10.5 

ft. NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

* Q (1) 

Present Sea Level 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1)
2100 Sea Level Low 

Range Projection 

(eroded/accreted) 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

* Q (1)
2100 Sea Level Low 

Range Projection 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1)
2100 Sea Level 

High Range 

Projection 

(eroded/accreted) 

15.8/17.6 

ft. NAVD 

status = flooded 

accreted beach  

15.8/17.6 

ft. NAVD 

status = flooded 

accreted beach 

15.8/17.6 

ft. NAVD 

status = flooded 

accreted beach 

15.8/17.6 

ft. NAVD 

status = dry 

15.8/17.6 

ft. NAVD 

status = dry 

* Q (1) 
2100 Sea Level 

High Range 

Projection 

(eroded/accreted) 

0.0/0.038 

cfs/ft. 

0.0/0.038 

cfs/ft. 

0.0/0.038 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

**TWL(100) 
Present Sea Level 

(eroded/accreted) 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

** Q (100)
Present Sea Level 
(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

**TWL(100) 
2100 Sea Level Low 

Range Projection 
(eroded/accreted) 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4  

ft. NAVD 

status = flooded 

accreted beach 

**Q (100) 

2100 Sea Level Low 
Range Projection 

(eroded/accreted) 

0.0/0.094 

cfs/ft. 

0.0/0.094 

cfs/ft. 

0.0/0.094 

cfs/ft. 

0.0/0.027 

cfs/ft. 

0.0/0.027 

cfs/ft. 

**TWL(100) 
@  

2100 Sea Level 

High Range 

Projection 
(eroded/accreted) 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded 

** Q (100)
2100 Sea Level 

High Range 

Projection 
(eroded/accreted)

0.216/0.331 

cfs/ft. 

0.216/0.331 

cfs/ft. 

0.216/0.331 

cfs/ft. 

0.149/0.263 

cfs/ft. 

0.149/0.263 

cfs/ft. 

*Evaluated for the 1-yr return period;  ** Evaluated for the 100-yr return period
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Table ES-1b: Capistrano Beach Extremal Total Water Level (TWL) and Overtopping Rates ( Q ) 

Well Head-G 
Elevation = 18 ft. NAVD 

Well Head-H 
Elevation = 19 ft. NAVD 

*TWL(1)
Present Sea Level 
(eroded/accreted) 

9.7/11.5 ft. NAVD 

status = dry 
9.7/11.5 ft. NAVD 

status = dry 

* Q (1)
Present Sea Level 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1)
2100 Sea Level Low Range Projection 

(eroded/accreted) 

13.3/15.1 ft. NAVD 

status = dry 

13.3/15.1 ft. NAVD 

status = dry 

* Q (1)
2100 Sea Level Low Range Projection 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1)
2100 Sea Level High Range Projection 

(eroded/accreted) 

16.8/18.6 ft. NAVD 

status = flooded accreted beach 

16.8/18.6 ft. NAVD 

status = dry 

* Q (1) 
2100 Sea Level High Range Projection 

(eroded/accreted) 

0.0/0.038 

cfs/ft. 

0.0/0.00 

cfs/ft. 

**TWL(100) 
Present Sea Level 
(eroded/accreted) 

14.0/15.6 ft. NAVD 

status = dry 
14.0/15.6 ft. NAVD 

status = dry 

** Q (100) 

Present Sea Level 
(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

**TWL(100) 
2100 Sea Level Low Range Projection 

(eroded/accreted) 

17.6/19.2 ft. NAVD 

status = flooded accreted beach 

17.6/19.2 ft. NAVD 

status = flooded accreted beach 

** Q (100)
2100 Sea Level Low Range Projection 

(eroded/accreted) 

0.0/0.081 

cfs/ft. 

0.0/0.014 

cfs/ft. 

**TWL(100) 
@ 

2100 Sea Level High Range Projection 

(eroded/accreted) 

21.1/22.7 ft. NAVD 

status = flooded 

21.1/22.7 ft. NAVD 

status = flooded 

** Q (100)
2100 Sea Level High Range Projection 

(eroded/accreted)

0.209/0.318 

cfs/ft. 

0.142/0.250 

cfs/ft. 

*Evaluated for the 1-yr return period;  ** Evaluated for the 100-yr return period
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Q

Q
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2100 sea level projections will occur at the highest located well head (Well Head H) at the 

Capistrano Beach site where overtopping rates will range from (100yr) = 0.142 cfs/ft. to 

0.250 cfs/ft. While these overtopping rates are still dangerous to pedestrian and vehicle traffic, 

they are easily managed by the steel vault enclosures of the well heads and pumps being placed 

at Capistrano Beach. 

Tsunami induced erosion, runup, and inundation were analyzed for the Doheny and 

Capistrano Beaches and shore-side facilities associated with the Doheny Desalination Project for 

present and future sea levels according to low and high range sea level rise predictions. The 

analysis was based on numerical refraction/diffraction codes for a shoaling solitary wave. The 

tsunami event scenario is based on a 2m high solitary wave approaching Doheny Beach from 165 

degrees true, as could be anticipated for a catastrophic tsunami event arising from a major 

landside on the east side of San Clemente Island. The local 

refraction/diffraction pattern from the solitary wave reveals the tsunami wave height begins to 

increase at 50 m of water depth due to shoaling, and reaches 6m of height before breaking along 

the shores of Doheny and Capistrano Beaches. Because the tsunami wave begins shoaling in 

much deeper water than typical storm-induced waves, it causes seabed scour and erosion to 

occur out to very deep-water depths. Therefore, all run-up and total water level solutions are 

based eroded beach profile conditions.  

Tsunami TWL inundation calculations are summarized Table ES-2a for the Doheny 

Beach site, and Table ES-2b for the Capistrano Beach site. These tables indicate that all of the 

shore facilities of the Doheny Desalination Project are above tsunami inundation levels at present 

sea level. However, all of the well heads at both Doheny and Capistrano Beaches would suffer 

some degree of tsunami overtopping if concurrent with 2100 sea levels, and the overtopping 

rates could be quite severe, especially for the high 2100 sea level rise projections. At the low

range of 2100 sea level projections, total water levels would reach TWL = 18.82 ft. NAVD at 

Doheny Beach and TWL = 18.83 ft. NAVD at Capistrano Beach. Well Heads A-C at Doheny 

Beach would experience the highest overtopping surges of = 1.142 cfs/ft while Well Head G 

at Capistrano Beach would remain high and dry. However, if the tsunami occurred atop the high 

range sea level rise projections for year 2100, then total water levels would reach TWL = 22.31 

ft. NAVD at Doheny Beach and TWL = 22.4 ft. NAVD at Capistrano Beach, sufficient to overtop 

all the well sites of the Doheny Desalination project. In this case the tsunami surge could 

produce very high, although short-lived, overtopping rates reaching a maximum of = 5.691 

cfs/ft at Well Heads A-C on Doheny Beach and a minimum of = 2.916 cfs/ft at Well Head H 

on Capistrano Beach. Undoubtedly, the steel vault enclosures of the well heads can be designed 

to withstand these high surge rates, but particular attention should be given to the foundations of 

the vaults to assure those foundations have adequate depth to prevent undercutting by scour. 

These findings are consistent with the FEMA tsunami flood map which show that all of the 

Doheny Beach/San Juan Creek corridor extending several miles inland will be inundated by a 

shoaling tsunami solitary wave. 
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Table ES-2a: Tsunami Total Water Level (TWL) and Overtopping Rates ( Q ) Analysis at the 

Doheny Beach Site 

Well Head-A 
Elevation = 

17 ft. NAVD 

Well Head-B 
Elevation = 

17 ft. NAVD 

Well Head-C 
Elevation = 

17 ft. NAVD 

Well Head-D 
Elevation = 

18 ft. NAVD 

Well Head-E 
Elevation = 18 

ft. NAVD 

TWL 
Present Sea Level 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

Q
Present Sea Level 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

TWL 
2100 Sea Level 

Low Range 

Projection 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

Q
2100 Sea Level 

Low Range 

Projection 

1.142 

cfs/ft. 

1.142 

cfs/ft. 

1.142 

cfs/ft. 

0.345 

cfs/ft. 

0.345 

cfs/ft. 

TWL 
@  

2100 Sea Level 
High Range 

Projection 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

Q
2100 Sea Level 

High Range 

Projection 

5.691 

cfs/ft. 

5.691 

cfs/ft. 

5.691 

cfs/ft. 

4.162 

cfs/ft. 

4.162 

cfs/ft. 

*Evaluated for 2m high tsunami deep water wave height approaching Doheny State Beach from

165 degrees true
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Table ES-2b: Tsunami Total Water Level (TWL) and Overtopping Rates ( Q ) Analysis at the 

Capistrano Beach Site 

Well Head-G 
Elevation = 18 ft. NAVD 

eroded/accreted 

Well Head-H 
Elevation = 19 ft. NAVD 

eroded/accreted 

*TWL
Present Sea Level 

(eroded) 

15.3 ft. NAVD 

status = dry 

15.3 ft. NAVD 

status = dry 

* Q
Present Sea Level 

(eroded) 

0.0/0.0 cfs/ft. 0.0/0.0 cfs/ft. 

*TWL
2100 Sea Level Low 

Range Projection 

(eroded) 

18.83 ft. NAVD 

status = flooded 

18.83 ft. NAVD 

status = dry 

*Q
2100 Sea Level Low 

Range Projection 
(eroded) 

0.352 cfs/ft. 0.0/0.0 cfs/ft. 

*TWL
2100 Sea Level 

High Range 
Projection 

(eroded) 

22.4 ft. NAVD 

status = flooded 

22.4 ft. NAVD 

status = flooded 

*Q
2100 Sea Level 

High Range 
Projection 

(eroded)

4.293 cfs/ft. 2.916 cfs/ft. 

*Evaluated for 2m high tsunami deep water wave height approaching Capistrano Beach from

165 degrees true
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Coastal Hazards Analysis for the Doheny Desalination Project for the Final EIR 

by Scott A. Jenkins, Ph.D. 

1) Introduction: The source water for the Doheny Desalination Project will be drawn from

an array of slant wells that extract pore water from marine sediments that were deposited in

a paleo-channel cut by the San Juan Creek across the continental shelf during the previous

low-stand of sea level (ca. 18,000 yr B.P.; Inman et al, 2003). With the subsequent rise in

sea level during the Flandrian Transgression, the paleo-channel in-filled with fluvial

sediments from the San Juan Creek and littoral sediments from the adjacent nearshore,

(Jenkins and Wasyl, 2005), leaving only the expression of a modern sand delta at the

mouth of the San Juan Creek (denoted by light brown contours in Figure 1). Thus a large

formation of marine valley-fill sediments is available seaward of the mouth of the San Juan

Creek to provide sub-bottom filtration of ocean source water harvested by slant wells.

Desalination of this source water by reverse osmosis (RO) is expected to present several

possible discharge scenarios for disposal of the concentrated seawater by-product (brine),

depending upon the production rate and recovery ratio. The Doheny Desalination Project

will blend brine with treated wastewater and will discharge the combined effluent through

the San Juan Creek Ocean Outfall (SJCOO). The SJCOO extends seaward 10,334 ft. from

the mouth of the San Juan Creek, (Figure 1), in a 1,488 ft. total length L-shaped linear

diffuser with a 216 ft long shoreline-normal section and a right angle dog-leg with a 1,272

ft diffuser section employing 125 discharge ports. The diffuser= discharges at local depths

of 95 ft MSL (29 m MSL), at a distance of roughly 4,415 ft (1,346 m) from the edge of the

continental shelf.

The coastal hazards analysis evaluates potential impacts of combinations of 

extreme waves and ocean water levels on these structures at both present and future sea

levels; and conversely, potential impacts of these structures on nearshore erosion, sediment 

transport and shoreline stability. The study includes assimilation of long-term wave climate 

data bases to evaluate inundation by extreme wave and tsunami run-up that may affect 

stability and operations of subsurface desalination plant intake structures, 

(slant wells), as well as supporting shore facilities. The essential requirements for this 

study, as stated in the California Coastal Commission guidance document for Coastal 

Development  Permits Applications are: 1)  quantify the magnitude and extent to which 

the subsurface intake and associated shore zone  structures could be subject to sea level 

rise, erosion, wave attack or wave run-up due to wave refraction/diffraction over local 

nearshore and shelf bathymetry over a projected lifespan; 2) quantify the of the frequency 

of such events; and 3) evaluate the consequences of such events should they be 

determined significant, and pose remedial options for avoiding such consequences. In 

evaluating these potential hazards for this study, the study will also: 4) evaluate potential 

impacts to the adjacent shoreline due to sea level rise, erosion and wave diffraction and 

reflection from the subsurface intake structures. The latter requirement entails a sediment 

budget and transport analysis of both the near- and far-field of the study area.  
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        Figure 1.1: Project site map in GIS. Bathymetry contours in meters MSL. Data from GEODAS 3 arc-second database
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2) Regulatory Requirements:  

 

The California Coastal Commision Sea Level Rise Guidance Policy Guidance document 

(CCC, 2015) and CCC (2018) provides specific guidance on the analysis protocals of a sea level 

rise/coastal hazards analysis. These are: 

 

Step 1 – Develop temporally- and spatially-appropriate sea level rise projections 

 
Two methods are recommended for establishing a projection value for a specific year: 1) conduct a 

linear interpolation100, or 2) use the “best fit” equations that are provided below. At this time, both are 

acceptable for Coastal Commission purposes 

 

Step 2 – Determine tidal range and future inundation  
 

This step requires the determination the future intersections of mean sea level or other tidal datums with 

the shoreline. Erosion must be accounted for in these determinations. 

 

Step 3 – Determine still water changes from surge, El Niño events, and PDOs 

 
Estimates of surge, El Niño, and PDO water elevation changes are to be developed primarily from 

historical records. There are no state-wide resources for this information, 

 

Step 4 – Estimate beach, bluff, and dune change from erosion 

 
There is no single specific accepted method for predicting future beach erosion. At a minimum, projects 

should assume that there will be inundation of dry beach and that the beach will continue to experience 

seasonal and inter-annual changes comparable to historical amounts. When there is a range of erosion 

rates from historical trends, the high rate should be used to project future erosion with rising sea level 

conditions (unless future erosion will encounter more resistant materials, in which case lower erosion 

rates may be used). For beaches that have had a relatively stable long-term width, it would be prudent 

to also consider the potential for greater variability or even erosion as a future condition. 

 

Step 5 – Determine wave, storm wave, wave runup, and flooding conditions 

 
Wave impacts to the coast, to coastal bluff erosion and inland development, should be analyzed under 

the conditions most likely to cause harm. Those conditions normally occur in winter when most of the 

sand has moved offshore leaving only a reduced dry sand beach to dissipate wave energy (this seasonal 

change in beach width is often referred to as short-term or seasonal erosion). On beaches that will 

experience long-term erosion, trends expected to occur over the entire expected life of the development 

should also be considered. Since water levels will increase over the life of the development due to 

rising sea level, the development should be examined for the amount of sea level rise (or a scenario of 

sea level rise conditions) that is likely to occur throughout the expected life of the development. Then, 

the wave impact analysis should examine the consequences of a 100-year design storm event using the 

combined water levels that are likely to occur with high water conditions and sea level rise, as well as a 

long-term and seasonally eroded beach. 

 

Step 6 – Examine potential flooding from extreme events 
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Extreme events, by their very nature, are those beyond the normal events that are considered in 

most shoreline studies. Tsunami should be among the extreme events evaluated. Planning and 

project analysis need to consider and anticipate the consequences of these outlier events. 

Projections of potential flooding from extreme events are the principle outcome of Step-6. 

3) Temporally- and Spatially-Appropriate Sea Level Rise Projections

This section adresses Step-1 of a sea level rise/coastal hazards analysis as outlined in 

Section 2. The California Coastal Commision Sea Level Rise Guidance Policy Guidance document 

(CCC, 2015) requires that coastal hazards analyses consider sea level rise impacts over the project 

lifetime. Precedence from antecedant desalination projects have typically used project lifspans of 

50 years (SEIR, 2010). With a potential start date of 2020, a fifty year project life for the Doheney 

Desalination Project (DDP) would extend the sea level rise analysis out to 2070. However, the 

present analysis will use 2100 as the ultimate planning horizon for a critical infrastructure project.   

Originally, CCC, (2015) permits either of two methods derived from the NRC report (NRC, 

2012) for making sea level projections, 1) the linear interpolation method, and 2) the best fit 

equation. Sea level projection estimates using the “best-fit” equation are slightly less than 

estimations based on linear interpolation because the NRC’s sea level curves are concave upward 

(sea level rise is expected to accelerate over the 21st Century). In our previous study, we selected 

the best-fit equation method for the sea level rise projections used in this study. Since the Doheny 

Desalination Project is located well south of Cape Mendocino, the appropriate best fit equation for 

use in the DDP coastal hazards analysis is: 

ttSLR 7457.00093.0 2    (upper-range projection) (1) 

ttSLR 039.00038.0 2      (lower-range projection)           (2) 

Here, SLR is the sea level rise in centimeters (cm) and t is the time in years after the year 2000 

baseline. Figure 3.1 plots the sea level rise projections from equations (1) & (2), which appear as 

the cyan colored curve in Figure 3.1 for the low-range projection; and the magenta colored curve 

for the high range projection. For the 2100 planning horizon, sea level rise was originally projected 

to range from 1.37 ft to 5.50 ft. However, in the updated sea level rise policy guidance document, 

(CCC, 2018), equations (1) and (2) were abandoned in favor of a water level province tabulation 

centered around NOAA tide gage stations having long periods of record. The Doheny Desalination 

Projects lies in the La Jolla tide gage water level province, for which sea level rise projections are 

listed in Table G-11 in Appendix-G of CCC (2018). These new projections are plotted in Figure 

3.1 as the blue curve for the low range projections and the red curve for the high range projections. 

Clearly the clarified sea level rise curves in Figure 3.1 project significantly higher future sea levels, 

particularly for the low range estimates.  For the 2100 planning horizon sea level rise is projected 

range from 3.6 ft to 7.1 ft. The low range projection represents a 17% probability that sea level rise 

exceeds these values; while the high range projection represents a 0.5% probability that sea level 

rise exceeds these values. These values will be used in the calculations of extreme total water levels 

(TWL’s) in the following sections. 



 15 

 
Figure 3.1: Range of sea level rise projections from the California Coastal Commission sea 

level rise guidance document, (CCC, 2018, Appendix-G). The 2100 planning horizon is 

indicated by symbols on the upper and lower range curves. Blue curve represents a 17% 

probability that sea level rise exceeds these values; red curve represents a 0.5% probability 

that sea level rise exceeds these values 
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4) Tidal range and Still Water Levels 

 

This section adresses Steps-2 & 3 of a sea level rise/coastal hazards analysis as outlined in 

Section 2. This is accomplished by leveraging a long standing effort of NOAA who has deployed 

tide gages up and down the California coast (NOAA, 2016) to continuously monitor ocean and bay 

water levels, and who has periodically verified those water levels for multi-decadal periods referred 

to as “tidal epochs”. NOAA has deployed continuously active tide gages along the California 

coast, which typically record water levels every 6 minutes, and those measurements account for all 

the combined astronomical, meteorological and climatic effects that have effected water levels in 

the coastal regions of California since the tide gages were installed. These effects include climate 

cycles such as El Niño /Southern Oscillation (ENSO) and the longer period Pacific Decadal 

Oscillation (PDO), as specifically cited for consideration in a coastal hazards analysis in CCC, 

(2015) and CCC (2018). The two closest NOAA tide gage stations to the Doheny Desalination 

Project site are at Newport (NOAA #9410580) and Scripps Pier in La Jolla (NOAA#9410230). The 

period of record for the Newport tide gage ends in 1994, and was not used as the basis for a water 

level province in Appendix-G of CCC (2018). Therefore we base our tidal range and static water 

level analysis on the Scripps Pier tide gage, whose period of record extends from 1924 until 

present, and its vertical datum elevations have also been verified by NOAA for the most recent 

tidal epoch 1983-2001. Those vertical datum elevations are listed in Table-1. 

 Water level recurrence statistics are derived from the record of ocean water levels at the 

NOAA Scripps Pier tide gage based on calculating a stage frequency curve called a “hydroperiod 

function”. The hydroperiod function provides a continuous relationship between ocean water levels 

measured at 6 minute time intervals and the recurrence probability for each observed water level 

increment. The computations involves 0N time steps in the NOAA water level files. Each time sep 

is at 6 minute intervals, over the period of record (1924-2016). Conditional if statements embedded 

in counting loops of the hydro-pr_caltrans software (developed for Caltrans coastal culvert design, 

cf. Jenkins and Taylor, 2016) calculate the number time steps, )( iZN  , for which the ocean 

water level,  , was at least as high as a potential still-water elevation iZ at or above mean sea level.  

The percent time that elevation iZ is wet due to ocean inundation is calculated as: 

 

)Z  N(   
N

100%
 = E i

o

i
 

ˆ
ˆ                                                    (3) 

 

where : )(ˆ
0 MSLNN

i

i    

                                     

 

Time averaging Equation (3) over yearly increments and then ensemble averaging the yearly 

averages gives an annualized hydroperiod function jiH , that represents the annualized probability 

of ocean water levels reaching a still-water elevation iZ     
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Table 4.1: Tidal Datums at Scripps Pier NOAA Tide Gage Station: 

Elevations on Station Datum 

Station: 9410230, La Jolla, CA  

Status: Accepted (Oct 6 2011)  

Units: Feet  

T.M.: 120  

Epoch: 1983-2001  

Datum: STND  

Datum Value Description 

MHHW  9.69 Mean Higher-High Water 

MHW  8.97 Mean High Water 

MTL 7.12 Mean Tide Level 

MSL 7.10 Mean Sea Level 

DTL 7.03 Mean Diurnal Tide Level 

MLW  5.27 Mean Low Water 

MLLW  4.37 Mean Lower-Low Water 

NAVD88  4.56 North American Vertical Datum of 1988 

STND 0.00 Station Datum 

GT 5.33 Great Diurnal Range 

MN 3.69 Mean Range of Tide 

DHQ  0.73 Mean Diurnal High Water Inequality 

DLQ  0.91 Mean Diurnal Low Water Inequality 

HWI 5.01 Greenwich High Water Interval (in hours) 

LWI 11.07 Greenwich Low Water Interval (in hours) 

Maximum 12.03 Highest Observed Water Level 

Max Date & Time 01/11/2005 17:00 Highest Observed Water Level Date and Time 

Minimum 1.50 Lowest Observed Water Level 

Min Date & Time 12/17/1933 23:36 Lowest Observed Water Level Date and Time 

HAT  11.51 Highest Astronomical Tide 

HAT Date & Time 08/09/1987 03:54 HAT Date and Time 

LAT  2.49 Lowest Astronomical Tide 

LAT Date & Time 01/28/1987 22:48 LAT Date and Time 

Tidal Datum Analysis Periods : 01/01/1983 - 12/31/2001 

Tidal Datums: 

EHW = 7.47 ft NAVD 

HAT = 6.95 ft. NAVD 

MHHW =  5.13 ft NAVD 

MHW =  4.41 ft NAVD 

MSL = 2.54 ft NAVD 

MTL = 2.56 ft NAVD 

MLLW = 0.00 ft. NAVD 

ELW = -3.06 ft NAVD 

NGVD 1929 = 2.35 ft. NAVD 

http://tidesandcurrents.noaa.gov/datum_options.html#NTDE
http://tidesandcurrents.noaa.gov/datum_options.html#MHHW
http://tidesandcurrents.noaa.gov/datum_options.html#MHW
http://tidesandcurrents.noaa.gov/datum_options.html#MTL
http://tidesandcurrents.noaa.gov/datum_options.html#MSL
http://tidesandcurrents.noaa.gov/datum_options.html#DTL
http://tidesandcurrents.noaa.gov/datum_options.html#MLW
http://tidesandcurrents.noaa.gov/datum_options.html#MLLW
http://tidesandcurrents.noaa.gov/datum_options.html
http://tidesandcurrents.noaa.gov/datum_options.html#STND
http://tidesandcurrents.noaa.gov/datum_options.html#GT
http://tidesandcurrents.noaa.gov/datum_options.html#MN
http://tidesandcurrents.noaa.gov/datum_options.html#DHQ
http://tidesandcurrents.noaa.gov/datum_options.html#DLQ
http://tidesandcurrents.noaa.gov/datum_options.html#HWI
http://tidesandcurrents.noaa.gov/datum_options.html#LWI
http://tidesandcurrents.noaa.gov/datum_options.html#HAT
http://tidesandcurrents.noaa.gov/datum_options.html#LAT


 18 

                        


 












kj

j
i

j

ji

j

dtE
k

P
1 0

,
ˆ11 

                                        (4) 

 

 

Here  j  is the length of tidal record in year-j and k  is the number of years in the period of record 

of the tide gage. The annualized hydroperiod function of still-water level elevations at present sea 

level is plotted in Figure 4.1, based on the NOAA Scripps Pier ocean water level data (surrogate for 

the Doheny Desalination Project site). Inspection of Figure 4.1 indicates that recurrence probability 

for mean higher high water levels are P(MHHW) = 13%  and P(MHW) = 28% for mean high water 

levels; while intuitively the recurrence probability for mean sea level is P(MSL) = 100%. The 

extreme high water level event is a less than 1% event at P(EHW) = 0.06%. 

                           

Table 1 reveals that the extreme high water level, (EHW = 7.47 ft. NAVD, occurring 1 

November 2005) exceeds the highest astronomical tide, (HAT = 6.95 ft NAVD, occurring 9 August 

1987). The largest exceedance of daily high water levels above the astronomic tides in the period of 

record of the NOAA #9410230 occurred during the 1997-98 El Niño on 13 November 1997, when 

the daily high water level was 1.47 ft above the astronomic tides (Figure 4.2). This discrepancy 

occurs as a result of climate cycle effects that warm the coastal ocean creating an increase in steric 

sea level due to thermal expansion of the water mass, which can persist for as long as 8-10 months.   

Climate cycles involve intense global modifications that are signaled by anomalies in the pressure 

fields between the tropical eastern Pacific Ocean and Australia/Malaysia known as the Southern 

Oscillation.  The intensity of the oscillation is often measured in terms of the Southern Oscillation 

Index (SOI), defined as the monthly mean sea level pressure anomaly in mb normalized by the 

standard deviation of the monthly means for the period 1951-1980 at Tahiti minus that at Darwin, 

Australia. The Southern Oscillation is in turn, modulated over multi-decadal periods by the Pacific 

Decadal Oscillation, which results in alternating decades of strong and weak El Niño.   

 The long-term variability of the Pacific Decadal Oscillation (PDO) is shown in Figure 4.3 

and the cumulative residual of the Southern Oscillation Index, between 1882 and 1996, is plotted in 

Figure 4.4, where cumulative residuals  nSOI  are taken as the continued cumulative sum of 

departures of annual values of a time series  jSOI  from their long-term mean values  SOI , such 

that : 

 

                                                        )SOI SOI(  = SOI i

n

o

n                                      (5) 

 

 

Here  n  is the sequential value of a time series of  n  years.  Southern Oscillation effects give rise 

to enhancements and protractions of the inter-annual seasonal cycles, and their two extremes are 

referred to as El Niño (SOI negative) and La Niña (SOI positive). Inspection of Figure 5a reveals a 

number of large positive oscillations in the SOI between 1944 and 1978 corresponding to La Niña 

dominated climate; and a series of very large negative oscillations occurring between 1978 and 

1995 which correspond with El Niño dominated climate.  
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Figure 4.1: Hydroperiod function of still-water level elevations at present sea level, based on 

ocean water level measurements at the Scripps Pier tide gage station, NOAA #9410230, for the 

period of record 1924-2016. Tidal datums based on the 1983-2001 tidal epoch (latest datum 

analysis period).  
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 Along the southern California coast, a period of mild-stable La Niña dominated pressure 

systems prevailed between 1944 and 1978.  The average SOI for this period was +0.1,with strong 

La Niña events in 1950, (SOI = +1.4); 1955/56, (+1.2); 1970/71, (+1.0); 1973/74, (+1.0); and 

1975/76 (+1.4). Winters were moderate with low rainfall, and winds were predominantly from the 

west-northwest.  The principal wave energy was from Aleutian lows having storm tracks which 

usually did reach southern California.  Summers were mild and dry with sea surface temperatures 

seldom exceeding 200C. The North Pacific High dominated the coastal transport by strengthening 

the California Current and promoting coastal upwelling of cold bottom water. The effect of these 

cool dry La Niña dominated climate periods was to promote negative anomalies in the steric sea 

level, augmented by depression of sea level by the inverse barometer effects of a strong North 

Pacific High. 

 The climate in southern California changed, beginning with the El Niño years of 1978/79 

and extending at least until 1999.  The average SOI for this period was -0.5, with the 1978/79 El 

Niño averaging -1.2, the 1982/83 El Niño averaging a record -1.7 and the 1993/94 El Niño 

recording a mean of -1.0.  During these periods, the North Pacific High was weakened and 

transport of warm equatorial water masses into the Southern California Bight were promoted by 

topographically trapped Kelvin waves. The North Pacific High was weak and the prevailing north-

westerly winter waves were replaced by high energy waves approaching from the west or 

southwest, while the previous southern hemisphere swell waves of summer were replaced by 

shorter period tropical storm waves during late summer months from the more immediate waters 

off Central America. These dynamics promoted positive sea level anomalies in steric sea level as a 

consequence of thermal expansion of the warm coastal ocean water mass, augmented by inverse 

barometer effects under strong frontal cyclones during winter. 

 These climate effects on the hydroperiod function are proportioned schematically in Figure 

4.5. Basically, ocean water levels result from the astronomic tides oscillating around the steric 

sealevel, which itself varies slowly in response to seasonal warming and cooling of the coastal 

water mass, and longer term warming and cooling from ENSO and PDO. While the highest 

astronomic tides have reached HAT = +6.95 ft NAVD, astronomic tides typically do not exceed   

= +6.0 ft NAVD during a typical spring-neap cycle. Seasonal warming of the coastal ocean can 

cause an increase in steric sea levels by as much as  = +0.5 ft. As Figure 4.2 reveals, a strong El 

Niño event can create as much as  =+1.47 ft. increase in steric sea level, but more typically El 

Niño events  cause positive sea level anomalies on the order of  =+1.47 ft. Because PDO re-

enforces El Niño events during a multi-decadal warm wet climate period as occurred during the 

1978-1998 epoch, just how much of these anomalies is due to PDO is uncertain, but generally it is 

believed that about 10% to 15% of an El Niño sea level anomaly is due to a positive PDO cycle. 

On the other hand,  La Niña events depress steric sea levels and typically produce negative sea 

level anomalies on the order of  = -0.6 ft.  

Because the hydroperiod function in Figure 4.1 is based on multi decadal ocean water level 

measurements (1924-2016), it captures the combined effects of PDO, ENSO, and astronomic tides. 

It also captures the transient storm surge events. Storm surge is a wind-set-up phenomena, but 

because California is a collision coastline with a very narrow continental shelf, it does not develop 

the large storm surges of tens of feet that occur on the broad shelf environments of the Gulf and 

Atlantic coastlines during hurricanes. Storm surge on the California coast is primarily due to the 

inverse barometer effect, which causes the sea surface to bulge upwards under low pressure 

weather systems approaching the coastline, and typically lasts a few days during the passage of  
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Figure 4.2: Comparison of measured ocean water level (red) at the Scripps Pier tide gage vs. 

predicted water level based on tidal constituents (black dashed) for the extreme high water event of 

13 November 1997 (from Jenkins and Wasyl, 2005). 
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Figure 4.3.   Typical wintertime Sea Surface Temperature (colors), Sea Level Pressure (contours) 

and surface wind stress (arrows) anomaly patterns during warm and cool phases of PDO. 
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Figure 4.4.   Cumulative residual of quarterly values of Southern Oscillation Index (SOI) [data 

from Australian Commonwealth Bureau of Meteorology]. 
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Figure 4.5 Schematic decomposition ocean water levels according to astronomic tides, and  

seasonal and ENSO/PDO cycle effects on steric sea levels. 

 

 

winter cold fronts. The sea surface rises 1 cm for every millibar drop in atmospheric pressure. The 

atmospheric pressure during strong El Niño storms may drop to as low as 993 millibars, (as 

compared to 1,013 millibars standard atmospheric pressure); which equates to a 20 cm rise in 

ocean water level during the passage of the storm due to the inverse barometer effect. That short 

term rise is captured by the NOAA tide gage at the end of Scripps Pier, and is built into the 

hydroperiod function in Figure 4.1. But, because the Scripps Pier tide gages is located in a stilling 

well considerably seaward of the surf zone, the hydroperiod function derived from its water level 

measurements do not include dynamic effects from wave set-up or runup. Consequently the 

hydroperiod function maps the probabilities of still water levels at or above mean sea level. 

 Because both the Scripps Pier NOAA tide gage and the Doheny Desalination Project are 

sited in locations with narrow continental shelfs of only about 4.5 km in width, it is reasonable to 

assume that the local tidal dynamics will not be altered by higher future sea levels (ie, sea level rise 

will not cause any new resonance or damping effects of the astronomic tides across the continental 

shelf). It is not known how ENSO or PDO climate cycles might be altered by global warming and 

higher sealevels, but for now it is resonable to assume that the hydroperiod function of still water 

elevations at future sealevels can be obtained by linear superposition of the present hydroperiod 

function in Figure 4.1 and the sea level rise projections in Figure 3.1.  By that approach, the 

hydroperiod function of still-water level elevations was obtained at 2100 sea level in Figure 4.6.  
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Figure 4.6: Hydroperiod function of still-water level elevations at 2100 sea level, based on ocean 

water level measurements at the Scripps Pier tide gage station, NOAA #9410230, for the period of 

record 1924-2016. Tidal datums based on the 1983-2001 tidal epoch (latest datum analysis period). 

Sea level rise component from Appendix-G, Table G-11 in CCC (2018) 
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At the year 2100 planning horizon for desalination projects, low range projections in Figure 4.6. 

indicate that mean sea level increases to MSL =  +6.14 ft NAVD while extreme high water 

increases to EHW = +11.07 ft. NAVD, while mean higher high water increases to MHHW = + 8.73 

ft. NAVD. At the high range 2100 projections, mean sea level increases to MSL =  +9.64 ft. 

NAVD; extreme high water increases to an astonishing EHW = +14.57 ft. NAVD, and mean higher 

high water increases to MHHW = + 12.23 ft. NAVD. The still water elevations inferred at future 

sea levels from the linear superposition assumption are summarized in Table 4.2 below. It is 

interesting to note that under the updated policy guidance (CCC,2018) water levels for the high 

range sea level rise projections for 2070 are the same as water levels for the low range sea level rise 

projections for year 2100. 

 

 

Table 4.2: Still Water elevations at present and future sea levels. Based on NOAA #941-0230 tide 

gage records and sea level rise from Appendix-G, Table G-11 in CCC (2018) 

  

Tidal Datums 

 

Present Sea 

Level 
(ft. NAVD 88) 

2070 Sea 

Level Low 

Range 

Projection 
(ft. NAVD 

88) 

2070 Sea 

Level High 

Range 

Projection 
(ft. NAVD 88) 

*2100 Sea 

Level Low 

Range 

Projection 
(ft. NAVD 88) 

*2100 Sea 

Level High 

Range 

Projection 
(ft. NAVD 88) 

Mean Sea 

Level 

(MSL) 

2.54 4.54 6.14 6.14 9.64 

Mean High 

Water 

(MHW) 

4.41 6.41 8.01 8.01 11.51 

Mean Higher-

HighWater 

(MHHW) 

5.13 7.13 8.73 8.73 12.23 

Extreme High 

Water 

(EHW) 

7.47 9.47 11.07 11.07 14.57 

*Planning horizon for the Doheny Desalination Project. 

 

 

 

 

5) Technical Approach for Erosion and Dynamic Water Level Analysis:  

 

This section establishes the technical approach for evaluating Steps-4 & 5 of a sea level 

rise/coastal hazards analysis as outlined in Section 2. The total run-up, R , is composed of three 

main components: Static wave setup,  , Dynamic wave setup, rms  ; Incident wave run-up, incR . 

The total water level (TWL) is defined as the sum of the total run-up and the SWL, referenced to 

an established vertical datum. 
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5.1 Models: To quantitatively evaluate the problems of implementing subsurface intake 

technology at SJCOO, we invoke a numerical seabed stability analysis utilizing the Coastal 

Evolution Model (Figure 5.1) applied to the Oceanside Littoral Cell (Figure 5.2). The Coastal 

Evolution Model was commissioned by the Kavli Foundation to make forecast predictions of the 

effects of sea level rise on the coastline of California (Jenkins and Wasyl, 2005).  

The Coastal Evolution Model (CEM) is a process-based numerical model. It consists of a 

Littoral Cell Model (LCM) and a Bedrock Cutting Model (BCM), both coupled and operating in 

varying time and space domains (Figure 5.1.) determined by sea level and the coastal boundaries of 

the littoral cell at that particular sea level and time.  At any given sea level and time, the LCM 

accounts for erosion of uplands by rainfall and the transport of mobile sediment along the coast by 

waves and currents, while the BCM accounts for the cutting of bedrock by wave action in the 

absence of a sedimentary cover. 

 In both the LCM and BCM, the coastline of the Oceanside Littoral Cell (the region of 

coastline between Dana Point and Point La Jolla, Figure 5.2) is divided into a series of coupled 

control cells.  Each control cell is a small coastal unit of uniform geometry where a balance is 

obtained between shoreline change and the inputs and outputs of mass and momentum.  The model 

sequentially integrates over the control cells in a down-drift direction so that the shoreline response 

of each cell is dependent on the exchanges of mass and momentum between cells, giving continuity 

of coastal form in the down-drift direction.  Although the overall computational domain of the 

littoral cell remains constant throughout time, there is a different coastline position at each time 

step in sea level.   For each coastline position there exists a similar set of coupled control cells that 

respond to forcing by waves and current.  Time and space scales used for wave forcing and 

shoreline response (applied at 6 hour intervals) and sea level change (applied annually) are very 

different.  To accommodate these different scales, the model uses multiple nesting in space and 

time, providing small length scales inside large, and short time scales repeated inside of long time 

scales. The LCM (Figure 5.1, upper) has been used to predict the change in shoreline width and 

beach profile resulting from extreme wave run-up, sea level rise, erosion, accretion and longshore 

transport of sand by wave action, where sand source is from river runoff or from tidal exchange at 

lagoon and bay inlets (e.g., Jenkins and Inman, 1999).  More recently it has been used to compute 

the sand level change (Farfield Effect) in the prediction of mine burial (Jenkins and Inman, 2002; 

Inman and Jenkins, 2002).  Time-splitting logic and feedback loops for climate cycles and sea level 

change were added to the LCM together with long run time capability to give numerically stable 

long term predictions. 

 

5.2: Computational Approach: The presently adopted procedure for wave run-up analysis 

for the design of coastal structures, (as set forth in the U.S. Army Corps of Engineers Coastal 

Engineering Manual (USACE, 2006), and its software counterpart, the Automated Coastal 

Engineering System, known as ACES), is based on the assumption of rigid boundaries. The Coastal 

Evolution Model described in Section 3.1 is utilized for this analysis and employs algorithms 

consistent with the U.S. Army Corps of Engineers Coastal Engineering Manual, but employs the  
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Figure 5.1: Architecture of the Coastal Evolution Model consisting of the Littoral Cell Model 

(above) and the Bedrock Cutting Model (below). Modules (shaded) are formed of coupled 

primitive process models. (Jenkins and Wasyl, 2005). 
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Figure 5.2: Oceanside Littoral Cell and Oceanside Harbor Sub-Cell. Composite bathymetry from 

NOS data base and equilibrium profiles after Jenkins and Inman (2006) for wave conditions of wet 

weather scenario. Depth contours shown in meters mean sea level. USGS cross-shelf survey tracks 

shown as numbered black line segments. 
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add-on features of latest generation equilibrium beach profile algorithms from Jenkins and Inman 

(2006) and supporting bathymetric data bases for the entire shore and continental shelf of 

California. 

5.3) Wave Setup and Run-up: Wave setup is an increased elevation of the water level due 

to the effects of wave momentum being transferred to the surf zone. In wave systems composed of 

more than one wave component, as occurs in the Pacific Ocean, the setup oscillates and comprises 

a static and a dynamic component. Wave runup is the culmination of the wave breaking process, 

whereby the wave surges up the beach, bluff, or structure face along the shoreline.  Overtopping 

occurs when the wave runup exceeds the profile crest elevation, which can result in flooding 

landward of the crest.  Runup is a function of several key parameters. These include the wave 

height, H the wave period, T , the wave length,  L  , the profile slope, m , and the surf similarity 

parameter (Iribarren number),   defined as: LHm // . The total water level (TWL) is defined 

as the sum of the total runup and the SWL, referenced to an established vertical datum. The results 

for this study are referenced to the North American Vertical Datum of 1988 (NAVD88) vertical 

datum. The total runup, R , is composed of three main components: Static wave setup,  , 

Dynamic wave setup, rms  ; Incident wave runup, incR . 

 Wave setup and runup are typically computed at hourly time steps from an historic record of 

wave monitoring, (see Section 6.0). Wave setup and runup are combined with still water level 

values (from hydroperiod functions, see Jenkins, 2015) to develop the TWL values.  It should be 

noted that the increase in sea level for future scenarios should be added to each hourly SWL over 

the 32-year wave record (see Section 4.2) for the analysis of TWLs, with the 1-percent-annual-

chance results derived statistically from the resultant 32 annual maxima as explained in Section 2.6.  

 Annual maxima TWLs are computed for each sea level rise (SLR) scenario, and a statistical 

Generalized Extreme Value (GEV) analysis is performed on these values to determine the 1-

percent-annual-chance TWL for two example problems. The overtopping rate is calculated for 

instances where the TWL exceeded the engineered barrier crest and overtopping occurred. Each 

step used to evaluate hazards is described in detail in the following subsections. 

Both static and dynamic components of wave setup were calculated using the Direct 

Integration Method (DIM) which uses a parameterized set of equations that consider wave and 

bathymetric characteristics, specifically the shape of the wave energy spectrum and the nearshore 

shorerise and bar-berm beach slope ( DIMm ). The wave setup equations include factors for wave 

height ( HF  and HG  ), wave period ( TF  and TG ), JONSWAP spectral narrowness factor ( GammaF  and 

GammaG ), and nearshore slope ( SlopeF  and SlopeG ).  

 

Static wave setup is calculated as: 
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Dynamic wave setup is calculated as: 
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 The wave parameters required as input for DIM are the deepwater equivalent significant 

wave height, in feet, ( 0H  ) and the spectral peak wave period ( PT ), as well as a measure of the 

spectral shape (Gamma). The spectral peak parameter, Gamma, was computed via a polynomial fit 

between the spectral width parameter   and Gamma, according to: 

 

                1.5079.4769178230832047 234  Gamma                          (8) 

 

Values of are computed directly from the spectral moments ( 210 ,,  ) based on the Longuet-

Higgins (1973) definition of the spectral narrowness:  
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Figure 5.3 Gamma values are limited from 1 to 38, based on the range of wave data used 

(Section 4.4) to relate the spectral narrowness,  , to the peak parameter, Gamma, as shown in 

Figure 3.3.
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The deepwater equivalent significant wave height, 0H  , and the peak wave period, PT , 

are provided as output from the CDIP wave monitoring data (CDIP, 2015) and are input 

directly into Equations 8 and 9. The nearshore slope, DIMm , is taken from nearshore and 

beach surveys by Coastal Environments, et al., (2014) that were used to calibrate extreme 

event computations of profile slope using the elliptic cycloid algorithms of Jenkins and 

Inman (2006). The slope term, DIMm . Used in the TWL computations is calculated from 

the average slope between the landward limit of wave runup and the location offshore 

where the water depth is two times the depth at which the deepwater significant wave 

height would be subject to depth-limited breaking (van der Meer, 2002).  The landward 

limit of wave runup is calculated iteratively, with the initial approximation being the 

SWL. 

 

 5.4 Wave Runup: Wave runup was calculated using either the DIM or the 

Technical Advisory Working Group (TAW) method (van der Meer, 2002), depending 

upon the dynamic water level relative to the toe of the coastal structure and the shoreline 

(bar-berm) slope, TAWm , calculated iteratively across the surf zone. The DIM is used to 

calculate runup for transects with natural, gently sloping ( DIMm  < 0.125) profiles.  For 

shorelines with shore protection structures and steeply sloping ( TAWm ≥ 0.125) natural 

shorelines where the dynamic water level exceeds the toe of the structure, the TAW 

method was used to calculate runup.  If the dynamic water level does not reach the toe of 

the structure or bluff face, the DIM is used. The total swash level, including wave setup 

and incident wave runup, is added to the still water level (SWL) to determine the total 

water level, (TWL), see Figure 5.4).  Each of these methods is described in detail in the 

following subsections. 

 
 

Figure 5.4:  Conceptual Model Showing the Components of Wave Runup Associated 

with Incident Waves. 
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5.5 DIM Runup Calculations: Runup on gently sloping, natural shorelines, and 

beaches seaward of a structure or bluff toe, is calculated using the direct integration 

method (DIM).  The runup calculation is based on the standard deviations of the 

oscillating wave setup and the incident wave runup components, and is a continuation of 

the DIM approach for wave setup. The dynamic setup rms is defined as the standard 

deviation of setup fluctuations, calculated from Equation 2. The standard deviation of the 

incident wave oscillations (wave runup), 2 on natural beaches is: 

 

                                                   002 3.0 H                                                      (10) 

 

Where, 0H   is the deep water significant wave height, 
DIMm  is the nearshore (shorerise) 

bottom slope, 2/2

0 PgTL   is the deep water wave length, and 0 is the deep water 

Iribarren number: 

                                                  

00

0
/LH

mDIM


  

The oscillating component of the total wave runup or swash, T̂  , is determined from the 

combination of the two standard deviations of the fluctuating components: 

 

                                               220.2ˆ   rmsT
                                              (11) 

 

Combining the results from Equations 6 & 11 yields the total wave runup, which when 

superimposed with the SWL yields the total water level, TWL: 

 

 

                                               SWLTWL T   ˆ                                              (12) 

 

Where SWL is the still water level derived from the hydroperiod function given by 

Jenkins, (2015). 

5.6 TAW Runup Calculations: Runup on barriers, including steep ( TAWm  > 

0.125) dune features, bluffs, and coastal armoring structures such as revetments, are 

calculated using the TAW method (van der Meer, 2002). Wave runup on barriers is a 

function of the geometry and roughness of the structure, as well as the height and 

steepness of the incident wave. The TAW method provides a mechanism for calculating 

wave runup with adjustments made through reduction factors to account for surface 

roughness and the effects associated with the angle of wave approach. 

 

With the TAW methodology the wave setup component of the TWL is calculated at the 

toe of the structure, and wave setup landward of the toe of the structure is not included. 

Wave setup seaward of the toe of the structure is computed with the DIM, using the 

nearshore slope, 
DIMm . Wave setup is not included for cases where waves would not have 

broken prior to reaching the toe of the structure. 
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The reference water level at the toe of the structure for runup calculations using the TAW 

method is defined as the 2-percent Dynamic Water Level (DWL2%). The dynamic water 

level is the sum of the measured SWL, the static wave setup,  , and the dynamic wave 

setup, rms .  Because DIM provides the static setup at the shoreline and not the barrier 

toe, and the magnitude of static wave setup varies significantly with depth across the surf 

zone, from a maximum at the shoreline to approximately zero seaward of the breaking 

point, a reduction to the static setup component is applied for cases where the barrier toe 

elevation is inundated by the SWL and the TAW method is used for computing wave 

runup.  The dynamic setup, however, varies insignificantly across the surf zone and 

requires no adjustment. 

 

This procedure involves computing the static wave setup at the shoreline and at the toe 

location to determine a static setup reduction factor to be applied to the static wave setup 

calculated using DIM.  The wave setup at the shoreline and toe location and subsequent 

reduction factor are based on the root mean square of the breaking significant wave height

 
rmsbH , and the depth at the toe of the barrier relative to SWL, h .  The  

rmsbH  is 

determined using the deepwater equivalent significant wave height, 0H  , and the peak 

wave period, PT  , according to: 
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Where  is the breaker criterion equal to 0.78 and 0C is the deepwater wave celerity,

PTLC /00  . The static wave setup at the SWL shoreline is: 

 

                                                    
rmsbH189.00                                                    (14) 

 

And the static wave setup at the toe of the engineered barrier is: 

 

                                                hHh
rmsb 186.0189.0)(                                     (15) 

 

The static wave setup reduction factor,    is then a ratio of the static wave setup at the 

toe to the static wave setup at the SWL shoreline, or: 
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This reduction factor is then applied to the DIM static wave setup to compute a depth-

adjusted static wave setup at the toe of the engineered barrier,  

 

                                                                                                                      (17) 

 

The 2-percent Dynamic Water Level (DWL2%) is thus calculated as: 

 

                      SWLDWL rms   2%2                                            (18) 

 

 The next step is to compute the wave height at the toe of the barrier and the 

resultant wave runup on the barrier. Let 0mH  represent the spectral significant wave 

height at the toe of the structure. If the DWL2% depth at the structure toe is found to be 

too shallow to support the calculated wave height, the wave was assumed to be depth- 

limited and the incident wave height was calculated using a breaker index of 0.78, 

whence 
toem hH 78.00  . The average slope for use in the TAW methodology, TAWm ,  is 

calculated iteratively across the surf zone between the still water line minus 05.1 mH  and 

the runup limit.  The lower slope point must never be below the toe, however, even if 

SWL - 05.1 mH  falls below the toe (van der Meer, 2014). In these cases, the lower slope 

point is set at the toe.  Since the runup limit is initially unknown, the still water level plus 

05.1 mH  is chosen as a first estimate (Figure 5.5).  If the runup limit exceeded the selected 

crest, the runup limit was set at the crest. The general formula of TAW for calculating the 

2-percent wave runup on barriers is 

 

                   mbrmHR 00%2 77.1          if: 8.15.0 0  m   

or: 

                                                                                                                                         (14) 
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Where, 2%2 2R is the wave runup height exceeded by 2 percent of the incoming 

waves; 0mH is the spectral significant wave height at the structure toe; r is the 

influence coefficient for roughness element of slope; b is the influence coefficient for a 

berm;   is the influence coefficient for oblique wave attack;   5.0

00 // mmTAWm LHm  

is the Iribarren number based on wave parameters at the toe of the structure. Influence 

factors for roughness, the presence of a berm, and oblique wave attack are selected 

according to Table D.4.5-3 in the Final Draft Guidelines for Coastal Flood Hazard 

Analysis and Mapping for the Pacific Coast of the United States (FEMA, 2005), hereafter 

referred to as the Pacific Guidelines. The roughness reduction factor is set to 1.0 for a 

smooth concrete seawall or sheet pile barrier. 
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Figure 5.5:  Determination of an Average Slope of Hard Back-Shore Formations (Bluff or 

Barriers) Based on an Iterative Approach, (Corrected from van der Meer, 2002) 

 

 

The influence factor for oblique wave attack is calculated at each time step in the CDIP 

wave record (see Section 6). The spectral significant wave height 
0mH  is shoaled and 

refracted from a deep water point to the structure toe. The wave direction at the toe is 

compared to the transect orientation, perpendicular to the shoreline, to determine the 

angle of wave attack.  For cases in which waves break seaward of the structure toe, the 

wave direction is taken from the point of breaking; i.e., where the incident wave height at 

the toe is depth-limited and calculated using a breaker index of 0.78, whence:

toem hH 78.00  . 

Incident wave runup, 
2%2 2R is then statistically combined with the reduced 

dynamic wave setup as with the application of DIM, and added to SWL and static wave 

setup to yield the total water level, TWL, or: 
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For non-vertical structures with slopes greater than 1:1, the TAW manual after van der 

Meer (2002) suggests using the TAW method with an additional vertical wall reduction 
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factor, v , to account for runup on very steep (but not vertical) slopes. With steep slopes, 

the Iribarren number   5.0

00 // mmTAWm LHm becomes large which means that the 

waves will not break.  To keep the relationship between the type of breaking and the 

Iribarren number, the vertical wall must be schematized as a 1:1 slope. Therefore, the 

barrier slope was set to 1:1 for the Iribarren number calculation, and a vertical wall 

reduction factor for steep slopes was applied: 

 

                              facev m1tan0078.035.1                                                       (16) 

 

where the face slope, facem  measured between the selected toe and face locations, is the 

angle of the actual slope in degrees (van der Meer, 2002). While this approach is based 

on work done for vertical walls atop dikes, sensitivity testing showed that it compared 

well with the TAW method and the Shore Protection Method (SPM) (USACE, 1984) for 

vertical walls as an intermediate approach to calculating runup on steep slopes. The use 

of this vertical wall reduction factor accounts for wave reflection expected on slopes 

greater than 45 degrees, and this approach generates results that fall between those for a 

45- degree slope and those for a vertical wall. 

Wave overtopping occurs when a potential runup elevation exceeds a structure’s 

profile crest elevation. When wave runup is shown to exceed the barrier crest, the 

severity of wave overtopping is evaluated based on the mean overtopping rate, q. The 

required input parameters for computing the mean overtopping discharge are the wave 

height and freeboard, defined as the difference between the DWL2% and the structure 

crest. The 1-percent-annual- chance TWL available from the wave runup and extreme 

value analyses is a statistical value and is not associated with either a specific wave height 

or DWL2%. Therefore, the maximum wave height at the structure toe and the maximum 

and average DWL2% associated with the 32 annual maximum TWLs were chosen for use 

with the 1-percent TWL to estimate the 1-percent overtopping hazard. 

Mean overtopping rates, q, were computed following Table VI-5-8 in the Coastal 

Engineering Manual (USACE, 2006) which presents an overtopping formula for 

impermeable and permeable barriers and structures according to: 

 

                            exp
2

c om
s om

s r

bR s
Q a gH T

H  

 
   

 
                                         (17) 

 

Where sH , is the significant wave height at the structure, cR is the freeboard, r  is the 

influence factor for surface roughness, omT is the wave period associated with the spectral 

peak in deep water, oms  is the wave steepness associated with the spectral peak in deep 

water, and a  and b are empirical constants based on beach slope and berm width as 

determined from measured beach profiles plotted in Section 6.4. To conservatively 

maximize the overtopping potential, sH  and cR  are selected as the maximum wave 

height at the structure and the minimum freeboard between the highest DWL2% and the 

barrier crest elevation.  



 38 

5.7) Beach Profile Calculations: A critical set of inputs to the wave setup, total 

runup and total water level (TWL) computations are the profile slope terms, DIMm , TAWm , 

and facem . These are calculated from the beach and shore rise profiles during extremal 

wave events. Since there are only a limited set of beach profile measurements at Doheny 

State Beach, (and virtually none of these measurements have been performed during 

extremal wave events), the beach profile and its slope must be represented by model 

calculations that have been calibrated using the available set of beach profile 

measurements. Beach profile measurements at Doheny State Beach have been conducted 

by the US Army Corps of Engineers, USACOE (1991), Coastal Environments, (2014), 

and Coastal Frontiers (2014). 

It is well known that beach and nearshore bottom profiles change seasonally in 

response to seasonal wave climate variations as shown in Figure 5.6, (cf: Inman et al, 

1993; Jenkins and Inman 2006); and that seasonal transitions between summer and winter 

equilibrium states cause seasonal changes in the mean shoreline (Equation 7).  

 

 

 

 

 
Figure 5.6: Schematic of summer and winter equilibrium beach profiles, from Inman, et 

al (1993). 

 

 

Short period waves during summer (from the spin up of winds from the local North 

Pacific High) cause the inner bar-berm section of the beach profile to build up and 

steepen; while long period storm swells during winter from the Aleutian low cause the 
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bar-berm profile to flatten, and transfer beach sand to the outer shore-rise profile. These 

changes between summer and winter equilibrium states are predicted from the long-term 

wave record (Section 6) applied to the well-tested elliptic cycloid solutions after Jenkins 

and Inman (2006). The elliptic cycloid represents the equilibrium beach profile with a 

curve that is traced out by following a point on the circumference of a rolling ellipse 

(Figure 5.7)  

 The elliptic cycloid solutions were developed for beach profiles by Jenkins and 

Inman, (2006) using equilibrium principles of thermodynamics applied to very simply 

representations of the nearshore fluid dynamics.  Equilibrium beaches are posed as 

isothermal shorezone systems of constant volume that dissipate external work by incident 

waves into heat given up to the surroundings. By the maximum entropy production 

formulation of the second law of thermodynamics (the law of entropy increase), the 

shorezone system achieves equilibrium with profile shapes that maximize the rate of 

dissipative work performed by wave-induced shear stresses.  Dissipative work is assigned 

to two different shear stress mechanisms prevailing in separate regions of the shorezone 

system, an outer solution referred to as the shorerise and a bar-berm inner solution 

(Figure 5.7a).  The equilibrium shorerise solution extends from closure depth (zero 

profile change) to the breakpoint, and maximizes dissipation due to the rate of working 

by bottom friction.  In contrast, the equilibrium bar-berm solution between the breakpoint 

and the berm crest maximizes dissipation due to work by internal stresses of a turbulent 

surf zone.  Both shorerise and bar-berm equilibria were found to have an exact general 

solution belonging to the class of elliptic cycloids.  

                The elliptic cycloid solution is a curve allows all the significant features of the 

equilibrium profile to be characterized by the eccentricity and the size of one of the two 

ellipse axes. These two basic ellipse parameters are related herein to both process-based 

algorithms and to empirically based parameters for which an extensive literature already 

exists. The elliptic cycloid solutions reproduce realistic and validated wave height, period 

and grain size dependence and demonstrated generally good predictive skill in point-by-

point comparisons with measured profiles (Jenkins and Inman, 2006 display). 

               To understand the formulation of the elliptic cycloid representation of the 

nearshore bottom profile and sensitivity to ocean conditions, we first review the 

nomenclature of the shorezone as shown schematically in Figure 5.7a. The seaward 

boundary of the shorezone is a vertical plane at the critical closure depth cĥ   (Figure 8a) 

corresponding to the maximum incident wave  [e.g., Kraus and Harikai, 1983]. The 

landward boundary is a vertical plane at the berm crest (cross), a distance 1X̂   from a 

bench mark. The cross-shore length of the system from the berm crest to closure depth is 

cX̂ . The distance from the point of wave breaking to closure depth is 2cX̂  such that 

,X̂X̂X̂ 22cc   where 2X̂  is the distance from the berm crest to the origin of the 

shorerise profile near the wave breakpoint.  

          We consider equilibrium over time scales that are long compared with a tidal 

cycle and profiles that remain in the wave dominated regime where the relative tidal 

range (tidal range/H) < 3 [Short, 1999]. Under these conditions, the curvilinear solution 

to the bottom profile which satisfies the maximum entropy production formulation of the 

Second Law of Thermodynamics can be expressed in polar coordinates (r,  ) as: 
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Figure 5.7.  Equilibrium beach profile a) nomenclature, b) elliptic cycloid, c) Type-a 

cycloid solution. 
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where r is the radius vector measured from the center of an ellipse whose semi-major and 

semi-minor axes are a, b and )(

e

kI is the elliptic integral of the first or second kind. This 

curve is what a point on the circumference of an ellipse would trace by rolling through 

some angle  , (Figure 3.8b); hence the name elliptic cycloid. The polar equivalent of 

the type-a cycloid shown in Figure 3.8b has a radius vector whose magnitude is: 
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where e is the eccentricity of the ellipse given by .)/(1 22 abe   The polar form of 

the type-a cycloid in Figure 5.7b is based on the elliptic integral of the second kind that 

has an analytic approximation,   2/)2(2 2)2(

e eI   , see Hodgman [1947]. The 

inverse of (18) for the type-a elliptic cycloid gives the companion solution in terms of 

local water depth, h, as: 
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The depth of water at the seaward end of the profile (   ) is h = 2a in the case of the 

type-a cycloid. The length of the profile X is equal to the semi-circumference of the 

ellipse,  
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With (21) the bottom slope can be solved as: 
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The shoaling factor assumed for these bar-berm solutions (   0.81) was based on 

uniform shoaling of the incident wave conditions, while a mean value was chosen for 

gamma ( 8.0 ) from the data reported by Raubenheimer et al. [1996]. In equation (23) 

the term ch is the closure depth, which represents the closest point to the shoreline where 

a stable seabed can be found, because it is the point beyond which all changes in the 
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beach profiles cease. It is calculated from Jenkins and Inman (2006) by the following 

parametric relation: 

                                                











 

2c

e

c
D

D

kh

HK
h o

sinh
                                                   (24) 

 

where eK  and    are non-dimensional empirical parameters, 2D  is the shorerise median 

grain size; and oD  is a reference grain size. With 33.0~,0.2~e K  and  m100~o D , 

the empirical closure depths reported in Inman et al. [1993] are reproduced by Figure 5.8. 

From Figure 5.8 we find closure depth increases with increasing wave height and 

decreasing grain size, as shown in Figure 3.7. Because of the wave number dependence 

of (8), closure depth also increases with increasing wave period.    

 

            
Figure 5.8: Closure depth contoured versus incident wave height and sediment grain size 

for waves of 15 second period, with 33.0~,0.2~e K  and m100~o D . 2D  is the 

shorerise median grain size; and oD  is a reference grain size. 
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6) Model Initialization:  

 This section develops the data bases necessary to evaluate Steps-4 & 5 of a sea 

level rise/coastal hazards analysis as outlined in Section 2. 

  

6.1) Bathymetry: Bathymetry provides a controlling influence on all of the 

coastal processes that affect dispersion and dilution.  The bathymetry consists of two 

parts: 1) a stationary component in the offshore where depths are roughly invariant over 

time; and 2) a non-stationary component in the nearshore where depth variations do occur 

over time.  The stationary bathymetry generally prevails at depths that exceed closure 

depth which is the depth at which net on/offshore transport vanishes.  Closure depth is 

typically -12 m to -15 m MSL in the Oceanside Littoral Cell, (Inman et al. 1993).  The 

stationary bathymetry was derived from the National Ocean Survey (NOS) digital 

database.  Gridding is by latitude and longitude with a 1 x 1 arc second grid cell 

resolution yielding a computational domain of 30.9 km x 18.5 km.  Grid cell dimensions 

along the x-axis (longitude) are 25.7 meters and 30.9 meters along the y-axis (latitude).  

 For the non-stationary bathymetry data inshore of closure depth (less than -15 m 

MSL) nearshore and beach surveys were conducted by the US Army Corps of Engineers 

in 1985, 1990, 1996, 2001 and have been compiled in USACE (2001).  These nearshore 

and beach survey data were used to update the NOS database for contemporary nearshore 

and shoreline changes that have occurred following the most recent NOS surveys.  

 To perform both the required wave shoaling and transport computations in the 

farfield of the SJCOO outfall diffusers, a large-domain grid is required to compute the 

effects of island sheltering and regional scale refraction and circulation due to the shallow 

banks of the continental margin (Figure 6.1). A nearfield grid (Figure 6.2) in the 

immediate neighborhood of the diffuser is nested inside the farfield grid and is used to 

calculate the brine discharge dilution and dispersion.  

 

6.2 Shore-side Structures: Wave runup, and overtopping were analyzed at the 

shore-side facilities associated with the Doheny Desalination Project assuming present 

conditions and two future scenarios including sea level rise. These facilities included: 

Well Head A, elevation 17 ft.NAVD, at  33°27'44.38"N, 117°41'16.32"W; Well Head B, 

elevation 17 ft. NAVD, at  33°27'45.07"N, 117°41'10.30"W; Well Head C, elevation 17 

ft. NAVD at  33°27'45.12"N, 117°41'6.62"W; Well Head D, at elevation 18 ft. NAVD at 

33°27'44.48"N, 117°40'55.30"W; and Well Head E, at elevation 18 ft. NAVD at 

33°27'42.45"N, 117°40'47.33"W; (see Figure 6.3a). Two additional vaulted well heads 

with submersible pumps will be placed at the Capistrano Beach site (Figure 6.3b), which 

includes: Well Head G, at elevation 18 ft. NAVD at 33°27'14.94"N, 117°39'59.91"W; 

and Well Head H, at elevation 19 ft. NAVD at 33°27'13.17"N, 117°39'57.15"W. 

 

6.3) Wave Forcing: Waves in deep water generally do not cause significant 

mixing. But shoaling waves produces bottom currents (referred to as bottom wind ), cause 

scrubbing action against intake and discharge structures that result in vertical mixing of 

the nearfield water mass, and cause longshore and rip current circulation as a result of 

along shore variation in shoaling wave heights due to refraction over shelf bathymetry.  
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Figure 6.1: Far-field refraction/diffraction grid to simulate shoaling waves entering the 

Southern California Bight and Oceanside Littoral Cell. Results based on the 5 largest 

storms of the 1998 El Nino winter  (from Jenkins and Wasyl, 2008b). 
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Figure 6.2: Near-field refraction/diffraction grid to simulate shoaling waves in the 

immediate neighborhood of Dana Point, SJCOO and Doheny Beach.  
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(a) 

 
 

 

 

(b) 

 
Figure 6.3: Critical shore-front infrastructure locations for the Doheny Desalination 

Project: a) Doheny Beach site; and b) Capistrano Beach site 
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 Wave forcing to the Coastal Evolution Model (CEM) were derived from archival 

measurements of waves for the period 1980-2010, supplemented by wave burst measurements 

from the Acoustic Doppler Current Profiler (ADCP) measurements taken under the MBC 

Applied Environmental Sciences (MBC) marine environment studies. The archival wave records 

were obtained from the Oceanside, Dana Point, San Clemente, and Huntington Beach monitoring 

stations maintained by the Coastal Data Information Program, [CDIP, 2012, http://cdip.ucsd.edu 

]. To correct the archival data from widely spaced offshore monitoring sites to the nearshore of 

the SJCOO, raw data were entered into a refraction/diffraction numerical code, back-refracted 

out into deep water to remove local refraction and island sheltering effects, and subsequently 

forward refracted into the immediate neighborhood of the proposed Project. The backward and 

forward refractions of CDIP data were done using a numerical refraction-diffraction computer 

code called OCEANRDS.  The primitive equations for this code are lengthy, but a listing of the 

codes for OCEANRDS are in Jenkins and Wasyl (2005).  

 An example of a reconstruction of the wave field throughout the Bight from the CDIP 

Oceanside buoy data is shown in Figures 6.1 for the 5 largest storms of the 1998 El Nino winter. 

Wave heights are contoured in meters according to the color bar scale and represent 6 hour 

averages, not an instantaneous snapshot of the sea surface elevation.  Note how the sheltering 

effects of Catalina and San Clemente Islands have induced considerable variations in the 

neighborhood of the SJCOO and Dana Point Harbor.  The wave height and direction parameters 

inside the Channel Islands are the values used as the deep water boundary conditions along the 

seaward face of the nearfield grid for the SJCOO Dana Point shoaling analysis.  

 Figure 6.4 gives the local forward refraction calculation into the nearfield domain of the 

SJCOO and the Doheny Desalination Project site (green box), due to the 100-year storm-wave 

event of 17-18 January 1998 after passing through the gaps in the continental margin and 

Channel Islands, (island sheltering effects, cf.Figure 6.1). Figure 6.4 gives extremal wave height 

variations along an 18.5 km section of coastline in the in the Dana Point region, including wave 

shoaling and reflection effects induced by the Dana Pt Harbor breakwater. Replication of the 

backward/forward refraction analysis on each of the 3 hour increments of the CDIP monitoring 

data produced continuous, unbroken records of the wave height, period and direction in the 

nearfield of the Doheny Desalination Project throughout the 1980-2010 period of record, as 

shown in Figure 6.5. The data in Figure 6.5 were supplemented by wave burst measurements 

from the Acoustic Doppler Current Profiler (ADCP) measurements taken at the SJCOO 

monitoring stations  (MBC, 1998). Figure 6.6 gives the wave refraction/diffraction field in the 

SJCOO/Dana Pt. Harbor Littoral Sub-cell derived from these ADCP wave burst measurements. 

We find in Figures 6.4 & 6.6 that the refraction effects over local bathymetry create areas 

(indicated by red) where wave heights increase locally to 4 -5 m. In these areas, the shelf 

bathymetry has focused the incident wave energy and these regions of intensified wave energy 

are referred to as “bright spots”. The increased wave heights in these bright spots increases the 

wave run-up and induces local wave erosion. Conversely, the dark areas in Figures 6.4 & 6.6 

(indicated by dark blue) where wave heights have been diminished are termed “shadows,” and 

represent areas of reduced run up and potential beach accretion  For the January 1998 storm in 

Figure 6.6, the area around the SJCOO discharge site is indeed a bright spot in the local 

refraction pattern while the slant well sites for the Doheny Desalination Project are located in a 

shadow zone. Another wave shoaling phenomena at the slant well site is divergence of drift. 

Wave-driven longshore currents flow away from areas of high waves (away from bright spots) 

and converge on shadow regions. This convergence of the longshore current leads induces 

seaward flowing rip currents. Rip currents are advantages to shallow nearshore intake sites   

http://cdip.ucsd.edu/
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Figure 6.4: Forward wave refraction/diffraction for the 100-year storm-wave event of 17-18 

January 1998. These local refraction results are used to provide the point-to-point initializations 

for the wave setup and runup inputs to the total water level problem. The nearfield domain of the 

SJCOO and the Doheny Desalination Project is designated by the green box.  
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Figure 6.5: Archival wave forcing data 1980-2010 reconstructed for the SJCOO and Doheny 

Desalination Project modeling, from backward/forward refraction of regional CDIP wave monitoring 

data.  
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Figure 6.6: Wave refraction/diffraction field around the  SJCOO site and the Doheny 

Desalination Project site derived from wave burst measurements from the Acoustic Doppler 

Current Profiler (ADCP) records taken under the MBC Applied Environmental Sciences (MBC) 

NPDES monitoring studies. Nearfield domain of the SJCOO and the Doheny Desalination 

Project site  designated by green box.  

 

 

 

because rip currents would advect storm water and urban run-off away from the shoreline and 

disperse it offshore in deeper water, thereby reducing potential for marine life impacts to 

nearshore and beach ecology. On the other hand, these same seaward flowing rip currents can 

also carry beach sand offshore, resulting in local beach erosion.  Wave refraction/diffraction 

analyses of the 15 largest storm events in the 1980-2010 period of record are presented in 

Appendix-A. The 100 year event (1% event) was the two day storm of 17-18 January, 1988, and 

refraction/diffraction patterns for both days are also included in Appendix-A.   

The composite 30-year wave record obtained from the CDIP archival data for 1980-2010 

(Figure 6.5) was iteratively fit to Weibull (Type III) distributions with a range of K-values to find 

the best overall fit (highest correlation coefficient). A K-value of K = 1 was found to give an R-

squared = 0.98, resulting in the extremal analysis curve shown in Figure 6.7. The red-line in 

Figure 6.5 is the Weibull Type III best fit and the crosses are the data points at the control point 

in 12 m water depth from Appendix-A refraction/diffraction analyses used to produce the best fit 

distribution. The Weibull Type III best fit projects a maximum significant wave height of 0H  = 

19.9 ft. with a probability of recurrence of 0.04% (return period = 2,500 yr); but such a wave has 

never been measured. The highest wave that was recovered from the refraction analysis in 12 m  
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of water depth was due to the 18, January, 1988 storm (Figure 6.4) with a significant wave height 

0H  = 15.5 ft. and a probability of recurrence of 1.0% (return period = 100 yr).  The extremal 

analysis curve in Figure 6.7 will be the computational basis of the extreme value analysis of 

wave setup, total runup and total water level (TWL) in Section 7.  
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  6.4) Beach Erosion: Another critical set of inputs to the wave setup, total runup and 

total water level (TWL) computations are the profile slope terms, DIMm , TAWm , and facem . These 

are calculated from equations (22) – (24) using measured beach profiles to calibrate the empirical 

factors in these equations, which include the shoaling factor, , and the non-dimensional 

empirical parameters: eK  and  . Beach profile measurements at Doheny State Beach have been 

conducted by the US Army Corps of Engineers, USACOE (1991), Coastal Environments, 

(2014), and Coastal Frontiers (2014). Plots of the beach profiles measured by the US Army 

Corps of Engineers, USACOE (1991) and Coastal Environments, (2014) are shown in Figures 

6.8 & 6.9. Figure 6.8 shows the shore rise and bar berm sections of the beach profiles 

immediately west of Well Heads # 2 and #1; where profile ranges R4 & R5 bracket beach slope 

conditions in front of Well Head # 2, and range DB 1890 measured by the US Army Corps of 

Engineers give slope conditions in front of Well Head # 1 (cf. Figure 6.3). Figure 6.9 shows the 

shore rise and bar berm sections of the beach profiles immediately west of Well Heads # 2 and 

#3; where profile range R5 provides beach slope conditions in front of Well Head # 2, and range 

R7 gives slope conditions in front of Well Head # 3 (cf. Figure 6.3). 

 Figures 6.10 and 6.11 give seasonal profile changes at Doheny State Beach 

immediately west of Well Head #3 over a number of years between 2001 and 2007.  Figure 6.10 

provides a generalization of the winter profiles, indicating an average nearshore slope,  

DIMm = 0.066, (proxy slope for an eroded beach). Figure 6.11 indicates that the average nearshore 

slope in summer steepens to DIMm = 0.10, (proxy slope for an accreted beach). Using these values 

to calibrate the elliptic cycloidal slope algorithms in equations (22)-(24), the variation of beach 

slope with on/offshore position in response to the potential range of extremal wave height was 

calculated according to Figure 6.12. Generally, across the inner portion of the beach profile 

closest to the DDP well heads the beach slopes become flatter in winter and steeper in summer, 

while both types of seasonal profiles develop offshore bars offshore during higher extremal wave 

conditions. This response is consistent with the well- known response of sandy beaches to 

increasing levels of incident wave energy; whereby the exposed inner section of the beach profile 

(the bar-berm profile) erodes and flattens in slope during winter or periods of high waves, while 

outer submerged portion of the profile (the shore-rise profile) develops offshore sand bar 

formations. Review of the composite surveys in Figures 6.8-6.11 reveals that variations in the 

beach widths around the well heads between summer and winter profiles are on the order of 50 

ft. to150 ft. These relatively small range of seasonal variation in beach width indicates that 

Doheny State Beach is stable, as a consequence of being located at a sediment source, i.e. the 

San Juan Creek. The San Juan Creek is the second largest source of sediment for the Oceanside 

Littoral Cell and provides an average of 51,000 metric tons of beach grade sand to Doheny State 

Beach annually (Figure 6.13). This supply of new sediment provides adequate sediment cover 

for the beach to establish and maintain equilibrium profile adjustments throughout the most high 

energy El Nino winter/summer seasonal cycles. 

Variations in the beach widths and sediment cover with time are modeled in the LCM 

module of the Coastal Evolution Model (Figure 5.1) using time-stepped solutions to the sediment 

continuity equation (otherwise known as the sediment budget) applied to the boundary conditions 

of the coupled control cell mesh diagramed schematically in Figure 6.14. The sediment 

continuity equation is written (Jenkins, et al, 2007): 
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Figure 6.8: Beach profile surveys of Doheny Beach range lines adjacent to Well Heads A & B. Data from Coastal Environments, (2014). 
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Figure 6.9: Beach profile surveys of Doheny Beach range lines adjacent to Well Heads C & D. Data from Coastal Environments, (2014). 
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Figure 6.10: Winter beach profile surveys of Doheny Beach range lines adjacent to Well Heads D & E. Surveys due to the US Army Corps 

of Engineers. Data provided by Coastal Frontiers, (2014). 
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Figure 6.11: Summer beach profile surveys of Doheny Beach range lines adjacent to Well Heads D & E. Surveys due to the US Army Corps 

of Engineers. Data provided by Coastal Frontiers, (2014). 
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Figure 6.13.  Cumulative residual time series of sediment flux for the San Juan Creek calculated 

using a 56-year mean (1940-1995), from Inman and Jenkins (1999). 

 

 

In equation (25) q is the sediment volume per unit length of shoreline (m3/m) and dq/dt is the 

sediment volume flux (m3/m/day),   is the mass diffusivity, lV  is the longshore current, J(t) is 

the flux of new sediment from the San Juan Creek, and R(t) is the flux of sediment lost to sinks , 

in this case, the scour holes near the mouth of the San Juan Creek following river floods. The 

first term in (1) is the surf diffusion term while the second is the advective term due to the 

longshore current. For any given control cell along Doheny State Beach, equation (25) may be 

discretized in terms of the rate of change of “beach volume”,  , in time increment   t  ,  given 

by:  
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Sediment is supplied to the control cells in Figure 6.14 by the sediment yield from the rivers and 

beach nourishment, )(tJ  by the influx of sediment volume due to littoral drift from up-coast 

sources, inq  (beach-fill). Sediment is lost from the control cell due to the action of wave erosion  
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Figure 6.14: Computational approach for modeling changes in beach width and shoreline 

positon after Jenkins, et. al., (2007). 
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and expelled from the control cell by exiting littoral drift, outq . Here fluxes into the control cell 

(J(t)  and tqin /  ) are positive and fluxes out of the control cell,  

( tqout / ), are negative.   

 The beach and nearshore sand volume change, dq/dt, is related to the change in shoreline 

position, dX/dt, according to: 

 

                                      lZ
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where                             chZZ  1                                                                             (28) 

 

Here, Z  is the height of the shoreline flux surface equal to the sum of the closure depth below 

mean sea level, hc, (equation 24), and the height of the berm crest, Z1, above mean sea level; and  

l  is the length of the shoreline flux surface.  Hence, beaches and the offshore bottom profile out 

to closure depth remain stable if a mass balance is maintained such that the flux terms on the 

right-hand side of equation (2) sum to zero; otherwise the shoreline will move during any time 

step increment as: 
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where is the mass diffusivity, V is the longshore drift , J is the flux of sediment from river 

sources, y is the alongshore length of the control cell, and Z1 is the maximum run-up elevation 

from Hunt’s Formula. River sediment yield, J, from is calculated from streamflow, Q, based on 

the power law formulation of that river’s sediment rating curve after Inman and Jenkins, (1999), 

or 
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where  ,  are empirically derived power law coefficients of the sediment rating curve from 

best fit (regression) analysis (Inman and Jenkins,1999). When San Juan Creek floods produce 

large episodic increases in J, a river delta is initially formed. Over time the delta will widen and 

reduce in amplitude under the influence of surf diffusion and advect (move) down-coast with the 

longshore drift, forming an accretion erosion wave (Figure 6.14a). The local sediment volume 

varies in response to the net change of the volume fluxes, between any given control cell and its 

neighbors, referred to as divergence of drift = qin - qout , see Figure 6.14b and 6.14c. The mass 

balance of the control cell responds to a non-zero divergence of drift with a compensating shift,

x , in the position of the equilibrium profile (Jenkins and Inman, 2006). This is equivalent to a 

net change in the beach entropy of the equilibrium state. The divergence of drift is given by the 
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continuity equation of volume flux, requiring that dq/dt is the net of advective and diffusive 

fluxes of sediment plus the influx of new sediment, J. The rate of change of volume flux through 

the control cell causes the equilibrium profile to shift in time according to (29), producing the net 

change in beach widths shown by the surveys in Figures 6.8 – 6.11. Changes in sea level also 

cause the shoreline to move (retreat) which are calculated in the LCM module of the Coastal 

Evolution Model using Bruun’s Rule, (Bruun, 1962, 1983): 
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Where SLR is the increment of sea level rise, and cX is the distance offshore to closure depth 

given by the elliptic cycloid formulation to the equilibrium profile (Jenkins and Inman, 2006) 

according to: 
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Because Bruuns Rule merely produces a self-similar landward shift to profile in response to sea 

level rise (with no change to the shape of the profile or to the elliptic cycloid parameters); sea 

level rise does not effect the intrinsic slope parameters of the profile on which the total run-up 

elevation depends. This response is based on an assumption that the beach has adequate sand 

volume and sediment cover to execute the profile shift required under Bruun’s Rule. This 

assumption appears to be well founded at Doheny State Beach due to the fact that it is 

continually re-nourished by the flux of new sediment from San Juan Creek, (J = 51,000 ton/yr). 

7.0 Wave Run-up and Overtopping Statistical Analysis: 

This section uses the data bases described in Section 6 to evaluate Steps-4 & 5 of a sea 

level rise/coastal hazards analysis as outlined in Section 2. We seek to quantify the probability of 

occurrences of extremal total water levels where the total water level (TWL) is the sum of the 

total run-up and the still water level (SWL). The total run-up, R, is a dynamic water level 

variation caused by wave shoaling and breaking, and is composed of three components: wave 

setup,  , dynamic wave setup, rms  ; and incident wave run-up, incR . We will begin in 

Section 7.1 by setting the still water level equal to present or future mean sea level, which will 

allow us to isolate the total runup as an independent dynamic process whose probability is 

uniquely determined by the extremal wave height curve in Figure 6.7. We will then solve for 

extremal total water levels (TWLmax) by admitting to probability of occurrences of still water 

levels higher than mean sea level; which results in a joint probability analysis of occurrence of 

extremal wave heights concurrent with extreme ocean water levels.    

7.1) Total Water Level Analysis for Constant Still Water Levels: Total water level is 

a multi-variant function determined by the combined effects of stationary processes (processes 

vary slowly in time) and dynamic processes (processes that vary rapidly with time). The still 
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water level component of the total water level is a relatively stationary process when compared 

to the total run-up component, where the latter varies rapidly in time at the frequency of surface 

gravity waves. At lowest order approximation, we can solve for the probability of recurrence of 

potential total water levels by assuming the stationary processes are fixed in time. By that 

approach, we adopt a common practice in coastal engineering by setting the still water level at 

mean sea level and then solve for the potential total water levels as a conditional probability 

using Bayes’ theorem: 

 

)(]([],[)( ,max MSLZPHRPZRPTWLP ijiTi •                          (33) 

 

Here, )(
', iji ZP is the annualized probability of ocean water levels reaching an elevation of iZ feet 

NAVD 88 from equations (3) and (4), where )(
', MSLZP iji   = 1, (cf. Figures 4.1, 4.6 & 4.7); 

)]([ THRP  is the annualized probability of total run-up from the sum of equations (6) and (11) 

based on the probability of extremal wave heights with return frequency of once every T years, 

THP T /1)(  , (cf. Figure 6.7). The total run-up calculations using extremal wave heights are 

based on the direct integration method (DIM) from Section 5.5 because the beach slopes at 

Doheny State Beach for both eroded (winter) and summer (accreted) conditions are always than 

12.5%. (Here beach slope,  DIMm , is taken as the average slope between the landward limit of 

wave run-up and the location offshore where the water depth is two times the depth at which the 

deep water significant wave height would be subject to depth-limited breaking, cf. Van der Meer, 

2002). Figures 6.8 – 6.12 show generally that average nearshore beach slopes at Doheney State 

Beach range from DIMm = 0.006 for eroded beach profiles, and steepen to DIMm = 0.10 for 

accreted beach profiles. One advantage of the approach taken by equation (25) is that it allows us 

to separate the individual dynamic components to the total water level solutions.  

 Figures 7.1-7.3 give the annualized probability of recurrence of total run-up and its 

components of static wave setup, dynamic wave setup, and the total oscillatory swash component 

based on the extremal wave analysis curve in Figure 6.7 as applied to equations (6)- (12). For 

each component of total wave runup, there are two sets of curves, representing eroded and 

accreted conditions at Doheny and Capistrano State Beaches. In all cases, the maximum water 

elevations are greater for the accreted beach conditions than for the eroded beach conditions. 

This is due to the fact that eroded beaches have flatter slopes in the bar-berm section of the 

profile where waves are breaking and producing run-up. Flatter beach slopes are intrinsically 

more dissipative, resulting in less residual energy after breaking to produce runup. Inspection of 

Figure 7.3 indicates that maximum run-up is 15.4 ft. for the accreted beach conditions and 13.1 

ft. for the eroded beach conditions, with a probability of recurrence of 0.04% (return period = 

2,500 yr). But the maximum wave run-up is based on a statistical projection from the Weibull 

Type III best fit to the extremal wave results from refraction/diffraction analysis in Figure 6.7. 

The highest wave that was recovered from the refraction analysis in 12 m of water depth was due 

to the100-year storm of 18, January, 1988 (Figure 6.4) with a significant wave height 0H  = 15.5 

ft. and a probability of recurrence of 1.0%.   The 1% runup up event in Figure 7.2 actually gives 

maximum total wave run-up of 11.88 ft. for the accreted beach conditions at Doheny Beach and 

9.98 ft. for the eroded beach conditions. At Capistrano Beach, shoaling wave heights are greater 

and maximum total wave run-up is 12.73 ft. for the accreted beach conditions and 10.83 ft. for 

the eroded beach conditions  

The annualized probability of recurrence of total water level is plotted in Figures 7.4 and 

7.5 at Doheny and Capistrano Beaches, respectively, under the stationary hypothesis for still  
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water level according to equation (33). Under this assumption (where still water level is fixed at 

present mean sea level), the maximum total water level at Doheny Beach is TWL = 17.98 ft. 

NAVD for the accreted beach conditions and TWL = 15.69 ft. NAVD for the eroded beach 

conditions. At Capistrano Beach (Figure 7.5), the maximum total water level is TWL = 18.83 ft. 

NAVD for the accreted beach conditions and TWL = 16.54 ft. NAVD for the eroded beach 

conditions. (Total water levels are higher at Capistrano Beach because shoaling waves during the 

100-year event are higher at that location, cf. Figure 6.4).  The total water level achieved under 

accreted beach conditions at present sea level exceeds the elevations of well heads A, B, C and 

G, which are located at iZ  == 17 ft. NAVD and iZ  == 17 ft. NAVD, respectively; but the 

probability of this occurring is only 0.04% (return period = 2,500 yr). Appendix-B of the 

California Coastal Commision Sea Level Rise Guidance Policy Guidance document (CCC, 

2015) provides no specific guidance on the redline frequency for flooding or inundation. In the 

absence of such guidance we will adopt Federal Emergency Management Agency (FEMA) 

standards for flooding frequency and set redline planning frequency at the 100 year event (1% 

probability of recurrence). Accordingly, Figures 7.4 & 7.5 have been annotated to highlight the 

1% total water level events which indicate is TWL(1%) = 14.42 ft. NAVD for the accreted beach 

conditions and TWL(1%) = 12.52 ft. NAVD for the eroded beach conditions at Doheny Beach. 

At Capistrano Beach. The 1% probability (100-yr event) yields TWL(1%) = 15.27 ft. NAVD for 

the accreted beach conditions and TWL(1%) = 13.37 ft. NAVD for the eroded beach conditions.. 

Consequently we conclude that all the beach front facilities for the Doheny Desalination Project 

(Figure 6.3a & b) are safe from flooding or inundation by extreme event waves under the 

stationary hypothesis for still water level at present mean sea level. 

We repeat the total water level analysis in Figures 7.6 and 7.7 for 2100 sea levels under 

the stationary hypothesis for still water level (where still water level is fixed at 2100 mean sea 

level for the low and high range projections). For the low-range 2100 sea level projections at 

Doheny Beach, (Figure 7.6), the 1% total water level events reach TWL(1%) = 18.02 ft. NAVD 

for the accreted beach conditions and TWL(1%) = 16.12  ft. NAVD for the eroded beach 

conditions; indicating that all the beach front facilities for the Doheny Desalination Project 

(Figure 6.3) are safe from flooding or inundation by extreme event waves if the beach is in an 

eroded winter condition. However, in the unlikely event that the 100 year storm occurs while the 

beach is still in a summer equilibrium condition (accreted beach), then Well Heads A-C will be 

overtopped by about 1 ft of excess runup, while Well Heads D and E would be partially wetted. 

At Capistrano Beach, the 1% total water level events at the low range projection for 2100 sea 

level, (Figure 7.7), reach TWL(1%) = 18.87 ft. NAVD for the accreted beach conditions and 

TWL(1%) = 16.97  ft. NAVD for the eroded beach conditions. While both well heads at 

Capistrano Beach would be safe from overtopping if Capistrano Beach were in an eroded winter 

state, Well Head G would be overtopped by about 0.87 ft. of runup if the beach remained in an 

accreted summer condition.   

For the high-range 2100 sea level projections, (Figures 7.8 and 7.9) the 1% total water 

level events will overtop all of the well sites. At Doheny Beach, (Figure 7.8), the 1% total water 

level events reach TWL(1%) = 21.52 ft. NAVD for the accreted beach conditions and TWL(1%) 

= 19.62 ft. NAVD for the eroded beach conditions, exceeding the elevations of all well sites 

regardless of beach erosion or accretion. Similarly, at Capistrano Beach (Figure 7.9), the 1% 

total water level events reach TWL(1%) = 22.37 ft. NAVD for the accreted beach conditions and 

TWL(1%) = 20.47 ft. NAVD for the eroded beach conditions, again exceeding the elevations of 

all well sites regardless of beach erosion or accretion.  
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7.2) Total Water Level Analysis for Extremal Still Water Levels: In this section we 

relax the stationary hypothesis for still water level and allow it to vary according to the 

hydroperiod functions for present and future sea levels in Figures 4.1, 4.6, and 4.7. This will 

provide an analysis of total water levels due to extreme waves concurrent with extreme ocean 

water levels (extremal TWL’s). The recurrence frequency (or return period) for these extremal 

TWL’s is given by the joint probability of occurrence of extremal wave heights concurrent with 

extreme ocean water levels, or: 

 

                                 )(]([],[)( ,max ijiTi ZPHRPZRPTWLP •                       (34) 

 

where TH  is the extremal significant wave height with return period of T years, and )(, iji ZP  is 

the annualized probability of ocean water levels  reaching an elevation of iZ feet NAVD 88 at 

or above mean sea level, as derived from the annualized hydroperiod function, equations (3) and 

(4). The results for return periods ],[/1 ir ZRPT  of extremal total water levels at present sea 

level are plotted in Figure 7.10 & 7.11 for Doheny and Capistrano Beaches, respectively, while 

those for 2100 sea levels are found in Figures 7.12 – 7.15. Comparing these results with the total 

water level results in Figures 7.4-7.9 (that were based on the stationary hypothesis for still water 

level) indicates that the joint probability analysis for extreme waves concurrent with extreme 

ocean water levels gives TWL’s that are about 0.5 ft. higher for the 1% recurrence event (100 year 

return period). For example the extremal TWL’s at present sea level at Doheny Beach in Figure 

7.10 give the TWL(100) = 13.1 ft for eroded conditions and TWL(100) = 14.8 ft. for accreted 

conditions at present sea levels. On the other hand, when SWL is set at present mean sea level per 

Section 7.1, as shown in Figure 7.4,  the 1% TWL = 12.5 ft for eroded conditions and 1% TWL = 

14.4 ft. for accreted conditions at present sea levels. Therefore, we adopt the extremal still water 

formulation per equation (34) as the redline analysis method for assessing Steps-4 & 5 of a sea 

level rise/coastal hazards analysis as outlined in Section 2. 

Inspection of Figures 7.10 & 7.11 indicates that all the beach front facilities for the 

Doheny Desalination Project (Figure 6.3) are safe from flooding or inundation by extreme event 

waves, even for event return periods as long as 500 yr, when extreme waves happen concurrently 

with extreme ocean water levels in an environment of present sea levels. However, once we 

admit to 2100 sea level rise projections, a number of the beach front facilities for the Doheny 

Desalination Project will suffer some flooding and overtopping to varying degrees. For the low-

range 2100 sea level projections, (Figures 7.12 &7.13) the three well sites at Doheny Beach on 

the north side of San Juan Creek (Well Heads A-C) and one of the wells at the Capistrano Beach 

site (Well Head G) will experience minor overtopping, even for a 1 year event if the beaches 

have been accreted by additional sands from water shed floods or still retain a built-out summer 

equilibrium beach profile, with overtopping rates of about Q (1yr) = 0.038 cfs per lineal ft. of 

shoreline, per equation (17). If a 100-yr total water level event occurs during the low-range 

projection of 2100 sea levels, then Figures 7.12 & 7.13 indicate that all of the well sites will be 

overtopped to varying degrees if the beaches remain in an accreted condition (i.e.,with elevated 

berms and steep beach slopes). Under these beach conditions, overtopping rates will range from 

a high of Q (100yr) = 0.094 cfs per lineal ft. of shoreline at Well Heads A- C on Doheny Beach, 

to a low of  Q (100yr) = 0.014 cfs/ft at Well Head H on Capistrano Beach, while overtopping 

rates at Well Heads D & E would be Q (100yr) = 0.027 cfs/ft at Doheny Beach and Q (100yr) = 

0.081 cfs/ft at Well Head G on Capistrano Beach.  Interestingly enough, none of the well heads 

would experience overtopping during a 100 year event when occurring during the low range 

2100 sea levels if the beach were eroded, which would be the most likely condition during a 100- 
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year event. Total water levels for eroded beach conditions are always less, because these beaches 

have flatter slopes and are more dissipative of wave set-up and run-up than the steeper accreted 

beaches.   

For the high-range 2100 sea level projections at Doheny Beach (Figure 7.14), the 100 

year total water level events reach TWL(100) = 21.9 ft. NAVD for the accreted beach conditions 

and TWL(100) = 20.2 ft. NAVD for the eroded beach conditions; while at Capistrano Beach, 

(Figure 7.15), TWL(100) = 22.7 ft. NAVD for the accreted beach conditions and TWL(100) = 

21.1 ft. NAVD for the eroded beach conditions. Consequently all beach front facilities for the 

Doheny Desalination Project would be vulnerable to flooding by the 100-year event if it were 

occur during 2100 high range sea level projections. The lowest lying well heads (Well Heads A-

C at Doheny Beach) would experience the highest overtopping rates, ranging from Q (100yr) = 

0.216 cfs/ft. to 0.331 cfs/ft. depending on the eroded or accreted condition of Doheny State 

Beach. According Table VI-5-6 in the Coastal Engineering Manual (USACE, 2006) overtopping 

rates of this order of magnitude are very dangerous for pedestrian and vehicle traffic, and may 

cause structural damage to adjacent buildings; but the well heads and pumps for the Doheny 

Desalination project will be protected by steel vault enclosures. The smallest overtopping rates 

during the 100-year event at the high range 2100 sea level projections will occur at the highest 

located well head (Well Head H) at the Capistrano Beach site where overtopping rates will range 

from Q  (100yr) = 0.142 cfs/ft. to 0.250 cfs/ft., with overtopping rates at Well Heads D & E on 

Doheny Beach ranging from Q (100yr) = 0.149 cfs/ft to 0.263cfs/ft and Q (100yr) = 0.209 cfs/ft 

to 0.318 cfs/ft at Well Head G on Capistrano Beach. While these overtopping rates are still 

dangerous to pedestrian and vehicle traffic, they are easily mitigated by the steel vault enclosures 

of the well heads and pumps being placed at Capistrano Beach. The results for total water levels 

and overtopping rates based on extremal still water levels analysis methods are summarized in 

Table 7.1 for the Doheny Beach well sites, and in Table 7.2 for the Capistrano Beach well sites. 
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Table 7.1:Doheny Beach Extremal Total Water Level (*TWL) and Overtopping Rates ( Q ) 

 Well Head-A 
Elevation =  

17 ft. NAVD 

Well Head-B 
Elevation =  

17 ft. NAVD 

Well Head-C 
Elevation =  

17 ft. NAVD 

Well Head-D 
Elevation =  

18 ft. NAVD 

Well Head-E 
Elevation =  

18 ft. NAVD 

  *TWL(1) 
Present Sea Level 

(eroded/accreted) 

 

8.7/10.5 

ft. NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

  * Q (1) 

Present Sea Level 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1) 
2100 Sea Level Low 

Range Projection 
(eroded/accreted) 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

* Q (1) 

2100 Sea Level Low 

Range Projection 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1) 
2100 Sea Level 

High Range 

Projection 
(eroded/accreted) 

15.8/17.6 

ft. NAVD 

status = flooded 

accreted beach  

15.8/17.6 

ft. NAVD 

status = flooded 

accreted beach 

15.8/17.6 

ft. NAVD 

status = flooded 

accreted beach 

15.8/17.6 

ft. NAVD 

status = dry 

15.8/17.6 

ft. NAVD 

status = dry 

* Q (1) 
2100 Sea Level 

High Range 
Projection 

(eroded/accreted) 

0.0/0.038 

cfs/ft. 

0.0/0.038 

cfs/ft. 

0.0/0.038 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

  **TWL(100) 
Present Sea Level 

(eroded/accreted) 
 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

  ** Q (100) 

Present Sea Level 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

**TWL(100) 
2100 Sea Level Low 

Range Projection 

(eroded/accreted) 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4  

ft. NAVD 

status = flooded 

accreted beach 

**Q (100)  

2100 Sea Level Low 

Range Projection 
(eroded/accreted) 

0.0/0.094 

cfs/ft. 

0.0/0.094 

cfs/ft. 

0.0/0.094 

cfs/ft. 

0.0/0.027 

cfs/ft. 

0.0/0.027 

cfs/ft. 

**TWL(100) 
@  

2100 Sea Level 

High Range 
Projection 

(eroded/accreted) 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded  

20.2/21.9 

ft. NAVD 

status = flooded 

** Q (100) 

2100 Sea Level 
High Range 

Projection 

(eroded/accreted) 

0.216/0.331 

cfs/ft. 

0.216/0.331 

cfs/ft. 

0.216/0.331 

cfs/ft. 

0.149/0.263 

cfs/ft. 

0.149/0.263 

cfs/ft. 

 *Evaluated for the 1-yr return period;  ** Evaluated for the 100-yr return period 
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Table 7.2: Capistrano Beach Extremal Total Water Level (TWL) and Overtopping Rates ( Q ) 

Well Head-G 
Elevation = 18 ft. NAVD 

Well Head-H 
Elevation = 19 ft. NAVD 

*TWL(1)
Present Sea Level 

(eroded/accreted) 

9.7/11.5 ft. NAVD 

status = dry 
9.7/11.5 ft. NAVD 

status = dry 

* Q (1)
Present Sea Level 
(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1)
2100 Sea Level Low Range Projection 

(eroded/accreted) 

13.3/15.1 ft. NAVD 

status = dry 

13.3/15.1 ft. NAVD 

status = dry 

* Q (1)
2100 Sea Level Low Range Projection 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1)
2100 Sea Level High Range Projection 

(eroded/accreted) 

16.8/18.6 ft. NAVD 

status = flooded accreted beach 

16.8/18.6 ft. NAVD 

status = dry 

* Q (1) 
2100 Sea Level High Range Projection 

(eroded/accreted) 

0.0/0.038 

cfs/ft. 

0.0/0.00 

cfs/ft. 

**TWL(100) 
Present Sea Level 

(eroded/accreted) 

14.0/15.6 ft. NAVD 

status = dry 
14.0/15.6 ft. NAVD 

status = dry 

** Q (100) 

Present Sea Level 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

**TWL(100) 
2100 Sea Level Low Range Projection 

(eroded/accreted) 

17.6/19.2 ft. NAVD 

status = flooded accreted beach 

17.6/19.2 ft. NAVD 

status = flooded accreted beach 

** Q (100)
2100 Sea Level Low Range Projection 

(eroded/accreted) 

0.0/0.081 

cfs/ft. 

0.0/0.014 

cfs/ft. 

**TWL(100) 
@ 

2100 Sea Level High Range Projection 

(eroded/accreted) 

21.1/22.7 ft. NAVD 

status = flooded 

21.1/22.7 ft. NAVD 

status = flooded 

** Q (100)
2100 Sea Level High Range Projection 

(eroded/accreted)

0.209/0.318 

cfs/ft. 

0.142/0.250 

cfs/ft. 

*Evaluated for the 1-yr return period

** Evaluated for the 100-yr return period
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8.0 Tsunami Run-up and Overtopping Analysis:  

 

Tsunami induced erosion, runup, and inundation were analyzed for the Doheny State 

Beach bottom profiles (Figures 6.8- 6.12) and shore-side facilities associated with the Doheny 

Desalination Project for present and future sea levels according to low and high range sea level 

rise predictions as shown in Figure 3.1. Because of the uncertainty of the probability of 

occurrence of such a tsunami event, and the absense of specific guidance on the redline 

frequency for flooding considerations in the California Coastal Commision Sea Level Rise 

Guidance Policy Guidance document (CCC, 2018), we will carry forward the total water level 

analysis based on the stationary still water level hypothesis; whereby the still water level in the 

shoaling and runup equations is fixed at whatever mean sea level is for each sea level rise 

scenario. 

  The tsunami event scenario is based on a 2m high solitary wave approaching Doheny 

Beach from 165 degrees true, as could be anticipated for a catastrophic tsunami event arising 

from a major landside on the east side of San Clemente Island. The local refraction/diffraction 

pattern from the solitary wave is calculated in Figure 8.1 for present mean sea level. Inspection 

of Figure 8.1 reveals the tsunami wave height begins to increase at 50 m of water depth due to 

shoaling and reaches 6m of height before breaking along the shores of Doheny Beach. Because 

the tsunami wave begins shoaling in much deeper water than typical storm-induced waves, it 

causes seabed scour and erosion to occur out to very deep water depths. Therefore all run-up and 

total water level solutions are based eroded beach profile conditions. The critical mass thickness 

computed by the CEM in Figure 8.2 for this tsunami shoaling scenario reveals that seabed 

erosion occurs offshore to depths of  -124 to -137 ft. MSL; and the volume of eroded sediment 

can be as high as 1,827 m3 per meter of shoreline. Figure 8.2 also shows that a tsunami of this 

magnitude is capable of eroding as much as 4 ft to 6 ft of seabed offshore, to depths of -120 to -

130 ft. MSL, and could erode as much as 12 ft . of beach sediment cover in a single tsunami 

wave breaking event.  

Tsunami runup and TWL inundation calculations in Tables 8.1 & 8.2 also indicate that all 

of the shore facilities of the Doheny Desalination Project are above tsunami inundation levels at 

present sea level. However, all of the well heads at both Doheny and Capistrano Beaches would 

suffer some degree of tsunami overtopping if concurrent with 2100 sea levels, and the 

overtopping rates could be quite severe, especially for the high 210 sea level rise projections. At 

the low range of 2100 sea level projections, total water levels would reach TWL = 18.82 ft. 

NAVD at Doheny Beach and TWL = 18.83 ft. NAVD at Capistrano Beach. Well Heads A-C at 

Doheny Beach would experience the highest overtopping surges of Q= 1.142 cfs/ft while Well 

Head G at Capistrano Beach would remain high and dry. However, if the tsunami occurred atop 

the high range sea level rise projections for year 2100, then total water levels would reach TWL = 

22.31 ft. NAVD at Doheny Beach and TWL = 22.4 ft. NAVD at Capistrano Beach, sufficient to 

overtop all the well sites of the Doheny Desalination Project. In this case the tsunami surge could 

produce very high, although short-lived, overtopping rates reaching a maximum of Q= 5.691 

cfs/ft at Well Heads A-C on Doheny Beach and a minimum of Q= 2.916 cfs/ft at Well Head H 

on Capistrano Beach. Undoubtedly, the steel vault enclosures of the well heads can be designed 

to withstand these high surge rates, but particular attention should be given to the foundations of 

the vaults to assure the foundations have adequate depth to prevent undercutting by scour. These 

findings are consistent with the FEMA tsunami flood map which show that all of the Doheny 

Beach/San Juan Creek corridor extending several miles inland will be inundated by a shoaling 

tsunami solitary wave.  

   



84 

 

 

 

 

 
Figure 8.1: High resolution refraction/diffraction computation for a 2m high solitary tsunami 

wave approaching Doheny Beach from 165 degrees true. 
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Figure 8.2: Thickness of critical mass envelope at historic survey ranges Doheny Beach, 

calculated by the calibrated CEM sediment budget based a 2m high solitary tsunami wave 

approaching Doheny Beach from 165 degrees true. Closure depth = -124 to -137 ft. MSL; critical 

mass volume = 1,827 m3 per meter of shoreline. 
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Table 8.1: Tsunami Total Water Level (TWL) and Overtopping Rates ( Q ) Analysis at the 

Doheny Beach Site 

Well Head-A 
Elevation = 

17 ft. NAVD 

Well Head-B 
Elevation = 

17 ft. NAVD 

Well Head-C 
Elevation = 

17 ft. NAVD 

Well Head-D 
Elevation = 

18 ft. NAVD 

Well Head-E 
Elevation = 18 

ft. NAVD 

TWL 
Present Sea Level 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

Q
Present Sea Level 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

TWL 
2100 Sea Level 

Low Range 
Projection 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

Q
2100 Sea Level 

Low Range 

Projection 

1.142 

cfs/ft. 

1.142 

cfs/ft. 

1.142 

cfs/ft. 

0.345 

cfs/ft. 

0.345 

cfs/ft. 

TWL 
@  

2100 Sea Level 

High Range 

Projection 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

Q
2100 Sea Level 

High Range 
Projection 

5.691 

cfs/ft. 

5.691 

cfs/ft. 

5.691 

cfs/ft. 

4.162 

cfs/ft. 

4.162 

cfs/ft. 

*Evaluated for 2m high tsunami deep water wave height approaching Doheny State Beach from

165 degrees true
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Table ES-2b: Tsunami Total Water Level (TWL) and Overtopping Rates ( Q ) Analysis at the 

Capistrano Beach Site 

Well Head-G 
Elevation = 18 ft. NAVD 

eroded/accreted 

Well Head-H 
Elevation = 19 ft. NAVD 

eroded/accreted 

*TWL
Present Sea Level 

(eroded) 

15.3 ft. NAVD 

status = dry 

15.3 ft. NAVD 

status = dry 

* Q
Present Sea Level 

(eroded) 

0.0/0.0 cfs/ft. 0.0/0.0 cfs/ft. 

*TWL
2100 Sea Level Low 

Range Projection 

(eroded) 

18.83 ft. NAVD 

status = flooded 

18.83 ft. NAVD 

status = dry 

*Q
2100 Sea Level Low 

Range Projection 

(eroded) 

0.352 cfs/ft. 0.0/0.0 cfs/ft. 

*TWL
2100 Sea Level 

High Range 

Projection 

(eroded) 

22.4 ft. NAVD 

status = flooded 

22.4 ft. NAVD 

status = flooded 

*Q
2100 Sea Level 

High Range 

Projection 
(eroded)

4.293 cfs/ft. 2.916 cfs/ft. 

*Evaluated for 2m high tsunami deep water wave height approaching Capistrano Beach from

165 degrees true.
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9) Summary and Conclusions:

This 2019 study, prepared in response to comments for the Final EIR, provides further 
analysis to amplify the Coastal Hazards Analysis prepared in 2017 for the Draft EIR of the 
Doheny Desalination Project. That earlier work is being amplified herein in response to a revision 

of the California Coastal Commission Sea Level Rise Policy Guidance document that was 

originally released in August 2015, (CCC, 2015), but has been updated in July 2018 with new sea 
level rise projections. In addition, there have been minor adjustments in the locations of a number 
of the well heads and pump stations being proposed for the Doheny Desalination Project. The 
following study accounts for these intervening changes in policy guidance and minor 
modifications to the project description.    

The primary analysis tool used in this study is the Coastal Evolution Model (CEM) 

developed at the Scripps Institution of Oceanography was used to evaluate Appendix-B 
requirements of the California Coastal Commission Sea Level Rise Policy Guidance document 
(CCC, 2015) for a sea level rise/coastal hazards analysis of the Doheny Desalination Project 

(DDP). The Coastal Evolution Model is public domain and available from the University of 

California Digital Library at: http://repositories.cdlib.org/sio/techreport/58/. The Coastal 

Evolution Model employs algorithms consistent with the U.S. Army Corps of Engineers Coastal 

Engineering Manual, (USACE, 2006), but employs the latest generation equilibrium beach 

profile algorithms from Jenkins and Inman (2006) that provide 3-dimensional predictive and 

mapping capability of the wave run-up field, beach erosion and shoreline recession under the 

effects of wave climate variability, climate cycles and sea level rise. The CEM input files were 

populated with National Ocean Survey digital bathymetry in the offshore domain; beach profiles 

sediment grain size measurements by the U.S. Army Corps of Engineers, Coastal Environments 
and Coastal Frontiers; long-term wave data from the Coastal Data Information Program; long-

term ocean water level measurements by the National Oceanic and Atmospheric Administration; 
and stream flow and sediment flux for the San Juan Creek from the United States Geological 

Survey and the Federal Emergency Management Agency. Sea level rise projections used in this 

study were based on the best fit equation from Appendix-B of the California Coastal Commission 

Sea Level Rise Policy Guidance document for a 50 year project planning horizon 
(year 2070) and for a critical infrastructure planning horizon (year 2100). Critical project 

infrastructure subject to potential flooding by extreme event waves or tsunami concurrent with 

extreme ocean water levels and sea level rise are placed at two sites, namely Doheny State Beach 

and Capistrano State Beach. At the Doheny Beach site, five potential locations are being 
evaluated for vaulted well heads with submersible pumps, including :  Well Head A, elevation 17

ft. NAVD, at  33°27'44.38"N, 117°41'16.32"W; Well Head B, elevation 17 ft. NAVD, at  33°

27'45.07"N, 117°41'10.30"W; Well Head C, elevation 17 ft. NAVD at  33°27'45.12"N, 117°

41'6.62"W; Well Head D, at elevation 18 ft. NAVD at 33°27'44.48"N, 117°40'55.30"W; and Well 

Head E, at elevation 18 ft. NAVD at 33°27'42.45"N, 117°40'47.33"W. Two additional vaulted 

well heads with submersible pumps are being evaluated at the Capistrano Beach site, which 

includes: Well Head G, at elevation 18 ft. NAVD at 33°27'14.94"N, 117°39'59.91"W; and Well 

Head H, at elevation 19 ft. NAVD at 33°27'13.17"N, 117°39'57.15"W. 

This study is based on sea level rise projections appearing in Appendix-G, Table G-11, of 

the recently updated California Coastal Commission Sea Level Rise Policy Guidance document 
(CCC, 2018). This document provides no specific guidance on the redline frequency for flooding 

or inundation. In the absence of such guidance we have adopted Federal Emergency Management 

Agency standards for flooding frequency and set redline planning frequency at the 100 year event 

(1% probability of recurrence). The 100 year wave event was the two day storm of 17-18 January, 

1988, which produced deep water significant wave heights off Doheny State Beach reaching 15.5 

ft., approaching the beach from 2700 with 14 second significant wave periods. 

http://repositories.cdlib.org/sio/techreport/58/
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An analysis of extremal total water levels, (TWL’s), based on the occurrence of extreme waves 

concurrent with extreme ocean water levels at present and at year 2100 sea levels, is summarized 

in Table 7.1 for structures at the Doheny Beach site and Table 7.2 for the Capistrano Beach site. 

Inspection of Table 7.1 & 7.2 reveals that all the beach front well sites for the Doheny 

Desalination Project are safe from flooding or inundation at present sea levels by extreme event 

waves concurrent with extreme ocean water levels for event return periods between 1 yr. and 

100 yr. However, once we admit to 2100 sea level rise projections, a number of the beach front 

facilities for the Doheny Desalination Project will suffer some flooding and overtopping to 

varying degrees. 

For the low-range 2100 sea level projections, the three well sites on the north side of San 

Juan Creek (Well Heads A-C) and one of the wells at the Capistrano Beach site (Well Head G) 

will experience minor overtopping, even for a 1 year event if the beaches have been accreted by 

additional sands from water shed floods or still retain a built-out summer equilibrium beach 

profile, with overtopping rates of about (1yr) = 0.038 cfs per lineal ft. of shoreline. However, 

if a 100-yr total water level event occurs during the low-range projection of 2100 sea levels, then 

all of the well sites will be overtopped to varying degrees if the beaches remain in an accreted 

condition with elevated berms and steep beach slopes. Under these beach conditions, 

overtopping rates will range from a high of (100yr) = 0.094 cfs per lineal ft. of shoreline at 

Well Heads A- C, to a low of  (100yr) = 0.014 cfs/ft at Well Head H. Interestingly enough, 

none of the well heads would experience overtopping during a 100 year event when occurring 

during the low range 2100 sea levels if the beach were eroded, which would be the most likely 

condition during a 100-year event. Total water levels for eroded beach conditions are always 

less, because these beaches have flatter slopes and are more dissipative of wave set-up and run-

up than the steeper accreted beaches.   

For the high-range 2100 sea level projections, Table 7.1 indicates the 100 year total water 

level events at the Doheny Beach site reach TWL(100) = 21.9 ft. NAVD for the steeply sloping 

accreted beach conditions and TWL(100) = 20.2 ft. NAVD for the eroded beach conditions. At 

the Capistrano Beach site, shoaling wave heights are higher and total water levels for a 100 year 

event superimposed on the high range projections for 2100 sea levels produce total water levels 

reaching TWL(100) = 22.7 ft. NAVD for the steeply sloping accreted beach conditions and 

TWL(100) = 21.1 ft. NAVD for the eroded beach conditions. Consequently, all beach front well 

heads for the Doheny Desalination Project will be overtopped and flooded when extreme waves 

happen concurrently with extreme ocean water levels that are superimposed on the high range of 

2100 sea levels. The lowest lying well heads (Well Heads A-C) would experience the highest 

overtopping rates, ranging from Q (100yr) = 0.216 cfs/ft. to 0.331 cfs/ft. depending on the 

eroded or accreted condition of Doheny State Beach. According Table VI-5-6 in the Coastal 

Engineering Manual (USACE, 2006) overtopping rates of this order of magnitude are very 

dangerous for pedestrian and vehicle traffic, and may cause structural damage to adjacent 

buildings, but the well heads and pumps for the Doheny Desalination project will be protected by 

steel vault enclosures. The smallest overtopping rates during the 100-year event at the high 

range2100 sea level projections will occur at the highest located well head (Well Head H) at the 

Capistrano Beach site where overtopping rates will range from Q (100yr) = 0.142 cfs/ft. to 

0.250 cfs/ft. While these overtopping rates are still dangerous to pedestrian and vehicle traffic, 

they are easily mitigated by the steel vault enclosures of the well heads and pumps being placed 

at Capistrano Beach. 

Tsunami induced erosion, runup, and inundation were analyzed for the Doheny and 

Capistrano State Beaches and shore-side facilities associated with the Doheny Desalination 

Project for present and future sea levels according to low and high range sea level rise 
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predictions. The analysis was based on numerical refraction/diffraction codes for a shoaling 

solitary wave. The tsunami event scenario is based on a 2m high solitary wave approaching 

Doheny Beach from 165 degrees true, as could be anticipated for a catastrophic tsunami event 

arising from a major landside on the east side of San Clemente Island. The local 

refraction/diffraction pattern from the solitary wave reveals the tsunami wave height begins to 

increase at 50 m of water depth due to shoaling, and reaches 6m of height before breaking along 

the shores of Doheny and Capistrano Beaches. Because the tsunami wave begins shoaling in 

much deeper water than typical storm-induced waves, it causes seabed scour and erosion to 

occur out to very deep-water depths. Therefore, all run-up and total water level solutions are 

based eroded beach profile conditions.  

Tsunami TWL inundation calculations are summarized Table 8.1 for the Doheny Beach 

site, and Table 8.2 for the Capistrano Beach site. These tables indicate that all of the shore 

facilities of the Doheny Desalination Project are above tsunami inundation levels at present sea 

level. However, all of the well heads at both Doheny and Capistrano Beaches would suffer some 

degree of tsunami overtopping if concurrent with 2100 sea levels, and the overtopping rates 

could be quite severe, especially for the high 210 sea level rise projections. At the low range of 

2100 sea level projections, total water levels would reach TWL = 18.82 ft. NAVD at Doheny 

Beach and TWL = 18.83 ft. NAVD at Capistrano Beach. Well Heads A-C at Doheny Beach 

would experience the highest overtopping surges of Q= 1.142 cfs/ft while Well Head G at 

Capistrano Beach would remain high and dry. However, if the tsunami occurred atop the high 

range sea level rise projections for year 2100, then total water levels would reach TWL = 22.31 

ft. NAVD at Doheny Beach and TWL = 22.4 ft. NAVD at Capistrano Beach, sufficient to overtop 

all the well sites of the Doheny Desalination project. In this case the tsunami surge could 

produce very high, although short-lived, overtopping rates reaching a maximum of Q= 5.691 

cfs/ft at Well Heads A-C on Doheny Beach and a minimum of Q= 2.916 cfs/ft at Well Head H 

on Capistrano Beach. Undoubtedly, the steel vault enclosures of the well heads can be designed 

to withstand these high surge rates, but particular attention should be given to the foundations of 

the vaults to assure those foundations have adequate depth to prevent undercutting by scour. 

These findings are consistent with the FEMA tsunami flood map which show that all of the 

Doheny Beach/San Juan Creek corridor extending several miles inland will be inundated by a 

shoaling tsunami solitary wave. 
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ABSTRACT: Diffusers intrinsically generate strong turbulent jets in order to produce mixing 

and rapid dilution of effluent, and the shearing action of those turbulent jets can potentially 

damage or kill small delicate organisms entrained into those jets (sometimes referred to as 

diffuser turbulence mortality). The implementation section of the brine amendment to the 

California Ocean Plan, Section III.M.2 (b), requires that brine diffusers must minimize and 

mitigate for such marine life impacts, and the California State Water Resources Control Board 

has released newly defined protocols that require the use of a specific hydrodynamic mixing 

model (referred to as Plumes 18b) to assess those impacts. Plumes 18b is not supported by US 

EPA, but the State Water Board has made executable files for this model publicly available on 

their web site, along with a technical guidance document on how to assess deleterious 

entrainment from brine diffusers. These protocols using the Plumes 18b model are implemented 

in this study to assess potential injury or mortality to small marine organisms entrained by 

discharges from the diffuser of the San Juan Creek Ocean Outfall (SJCOO) that is being 

proposed as the discharge structure for brine by-product from the Doheny Desalination Project 

(DDP). 

In general, Plumes 18b predicted higher Minimum Initial Dilution, and smaller Zones of 

Initial Dilution, ZID at deeper depths than was reported previously by DDP dilution studies 

using the US EPA supported Visual Plumes (UM3). Using Plumes 18b, all of the buoyant DDP 

discharge scenarios are found to achieve the required 101 to 1 minimum initial dilution required 

under the current NPDES permit for the SJCOO, (No. CA 0107417, Order No. R9-2012-0012 as 

amended by Order No. R9-2014-0105). For any given amount of SOCWA wastewater, the 

addition of any amount of DDP brine reduces both the minimum initial dilution as well as the 

effective (average or bulk) dilution at the maximum rise of the plume, while reducing the size of 

the ZID. This is not altogether a bad result, so long as there remains adequate dilution to satisfy 

present or future NPDES permit requirements for minimum initial dilution; which indeed 

appears to be the case. The reduction of buoyant effluent dilution caused by adding brine to 

SOCWA wastewater has a favorable effect on potentially deleterious diffuser entrainment, even 

though buoyant discharges appear to be exempt from requirements to assess, minimize or 

mitigate for diffuser turbulence mortality impacts to entrained marine organisms under the 

present structure of the amended Ocean Plan (SWRCB,2015). The Plumes 18b results show that 

for any given amount of SOCWA wastewater, the addition of any amount of DDP brine reduces 

the deleterious diffuser entrainment rate, thus improving upon an existing condition that is not 

mitigatable under present implementation practices of the Ocean Plan. Therefore, no mitigation 

should be required for DDP operational scenarios that result in buoyant combined discharges 

with SOCWA wastewater. The net turbulence mortality benefit achieved by combining DDP 

brine with SOCWA wastewater increases with decreasing combined discharge rate, as smaller jet 

velocities with larger Kolmogorov turbulent eddies occur at lower combined discharge rates.       

The Plumes 18b dilution modeling results for the combinations of SOCWA wastewater 

and DDP brine that produce dense (negatively buoyant) discharges involve either brine-only or 

high-brine ratio discharges, typical of conditions anticipated during dry-weather wastewater 

effluent streams or future water reclamation conditions. Again, Plumes 18b has predicted higher 

effective dilution and shorter distances to the 2 ppt over natural background compliance 

threshold than was reported previously in DDP dilution studies using the US EPA supported 

Visual Plumes (UM3). Based on long term averages of ambient salinity records, natural 

background salinity at the SJCOO is 33.52 ppt, so that the compliance threshold 35.52 ppt under 

Appendix-A brine amendment provisions of the California Ocean Plan (SWRCB, 2015). Plumes 
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18b results indicate this compliance threshold is met in less than 2.5 ft. from the point of 

discharge by all DDP dense discharge operating conditions; whereas the Ocean Plan requires this 

compliance threshold is reached within 100 m from the discharge point. Thus, the DDP would be 

fully compliant with Ocean Plan brine discharge limits by a wide margin of safety, according to 

Plumes 18b dilution simulations. The jets of the SJCOO diffuser discharge parallel to the bottom 

and the ports are only 4.5 ft. above the bottom. Consequently the trajectories of these dense DDP 

discharges travel relatively short distances before reaching maximum rise or bottom hit points. 

This behavior, in turn, causes the Kolmogorov eddy scales in the diffuser jets to remain small 

(less than 0.2 mm), and presumably injurious according to the injury hypothesis advanced in the 

State Water Boards turbulence mortality guidance document. But these short trajectories also 

limit the effective (bulk or average) dilution and therefore limit the deleterious diffuser 

entrainment. By the literal interpretation of the State Water Board’s guidance document 

mitigation scaling for brine diffuser turbulence mortality should only be based on the 

entrainment at the maximum rise of the plume, which range from 67 mgd to 729 mgd for dense 

DDP discharges.   
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Plumes 18b Modeling Assessment of Deleterious Diffuser Entrainment for the Doheny 

Desalination Project 
 

By Scott A. Jenkins, Ph.D. 

1) Introduction:  

This is a hydrodynamic modeling analysis to assess potential injury or mortality to small 

marine organisms entrained by discharges from the diffuser of the San Juan Creek Ocean Outfall 

(SJCOO) that is being proposed as the discharge structure for brine by-product from the Doheny 

Desalination Project (DDP). Diffusers intrinsically generate strong turbulent jets in order to 

produce mixing and rapid dilution of effluent, and the shearing action of those turbulent jets can 

potentially damage or kill small delicate organisms entrained into those jets, phenomena referred 

to herein as turbulence mortality.  The present analysis is based on newly defined protocols by 

the California State Water Resources Control Board as outlined in Roberts (2018a). These 

protocols require the use of a specific hydrodynamic mixing model referred to as Plumes 18b. 

Plumes 18b is not supported by the USEPA, but is a derivative of the Visual Plumes (UM3) 

model which USEPA does support, (cf. Frick, et al, 2003); and both models share the same 

principal developer, Dr. Walter Frick. The antecedent dilution modeling for the Doheny 

Desalination Project appearing in Jenkins (2016 & 2017) was performed using the Visual Plumes 

(UM3) model; but implementation of the methods in Roberts (2018) technical guidance 

document require that dilution be recalculated using Plumes 18b. Some differences were found 

between the dilution estimates originally calculated in Jenkins (2016 & 2017) using Visual 

Plumes (UM3) versus those calculated herein using Plumes 18b, but those differences did not 

change the fundamental conclusion that the 14 brine discharge scenarios in Table 1 that span the 

proposed operating range of the Doheny Desalination Project, are all compliant with 

requirements for both buoyant and dense discharges under the California Ocean Plan, (SWRCB, 

2015). 

A careful read of the Appendix-A brine amendment of the California Ocean Plan indicates 

that combining indicates that combining brine from desalination plants with wastewater from 

municipal wastewater treatment facilities, and utilizing existing treated wastewater outfalls is the 

preferred discharge technology, and that discharge strategy is exactly what is proposed for the 

Doheny Desalination Project. The implementation section of the brine amendment to the 

California Ocean Plan, Section III.M.2 (b), requires that: 

 

Multiport diffusers shall be engineered to maximize dilution, minimize the size of the brine 

mixing zone, minimize suspension of benthic sediments, and mortality of all forms of 

marine life 

 

This requirement appears only in the Appendix-A brine amendment of the California Ocean Plan, 

and therefore, implicitly applies only to the dense (negatively buoyant) discharge scenarios that 

appear as the red or black entries in Table-1. Buoyant discharges, such as wastewater discharges 

are regulated under a completely different set of compliance standards found in Appendix I of the 

California Ocean Plan. There are no implementation provisions in Appendix-I that require 

diffusers discharging buoyant effluent to minimize turbulence mortality; and no wastewater   
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Table 1 Plumes 18b Modeling Scenarios for the Doheny Desalination Project 

SOCWA 

Wastewater 

Flow Rates 

(MGD) 

Brine 

Discharge 

Rate 

(MGD) 

Combined 

Discharge Rate 

(MGD) 

Combined Discharge 

Salinity 

(ppt ) 

Density 

Anomaly 
 /  

0 3.0 3.0 67.0 -0.0268 

1.8* 3.0 4.8 54.43 -0.0167 

0.0 5.0 5.0 67.0 -0.0268 

0.35 5 5.35 62.63 -0.0233 

0.0 10.0 10.0 67.0 -0.0268 

0.0 15.0 15.0 67.0 -0.0268 

8.0 15.0 23.0 43.69 -0.00839 

13.0 15.0 28.0 35.89 -0.00197 

8.0 5.0 13.0 25.77 +0.00636 

13.0 5.0 18.0 18.61 +0.01225 

18.9 5.0 23.9 14.02 +0.0160 

18.9 15.0 33.9 29.64 +0.0032 

31.0 5.0 36.0 9.30 +0.0199 

31.0 15.0 46.0 21.85 +0.0096 

Notes: 

*well water from Doheny and Capistrano beaches substituted for SOCWA wastewater 

Red & Black = dense (negatively buoyant) discharges 

Blue = buoyant discharges 

 

 

authority or sanitation district in California has been required to assess or mitigate for deleterious 

entrainment by the wastewater outfall diffusers. Consequently, many readers of the Ocean Plan 

have inferred that turbulence mortality assessment and mitigation would not be required for 

blended brine/wastewater operating conditions that result in a buoyant combined effluent (such 

as the blue entries in Table-1).  Nonetheless we will apply herein the State Water Board 

turbulence mortality assessment criteria outlined in Roberts (2108a) to the 6 buoyant effluent 

operating scenarios in Table-1; and demonstrate net incremental changes over present SOCWA 

wastewater-only operating conditions would be reductions in potentially deleterious entrainment 

due to additions of brine, and consequently the Doheny Desalination Project would have no net 

mitigatable impact for those combined buoyant effluent cases. For the remaining 8 dense effluent 

discharge cases in Table 1 (red and black entries), turbulence mortality assessment criteria are 

applied as outlined in Roberts (2108a), leading to results for potentially deleterious entrainment, 

which will be throughput to a subsequent ETM/APF (Empirical Transport Model/Area of 

Production Foregone) analysis in a companion study to compute the mitigation scaling for 

diffuser turbulent shear impact.  
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2) Turbulence Mortality Technical Approach:  

 The calculus presented in Roberts, (2018a) to assess injury or mortality to organisms 

entrained by brine diffuser discharges (aka, turbulence mortality) has three components:  

 

1) Injury Hypothesis based on the notion that injury or mortality occurs when entrained 

organisms are exposed to a specific type of diffuser-induced turbulent eddy that is smaller 

than what is found in ambient ocean turbulence yet comparable to the size of the organism. 

Therefore, the smallest naturally occurring eddies in ambient ocean turbulence establish the 

injury threshold, which is assumed to be 1 mm.  

2) Empirical Relations that relate the size of that specific type of diffuser-induced eddy to 

the distance from the point of discharge.  

3) Entrainment Calculations based on dilution-trajectory results from the Plumes 18b that 

yield the entrainment rate between the point of discharge and the point where a specific type 

of diffuser-induced eddy becomes comparable to or larger than what is found in ambient 

ocean turbulence. This entrainment rate is presumed to be deleterious and is throughput to 

the ETM/APF (Empirical Transport Model/Area of Production Foregone) calculus to 

compute the mitigation scaling for diffuser turbulent shear impact. (Note the ETM/APF is 

not a component of the Roberts calculus)  

The injury hypothesis is based on the notion that only those entrained organisms which are 

comparable to, or smaller than, Kolmogorov turbulence scales will suffer injury or mortality. To 

isolate the incremental injury and mortality due to the diffuser from what occurs naturally in 

ambient ocean turbulence, diffuser entrainment impacts are assumed to occur only in those 

regions of the diffuser discharge where the Kolmogorov scales are smaller than the natural 

Kolmogorov scale in the ocean water mass around the diffuser. This limits the size of the 

entrained organism that are assumed to be impacted by the diffuser to only the smallest, most 

fragile, populations in the receiving waters. However, this assumption also makes 

implementation of this theory reliant on a highly site-specific parameter that is extremely 

difficult and costly to measure, namely Kolmogorov scale ocean turbulence.  Walter, et al., 

(2014) measured Kolmogorov scale ocean turbulence in a massive field effort that deployed 

Doppler velocimeters and fast-response conductivity-temperature sensors mounted on an 

underwater turbulence flux tower located in the far southern end of Monterey Bay, (offshore of 

the Hopkins Marine Station in Pacific Grove). These measurements suggest the smallest 

naturally occurring turbulent eddies in Monterey Bay are about 1 mm in size. No such direct 

measurements of Kolmogorov scale ocean turbulence exist anywhere else in California, and 

collecting such data would be a significant research effort. We note turbulence measurements off 

Vancouver Island by Grant, et al. (1962) found that Kolmogorov scale ocean turbulence was on 

the order of 2 cm, 20 times greater than the Monterey Bay measurements. The uncertainty of 

how Kolmogorov scale ocean turbulence varies throughout the coastal waters of California will 

radically impact the final calculations of volume of entrained water that is considered to be 

deleterious, because it dictates the injury threshold of the entire turbulence mortality assessment. 
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Nonetheless, we are compelled herein to adopt the nearest neighbor assessment of ocean 

Kolmogorov scales, and base our turbulence mortality assessments on the Monterey Bay 

measurements. 

The second component in the Roberts method for turbulent mortality assessment are 

empirical relations that relate the size of a specific type of diffuser-induced eddy (the 

Kolmogorov scale) to the distance from the point of discharge. The Kolmogorov eddy size is 

calculated with a simple empirical relation derived from laboratory measurements of turbulent 

jet: 

                                                                      
3/40.24 Rec x                                                                 (1) 

Where c is the Kolmogorov eddy size along the jet centerline, x  is the distance from the 

discharge point, Re /u d  is the Reynolds number based on the discharge velocity, u, the jet 

port diameter, d, and the kinematic viscosity,  = 1.17 X 10-6 m2/s. However, in both Roberts (2018 

a & b) the calculations of Kolmogorov eddy scales and the associated deleterious entrainment are 

stopped at the maximum rise height (apex) of the brine plume trajectory, even though the 

Kolmogorov scale eddies at the apex are still very much smaller than the injury threshold of 1 

mm. The reason for this truncation of the calculation is because equation (1) is based on 

measurements of laboratory scale jets by Wygnanski and Fiedler (1969), which omitted 

buoyancy effects. Beyond the apex of a brine discharge trajectory buoyancy forces begin to 

exceed the inertial forces and the discharge transitions from being a jet to becoming a negatively 

buoyant plume. In the application to the 8 dense (negatively buoyant) discharge cases in Table 1 

(red and black entries), we not only estimate deleterious entrainment from Kolmogorov eddy 

scales at the apex of the trajectory, but also carry the calculation all the way to the point where 

the Plumes 18b model finds the trajectory hits the bottom. We do so because the jets of the 

SJCOO diffuser discharge parallel to the bottom and the ports are only 4.5 ft. above the bottom, 

whence the discharge trajectory probably remains a jet at the point of contact with the bottom. 

The decisive issue with proceeding with the equation (1) is that the Kolmogorov scale remains 

less than 1 mm at either the apex of the trajectory or at the point where the trajectory makes 

contact with the bottom 

The third component of the turbulence mortality assessment (as set forth in the Roberts 

(2018a) turbulent mortality guidance document) are entrainment calculations, most accurately 

made using hydrodynamic mixing models to determine dilution at the maximum rise or bottom 

hit points of the discharge trajectory. Until April 2018, the California State Water Resources 

Control Board had been following a procedure where dilution credits for ocean outfall diffusers, 

and other diffuser related issues were evaluated using only those models that had been fully 

vetted by US EPA. The last time US EPA went through this formal vetting processes was 2003 

(cf. Frick et al., 2003), and only three mixing models emerged with EPA certifications: PDSWIN, 

Visual Plumes or CORMIX. However, Roberts (2018a) is recommending use of a model that US 

EPA has not formally vetted, namely UM3 version 17b, aka Plumes 17b. US EPA does not 

support Plumes 17b, and the executable files for that model were only made publicly available 

by the State Water Resources Control Board on their web site for a brief time in late April and 

early May 2018. When it was discovered that Plumes17b had programming bugs, it was replaced 

with Plumes 18b on the State Water Resources Control Board web site, circa 30 May 2018. 

There is no written documentation specific to the implementation of Plumes 18b and the “Help” 
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buttons in the model do not work. However, Plumes 18b has been graciously supported by Dr. 

Walter Frick (US EPA retired), the Plumes 17b and  Plumes 18b developer, who has answered 

many questions by e-mails and phone calls that has allowed us to become proficient in running 

this model.  

The key outputs of the Plumes 18b are the trajectories of discharge and the dilution 

calculated along those trajectories. Plumes 18b is used to find the distance to the point of 

maximum rise of the discharge trajectory, aX  or the distance to the point where the plume 

contacts the bottom, bX ; and these values are inserted in equation (1) to determine if the 

Kolmogorov scale eddies remain less than the injury threshold of 1 mm. Once this condition has 

been verified, the deleterious entrainment by the diffuser is calculated by: 

 

                                                               ( )ac a x X jQ S Q                                                         (2) 

                                              or:                                                                                         

                                                                ( )bc a x X jQ S Q                                                        (3)   

 

    

where cQ  is the deleterious entrainment rate, jQ  is the total discharge rate of all 125 jets of the 

SJCOO diffuser; ( )aa x XS   is the effective (average or bulk) dilution at the maximum rise of the 

discharge trajectory, and ( )ba x XS   is the effective (average or bulk) dilution where the discharge 

trajectory makes contact with the bottom. The solutions to equations (2) and (3) are then passed 

on to the ETM/APF model to compute the mitigation scaling for diffuser turbulent shear impact. 

 
3) Initialization of Plumes 18b:  

Plumes 18b provides data entry with three main input tabs: 1) Diffuser, 2) Ambient, and 

3) Special Settings. The input fields for these three tabs are listed at the top of the text output 

files of each of the modeling scenarios appearing in Appendices A-C. The input fields for are 

listed below with applicable explanations for the input into each field: 

3.1) Diffuser Input Tab: Diffuser and effluent characteristics are necessary to determine the 

momentum of the effluent as it enters the receiving water and the density of the effluent (which 

will affect its buoyancy in the receiving water). 

3.1.1. Port Diameter: Plumes 18b data entry limitations only allow a single input for 

“Port Diameter”. Thus, a single port diameter must be determined. This 

was done by taking an average port size of all the ports as summarized in Table 1. Using 

the information contained in Table 1, one may compute the average port area (7.30 in2) 

and average port diameter (3.05 inches) for the SJCOO diffuser. A port diameter of 3.05 

inches was input to Plumes 18b. 

3.1.2. Vertical Angle: The vertical angle is defined in the Visual Plumes manual ( 

http://www.epa.gov/ceampubl/swater/vplume/ ) as the discharge angle relative to the 

horizontal with zero being horizontal, 90 being vertical upward, and -90 being vertically 

http://www.epa.gov/ceampubl/swater/vplume/
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downward. Appendix-A drawings indicate that the ports are located on the diffuser facing 

opposing directions, 180 degrees away from each other. A data entry limitation of Plumes 

18b is that only one vertical angle may be entered. In cases where there is potential for 

two plumes emitted from different angles on the diffuser to merge within 

the water column, the Visual Plumes manual suggests modeling the diffuser as if all ports 

are on one side of the diffuser and with half the spacing. In situations where the potential 

for plume merging is considered to be negligible, an alternative approach is to model 

one-half of the diffuser (i.e., one plume) and assume no cross-merging of plumes. 

Because the plumes from each side of the diffuser are assumed to have the potential to 

merge, both sides of the diffuser have been included in the simulation (i.e., all ports are 

treated as if they are on one side of the diffuser and with half the spacing). A single 

vertical angle of 0 degrees was used in all runs of the Plumes 18b model.  

3.1.3. Horizontal Angle: Appendix-A drawings indicate that the ports are located on the 

diffuser with no horizontal deflection. Therefore a single horizontal angle of 0 degrees 

was used on each leg in the model.  

3.1.4. Source Coordinates: these entries establish the origin of the Plumes 18b 

coordinate system. These were set at x-coord = 0, y-coord = 0, consistent with the values 

used in the Plumes 17b simulation examples appearing in Appendix-B of Roberts 

(2018a).   

3.1.5. Number of Ports: The number of ports specified in the Appendix A drawings of  

the most recent NPDES permit for the SJCOO outfall (cf: RWQCB, 2014) is 125 ports. 

The outfall rehabilitation report indicated all obstructed ports were cleared in April and 

May of 2015. 125 ports was entered into the model.  

3.1.6. Port Spacing: The Appendix A drawings in the most recent NPDES permit for the 

SJCOO outfall (cf: RWQCB, 2014) indicate that the ports were approximately 24 feet 

apart. Both sides of the diffuser are being modeled on one side of the diffuser; a value of 

12 feet was entered into the model. 

3.1.7. n/r: This entry defines the maximum run time allowed by the model. A value of 

3600 s on the advice of Dr. Walter Frick, (Plumes 18b developer). 

3.1.8.  Mix Zone Distance: This value is not relevant to the final initial dilution 

calculations and has no impact on model output. The Plumes 18b software requires that a 

value be entered into these fields. Therefore, 1000ft was entered based on the size of the 

monitoring zone under the present NPDES permit (cf; RWQCB, 2014) 

3.1.9. Isopleth Value: This value is not relevant to the final initial dilution calculations. 

A value of concent = 0 was entered, consistent with the values used in the Plumes 17b 

simulation examples appearing in Appendix-B of Roberts (2018a).   
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3.1.10. Port Depth: Appendix A and Figure 1 of  the most recent NPDES permit for the 

SJCOO outfall (cf: RWQCB, 2014)  indicate that the diffuser discharge depth is 100 feet 

at the inshore end of the diffuser. A value of 100 feet was used in the model. 

3.1.11. Effluent Flow: These values were separately entered into the effluent flow field 

for each of the modeling scenarios listed in Table-1. 

3.1.12. Effluent Salinity: These values were separately entered into the effluent saliity 

field for each of the modeling scenarios listed in Table-1. 

  

3.1.13) Effluent Temperature: SOCWA provided average monthly temperature data 

from January 2014 through September 2016. The density of water is a function of 

temperature. Therefore, a smaller difference in temperature between the effluent and 

receiving waters will produce a relatively smaller difference between the densities of the 

effluent and receiving waters and less dilution is likely to occur. Effluent temperatures 

ranged from a maximum of 29.440C to a minimum of 21.660C, with a mean effluent 

temperature of 25.620C. Receiving water temperatures are significantly lower than the 

temperature of the effluent discharged from the SJCOO. Thus, a lower effluent 

temperature is likely to result in lower dilution. The lowest monthly average temperature 

of 71oF (21.66 0 C ) was entered into the data field. 

3.1.14) Effluent Concentration: This data field does not have an effect on the final 

initial dilution calculated. However a value must be entered into this field for the model 

to run, and a default value equivalent to the salinity field expressed in parts per million 

(ppm) was entered. 

3.2 Ambient Input Tab: This tap specifies ambient profiles for neafield current speeds and 

directions, salinity, temperature, background concentrations, pollutant decay rates, the n/r run-

time parameter, and the far-field diffusion coefficient. The tab only excepts nine depth 

increments to specify the ambient profiles. The current is always set to zero when running 

models for the Ocean Plan, and the background concentrations, pollutant decay rates, the n/r run-

time parameter, and the far-field diffusion coefficients are irrelevant entries, and the values used 

for these entries are the same as those used in the Plumes 17b simulation examples appearing in 

Appendix-B of Roberts (2018a). However, the depth profiles for ambient salinity and 

temperature are most important as these entries define the natural stratification of the receiving 

waters.  

The receiving water salinity/temperature profile from September 2008 was used to define 

worst case scenario for determination of “the lowest average initial dilution within any single 

month of the year” per Provision III.C.4.d of the Ocean Plan. This is the same profile used  in the 

Appendix H dilution study of the most recent NPDES permit for the SJCOO outfall (cf: 

RWQCB, 2014).  These profiles are plotted in Figure 1. While the salinity profile is fairly 

uniform with depth of water over the SJCOO, (with an average salinity of 33.37 ppt), the 

temperature is found to gradually decline with water depth, varying between 19.9 0 C on the 

surface to 13.40 C at the seafloor around the outfall. Normally there is a very abrupt change in 

water temperature between the warm surface mixed layer and the cold bottom water; and this  
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Figure 1: Worst-case temperature salinity profile as presented in Appendix-H of RWCQB 

(2014) for update of the diffuser performance and minimum dilution assessment of the SJCOO. 

Profiles based on 17 September 2008 upwelling and discharge conditions.  

 

 

abrupt change referred to as a thermocline produces a trapping layer at the thermocline interface, 

where the partially diluted discharge plume no longer has sufficient positive buoyancy to 

penetrate the thermocline, and instead spreads out horizontally along the thermocline interface 

resulting in a trapping level beneath the sea surface. However, the temperature profile in Figure 1 

varies so gradually that there is not a well-defined pycnocline and the trapping layer is poorly 

formed; whence the buoyant wastewater is able to rise to the sea surface, 29 m above the deepest 

sections of the SJCOO diffuser. As a result the ZID boundary becomes the sea surface and the 

distance from the point of discharge where minimum dilution is defined defaults to 29 m, in spite 

of the fact that the plume still has residual momentum and kinetic energy imparted to it by the 

discharge jets.  

 There is a minor difference in the particular portions of the Figure 1 ambient profile that 

were used for the Plumes 18b simulations of the buoyant discharge scenarios versus that used for 

the dense (negatively buoyant) simulations. Plumes 18b only allows 9 depth entries to specify 

the ambient profile, and yet there are 30 depth entries in the field data for the September 2008 

ambient profile in Figure 1. Consequently, some selective judgement was used in deciding which 

of the 30 measured depth increments in Figure 1 ambient profile should be loaded into the 
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ambient input tab of Plumes 18b. It is notable that there is little variability in both the salinity or 

temperature profiles in Figure-1 below a depth of 28 m MSL. For the buoyant discharge 

scenarios in Table-1, where the discharge trajectory is essentially vertically upward from the 

discharge point, the last depth entry in the ambient tab was set at a depth of 29 m, about 1.5 m 

above the depth of the discharge ports. However, when this same ambient tab profile was used 

on the dense (negatively buoyant) scenarios, The Plumes 18b simulations would continue down 

through the bottom and beyond. (This same problem is found in the Plumes 17b simulations of 

the Huntington Beach diffuser in Roberts, 2018b). The seabed at the SJCOO outfall is at a depth 

of 104.5 ft. MSL, or 31.85 m MSL, and yet some of the negatively buoyant simulations would 

continue on to depths of several hundred meters. This problem arises from the fact that Plumes 

18b (unlike Visual Plumes), has no data entry for the elevation of the discharge ports above the 

seabed, and thus the model really doesn’t know where the bottom is! After consulting with Dr. 

Walter Frick (Plumes 18b developer), the solution to this problem was achieved by setting the 

last depth entry in the Plumes 18b ambient tab at precisely the depth of the seabed, and selecting 

“stop at bottom hit” under special settings. This insures that Plumes 18b does not generate 

spurious solutions that extend below the seabed. Therefore, all of the dense (negatively buoyant) 

scenarios from Table-1 were run with the 29 m depth entry to the ambient profile replaced with a 

31.85 m depth entry. 

3.2.1) Far-field Diffusion Coefficient: The Visual Plumes manual recommends the use 

of 0.0003 m0.67/s2. This value was used in the data field as a constant (not extrapolated as 

the ambient temperature and density were). 

  

3.3 Special Settings:  

3.3.1) Tidal Pollutant Build-up, Channel Width : This data field does not have an 

effect on the final initial dilution calculated. A value of 100 was entered, consistent with 

the values used in the Plumes 17b simulation examples appearing in Appendix-B of 

Roberts (2018a).   

3.3.2) Diffuser Port Contraction Coefficient: The shape of the diffuser ports is 

specified in the Appendix-A drawings in the most recent NPDES permit for the SJCOO 

outfall (cf: RWQCB, 2014). Accordingly, a diffuser port contraction coefficient of 1.0 

was used, consistent with the values used in the Plumes 17b simulation examples 

appearing in Appendix-B of Roberts (2018a).   

3.3.3) Standard Light Adsorption Coefficient: The value of 0.16 is recommended in 

the Visual Plumes manual as a conservative value. This is not relevant to final initial 

dilution, and is for the Mancini bacteria model applications of the model. 

3.3.4) Far-field Increment: This value controls the number of lines output by the Brooks 

far-field algorithm. A small value produces more lines and graphic output than large 

values. A value between 100 to 1000 m is recommended by the Plumes 18b manual. This 

field has little effect on the final calculated initial dilution; a value of 100 m was used in 

the data field. 

3.3.5) UM3 Aspiration Coefficient: This is the rate at which ambient fluid is entrained 

(diluted) into the plume. The default value of 0.1 is an average that is rarely changed. A 
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larger value causes more rapid plume spreading and affects other characteristics, like 

plume rise. The default value of 0.1 was used in the data field. 

3.3.6) Output Settings: Output settings were configured for “standard text output  

format” with a group of selected variables that included: “depth, Amb-cur, P-dia, Eff-sal, 

Polutnt, Dilutn, x-posn, y-posn, Iso dia”. The most relevant of these variables for 

proceeding with the turbulence mortality assessment are “depth”, “Eff-sal,” “Dilutn”, “x-

posn” and “y-posn.” In particular, the “x-posn” and “y-posn” output variables are used to 

quantify the distances to the maximum rise and bottom hit points of the trajectories, while 

the “Dilutn” output variable quantifies the effective (average or bulk) dilution at those 

points.  

3.3.5) UM3 Options and Controls: Under the vertical reversals options, “to max rise or 

fall” and “allow induced currents (multiport)” were selected. For the dense (negatively 

buoyant) discharge scenarios, the “stop on bottom hit” setting was selected in order to 

prevent the simulations from running through the seabed. 

4) Results 

 Text file and graphical output from Plumes 18b for each of the Doheny Desalination 

Project (DDP) modeling scenarios in Table-1 are found in Appendices A-C. The results for the 

buoyant discharge scenarios are found in Appendix-B, while those for the dense (negatively 

buoyant) discharge scenarios are in Appendix-C. In order to resolve incremental turbulence 

mortality impacts of the buoyant discharge scenarios, it was necessary to run a separate set of 

wastewater-only baseline cases using the particular flow volumes for the each wastewater 

increment used in the buoyant discharge scenarios. The Plumes 18b text and graphics results for 

these wastewater-only baseline cases are Found in Appendix-A. 

4.1) Results for Buoyant DDP Discharge Scenarios: The Plumes 18b dilution modeling results 

for the combinations of SOCWA wastewater and DDP brine that produce buoyant discharges are 

summarized in Table 2, and contrasted there with wastewater-only baseline results. In general, 

Plumes 18b has predicted higher Minimum Initial Dilution, Dm, and smaller Zones of Initial 

Dilution, ZID at deeper depths than was reported previously by Jenkins (2016 & 2017) using the 

US EPA supported Visual Plumes (UM3). All of the buoyant DDP discharge scenarios are found 

to achieve the required Dm = 101 to 1 minimum initial dilution required under the current 

NPDES permit (No. CA 0107417, Order No. R9-2012-0012 as amended by Order No. R9-2014-

0105). For any given amount of SOCWA wastewater, the addition of any amount of DDP brine 

reduces both the minimum initial dilution as well as the effective (average or bulk) dilution at the 

maximum rise of the plume, while reducing the size of the ZID. This occurs because the addition 

of any amount of DDP brine to SOCWA wastewater reduces the buoyancy of the discharge 

plume, causing it to cease rising at a lower altitude (deeper depth) in the water column, thereby 

reducing the amount of lateral spreading of the plume with associated reductions in dilution and 

the size of the ZID. This is not altogether a bad result, so long as there remains adequate dilution 

to satisfy present or future NPDES permit requirements for minimum initial dilution; which 

indeed appears to be the case. The lowest minimum initial dilutions and smallest ZIDs occur for 

operating conditions when the combined discharge rate is high with high proportions of brine 

relative to wastewater, such as the combination of 15 mgd of brine and 18.9 mgd of wastewater 

that resulted in a minimum initial dilution of Dm = 107.6 to 1 with a ZID = 63 m. All the other 

DDP operating scenarios producing buoyant combined effluent result in minimum initial   
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Table 2: Plumes 18b Modeling of Doheny Buoyant Discharge Scenarios 

 
Discharge Scenario 

 Brine + 

Wastewater =  

Total Flow Rate 

(MGD) 

Combined 

Discharge 

Salinity 

(ppt ) 

Discharge 

Velocity 

m/sec 

Densimetric 

Froude Number 

dguFr
 /  

Depth of  

101 to 1 

dilution 

factor (ft) 

Depth of 

maximum 

rise of 

plume 

(ft) 

 Distance  

 to 

maximum 

rise of 

plume, Za  

(m) 

effective 

dilution 

at maximum 

rise of 

plume, Sa  

Minimum 

Initial  

Dilution, 

Dm 

Diameter 

of ZID 

(m) 

8 mgd 

wastewater-only 

baseline 

1.25 0.595 4.231 86.96 56.35 13.304 375.5 383.1 196 

5 + 8 = 13 25.77 0.967 12.95 70.89 62.90 11.308 130.9 133.9 78 

13 mgd 

wastewater-only 

baseline 

1.25 0.967 6.875 84.51 52.82 14.380 315.4 321.9 165 

5 + 13 = 18.0 18.61 1.338 13.62 71.72 53.98 14.026 175.2 178.7 160 

18.9 mgd 

wastewater-only 

baseline 

 

1.25 1.405 9.996 82.69 50.81 14.992 273.8 279.5 143 

5 + 18.9 = 23.9 14.02 1.777 16.02 71.01 50.90 14.965 185.4 189.1 135 

15 + 18.9 = 33.9 29.64 2.521 43.40 68.94 68.94 9.467 105.0 107.6 63 

31 mgd 

wastewater-only 

baseline 

1.25 2.305 16.39 79.853 48.50 15.696 226.6 231.3 123.0 

5 + 31 = 36.0 9.30 2.677 21.83 78.03 50.05 15.224 192.7 196.6 110.0 

*15 + 31 = 46.0 21.85 3.420 38.72 67.04 55.57 13.542 152.0 155.1 109 

Red = dry-weather 

Blue = average conditions 

Green = wet-weather 

*Exceeds maximum permitted combined discharge rate of 38.78 mgd under NPDES permit (No. CA 0107417, Order No. R9-2012-

0012 as amended by Order No. R9-2014-0105) 
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dilutions that exceed present NPDES permit requirements by a factor of 1.5 to 3.2 with ZIDs 

well over 100 m in diameter. 

 The reduction of buoyant effluent dilution caused by adding brine to SOCWA wastewater 

has a favorable effect on potentially deleterious diffuser entrainment, even though buoyant 

discharges appear to be exempt from requirements to assess, minimize or mitigate for turbulence 

mortality impacts to entrained marine organisms under the present structure of the amended 

Ocean Plan (SWRCB,2015).  Table-3 summarizes all the parameters and results for deleterious 

diffuser entrainment for both the DDP buoyant discharge operating scenarios as well as the 

SOCWA wastewater-only baseline simulations. The results show that for any given amount of 

SOCWA wastewater, the addition of any amount of DDP brine reduces the deleterious diffuser 

entrainment rate, thus improving upon an existing condition that is presently not mitigatable 

under present implementation practices of the Ocean Plan. Therefore, no mitigation should be 

required for DDP operational scenarios that result in buoyant combined discharges with SOCWA 

wastewater. Inspection of Table-3 indicates that the net turbulence mortality benefit achieved by 

combining DDP brine with SOCWA wastewater increases with decreasing combined discharge 

rate, as smaller jet velocities with larger Kolmogorov turbulent eddies occur at lower combined 

discharge rates.       

  

4.2) Results for Dense (Negatively Buoyant) DDP Discharge Scenarios: The Plumes 18b 

dilution modeling results for the combinations of SOCWA wastewater and DDP brine that 

produce dense (negatively buoyant) discharges are summarized in Table 4. All of the dense 

discharge cases in Table-4 involve either brine-only or high-brine ratio discharges, typical of 

conditions anticipated dry-weather wastewater effluent streams or future water reclamation 

conditions. Again, Plumes 18b has predicted higher effective dilution, aS , and shorter distances 

to the 2 ppt over natural background compliance threshold than was reported previously by 

Jenkins (2016 & 2017) using the US EPA supported Visual Plumes (UM3). Based on long term 

averages of ambient salinity records reported in Jenkins (2016), natural background salinity at 

the SJCOO is 33.52 ppt, so that the compliance threshold 35.52 ppt under Appendix-A brine 

amendment provisions of the California Ocean Plan (SWRCB, 2015). Plumes 18b results in 

Table 4 indicate this compliance threshold is met in less than 2.5 ft. from the point of discharge 

by all DDP dense discharge operating conditions; whereas the Ocean Plan requires this 

compliance threshold is reached within 100 m from the discharge point. Thus the DDP would be 

fully compliant with Ocean Plan brine discharge limits by a wide margin of safety, according to 

Plumes 18b dilution simulations. As mentioned in Section 2, the jets of the SJCOO diffuser 

discharge parallel to the bottom and the ports are only 4.5 ft. above the bottom. Consequently, 

dense discharges from the SJCOO diffuser only rise a couple of feet above the discharge point 

(due to vertical spreading of the discharge jets by the action of turbulent mixing), before the 

trajectory bends downward under the action of negative buoyancy and makes contact with the 

bottom. By the literal interpretation of the State Water Board’s guidance document (Roberts, 

2018a) deleterious diffuser entrainment should only be based on the entrainment at the maximum 

rise of the plume. But, Table-5 indicates that the Kolmogorov eddy scales remain substantially 

less than the injury threshold of 1 mm all the way until the discharge trajectory makes contact 

with the bottom. Therefore, Table 4 includes trajectory analysis of the distances to both the 
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Table 3: Deleterious Diffuser Entrainment for Doheny Buoyant Discharge Scenarios 

  
Discharge 

Scenario 

 Brine + 

Wastewater 

=  

Total Flow 

Rate (MGD) 

Discharge 

Velocity, 

u 

m/sec 

*Jet 

Reynolds 

Number 

Re /u d   

Depth of 

maximum 

rise of 

plume 

(ft) 

 Distance  

 to 

maximum 

rise of 

plume, Xa  

(m) 

Kolmogorov 

scale at 

maximum 

rise of 

plume** 

(mm) 

 

effective 

dilution 

at 

maximum 

rise of 

plume, Sa 

Deleterious 

diffuser 

entrainment 

at 

maximum 

rise of 

plume 

(MGD) 

Incremental 

Impact of 

Deleterious 

diffuser 

entrainment 

(MGD) 

Diameter 

of ZID (m) 

Incremental 

Impact on 

Diameter 

of ZID (m) 

8 mgd 

wastewater- 

baseline 

0.595 39,397.1 56.35 13.304 1.142 375.5 3,004 N/A 196 N/A 

5 + 8 = 13 0.967 64,028.6 62.90 11.308 0.674 130.9 1,701.7 -1,302.3 78 -188 

13 mgd 

wastewater- 

baseline 

0.967 64,028.6 52.82 14.380 0.857 315.4 4,100.2 N/A 165 N/A 

5 + 13 = 

18.0 

1.338 88,593.8 53.98 14.026 0.656 175.2 3,153.6 -946.6 160 -5 

18.9 mgd 

wastewater- 

baseline 

 

1.405 93,030.2 50.81 14.992 0.675 273.8 5,174.82 N/A 143 N/A 

5 + 18.9 = 

23.9 

1.777 117,661.7 50.90 14.965 0.565 185.4 4,431.06 -743.76 135 -8 

15 + 18.9 = 

33.9 

2.521 166,924.6 68.94 9.467 0.275 105.0 3,559.5 -1,615.32 63 -80 

31 mgd 

wastewater- 

baseline 

2.305 152,622.5 48.50 15.696 0.487 226.6 7,024.6 N/A 123.0 N/A 

5 + 31 = 

36.0 

2.677 177,254.0 50.05 15.224 0.422 192.7 6,937.2 -87.4 110.0 -13 

15 + 31 = 

46.0 

3.420 226,450.7 55.57 13.542 0.313 152.0 6,992 -32.6 109 -14 

*Based on jet diameter d = 3.05 in. and kinematic viscosity,   = 1.17 X 10-6 m2/s 

**Based on Kolmogorov scale 
3/40.24 Rec aX  , per equation (22) in Roberts, (2018a)  
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Table 4: Plumes 18b Modeling of Doheny Dense (Negatively Buoyant) Discharge Scenarios 

  
Discharge 

Scenario 

 Brine + 

Wastewater =  

Total Flow 

Rate (MGD) 

Combined 

Discharge 

Salinity 

(ppt ) 

Discharge 

Velocity 

m/sec 

Densimetric 

Froude 

Number 

dguFr
 /  

Horizontal 

Distance  

 to within 

2 ppt of 

*Natural 

Background 

(ft) 

 Distance  

 to bottom 

hit, Xb (ft) 

Depth of 

maximum 

rise of 

plume 

(ft) 

Distance  

 to 

maximum 

rise of 

plume, Xa  

(ft) 

effective 

dilution at 

maximum 

rise of plume, 

Sa(x=Xa) 

 

effective dilution 

at bottom hit, 

Sa(x=Xb) 

3 + 0 = 3 67.0 0.223 1.678 0.566 0.876 99.8 0.750 26.03 40.26 

3 + 1.8* = 

4.8 

54.44 0.357 3.468 0.260 1.423 99.0 0.735 17.19 36.66 

5 + 0 = 5 67.0 0.372 2.796 0.653 1.252 99.3 0.800 19.08 37.94 

5 + 0.35 = 

5.35 

62.63 0.398 3.226 1.095 1.348 99.1 0.462 12.53 37.18 

10 + 0 = 10 67.0 0.744 5.593 1.346 2.555 99.2 1.704 20.92 34.96 

15 + 0 = 15 67.0 1.115 8.389 2.466 4.076 99.2 2.803 19.42 31.83 

15 + 8 = 23 43.69 1.710 25.36 2.176 10.14 99.1 6.038 12.09 21.26 

15 + 13 = 

28.0 

35.89 2.082 165.0 0.116 19.76 96.8 20.10 26.04 26.04 

Black = dry-weather with well water substituted for SOCWA wastewater 

Red = dry-weather or future water reclamation conditions 

*Natural background salinity at the SJCOO is 33.5 ppt. 

**Fails to dilute to within 2 ppt of natural background salinity within a horizontal distance of 100 m  
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Table 5: Deleterious Diffuser Entrainment for Doheny Dense (Negatively Buoyant) Discharge Scenarios 

  
Discharge 

Scenario 

 Brine + 

Wastewater 

=  

Total Flow 

Rate 

(MGD) 

Discharge 

Velocity, 

u 

m/sec 

*Jet 

Reynolds 

Number 

Re /u d   

 Distance  

 to 

maximum 

rise of 

plume, Xa  

(ft) 

 Distance  

 to plume 

bottom  

hit, Xb (ft) 

Kolmogorov 

scale at 

maximum 

rise of 

plume** 

(mm) 

 

Kolmogorov 

scale at 

plume 

bottom 

hit*** (mm) 

effective 

dilution 

at 

maximum 

rise of 

plume, 

Sa(x=Xa) 

 

effective 

dilution 

at 

bottom 

hit, 

Sa(x=Xb) 

 

Deleterious 

diffuser 

entrainment 

at 

maximum 

rise of 

plume 

(MGD) 

Deleterious 

diffuser 

entrainment 

at bottom 

hit of 

plume 

(MGD) 

3 + 0 = 3 0.223 14,765.6 0.750 0.876 0.041 0.048 26.03 40.26 78.09 120.78 

3 + 1.8a = 

4.8 

0.357 23,638.2 0.735 1.423 0.028 0.054 17.19 36.66 82.512 175.968 

5 + 0 = 5 0.372 24,631.4 0.800 1.252 0.029 0.046 19.08 37.94 95.4 189.7 

5 + 0.35 = 

5.35 

0.398 26,353.0 0.462 1.348 0.016 0.048 12.53 37.18 67.0355 198.913 

10 + 0 = 

10 

0.744 49,262.9 1.704 2.555 0.038 0.057 20.92 34.96 209.2 349.6 

15 + 0 = 

15 

1.115 73,828.2 2.803 4.076 0.046 0.066 19.42 31.83 291.3 477.45 

15 + 8 = 

23 

1.710 113,225.3 6.038 10.14 0.072 0.120 12.09 21.26 278.07 488.98 

15 + 13 = 

28.0 

2.082 137,856.8 20.10 19.76 0.21 0.202 26.04 26.04 729.12 729.12 

*Based on jet diameter d = 3.05 in. and kinematic viscosity,   = 1.17 X 10-6 m2/s 

**Based on Kolmogorov scale 
3/40.24 Rec aX  , per equation (22) in Roberts, (2018a) 

**Based on Kolmogorov scale 
3/40.24 Rec bX  , per equation (22) in Roberts, (2018a) 

a well water substituted for SOCWA wastewater 
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maximum rise and bottom hit points, and the associated effective (bulk or average) dilutions at 

both of those points. While no clear relationships appear to emerge from Table-4 entries for 

effective dilution at the maximum rise points of the trajectory; effective dilution at the bottom hit 

points increases with decreasing salinity and flow rates of the combined brine/wastewater 

effluent. 

Table-5 summarizes all the parameters and results for deleterious diffuser entrainment for 

the dense (negatively buoyant) DDP discharge operating scenarios. Because of the relatively 

short distances traveled by the dense discharges before reaching maximum rise or bottom hit 

points, the Kolmogorov eddy scales remain small (less than 0.2 mm), and presumably injurious 

according to the injury hypothesis advanced in the State Water Boards turbulence mortality 

guidance document (Roberts, 2018a). But these short trajectories also limit the effective (bulk or 

average) dilution and therefore limit the deleterious diffuser entrainment. Again, by the literal 

interpretation of the State Water Board’s guidance document (Roberts, 2018a) mitigation scaling 

for brine diffuser turbulence mortality should only be based on the entrainment at the maximum 

rise of the plume, as indicated by the deleterious entrainment numbers appearing in the second to 

last column in Table-5 that range from 67 mgd to 729 mgd. But, the short travel distances to 

bottom hit points and small Kolmogorov eddy scales may deviate the assessment to the 

entrainment numbers at the bottom hit points, appearing in the last column of Table-5. In either 

case, deleterious diffuser entrainment increases with increasing combined discharge rate, (as 

would be expected with associated increasing discharge velocities); while the deleterious 

entrainment numbers at the bottom hit points are about a factor of 1.7 to 2.1 larger at the bottom 

hit points than at the maximum rise point of the discharge trajectories. These deleterious 

entrainment rates are to be throughput to the ETM/APF (Empirical Transport Model/Area of 

Production Foregone) calculus to compute the mitigation scaling for DDP diffuser turbulent 

shear impact 

 

5) Conclusions: 

 

Diffusers intrinsically generate strong turbulent jets in order to produce mixing and rapid dilution 

of effluent, and the shearing action of those turbulent jets can potentially damage or kill small 

delicate organisms entrained into those jets (sometimes referred to as diffuser turbulence 

mortality). The implementation section of the brine amendment to the California Ocean Plan, 

Section III.M.2 (b), requires that brine diffusers must minimize and mitigate for such marine life 

impacts, and the California State Water Resources Control Board has released newly defined 

protocols that require the use of a specific hydrodynamic mixing model (referred to as Plumes 

18b) to assess those impacts. Plumes 18b is not supported by US EPA, but the State Water Board 

has made executable files for this model publicly available on their web site, along with a 

technical guidance document on how to assess deleterious entrainment from brine diffusers. 

These protocols using the Plumes 18b model are implemented in this study to assess potential 

injury or mortality to small marine organisms entrained by discharges from the diffuser of the 

San Juan Creek Ocean Outfall (SJCOO) that is being proposed as the discharge structure for 

brine by-product from the Doheny Desalination Project (DDP). 

In general, Plumes 18b predicted higher Minimum Initial Dilution, and smaller Zones of 

Initial Dilution, ZID at deeper depths than was reported previously by DDP dilution studies 

using the US EPA supported Visual Plumes (UM3). Using Plumes 18b, all of the buoyant DDP 

discharge scenarios are found to achieve the required 101 to 1 minimum initial dilution required 
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under the current NPDES permit for the SJCOO, (No. CA 0107417, Order No. R9-2012-0012 as 

amended by Order No. R9-2014-0105). For any given amount of SOCWA wastewater, the 

addition of any amount of DDP brine reduces both the minimum initial dilution as well as the 

effective (average or bulk) dilution at the maximum rise of the plume, while reducing the size of 

the ZID. This is not altogether a bad result, so long as there remains adequate dilution to satisfy 

present or future NPDES permit requirements for minimum initial dilution; which indeed 

appears to be the case. The reduction of buoyant effluent dilution caused by adding brine to 

SOCWA wastewater has a favorable effect on potentially deleterious diffuser entrainment, even 

though buoyant discharges appear to be exempt from requirements to assess, minimize or 

mitigate for diffuser turbulence mortality impacts to entrained marine organisms under the 

present structure of the amended Ocean Plan (SWRCB,2015). The Plumes 18b results show that 

for any given amount of SOCWA wastewater, the addition of any amount of DDP brine reduces 

the deleterious diffuser entrainment rate, thus improving upon an existing condition that is not 

mitigatable under present implementation practices of the Ocean Plan. Therefore, no mitigation 

should be required for DDP operational scenarios that result in buoyant combined discharges 

with SOCWA wastewater. The net turbulence mortality benefit achieved by combining DDP 

brine with SOCWA wastewater increases with decreasing combined discharge rate, as smaller jet 

velocities with larger Kolmogorov turbulent eddies occur at lower combined discharge rates.       

The Plumes 18b dilution modeling results for the combinations of SOCWA wastewater 

and DDP brine that produce dense (negatively buoyant) discharges involve either brine-only or 

high-brine ratio discharges, typical of conditions anticipated during dry-weather wastewater 

effluent streams or future water reclamation conditions. Again, Plumes 18b has predicted higher 

effective dilution and shorter distances to the 2 ppt over natural background compliance 

threshold than was reported previously in DDP dilution studies using the US EPA supported 

Visual Plumes (UM3). Based on long term averages of ambient salinity records, natural 

background salinity at the SJCOO is 33.52 ppt, so that the compliance threshold 35.52 ppt under 

Appendix-A brine amendment provisions of the California Ocean Plan (SWRCB, 2015). Plumes 

18b results indicate this compliance threshold is met in less than 2.5 ft. from the point of 

discharge by all DDP dense discharge operating conditions; whereas the Ocean Plan requires this 

compliance threshold is reached within 100 m from the discharge point. Thus, the DDP would be 

fully compliant with Ocean Plan brine discharge limits by a wide margin of safety, according to 

Plumes 18b dilution simulations. The jets of the SJCOO diffuser discharge parallel to the bottom 

and the ports are only 4.5 ft. above the bottom. Consequently the trajectories of these dense DDP 

discharges travel relatively short distances before reaching maximum rise or bottom hit points. 

This behavior, in turn, causes the Kolmogorov eddy scales in the diffuser jets to remain small 

(less than 0.2 mm), and presumably injurious according to the injury hypothesis advanced in the 

State Water Boards turbulence mortality guidance document. But these short trajectories also 

limit the effective (bulk or average) dilution and therefore limit the deleterious diffuser 

entrainment. By the literal interpretation of the State Water Board’s guidance document 

mitigation scaling for brine diffuser turbulence mortality should only be based on the 

entrainment at the maximum rise of the plume, which range from 67 mgd to 729 mgd for dense 

DDP discharges. 
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APPENDIX-A: Wastewater Only Baseline Results 

 

 

 

A.1: Plumes 18b Results for SJCOO discharges of 31 mgd Wastewater Only: 

 
SJCOO discharging 31 mgd of wastewater at TDS = 1.25  

ppt 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 10 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/9/2019 2:49:23 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW31mgd_b0mgd_T-12.001.db; Diffuser table record 1: ------------------

---------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     29.00       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07096 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports Spacing  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  12.000  1000.0     0.0  100.00  31.000  1.2500  20.660  1250.0 
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Simulation: 

Froude No:     16.39; Strat No: 1.48E-4; Spcg No:   47.21; k: 2.31E+5; eff den (sigmaT) -0.921168; eff vel     

2.305(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)         (in)    (psu)     (ppm)       ()           (m)       (m)       (m) 

   0     100.0 1.000E-5    3.050    1.250   1250.0    1.000      0.0      0.0   0.07747; 

   1    100.00      0.0    3.104    2.385   1206.9    1.036   0.0219      0.0   0.07884; bottom hit;  

  10    100.00      0.0    3.732    7.442   1014.0    1.233    0.112      0.0   0.09479; 

  20    100.00      0.0    4.541    12.10    835.0    1.497    0.230      0.0    0.1153; 

  30    100.00      0.0    5.527    15.92    687.1    1.819    0.375      0.0    0.1404; 

  40    100.00      0.0    6.728    19.05    565.0    2.212    0.551      0.0    0.1709; 

  50     99.99      0.0    8.193    21.62    464.5    2.691    0.766      0.0    0.2081; 

  60     99.99      0.0    9.977    23.73    381.7    3.275    1.028      0.0    0.2534; 

  70     99.97      0.0    12.15    25.46    313.5    3.987    1.347      0.0    0.3086; 

  80     99.95      0.0    14.79    26.88    257.5    4.854    1.733      0.0    0.3757; 

  90     99.90      0.0    17.99    28.05    211.4    5.912    2.198      0.0    0.4570; 

 100     99.83      0.0    21.64    28.95    175.6    7.120    2.714      0.0    0.5496; 

 110     99.75      0.0    25.13    29.58    150.7    8.294    3.166      0.0    0.6384; 

 120     99.65      0.0    28.51    30.04    132.2    9.453    3.567      0.0    0.7242; 

 130     99.54      0.0    31.82    30.41    117.7    10.62    3.931      0.0    0.8082; 

 140     99.42      0.0    35.07    30.70    106.0    11.80    4.267      0.0    0.8907; 

 150     99.29      0.0    38.27    30.95    96.18    13.00    4.583      0.0    0.9722; 

 160     99.15      0.0    41.43    31.16    87.88    14.22    4.883      0.0    1.0523; 

 170     99.00      0.0    44.53    31.34    80.73    15.48    5.172      0.0    1.1311; 

 180     98.83      0.0    47.57    31.49    74.51    16.78    5.453      0.0    1.2083; 

 190     98.65      0.0    50.53    31.63    69.03    18.11    5.729      0.0    1.2835; 

 200     98.45      0.0    53.41    31.75    64.15    19.48    6.004      0.0    1.3565; 

 210     98.22      0.0    56.19    31.86    59.78    20.91    6.280      0.0    1.4272; 

 220     97.97      0.0    58.88    31.96    55.81    22.40    6.560      0.0    1.4955; 

 230     97.68      0.0    61.47    32.05    52.17    23.96    6.847      0.0    1.5614; 

 240     97.35      0.0    63.99    32.14    48.79    25.62    7.145      0.0    1.6253; 

 250     96.97      0.0    66.45    32.22    45.61    27.41    7.456      0.0    1.6878; 

 260     96.53      0.0    68.90    32.30    42.56    29.37    7.786      0.0    1.7500; 

 270     96.00      0.0    71.40    32.37    39.59    31.57    8.139      0.0    1.8137; 

 280     95.36      0.0    74.06    32.44    36.65    34.11    8.521      0.0    1.8812; 

 290     94.57      0.0    77.02    32.52    33.67    37.13    8.940      0.0    1.9562; 

 300     93.58      0.0    80.48    32.60    30.60    40.85    9.403      0.0    2.0441; 

 310     92.32      0.0    84.76    32.68    27.39    45.63    9.923      0.0    2.1529; 

 320     90.66      0.0    90.35    32.76    24.01    52.06    10.52      0.0    2.2950; 

 330     88.40      0.0    98.05    32.85    20.43    61.18    11.20      0.0    2.4904; 

 340     85.34      0.0    108.7    32.94    16.83    74.29    11.97      0.0    2.7606; 

 350     81.84      0.0    121.7    33.02    13.80    90.55    12.70      0.0    3.0903; 

 360     77.85      0.0    138.3    33.07    11.32    110.4    13.41      0.0    3.5138; 

 363     76.54      0.0    144.2    33.09    10.67    117.1    13.62      0.0    3.6619; merging; 

 370     72.54      0.0    164.5    33.12    9.290    134.6    14.23      0.0    4.1793; 

 380     64.76      0.0    215.6    33.16    7.621    164.0    15.28      0.0    5.4760; 

 389     56.09      0.0    298.6    33.19    6.377    196.0    16.35      0.0    7.5853; trap level; 

 390     55.05      0.0    311.9    33.19    6.252    199.9    16.48      0.0    7.9222; 

 398     50.15      0.0    517.9    33.21    5.726    218.3    17.17      0.0    13.156; begin overlap; 

 400     49.88      0.0    565.6    33.21    5.702    219.2    17.22      0.0    14.366; 

 410     49.15      0.0    765.5    33.21    5.648    221.3    17.38      0.0    19.444; 

 420     48.83      0.0    952.5    33.21    5.617    222.6    17.46      0.0    24.193; 

 430     48.65      0.0   1135.6    33.21    5.592    223.5    17.52      0.0    28.845; 

 440     48.55      0.0   1315.7    33.21    5.571    224.4    17.56      0.0    33.418; 
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 450     48.51      0.0   1439.4    33.21    5.556    225.0    17.58      0.0    36.562; 

 460     48.50      0.0   1460.1    33.21    5.542    225.5    17.58      0.0    37.087; 

 470     48.50      0.0   1467.7    33.21    5.529    226.1    17.58      0.0    37.279; 

 480     48.50      0.0   1474.7    33.21    5.516    226.6    17.58      0.0    37.456; local maximum rise or fall; 

 487     51.72      0.0   1493.0    33.22    5.403    231.3    18.25      0.0    37.921;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   5.5640 

Lmz(m):   5.5640 

forced entrain      1     0.0   14.72   37.92   0.409 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3818 

 ; 

2:49:24 PM. amb fills: 4 

 

 

 

 

 

 

 

 

 
Figure A.1.1: Plumes 18b solution of discharge plume trajectories for discharges of 31 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. ZID is defined by the maximum 

horizontal excursion of trajectories from the origin. From the maximum horizontal spreading of 

the plume, the ZID extends from X = -43 m to X = +80 m so that ZID = 123 m 
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Figure A.1.2: Plumes 18b solution of vertical density profile for discharges of 31 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. Discharge effluent density shown as 

black triangles. Ambient water mass density profile shown as solid red line. 
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Figure A.1.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 31 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt.  
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A.2: Plumes 18b Results for SJCOO discharges of 18.9 mgd Wastewater Only: 

 
 

 

SJCOO discharging 18.9 mgd of wastewater at TDS = 1.25  

ppt 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 10 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/9/2019 3:16:57 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW18.9mgd_b0mgd_T-1.001.db; Diffuser table record 1: -----------------

----------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     29.00       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07096 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports Spacing  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  12.000  1000.0     0.0  100.00  18.900  1.2500  20.660  1250.0 

 

Simulation: 
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Froude No:     9.996; Strat No: 1.48E-4; Spcg No:   47.21; k: 1.41E+5; eff den (sigmaT) -0.921168; eff vel     

1.405(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)          (in)    (psu)    (ppm)       ()           (m)        (m)       (m) 

   0     100.0 1.000E-5    3.050    1.250   1250.0    1.000      0.0      0.0   0.07747; 

   1    100.00      0.0    3.083    1.952   1223.4    1.022   0.0135      0.0   0.07831; bottom hit;  

  10    100.00      0.0    3.681    7.079   1027.9    1.216   0.0809      0.0    0.0935; 

  20    100.00      0.0    4.479    11.80    846.4    1.477    0.166      0.0    0.1138; 

  30    100.00      0.0    5.451    15.67    696.5    1.795    0.271      0.0    0.1385; 

  40    100.00      0.0    6.635    18.85    572.9    2.182    0.400      0.0    0.1685; 

  50     99.99      0.0    8.078    21.46    470.9    2.654    0.556      0.0    0.2052; 

  60     99.98      0.0    9.834    23.60    387.0    3.230    0.747      0.0    0.2498; 

  70     99.96      0.0    11.96    25.35    317.9    3.932    0.978      0.0    0.3039; 

  80     99.93      0.0    14.50    26.77    262.0    4.770    1.250      0.0    0.3682; 

  90     99.89      0.0    17.09    27.79    221.7    5.638    1.497      0.0    0.4342; 

 100     99.84      0.0    19.71    28.55    191.4    6.530    1.713      0.0    0.5007; 

 110     99.79      0.0    22.38    29.15    167.7    7.455    1.905      0.0    0.5683; 

 120     99.73      0.0    25.09    29.63    148.5    8.420    2.079      0.0    0.6372; 

 130     99.67      0.0    27.84    30.03    132.6    9.426    2.240      0.0    0.7071; 

 140     99.60      0.0    30.62    30.37    119.3    10.48    2.390      0.0    0.7777; 

 150     99.53      0.0    33.40    30.65    108.1    11.57    2.532      0.0    0.8484; 

 160     99.45      0.0    36.16    30.89    98.48    12.69    2.668      0.0    0.9186; 

 167     99.39      0.0    38.07    31.04    92.57    13.50    2.761      0.0    0.9670; begin overlap; 

 170     99.37      0.0    38.87    31.10    90.25    13.85    2.800      0.0    0.9873; 

 180     99.27      0.0    41.37    31.27    83.38    14.99    2.929      0.0    1.0507; 

 190     99.17      0.0    43.67    31.42    77.50    16.13    3.059      0.0    1.1091; 

 200     99.06      0.0    45.82    31.55    72.32    17.28    3.189      0.0    1.1638; 

 210     98.93      0.0    47.87    31.67    67.63    18.48    3.322      0.0    1.2158; 

 219     98.80      0.0    49.66    31.76    63.70    19.62    3.446      0.0    1.2613; end overlap; 

 220     98.78      0.0    49.85    31.78    63.28    19.75    3.460      0.0    1.2662; 

 230     98.61      0.0    51.68    31.87    59.33    21.07    3.604      0.0    1.3127; 

 240     98.42      0.0    53.32    31.96    55.72    22.43    3.756      0.0    1.3544; 

 250     98.18      0.0    54.79    32.05    52.37    23.87    3.920      0.0    1.3916; 

 260     97.89      0.0    56.11    32.13    49.18    25.42    4.098      0.0    1.4253; 

 270     97.54      0.0    57.37    32.21    46.05    27.14    4.295      0.0    1.4571; 

 280     97.09      0.0    58.66    32.29    42.88    29.15    4.516      0.0    1.4899; 

 290     96.51      0.0    60.15    32.37    39.55    31.60    4.768      0.0    1.5278; 

 300     95.74      0.0    62.10    32.46    35.93    34.79    5.060      0.0    1.5774; 

 310     94.66      0.0    64.93    32.56    31.89    39.20    5.405      0.0    1.6493; 

 320     93.13      0.0    69.35    32.68    27.32    45.76    5.819      0.0    1.7616; 

 330     90.97      0.0    76.09    32.80    22.49    55.58    6.293      0.0    1.9328; 

 340     88.52      0.0    84.34    32.90    18.45    67.75    6.733      0.0    2.1423; 

 350     85.78      0.0    94.01    32.98    15.14    82.58    7.142      0.0    2.3878; 

 360     82.69      0.0    105.4    33.05    12.42    100.7    7.527      0.0    2.6770; 

 370     79.20      0.0    119.8    33.10    10.19    122.7    7.902      0.0    3.0441; 

 380     75.20      0.0    138.1    33.14    8.357    149.6    8.283      0.0    3.5083; 

 383     73.88      0.0    144.2    33.15    7.875    158.7    8.400      0.0    3.6615; merging; 

 390     69.82      0.0    165.8    33.18    6.856    182.3    8.736      0.0    4.2112; 

 400     61.78      0.0    231.8    33.21    5.624    222.3    9.349      0.0    5.8881; trap level; 

 410     52.59      0.0    428.0    33.23    4.707    265.6    10.10      0.0    10.872; 

 413     51.93      0.0    546.2    33.23    4.655    268.5    10.18      0.0    13.874; begin overlap; 

 420     51.33      0.0    768.8    33.23    4.625    270.2    10.27      0.0    19.527; 

 430     51.03      0.0   1051.1    33.23    4.608    271.3    10.32      0.0    26.699; 

 440     50.89      0.0   1324.1    33.24    4.595    272.0    10.36      0.0    33.633; 

 450     50.82      0.0   1588.6    33.24    4.585    272.6    10.38      0.0    40.351; 
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 460     50.81      0.0   1690.5    33.24    4.578    273.0    10.38      0.0    42.938; 

 470     50.81      0.0   1699.5    33.24    4.571    273.4    10.38      0.0    43.167; 

 480     50.81      0.0   1704.4    33.24    4.565    273.8    10.38      0.0    43.293; local maximum rise or fall; 

 485     57.56      0.0   1723.7    33.24    4.473    279.5    10.91      0.0    43.782;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   3.3248 

Lmz(m):   3.3248 

forced entrain      1     0.0   12.94   43.78   0.323 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3837 

 ; 

3:16:57 PM. amb fills: 4 

 

 

 

 
 

Figure A.2.1: Plumes 18b solution of discharge plume trajectories for discharges of 18.9 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. ZID is defined by the maximum 

horizontal excursion of trajectories from the origin. From the maximum horizontal spreading of 

the plume, the ZID extends from X = -60 m to X = +83 m so that ZID = 143 m 
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Figure A.2.2: Plumes 18b solution of vertical density profile for discharges of 18.9 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. Discharge effluent density shown as 

black triangles. Ambient water mass density profile shown as solid red line. 
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Figure A.2.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 18.9 mgd of SOCWA wastewater at 

average annual TDS = 1.25 ppt.  
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A.3: Plumes 18b Results for SJCOO discharges of 13 mgd Wastewater Only: 

 
SJCOO discharging 13 mgd of wastewater at TDS = 1.25  

ppt 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 10 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/10/2019 10:42:10 AM 

Case 1; ambient file C:\Plumes18\SJCOO_WW13mgd_b0mgd_T-2.001.db; Diffuser table record 1: -------------------

--------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     29.00       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07096 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports Spacing  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  12.000  1000.0     0.0  100.00  13.000  1.2500  20.660  1250.0 

 

Simulation: 

Froude No:     6.875; Strat No: 1.48E-4; Spcg No:   47.21; k: 96666.1; eff den (sigmaT) -0.921168; eff vel     

0.967(m/s); 
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Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)          (in)    (psu)    (ppm)       ()            (m)       (m)       (m) 

   0     100.0 1.000E-5    3.050    1.250   1250.0    1.000      0.0      0.0   0.07747; 

   1    100.00      0.0    3.073    1.736   1231.6    1.015  0.00937      0.0   0.07805; bottom hit;  

  10    100.00      0.0    3.656    6.899   1034.8    1.208    0.053      0.0   0.09287; 

  20    100.00      0.0    4.448    11.65    852.2    1.467    0.103      0.0    0.1130; 

  30    100.00      0.0    5.414    15.55    701.3    1.783    0.164      0.0    0.1375; 

  40    100.00      0.0    6.590    18.75    576.7    2.167    0.239      0.0    0.1674; 

  50     99.99      0.0    8.022    21.38    474.1    2.636    0.331      0.0    0.2038; 

  60     99.99      0.0    9.762    23.53    389.6    3.208    0.444      0.0    0.2480; 

  70     99.97      0.0    11.87    25.30    320.1    3.905    0.582      0.0    0.3015; 

  80     99.95      0.0    14.22    26.65    266.8    4.686    0.723      0.0    0.3611; 

  90     99.93      0.0    16.71    27.67    226.1    5.528    0.844      0.0    0.4245; 

 100     99.90      0.0    19.38    28.49    194.0    6.444    0.949      0.0    0.4922; 

 110     99.87      0.0    22.22    29.14    168.0    7.439    1.042      0.0    0.5644; 

 112     99.87      0.0    22.81    29.26    163.5    7.647    1.059      0.0    0.5794; begin overlap; 

 120     99.84      0.0    25.00    29.64    148.3    8.429    1.126      0.0    0.6350; 

 130     99.81      0.0    27.40    30.00    134.1    9.324    1.204      0.0    0.6960; 

 140     99.77      0.0    29.53    30.27    123.0    10.16    1.278      0.0    0.7502; 

 150     99.74      0.0    31.45    30.50    114.1    10.96    1.350      0.0    0.7989; 

 160     99.69      0.0    33.20    30.69    106.5    11.73    1.421      0.0    0.8433; 

 170     99.64      0.0    34.80    30.85    99.99    12.50    1.492      0.0    0.8840; 

 180     99.59      0.0    36.28    31.00    94.19    13.27    1.563      0.0    0.9215; 

 190     99.53      0.0    37.65    31.13    88.95    14.05    1.636      0.0    0.9563; 

 200     99.46      0.0    38.93    31.25    84.13    14.86    1.710      0.0    0.9888; 

 210     99.38      0.0    40.14    31.37    79.60    15.70    1.788      0.0    1.0195; 

 220     99.29      0.0    41.29    31.47    75.29    16.60    1.870      0.0    1.0488; 

 230     99.18      0.0    42.42    31.58    71.10    17.58    1.957      0.0    1.0776; 

 240     99.06      0.0    43.57    31.68    66.94    18.67    2.049      0.0    1.1068; 

 248     98.94      0.0    44.54    31.77    63.59    19.66    2.129      0.0    1.1314; end overlap; 

 250     98.90      0.0    44.77    31.79    62.78    19.91    2.150      0.0    1.1373; 

 260     98.72      0.0    45.81    31.89    58.89    21.23    2.259      0.0    1.1635; 

 270     98.48      0.0    46.65    31.98    55.22    22.64    2.382      0.0    1.1848; 

 280     98.18      0.0    47.38    32.07    51.60    24.22    2.522      0.0    1.2034; 

 290     97.77      0.0    48.14    32.16    47.84    26.13    2.685      0.0    1.2227; 

 300     97.22      0.0    49.16    32.27    43.72    28.59    2.878      0.0    1.2487; 

 310     96.42      0.0    50.83    32.39    38.97    32.08    3.112      0.0    1.2911; 

 320     95.22      0.0    53.83    32.53    33.34    37.49    3.403      0.0    1.3673; 

 330     93.53      0.0    58.72    32.68    27.39    45.63    3.730      0.0    1.4915; 

 340     91.64      0.0    64.84    32.80    22.47    55.62    4.028      0.0    1.6469; 

 350     89.53      0.0    72.10    32.90    18.44    67.80    4.302      0.0    1.8314; 

 360     87.17      0.0    80.54    32.98    15.13    82.64    4.558      0.0    2.0457; 

 370     84.51      0.0    90.23    33.05    12.41    100.7    4.800      0.0    2.2918; 

 380     81.53      0.0    102.0    33.11    10.18    122.8    5.033      0.0    2.5900; 

 390     78.12      0.0    117.0    33.15    8.352    149.7    5.265      0.0    2.9726; 

 400     74.18      0.0    135.7    33.18    6.851    182.4    5.506      0.0    3.4465; 

 405     71.98      0.0    146.1    33.19    6.205    201.4    5.631      0.0    3.7107; merging; 

 410     69.06      0.0    162.8    33.20    5.620    222.4    5.789      0.0    4.1340; 

 416     64.56      0.0    199.7    33.22    4.991    250.5    6.022      0.0    5.0723; trap level; 

 420     61.00      0.0    241.4    33.23    4.611    271.1    6.209      0.0    6.1323; 

 430     53.65      0.0    568.5    33.25    4.011    311.7    6.682      0.0    14.439; begin overlap; 

 440     53.08      0.0    982.9    33.25    3.991    313.2    6.753      0.0    24.965; 

 450     52.92      0.0   1354.7    33.25    3.982    313.9    6.783      0.0    34.410; 

 460     52.84      0.0   1716.3    33.25    3.975    314.5    6.801      0.0    43.594; 

 470     52.82      0.0   1953.0    33.25    3.970    314.8    6.807      0.0    49.607; 
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 480     52.82      0.0   1973.2    33.25    3.967    315.1    6.807      0.0    50.119; 

 490     52.82      0.0   1977.2    33.25    3.963    315.4    6.807      0.0    50.221; local maximum rise or fall;  

 497     63.67      0.0   1999.3    33.25    3.883    321.9    7.268      0.0    50.782;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   2.2154 

Lmz(m):   2.2154 

forced entrain      1     0.0   11.07   50.78   0.283 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3841 

 ; 

10:42:10 AM. amb fills: 4 

 

 

 
 

Figure A.3.1: Plumes 18b solution of discharge plume trajectories for discharges of 13 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. ZID is defined by the maximum 

horizontal excursion of trajectories from the origin. From the maximum horizontal spreading of 

the plume, the ZID extends from X = -74 m to X = +91 m so that ZID = 165 m 
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Figure A.3.2: Plumes 18b solution of vertical density profile for discharges of 13 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. Discharge effluent density shown as 

black triangles. Ambient water mass density profile shown as solid red line. 

  



39 
 

 

 

 
 

Figure A.3.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 13 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt.  
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A.4: Plumes 18b Results for SJCOO discharges of 8 mgd Wastewater Only: 

 

 
SJCOO discharging 8 mgd of wastewater at TDS = 1.25 ppt 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 10 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/10/2019 11:08:09 AM 

Case 1; ambient file C:\Plumes18\SJCOO_WW8mgd_b0mgd_T-1.001.db; Diffuser table record 1: ---------------------

------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     29.00       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07096 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports Spacing  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  12.000  1000.0     0.0  100.00  8.0000  1.2500  20.660  1250.0 

 

Simulation: 

Froude No:     4.231; Strat No: 1.48E-4; Spcg No:   47.21; k: 59486.8; eff den (sigmaT) -0.921168; eff vel     

0.595(m/s); 
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Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)          (in)    (psu)    (ppm)       ()            (m)       (m)       (m) 

   0     100.0 1.000E-5    3.050    1.250   1250.0    1.000      0.0      0.0   0.07747; 

   1    100.00      0.0    3.064    1.551   1238.6    1.009   0.0058      0.0   0.07783; bottom hit;  

  10    100.00      0.0    3.635    6.744   1040.8    1.201   0.0201      0.0   0.09233; 

  20    100.00      0.0    4.423    11.53    857.1    1.458   0.0234      0.0    0.1123; 

  30    100.00      0.0    5.383    15.45    705.3    1.772   0.0244      0.0    0.1367; 

  40    100.00      0.0    6.553    18.67    580.1    2.155   0.0248      0.0    0.1665; 

  50    100.00      0.0    7.980    21.31    476.9    2.621    0.025      0.0    0.2027; 

  60    100.00      0.0    9.719    23.47    391.9    3.190   0.0251      0.0    0.2469; 

  70    100.00      0.0    11.84    25.25    321.9    3.883   0.0251      0.0    0.3007; 

  76    100.00      0.0    13.32    26.15    286.2    4.367   0.0251      0.0    0.3384; begin overlap; 

  80    100.00      0.0    14.31    26.64    267.0    4.682   0.0251      0.0    0.3634; 

  90    100.00      0.0    16.50    27.53    232.0    5.388   0.0251      0.0    0.4192; 

 100    100.00      0.0    18.44    28.13    208.0    6.010   0.0251      0.0    0.4683; 

 110    100.00      0.0    20.18    28.58    190.2    6.572   0.0251      0.0    0.5126; 

 120    100.00      0.0    21.79    28.93    176.3    7.090   0.0251      0.0    0.5534; 

 130    100.00      0.0    23.27    29.21    165.2    7.567   0.0251      0.0    0.5910; 

 140    100.00      0.0    24.73    29.46    155.5    8.038   0.0251      0.0    0.6282; 

 150     99.98      0.0    25.95    29.68    146.5    8.530    0.140      0.0    0.6591; 

 160     99.97      0.0    27.18    29.86    139.3    8.972    0.160      0.0    0.6905; 

 170     99.97      0.0    28.39    30.03    132.9    9.405    0.176      0.0    0.7210; 

 180     99.96      0.0    29.54    30.17    127.1    9.832    0.192      0.0    0.7502; 

 190     99.96      0.0    30.61    30.30    121.9    10.26    0.213      0.0    0.7775; 

 200     99.95      0.0    31.53    30.42    117.2    10.67    0.238      0.0    0.8009; 

 210     99.93      0.0    32.37    30.53    112.9    11.07    0.263      0.0    0.8222; 

 220     99.92      0.0    33.13    30.63    108.9    11.48    0.288      0.0    0.8416; 

 230     99.91      0.0    33.83    30.72    105.1    11.89    0.314      0.0    0.8593; 

 240     99.89      0.0    34.46    30.81    101.6    12.31    0.340      0.0    0.8753; 

 250     99.87      0.0    35.02    30.90    98.17    12.73    0.367      0.0    0.8896; 

 260     99.85      0.0    35.52    30.98    94.90    13.17    0.396      0.0    0.9022; 

 270     99.82      0.0    35.95    31.06    91.73    13.63    0.426      0.0    0.9132; 

 280     99.79      0.0    36.32    31.14    88.62    14.10    0.457      0.0    0.9226; 

 290     99.75      0.0    36.64    31.22    85.56    14.61    0.491      0.0    0.9306; 

 300     99.71      0.0    36.89    31.29    82.49    15.15    0.528      0.0    0.9371; 

 310     99.65      0.0    37.11    31.37    79.40    15.74    0.568      0.0    0.9425; 

 320     99.59      0.0    37.29    31.45    76.21    16.40    0.612      0.0    0.9471; 

 330     99.51      0.0    37.46    31.53    72.86    17.16    0.661      0.0    0.9515; 

 340     99.40      0.0    37.68    31.63    69.24    18.05    0.716      0.0    0.9571; 

 350     99.27      0.0    38.04    31.73    65.19    19.17    0.779      0.0    0.9661; end overlap; 

 360     99.09      0.0    38.30    31.83    61.14    20.45    0.853      0.0    0.9729; 

 370     98.85      0.0    38.38    31.93    57.11    21.89    0.941      0.0    0.9749; 

 380     98.50      0.0    38.47    32.04    52.73    23.71    1.050      0.0    0.9772; 

 390     97.95      0.0    38.93    32.17    47.47    26.33    1.189      0.0    0.9889; 

 400     97.05      0.0    40.47    32.34    40.68    30.73    1.372      0.0    1.0278; 

 410     95.78      0.0    43.60    32.53    33.38    37.44    1.575      0.0    1.1075; 

 420     94.38      0.0    47.83    32.68    27.39    45.64    1.753      0.0    1.2150; 

 430     92.82      0.0    53.00    32.80    22.47    55.63    1.915      0.0    1.3462; 

 440     91.09      0.0    59.06    32.90    18.44    67.80    2.066      0.0    1.5002; 

 450     89.14      0.0    66.07    32.98    15.12    82.65    2.207      0.0    1.6781; 

 460     86.96      0.0    74.08    33.05    12.41    100.7    2.341      0.0    1.8817; 

 470     84.50      0.0    83.22    33.11    10.18    122.8    2.469      0.0    2.1138; 

 480     81.73      0.0    94.33    33.15    8.351    149.7    2.592      0.0    2.3960; 

 490     78.57      0.0    108.7    33.18    6.851    182.5    2.717      0.0    2.7621; 

 500     74.89      0.0    127.3    33.21    5.620    222.4    2.849      0.0    3.2327; 
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 508     71.50      0.0    144.5    33.23    4.797    260.6    2.963      0.0    3.6706; merging; 

 510     70.49      0.0    149.8    33.23    4.610    271.1    2.995      0.0    3.8059; 

 515     67.29      0.0    174.0    33.24    4.176    299.3    3.097      0.0    4.4204; trap level; 

 520     63.22      0.0    224.9    33.25    3.782    330.5    3.233      0.0    5.7134; 

 529     56.84      0.0    640.9    33.26    3.348    373.4    3.537      0.0    16.278; begin overlap; 

 530     56.76      0.0    717.8    33.26    3.346    373.6    3.544      0.0    18.232; 

 540     56.46      0.0   1308.9    33.26    3.339    374.3    3.578      0.0    33.246; 

 550     56.38      0.0   1837.7    33.26    3.336    374.7    3.592      0.0    46.677; 

 560     56.35      0.0   2290.4    33.26    3.333    375.1    3.598      0.0    58.177; 

 570     56.35      0.0   2354.0    33.26    3.331    375.3    3.599      0.0    59.791; 

 580     56.35      0.0   2357.4    33.26    3.329    375.5    3.599      0.0    59.877; local maximum rise or fall; 

 587     76.20      0.0   2382.9    33.27    3.263    383.1    3.988      0.0    60.525;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   1.2157 

Lmz(m):   1.2157 

forced entrain      1     0.0   7.253   60.52   0.238 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3739 

 ; 

11:08:09 AM. amb fills: 4 

 

 

 

 
 

Figure A.4.1: Plumes 18b solution of discharge plume trajectories for discharges of 8 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. ZID is defined by the maximum 

horizontal excursion of trajectories from the origin. From the maximum horizontal spreading of 

the plume, the ZID extends from X = -92 m to X = +104 m so that ZID = 196 m 
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Figure A.4.2: Plumes 18b solution of vertical density profile for discharges of 8 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. Discharge effluent density shown as 

black triangles. Ambient water mass density profile shown as solid red line. 
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Figure A.4.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 8 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt.  
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A.5: Plumes 18b Results for SJCOO discharges of 0.35 mgd Wastewater Only: 

 

 
SJCOO discharging 0.35 mgd of wastewater at TDS = 1.25  

ppt 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 10 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/10/2019 11:27:04 AM 

Case 1; ambient file C:\Plumes18\SJCOO_WW0.35mgd_b0mgd_T-2.001.db; Diffuser table record 1: -----------------

----------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     29.00       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07096 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports Spacing  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  12.000  1000.0     0.0  100.00  0.3500  1.2500  20.660  1250.0 

 

Simulation: 
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Froude No:     0.185; Strat No: 1.48E-4; Spcg No:   47.21; k:  2602.5; eff den (sigmaT) -0.921168; eff vel     

0.026(m/s); 

Current is very small, flow regime may be transient. 

Absolute value Froude No. < 1, possible intrusion and/or plume diameter reduction 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)          (in)    (psu)    (ppm)       ()           (m)       (m)       (m) 

   0     100.0 1.000E-5    3.050    1.250   1250.0    1.000      0.0      0.0   0.07747; 

   1    100.00      0.0    3.051    1.263   1249.5    1.000 0.000256      0.0   0.07749; bottom hit; 

   2    100.00      0.0    3.052    1.285   1248.7    1.001 0.000266      0.0   0.07751; begin overlap; 

  10     99.98      0.0    2.365    2.302   1210.1    1.033   0.0124      0.0   0.06008; 

  20     99.97      0.0    2.263    4.671   1119.9    1.116   0.0169      0.0   0.05747; 

  30     99.96      0.0    2.323    7.904    996.3    1.255   0.0205      0.0    0.0590; 

  40     99.95      0.0    2.438    11.12    872.5    1.433   0.0238      0.0   0.06193; 

  50     99.95      0.0    2.872    14.54    740.4    1.688   0.0239      0.0   0.07295; 

  57     99.94      0.0    2.896    16.44    666.8    1.875   0.0273      0.0   0.07355; end overlap; 

  60     99.94      0.0    3.058    17.42    628.8    1.988   0.0274      0.0   0.07766; 

  62     99.94      0.0    3.177    18.03    604.8    2.067   0.0275      0.0    0.0807; begin overlap; 

  70     99.94      0.0    3.637    19.96    529.8    2.360   0.0275      0.0   0.09237; 

  80     99.94      0.0    4.143    21.58    466.2    2.681   0.0275      0.0    0.1052; 

  85     99.92      0.0    3.876    22.41    433.7    2.882   0.0316      0.0   0.09844; end overlap; 

  90     99.91      0.0    4.114    23.44    393.2    3.179   0.0329      0.0    0.1045; 

 100     99.89      0.0    4.330    25.09    328.0    3.810   0.0374      0.0    0.1100; 

 110     99.81      0.0    4.227    26.44    274.8    4.549   0.0452      0.0    0.1074; 

 120     99.70      0.0    4.281    27.69    225.6    5.540   0.0534      0.0    0.1087; 

 130     99.57      0.0    4.556    28.71    185.2    6.748   0.0603      0.0    0.1157; 

 140     99.43      0.0    4.961    29.54    152.1    8.220   0.0663      0.0    0.1260; 

 150     99.27      0.0    5.469    30.23    124.8    10.01   0.0717      0.0    0.1389; 

 160     99.09      0.0    6.074    30.79    102.4    12.20   0.0767      0.0    0.1543; 

 170     98.89      0.0    6.777    31.25    84.06    14.87   0.0814      0.0    0.1721; 

 180     98.67      0.0    7.584    31.63    68.98    18.12   0.0858      0.0    0.1926; 

 190     98.42      0.0    8.503    31.94    56.60    22.08    0.090      0.0    0.2160; 

 200     98.14      0.0    9.546    32.20    46.44    26.91    0.094      0.0    0.2425; 

 210     97.82      0.0    10.73    32.41    38.11    32.80   0.0978      0.0    0.2725; 

 220     97.47      0.0    12.06    32.58    31.27    39.98    0.102      0.0    0.3064; 

 230     97.07      0.0    13.57    32.72    25.65    48.73    0.105      0.0    0.3447; 

 240     96.62      0.0    15.27    32.83    21.04    59.40    0.108      0.0    0.3879; 

 250     96.11      0.0    17.19    32.93    17.27    72.40    0.112      0.0    0.4367; 

 260     95.54      0.0    19.35    33.01    14.16    88.25    0.115      0.0    0.4916; 

 270     94.89      0.0    21.79    33.07    11.62    107.6    0.118      0.0    0.5536; 

 280     94.16      0.0    24.54    33.12    9.533    131.1    0.121      0.0    0.6234; 

 290     93.35      0.0    27.65    33.17    7.821    159.8    0.123      0.0    0.7022; 

 300     92.43      0.0    31.14    33.20    6.416    194.8    0.126      0.0    0.7911; 

 310     91.39      0.0    35.09    33.23    5.263    237.5    0.129      0.0    0.8913; 

 320     90.22      0.0    39.55    33.25    4.318    289.5    0.131      0.0    1.0046; 

 330     88.90      0.0    44.59    33.27    3.542    352.9    0.133      0.0    1.1326; 

 340     87.41      0.0    50.29    33.29    2.906    430.2    0.136      0.0    1.2775; 

 350     85.74      0.0    56.76    33.30    2.384    524.4    0.138      0.0    1.4418; 

 360     83.84      0.0    64.53    33.31    1.956    639.2    0.140      0.0    1.6390; 

 367     82.35      0.0    72.65    33.32    1.703    734.2    0.142      0.0    1.8453; trap level; 

 370     81.65      0.0    77.39    33.32    1.604    779.2    0.142      0.0    1.9658; 

 380     78.93      0.0    114.5    33.32    1.316    949.8    0.146      0.0    2.9083; 

 382     78.49      0.0    152.0    33.32    1.265    988.2    0.148      0.0    3.8607; merging; 

 383     78.61      0.0    293.5    33.32    1.263    990.0    0.149      0.0    7.4546; local maximum rise or fall; 

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   0.0454 

Lmz(m):   0.0454 

forced entrain      1     0.0   6.520   7.455 0.00893 
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Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3233 

 ; 

11:27:04 AM. amb fills: 4 

 

 

 
 

 

Figure A.5.1: Plumes 18b solution of discharge plume trajectories for discharges of 0.35 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. ZID is defined by the maximum 

horizontal excursion of trajectories from the origin. From the maximum horizontal spreading of 

the plume, the ZID extends from X = -12 m to X = +12.5 m so that ZID = 24.5 m 
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Figure A.5.2: Plumes 18b solution of vertical density profile for discharges of 0.35 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. Discharge effluent density shown as 

black triangles. Ambient water mass density profile shown as solid red line. 
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Figure A.5.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 0.35 mgd of SOCWA wastewater at 

average annual TDS = 1.25 ppt.  
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APPENDIX-B: Results for Buoyant Combined Discharges of Brine and Wastewater 

 

B.1: Plumes 18b Results for SJCOO discharges of 31 mgd Wastewater and 5 mgd Brine: 

  

 
Project "C:\Plumes18\SJCOO_WW31mgd_b5mgd_T-3"  

memo 

SJCOO discharging 31 mgd wastewater and 5 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 10 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/10/2019 11:52:37 AM 

Case 1; ambient file C:\Plumes18\SJCOO_WW31mgd_b5mgd_T-3.001.db; Diffuser table record 1: -------------------

--------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     29.00       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07096 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports Spacing  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  12.000  1000.0     0.0  100.00  36.000  9.3000  20.660  9300.0 



51 
 

 

Simulation: 

Froude No:     21.83; Strat No: 1.94E-4; Spcg No:   47.21; k: 2.68E+5; eff den (sigmaT)  5.178451; eff vel     

2.677(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)           (in)    (psu)    (ppm)       ()          (m)       (m)       (m) 

   0     100.0 1.000E-5    3.050    9.300   9300.0    1.000      0.0      0.0   0.07747; 

   1    100.00      0.0    3.113    10.28   8929.9    1.041   0.0253      0.0   0.07906; bottom hit;  

  10    100.00      0.0    3.754    14.04   7495.2    1.241    0.129      0.0   0.09536; 

  20    100.00      0.0    4.570    17.52   6166.1    1.508    0.265      0.0    0.1161; 

  30    100.00      0.0    5.565    20.36   5070.1    1.834    0.432      0.0    0.1413; 

  40    100.00      0.0    6.777    22.70   4167.2    2.232    0.635      0.0    0.1721; 

  50     99.99      0.0    8.254    24.61   3423.8    2.716    0.883      0.0    0.2097; 

  60     99.99      0.0    10.05    26.18   2812.3    3.307    1.185      0.0    0.2554; 

  70     99.98      0.0    12.25    27.47   2309.5    4.027    1.552      0.0    0.3111; 

  80     99.96      0.0    14.92    28.53   1896.2    4.904    1.998      0.0    0.3790; 

  90     99.93      0.0    18.17    29.40   1556.7    5.974    2.538      0.0    0.4615; 

 100     99.87      0.0    22.11    30.11   1277.7    7.278    3.189      0.0    0.5615; 

 110     99.77      0.0    26.64    30.67   1058.7    8.784    3.923      0.0    0.6766; 

 120     99.64      0.0    30.91    31.05    910.0    10.22    4.573      0.0    0.7851; 

 130     99.51      0.0    34.93    31.32    801.4    11.60    5.151      0.0    0.8873; 

 140     99.35      0.0    38.79    31.54    717.2    12.97    5.679      0.0    0.9852; 

 150     99.18      0.0    42.51    31.71    649.2    14.33    6.169      0.0    1.0799; 

 160     98.99      0.0    46.14    31.86    592.5    15.70    6.631      0.0    1.1720; 

 170     98.79      0.0    49.69    31.98    544.2    17.09    7.073      0.0    1.2620; 

 180     98.56      0.0    53.15    32.09    502.4    18.51    7.500      0.0    1.3500; 

 190     98.32      0.0    56.54    32.18    465.6    19.97    7.917      0.0    1.4361; 

 200     98.05      0.0    59.86    32.26    432.8    21.49    8.329      0.0    1.5204; 

 210     97.74      0.0    63.11    32.34    403.2    23.06    8.740      0.0    1.6031; 

 220     97.41      0.0    66.31    32.41    376.3    24.72    9.153      0.0    1.6843; 

 230     97.03      0.0    69.47    32.47    351.4    26.47    9.572      0.0    1.7645; 

 240     96.60      0.0    72.61    32.53    328.1    28.34    10.00      0.0    1.8442; 

 250     96.11      0.0    75.75    32.58    306.2    30.37    10.45      0.0    1.9242; 

 260     95.55      0.0    78.96    32.64    285.2    32.61    10.91      0.0    2.0056; 

 270     94.90      0.0    82.29    32.69    264.8    35.12    11.40      0.0    2.0903; 

 280     94.12      0.0    85.85    32.74    244.8    38.00    11.92      0.0    2.1805; 

 290     93.19      0.0    89.75    32.79    224.8    41.37    12.48      0.0    2.2797; 

 300     92.06      0.0    94.20    32.84    204.7    45.44    13.08      0.0    2.3926; 

 310     90.66      0.0    99.46    32.89    184.2    50.50    13.75      0.0    2.5262; 

 320     88.88      0.0    105.9    32.95    163.1    57.03    14.49      0.0    2.6908; 

 330     86.57      0.0    114.3    33.00    141.3    65.80    15.32      0.0    2.9024; 

 340     83.44      0.0    125.6    33.06    118.8    78.29    16.27      0.0    3.1913; 

 350     79.39      0.0    142.1    33.11    97.46    95.43    17.32      0.0    3.6105; 

 351     78.96      0.0    144.1    33.12    95.55    97.34    17.42      0.0    3.6596; merging; 

 360     73.60      0.0    174.1    33.15    79.95    116.3    18.61      0.0    4.4226; 

 370     65.40      0.0    232.9    33.18    65.59    141.8    20.21      0.0    5.9165; 

 375     60.57      0.0    281.7    33.20    59.40    156.6    21.10      0.0    7.1559; trap level; 

 380     55.25      0.0    353.2    33.21    53.80    172.8    22.10      0.0    8.9724; 

 387     52.25      0.0    505.5    33.22    51.00    182.4    22.75      0.0    12.839; begin overlap; 

 390     51.81      0.0    554.7    33.22    50.63    183.7    22.86      0.0    14.090; 

 400     51.01      0.0    696.1    33.23    50.08    185.7    23.09      0.0    17.680; 

 410     50.61      0.0    827.2    33.23    49.76    186.9    23.23      0.0    21.012; 

 420     50.38      0.0    955.2    33.23    49.50    187.9    23.32      0.0    24.262; 

 430     50.23      0.0   1080.8    33.23    49.28    188.7    23.39      0.0    27.451; 

 440     50.12      0.0   1203.9    33.23    49.09    189.5    23.45      0.0    30.578; 
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 450     50.06      0.0   1313.3    33.23    48.92    190.1    23.48      0.0    33.358; 

 460     50.05      0.0   1349.8    33.23    48.78    190.6    23.49      0.0    34.285; 

 470     50.05      0.0   1359.6    33.23    48.65    191.1    23.49      0.0    34.534; 

 480     50.05      0.0   1367.0    33.23    48.53    191.7    23.49      0.0    34.722; 

 490     50.05      0.0   1374.2    33.23    48.40    192.2    23.49      0.0    34.905; 

 500     50.05      0.0   1382.3    33.23    48.26    192.7    23.49      0.0    35.111; local maximum rise or fall; 

 502     52.48      0.0   1396.7    33.23    47.32    196.6    24.42      0.0    35.475;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   7.4435 

Lmz(m):   7.4435 

forced entrain      1     0.0   14.49   35.48   0.533 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3831 

 ; 

11:52:38 AM. amb fills: 4 

 

 

 
 

Figure B.1.1: Plumes 18b solution of discharge plume trajectories for discharges of 31 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 5 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. ZID is defined by the maximum horizontal 

excursion of trajectories from the origin. From the maximum horizontal spreading of the plume, 

the ZID extends from X = -30 m to X = +80 m so that ZID = 110 m 
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Figure B.1.2: Plumes 18b solution of vertical density profile for discharges of 31 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 5 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure B.1.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 31 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt. and 5 mgd of brine from the Doheny Desalination Project with a brine 

salinity of 67 ppt. 
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B.2: Plumes 18b Results for SJCOO discharges of 31 mgd Wastewater and 15 mgd Brine: 

 

 

Contents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WW31mgd_b15mgd_T-1"  

memo 

SJCOO discharging 31 mgd wastewater and 15 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 10 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/10/2019 12:20:30 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW31mgd_b15mgd_T-1.001.db; Diffuser table record 1: ------------------

---------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     29.00       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07096 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  46.000  21.850  20.660 21850.0 
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Simulation: 

Froude No:     38.72; Strat No: 3.70E-4; Spcg No:   14.39; k: 3.42E+5; eff den (sigmaT)  14.65328; eff vel     

3.420(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)          (in)    (psu)    (ppm)       ()             (m)     (m)       (m) 

   0     100.0 1.000E-5    3.050    21.85  21850.0    1.000      0.0      0.0   0.07747; 

   1    100.00      0.0    3.130    22.43  20750.8    1.053    0.032      0.0    0.0795; bottom hit;  

  10    100.00      0.0    3.798    24.22  17391.1    1.256    0.151      0.0   0.09648; 

  20    100.00      0.0    4.627    25.86  14287.7    1.529    0.310      0.0    0.1175; 

  30    100.00      0.0    5.637    27.21  11734.9    1.862    0.503      0.0    0.1432; 

  40    100.00      0.0    6.867    28.31   9636.2    2.267    0.739      0.0    0.1744; 

  50    100.00      0.0    8.368    29.22   7911.4    2.762    1.027      0.0    0.2125; 

  60    100.00      0.0    10.20    29.96   6494.3    3.364    1.378      0.0    0.2590; 

  70     99.99      0.0    12.43    30.57   5330.5    4.099    1.806      0.0    0.3156; 

  80     99.98      0.0    15.14    31.08   4374.8    4.995    2.326      0.0    0.3847; 

  90     99.97      0.0    18.46    31.49   3590.1    6.086    2.958      0.0    0.4688; 

 100     99.94      0.0    22.49    31.82   2946.0    7.417    3.727      0.0    0.5712; 

 110     99.89      0.0    27.40    32.10   2417.4    9.039    4.658      0.0    0.6959; 

 120     99.81      0.0    33.36    32.33   1983.5    11.02    5.782      0.0    0.8473; 

 130     99.65      0.0    40.57    32.51   1627.6    13.42    7.130      0.0    1.0304; 

 135     99.55      0.0    44.35    32.58   1488.1    14.68    7.820      0.0    1.1266; merging; 

 140     99.44      0.0    47.81    32.64   1387.2    15.75    8.463      0.0    1.2144; 

 150     99.18      0.0    54.23    32.71   1241.0    17.61    9.655      0.0    1.3776; 

 160     98.89      0.0    60.48    32.77   1131.6    19.31    10.76      0.0    1.5363; 

 170     98.55      0.0    66.79    32.82   1042.9    20.95    11.80      0.0    1.6965; 

 180     98.17      0.0    73.29    32.86    967.2    22.59    12.80      0.0    1.8617; 

 190     97.75      0.0    80.09    32.89    900.8    24.26    13.77      0.0    2.0342; 

 200     97.29      0.0    87.24    32.92    841.2    25.98    14.71      0.0    2.2160; 

 210     96.77      0.0    94.84    32.95    786.7    27.77    15.64      0.0    2.4089; 

 220     96.19      0.0    102.9    32.98    736.4    29.67    16.57      0.0    2.6144; 

 230     95.54      0.0    111.6    33.00    689.5    31.69    17.49      0.0    2.8342; 

 240     94.82      0.0    120.9    33.03    645.3    33.86    18.42      0.0    3.0698; 

 250     94.01      0.0    130.8    33.05    603.6    36.20    19.36      0.0    3.3234; 

 260     93.10      0.0    141.6    33.07    563.8    38.75    20.33      0.0    3.5971; 

 270     92.06      0.0    153.3    33.09    525.7    41.56    21.32      0.0    3.8945; 

 280     90.87      0.0    166.1    33.11    488.9    44.69    22.35      0.0    4.2200; 

 290     89.48      0.0    180.4    33.13    453.2    48.21    23.44      0.0    4.5810; 

 300     87.85      0.0    196.4    33.14    418.1    52.26    24.59      0.0    4.9883; 

 310     85.92      0.0    214.9    33.16    383.4    56.99    25.81      0.0    5.4594; 

 320     83.53      0.0    237.6    33.18    348.1    62.77    27.17      0.0    6.0361; 

 330     79.75      0.0    276.0    33.20    305.5    71.52    29.07      0.0    7.0103; 

 340     73.12      0.0    367.9    33.22    251.4    86.90    32.09      0.0    9.3445; 

 347     67.93      0.0    466.2    33.24    218.9    99.82    34.32      0.0    11.842; trap level; 

 350     65.60      0.0    525.6    33.24    206.3    105.9    35.32      0.0    13.350; 

 360     60.46      0.0    788.2    33.26    179.6    121.7    37.70      0.0    20.021; 

 361     60.18      0.0    812.7    33.26    177.9    122.8    37.84      0.0    20.643; begin overlap; 

 370     58.29      0.0   1001.1    33.26    169.1    129.2    38.85      0.0    25.428; 

 380     57.30      0.0   1163.5    33.27    164.6    132.8    39.44      0.0    29.552; 

 390     56.74      0.0   1314.1    33.27    161.1    135.6    39.82      0.0    33.379; 

 400     56.46      0.0   1442.8    33.27    158.4    137.9    40.03      0.0    36.646; 

 410     56.43      0.0   1500.7    33.27    156.3    139.8    40.06      0.0    38.119; 

 420     56.42      0.0   1540.9    33.27    154.3    141.6    40.06      0.0    39.140; 

 430     56.42      0.0   1579.5    33.27    152.4    143.3    40.06      0.0    40.118; 

 440     56.42      0.0   1621.8    33.27    150.4    145.2    40.06      0.0    41.194; 
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 442     55.79      0.0   1834.6    33.28    147.5    148.2    40.77      0.0    46.599; surface; 

 450     55.78      0.0   2082.0    33.28    147.0    148.7    40.78      0.0    52.884; 

 460     55.57      0.0   2818.3    33.28    143.8    152.0    41.80      0.0    71.584; local maximum rise or fall; 

 465     66.22      0.0   2875.3    33.28    140.9    155.1    45.81      0.0    73.033;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   13.963 

Lmz(m):   13.963 

forced entrain      1     0.0   10.30   73.03   0.981 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3761 

 ; 

12:20:30 PM. amb fills: 4 
 

 

 
 

 

Figure B.2.1: Plumes 18b solution of discharge plume trajectories for discharges of 31 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 15 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. ZID is defined by the maximum horizontal 

excursion of trajectories from the origin. From the maximum horizontal spreading of the plume, 

the ZID extends from X = -15 m to X = +94 m so that ZID = 109 m 
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Figure B.2.2: Plumes 18b solution of vertical density profile for discharges of 31 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 15 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure B.2.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 31 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt. and 15 mgd of brine from the Doheny Desalination Project with a brine 

salinity of 67 ppt. 
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B.3: Plumes 18b Results for SJCOO discharges of 18.9 mgd Wastewater and 5 mgd Brine: 

 
Contents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WW18.9mgd_b5mgd_T-1"  

memo 

SJCOO discharging 18.9 mgd wastewater and 5 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 10 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/10/2019 12:59:47 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW18.9mgd_b5mgd_T-1.001.db; Diffuser table record 1: -----------------

----------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     29.00       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07096 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  23.900  14.020  20.660 14020.0 

 

Simulation: 
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Froude No:     16.02; Strat No: 2.36E-4; Spcg No:   14.39; k: 1.78E+5; eff den (sigmaT)  8.743853; eff vel     

1.777(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)           (in)    (psu)    (ppm)       ()           (m)      (m)       (m) 

   0     100.0 1.000E-5    3.050    14.02  14020.0    1.000      0.0      0.0   0.07747; 

   1    100.00      0.0    3.092    14.55  13644.5    1.028    0.017      0.0   0.07853; bottom hit;  

  10    100.00      0.0    3.705    17.62  11446.4    1.225    0.113      0.0   0.09409; 

  20    100.00      0.0    4.510    20.45   9412.2    1.490    0.241      0.0    0.1146; 

  30    100.00      0.0    5.493    22.77   7736.2    1.812    0.397      0.0    0.1395; 

  40    100.00      0.0    6.690    24.67   6356.4    2.206    0.587      0.0    0.1699; 

  50     99.99      0.0    8.149    26.23   5221.2    2.685    0.818      0.0    0.2070; 

  60     99.98      0.0    9.927    27.51   4287.7    3.270    1.100      0.0    0.2522; 

  70     99.97      0.0    12.09    28.56   3520.5    3.982    1.441      0.0    0.3071; 

  80     99.94      0.0    14.72    29.43   2890.1    4.851    1.854      0.0    0.3739; 

  90     99.89      0.0    17.90    30.13   2372.3    5.910    2.352      0.0    0.4547; 

 100     99.81      0.0    21.31    30.65   1990.2    7.044    2.861      0.0    0.5413; 

 110     99.72      0.0    24.50    31.02   1724.7    8.129    3.304      0.0    0.6224; 

 120     99.62      0.0    27.57    31.29   1525.1    9.193    3.701      0.0    0.7002; 

 130     99.50      0.0    30.54    31.50   1367.3    10.25    4.065      0.0    0.7756; 

 140     99.38      0.0    33.44    31.68   1238.2    11.32    4.403      0.0    0.8493; 

 150     99.24      0.0    36.28    31.83   1130.0    12.41    4.724      0.0    0.9214; 

 160     99.09      0.0    39.06    31.95   1037.5    13.51    5.030      0.0    0.9921; 

 170     98.93      0.0    41.79    32.06    957.2    14.65    5.327      0.0    1.0614; 

 178     98.79      0.0    43.92    32.14    900.0    15.58    5.560      0.0    1.1157; merging; 

 180     98.75      0.0    44.45    32.16    886.8    15.81    5.618      0.0    1.1291; 

 190     98.56      0.0    47.09    32.24    826.7    16.96    5.906      0.0    1.1961; 

 200     98.34      0.0    49.76    32.31    773.1    18.13    6.194      0.0    1.2638; 

 210     98.09      0.0    52.44    32.38    724.4    19.35    6.486      0.0    1.3321; 

 220     97.81      0.0    55.15    32.44    679.5    20.63    6.785      0.0    1.4009; 

 230     97.50      0.0    57.87    32.50    637.7    21.98    7.094      0.0    1.4700; 

 240     97.13      0.0    60.60    32.55    598.5    23.42    7.415      0.0    1.5393; 

 250     96.70      0.0    63.35    32.60    561.4    24.97    7.755      0.0    1.6091; 

 260     96.20      0.0    66.13    32.65    525.7    26.67    8.116      0.0    1.6798; 

 270     95.60      0.0    69.01    32.69    490.8    28.56    8.506      0.0    1.7529; 

 280     94.86      0.0    72.09    32.74    456.3    30.73    8.932      0.0    1.8310; 

 290     93.95      0.0    75.53    32.79    421.3    33.28    9.404      0.0    1.9185; 

 300     92.78      0.0    79.65    32.84    385.1    36.41    9.932      0.0    2.0230; 

 310     91.26      0.0    84.92    32.89    347.0    40.40    10.53      0.0    2.1571; 

 320     89.22      0.0    92.23    32.95    306.3    45.78    11.23      0.0    2.3427; 

 330     86.36      0.0    103.2    33.01    262.3    53.45    12.05      0.0    2.6210; 

 340     82.32      0.0    120.9    33.07    216.5    64.76    13.01      0.0    3.0701; 

 350     77.55      0.0    149.4    33.12    177.6    78.94    13.96      0.0    3.7946; 

 360     72.06      0.0    192.2    33.15    145.7    96.22    14.93      0.0    4.8807; 

 370     65.85      0.0    254.3    33.19    119.5    117.3    15.90      0.0    6.4600; 

 378     60.31      0.0    336.5    33.21    102.0    137.4    16.73      0.0    8.5480; trap level; 

 380     58.84      0.0    363.7    33.22    98.06    143.0    16.95      0.0    9.2392; 

 390     52.96      0.0    618.0    33.24    83.72    167.5    17.91      0.0    15.697; begin overlap; 

 400     51.76      0.0    876.1    33.24    81.02    173.0    18.17      0.0    22.253; 

 410     51.31      0.0   1107.1    33.25    79.66    176.0    18.30      0.0    28.121; 

 420     51.19      0.0   1255.4    33.25    78.79    177.9    18.34      0.0    31.887; 

 430     51.19      0.0   1286.0    33.25    78.09    179.5    18.34      0.0    32.665; 

 440     51.19      0.0   1308.8    33.25    77.41    181.1    18.34      0.0    33.244; 

 446     50.90      0.0   2033.2    33.25    75.64    185.3    18.63      0.0    51.643; surface; 

 450     50.90      0.0   3055.0    33.25    75.63    185.4    18.63      0.0    77.598; local maximum rise or fall;  

 453     56.95      0.0   3160.3    33.26    74.15    189.1    19.60      0.0    80.271;  
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Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   5.9730 

Lmz(m):   5.9730 

forced entrain      1     0.0   13.12   80.27   0.724 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3837 

 ; 

12:59:47 PM. amb fills: 4 

 

 

 

Figure B.3.1: Plumes 18b solution of discharge plume trajectories for discharges of 18.9 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 5 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. ZID is defined by the maximum horizontal 

excursion of trajectories from the origin. From the maximum horizontal spreading of the plume, 

the ZID extends from X = -50 m to X = +85 m so that ZID = 135 m 
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Figure B.3.2: Plumes 18b solution of vertical density profile for discharges of 18.9 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 5 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure B.3.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 18.9 mgd of SOCWA wastewater at 

average annual TDS = 1.25 ppt. and 5 mgd of brine from the Doheny Desalination Project with a 

brine salinity of 67 ppt. 
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B.4: Plumes 18b Results for SJCOO discharges of 18.9 mgd Wastewater and 15 mgd Brine: 

 
Contents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WW18.9mgd_b15mgd_T-1"  

memo 

SJCOO discharging 18.9 mgd wastewater and 15 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 10 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/10/2019 1:29:39 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW18.9mgd_b15mgd_T-1.001.db; Diffuser table record 1: ---------------

------------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     29.00       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07096 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  33.900  29.640  20.660 29640.0 

 

Simulation: 
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Froude No:     43.40; Strat No: 8.51E-4; Spcg No:   14.39; k: 2.52E+5; eff den (sigmaT)  20.54180; eff vel     

2.521(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)          (in)    (psu)    (ppm)       ()             (m)     (m)       (m) 

   0     100.0 1.000E-5    3.050    29.64  29640.0    1.000      0.0      0.0   0.07747; 

   1    100.00      0.0    3.109    29.78  28526.4    1.039   0.0239      0.0   0.07897; bottom hit; 

  10    100.00      0.0    3.749    30.37  23886.8    1.241    0.146      0.0   0.09522; 

  20    100.00      0.0    4.569    30.90  19608.3    1.512    0.308      0.0    0.1160; 

  30    100.00      0.0    5.568    31.34  16094.2    1.842    0.507      0.0    0.1414; 

  40    100.00      0.0    6.785    31.71  13208.5    2.244    0.749      0.0    0.1723; 

  50    100.00      0.0    8.270    32.00  10839.4    2.734    1.044      0.0    0.2101; 

  60    100.00      0.0    10.08    32.25   8894.6    3.332    1.404      0.0    0.2560; 

  70     99.99      0.0    12.29    32.45   7298.4    4.061    1.842      0.0    0.3120; 

  80     99.99      0.0    14.97    32.61   5988.4    4.950    2.376      0.0    0.3803; 

  90     99.97      0.0    18.25    32.75   4913.3    6.033    3.025      0.0    0.4636; 

 100     99.95      0.0    22.24    32.86   4031.1    7.353    3.814      0.0    0.5650; 

 110     99.91      0.0    27.10    32.95   3307.3    8.962    4.771      0.0    0.6884; 

 120     99.84      0.0    33.02    33.02   2713.4    10.92    5.930      0.0    0.8386; 

 130     99.72      0.0    40.19    33.08   2226.1    13.32    7.326      0.0    1.0208; 

 135     99.62      0.0    44.32    33.11   2016.3    14.70    8.124      0.0    1.1257; merging; 

 140     99.50      0.0    48.45    33.13   1856.9    15.96    8.945      0.0    1.2307; 

 150     99.23      0.0    55.90    33.16   1642.4    18.05    10.45      0.0    1.4199; 

 160     98.91      0.0    62.94    33.18   1490.7    19.88    11.82      0.0    1.5988; 

 170     98.54      0.0    69.90    33.19   1371.7    21.61    13.12      0.0    1.7755; 

 180     98.11      0.0    76.94    33.20   1272.6    23.29    14.35      0.0    1.9542; 

 190     97.64      0.0    84.16    33.21   1186.9    24.97    15.55      0.0    2.1378; 

 200     97.10      0.0    91.68    33.22   1110.7    26.69    16.72      0.0    2.3286; 

 210     96.50      0.0    99.55    33.23   1041.5    28.46    17.86      0.0    2.5286; 

 220     95.84      0.0    107.9    33.24    977.7    30.32    19.00      0.0    2.7397; 

 230     95.09      0.0    116.7    33.25    918.1    32.28    20.15      0.0    2.9642; 

 240     94.26      0.0    126.2    33.25    861.8    34.39    21.30      0.0    3.2045; 

 250     93.31      0.0    136.4    33.26    808.1    36.68    22.46      0.0    3.4637; 

 260     92.25      0.0    147.5    33.27    756.6    39.18    23.66      0.0    3.7458; 

 270     91.03      0.0    159.7    33.27    706.6    41.95    24.89      0.0    4.0564; 

 280     89.64      0.0    173.3    33.28    657.8    45.06    26.18      0.0    4.4030; 

 290     88.03      0.0    188.9    33.29    609.7    48.62    27.52      0.0    4.7970; 

 300     86.13      0.0    206.9    33.29    562.0    52.74    28.95      0.0    5.2551; 

 310     83.81      0.0    229.1    33.30    513.0    57.78    30.52      0.0    5.8200; 

 319     79.50      0.0    277.7    33.30    444.6    66.66    33.18      0.0    7.0529; trap level; 

 320     78.85      0.0    287.9    33.30    435.9    68.00    33.57      0.0    7.3118; 

 330     75.07      0.0    400.7    33.31    387.5    76.48    36.01      0.0    10.177; 

 340     73.17      0.0    496.5    33.31    361.5    81.98    37.40      0.0    12.612; begin overlap; 

 350     71.91      0.0    583.6    33.31    345.5    85.79    38.42      0.0    14.822; 

 360     71.06      0.0    657.2    33.31    335.8    88.27    39.18      0.0    16.692; 

 370     70.48      0.0    724.0    33.31    328.6    90.21    39.75      0.0    18.389; 

 380     70.06      0.0    787.9    33.31    322.5    91.89    40.22      0.0    20.013; 

 390     69.74      0.0    850.1    33.31    317.2    93.44    40.62      0.0    21.593; 

 400     69.48      0.0    910.9    33.31    312.4    94.88    40.96      0.0    23.137; 

 410     69.28      0.0    970.3    33.31    307.9    96.26    41.26      0.0    24.646; 

 420     69.12      0.0   1028.2    33.31    303.7    97.58    41.53      0.0    26.117; 

 430     69.00      0.0   1083.3    33.31    299.9    98.83    41.76      0.0    27.516; 

 440     68.95      0.0   1124.0    33.31    296.6    99.94    41.87      0.0    28.549; 

 450     68.94      0.0   1152.3    33.31    293.5    101.0    41.90      0.0    29.267; 

 460     68.93      0.0   1176.6    33.31    290.5    102.0    41.90      0.0    29.886; 

 470     68.93      0.0   1200.0    33.31    287.7    103.0    41.90      0.0    30.479; 
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 480     68.93      0.0   1223.0    33.31    285.0    104.0    41.90      0.0    31.065; 

 490     68.93      0.0   1245.8    33.31    282.4    105.0    41.90      0.0    31.643; local maximum rise or fall; 

 498     68.99      0.0   1274.4    33.31    275.3    107.6    43.60      0.0    32.371;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   13.290 

Lmz(m):   13.290 

forced entrain      1     0.0   9.452   32.37   0.908 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3361 

 ; 

1:29:39 PM. amb fills: 4 

 

 

 

 
 

Figure B.4.1: Plumes 18b solution of discharge plume trajectories for discharges of 18.9 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 15 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. ZID is defined by the maximum horizontal 

excursion of trajectories from the origin. From the maximum horizontal spreading of the plume, 

the ZID extends from X = -0 m to X = +63 m so that ZID = 63 m 
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Figure B.4.2: Plumes 18b solution of vertical density profile for discharges of 18.9 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 15 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure B.4.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 18.9 mgd of SOCWA wastewater at 

average annual TDS = 1.25 ppt. and 15 mgd of brine from the Doheny Desalination Project with 

a brine salinity of 67 ppt. 
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B.5: Plumes 18b Results for SJCOO discharges of 13 mgd Wastewater and 5 mgd Brine: 

 

 

Contents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WW13mgd_b5mgd_T-1"  

memo 

SJCOO discharging 13 mgd wastewater and 5 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 10 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/10/2019 1:51:56 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW13mgd_b5mgd_T-1.001.db; Diffuser table record 1: -------------------

--------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     29.00       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07096 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  18.000  18.610  20.660 18610.0 
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Simulation: 

Froude No:     13.62; Strat No: 3.00E-4; Spcg No:   14.39; k: 1.34E+5; eff den (sigmaT)  12.20791; eff vel     

1.338(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)          (in)    (psu)    (ppm)       ()             (m)     (m)       (m) 

   0     100.0 1.000E-5    3.050    18.61  18610.0    1.000      0.0      0.0   0.07747; 

   1    100.00      0.0    3.081    18.91  18232.1    1.021   0.0129      0.0   0.07827; bottom hit;  

  10    100.00      0.0    3.681    21.27  15286.9    1.217    0.107      0.0   0.09349; 

  20    100.00      0.0    4.482    23.44  12564.0    1.481    0.233      0.0    0.1139; 

  30    100.00      0.0    5.460    25.23  10322.6    1.803    0.386      0.0    0.1387; 

  40     99.99      0.0    6.651    26.69   8478.7    2.195    0.573      0.0    0.1689; 

  50     99.99      0.0    8.102    27.89   6962.6    2.673    0.800      0.0    0.2058; 

  60     99.98      0.0    9.869    28.87   5716.6    3.255    1.076      0.0    0.2507; 

  70     99.96      0.0    12.02    29.68   4692.8    3.966    1.409      0.0    0.3052; 

  80     99.92      0.0    14.62    30.34   3851.9    4.831    1.812      0.0    0.3714; 

  90     99.86      0.0    17.56    30.85   3202.8    5.811    2.253      0.0    0.4460; 

 100     99.78      0.0    20.34    31.20   2757.0    6.750    2.639      0.0    0.5166; 

 110     99.70      0.0    23.00    31.46   2426.4    7.670    2.983      0.0    0.5841; 

 120     99.61      0.0    25.58    31.66   2167.7    8.585    3.296      0.0    0.6496; 

 130     99.51      0.0    28.09    31.83   1957.6    9.507    3.587      0.0    0.7136; 

 140     99.39      0.0    30.56    31.96   1782.4    10.44    3.860      0.0    0.7763; 

 150     99.27      0.0    32.98    32.08   1633.4    11.39    4.121      0.0    0.8378; 

 160     99.14      0.0    35.36    32.18   1504.5    12.37    4.373      0.0    0.8981; 

 170     98.99      0.0    37.68    32.27   1391.7    13.37    4.618      0.0    0.9570; 

 180     98.83      0.0    39.95    32.35   1291.8    14.41    4.861      0.0    1.0146; 

 190     98.65      0.0    42.16    32.42   1202.3    15.48    5.102      0.0    1.0708; 

 199     98.47      0.0    44.10    32.48   1129.1    16.48    5.320      0.0    1.1200; merging; 

 200     98.45      0.0    44.31    32.48   1121.5    16.59    5.344      0.0    1.1254; 

 210     98.23      0.0    46.40    32.54   1050.7    17.71    5.591      0.0    1.1786; 

 220     97.98      0.0    48.47    32.59    986.2    18.87    5.845      0.0    1.2311; 

 230     97.68      0.0    50.51    32.64    926.2    20.09    6.109      0.0    1.2831; 

 240     97.34      0.0    52.56    32.68    869.6    21.40    6.387      0.0    1.3349; 

 250     96.94      0.0    54.61    32.72    815.2    22.83    6.683      0.0    1.3872; 

 260     96.47      0.0    56.73    32.76    762.3    24.41    7.001      0.0    1.4409; 

 270     95.89      0.0    58.97    32.81    709.8    26.22    7.347      0.0    1.4979; 

 280     95.17      0.0    61.46    32.85    656.8    28.34    7.729      0.0    1.5612; 

 290     94.26      0.0    64.40    32.89    602.1    30.91    8.156      0.0    1.6358; 

 300     93.08      0.0    68.10    32.94    544.8    34.16    8.640      0.0    1.7298; 

 310     91.52      0.0    73.09    32.98    483.8    38.47    9.198      0.0    1.8565; 

 320     89.35      0.0    80.34    33.03    418.3    44.49    9.852      0.0    2.0406; 

 330     86.22      0.0    91.68    33.09    348.3    53.43    10.63      0.0    2.3286; 

 340     82.35      0.0    108.2    33.14    285.7    65.13    11.42      0.0    2.7478; 

 350     77.85      0.0    134.5    33.17    234.4    79.39    12.21      0.0    3.4160; 

 360     72.61      0.0    175.6    33.20    192.3    96.77    13.03      0.0    4.4605; 

 370     66.57      0.0    237.5    33.22    157.8    118.0    13.89      0.0    6.0325; 

 371     65.92      0.0    246.1    33.23    154.7    120.3    13.98      0.0    6.2519; trap level; 

 380     59.69      0.0    365.8    33.25    129.4    143.8    14.90      0.0    9.2922; 

 388     55.64      0.0    587.5    33.26    116.0    160.4    15.59      0.0    14.923; begin overlap; 

 390     55.38      0.0    637.5    33.26    115.2    161.5    15.64      0.0    16.192; 

 400     54.63      0.0    846.1    33.26    113.0    164.7    15.82      0.0    21.491; 

 410     54.28      0.0   1044.1    33.26    111.6    166.8    15.93      0.0    26.521; 

 420     54.13      0.0   1206.9    33.26    110.6    168.3    15.98      0.0    30.656; 

 430     54.12      0.0   1244.3    33.27    109.8    169.5    15.98      0.0    31.606; 

 440     54.12      0.0   1261.9    33.27    109.1    170.6    15.98      0.0    32.052; 

 450     54.12      0.0   1278.7    33.27    108.4    171.7    15.98      0.0    32.479; 
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 453     53.98      0.0   2141.7    33.27    106.2    175.2    16.30      0.0    54.400; surface; local maximum rise or fall; 

 459     87.41      0.0   3571.6    33.27    104.1    178.7    18.45      0.0    90.719;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   5.6237 

Lmz(m):   5.6237 

forced entrain      1     0.0   3.837   90.72   0.923 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3807 

 ; 

1:51:56 PM. amb fills: 4 

 

 

 

 
 

Figure B.5.1: Plumes 18b solution of discharge plume trajectories for discharges of 13 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 5 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. ZID is defined by the maximum horizontal 

excursion of trajectories from the origin. From the maximum horizontal spreading of the plume, 

the ZID extends from X = -80 m to X = +80 m so that ZID = 160 m 
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Figure B.5.2: Plumes 18b solution of vertical density profile for discharges of 13 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 5 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure B.5.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 13 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt. and 5 mgd of brine from the Doheny Desalination Project with a brine 

salinity of 67 ppt. 
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B.6: Plumes 18b Results for SJCOO discharges of 13 mgd Wastewater and 5 mgd Brine: 

 

Contents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WW8mgd_b5mgd_T-1"  

memo 

SJCOO discharging 8 mgd wastewater and 5 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 10 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/10/2019 2:20:30 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW8mgd_b5mgd_T-1.001.db; Diffuser table record 1: ---------------------

------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     29.00       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07096 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  13.000  25.770  20.660 25770.0 
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Simulation: 

Froude No:     12.95; Strat No: 5.17E-4; Spcg No:   14.39; k: 96666.1; eff den (sigmaT)  17.61415; eff vel     

0.967(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)          (in)    (psu)    (ppm)       ()            (m)        (m)       (m) 

   0     100.0 1.000E-5    3.050    25.77  25770.0    1.000      0.0      0.0   0.07747; 

   1    100.00      0.0    3.073    25.88  25389.9    1.015  0.00937      0.0   0.07805; bottom hit; 

  10    100.00      0.0    3.661    27.10  21270.5    1.212    0.109      0.0   0.09299; 

  20    100.00      0.0    4.460    28.23  17468.3    1.475    0.243      0.0    0.1133; 

  30    100.00      0.0    5.435    29.15  14342.9    1.797    0.406      0.0    0.1380; 

  40     99.99      0.0    6.622    29.91  11774.7    2.189    0.604      0.0    0.1682; 

  50     99.99      0.0    8.068    30.53   9665.1    2.666    0.845      0.0    0.2049; 

  60     99.97      0.0    9.828    31.04   7932.6    3.249    1.138      0.0    0.2496; 

  70     99.95      0.0    11.97    31.45   6510.1    3.958    1.492      0.0    0.3040; 

  80     99.90      0.0    14.55    31.80   5343.5    4.823    1.917      0.0    0.3696; 

  90     99.83      0.0    17.21    32.04   4510.5    5.713    2.334      0.0    0.4372; 

 100     99.76      0.0    19.69    32.21   3928.3    6.560    2.699      0.0    0.5002; 

 110     99.67      0.0    22.05    32.34   3488.9    7.386    3.028      0.0    0.5601; 

 120     99.58      0.0    24.32    32.44   3140.6    8.206    3.330      0.0    0.6178; 

 130     99.47      0.0    26.53    32.53   2854.6    9.028    3.614      0.0    0.6739; 

 140     99.36      0.0    28.69    32.60   2613.7    9.860    3.883      0.0    0.7286; 

 150     99.23      0.0    30.79    32.66   2406.7    10.71    4.142      0.0    0.7821; 

 160     99.09      0.0    32.85    32.71   2226.1    11.58    4.393      0.0    0.8344; 

 170     98.94      0.0    34.87    32.76   2066.2    12.47    4.640      0.0    0.8856; 

 180     98.77      0.0    36.84    32.80   1922.9    13.40    4.885      0.0    0.9357; 

 190     98.58      0.0    38.78    32.84   1793.1    14.37    5.129      0.0    0.9849; 

 200     98.37      0.0    40.68    32.87   1674.1    15.39    5.377      0.0    1.0333; 

 210     98.13      0.0    42.57    32.90   1563.8    16.48    5.629      0.0    1.0812; 

 218     97.92      0.0    44.07    32.93   1480.6    17.41    5.836      0.0    1.1193; merging; 

 220     97.86      0.0    44.44    32.93   1461.0    17.64    5.888      0.0    1.1287; 

 230     97.55      0.0    46.26    32.96   1368.5    18.83    6.158      0.0    1.1749; 

 240     97.19      0.0    48.08    32.99   1281.5    20.11    6.443      0.0    1.2213; 

 250     96.77      0.0    49.97    33.01   1197.5    21.52    6.746      0.0    1.2692; 

 260     96.26      0.0    51.98    33.04   1114.8    23.12    7.073      0.0    1.3202; 

 270     95.64      0.0    54.19    33.06   1032.1    24.97    7.430      0.0    1.3765; 

 280     94.86      0.0    56.76    33.08    947.8    27.19    7.823      0.0    1.4417; 

 290     93.88      0.0    59.89    33.11    860.7    29.94    8.263      0.0    1.5213; 

 300     92.61      0.0    63.94    33.14    769.6    33.48    8.763      0.0    1.6241; 

 310     90.89      0.0    69.51    33.16    673.5    38.26    9.339      0.0    1.7654; 

 320     88.49      0.0    77.70    33.19    571.8    45.07    10.02      0.0    1.9736; 

 330     85.18      0.0    90.09    33.22    470.2    54.81    10.79      0.0    2.2883; 

 340     81.30      0.0    108.3    33.25    385.7    66.81    11.54      0.0    2.7506; 

 350     76.70      0.0    142.8    33.26    316.4    81.44    12.34      0.0    3.6277; 

 353     75.14      0.0    158.3    33.27    298.2    86.42    12.61      0.0    4.0211; trap level; 

 360     71.13      0.0    205.9    33.27    259.6    99.27    13.30      0.0    5.2296; 

 370     65.96      0.0    341.8    33.28    221.3    116.5    14.29      0.0    8.6817; 

 375     65.09      0.0    413.3    33.28    215.0    119.9    14.50      0.0    10.497; begin overlap; 

 380     64.53      0.0    476.2    33.29    211.6    121.8    14.64      0.0    12.096; 

 390     63.85      0.0    590.2    33.29    208.0    123.9    14.85      0.0    14.990; 

 400     63.46      0.0    699.5    33.29    205.6    125.3    15.00      0.0    17.766; 

 410     63.21      0.0    807.2    33.29    203.8    126.5    15.10      0.0    20.503; 

 420     63.04      0.0    913.8    33.29    202.2    127.5    15.18      0.0    23.210; 

 430     62.93      0.0   1016.2    33.29    200.8    128.3    15.25      0.0    25.812; 

 440     62.90      0.0   1064.4    33.29    199.8    129.0    15.26      0.0    27.037; 

 450     62.90      0.0   1078.8    33.29    198.8    129.6    15.26      0.0    27.401; 



77 
 

 460     62.90      0.0   1089.5    33.29    197.9    130.2    15.26      0.0    27.672; 

 470     62.90      0.0   1099.9    33.29    196.9    130.9    15.26      0.0    27.936; local maximum rise or fall;  

 477     62.96      0.0   1118.2    33.29    192.5    133.9    15.78      0.0    28.401;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   4.8084 

Lmz(m):   4.8084 

forced entrain      1     0.0   11.29   28.40   0.513 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3550 

 ; 

2:20:30 PM. amb fills: 4 

 

 

 

 

Figure B.6.1: Plumes 18b solution of discharge plume trajectories for discharges of 8 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 5 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. ZID is defined by the maximum horizontal 

excursion of trajectories from the origin. From the maximum horizontal spreading of the plume, 

the ZID extends from X = -24 m to X = +54 m so that ZID = 78 m 
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Figure B.6.2: Plumes 18b solution of vertical density profile for discharges of 8 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 5 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure B.6.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 8 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt. and 5 mgd of brine from the Doheny Desalination Project with a brine 

salinity of 67 ppt. 
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APPENDIX-C: Results for Dense (Negatively Buoyant) Combined Discharges of Brine and 

Wastewater 

 

C.1: Plumes 18b Results for SJCOO discharges of 13 mgd Wastewater and 15 mgd Brine: 

 

Contents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WW13mgd_b15mgd_T-4"  

memomemomemo 

SJCOO discharging 13 mgd wastewater and 15 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 1 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/14/2019 11:25:09 AM 

Case 1; ambient file C:\Plumes18\SJCOO_WW13mgd_b15mgd_T-4.001.db; Diffuser table record 1: ------------------

---------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     31.85       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07201 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 
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    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  28.000  35.890  20.660 35890.0 

 

Simulation: 

Froude No:    -165.0; Strat No:-0.01789; Spcg No:   14.39; k: 2.08E+5; eff den (sigmaT)  25.28520; eff vel     

2.082(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)          (in)    (psu)    (ppm)       ()           (ft)        (ft)       (m) 

   0     100.0 1.000E-5    3.050    35.89  35890.0    1.000      0.0      0.0   0.07747; 

   1     100.0      0.0    3.099    35.81  34769.0    1.032   0.0199      0.0   0.07871; 

   2     100.0      0.0    3.180    35.76  34087.2    1.053   0.0329      0.0   0.08076; 

   3     100.0      0.0    3.243    35.72  33418.9    1.074   0.0461      0.0   0.08238; 

   4     100.0      0.0    3.308    35.67  32763.6    1.095   0.0596      0.0   0.08403; 

   5     100.0      0.0    3.374    35.62  32121.2    1.117   0.0733      0.0   0.08571; 

   6     100.0      0.0    3.442    35.58  31491.3    1.140   0.0874      0.0   0.08742; 

   7     100.0      0.0    3.511    35.54  30873.8    1.162    0.102      0.0   0.08917; 

   8     100.0      0.0    3.581    35.49  30268.4    1.186    0.116      0.0   0.09095; 

   9     100.0      0.0    3.652    35.45  29674.9    1.209    0.131      0.0   0.09277; 

  10     100.0      0.0    3.725    35.41  29093.0    1.234    0.146      0.0   0.09463; 

  11     100.0      0.0    3.800    35.37  28522.6    1.258    0.162      0.0   0.09652; 

  12     100.0      0.0    3.876    35.33  27963.3    1.283    0.178      0.0   0.09845; 

  13     100.0      0.0    3.954    35.29  27414.9    1.309    0.194      0.0    0.1004; 

  14     100.0      0.0    4.033    35.26  26877.4    1.335    0.210      0.0    0.1024; 

  15     100.0      0.0    4.113    35.22  26350.3    1.362    0.227      0.0    0.1045; 

  16     100.0      0.0    4.196    35.18  25833.6    1.389    0.244      0.0    0.1066; 

  17     100.0      0.0    4.279    35.15  25327.0    1.417    0.261      0.0    0.1087; 

  18     100.0      0.0    4.365    35.11  24830.4    1.445    0.279      0.0    0.1109; 

  19     100.0      0.0    4.452    35.08  24343.5    1.474    0.297      0.0    0.1131; 

  20     100.0      0.0    4.541    35.04  23866.1    1.504    0.316      0.0    0.1154; 

  21     100.0      0.0    4.632    35.01  23398.1    1.534    0.335      0.0    0.1177; 

  22     100.0      0.0    4.725    34.98  22939.3    1.565    0.354      0.0    0.1200; 

  23     100.0      0.0    4.819    34.95  22489.5    1.596    0.373      0.0    0.1224; 

  24     100.0      0.0    4.916    34.92  22048.5    1.628    0.393      0.0    0.1249; 

  25     100.0      0.0    5.014    34.89  21616.1    1.660    0.414      0.0    0.1274; 

  26     100.0      0.0    5.114    34.86  21192.2    1.694    0.435      0.0    0.1299; 

  27     100.0      0.0    5.217    34.83  20776.6    1.727    0.456      0.0    0.1325; 

  28     100.0      0.0    5.321    34.80  20369.2    1.762    0.478      0.0    0.1352; 

  29     100.0      0.0    5.427    34.77  19969.8    1.797    0.500      0.0    0.1379; 

  30     100.0      0.0    5.536    34.74  19578.2    1.833    0.522      0.0    0.1406; 

  31     100.0      0.0    5.647    34.71  19194.3    1.870    0.545      0.0    0.1434; 

  32     100.0      0.0    5.760    34.69  18817.9    1.907    0.569      0.0    0.1463; 

  33     100.0      0.0    5.875    34.66  18448.8    1.945    0.592      0.0    0.1492; 

  34     100.0      0.0    5.992    34.64  18087.1    1.984    0.617      0.0    0.1522; 

  35     100.0      0.0    6.112    34.61  17732.4    2.024    0.642      0.0    0.1552; 

  36     100.0      0.0    6.234    34.59  17384.7    2.064    0.667      0.0    0.1584; 

  37     100.0      0.0    6.359    34.56  17043.7    2.106    0.693      0.0    0.1615; 

  38     100.0      0.0    6.486    34.54  16709.5    2.148    0.719      0.0    0.1648; 

  39     100.0      0.0    6.616    34.52  16381.8    2.191    0.746      0.0    0.1680; 

  40     100.0      0.0    6.748    34.49  16060.6    2.235    0.774      0.0    0.1714; 

  41     100.0      0.0    6.883    34.47  15745.7    2.279    0.802      0.0    0.1748; 

  42     100.0      0.0    7.021    34.45  15436.9    2.325    0.830      0.0    0.1783; 

  43     100.0      0.0    7.161    34.43  15134.2    2.371    0.859      0.0    0.1819; 

  44     100.0      0.0    7.305    34.41  14837.4    2.419    0.889      0.0    0.1855; 

  45     100.0      0.0    7.451    34.39  14546.4    2.467    0.919      0.0    0.1893; 

  46     100.0      0.0    7.600    34.37  14261.2    2.517    0.950      0.0    0.1930; 
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  47     100.0      0.0    7.752    34.35  13981.5    2.567    0.982      0.0    0.1969; 

  48     100.0      0.0    7.907    34.33  13707.3    2.618    1.014      0.0    0.2008; 

  49     100.0      0.0    8.065    34.31  13438.5    2.671    1.047      0.0    0.2049; 

  50     100.0      0.0    8.226    34.29  13175.0    2.724    1.080      0.0    0.2089; 

  51     100.0      0.0    8.391    34.27  12916.7    2.779    1.114      0.0    0.2131; 

  52     100.0      0.0    8.559    34.25  12663.4    2.834    1.149      0.0    0.2174; 

  53     100.0      0.0    8.730    34.24  12415.0    2.891    1.185      0.0    0.2217; 

  54     100.0      0.0    8.904    34.22  12171.6    2.949    1.221      0.0    0.2262; 

  55     100.0      0.0    9.083    34.20  11932.9    3.008    1.258      0.0    0.2307; 

  56     100.0      0.0    9.264    34.19  11698.9    3.068    1.295      0.0    0.2353; 

  57     100.0      0.0    9.450    34.17  11469.5    3.129    1.334      0.0    0.2400; 

  58     100.0      0.0    9.639    34.15  11244.6    3.192    1.373      0.0    0.2448; 

  59     100.0      0.0    9.831    34.14  11024.1    3.256    1.413      0.0    0.2497; 

  60     100.0      0.0    10.03    34.12  10807.9    3.321    1.454      0.0    0.2547; 

  61     100.0      0.0    10.23    34.11  10596.0    3.387    1.495      0.0    0.2598; 

  62     100.0      0.0    10.43    34.09  10388.2    3.455    1.538      0.0    0.2650; 

  63     100.0      0.0    10.64    34.08  10184.5    3.524    1.581      0.0    0.2703; 

  64     100.0      0.0    10.85    34.07   9984.8    3.594    1.625      0.0    0.2757; 

  65     100.0      0.0    11.07    34.05   9789.0    3.666    1.670      0.0    0.2812; 

  66     100.0      0.0    11.29    34.04   9597.0    3.740    1.716      0.0    0.2868; 

  67     100.0      0.0    11.52    34.03   9408.8    3.815    1.763      0.0    0.2926; 

  68     100.0      0.0    11.75    34.01   9224.3    3.891    1.811      0.0    0.2984; 

  69     100.0      0.0    11.98    34.00   9043.4    3.969    1.859      0.0    0.3044; 

  70     100.0      0.0    12.22    33.99   8866.1    4.048    1.909      0.0    0.3105; 

  71     100.0      0.0    12.47    33.98   8692.2    4.129    1.960      0.0    0.3167; 

  72     100.0      0.0    12.72    33.96   8521.8    4.212    2.011      0.0    0.3230; 

  73     100.0      0.0    12.97    33.95   8354.7    4.296    2.064      0.0    0.3295; 

  74     100.0      0.0    13.23    33.94   8190.8    4.382    2.118      0.0    0.3361; 

  75     100.0      0.0    13.50    33.93   8030.2    4.469    2.173      0.0    0.3428; 

  76     100.0      0.0    13.77    33.92   7872.8    4.559    2.229      0.0    0.3497; 

  77     100.0      0.0    14.04    33.91   7718.4    4.650    2.286      0.0    0.3567; 

  78     100.0      0.0    14.32    33.90   7567.0    4.743    2.344      0.0    0.3638; 

  79     100.0      0.0    14.61    33.89   7418.6    4.838    2.403      0.0    0.3711; 

  80     100.0      0.0    14.90    33.88   7273.2    4.935    2.464      0.0    0.3785; 

  81     100.0      0.0    15.20    33.87   7130.5    5.033    2.525      0.0    0.3861; 

  82     100.0      0.0    15.50    33.86   6990.7    5.134    2.588      0.0    0.3938; 

  83     100.0      0.0    15.81    33.85   6853.6    5.237    2.653      0.0    0.4017; 

  84     100.0      0.0    16.13    33.84   6719.2    5.341    2.718      0.0    0.4097; 

  85     100.0      0.0    16.45    33.83   6587.5    5.448    2.785      0.0    0.4179; 

  86     100.0      0.0    16.78    33.82   6458.3    5.557    2.853      0.0    0.4262; 

  87     100.0      0.0    17.12    33.81   6331.7    5.668    2.923      0.0    0.4348; 

  88     100.0      0.0    17.46    33.80   6207.5    5.782    2.993      0.0    0.4435; 

  89     100.0      0.0    17.81    33.79   6085.8    5.897    3.066      0.0    0.4523; 

  90     100.0      0.0    18.16    33.78   5966.4    6.015    3.140      0.0    0.4614; 

  91     100.0      0.0    18.53    33.78   5849.4    6.136    3.215      0.0    0.4706; 

  92     100.0      0.0    18.90    33.77   5734.7    6.258    3.291      0.0    0.4800; 

  93     100.0      0.0    19.28    33.76   5622.3    6.384    3.370      0.0    0.4896; 

  94     100.0      0.0    19.66    33.75   5512.0    6.511    3.450      0.0    0.4994; 

  95     100.0      0.0    20.06    33.74   5404.0    6.641    3.531      0.0    0.5094; 

  96     100.0      0.0    20.46    33.74   5298.0    6.774    3.614      0.0    0.5196; 

  97     100.0      0.0    20.87    33.73   5194.1    6.910    3.699      0.0    0.5300; 

  98     100.0      0.0    21.28    33.72   5092.3    7.048    3.785      0.0    0.5406; 

  99     100.0      0.0    21.71    33.71   4992.4    7.189    3.873      0.0    0.5514; 

 100     100.0      0.0    22.14    33.71   4894.5    7.333    3.963      0.0    0.5624; 

 101     100.0      0.0    22.59    33.70   4798.5    7.479    4.055      0.0    0.5737; 

 102     100.0      0.0    23.04    33.69   4704.4    7.629    4.148      0.0    0.5851; 
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 103     100.0      0.0    23.50    33.69   4612.2    7.782    4.243      0.0    0.5968; 

 104     100.0      0.0    23.97    33.68   4521.7    7.937    4.341      0.0    0.6088; 

 105     100.0      0.0    24.45    33.68   4433.1    8.096    4.440      0.0    0.6210; 

 106     100.0      0.0    24.94    33.67   4346.2    8.258    4.541      0.0    0.6334; 

 107     100.0      0.0    25.43    33.66   4260.9    8.423    4.644      0.0    0.6460; 

 108     100.0      0.0    25.94    33.66   4177.4    8.592    4.749      0.0    0.6590; 

 109     100.0      0.0    26.46    33.65   4095.5    8.763    4.856      0.0    0.6721; 

 110     100.0      0.0    26.99    33.65   4015.2    8.939    4.966      0.0    0.6856; 

 111     100.0      0.0    27.53    33.64   3936.4    9.117    5.077      0.0    0.6993; 

 112     100.0      0.0    28.08    33.63   3859.2    9.300    5.191      0.0    0.7133; 

 113     100.0      0.0    28.64    33.63   3783.6    9.486    5.307      0.0    0.7276; 

 114     100.0      0.0    29.22    33.62   3709.4    9.675    5.426      0.0    0.7421; 

 115     100.0      0.0    29.80    33.62   3636.6    9.869    5.547      0.0    0.7569; 

 116     100.0      0.0    30.40    33.61   3565.3    10.07    5.670      0.0    0.7721; 

 117     100.0      0.0    31.00    33.61   3495.4    10.27    5.795      0.0    0.7875; 

 118     100.0      0.0    31.62    33.60   3426.9    10.47    5.923      0.0    0.8033; 

 119     100.0      0.0    32.26    33.60   3359.7    10.68    6.054      0.0    0.8193; 

 120     100.0      0.0    32.90    33.60   3293.8    10.90    6.187      0.0    0.8357; 

 121     100.0      0.0    33.56    33.59   3229.2    11.11    6.323      0.0    0.8524; 

 122     100.0      0.0    34.23    33.59   3165.9    11.34    6.462      0.0    0.8695; 

 123     100.0      0.0    34.92    33.58   3103.8    11.56    6.603      0.0    0.8869; 

 124     100.0      0.0    35.61    33.58   3043.0    11.79    6.747      0.0    0.9046; 

 125     100.0      0.0    36.33    33.57   2983.3    12.03    6.894      0.0    0.9227; 

 126     100.0      0.0    37.05    33.57   2924.8    12.27    7.044      0.0    0.9411; 

 127     100.0      0.0    37.79    33.57   2867.4    12.52    7.197      0.0    0.9600; 

 128     100.0      0.0    38.55    33.56   2811.2    12.77    7.352      0.0    0.9792; 

 129     100.0      0.0    39.32    33.56   2756.1    13.02    7.511      0.0    0.9987; 

 130     100.0      0.0    40.11    33.55   2702.0    13.28    7.673      0.0    1.0187; 

 131     100.0      0.0    40.91    33.55   2649.1    13.55    7.839      0.0    1.0391; 

 132     100.1      0.0    41.73    33.55   2597.1    13.82    8.007      0.0    1.0599; 

 133     100.1      0.0    42.56    33.54   2546.2    14.10    8.179      0.0    1.0810; 

 134     100.1      0.0    43.41    33.54   2496.3    14.38    8.354      0.0    1.1027; 

 135     100.1      0.0    44.28    33.54   2447.3    14.67    8.533      0.0    1.1247; merging; 

 136     100.1      0.0    45.17    33.53   2399.3    14.96    8.727      0.0    1.1474; 

 137     100.1      0.0    46.12    33.53   2352.3    15.26    8.937      0.0    1.1716; 

 138     100.1      0.0    47.12    33.53   2306.2    15.56    9.159      0.0    1.1968; 

 139     100.1      0.0    48.16    33.52   2260.9    15.87    9.394      0.0    1.2232; 

 140     100.1      0.0    49.24    33.52   2216.6    16.19    9.640      0.0    1.2507; 

 141     100.1      0.0    50.36    33.52   2173.1    16.52    9.899      0.0    1.2792; 

 142     100.1      0.0    51.53    33.51   2130.5    16.85    10.17      0.0    1.3088; 

 143     100.1      0.0    52.74    33.51   2088.8    17.18    10.45      0.0    1.3397; 

 144     100.1      0.0    54.00    33.51   2047.8    17.53    10.75      0.0    1.3717; 

 145     100.1      0.0    55.31    33.50   2007.6    17.88    11.05      0.0    1.4049; 

 146     100.1      0.0    56.67    33.50   1968.3    18.23    11.37      0.0    1.4394; 

 147     100.2      0.0    58.08    33.50   1929.7    18.60    11.71      0.0    1.4753; 

 148     100.2      0.0    59.55    33.50   1891.8    18.97    12.05      0.0    1.5126; 

 149     100.2      0.0    61.08    33.49   1854.7    19.35    12.42      0.0    1.5513; 

 150     100.2      0.0    62.66    33.49   1818.4    19.74    12.79      0.0    1.5916; 

 151     100.2      0.0    64.31    33.49   1782.7    20.13    13.18      0.0    1.6335; 

 152     100.2      0.0    66.02    33.49   1747.8    20.53    13.58      0.0    1.6770; 

 153     100.3      0.0    67.80    33.48   1713.5    20.95    14.00      0.0    1.7222; 

 154     100.3      0.0    69.66    33.48   1679.9    21.36    14.44      0.0    1.7693; 

 155     100.3      0.0    71.59    33.48   1647.0    21.79    14.89      0.0    1.8183; 

 156     100.3      0.0    73.59    33.48   1614.7    22.23    15.36      0.0    1.8693; 

 157     100.4      0.0    75.68    33.47   1583.0    22.67    15.85      0.0    1.9223; 

 158     100.4      0.0    77.86    33.47   1552.0    23.13    16.35      0.0    1.9776; 
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 159     100.4      0.0    80.12    33.47   1521.5    23.59    16.87      0.0    2.0350; 

 160     100.5      0.0    82.48    33.47   1491.7    24.06    17.41      0.0    2.0949; 

 161     100.5      0.0    84.93    33.47   1462.4    24.54    17.97      0.0    2.1572; 

 162     100.6      0.0    87.48    33.46   1433.8    25.03    18.55      0.0    2.2221; 

 163     100.6      0.0    90.14    33.46   1405.7    25.53    19.14      0.0    2.2897; 

 164     100.7      0.0    92.91    33.46   1378.2    26.04    19.76      0.0    2.3599; bottom hit; 

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   6.0215 

Lmz(m):   6.0215 

forced entrain      1     0.0  -0.209   2.360   0.996 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3632 

 ; 

11:25:10 AM. amb fills: 4 

 
 

 

Figure C.1.1: Plumes 18b solution of discharge plume trajectories for discharges of 13 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 15 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. Depth of maximum rise of the plume is Z = 

96.8 ft. at Xa = 20.1 ft from the point of discharge. The centerline of the plume is at an average 

distance of Xb = 19.76 ft from the point of discharge as the plume begins to impact the bottom at 

a depth of Z = 104.5 ft. 
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Figure C.1.2: Plumes 18b solution of vertical density profile for discharges of 13 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 15 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure C.1.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 13 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt. and 15 mgd of brine from the Doheny Desalination Project with a brine 

salinity of 67 ppt. As the plume begins to impact the bottom, the plume centerline is at a distance 

of Xb = 19.76 ft from the point of discharge, where the effective dilution reaches Sa = 26.04. 

  



87 
 

C.2: Plumes 18b Results for SJCOO discharges of 8 mgd Wastewater and 15 mgd Brine: 

Contents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WW8mgd_b15mgd_D-1"  

memo 

SJCOO discharging 8 mgd wastewater and 15 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 1 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/14/2019 1:05:33 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW8mgd_b15mgd_D-1.001.db; Diffuser table record 1: --------

-------------------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   

Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     31.85       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07201 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  23.000  43.690  20.660 43690.0 

 

Simulation: 
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Froude No:    -25.36; Strat No:-6.23E-4; Spcg No:   14.39; k: 1.71E+5; eff den (sigmaT)  31.24414; eff vel     

1.710(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)         (in)    (psu)    (ppm)          ()         (ft)          (ft)       (m) 

   0     100.0 1.000E-5    3.050    43.69  43690.0    1.000      0.0      0.0   0.07747; 

   1     100.0      0.0    3.090    43.43  42562.8    1.026   0.0164      0.0   0.07849; 

   2     100.0      0.0    3.162    43.23  41723.7    1.047   0.0286      0.0   0.08031; 

   3     100.0      0.0    3.225    43.03  40901.2    1.068   0.0407      0.0   0.08192; 

   4     100.0      0.0    3.290    42.84  40095.0    1.090    0.053      0.0   0.08357; 

   5     100.0      0.0    3.356    42.66  39304.7    1.112   0.0656      0.0   0.08524; 

   6     100.0      0.0    3.423    42.48  38530.1    1.134   0.0784      0.0   0.08695; 

   7     100.0      0.0    3.492    42.30  37770.8    1.157   0.0914      0.0   0.08869; 

   8     100.0      0.0    3.562    42.12  37026.6    1.180    0.105      0.0   0.09047; 

   9     100.0      0.0    3.633    41.95  36297.1    1.204    0.118      0.0   0.09229; 

  10     100.0      0.0    3.706    41.78  35582.0    1.228    0.132      0.0   0.09414; 

  11     100.0      0.0    3.780    41.62  34881.1    1.253    0.146      0.0   0.09602; 

  12     100.0      0.0    3.856    41.46  34194.0    1.278    0.161      0.0   0.09795; 

  13     100.0      0.0    3.934    41.30  33520.6    1.303    0.175      0.0   0.09991; 

  14     100.0      0.0    4.012    41.14  32860.4    1.330    0.190      0.0    0.1019; 

  15     100.0      0.0    4.093    40.99  32213.3    1.356    0.206      0.0    0.1040; 

  16     100.0      0.0    4.175    40.84  31579.0    1.384    0.221      0.0    0.1060; 

  17     100.0      0.0    4.258    40.69  30957.2    1.411    0.237      0.0    0.1082; 

  18     100.0      0.0    4.344    40.55  30347.7    1.440    0.253      0.0    0.1103; 

  19     100.0      0.0    4.431    40.41  29750.3    1.469    0.270      0.0    0.1125; 

  20     100.0      0.0    4.520    40.27  29164.7    1.498    0.287      0.0    0.1148; 

  21     100.0      0.0    4.610    40.13  28590.6    1.528    0.304      0.0    0.1171; 

  22     100.0      0.0    4.703    40.00  28027.9    1.559    0.321      0.0    0.1194; 

  23     100.0      0.0    4.797    39.87  27476.3    1.590    0.339      0.0    0.1218; 

  24     100.0      0.0    4.893    39.74  26935.5    1.622    0.357      0.0    0.1243; 

  25     100.0      0.0    4.991    39.62  26405.5    1.655    0.376      0.0    0.1268; 

  26     100.0      0.0    5.091    39.50  25885.9    1.688    0.395      0.0    0.1293; 

  27     100.0      0.0    5.193    39.38  25376.6    1.722    0.414      0.0    0.1319; 

  28     100.0      0.0    5.297    39.26  24877.3    1.756    0.434      0.0    0.1345; 

  29     100.0      0.0    5.403    39.14  24387.9    1.791    0.454      0.0    0.1372; 

  30     100.0      0.0    5.511    39.03  23908.2    1.827    0.475      0.0    0.1400; 

  31     100.0      0.0    5.622    38.92  23437.9    1.864    0.496      0.0    0.1428; 

  32     100.0      0.0    5.734    38.81  22976.8    1.901    0.517      0.0    0.1457; 

  33     100.0      0.0    5.849    38.70  22524.9    1.940    0.539      0.0    0.1486; 

  34     100.0      0.0    5.966    38.60  22081.9    1.979    0.561      0.0    0.1515; 

  35     100.0      0.0    6.086    38.50  21647.7    2.018    0.583      0.0    0.1546; 

  36     100.0      0.0    6.208    38.39  21221.9    2.059    0.607      0.0    0.1577; 

  37     100.0      0.0    6.332    38.30  20804.6    2.100    0.630      0.0    0.1608; 

  38     100.0      0.0    6.459    38.20  20395.6    2.142    0.654      0.0    0.1641; 

  39     100.0      0.0    6.588    38.10  19994.5    2.185    0.678      0.0    0.1673; 

  40     100.0      0.0    6.720    38.01  19601.4    2.229    0.703      0.0    0.1707; 

  41     100.0      0.0    6.855    37.92  19216.1    2.274    0.729      0.0    0.1741; 

  42     100.0      0.0    6.992    37.83  18838.3    2.319    0.755      0.0    0.1776; 

  43     100.0      0.0    7.132    37.74  18468.0    2.366    0.781      0.0    0.1812; 

  44     100.0      0.0    7.275    37.66  18104.9    2.413    0.808      0.0    0.1848; 

  45     100.0      0.0    7.421    37.57  17749.1    2.462    0.836      0.0    0.1885; 

  46     100.0      0.0    7.569    37.49  17400.2    2.511    0.864      0.0    0.1923; 

  47     100.0      0.0    7.721    37.41  17058.2    2.561    0.892      0.0    0.1961; 

  48     100.0      0.0    7.875    37.33  16723.0    2.613    0.922      0.0    0.2000; 

  49     100.0      0.0    8.033    37.25  16394.3    2.665    0.951      0.0    0.2040; 

  50     100.0      0.0    8.194    37.18  16072.1    2.718    0.982      0.0    0.2081; 
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  51     100.0      0.0    8.358    37.10  15756.3    2.773    1.013      0.0    0.2123; 

  52     100.0      0.0    8.525    37.03  15446.7    2.828    1.044      0.0    0.2165; 

  53     100.0      0.0    8.696    36.96  15143.2    2.885    1.076      0.0    0.2209; 

  54     100.0      0.0    8.870    36.89  14845.6    2.943    1.109      0.0    0.2253; 

  55     100.0      0.0    9.047    36.82  14553.9    3.002    1.143      0.0    0.2298; 

  56     100.0      0.0    9.229    36.75  14268.0    3.062    1.177      0.0    0.2344; 

  57     100.0      0.0    9.413    36.68  13987.7    3.123    1.212      0.0    0.2391; 

  58     100.0      0.0    9.602    36.62  13712.9    3.186    1.247      0.0    0.2439; 

  59     100.0      0.0    9.794    36.55  13443.5    3.250    1.283      0.0    0.2488; 

  60     100.0      0.0    9.990    36.49  13179.4    3.315    1.320      0.0    0.2537; 

  61     100.0      0.0    10.19    36.43  12920.5    3.381    1.358      0.0    0.2588; 

  62     100.0      0.0    10.39    36.37  12666.7    3.449    1.396      0.0    0.2640; 

  63     100.0      0.0    10.60    36.31  12417.9    3.518    1.435      0.0    0.2693; 

  64     100.0      0.0    10.81    36.25  12174.0    3.589    1.475      0.0    0.2747; 

  65     100.0      0.0    11.03    36.20  11934.9    3.661    1.516      0.0    0.2802; 

  66     100.0      0.0    11.25    36.14  11700.5    3.734    1.557      0.0    0.2858; 

  67     100.0      0.0    11.48    36.09  11470.7    3.809    1.599      0.0    0.2915; 

  68     100.0      0.0    11.71    36.03  11245.4    3.885    1.643      0.0    0.2973; 

  69     100.0      0.0    11.94    35.98  11024.6    3.963    1.686      0.0    0.3033; 

  70     100.0      0.0    12.18    35.93  10808.1    4.042    1.731      0.0    0.3093; 

  71     100.0      0.0    12.42    35.88  10595.8    4.123    1.777      0.0    0.3155; 

  72     100.0      0.0    12.67    35.83  10387.8    4.206    1.823      0.0    0.3218; 

  73     100.0      0.0    12.92    35.78  10183.8    4.290    1.871      0.0    0.3283; 

  74     100.0      0.0    13.18    35.73   9983.8    4.376    1.919      0.0    0.3348; 

  75     100.0      0.0    13.45    35.69   9787.8    4.464    1.969      0.0    0.3415; 

  76     100.0      0.0    13.71    35.64   9595.6    4.553    2.019      0.0    0.3483; 

  77     100.0      0.0    13.99    35.60   9407.2    4.644    2.070      0.0    0.3553; 

  78     100.0      0.0    14.27    35.55   9222.5    4.737    2.123      0.0    0.3624; 

  79     100.0      0.0    14.55    35.51   9041.5    4.832    2.176      0.0    0.3697; 

  80     100.0      0.0    14.84    35.47   8864.0    4.929    2.230      0.0    0.3770; 

  81     100.0      0.0    15.14    35.43   8689.9    5.028    2.285      0.0    0.3846; 

  82     100.0      0.0    15.44    35.39   8519.3    5.128    2.342      0.0    0.3923; 

  83     100.0      0.0    15.75    35.35   8352.1    5.231    2.399      0.0    0.4001; 

  84     100.0      0.0    16.07    35.31   8188.1    5.336    2.458      0.0    0.4081; 

  85     100.1      0.0    16.39    35.27   8027.4    5.443    2.518      0.0    0.4162; 

  86     100.1      0.0    16.71    35.23   7869.8    5.552    2.579      0.0    0.4245; 

  87     100.1      0.0    17.05    35.20   7715.3    5.663    2.641      0.0    0.4330; 

  88     100.1      0.0    17.39    35.16   7563.9    5.776    2.704      0.0    0.4416; 

  89     100.1      0.0    17.73    35.12   7415.4    5.892    2.768      0.0    0.4504; 

  90     100.1      0.0    18.09    35.09   7269.9    6.010    2.834      0.0    0.4594; 

  91     100.1      0.0    18.45    35.06   7127.2    6.130    2.901      0.0    0.4686; 

  92     100.1      0.0    18.82    35.02   6987.3    6.253    2.969      0.0    0.4779; 

  93     100.1      0.0    19.19    34.99   6850.2    6.378    3.038      0.0    0.4874; 

  94     100.1      0.0    19.57    34.96   6715.7    6.506    3.109      0.0    0.4971; 

  95     100.1      0.0    19.96    34.93   6583.9    6.636    3.181      0.0    0.5070; 

  96     100.1      0.0    20.36    34.90   6454.7    6.769    3.255      0.0    0.5171; 

  97     100.1      0.0    20.76    34.87   6328.0    6.904    3.330      0.0    0.5274; 

  98     100.1      0.0    21.18    34.84   6203.8    7.042    3.406      0.0    0.5379; 

  99     100.1      0.0    21.60    34.81   6082.1    7.183    3.483      0.0    0.5486; 

 100     100.1      0.0    22.03    34.78   5962.7    7.327    3.562      0.0    0.5594; 

 101     100.1      0.0    22.46    34.75   5845.7    7.474    3.643      0.0    0.5705; 

 102     100.1      0.0    22.91    34.72   5731.0    7.623    3.725      0.0    0.5819; 

 103     100.2      0.0    23.36    34.70   5618.5    7.776    3.808      0.0    0.5934; 

 104     100.2      0.0    23.82    34.67   5508.3    7.932    3.893      0.0    0.6051; 

 105     100.2      0.0    24.29    34.65   5400.2    8.090    3.980      0.0    0.6171; 

 106     100.2      0.0    24.77    34.62   5294.2    8.252    4.068      0.0    0.6293; 
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 107     100.2      0.0    25.26    34.60   5190.3    8.418    4.157      0.0    0.6417; 

 108     100.2      0.0    25.76    34.57   5088.5    8.586    4.248      0.0    0.6543; 

 109     100.2      0.0    26.26    34.55   4990.9    8.754    4.339      0.0    0.6671; 

 110     100.2      0.0    26.76    34.53   4898.2    8.920    4.428      0.0    0.6797; 

 111     100.2      0.0    27.25    34.51   4809.9    9.083    4.516      0.0    0.6921; 

 112     100.3      0.0    27.73    34.49   4725.7    9.245    4.602      0.0    0.7044; 

 113     100.3      0.0    28.21    34.47   4645.2    9.405    4.687      0.0    0.7165; 

 114     100.3      0.0    28.68    34.45   4568.1    9.564    4.770      0.0    0.7284; 

 115     100.3      0.0    29.14    34.43   4494.2    9.721    4.852      0.0    0.7403; 

 116     100.3      0.0    29.61    34.41   4423.3    9.877    4.933      0.0    0.7520; 

 117     100.3      0.0    30.06    34.40   4355.2    10.03    5.013      0.0    0.7636; 

 118     100.3      0.0    30.51    34.38   4289.7    10.18    5.092      0.0    0.7750; 

 119     100.4      0.0    30.96    34.37   4226.6    10.34    5.170      0.0    0.7864; 

 120     100.4      0.0    31.40    34.35   4165.8    10.49    5.247      0.0    0.7976; 

 121     100.4      0.0    31.84    34.34   4107.1    10.64    5.323      0.0    0.8088; 

 122     100.4      0.0    32.28    34.33   4050.4    10.79    5.398      0.0    0.8198; 

 123     100.4      0.0    32.71    34.31   3995.5    10.93    5.472      0.0    0.8307; 

 124     100.4      0.0    33.13    34.30   3942.5    11.08    5.546      0.0    0.8416; 

 125     100.4      0.0    33.56    34.29   3891.1    11.23    5.618      0.0    0.8524; 

 126     100.5      0.0    33.98    34.28   3841.3    11.37    5.690      0.0    0.8631; 

 127     100.5      0.0    34.40    34.26   3793.0    11.52    5.761      0.0    0.8737; 

 128     100.5      0.0    34.81    34.25   3746.2    11.66    5.831      0.0    0.8842; 

 129     100.5      0.0    35.22    34.24   3700.7    11.81    5.901      0.0    0.8946; 

 130     100.5      0.0    35.63    34.23   3656.4    11.95    5.970      0.0    0.9050; 

 131     100.5      0.0    36.04    34.22   3613.4    12.09    6.038      0.0    0.9153; 

 132     100.6      0.0    36.44    34.21   3571.5    12.23    6.105      0.0    0.9256; 

 133     100.6      0.0    36.84    34.20   3530.8    12.37    6.172      0.0    0.9357; 

 134     100.6      0.0    37.24    34.19   3491.1    12.51    6.239      0.0    0.9459; 

 135     100.6      0.0    37.63    34.18   3452.4    12.66    6.305      0.0    0.9559; 

 136     100.6      0.0    38.03    34.17   3414.6    12.79    6.370      0.0    0.9659; 

 137     100.7      0.0    38.42    34.17   3377.8    12.93    6.435      0.0    0.9758; 

 138     100.7      0.0    38.81    34.16   3341.8    13.07    6.499      0.0    0.9857; 

 139     100.7      0.0    39.19    34.15   3306.7    13.21    6.563      0.0    0.9955; 

 140     100.7      0.0    39.58    34.14   3272.4    13.35    6.626      0.0    1.0053; 

 141     100.7      0.0    39.96    34.13   3238.9    13.49    6.689      0.0    1.0150; 

 142     100.7      0.0    40.34    34.13   3206.1    13.63    6.751      0.0    1.0247; 

 143     100.8      0.0    40.72    34.12   3174.0    13.76    6.813      0.0    1.0344; 

 144     100.8      0.0    41.10    34.11   3142.6    13.90    6.874      0.0    1.0439; 

 145     100.8      0.0    41.48    34.10   3111.9    14.04    6.935      0.0    1.0535; 

 146     100.8      0.0    41.85    34.10   3081.8    14.18    6.996      0.0    1.0630; 

 147     100.8      0.0    42.22    34.09   3052.3    14.31    7.056      0.0    1.0724; 

 148     100.9      0.0    42.59    34.08   3023.4    14.45    7.116      0.0    1.0818; 

 149     100.9      0.0    42.96    34.08   2995.0    14.59    7.176      0.0    1.0912; 

 150     100.9      0.0    43.33    34.07   2967.2    14.72    7.235      0.0    1.1005; 

 151     100.9      0.0    43.69    34.06   2939.9    14.86    7.294      0.0    1.1098; 

 152     100.9      0.0    44.06    34.06   2913.1    15.00    7.352      0.0    1.1191; merging; 

 153     101.0      0.0    44.42    34.05   2887.6    15.13    7.411      0.0    1.1282; 

 154     101.0      0.0    44.77    34.04   2863.2    15.26    7.468      0.0    1.1373; 

 155     101.0      0.0    45.13    34.04   2839.4    15.39    7.526      0.0    1.1463; 

 156     101.0      0.0    45.48    34.03   2816.3    15.51    7.583      0.0    1.1552; 

 157     101.1      0.0    45.83    34.03   2793.8    15.64    7.641      0.0    1.1641; 

 158     101.1      0.0    46.18    34.02   2771.8    15.76    7.698      0.0    1.1729; 

 159     101.1      0.0    46.52    34.02   2750.3    15.89    7.754      0.0    1.1817; 

 160     101.1      0.0    46.87    34.01   2729.3    16.01    7.811      0.0    1.1905; 

 161     101.1      0.0    47.22    34.01   2708.6    16.13    7.867      0.0    1.1993; 

 162     101.2      0.0    47.56    34.00   2688.4    16.25    7.923      0.0    1.2080; 
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 163     101.2      0.0    47.90    34.00   2668.5    16.37    7.979      0.0    1.2167; 

 164     101.2      0.0    48.25    33.99   2649.0    16.49    8.035      0.0    1.2254; 

 165     101.2      0.0    48.59    33.99   2629.8    16.61    8.090      0.0    1.2341; 

 166     101.3      0.0    48.93    33.98   2610.9    16.73    8.146      0.0    1.2428; 

 167     101.3      0.0    49.27    33.98   2592.3    16.85    8.201      0.0    1.2515; 

 168     101.3      0.0    49.61    33.98   2574.1    16.97    8.256      0.0    1.2602; 

 169     101.3      0.0    49.95    33.97   2556.0    17.09    8.311      0.0    1.2688; 

 170     101.4      0.0    50.29    33.97   2538.3    17.21    8.366      0.0    1.2775; 

 171     101.4      0.0    50.63    33.96   2520.8    17.33    8.421      0.0    1.2861; 

 172     101.4      0.0    50.98    33.96   2503.5    17.45    8.475      0.0    1.2948; 

 173     101.5      0.0    51.32    33.95   2486.5    17.57    8.530      0.0    1.3034; 

 174     101.5      0.0    51.66    33.95   2469.7    17.69    8.584      0.0    1.3121; 

 175     101.5      0.0    52.00    33.95   2453.2    17.81    8.638      0.0    1.3208; 

 176     101.5      0.0    52.34    33.94   2436.8    17.93    8.692      0.0    1.3294; 

 177     101.6      0.0    52.68    33.94   2420.6    18.05    8.746      0.0    1.3381; 

 178     101.6      0.0    53.02    33.93   2404.7    18.17    8.800      0.0    1.3468; 

 179     101.6      0.0    53.36    33.93   2388.9    18.29    8.854      0.0    1.3555; 

 180     101.6      0.0    53.71    33.93   2373.3    18.41    8.908      0.0    1.3642; 

 181     101.7      0.0    54.05    33.92   2357.9    18.53    8.962      0.0    1.3729; 

 182     101.7      0.0    54.39    33.92   2342.6    18.65    9.016      0.0    1.3816; 

 183     101.7      0.0    54.74    33.92   2327.6    18.77    9.069      0.0    1.3903; 

 184     101.8      0.0    55.08    33.91   2312.6    18.89    9.123      0.0    1.3990; 

 185     101.8      0.0    55.42    33.91   2297.9    19.01    9.176      0.0    1.4078; 

 186     101.8      0.0    55.77    33.91   2283.3    19.13    9.230      0.0    1.4165; 

 187     101.9      0.0    56.11    33.90   2268.8    19.26    9.283      0.0    1.4253; 

 188     101.9      0.0    56.46    33.90   2254.5    19.38    9.337      0.0    1.4341; 

 189     101.9      0.0    56.81    33.90   2240.3    19.50    9.390      0.0    1.4429; 

 190     101.9      0.0    57.15    33.89   2226.3    19.62    9.444      0.0    1.4517; 

 191     102.0      0.0    57.50    33.89   2212.4    19.75    9.497      0.0    1.4605; 

 192     102.0      0.0    57.85    33.89   2198.6    19.87    9.550      0.0    1.4694; 

 193     102.0      0.0    58.20    33.88   2185.0    20.00    9.604      0.0    1.4782; 

 194     102.1      0.0    58.55    33.88   2171.4    20.12    9.657      0.0    1.4871; 

 195     102.1      0.0    58.90    33.88   2158.0    20.25    9.710      0.0    1.4960; 

 196     102.1      0.0    59.25    33.87   2144.7    20.37    9.763      0.0    1.5049; 

 197     102.2      0.0    59.60    33.87   2131.6    20.50    9.817      0.0    1.5139; 

 198     102.2      0.0    59.95    33.87   2118.5    20.62    9.870      0.0    1.5228; 

 199     102.3      0.0    60.31    33.86   2105.5    20.75    9.923      0.0    1.5318; 

 200     102.3      0.0    60.66    33.86   2092.7    20.88    9.977      0.0    1.5408; 

 201     102.3      0.0    61.02    33.86   2079.9    21.01    10.03      0.0    1.5498; 

 202     102.4      0.0    61.37    33.85   2067.3    21.13    10.08      0.0    1.5588; 

 203     102.4      0.0    61.73    33.85   2054.7    21.26    10.14      0.0    1.5679; bottom hit;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   3.0898 

Lmz(m):   3.0898 

forced entrain      1     0.0  -0.730   1.568   0.827 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3632 

 ; 

1:05:33 PM. amb fills: 4 
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Figure C.2.1: Plumes 18b solution of discharge plume trajectories for discharges of 8 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 15 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. Depth of maximum rise of the plume is Z = 

99.1 ft. at Xa = 6.038 ft from the point of discharge. The centerline of the plume is at an average 

distance of Xb = 10.14 ft from the point of discharge as the plume begins to impact the bottom at 

a depth of Z = 104.5 ft. 
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Figure C.2.2: Plumes 18b solution of vertical density profile for discharges of 8 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 15 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure C.2.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 8 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt. and 15 mgd of brine from the Doheny Desalination Project with a brine 

salinity of 67 ppt. Effective dilution is Sa = 12.09 at the maximum rise of the plume at Xa = 6.038 

ft. from the point of discharge. As the plume begins to impact the bottom, the plume centerline is 

at a distance of Xb = 10.14 ft from the point of discharge, where the effective dilution reaches Sa 

= 21.26. 
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C.3: Plumes 18b Results for SJCOO discharges of 0 mgd Wastewater and 15 mgd Brine: 

 
Contents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WW0mgd_b15mgd_D-1"  

memo 

SJCOO discharging 0 mgd wastewater and 15 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 1 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/14/2019 1:30:39 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW0mgd_b15mgd_D-1.001.db; Diffuser table record 1: --------

-------------------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   

Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     31.85       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07201 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  15.000  67.000  20.660 67000.0 
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Simulation: 

Froude No:    -8.389; Strat No:-1.57E-4; Spcg No:   14.39; k: 1.11E+5; eff den (sigmaT)  49.48870; eff vel     

1.115(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)         (in)      (psu)    (ppm)       ()           (ft)        (ft)       (m) 

   0     100.0 1.000E-5    3.050    67.00  67000.0    1.000      0.0      0.0   0.07747; 

   1     100.0      0.0    3.076    66.44  65862.4    1.017   0.0108      0.0   0.07814; 

   2     100.0      0.0    3.134    65.79  64541.7    1.038   0.0189      0.0   0.07959; 

   3     100.0      0.0    3.197    65.16  63248.1    1.059   0.0261      0.0    0.0812; 

   4     100.0      0.0    3.262    64.53  61981.0    1.081   0.0331      0.0   0.08285; 

   5     100.0      0.0    3.328    63.92  60739.7    1.103   0.0399      0.0   0.08452; 

   6     100.0      0.0    3.395    63.32  59523.8    1.126   0.0468      0.0   0.08623; 

   7     100.0      0.0    3.463    62.74  58332.8    1.149   0.0538      0.0   0.08797; 

   8     100.0      0.0    3.533    62.16  57166.1    1.172   0.0609      0.0   0.08975; 

   9     100.0      0.0    3.605    61.60  56023.1    1.196   0.0681      0.0   0.09156; 

  10     100.0      0.0    3.678    61.04  54903.4    1.220   0.0754      0.0   0.09341; 

  11     100.0      0.0    3.752    60.50  53806.5    1.245   0.0828      0.0    0.0953; 

  12     100.0      0.0    3.828    59.97  52731.9    1.271   0.0904      0.0   0.09722; 

  13     100.0      0.0    3.905    59.45  51679.2    1.296   0.0982      0.0   0.09918; 

  14     100.0      0.0    3.984    58.93  50647.8    1.323    0.106      0.0    0.1012; 

  15     100.0      0.0    4.064    58.43  49637.4    1.350    0.114      0.0    0.1032; 

  16     100.0      0.0    4.146    57.94  48647.4    1.377    0.122      0.0    0.1053; 

  17     100.0      0.0    4.230    57.46  47677.6    1.405    0.131      0.0    0.1074; 

  18     100.0      0.0    4.315    56.99  46727.3    1.434    0.139      0.0    0.1096; 

  19     100.0      0.0    4.402    56.52  45796.3    1.463    0.148      0.0    0.1118; 

  20     100.0      0.0    4.491    56.07  44884.2    1.493    0.157      0.0    0.1141; 

  21     100.0      0.0    4.581    55.62  43990.5    1.523    0.165      0.0    0.1164; 

  22     100.0      0.0    4.674    55.19  43114.8    1.554    0.175      0.0    0.1187; 

  23     100.0      0.0    4.768    54.76  42256.8    1.586    0.184      0.0    0.1211; 

  24     100.0      0.0    4.864    54.34  41416.1    1.618    0.193      0.0    0.1235; 

  25     100.0      0.0    4.962    53.93  40592.4    1.651    0.203      0.0    0.1260; 

  26     100.0      0.0    5.062    53.53  39785.3    1.684    0.213      0.0    0.1286; 

  27     100.0      0.0    5.163    53.13  38994.5    1.718    0.223      0.0    0.1312; 

  28     100.0      0.0    5.267    52.74  38219.5    1.753    0.233      0.0    0.1338; 

  29     100.0      0.0    5.373    52.36  37460.2    1.789    0.244      0.0    0.1365; 

  30     100.0      0.0    5.482    51.99  36716.2    1.825    0.254      0.0    0.1392; 

  31     100.0      0.0    5.592    51.62  35987.1    1.862    0.265      0.0    0.1420; 

  32     100.0      0.0    5.704    51.27  35272.7    1.899    0.276      0.0    0.1449; 

  33     100.0      0.0    5.819    50.92  34572.6    1.938    0.287      0.0    0.1478; 

  34     100.0      0.0    5.936    50.57  33886.5    1.977    0.299      0.0    0.1508; 

  35     100.0      0.0    6.055    50.23  33214.3    2.017    0.311      0.0    0.1538; 

  36     100.0      0.0    6.177    49.90  32555.5    2.058    0.322      0.0    0.1569; 

  37     100.0      0.0    6.301    49.58  31910.0    2.100    0.335      0.0    0.1601; 

  38     100.0      0.0    6.428    49.26  31277.3    2.142    0.347      0.0    0.1633; 

  39     100.0      0.0    6.557    48.95  30657.4    2.185    0.360      0.0    0.1665; 

  40     100.0      0.0    6.689    48.64  30049.8    2.230    0.372      0.0    0.1699; 

  41     100.0      0.0    6.823    48.34  29454.5    2.275    0.385      0.0    0.1733; 

  42     100.0      0.0    6.960    48.05  28871.0    2.321    0.399      0.0    0.1768; 

  43     100.0      0.0    7.100    47.76  28299.2    2.368    0.412      0.0    0.1803; 

  44     100.0      0.0    7.242    47.48  27738.9    2.415    0.426      0.0    0.1840; 

  45     100.0      0.0    7.387    47.20  27189.7    2.464    0.440      0.0    0.1876; 

  46     100.0      0.0    7.536    46.93  26651.5    2.514    0.455      0.0    0.1914; 

  47     100.0      0.0    7.687    46.67  26124.1    2.565    0.469      0.0    0.1952; 

  48     100.0      0.0    7.841    46.41  25607.2    2.616    0.484      0.0    0.1992; 

  49     100.0      0.0    7.998    46.15  25100.6    2.669    0.499      0.0    0.2031; 
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  50     100.0      0.0    8.158    45.90  24604.1    2.723    0.515      0.0    0.2072; 

  51     100.0      0.0    8.321    45.65  24117.5    2.778    0.530      0.0    0.2114; 

  52     100.0      0.0    8.488    45.41  23640.7    2.834    0.546      0.0    0.2156; 

  53     100.0      0.0    8.658    45.18  23173.3    2.891    0.563      0.0    0.2199; 

  54     100.0      0.0    8.831    44.94  22715.2    2.950    0.579      0.0    0.2243; 

  55     100.0      0.0    9.008    44.72  22266.3    3.009    0.596      0.0    0.2288; 

  56     100.0      0.0    9.188    44.49  21826.3    3.070    0.614      0.0    0.2334; 

  57     100.0      0.0    9.371    44.28  21395.1    3.132    0.631      0.0    0.2380; 

  58     100.0      0.0    9.558    44.06  20972.4    3.195    0.649      0.0    0.2428; 

  59     100.0      0.0    9.749    43.85  20558.2    3.259    0.667      0.0    0.2476; 

  60     100.0      0.0    9.943    43.65  20152.2    3.325    0.686      0.0    0.2526; 

  61     100.0      0.0    10.14    43.44  19754.2    3.392    0.705      0.0    0.2576; 

  62     100.0      0.0    10.34    43.25  19364.2    3.460    0.724      0.0    0.2627; 

  63     100.0      0.0    10.55    43.05  18981.9    3.530    0.744      0.0    0.2680; 

  64     100.0      0.0    10.76    42.86  18607.3    3.601    0.764      0.0    0.2733; 

  65     100.0      0.0    10.97    42.68  18240.0    3.673    0.784      0.0    0.2787; 

  66     100.0      0.0    11.19    42.49  17880.1    3.747    0.805      0.0    0.2843; 

  67     100.0      0.0    11.41    42.32  17527.3    3.823    0.826      0.0    0.2899; 

  68     100.0      0.0    11.64    42.14  17181.5    3.900    0.848      0.0    0.2956; 

  69     100.0      0.0    11.87    41.97  16842.6    3.978    0.870      0.0    0.3015; 

  70     100.0      0.0    12.10    41.80  16510.4    4.058    0.892      0.0    0.3074; 

  71     100.0      0.0    12.34    41.64  16196.3    4.137    0.914      0.0    0.3134; 

  72     100.1      0.0    12.57    41.49  15893.1    4.216    0.936      0.0    0.3193; 

  73     100.1      0.0    12.80    41.34  15600.4    4.295    0.957      0.0    0.3252; 

  74     100.1      0.0    13.04    41.19  15317.3    4.374    0.978      0.0    0.3312; 

  75     100.1      0.0    13.27    41.05  15043.5    4.454    0.998      0.0    0.3371; 

  76     100.1      0.0    13.51    40.92  14778.4    4.534    1.018      0.0    0.3430; 

  77     100.1      0.0    13.74    40.79  14521.5    4.614    1.038      0.0    0.3490; 

  78     100.1      0.0    13.98    40.66  14272.5    4.694    1.058      0.0    0.3550; 

  79     100.1      0.0    14.21    40.54  14030.9    4.775    1.077      0.0    0.3610; 

  80     100.1      0.0    14.45    40.42  13796.4    4.856    1.096      0.0    0.3670; 

  81     100.1      0.0    14.68    40.30  13568.7    4.938    1.114      0.0    0.3730; 

  82     100.1      0.0    14.92    40.19  13347.4    5.020    1.133      0.0    0.3790; 

  83     100.1      0.0    15.16    40.08  13132.2    5.102    1.151      0.0    0.3851; 

  84     100.1      0.0    15.40    39.97  12922.9    5.185    1.169      0.0    0.3912; 

  85     100.1      0.0    15.64    39.87  12719.2    5.268    1.186      0.0    0.3972; 

  86     100.1      0.0    15.88    39.77  12520.9    5.351    1.204      0.0    0.4034; 

  87     100.1      0.0    16.12    39.67  12327.7    5.435    1.221      0.0    0.4095; 

  88     100.1      0.0    16.36    39.58  12139.4    5.519    1.238      0.0    0.4156; 

  89     100.1      0.0    16.61    39.48  11955.9    5.604    1.255      0.0    0.4218; 

  90     100.1      0.0    16.85    39.39  11776.9    5.689    1.271      0.0    0.4280; 

  91     100.1      0.0    17.10    39.30  11602.3    5.775    1.287      0.0    0.4342; 

  92     100.1      0.0    17.34    39.21  11431.9    5.861    1.303      0.0    0.4405; 

  93     100.1      0.0    17.59    39.13  11265.6    5.947    1.319      0.0    0.4467; 

  94     100.1      0.0    17.83    39.05  11103.2    6.034    1.335      0.0    0.4530; 

  95     100.1      0.0    18.08    38.97  10944.5    6.122    1.350      0.0    0.4593; 

  96     100.1      0.0    18.33    38.89  10789.5    6.210    1.366      0.0    0.4656; 

  97     100.1      0.0    18.58    38.81  10637.9    6.298    1.381      0.0    0.4720; 

  98     100.1      0.0    18.83    38.73  10489.8    6.387    1.396      0.0    0.4783; 

  99     100.1      0.0    19.08    38.66  10344.9    6.477    1.411      0.0    0.4847; 

 100     100.2      0.0    19.34    38.59  10203.2    6.567    1.425      0.0    0.4911; 

 101     100.2      0.0    19.59    38.52  10064.5    6.657    1.440      0.0    0.4976; 

 102     100.2      0.0    19.84    38.45   9928.9    6.748    1.454      0.0    0.5040; 

 103     100.2      0.0    20.10    38.38   9796.0    6.840    1.468      0.0    0.5105; 

 104     100.2      0.0    20.35    38.31   9666.0    6.932    1.482      0.0    0.5170; 

 105     100.2      0.0    20.61    38.25   9538.7    7.024    1.496      0.0    0.5235; 
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 106     100.2      0.0    20.87    38.19   9413.9    7.117    1.510      0.0    0.5301; 

 107     100.2      0.0    21.13    38.12   9291.7    7.211    1.523      0.0    0.5366; 

 108     100.2      0.0    21.39    38.06   9172.0    7.305    1.537      0.0    0.5432; 

 109     100.2      0.0    21.65    38.00   9054.7    7.399    1.550      0.0    0.5498; 

 110     100.2      0.0    21.91    37.94   8939.7    7.495    1.563      0.0    0.5565; 

 111     100.2      0.0    22.17    37.89   8827.0    7.590    1.577      0.0    0.5631; 

 112     100.2      0.0    22.43    37.83   8716.4    7.687    1.590      0.0    0.5698; 

 113     100.2      0.0    22.70    37.77   8608.0    7.783    1.602      0.0    0.5765; 

 114     100.2      0.0    22.96    37.72   8501.7    7.881    1.615      0.0    0.5832; 

 115     100.2      0.0    23.23    37.67   8397.4    7.979    1.628      0.0    0.5899; 

 116     100.2      0.0    23.49    37.61   8295.1    8.077    1.640      0.0    0.5967; 

 117     100.2      0.0    23.76    37.56   8194.7    8.176    1.653      0.0    0.6035; 

 118     100.2      0.0    24.03    37.51   8096.1    8.276    1.665      0.0    0.6103; 

 119     100.2      0.0    24.29    37.46   7999.4    8.376    1.677      0.0    0.6171; 

 120     100.2      0.0    24.56    37.41   7904.5    8.476    1.689      0.0    0.6239; 

 121     100.2      0.0    24.83    37.37   7811.3    8.577    1.701      0.0    0.6307; 

 122     100.3      0.0    25.10    37.32   7719.8    8.679    1.713      0.0    0.6376; 

 123     100.3      0.0    25.37    37.27   7630.0    8.781    1.725      0.0    0.6445; 

 124     100.3      0.0    25.64    37.23   7541.8    8.884    1.737      0.0    0.6514; 

 125     100.3      0.0    25.92    37.18   7455.1    8.987    1.748      0.0    0.6583; 

 126     100.3      0.0    26.19    37.14   7370.0    9.091    1.760      0.0    0.6652; 

 127     100.3      0.0    26.46    37.10   7286.4    9.195    1.771      0.0    0.6721; 

 128     100.3      0.0    26.74    37.06   7204.2    9.300    1.783      0.0    0.6791; 

 129     100.3      0.0    27.01    37.02   7123.5    9.406    1.794      0.0    0.6860; 

 130     100.3      0.0    27.28    36.97   7044.2    9.511    1.805      0.0    0.6930; 

 131     100.3      0.0    27.56    36.93   6966.2    9.618    1.816      0.0    0.7000; 

 132     100.3      0.0    27.83    36.90   6889.6    9.725    1.827      0.0    0.7070; 

 133     100.3      0.0    28.11    36.86   6814.3    9.832    1.838      0.0    0.7140; 

 134     100.3      0.0    28.39    36.82   6740.3    9.940    1.849      0.0    0.7210; 

 135     100.3      0.0    28.66    36.78   6667.5    10.05    1.860      0.0    0.7281; 

 136     100.3      0.0    28.94    36.75   6596.0    10.16    1.871      0.0    0.7351; 

 137     100.3      0.0    29.22    36.71   6525.6    10.27    1.882      0.0    0.7421; 

 138     100.3      0.0    29.49    36.67   6457.2    10.38    1.892      0.0    0.7491; begin overlap; 

 139     100.3      0.0    29.77    36.64   6390.8    10.48    1.903      0.0    0.7561; 

 140     100.3      0.0    30.04    36.61   6326.2    10.59    1.914      0.0    0.7629; 

 141     100.3      0.0    30.30    36.58   6263.3    10.70    1.924      0.0    0.7696; 

 142     100.4      0.0    30.56    36.54   6202.2    10.80    1.935      0.0    0.7763; 

 143     100.4      0.0    30.82    36.51   6142.6    10.91    1.945      0.0    0.7828; 

 144     100.4      0.0    31.08    36.48   6084.5    11.01    1.955      0.0    0.7893; 

 145     100.4      0.0    31.33    36.45   6027.9    11.12    1.966      0.0    0.7957; 

 146     100.4      0.0    31.58    36.43   5972.6    11.22    1.976      0.0    0.8021; 

 147     100.4      0.0    31.82    36.40   5918.6    11.32    1.986      0.0    0.8083; 

 148     100.4      0.0    32.07    36.37   5865.9    11.42    1.997      0.0    0.8145; 

 149     100.4      0.0    32.31    36.35   5814.3    11.52    2.007      0.0    0.8206; 

 150     100.4      0.0    32.55    36.32   5763.9    11.62    2.017      0.0    0.8267; 

 151     100.4      0.0    32.78    36.29   5714.6    11.72    2.027      0.0    0.8327; 

 152     100.4      0.0    33.02    36.27   5666.4    11.82    2.037      0.0    0.8386; 

 153     100.4      0.0    33.25    36.25   5619.1    11.92    2.047      0.0    0.8445; 

 154     100.4      0.0    33.47    36.22   5572.8    12.02    2.057      0.0    0.8502; 

 155     100.4      0.0    33.70    36.20   5527.4    12.12    2.067      0.0    0.8560; 

 156     100.4      0.0    33.92    36.18   5482.9    12.22    2.077      0.0    0.8617; 

 157     100.4      0.0    34.15    36.15   5439.2    12.32    2.087      0.0    0.8673; 

 158     100.4      0.0    34.36    36.13   5396.4    12.42    2.097      0.0    0.8729; 

 159     100.5      0.0    34.58    36.11   5354.3    12.51    2.107      0.0    0.8784; 

 160     100.5      0.0    34.80    36.09   5313.0    12.61    2.117      0.0    0.8838; 

 161     100.5      0.0    35.01    36.07   5272.4    12.71    2.127      0.0    0.8893; 
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 162     100.5      0.0    35.22    36.05   5232.5    12.80    2.137      0.0    0.8946; 

 163     100.5      0.0    35.43    36.03   5193.3    12.90    2.147      0.0    0.8999; 

 164     100.5      0.0    35.64    36.01   5154.7    13.00    2.157      0.0    0.9052; 

 165     100.5      0.0    35.84    35.99   5116.8    13.09    2.167      0.0    0.9104; 

 166     100.5      0.0    36.05    35.97   5079.4    13.19    2.176      0.0    0.9156; 

 167     100.5      0.0    36.25    35.95   5042.7    13.29    2.186      0.0    0.9207; 

 168     100.5      0.0    36.45    35.93   5006.5    13.38    2.196      0.0    0.9258; 

 169     100.5      0.0    36.65    35.91   4970.8    13.48    2.206      0.0    0.9308; 

 170     100.5      0.0    36.84    35.90   4935.7    13.57    2.216      0.0    0.9358; 

 171     100.5      0.0    37.04    35.88   4901.1    13.67    2.226      0.0    0.9408; 

 172     100.5      0.0    37.23    35.86   4867.0    13.77    2.236      0.0    0.9457; 

 173     100.6      0.0    37.43    35.84   4833.3    13.86    2.246      0.0    0.9506; 

 174     100.6      0.0    37.62    35.83   4800.1    13.96    2.255      0.0    0.9554; 

 175     100.6      0.0    37.80    35.81   4767.3    14.05    2.265      0.0    0.9602; 

 176     100.6      0.0    37.99    35.79   4735.0    14.15    2.275      0.0    0.9650; 

 177     100.6      0.0    38.18    35.78   4703.1    14.25    2.285      0.0    0.9697; 

 178     100.6      0.0    38.36    35.76   4671.6    14.34    2.295      0.0    0.9744; 

 179     100.6      0.0    38.55    35.74   4640.5    14.44    2.305      0.0    0.9791; 

 180     100.6      0.0    38.73    35.73   4609.7    14.53    2.315      0.0    0.9837; 

 181     100.6      0.0    38.91    35.71   4579.3    14.63    2.325      0.0    0.9883; 

 182     100.6      0.0    39.09    35.70   4549.3    14.73    2.335      0.0    0.9929; 

 183     100.6      0.0    39.27    35.68   4519.6    14.82    2.345      0.0    0.9974; 

 184     100.6      0.0    39.45    35.67   4490.2    14.92    2.355      0.0    1.0019; 

 185     100.6      0.0    39.62    35.65   4461.2    15.02    2.365      0.0    1.0064; 

 186     100.7      0.0    39.80    35.64   4432.4    15.12    2.375      0.0    1.0108; 

 187     100.7      0.0    39.97    35.62   4404.0    15.21    2.385      0.0    1.0153; 

 188     100.7      0.0    40.14    35.61   4375.8    15.31    2.395      0.0    1.0196; 

 189     100.7      0.0    40.31    35.59   4348.0    15.41    2.405      0.0    1.0240; 

 190     100.7      0.0    40.49    35.58   4320.4    15.51    2.415      0.0    1.0283; 

 191     100.7      0.0    40.66    35.57   4293.0    15.61    2.425      0.0    1.0326; 

 192     100.7      0.0    40.82    35.55   4266.0    15.71    2.435      0.0    1.0369; 

 193     100.7      0.0    40.99    35.54   4239.1    15.81    2.445      0.0    1.0412; 

 194     100.7      0.0    41.16    35.53   4212.5    15.90    2.455      0.0    1.0454; 

 195     100.7      0.0    41.32    35.51   4186.2    16.01    2.466      0.0    1.0496; 

 196     100.7      0.0    41.49    35.50   4160.0    16.11    2.476      0.0    1.0538; 

 197     100.8      0.0    41.65    35.48   4134.1    16.21    2.486      0.0    1.0580; 

 198     100.8      0.0    41.82    35.47   4108.4    16.31    2.497      0.0    1.0621; 

 199     100.8      0.0    41.98    35.46   4082.9    16.41    2.507      0.0    1.0663; 

 200     100.8      0.0    42.14    35.45   4057.5    16.51    2.517      0.0    1.0704; 

 201     100.8      0.0    42.30    35.43   4032.4    16.62    2.528      0.0    1.0745; 

 202     100.8      0.0    42.46    35.42   4007.4    16.72    2.538      0.0    1.0785; 

 203     100.8      0.0    42.62    35.41   3982.7    16.82    2.549      0.0    1.0826; 

 204     100.8      0.0    42.78    35.39   3958.0    16.93    2.559      0.0    1.0866; 

 205     100.8      0.0    42.94    35.38   3933.6    17.03    2.570      0.0    1.0907; 

 206     100.8      0.0    43.10    35.37   3909.3    17.14    2.580      0.0    1.0947; 

 207     100.9      0.0    43.26    35.36   3885.2    17.25    2.591      0.0    1.0987; 

 208     100.9      0.0    43.41    35.35   3861.2    17.35    2.602      0.0    1.1027; 

 209     100.9      0.0    43.57    35.33   3837.3    17.46    2.612      0.0    1.1067; 

 210     100.9      0.0    43.73    35.32   3813.6    17.57    2.623      0.0    1.1106; 

 211     100.9      0.0    43.88    35.31   3790.0    17.68    2.634      0.0    1.1146; 

 212     100.9      0.0    44.04    35.30   3766.5    17.79    2.645      0.0    1.1185; merging; 

 213     100.9      0.0    44.19    35.28   3743.3    17.90    2.656      0.0    1.1225; 

 214     100.9      0.0    44.35    35.27   3720.2    18.01    2.667      0.0    1.1265; 

 215     101.0      0.0    44.51    35.26   3697.3    18.12    2.678      0.0    1.1305; 

 216     101.0      0.0    44.67    35.25   3674.5    18.23    2.689      0.0    1.1345; 

 217     101.0      0.0    44.82    35.24   3651.8    18.35    2.700      0.0    1.1385; 
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 218     101.0      0.0    44.98    35.23   3629.2    18.46    2.711      0.0    1.1426; 

 219     101.0      0.0    45.14    35.21   3606.7    18.58    2.722      0.0    1.1467; 

 220     101.0      0.0    45.31    35.20   3584.2    18.69    2.734      0.0    1.1508; 

 221     101.0      0.0    45.47    35.19   3561.9    18.81    2.745      0.0    1.1549; 

 222     101.0      0.0    45.63    35.18   3539.5    18.93    2.756      0.0    1.1590; 

 223     101.1      0.0    45.79    35.17   3517.3    19.05    2.768      0.0    1.1631; 

 224     101.1      0.0    45.96    35.16   3495.1    19.17    2.779      0.0    1.1673; 

 225     101.1      0.0    46.12    35.15   3473.0    19.29    2.791      0.0    1.1715; 

 226     101.1      0.0    46.29    35.13   3450.9    19.42    2.803      0.0    1.1757; 

 227     101.1      0.0    46.46    35.12   3428.8    19.54    2.814      0.0    1.1800; 

 228     101.1      0.0    46.62    35.11   3406.8    19.67    2.826      0.0    1.1843; 

 229     101.1      0.0    46.79    35.10   3384.9    19.79    2.838      0.0    1.1885; 

 230     101.2      0.0    46.96    35.09   3363.2    19.92    2.850      0.0    1.1928; end overlap; 

 231     101.2      0.0    47.13    35.08   3341.8    20.05    2.862      0.0    1.1970; 

 232     101.2      0.0    47.29    35.07   3320.6    20.18    2.874      0.0    1.2012; 

 233     101.2      0.0    47.45    35.06   3299.6    20.31    2.887      0.0    1.2053; 

 234     101.2      0.0    47.61    35.05   3278.8    20.43    2.899      0.0    1.2094; 

 235     101.2      0.0    47.77    35.04   3258.2    20.56    2.911      0.0    1.2134; 

 236     101.3      0.0    47.93    35.03   3237.7    20.69    2.924      0.0    1.2174; 

 237     101.3      0.0    48.08    35.02   3217.5    20.82    2.936      0.0    1.2213; 

 238     101.3      0.0    48.23    35.00   3197.5    20.95    2.949      0.0    1.2252; 

 239     101.3      0.0    48.39    34.99   3177.6    21.08    2.962      0.0    1.2290; 

 240     101.3      0.0    48.53    34.98   3158.0    21.22    2.975      0.0    1.2327; 

 241     101.4      0.0    48.68    34.97   3138.4    21.35    2.988      0.0    1.2364; 

 242     101.4      0.0    48.82    34.96   3119.1    21.48    3.001      0.0    1.2401; 

 243     101.4      0.0    48.96    34.95   3099.9    21.61    3.014      0.0    1.2437; 

 244     101.4      0.0    49.10    34.95   3080.9    21.75    3.027      0.0    1.2472; 

 245     101.4      0.0    49.24    34.94   3062.1    21.88    3.040      0.0    1.2507; 

 246     101.5      0.0    49.37    34.93   3043.4    22.02    3.054      0.0    1.2541; 

 247     101.5      0.0    49.51    34.92   3024.8    22.15    3.068      0.0    1.2575; 

 248     101.5      0.0    49.64    34.91   3006.4    22.29    3.081      0.0    1.2608; 

 249     101.5      0.0    49.76    34.90   2988.1    22.42    3.095      0.0    1.2640; 

 250     101.5      0.0    49.89    34.89   2970.0    22.56    3.109      0.0    1.2672; 

 251     101.6      0.0    50.01    34.88   2951.9    22.70    3.124      0.0    1.2703; 

 252     101.6      0.0    50.13    34.87   2934.0    22.84    3.138      0.0    1.2734; 

 253     101.6      0.0    50.25    34.86   2916.2    22.97    3.152      0.0    1.2764; 

 254     101.6      0.0    50.37    34.85   2898.5    23.12    3.167      0.0    1.2794; 

 255     101.7      0.0    50.48    34.84   2881.0    23.26    3.182      0.0    1.2823; 

 256     101.7      0.0    50.60    34.83   2863.5    23.40    3.197      0.0    1.2851; 

 257     101.7      0.0    50.71    34.82   2846.1    23.54    3.212      0.0    1.2879; 

 258     101.7      0.0    50.81    34.82   2828.8    23.68    3.227      0.0    1.2907; 

 259     101.8      0.0    50.92    34.81   2811.6    23.83    3.242      0.0    1.2934; 

 260     101.8      0.0    51.02    34.80   2794.4    23.98    3.258      0.0    1.2960; 

 261     101.8      0.0    51.12    34.79   2777.4    24.12    3.274      0.0    1.2986; 

 262     101.9      0.0    51.22    34.78   2760.4    24.27    3.290      0.0    1.3011; 

 263     101.9      0.0    51.32    34.77   2743.4    24.42    3.306      0.0    1.3036; 

 264     101.9      0.0    51.42    34.76   2726.5    24.57    3.322      0.0    1.3060; 

 265     102.0      0.0    51.51    34.75   2709.6    24.73    3.339      0.0    1.3084; 

 266     102.0      0.0    51.61    34.75   2692.8    24.88    3.356      0.0    1.3108; 

 267     102.0      0.0    51.70    34.74   2676.0    25.04    3.373      0.0    1.3131; 

 268     102.1      0.0    51.79    34.73   2659.3    25.19    3.390      0.0    1.3154; 

 269     102.1      0.0    51.87    34.72   2642.5    25.35    3.407      0.0    1.3176; 

 270     102.1      0.0    51.96    34.71   2625.8    25.52    3.425      0.0    1.3198; 

 271     102.2      0.0    52.05    34.70   2609.0    25.68    3.443      0.0    1.3220; 

 272     102.2      0.0    52.13    34.69   2592.3    25.85    3.461      0.0    1.3242; 

 273     102.2      0.0    52.22    34.69   2575.5    26.01    3.479      0.0    1.3263; 
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 274     102.3      0.0    52.30    34.68   2558.7    26.18    3.498      0.0    1.3284; 

 275     102.3      0.0    52.38    34.67   2541.9    26.36    3.517      0.0    1.3305; 

 276     102.4      0.0    52.47    34.66   2525.1    26.53    3.536      0.0    1.3326; 

 277     102.4      0.0    52.55    34.65   2508.2    26.71    3.556      0.0    1.3347; 

 278     102.5      0.0    52.63    34.64   2491.2    26.89    3.575      0.0    1.3368; 

 279     102.5      0.0    52.71    34.63   2474.2    27.08    3.595      0.0    1.3389; 

 280     102.5      0.0    52.80    34.63   2457.1    27.27    3.616      0.0    1.3410; 

 281     102.6      0.0    52.88    34.62   2440.0    27.46    3.636      0.0    1.3431; 

 282     102.6      0.0    52.96    34.61   2422.7    27.66    3.657      0.0    1.3452; 

 283     102.7      0.0    53.05    34.60   2405.3    27.85    3.679      0.0    1.3474; 

 284     102.8      0.0    53.13    34.59   2387.8    28.06    3.701      0.0    1.3496; 

 285     102.8      0.0    53.22    34.58   2370.2    28.27    3.723      0.0    1.3518; 

 286     102.9      0.0    53.31    34.57   2352.5    28.48    3.745      0.0    1.3541; 

 287     102.9      0.0    53.40    34.56   2334.6    28.70    3.768      0.0    1.3564; 

 288     103.0      0.0    53.50    34.55   2316.6    28.92    3.791      0.0    1.3588; 

 289     103.0      0.0    53.59    34.54   2298.4    29.15    3.815      0.0    1.3613; 

 290     103.1      0.0    53.69    34.53   2280.1    29.38    3.839      0.0    1.3638; 

 291     103.2      0.0    53.80    34.52   2261.5    29.63    3.863      0.0    1.3664; 

 292     103.2      0.0    53.90    34.52   2242.8    29.87    3.888      0.0    1.3692; 

 293     103.3      0.0    54.02    34.51   2223.9    30.13    3.913      0.0    1.3720; 

 294     103.4      0.0    54.13    34.50   2204.7    30.39    3.939      0.0    1.3750; 

 295     103.5      0.0    54.25    34.49   2185.3    30.66    3.966      0.0    1.3780; 

 296     103.5      0.0    54.38    34.48   2165.7    30.94    3.992      0.0    1.3813; 

 297     103.6      0.0    54.51    34.47   2145.8    31.22    4.020      0.0    1.3846; 

 298     103.7      0.0    54.65    34.45   2125.7    31.52    4.048      0.0    1.3882; 

 299     103.8      0.0    54.80    34.44   2105.3    31.83    4.076      0.0    1.3919; bottom hit;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   1.2424 

Lmz(m):   1.2424 

forced entrain      1     0.0  -1.159   1.392   0.312 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3632 

 ; 

1:30:39 PM. amb fills: 4 
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Figure C.3.1: Plumes 18b solution of discharge plume trajectories for discharges of 0 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 15 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. Depth of maximum rise of the plume is Z = 

99.2 ft. at Xa = 2.803 ft from the point of discharge. The centerline of the plume is at an average 

distance of Xb = 4.076 ft from the point of discharge as the plume begins to impact the bottom at 

a depth of Z = 104.5 ft. 
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Figure C.3.2: Plumes 18b solution of vertical density profile for discharges of 0 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 15 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure C.3.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 0 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt. and 15 mgd of brine from the Doheny Desalination Project with a brine 

salinity of 67 ppt. Effective dilution is Sa = 19.42 at the maximum rise of the plume at Xa = 

2.803 ft. from the point of discharge. As the plume begins to impact the bottom, the plume 

centerline is at a distance of Xb = 4.076 ft from the point of discharge, where the effective 

dilution reaches Sa = 31.83. 
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C.4: Plumes 18b Results for SJCOO discharges of 0 mgd Wastewater and 10 mgd Brine: 

Contents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WW0mgd_b10mgd_D-1"  

memomemo 

SJCOO discharging 0 mgd wastewater and 10 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 1 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/14/2019 1:47:00 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW0mgd_b10mgd_D-1.001.db; Diffuser table record 1: --------

-------------------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   

Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     31.85       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07201 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  10.000  67.000  20.660 67000.0 

 

Simulation: 
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Froude No:    -5.593; Strat No:-1.57E-4; Spcg No:   14.39; k: 74358.5; eff den (sigmaT)  49.48870; eff vel     

0.744(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)        (in)    (psu)      (ppm)       ()          (ft)         (ft)       (m) 

   0     100.0 1.000E-5    3.050    67.00  67000.0    1.000      0.0      0.0   0.07747; 

   1     100.0      0.0    3.068    66.63  66237.3    1.012  0.00724      0.0   0.07791; 

   2     100.0      0.0    3.116    65.97  64908.9    1.032   0.0127      0.0   0.07915; 

   3     100.0      0.0    3.179    65.33  63607.8    1.053   0.0174      0.0   0.08075; 

   4     100.0      0.0    3.243    64.71  62333.3    1.075   0.0215      0.0   0.08238; 

   5     100.0      0.0    3.309    64.09  61084.8    1.097   0.0255      0.0   0.08405; 

   6     100.0      0.0    3.376    63.49  59861.9    1.119   0.0292      0.0   0.08575; 

   7     100.0      0.0    3.444    62.90  58664.0    1.142   0.0329      0.0   0.08748; 

   8     100.0      0.0    3.514    62.32  57490.5    1.165   0.0364      0.0   0.08925; 

   9     100.0      0.0    3.585    61.75  56340.9    1.189    0.040      0.0   0.09105; 

  10     100.0      0.0    3.657    61.20  55214.7    1.213   0.0435      0.0   0.09289; 

  11     100.0      0.0    3.731    60.65  54111.5    1.238   0.0471      0.0   0.09477; 

  12     100.0      0.0    3.806    60.12  53030.7    1.263   0.0507      0.0   0.09668; 

  13     100.0      0.0    3.883    59.59  51971.9    1.289   0.0543      0.0   0.09863; 

  14     100.0      0.0    3.961    59.08  50934.6    1.315   0.0579      0.0    0.1006; 

  15     100.0      0.0    4.041    58.57  49918.3    1.342   0.0616      0.0    0.1027; 

  16     100.0      0.0    4.123    58.08  48922.7    1.370   0.0653      0.0    0.1047; 

  17     100.0      0.0    4.206    57.59  47947.2    1.397   0.0691      0.0    0.1068; 

  18     100.0      0.0    4.291    57.12  46991.6    1.426   0.0729      0.0    0.1090; 

  19     100.0      0.0    4.377    56.65  46055.2    1.455   0.0768      0.0    0.1112; 

  20     100.0      0.0    4.466    56.20  45137.8    1.484   0.0808      0.0    0.1134; 

  21     100.0      0.0    4.556    55.75  44239.0    1.515   0.0848      0.0    0.1157; 

  22     100.0      0.0    4.647    55.31  43358.3    1.545   0.0889      0.0    0.1180; 

  23     100.0      0.0    4.741    54.88  42495.4    1.577    0.093      0.0    0.1204; 

  24     100.0      0.0    4.837    54.46  41649.9    1.609   0.0973      0.0    0.1228; 

  25     100.0      0.0    4.934    54.04  40821.5    1.641    0.102      0.0    0.1253; 

  26     100.0      0.0    5.033    53.64  40009.7    1.675    0.106      0.0    0.1278; 

  27     100.0      0.0    5.135    53.24  39214.4    1.709    0.110      0.0    0.1304; 

  28     100.0      0.0    5.238    52.85  38435.0    1.743    0.115      0.0    0.1330; 

  29     100.0      0.0    5.343    52.47  37671.4    1.779    0.119      0.0    0.1357; 

  30     100.0      0.0    5.451    52.09  36923.1    1.815    0.124      0.0    0.1385; 

  31     100.0      0.0    5.561    51.73  36189.8    1.851    0.129      0.0    0.1412; 

  32     100.0      0.0    5.673    51.37  35471.3    1.889    0.134      0.0    0.1441; 

  33     100.0      0.0    5.787    51.01  34767.2    1.927    0.139      0.0    0.1470; 

  34     100.0      0.0    5.903    50.67  34077.3    1.966    0.144      0.0    0.1499; 

  35     100.0      0.0    6.022    50.33  33401.2    2.006    0.149      0.0    0.1529; 

  36     100.0      0.0    6.143    50.00  32738.7    2.047    0.154      0.0    0.1560; 

  37     100.0      0.0    6.266    49.67  32089.5    2.088    0.159      0.0    0.1592; 

  38     100.0      0.0    6.392    49.35  31453.3    2.130    0.165      0.0    0.1624; 

  39     100.0      0.0    6.520    49.04  30829.8    2.173    0.170      0.0    0.1656; 

  40     100.0      0.0    6.651    48.73  30218.8    2.217    0.176      0.0    0.1689; 

  41     100.0      0.0    6.785    48.43  29620.0    2.262    0.181      0.0    0.1723; 

  42     100.0      0.0    6.921    48.13  29033.3    2.308    0.187      0.0    0.1758; 

  43     100.0      0.0    7.060    47.84  28458.2    2.354    0.193      0.0    0.1793; 

  44     100.0      0.0    7.202    47.56  27894.7    2.402    0.199      0.0    0.1829; 

  45     100.0      0.0    7.346    47.28  27342.4    2.450    0.205      0.0    0.1866; 

  46     100.0      0.0    7.494    47.01  26801.2    2.500    0.211      0.0    0.1903; 

  47     100.0      0.0    7.644    46.74  26270.8    2.550    0.217      0.0    0.1942; 

  48     100.0      0.0    7.797    46.48  25750.9    2.602    0.224      0.0    0.1980; 

  49     100.0      0.0    7.953    46.22  25241.5    2.654    0.230      0.0    0.2020; 

  50     100.0      0.0    8.113    45.97  24742.2    2.708    0.237      0.0    0.2061; 
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  51     100.0      0.0    8.275    45.72  24252.8    2.763    0.244      0.0    0.2102; 

  52     100.0      0.0    8.441    45.48  23773.3    2.818    0.251      0.0    0.2144; 

  53     100.0      0.0    8.610    45.24  23303.3    2.875    0.258      0.0    0.2187; 

  54     100.0      0.0    8.782    45.01  22842.6    2.933    0.265      0.0    0.2231; 

  55     100.0      0.0    8.958    44.78  22391.1    2.992    0.272      0.0    0.2275; 

  56     100.0      0.0    9.137    44.56  21948.7    3.053    0.279      0.0    0.2321; 

  57     100.0      0.0    9.319    44.34  21515.0    3.114    0.287      0.0    0.2367; 

  58     100.0      0.0    9.505    44.12  21089.9    3.177    0.295      0.0    0.2414; 

  59     100.0      0.0    9.695    43.91  20673.4    3.241    0.303      0.0    0.2463; 

  60     100.0      0.0    9.889    43.70  20265.1    3.306    0.310      0.0    0.2512; 

  61     100.0      0.0    10.09    43.50  19864.9    3.373    0.319      0.0    0.2562; 

  62     100.0      0.0    10.29    43.30  19472.7    3.441    0.327      0.0    0.2613; 

  63     100.0      0.0    10.49    43.11  19088.2    3.510    0.335      0.0    0.2665; 

  64     100.0      0.0    10.70    42.92  18711.5    3.581    0.344      0.0    0.2718; 

  65     100.0      0.0    10.91    42.73  18342.2    3.653    0.353      0.0    0.2772; 

  66     100.0      0.0    11.13    42.55  17980.2    3.726    0.362      0.0    0.2827; 

  67     100.0      0.0    11.35    42.37  17625.4    3.801    0.371      0.0    0.2883; 

  68     100.0      0.0    11.58    42.19  17277.7    3.878    0.380      0.0    0.2940; 

  69     100.0      0.0    11.81    42.02  16936.8    3.956    0.389      0.0    0.2998; 

  70     100.0      0.0    12.04    41.85  16602.8    4.035    0.399      0.0    0.3058; 

  71     100.0      0.0    12.28    41.68  16276.6    4.116    0.409      0.0    0.3118; 

  72     100.0      0.0    12.51    41.52  15967.8    4.196    0.418      0.0    0.3178; 

  73     100.0      0.0    12.75    41.37  15667.2    4.276    0.428      0.0    0.3238; 

  74     100.0      0.0    12.99    41.22  15374.5    4.358    0.437      0.0    0.3299; 

  75     100.0      0.0    13.23    41.08  15089.3    4.440    0.446      0.0    0.3360; 

  76     100.0      0.0    13.47    40.94  14811.3    4.524    0.455      0.0    0.3422; 

  77     100.0      0.0    13.72    40.80  14540.4    4.608    0.464      0.0    0.3485; 

  78     100.0      0.0    13.97    40.66  14276.2    4.693    0.473      0.0    0.3548; 

  79     100.0      0.0    14.22    40.53  14018.5    4.779    0.481      0.0    0.3611; 

  80     100.0      0.0    14.47    40.40  13767.1    4.867    0.490      0.0    0.3676; 

  81     100.0      0.0    14.73    40.28  13521.7    4.955    0.498      0.0    0.3741; 

  82     100.0      0.0    14.99    40.16  13282.2    5.044    0.506      0.0    0.3807; 

  83     100.0      0.0    15.25    40.04  13048.4    5.135    0.514      0.0    0.3873; 

  84     100.0      0.0    15.51    39.92  12820.1    5.226    0.522      0.0    0.3941; 

  85     100.0      0.0    15.78    39.81  12597.1    5.319    0.530      0.0    0.4009; 

  86     100.0      0.0    16.05    39.70  12379.2    5.412    0.537      0.0    0.4077; 

  87     100.0      0.0    16.32    39.59  12166.3    5.507    0.545      0.0    0.4146; 

  88     100.0      0.0    16.60    39.48  11958.2    5.603    0.552      0.0    0.4216; 

  89     100.0      0.0    16.88    39.38  11754.8    5.700    0.560      0.0    0.4287; 

  90     100.0      0.0    17.16    39.28  11556.0    5.798    0.567      0.0    0.4359; 

  91     100.1      0.0    17.44    39.18  11361.6    5.897    0.574      0.0    0.4431; 

  92     100.1      0.0    17.73    39.08  11171.4    5.997    0.581      0.0    0.4504; 

  93     100.1      0.0    18.02    38.99  10990.6    6.096    0.588      0.0    0.4576; begin overlap; 

  94     100.1      0.0    18.30    38.90  10818.5    6.193    0.594      0.0    0.4647; 

  95     100.1      0.0    18.57    38.82  10654.5    6.288    0.601      0.0    0.4717; 

  96     100.1      0.0    18.84    38.74  10497.9    6.382    0.608      0.0    0.4785; 

  97     100.1      0.0    19.10    38.66  10348.1    6.475    0.614      0.0    0.4852; 

  98     100.1      0.0    19.36    38.59  10204.7    6.566    0.621      0.0    0.4918; 

  99     100.1      0.0    19.62    38.52  10067.1    6.655    0.627      0.0    0.4983; 

 100     100.1      0.0    19.87    38.45   9934.9    6.744    0.633      0.0    0.5047; 

 101     100.1      0.0    20.12    38.39   9807.8    6.831    0.640      0.0    0.5109; 

 102     100.1      0.0    20.36    38.32   9685.5    6.918    0.646      0.0    0.5171; 

 103     100.1      0.0    20.60    38.26   9567.5    7.003    0.652      0.0    0.5232; 

 104     100.1      0.0    20.83    38.21   9453.8    7.087    0.658      0.0    0.5291; 

 105     100.1      0.0    21.06    38.15   9343.9    7.170    0.664      0.0    0.5350; 

 106     100.1      0.0    21.29    38.10   9237.7    7.253    0.670      0.0    0.5408; 
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 107     100.1      0.0    21.52    38.04   9134.9    7.334    0.676      0.0    0.5465; 

 108     100.1      0.0    21.74    37.99   9035.4    7.415    0.682      0.0    0.5522; 

 109     100.1      0.0    21.96    37.94   8939.0    7.495    0.688      0.0    0.5578; 

 110     100.1      0.0    22.17    37.90   8845.5    7.574    0.694      0.0    0.5632; 

 111     100.1      0.0    22.39    37.85   8754.7    7.653    0.699      0.0    0.5687; 

 112     100.1      0.0    22.60    37.80   8666.6    7.731    0.705      0.0    0.5740; 

 113     100.1      0.0    22.81    37.76   8580.9    7.808    0.711      0.0    0.5793; 

 114     100.1      0.0    23.01    37.72   8497.6    7.885    0.716      0.0    0.5845; 

 115     100.1      0.0    23.22    37.68   8416.5    7.961    0.722      0.0    0.5897; 

 116     100.1      0.0    23.42    37.64   8337.5    8.036    0.728      0.0    0.5948; 

 117     100.1      0.0    23.61    37.60   8260.6    8.111    0.733      0.0    0.5998; 

 118     100.1      0.0    23.81    37.56   8185.6    8.185    0.739      0.0    0.6048; 

 119     100.1      0.0    24.00    37.52   8112.5    8.259    0.744      0.0    0.6097; 

 120     100.1      0.0    24.19    37.48   8041.1    8.332    0.750      0.0    0.6145; 

 121     100.1      0.0    24.38    37.45   7971.5    8.405    0.755      0.0    0.6193; 

 122     100.1      0.0    24.57    37.41   7903.4    8.477    0.760      0.0    0.6241; 

 123     100.1      0.0    24.76    37.38   7836.9    8.549    0.766      0.0    0.6288; 

 124     100.1      0.0    24.94    37.35   7771.9    8.621    0.771      0.0    0.6335; 

 125     100.1      0.0    25.12    37.31   7708.3    8.692    0.777      0.0    0.6381; 

 126     100.1      0.0    25.30    37.28   7646.0    8.763    0.782      0.0    0.6426; 

 127     100.1      0.0    25.48    37.25   7585.1    8.833    0.787      0.0    0.6471; 

 128     100.1      0.0    25.65    37.22   7525.5    8.903    0.792      0.0    0.6516; 

 129     100.1      0.0    25.83    37.19   7467.0    8.973    0.798      0.0    0.6560; 

 130     100.1      0.0    26.00    37.16   7409.7    9.042    0.803      0.0    0.6604; 

 131     100.1      0.0    26.17    37.13   7353.6    9.111    0.808      0.0    0.6647; 

 132     100.1      0.0    26.34    37.10   7298.5    9.180    0.813      0.0    0.6690; 

 133     100.1      0.0    26.51    37.08   7244.5    9.248    0.819      0.0    0.6732; 

 134     100.1      0.0    26.67    37.05   7191.5    9.317    0.824      0.0    0.6774; 

 135     100.1      0.0    26.83    37.02   7139.4    9.384    0.829      0.0    0.6816; 

 136     100.1      0.0    27.00    37.00   7088.3    9.452    0.834      0.0    0.6857; 

 137     100.1      0.0    27.16    36.97   7038.1    9.520    0.839      0.0    0.6898; 

 138     100.1      0.0    27.32    36.95   6988.8    9.587    0.844      0.0    0.6939; 

 139     100.1      0.0    27.47    36.92   6940.3    9.654    0.849      0.0    0.6979; 

 140     100.2      0.0    27.63    36.90   6892.6    9.721    0.855      0.0    0.7018; 

 141     100.2      0.0    27.79    36.87   6845.7    9.787    0.860      0.0    0.7058; 

 142     100.2      0.0    27.94    36.85   6799.6    9.854    0.865      0.0    0.7097; 

 143     100.2      0.0    28.09    36.83   6754.2    9.920    0.870      0.0    0.7135; 

 144     100.2      0.0    28.24    36.80   6709.6    9.986    0.875      0.0    0.7174; 

 145     100.2      0.0    28.39    36.78   6665.6    10.05    0.880      0.0    0.7212; 

 146     100.2      0.0    28.54    36.76   6622.3    10.12    0.885      0.0    0.7249; 

 147     100.2      0.0    28.69    36.74   6579.6    10.18    0.890      0.0    0.7286; 

 148     100.2      0.0    28.83    36.72   6537.6    10.25    0.895      0.0    0.7323; 

 149     100.2      0.0    28.98    36.69   6496.2    10.31    0.900      0.0    0.7360; 

 150     100.2      0.0    29.12    36.67   6455.4    10.38    0.905      0.0    0.7396; 

 151     100.2      0.0    29.26    36.65   6415.1    10.44    0.910      0.0    0.7432; 

 152     100.2      0.0    29.40    36.63   6375.5    10.51    0.915      0.0    0.7468; 

 153     100.2      0.0    29.54    36.61   6336.3    10.57    0.920      0.0    0.7503; 

 154     100.2      0.0    29.68    36.59   6297.7    10.64    0.925      0.0    0.7538; 

 155     100.2      0.0    29.81    36.57   6259.6    10.70    0.930      0.0    0.7573; 

 156     100.2      0.0    29.95    36.55   6222.0    10.77    0.935      0.0    0.7607; 

 157     100.2      0.0    30.08    36.54   6184.9    10.83    0.940      0.0    0.7642; 

 158     100.2      0.0    30.22    36.52   6148.2    10.90    0.945      0.0    0.7675; 

 159     100.2      0.0    30.35    36.50   6112.1    10.96    0.950      0.0    0.7709; 

 160     100.2      0.0    30.48    36.48   6076.3    11.03    0.956      0.0    0.7742; 

 161     100.2      0.0    30.61    36.46   6041.0    11.09    0.961      0.0    0.7775; 

 162     100.2      0.0    30.74    36.44   6006.1    11.16    0.966      0.0    0.7808; 
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 163     100.2      0.0    30.87    36.43   5971.6    11.22    0.971      0.0    0.7841; 

 164     100.2      0.0    30.99    36.41   5937.5    11.28    0.976      0.0    0.7873; 

 165     100.2      0.0    31.12    36.39   5903.8    11.35    0.981      0.0    0.7905; 

 166     100.2      0.0    31.25    36.37   5870.5    11.41    0.986      0.0    0.7936; 

 167     100.2      0.0    31.37    36.36   5837.5    11.48    0.991      0.0    0.7968; 

 168     100.2      0.0    31.49    36.34   5804.9    11.54    0.996      0.0    0.7999; 

 169     100.2      0.0    31.61    36.32   5772.6    11.61    1.001      0.0    0.8030; 

 170     100.2      0.0    31.73    36.31   5740.7    11.67    1.006      0.0    0.8060; 

 171     100.2      0.0    31.85    36.29   5709.1    11.74    1.011      0.0    0.8091; 

 172     100.3      0.0    31.97    36.28   5677.9    11.80    1.016      0.0    0.8121; 

 173     100.3      0.0    32.09    36.26   5646.9    11.86    1.021      0.0    0.8151; 

 174     100.3      0.0    32.21    36.24   5616.2    11.93    1.026      0.0    0.8180; 

 175     100.3      0.0    32.32    36.23   5585.9    11.99    1.032      0.0    0.8210; 

 176     100.3      0.0    32.44    36.21   5555.8    12.06    1.037      0.0    0.8239; 

 177     100.3      0.0    32.55    36.20   5526.0    12.12    1.042      0.0    0.8268; 

 178     100.3      0.0    32.66    36.18   5496.5    12.19    1.047      0.0    0.8296; 

 179     100.3      0.0    32.78    36.17   5467.3    12.25    1.052      0.0    0.8325; 

 180     100.3      0.0    32.89    36.15   5438.3    12.32    1.057      0.0    0.8353; 

 181     100.3      0.0    33.00    36.14   5409.5    12.39    1.063      0.0    0.8381; 

 182     100.3      0.0    33.11    36.12   5381.0    12.45    1.068      0.0    0.8409; 

 183     100.3      0.0    33.21    36.11   5352.8    12.52    1.073      0.0    0.8437; 

 184     100.3      0.0    33.32    36.09   5324.8    12.58    1.078      0.0    0.8464; 

 185     100.3      0.0    33.43    36.08   5297.0    12.65    1.084      0.0    0.8491; 

 186     100.3      0.0    33.53    36.07   5269.4    12.71    1.089      0.0    0.8518; 

 187     100.3      0.0    33.64    36.05   5242.0    12.78    1.094      0.0    0.8545; 

 188     100.3      0.0    33.74    36.04   5214.9    12.85    1.099      0.0    0.8571; 

 189     100.3      0.0    33.85    36.02   5187.9    12.91    1.105      0.0    0.8597; 

 190     100.3      0.0    33.95    36.01   5161.2    12.98    1.110      0.0    0.8623; 

 191     100.3      0.0    34.05    36.00   5134.6    13.05    1.115      0.0    0.8649; 

 192     100.3      0.0    34.15    35.98   5108.3    13.12    1.121      0.0    0.8675; 

 193     100.3      0.0    34.25    35.97   5082.1    13.18    1.126      0.0    0.8700; 

 194     100.3      0.0    34.35    35.96   5056.1    13.25    1.132      0.0    0.8726; 

 195     100.4      0.0    34.45    35.94   5030.3    13.32    1.137      0.0    0.8751; 

 196     100.4      0.0    34.55    35.93   5004.6    13.39    1.142      0.0    0.8776; 

 197     100.4      0.0    34.65    35.92   4979.1    13.46    1.148      0.0    0.8801; 

 198     100.4      0.0    34.74    35.90   4953.8    13.53    1.153      0.0    0.8825; 

 199     100.4      0.0    34.84    35.89   4928.6    13.59    1.159      0.0    0.8849; 

 200     100.4      0.0    34.94    35.88   4903.5    13.66    1.165      0.0    0.8874; 

 201     100.4      0.0    35.03    35.87   4878.6    13.73    1.170      0.0    0.8898; 

 202     100.4      0.0    35.12    35.85   4853.9    13.80    1.176      0.0    0.8921; 

 203     100.4      0.0    35.22    35.84   4829.2    13.87    1.181      0.0    0.8945; 

 204     100.4      0.0    35.31    35.83   4804.7    13.94    1.187      0.0    0.8969; 

 205     100.4      0.0    35.40    35.82   4780.4    14.02    1.193      0.0    0.8992; 

 206     100.4      0.0    35.49    35.80   4756.1    14.09    1.198      0.0    0.9015; 

 207     100.4      0.0    35.58    35.79   4732.0    14.16    1.204      0.0    0.9038; 

 208     100.4      0.0    35.67    35.78   4708.0    14.23    1.210      0.0    0.9061; 

 209     100.4      0.0    35.76    35.77   4684.1    14.30    1.216      0.0    0.9084; 

 210     100.4      0.0    35.85    35.75   4660.2    14.38    1.221      0.0    0.9106; 

 211     100.4      0.0    35.94    35.74   4636.5    14.45    1.227      0.0    0.9129; 

 212     100.4      0.0    36.03    35.73   4612.9    14.52    1.233      0.0    0.9151; 

 213     100.5      0.0    36.12    35.72   4589.4    14.60    1.239      0.0    0.9173; 

 214     100.5      0.0    36.20    35.71   4566.0    14.67    1.245      0.0    0.9195; 

 215     100.5      0.0    36.29    35.69   4542.6    14.75    1.251      0.0    0.9217; 

 216     100.5      0.0    36.37    35.68   4519.4    14.83    1.257      0.0    0.9239; 

 217     100.5      0.0    36.46    35.67   4496.2    14.90    1.263      0.0    0.9261; 

 218     100.5      0.0    36.54    35.66   4473.1    14.98    1.269      0.0    0.9282; 
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 219     100.5      0.0    36.63    35.65   4450.0    15.06    1.275      0.0    0.9304; 

 220     100.5      0.0    36.71    35.64   4427.0    15.13    1.282      0.0    0.9325; 

 221     100.5      0.0    36.80    35.62   4404.1    15.21    1.288      0.0    0.9346; 

 222     100.5      0.0    36.88    35.61   4381.2    15.29    1.294      0.0    0.9368; 

 223     100.5      0.0    36.96    35.60   4358.4    15.37    1.300      0.0    0.9389; 

 224     100.5      0.0    37.05    35.59   4335.6    15.45    1.307      0.0    0.9410; 

 225     100.5      0.0    37.13    35.58   4312.8    15.53    1.313      0.0    0.9431; 

 226     100.6      0.0    37.21    35.56   4290.1    15.62    1.319      0.0    0.9452; 

 227     100.6      0.0    37.29    35.55   4267.5    15.70    1.326      0.0    0.9472; 

 228     100.6      0.0    37.37    35.54   4244.8    15.78    1.332      0.0    0.9493; 

 229     100.6      0.0    37.46    35.53   4222.2    15.87    1.339      0.0    0.9514; 

 230     100.6      0.0    37.54    35.52   4199.6    15.95    1.346      0.0    0.9535; 

 231     100.6      0.0    37.62    35.51   4177.0    16.04    1.352      0.0    0.9555; 

 232     100.6      0.0    37.70    35.50   4154.5    16.13    1.359      0.0    0.9576; 

 233     100.6      0.0    37.78    35.48   4131.9    16.22    1.366      0.0    0.9597; 

 234     100.6      0.0    37.86    35.47   4109.3    16.30    1.372      0.0    0.9617; 

 235     100.6      0.0    37.94    35.46   4086.8    16.39    1.379      0.0    0.9638; 

 236     100.6      0.0    38.03    35.45   4064.2    16.49    1.386      0.0    0.9659; 

 237     100.6      0.0    38.11    35.44   4041.6    16.58    1.393      0.0    0.9679; 

 238     100.7      0.0    38.19    35.43   4019.0    16.67    1.400      0.0    0.9700; 

 239     100.7      0.0    38.27    35.41   3996.3    16.77    1.407      0.0    0.9721; 

 240     100.7      0.0    38.35    35.40   3973.7    16.86    1.414      0.0    0.9742; 

 241     100.7      0.0    38.44    35.39   3951.0    16.96    1.422      0.0    0.9763; 

 242     100.7      0.0    38.52    35.38   3928.2    17.06    1.429      0.0    0.9784; 

 243     100.7      0.0    38.60    35.37   3905.5    17.16    1.436      0.0    0.9805; 

 244     100.7      0.0    38.69    35.36   3882.6    17.26    1.444      0.0    0.9826; 

 245     100.7      0.0    38.77    35.34   3859.7    17.36    1.451      0.0    0.9848; 

 246     100.7      0.0    38.86    35.33   3836.8    17.46    1.459      0.0    0.9869; 

 247     100.8      0.0    38.94    35.32   3813.8    17.57    1.466      0.0    0.9891; 

 248     100.8      0.0    39.03    35.31   3790.7    17.67    1.474      0.0    0.9913; 

 249     100.8      0.0    39.11    35.30   3767.5    17.78    1.482      0.0    0.9935; 

 250     100.8      0.0    39.20    35.29   3744.2    17.89    1.489      0.0    0.9957; 

 251     100.8      0.0    39.29    35.27   3720.9    18.01    1.497      0.0    0.9980; 

 252     100.8      0.0    39.38    35.26   3697.4    18.12    1.505      0.0    1.0003; 

 253     100.8      0.0    39.47    35.25   3673.8    18.24    1.513      0.0    1.0026; 

 254     100.8      0.0    39.57    35.24   3650.1    18.36    1.521      0.0    1.0050; 

 255     100.9      0.0    39.66    35.22   3626.3    18.48    1.530      0.0    1.0074; 

 256     100.9      0.0    39.76    35.21   3602.4    18.60    1.538      0.0    1.0098; 

 257     100.9      0.0    39.85    35.20   3578.6    18.72    1.546      0.0    1.0122; 

 258     100.9      0.0    39.94    35.19   3555.1    18.85    1.555      0.0    1.0146; end overlap; 

 259     100.9      0.0    40.04    35.18   3531.8    18.97    1.563      0.0    1.0169; 

 260     100.9      0.0    40.12    35.16   3508.7    19.10    1.572      0.0    1.0191; 

 261     101.0      0.0    40.21    35.15   3485.8    19.22    1.581      0.0    1.0213; 

 262     101.0      0.0    40.29    35.14   3463.1    19.35    1.589      0.0    1.0234; 

 263     101.0      0.0    40.37    35.13   3440.6    19.47    1.598      0.0    1.0255; 

 264     101.0      0.0    40.45    35.12   3418.3    19.60    1.607      0.0    1.0275; 

 265     101.0      0.0    40.53    35.11   3396.1    19.73    1.617      0.0    1.0294; 

 266     101.0      0.0    40.60    35.10   3374.1    19.86    1.626      0.0    1.0313; 

 267     101.1      0.0    40.67    35.08   3352.3    19.99    1.635      0.0    1.0331; 

 268     101.1      0.0    40.74    35.07   3330.5    20.12    1.645      0.0    1.0349; 

 269     101.1      0.0    40.81    35.06   3308.9    20.25    1.654      0.0    1.0366; 

 270     101.1      0.0    40.88    35.05   3287.4    20.38    1.664      0.0    1.0383; 

 271     101.1      0.0    40.94    35.04   3266.0    20.51    1.674      0.0    1.0399; 

 272     101.2      0.0    41.00    35.03   3244.7    20.65    1.684      0.0    1.0415; 

 273     101.2      0.0    41.06    35.02   3223.5    20.79    1.694      0.0    1.0430; 

 274     101.2      0.0    41.12    35.01   3202.3    20.92    1.704      0.0    1.0445; 
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 275     101.2      0.0    41.18    35.00   3181.2    21.06    1.715      0.0    1.0459; 

 276     101.2      0.0    41.23    34.99   3160.1    21.20    1.725      0.0    1.0473; 

 277     101.3      0.0    41.29    34.97   3139.0    21.34    1.736      0.0    1.0487; 

 278     101.3      0.0    41.34    34.96   3118.0    21.49    1.747      0.0    1.0501; 

 279     101.3      0.0    41.39    34.95   3096.9    21.63    1.758      0.0    1.0514; 

 280     101.3      0.0    41.45    34.94   3075.9    21.78    1.769      0.0    1.0527; 

 281     101.4      0.0    41.50    34.93   3054.8    21.93    1.780      0.0    1.0540; 

 282     101.4      0.0    41.55    34.92   3033.7    22.09    1.792      0.0    1.0553; 

 283     101.4      0.0    41.60    34.91   3012.5    22.24    1.804      0.0    1.0565; 

 284     101.5      0.0    41.64    34.90   2991.3    22.40    1.816      0.0    1.0578; 

 285     101.5      0.0    41.69    34.89   2969.9    22.56    1.828      0.0    1.0590; 

 286     101.5      0.0    41.74    34.88   2948.5    22.72    1.840      0.0    1.0603; 

 287     101.6      0.0    41.79    34.87   2927.0    22.89    1.853      0.0    1.0615; 

 288     101.6      0.0    41.84    34.85   2905.4    23.06    1.866      0.0    1.0628; 

 289     101.6      0.0    41.89    34.84   2883.6    23.23    1.879      0.0    1.0640; 

 290     101.7      0.0    41.94    34.83   2861.7    23.41    1.892      0.0    1.0653; 

 291     101.7      0.0    41.99    34.82   2839.6    23.60    1.905      0.0    1.0666; 

 292     101.7      0.0    42.05    34.81   2817.3    23.78    1.919      0.0    1.0680; 

 293     101.8      0.0    42.10    34.80   2794.8    23.97    1.933      0.0    1.0694; 

 294     101.8      0.0    42.16    34.79   2772.1    24.17    1.947      0.0    1.0708; 

 295     101.8      0.0    42.22    34.77   2749.1    24.37    1.962      0.0    1.0723; 

 296     101.9      0.0    42.28    34.76   2725.9    24.58    1.977      0.0    1.0739; 

 297     101.9      0.0    42.34    34.75   2702.4    24.79    1.992      0.0    1.0755; 

 298     102.0      0.0    42.41    34.74   2678.6    25.01    2.007      0.0    1.0772; 

 299     102.0      0.0    42.48    34.73   2654.5    25.24    2.023      0.0    1.0790; 

 300     102.1      0.0    42.55    34.71   2630.1    25.47    2.039      0.0    1.0809; 

 301     102.1      0.0    42.63    34.70   2605.3    25.72    2.055      0.0    1.0828; 

 302     102.2      0.0    42.71    34.69   2580.1    25.97    2.072      0.0    1.0849; 

 303     102.2      0.0    42.80    34.68   2554.6    26.23    2.089      0.0    1.0872; 

 304     102.3      0.0    42.90    34.66   2528.6    26.50    2.106      0.0    1.0896; 

 305     102.4      0.0    43.00    34.65   2502.3    26.78    2.124      0.0    1.0921; 

 306     102.4      0.0    43.10    34.63   2475.4    27.07    2.142      0.0    1.0948; 

 307     102.5      0.0    43.21    34.62   2448.1    27.37    2.161      0.0    1.0977; 

 308     102.6      0.0    43.34    34.61   2420.3    27.68    2.180      0.0    1.1007; 

 309     102.6      0.0    43.47    34.59   2392.0    28.01    2.199      0.0    1.1040; 

 310     102.7      0.0    43.60    34.58   2363.1    28.35    2.219      0.0    1.1075; 

 311     102.8      0.0    43.75    34.56   2333.7    28.71    2.239      0.0    1.1113; 

 312     102.9      0.0    43.91    34.55   2303.7    29.08    2.260      0.0    1.1153; merging; 

 313     102.9      0.0    44.08    34.53   2273.5    29.47    2.281      0.0    1.1196; 

 314     103.0      0.0    44.25    34.52   2243.2    29.87    2.303      0.0    1.1240; 

 315     103.1      0.0    44.43    34.50   2212.7    30.28    2.325      0.0    1.1285; 

 316     103.2      0.0    44.62    34.48   2181.8    30.71    2.348      0.0    1.1333; 

 317     103.3      0.0    44.82    34.47   2150.4    31.16    2.372      0.0    1.1383; 

 318     103.4      0.0    45.02    34.45   2118.6    31.62    2.396      0.0    1.1436; 

 319     103.5      0.0    45.25    34.43   2086.3    32.11    2.420      0.0    1.1493; 

 320     103.7      0.0    45.48    34.42   2053.5    32.63    2.446      0.0    1.1553; 

 321     103.8      0.0    45.74    34.40   2020.1    33.17    2.472      0.0    1.1618; 

 322     103.9      0.0    46.01    34.38   1986.2    33.73    2.499      0.0    1.1686; 

 323     104.0      0.0    46.30    34.37   1951.7    34.33    2.526      0.0    1.1760; 

 324     104.2      0.0    46.61    34.35   1916.5    34.96    2.555      0.0    1.1839; bottom hit;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   0.7787 

Lmz(m):   0.7787 

forced entrain      1     0.0  -1.278   1.184   0.198 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3632 

 ; 

1:47:00 PM. amb fills: 4 
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Figure C.4.1: Plumes 18b solution of discharge plume trajectories for discharges of 0 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 10 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. Depth of maximum rise of the plume is Z = 

99.2 ft. at Xa = 1.704 ft from the point of discharge. The centerline of the plume is at an average 

distance of Xb = 2.555 ft from the point of discharge as the plume begins to impact the bottom at 

a depth of Z = 104.5 ft. 
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Figure C.4.2: Plumes 18b solution of vertical density profile for discharges of 0 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 10 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure C.4.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 0 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt. and 10 mgd of brine from the Doheny Desalination Project with a brine 

salinity of 67 ppt. Effective dilution is Sa = 20.92 at the maximum rise of the plume at Xa = 

1.704 ft. from the point of discharge. As the plume begins to impact the bottom, the plume 

centerline is at a distance of Xb = 2.55 ft from the point of discharge, where the effective dilution 

reaches Sa = 34.96. 
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C.5: Plumes 18b Results for SJCOO discharges of 0 mgd Wastewater and 5 mgd Brine: 

 
Contents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WW0mgd_b5mgd_D-1"  

memo 

SJCOO discharging 0 mgd wastewater and 5 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 1 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/14/2019 2:07:00 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW0mgd_b5mgd_D-1.001.db; Diffuser table record 1: ---------

------------------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   

Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     31.85       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07201 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  5.0000  67.000  20.660 67000.0 
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Simulation: 

Froude No:    -2.796; Strat No:-1.57E-4; Spcg No:   14.39; k: 37179.3; eff den (sigmaT)  49.48870; eff vel     

0.372(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)          (in)    (psu)    (ppm)         ()         (ft)        (ft)       (m) 

   0     100.0 1.000E-5    3.050    67.00  67000.0    1.000      0.0      0.0   0.07747; 

   1     100.0      0.0    3.059    66.81  66616.5    1.006  0.00364      0.0   0.07769; 

   2     100.0      0.0    3.099    66.16  65280.3    1.026  0.00565      0.0    0.0787; 

   3     100.0      0.0    3.161    65.51  63971.6    1.047  0.00684      0.0    0.0803; 

   4     100.0      0.0    3.225    64.88  62689.6    1.069  0.00758      0.0   0.08192; 

   5     100.0      0.0    3.290    64.26  61433.9    1.091  0.00804      0.0   0.08358; 

   6     100.0      0.0    3.357    63.66  60203.8    1.113  0.00834      0.0   0.08527; 

   7     100.0      0.0    3.425    63.06  58998.9    1.136  0.00853      0.0   0.08699; 

   8     100.0      0.0    3.494    62.48  57818.6    1.159  0.00865      0.0   0.08875; 

   9     100.0      0.0    3.565    61.91  56662.3    1.182  0.00873      0.0   0.09054; 

  10     100.0      0.0    3.637    61.35  55529.6    1.207  0.00879      0.0   0.09237; 

  11     100.0      0.0    3.710    60.80  54420.0    1.231  0.00882      0.0   0.09423; 

  12     100.0      0.0    3.785    60.26  53332.9    1.256  0.00884      0.0   0.09614; 

  13     100.0      0.0    3.861    59.74  52267.9    1.282  0.00885      0.0   0.09808; 

  14     100.0      0.0    3.939    59.22  51224.6    1.308  0.00886      0.0    0.1001; 

  15     100.0      0.0    4.019    58.71  50202.5    1.335  0.00887      0.0    0.1021; 

  16     100.0      0.0    4.100    58.22  49201.1    1.362  0.00887      0.0    0.1041; 

  17     100.0      0.0    4.183    57.73  48220.0    1.389  0.00888      0.0    0.1062; 

  18     100.0      0.0    4.267    57.25  47258.8    1.418  0.00888      0.0    0.1084; 

  19     100.0      0.0    4.353    56.78  46317.0    1.447  0.00888      0.0    0.1106; 

  20     100.0      0.0    4.441    56.32  45394.3    1.476  0.00888      0.0    0.1128; 

  21     100.0      0.0    4.530    55.87  44490.3    1.506  0.00888      0.0    0.1151; 

  22     100.0      0.0    4.622    55.43  43604.5    1.537  0.00888      0.0    0.1174; 

  23     100.0      0.0    4.715    55.00  42736.7    1.568  0.00888      0.0    0.1198; 

  24     100.0      0.0    4.810    54.57  41886.3    1.600  0.00888      0.0    0.1222; 

  25     100.0      0.0    4.907    54.16  41053.1    1.632  0.00888      0.0    0.1246; 

  26     100.0      0.0    5.005    53.75  40236.7    1.665  0.00888      0.0    0.1271; 

  27     100.0      0.0    5.106    53.35  39436.8    1.699  0.00888      0.0    0.1297; 

  28     100.0      0.0    5.209    52.96  38653.0    1.733  0.00888      0.0    0.1323; 

  29     100.0      0.0    5.314    52.58  37884.9    1.769  0.00888      0.0    0.1350; 

  30     100.0      0.0    5.421    52.20  37132.3    1.804  0.00888      0.0    0.1377; 

  31     100.0      0.0    5.530    51.83  36394.9    1.841   0.0317      0.0    0.1405; 

  32     100.0      0.0    5.618    51.61  35964.4    1.863   0.0371      0.0    0.1427; 

  33     100.0      0.0    5.707    51.26  35250.4    1.901   0.0401      0.0    0.1450; 

  34     100.0      0.0    5.822    50.90  34550.8    1.939   0.0419      0.0    0.1479; 

  35     100.0      0.0    5.939    50.56  33865.2    1.978   0.0429      0.0    0.1508; 

  36     100.0      0.0    6.058    50.22  33193.4    2.018   0.0436      0.0    0.1539; 

  37     100.0      0.0    6.180    49.89  32535.0    2.059   0.0441      0.0    0.1570; 

  38     100.0      0.0    6.304    49.57  31889.9    2.101   0.0443      0.0    0.1601; 

  39     100.0      0.0    6.431    49.25  31257.6    2.143   0.0445      0.0    0.1633; 

  40     100.0      0.0    6.560    48.94  30638.1    2.187   0.0446      0.0    0.1666; 

  41     100.0      0.0    6.692    48.63  30030.9    2.231   0.0447      0.0    0.1700; 

  42     100.0      0.0    6.827    48.33  29435.9    2.276   0.0447      0.0    0.1734; 

  43     100.0      0.0    6.964    48.04  28852.8    2.322   0.0447      0.0    0.1769; 

  44     100.0      0.0    7.104    47.75  28281.4    2.369   0.0448      0.0    0.1804; 

  45     100.0      0.0    7.247    47.47  27721.4    2.417   0.0448      0.0    0.1841; 

  46     100.0      0.0    7.392    47.19  27172.6    2.466   0.0448      0.0    0.1878; 

  47     100.0      0.0    7.541    46.92  26634.8    2.516   0.0448      0.0    0.1915; 

  48     100.0      0.0    7.692    46.66  26107.7    2.566   0.0448      0.0    0.1954; 

  49     100.0      0.0    7.847    46.40  25591.1    2.618   0.0448      0.0    0.1993; 
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  50     100.0      0.0    8.005    46.14  25084.8    2.671   0.0448      0.0    0.2033; 

  51     100.0      0.0    8.166    45.89  24588.7    2.725   0.0448      0.0    0.2074; 

  52     100.0      0.0    8.330    45.65  24102.4    2.780   0.0448      0.0    0.2116; 

  53     100.0      0.0    8.497    45.40  23625.8    2.836   0.0448      0.0    0.2158; 

  54     100.0      0.0    8.667    45.17  23162.2    2.893   0.0448      0.0    0.2201; begin overlap; 

  55     100.0      0.0    8.836    44.95  22725.1    2.948   0.0448      0.0    0.2244; 

  56     100.0      0.0    9.002    44.74  22314.3    3.003   0.0448      0.0    0.2286; 

  57     100.0      0.0    9.163    44.55  21931.1    3.055   0.0448      0.0    0.2327; 

  58     100.0      0.0    9.321    44.36  21560.8    3.107   0.0448      0.0    0.2367; 

  59     100.0      0.0    9.484    44.17  21180.5    3.163   0.0448      0.0    0.2409; 

  60     100.0      0.0    9.643    44.00  20854.3    3.213   0.0448      0.0    0.2449; 

  61     100.0      0.0    9.782    43.86  20576.3    3.256   0.0448      0.0    0.2485; 

  62     100.0      0.0    9.911    43.73  20316.3    3.298   0.0448      0.0    0.2517; 

  63     100.0      0.0    10.01    43.66  20178.5    3.320   0.0448      0.0    0.2542; 

  64     100.0      0.0    10.05    43.64  20137.9    3.327   0.0448      0.0    0.2553; 

  65     100.0      0.0    10.16    43.44  19740.2    3.394   0.0857      0.0    0.2581; 

  66     100.0      0.0    10.25    43.41  19689.8    3.403   0.0886      0.0    0.2604; 

  67     100.0      0.0    10.33    43.27  19417.1    3.451   0.0905      0.0    0.2624; 

  68     100.0      0.0    10.47    43.14  19153.7    3.498   0.0916      0.0    0.2660; 

  69     100.0      0.0    10.61    43.01  18900.6    3.545   0.0923      0.0    0.2696; 

  70     100.0      0.0    10.75    42.89  18657.2    3.591   0.0928      0.0    0.2731; 

  71     100.0      0.0    10.89    42.77  18423.0    3.637   0.0931      0.0    0.2766; 

  72     100.0      0.0    11.03    42.66  18197.4    3.682   0.0933      0.0    0.2801; 

  73     100.0      0.0    11.16    42.55  17979.9    3.726   0.0934      0.0    0.2835; 

  74     100.0      0.0    11.29    42.44  17770.1    3.770   0.0935      0.0    0.2869; 

  75     100.0      0.0    11.42    42.34  17567.5    3.814   0.0935      0.0    0.2902; 

  76     100.0      0.0    11.55    42.24  17371.7    3.857   0.0936      0.0    0.2935; 

  77     100.0      0.0    11.68    42.14  17182.4    3.899   0.0936      0.0    0.2967; 

  78     100.0      0.0    11.81    42.05  16999.3    3.941   0.0936      0.0    0.3000; 

  79     100.0      0.0    11.94    41.96  16821.8    3.983   0.0936      0.0    0.3032; 

  80     100.0      0.0    12.06    41.87  16649.9    4.024   0.0936      0.0    0.3063; 

  81     100.0      0.0    12.18    41.79  16483.2    4.065   0.0936      0.0    0.3094; 

  82     100.0      0.0    12.30    41.70  16321.5    4.105   0.0936      0.0    0.3125; 

  83     100.0      0.0    12.42    41.62  16164.4    4.145   0.0936      0.0    0.3156; 

  84     100.0      0.0    12.54    41.55  16011.8    4.184   0.0936      0.0    0.3186; 

  85     100.0      0.0    12.66    41.47  15863.5    4.224   0.0936      0.0    0.3216; 

  86     100.0      0.0    12.78    41.40  15719.3    4.262   0.0936      0.0    0.3246; 

  87     100.0      0.0    12.89    41.33  15579.0    4.301   0.0936      0.0    0.3275; 

  88     100.0      0.0    13.01    41.26  15442.4    4.339   0.0936      0.0    0.3304; 

  89     100.0      0.0    13.12    41.19  15309.4    4.376   0.0936      0.0    0.3333; 

  90     100.0      0.0    13.24    41.12  15179.9    4.414   0.0936      0.0    0.3362; 

  91     100.0      0.0    13.35    41.06  15054.2    4.451   0.0936      0.0    0.3390; 

  92     100.0      0.0    13.46    41.00  14932.5    4.487   0.0936      0.0    0.3418; 

  93     100.0      0.0    13.56    40.94  14815.1    4.522   0.0936      0.0    0.3445; 

  94     100.0      0.0    13.67    40.88  14698.3    4.558   0.0936      0.0    0.3473; 

  95     100.0      0.0    13.79    40.81  14570.1    4.598   0.0936      0.0    0.3502; 

  96     100.0      0.0    13.92    40.73  14412.4    4.649   0.0936      0.0    0.3536; 

  97     100.0      0.0    14.05    40.68  14312.3    4.681   0.0936      0.0    0.3568; 

  98     100.0      0.0    14.14    40.64  14228.7    4.709   0.0936      0.0    0.3591; 

  99     100.0      0.0    14.32    40.50  13948.3    4.803    0.149      0.0    0.3637; 

 100     100.0      0.0    14.29    40.49  13938.1    4.807    0.152      0.0    0.3630; 

 101     100.0      0.0    14.34    40.44  13831.6    4.844    0.153      0.0    0.3643; 

 102     100.0      0.0    14.45    40.38  13726.8    4.881    0.154      0.0    0.3669; 

 103     100.0      0.0    14.55    40.33  13624.1    4.918    0.155      0.0    0.3696; 

 104     100.0      0.0    14.66    40.28  13523.5    4.954    0.155      0.0    0.3723; 

 105     100.0      0.0    14.76    40.23  13425.0    4.991    0.155      0.0    0.3750; 
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 106     100.0      0.0    14.87    40.18  13328.6    5.027    0.156      0.0    0.3777; 

 107     100.0      0.0    14.97    40.13  13234.2    5.063    0.156      0.0    0.3803; 

 108     100.0      0.0    15.08    40.09  13141.7    5.098    0.156      0.0    0.3830; 

 109     100.0      0.0    15.18    40.04  13051.1    5.134    0.156      0.0    0.3857; 

 110     100.0      0.0    15.29    39.99  12962.4    5.169    0.156      0.0    0.3883; 

 111     100.0      0.0    15.39    39.95  12875.5    5.204    0.156      0.0    0.3909; 

 112     100.0      0.0    15.49    39.91  12790.3    5.238    0.156      0.0    0.3935; 

 113     100.0      0.0    15.60    39.86  12706.7    5.273    0.156      0.0    0.3961; 

 114     100.0      0.0    15.70    39.82  12624.8    5.307    0.156      0.0    0.3987; 

 115     100.0      0.0    15.80    39.78  12544.5    5.341    0.156      0.0    0.4013; 

 116     100.0      0.0    15.90    39.74  12465.7    5.375    0.156      0.0    0.4038; 

 117     100.0      0.0    16.00    39.70  12388.3    5.408    0.156      0.0    0.4064; 

 118     100.0      0.0    16.10    39.66  12312.4    5.442    0.156      0.0    0.4089; 

 119     100.0      0.0    16.20    39.63  12237.9    5.475    0.156      0.0    0.4114; 

 120     100.0      0.0    16.29    39.59  12164.7    5.508    0.156      0.0    0.4139; 

 121     100.0      0.0    16.39    39.55  12092.8    5.540    0.156      0.0    0.4163; 

 122     100.0      0.0    16.49    39.52  12022.2    5.573    0.156      0.0    0.4188; 

 123     100.0      0.0    16.58    39.48  11952.8    5.605    0.156      0.0    0.4212; 

 124     100.0      0.0    16.68    39.45  11884.6    5.638    0.156      0.0    0.4236; 

 125     100.0      0.0    16.77    39.41  11817.6    5.670    0.156      0.0    0.4261; 

 126     100.0      0.0    16.87    39.38  11751.7    5.701    0.156      0.0    0.4285; 

 127     100.0      0.0    16.96    39.34  11687.0    5.733    0.156      0.0    0.4308; 

 128     100.0      0.0    17.06    39.31  11623.3    5.764    0.156      0.0    0.4332; 

 129     100.0      0.0    17.15    39.28  11560.0    5.796    0.156      0.0    0.4356; 

 130     100.0      0.0    17.24    39.25  11497.8    5.827    0.156      0.0    0.4379; 

 131     100.0      0.0    17.33    39.22  11440.0    5.857    0.156      0.0    0.4402; 

 132     100.0      0.0    17.42    39.19  11382.9    5.886    0.156      0.0    0.4424; 

 133     100.0      0.0    17.52    39.15  11304.4    5.927    0.156      0.0    0.4451; 

 134     100.0      0.0    17.64    39.11  11233.6    5.964    0.156      0.0    0.4480; 

 135     100.0      0.0    17.74    39.08  11174.7    5.996    0.156      0.0    0.4506; 

 136     100.0      0.0    17.82    39.06  11133.0    6.018    0.156      0.0    0.4526; 

 137     100.1      0.0    18.03    38.95  10913.9    6.139    0.221      0.0    0.4580; 

 138     100.1      0.0    17.63    38.95  10909.7    6.141    0.223      0.0    0.4477; 

 139     100.1      0.0    17.66    38.92  10844.3    6.178    0.224      0.0    0.4486; 

 140     100.1      0.0    17.75    38.88  10779.6    6.215    0.226      0.0    0.4509; 

 141     100.1      0.0    17.85    38.85  10715.6    6.253    0.226      0.0    0.4533; 

 142     100.1      0.0    17.94    38.82  10652.5    6.290    0.227      0.0    0.4558; 

 143     100.1      0.0    18.04    38.79  10590.4    6.327    0.228      0.0    0.4583; 

 144     100.1      0.0    18.14    38.75  10529.1    6.363    0.228      0.0    0.4608; 

 145     100.1      0.0    18.24    38.72  10468.8    6.400    0.228      0.0    0.4633; 

 146     100.1      0.0    18.34    38.69  10409.4    6.436    0.229      0.0    0.4659; 

 147     100.1      0.0    18.44    38.66  10351.0    6.473    0.229      0.0    0.4685; 

 148     100.1      0.0    18.54    38.63  10293.4    6.509    0.229      0.0    0.4710; 

 149     100.1      0.0    18.65    38.61  10236.8    6.545    0.229      0.0    0.4736; 

 150     100.1      0.0    18.75    38.58  10181.1    6.581    0.229      0.0    0.4762; 

 151     100.1      0.0    18.85    38.55  10126.2    6.616    0.229      0.0    0.4787; 

 152     100.1      0.0    18.95    38.52  10072.2    6.652    0.229      0.0    0.4813; 

 153     100.1      0.0    19.05    38.49  10019.1    6.687    0.229      0.0    0.4838; 

 154     100.1      0.0    19.15    38.47   9966.7    6.722    0.229      0.0    0.4863; 

 155     100.1      0.0    19.25    38.44   9915.2    6.757    0.229      0.0    0.4889; 

 156     100.1      0.0    19.35    38.42   9864.5    6.792    0.229      0.0    0.4914; 

 157     100.1      0.0    19.44    38.39   9814.5    6.827    0.229      0.0    0.4939; 

 158     100.1      0.0    19.54    38.36   9765.3    6.861    0.230      0.0    0.4964; 

 159     100.1      0.0    19.64    38.34   9716.8    6.895    0.230      0.0    0.4988; 

 160     100.1      0.0    19.74    38.32   9669.0    6.929    0.230      0.0    0.5013; 

 161     100.1      0.0    19.83    38.29   9621.9    6.963    0.230      0.0    0.5038; 
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 162     100.1      0.0    19.93    38.27   9575.5    6.997    0.230      0.0    0.5062; 

 163     100.1      0.0    20.03    38.24   9529.8    7.031    0.230      0.0    0.5086; 

 164     100.1      0.0    20.12    38.22   9484.7    7.064    0.230      0.0    0.5111; 

 165     100.1      0.0    20.22    38.20   9440.3    7.097    0.230      0.0    0.5135; 

 166     100.1      0.0    20.31    38.18   9396.5    7.130    0.230      0.0    0.5159; 

 167     100.1      0.0    20.40    38.15   9353.2    7.163    0.230      0.0    0.5183; 

 168     100.1      0.0    20.50    38.13   9310.6    7.196    0.230      0.0    0.5207; 

 169     100.1      0.0    20.59    38.11   9268.6    7.229    0.230      0.0    0.5230; 

 170     100.1      0.0    20.68    38.09   9227.1    7.261    0.230      0.0    0.5254; 

 171     100.1      0.0    20.78    38.07   9186.2    7.294    0.230      0.0    0.5277; 

 172     100.1      0.0    20.87    38.05   9145.8    7.326    0.230      0.0    0.5301; 

 173     100.1      0.0    20.96    38.03   9105.9    7.358    0.230      0.0    0.5324; 

 174     100.1      0.0    21.05    38.01   9066.6    7.390    0.230      0.0    0.5347; 

 175     100.1      0.0    21.14    37.99   9027.8    7.422    0.230      0.0    0.5370; 

 176     100.1      0.0    21.23    37.97   8989.4    7.453    0.230      0.0    0.5393; 

 177     100.1      0.0    21.32    37.95   8951.6    7.485    0.230      0.0    0.5416; 

 178     100.1      0.0    21.41    37.93   8914.2    7.516    0.230      0.0    0.5439; 

 179     100.1      0.0    21.50    37.91   8877.3    7.547    0.230      0.0    0.5461; 

 180     100.1      0.0    21.59    37.89   8840.9    7.578    0.230      0.0    0.5484; 

 181     100.1      0.0    21.68    37.87   8804.9    7.609    0.230      0.0    0.5506; 

 182     100.1      0.0    21.77    37.86   8769.4    7.640    0.230      0.0    0.5529; 

 183     100.1      0.0    21.85    37.84   8734.3    7.671    0.230      0.0    0.5551; 

 184     100.1      0.0    21.94    37.82   8699.7    7.701    0.230      0.0    0.5573; 

 185     100.1      0.0    22.03    37.80   8665.4    7.732    0.230      0.0    0.5595; 

 186     100.1      0.0    22.12    37.79   8631.5    7.762    0.230      0.0    0.5617; 

 187     100.1      0.0    22.20    37.77   8597.4    7.793    0.230      0.0    0.5639; 

 188     100.1      0.0    22.29    37.75   8564.3    7.823    0.230      0.0    0.5661; 

 189     100.1      0.0    22.38    37.73   8528.5    7.856    0.230      0.0    0.5684; 

 190     100.1      0.0    22.47    37.72   8496.4    7.886    0.230      0.0    0.5707; 

 191     100.1      0.0    22.55    37.70   8465.4    7.915    0.230      0.0    0.5728; 

 192     100.1      0.0    22.64    37.68   8431.8    7.946    0.230      0.0    0.5750; 

 193     100.1      0.0    22.73    37.67   8399.2    7.977    0.230      0.0    0.5772; 

 194     100.1      0.0    22.81    37.65   8372.3    8.003    0.230      0.0    0.5793; 

 195     100.1      0.0    22.89    37.64   8340.0    8.034    0.230      0.0    0.5813; 

 196     100.1      0.0    22.97    37.62   8313.1    8.060    0.230      0.0    0.5834; 

 197     100.1      0.0    23.24    37.54   8149.6    8.221    0.303      0.0    0.5902; 

 198     100.1      0.0    21.90    37.54   8147.5    8.223    0.305      0.0    0.5562; 

 199     100.1      0.0    21.92    37.52   8101.6    8.270    0.307      0.0    0.5569; 

 200     100.1      0.0    22.01    37.49   8055.7    8.317    0.309      0.0    0.5590; 

 201     100.1      0.0    22.09    37.47   8010.1    8.364    0.311      0.0    0.5611; 

 202     100.1      0.0    22.18    37.45   7964.6    8.412    0.313      0.0    0.5632; 

 203     100.1      0.0    22.26    37.42   7920.2    8.459    0.315      0.0    0.5653; 

 204     100.1      0.0    22.33    37.40   7877.2    8.506    0.317      0.0    0.5672; 

 205     100.1      0.0    22.40    37.38   7834.6    8.552    0.319      0.0    0.5691; 

 206     100.1      0.0    22.48    37.36   7792.3    8.598    0.321      0.0    0.5709; 

 207     100.1      0.0    22.55    37.34   7750.5    8.645    0.323      0.0    0.5728; 

 208     100.1      0.0    22.62    37.31   7709.1    8.691    0.325      0.0    0.5746; 

 209     100.1      0.0    22.69    37.29   7668.0    8.738    0.327      0.0    0.5764; 

 210     100.1      0.0    22.76    37.27   7627.2    8.784    0.329      0.0    0.5782; 

 211     100.1      0.0    22.83    37.25   7586.8    8.831    0.331      0.0    0.5800; 

 212     100.1      0.0    22.90    37.23   7546.8    8.878    0.333      0.0    0.5817; 

 213     100.1      0.0    22.97    37.21   7507.1    8.925    0.335      0.0    0.5834; 

 214     100.1      0.0    23.04    37.19   7467.7    8.972    0.337      0.0    0.5852; 

 215     100.1      0.0    23.10    37.17   7428.6    9.019    0.339      0.0    0.5869; 

 216     100.2      0.0    23.17    37.15   7389.8    9.067    0.341      0.0    0.5885; 

 217     100.2      0.0    23.24    37.13   7351.3    9.114    0.343      0.0    0.5902; 
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 218     100.2      0.0    23.30    37.11   7313.1    9.162    0.345      0.0    0.5919; 

 219     100.2      0.0    23.37    37.09   7275.2    9.209    0.348      0.0    0.5935; 

 220     100.2      0.0    23.43    37.07   7237.5    9.257    0.350      0.0    0.5951; 

 221     100.2      0.0    23.49    37.05   7200.2    9.305    0.352      0.0    0.5967; 

 222     100.2      0.0    23.55    37.04   7163.1    9.354    0.354      0.0    0.5983; 

 223     100.2      0.0    23.62    37.02   7126.2    9.402    0.356      0.0    0.5999; 

 224     100.2      0.0    23.68    37.00   7089.6    9.450    0.358      0.0    0.6014; 

 225     100.2      0.0    23.74    36.98   7053.3    9.499    0.361      0.0    0.6029; 

 226     100.2      0.0    23.80    36.96   7017.1    9.548    0.363      0.0    0.6045; 

 227     100.2      0.0    23.86    36.94   6981.2    9.597    0.365      0.0    0.6060; 

 228     100.2      0.0    23.92    36.92   6945.6    9.646    0.367      0.0    0.6075; 

 229     100.2      0.0    23.97    36.91   6910.1    9.696    0.369      0.0    0.6089; 

 230     100.2      0.0    24.03    36.89   6874.9    9.746    0.372      0.0    0.6104; 

 231     100.2      0.0    24.09    36.87   6839.8    9.796    0.374      0.0    0.6118; 

 232     100.2      0.0    24.14    36.85   6805.0    9.846    0.376      0.0    0.6133; 

 233     100.2      0.0    24.20    36.83   6770.4    9.896    0.378      0.0    0.6147; 

 234     100.2      0.0    24.25    36.82   6735.9    9.947    0.381      0.0    0.6161; 

 235     100.2      0.0    24.31    36.80   6701.6    9.998    0.383      0.0    0.6174; 

 236     100.2      0.0    24.36    36.78   6667.5    10.05    0.385      0.0    0.6188; 

 237     100.2      0.0    24.42    36.76   6633.6    10.10    0.388      0.0    0.6202; 

 238     100.2      0.0    24.47    36.75   6599.9    10.15    0.390      0.0    0.6215; 

 239     100.2      0.0    24.52    36.73   6566.3    10.20    0.393      0.0    0.6228; 

 240     100.2      0.0    24.57    36.71   6532.8    10.26    0.395      0.0    0.6241; 

 241     100.2      0.0    24.62    36.70   6499.5    10.31    0.397      0.0    0.6254; 

 242     100.2      0.0    24.67    36.68   6466.4    10.36    0.400      0.0    0.6267; 

 243     100.2      0.0    24.72    36.66   6433.4    10.41    0.402      0.0    0.6280; 

 244     100.2      0.0    24.77    36.65   6400.5    10.47    0.405      0.0    0.6292; 

 245     100.2      0.0    24.82    36.63   6367.8    10.52    0.407      0.0    0.6304; 

 246     100.2      0.0    24.87    36.61   6335.1    10.58    0.410      0.0    0.6317; 

 247     100.2      0.0    24.92    36.60   6302.6    10.63    0.412      0.0    0.6329; 

 248     100.2      0.0    24.96    36.58   6270.3    10.69    0.415      0.0    0.6341; 

 249     100.2      0.0    25.01    36.56   6238.0    10.74    0.417      0.0    0.6353; 

 250     100.2      0.0    25.06    36.55   6205.8    10.80    0.420      0.0    0.6364; 

 251     100.2      0.0    25.10    36.53   6173.7    10.85    0.422      0.0    0.6376; 

 252     100.3      0.0    25.15    36.51   6141.7    10.91    0.425      0.0    0.6387; 

 253     100.3      0.0    25.19    36.50   6109.8    10.97    0.428      0.0    0.6399; 

 254     100.3      0.0    25.24    36.48   6078.0    11.02    0.430      0.0    0.6410; 

 255     100.3      0.0    25.28    36.46   6046.2    11.08    0.433      0.0    0.6421; 

 256     100.3      0.0    25.32    36.45   6014.6    11.14    0.436      0.0    0.6432; 

 257     100.3      0.0    25.37    36.43   5982.9    11.20    0.439      0.0    0.6443; 

 258     100.3      0.0    25.41    36.42   5951.4    11.26    0.441      0.0    0.6454; 

 259     100.3      0.0    25.45    36.40   5919.9    11.32    0.444      0.0    0.6464; 

 260     100.3      0.0    25.49    36.38   5888.4    11.38    0.447      0.0    0.6475; 

 261     100.3      0.0    25.53    36.37   5857.0    11.44    0.450      0.0    0.6485; 

 262     100.3      0.0    25.57    36.35   5825.6    11.50    0.453      0.0    0.6496; 

 263     100.3      0.0    25.61    36.34   5794.3    11.56    0.456      0.0    0.6506; 

 264     100.3      0.0    25.65    36.32   5762.9    11.63    0.458      0.0    0.6516; 

 265     100.3      0.0    25.69    36.30   5731.6    11.69    0.461      0.0    0.6526; 

 266     100.3      0.0    25.73    36.29   5700.3    11.75    0.464      0.0    0.6536; 

 267     100.3      0.0    25.77    36.27   5669.0    11.82    0.467      0.0    0.6546; 

 268     100.3      0.0    25.81    36.26   5637.7    11.88    0.471      0.0    0.6556; 

 269     100.3      0.0    25.85    36.24   5606.3    11.95    0.474      0.0    0.6566; 

 270     100.3      0.0    25.89    36.22   5575.0    12.02    0.477      0.0    0.6576; 

 271     100.3      0.0    25.93    36.21   5543.6    12.09    0.480      0.0    0.6585; 

 272     100.3      0.0    25.96    36.19   5512.2    12.15    0.483      0.0    0.6595; 

 273     100.3      0.0    26.00    36.17   5480.7    12.22    0.486      0.0    0.6605; 
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 274     100.4      0.0    26.04    36.16   5449.2    12.30    0.490      0.0    0.6614; 

 275     100.4      0.0    26.08    36.14   5417.6    12.37    0.493      0.0    0.6624; 

 276     100.4      0.0    26.12    36.13   5386.0    12.44    0.496      0.0    0.6633; 

 277     100.4      0.0    26.15    36.11   5354.3    12.51    0.500      0.0    0.6643; 

 278     100.4      0.0    26.19    36.09   5322.5    12.59    0.503      0.0    0.6653; 

 279     100.4      0.0    26.23    36.08   5290.6    12.66    0.506      0.0    0.6662; 

 280     100.4      0.0    26.27    36.06   5258.6    12.74    0.510      0.0    0.6672; 

 281     100.4      0.0    26.31    36.04   5226.4    12.82    0.513      0.0    0.6682; 

 282     100.4      0.0    26.34    36.03   5194.2    12.90    0.517      0.0    0.6691; 

 283     100.4      0.0    26.38    36.01   5161.8    12.98    0.521      0.0    0.6701; 

 284     100.4      0.0    26.42    35.99   5129.2    13.06    0.524      0.0    0.6711; 

 285     100.4      0.0    26.46    35.98   5096.5    13.15    0.528      0.0    0.6721; 

 286     100.4      0.0    26.50    35.96   5063.6    13.23    0.532      0.0    0.6731; 

 287     100.4      0.0    26.54    35.94   5030.5    13.32    0.536      0.0    0.6742; 

 288     100.4      0.0    26.58    35.93   4997.2    13.41    0.540      0.0    0.6752; 

 289     100.5      0.0    26.62    35.91   4963.7    13.50    0.543      0.0    0.6763; 

 290     100.5      0.0    26.67    35.89   4929.9    13.59    0.547      0.0    0.6774; 

 291     100.5      0.0    26.71    35.88   4895.9    13.69    0.551      0.0    0.6785; 

 292     100.5      0.0    26.76    35.86   4861.6    13.78    0.556      0.0    0.6796; 

 293     100.5      0.0    26.80    35.84   4827.0    13.88    0.560      0.0    0.6808; 

 294     100.5      0.0    26.85    35.82   4792.1    13.98    0.564      0.0    0.6820; 

 295     100.5      0.0    26.90    35.80   4756.9    14.08    0.568      0.0    0.6832; 

 296     100.5      0.0    26.95    35.79   4721.3    14.19    0.573      0.0    0.6844; 

 297     100.5      0.0    27.00    35.77   4685.4    14.30    0.577      0.0    0.6858; 

 298     100.5      0.0    27.05    35.75   4650.0    14.41    0.581      0.0    0.6870; end overlap; 

 299     100.6      0.0    27.10    35.73   4615.1    14.52    0.586      0.0    0.6882; 

 300     100.6      0.0    27.14    35.71   4580.6    14.63    0.591      0.0    0.6894; 

 301     100.6      0.0    27.18    35.70   4546.5    14.74    0.595      0.0    0.6904; 

 302     100.6      0.0    27.22    35.68   4512.8    14.85    0.600      0.0    0.6914; 

 303     100.6      0.0    27.26    35.66   4479.4    14.96    0.605      0.0    0.6923; 

 304     100.6      0.0    27.29    35.64   4446.3    15.07    0.610      0.0    0.6931; 

 305     100.6      0.0    27.32    35.63   4413.5    15.18    0.615      0.0    0.6939; 

 306     100.6      0.0    27.35    35.61   4381.0    15.29    0.620      0.0    0.6946; 

 307     100.7      0.0    27.37    35.59   4348.7    15.41    0.625      0.0    0.6952; 

 308     100.7      0.0    27.39    35.58   4316.7    15.52    0.630      0.0    0.6958; 

 309     100.7      0.0    27.41    35.56   4284.8    15.64    0.636      0.0    0.6963; 

 310     100.7      0.0    27.43    35.55   4253.0    15.75    0.641      0.0    0.6967; 

 311     100.7      0.0    27.45    35.53   4221.3    15.87    0.647      0.0    0.6971; 

 312     100.7      0.0    27.46    35.51   4189.7    15.99    0.653      0.0    0.6975; 

 313     100.8      0.0    27.47    35.50   4158.1    16.11    0.659      0.0    0.6978; 

 314     100.8      0.0    27.48    35.48   4126.6    16.24    0.665      0.0    0.6980; 

 315     100.8      0.0    27.49    35.46   4095.0    16.36    0.671      0.0    0.6983; 

 316     100.8      0.0    27.50    35.45   4063.3    16.49    0.677      0.0    0.6985; 

 317     100.8      0.0    27.51    35.43   4031.6    16.62    0.683      0.0    0.6986; 

 318     100.9      0.0    27.51    35.42   3999.6    16.75    0.690      0.0    0.6988; 

 319     100.9      0.0    27.52    35.40   3967.5    16.89    0.697      0.0    0.6989; 

 320     100.9      0.0    27.52    35.38   3935.2    17.03    0.703      0.0    0.6990; 

 321     100.9      0.0    27.53    35.37   3902.6    17.17    0.710      0.0    0.6992; 

 322     100.9      0.0    27.53    35.35   3869.7    17.31    0.718      0.0    0.6993; 

 323     101.0      0.0    27.54    35.33   3836.4    17.46    0.725      0.0    0.6994; 

 324     101.0      0.0    27.54    35.32   3802.7    17.62    0.732      0.0    0.6996; 

 325     101.0      0.0    27.55    35.30   3768.5    17.78    0.740      0.0    0.6997; 

 326     101.1      0.0    27.56    35.28   3733.8    17.94    0.748      0.0    0.7000; 

 327     101.1      0.0    27.57    35.26   3698.6    18.11    0.756      0.0    0.7002; 

 328     101.1      0.0    27.58    35.24   3662.8    18.29    0.765      0.0    0.7005; 

 329     101.2      0.0    27.59    35.22   3626.2    18.48    0.773      0.0    0.7009; 
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 330     101.2      0.0    27.61    35.21   3589.0    18.67    0.782      0.0    0.7014; 

 331     101.2      0.0    27.63    35.19   3550.9    18.87    0.791      0.0    0.7019; 

 332     101.3      0.0    27.66    35.17   3512.0    19.08    0.800      0.0    0.7026; 

 333     101.3      0.0    27.69    35.15   3472.2    19.30    0.810      0.0    0.7033; 

 334     101.4      0.0    27.73    35.12   3431.4    19.53    0.820      0.0    0.7042; 

 335     101.4      0.0    27.77    35.10   3389.5    19.77    0.830      0.0    0.7053; 

 336     101.4      0.0    27.82    35.08   3346.6    20.02    0.841      0.0    0.7065; 

 337     101.5      0.0    27.87    35.06   3302.4    20.29    0.852      0.0    0.7080; 

 338     101.6      0.0    27.94    35.04   3257.0    20.57    0.863      0.0    0.7096; 

 339     101.6      0.0    28.01    35.01   3210.3    20.87    0.874      0.0    0.7115; 

 340     101.7      0.0    28.09    34.99   3162.2    21.19    0.886      0.0    0.7136; 

 341     101.7      0.0    28.19    34.96   3112.7    21.53    0.898      0.0    0.7160; 

 342     101.8      0.0    28.30    34.94   3061.6    21.88    0.911      0.0    0.7187; 

 343     101.9      0.0    28.42    34.91   3008.9    22.27    0.924      0.0    0.7218; 

 344     102.0      0.0    28.55    34.88   2954.5    22.68    0.938      0.0    0.7253; 

 345     102.0      0.0    28.71    34.85   2898.4    23.12    0.952      0.0    0.7292; 

 346     102.1      0.0    28.87    34.82   2841.6    23.58    0.966      0.0    0.7334; 

 347     102.2      0.0    29.05    34.79   2785.8    24.05    0.980      0.0    0.7378; 

 348     102.3      0.0    29.23    34.77   2731.1    24.53    0.994      0.0    0.7425; 

 349     102.4      0.0    29.43    34.74   2677.5    25.02    1.007      0.0    0.7474; 

 350     102.5      0.0    29.63    34.71   2624.9    25.52    1.020      0.0    0.7526; 

 351     102.6      0.0    29.85    34.68   2573.4    26.04    1.033      0.0    0.7581; 

 352     102.7      0.0    30.07    34.66   2522.9    26.56    1.046      0.0    0.7638; 

 353     102.7      0.0    30.30    34.63   2473.4    27.09    1.059      0.0    0.7697; 

 354     102.8      0.0    30.54    34.61   2424.9    27.63    1.071      0.0    0.7758; 

 355     102.9      0.0    30.79    34.58   2377.3    28.18    1.084      0.0    0.7822; 

 356     103.0      0.0    31.05    34.56   2330.6    28.75    1.096      0.0    0.7887; 

 357     103.1      0.0    31.32    34.54   2284.9    29.32    1.108      0.0    0.7955; 

 358     103.2      0.0    31.59    34.51   2240.1    29.91    1.120      0.0    0.8024; 

 359     103.3      0.0    31.87    34.49   2196.1    30.51    1.131      0.0    0.8096; 

 360     103.4      0.0    32.16    34.47   2153.0    31.12    1.143      0.0    0.8169; 

 361     103.5      0.0    32.46    34.45   2110.8    31.74    1.154      0.0    0.8244; 

 362     103.6      0.0    32.76    34.43   2069.3    32.38    1.166      0.0    0.8320; 

 363     103.7      0.0    33.07    34.41   2028.7    33.03    1.177      0.0    0.8399; 

 364     103.8      0.0    33.38    34.38   1988.9    33.69    1.188      0.0    0.8479; 

 365     103.9      0.0    33.70    34.36   1949.9    34.36    1.199      0.0    0.8561; 

 366     104.0      0.0    34.03    34.35   1911.6    35.05    1.210      0.0    0.8645; 

 367     104.1      0.0    34.37    34.33   1874.1    35.75    1.221      0.0    0.8730; 

 368     104.2      0.0    34.71    34.31   1837.4    36.47    1.231      0.0    0.8817; 

 369     104.3      0.0    35.06    34.29   1801.3    37.20    1.242      0.0    0.8905; 

 370     104.5      0.0    35.42    34.27   1766.0    37.94    1.252      0.0    0.8996; bottom hit;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   0.3817 

Lmz(m):   0.3817 

forced entrain      1     0.0  -1.357   0.900  0.0978 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3632 

 ; 

2:07:00 PM. amb fills: 4 
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Figure C.5.1: Plumes 18b solution of discharge plume trajectories for discharges of 0 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 5 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. Depth of maximum rise of the plume is Z = 

99.3 ft. at Xa = 0.800 ft from the point of discharge. The centerline of the plume is at an average 

distance of Xb = 1.252 ft from the point of discharge as the plume begins to impact the bottom at 

a depth of Z = 104.5 ft. 
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Figure C.5.2: Plumes 18b solution of vertical density profile for discharges of 0 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 5 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure C.5.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 0 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt. and 5 mgd of brine from the Doheny Desalination Project with a brine 

salinity of 67 ppt. Effective dilution is Sa = 12.09 at the maximum rise of the plume at Xa = 

6.038 ft. from the point of discharge. As the plume begins to impact the bottom, the plume 

centerline is at a distance of Xb = 10.14 ft from the point of discharge, where the effective 

dilution reaches Sa = 21.26. 
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C.6: Plumes 18b Results for SJCOO discharges of 0 mgd Wastewater and 3 mgd Brine: 

 
Contents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WW0mgd_b3mgd_D-1"  

memo 

SJCOO discharging 0 mgd wastewater and 3 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 1 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/14/2019 2:23:04 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW0mgd_b3mgd_D-1.001.db; Diffuser table record 1: ---------

------------------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   

Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     31.85       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07201 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  3.0000  67.000  20.660 67000.0 
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Simulation: 

Froude No:    -1.678; Strat No:-1.57E-4; Spcg No:   14.39; k: 22307.6; eff den (sigmaT)  49.48870; eff vel     

0.223(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)          (in)    (psu)    (ppm)         ()         (ft)         (ft)       (m) 

   0     100.0 1.000E-5    3.050    67.00  67000.0    1.000      0.0      0.0   0.07747; 

   1     100.0      0.0    3.055    66.89  66769.4    1.003  0.00219      0.0    0.0776; 

   2     100.0      0.0    3.092    66.23  65430.1    1.024  0.00299      0.0   0.07853; 

   3     100.0      0.0    3.154    65.59  64118.2    1.045   0.0033      0.0   0.08011; 

   4     100.0      0.0    3.218    64.95  62833.3    1.066  0.00342      0.0   0.08173; 

   5     100.0      0.0    3.283    64.33  61574.6    1.088  0.00347      0.0   0.08339; 

   6     100.0      0.0    3.349    63.73  60341.7    1.110  0.00349      0.0   0.08507; 

   7     100.0      0.0    3.417    63.13  59133.9    1.133  0.00349      0.0   0.08679; 

   8     100.0      0.0    3.486    62.55  57950.9    1.156   0.0035      0.0   0.08855; 

   9     100.0      0.0    3.557    61.98  56791.9    1.180   0.0035      0.0   0.09034; 

  10     100.0      0.0    3.628    61.41  55656.6    1.204   0.0035      0.0   0.09216; 

  11     100.0      0.0    3.702    60.86  54544.3    1.228   0.0035      0.0   0.09402; 

  12     100.0      0.0    3.776    60.33  53454.7    1.253   0.0035      0.0   0.09592; 

  13     100.0      0.0    3.853    59.80  52387.3    1.279   0.0035      0.0   0.09786; 

  14     100.0      0.0    3.930    59.28  51341.6    1.305   0.0035      0.0   0.09983; 

  15     100.0      0.0    4.010    58.77  50317.1    1.332   0.0035      0.0    0.1018; 

  16     100.0      0.0    4.091    58.27  49313.3    1.359   0.0205      0.0    0.1039; 

  17     100.0      0.0    4.153    58.00  48774.2    1.374   0.0231      0.0    0.1055; 

  18     100.0      0.0    4.217    57.52  47801.7    1.402    0.024      0.0    0.1071; 

  19     100.0      0.0    4.302    57.05  46849.0    1.430   0.0244      0.0    0.1093; 

  20     100.0      0.0    4.389    56.58  45915.5    1.459   0.0246      0.0    0.1115; 

  21     100.0      0.0    4.477    56.13  45000.9    1.489   0.0246      0.0    0.1137; 

  22     100.0      0.0    4.567    55.68  44104.9    1.519   0.0246      0.0    0.1160; 

  23     100.0      0.0    4.659    55.24  43226.9    1.550   0.0246      0.0    0.1183; 

  24     100.0      0.0    4.753    54.81  42366.6    1.581   0.0246      0.0    0.1207; 

  25     100.0      0.0    4.849    54.39  41523.7    1.614   0.0246      0.0    0.1232; 

  26     100.0      0.0    4.947    53.98  40697.9    1.646   0.0246      0.0    0.1256; 

  27     100.0      0.0    5.046    53.58  39888.6    1.680   0.0246      0.0    0.1282; 

  28     100.0      0.0    5.148    53.18  39095.7    1.714   0.0246      0.0    0.1308; 

  29     100.0      0.0    5.250    52.80  38341.3    1.747   0.0246      0.0    0.1334; begin overlap; 

  30     100.0      0.0    5.351    52.44  37623.1    1.781   0.0246      0.0    0.1359; 

  31     100.0      0.0    5.445    52.14  37022.9    1.810   0.0246      0.0    0.1383; 

  32     100.0      0.0    5.544    51.78  36287.6    1.846   0.0472      0.0    0.1408; 

  33     100.0      0.0    5.601    51.68  36098.3    1.856   0.0491      0.0    0.1423; 

  34     100.0      0.0    5.662    51.38  35493.1    1.888   0.0499      0.0    0.1438; 

  35     100.0      0.0    5.756    51.09  34913.6    1.919   0.0501      0.0    0.1462; 

  36     100.0      0.0    5.849    50.81  34361.7    1.950   0.0503      0.0    0.1486; 

  37     100.0      0.0    5.941    50.55  33835.4    1.980   0.0503      0.0    0.1509; 

  38     100.0      0.0    6.031    50.29  33332.8    2.010   0.0503      0.0    0.1532; 

  39     100.0      0.0    6.120    50.05  32852.2    2.039   0.0503      0.0    0.1555; 

  40     100.0      0.0    6.208    49.82  32392.0    2.068   0.0503      0.0    0.1577; 

  41     100.0      0.0    6.295    49.60  31950.9    2.097   0.0503      0.0    0.1599; 

  42     100.0      0.0    6.380    49.39  31527.5    2.125   0.0503      0.0    0.1620; 

  43     100.0      0.0    6.464    49.18  31120.7    2.153   0.0503      0.0    0.1642; 

  44     100.0      0.0    6.547    48.99  30729.4    2.180   0.0503      0.0    0.1663; 

  45     100.0      0.0    6.629    48.80  30353.0    2.207   0.0503      0.0    0.1684; 

  46     100.0      0.0    6.710    48.61  29980.9    2.235   0.0503      0.0    0.1704; 

  47     100.0      0.0    6.796    48.41  29586.9    2.265   0.0503      0.0    0.1726; 

  48     100.0      0.0    6.910    48.12  29000.8    2.310   0.0776      0.0    0.1755; 

  49     100.0      0.0    6.940    48.08  28933.6    2.316   0.0792      0.0    0.1763; 
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  50     100.0      0.0    6.985    47.92  28604.9    2.342   0.0798      0.0    0.1774; 

  51     100.0      0.0    7.062    47.76  28285.2    2.369   0.0801      0.0    0.1794; 

  52     100.0      0.0    7.140    47.60  27975.7    2.395   0.0802      0.0    0.1814; 

  53     100.0      0.0    7.218    47.45  27676.2    2.421   0.0802      0.0    0.1833; 

  54     100.0      0.0    7.295    47.30  27386.1    2.446   0.0802      0.0    0.1853; 

  55     100.0      0.0    7.371    47.16  27105.0    2.472   0.0802      0.0    0.1872; 

  56     100.0      0.0    7.446    47.02  26832.5    2.497   0.0802      0.0    0.1891; 

  57     100.0      0.0    7.520    46.89  26568.1    2.522   0.0802      0.0    0.1910; 

  58     100.0      0.0    7.594    46.76  26311.5    2.546   0.0802      0.0    0.1929; 

  59     100.0      0.0    7.667    46.63  26062.1    2.571   0.0802      0.0    0.1947; 

  60     100.0      0.0    7.739    46.51  25819.9    2.595   0.0802      0.0    0.1966; 

  61     100.0      0.0    7.811    46.39  25584.2    2.619   0.0802      0.0    0.1984; 

  62     100.0      0.0    7.882    46.28  25353.0    2.643   0.0802      0.0    0.2002; 

  63     100.0      0.0    7.953    46.16  25127.0    2.666   0.0802      0.0    0.2020; 

  64     100.0      0.0    8.069    45.91  24630.0    2.720    0.111      0.0    0.2050; 

  65     100.0      0.0    8.039    45.89  24595.0    2.724    0.112      0.0    0.2042; 

  66     100.0      0.0    8.076    45.78  24370.2    2.749    0.113      0.0    0.2051; 

  67     100.0      0.0    8.147    45.67  24149.9    2.774    0.113      0.0    0.2069; 

  68     100.0      0.0    8.219    45.56  23935.1    2.799    0.113      0.0    0.2088; 

  69     100.0      0.0    8.291    45.45  23725.9    2.824    0.113      0.0    0.2106; 

  70     100.0      0.0    8.363    45.35  23522.0    2.848    0.113      0.0    0.2124; 

  71     100.0      0.0    8.435    45.25  23323.3    2.873    0.113      0.0    0.2142; 

  72     100.0      0.0    8.506    45.15  23129.6    2.897    0.113      0.0    0.2160; 

  73     100.0      0.0    8.576    45.06  22940.7    2.921    0.113      0.0    0.2178; 

  74     100.0      0.0    8.646    44.96  22756.3    2.944    0.113      0.0    0.2196; 

  75     100.0      0.0    8.715    44.87  22576.4    2.968    0.113      0.0    0.2214; 

  76     100.0      0.0    8.784    44.78  22400.7    2.991    0.113      0.0    0.2231; 

  77     100.0      0.0    8.852    44.70  22229.0    3.014    0.113      0.0    0.2248; 

  78     100.0      0.0    8.919    44.61  22061.3    3.037    0.113      0.0    0.2265; 

  79     100.0      0.0    8.987    44.53  21894.6    3.060    0.113      0.0    0.2283; 

  80     100.0      0.0    9.050    44.46  21753.6    3.080    0.113      0.0    0.2299; 

  81     100.0      0.0    9.097    44.41  21667.9    3.092    0.113      0.0    0.2311; 

  82     100.0      0.0    9.206    44.20  21239.8    3.154    0.145      0.0    0.2338; 

  83     100.0      0.0    9.076    44.19  21217.9    3.158    0.147      0.0    0.2305; 

  84     100.0      0.0    9.107    44.10  21044.5    3.184    0.147      0.0    0.2313; 

  85     100.0      0.0    9.177    44.01  20873.7    3.210    0.148      0.0    0.2331; 

  86     100.0      0.0    9.249    43.93  20706.6    3.236    0.148      0.0    0.2349; 

  87     100.0      0.0    9.321    43.84  20543.3    3.261    0.148      0.0    0.2368; 

  88     100.0      0.0    9.394    43.76  20383.7    3.287    0.148      0.0    0.2386; 

  89     100.0      0.0    9.467    43.68  20227.8    3.312    0.148      0.0    0.2405; 

  90     100.0      0.0    9.539    43.61  20075.4    3.337    0.148      0.0    0.2423; 

  91     100.0      0.0    9.610    43.53  19926.4    3.362    0.148      0.0    0.2441; 

  92     100.0      0.0    9.681    43.46  19780.7    3.387    0.148      0.0    0.2459; 

  93     100.0      0.0    9.752    43.39  19638.2    3.412    0.148      0.0    0.2477; 

  94     100.0      0.0    9.822    43.32  19498.7    3.436    0.148      0.0    0.2495; 

  95     100.0      0.0    9.891    43.25  19362.2    3.460    0.148      0.0    0.2512; 

  96     100.0      0.0    9.960    43.18  19228.5    3.484    0.148      0.0    0.2530; 

  97     100.0      0.0    10.03    43.11  19097.7    3.508    0.148      0.0    0.2547; 

  98     100.0      0.0    10.10    43.05  18970.7    3.532    0.148      0.0    0.2564; 

  99     100.0      0.0    10.16    42.99  18850.8    3.554    0.148      0.0    0.2581; 

 100     100.0      0.0    10.22    42.93  18738.9    3.575    0.148      0.0    0.2597; 

 101     100.0      0.0    10.28    42.89  18656.2    3.591    0.148      0.0    0.2610; 

 102     100.1      0.0    10.40    42.70  18288.0    3.664    0.181      0.0    0.2642; 

 103     100.1      0.0    10.13    42.69  18272.3    3.667    0.183      0.0    0.2573; 

 104     100.1      0.0    10.16    42.62  18126.7    3.696    0.183      0.0    0.2581; 

 105     100.1      0.0    10.23    42.55  17982.9    3.726    0.184      0.0    0.2599; 
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 106     100.1      0.0    10.31    42.48  17841.9    3.755    0.184      0.0    0.2619; 

 107     100.1      0.0    10.39    42.41  17703.8    3.784    0.184      0.0    0.2639; 

 108     100.1      0.0    10.47    42.34  17568.8    3.814    0.184      0.0    0.2659; 

 109     100.1      0.0    10.55    42.27  17436.7    3.842    0.184      0.0    0.2679; 

 110     100.1      0.0    10.62    42.20  17307.5    3.871    0.184      0.0    0.2699; 

 111     100.1      0.0    10.70    42.14  17181.1    3.900    0.184      0.0    0.2718; 

 112     100.1      0.0    10.78    42.08  17057.5    3.928    0.184      0.0    0.2738; 

 113     100.1      0.0    10.86    42.02  16936.5    3.956    0.184      0.0    0.2758; 

 114     100.1      0.0    10.93    41.96  16818.1    3.984    0.184      0.0    0.2777; 

 115     100.1      0.0    11.01    41.90  16702.1    4.011    0.184      0.0    0.2797; 

 116     100.1      0.0    11.09    41.84  16588.5    4.039    0.184      0.0    0.2816; 

 117     100.1      0.0    11.16    41.78  16477.2    4.066    0.184      0.0    0.2835; 

 118     100.1      0.0    11.24    41.73  16368.1    4.093    0.184      0.0    0.2854; 

 119     100.1      0.0    11.31    41.67  16261.2    4.120    0.184      0.0    0.2873; 

 120     100.1      0.0    11.38    41.62  16156.2    4.147    0.184      0.0    0.2891; 

 121     100.1      0.0    11.46    41.57  16053.4    4.174    0.184      0.0    0.2910; 

 122     100.1      0.0    11.53    41.52  15952.6    4.200    0.184      0.0    0.2928; 

 123     100.1      0.0    11.60    41.47  15855.9    4.226    0.184      0.0    0.2947; 

 124     100.1      0.0    11.67    41.42  15755.6    4.252    0.184      0.0    0.2965; 

 125     100.1      0.0    11.75    41.36  15649.0    4.281    0.184      0.0    0.2984; 

 126     100.1      0.0    11.91    41.20  15340.5    4.368    0.218      0.0    0.3024; 

 127     100.1      0.0    11.44    41.20  15328.8    4.371    0.220      0.0    0.2906; 

 128     100.1      0.0    11.47    41.14  15203.5    4.407    0.221      0.0    0.2913; 

 129     100.1      0.0    11.55    41.07  15079.3    4.443    0.221      0.0    0.2933; 

 130     100.1      0.0    11.63    41.01  14957.2    4.479    0.222      0.0    0.2954; 

 131     100.1      0.0    11.72    40.95  14837.5    4.516    0.222      0.0    0.2976; 

 132     100.1      0.0    11.81    40.89  14720.2    4.552    0.222      0.0    0.2999; 

 133     100.1      0.0    11.90    40.83  14605.3    4.587    0.222      0.0    0.3021; 

 134     100.1      0.0    11.99    40.77  14493.0    4.623    0.222      0.0    0.3044; 

 135     100.1      0.0    12.08    40.72  14383.0    4.658    0.222      0.0    0.3067; 

 136     100.1      0.0    12.17    40.66  14275.5    4.693    0.222      0.0    0.3090; 

 137     100.1      0.0    12.26    40.61  14170.3    4.728    0.222      0.0    0.3113; 

 138     100.1      0.0    12.35    40.56  14067.3    4.763    0.223      0.0    0.3136; 

 139     100.1      0.0    12.43    40.51  13966.6    4.797    0.223      0.0    0.3158; 

 140     100.1      0.0    12.52    40.46  13868.0    4.831    0.223      0.0    0.3181; 

 141     100.1      0.0    12.61    40.41  13771.4    4.865    0.223      0.0    0.3203; 

 142     100.1      0.0    12.70    40.36  13676.8    4.899    0.223      0.0    0.3225; 

 143     100.1      0.0    12.79    40.31  13584.2    4.932    0.223      0.0    0.3247; 

 144     100.1      0.0    12.87    40.27  13493.4    4.965    0.223      0.0    0.3269; 

 145     100.1      0.0    12.96    40.22  13404.4    4.998    0.223      0.0    0.3291; 

 146     100.1      0.0    13.04    40.18  13317.2    5.031    0.223      0.0    0.3313; 

 147     100.1      0.0    13.13    40.13  13231.6    5.064    0.223      0.0    0.3334; 

 148     100.1      0.0    13.21    40.09  13147.7    5.096    0.223      0.0    0.3356; 

 149     100.1      0.0    13.29    40.05  13065.4    5.128    0.223      0.0    0.3377; 

 150     100.1      0.0    13.38    40.01  12984.6    5.160    0.223      0.0    0.3398; 

 151     100.1      0.0    13.46    39.97  12905.3    5.192    0.223      0.0    0.3419; 

 152     100.1      0.0    13.54    39.93  12827.5    5.223    0.223      0.0    0.3440; 

 153     100.1      0.0    13.62    39.89  12751.0    5.254    0.223      0.0    0.3460; 

 154     100.1      0.0    13.70    39.85  12676.0    5.286    0.223      0.0    0.3481; 

 155     100.1      0.0    13.79    39.81  12602.2    5.317    0.223      0.0    0.3501; 

 156     100.1      0.0    13.87    39.77  12529.6    5.347    0.223      0.0    0.3522; 

 157     100.1      0.0    13.95    39.74  12458.4    5.378    0.223      0.0    0.3542; 

 158     100.1      0.0    14.02    39.70  12388.7    5.408    0.223      0.0    0.3562; 

 159     100.1      0.0    14.10    39.67  12318.2    5.439    0.223      0.0    0.3582; 

 160     100.1      0.0    14.18    39.63  12249.7    5.470    0.223      0.0    0.3602; 

 161     100.1      0.0    14.27    39.59  12174.1    5.503    0.223      0.0    0.3624; 
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 162     100.1      0.0    14.38    39.53  12056.1    5.557    0.223      0.0    0.3653; 

 163     100.1      0.0    14.49    39.50  11990.5    5.588    0.223      0.0    0.3680; 

 164     100.1      0.0    14.56    39.47  11938.4    5.612    0.223      0.0    0.3698; 

 165     100.1      0.0    14.61    39.46  11903.6    5.629    0.223      0.0    0.3712; 

 166     100.1      0.0    14.78    39.34  11669.2    5.742    0.259      0.0    0.3754; 

 167     100.1      0.0    13.88    39.33  11662.2    5.745    0.261      0.0    0.3525; 

 168     100.1      0.0    13.90    39.28  11565.7    5.793    0.262      0.0    0.3531; 

 169     100.1      0.0    13.99    39.23  11469.7    5.841    0.263      0.0    0.3553; 

 170     100.1      0.0    14.07    39.19  11374.5    5.890    0.264      0.0    0.3575; 

 171     100.1      0.0    14.16    39.14  11280.4    5.940    0.265      0.0    0.3597; 

 172     100.1      0.0    14.25    39.09  11187.3    5.989    0.266      0.0    0.3620; 

 173     100.1      0.0    14.35    39.04  11095.3    6.039    0.266      0.0    0.3644; 

 174     100.1      0.0    14.44    39.00  11004.5    6.088    0.267      0.0    0.3668; 

 175     100.1      0.0    14.53    38.95  10914.9    6.138    0.268      0.0    0.3692; 

 176     100.2      0.0    14.63    38.91  10826.5    6.189    0.269      0.0    0.3716; 

 177     100.2      0.0    14.73    38.86  10739.2    6.239    0.269      0.0    0.3740; 

 178     100.2      0.0    14.82    38.82  10653.1    6.289    0.270      0.0    0.3765; 

 179     100.2      0.0    14.92    38.77  10568.1    6.340    0.271      0.0    0.3789; 

 180     100.2      0.0    15.01    38.73  10484.2    6.391    0.272      0.0    0.3814; 

 181     100.2      0.0    15.11    38.69  10401.5    6.441    0.272      0.0    0.3838; 

 182     100.2      0.0    15.21    38.65  10319.8    6.492    0.273      0.0    0.3863; 

 183     100.2      0.0    15.30    38.61  10239.2    6.544    0.274      0.0    0.3887; 

 184     100.2      0.0    15.40    38.57  10159.5    6.595    0.275      0.0    0.3911; 

 185     100.2      0.0    15.49    38.53  10080.8    6.646    0.275      0.0    0.3935; 

 186     100.2      0.0    15.59    38.49  10003.0    6.698    0.276      0.0    0.3959; 

 187     100.2      0.0    15.68    38.45   9926.0    6.750    0.277      0.0    0.3982; 

 188     100.2      0.0    15.77    38.41   9849.8    6.802    0.278      0.0    0.4006; 

 189     100.2      0.0    15.86    38.37   9774.4    6.855    0.279      0.0    0.4029; 

 190     100.2      0.0    15.95    38.33   9699.6    6.907    0.280      0.0    0.4051; 

 191     100.2      0.0    16.04    38.29   9625.4    6.961    0.281      0.0    0.4073; 

 192     100.2      0.0    16.12    38.26   9551.7    7.014    0.282      0.0    0.4095; 

 193     100.2      0.0    16.20    38.22   9478.4    7.069    0.283      0.0    0.4116; 

 194     100.2      0.0    16.28    38.18   9405.5    7.124    0.284      0.0    0.4136; 

 195     100.2      0.0    16.36    38.14   9332.7    7.179    0.286      0.0    0.4155; 

 196     100.2      0.0    16.43    38.11   9263.3    7.233    0.287      0.0    0.4173; 

 197     100.2      0.0    16.49    38.08   9197.6    7.285    0.289      0.0    0.4189; 

 198     100.2      0.0    16.55    38.04   9132.4    7.337    0.290      0.0    0.4203; 

 199     100.2      0.0    16.61    38.01   9067.8    7.389    0.292      0.0    0.4218; 

 200     100.2      0.0    16.66    37.98   9003.7    7.441    0.293      0.0    0.4232; 

 201     100.2      0.0    16.72    37.94   8940.2    7.494    0.295      0.0    0.4246; 

 202     100.2      0.0    16.77    37.91   8877.2    7.547    0.297      0.0    0.4260; 

 203     100.2      0.0    16.83    37.88   8814.7    7.601    0.298      0.0    0.4274; 

 204     100.2      0.0    16.88    37.85   8752.7    7.655    0.300      0.0    0.4288; 

 205     100.2      0.0    16.94    37.82   8691.1    7.709    0.301      0.0    0.4302; 

 206     100.2      0.0    16.99    37.79   8630.0    7.764    0.303      0.0    0.4315; 

 207     100.2      0.0    17.04    37.75   8569.3    7.819    0.305      0.0    0.4328; 

 208     100.2      0.0    17.09    37.72   8509.0    7.874    0.306      0.0    0.4341; 

 209     100.2      0.0    17.14    37.69   8449.1    7.930    0.308      0.0    0.4354; 

 210     100.2      0.0    17.19    37.66   8389.5    7.986    0.310      0.0    0.4367; 

 211     100.2      0.0    17.24    37.63   8330.4    8.043    0.311      0.0    0.4380; 

 212     100.2      0.0    17.29    37.60   8271.6    8.100    0.313      0.0    0.4393; 

 213     100.2      0.0    17.34    37.57   8213.1    8.158    0.315      0.0    0.4405; 

 214     100.2      0.0    17.39    37.54   8154.9    8.216    0.317      0.0    0.4418; 

 215     100.2      0.0    17.44    37.51   8097.0    8.275    0.318      0.0    0.4430; 

 216     100.2      0.0    17.49    37.48   8039.5    8.334    0.320      0.0    0.4442; 

 217     100.2      0.0    17.54    37.45   7982.1    8.394    0.322      0.0    0.4454; 
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 218     100.2      0.0    17.58    37.42   7925.1    8.454    0.324      0.0    0.4466; 

 219     100.2      0.0    17.63    37.40   7868.2    8.515    0.326      0.0    0.4478; 

 220     100.2      0.0    17.67    37.37   7811.6    8.577    0.328      0.0    0.4489; 

 221     100.2      0.0    17.72    37.34   7755.2    8.639    0.329      0.0    0.4501; 

 222     100.3      0.0    17.77    37.31   7699.0    8.702    0.331      0.0    0.4512; 

 223     100.3      0.0    17.81    37.28   7642.9    8.766    0.333      0.0    0.4524; 

 224     100.3      0.0    17.86    37.25   7587.0    8.831    0.335      0.0    0.4535; 

 225     100.3      0.0    17.90    37.22   7531.3    8.896    0.337      0.0    0.4546; 

 226     100.3      0.0    17.94    37.20   7475.6    8.962    0.339      0.0    0.4558; 

 227     100.3      0.0    17.99    37.17   7420.1    9.030    0.341      0.0    0.4569; 

 228     100.3      0.0    18.03    37.14   7364.6    9.098    0.343      0.0    0.4580; 

 229     100.3      0.0    18.07    37.11   7309.2    9.167    0.345      0.0    0.4591; 

 230     100.3      0.0    18.12    37.08   7253.8    9.237    0.348      0.0    0.4602; 

 231     100.3      0.0    18.16    37.05   7198.5    9.308    0.350      0.0    0.4613; 

 232     100.3      0.0    18.20    37.03   7143.2    9.380    0.352      0.0    0.4624; 

 233     100.3      0.0    18.25    37.00   7087.8    9.453    0.354      0.0    0.4635; 

 234     100.3      0.0    18.29    36.97   7032.4    9.527    0.356      0.0    0.4646; 

 235     100.3      0.0    18.33    36.94   6977.0    9.603    0.359      0.0    0.4657; 

 236     100.3      0.0    18.38    36.91   6921.4    9.680    0.361      0.0    0.4668; 

 237     100.3      0.0    18.42    36.88   6865.8    9.759    0.363      0.0    0.4679; 

 238     100.3      0.0    18.46    36.85   6810.0    9.838    0.366      0.0    0.4690; 

 239     100.3      0.0    18.51    36.83   6754.1    9.920    0.368      0.0    0.4701; 

 240     100.3      0.0    18.55    36.80   6698.0    10.00    0.370      0.0    0.4712; 

 241     100.3      0.0    18.60    36.77   6641.6    10.09    0.373      0.0    0.4724; 

 242     100.3      0.0    18.64    36.74   6585.1    10.17    0.375      0.0    0.4735; 

 243     100.4      0.0    18.69    36.71   6528.2    10.26    0.378      0.0    0.4747; 

 244     100.4      0.0    18.74    36.68   6471.0    10.35    0.380      0.0    0.4759; 

 245     100.4      0.0    18.78    36.65   6413.5    10.45    0.383      0.0    0.4771; 

 246     100.4      0.0    18.83    36.62   6355.6    10.54    0.386      0.0    0.4783; 

 247     100.4      0.0    18.88    36.59   6297.4    10.64    0.389      0.0    0.4796; 

 248     100.4      0.0    18.93    36.56   6240.4    10.74    0.391      0.0    0.4808; end overlap; 

 249     100.4      0.0    18.97    36.53   6184.4    10.83    0.394      0.0    0.4819; 

 250     100.4      0.0    19.02    36.51   6129.4    10.93    0.397      0.0    0.4830; 

 251     100.4      0.0    19.05    36.48   6075.3    11.03    0.400      0.0    0.4840; 

 252     100.4      0.0    19.09    36.45   6022.1    11.13    0.403      0.0    0.4848; 

 253     100.4      0.0    19.12    36.43   5969.8    11.22    0.406      0.0    0.4857; 

 254     100.4      0.0    19.15    36.40   5918.2    11.32    0.409      0.0    0.4864; 

 255     100.5      0.0    19.17    36.37   5867.2    11.42    0.412      0.0    0.4870; 

 256     100.5      0.0    19.20    36.35   5816.9    11.52    0.415      0.0    0.4876; 

 257     100.5      0.0    19.22    36.32   5767.2    11.62    0.419      0.0    0.4881; 

 258     100.5      0.0    19.23    36.30   5718.0    11.72    0.422      0.0    0.4885; 

 259     100.5      0.0    19.25    36.27   5669.2    11.82    0.425      0.0    0.4889; 

 260     100.5      0.0    19.26    36.25   5620.8    11.92    0.429      0.0    0.4892; 

 261     100.5      0.0    19.27    36.22   5572.7    12.02    0.433      0.0    0.4894; 

 262     100.5      0.0    19.28    36.20   5524.8    12.13    0.436      0.0    0.4896; 

 263     100.5      0.0    19.28    36.17   5477.0    12.23    0.440      0.0    0.4897; 

 264     100.6      0.0    19.28    36.15   5429.4    12.34    0.444      0.0    0.4898; 

 265     100.6      0.0    19.29    36.12   5381.8    12.45    0.448      0.0    0.4899; 

 266     100.6      0.0    19.29    36.10   5334.1    12.56    0.452      0.0    0.4899; 

 267     100.6      0.0    19.29    36.08   5286.2    12.67    0.456      0.0    0.4899; 

 268     100.6      0.0    19.28    36.05   5238.1    12.79    0.461      0.0    0.4898; 

 269     100.6      0.0    19.28    36.03   5189.7    12.91    0.465      0.0    0.4897; 

 270     100.7      0.0    19.28    36.00   5140.9    13.03    0.470      0.0    0.4897; 

 271     100.7      0.0    19.27    35.98   5091.5    13.16    0.474      0.0    0.4896; 

 272     100.7      0.0    19.27    35.95   5041.6    13.29    0.479      0.0    0.4895; 

 273     100.7      0.0    19.27    35.92   4990.9    13.42    0.484      0.0    0.4894; 
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 274     100.7      0.0    19.27    35.90   4939.4    13.56    0.489      0.0    0.4894; 

 275     100.8      0.0    19.27    35.87   4886.9    13.71    0.495      0.0    0.4893; 

 276     100.8      0.0    19.27    35.84   4833.4    13.86    0.500      0.0    0.4894; 

 277     100.8      0.0    19.27    35.82   4778.8    14.02    0.506      0.0    0.4895; 

 278     100.9      0.0    19.28    35.79   4722.8    14.19    0.512      0.0    0.4896; 

 279     100.9      0.0    19.28    35.76   4665.4    14.36    0.518      0.0    0.4898; 

 280     100.9      0.0    19.30    35.73   4606.4    14.54    0.524      0.0    0.4902; 

 281     100.9      0.0    19.31    35.70   4545.7    14.74    0.530      0.0    0.4906; 

 282     101.0      0.0    19.34    35.66   4483.2    14.94    0.537      0.0    0.4912; 

 283     101.0      0.0    19.37    35.63   4418.7    15.16    0.544      0.0    0.4919; 

 284     101.1      0.0    19.40    35.60   4352.0    15.40    0.551      0.0    0.4928; 

 285     101.1      0.0    19.44    35.56   4283.0    15.64    0.559      0.0    0.4939; 

 286     101.2      0.0    19.50    35.52   4211.5    15.91    0.566      0.0    0.4952; 

 287     101.2      0.0    19.56    35.49   4137.4    16.19    0.574      0.0    0.4968; 

 288     101.3      0.0    19.63    35.45   4060.6    16.50    0.583      0.0    0.4987; 

 289     101.3      0.0    19.72    35.41   3980.8    16.83    0.592      0.0    0.5008; 

 290     101.4      0.0    19.81    35.37   3902.7    17.17    0.600      0.0    0.5031; 

 291     101.4      0.0    19.90    35.33   3826.0    17.51    0.608      0.0    0.5056; 

 292     101.5      0.0    20.01    35.29   3750.9    17.86    0.617      0.0    0.5083; 

 293     101.6      0.0    20.13    35.25   3677.3    18.22    0.625      0.0    0.5112; 

 294     101.6      0.0    20.25    35.21   3605.1    18.58    0.633      0.0    0.5143; 

 295     101.7      0.0    20.38    35.18   3534.3    18.96    0.640      0.0    0.5177; 

 296     101.7      0.0    20.52    35.14   3464.9    19.34    0.648      0.0    0.5212; 

 297     101.8      0.0    20.66    35.11   3396.9    19.72    0.655      0.0    0.5249; 

 298     101.9      0.0    20.82    35.07   3330.2    20.12    0.663      0.0    0.5287; 

 299     101.9      0.0    20.97    35.04   3264.8    20.52    0.670      0.0    0.5328; 

 300     102.0      0.0    21.14    35.01   3200.7    20.93    0.677      0.0    0.5369; 

 301     102.1      0.0    21.31    34.97   3137.9    21.35    0.684      0.0    0.5413; 

 302     102.1      0.0    21.49    34.94   3076.3    21.78    0.691      0.0    0.5457; 

 303     102.2      0.0    21.67    34.91   3015.9    22.22    0.698      0.0    0.5503; 

 304     102.2      0.0    21.85    34.88   2956.7    22.66    0.705      0.0    0.5551; 

 305     102.3      0.0    22.05    34.85   2898.7    23.11    0.712      0.0    0.5600; 

 306     102.4      0.0    22.24    34.82   2841.8    23.58    0.718      0.0    0.5650; 

 307     102.5      0.0    22.44    34.79   2786.0    24.05    0.725      0.0    0.5701; 

 308     102.5      0.0    22.65    34.77   2731.3    24.53    0.731      0.0    0.5754; 

 309     102.6      0.0    22.86    34.74   2677.7    25.02    0.738      0.0    0.5807; 

 310     102.7      0.0    23.08    34.71   2625.2    25.52    0.744      0.0    0.5862; 

 311     102.7      0.0    23.30    34.68   2573.6    26.03    0.750      0.0    0.5919; 

 312     102.8      0.0    23.53    34.66   2523.1    26.55    0.757      0.0    0.5976; 

 313     102.9      0.0    23.76    34.63   2473.6    27.09    0.763      0.0    0.6034; 

 314     102.9      0.0    23.99    34.61   2425.1    27.63    0.769      0.0    0.6094; 

 315     103.0      0.0    24.23    34.58   2377.5    28.18    0.775      0.0    0.6155; 

 316     103.1      0.0    24.48    34.56   2330.8    28.75    0.781      0.0    0.6217; 

 317     103.2      0.0    24.73    34.54   2285.1    29.32    0.787      0.0    0.6280; 

 318     103.3      0.0    24.98    34.51   2240.2    29.91    0.793      0.0    0.6345; 

 319     103.3      0.0    25.24    34.49   2196.3    30.51    0.799      0.0    0.6410; 

 320     103.4      0.0    25.50    34.47   2153.2    31.12    0.805      0.0    0.6476; 

 321     103.5      0.0    25.76    34.45   2110.9    31.74    0.810      0.0    0.6544; 

 322     103.6      0.0    26.04    34.43   2069.5    32.37    0.816      0.0    0.6613; 

 323     103.6      0.0    26.31    34.41   2028.9    33.02    0.822      0.0    0.6683; 

 324     103.7      0.0    26.59    34.38   1989.1    33.68    0.827      0.0    0.6754; 

 325     103.8      0.0    26.87    34.36   1950.1    34.36    0.833      0.0    0.6826; 

 326     103.9      0.0    27.16    34.35   1911.8    35.05    0.838      0.0    0.6899; 

 327     104.0      0.0    27.46    34.33   1874.3    35.75    0.844      0.0    0.6974; 

 328     104.1      0.0    27.75    34.31   1837.5    36.46    0.849      0.0    0.7049; 

 329     104.2      0.0    28.06    34.29   1801.4    37.19    0.855      0.0    0.7126; 
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 330     104.2      0.0    28.36    34.27   1766.1    37.94    0.860      0.0    0.7204; 

 331     104.3      0.0    28.67    34.25   1731.5    38.70    0.866      0.0    0.7283; 

 332     104.4      0.0    28.99    34.24   1697.5    39.47    0.871      0.0    0.7363; 

 333     104.5      0.0    29.31    34.22   1664.2    40.26    0.876      0.0    0.7444; bottom hit;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   0.2671 

Lmz(m):   0.2671 

forced entrain      1     0.0  -1.375   0.744  0.0595 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3632 

 ; 

2:23:05 PM. amb fills: 4 
 

 
 

Figure C.6.1: Plumes 18b solution of discharge plume trajectories for discharges of 0 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 3 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. Depth of maximum rise of the plume is Z = 

99.8 ft. at Xa = 0.750 ft from the point of discharge. The centerline of the plume is at an average 

distance of Xb = 0.876 ft from the point of discharge as the plume begins to impact the bottom at 

a depth of Z = 104.5 ft. 
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Figure C.6.2: Plumes 18b solution of vertical density profile for discharges of 0 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 3 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure C.6.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 0 mgd of SOCWA wastewater at average 

annual TDS = 1.25 ppt. and 3 mgd of brine from the Doheny Desalination Project with a brine 

salinity of 67 ppt. Effective dilution is Sa = 26.03 at the maximum rise of the plume at Xa = 

0.750 ft. from the point of discharge. As the plume begins to impact the bottom, the plume 

centerline is at a distance of Xb = 0.876 ft from the point of discharge, where the effective 

dilution reaches Sa = 40.26. 
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C.7: Plumes 18b Results for SJCOO discharges of 0.35 mgd Wastewater and 5 mgd Brine: 

 
 

Contents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WW0.35mgd_b5mgd_D-1"  

memo 

SJCOO discharging 0.35 mgd wastewater and 5 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 1 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/14/2019 2:50:38 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WW0.35mgd_b5mgd_D-1.001.db; Diffuser table record 1: ------

---------------------------- 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   

Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     31.85       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07201 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 

  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  5.3500  62.630  20.660 62630.0 
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Simulation: 

Froude No:    -3.226; Strat No:-1.84E-4; Spcg No:   14.39; k: 39781.8; eff den (sigmaT)  46.00388; eff vel     

0.398(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)         (in)    (psu)    (ppm)         ()          (ft)         (ft)       (m) 

   0     100.0 1.000E-5    3.050    62.63  62630.0    1.000      0.0      0.0   0.07747; 

   1     100.0      0.0    3.059    62.45  62246.6    1.006  0.00389      0.0   0.07771; 

   2     100.0      0.0    3.100    61.88  61002.2    1.027  0.00642      0.0   0.07873; 

   3     100.0      0.0    3.162    61.32  59783.1    1.048   0.0082      0.0   0.08032; 

   4     100.0      0.0    3.226    60.78  58588.9    1.069   0.0095      0.0   0.08195; 

   5     100.0      0.0    3.291    60.24  57418.9    1.091   0.0105      0.0    0.0836; 

   6     100.0      0.0    3.358    59.71  56272.7    1.113   0.0112      0.0   0.08529; 

   7     100.0      0.0    3.426    59.20  55149.8    1.136   0.0118      0.0   0.08701; 

   8     100.0      0.0    3.495    58.69  54049.7    1.159   0.0123      0.0   0.08876; 

   9     100.0      0.0    3.565    58.19  52971.8    1.182   0.0126      0.0   0.09055; 

  10     100.0      0.0    3.637    57.71  51915.9    1.206   0.0129      0.0   0.09238; 

  11     100.0      0.0    3.710    57.23  50881.3    1.231   0.0131      0.0   0.09424; 

  12     100.0      0.0    3.785    56.76  49867.6    1.256   0.0133      0.0   0.09614; 

  13     100.0      0.0    3.861    56.30  48874.4    1.281   0.0134      0.0   0.09808; 

  14     100.0      0.0    3.939    55.85  47901.3    1.307   0.0136      0.0    0.1001; 

  15     100.0      0.0    4.019    55.41  46947.9    1.334   0.0136      0.0    0.1021; 

  16     100.0      0.0    4.100    54.98  46013.7    1.361   0.0137      0.0    0.1041; 

  17     100.0      0.0    4.182    54.55  45098.4    1.389   0.0138      0.0    0.1062; 

  18     100.0      0.0    4.267    54.14  44201.5    1.417   0.0138      0.0    0.1084; 

  19     100.0      0.0    4.353    53.73  43322.7    1.446   0.0139      0.0    0.1106; 

  20     100.0      0.0    4.440    53.33  42461.6    1.475   0.0139      0.0    0.1128; 

  21     100.0      0.0    4.530    52.94  41617.8    1.505   0.0139      0.0    0.1151; 

  22     100.0      0.0    4.621    52.56  40791.0    1.535   0.0139      0.0    0.1174; 

  23     100.0      0.0    4.714    52.18  39980.9    1.566   0.0139      0.0    0.1197; 

  24     100.0      0.0    4.809    51.81  39187.0    1.598    0.014      0.0    0.1221; 

  25     100.0      0.0    4.905    51.45  38409.1    1.631    0.014      0.0    0.1246; 

  26     100.0      0.0    5.004    51.10  37646.8    1.664    0.014      0.0    0.1271; 

  27     100.0      0.0    5.105    50.75  36899.8    1.697    0.014      0.0    0.1297; 

  28     100.0      0.0    5.208    50.41  36167.8    1.732    0.014      0.0    0.1323; 

  29     100.0      0.0    5.312    50.07  35450.5    1.767    0.014      0.0    0.1349; 

  30     100.0      0.0    5.419    49.74  34747.5    1.802    0.014      0.0    0.1376; 

  31     100.0      0.0    5.528    49.42  34058.7    1.839    0.014      0.0    0.1404; 

  32     100.0      0.0    5.639    49.11  33383.6    1.876    0.014      0.0    0.1432; 

  33     100.0      0.0    5.753    48.80  32722.1    1.914    0.014      0.0    0.1461; 

  34     100.0      0.0    5.868    48.50  32073.8    1.953    0.014      0.0    0.1491; 

  35     100.0      0.0    5.986    48.20  31438.5    1.992    0.014      0.0    0.1521; 

  36     100.0      0.0    6.107    47.91  30815.9    2.032    0.014      0.0    0.1551; 

  37     100.0      0.0    6.230    47.62  30205.7    2.073    0.014      0.0    0.1582; 

  38     100.0      0.0    6.355    47.34  29607.7    2.115    0.014      0.0    0.1614; 

  39     100.0      0.0    6.482    47.07  29021.7    2.158    0.014      0.0    0.1647; 

  40     100.0      0.0    6.613    46.80  28447.4    2.202    0.014      0.0    0.1680; 

  41     100.0      0.0    6.746    46.54  27884.5    2.246    0.014      0.0    0.1713; 

  42     100.0      0.0    6.881    46.28  27332.9    2.291    0.014      0.0    0.1748; 

  43     100.0      0.0    7.019    46.03  26792.3    2.338    0.014      0.0    0.1783; 

  44     100.0      0.0    7.160    45.78  26262.4    2.385    0.014      0.0    0.1819; 

  45     100.0      0.0    7.304    45.53  25743.2    2.433    0.014      0.0    0.1855; 

  46     100.0      0.0    7.451    45.30  25234.2    2.482    0.014      0.0    0.1893; 

  47     100.0      0.0    7.600    45.06  24735.5    2.532    0.014      0.0    0.1931; 

  48     100.0      0.0    7.753    44.83  24246.6    2.583    0.014      0.0    0.1969; 
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  49     100.0      0.0    7.909    44.61  23767.5    2.635    0.014      0.0    0.2009; 

  50     100.0      0.0    8.068    44.39  23297.9    2.688    0.014      0.0    0.2049; 

  51     100.0      0.0    8.229    44.17  22837.7    2.742    0.014      0.0    0.2090; 

  52     100.0      0.0    8.395    43.96  22386.6    2.798    0.014      0.0    0.2132; 

  53     100.0      0.0    8.563    43.75  21944.5    2.854    0.014      0.0    0.2175; 

  54     100.0      0.0    8.729    43.56  21542.8    2.907    0.014      0.0    0.2217; begin overlap; 

  55     100.0      0.0    8.865    43.44  21273.9    2.944    0.014      0.0    0.2252; 

  56     100.0      0.0    9.009    43.24  20853.9    3.003   0.0509      0.0    0.2288; 

  57     100.0      0.0    9.118    43.19  20743.5    3.019   0.0552      0.0    0.2316; end overlap; 

  58     100.0      0.0    9.233    42.99  20334.1    3.080   0.0584      0.0    0.2345; 

  59     100.0      0.0    9.417    42.81  19932.8    3.142   0.0607      0.0    0.2392; 

  60     100.0      0.0    9.605    42.62  19539.4    3.205   0.0625      0.0    0.2440; 

  61     100.0      0.0    9.797    42.44  19153.9    3.270   0.0638      0.0    0.2489; 

  62     100.0      0.0    9.993    42.26  18778.5    3.335   0.0649      0.0    0.2538; begin overlap; 

  63     100.0      0.0    10.19    42.10  18424.5    3.399   0.0657      0.0    0.2588; 

  64     100.0      0.0    10.38    41.94  18090.0    3.462   0.0663      0.0    0.2636; 

  65     100.0      0.0    10.57    41.79  17773.2    3.524   0.0668      0.0    0.2684; 

  66     100.0      0.0    10.75    41.65  17472.7    3.584   0.0671      0.0    0.2731; 

  67     100.0      0.0    10.93    41.51  17187.1    3.644   0.0674      0.0    0.2777; 

  68     100.0      0.0    11.11    41.38  16915.2    3.703   0.0677      0.0    0.2822; 

  69     100.0      0.0    11.28    41.26  16656.0    3.760   0.0679      0.0    0.2866; 

  70     100.0      0.0    11.46    41.14  16408.4    3.817    0.068      0.0    0.2910; 

  71     100.0      0.0    11.63    41.03  16171.7    3.873   0.0681      0.0    0.2953; 

  72     100.0      0.0    11.79    40.93  15945.1    3.928   0.0682      0.0    0.2996; 

  73     100.0      0.0    11.96    40.82  15727.8    3.982   0.0683      0.0    0.3037; 

  74     100.0      0.0    12.12    40.73  15519.2    4.036   0.0683      0.0    0.3079; 

  75     100.0      0.0    12.28    40.63  15318.8    4.088   0.0684      0.0    0.3119; 

  76     100.0      0.0    12.44    40.54  15126.1    4.141   0.0684      0.0    0.3160; 

  77     100.0      0.0    12.60    40.45  14940.5    4.192   0.0685      0.0    0.3199; 

  78     100.0      0.0    12.75    40.37  14761.7    4.243   0.0685      0.0    0.3238; 

  79     100.0      0.0    12.90    40.29  14589.2    4.293   0.0685      0.0    0.3277; 

  80     100.0      0.0    13.05    40.21  14422.6    4.342   0.0685      0.0    0.3315; 

  81     100.0      0.0    13.20    40.13  14261.7    4.391   0.0685      0.0    0.3353; 

  82     100.0      0.0    13.35    40.06  14106.1    4.440   0.0685      0.0    0.3390; 

  83     100.0      0.0    13.49    39.99  13955.5    4.488   0.0685      0.0    0.3427; 

  84     100.0      0.0    13.64    39.92  13809.7    4.535   0.0685      0.0    0.3464; 

  85     100.0      0.0    13.78    39.85  13668.4    4.582   0.0685      0.0    0.3500; 

  86     100.0      0.0    13.92    39.79  13531.4    4.628   0.0686      0.0    0.3536; 

  87     100.0      0.0    14.06    39.72  13398.5    4.674   0.0686      0.0    0.3571; 

  88     100.0      0.0    14.20    39.66  13269.4    4.720   0.0686      0.0    0.3606; 

  89     100.0      0.0    14.33    39.60  13144.1    4.765   0.0686      0.0    0.3641; 

  90     100.0      0.0    14.47    39.55  13022.2    4.809   0.0686      0.0    0.3675; 

  91     100.0      0.0    14.60    39.49  12903.7    4.854   0.0686      0.0    0.3709; 

  92     100.0      0.0    14.73    39.44  12788.4    4.897   0.0686      0.0    0.3743; 

  93     100.0      0.0    14.87    39.38  12676.2    4.941   0.0686      0.0    0.3776; 

  94     100.0      0.0    15.00    39.33  12566.9    4.984   0.0686      0.0    0.3809; 

  95     100.0      0.0    15.13    39.28  12460.3    5.026   0.0686      0.0    0.3842; 

  96     100.0      0.0    15.25    39.23  12356.5    5.069   0.0686      0.0    0.3874; 

  97     100.0      0.0    15.38    39.18  12255.2    5.110   0.0686      0.0    0.3907; 

  98     100.0      0.0    15.51    39.14  12156.4    5.152   0.0686      0.0    0.3938; 

  99     100.0      0.0    15.63    39.09  12060.0    5.193   0.0686      0.0    0.3970; 

 100     100.0      0.0    15.75    39.05  11965.9    5.234   0.0686      0.0    0.4002; 

 101     100.0      0.0    15.88    39.00  11873.9    5.275   0.0686      0.0    0.4033; 

 102     100.0      0.0    16.00    38.96  11784.0    5.315   0.0686      0.0    0.4064; 

 103     100.0      0.0    16.12    38.92  11696.0    5.355   0.0686      0.0    0.4094; 

 104     100.0      0.0    16.24    38.88  11610.1    5.394   0.0686      0.0    0.4125; 
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 105     100.0      0.0    16.36    38.84  11525.2    5.434   0.0686      0.0    0.4155; 

 106     100.0      0.0    16.48    38.80  11443.4    5.473   0.0686      0.0    0.4185; 

 107     100.0      0.0    16.60    38.76  11362.1    5.512   0.0686      0.0    0.4215; 

 108     100.0      0.0    16.72    38.72  11277.9    5.553   0.0686      0.0    0.4246; 

 109     100.0      0.0    16.84    38.68  11194.4    5.595   0.0686      0.0    0.4278; 

 110     100.0      0.0    16.96    38.65  11119.8    5.632   0.0686      0.0    0.4308; 

 111     100.0      0.0    17.07    38.61  11048.7    5.669   0.0686      0.0    0.4336; 

 112     100.0      0.0    17.19    38.58  10972.9    5.708   0.0686      0.0    0.4365; 

 113     100.0      0.0    17.29    38.55  10910.6    5.740   0.0686      0.0    0.4393; 

 114     100.0      0.0    17.38    38.53  10867.6    5.763   0.0686      0.0    0.4414; 

 115     100.0      0.0    17.43    38.52  10846.7    5.774   0.0686      0.0    0.4427; 

 116     100.0      0.0    17.62    38.42  10633.2    5.890    0.138      0.0    0.4475; 

 117     100.0      0.0    17.60    38.41  10628.2    5.893    0.141      0.0    0.4470; 

 118     100.0      0.0    17.65    38.38  10558.5    5.932    0.143      0.0    0.4484; 

 119     100.0      0.0    17.76    38.35  10489.8    5.971    0.144      0.0    0.4511; 

 120     100.0      0.0    17.87    38.32  10422.2    6.009    0.145      0.0    0.4539; 

 121     100.0      0.0    17.98    38.28  10355.7    6.048    0.146      0.0    0.4566; 

 122     100.0      0.0    18.09    38.25  10290.4    6.086    0.147      0.0    0.4594; 

 123     100.0      0.0    18.20    38.22  10226.2    6.124    0.148      0.0    0.4622; 

 124     100.0      0.0    18.31    38.19  10163.0    6.163    0.148      0.0    0.4650; 

 125     100.0      0.0    18.42    38.16  10101.0    6.200    0.149      0.0    0.4678; 

 126     100.0      0.0    18.53    38.13  10040.1    6.238    0.149      0.0    0.4706; 

 127     100.0      0.0    18.64    38.11   9980.1    6.275    0.150      0.0    0.4734; 

 128     100.0      0.0    18.75    38.08   9921.3    6.313    0.150      0.0    0.4761; 

 129     100.0      0.0    18.85    38.05   9863.4    6.350    0.150      0.0    0.4789; 

 130     100.0      0.0    18.96    38.02   9806.5    6.387    0.150      0.0    0.4817; 

 131     100.0      0.0    19.07    38.00   9750.5    6.423    0.151      0.0    0.4844; 

 132     100.0      0.0    19.18    37.97   9695.5    6.460    0.151      0.0    0.4872; 

 133     100.0      0.0    19.29    37.95   9641.4    6.496    0.151      0.0    0.4899; 

 134     100.0      0.0    19.39    37.92   9588.1    6.532    0.151      0.0    0.4926; 

 135     100.0      0.0    19.50    37.90   9535.8    6.568    0.151      0.0    0.4953; 

 136     100.0      0.0    19.61    37.87   9484.3    6.604    0.151      0.0    0.4980; 

 137     100.0      0.0    19.71    37.85   9433.6    6.639    0.151      0.0    0.5007; 

 138     100.0      0.0    19.82    37.82   9383.7    6.674    0.151      0.0    0.5033; 

 139     100.0      0.0    19.92    37.80   9334.6    6.709    0.151      0.0    0.5060; 

 140     100.0      0.0    20.02    37.78   9286.2    6.744    0.151      0.0    0.5086; 

 141     100.0      0.0    20.13    37.75   9238.6    6.779    0.151      0.0    0.5112; 

 142     100.0      0.0    20.23    37.73   9191.7    6.814    0.151      0.0    0.5138; 

 143     100.0      0.0    20.33    37.71   9145.5    6.848    0.151      0.0    0.5164; 

 144     100.0      0.0    20.43    37.69   9100.1    6.882    0.151      0.0    0.5190; 

 145     100.0      0.0    20.54    37.67   9055.2    6.916    0.151      0.0    0.5216; 

 146     100.0      0.0    20.64    37.65   9011.1    6.950    0.151      0.0    0.5242; 

 147     100.0      0.0    20.74    37.63   8967.6    6.984    0.151      0.0    0.5267; 

 148     100.0      0.0    20.84    37.61   8924.7    7.018    0.151      0.0    0.5293; 

 149     100.0      0.0    20.94    37.59   8882.4    7.051    0.151      0.0    0.5318; 

 150     100.0      0.0    21.04    37.57   8840.7    7.084    0.151      0.0    0.5343; 

 151     100.0      0.0    21.13    37.55   8799.6    7.117    0.151      0.0    0.5368; 

 152     100.0      0.0    21.23    37.53   8759.1    7.150    0.151      0.0    0.5393; 

 153     100.0      0.0    21.33    37.51   8719.1    7.183    0.151      0.0    0.5418; 

 154     100.0      0.0    21.43    37.49   8679.7    7.216    0.151      0.0    0.5442; 

 155     100.0      0.0    21.52    37.47   8640.8    7.248    0.151      0.0    0.5467; 

 156     100.0      0.0    21.62    37.45   8602.4    7.280    0.151      0.0    0.5491; 

 157     100.0      0.0    21.72    37.44   8564.6    7.313    0.151      0.0    0.5516; 

 158     100.0      0.0    21.81    37.42   8527.2    7.345    0.151      0.0    0.5540; 

 159     100.0      0.0    21.91    37.40   8490.3    7.377    0.151      0.0    0.5564; 

 160     100.0      0.0    22.00    37.38   8453.9    7.408    0.151      0.0    0.5588; 
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 161     100.0      0.0    22.09    37.37   8418.0    7.440    0.151      0.0    0.5612; 

 162     100.0      0.0    22.19    37.35   8382.5    7.472    0.151      0.0    0.5636; 

 163     100.0      0.0    22.28    37.33   8347.5    7.503    0.151      0.0    0.5660; 

 164     100.0      0.0    22.37    37.32   8312.9    7.534    0.151      0.0    0.5683; 

 165     100.0      0.0    22.47    37.30   8278.7    7.565    0.151      0.0    0.5707; 

 166     100.0      0.0    22.56    37.28   8245.0    7.596    0.151      0.0    0.5730; 

 167     100.0      0.0    22.65    37.27   8211.6    7.627    0.151      0.0    0.5754; 

 168     100.0      0.0    22.74    37.25   8178.7    7.658    0.151      0.0    0.5777; 

 169     100.0      0.0    22.83    37.24   8146.1    7.688    0.151      0.0    0.5800; 

 170     100.0      0.0    22.92    37.22   8114.0    7.719    0.151      0.0    0.5823; 

 171     100.0      0.0    23.02    37.21   8082.2    7.749    0.151      0.0    0.5846; 

 172     100.0      0.0    23.11    37.19   8050.8    7.779    0.151      0.0    0.5869; 

 173     100.0      0.0    23.19    37.18   8019.7    7.809    0.151      0.0    0.5892; 

 174     100.0      0.0    23.28    37.16   7989.1    7.839    0.151      0.0    0.5914; 

 175     100.0      0.0    23.37    37.15   7958.7    7.869    0.151      0.0    0.5937; 

 176     100.0      0.0    23.46    37.13   7928.7    7.899    0.151      0.0    0.5959; 

 177     100.0      0.0    23.55    37.12   7899.1    7.929    0.151      0.0    0.5982; 

 178     100.0      0.0    23.64    37.11   7869.8    7.958    0.151      0.0    0.6004; 

 179     100.0      0.0    23.73    37.09   7840.7    7.988    0.151      0.0    0.6026; 

 180     100.0      0.0    23.81    37.08   7811.9    8.017    0.151      0.0    0.6049; 

 181     100.0      0.0    23.90    37.07   7783.5    8.047    0.151      0.0    0.6071; 

 182     100.0      0.0    23.99    37.05   7755.6    8.075    0.151      0.0    0.6093; 

 183     100.0      0.0    24.07    37.04   7727.6    8.105    0.151      0.0    0.6115; 

 184     100.0      0.0    24.16    37.03   7699.9    8.134    0.151      0.0    0.6137; 

 185     100.0      0.0    24.24    37.01   7674.2    8.161    0.151      0.0    0.6158; 

 186     100.0      0.0    24.33    37.00   7644.5    8.193    0.151      0.0    0.6180; 

 187     100.0      0.0    24.42    36.99   7617.1    8.222    0.151      0.0    0.6203; 

 188     100.0      0.0    24.51    36.97   7591.5    8.250    0.151      0.0    0.6225; 

 189     100.0      0.0    24.59    36.96   7568.6    8.275    0.151      0.0    0.6245; 

 190     100.0      0.0    24.66    36.95   7547.0    8.299    0.151      0.0    0.6263; 

 191     100.0      0.0    24.72    36.94   7528.2    8.319    0.151      0.0    0.6280; 

 192     100.0      0.0    24.77    36.94   7516.7    8.332    0.151      0.0    0.6293; 

 193     100.1      0.0    25.04    36.87   7369.0    8.499    0.243      0.0    0.6360; 

 194     100.1      0.0    24.05    36.87   7367.6    8.501    0.244      0.0    0.6108; 

 195     100.1      0.0    24.08    36.85   7333.7    8.540    0.246      0.0    0.6115; 

 196     100.1      0.0    24.16    36.84   7299.9    8.580    0.248      0.0    0.6136; 

 197     100.1      0.0    24.24    36.82   7266.2    8.619    0.250      0.0    0.6156; 

 198     100.1      0.0    24.32    36.80   7232.7    8.659    0.252      0.0    0.6177; 

 199     100.1      0.0    24.40    36.79   7199.4    8.699    0.254      0.0    0.6197; 

 200     100.1      0.0    24.48    36.77   7166.2    8.740    0.256      0.0    0.6217; 

 201     100.1      0.0    24.55    36.76   7134.2    8.779    0.258      0.0    0.6236; 

 202     100.1      0.0    24.62    36.74   7102.5    8.818    0.260      0.0    0.6255; 

 203     100.1      0.0    24.70    36.73   7071.0    8.857    0.262      0.0    0.6273; 

 204     100.1      0.0    24.77    36.71   7039.8    8.897    0.264      0.0    0.6291; 

 205     100.1      0.0    24.84    36.70   7008.9    8.936    0.266      0.0    0.6309; 

 206     100.1      0.0    24.91    36.68   6978.2    8.975    0.268      0.0    0.6327; 

 207     100.1      0.0    24.98    36.67   6947.8    9.014    0.270      0.0    0.6345; 

 208     100.1      0.0    25.05    36.65   6917.6    9.054    0.272      0.0    0.6363; 

 209     100.1      0.0    25.12    36.64   6887.7    9.093    0.274      0.0    0.6380; 

 210     100.1      0.0    25.19    36.63   6858.0    9.132    0.276      0.0    0.6397; 

 211     100.1      0.0    25.25    36.61   6828.5    9.172    0.278      0.0    0.6414; 

 212     100.1      0.0    25.32    36.60   6799.2    9.211    0.280      0.0    0.6431; 

 213     100.1      0.0    25.39    36.58   6770.2    9.251    0.282      0.0    0.6448; 

 214     100.1      0.0    25.45    36.57   6741.3    9.290    0.284      0.0    0.6465; 

 215     100.1      0.0    25.52    36.56   6712.7    9.330    0.287      0.0    0.6481; 

 216     100.1      0.0    25.58    36.54   6684.3    9.370    0.289      0.0    0.6498; 
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 217     100.1      0.0    25.64    36.53   6656.1    9.409    0.291      0.0    0.6514; 

 218     100.1      0.0    25.71    36.52   6628.1    9.449    0.293      0.0    0.6530; 

 219     100.1      0.0    25.77    36.50   6600.2    9.489    0.295      0.0    0.6546; 

 220     100.1      0.0    25.83    36.49   6572.6    9.529    0.297      0.0    0.6561; 

 221     100.1      0.0    25.89    36.48   6545.1    9.569    0.299      0.0    0.6577; 

 222     100.1      0.0    25.95    36.46   6517.8    9.609    0.301      0.0    0.6592; 

 223     100.1      0.0    26.01    36.45   6490.7    9.649    0.303      0.0    0.6608; 

 224     100.1      0.0    26.07    36.44   6463.8    9.689    0.305      0.0    0.6623; 

 225     100.1      0.0    26.13    36.43   6437.0    9.730    0.308      0.0    0.6638; 

 226     100.1      0.0    26.19    36.41   6410.4    9.770    0.310      0.0    0.6652; 

 227     100.1      0.0    26.25    36.40   6383.9    9.811    0.312      0.0    0.6667; 

 228     100.1      0.0    26.31    36.39   6357.6    9.851    0.314      0.0    0.6682; 

 229     100.1      0.0    26.36    36.38   6331.5    9.892    0.316      0.0    0.6696; 

 230     100.1      0.0    26.42    36.36   6305.5    9.933    0.318      0.0    0.6710; 

 231     100.1      0.0    26.47    36.35   6279.7    9.973    0.321      0.0    0.6724; 

 232     100.1      0.0    26.53    36.34   6254.0    10.01    0.323      0.0    0.6738; 

 233     100.1      0.0    26.58    36.33   6228.4    10.06    0.325      0.0    0.6752; 

 234     100.1      0.0    26.63    36.31   6203.0    10.10    0.327      0.0    0.6765; 

 235     100.1      0.0    26.69    36.30   6177.7    10.14    0.329      0.0    0.6779; 

 236     100.1      0.0    26.74    36.29   6152.5    10.18    0.332      0.0    0.6792; 

 237     100.1      0.0    26.79    36.28   6127.5    10.22    0.334      0.0    0.6805; 

 238     100.1      0.0    26.84    36.27   6102.6    10.26    0.336      0.0    0.6818; 

 239     100.1      0.0    26.89    36.26   6077.8    10.30    0.338      0.0    0.6831; 

 240     100.1      0.0    26.94    36.24   6053.1    10.35    0.341      0.0    0.6844; 

 241     100.1      0.0    26.99    36.23   6028.5    10.39    0.343      0.0    0.6856; 

 242     100.1      0.0    27.04    36.22   6004.1    10.43    0.345      0.0    0.6869; 

 243     100.1      0.0    27.09    36.21   5979.8    10.47    0.348      0.0    0.6881; 

 244     100.2      0.0    27.14    36.20   5955.5    10.52    0.350      0.0    0.6893; 

 245     100.2      0.0    27.19    36.19   5931.4    10.56    0.352      0.0    0.6905; 

 246     100.2      0.0    27.23    36.17   5907.4    10.60    0.355      0.0    0.6917; 

 247     100.2      0.0    27.28    36.16   5883.5    10.65    0.357      0.0    0.6929; 

 248     100.2      0.0    27.32    36.15   5859.6    10.69    0.359      0.0    0.6940; 

 249     100.2      0.0    27.37    36.14   5835.9    10.73    0.362      0.0    0.6952; 

 250     100.2      0.0    27.41    36.13   5812.2    10.78    0.364      0.0    0.6963; 

 251     100.2      0.0    27.46    36.12   5788.7    10.82    0.367      0.0    0.6974; 

 252     100.2      0.0    27.50    36.11   5765.2    10.86    0.369      0.0    0.6985; 

 253     100.2      0.0    27.54    36.10   5741.8    10.91    0.371      0.0    0.6996; 

 254     100.2      0.0    27.59    36.08   5718.5    10.95    0.374      0.0    0.7007; 

 255     100.2      0.0    27.63    36.07   5695.2    11.00    0.376      0.0    0.7017; 

 256     100.2      0.0    27.67    36.06   5672.1    11.04    0.379      0.0    0.7028; 

 257     100.2      0.0    27.71    36.05   5649.0    11.09    0.381      0.0    0.7038; 

 258     100.2      0.0    27.75    36.04   5625.9    11.13    0.384      0.0    0.7048; 

 259     100.2      0.0    27.79    36.03   5603.0    11.18    0.386      0.0    0.7058; 

 260     100.2      0.0    27.83    36.02   5580.1    11.22    0.389      0.0    0.7068; 

 261     100.2      0.0    27.87    36.01   5557.2    11.27    0.391      0.0    0.7078; 

 262     100.2      0.0    27.90    36.00   5534.4    11.32    0.394      0.0    0.7088; 

 263     100.2      0.0    27.94    35.99   5511.7    11.36    0.397      0.0    0.7097; 

 264     100.2      0.0    27.98    35.98   5489.0    11.41    0.399      0.0    0.7107; 

 265     100.2      0.0    28.02    35.97   5466.4    11.46    0.402      0.0    0.7116; 

 266     100.2      0.0    28.05    35.95   5443.8    11.50    0.405      0.0    0.7125; 

 267     100.2      0.0    28.09    35.94   5421.3    11.55    0.407      0.0    0.7134; 

 268     100.2      0.0    28.12    35.93   5398.8    11.60    0.410      0.0    0.7143; 

 269     100.2      0.0    28.16    35.92   5376.3    11.65    0.413      0.0    0.7152; 

 270     100.2      0.0    28.19    35.91   5353.9    11.70    0.415      0.0    0.7160; 

 271     100.2      0.0    28.22    35.90   5331.5    11.75    0.418      0.0    0.7169; 

 272     100.2      0.0    28.26    35.89   5309.1    11.80    0.421      0.0    0.7177; 
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 273     100.2      0.0    28.29    35.88   5286.8    11.85    0.424      0.0    0.7186; 

 274     100.2      0.0    28.32    35.87   5264.5    11.90    0.427      0.0    0.7194; 

 275     100.2      0.0    28.35    35.86   5242.2    11.95    0.429      0.0    0.7202; 

 276     100.2      0.0    28.39    35.85   5219.9    12.00    0.432      0.0    0.7210; 

 277     100.2      0.0    28.42    35.84   5197.6    12.05    0.435      0.0    0.7218; 

 278     100.3      0.0    28.45    35.83   5175.4    12.10    0.438      0.0    0.7225; 

 279     100.3      0.0    28.48    35.82   5153.1    12.15    0.441      0.0    0.7233; 

 280     100.3      0.0    28.51    35.81   5130.9    12.21    0.444      0.0    0.7241; 

 281     100.3      0.0    28.54    35.80   5108.6    12.26    0.447      0.0    0.7248; 

 282     100.3      0.0    28.56    35.78   5086.4    12.31    0.450      0.0    0.7255; 

 283     100.3      0.0    28.59    35.77   5064.1    12.37    0.453      0.0    0.7263; 

 284     100.3      0.0    28.62    35.76   5041.9    12.42    0.456      0.0    0.7270; 

 285     100.3      0.0    28.65    35.75   5019.6    12.48    0.459      0.0    0.7277; 

 286     100.3      0.0    28.68    35.74   4997.3    12.53    0.462      0.0    0.7284; 

 287     100.3      0.0    28.70    35.73   4975.0    12.59    0.466      0.0    0.7290; 

 288     100.3      0.0    28.73    35.72   4952.7    12.65    0.469      0.0    0.7297; 

 289     100.3      0.0    28.76    35.71   4930.3    12.70    0.472      0.0    0.7304; 

 290     100.3      0.0    28.78    35.70   4907.9    12.76    0.475      0.0    0.7311; 

 291     100.3      0.0    28.81    35.69   4885.5    12.82    0.479      0.0    0.7317; 

 292     100.3      0.0    28.83    35.68   4863.0    12.88    0.482      0.0    0.7324; 

 293     100.3      0.0    28.86    35.67   4840.4    12.94    0.485      0.0    0.7330; 

 294     100.3      0.0    28.88    35.66   4817.9    13.00    0.489      0.0    0.7336; 

 295     100.3      0.0    28.91    35.65   4795.2    13.06    0.492      0.0    0.7343; 

 296     100.3      0.0    28.93    35.64   4772.5    13.12    0.496      0.0    0.7349; 

 297     100.3      0.0    28.96    35.62   4749.7    13.19    0.499      0.0    0.7355; 

 298     100.3      0.0    28.98    35.61   4726.9    13.25    0.503      0.0    0.7362; 

 299     100.4      0.0    29.01    35.60   4704.0    13.31    0.506      0.0    0.7368; 

 300     100.4      0.0    29.03    35.59   4681.0    13.38    0.510      0.0    0.7374; 

 301     100.4      0.0    29.06    35.58   4657.9    13.45    0.513      0.0    0.7380; 

 302     100.4      0.0    29.08    35.57   4634.7    13.51    0.517      0.0    0.7386; 

 303     100.4      0.0    29.10    35.56   4611.4    13.58    0.521      0.0    0.7392; 

 304     100.4      0.0    29.13    35.55   4588.0    13.65    0.525      0.0    0.7399; 

 305     100.4      0.0    29.15    35.54   4564.4    13.72    0.529      0.0    0.7405; 

 306     100.4      0.0    29.18    35.53   4540.8    13.79    0.532      0.0    0.7411; 

 307     100.4      0.0    29.20    35.51   4517.0    13.87    0.536      0.0    0.7418; 

 308     100.4      0.0    29.23    35.50   4493.0    13.94    0.540      0.0    0.7424; 

 309     100.4      0.0    29.25    35.49   4469.0    14.01    0.544      0.0    0.7431; 

 310     100.4      0.0    29.28    35.48   4444.7    14.09    0.548      0.0    0.7437; 

 311     100.4      0.0    29.31    35.47   4420.3    14.17    0.553      0.0    0.7444; 

 312     100.4      0.0    29.33    35.46   4395.7    14.25    0.557      0.0    0.7451; 

 313     100.5      0.0    29.36    35.44   4370.9    14.33    0.561      0.0    0.7458; 

 314     100.5      0.0    29.39    35.43   4345.9    14.41    0.565      0.0    0.7465; 

 315     100.5      0.0    29.42    35.42   4320.7    14.50    0.570      0.0    0.7472; 

 316     100.5      0.0    29.45    35.41   4295.3    14.58    0.574      0.0    0.7480; 

 317     100.5      0.0    29.48    35.40   4269.6    14.67    0.579      0.0    0.7487; 

 318     100.5      0.0    29.51    35.38   4243.7    14.76    0.583      0.0    0.7496; 

 319     100.5      0.0    29.54    35.37   4217.5    14.85    0.588      0.0    0.7504; 

 320     100.5      0.0    29.58    35.36   4191.1    14.94    0.592      0.0    0.7512; 

 321     100.5      0.0    29.61    35.35   4164.3    15.04    0.597      0.0    0.7521; 

 322     100.5      0.0    29.65    35.33   4137.3    15.14    0.602      0.0    0.7531; 

 323     100.5      0.0    29.69    35.32   4109.9    15.24    0.607      0.0    0.7541; 

 324     100.6      0.0    29.73    35.31   4082.2    15.34    0.612      0.0    0.7551; 

 325     100.6      0.0    29.77    35.29   4054.1    15.45    0.617      0.0    0.7561; 

 326     100.6      0.0    29.81    35.28   4026.2    15.56    0.622      0.0    0.7572; 

 327     100.6      0.0    29.85    35.27   3998.5    15.66    0.627      0.0    0.7582; end overlap; 

 328     100.6      0.0    29.89    35.25   3971.2    15.77    0.632      0.0    0.7592; 



143 
 

 329     100.6      0.0    29.92    35.24   3944.1    15.88    0.638      0.0    0.7601; 

 330     100.6      0.0    29.96    35.23   3917.2    15.99    0.643      0.0    0.7609; 

 331     100.6      0.0    29.98    35.22   3890.5    16.10    0.649      0.0    0.7616; 

 332     100.7      0.0    30.01    35.20   3864.0    16.21    0.654      0.0    0.7623; 

 333     100.7      0.0    30.04    35.19   3837.7    16.32    0.660      0.0    0.7629; 

 334     100.7      0.0    30.06    35.18   3811.5    16.43    0.666      0.0    0.7635; 

 335     100.7      0.0    30.08    35.17   3785.5    16.54    0.671      0.0    0.7640; 

 336     100.7      0.0    30.09    35.15   3759.6    16.66    0.677      0.0    0.7644; 

 337     100.7      0.0    30.11    35.14   3733.7    16.77    0.684      0.0    0.7648; 

 338     100.8      0.0    30.12    35.13   3707.9    16.89    0.690      0.0    0.7652; 

 339     100.8      0.0    30.14    35.12   3682.1    17.01    0.696      0.0    0.7655; 

 340     100.8      0.0    30.15    35.10   3656.4    17.13    0.703      0.0    0.7657; 

 341     100.8      0.0    30.16    35.09   3630.6    17.25    0.709      0.0    0.7660; 

 342     100.8      0.0    30.16    35.08   3604.8    17.37    0.716      0.0    0.7662; 

 343     100.8      0.0    30.17    35.07   3578.9    17.50    0.723      0.0    0.7663; 

 344     100.9      0.0    30.18    35.06   3552.9    17.63    0.730      0.0    0.7665; 

 345     100.9      0.0    30.18    35.04   3526.8    17.76    0.737      0.0    0.7666; 

 346     100.9      0.0    30.19    35.03   3500.5    17.89    0.744      0.0    0.7667; 

 347     100.9      0.0    30.19    35.02   3474.1    18.03    0.752      0.0    0.7668; 

 348     101.0      0.0    30.19    35.01   3447.4    18.17    0.760      0.0    0.7669; 

 349     101.0      0.0    30.20    34.99   3420.5    18.31    0.767      0.0    0.7670; 

 350     101.0      0.0    30.20    34.98   3393.3    18.46    0.775      0.0    0.7671; 

 351     101.0      0.0    30.21    34.97   3365.8    18.61    0.784      0.0    0.7672; 

 352     101.1      0.0    30.21    34.95   3337.9    18.76    0.792      0.0    0.7674; 

 353     101.1      0.0    30.22    34.94   3309.7    18.92    0.801      0.0    0.7675; 

 354     101.1      0.0    30.23    34.93   3281.0    19.09    0.809      0.0    0.7678; 

 355     101.2      0.0    30.24    34.91   3251.9    19.26    0.818      0.0    0.7680; 

 356     101.2      0.0    30.25    34.90   3222.3    19.44    0.828      0.0    0.7683; 

 357     101.2      0.0    30.27    34.88   3192.1    19.62    0.837      0.0    0.7687; 

 358     101.3      0.0    30.28    34.87   3161.4    19.81    0.847      0.0    0.7692; 

 359     101.3      0.0    30.31    34.85   3130.0    20.01    0.857      0.0    0.7698; 

 360     101.3      0.0    30.33    34.84   3098.0    20.22    0.867      0.0    0.7704; 

 361     101.4      0.0    30.36    34.82   3065.2    20.43    0.878      0.0    0.7712; 

 362     101.4      0.0    30.40    34.81   3031.7    20.66    0.889      0.0    0.7721; 

 363     101.5      0.0    30.44    34.79   2997.4    20.89    0.900      0.0    0.7731; 

 364     101.5      0.0    30.49    34.77   2962.2    21.14    0.911      0.0    0.7743; 

 365     101.6      0.0    30.54    34.76   2926.1    21.40    0.923      0.0    0.7757; 

 366     101.6      0.0    30.60    34.74   2889.0    21.68    0.935      0.0    0.7773; 

 367     101.7      0.0    30.67    34.72   2850.9    21.97    0.947      0.0    0.7791; 

 368     101.8      0.0    30.75    34.70   2811.8    22.27    0.960      0.0    0.7811; 

 369     101.8      0.0    30.84    34.68   2771.6    22.60    0.974      0.0    0.7835; 

 370     101.9      0.0    30.95    34.66   2730.2    22.94    0.987      0.0    0.7861; 

 371     102.0      0.0    31.06    34.64   2687.5    23.30    1.001      0.0    0.7890; 

 372     102.0      0.0    31.19    34.62   2643.6    23.69    1.016      0.0    0.7922; 

 373     102.1      0.0    31.33    34.60   2598.4    24.10    1.031      0.0    0.7959; 

 374     102.2      0.0    31.49    34.58   2551.9    24.54    1.046      0.0    0.7999; 

 375     102.3      0.0    31.67    34.56   2503.9    25.01    1.062      0.0    0.8045; 

 376     102.4      0.0    31.87    34.53   2454.8    25.51    1.079      0.0    0.8094; 

 377     102.5      0.0    32.07    34.51   2406.6    26.02    1.095      0.0    0.8146; 

 378     102.6      0.0    32.28    34.49   2359.4    26.54    1.111      0.0    0.8200; 

 379     102.7      0.0    32.51    34.47   2313.1    27.08    1.126      0.0    0.8257; 

 380     102.8      0.0    32.74    34.44   2267.7    27.62    1.141      0.0    0.8317; 

 381     102.9      0.0    32.99    34.42   2223.2    28.17    1.156      0.0    0.8379; 

 382     103.0      0.0    33.24    34.40   2179.6    28.73    1.171      0.0    0.8444; 

 383     103.1      0.0    33.51    34.38   2136.8    29.31    1.186      0.0    0.8511; 

 384     103.2      0.0    33.78    34.36   2094.9    29.90    1.200      0.0    0.8580; 
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 385     103.3      0.0    34.06    34.34   2053.8    30.49    1.215      0.0    0.8652; 

 386     103.4      0.0    34.36    34.32   2013.5    31.11    1.229      0.0    0.8726; 

 387     103.5      0.0    34.65    34.30   1974.0    31.73    1.243      0.0    0.8802; 

 388     103.6      0.0    34.96    34.29   1935.3    32.36    1.256      0.0    0.8881; 

 389     103.7      0.0    35.28    34.27   1897.3    33.01    1.270      0.0    0.8961; 

 390     103.8      0.0    35.60    34.25   1860.1    33.67    1.283      0.0    0.9043; 

 391     103.9      0.0    35.93    34.23   1823.6    34.34    1.297      0.0    0.9127; 

 392     104.0      0.0    36.27    34.22   1787.8    35.03    1.310      0.0    0.9213; 

 393     104.1      0.0    36.62    34.20   1752.7    35.73    1.323      0.0    0.9301; 

 394     104.3      0.0    36.97    34.18   1718.3    36.45    1.335      0.0    0.9391; 

 395     104.4      0.0    37.33    34.17   1684.6    37.18    1.348      0.0    0.9483; bottom hit;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   0.4109 

Lmz(m):   0.4109 

forced entrain      1     0.0  -1.333   0.948   0.113 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3632 

 ; 

2:50:38 PM. amb fills: 4 

 

 

 
Figure C.7.1: Plumes 18b solution of discharge plume trajectories for discharges of 0.35 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt., and 5 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt. Depth of maximum rise of the plume is Z = 

99.1 ft. at Xa = 0.462 ft from the point of discharge. The centerline of the plume is at an average 

distance of Xb = 1.348 ft from the point of discharge as the plume begins to impact the bottom at 

a depth of Z = 104.5 ft. 
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Figure C.7.2: Plumes 18b solution of vertical density profile for discharges of 0.35 mgd of 

SOCWA wastewater at average annual TDS = 1.25 ppt. and 5 mgd of brine from the Doheny 

Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density shown as black 

triangles. Ambient water mass density profile shown as solid red line. 
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Figure C.7.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 0.35 mgd of SOCWA wastewater at 

average annual TDS = 1.25 ppt. and 5 mgd of brine from the Doheny Desalination Project with a 

brine salinity of 67 ppt. Effective dilution is Sa = 12.53 at the maximum rise of the plume at Xa = 

0.462 ft. from the point of discharge. As the plume begins to impact the bottom, the plume 

centerline is at a distance of Xb = 1.348 ft from the point of discharge, where the effective 

dilution reaches Sa = 37.18. 

  



147 
 

 

C.8: Plumes 18b Results for SJCOO discharges of 1.8 mgd Well Water and 3 mgd Brine: 

 
ontents of the memo box (may not be current and must be updated manually) 

Project "C:\Plumes18\SJCOO_WellW1.8mgd_b3mgd_D-1"  

memo 

SJCOO discharging 1.8 mgd well water and 3 mgd brine 

 

Model configuration items checked:  

  Channel width (m) 100 

Start case for graphs 1 

Max detailed graphs 10 (limits plots that can overflow memory) 

 Elevation Projection Plane (deg) 0 

Shore vector (m,deg) not checked 

 Bacteria model  : Mancini (1978) coliform model 

 PDS sfc. model heat transfer : Medium 

 Equation of State : S, T 

 Similarity Profile : Default profile (k=2.0, ...) 

 Diffuser port contraction coefficient 1 

 Light absorption coefficient 0.16 

 Farfield increment (m) 200 

 UM3 aspiration coefficient 0.1 

  Output file: text output tab 

  Output each ?? steps 1 

  Maximum dilution reported 1000 

 Text output format : Standard    

 Max vertical reversals : to max rise or fall 

 

/ UM3. 1/14/2019 3:07:41 PM 

Case 1; ambient file C:\Plumes18\SJCOO_WellW1.8mgd_b3mgd_D-1.001.db; Diffuser table record 1: ----

------------------------------ 

 

Ambient Table: 

     Depth   Amb-cur   Amb-dir   Amb-sal   Amb-tem   Amb-pol     Decay   Far-spd   Far-dir   Disprsn   

Density 

         m       m/s       deg       psu         C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T 

       0.0       0.0       0.0     33.38     19.97       0.0       0.0       0.0       0.0    0.0003  23.55719 

     2.000       0.0       0.0     33.39     19.87       0.0       0.0       0.0       0.0    0.0003  23.59288 

     4.000       0.0       0.0     33.40     19.81       0.0       0.0       0.0       0.0    0.0003  23.61484 

     7.000       0.0       0.0     33.41     19.64       0.0       0.0       0.0       0.0    0.0003  23.67096 

     10.00       0.0       0.0     33.40     17.76       0.0       0.0       0.0       0.0    0.0003  24.12888 

     12.00       0.0       0.0     33.38     17.34       0.0       0.0       0.0       0.0    0.0003  24.21549 

     14.00       0.0       0.0     33.38     16.73       0.0       0.0       0.0       0.0    0.0003  24.35932 

     16.00       0.0       0.0     33.38     15.17       0.0       0.0       0.0       0.0    0.0003  24.71340 

     18.00       0.0       0.0     33.37     14.37       0.0       0.0       0.0       0.0    0.0003  24.87044 

     20.00       0.0       0.0     33.35     14.18       0.0       0.0       0.0       0.0    0.0003  24.89660 

     22.00       0.0       0.0     33.33     13.83       0.0       0.0       0.0       0.0    0.0003  24.95172 

     24.00       0.0       0.0     33.32     13.75       0.0       0.0       0.0       0.0    0.0003  24.96707 

     26.00       0.0       0.0     33.36     13.42       0.0       0.0       0.0       0.0    0.0003  25.06459 

     31.85       0.0       0.0     33.36     13.39       0.0       0.0       0.0       0.0    0.0003  25.07201 

 

Diffuser table: 

   P-diaVer angl H-Angle SourceX SourceY   Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal    Temp Polutnt 

    (in)   (deg)   (deg)    (ft)    (ft)      ()    (ft)(concent)    (ft)   (MGD)   (psu)     (C)   (ppm) 
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  3.0500     0.0     0.0     0.0     0.0  125.00  1000.0     0.0  100.00  4.8000  54.440  20.660 54440.0 

 

Simulation: 

Froude No:    -3.468; Strat No:-2.65E-4; Spcg No:   14.39; k: 35692.1; eff den (sigmaT)  39.56029; eff vel     

0.357(m/s); 

Current is very small, flow regime may be transient. 

        Depth  Amb-cur    P-dia  Eff-sal  Polutnt   Dilutn   x-posn   y-posn   Iso dia 

Step     (ft)    (m/s)     (in)    (psu)    (ppm)       ()     (ft)     (ft)       (m) 

   0     100.0 1.000E-5    3.050    54.44  54440.0    1.000      0.0      0.0   0.07747; 

   1     100.0      0.0    3.058    54.33  54140.8    1.006  0.00349      0.0   0.07768; 

   2     100.0      0.0    3.098    53.91  53065.0    1.026  0.00632      0.0   0.07868; 

   3     100.0      0.0    3.160    53.51  52010.8    1.047  0.00871      0.0   0.08027; 

   4     100.0      0.0    3.224    53.12  50977.8    1.068   0.0108      0.0   0.08188; 

   5     100.0      0.0    3.289    52.73  49965.6    1.090   0.0127      0.0   0.08353; 

   6     100.0      0.0    3.355    52.35  48973.7    1.112   0.0144      0.0   0.08521; 

   7     100.0      0.0    3.422    51.98  48001.7    1.134   0.0159      0.0   0.08692; 

   8     100.0      0.0    3.491    51.61  47049.3    1.157   0.0174      0.0   0.08867; 

   9     100.0      0.0    3.561    51.25  46115.9    1.181   0.0187      0.0   0.09046; 

  10     100.0      0.0    3.633    50.90  45201.3    1.204    0.020      0.0   0.09228; 

  11     100.0      0.0    3.706    50.56  44305.0    1.229   0.0212      0.0   0.09413; 

  12     100.0      0.0    3.781    50.22  43426.7    1.254   0.0224      0.0   0.09603; 

  13     100.0      0.0    3.857    49.89  42565.9    1.279   0.0235      0.0   0.09796; 

  14     100.0      0.0    3.934    49.57  41722.4    1.305   0.0246      0.0   0.09993; 

  15     100.0      0.0    4.013    49.25  40895.8    1.331   0.0256      0.0    0.1019; 

  16     100.0      0.0    4.094    48.94  40085.7    1.358   0.0266      0.0    0.1040; 

  17     100.0      0.0    4.176    48.63  39291.8    1.386   0.0276      0.0    0.1061; 

  18     100.0      0.0    4.260    48.33  38513.8    1.414   0.0285      0.0    0.1082; 

  19     100.0      0.0    4.346    48.04  37751.3    1.442   0.0294      0.0    0.1104; 

  20     100.0      0.0    4.433    47.75  37004.1    1.471   0.0303      0.0    0.1126; 

  21     100.0      0.0    4.522    47.47  36271.7    1.501   0.0312      0.0    0.1149; 

  22     100.0      0.0    4.613    47.19  35554.0    1.531    0.032      0.0    0.1172; 

  23     100.0      0.0    4.706    46.92  34850.7    1.562   0.0329      0.0    0.1195; 

  24     100.0      0.0    4.800    46.66  34161.3    1.594   0.0337      0.0    0.1219; 

  25     100.0      0.0    4.897    46.40  33485.7    1.626   0.0345      0.0    0.1244; 

  26     100.0      0.0    4.995    46.14  32823.6    1.659   0.0353      0.0    0.1269; 

  27     100.0      0.0    5.095    45.89  32174.7    1.692    0.036      0.0    0.1294; 

  28     100.0      0.0    5.198    45.64  31538.7    1.726   0.0368      0.0    0.1320; 

  29     100.0      0.0    5.302    45.40  30915.3    1.761   0.0375      0.0    0.1347; 

  30     100.0      0.0    5.408    45.17  30304.4    1.796   0.0383      0.0    0.1374; 

  31     100.0      0.0    5.517    44.94  29705.6    1.833    0.039      0.0    0.1401; 

  32     100.0      0.0    5.628    44.71  29118.8    1.870   0.0397      0.0    0.1429; 

  33     100.0      0.0    5.741    44.49  28543.6    1.907   0.0404      0.0    0.1458; 

  34     100.0      0.0    5.856    44.27  27979.9    1.946   0.0411      0.0    0.1487; 

  35     100.0      0.0    5.973    44.05  27427.4    1.985   0.0418      0.0    0.1517; 

  36     100.0      0.0    6.093    43.85  26885.8    2.025   0.0425      0.0    0.1548; 

  37     100.0      0.0    6.215    43.64  26355.1    2.066   0.0432      0.0    0.1579; 

  38     100.0      0.0    6.340    43.44  25834.8    2.107   0.0438      0.0    0.1610; 

  39     100.0      0.0    6.467    43.24  25324.9    2.150   0.0445      0.0    0.1643; 

  40     100.0      0.0    6.597    43.05  24825.2    2.193   0.0452      0.0    0.1676; 

  41     100.0      0.0    6.729    42.86  24335.3    2.237   0.0458      0.0    0.1709; 

  42     100.0      0.0    6.864    42.67  23855.2    2.282   0.0464      0.0    0.1744; 

  43     100.0      0.0    7.002    42.49  23384.6    2.328   0.0471      0.0    0.1779; 

  44     100.0      0.0    7.143    42.31  22923.4    2.375   0.0477      0.0    0.1814; 

  45     100.0      0.0    7.286    42.13  22471.2    2.423   0.0483      0.0    0.1851; 

  46     100.0      0.0    7.432    41.96  22028.1    2.471   0.0489      0.0    0.1888; 

  47     100.0      0.0    7.581    41.79  21593.7    2.521   0.0496      0.0    0.1926; 
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  48     100.0      0.0    7.733    41.63  21168.0    2.572   0.0502      0.0    0.1964; 

  49     100.0      0.0    7.888    41.47  20750.7    2.624   0.0508      0.0    0.2004; 

  50     100.0      0.0    8.046    41.31  20341.7    2.676   0.0514      0.0    0.2044; 

  51     100.0      0.0    8.207    41.15  19940.7    2.730    0.052      0.0    0.2085; 

  52     100.0      0.0    8.372    41.00  19547.7    2.785   0.0525      0.0    0.2126; 

  53     100.0      0.0    8.540    40.85  19162.5    2.841   0.0531      0.0    0.2169; 

  54     100.0      0.0    8.711    40.70  18784.9    2.898   0.0537      0.0    0.2213; 

  55     100.0      0.0    8.885    40.56  18414.8    2.956   0.0543      0.0    0.2257; 

  56     100.0      0.0    9.063    40.42  18052.1    3.016   0.0548      0.0    0.2302; 

  57     100.0      0.0    9.245    40.28  17696.4    3.076   0.0554      0.0    0.2348; 

  58     100.0      0.0    9.430    40.14  17347.9    3.138    0.056      0.0    0.2395; 

  59     100.0      0.0    9.619    40.01  17006.2    3.201   0.0565      0.0    0.2443; 

  60     100.0      0.0    9.812    39.88  16671.3    3.265   0.0571      0.0    0.2492; 

  61     100.0      0.0    10.01    39.75  16343.0    3.331   0.0576      0.0    0.2542; 

  62     100.0      0.0    10.21    39.63  16021.2    3.398   0.0582      0.0    0.2593; 

  63     100.0      0.0    10.41    39.50  15705.8    3.466   0.0587      0.0    0.2645; 

  64     100.0      0.0    10.62    39.38  15396.6    3.536   0.0592      0.0    0.2698; 

  65     100.0      0.0    10.83    39.27  15103.8    3.604   0.0598      0.0    0.2751; begin overlap; 

  66     100.0      0.0    11.04    39.16  14827.3    3.672   0.0603      0.0    0.2803; 

  67     100.0      0.0    11.24    39.06  14565.6    3.738   0.0608      0.0    0.2855; 

  68     100.0      0.0    11.44    38.96  14317.5    3.802   0.0614      0.0    0.2905; 

  69     100.0      0.0    11.63    38.87  14081.8    3.866   0.0619      0.0    0.2954; 

  70     100.0      0.0    11.82    38.78  13857.6    3.929   0.0624      0.0    0.3003; 

  71     100.0      0.0    12.01    38.70  13643.8    3.990   0.0629      0.0    0.3050; 

  72     100.0      0.0    12.19    38.62  13439.7    4.051   0.0635      0.0    0.3097; 

  73     100.0      0.0    12.38    38.55  13244.6    4.110    0.064      0.0    0.3143; 

  74     100.0      0.0    12.55    38.47  13057.9    4.169   0.0645      0.0    0.3189; 

  75     100.0      0.0    12.73    38.40  12878.9    4.227    0.065      0.0    0.3234; 

  76     100.0      0.0    12.91    38.34  12707.1    4.284   0.0655      0.0    0.3278; 

  77     100.0      0.0    13.08    38.27  12542.1    4.341   0.0661      0.0    0.3322; 

  78     100.0      0.0    13.25    38.21  12383.4    4.396   0.0666      0.0    0.3365; 

  79     100.0      0.0    13.41    38.15  12230.7    4.451   0.0671      0.0    0.3407; 

  80     100.0      0.0    13.58    38.09  12083.5    4.505   0.0676      0.0    0.3449; 

  81     100.0      0.0    13.74    38.04  11941.5    4.559   0.0681      0.0    0.3490; 

  82     100.0      0.0    13.90    37.98  11804.4    4.612   0.0687      0.0    0.3531; 

  83     100.0      0.0    14.06    37.93  11672.0    4.664   0.0692      0.0    0.3572; 

  84     100.0      0.0    14.22    37.88  11544.0    4.716   0.0697      0.0    0.3611; 

  85     100.0      0.0    14.37    37.83  11420.1    4.767   0.0702      0.0    0.3651; 

  86     100.0      0.0    14.53    37.79  11300.1    4.818   0.0708      0.0    0.3690; 

  87     100.0      0.0    14.68    37.74  11183.9    4.868   0.0713      0.0    0.3729; 

  88     100.0      0.0    14.83    37.70  11071.2    4.917   0.0718      0.0    0.3767; 

  89     100.0      0.0    14.98    37.65  10961.8    4.966   0.0724      0.0    0.3805; 

  90     100.0      0.0    15.13    37.61  10855.7    5.015   0.0729      0.0    0.3842; 

  91     100.0      0.0    15.27    37.57  10752.5    5.063   0.0734      0.0    0.3879; 

  92     100.0      0.0    15.42    37.53  10652.3    5.111    0.074      0.0    0.3916; 

  93     100.0      0.0    15.56    37.50  10554.8    5.158   0.0745      0.0    0.3952; 

  94     100.0      0.0    15.70    37.46  10460.0    5.205   0.0751      0.0    0.3988; 

  95     100.0      0.0    15.84    37.42  10367.6    5.251   0.0756      0.0    0.4024; 

  96     100.0      0.0    15.98    37.39  10277.7    5.297   0.0762      0.0    0.4059; 

  97     100.0      0.0    16.12    37.35  10190.1    5.342   0.0767      0.0    0.4094; 

  98     100.0      0.0    16.26    37.32  10104.7    5.388   0.0773      0.0    0.4129; 

  99     100.0      0.0    16.39    37.29  10021.3    5.432   0.0778      0.0    0.4164; 

 100     100.0      0.0    16.53    37.26   9940.1    5.477   0.0784      0.0    0.4198; 

 101     100.0      0.0    16.66    37.22   9860.7    5.521    0.079      0.0    0.4232; 

 102     100.0      0.0    16.79    37.19   9783.2    5.565   0.0795      0.0    0.4265; 

 103     100.0      0.0    16.92    37.16   9707.6    5.608   0.0801      0.0    0.4298; 
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 104     100.0      0.0    17.05    37.14   9633.6    5.651   0.0807      0.0    0.4332; 

 105     100.0      0.0    17.18    37.11   9561.3    5.694   0.0813      0.0    0.4364; 

 106     100.0      0.0    17.31    37.08   9490.6    5.736   0.0819      0.0    0.4397; 

 107     100.0      0.0    17.44    37.05   9421.4    5.778   0.0825      0.0    0.4429; 

 108     100.0      0.0    17.56    37.03   9353.7    5.820   0.0831      0.0    0.4461; 

 109     100.0      0.0    17.69    37.00   9287.5    5.862   0.0837      0.0    0.4493; 

 110     100.0      0.0    17.81    36.98   9222.6    5.903   0.0843      0.0    0.4525; 

 111     100.0      0.0    17.94    36.95   9159.1    5.944   0.0849      0.0    0.4556; 

 112     100.0      0.0    18.06    36.93   9096.8    5.985   0.0855      0.0    0.4587; 

 113     100.0      0.0    18.18    36.90   9035.8    6.025   0.0861      0.0    0.4618; 

 114     100.0      0.0    18.30    36.88   8976.0    6.065   0.0867      0.0    0.4649; 

 115     100.0      0.0    18.42    36.86   8917.3    6.105   0.0874      0.0    0.4679; 

 116     100.0      0.0    18.54    36.83   8859.8    6.145    0.088      0.0    0.4710; 

 117     100.0      0.0    18.66    36.81   8803.3    6.184   0.0886      0.0    0.4740; 

 118     100.0      0.0    18.78    36.79   8747.9    6.223   0.0893      0.0    0.4770; 

 119     100.0      0.0    18.90    36.77   8693.5    6.262   0.0899      0.0    0.4799; 

 120     100.0      0.0    19.01    36.75   8640.1    6.301   0.0906      0.0    0.4829; 

 121     100.0      0.0    19.13    36.73   8587.7    6.339   0.0913      0.0    0.4858; 

 122     100.0      0.0    19.24    36.71   8536.2    6.378    0.092      0.0    0.4887; 

 123     100.0      0.0    19.36    36.69   8485.6    6.416   0.0926      0.0    0.4916; 

 124     100.0      0.0    19.47    36.67   8435.8    6.453   0.0933      0.0    0.4945; 

 125     100.0      0.0    19.58    36.65   8386.9    6.491    0.094      0.0    0.4974; 

 126     100.0      0.0    19.69    36.63   8338.9    6.528   0.0947      0.0    0.5002; 

 127     100.0      0.0    19.81    36.61   8291.6    6.566   0.0954      0.0    0.5031; 

 128     100.0      0.0    19.92    36.59   8245.1    6.603   0.0962      0.0    0.5059; 

 129     100.0      0.0    20.03    36.58   8199.4    6.640   0.0969      0.0    0.5087; 

 130     100.0      0.0    20.14    36.56   8154.4    6.676   0.0976      0.0    0.5114; 

 131     100.0      0.0    20.24    36.54   8110.1    6.713   0.0984      0.0    0.5142; 

 132     100.0      0.0    20.35    36.52   8066.4    6.749   0.0991      0.0    0.5170; 

 133     100.0      0.0    20.46    36.51   8023.5    6.785   0.0999      0.0    0.5197; 

 134     100.0      0.0    20.57    36.49   7981.2    6.821    0.101      0.0    0.5224; 

 135     100.0      0.0    20.67    36.47   7939.6    6.857    0.101      0.0    0.5251; 

 136     100.0      0.0    20.78    36.46   7898.6    6.892    0.102      0.0    0.5278; 

 137     100.0      0.0    20.88    36.44   7858.2    6.928    0.103      0.0    0.5305; 

 138     100.0      0.0    20.99    36.43   7818.3    6.963    0.104      0.0    0.5331; 

 139     100.0      0.0    21.09    36.41   7779.1    6.998    0.105      0.0    0.5358; 

 140     100.0      0.0    21.20    36.40   7740.4    7.033    0.106      0.0    0.5384; 

 141     100.0      0.0    21.30    36.38   7702.2    7.068    0.106      0.0    0.5410; 

 142     100.0      0.0    21.40    36.37   7664.6    7.103    0.107      0.0    0.5436; 

 143     100.0      0.0    21.50    36.35   7627.5    7.137    0.108      0.0    0.5462; 

 144     100.0      0.0    21.60    36.34   7590.9    7.172    0.109      0.0    0.5488; 

 145     100.0      0.0    21.71    36.32   7554.8    7.206    0.110      0.0    0.5513; 

 146     100.0      0.0    21.81    36.31   7519.2    7.240    0.111      0.0    0.5539; 

 147     100.0      0.0    21.91    36.30   7484.0    7.274    0.112      0.0    0.5564; 

 148     100.0      0.0    22.00    36.28   7449.3    7.308    0.113      0.0    0.5589; 

 149     100.0      0.0    22.10    36.27   7415.0    7.342    0.114      0.0    0.5614; 

 150     100.0      0.0    22.20    36.26   7381.2    7.376    0.115      0.0    0.5639; 

 151     100.0      0.0    22.30    36.24   7347.8    7.409    0.116      0.0    0.5664; 

 152     100.0      0.0    22.39    36.23   7314.8    7.442    0.117      0.0    0.5688; 

 153     100.0      0.0    22.49    36.22   7282.2    7.476    0.118      0.0    0.5713; 

 154     100.0      0.0    22.59    36.20   7250.0    7.509    0.119      0.0    0.5737; 

 155     100.0      0.0    22.68    36.19   7218.1    7.542    0.120      0.0    0.5761; 

 156     100.0      0.0    22.78    36.18   7186.7    7.575    0.121      0.0    0.5785; 

 157     100.0      0.0    22.87    36.17   7155.6    7.608    0.123      0.0    0.5809; 

 158     100.0      0.0    22.97    36.16   7124.9    7.641    0.124      0.0    0.5833; 

 159     100.0      0.0    23.06    36.14   7094.5    7.674    0.125      0.0    0.5857; 
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 160     100.0      0.0    23.15    36.13   7064.4    7.706    0.126      0.0    0.5880; 

 161     100.0      0.0    23.24    36.12   7034.7    7.739    0.127      0.0    0.5904; 

 162     100.0      0.0    23.33    36.11   7005.3    7.771    0.129      0.0    0.5927; 

 163     100.0      0.0    23.42    36.10   6976.1    7.804    0.130      0.0    0.5950; 

 164     100.0      0.0    23.51    36.09   6947.3    7.836    0.132      0.0    0.5973; 

 165     100.0      0.0    23.60    36.07   6918.8    7.868    0.133      0.0    0.5995; 

 166     100.0      0.0    23.69    36.06   6890.6    7.901    0.134      0.0    0.6018; 

 167     100.0      0.0    23.78    36.05   6862.6    7.933    0.136      0.0    0.6040; 

 168     100.0      0.0    23.87    36.04   6835.0    7.965    0.138      0.0    0.6063; 

 169     100.0      0.0    23.96    36.03   6807.5    7.997    0.139      0.0    0.6085; 

 170     100.0      0.0    24.04    36.02   6780.4    8.029    0.141      0.0    0.6107; 

 171     100.0      0.0    24.13    36.01   6753.4    8.061    0.143      0.0    0.6128; 

 172     100.0      0.0    24.21    36.00   6726.7    8.093    0.144      0.0    0.6150; 

 173     100.0      0.0    24.29    35.99   6700.3    8.125    0.146      0.0    0.6171; 

 174     100.0      0.0    24.38    35.98   6674.1    8.157    0.148      0.0    0.6192; 

 175     100.0      0.0    24.46    35.97   6649.1    8.188    0.150      0.0    0.6212; 

 176     100.0      0.0    24.53    35.96   6624.4    8.218    0.152      0.0    0.6232; 

 177     100.0      0.0    24.61    35.95   6599.9    8.249    0.154      0.0    0.6251; 

 178     100.0      0.0    24.69    35.94   6575.5    8.279    0.156      0.0    0.6271; 

 179     100.0      0.0    24.76    35.93   6551.5    8.310    0.158      0.0    0.6290; 

 180     100.0      0.0    24.84    35.92   6527.6    8.340    0.160      0.0    0.6309; 

 181     100.0      0.0    24.91    35.91   6503.9    8.370    0.162      0.0    0.6328; 

 182     100.0      0.0    24.99    35.90   6480.5    8.401    0.164      0.0    0.6346; 

 183     100.0      0.0    25.06    35.89   6457.2    8.431    0.165      0.0    0.6365; 

 184     100.0      0.0    25.13    35.89   6434.2    8.461    0.167      0.0    0.6384; 

 185     100.0      0.0    25.20    35.88   6411.3    8.491    0.169      0.0    0.6402; 

 186     100.0      0.0    25.28    35.87   6388.7    8.521    0.171      0.0    0.6420; 

 187     100.0      0.0    25.35    35.86   6366.2    8.551    0.173      0.0    0.6438; 

 188     100.0      0.0    25.42    35.85   6343.9    8.581    0.175      0.0    0.6456; 

 189     100.0      0.0    25.49    35.84   6321.8    8.611    0.177      0.0    0.6474; 

 190     100.0      0.0    25.56    35.83   6299.9    8.641    0.179      0.0    0.6491; 

 191     100.0      0.0    25.62    35.82   6278.1    8.671    0.181      0.0    0.6509; 

 192     100.0      0.0    25.69    35.82   6256.6    8.701    0.183      0.0    0.6526; 

 193     100.0      0.0    25.76    35.81   6235.1    8.731    0.185      0.0    0.6543; 

 194     100.0      0.0    25.83    35.80   6213.9    8.761    0.186      0.0    0.6560; 

 195     100.0      0.0    25.89    35.79   6192.8    8.791    0.188      0.0    0.6577; 

 196     100.0      0.0    25.96    35.78   6171.9    8.821    0.190      0.0    0.6594; 

 197     100.0      0.0    26.03    35.77   6151.1    8.850    0.192      0.0    0.6610; 

 198     100.0      0.0    26.09    35.77   6130.5    8.880    0.194      0.0    0.6627; 

 199     100.0      0.0    26.15    35.76   6110.0    8.910    0.196      0.0    0.6643; 

 200     100.0      0.0    26.22    35.75   6089.7    8.940    0.198      0.0    0.6659; 

 201     100.0      0.0    26.28    35.74   6069.5    8.969    0.200      0.0    0.6675; 

 202     100.0      0.0    26.34    35.73   6049.4    8.999    0.202      0.0    0.6691; 

 203     100.0      0.0    26.41    35.73   6029.5    9.029    0.204      0.0    0.6707; 

 204     100.0      0.0    26.47    35.72   6009.7    9.059    0.205      0.0    0.6723; 

 205     100.0      0.0    26.53    35.71   5990.1    9.088    0.207      0.0    0.6738; 

 206     100.0      0.0    26.59    35.70   5970.6    9.118    0.209      0.0    0.6754; 

 207     100.0      0.0    26.65    35.70   5951.2    9.148    0.211      0.0    0.6769; 

 208     100.0      0.0    26.71    35.69   5932.0    9.177    0.213      0.0    0.6784; 

 209     100.0      0.0    26.77    35.68   5912.8    9.207    0.215      0.0    0.6799; 

 210     100.0      0.0    26.83    35.67   5893.8    9.237    0.217      0.0    0.6814; 

 211     100.0      0.0    26.88    35.67   5874.9    9.267    0.219      0.0    0.6828; 

 212     100.0      0.0    26.94    35.66   5856.1    9.296    0.221      0.0    0.6843; 

 213     100.0      0.0    27.00    35.65   5837.5    9.326    0.223      0.0    0.6857; 

 214     100.0      0.0    27.05    35.64   5818.9    9.356    0.225      0.0    0.6872; 

 215     100.0      0.0    27.11    35.64   5800.5    9.385    0.226      0.0    0.6886; 
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 216     100.0      0.0    27.16    35.63   5782.2    9.415    0.228      0.0    0.6900; 

 217     100.0      0.0    27.22    35.62   5763.9    9.445    0.230      0.0    0.6914; 

 218     100.0      0.0    27.27    35.62   5745.8    9.475    0.232      0.0    0.6927; 

 219     100.0      0.0    27.33    35.61   5727.8    9.505    0.234      0.0    0.6941; 

 220     100.0      0.0    27.38    35.60   5709.9    9.534    0.236      0.0    0.6955; 

 221     100.0      0.0    27.43    35.59   5692.1    9.564    0.238      0.0    0.6968; 

 222     100.0      0.0    27.48    35.59   5674.3    9.594    0.240      0.0    0.6981; 

 223     100.0      0.0    27.54    35.58   5656.7    9.624    0.242      0.0    0.6994; 

 224     100.0      0.0    27.59    35.57   5639.2    9.654    0.244      0.0    0.7007; 

 225     100.0      0.0    27.64    35.57   5621.7    9.684    0.246      0.0    0.7020; 

 226     100.0      0.0    27.69    35.56   5604.4    9.714    0.248      0.0    0.7033; 

 227     100.1      0.0    27.74    35.55   5587.1    9.744    0.250      0.0    0.7045; 

 228     100.1      0.0    27.79    35.55   5569.9    9.774    0.252      0.0    0.7058; 

 229     100.1      0.0    27.83    35.54   5552.8    9.804    0.254      0.0    0.7070; 

 230     100.1      0.0    27.88    35.53   5535.8    9.834    0.256      0.0    0.7082; 

 231     100.1      0.0    27.93    35.53   5518.9    9.864    0.258      0.0    0.7094; 

 232     100.1      0.0    27.98    35.52   5502.0    9.895    0.260      0.0    0.7106; 

 233     100.1      0.0    28.02    35.51   5485.3    9.925    0.262      0.0    0.7118; 

 234     100.1      0.0    28.07    35.51   5468.6    9.955    0.264      0.0    0.7129; 

 235     100.1      0.0    28.11    35.50   5451.9    9.985    0.266      0.0    0.7141; 

 236     100.1      0.0    28.16    35.49   5435.4    10.02    0.268      0.0    0.7152; 

 237     100.1      0.0    28.20    35.49   5418.9    10.05    0.270      0.0    0.7164; 

 238     100.1      0.0    28.25    35.48   5402.5    10.08    0.272      0.0    0.7175; 

 239     100.1      0.0    28.29    35.47   5386.1    10.11    0.274      0.0    0.7186; 

 240     100.1      0.0    28.33    35.47   5369.9    10.14    0.276      0.0    0.7197; 

 241     100.1      0.0    28.38    35.46   5353.7    10.17    0.278      0.0    0.7207; 

 242     100.1      0.0    28.42    35.46   5337.5    10.20    0.280      0.0    0.7218; 

 243     100.1      0.0    28.46    35.45   5321.4    10.23    0.282      0.0    0.7229; 

 244     100.1      0.0    28.50    35.44   5305.4    10.26    0.284      0.0    0.7239; 

 245     100.1      0.0    28.54    35.44   5289.4    10.29    0.286      0.0    0.7249; 

 246     100.1      0.0    28.58    35.43   5273.5    10.32    0.288      0.0    0.7259; 

 247     100.1      0.0    28.62    35.42   5257.7    10.35    0.290      0.0    0.7269; 

 248     100.1      0.0    28.66    35.42   5241.9    10.39    0.292      0.0    0.7279; 

 249     100.1      0.0    28.70    35.41   5226.2    10.42    0.294      0.0    0.7289; 

 250     100.1      0.0    28.73    35.41   5210.5    10.45    0.296      0.0    0.7298; 

 251     100.1      0.0    28.77    35.40   5194.9    10.48    0.299      0.0    0.7308; 

 252     100.1      0.0    28.81    35.39   5179.3    10.51    0.301      0.0    0.7317; 

 253     100.1      0.0    28.84    35.39   5163.8    10.54    0.303      0.0    0.7326; 

 254     100.1      0.0    28.88    35.38   5148.3    10.57    0.305      0.0    0.7336; 

 255     100.1      0.0    28.92    35.38   5132.9    10.61    0.307      0.0    0.7345; 

 256     100.1      0.0    28.95    35.37   5117.5    10.64    0.309      0.0    0.7353; 

 257     100.1      0.0    28.98    35.36   5102.2    10.67    0.311      0.0    0.7362; 

 258     100.1      0.0    29.02    35.36   5086.9    10.70    0.313      0.0    0.7371; 

 259     100.1      0.0    29.05    35.35   5071.6    10.73    0.316      0.0    0.7379; 

 260     100.1      0.0    29.08    35.35   5056.4    10.77    0.318      0.0    0.7387; 

 261     100.1      0.0    29.12    35.34   5041.2    10.80    0.320      0.0    0.7396; 

 262     100.1      0.0    29.15    35.33   5026.1    10.83    0.322      0.0    0.7404; 

 263     100.1      0.0    29.18    35.33   5011.0    10.86    0.324      0.0    0.7412; 

 264     100.1      0.0    29.21    35.32   4995.9    10.90    0.327      0.0    0.7420; 

 265     100.1      0.0    29.24    35.32   4980.9    10.93    0.329      0.0    0.7427; 

 266     100.1      0.0    29.27    35.31   4965.9    10.96    0.331      0.0    0.7435; 

 267     100.1      0.0    29.30    35.30   4951.0    11.00    0.333      0.0    0.7442; 

 268     100.1      0.0    29.33    35.30   4936.1    11.03    0.336      0.0    0.7450; 

 269     100.1      0.0    29.36    35.29   4921.2    11.06    0.338      0.0    0.7457; 

 270     100.1      0.0    29.39    35.29   4906.3    11.10    0.340      0.0    0.7464; 

 271     100.1      0.0    29.41    35.28   4891.5    11.13    0.343      0.0    0.7471; 



153 
 

 272     100.1      0.0    29.44    35.28   4876.6    11.16    0.345      0.0    0.7478; 

 273     100.1      0.0    29.47    35.27   4861.9    11.20    0.347      0.0    0.7485; 

 274     100.1      0.0    29.49    35.26   4847.1    11.23    0.350      0.0    0.7491; 

 275     100.1      0.0    29.52    35.26   4832.4    11.27    0.352      0.0    0.7498; 

 276     100.1      0.0    29.54    35.25   4817.6    11.30    0.354      0.0    0.7504; 

 277     100.1      0.0    29.57    35.25   4802.9    11.33    0.357      0.0    0.7510; 

 278     100.1      0.0    29.59    35.24   4788.3    11.37    0.359      0.0    0.7516; 

 279     100.1      0.0    29.62    35.24   4773.6    11.40    0.362      0.0    0.7522; 

 280     100.1      0.0    29.64    35.23   4759.0    11.44    0.364      0.0    0.7528; 

 281     100.1      0.0    29.66    35.22   4744.3    11.47    0.366      0.0    0.7534; 

 282     100.1      0.0    29.68    35.22   4729.7    11.51    0.369      0.0    0.7540; 

 283     100.1      0.0    29.71    35.21   4715.1    11.55    0.371      0.0    0.7545; 

 284     100.1      0.0    29.73    35.21   4700.5    11.58    0.374      0.0    0.7551; 

 285     100.1      0.0    29.75    35.20   4685.9    11.62    0.376      0.0    0.7556; 

 286     100.1      0.0    29.77    35.20   4671.4    11.65    0.379      0.0    0.7561; 

 287     100.2      0.0    29.79    35.19   4656.8    11.69    0.381      0.0    0.7566; 

 288     100.2      0.0    29.81    35.18   4642.3    11.73    0.384      0.0    0.7571; 

 289     100.2      0.0    29.83    35.18   4627.7    11.76    0.387      0.0    0.7576; 

 290     100.2      0.0    29.84    35.17   4613.2    11.80    0.389      0.0    0.7580; 

 291     100.2      0.0    29.86    35.17   4598.6    11.84    0.392      0.0    0.7585; 

 292     100.2      0.0    29.88    35.16   4584.1    11.88    0.394      0.0    0.7589; 

 293     100.2      0.0    29.90    35.16   4569.5    11.91    0.397      0.0    0.7594; 

 294     100.2      0.0    29.91    35.15   4555.0    11.95    0.400      0.0    0.7598; 

 295     100.2      0.0    29.93    35.14   4540.4    11.99    0.402      0.0    0.7602; 

 296     100.2      0.0    29.95    35.14   4525.9    12.03    0.405      0.0    0.7606; 

 297     100.2      0.0    29.96    35.13   4511.3    12.07    0.408      0.0    0.7610; 

 298     100.2      0.0    29.98    35.13   4496.7    12.11    0.411      0.0    0.7614; 

 299     100.2      0.0    29.99    35.12   4482.2    12.15    0.413      0.0    0.7618; 

 300     100.2      0.0    30.00    35.12   4467.6    12.19    0.416      0.0    0.7621; 

 301     100.2      0.0    30.02    35.11   4453.0    12.23    0.419      0.0    0.7625; 

 302     100.2      0.0    30.03    35.10   4438.3    12.27    0.422      0.0    0.7628; 

 303     100.2      0.0    30.04    35.10   4423.7    12.31    0.425      0.0    0.7631; 

 304     100.2      0.0    30.06    35.09   4409.0    12.35    0.428      0.0    0.7634; 

 305     100.2      0.0    30.07    35.09   4394.3    12.39    0.430      0.0    0.7637; 

 306     100.2      0.0    30.08    35.08   4379.6    12.43    0.433      0.0    0.7640; 

 307     100.2      0.0    30.09    35.07   4364.9    12.47    0.436      0.0    0.7643; 

 308     100.2      0.0    30.10    35.07   4350.2    12.51    0.439      0.0    0.7646; 

 309     100.2      0.0    30.11    35.06   4335.4    12.56    0.442      0.0    0.7649; 

 310     100.2      0.0    30.12    35.06   4320.6    12.60    0.445      0.0    0.7651; 

 311     100.2      0.0    30.13    35.05   4305.7    12.64    0.448      0.0    0.7654; 

 312     100.2      0.0    30.14    35.05   4290.8    12.69    0.451      0.0    0.7656; 

 313     100.2      0.0    30.15    35.04   4275.9    12.73    0.455      0.0    0.7659; 

 314     100.2      0.0    30.16    35.03   4261.0    12.78    0.458      0.0    0.7661; 

 315     100.2      0.0    30.17    35.03   4246.0    12.82    0.461      0.0    0.7663; 

 316     100.2      0.0    30.18    35.02   4230.9    12.87    0.464      0.0    0.7665; 

 317     100.3      0.0    30.19    35.02   4215.8    12.91    0.467      0.0    0.7667; 

 318     100.3      0.0    30.19    35.01   4200.7    12.96    0.471      0.0    0.7669; 

 319     100.3      0.0    30.20    35.00   4185.5    13.01    0.474      0.0    0.7671; 

 320     100.3      0.0    30.21    35.00   4170.2    13.05    0.477      0.0    0.7673; 

 321     100.3      0.0    30.21    34.99   4154.9    13.10    0.481      0.0    0.7675; 

 322     100.3      0.0    30.22    34.99   4139.5    13.15    0.484      0.0    0.7676; 

 323     100.3      0.0    30.23    34.98   4124.1    13.20    0.487      0.0    0.7678; 

 324     100.3      0.0    30.23    34.97   4108.5    13.25    0.491      0.0    0.7679; 

 325     100.3      0.0    30.24    34.97   4092.9    13.30    0.494      0.0    0.7681; 

 326     100.3      0.0    30.25    34.96   4077.3    13.35    0.498      0.0    0.7683; 

 327     100.3      0.0    30.25    34.96   4061.5    13.40    0.502      0.0    0.7684; 
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 328     100.3      0.0    30.26    34.95   4045.7    13.46    0.505      0.0    0.7686; 

 329     100.3      0.0    30.26    34.94   4029.8    13.51    0.509      0.0    0.7687; 

 330     100.3      0.0    30.27    34.94   4013.8    13.56    0.513      0.0    0.7688; 

 331     100.3      0.0    30.28    34.93   3997.7    13.62    0.516      0.0    0.7690; 

 332     100.3      0.0    30.28    34.92   3981.4    13.67    0.520      0.0    0.7691; 

 333     100.3      0.0    30.29    34.92   3965.1    13.73    0.524      0.0    0.7693; 

 334     100.3      0.0    30.29    34.91   3948.7    13.79    0.528      0.0    0.7694; 

 335     100.3      0.0    30.30    34.91   3932.1    13.84    0.532      0.0    0.7696; 

 336     100.4      0.0    30.30    34.90   3915.5    13.90    0.536      0.0    0.7697; 

 337     100.4      0.0    30.31    34.89   3898.7    13.96    0.540      0.0    0.7699; 

 338     100.4      0.0    30.32    34.89   3881.7    14.02    0.544      0.0    0.7700; 

 339     100.4      0.0    30.32    34.88   3864.6    14.09    0.548      0.0    0.7702; 

 340     100.4      0.0    30.33    34.87   3847.4    14.15    0.552      0.0    0.7704; 

 341     100.4      0.0    30.34    34.87   3830.0    14.21    0.556      0.0    0.7706; 

 342     100.4      0.0    30.35    34.86   3812.4    14.28    0.560      0.0    0.7708; 

 343     100.4      0.0    30.35    34.85   3794.7    14.35    0.565      0.0    0.7710; 

 344     100.4      0.0    30.36    34.84   3776.8    14.41    0.569      0.0    0.7712; 

 345     100.4      0.0    30.37    34.84   3758.7    14.48    0.574      0.0    0.7715; 

 346     100.4      0.0    30.38    34.83   3740.4    14.55    0.578      0.0    0.7717; 

 347     100.4      0.0    30.39    34.82   3721.9    14.63    0.583      0.0    0.7720; 

 348     100.4      0.0    30.41    34.82   3703.2    14.70    0.587      0.0    0.7723; 

 349     100.5      0.0    30.42    34.81   3684.3    14.78    0.592      0.0    0.7726; 

 350     100.5      0.0    30.43    34.80   3665.1    14.85    0.597      0.0    0.7730; 

 351     100.5      0.0    30.45    34.79   3645.7    14.93    0.601      0.0    0.7734; 

 352     100.5      0.0    30.46    34.79   3626.0    15.01    0.606      0.0    0.7738; 

 353     100.5      0.0    30.48    34.78   3606.1    15.10    0.611      0.0    0.7742; 

 354     100.5      0.0    30.50    34.77   3585.9    15.18    0.616      0.0    0.7747; 

 355     100.5      0.0    30.52    34.76   3565.3    15.27    0.621      0.0    0.7752; 

 356     100.5      0.0    30.54    34.75   3544.5    15.36    0.627      0.0    0.7758; 

 357     100.5      0.0    30.57    34.75   3523.3    15.45    0.632      0.0    0.7764; 

 358     100.6      0.0    30.59    34.74   3501.8    15.55    0.637      0.0    0.7771; 

 359     100.6      0.0    30.62    34.73   3480.2    15.64    0.642      0.0    0.7778; 

 360     100.6      0.0    30.65    34.72   3458.7    15.74    0.648      0.0    0.7785; end overlap; 

 361     100.6      0.0    30.67    34.71   3437.4    15.84    0.653      0.0    0.7791; 

 362     100.6      0.0    30.69    34.70   3416.2    15.94    0.659      0.0    0.7796; 

 363     100.6      0.0    30.71    34.70   3395.1    16.03    0.665      0.0    0.7802; 

 364     100.6      0.0    30.73    34.69   3374.1    16.13    0.671      0.0    0.7806; 

 365     100.6      0.0    30.75    34.68   3353.3    16.23    0.677      0.0    0.7810; 

 366     100.7      0.0    30.76    34.67   3332.5    16.34    0.683      0.0    0.7814; 

 367     100.7      0.0    30.78    34.66   3311.7    16.44    0.689      0.0    0.7817; 

 368     100.7      0.0    30.79    34.65   3291.0    16.54    0.695      0.0    0.7820; 

 369     100.7      0.0    30.80    34.65   3270.3    16.65    0.701      0.0    0.7822; 

 370     100.7      0.0    30.80    34.64   3249.6    16.75    0.708      0.0    0.7824; 

 371     100.7      0.0    30.81    34.63   3228.9    16.86    0.714      0.0    0.7826; 

 372     100.8      0.0    30.81    34.62   3208.2    16.97    0.721      0.0    0.7827; 

 373     100.8      0.0    30.82    34.61   3187.4    17.08    0.728      0.0    0.7828; 

 374     100.8      0.0    30.82    34.61   3166.6    17.19    0.735      0.0    0.7829; 

 375     100.8      0.0    30.82    34.60   3145.7    17.31    0.742      0.0    0.7829; 

 376     100.8      0.0    30.82    34.59   3124.7    17.42    0.749      0.0    0.7829; 

 377     100.8      0.0    30.83    34.58   3103.6    17.54    0.756      0.0    0.7830; 

 378     100.9      0.0    30.83    34.57   3082.3    17.66    0.764      0.0    0.7830; 

 379     100.9      0.0    30.83    34.56   3060.9    17.79    0.771      0.0    0.7830; 

 380     100.9      0.0    30.83    34.56   3039.2    17.91    0.779      0.0    0.7830; 

 381     100.9      0.0    30.83    34.55   3017.4    18.04    0.787      0.0    0.7830; 

 382     101.0      0.0    30.83    34.54   2995.3    18.17    0.795      0.0    0.7830; 

 383     101.0      0.0    30.83    34.53   2973.0    18.31    0.804      0.0    0.7831; 
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 384     101.0      0.0    30.83    34.52   2950.4    18.45    0.812      0.0    0.7831; 

 385     101.0      0.0    30.84    34.51   2927.5    18.60    0.821      0.0    0.7832; 

 386     101.1      0.0    30.84    34.50   2904.3    18.74    0.830      0.0    0.7833; 

 387     101.1      0.0    30.85    34.49   2880.6    18.90    0.839      0.0    0.7835; 

 388     101.1      0.0    30.86    34.48   2856.6    19.06    0.848      0.0    0.7837; 

 389     101.2      0.0    30.87    34.47   2832.2    19.22    0.858      0.0    0.7840; 

 390     101.2      0.0    30.88    34.46   2807.4    19.39    0.868      0.0    0.7843; 

 391     101.2      0.0    30.90    34.45   2782.0    19.57    0.878      0.0    0.7848; 

 392     101.3      0.0    30.92    34.44   2756.2    19.75    0.888      0.0    0.7853; 

 393     101.3      0.0    30.94    34.43   2729.8    19.94    0.899      0.0    0.7859; 

 394     101.4      0.0    30.97    34.42   2702.8    20.14    0.909      0.0    0.7866; 

 395     101.4      0.0    31.00    34.41   2675.2    20.35    0.920      0.0    0.7874; 

 396     101.4      0.0    31.04    34.40   2646.9    20.57    0.932      0.0    0.7884; 

 397     101.5      0.0    31.08    34.39   2618.0    20.79    0.944      0.0    0.7895; 

 398     101.5      0.0    31.13    34.38   2588.4    21.03    0.956      0.0    0.7907; 

 399     101.6      0.0    31.19    34.37   2558.0    21.28    0.968      0.0    0.7922; 

 400     101.6      0.0    31.25    34.35   2526.8    21.54    0.981      0.0    0.7938; 

 401     101.7      0.0    31.33    34.34   2494.8    21.82    0.994      0.0    0.7957; 

 402     101.8      0.0    31.41    34.33   2461.9    22.11    1.007      0.0    0.7978; 

 403     101.8      0.0    31.50    34.32   2428.2    22.42    1.021      0.0    0.8001; 

 404     101.9      0.0    31.60    34.30   2393.4    22.75    1.035      0.0    0.8027; 

 405     102.0      0.0    31.72    34.29   2357.7    23.09    1.049      0.0    0.8056; 

 406     102.0      0.0    31.84    34.27   2321.0    23.46    1.064      0.0    0.8089; 

 407     102.1      0.0    31.99    34.26   2283.3    23.84    1.080      0.0    0.8125; 

 408     102.2      0.0    32.14    34.24   2244.5    24.26    1.096      0.0    0.8165; 

 409     102.3      0.0    32.32    34.23   2204.5    24.69    1.112      0.0    0.8209; 

 410     102.4      0.0    32.51    34.21   2163.4    25.16    1.129      0.0    0.8257; 

 411     102.5      0.0    32.72    34.20   2121.2    25.66    1.147      0.0    0.8311; 

 412     102.6      0.0    32.94    34.18   2079.6    26.18    1.164      0.0    0.8367; 

 413     102.7      0.0    33.17    34.16   2038.8    26.70    1.181      0.0    0.8425; 

 414     102.8      0.0    33.41    34.15   1998.8    27.24    1.198      0.0    0.8486; 

 415     102.9      0.0    33.66    34.13   1959.6    27.78    1.214      0.0    0.8549; 

 416     103.0      0.0    33.92    34.12   1921.1    28.34    1.230      0.0    0.8615; 

 417     103.1      0.0    34.19    34.10   1883.5    28.90    1.246      0.0    0.8684; 

 418     103.2      0.0    34.47    34.09   1846.5    29.48    1.262      0.0    0.8755; 

 419     103.3      0.0    34.76    34.07   1810.3    30.07    1.277      0.0    0.8828; 

 420     103.4      0.0    35.05    34.06   1774.8    30.67    1.293      0.0    0.8904; 

 421     103.5      0.0    35.36    34.05   1740.0    31.29    1.308      0.0    0.8982; 

 422     103.6      0.0    35.68    34.03   1705.8    31.91    1.323      0.0    0.9061; 

 423     103.7      0.0    36.00    34.02   1672.4    32.55    1.338      0.0    0.9143; 

 424     103.8      0.0    36.33    34.01   1639.6    33.20    1.352      0.0    0.9227; 

 425     104.0      0.0    36.67    33.99   1607.4    33.87    1.367      0.0    0.9313; 

 426     104.1      0.0    37.01    33.98   1575.9    34.55    1.381      0.0    0.9401; 

 427     104.2      0.0    37.37    33.97   1544.9    35.24    1.395      0.0    0.9491; 

 428     104.3      0.0    37.73    33.96   1514.6    35.94    1.409      0.0    0.9583; 

 429     104.4      0.0    38.10    33.95   1484.9    36.66    1.423      0.0    0.9677; bottom hit;  

Horiz plane projections in effluent direction: radius(m):      0.0; CL(m):   0.4337 

Lmz(m):   0.4337 

forced entrain      1     0.0  -1.345   0.968   0.120 

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      33.3632 

 ; 

3:07:41 PM. amb fills: 4 
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Figure C.8.1: Plumes 18b solution of discharge plume trajectories for discharges of 1.8 mgd of 

Doheny and Capistrano Beach well water average annual TDS = 33.5 ppt., and 3 mgd of brine 

from the Doheny Desalination Project with a brine salinity of 67 ppt. Depth of maximum rise of 

the plume is Z = 99.0 ft. at Xa = 0.735 ft from the point of discharge. The centerline of the plume 

is at an average distance of Xb = 1.423 ft from the point of discharge as the plume begins to 

impact the bottom at a depth of Z = 104.5 ft. 
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Figure C.8.2: Plumes 18b solution of vertical density profile for discharges of 1.8 mgd of 

Doheny and Capistrano Beach well water average annual TDS = 33.5 ppt. and 3 mgd of brine 

from the Doheny Desalination Project with a brine salinity of 67 ppt.  Discharge effluent density 

shown as black triangles. Ambient water mass density profile shown as solid red line. 
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Figure C.8.3: Plumes 18b solution of effective (bulk average) dilution as a function of vertical 

distance from the point of discharge for discharges of 0.35 mgd of 1.8 mgd of Doheny and 

Capistrano Beach well water average annual TDS = 33.5 ppt and 3 mgd of brine from the 

Doheny Desalination Project with a brine salinity of 67 ppt. Effective dilution is Sa = 17.19 at the 

maximum rise of the plume at Xa = 0.735 ft. from the point of discharge. As the plume begins to 

impact the bottom, the plume centerline is at a distance of Xb = 1.423 ft from the point of 

discharge, where the effective dilution reaches Sa = 36.66. 
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EIR DOHENY OCEAN DESALINATION PROJECT 

HYDROGEOLOGIC ANALYSIS RELATED TO RESPONSES TO COMMENTS 

EVALUATE PROJECT IMPACTS ON SAN JUAN CREEK SURFACE WATER LEVELS AND ASSESSMENT OF 

PROJECT IMPACTS FROM POTENTIAL UPSTREAM BEDROCK “BARRIER” 

1.0 INTRODUCTION 

The Doheny Ocean Desalination Project Draft Environmental Impact Report (DEIR) was issued on May 17, 

2018. GEOSCIENCE Support Services, Inc. (GEOSCIENCE) reviewed the DEIR comments related to project 

impacts to groundwater and surface water provided to us by the project team, including those provided 

by the National Oceanic and Atmospheric Administration National Marine Fisheries Service (NOAA-NMFS, 

San Juan Basin Authority, and Santa Margarita Water District). In response to these comments, 

GEOSCIENCE has conducted additional analysis regarding the influence of slant well pumping on San Juan 

Creek lagoon, surface and groundwater levels in the shallow aquifer, and potential changes due to a 

suspected bedrock barrier. This technical memorandum summarizes the results of our analysis, as 

outlined in the approved scope of work from our proposal dated August 29, 2018 for GHD and South Coast 

Water District (SCWD). 

2.0 EVALUATION OF PROJECT CHANGES ON SAN JUAN CREEK SURFACE FLOW 

The San Juan Basin (SJB) Regional Groundwater Model was used to determine San Juan Creek discharges 

to the ocean under “No Project” (i.e., Baseline) and “Project” (i.e., pumping) conditions. Current pumping 

is assumed to continue into the future since the groundwater basin is currently managed by basin 

stakeholders to avoid over pumping. Under No Pumping conditions, current production from existing 

pumping wells are considered. Evaluating the surface outflow component under No Project and Project 

conditions allows for the quantification of the potential reduction in surface flow, in cubic feet per second 

(cfs).  

2.1 San Juan Basin Regional Groundwater Model 

The SJB Regional Groundwater Model was originally developed in 2013 to evaluate the basin yield and 

groundwater level response from existing and planned groundwater development. It was also utilized to 

determine potential Changes in groundwater levels and pumping interference from the installation of 

sheet piling along the San Juan Creek flood control channel, and assess changes associated with the 

Doheny Ocean Desalination Project (GEOSCIENCE, 2013). Later, the model was updated for the Doheny 

Ocean Desalination Project during work for the Foundational Actions Funding Program – Advancement of 

Slant Well Technology and Groundwater Flow and Solute Transport Modeling (GEOSCIENCE, 2015) to 
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better understand 1) feedwater quality produced over time from a slant well system, 2) drawdown effects 

and environmental strategies along coastal reaches, and 3) the behavior of seawater flow and intrusion 

control in a multi-layered aquifer system. Following onshore and offshore geophysical surveys and the 

drilling of a borehole in 2017-2018 to better define the geometry of coastal paleochannels, the SJB 

Regional Model was further refined by incorporating the newer hydrogeological data. 

The SJB Regional Model is a three (3) layered MODFLOW1 model covering the lower and middle SJB area 

of approximately 47.5 square miles (30,400 acres), including an offshore area to incorporate infiltration 

from the ocean (see Figure 1). The model consists of a finite-difference grid with 1,012 rows in the north 

to south direction and 524 columns in the west to east direction, for a total of 530,288 cells per layer, or 

1,590,864 cells total. Each model cell of the SJB Regional Model represents an area of 50 ft x 50 ft. The 

active model area represents unconsolidated and semi-consolidated fluvial deposits interbedded with 

numerous fine-grained silt and clay deposits. Inactive model areas and the base of the groundwater model 

represent surrounding and underlying consolidated geologic formations (i.e., bedrock). 

The regional model was calibrated for the period from January 2004 to December 2014 for purposes of 

analyzing the impacts of full-scale pumping. This period was selected due to the importance of recent 

stresses (dry hydrologic period) on the basin for predicting future performance. The calibration was based 

on 2,435 groundwater level measurements from 36 target wells and measured streamflow from the San 

Juan Creek at La Novia gaging station and Trabuco Creek at San Juan Capistrano gaging station (see 

Figure 1). 

2.2 Model-Calculated San Juan Creek Lagoon Elevations 

The SJB Focused Model was developed and calibrated as part of the Foundational Actions Funding 

Program (GEOSCIENCE, 2015) to more accurately predict slant well pumped water quality over time, 

injection water flow/water quality/reactants, and ocean water intrusion. The finer cell size (resolution) 

used for the focused model was also important to understand seasonal coastal lagoon drawdown effects.  

Lagoon levels were calculated by the Focused Model, which employs the Lake Package to simulate the 

surface water-groundwater interaction.  

Changes to San Juan Creek lagoon levels from Project operations were evaluated for the hydrologic period 

from January 1947 through December 2010 for the following scenarios: 

• Baseline (i.e., no Project pumping)

1 MODFLOW is a block-centered, finite-difference groundwater flow code developed by the United States 
Geologic Survey (USGS) (McDonald and Harbaugh, 1988) for the purpose of modeling both saturated and 
unsaturated groundwater flow. 
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• Scenario 1: Project pumping of 10 million gallons per day (MGD) from three slant wells

• Scenario 2: Project pumping of 10 MGD from seven slant wells at Capistrano Beach

• Scenario 3: Project pumping of 30 MGD from sixteen slant wells (20 MGD from slant well pods at

Doheny and 10 MGD from pods at Capistrano Beach).

Due to the uncertainties remaining as to the hydrogeologic conditions at Capistrano Beach, a 30MGD with 

pumping from only a Doheny Beach wellfield was modeled as Scenario 4 also the current analysis does 

not consider Scenarios 2 for the cumulative changes.   

• Scenario 4: Project pumping of 30 MGD from twelve slant wells at Doheny Beach

As presented in Table 4-3 of “Model Update and Refinement Using Results from Onshore and Offshore 

Geophysical Surveys and Exploratory Borehole Data” Technical Memorandum, dated March 1, 2018, 

changes to lagoon water levels from Project pumping were reported as ranging from -0.14 to -0.26 ft 

under Scenario 1 conditions and -0.16 to -0.63 ft under Scenario 3 conditions for dry and wet hydrologic 

conditions. Scenario 4 conditions were not reported in Table 4-3 as Scenario 4 was modeled after the TM 

was issued (March 1, 2018). Under Scenario 4 conditions lagoon level changes will range from -0.15 

to -0.74 ft. Groundwater levels in the shallow aquifer will range from -33.47 to -42.79 ft. To clarify the 

decreases in lagoon levels for dry and wet hydrologic conditions shown on Table 2-1 below summarize 

the model-calculated decreases and potential project impacts on lagoon surface levels. The “dry” and 

“wet” hydrologic cycle periods are determined when the cumulative departure from the mean is in a 

downward or upward trend (see Figure 2 and Section 2.6 of this memorandum). 

Table 2-1. Change in Lagoon Surface Levels under Project Conditions 

Hydrologic Cycle Hydrologic Period 
Change in Lagoon Level, ft 

Scenario 1 Scenario 3 Scenario 4 

Dry 1947-1976 -0.14 -0.16 -0.15

Wet 1978-1983 -0.26 -0.85 -0.86

It is important to note that the model-calculated decreases in San Juan Creek lagoon levels occur over the 

entire lagoon area of approximately 13.2 acres. The following section provides the model-calculated 

reduction in outflow that will occur as a result of Scenario 1, Scenario 3, and Scenario 4 pumping over the 

area influenced by Project pumping under dry and wet hydrologic conditions.  
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2.3 Model-Calculated San Juan Creek Outflow to the Ocean under No Project and Project Conditions 

Surface flow in San Juan Creek was simulated in the 2016 SJB Regional Model using the Streamflow 

Routing Package (SFR Package) from MODLFOW, which accounts for the interaction between surface 

water and groundwater. This area is outside the Focused Model, so the Regional Model was used to 

evaluate changes in groundwater levels in this area. The SFR Package assigns recharge to stream cells that 

are sequentially numbered in the downstream direction. The downward leakage of streamflow, or 

streambed percolation, is calculated as a function of the hydraulic conductivity of the streambed, the 

wetted perimeter of the streambed, the length of the stream reach, the underlying groundwater head, 

stream stage, and streambed thickness. Model input for the routing package includes stream inflow, 

stream channel geometry, and streambed conductance (Niswonger and Prudic, 2006). Information on 

streamflow was available from observed measurements at the San Juan Creek at La Novia and Trabuco 

Creek at San Juan Capistrano gaging stations, which were also used for model calibration. These gaging 

stations are shown on Figure 1.  

In order to evaluate the long-term outflow at the ocean, streamflow in San Juan Creek and surface outflow 

to the ocean was calculated by the SJB Regional Model for the hydrologic period from January 1947 

through December 2010 for the same scenarios presented above. The model-calculated streamflow from 

San Juan Creek to the ocean is shown on Figures 3 through 6 under Baseline, Scenario 1, Scenario 3, and 

Scenario 4 conditions, respectively. 

For baseline conditions, outflow at the ocean ranges from 15.91 cubic feet per second (cfs) under dry 

hydrologic conditions to 56.04 cfs under wet hydrologic conditions. Discharge under Scenario 1 Project 

pumping conditions ranges from 15.81 cfs under dry hydrologic conditions to 55.59 cfs under wet 

hydrologic conditions. Discharge under Scenario 3 ranges from 15.78 cfs under dry hydrologic conditions 

to 55.41 cfs under wet hydrologic conditions. Discharge under Scenario 4 ranges from 15.76 cfs under dry 

hydrologic conditions to 55.30 cfs under wet hydrologic conditions. The corresponding decrease in San 

Juan Creek streamflow under Project pumping conditions, as compared to baseline, is summarized in 

Table 2-2 below.  

Table 2-2. Change in San Juan Creek Outflow to the Ocean under Project Conditions 

Hydrologic Cycle Hydrologic Period 
Change in San Juan Creek Discharge, cfs 

Scenario 1 Scenario 3 Scenario 4 

Dry 1947-1976 -0.10 -0.13 -0.15

Wet 1978-1983 -0.45 -0.63 -0.74
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The decreases in San Juan Creek streamflow from Project pumping correspond to approximately 0.6 to 

0.8 percent of the baseline outflow under Scenario 1 conditions, 0.8 to 1.1 percent of the baseline outflow 

under Scenario 3 conditions, and 0.9 to  1.3 percent under Scenario 4 conditions.  

2.4 Evaluation of Changes in Shallow Aquifer Groundwater Levels under Project Conditions 

2.4.1 Groundwater Level Monitoring 

Historical groundwater levels for the shallow aquifer in the vicinity of the San Juan Creek lagoon were 

collected both during and after the long-term slant well pumping test from transducers placed in District-

owned nested monitoring wells MW-1 through MW-4 (12 total monitoring wells). MW-1 and MW-2, 

which are closest to the lagoon, are shown on Figure 2-1 (inset below).  

Figure 2-1. Monitoring Well Locations in the Vicinity of the San Juan Creek Lagoon 

During the initial field investigations conducted in 2005, boreholes B-2 and B-4 were completed as nested 

monitoring wells (MW-1 and MW-2, respectively). Each borehole contains three nested 2-inch PVC wells 

screened in the shallow, middle, or deep aquifer. A basic monitoring well construction diagram for 
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B-2/MW-1 and B-4/MW-2 is shown on the sketch below (inset Figure 2-2), which illustrates the general

configuration of the nested monitoring wells in MW-1 and MW-2.

After the monitoring wells were constructed, they were developed and sampled. The depth to static 

groundwater level in each nested monitoring well was initially measured with an electronic sounder. Each 

nested monitoring well was later equipped with a pressure transducer to measure groundwater levels 

every 15 minutes. Transducer data were downloaded on a weekly basis during the long-term pumping 

test (June 2010 through April 2012) and on a monthly basis after the long-term pumping test to present. 

An on-site barometer was used to compensate the transducer data downloaded from each nested 

monitoring well. The compensated water level data were then converted to elevation (NAVD88) and 

plotted over time.  

The nested well design allows for accurate water level data from each of 

the nearshore aquifers (shallow, middle, and deep). For example, the 

shallow screen in each nested monitoring well (MW-1S and MW-2S) 

provides water level data for the shallow aquifer, which is in direct 

hydraulic connection with San Juan Creek. Since the shallow aquifer is 

separated from the middle aquifer by an aquitard that is approximately 

10 ft thick, water level measurements in the shallow aquifer are not 

influenced by the deeper systems. Therefore, water level data from MW-

1S and MW-2S can be used to monitor and evaluate Project pumping 

impacts on the shallow aquifer. MW-2S was used to evaluate 

groundwater levels in the shallow aquifer under the lagoon due to its 

location in relation to both the Test Slant Well and the lagoon.  

In addition, MW-2 is located at approximately the same location as one 

of the lagoon bottom profiles surveyed by the Chambers Group (2016) 

from Spring 2015 to Spring 2016 – providing a reference on the relative 

position of shallow aquifer water levels with respect to the lagoon 

bottom (see Figure 2-1). These profiles presented originally as 

Figure 2-14 of the Chambers Group report, are shown as attached 

Figure 7. The cross-sectional transects indicate most erosion taking place 

within the southwest corner of the lagoon where the sand berm is 

typically breached. Some accretion of sediment occurs on the eastern 

bank of the lagoon (see Chambers Group, 2016). An average bottom 

elevation of the lagoon was estimated to be approximately 4 ft NAVD88 

from the Lagoon S cross-section (shown on Figure 2-1 as A-A’). 

MW-1 

Bentonite Seal

Nested Monitoring Well

2 in. PVC

150 ft

Water Level

Filter Pack

10’-25’

40’-130’

140’-165’

Approximate 

Screen 

Intervals

Cement SealBentonite Seal

Nested Monitoring Well

2 in. PVC
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Water Level

Filter Pack

Bentonite Seal

Nested Monitoring Well
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Water Level
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Figure 2-2. General

Monitoring Well Construction  
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2.5 Shallow Aquifer Groundwater Levels during Historical Hydrologic Cycles 

Shallow aquifer groundwater levels from MW-2S are shown on Figure 8 from before the start of the 

long-term pumping test in June 2010, through present. The shallow aquifer groundwater levels are also 

shown in comparison to the average estimated lagoon bottom elevation of 4 ft NAVD88 and monthly 

precipitation from the Laguna Beach #2 precipitation gage. The water levels represent a combination of 

two sets of collected data from MW-2S that were combined to display shallow groundwater levels during 

the pumping test and post-pumping period. One dataset was collected and processed by GEOSCIENCE 

during slant well pumping test monitoring, and the other was collected and processed by South Coast 

Water District (SCWD) during post-pumping test monitoring.  

As shown, groundwater levels in the shallow aquifer fluctuated above and below the average lagoon 

bottom elevation both during and after the long-term pumping test. Based on the observed fluctuations 

and local precipitation, changes in groundwater levels in MW-2S appear to correlate with periods of 

rainfall or no rainfall. At the start of the long-term pumping test, shallow aquifer water levels were near 

the elevation of the lagoon bottom. Just after the initiation of the test, water levels fall below the lagoon 

bottom elevation during the summer months. Water levels then rose above the lagoon bottom elevation 

in response to the increased precipitation that occurred from January 2011 through June 2011. 

Subsequently, water level in the shallow aquifer fell below the lagoon bottom elevation during the 

following dry season and continued to decline after the test slant well pump was shut off in April 2012 

(2012 through 2014). Groundwater rose again following increased precipitation events in 2015 and 2016. 

However, despite the lower groundwater levels in the shallow aquifer during dry hydrologic conditions, 

review of aerial photos and land-based photos taken during monitoring events indicate surface water was 

still present in the lagoon during these times (Figure 9) which is likely due to low permeability of the 

materials (silt and clay) lining the lagoon bottom.   

Based on the observed response of water levels to changes in precipitation, it appears that groundwater 

levels in the shallow aquifer in the vicinity of the San Juan Creek lagoon are primarily influenced by rainfall 

conditions. 

2.6 Project Impacts during Wet, Dry, and Average Hydrologic Cycles 

Figure 2 shows historical annual precipitation from 1928 through 2017, along with the calculated 

cumulative departure from the mean. The 70-year average precipitation is approximately 11.77 in/year 

during the period from 1928 through 2017. A downward slope on the cumulative departure curve 

indicates a less than average or “dry” conditions and upward slope shows periods during “wet” conditions.  

The long-term cumulative departure from the mean precipitation show that the study period during slant 

well pumping (June 2010 through April 2012) and post slant well pumping represented an overall dry 

hydrologic period which included the years 2005 - 2017.  
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A snapshot of the recent precipitation data, shown on Figure 2-3 (on the following page), suggests that 

the average precipitation over the past 13 years (which includes before and after test slant well pumping  

from 2005 – 2012) was only 6.84 in/year, which is nearly half of the long-term precipitation average of 

11.77 in/year. The precipitation data shown on Figure 2-3 corresponds to the period for which 

groundwater level data was recorded, from 2005 to 2017, in the monitoring wells near the San Juan Creek 

lagoon. 

Figure 2-3. Annual Precipitation at Laguna Beach #2 Precipitation Gage (2005-2017) 

Water levels in the shallow aquifer during the long-term pumping test and during the post-pumping 

period, which occurred during primarily dry hydrologic conditions (2005 to 2017), showed fluctuations 

that rose and fell above/below the average bottom elevation of the San Juan Creek lagoon. These 

fluctuations appear to be driven largely by local hydrologic cycles and precipitation patterns. However, 

even when shallow aquifer water levels fell below the lagoon bottom elevation in dry conditions, aerial 

imagery and field observations showed that water remained in the lagoon. When shallow groundwater 

levels are below the lagoon bottom, the water percolate from the lagoon in a “free fall” condition; that is, 

as water percolates into the subsurface it must percolate some distance before it reaches the water table. 

Therefore, the percolation rate is driven by the streambed hydraulic conductivity and not by depth to the 

groundwater elevation.  As such, the degree of water level fluctuation expected under Project pumping 

conditions for the full-scale wellfield will not significantly affect surface outflow and lagoon levels as 

supported by the analyses reported in Table 2-1 and 2-2.  

Annual Precipitation 

Average = 6.84 in/yr 
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2.7 Changes in Annual Fish-Passage Days 

2.7.1 San Juan Watershed Project 

Environmental Science Associates (ESA) prepared a report entitled “San Juan Creek Fish Passage 

Assessment - Hydrologic Modeling Report (Three dam alternative)”.  The purpose of the analysis was to 

evaluate the impacts from the San Juan Watershed Project (SJWP) which will consist of the construction 

of three Rubber Dams on San Juan Creek between Stonehill Drive and just below the confluence of 

Trabuco Creek and San Juan Creek. ESA conducted an analysis with a surface water model using daily 

timesteps for hydrology between 1945 and 2014. ESA also used a hydraulic model of San Juan and Trabuco 

Creeks to identify flows at which average channel velocity and depths become barriers to adult upstream 

and downstream steelhead migration. The analysis assumed a minimum depth of 0.5 ft for swim-through 

cross-sections that do not require leaping. 7.9 feet/second was use for the average channel velocity 

parameter which is consistent with previous Trabuco Creek migration assessments (HDR, Inc., 2015).  

ESA prepared a daily lagoon mouth closure model for the period 1945 to 2014. This model estimates when 

the mouth of San Juan Creek will open (from fluvial or wave overtopping) and close (from wave-caused 

beach buildup). Table 3 of the ESA analysis reports that the minimum flow to support a depth of 0.5 ft in 

the Reach 1 (between the ocean and halfway to Stonehill Drive) is 60 cfs.  The same table reports that the 

minimum flow to support a depth of 0.5 ft in Reach 2 (Reach 1 to near Stonehill Drive is 70 cfs. Table 4 of 

the ESA report notes that the baseline modeled passage window for adult steelhead is 10.8 days for Reach 

1 and 11.1 days for Reach 2. The SJWP will reduce the passage days to 9.7 for Reach 1 and 9.8 for Reach 2. 

However, the days for fish-passage for each reach must also consider conditions in all the other reaches. 

For Reaches 1 – 8 combined, the possible migration days from the ocean to Trabuco Creek above the dam 

pool for baseline and with project conditions is 8.7 days and 8.1 days, respectively. This is approximately 

an 8% reduction in passage days. The possible migration days from Reaches 1 – 9 combined, from the 

ocean to San Juan Creek above dam pool for baseline and with project is 9.1 days and 8.4 days, 

respectively This is also an 8% reduction in passage days.  

2.7.2 Doheny Ocean Desalination Project 

The impact to potential migration of steelhead is addressed using the data and methodology reported in 

the San Juan Creek Fish Passage Assessment (ESA, 2017).  GEOSCIENCE used the model files from 2017 

ESA report  to assess the surface flow in Reaches 1 and 2 under the various conditions below: 

• Baseline (no Project conditions),

• Baseline + Scenario 1 of the Doheny Ocean Desalination Project 10 MGD project,

• Baseline + Scenario 3 of the Doheny Ocean Desalination Project 20 MGD project,

• Baseline + Scenario 4 of the Doheny Ocean Desalination Project 30 MGD project,

• SJWP (conditions as reported in the 2017 ESA report),
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• SJWP and Scenario 1 of the Doheny Ocean Desalination Project 10 MGD project,

• SJWP and Scenario 3 of the Doheny Ocean Desalination Project 20 MGD project, and

• SJWP and Scenario 4 of the Doheny Ocean Desalination Project 30 MGD project.

The surface outflow from the groundwater model was analyzed to determine the days that surface flow 

was equal to or exceeded 60 cfs in Reach 1 and 70 cfs in Reach 2 for all scenarios. The tables on the 

following pages summarizes surface flow in Reaches 1 and 2 under baseline conditions, Doheny Ocean 

Desalination Project conditions, SJWP conditions, and both project’s cumulative conditions.   

Table 2-3. Fish-Passage Days in Reaches 1 & 2 San Juan Creek 

Scenario 

Number of Days Daily 

Streamflow Exceeds 60 cfs2 

Number of Days Daily 

Streamflow Exceeds 70 cfs2 

Reach 1 Reach 2 

Average for 1947-2014 (days/yr) 

Baseline 10.97 11.21 

Scenario 1 10.76 11.13 

Scenario 3 10.65 11.09 

Scenario 4 10.63 11.04 

SJWP 9.84 9.91 

SJWP 

+ Scenario 1
9.75 9.90 

SJWP 

+ Scenario 3
9.68 9.85 

SJWP 

+ Scenario 4
9.68 9.82 

2 The ESA baseline numbers and baseline numbers generated for this analysis for Reaches 1 and 2 are slightly 
different because the ESA study considered all reaches (1 – 9) together in setting the baseline. This current
study considers only the reaches affected by the Project (1 and 2).
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Table 2-4. Reduction of Fish Passage Days from Baseline for the Doheny Ocean Desalination Project 

Scenario 

Reduced Number of Days Daily 
Streamflow Exceeds 60 cfs 

(Compared to Baseline) 

Reduced Number of Days 
Daily Streamflow Exceeds 

70 cfs (Compared to Baseline) 

Reach 1 Reach 2 

Average for 1947-2014 (days/yr) 

Scenario 1 0.21 0.08 

Scenario 3 0.32 0.12 

Scenario 4 0.34 0.17 

Table 2-5. Reduction of Fish Passage Days with SJWP for the Doheny Ocean Desalination Project 

Scenario 

Reduced Number of Days Daily 
Streamflow Exceeds 60 cfs 

(Compared to SJWP) 

Reduced Number of Days 
Daily Streamflow Exceeds 

70 cfs (Compared to SJWP) 

Reach 1 Reach 2 

Average for 1947-2014 (days/yr) 

SJWP + 
Scenario 1 

0.09 0.01 

SJWP + 
Scenario 3 

0.16 0.06 

SJWP + 
Scenario 4 

0.16 0.09 

The results (Tables 2-3 through 2-5 above) show that the Doheny Ocean Desalination Project will reduce 

the potential fish-passage days from baseline in Reach 1 a maximum 0.34 days under Scenario 4 and 0.17 

days in Reach 2 for the same Scenario. Table 2-5 shows the difference in fish passage days from that of 

the SJWP. For Reach 1 an additional 0.09 days for the 10 MGD project and 0.16 days for the 30 MGD 

project. For Reach 2 the difference in reduction in fish passage days form the SJWP ranges from 0.01 days 

for the 10 MGD project and 0.09 days for the 30 MGD project.  
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3.0 ASSESSMENT OF POTENTIAL IMPACTS FROM PROPOSED UPSTREAM BEDROCK BARRIER 

During the hydrogeologic characterization of San Juan Creek, the elevation of bedrock beneath San Juan 

Creek was encountered in drill holes at a higher elevation than previously reported.  The elevated bedrock 

area is below San Juan Creek in the area near Calle Jardin on the west and Naranja Road on the east. The 

existence of the elevated bedrock had been known historically as evidence by rising water at locations 

one to two miles from the coast (DWR, 1972). Historical gage data from the USGS surface water gage 

(11047350) at Stonehill Drive has shown additional flow in San Juan Creek with respect to upstream areas 

which has been attributed to rising water. As an example, Figure 3-1 below dated February 28, 2007 shows 

water rising to the surface in the area of elevated bedrock and infiltrating back into the aquifer 

downstream of Stonehill Drive. During very wet hydrologic seasons, rising water in San Juan Creek at this 

location can provide significant additional surface flow in San Juan Creek to the stream reaches 

downstream of Stonehill Drive. 

Figure 3-1. Rising Water in San Juan Creek – Upstream of Stonehill Drive 

An ancient landslide is mapped by the USGS (Tan, 1999) on the hillside east and north of San Juan Creek 

at Stonehill Drive and beneath the San Juan Creek.  A geologic cross-section prepared by the USGS shows 

the landslide moved westward into San Juan Creek during a period when the base level of the creek was 

much lower due to lower sea level. However, the USGS mapping does not show the landslide extending 

to San Juan Creek.  The landslide appears to have failed along bedding planes in the Capistrano Formation 

which would make it difficult to distinguish landslide deposits from the underlying in-place Capistrano 

Area of Rising Water 
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Formation in borings. Furthermore, with rising sea levels, San Juan Creek backfilled the valley with alluvial 

sediments effectively burying the elevated bedrock or landslide deposits.  

The San Juan Basin Authority contracted WEI to perform an investigation to assess the extent of elevated 

bedrock and to determine whether elevation of the bedrock was sufficiently high to potentially act as a 

barrier to groundwater flow in the alluvial materials which compose the San Juan Basin aquifer. The 

investigation consisted of drilling sonic boreholes and collecting continuous core to accurately delineate 

the bedrock elevation, installing new monitoring wells at strategic locations to provide additional water 

level information, preparing geologic cross-sections to illustrate the distribution of bedrock, and 

conducting two pumping tests to assess whether the elevated bedrock would act as a barrier or boundary 

to pumping water levels. The results of the exploratory drilling and monitoring well installation completed 

as part of the “Bedrock Barrier Investigation” have validated the existence and better delineated the 

extent of elevated bedrock in the area. The cross-section below was prepared by WEI from the data 

collected during the barrier investigation. The results of the investigation show that elevated bedrock area 

is overlain by a minimum of 41 feet of alluvium in the cross-sectional area across San Juan Creek.  Along 

this cross-section, the paleochannel is filled with aquifer material to depths ranging from 78 feet to 94 

feet below ground surface. Therefore, the aquifer is continuous from upstream of the elevated bedrock 

area to the area downstream. The cross-section is located across the San Juan Creek along the alignment 

of Profile 2-2’ shown on Figure 10. 

Figure 3-2. Cross-Section through the Elevated Bedrock Area - San Juan Creek near Calle Jardin and 

Naranja Road. 

Pumping tests were conducted in wells located both upstream and downstream of the elevated bedrock 

area.  Neither pumping test detected a barrier effect form the existence of elevated bedrock. It is likely 

94-Feet 78-Feet
41-Feet
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that the pumping test, were not long enough, but more likely that the groundwater levels could not be 

lowered deep enough for the elevated bedrock to act as a barrier. 

3.1 Assessment of Cumulative Impacts from the Potential Existence of Elevated Bedrock Beneath San 
Juan Creek 

DEIR commenters have recommended an assessment of cumulative impacts from SJWP and Doheny 

Ocean Desalination Project due to a potential bedrock “barrier” located upstream of the slant well field 

located at Doheny Beach. To ensure that cumulative impacts from SJWP and Doheny Ocean Desalination 

Project were modeled correctly in combination, Wildermuth Environmental Inc., (WEI) provided the 

model files that they used to analyze groundwater changes for the SJWP EIR analysis. The cumulative 

impacts from the Doheny Ocean Desalination and SJW projects were evaluated using WEI model and 

model files. The model files provided by WEI included the results of Phase 1A and Phase 1C.  For this 

analysis, GEOSCIENCE added the Doheny Ocean Desalination Project Scenarios 1, 3, and 4 operations to 

the WEI model.  As stated, the WEI investigation has confirmed the existence of the elevated bedrock. 

However, the aquifer remains continuous over the elevated bedrock and as such groundwater is not 

isolated across the elevated bedrock.  For the elevated bedrock area to act as a groundwater barrier, 

groundwater levels would have to be lowered below a depth of 94 feet to isolate groundwater upstream 

from groundwater downstream. Historical low groundwater levels have never been recorded below 35 

feet above the elevated bedrock surface (See Figure 3-2), Never-the-less, impacts from the Doheny Ocean 

Desalination Project cumulative to those from the SJWP were assessed. The analysis was conducted using 

the WEI model output files which included SJWP Phase 1A (three rubber dams) and SJWP Phase 1C (three 

rubber dams and a new pumping well upstream of Stonehill Drive). GEOSCIENCE added the Doheny Ocean 

Desalination Project Scenarios 1, 3, and 4 to the SJWP to assess the cumulative impacts to groundwater 

levels beneath San Juan Creek along four cross-sectional profiles (see Figure 10).  Profile 1 is near the SJBA 

Kinoshita Well.  Profile 2 is through the elevated bedrock area.  Profile 3 is through San Juan Creek at 

SCWD’s GRF well located south of Stonehill Drive and Profile 4 is located at the coast. 

Figures 11 through 22 show the predicted groundwater levels with and without the SJWP for Scenario 1, 

3, and 4 under high (1998) and low (2014) groundwater level conditions. With respect to the elevated 

bedrock area, under maximum pumping conditions and under historically low groundwater conditions, 

groundwater levels remain 22 feet above the top of the elevated bedrock and adjacent paleochannel 

areas contain aquifer materials that maintain a saturated thickness of 42 ft. Therefore, the elevated 

bedrock does not affect the cumulative groundwater level responses from the SJWP in combination with 

Doheny Ocean Desalination Project. 
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4.0 SUMMARY AND CONCLUSIONS 

• Both the creek outflow and the shallow aquifer near the lagoon are affected primarily by

hydrologic conditions (i.e., precipitation patterns).

• During periods of low precipitation (dry hydrologic conditions), water levels in the shallow aquifer

generally fall below the average estimated lagoon bottom elevation – both during pumping

conditions and in the absence of slant well pumping.

• Even during dry conditions when groundwater levels in the shallow aquifer fall below the lagoon

bottom during No Project (no pumping) and Project (pumping) conditions, water is still present in

the lagoon. In other words, when groundwater levels are below the bottom of the lagoon as they

are seasonally, the lagoon water levels become independent of the surface flow or standing water

in the lagoon.  The relationship of water in the lagoon and slant well pumping can be described in

terms of volumes diminish until the groundwater levels are below the bottom of the lagoon.

• When groundwater levels in the shallow aquifer fall below the lagoon/river bottom, surface water

level in the lagoon is controlled by the hydraulic conductivity of the underlying sediments and is

independent of groundwater levels (i.e., “free fall” conditions).

• During periods of high precipitation (wet hydrologic conditions) groundwater levels in the shallow

aquifer generally rise above the lagoon bottom.

• Additional seepage from the lagoon and streambed upgradient of the lagoon occurs under Project

pumping conditions. However, decreases in San Juan Creek streamflow from Project pumping

correspond to approximately 0.6 to 0.8 percent of the baseline outflow under Scenario 1,  0.8 to

1.1 percent under Scenario 3, and 0.9 to 1.3 percent under Scenario 4 conditions.

• The total change to the annual fish passage days for the SJWP from baseline conditions are 1.1 to

1.3 for Reaches 1 and 2 respectively.

• The combined (SJWP and Doheny Ocean Desalination Projects) changes to annual fish-passage

days through Reach 1 is 9.75 days for the 10 MGD project and 9.68 days for the 30 MGD project.

from a baseline of 10.97 days. For Reach 2 the combined reduction in fish passage days ranges

from 9.9 days for the 10 MGD project and 9.82 days for the 30 MGD project from a baseline of

11.21 days.

• Investigations have concluded the existence of an elevated bedrock surface upstream of Stonehill

Drive that is overlain with a minimum of 41 ft and a maximum 94 ft of aquifer material. The top

of the elevated bedrock is at about -20 ft above mean sea level (amsl)
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• The elevated bedrock within San Juan Creek may represent a landslide deposited when sea level

was lower.

• Historical groundwater levels in San Juan Creek have never been recorded lower than 35 ft. The

pumping tests conducted during the “Bedrock Barrier Investigation” did detect the influence of

the elevated bedrock.

• Under maximum pumping and historically low groundwater conditions, groundwater levels

remain 22 feet above the top of the elevated bedrock. The deepest portion of the paleochannel

present on both sides of the elevated bedrock also remains saturated with a thickness of 42 ft.

Therefore, the elevated bedrock does not affect the cumulative groundwater level responses

from both the SJWP and Doheny Ocean Desalination Projects under the maximum conditions.

• The Doheny Ocean Desalination Project will result in changes to annual fish-passage days from a

baseline of 10.97 days to 10.76 (0.21 days) for the 10 MGD project and 10.63 days (0.34 days) for

the 30 MGD project.  In Reach 2 fish passage days will be reduced from a baseline of 11.21 days

to 11.13 days ((0.08 days) for the 10 MGD project and 11.04 days (0.17 days) for the 30 MGD

project.
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SAN JUAN CREEK LAGOON TECHNICAL MEMO
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To: 

Mark Donovan, PE 
Principal Engineer 
GHD Engineering 
175 Technology Dr. #200 
Irvine, CA 92618 

From: 

Brian Villalobos, PG, CHG, CEG  
Principal Geohydrologist 
GEOSCIENCE Support Services, Inc. 

Date:  November 19, 2018 

Subject: 
EIR Doheny Ocean Desalination Project – Hydrogeologic Analysis Related to 

Responses to Comments – Task 1: Evaluate Project Impacts on San Juan Creek Surface 

Water Levels 

1.0 INTRODUCTION 

The  Doheny  Ocean  Desalination  Project  Draft  Environmental  Impact  Report  (DEIR)  was  issued  on 
May 17, 2018. GEOSCIENCE Support Services,  Inc.  (GEOSCIENCE) reviewed the DEIR comments related 
to  project  impacts  to  groundwater  and  surface water  provided  to  us  by  the  project  team,  including 
those  provided  by  the  National  Oceanic  and  Atmospheric  Administration  National Marine  Fisheries 
Service (NOAA‐NMFS). In response to these comments, GEOSCIENCE has conducted additional analysis 
regarding  the  influence  of  slant  well  pumping  on  San  Juan  Creek  lagoon  levels.  This  technical 
memorandum  summarizes  the  results of Task 1: Evaluate Project  Impacts on San  Juan Creek Surface 
Water Levels, as outlined in the approved scope of work from our proposal dated August 29, 2018. 

2.0 EVALUATION OF PROJECT IMPACTS ON SAN JUAN CREEK SURFACE FLOW  

The San Juan Basin (SJB) Regional Groundwater Model was used to determine San Juan Creek discharges 
to the ocean under “No Project” (i.e., Baseline) and “Project” (i.e., pumping) conditions. Evaluating the 
surface outflow component under No Project and Project conditions allows for the quantification of the 
potential  reduction  in  surface  flow,  in  cubic  feet  per  second  (cfs),  due  to  Project  impacts.  This 

  
Technical Memorandum 
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quantification can be used for further biological evaluations of potential impacts, as requested by NOAA‐
NMFS.  

2.1 San Juan Basin Regional Groundwater Model 

The SJB Regional Groundwater Model was originally developed  in 2013 to evaluate the basin yield and 
groundwater  level  response  from  existing  and  planned  groundwater  development,  to  determine 
potential impacts on groundwater levels and pumping interference from the installation of sheet piling 
along  the  San  Juan  Creek  flood  control  channel,  and  to  assess  impacts  associated with  the Doheny 
Ocean  Desalination  Project  (GEOSCIENCE,  2013).  Later,  the  model  was  updated  for  the  Doheny 
Desalination Project during work for the Foundational Actions Funding Program – Advancement of Slant 
Well Technology and Groundwater Flow and Solute Transport Modeling (GEOSCIENCE, 2015) to better 
understand 1) feedwater quality produced over time from a slant well system, 2) drawdown effects and 
environmental  strategies  along  coastal  reaches,  and  3)  the  behavior  of  seawater  flow  and  intrusion 
control  in a multi‐layered aquifer system. Following onshore and offshore geophysical surveys and the 
drilling  of  a  borehole  in  2017‐2018  to  better  define  the  geometry  of  coastal  paleochannels,  the  SJB 
Regional Model was further refined by incorporating the newer hydrogeological data. 

The SJB Regional Model is a three (3) layered MODFLOW1 model covering the lower and middle SJB area 
of approximately 47.5 square miles (30,400 acres), including an offshore area to incorporate infiltration 
from the ocean (see Figure 1). The model consists of a finite‐difference grid with 1,012 rows in the north 
to south direction and 524 columns in the west to east direction, for a total of 530,288 cells per layer, or 
1,590,864 cells total. Each model cell of the SJB Regional Model represents an area of 50 ft x 50 ft. The 
active model area  represents unconsolidated and  semi‐consolidated  fluvial deposits  interbedded with 
numerous  fine‐grained  silt  and  clay deposits.  Inactive model  areas  and  the base of  the  groundwater 
model represent surrounding and underlying consolidated geologic formations (i.e., bedrock). 

The regional model was calibrated for the period from January 2004 to December 2014 for purposes of 
analyzing the  impacts of full‐scale pumping. This period was selected due to the  importance of recent 
stresses  (dry  hydrologic  period)  on  the  basin  for  predicting  future  performance.  The  calibration was 
based on 2,435 groundwater level measurements from 36 target wells and measured streamflow from 
the San Juan Creek at La Novia gaging station and Trabuco Creek at San Juan Capistrano gaging station. 

1 MODFLOW  is  a  block‐centered,  finite‐difference  groundwater  flow  code  developed  by  the  United  States 
Geologic  Survey  (USGS)  (McDonald  and Harbaugh,  1988)  for  the  purpose  of modeling  both  saturated  and 
unsaturated groundwater flow. 
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2.2 Model‐Calculated San Juan Creek Lagoon Elevations  

The  SJB  Focused Model was  developed  and  calibrated  as  part  of  the  Foundational  Actions  Funding 
Program  (GEOSCIENCE, 2015)  to more accurately predict  slant well pumped water quality over  time, 
injection water flow/water quality/reactants, and ocean water intrusion.  The finer cell size (resolution) 
used  for  the  focused model  was  also  important  to  understand  seasonal  coastal  lagoon  drawdown 
effects.    Lagoon  levels were  calculated  by  the  Focused Model, which  employs  the  Lake  Package  to 
simulate the surface water‐groundwater interaction.  

Project  impacts were evaluated  for  the hydrologic period  from  January 1947  through December 2010 
for the following scenarios: 

 Baseline (i.e., no Project pumping)

 Scenario 1: Project pumping of 10 million gallons per day (MGD) from three slant wells
 Scenario 2: Project pumping of 10 MGD from seven slant wells at Capistrano Beach
 Scenario 3: Project pumping of 30 MGD from sixteen slant wells (20 MGD from slant well pods at

Doheny and 10 MGD from pods at Capistrano Beach)

For  the  purposes  of  this  evaluation,  surface  flows  in  San  Juan  Creek  under  baseline  conditions 
(representing no Project pumping conditions) will be compared to Scenario 1 (representing low Project 
pumping conditions) and Scenario 3 (representing higher Project pumping conditions). 

As presented  in Table 4‐3 of Model Update and Refinement Using Results from Onshore and Offshore 
Geophysical  Surveys  and  Exploratory  Borehole  Data  Technical Memorandum,  dated March  1,  2018, 
Project pumping  impacts on  the  lagoon water  levels were  reported as  ranging  from  ‐0.14  to  ‐0.26  ft 
under Scenario 1 conditions and  ‐0.16  to  ‐0.85  ft under Scenario 3 conditions. To clarify decreases  in 
lagoon  levels for dry and wet hydrologic conditions, the table below summarizes the model‐calculated 
decreases in lagoon levels. 

Table 1. Project Impacts on Lagoon Surface Levels 

Hydrologic Cycle  Hydrologic Period 
Impact on Lagoon Levels, ft 

Scenario 1  Scenario 3 

Dry  1947‐1976  ‐0.14  ‐0.16 

Wet  1978‐1983  ‐0.26  ‐0.85 
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It  is  important to note that the model‐calculated decreases  in San Juan Creek  lagoon  levels occur over 
the entire lagoon area of approximately 13.2 acres. The following section provides the model‐calculated 
reduction  in outflow  that will occur  as  a  result of  Scenario 1  and  Scenario 3 pumping over  the  area 
influenced by Project pumping under dry and wet hydrologic conditions.  

2.3 Model‐Calculated San Juan Creek Outflow to the Ocean under No Project and Project Conditions 

Surface flow  in San Juan Creek was simulated  in the SJB Regional Model using the Streamflow Routing 
Package (SFR Package) from MODLFOW, which accounts for the interaction between surface water and 
groundwater. The SFR Package assigns recharge to stream cells that are sequentially numbered  in the 
downstream direction. The downward leakage of streamflow, or streambed percolation, is calculated as 
a function of the hydraulic conductivity of the streambed, the wetted perimeter of the streambed, the 
length of the stream reach, the underlying groundwater head, stream stage, and streambed thickness. 
Model input for the routing package includes stream inflow, stream channel geometry, and streambed 
conductance  (Niswonger  and  Prudic,  2006).  Information  on  streamflow was  available  from  observed 
measurements  at  the  San  Juan  Creek  at  La Novia  and  Trabuco  Creek  at  San  Juan  Capistrano  gaging 
stations, which were also used for model calibration. These gaging stations are shown on Figure 1.  

In  order  to  evaluate  the  long‐term  outflow  at  the  ocean,  streamflow  in  San  Juan  Creek  and  surface 
outflow  to  the  ocean  was  calculated  by  the  SJB  Regional  Model  for  the  hydrologic  period  from 
January 1947  through December 2010  for  the same scenarios presented above. The model‐calculated 
streamflow  from  San  Juan  Creek  to  the  ocean  is  shown  on  Figures  2  through  4  under  Baseline, 
Scenario 1, and Scenario 3 conditions, respectively. 

For baseline conditions, outflow at the ocean ranges from 15.95 cubic  feet per second  (cfs) under dry 
hydrologic conditions to 56.04 cfs under wet hydrologic conditions. Discharge under Scenario 1 Project 
pumping  conditions  ranges  from  15.86  cfs  under  dry  hydrologic  conditions  to  55.59  cfs  under wet 
hydrologic conditions. Discharge under Scenario 3 ranges from 15.83 cfs under dry hydrologic conditions 
to 55.41 cfs under wet hydrologic conditions. The corresponding decrease in San Juan Creek streamflow 
under Project pumping conditions, as compared to baseline, is summarized in the following table.  
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Table 2. Project Impacts on San Juan Creek Outflow to the Ocean 

Hydrologic Cycle  Hydrologic Period 
Impact on San Juan Creek Discharge, cfs 

Scenario 1  Scenario 3 

Dry  1947‐1976  ‐0.09  ‐0.12 

Wet  1978‐1983  ‐0.45  ‐0.63 

The decreases in San Juan Creek streamflow from Project pumping correspond to approximately 0.6 to 
0.8 percent of the baseline outflow under Scenario 1 conditions and 0.8 to 1.1 percent of the baseline 
outflow under Scenario 3 conditions. 

3.0 EVALUATION OF PROJECT IMPACTS ON SHALLOW AQUIFER GROUNDWATER LEVELS  

3.1 Groundwater Level Monitoring 

Historical groundwater  levels for the shallow aquifer  in the vicinity of the San Juan Creek  lagoon were 
collected  both  during  and  after  the  long‐term  slant  well  pumping  test  from  transducers  placed  in 
District‐owned nested monitoring wells MW‐1  through MW‐4  (12  total monitoring wells).   MW‐1 and 
MW‐2, which are closest to the lagoon, are shown on Figure 5 (inset below).  
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Figure 5.  Monitoring Well Locations in the Vicinity of the San Juan Creek Lagoon 

During  the  initial  field  investigations  conducted  in  2005,  boreholes  B‐2  and  B‐4 were  completed  as 
nested monitoring wells  (MW‐1 and MW‐2,  respectively). Each borehole contains  three nested 2‐inch 
PVC  wells  screened  in  the  shallow,  middle,  or  deep  aquifer.  A  basic  monitoring  well  construction 
diagram for B‐2/MW‐1 and B‐4/MW‐2  is shown on the sketch below  (inset Figure 6), which  illustrates 
the general configuration of the nested monitoring wells in MW‐1 and MW‐2. 

After  the monitoring wells were  constructed,  they were developed and  sampled. The depth  to  static 
groundwater  level  in each nested monitoring well was  initially measured with an electronic  sounder. 
Each nested monitoring well was  later equipped with a pressure  transducer  to measure groundwater 
levels  every  15 minutes.  Transducer  data were  downloaded  on  a weekly  basis  during  the  long‐term 
pumping test (June 2010 through April 2012) and on a monthly basis after the long‐term pumping test 
to present. An on‐site barometer was used to compensate the transducer data downloaded from each 
nested monitoring well. The compensated water level data were then converted to elevation (NAVD88) 
and plotted over time.  
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The nested well design allows for accurate water level data from each 
of  the  nearshore  aquifers  (shallow, middle,  and  deep).  For  example, 
the shallow screen  in each nested monitoring well  (MW‐1S and MW‐
2S) provides water level data for the shallow aquifer, which is in direct 
hydraulic connection with San Juan Creek. Since the shallow aquifer  is 
separated from the middle aquifer by an aquitard that is approximately 
10  ft  thick, water  level measurements  in  the  shallow aquifer are not 
influenced  by  the  deeper  systems.  Therefore, water  level  data  from 
MW‐1S  and  MW‐2S  can  be  used  to  monitor  and  evaluate  Project 
pumping  impacts  on  the  shallow  aquifer.  In  particular, MW‐2S  was 
used  to evaluate groundwater  levels  in  the shallow aquifer under  the 
lagoon due  to  its  location  in  relation  to both  the Test Slant Well and 
the lagoon.  

In addition, MW‐2 is located at approximately the same location as one 
of the lagoon bottom profiles surveyed by the Chambers Group (2016) 
from Spring 2015 to Spring 2016 – providing a reference on the relative 
position  of  shallow  aquifer  water  levels  with  respect  to  the  lagoon 
bottom  (see  Figure  5).  These  profiles,  presented  originally  as 
Figure 2‐14  of  the  Chambers  Group  report,  are  shown  as  attached 
Figure  7.  The  cross‐sectional  transects  indicate most  erosion  taking 
place within the southwest corner of the lagoon where the sand berm 
is  typically  breached.  Some  accretion  of  sediment  occurs  on  the 
eastern bank of  the  lagoon  (see Chambers Group, 2016). An average 
bottom elevation of the lagoon was estimated to be approximately 4 ft 
NAVD88 from the Lagoon S cross‐section (shown on Figure 5 as A‐A’). 

3.2 Shallow Aquifer Groundwater Levels during Historical Hydrologic Cycles 

Shallow aquifer groundwater levels from MW‐2S are shown on Figure 8 from just before the start of the 
long‐term pumping test in June, 2010, through present. The shallow aquifer groundwater levels are also 
shown  in comparison to  the average estimated  lagoon bottom elevation of 4  ft NAVD88 and monthly 
precipitation from the Laguna Beach #2 precipitation gage. The water levels represent a combination of 
two sets of collected data that were  joined together to display shallow groundwater  levels during  the 
pumping  test  and  post‐pumping  period.  One  dataset  was  collected  and  processed  by  GEOSCIENCE 
during slant pumping test monitoring, and the other was collected and processed by South Coast Water 
District (SCWD) during post‐pumping test monitoring.  
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As  shown, groundwater  levels  in  the  shallow aquifer  fluctuated above and below  the average  lagoon 
bottom elevation both during and after the long‐term pumping test. Based on the observed fluctuations 
and local precipitation, groundwater levels in MW‐2S appear to correlate well with dry (below average) 
or wet (above average) hydrologic periods. At the start of the  long‐term pumping test, shallow aquifer 
water  levels were hovering at  the elevation of the  lagoon bottom.  Just after  the  initiation of the test, 
water  levels  fall below the  lagoon bottom elevation. Water  levels then rose above the  lagoon bottom 
elevation in response to the increased precipitation that occurred from January 2011 through July 2011. 
Subsequently, water  level  in  the  shallow  aquifer  fell  below  the  lagoon  bottom  elevation  during  the 
following dry years (2012 through 2015) and rose again following increased precipitation events in 2015 
and 2016. However, despite the  lower groundwater  levels  in the shallow aquifer during dry hydrologic 
conditions,  review  of  aerial  photos  and  land‐based  photos  taken  during monitoring  events  indicate 
surface water was still present in the lagoon during these times (Figure 9).   

Based on the observed response of water levels to changes in precipitation, it appears that groundwater 
levels  in  the  shallow  aquifer  in  the  vicinity  of  the  San  Juan  Creek  lagoon  are  heavily  influenced  by 
hydrologic conditions. 

3.3 Project Impacts during Wet, Dry, and Average Hydrologic Cycles 

Figure  10  shows  historical  annual  precipitation  from  1928  through  2017,  along with  the  calculated 
cumulative departure from the mean. The 70‐year average precipitation is approximately 11.77 in/year 
during  the  period  from  1928  through  2017.  A  downward  slope  on  the  cumulative  departure  curve 
indicates  a  less  than  average  or  “dry”  conditions  and  upward  slope  shows  periods  during  “wet” 
conditions.    The  long‐term  cumulative  departure  from  the mean  precipitation  show  that  the  study 
period  during  slant  well  pumping  (June  2010  through  April  2012)  and  post  slant  well  pumping 
represented an overall a dry hydrologic period.  

A  snapshot  of  the  recent  precipitation  data,  shown  on  Figure  11  (below),  suggests  that  the  average 
precipitation  over  the  past  12  years  is  only  6.84  in/year,  which  is  nearly  half  of  the  long‐term 
precipitation average of 11.77  in/year.   The precipitation data shown on Figure 11 corresponds to the 
period  for which groundwater  level data were  recorded,  from 2005  to 2017,  in  the monitoring wells 
near the San Juan Creek lagoon. 
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Figure 11.  Annual Precipitation at Laguna Beach #2 Precipitation Gage (2005‐2017) 

Water  levels  in  the  shallow  aquifer during  the  long‐term pumping  test  and during  the post‐pumping 
period, which occurred during primarily dry hydrologic conditions (2005 to 2017), showed fluctuations 
that  rose  and  fell  above/below  the  average  bottom  elevation  of  the  San  Juan  Creek  lagoon.  These 
fluctuations appear to be driven largely by local hydrologic cycles and precipitation patterns. However, 
even when shallow aquifer water levels fell below the lagoon bottom elevation in dry conditions, aerial 
imagery and field observations showed that water remained in the lagoon. During these conditions, the 
water  percolated  from  the  lagoon  is  in  “free  fall”  conditions;  that  is,  as water  percolates  into  the 
subsurface it must percolate some distance before it reaches the water table. Therefore, the percolation 
rate is driven by the streambed hydraulic conductivity and not by depth to the groundwater elevation.  
As such,  the degree of water  level  fluctuation expected under Project pumping conditions  for  the  full 
scale wellfield will not significantly affect surface outflow and lagoon levels.  

4.0 SUMMARY AND CONCLUSIONS 

 Both  the  creek  outflow  and  the  shallow  aquifer  near  the  lagoon  are  highly  affected  by
hydrologic conditions (i.e., precipitation patterns).
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 During  periods  of  low  precipitation  (dry  hydrologic  conditions),  water  levels  in  the  shallow
aquifer  generally  fall  below  the  average  estimated  lagoon  bottom  elevation  –  both  during
pumping conditions and in the absence of slant well pumping .

 Even during dry conditions when groundwater levels in the shallow aquifer fall below the lagoon
bottom during No Project (no pumping) and Project (pumping) conditions, water is still present
in the lagoon.

 When  groundwater  levels  in  the  shallow  aquifer  fall  below  the  lagoon/river  bottom,  surface
water level in the lagoon is controlled by the hydraulic conductivity of the underlying sediments

and is independent of groundwater levels.

 During  periods  of  high  precipitation  (wet  hydrologic  conditions)  groundwater  levels  in  the
shallow aquifer generally rise above the lagoon bottom.

 Additional  seepage  from  the  lagoon  and  streambed  upgradient  of  the  lagoon  occurs  under
Project  pumping  conditions. However,  decreases  in  San  Juan  Creek  streamflow  from  Project
pumping correspond to approximately 0.6 to 0.8 percent of the baseline outflow under Scenario
1 conditions and 0.8 to 1.1 percent of the baseline outflow under Scenario 3 conditions.
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1. Introduction

1.1 Introduction

Imported water from northern California (State Water Project) and the Colorado River Aqueduct

make up most of the water supply to south Orange County. With the continuous growth in California

and the susceptibility of imported water to drought or other natural disaster, the availability and the

reliability of water from imported sources is increasingly becoming a concern for local water

providers. In response to the water supply challenge, South Coast Water District (SCWD) is in the

planning stages to develop an ocean desalination facility in southern California. The proposed

Doheny Desalination Plant, located in Dana Point along the east bank of San Juan Creek north of

Highway 1, could supply up to 15 million gallons of local drinking water a day by desalinating

seawater from the Pacific Ocean using reverse osmosis membrane treatment.

As a part of the Doheny Desalination Plant project development, SCWD has completed a wide

range of studies and analyses to support the evaluation, planning, permitting and design processes.

This report documents a Local Hazard Conditions and drainage study to assess the existing and

future coastal and fluvial flood vulnerability at the project site, and to propose flood improvement

options to protect the project site.

The Local Hazard Conditions and Drainage Study for the Doheny Desalination Project includes the

following components:

 Coastal Analysis: A Local Hazard Conditions assessment evaluated the potential coastal

flooding under the projected sea level rise scenarios. The assessment was conducted pursuant

to the California Coastal Commission Sea Level Rise Policy Guidance, 2018.

 Fluvial Analysis: This analysis evaluated the hydraulic capacity of San Juan Creek, specifically
the water surface elevations and levee/floodwall overtopping potential during 25-year and 100-
year events, under existing and projected sea level rise scenarios. A hydrology analysis is

prepared to define watersheds and to estimate stormwater flow to the project site. A hydraulic

analysis is prepared to evaluate the capacity of the major stormwater conveyance system at the

project site and the upstream watersheds. The analysis also included floodplain modelling to

map flood inundation extent and depth. Based on the existing condition evaluation findings, the

study evaluated four alternatives to assess its feasibility and relative performance to protect the

project site from a 100-year flood, while not to increase flooding at the upstream watershed.

Section 2 of this report, as well as Appendix A and Appendix B documents the coastal analysis. 
Section 3 of the report documents the fluvial analysis. The analysis articulated the existing and 
future flood vulnerability due to the projected sea level rise, San Juan Creek overtopping, 

stormwater flow from the upstream watersheds, and the storm drain system capacity limitation. 
Improvement alternatives are evaluated, with a recommended site improvement concept to address 
potential project site flooding. 
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1.2 Existing Condition at the Project Site 

The project site is located in Dana Point, California. As shown in Figure 1.1, the project site is 
adjacent to the Pacific Ocean, along the east bank of San Juan Creek between Highway 1 and 
Stonehill Drive. This section of San Juan Creek has been modified by the Flood Division of the 

Orange County Public Works, with flood improvements including a combination of concrete banks, 
levees, and floodwall. 

Currently the project site is mostly leased to various tenants for outdoor storage. The site is 
relatively flat, with mostly dirt and gravel surfaces. Federal Emergency Management Agency 
(FEMA) Flood Insurance Rated Map (FIRM) shows the project site is located in flood Zone AO, with 

an average of one foot inundation depth under a 1% annual chance (100-Year) flood. 

There are two major underground storm drain systems conveying runoff from the upper watershed 
to San Juan Creek through the project site. Owned by Orange County Flood Control District, the 
L01S02 system is a double concrete box culvert that runs parallel to the landside of the San Juan 
Creek levee before outfalling to San Juan Creek. The L01S02 system collects stormwater runoff 

from the upper watersheds, bounded by Stonehill Drive at the north and Highway 1 at the south, 
and extends to the east of Highway 5. 

At the southern end of the project site, a 54-inch diameter (54”) Reinforced Concrete Pipe (RCP) 
runs in parallel with Highway 1. The pipe collects runoff from the project site and the watersheds 
east of the railroad tracks, and discharges to San Juan Creek. Local stormwater drainage within the 

project site is limited. A vegetated swale (South Drainage Swale) located at the northern end of the 
project site collects local runoff and discharges to the L01S02 system. The South Drainage Swale 
and the 54” RCP have gates to prevent backflow from San Juan Creek. 

As a part of the study, a field survey was completed to verify the dimensions, locations, and 
elevations of the major storm drain system. The survey information is incorporated in the analysis to 

model the system hydraulic performance. 

1.3 Study Assumptions 

This study and the analysis is based on a range of assumptions to estimate the coastal and fluvial 
impacts to the project site. The following is a summary of the key assumptions in this study. 
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 The Doheny Desalination Plant will be in service in Year 2020. Hence, Year 2020 is defined as

the existing condition in this study.

 The expected life of this project, for the purpose of the projected sea level rise estimate, is 50
years. Hence, the projected sea level rise planning horizon is in Year 2070.

 The flood protection design target for the plant is to provide 100-year (1% annual chance) flood

protection.

 Under the no project condition, the levee and floodwall system along San Juan Creek, between
Stonehill Drive and Highway 1, will not be improved in Year 2020.

 The watershed land use will not have significant change over the project life.

Section 2 and Section 3 discuss these and other study assumptions in detail. 
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2. Coastal Analysis

2.1 Introduction

This study was conducted pursuant to the California Coastal Commission Sea Level Rise Policy 
Guidance, 2018. The following is a summary of the Local Hazard Conditions assessment based on 
the process outlined in Appendix B of the Sea Level Rise Policy Guidance, and the sea level rise 
projections in Appendix G, Table G-11 (California Coastal Commission 2018).

The study was completed by Michael Baker International and presented in the September 2018 

report titled Coastal Hazards Analysis for the Doheny Desalination Project by Scott A. Jenkins 
(Appendix B).  Additional information on the historical shoreline evolution is provided in the GHD 

May 1, 2017 memo Doheny Desalination Plant Historical Shoreline Assessment

(Appendix A).  The mapping of flood impacts due to the modelled total water levels and tsunami 
events are provided in the summary below.  Additional flood modelling available as part of The 
Coastal Storm Modeling System (CoSMoS) study prepared by the United States Geological Survey 
(USGS) is also presented for comparison. This includes predicted shoreline erosion due to sea level 
rise.

For this study, the project life expectancy was defined as 50 years. This was determined in 
consultation with the South Coast Water District (SCWD).  The project life expectancy is an 
important design criterion to estimate the anticipated range of sea level rise. The guidance for 
project life expectancy ranges from 25 years for amenity structures, to 100 years for critical 
infrastructure.  An additional prediction of water levels for a critical infrastructure planning horizon 
was also determined. Assuming the project will be constructed in Year 2020, the 50 year project life 
expectancy sets the project planning horizon to Year 2070.  A critical infrastructure planning horizon 
of Year 2100 was used.

Section 2.2 provides a brief summary of the Local Hazard Conditions assessment findings.  For 
additional detail refer to GHD May 1, 2017 memo Doheny Desalination Plant Historical Shoreline 
Assessment (Appendix A), and, Michael Baker International (2018) Coastal Hazards Analysis for 
the Doheny Desalination Project by Scott A. Jenkins (Appendix B).

2.2 Summary of Findings

2.2.1 Sea Level Rise Projection

Sea level rise projections were based on the water level province tabulation from NOAA tide gage 
stations with extended periods of record (California Coastal Commission 2018). The Doheny 
Desalination Project falls within the La Jolla tide gage water level province.  Sea level rise 
projections are provided in Table G-11 in Appendix G of the California Coastal Commission 2018. 
Sea level rise projections for the lower and upper ranges are provided in Table 2.1.
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Table 2.1 Sea Level Rise Projections 

Planning Time Period (Year) Best Fit Equation 

Lower Range (feet) Upper Range 
(feet) 

50 year planning horizon (CCC, 2018) 2070 2.0 3.6 
Critical Infrastructure Planning Horizon 
(CCC, 2018) 

2100 3.6 7.1 

2.2.2 Tidal Range and Future Inundation 

Tidal datums were based on water level measurements from the Scripps Pier tide gage station, 
NOAA #9410230 for the 1983 – 2001 tidal epoch. Projected sea level rise for 2070 and 2100 were 
available from Table G-11 in Appendix G of California Coastal Commission 2018. Tidal datums and 
future datums based on lower and upper sea level rise projections are provided in Table 2.2. 

Table 2.2 Tidal Datums at Scripps Pier NOAA Tide Gage Station 1983-2001 
with Projected Sea Level Rise 

Datum Elevation 
(ft NAVD) 

SLR 2070 
lower range 
(ft NAVD) 

SLR 2070 
upper 
range  

(ft NAVD) 

SLR 2100 
lower 
range  

(ft NAVD) 

SLR 2100 
upper range 
(ft NAVD) 

EHW (Extreme High 
Water) 

7.47 9.47 11.07 11.07 14.57 

MHHW (Mean Higher High 
Water) 

5.13 7.13 8.73 8.73 12.23 

MHW (Mean High Water) 4.41 6.41 8.01 8.01 11.51 
MSL (Mean Sea Level) 2.54 4.54 6.14 6.14 9.64 

2.2.3 Potential Still Water Level Changes from Surge, El Nino and Pacific 
Decadal Oscillation 

Determining the Local Hazard Conditions following the California Coastal Commission Sea Level 
Rise Policy Guidance (2018) document includes determining potential still water level changes due 

to other processes in addition to sea level rise.  These processes include surge, El Niño events, and 
the Pacific Decadal Oscillation (PDO).  

Water level recurrence statistics were derived from the record of ocean water levels at the NOAA 
Scripps Pier tide gage. A stage frequency curve or hydroperiod function was developed from the 
1924 to 2016 time series. The hydroperiod function presented in Appendix B includes the effects of 

El Nino, the Pacific Decadal Oscillation (PDO), and surge on the still water level. 

2.2.4 Beach Erosion 

An assessment of long term beach erosion was conducted using historical aerial photographs 
(Appendix A) and historical beach surveys (Appendix B) at Doheny State beach.  Overall, Doheny 
State Beach appears to be in an equilibrium condition based on the historical aerial photographs 
used for the assessment.  Sediment input from the San Juan Creek and potential beach 
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nourishment projects in the past have maintained a relatively stable shoreline.  A historical erosion 

rate could not be determined to apply to future adjustments due to sea level rise.   

Michael Baker International (2018) utilized Bruun’s Rule (as described in Appendix B) to account for 

erosion impacts of sea level rise.  The Coastal Evolution Model included retreat of the shoreline 

based on Bruun’s Rule.  This assumes retreat of the shoreline with no change to the shape of the 

profile.  Using this approach, the shoreline retreat will have no impact on the total runup elevations. 

Unlike shoreline retreat due to Bruun’s Rule, seasonal fluctuations in beach morphology do impact 

the total water level computation.  All total water level estimates were based on both a typical 

accreted profile and typical eroded profile to account for the impacts to wave setup and wave runup 

(Appendix B). 

Preliminary estimates of shoreline erosion due to sea level rise were available from The Coastal 

Storm Modeling System (CoSMoS) for the study area (Erikson et al., 2017).  CoSMoS is a dynamic 

modeling approach that has been developed by the United States Geological Survey (USGS) to 

allow for more detailed predictions of coastal flooding due to both future sea level rise and storms 

integrated with long-term coastal evolution over large geographic areas.  CoSMoS uses wind and 

pressure from global climate models to project coastal storms under changing climatic conditions 

during the 21st century. 

CoSMoS 3.0 preliminary results were available for sea level rise scenarios of 0 m to 2 m at 

increments of 0.50 m and for 5 m for Southern California.  Shoreline retreat for these scenarios is 

shown in Figure 2.1.  Note that the shoreline was defined in CoSMoS 3.0 as the mean high water 

(MHW) which will occur seaward of the beach berm.  It is also possible that the shoreline was 

defined during conditions when the beach was much wider.  It is clear that the proposed plant is 

located far inland from the predicted eroded shoreline. 

2.2.5 Waves, Wave Runup and Flooding Conditions 

Future flooding levels were determined by Michael Baker International 2018, based on California 

Coastal Commission 2018.  The Federal Emergency Management Agency (FEMA) standards for 

flooding frequency were followed by determining flood levels for the 100-year event. Extremal total 

water levels (TWL’s) were based on the occurrence of extreme waves concurrent with extreme 

ocean water levels.  Extremal total water levels are the sum of the total runup and the still water 

level.  The total runup consists of wave setup, dynamic wave setup and wave runup.   A joint 

probability analysis was used to determine the occurrence of extremal wave heights concurrent with 

extreme ocean water levels.  

Extremal total water levels were determined for the low and high range sea level rise projections for 

2100.  Each wave and sea level scenario was modelled for both accreted and eroded beach profiles 

based on seasonal fluctuations at the site.  Total water levels were always higher for the accreted 

beaches since they were steeper and caused greater wave setup and runup.  The potential future 

flooding extent for the different scenarios are shown in Figure 2.2 based on topography generated 

from USACE 2014 LiDAR data.  The figure shows total water levels for the accreted beach 

conditions for each event since these were higher water levels than the eroded beach condition. 

Note that the flood extent based on the extremal total water levels is a worst case approach since it 

includes wave runup. Wave runup is a short term process and therefore may not result in flooding to 
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the full extent of the runup elevation. Also note that the mapping shows flooding for all areas below 
the given flood elevation even though there may not be a direct flow path to all locations. It can be 

seen that the extremal total water level for the low and high range sea level rise for 2100 may reach 
a very small portion at the very seaward tip of the project site where there is no proposed 
infrastructure. It also may flood along an existing South Drainage Swale due to backwater from the 

creek to the low grade area along the swale. The potential for flooded well heads and overtopping 
rates for each scenario are summarized in Table ES-1 in Appendix B.   

Alternative flood extent predictions with sea level rise were available from CoSMoS 3.0 (Barnard et 
al., 2018).  Flooding extents at the study site for the 0.5 m, 2 m and 5 m sea level rise scenarios for 
a 100-year storm event are presented in Figure 2.3. The flooding extents were much less than 

those based on the estimates of extremal total water levels provided by Michael Baker International 
(2018) because the CoSMoS flood elevations do not include wave runup.    

2.2.6 Extreme Flooding Events Due to Tsunami 

Tsunamic induced erosion, runup, and inundation were analyzed for the Doheny State Beach 
profiles for present and future sea levels, with low and high range sea level rise projections 
(Appendix B).  The tsunami event scenario was based on a 2 m high solitary wave that could be 

anticipated for a catastrophic tsunami event from a major landside on the east side of San 
Clemente Island.  The tsunami reaches 6 m in height due to shoaling, before breaking on the 
shoreline. The potential for flooded well heads and overtopping rates for each scenario are 

summarized in Table ES-2 in Appendix B.  Flooding extents of the low and high range 2100 sea 
level projection scenarios are illustrated in Figure 2.4.  Flood limits were very similar to the 100-year 
wave storm event for the 2100 low and high range sea level rise predictions (Figure 2.2).  Flood 

levels were approximately 0.4 ft higher for the low range and high range sea level rise limits for a 
100-year event.  It can be seen that the tsunami for the 2100 low and high range sea level rise
scenarios may reach a very small portion at the seaward tip of the property where there is no

proposed infrastructure.  Flooding also impacts the area around the existing South Drainage Swale

due to backwater from the creek to the low grade area along the swale.

Additional tsunamic inundation predictions published on June 1, 2009 were created through a joint 
effort by the State of California Office of Emergency Services (Cal OES), the California Geologic 
Survey, the University of Southern California Tsunami Research Center, and NOAA.  The map of 

the tsunami prediction for the study area is provided in Figure 2.5. While the mapping resolution is 
low, the flooding extent appears to be similar to that provided in Figure 2.4. 

The assessment shows that the projected sea level rise scenarios considered in this study does not 
pose significant flood risk to the project site. The back water ponding shown along the South 
Drainage Swale can be mitigated by site design to regrade the low ground area along the swale. 
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3. Fluvial Analysis

3.1 Introduction

To quantify drainage and flooding conditions at the project site, a detail hydrologic and hydraulic

analysis was performed. This analysis includes four primary components, as listed:

 San Juan Creek Hydraulic Analysis: This analysis was performed in order to estimate the water

surface elevations in San Juan Creek during the design events, and to determine if the creek

flow may overtop the levees;

 Watershed Analysis: This analysis was performed in order to quantify the flows entering the

existing stormwater systems at the project site, from watersheds adjacent to and upstream from

the project site;

 Floodplain Analysis: This analysis was performed to determine the available capacity of the

existing stormwater system at the project site, and to determine floodplain inundation at and

upstream of the project site under the existing condition; and

 Drainage Improvements: This analysis was performed to assess potential drainage

improvement options for the project site.

Each of these analyses are discussed in further detail in this section. It should be noted that unless 
otherwise stated, all elevation data is reported in North American Vertical Datum of 1988 (NAVD 
88). 

3.2 San Juan Creek Hydraulic Analysis 

3.2.1 Data Source 

To analyze the hydraulics of San Juan Creek, GHD obtained a one-dimensional, steady-state 
hydraulic model of the creek, built in HEC-RAS hydraulic modelling software from Orange County. 

The model was originally constructed by PACE Engineering in the study Baseline Floodplain 
Hydraulics for San Juan Creek (PACE 2010). All elevations referenced in the model are in National 
Geodetic Vertical Datum of 1929 (NGVD 29). 

In addition to the hydraulic model noted above, GHD also obtained San Juan Creek hydrograph 
information that was generated from the San Juan Creek Watershed Hydrology Study (PACE 

2008). As will be noted in further detail in subsequent sections, the hydrographs obtained from the 
PACE analysis was for the 25-year and 100-year Expected Value storm events. 

3.2.2 Boundary Condition at Pacific Ocean 

As noted above, the tidal boundary condition at the Pacific Ocean could have backwater effect on 
the upstream water surface elevations along San Juan Creek. For this analysis, five separate tidal 
elevation scenarios were used to determine water surface profiles and its impacts due to the project 

sea level rise. The first tidal elevation scenario is the Mean Higher High Water (MHHW) elevation, 
which is typically applied in FEMA floodplain analysis. The other four tidal elevation scenarios are 
the Years 2070 and 2100 projected low and high sea level rise elevations. All five tidal elevation 



GHD | Doheny Desalination Project – Local Hazard Conditions and Drainage Study | Page 9 

scenarios, based on the coastal analysis documented in Section 2 and Appendix B, are 
summarized in Table 3.1. 

Table 3.1 Tidal Boundary Elevations Used in HEC-RAS Model 

Pacific Ocean Tidal Boundary Condition 
Tidal 

Elevation 
(NGVD 29) 

Tidal 
Elevation 
(NAVD 88) 

Mean Higher High Water (MHHW) 2.87 5.13 

2070 Low Sea Level Rise Projection under MHHW 4.87 7.13 

2070 High Sea Level Rise Projection under MHHW 6.47 8.73 

2100 Low Sea Level Rise Projection under MHHW 6.47 8.73 

2100 High Sea Level Rise Projection under MHHW 9.97 12.23 

It should be noted that to be used in the HEC-RAS model, these elevations had to be converted 
from NAVD 88 to NGVD 29 vertical datum, which has the elevation difference of -2.26 ft. 

3.2.3 Analysis Methods and Assumptions 

To compute water surface profiles, and ultimately create a stage-flow time series for each of the 
existing outfalls along San Juan Creek, the steady state HEC-RAS model was run at increments of 
approximately every 3 hours using the hydrographs referenced in Section 3.1.1. Estimated creek 
flow in each time increment is input to the model, to estimate the creek water surface profiles under 

the three tidal elevation scenarios listed in Table 3.1.  

The HEC-RAS model provided by Orange County covers approximately 5 miles of San Juan Creek 
upstream from the Pacific Ocean. To simplify the hydrograph inputs and the modelling analysis, the 
model was truncated at approximately 3,500 feet upstream from Stonehill Drive (Creek Station 
8610). At this location, the hydrograph flows estimated at Node 146 in the San Juan Creek 

Watershed Hydrology Study (PACE 2008) were applied as flow input to the HEC-RAS model. A 
second flow input was applied further downstream at creek station 3955, which corresponds to 
Node 147 of the hydrology study (PACE 2008). The 25-year and the 100-year design flow are 

26,116 cfs and 45,847 cfs, respectively. As a comparison, the 100-year design flow in FEMA Flood 
Insurance Study (FIS) is 42,000 cfs (FEMA 2009c). 

3.2.4 Analysis Results 

The HEC-RAS model was run using the 25-year and 100-year Expected Value hydrographs under 
Year 2070 scenarios. The creek hydraulic analysis based on these scenarios shows that the 
variations in downstream tidal elevation under the projected sea level rise conditions do not have an 

effect on the upstream creek water surface elevations. This appears to be due to the fact that the 
Highway 1 northbound and southbound bridges act as a significant creek flow constriction at the 
mouth of San Juan Creek. The backwater effects due to the bridges governs San Juan Creek 

hydraulics. In addition, in the HEC-RAS model, the channel flowline elevation at the mouth is 4.85 ft 
NGVD 29, which is above both the MHHW and Year 2070 low sea level rise tidal elevation 
projection. 
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The HEC RAS model also simulated the Year 2100 High MHHW Sea Level Rise projection for the 
100-year storm event, to determine if it had any effect on the water surface elevation in San Juan

creek upstream of the Highway 1 Bridge. Using the high sea level rise projection, the water surface

elevation in the creek did change upstream of the bridge, however only during the receding limb of

the streamflow hydrograph beginning at hour 30 of the simulation (note: the peak discharge in San

Juan Creek occurs at hour 17.25). At this time, the flow in the stream is approximately 300 cfs,

which is just a fraction of the flow that occurs at the peak of the storm (approximately 45,000 cfs for

the peak of the 100-year storm). The change in water surface elevation only persists for about 500

feet upstream of the bridge, after that there is no effect that the boundary condition has on the water

surface elevation at any point in time.

Therefore, it was determined that the various tidal elevations had no effect on the upstream creek 
water surface profile, and the subsequent results presented are valid under all five tidal elevation 
scenarios.  

The maximum water surface profile for the 25-year storm event is shown in Figure 3.1, which 
occurs at approximately Hour 17.25 of the storm event. The peak of the 25-year flow is conveyed in 

the channel without overtopping the creek on either the left or right banks. The hydrograph used for 
the 25-year flow in San Juan Creek is shown in Figure 3.2. To compare the peak flow timing 
between the creek and the project site watershed, the hydrograph that was developed for the outfall 

of the Capistrano Beach Storm Drain (LO1SO2) is also shown in the plot. The development of the 
LO1SO2 hydrographs is discussed in further detail in Section 3.2. 

The peak of the existing stormwater system adjacent to the project site occurs at approximately 
Hour 16.4 of the 24-hour design storm event. The peak flow in San Juan Creek occurs at Hour 
17.25 of the 24-hour storm event, approximately 1-hour later.  

The peak water surface profile for the 100-year storm event is shown in Figure 3.3. During the 100-
year storm event, the peak creek flow overtops both channel banks for approximately 350 feet north 

of the Highway 1 northbound bridge, at the southern end of the project site. The hydrograph for the 
100-year flow in San Juan Creek is shown in Figure 3.4. Similar to the 25-year storm event, the

peak flow in San Juan Creek occurs approximately 1-hour after the peak of the Capistrano Beach

Storm Drain.

3.2.5 Findings 

The hydraulic analysis of the San Juan Creek Channel resulted in two key findings:  

 The downstream tidal elevations modelled in this analysis do not have an effect on the

upstream water surface profile.

 Based on the OCFCD HEC-RAS model, San Juan Creek overtops both the east and west

banks during the 100-year expected value storm events. Adjacent to the project site, San Juan



 
 

GHD | Doheny Desalination Project – Local Hazard Conditions and Drainage Study | Page 11 

Creek overtops the east bank floodwall at the upstream of Highway 1. The overtopping 

contributes to potential flooding at the project site. 

3.3 Watershed Analysis 

A watershed analysis was performed to estimate the flows entering the existing storm drain 

infrastructure at the project site. The purpose of this analysis is to determine if there is available 

capacity in the existing stormwater system, and to evaluate potential impacts to flooding as a result 

of stormwater runoff generated from the upstream watershed. The following sections describe the 

existing conditions around the project site, and the watershed analysis. 

3.3.1 Existing Stormwater Infrastructure 

In general, drainage in the project area and surrounding watersheds is conveyed from east to west, 

towards San Juan Creek. To provide stormwater relief for urban developments, railroad, and 

roadways located in the watershed, a system of large stormwater drainage conduits has been 

constructed as the primary drainage route for stormwater generated in the watershed. These 

drainage features are shown in Figure 3.5. Each of these components is discussed in further detail 

below. It should be noted that each of these main features described below is supported by a 

network of smaller stormwater pipes and drainage inlets to collect local runoff. However, this 

analysis only includes the major drainage features as listed to evaluate stormwater routing at the 

watershed scale, as well as drainage performance at the project site. 

 LO1 

The San Juan Creek Channel. This creek acts as the primary receiving waters for runoff 

generated within the San Juan Creek watershed, including all stormwater generated at the 

project site.  

 LO1SO2 

The Capistrano Beach Storm Drainage. This facility primarily collects stormwater generated 

east of the San Diego Freeway (I-5) and conveys flows west towards San Juan Creek. This 

facility also collects stormwater conveyed from facility LO1SO3, and both the northern and 

southern drainage swales (described below). Moving from east to west, this facility is composed 

of an 8-foot diameter (8’) RCP pipe which connects to an 8’ x 8’ concrete box, a 7.5’ x 12’ 

railroad crossing, open concrete rectangular channel, then a double 11’ x 11.5’ box culvert and 

outfalls to San Juan Creek. The San Juan Creek outfall has no backflow prevention. 

 LO1SO3 

LO1SO3 collects stormwater generated from the northern portion of the local watershed located 

within Stonehill Drive and the San Diego Freeway (I-5). It also collects runoff generated from the 

east side of the San Diego freeway though a box culvert, located at the upstream of the pipe 

terminus as shown in Figure 3.5. Moving from north to south, this facility is composed of a 6.5’ 

RCP pipe, an 8’ RCP pipe, a 6.5’ x 13’ concrete box railroad crossing, and an 8’ RCP pipe that 

discharge to LO1SO2. 
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 North Drainage Swale

This swale is located directly north of facility LO1SO2, and serves to drain the surrounding

properties in the area. The outlet of the swale has a 3’ RCP culvert that connects to facility

LO1SO2, with a flap gate to prevent backwater flow from San Juan Creek.

 South Drainage Swale

This swale is located at the northern end of the project site, and drains runoff generated in

areas both north and south of the swale. The eastern portion of the swale shown on Figure 3.5
is connected to a storm drain that extends eastwards toward the developments on the east side

of the railroad track. The outlet of the swale is connected to a 4’ RCP pipe which connects with

facility LO1SO2. The connection has a flap gate.

 54” RCP Pipe

This pipe collects stormwater generated in the southern portion of the watershed bounded by

the San Diego Freeway (I-5) and Highway 1. The pipe discharges to San Juan Creek upstream

of Highway 1 bridges. The outfall has a flap gate.

3.3.2 Design Storm and Analysis Method 

The following references establish the watershed analysis and design criteria, including design 
storms, for the project site: 

 Orange County Hydrology Manual (1986);

 Orange County Hydrology Manual, Addendum No. 1 (1996); and

 Orange County Local Drainage Manual (1996).

From these documents, the following design storms criteria have been established, as shown in Table 
3.2. 

Table 3.2 Summary of Design Storms and Method 

Criterion Value Source 

Hydrology Method Unit Hydrograph Orange County Hydrology Manual 

Design Storm for Pipes 

with Sumps or no 

Parallel Drainage Ways 

25-year Expected Value Orange County Local Drainage Manual 

Design Storm for 

Habitable Structures 

100-year Expected

Value
Orange County Local Drainage Manual 

Based on the Hydrology Manual (the manual), Addendum No. 1, the Expected Value hydrology was 
used in this analysis, as the focus of this analysis is to determine floodplain impacts and flood 
protection level of services. 
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The Orange County Hydrology Manual Unit Hydrograph method was used for contributing 
watershed hydrology analysis, since the total area contributing runoff to the local storm drain 

infrastructure is above 640 acres. The Unit Hydrograph method is based on developing an effective 
rainfall hyetograph, which accounts for initial and infiltration losses using the Curve Number 
method. The effective rainfall hyetograph is then transformed to a runoff hydrograph using the 

watershed Time of Concentration and S-Curves for the Orange County watersheds. 

In addition to the Orange County Hydrology Method, the hydrologic model within PCSWMM, the 
hydraulic model used for this analysis, was used to develop runoff hydrographs. This was done to 
provide a second source of hydrologic analysis. To remain consistent with the Orange County 
Method, the hydrologic loss model used within PCWMM was the curve number method and the 

parameters developed for the Orange County Method were used in the PCSWMM model. 

3.3.3 Watershed Descriptions 

The initial step in the analysis was to estimate the runoff reaching the primary stormwater 
infrastructure. Watersheds were delineated using an iterative approach, which included checking 
surface elevation data from NOAA Coastal LiDAR, storm drain infrastructure maps from the Orange 
County Flood Control District (OCFCD), and the City of Dana Point Master Plan of Drainage (1998). 

Working east from the project site, a total of 18 watersheds were identified, which are shown in 
Figure 3.6. Watersheds 1A and 1B represent the project site watersheds. 

3.3.4 Topography 

Watersheds located within the area bound by Stonehill Drive, the San Diego Freeway, and Highway 
1 (Watersheds 1A to 13) have typically mild average slopes, generally on the order of 5% to 40%. 
The main source of topographic relief in these watersheds is the fill prism or natural grades leading 

to the surrounding roadways. Elevations in this area range between 20’ and 150’. Watersheds 
located south and east of this area (Watersheds 14 to 17) have higher relief, with average slopes in 
these watersheds ranging from 50% to 90%. Elevations in these watersheds range between 150’ 

and 900’. 

3.3.5 Soil Types 

Soils information was collected from the NRCS Web Soil Server. Hydrologic Soils Groups in the 
watersheds range between groups B and D. All of the group B soils are located in the watersheds 
nearest San Juan Creek. At the east of the project site, the remainder of the watersheds are 
composed of group C and D soils, exhibit poor infiltration potential.  

3.3.6 Existing Land Use 

The three primary land use types in the watersheds shown in Figure 3.6 are residential, commercial, 
and open space. Watersheds 1A to 13 are primarily composed of residential and commercial use 

types. Watersheds 14 to 17 are primarily residential and open space use types. 



 
 

GHD | Doheny Desalination Project – Local Hazard Conditions and Drainage Study | Page 14 

3.3.7 Existing Condition Watersheds Summary 

The physical characteristics of each watershed shown in Figure 3.6 are summarized in Table 3.3 

below: 

Table 3.3 Summary of Watershed  

Watershed 

Area 

(acres) 

Average Slope 

(%) Land Use Type(s) 

Soil 

Type(s) 

1A 9.7 11% Commercial B, C 

1B 3.4 8% Commercial B, C 

2 6.9 
7% 

Commercial B, C 

3 6.1 
17% 

Commercial B, C 

4 7.3 
22% 

Commercial B, C 

5 5.6 
45% 

Commercial B, C 

6 12.2 
16% 

Commercial C 

7 16 
5% 

Commercial C 

8 2 
6% 

Commercial C 

9 46.4 
39% 

Commercial/Open Space C, D 

10 16.5 
26% 

Commercial/Residential C, D 

11 30.3 
11% 

Commercial/Residential C, D 

12 13.1 
6% 

Commercial/Residential C 

13 16.2 
54% 

Commercial/Residential C, D 

14 29.9 
56% 

Residential/Open Space C, D 

15 765.5 
90% 

Residential/Open Space C, D 

16 108.9 
57% 

Residential/Open Space C, D 

17 46.6 
88% 

Residential/Open Space C, D 
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3.3.8 Orange County Method Hydrologic Analysis 

After the watersheds were delineated the Orange County Hydrology Method was used to develop 
the hydrologic parameters necessary to construct outflow hydrographs. The derivation of these 
parameters is presented below.  

There are three primary steps in the Orange County Method: 1) Develop synthetic unit hydrograph; 

2) Develop recurrence interval storm pattern; and 3) Develop runoff hydrograph. To ultimately

produce the runoff hydrograph, the following parameters were derived. It should be noted that there

are several steps in the manual where these parameters are used to develop intermediate

information which leads to producing a runoff hydrograph. The following discussion is limited to the

derivation of the base parameters, which are the components unique to this analysis.

3.3.9 Design Storm 

To develop the 10-, 25-, and 100-year design storms, the Orange County Point Precipitation Data 
from Table B.2 of the hydrology manual was used to create logarithmic regression equations. Using 

these equations, precipitation depths were calculated for unit time periods of 5-minutes. These 
depths were then rearranged using the design storm distributions shown in Figures B-5a, b, and c 
of the hydrology manual. Due to the generally small size of the watersheds in this analysis, no 

depth area adjustments were performed to modify the design storms in this analysis. 

3.3.10 Percent Impervious 

Percent impervious was estimated by measuring the area of individual land use type in each 
watershed and multiplying each use area by a factor from the hydrology manual (Figure C-4). For 
this analysis, the recommended values for average conditions were assumed for each use type. 
Residential areas were assumed to have a density of 5 to 7 dwellings/acre, and open spaces were 

assumed to have no impervious cover. The resulting percent impervious cover for each watershed 
can be found in Table 3.4. 

3.3.11 Curve Number 

Composite curve numbers for antecedent moisture condition (AMC) II were generated for each 
watershed. This was done by using the total watershed area, and separating out the pervious from 
impervious area using the percent impervious values. As per the manual’s recommendation, the 

impervious surfaces were assigned a curve number of 98. The remaining pervious area within a 
watershed was assigned a curve number based on the hydrologic soil group and the ground cover 
type. All open space areas in the watersheds was assigned values based on Open Brush cover, all 

residential areas were assigned values based on Turf cover, and all commercial areas were 
assigned values based on Commercial Landscaping cover. As per the manual recommendation, the 
quality of the cover was assumed to be ‘good’. The resulting AMC II composite curve numbers for 

each watershed can be found in Table 3.4. 

As per the manual, AMC II curve numbers are sufficient for watershed loss analysis for the 25-year 
storm event, however, AMC III curve number values are required for the 100-year event. To derive 
these values, the AMC II curve numbers were adjusted per the relationship presented in Table C.1 
of the hydrology manual. The AMC II composite curve numbers can be found in Table 3.4. 
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3.3.12 Time of Concentration 

As per the manual, the total time of concentration was calculated in two components. The first 
component is the sheet flow time, which was estimated using the nomograph from page D-4 of the 
manual. Flow lengths were measured in GIS from the most distant point in the watershed to the 
beginning of channelized flow, typically either gutter or pipe flow. The sheet flow lengths is limited to 

1,000 feet. Elevation differences within each watershed were determined using contour surfaces 
generated using either NOAA Coastal LiDAR, or USGS elevation data. 

The second component is the channelized flow time, which was calculated along the remaining 
length beginning at the end of sheet flow and ending at the watershed outlet. To be conservative, 
pipes and gutters for these components were assumed to be flowing full. The resulting total time of 

concentration for each watershed can be found in Table 3.4. 

3.3.13 Lag Time 

The lag time for each watershed was determined using the relationship from the manual, which 
states that the lag time should be equal to 80% of the watershed time of concentration. The lag time 
values for each watershed can be found in Table 3.4. 

3.3.14 S-Curves 

The watershed lag time was used to develop individual unit hydrographs based on locally produced 
S-Curves. These curves can be found in the hydrology manual, Figures E-3a, b, c, and d. For this

analysis, a unit time period of 5-minutes was used to match the design storm patterns, and the

Valley Developed S-curve (Figure E-3a) was used.

3.3.15 Orange County Watershed Hydrology Summary 

The hydrologic parameters presented in the sections above are summarized in Table 3.4 below. 

Table 3.4 Orange County Method Watershed Parameters  

Watershed 

Time of 

Concentration 

 (min) 

Lag Time  

(min) 

Percent 

Impervious 

Curve 

Number 

 (AMC II) 

Curve 

Number  

(AMC III) 

1A 11.7 9.4 48% 81.3 94.5 

1B 6.5 5.2 72% 89.7 97.9 

2 7 5.6 64% 86.3 96.7 

3 8 6.4 41% 78.4 93.0 

4 24.3 19.5 32% 77.2 92.3 

5 17.1 13.6 35% 79.0 93.3 

6 10.2 8.2 85% 93.9 99.0 

7 11.2 8.9 90% 95.1 99.2 
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Watershed 

Time of 

Concentration 

 (min) 

Lag Time  

(min) 

Percent 

Impervious 

Curve 

Number 

 (AMC II) 

Curve 

Number  

(AMC III) 

8 25.6 20.4 0% 75.0 90.9 

9 17.6 14.1 65% 90.1 98.0 

10 19.2 15.4 69% 90.5 98.2 

11 8 6.4 90% 95.2 99.2 

12 12.9 10.3 90% 95.1 99.2 

13 9.5 7.6 52% 88.8 97.6 

14 10.7 8.6 38% 85.9 96.6 

15 30.5 24.4 26% 84.8 96.2 

16 22 17.6 9% 82.4 95.1 

17 14.1 11.3 58% 90.7 98.2 

3.3.16 Proposed Development Watersheds 

The hydrologic parameters for the developed conditions of Watersheds 1A and 1B were estimated 
using the same methodology as performed for the existing conditions watersheds above. To 
estimate these parameters, it was assumed that the entire Watersheds 1A and 1B would be 

converted to commercial use. The resulting parameters for the developed conditions of watersheds 
1A and 1B are shown in Table 3.5. 

Table 3.5 Hydrologic Parameters for Developed Project Site Watersheds 

Watershed 

Time of 

Concentration 

(min) 

Lag Time 

(min) 

Percent 

Impervious 

Curve 

Number 

(AMC II) 

Curve 

Number 

(AMC III) 

1A – Developed 10.7 8.6 90% 95.5 99.3 

1B - Developed 6.0 4.8 90% 96.3 99.4 

3.3.17 Runoff Hydrograph Summary 

The runoff hydrographs for each watershed were produced using the Orange County Hydrology 
Manual Method and the PCSWMM curve number hydrology method as noted above. Table 3.6 
summarized the peak flow under 25-year and 100-year 24-hour storm events. 
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Table 3.6 Peak Flow Summary for Project Watersheds 

Watershed 
Peak Flow (cfs) 

25-year Expected Value 100-year Expected Value

1A 12.2 16.4 

1B 8.2 10.3 

2 14.4 18.4 

3 8.6 11.9 

4 5.0 7.0 

5 5.0 7.0 

6 24.5 30.0 

7 33.5 40.7 

8 1.2 1.7 

9 63.2 79.8 

10 22.6 28.4 

11 79.9 96.6 

12 25.9 31.4 

13 28.4 36.2 

14 42.4 55.5 

15 634.8 834.8 

16 96.8 129.1 

17 66.0 84.8 

1A Developed 20.4 24.7 

1B Developed 10.4 12.5 

3.4 Floodplain Analysis 

To perform the floodplain analysis, a coupled 1D/2D routing model was constructed in PCSWMM. 
The following sections describe how the model was constructed, and present the results of the 

existing conditions model results. 

The hydraulic routing for the runoff generated in each watershed was modelled using PCSWMM 
software by CHI. PCSWMM is a coupled hydrologic/hydraulic model that uses the base EPA 
SWMM program as the hydrology and one-dimensional flow routing platform. In addition to the base 
SWMM code, PCSWMM includes a proprietary two-dimensional flow engine, which can simulate 

unsteady-state flow routing across a surface. 



GHD | Doheny Desalination Project – Local Hazard Conditions and Drainage Study | Page 19 

3.4.1 Existing Conditions Model Geometry 

The geometric information, including conduit inverts, dimensions, and swale cross-sectional 
geometries, was based on the project topographic survey prepared by MNS Engineers and as-built 
information for the major drainage structures provided by Orange County. The survey data covered 
areas bound between Stonehill Drive to the north, the existing railroad to the east, San Juan Creek 

to the west, and Highway 1 to the south. The survey data collected did not include information 
which would require confined space entry into the storm drain infrastructure. For areas outside of 
the survey limit, including portions of the 54” RCP pipe, LO1SO2, and LO1SO3 located east of the 

railroad track, existing as built information for each component was used to obtain geometric 
information. 

It should be noted that the vertical datum varied between the project survey and the as-built 
information. All elevation data was converted to NAVD 88 datum. 

3.4.2 Manning’s Roughness 

Table 3.7 listed the Manning’s roughness coefficients used in the hydraulics model. 

Table 3.7 Manning’s Roughness Coefficients 

Material Value 

Concrete Pipe 0.013 

HDPE Pipe 0.011 

Grassed Swales 0.035 

Overland Flow Roughness1 0.05 

1Used for 2D modelling surface. 

3.4.3 Hydrologic Loading 

The hydrographs generated using the Orange County Hydrology Manual Method and PCWMM 
were applied to receiving nodes in the hydraulic model. Table 3.8 below lists each watershed, which 
model junction the flows were applied to, and the receiving stormwater structure. 

Table 3.8 Hydrograph Loading in PCSWMM Routing Model 

Watershed Model Node Applied Receiving Infrastructure 

1A J13 54” RCP 

1B J20 South Drainage Swale 

2 J19 South Drainage Swale 

3 J24 North Drainage Swale 

4 OF-4 San Juan Creek 

5 OF-3 San Juan Creek 
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Watershed Model Node Applied Receiving Infrastructure 

6 J15 54” RCP 

7 J21 South Drainage Swale 

8 J21 South Drainage Swale 

9 J9 LO1SO2 

10 J33 LO1SO3 

11 J15 54” RCP 

12 J10 LO1SO2 

13 J11 LO1SO2 

14 J15 54” RCP 

15 J12 LO1SO2 

16 J34 LO1SO3 

17 J34 LO1SO3 

3.4.4 Two-Dimensional Surface 

A NOAA Coastal LiDAR digital elevation model was used as the base topographic surface data for 
two-dimensional modelling. The extents of the surface covered the San Juan Creek levee to the 
west, the San Diego Freeway to the east, Highway 1 to the south, and Stonehill Drive to the north. It 
should be noted that for this analysis, the model was constructed using LiDAR data, which does not 

include features such as buildings or other structures that would resist inundation. 

3.4.5 Outfall Boundary Conditions 

Outfall boundary conditions were determined using the San Juan Creek HEC-RAS analysis outlined 
in Section 3.1. Boundary conditions were produced for both the 25-year and 100-year storm events 
at five individual outfall locations. Table 3.9 below shows the time series that were developed for 
each model outfall, and the corresponding cross section from the HEC-RAS model that was used to 

determine the values. 

Table 3.9 Model Outfall Boundary Conditions at San Juan Creek 

HEC-RAS 
Model STA 

1855 1502 4555 3955 3355 1855 1502 4555 3955 3355 

Outfall OF1 OF2 OF3 OF4 OF5 OF1 OF2 OF3 OF4 OF5 

Hour 
25-year Storm Outfall Water Surface

Elevations (ft, NAVD 88) 
100-year Storm Outfall Water Surface

Elevations (ft, NAVD 88) 

0 9.6 8.4 19.4 16.3 14.3 13.1 12.4 23.5 21.3 19.0 

1 10.7 9.8 20.8 17.9 15.8 13.1 12.4 23.5 21.2 18.9 

3 12.4 11.7 22.9 20.3 18.1 14.1 13.4 24.6 22.6 20.2 
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HEC-RAS 
Model STA 

1855 1502 4555 3955 3355 1855 1502 4555 3955 3355 

Outfall OF1 OF2 OF3 OF4 OF5 OF1 OF2 OF3 OF4 OF5 

Hour 
25-year Storm Outfall Water Surface

Elevations (ft, NAVD 88) 
100-year Storm Outfall Water Surface

Elevations (ft, NAVD 88) 

6 13.6 12.8 24.0 21.8 19.5 15.0 14.2 25.6 23.6 21.2 

9 13.9 13.2 24.4 22.3 19.9 15.5 14.6 26.1 24.2 21.8 

12 14.5 13.7 25.0 23.0 20.6 16.3 15.3 26.9 25.1 22.6 

15 17.0 15.9 27.6 26.0 23.4 20.4 19.3 31.0 29.7 27.1 

17.25 19.0 18.0 29.6 28.2 25.6 26.1 27.2 33.2 32.2 29.4 

18 19.0 17.9 29.6 28.2 25.6 25.9 27.0 32.9 31.9 29.2 

21 16.6 15.6 27.2 25.5 23.0 18.7 17.7 29.3 27.9 25.3 

24 14.1 13.3 24.6 22.5 20.1 15.5 14.6 26.0 24.2 21.8 

27 12.4 11.6 22.7 20.2 18.1 12.8 12.1 23.1 20.8 18.6 

30 10.4 9.3 20.3 17.3 15.2 10.7 9.6 20.6 17.7 15.6 

33 10.0 8.8 19.7 16.8 14.6 10.5 9.4 20.4 17.4 15.3 

36 9.9 8.7 19.6 16.7 14.5 10.1 8.9 19.8 16.9 14.7 

39 9.9 8.7 19.6 16.6 14.5 9.9 8.8 19.7 16.7 14.5 

42 9.8 8.7 19.6 16.6 14.5 9.9 8.7 19.6 16.6 14.5 

45 9.8 8.6 19.6 16.6 14.4 9.8 8.7 19.6 16.6 14.5 

48 9.8 8.6 19.5 16.5 14.4 9.8 8.6 19.6 16.6 14.4 

3.4.6 Creek Overtopping 

To model creek overtopping in the analysis, a boundary outfall condition was assigned in 
PCSWMM. This outfall condition was applied along the length of the floodwall that the hydraulic 
analysis in Section 3.1 indicated would overtop, which is about the final 350 feet of wall along the 

creek east bank, directly upstream of the Highway 1 northbound bridge. The outfall was modelled 
using the creek boundary condition developed for the 54” RCP pipe (model outfall 2), as most of the 
wall showing overtopping is located in this area. 

To verify the creek overtopping flow rate at the floodwall that is estimated in the PCSWMM 2D 
model, we prepared a lateral weir model run at the floodwall in the San Juan Creek HEC-RAS 

model. When comparing the two analysis methods between PCSWMM and HEC-RAS, the 
estimated peak overtopping flows were within approximately 7% of one another at around 2,500 cfs. 

3.4.7 Existing Conditions Results 

Three existing condition model scenarios were simulated, the 25-year storm, the 100-year storm, 
and the 100-year storm without overtopping of San Juan Creek. As noted in Section 3.1, the 
hydraulic analysis of San Juan Creek determined that the creek does overtop near the southern 
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area of the project site. However, to gain an understanding of how the floodplain near the site may 

change due to improvements of this floodwall, the 100-year storm was simulated assuming that the 

creek does not overtop.  

Figure 3.7 shows the flood inundation for the existing condition 25-year storm event. During the 25-

year event, flooding occurs at the eastern most model extent along the 54” RCP pipe, at the eastern 

side of the railroad tracks. This area represents a low point in the system, and can be seen in aerial 

imagery and from the LiDAR surface as a localized ponding area. Flooding in this case is caused 

primarily due to the boundary condition in San Juan Creek, which during high creek flow creates 

backwater to the pipe system. The estimated flood depth ranges up to one feet. During the 25-year 

event, no surcharging occurs in the South Swale or any features associated with LO1SO2.  

Figure 3.8 shows the flood inundation for the existing condition 25-year storm event. During the 

100-year event, the entire project site and much of the surrounding area is subject to flooding. As 

the storm progresses there are two primary contributing factors to flooding in the area. As the level 

of San Juan Creek begins to rise, the incoming flow from upstream watersheds begins to surcharge 

LO1SO2, the 54” RCP, and the South Swale. In addition the upstream flow, backflow from San 

Juan Creek through LO1SO2 begins to surcharge at the open channel sections and inundate the 

area. As the water level in San Juan Creek approaches its peak, the east bank floodwall at the 

north of Highway 1 overtops, which inundates additional areas in the project site and increase flood 

depths. Maximum flood depths at the project site during this storm range from one to six feet, and 

areas surrounding the project site are inundated around one to four feet.  

Figure 3.9 shows the flood inundation for the existing conditions 100-year storm event, assuming no 

overtopping from San Juan Creek along the east bank floodwall. Under this scenario, flooding in the 

project site is due to a product of upstream stormwater surcharging and backflow from San Juan 

Creek through LO1SO2. When the creek does not overtop the floodwall, there is still flooding that 

occurs at the project site, but in less extent and depth. The depths of flooding range from 

approximately one feet to four feet. 

3.4.8 Comparison to Previous Work 

In addition to this study, there are a number of previous studies on flooding in the vicinity of the 

project area.  

The FEMA FIS for the City of San Juan Capistrano shows similar floodplain boundaries to those 

shown in Figures 3.8 and 3.9. It should be noted that in the FEMA study, the flood zone was 

designated AO, overtopping from San Juan Creek was not a contributing factor. The FEMA 

floodplain delineation also references a portion of the flood zone which occurs due to surcharging at 

a stormwater manhole located at Sepulveda and Camino Capistrano. This result is not reproduced 

in this analysis, as this manhole is located outside the area of detailed study in the PCSWMM 

model. 

Tetra Tech, Inc. completed a Floodway Compliance Technical Memo (2015) for the property known 

as Parking Lot B, which is located adjacent to the open channel portion of LO1SO2 on the north 

side. Using a one-dimensional WSPG model, the analysis estimated water surface elevation of 

30.2’ at the open channel portion of LO1SO2, which when extrapolated across the property, it 
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results in a flood depth range of 1.9 to 4.6 feet for the proposed lot grading. This analysis indicated 
a maximum water surface elevation of approximately 26 feet.  

Tetra Tech 2016 assessed flooding at the South Orange County Wastewater Authority JB Latham 
Treatment Plant, which is located across San Juan Creek from the project site. The study also 

indicated backwater effect in San Juan Creek caused by the Highway 1 Bridge. 

PACE completed a capacity analysis of San Juan Creek (PACE, 2010). This analysis was 
completed using the same HEC-RAS model that was used for the analysis presented in Section 3.1 
of this report.  The analysis demonstrated that the channel in the area of the project site has a bank 
full capacity of 19,000, indicating that flows higher than that would overtop the levee and flood the 

adjacent areas. 

3.5 Drainage Improvements 

To mitigate flooding at the project site, a set of site improvement options has been proposed that 
could be incorporated into the project design. The options are shown in Figure 3.10. 

As shown in the figure, there are six main improvement options that have been developed for this 
site, they are: 

 Regrade and raise the project site elevation;

 Add a stormwater detention basin to mitigate for post project runoff conditions;

 Abandon and relocate the existing drainage inlet (DI) near the outfall of the 54” RCP;

 Replace floodwall along San Juan Creek flood in section showing creek overtopping;

 Add a flap gate to prevent backflow from San Juan Creek entering LO1SO2; and

 Add a pump station to mitigate flooding originating from upstream watersheds.

Using these six improvement options, four separate alternatives have been developed which 
includes a subset of these improvement options. Each of the four alternatives was modelled in 
PCSWMM, and the results are discussed in further detail below. It should be noted that in each 

alternative section below, residual flooding that occurs after the implementation of the alternative is 
compared to a base case flooding scenario. The base case scenario is the 100-year flooding that is 
shown in Figure 3.8, which includes overtopping flows from San Juan Creek near the Highway 1 

Bridge. 

3.5.1 Alternative 1 

Alternative 1 was formulated to be a standalone option that would mitigate flooding at the project 
site regardless of future flood improvements along San Juan Creek. This alternative includes re-
grading the project site to 28.2 feet elevation, which is approximately 1 foot higher than the 100-
year flood elevation with creek overtopping. Figure 3.10 shows the limits of grading for this 

alternative. This alternative also includes a detention basin to mitigate additional runoff generated 
from development of the project site. The detention basin was sized to be 0.5 acres and 3 feet 
deep. Lastly, this alternative includes the capping of the existing DI adjacent to the 54” RCP pipe 

outfall at San Juan Creek, and relocating the DI eastward in the project site. Otherwise, overtopping 
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flow from the creek could enter the existing DI, backflow up the pipe and inundate areas east of the 
project site. See Figure 3.11 for the flood inundation map for this alternative, and Figure 3.12 for the 

change in flood elevations as compared to the base scenario. 

Raising the ground elevation reduces both the extents and depth of flooding. As shown in Figure 
3.12, the average flooding depth reduction in areas surrounding the project site is approximately 
one to four feet. Raising the ground elevation essentially acts as a flood barrier from the creek, 
which blocks overtopping flows from the creek to reach the project site and upstream watershed. 

Note that the proposed site regrade needs to include the area between the southern boundary of 
the project site property and the Highway 1 northbound bridge. Otherwise, the area between the 
southern edge of the project site and Highway 1 provides a flood path for overtopping creek flow to 

inundate upstream watershed area at the east of the project site.  

3.5.2 Alternative 2 

Alternative 2 includes floodwall improvements to eliminate San Juan Creek overtopping during a 
100-year event. The proposed improvement for the floodwall includes approximately 500 feet of

new concrete reinforced retaining wall set 1 foot above the 100-year flood elevation. This alternative

also includes re-grading the project site to 26 feet elevation, which as discussed previously is

approximately 1 foot higher than the 100-year flood elevation, without creek overtopping. The limits

of grading for this alternative are the same as alternative 1. See Figure 3.13 for the flood inundation

map for this alternative, and Figure 3.14 for the change in flood elevations as compared to the base

scenario.

As shown, raising the ground elevation and improving the floodwall in this alternative reduces both 
the extents and depth of the flooding, similar to Alternative 1. As shown in Figure 3.14, the average 
flooding depth reduction in areas surrounding the project site is approximately one to four feet.  

3.5.3 Alternative 3 

Alternative 3 is the same as Alternative 2 except the addition of a new detention basin at the 
southern end of the project site. See Figure 3.15 for the flood inundation map for this alternative, 
and Figure 3.16 for the change in flood elevations as compared to the base scenario. 

Raising the ground elevation and improving the levee for this alternative reduces both the extents 
and depth of the flooding, similar to Alternative 2. As shown in Figure 3.16, the average flooding 

depth reduction in areas surrounding the project site is approximately one to four feet. Adding the 
detention basin in this alternative results in a negligible reduction in flooding depths. 

3.5.4 Alternative 4 

Alternative 4 was formulated to work as an option that requires minimal site grading to mitigate 
flooding at the project site. This was achieved through a combination of alternatives to mitigate 
flooding from creek overtopping, creek backflow through LO1SO2, and upstream storm drain 

surcharging. This alternative includes installing a flap gate at LO1SO2 to cease backflow from San 
Juan Creek, floodwall improvements as presented in Alternatives 2 & 3, raising the site to a 
minimum elevation of 23.5 feet, and installing a pump station to mitigate flooding at the South Swale 
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and LO1SO2. See Figure 3.17 for the flood inundation map for this alternative, and Figure 3.18 for 
the change in flood elevations as compared to the base scenario. 

As shown, this alternative results in the greatest reduction in flooding over the project and urban 
area. Essentially, to make this alternative work to mitigate flooding originating from the South Swale 

and LO1SO2, the pump station must work to evacuate the peak three hours of the storm from these 
features. Some site grading in this area is still required, however, due to the flooding that originates 
from the 54” RCP, which as it surcharges flows north along the railroad tracks it would eventually 

inundate some of the area at the northeast corner of the project site. 

3.5.5 Alternatives Summary and Planning Level Cost Estimates 

Four flood improvement alternatives were formulated for the project site with the intent of 
eliminating flooding on the property during the 100-year expected value storm event. The work 
included in each alternative is summarized in Table 3.10. For this summary, preliminary earthwork 
fill quantities were generated from the model’s coastal LiDAR surface. These quantities are meant 

to be approximate and convey the relative magnitude of fill required for each alternative. 

Table 3.10  Summary of Work for Each Improvement Alternative 

Alternative Improvements 

1  Raise project site to 28.2 feet (appx 67,000 CY fill volume)
 Demolish existing DI and cap, install new DI
 Install detention basin (0.5 acres, 3 feet deep)

2  Raise project site to 26 feet (appx 27,000 CY fill volume)
 Install 500 feet of new sheet pile floodwall along San Juan

Creek levee

3  Raise project site to 26 feet (appx 27,000 CY fill volume)
 Install 500 feet of new sheet pile floodwall along San Juan

Creek levee
 Install detention basin (0.5 acres, 3 feet deep)

4  Raise project site to 23.5 feet (appx 6,500 CY fill volume)
 Install 500 feet of new sheet pile floodwall along San Juan

Creek levee
 Install detention basin (0.5 acres, 3 feet deep)
 Install flap gate on LO1SO2
 Install a pump station and high flow bypass lines for LO1SO2

and South Swale

Planning level construction cost estimates were developed for each of the four alternative 
scenarios, as shown in Table 3.11. Detail cost estimate breakdowns for Alternatives 1, 2 and 3 are 

included in Appendix C. 
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Table 3.11  Summary of Work for Each Improvement Alternative 

Alternative 
Planning Level Cost 

Estimate 

1 $2,312,000 

2 $3,778,000 

3 $3,961,000 

4 $10,000,000+ 

The construction cost estimate for Alternative 4 is only an order-of-magnitude estimate, to illustrate 
the significant cost difference between Alternative 4 and the other alternatives. Should Alternative 4 

be ultimately selected as the preferred flood improvement alternative for the project site, additional 
construction cost assessment is needed to fine tune the estimate.  

Note that the cost estimates for Alternatives 2 and 3 included a construction cost estimate to 
construct 500 feet of sheet pile floodwall along San Juan Creek at the upstream of the Highway 1 
bridges. It is deemed the minimum improvements necessary to alleviate the project site from 100-

year flood. However, any floodwall improvements will need to be coordinated with Orange County, 
the owner of the floodwall and levee facilities. Orange County is working on a long range plan to 
potentially construct new sheet pile floodwall between Highway 1 and Stonehill Drive as a part of a 

regional flood improvement project. At 3,200 linear feet in length and a unit cost of $4,000 per linear 
foot for a new sheet pile wall, the total construction cost estimate would be around $12,800,000. 
The floodwall improvement estimate as included in Alternatives 2 and 3 may be considered as a 

starting point to assess a potential cost sharing for the regional flood improvement project, should 
the SCWD select either Alternatives 2 or 3 as the preferred alternative, and consider flood 
improvement partnership with Orange County. 

3.6 Recommendations 

In the alternative evaluation, it is found that Alternative 1 has a number of benefits and advantages 
over the other alternatives considered in the evaluation. The following listed the advantages of 
Alternative 1. 
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 It provides the same level of flood protection as Alternatives 2 & 3, yet lower residual flood risk 

since the flood protection mechanism is by elevation, not by floodwall; 

 It reduces flooding in adjacent areas by blocking overtopping flows from San Juan Creek; 

 It is the least costly alternative; 

 It is a standalone option that works independent of the need to improve San Juan Creek, hence 

reduce the level of inter-agencies dependence and streamline inter-agencies collaboration; 

 It has minimal long term maintenance, especially when compared to Alternative 4 which 

requires a major pump station facilities; and 

 It is the simplest alternative to design and construct. 

Since the premise of Alternative 1 is to build up the project site to be above the flood level, this 

option has the highest reliability, whereas Alternatives 2 and 3 depends on floodwall, and 

Alternative 4 depends on pump station, which all of these options have highest risk of failure. In 

addition, since Alternative 1 does not depend on San Juan Creek improvements, its project 

schedule does not need to be held depending upon the regional flood improvement project from 

Orange County. On the other hand, the proposed improvements in Alternative 1 will not preclude 

future improvement works on San Juan Creek. 

As a refinement to the project recommendation, Alternative 1 is modified to exclude the proposed fill 

area at the south edge of the project site, adjacent to the Highway 1 northbound bridge along the 

Caltrans right of way. The modified Alternative 1, identified as Alternative 1a, is identical to 

Alternative 1, except the southern grading limit is shifted north to align with the South Coast Water 

District property boundary. The modification of the southern grading limit is to ensure the proposed 

grading does not encroach into the existing Caltrans right of way. See Figure 3.11a for the flood 

inundation map for this alternative, and Figure 3.12a for the change in flood elevations as compared 

to the base scenario. 

As shown in Figure 3.12a, the average flooding depth reduction in areas surrounding the project 

site is approximately one to three feet. Raising the ground elevation essentially acts as a flood 

barrier from the creek, which blocks overtopping flows from the creek to reach the project site and 

upstream watershed. Note that since the proposed site regrade does not include the area between 

the southern boundary of the project site property and the Highway 1 northbound bridge, this area 

provides a flood path for overtopping creek flow to inundate upstream watershed area at the east of 

the project site. However, as shown in Figure 3.12a, it does not increase the level of flood 

inundation at the upstream watershed area at the east of the project site, as compare to the existing 

condition.  

Same as Alternative 1, Alternative 1a does not depend on improvements at San Juan Creek nor the 

existing storm drain facilities. In addition, as shown in Table 3.12, the proposed project does not 

increase the peak flow at the existing storm drain facilities under the 100-year design storm. 
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Table 3.12  Peak Flow Summary at Storm Drain Facilities Creek Outfall 

Storm Drain 
Facility 

100-Year Storm 

Pre-Project Peak Flow Post-Project Peak Flow 

54” Pipe 101 cfs 57 cfs 

LO1SO2 1154 cfs 1150 cfs 

Note that the reduced peak flow at the 54” pipe under post-project condition is due to the proposed 

detention basin attenuating the peak flow. 

It is recommended that Alternative 1a as the preferred flood improvement alternative for the project 

site. 
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4. 500-Year Storm Sensitivity Analysis 

4.1 Introduction 

This section documents a sensitivity analysis to evaluate the flood inundation under a 500-year 

design storm event. The sensitivity analysis included a hydrology analysis for the watershed 

upstream of the project site contributing to the storm drain facility LO1SO2, a hydraulic analysis at 

San Juan Creek to estimate the water surface elevation of the creek channel and overtopping, and 

a watershed analysis to map the floodplain inundation. 

4.2 Hydrology Analysis 

The hydrology analysis is based on the same method as outlined in Section 3.3 for the design 

storms analysis. The only exception is the total rainfall depth for a 500-year design storm is not 

available in Orange County Hydrology Manual, so 500-year design storm data from NOAA Atlas 14 

is used for the analysis. Table 4.1 lists the estimated peak flow from a 500-year storm in the project 

watersheds. 

Table 4.1 500-Year Storm Peak Flow Summary for Project Watersheds 

Watershed 
Peak Flow (cfs) 

500-year Expected Value 

1A 41.6 

1B 20.8 

2 40.4 

3 31.7 

4 25.9 

5 19.8 

6 57.0 

7 73.8 

8 5.2 

9 179.8 

10 74.9 

11 172.2 

12 59.7 

13 79.1 

14 131.87 



 
 

GHD | Doheny Desalination Project – Local Hazard Conditions and Drainage Study | Page 30 

Watershed 
Peak Flow (cfs) 

500-year Expected Value 

15 2048.1 

16 354.5 

17 194.8 

1A Developed 62.4 

1B Developed 31.2 

 

The 500-year design flow for San Juan Creek is based on FEMA FIS for Orange County, California 

and Incorporated Areas (FEMA 2009c). Table 7 in the FIS listed the San Juan Creek 500-year 

design flow of 80,000 cfs, at the City of San Juan Capistrano corporate limits. 

4.3 Hydraulic Analysis 

The hydraulic analysis included San Juan Creek hydraulic analysis in HEC-RAS model to estimate 

the creek water surface elevation, and watershed hydraulic analysis in PCSWMM model to estimate 

the floodplain inundation. 

In the San Juan Creek hydraulic analysis, the 80,000 cfs 500-year design flow is input to the 

upstream extent of the model at Stonehill Drive (River Station 5917 in the model).      

During the existing conditions Q500 flood scenario San Juan Creek overtops the river left bank onto 

the project site. Overtopping begins at the upstream and middle portions of the project site where 

flood waters from the creek combine with excess flood volumes from the open portion of LO1SO2. 

From the northern portions of the site, flood waters then move south paralleling the creek, following 

the site’s natural grades. Flood waters eventually reach their highest concentration in the southwest 

portion of the project site, near where the existing grades are lowest adjacent to the flood wall and 

the Highway 1 roadway prism. At this location, even though the water surface elevation in the creek 

is higher than the floodwall, flood water from the site re-enters the creek or flows under the bridge 

given that floodplain water surface elevation at the project site is generally higher than the lower 

portions of the creek during the peak flooding hours. 

Table 4.2 below shows the time series that were developed for each storm drain facility outfall, and 

the corresponding cross section from the HEC-RAS model that was used to determine the values. 

 

 

 

 



 
 

GHD | Doheny Desalination Project – Local Hazard Conditions and Drainage Study | Page 31 

Table 4.2 500-Year Storm Outfall Boundary Conditions at San Juan Creek 

HEC-RAS Model 
STA 

1855 1502 4555 3955 3355 

Outfall OF1 OF2 OF3 OF4 OF5 

Hour 
500-year Storm Outfall Water Surface Elevations 

(ft, NAVD 88) 

0 14.55 13.76 25.04 23.09 20.67 

1 14.52 13.73 25.03 23.05 20.64 

3 16.04 15.11 26.66 24.88 22.39 

6 17.39 16.3 28.01 26.42 23.87 

9 18.14 17.13 28.76 27.27 24.68 

12 19.28 18.25 29.9 28.53 25.91 

15 26.44 27.87 35.94 34.07 30.27 

17.25 27.01 28.72 41.54 38.17 31.37 

18 27.06 28.76 41.36 38.01 31.27 

21 25.7 26.84 33.37 32.38 29.24 

24 18.13 17.13 28.74 27.26 24.67 

27 14.08 13.32 24.44 22.5 20.11 

30 10.92 10.02 21.11 18.17 16.15 

33 10.7 9.7 20.71 17.78 15.7 

36 10.28 9.14 20.1 17.13 15 

39 10.1 8.92 19.81 16.85 14.67 

42 9.99 8.86 19.73 16.78 14.59 

45 9.95 8.83 19.69 16.73 14.55 

48 9.92 8.81 19.65 16.69 14.52 

The water surface elevations in San Juan Creek and storm drain facility outfalls sets the 

downstream boundary condition for the watershed model in PCSWMM. The watershed model 

analyzed the routing of stormwater flow via surface runoff and storm drain facilities, and estimated 

inundation extent, depth, and duration in the floodplain. Figure 4.1 mapped the floodplain extent and 

depth at the project site and the adjacent watershed under the pre-project condition. 

4.4 500-Year Storm Facility Protection 

The hydraulic analysis showed the project site and the surrounding area has significant floodwater 

inundation under a 500-year storm event. Figure 4.1 shows that some area has over 3’ of flood 

depth under the pre-project condition. The maximum flood depth at the project site is at elevation 

28.3’. 

Under the post-project condition, the recommended alternative will raise the project site to 28.2’, to 

protect the project site from a 100-year flood plus 1’ of freeboard. As the post-project ground 
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elevation at the project site is 28.2’, the maximum 500-year flood elevation of 28.3’ would likely 

results in minimal flooding at the project site. 

As a sensitivity analysis, an improvement scenario is tested to provide the project site with 500-year 

flood protection with 1’ of freeboard. Under this test condition, the recommended alternative would 

need to raise the project site to 29.3’, with approximately 90,000 CY of fill material. Figure 4.2 

shows the resultant floodplain with this test scenario. Figure 4.3 shows that with the improvements, 

the flood inundation depth at the vicinity of the project site will be reduced, since the fill at the 

project site created a barrier to block off overtopping flow from San Juan Creek to the floodplain in 

the watershed. 

This analysis shows that under the recommended improvement to raise the site to elevation 28.2’, 

the project site will likely have minimal inundation. Also considering the fact that the site 

improvement to provide 500-year flood protection with 1’ freeboard will result in approximately 

23,000 CY of additional fill, this study recommends the project to raise the project site to 28.2’ to 

provide 100-year flood protection with 1’ freeboard, as per the Alternative 1a outlined in Section 3.6. 

In addition, the project will identify and include flood proofing design at the critical facilities to 

minimize potential flood impacts and the resultant damage and system downtime. 
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Doheny Desalination Project
Coastal Hazard Assessment

CosMos 3.0 Shoreline Retreat

Data  Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community; Site Location: GHD, 2017; Shoreline Data: U.S. Geological Survey, Pacific Coastal and Marine Science Center, 2015..  Created by:rgalos
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Shoreline Data: U.S. Geological Survey, Pacific Coastal and Marine Science Center, 2015.
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Figure 2.5 – Tsunami Inundation Map for Emergency Planning 

 



Figure 3.1 – San Juan Creek maximum water surface profile, 25-year event.
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Figure 3.2 – San Juan Creek and LO1SO2 hydrograph comparison, 25-year event.
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Figure 3.3 – San Juan Creek maximum water surface profile, 100-year event.
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Figure 3.4 – San Juan Creek and LO1SO2 hydrograph comparison, 100-year event.
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Appendix A: 
Historical Shoreline Assessment 



 
 

 
 
 

GHD 
6705 Millcreek Drive Unit 1 Mississauga Ontario L5N 5M4 Canada 
T 416 213 7121  F 905 890 8499  W www.ghd.com 

      

To: Mark Donovan, PE Ref. No.: 11140040 

         

From: Jeffrey Doucette, Ph.D., P.Geo.(limited) Tel: 19058144355 

CC: Raymond Wong, PhD, PE, LEED AP, CPESC   

Subject: Doheny Desalinization Plant Historical Shoreline Assessment 

An historical aerial photographic assessment was conducted to complement the beach erosion assessment 

provided in the Coastal Hazards Analysis for the Doheny Desalination Project by Jenkins (2017). Jenkins 

(2017) reviewed historical beach surveys at Doheny State Beach from 2001 to 2007.  He concluded that the 

beach was stable due to the relatively small seasonal variation in beach widths.   The site was located at 

San Juan Creek which was a significant sediment source providing approximately 51,000 metric tons of 

beach grade sand to the site annually (Jenkins, 2017).  This large sediment source allows the beach to 

maintain equilibrium profile adjustments through high El Nino and large seasonal cycles. Jenkins (2017) 

concluded that there was adequate sand cover to assume that the profile would shift according to Bruun’s 

Rule due to sea level rise.  This means that the profile will shift landward, however it will maintain its existing 

equilibrium shape. Runup elevation will therefore not be impacted by changes to the shoreline due to sea 

level rise.  

An historical aerial photographic assessment was conducted to confirm the observations that the beach 

width has been relatively stable by using older aerial photographs to determine if there has been any 

systematic shoreline change over time. The shoreline was traced in aerial photographs for 1975, 1980, 2004, 

and 2011 from the U.S. Geological Survey (USGS) and 2009, 2015, and 2016 from Google Earth Pro.    

The shoreline was defined in each aerial photograph as the top of berm.  Interpretation of the top of berm 

location within the aerial photographs was not exact given the difficulty in identifying this change in slope 

within the two-dimensional photographs.  Generally changes in shading on the beach were used to 

determine the break in slope.  Interpretation of the top of berm was spot checked using LIDAR data from 

NOAA from 2004 and 2014.  All traces of the berm location were overlaid and shown in Attachment A.  

Most of the traces of berm location fall within an approximately 60 m wide band over the approximate 180 m 

to 300 m wide subaerial beach.  Notable exceptions were the location of the berm in 1980 and 2011.  Two 

distinct berm locations were noted in 1980.  One landward berm at a similar location to other years, and one 

berm much further seaward than any other years assessed.  The seaward berm was likely due to a large 

flood event within San Juan Creek which discharged a large amount of sediment into the nearshore.  This 

material was redistributed parallel to the shore by the incident waves. The landward berm was likely the 

location of the beach face before the large discharge event.  A similar event was evident in 2011 where a 

http://www.ghd.com/
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large bar/delta feature was protruding from the shoreline.  This feature would be redistributed parallel to the 

shoreline over time by the incident waves.  

If we discount the seaward 1980 berm, the 1975 image had the widest beach and more recent images had 

narrower beaches.  However there was no systematic trend in beach narrowing as the position of the berm 

moved both seaward and landward from year to year.  Additional seasonal variability would be expected 

based on the typical California beach evolution between accretional summer profiles and erosional winter 

profiles.  Other impacts to shoreline variability could be due to beach nourishment projects.  

Overall Doheny State Beach generally appeared to be in an equilibrium condition based on the historical 

aerial photographs used on the assessment.  Sediment input from the San Juan Creek and potential beach 

nourishment projects in the past have maintained a relatively stable shoreline.  A historical erosion rate could 

not be determined to apply to future adjustments due to sea level rise.  Application of the Bruun Rule as 

described in Jenkins (2017) is recommended to account for erosion impacts of sea level rise. 
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EXECUTIVE SUMMARY: 

This 2019 study, prepared in response to comments for the Final EIR, provides further 
analysis to amplify the Coastal Hazards Analysis prepared in 2017 for the Draft EIR of the 
Doheny Desalination Project (DDP). That earlier work is being amplified herein in response to a 
revision of the California Coastal Commission Sea Level Rise Policy Guidance document that 
was originally released in August 2015, (CCC, 2015), but has been updated in July 2018 with new 
sea level rise projections. In addition, there have been minor adjustments in the locations of a 
number of the well heads and pump stations being proposed for the Doheny Desalination Project. 
The following study accounts for these intervening changes in policy guidance and minor 
modifications to the project description.    

The primary analysis tool used in this study is the Coastal Evolution Model (CEM) 

developed at the Scripps Institution of Oceanography was used to evaluate Appendix-B 
requirements of the California Coastal Commission Sea Level Rise Policy Guidance document 
(CCC, 2015) for a sea level rise/coastal hazards analysis of the DDP. The Coastal Evolution 

Model is public domain and available from the University of California Digital Library at: http://

repositories.cdlib.org/sio/techreport/58/. The Coastal Evolution Model employs algorithms 

consistent with the U.S. Army Corps of Engineers Coastal Engineering Manual, (USACE, 2006), 

but employs the latest generation equilibrium beach profile algorithms from Jenkins and Inman 

(2006) that provide 3-dimensional predictive and mapping capability of the wave run-up field, 

beach erosion and shoreline recession under the effects of wave climate variability, climate cycles 

and sea level rise. The CEM input files were populated with National Ocean Survey digital 

bathymetry in the offshore domain; beach profiles sediment grain size measurements by the U.S. 
Army Corps of Engineers, Coastal Environments and Coastal Frontiers; long-term wave data from 

the Coastal Data Information Program; long-term ocean water level measurements by the National 

Oceanic and Atmospheric Administration (NOAA); and stream flow and sediment flux for the San 

Juan Creek from the United States Geological Survey (USGS) and the Federal Emergency 

Management Agency (FEMA). Sea level rise projections used in this study were based on the best 

fit equation from Appendix-B of the California Coastal Commission Sea Level Rise Policy 

Guidance document for a 50 year project planning horizon (year 2070) and for a critical 

infrastructure planning horizon (year 2100). Critical project infrastructure subject to potential 

flooding by extreme event waves or tsunami concurrent with extreme ocean water levels and sea 

level rise are placed at two sites, namely Doheny State Beach and Capistrano Beach Park (cf. 

Figure ES-1a & b). At the Doheny Beach site, five potential locations are being evaluated for 
vaulted well heads with submersible pumps, including: Well Head A, elevation 17 ft. NAVD, at 
33°27'44.38"N, 117°41'16.32"W; Well Head B, elevation 17 ft. NAVD, at  33°27'45.07"N, 117°

41'10.30"W; Well Head C, elevation 17 ft. NAVD at  33°27'45.12"N, 117°41'6.62"W; Well Head 

D, at elevation 18 ft. NAVD at 33°27'44.48"N, 117°40'55.30"W; and Well Head E, at elevation 

18 ft. NAVD at 33°27'42.45"N, 117°40'47.33"W; (see Figure ES-1a). Two additional vaulted well 

heads with submersible pumps are being evaluated at the Capistrano Beach site (Figure ES-1b), 

which includes: Well Head G, at elevation 18 ft. NAVD at 33°27'14.94"N, 117°

39'59.91"W; and Well Head H, at elevation 19 ft. NAVD at 33°27'13.17"N, 117°39'57.15"W. 

This study is based on sea level rise projections appearing in Appendix-G, Table G-11, of 

the recently updated California Coastal Commission Sea Level Rise Policy Guidance document 
(CCC, 2018). This document provides no specific guidance on the redline frequency for flooding 

or inundation. In the absence of such guidance we have adopted FEMA standards for flooding

http://repositories.cdlib.org/sio/techreport/58/
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(a) 

(b) 

Figure ES-1: Critical shore-front infrastructure locations for the Doheny Desalination Project: a) 

Doheny State Beach site; and b) Capistrano Beach Park site
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Q

Q

Q

frequency and set redline planning frequency at the 100 year event (1% probability of 

recurrence). The 100 year wave event was the two day storm of 17-18 January, 1988, which 

produced deep water significant wave heights off Doheny State Beach reaching 15.5 ft., 

approaching the beach from 2700 with 14 second significant wave periods. An analysis of 

extremal total water levels, (TWL’s), based on the occurrence of extreme waves concurrent with 

extreme ocean water levels at present and at year 2100 sea levels, is summarized in Table ES-1a 

for structures at the Doheny Beach site and Table ES-1 b for the Capistrano Beach site. 

Inspection of Table ES-1a & b reveals that all the beach front well sites for the Doheny 

Desalination Project (Figure ES-1) are safe from flooding or inundation at present sea levels by 

extreme event waves concurrent with extreme ocean water levels for event return periods 

between 1 yr. and 100 yr. However, once we admit to 2100 sea level rise projections, a number 

of the beach front facilities for the Doheny Desalination Project will suffer some flooding and 

overtopping to varying degrees. 

For the low-range 2100 sea level projections, the three well sites on the north side of San 

Juan Creek (Well Heads A-C) and one of the wells at the Capistrano Beach site (Well Head G) 

will experience minor overtopping, even for a 1 year event if the beaches have been accreted by 

additional sands from water shed floods or still retain a built-out summer equilibrium beach 

profile, with overtopping rates of about (1yr) = 0.038 cfs per lineal ft. of shoreline. However, 

if a 100-yr total water level event occurs during the low-range projection of 2100 sea levels, then 

all of the well sites will be overtopped to varying degrees if the beaches remain in an accreted 

condition with elevated berms and steep beach slopes. Under these beach conditions, 

overtopping rates will range from a high of (100yr) = 0.094 cfs per lineal ft. of shoreline at 

Well Heads A- C, to a low of  (100yr) = 0.014 cfs/ft at Well Head H. Interestingly enough, 

none of the well heads would experience overtopping during a 100 year event when occurring 

during the low range 2100 sea levels if the beach were eroded, which would be the most likely 

condition during a 100-year event. Total water levels for eroded beach conditions are always 

less, because these beaches have flatter slopes and are more dissipative of wave set-up and run-

up than the steeper accreted beaches.   

Q

For the high-range 2100 sea level projections, Table ES-1a indicates the 100 year total 

water level events at the Doheny Beach site reach TWL(100) = 21.9 ft. NAVD for the steeply 

sloping accreted beach conditions and TWL(100) = 20.2 ft. NAVD for the eroded beach 

conditions. At the Capistrano Beach site, shoaling wave heights are higher and total water levels 

for a 100 year event superimposed on the high range projections for 2100 sea levels produce total 

water levels reaching TWL(100) = 22.7 ft. NAVD for the steeply sloping accreted beach 

conditions and TWL(100) = 21.1 ft. NAVD for the eroded beach conditions. Consequently, all 

beach front well head vaults for the Doheny Desalination Project will be overtopped when 

extreme waves happen concurrently with extreme ocean water levels that are superimposed on the 

high range of 2100 sea levels. The lowest lying well heads (Well Heads A-C) would experience 

the highest overtopping rates, ranging from (100yr) = 0.216 cfs/ft. to 0.331 cfs/ft. depending 

on the eroded or accreted condition of Doheny State Beach. According Table VI-5-6 in the 

Coastal Engineering Manual (USACE, 2006) overtopping rates of this order of magnitude are 

very dangerous for pedestrian and vehicle traffic, and may cause structural damage to adjacent 

buildings, but the well heads and pumps for the Doheny Desalination project will be protected by 

steel vault enclosures. The smallest overtopping rates during the 100-year event at the high range 
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Table ES-1a: Doheny Beach Extremal Total Water Level (*TWL) and Overtopping Rates ( Q ) 

Well Head-A 
Elevation = 

17 ft. NAVD 

Well Head-B 
Elevation = 

17 ft. NAVD 

Well Head-C 
Elevation = 

17 ft. NAVD 

Well Head-D 
Elevation = 

18 ft. NAVD 

Well Head-E 
Elevation = 

18 ft. NAVD 

*TWL(1)
Present Sea Level 
(eroded/accreted) 

8.7/10.5 

ft. NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

* Q (1) 

Present Sea Level 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1)
2100 Sea Level Low 

Range Projection 

(eroded/accreted) 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

* Q (1)
2100 Sea Level Low 

Range Projection 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1)
2100 Sea Level 

High Range 

Projection 

(eroded/accreted) 

15.8/17.6 

ft. NAVD 

status = flooded 

accreted beach  

15.8/17.6 

ft. NAVD 

status = flooded 

accreted beach 

15.8/17.6 

ft. NAVD 

status = flooded 

accreted beach 

15.8/17.6 

ft. NAVD 

status = dry 

15.8/17.6 

ft. NAVD 

status = dry 

* Q (1) 
2100 Sea Level 

High Range 

Projection 

(eroded/accreted) 

0.0/0.038 

cfs/ft. 

0.0/0.038 

cfs/ft. 

0.0/0.038 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

**TWL(100) 
Present Sea Level 

(eroded/accreted) 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

** Q (100)
Present Sea Level 
(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

**TWL(100) 
2100 Sea Level Low 

Range Projection 
(eroded/accreted) 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4  

ft. NAVD 

status = flooded 

accreted beach 

**Q (100) 

2100 Sea Level Low 
Range Projection 

(eroded/accreted) 

0.0/0.094 

cfs/ft. 

0.0/0.094 

cfs/ft. 

0.0/0.094 

cfs/ft. 

0.0/0.027 

cfs/ft. 

0.0/0.027 

cfs/ft. 

**TWL(100) 
@  

2100 Sea Level 

High Range 

Projection 
(eroded/accreted) 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded 

** Q (100)
2100 Sea Level 

High Range 

Projection 
(eroded/accreted)

0.216/0.331 

cfs/ft. 

0.216/0.331 

cfs/ft. 

0.216/0.331 

cfs/ft. 

0.149/0.263 

cfs/ft. 

0.149/0.263 

cfs/ft. 

*Evaluated for the 1-yr return period;  ** Evaluated for the 100-yr return period
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Table ES-1b: Capistrano Beach Extremal Total Water Level (TWL) and Overtopping Rates ( Q ) 

Well Head-G 
Elevation = 18 ft. NAVD 

Well Head-H 
Elevation = 19 ft. NAVD 

*TWL(1)
Present Sea Level 
(eroded/accreted) 

9.7/11.5 ft. NAVD 

status = dry 
9.7/11.5 ft. NAVD 

status = dry 

* Q (1)
Present Sea Level 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1)
2100 Sea Level Low Range Projection 

(eroded/accreted) 

13.3/15.1 ft. NAVD 

status = dry 

13.3/15.1 ft. NAVD 

status = dry 

* Q (1)
2100 Sea Level Low Range Projection 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1)
2100 Sea Level High Range Projection 

(eroded/accreted) 

16.8/18.6 ft. NAVD 

status = flooded accreted beach 

16.8/18.6 ft. NAVD 

status = dry 

* Q (1) 
2100 Sea Level High Range Projection 

(eroded/accreted) 

0.0/0.038 

cfs/ft. 

0.0/0.00 

cfs/ft. 

**TWL(100) 
Present Sea Level 
(eroded/accreted) 

14.0/15.6 ft. NAVD 

status = dry 
14.0/15.6 ft. NAVD 

status = dry 

** Q (100) 

Present Sea Level 
(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

**TWL(100) 
2100 Sea Level Low Range Projection 

(eroded/accreted) 

17.6/19.2 ft. NAVD 

status = flooded accreted beach 

17.6/19.2 ft. NAVD 

status = flooded accreted beach 

** Q (100)
2100 Sea Level Low Range Projection 

(eroded/accreted) 

0.0/0.081 

cfs/ft. 

0.0/0.014 

cfs/ft. 

**TWL(100) 
@ 

2100 Sea Level High Range Projection 

(eroded/accreted) 

21.1/22.7 ft. NAVD 

status = flooded 

21.1/22.7 ft. NAVD 

status = flooded 

** Q (100)
2100 Sea Level High Range Projection 

(eroded/accreted)

0.209/0.318 

cfs/ft. 

0.142/0.250 

cfs/ft. 

*Evaluated for the 1-yr return period;  ** Evaluated for the 100-yr return period
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Q

Q

Q

Q

2100 sea level projections will occur at the highest located well head (Well Head H) at the 

Capistrano Beach site where overtopping rates will range from (100yr) = 0.142 cfs/ft. to 

0.250 cfs/ft. While these overtopping rates are still dangerous to pedestrian and vehicle traffic, 

they are easily managed by the steel vault enclosures of the well heads and pumps being placed 

at Capistrano Beach. 

Tsunami induced erosion, runup, and inundation were analyzed for the Doheny and 

Capistrano Beaches and shore-side facilities associated with the Doheny Desalination Project for 

present and future sea levels according to low and high range sea level rise predictions. The 

analysis was based on numerical refraction/diffraction codes for a shoaling solitary wave. The 

tsunami event scenario is based on a 2m high solitary wave approaching Doheny Beach from 165 

degrees true, as could be anticipated for a catastrophic tsunami event arising from a major 

landside on the east side of San Clemente Island. The local 

refraction/diffraction pattern from the solitary wave reveals the tsunami wave height begins to 

increase at 50 m of water depth due to shoaling, and reaches 6m of height before breaking along 

the shores of Doheny and Capistrano Beaches. Because the tsunami wave begins shoaling in 

much deeper water than typical storm-induced waves, it causes seabed scour and erosion to 

occur out to very deep-water depths. Therefore, all run-up and total water level solutions are 

based eroded beach profile conditions.  

Tsunami TWL inundation calculations are summarized Table ES-2a for the Doheny 

Beach site, and Table ES-2b for the Capistrano Beach site. These tables indicate that all of the 

shore facilities of the Doheny Desalination Project are above tsunami inundation levels at present 

sea level. However, all of the well heads at both Doheny and Capistrano Beaches would suffer 

some degree of tsunami overtopping if concurrent with 2100 sea levels, and the overtopping 

rates could be quite severe, especially for the high 2100 sea level rise projections. At the low

range of 2100 sea level projections, total water levels would reach TWL = 18.82 ft. NAVD at 

Doheny Beach and TWL = 18.83 ft. NAVD at Capistrano Beach. Well Heads A-C at Doheny 

Beach would experience the highest overtopping surges of = 1.142 cfs/ft while Well Head G 

at Capistrano Beach would remain high and dry. However, if the tsunami occurred atop the high 

range sea level rise projections for year 2100, then total water levels would reach TWL = 22.31 

ft. NAVD at Doheny Beach and TWL = 22.4 ft. NAVD at Capistrano Beach, sufficient to overtop 

all the well sites of the Doheny Desalination project. In this case the tsunami surge could 

produce very high, although short-lived, overtopping rates reaching a maximum of = 5.691 

cfs/ft at Well Heads A-C on Doheny Beach and a minimum of = 2.916 cfs/ft at Well Head H 

on Capistrano Beach. Undoubtedly, the steel vault enclosures of the well heads can be designed 

to withstand these high surge rates, but particular attention should be given to the foundations of 

the vaults to assure those foundations have adequate depth to prevent undercutting by scour. 

These findings are consistent with the FEMA tsunami flood map which show that all of the 

Doheny Beach/San Juan Creek corridor extending several miles inland will be inundated by a 

shoaling tsunami solitary wave. 
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Table ES-2a: Tsunami Total Water Level (TWL) and Overtopping Rates ( Q ) Analysis at the 

Doheny Beach Site 

Well Head-A 
Elevation = 

17 ft. NAVD 

Well Head-B 
Elevation = 

17 ft. NAVD 

Well Head-C 
Elevation = 

17 ft. NAVD 

Well Head-D 
Elevation = 

18 ft. NAVD 

Well Head-E 
Elevation = 18 

ft. NAVD 

TWL 
Present Sea Level 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

Q
Present Sea Level 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

TWL 
2100 Sea Level 

Low Range 

Projection 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

Q
2100 Sea Level 

Low Range 

Projection 

1.142 

cfs/ft. 

1.142 

cfs/ft. 

1.142 

cfs/ft. 

0.345 

cfs/ft. 

0.345 

cfs/ft. 

TWL 
@  

2100 Sea Level 
High Range 

Projection 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

Q
2100 Sea Level 

High Range 

Projection 

5.691 

cfs/ft. 

5.691 

cfs/ft. 

5.691 

cfs/ft. 

4.162 

cfs/ft. 

4.162 

cfs/ft. 

*Evaluated for 2m high tsunami deep water wave height approaching Doheny State Beach from

165 degrees true
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Table ES-2b: Tsunami Total Water Level (TWL) and Overtopping Rates ( Q ) Analysis at the 

Capistrano Beach Site 

Well Head-G 
Elevation = 18 ft. NAVD 

eroded/accreted 

Well Head-H 
Elevation = 19 ft. NAVD 

eroded/accreted 

*TWL
Present Sea Level 

(eroded) 

15.3 ft. NAVD 

status = dry 

15.3 ft. NAVD 

status = dry 

* Q
Present Sea Level 

(eroded) 

0.0/0.0 cfs/ft. 0.0/0.0 cfs/ft. 

*TWL
2100 Sea Level Low 

Range Projection 

(eroded) 

18.83 ft. NAVD 

status = flooded 

18.83 ft. NAVD 

status = dry 

*Q
2100 Sea Level Low 

Range Projection 
(eroded) 

0.352 cfs/ft. 0.0/0.0 cfs/ft. 

*TWL
2100 Sea Level 

High Range 
Projection 

(eroded) 

22.4 ft. NAVD 

status = flooded 

22.4 ft. NAVD 

status = flooded 

*Q
2100 Sea Level 

High Range 
Projection 

(eroded)

4.293 cfs/ft. 2.916 cfs/ft. 

*Evaluated for 2m high tsunami deep water wave height approaching Capistrano Beach from

165 degrees true
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Coastal Hazards Analysis for the Doheny Desalination Project for the Final EIR 

by Scott A. Jenkins, Ph.D. 

1) Introduction: The source water for the Doheny Desalination Project will be drawn from

an array of slant wells that extract pore water from marine sediments that were deposited in

a paleo-channel cut by the San Juan Creek across the continental shelf during the previous

low-stand of sea level (ca. 18,000 yr B.P.; Inman et al, 2003). With the subsequent rise in

sea level during the Flandrian Transgression, the paleo-channel in-filled with fluvial

sediments from the San Juan Creek and littoral sediments from the adjacent nearshore,

(Jenkins and Wasyl, 2005), leaving only the expression of a modern sand delta at the

mouth of the San Juan Creek (denoted by light brown contours in Figure 1). Thus a large

formation of marine valley-fill sediments is available seaward of the mouth of the San Juan

Creek to provide sub-bottom filtration of ocean source water harvested by slant wells.

Desalination of this source water by reverse osmosis (RO) is expected to present several

possible discharge scenarios for disposal of the concentrated seawater by-product (brine),

depending upon the production rate and recovery ratio. The Doheny Desalination Project

will blend brine with treated wastewater and will discharge the combined effluent through

the San Juan Creek Ocean Outfall (SJCOO). The SJCOO extends seaward 10,334 ft. from

the mouth of the San Juan Creek, (Figure 1), in a 1,488 ft. total length L-shaped linear

diffuser with a 216 ft long shoreline-normal section and a right angle dog-leg with a 1,272

ft diffuser section employing 125 discharge ports. The diffuser= discharges at local depths

of 95 ft MSL (29 m MSL), at a distance of roughly 4,415 ft (1,346 m) from the edge of the

continental shelf.

The coastal hazards analysis evaluates potential impacts of combinations of 

extreme waves and ocean water levels on these structures at both present and future sea

levels; and conversely, potential impacts of these structures on nearshore erosion, sediment 

transport and shoreline stability. The study includes assimilation of long-term wave climate 

data bases to evaluate inundation by extreme wave and tsunami run-up that may affect 

stability and operations of subsurface desalination plant intake structures, 

(slant wells), as well as supporting shore facilities. The essential requirements for this 

study, as stated in the California Coastal Commission guidance document for Coastal 

Development  Permits Applications are: 1)  quantify the magnitude and extent to which 

the subsurface intake and associated shore zone  structures could be subject to sea level 

rise, erosion, wave attack or wave run-up due to wave refraction/diffraction over local 

nearshore and shelf bathymetry over a projected lifespan; 2) quantify the of the frequency 

of such events; and 3) evaluate the consequences of such events should they be 

determined significant, and pose remedial options for avoiding such consequences. In 

evaluating these potential hazards for this study, the study will also: 4) evaluate potential 

impacts to the adjacent shoreline due to sea level rise, erosion and wave diffraction and 

reflection from the subsurface intake structures. The latter requirement entails a sediment 

budget and transport analysis of both the near- and far-field of the study area.  
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        Figure 1.1: Project site map in GIS. Bathymetry contours in meters MSL. Data from GEODAS 3 arc-second database
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2) Regulatory Requirements:  

 

The California Coastal Commision Sea Level Rise Guidance Policy Guidance document 

(CCC, 2015) and CCC (2018) provides specific guidance on the analysis protocals of a sea level 

rise/coastal hazards analysis. These are: 

 

Step 1 – Develop temporally- and spatially-appropriate sea level rise projections 

 
Two methods are recommended for establishing a projection value for a specific year: 1) conduct a 

linear interpolation100, or 2) use the “best fit” equations that are provided below. At this time, both are 

acceptable for Coastal Commission purposes 

 

Step 2 – Determine tidal range and future inundation  
 

This step requires the determination the future intersections of mean sea level or other tidal datums with 

the shoreline. Erosion must be accounted for in these determinations. 

 

Step 3 – Determine still water changes from surge, El Niño events, and PDOs 

 
Estimates of surge, El Niño, and PDO water elevation changes are to be developed primarily from 

historical records. There are no state-wide resources for this information, 

 

Step 4 – Estimate beach, bluff, and dune change from erosion 

 
There is no single specific accepted method for predicting future beach erosion. At a minimum, projects 

should assume that there will be inundation of dry beach and that the beach will continue to experience 

seasonal and inter-annual changes comparable to historical amounts. When there is a range of erosion 

rates from historical trends, the high rate should be used to project future erosion with rising sea level 

conditions (unless future erosion will encounter more resistant materials, in which case lower erosion 

rates may be used). For beaches that have had a relatively stable long-term width, it would be prudent 

to also consider the potential for greater variability or even erosion as a future condition. 

 

Step 5 – Determine wave, storm wave, wave runup, and flooding conditions 

 
Wave impacts to the coast, to coastal bluff erosion and inland development, should be analyzed under 

the conditions most likely to cause harm. Those conditions normally occur in winter when most of the 

sand has moved offshore leaving only a reduced dry sand beach to dissipate wave energy (this seasonal 

change in beach width is often referred to as short-term or seasonal erosion). On beaches that will 

experience long-term erosion, trends expected to occur over the entire expected life of the development 

should also be considered. Since water levels will increase over the life of the development due to 

rising sea level, the development should be examined for the amount of sea level rise (or a scenario of 

sea level rise conditions) that is likely to occur throughout the expected life of the development. Then, 

the wave impact analysis should examine the consequences of a 100-year design storm event using the 

combined water levels that are likely to occur with high water conditions and sea level rise, as well as a 

long-term and seasonally eroded beach. 

 

Step 6 – Examine potential flooding from extreme events 
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Extreme events, by their very nature, are those beyond the normal events that are considered in 

most shoreline studies. Tsunami should be among the extreme events evaluated. Planning and 

project analysis need to consider and anticipate the consequences of these outlier events. 

Projections of potential flooding from extreme events are the principle outcome of Step-6. 

3) Temporally- and Spatially-Appropriate Sea Level Rise Projections

This section adresses Step-1 of a sea level rise/coastal hazards analysis as outlined in 

Section 2. The California Coastal Commision Sea Level Rise Guidance Policy Guidance document 

(CCC, 2015) requires that coastal hazards analyses consider sea level rise impacts over the project 

lifetime. Precedence from antecedant desalination projects have typically used project lifspans of 

50 years (SEIR, 2010). With a potential start date of 2020, a fifty year project life for the Doheney 

Desalination Project (DDP) would extend the sea level rise analysis out to 2070. However, the 

present analysis will use 2100 as the ultimate planning horizon for a critical infrastructure project.   

Originally, CCC, (2015) permits either of two methods derived from the NRC report (NRC, 

2012) for making sea level projections, 1) the linear interpolation method, and 2) the best fit 

equation. Sea level projection estimates using the “best-fit” equation are slightly less than 

estimations based on linear interpolation because the NRC’s sea level curves are concave upward 

(sea level rise is expected to accelerate over the 21st Century). In our previous study, we selected 

the best-fit equation method for the sea level rise projections used in this study. Since the Doheny 

Desalination Project is located well south of Cape Mendocino, the appropriate best fit equation for 

use in the DDP coastal hazards analysis is: 

ttSLR 7457.00093.0 2    (upper-range projection) (1) 

ttSLR 039.00038.0 2      (lower-range projection)           (2) 

Here, SLR is the sea level rise in centimeters (cm) and t is the time in years after the year 2000 

baseline. Figure 3.1 plots the sea level rise projections from equations (1) & (2), which appear as 

the cyan colored curve in Figure 3.1 for the low-range projection; and the magenta colored curve 

for the high range projection. For the 2100 planning horizon, sea level rise was originally projected 

to range from 1.37 ft to 5.50 ft. However, in the updated sea level rise policy guidance document, 

(CCC, 2018), equations (1) and (2) were abandoned in favor of a water level province tabulation 

centered around NOAA tide gage stations having long periods of record. The Doheny Desalination 

Projects lies in the La Jolla tide gage water level province, for which sea level rise projections are 

listed in Table G-11 in Appendix-G of CCC (2018). These new projections are plotted in Figure 

3.1 as the blue curve for the low range projections and the red curve for the high range projections. 

Clearly the clarified sea level rise curves in Figure 3.1 project significantly higher future sea levels, 

particularly for the low range estimates.  For the 2100 planning horizon sea level rise is projected 

range from 3.6 ft to 7.1 ft. The low range projection represents a 17% probability that sea level rise 

exceeds these values; while the high range projection represents a 0.5% probability that sea level 

rise exceeds these values. These values will be used in the calculations of extreme total water levels 

(TWL’s) in the following sections. 
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Figure 3.1: Range of sea level rise projections from the California Coastal Commission sea 

level rise guidance document, (CCC, 2018, Appendix-G). The 2100 planning horizon is 

indicated by symbols on the upper and lower range curves. Blue curve represents a 17% 

probability that sea level rise exceeds these values; red curve represents a 0.5% probability 

that sea level rise exceeds these values 
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4) Tidal range and Still Water Levels 

 

This section adresses Steps-2 & 3 of a sea level rise/coastal hazards analysis as outlined in 

Section 2. This is accomplished by leveraging a long standing effort of NOAA who has deployed 

tide gages up and down the California coast (NOAA, 2016) to continuously monitor ocean and bay 

water levels, and who has periodically verified those water levels for multi-decadal periods referred 

to as “tidal epochs”. NOAA has deployed continuously active tide gages along the California 

coast, which typically record water levels every 6 minutes, and those measurements account for all 

the combined astronomical, meteorological and climatic effects that have effected water levels in 

the coastal regions of California since the tide gages were installed. These effects include climate 

cycles such as El Niño /Southern Oscillation (ENSO) and the longer period Pacific Decadal 

Oscillation (PDO), as specifically cited for consideration in a coastal hazards analysis in CCC, 

(2015) and CCC (2018). The two closest NOAA tide gage stations to the Doheny Desalination 

Project site are at Newport (NOAA #9410580) and Scripps Pier in La Jolla (NOAA#9410230). The 

period of record for the Newport tide gage ends in 1994, and was not used as the basis for a water 

level province in Appendix-G of CCC (2018). Therefore we base our tidal range and static water 

level analysis on the Scripps Pier tide gage, whose period of record extends from 1924 until 

present, and its vertical datum elevations have also been verified by NOAA for the most recent 

tidal epoch 1983-2001. Those vertical datum elevations are listed in Table-1. 

 Water level recurrence statistics are derived from the record of ocean water levels at the 

NOAA Scripps Pier tide gage based on calculating a stage frequency curve called a “hydroperiod 

function”. The hydroperiod function provides a continuous relationship between ocean water levels 

measured at 6 minute time intervals and the recurrence probability for each observed water level 

increment. The computations involves 0N time steps in the NOAA water level files. Each time sep 

is at 6 minute intervals, over the period of record (1924-2016). Conditional if statements embedded 

in counting loops of the hydro-pr_caltrans software (developed for Caltrans coastal culvert design, 

cf. Jenkins and Taylor, 2016) calculate the number time steps, )( iZN  , for which the ocean 

water level,  , was at least as high as a potential still-water elevation iZ at or above mean sea level.  

The percent time that elevation iZ is wet due to ocean inundation is calculated as: 

 

)Z  N(   
N

100%
 = E i

o

i
 

ˆ
ˆ                                                    (3) 

 

where : )(ˆ
0 MSLNN

i

i    

                                     

 

Time averaging Equation (3) over yearly increments and then ensemble averaging the yearly 

averages gives an annualized hydroperiod function jiH , that represents the annualized probability 

of ocean water levels reaching a still-water elevation iZ     
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Table 4.1: Tidal Datums at Scripps Pier NOAA Tide Gage Station: 

Elevations on Station Datum 

Station: 9410230, La Jolla, CA  

Status: Accepted (Oct 6 2011)  

Units: Feet  

T.M.: 120  

Epoch: 1983-2001  

Datum: STND  

Datum Value Description 

MHHW  9.69 Mean Higher-High Water 

MHW  8.97 Mean High Water 

MTL 7.12 Mean Tide Level 

MSL 7.10 Mean Sea Level 

DTL 7.03 Mean Diurnal Tide Level 

MLW  5.27 Mean Low Water 

MLLW  4.37 Mean Lower-Low Water 

NAVD88  4.56 North American Vertical Datum of 1988 

STND 0.00 Station Datum 

GT 5.33 Great Diurnal Range 

MN 3.69 Mean Range of Tide 

DHQ  0.73 Mean Diurnal High Water Inequality 

DLQ  0.91 Mean Diurnal Low Water Inequality 

HWI 5.01 Greenwich High Water Interval (in hours) 

LWI 11.07 Greenwich Low Water Interval (in hours) 

Maximum 12.03 Highest Observed Water Level 

Max Date & Time 01/11/2005 17:00 Highest Observed Water Level Date and Time 

Minimum 1.50 Lowest Observed Water Level 

Min Date & Time 12/17/1933 23:36 Lowest Observed Water Level Date and Time 

HAT  11.51 Highest Astronomical Tide 

HAT Date & Time 08/09/1987 03:54 HAT Date and Time 

LAT  2.49 Lowest Astronomical Tide 

LAT Date & Time 01/28/1987 22:48 LAT Date and Time 

Tidal Datum Analysis Periods : 01/01/1983 - 12/31/2001 

Tidal Datums: 

EHW = 7.47 ft NAVD 

HAT = 6.95 ft. NAVD 

MHHW =  5.13 ft NAVD 

MHW =  4.41 ft NAVD 

MSL = 2.54 ft NAVD 

MTL = 2.56 ft NAVD 

MLLW = 0.00 ft. NAVD 

ELW = -3.06 ft NAVD 

NGVD 1929 = 2.35 ft. NAVD 

http://tidesandcurrents.noaa.gov/datum_options.html#NTDE
http://tidesandcurrents.noaa.gov/datum_options.html#MHHW
http://tidesandcurrents.noaa.gov/datum_options.html#MHW
http://tidesandcurrents.noaa.gov/datum_options.html#MTL
http://tidesandcurrents.noaa.gov/datum_options.html#MSL
http://tidesandcurrents.noaa.gov/datum_options.html#DTL
http://tidesandcurrents.noaa.gov/datum_options.html#MLW
http://tidesandcurrents.noaa.gov/datum_options.html#MLLW
http://tidesandcurrents.noaa.gov/datum_options.html
http://tidesandcurrents.noaa.gov/datum_options.html#STND
http://tidesandcurrents.noaa.gov/datum_options.html#GT
http://tidesandcurrents.noaa.gov/datum_options.html#MN
http://tidesandcurrents.noaa.gov/datum_options.html#DHQ
http://tidesandcurrents.noaa.gov/datum_options.html#DLQ
http://tidesandcurrents.noaa.gov/datum_options.html#HWI
http://tidesandcurrents.noaa.gov/datum_options.html#LWI
http://tidesandcurrents.noaa.gov/datum_options.html#HAT
http://tidesandcurrents.noaa.gov/datum_options.html#LAT
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Here  j  is the length of tidal record in year-j and k  is the number of years in the period of record 

of the tide gage. The annualized hydroperiod function of still-water level elevations at present sea 

level is plotted in Figure 4.1, based on the NOAA Scripps Pier ocean water level data (surrogate for 

the Doheny Desalination Project site). Inspection of Figure 4.1 indicates that recurrence probability 

for mean higher high water levels are P(MHHW) = 13%  and P(MHW) = 28% for mean high water 

levels; while intuitively the recurrence probability for mean sea level is P(MSL) = 100%. The 

extreme high water level event is a less than 1% event at P(EHW) = 0.06%. 

                           

Table 1 reveals that the extreme high water level, (EHW = 7.47 ft. NAVD, occurring 1 

November 2005) exceeds the highest astronomical tide, (HAT = 6.95 ft NAVD, occurring 9 August 

1987). The largest exceedance of daily high water levels above the astronomic tides in the period of 

record of the NOAA #9410230 occurred during the 1997-98 El Niño on 13 November 1997, when 

the daily high water level was 1.47 ft above the astronomic tides (Figure 4.2). This discrepancy 

occurs as a result of climate cycle effects that warm the coastal ocean creating an increase in steric 

sea level due to thermal expansion of the water mass, which can persist for as long as 8-10 months.   

Climate cycles involve intense global modifications that are signaled by anomalies in the pressure 

fields between the tropical eastern Pacific Ocean and Australia/Malaysia known as the Southern 

Oscillation.  The intensity of the oscillation is often measured in terms of the Southern Oscillation 

Index (SOI), defined as the monthly mean sea level pressure anomaly in mb normalized by the 

standard deviation of the monthly means for the period 1951-1980 at Tahiti minus that at Darwin, 

Australia. The Southern Oscillation is in turn, modulated over multi-decadal periods by the Pacific 

Decadal Oscillation, which results in alternating decades of strong and weak El Niño.   

 The long-term variability of the Pacific Decadal Oscillation (PDO) is shown in Figure 4.3 

and the cumulative residual of the Southern Oscillation Index, between 1882 and 1996, is plotted in 

Figure 4.4, where cumulative residuals  nSOI  are taken as the continued cumulative sum of 

departures of annual values of a time series  jSOI  from their long-term mean values  SOI , such 

that : 

 

                                                        )SOI SOI(  = SOI i

n

o

n                                      (5) 

 

 

Here  n  is the sequential value of a time series of  n  years.  Southern Oscillation effects give rise 

to enhancements and protractions of the inter-annual seasonal cycles, and their two extremes are 

referred to as El Niño (SOI negative) and La Niña (SOI positive). Inspection of Figure 5a reveals a 

number of large positive oscillations in the SOI between 1944 and 1978 corresponding to La Niña 

dominated climate; and a series of very large negative oscillations occurring between 1978 and 

1995 which correspond with El Niño dominated climate.  
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Figure 4.1: Hydroperiod function of still-water level elevations at present sea level, based on 

ocean water level measurements at the Scripps Pier tide gage station, NOAA #9410230, for the 

period of record 1924-2016. Tidal datums based on the 1983-2001 tidal epoch (latest datum 

analysis period).  
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 Along the southern California coast, a period of mild-stable La Niña dominated pressure 

systems prevailed between 1944 and 1978.  The average SOI for this period was +0.1,with strong 

La Niña events in 1950, (SOI = +1.4); 1955/56, (+1.2); 1970/71, (+1.0); 1973/74, (+1.0); and 

1975/76 (+1.4). Winters were moderate with low rainfall, and winds were predominantly from the 

west-northwest.  The principal wave energy was from Aleutian lows having storm tracks which 

usually did reach southern California.  Summers were mild and dry with sea surface temperatures 

seldom exceeding 200C. The North Pacific High dominated the coastal transport by strengthening 

the California Current and promoting coastal upwelling of cold bottom water. The effect of these 

cool dry La Niña dominated climate periods was to promote negative anomalies in the steric sea 

level, augmented by depression of sea level by the inverse barometer effects of a strong North 

Pacific High. 

 The climate in southern California changed, beginning with the El Niño years of 1978/79 

and extending at least until 1999.  The average SOI for this period was -0.5, with the 1978/79 El 

Niño averaging -1.2, the 1982/83 El Niño averaging a record -1.7 and the 1993/94 El Niño 

recording a mean of -1.0.  During these periods, the North Pacific High was weakened and 

transport of warm equatorial water masses into the Southern California Bight were promoted by 

topographically trapped Kelvin waves. The North Pacific High was weak and the prevailing north-

westerly winter waves were replaced by high energy waves approaching from the west or 

southwest, while the previous southern hemisphere swell waves of summer were replaced by 

shorter period tropical storm waves during late summer months from the more immediate waters 

off Central America. These dynamics promoted positive sea level anomalies in steric sea level as a 

consequence of thermal expansion of the warm coastal ocean water mass, augmented by inverse 

barometer effects under strong frontal cyclones during winter. 

 These climate effects on the hydroperiod function are proportioned schematically in Figure 

4.5. Basically, ocean water levels result from the astronomic tides oscillating around the steric 

sealevel, which itself varies slowly in response to seasonal warming and cooling of the coastal 

water mass, and longer term warming and cooling from ENSO and PDO. While the highest 

astronomic tides have reached HAT = +6.95 ft NAVD, astronomic tides typically do not exceed   

= +6.0 ft NAVD during a typical spring-neap cycle. Seasonal warming of the coastal ocean can 

cause an increase in steric sea levels by as much as  = +0.5 ft. As Figure 4.2 reveals, a strong El 

Niño event can create as much as  =+1.47 ft. increase in steric sea level, but more typically El 

Niño events  cause positive sea level anomalies on the order of  =+1.47 ft. Because PDO re-

enforces El Niño events during a multi-decadal warm wet climate period as occurred during the 

1978-1998 epoch, just how much of these anomalies is due to PDO is uncertain, but generally it is 

believed that about 10% to 15% of an El Niño sea level anomaly is due to a positive PDO cycle. 

On the other hand,  La Niña events depress steric sea levels and typically produce negative sea 

level anomalies on the order of  = -0.6 ft.  

Because the hydroperiod function in Figure 4.1 is based on multi decadal ocean water level 

measurements (1924-2016), it captures the combined effects of PDO, ENSO, and astronomic tides. 

It also captures the transient storm surge events. Storm surge is a wind-set-up phenomena, but 

because California is a collision coastline with a very narrow continental shelf, it does not develop 

the large storm surges of tens of feet that occur on the broad shelf environments of the Gulf and 

Atlantic coastlines during hurricanes. Storm surge on the California coast is primarily due to the 

inverse barometer effect, which causes the sea surface to bulge upwards under low pressure 

weather systems approaching the coastline, and typically lasts a few days during the passage of  
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Figure 4.2: Comparison of measured ocean water level (red) at the Scripps Pier tide gage vs. 

predicted water level based on tidal constituents (black dashed) for the extreme high water event of 

13 November 1997 (from Jenkins and Wasyl, 2005). 
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Figure 4.3.   Typical wintertime Sea Surface Temperature (colors), Sea Level Pressure (contours) 

and surface wind stress (arrows) anomaly patterns during warm and cool phases of PDO. 
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Figure 4.4.   Cumulative residual of quarterly values of Southern Oscillation Index (SOI) [data 

from Australian Commonwealth Bureau of Meteorology]. 
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Figure 4.5 Schematic decomposition ocean water levels according to astronomic tides, and  

seasonal and ENSO/PDO cycle effects on steric sea levels. 

 

 

winter cold fronts. The sea surface rises 1 cm for every millibar drop in atmospheric pressure. The 

atmospheric pressure during strong El Niño storms may drop to as low as 993 millibars, (as 

compared to 1,013 millibars standard atmospheric pressure); which equates to a 20 cm rise in 

ocean water level during the passage of the storm due to the inverse barometer effect. That short 

term rise is captured by the NOAA tide gage at the end of Scripps Pier, and is built into the 

hydroperiod function in Figure 4.1. But, because the Scripps Pier tide gages is located in a stilling 

well considerably seaward of the surf zone, the hydroperiod function derived from its water level 

measurements do not include dynamic effects from wave set-up or runup. Consequently the 

hydroperiod function maps the probabilities of still water levels at or above mean sea level. 

 Because both the Scripps Pier NOAA tide gage and the Doheny Desalination Project are 

sited in locations with narrow continental shelfs of only about 4.5 km in width, it is reasonable to 

assume that the local tidal dynamics will not be altered by higher future sea levels (ie, sea level rise 

will not cause any new resonance or damping effects of the astronomic tides across the continental 

shelf). It is not known how ENSO or PDO climate cycles might be altered by global warming and 

higher sealevels, but for now it is resonable to assume that the hydroperiod function of still water 

elevations at future sealevels can be obtained by linear superposition of the present hydroperiod 

function in Figure 4.1 and the sea level rise projections in Figure 3.1.  By that approach, the 

hydroperiod function of still-water level elevations was obtained at 2100 sea level in Figure 4.6.  
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Figure 4.6: Hydroperiod function of still-water level elevations at 2100 sea level, based on ocean 

water level measurements at the Scripps Pier tide gage station, NOAA #9410230, for the period of 

record 1924-2016. Tidal datums based on the 1983-2001 tidal epoch (latest datum analysis period). 

Sea level rise component from Appendix-G, Table G-11 in CCC (2018) 
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At the year 2100 planning horizon for desalination projects, low range projections in Figure 4.6. 

indicate that mean sea level increases to MSL =  +6.14 ft NAVD while extreme high water 

increases to EHW = +11.07 ft. NAVD, while mean higher high water increases to MHHW = + 8.73 

ft. NAVD. At the high range 2100 projections, mean sea level increases to MSL =  +9.64 ft. 

NAVD; extreme high water increases to an astonishing EHW = +14.57 ft. NAVD, and mean higher 

high water increases to MHHW = + 12.23 ft. NAVD. The still water elevations inferred at future 

sea levels from the linear superposition assumption are summarized in Table 4.2 below. It is 

interesting to note that under the updated policy guidance (CCC,2018) water levels for the high 

range sea level rise projections for 2070 are the same as water levels for the low range sea level rise 

projections for year 2100. 

 

 

Table 4.2: Still Water elevations at present and future sea levels. Based on NOAA #941-0230 tide 

gage records and sea level rise from Appendix-G, Table G-11 in CCC (2018) 

  

Tidal Datums 

 

Present Sea 

Level 
(ft. NAVD 88) 

2070 Sea 

Level Low 

Range 

Projection 
(ft. NAVD 

88) 

2070 Sea 

Level High 

Range 

Projection 
(ft. NAVD 88) 

*2100 Sea 

Level Low 

Range 

Projection 
(ft. NAVD 88) 

*2100 Sea 

Level High 

Range 

Projection 
(ft. NAVD 88) 

Mean Sea 

Level 

(MSL) 

2.54 4.54 6.14 6.14 9.64 

Mean High 

Water 

(MHW) 

4.41 6.41 8.01 8.01 11.51 

Mean Higher-

HighWater 

(MHHW) 

5.13 7.13 8.73 8.73 12.23 

Extreme High 

Water 

(EHW) 

7.47 9.47 11.07 11.07 14.57 

*Planning horizon for the Doheny Desalination Project. 

 

 

 

 

5) Technical Approach for Erosion and Dynamic Water Level Analysis:  

 

This section establishes the technical approach for evaluating Steps-4 & 5 of a sea level 

rise/coastal hazards analysis as outlined in Section 2. The total run-up, R , is composed of three 

main components: Static wave setup,  , Dynamic wave setup, rms  ; Incident wave run-up, incR . 

The total water level (TWL) is defined as the sum of the total run-up and the SWL, referenced to 

an established vertical datum. 
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5.1 Models: To quantitatively evaluate the problems of implementing subsurface intake 

technology at SJCOO, we invoke a numerical seabed stability analysis utilizing the Coastal 

Evolution Model (Figure 5.1) applied to the Oceanside Littoral Cell (Figure 5.2). The Coastal 

Evolution Model was commissioned by the Kavli Foundation to make forecast predictions of the 

effects of sea level rise on the coastline of California (Jenkins and Wasyl, 2005).  

The Coastal Evolution Model (CEM) is a process-based numerical model. It consists of a 

Littoral Cell Model (LCM) and a Bedrock Cutting Model (BCM), both coupled and operating in 

varying time and space domains (Figure 5.1.) determined by sea level and the coastal boundaries of 

the littoral cell at that particular sea level and time.  At any given sea level and time, the LCM 

accounts for erosion of uplands by rainfall and the transport of mobile sediment along the coast by 

waves and currents, while the BCM accounts for the cutting of bedrock by wave action in the 

absence of a sedimentary cover. 

 In both the LCM and BCM, the coastline of the Oceanside Littoral Cell (the region of 

coastline between Dana Point and Point La Jolla, Figure 5.2) is divided into a series of coupled 

control cells.  Each control cell is a small coastal unit of uniform geometry where a balance is 

obtained between shoreline change and the inputs and outputs of mass and momentum.  The model 

sequentially integrates over the control cells in a down-drift direction so that the shoreline response 

of each cell is dependent on the exchanges of mass and momentum between cells, giving continuity 

of coastal form in the down-drift direction.  Although the overall computational domain of the 

littoral cell remains constant throughout time, there is a different coastline position at each time 

step in sea level.   For each coastline position there exists a similar set of coupled control cells that 

respond to forcing by waves and current.  Time and space scales used for wave forcing and 

shoreline response (applied at 6 hour intervals) and sea level change (applied annually) are very 

different.  To accommodate these different scales, the model uses multiple nesting in space and 

time, providing small length scales inside large, and short time scales repeated inside of long time 

scales. The LCM (Figure 5.1, upper) has been used to predict the change in shoreline width and 

beach profile resulting from extreme wave run-up, sea level rise, erosion, accretion and longshore 

transport of sand by wave action, where sand source is from river runoff or from tidal exchange at 

lagoon and bay inlets (e.g., Jenkins and Inman, 1999).  More recently it has been used to compute 

the sand level change (Farfield Effect) in the prediction of mine burial (Jenkins and Inman, 2002; 

Inman and Jenkins, 2002).  Time-splitting logic and feedback loops for climate cycles and sea level 

change were added to the LCM together with long run time capability to give numerically stable 

long term predictions. 

 

5.2: Computational Approach: The presently adopted procedure for wave run-up analysis 

for the design of coastal structures, (as set forth in the U.S. Army Corps of Engineers Coastal 

Engineering Manual (USACE, 2006), and its software counterpart, the Automated Coastal 

Engineering System, known as ACES), is based on the assumption of rigid boundaries. The Coastal 

Evolution Model described in Section 3.1 is utilized for this analysis and employs algorithms 

consistent with the U.S. Army Corps of Engineers Coastal Engineering Manual, but employs the  
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Figure 5.1: Architecture of the Coastal Evolution Model consisting of the Littoral Cell Model 

(above) and the Bedrock Cutting Model (below). Modules (shaded) are formed of coupled 

primitive process models. (Jenkins and Wasyl, 2005). 
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Figure 5.2: Oceanside Littoral Cell and Oceanside Harbor Sub-Cell. Composite bathymetry from 

NOS data base and equilibrium profiles after Jenkins and Inman (2006) for wave conditions of wet 

weather scenario. Depth contours shown in meters mean sea level. USGS cross-shelf survey tracks 

shown as numbered black line segments. 
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add-on features of latest generation equilibrium beach profile algorithms from Jenkins and Inman 

(2006) and supporting bathymetric data bases for the entire shore and continental shelf of 

California. 

5.3) Wave Setup and Run-up: Wave setup is an increased elevation of the water level due 

to the effects of wave momentum being transferred to the surf zone. In wave systems composed of 

more than one wave component, as occurs in the Pacific Ocean, the setup oscillates and comprises 

a static and a dynamic component. Wave runup is the culmination of the wave breaking process, 

whereby the wave surges up the beach, bluff, or structure face along the shoreline.  Overtopping 

occurs when the wave runup exceeds the profile crest elevation, which can result in flooding 

landward of the crest.  Runup is a function of several key parameters. These include the wave 

height, H the wave period, T , the wave length,  L  , the profile slope, m , and the surf similarity 

parameter (Iribarren number),   defined as: LHm // . The total water level (TWL) is defined 

as the sum of the total runup and the SWL, referenced to an established vertical datum. The results 

for this study are referenced to the North American Vertical Datum of 1988 (NAVD88) vertical 

datum. The total runup, R , is composed of three main components: Static wave setup,  , 

Dynamic wave setup, rms  ; Incident wave runup, incR . 

 Wave setup and runup are typically computed at hourly time steps from an historic record of 

wave monitoring, (see Section 6.0). Wave setup and runup are combined with still water level 

values (from hydroperiod functions, see Jenkins, 2015) to develop the TWL values.  It should be 

noted that the increase in sea level for future scenarios should be added to each hourly SWL over 

the 32-year wave record (see Section 4.2) for the analysis of TWLs, with the 1-percent-annual-

chance results derived statistically from the resultant 32 annual maxima as explained in Section 2.6.  

 Annual maxima TWLs are computed for each sea level rise (SLR) scenario, and a statistical 

Generalized Extreme Value (GEV) analysis is performed on these values to determine the 1-

percent-annual-chance TWL for two example problems. The overtopping rate is calculated for 

instances where the TWL exceeded the engineered barrier crest and overtopping occurred. Each 

step used to evaluate hazards is described in detail in the following subsections. 

Both static and dynamic components of wave setup were calculated using the Direct 

Integration Method (DIM) which uses a parameterized set of equations that consider wave and 

bathymetric characteristics, specifically the shape of the wave energy spectrum and the nearshore 

shorerise and bar-berm beach slope ( DIMm ). The wave setup equations include factors for wave 

height ( HF  and HG  ), wave period ( TF  and TG ), JONSWAP spectral narrowness factor ( GammaF  and 

GammaG ), and nearshore slope ( SlopeF  and SlopeG ).  

 

Static wave setup is calculated as: 
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Dynamic wave setup is calculated as: 
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 The wave parameters required as input for DIM are the deepwater equivalent significant 

wave height, in feet, ( 0H  ) and the spectral peak wave period ( PT ), as well as a measure of the 

spectral shape (Gamma). The spectral peak parameter, Gamma, was computed via a polynomial fit 

between the spectral width parameter   and Gamma, according to: 

 

                1.5079.4769178230832047 234  Gamma                          (8) 

 

Values of are computed directly from the spectral moments ( 210 ,,  ) based on the Longuet-

Higgins (1973) definition of the spectral narrowness:  
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Figure 5.3 Gamma values are limited from 1 to 38, based on the range of wave data used 

(Section 4.4) to relate the spectral narrowness,  , to the peak parameter, Gamma, as shown in 

Figure 3.3.
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The deepwater equivalent significant wave height, 0H  , and the peak wave period, PT , 

are provided as output from the CDIP wave monitoring data (CDIP, 2015) and are input 

directly into Equations 8 and 9. The nearshore slope, DIMm , is taken from nearshore and 

beach surveys by Coastal Environments, et al., (2014) that were used to calibrate extreme 

event computations of profile slope using the elliptic cycloid algorithms of Jenkins and 

Inman (2006). The slope term, DIMm . Used in the TWL computations is calculated from 

the average slope between the landward limit of wave runup and the location offshore 

where the water depth is two times the depth at which the deepwater significant wave 

height would be subject to depth-limited breaking (van der Meer, 2002).  The landward 

limit of wave runup is calculated iteratively, with the initial approximation being the 

SWL. 

 

 5.4 Wave Runup: Wave runup was calculated using either the DIM or the 

Technical Advisory Working Group (TAW) method (van der Meer, 2002), depending 

upon the dynamic water level relative to the toe of the coastal structure and the shoreline 

(bar-berm) slope, TAWm , calculated iteratively across the surf zone. The DIM is used to 

calculate runup for transects with natural, gently sloping ( DIMm  < 0.125) profiles.  For 

shorelines with shore protection structures and steeply sloping ( TAWm ≥ 0.125) natural 

shorelines where the dynamic water level exceeds the toe of the structure, the TAW 

method was used to calculate runup.  If the dynamic water level does not reach the toe of 

the structure or bluff face, the DIM is used. The total swash level, including wave setup 

and incident wave runup, is added to the still water level (SWL) to determine the total 

water level, (TWL), see Figure 5.4).  Each of these methods is described in detail in the 

following subsections. 

 
 

Figure 5.4:  Conceptual Model Showing the Components of Wave Runup Associated 

with Incident Waves. 
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5.5 DIM Runup Calculations: Runup on gently sloping, natural shorelines, and 

beaches seaward of a structure or bluff toe, is calculated using the direct integration 

method (DIM).  The runup calculation is based on the standard deviations of the 

oscillating wave setup and the incident wave runup components, and is a continuation of 

the DIM approach for wave setup. The dynamic setup rms is defined as the standard 

deviation of setup fluctuations, calculated from Equation 2. The standard deviation of the 

incident wave oscillations (wave runup), 2 on natural beaches is: 

 

                                                   002 3.0 H                                                      (10) 

 

Where, 0H   is the deep water significant wave height, 
DIMm  is the nearshore (shorerise) 

bottom slope, 2/2

0 PgTL   is the deep water wave length, and 0 is the deep water 

Iribarren number: 

                                                  

00

0
/LH

mDIM


  

The oscillating component of the total wave runup or swash, T̂  , is determined from the 

combination of the two standard deviations of the fluctuating components: 

 

                                               220.2ˆ   rmsT
                                              (11) 

 

Combining the results from Equations 6 & 11 yields the total wave runup, which when 

superimposed with the SWL yields the total water level, TWL: 

 

 

                                               SWLTWL T   ˆ                                              (12) 

 

Where SWL is the still water level derived from the hydroperiod function given by 

Jenkins, (2015). 

5.6 TAW Runup Calculations: Runup on barriers, including steep ( TAWm  > 

0.125) dune features, bluffs, and coastal armoring structures such as revetments, are 

calculated using the TAW method (van der Meer, 2002). Wave runup on barriers is a 

function of the geometry and roughness of the structure, as well as the height and 

steepness of the incident wave. The TAW method provides a mechanism for calculating 

wave runup with adjustments made through reduction factors to account for surface 

roughness and the effects associated with the angle of wave approach. 

 

With the TAW methodology the wave setup component of the TWL is calculated at the 

toe of the structure, and wave setup landward of the toe of the structure is not included. 

Wave setup seaward of the toe of the structure is computed with the DIM, using the 

nearshore slope, 
DIMm . Wave setup is not included for cases where waves would not have 

broken prior to reaching the toe of the structure. 
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The reference water level at the toe of the structure for runup calculations using the TAW 

method is defined as the 2-percent Dynamic Water Level (DWL2%). The dynamic water 

level is the sum of the measured SWL, the static wave setup,  , and the dynamic wave 

setup, rms .  Because DIM provides the static setup at the shoreline and not the barrier 

toe, and the magnitude of static wave setup varies significantly with depth across the surf 

zone, from a maximum at the shoreline to approximately zero seaward of the breaking 

point, a reduction to the static setup component is applied for cases where the barrier toe 

elevation is inundated by the SWL and the TAW method is used for computing wave 

runup.  The dynamic setup, however, varies insignificantly across the surf zone and 

requires no adjustment. 

 

This procedure involves computing the static wave setup at the shoreline and at the toe 

location to determine a static setup reduction factor to be applied to the static wave setup 

calculated using DIM.  The wave setup at the shoreline and toe location and subsequent 

reduction factor are based on the root mean square of the breaking significant wave height

 
rmsbH , and the depth at the toe of the barrier relative to SWL, h .  The  

rmsbH  is 

determined using the deepwater equivalent significant wave height, 0H  , and the peak 

wave period, PT  , according to: 
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Where  is the breaker criterion equal to 0.78 and 0C is the deepwater wave celerity,

PTLC /00  . The static wave setup at the SWL shoreline is: 

 

                                                    
rmsbH189.00                                                    (14) 

 

And the static wave setup at the toe of the engineered barrier is: 

 

                                                hHh
rmsb 186.0189.0)(                                     (15) 

 

The static wave setup reduction factor,    is then a ratio of the static wave setup at the 

toe to the static wave setup at the SWL shoreline, or: 
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This reduction factor is then applied to the DIM static wave setup to compute a depth-

adjusted static wave setup at the toe of the engineered barrier,  

 

                                                                                                                      (17) 

 

The 2-percent Dynamic Water Level (DWL2%) is thus calculated as: 

 

                      SWLDWL rms   2%2                                            (18) 

 

 The next step is to compute the wave height at the toe of the barrier and the 

resultant wave runup on the barrier. Let 0mH  represent the spectral significant wave 

height at the toe of the structure. If the DWL2% depth at the structure toe is found to be 

too shallow to support the calculated wave height, the wave was assumed to be depth- 

limited and the incident wave height was calculated using a breaker index of 0.78, 

whence 
toem hH 78.00  . The average slope for use in the TAW methodology, TAWm ,  is 

calculated iteratively across the surf zone between the still water line minus 05.1 mH  and 

the runup limit.  The lower slope point must never be below the toe, however, even if 

SWL - 05.1 mH  falls below the toe (van der Meer, 2014). In these cases, the lower slope 

point is set at the toe.  Since the runup limit is initially unknown, the still water level plus 

05.1 mH  is chosen as a first estimate (Figure 5.5).  If the runup limit exceeded the selected 

crest, the runup limit was set at the crest. The general formula of TAW for calculating the 

2-percent wave runup on barriers is 

 

                   mbrmHR 00%2 77.1          if: 8.15.0 0  m   

or: 

                                                                                                                                         (14) 
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Where, 2%2 2R is the wave runup height exceeded by 2 percent of the incoming 

waves; 0mH is the spectral significant wave height at the structure toe; r is the 

influence coefficient for roughness element of slope; b is the influence coefficient for a 

berm;   is the influence coefficient for oblique wave attack;   5.0

00 // mmTAWm LHm  

is the Iribarren number based on wave parameters at the toe of the structure. Influence 

factors for roughness, the presence of a berm, and oblique wave attack are selected 

according to Table D.4.5-3 in the Final Draft Guidelines for Coastal Flood Hazard 

Analysis and Mapping for the Pacific Coast of the United States (FEMA, 2005), hereafter 

referred to as the Pacific Guidelines. The roughness reduction factor is set to 1.0 for a 

smooth concrete seawall or sheet pile barrier. 
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Figure 5.5:  Determination of an Average Slope of Hard Back-Shore Formations (Bluff or 

Barriers) Based on an Iterative Approach, (Corrected from van der Meer, 2002) 

 

 

The influence factor for oblique wave attack is calculated at each time step in the CDIP 

wave record (see Section 6). The spectral significant wave height 
0mH  is shoaled and 

refracted from a deep water point to the structure toe. The wave direction at the toe is 

compared to the transect orientation, perpendicular to the shoreline, to determine the 

angle of wave attack.  For cases in which waves break seaward of the structure toe, the 

wave direction is taken from the point of breaking; i.e., where the incident wave height at 

the toe is depth-limited and calculated using a breaker index of 0.78, whence:

toem hH 78.00  . 

Incident wave runup, 
2%2 2R is then statistically combined with the reduced 

dynamic wave setup as with the application of DIM, and added to SWL and static wave 

setup to yield the total water level, TWL, or: 
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For non-vertical structures with slopes greater than 1:1, the TAW manual after van der 

Meer (2002) suggests using the TAW method with an additional vertical wall reduction 
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factor, v , to account for runup on very steep (but not vertical) slopes. With steep slopes, 

the Iribarren number   5.0

00 // mmTAWm LHm becomes large which means that the 

waves will not break.  To keep the relationship between the type of breaking and the 

Iribarren number, the vertical wall must be schematized as a 1:1 slope. Therefore, the 

barrier slope was set to 1:1 for the Iribarren number calculation, and a vertical wall 

reduction factor for steep slopes was applied: 

 

                              facev m1tan0078.035.1                                                       (16) 

 

where the face slope, facem  measured between the selected toe and face locations, is the 

angle of the actual slope in degrees (van der Meer, 2002). While this approach is based 

on work done for vertical walls atop dikes, sensitivity testing showed that it compared 

well with the TAW method and the Shore Protection Method (SPM) (USACE, 1984) for 

vertical walls as an intermediate approach to calculating runup on steep slopes. The use 

of this vertical wall reduction factor accounts for wave reflection expected on slopes 

greater than 45 degrees, and this approach generates results that fall between those for a 

45- degree slope and those for a vertical wall. 

Wave overtopping occurs when a potential runup elevation exceeds a structure’s 

profile crest elevation. When wave runup is shown to exceed the barrier crest, the 

severity of wave overtopping is evaluated based on the mean overtopping rate, q. The 

required input parameters for computing the mean overtopping discharge are the wave 

height and freeboard, defined as the difference between the DWL2% and the structure 

crest. The 1-percent-annual- chance TWL available from the wave runup and extreme 

value analyses is a statistical value and is not associated with either a specific wave height 

or DWL2%. Therefore, the maximum wave height at the structure toe and the maximum 

and average DWL2% associated with the 32 annual maximum TWLs were chosen for use 

with the 1-percent TWL to estimate the 1-percent overtopping hazard. 

Mean overtopping rates, q, were computed following Table VI-5-8 in the Coastal 

Engineering Manual (USACE, 2006) which presents an overtopping formula for 

impermeable and permeable barriers and structures according to: 
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Where sH , is the significant wave height at the structure, cR is the freeboard, r  is the 

influence factor for surface roughness, omT is the wave period associated with the spectral 

peak in deep water, oms  is the wave steepness associated with the spectral peak in deep 

water, and a  and b are empirical constants based on beach slope and berm width as 

determined from measured beach profiles plotted in Section 6.4. To conservatively 

maximize the overtopping potential, sH  and cR  are selected as the maximum wave 

height at the structure and the minimum freeboard between the highest DWL2% and the 

barrier crest elevation.  
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5.7) Beach Profile Calculations: A critical set of inputs to the wave setup, total 

runup and total water level (TWL) computations are the profile slope terms, DIMm , TAWm , 

and facem . These are calculated from the beach and shore rise profiles during extremal 

wave events. Since there are only a limited set of beach profile measurements at Doheny 

State Beach, (and virtually none of these measurements have been performed during 

extremal wave events), the beach profile and its slope must be represented by model 

calculations that have been calibrated using the available set of beach profile 

measurements. Beach profile measurements at Doheny State Beach have been conducted 

by the US Army Corps of Engineers, USACOE (1991), Coastal Environments, (2014), 

and Coastal Frontiers (2014). 

It is well known that beach and nearshore bottom profiles change seasonally in 

response to seasonal wave climate variations as shown in Figure 5.6, (cf: Inman et al, 

1993; Jenkins and Inman 2006); and that seasonal transitions between summer and winter 

equilibrium states cause seasonal changes in the mean shoreline (Equation 7).  

 

 

 

 

 
Figure 5.6: Schematic of summer and winter equilibrium beach profiles, from Inman, et 

al (1993). 

 

 

Short period waves during summer (from the spin up of winds from the local North 

Pacific High) cause the inner bar-berm section of the beach profile to build up and 

steepen; while long period storm swells during winter from the Aleutian low cause the 
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bar-berm profile to flatten, and transfer beach sand to the outer shore-rise profile. These 

changes between summer and winter equilibrium states are predicted from the long-term 

wave record (Section 6) applied to the well-tested elliptic cycloid solutions after Jenkins 

and Inman (2006). The elliptic cycloid represents the equilibrium beach profile with a 

curve that is traced out by following a point on the circumference of a rolling ellipse 

(Figure 5.7)  

 The elliptic cycloid solutions were developed for beach profiles by Jenkins and 

Inman, (2006) using equilibrium principles of thermodynamics applied to very simply 

representations of the nearshore fluid dynamics.  Equilibrium beaches are posed as 

isothermal shorezone systems of constant volume that dissipate external work by incident 

waves into heat given up to the surroundings. By the maximum entropy production 

formulation of the second law of thermodynamics (the law of entropy increase), the 

shorezone system achieves equilibrium with profile shapes that maximize the rate of 

dissipative work performed by wave-induced shear stresses.  Dissipative work is assigned 

to two different shear stress mechanisms prevailing in separate regions of the shorezone 

system, an outer solution referred to as the shorerise and a bar-berm inner solution 

(Figure 5.7a).  The equilibrium shorerise solution extends from closure depth (zero 

profile change) to the breakpoint, and maximizes dissipation due to the rate of working 

by bottom friction.  In contrast, the equilibrium bar-berm solution between the breakpoint 

and the berm crest maximizes dissipation due to work by internal stresses of a turbulent 

surf zone.  Both shorerise and bar-berm equilibria were found to have an exact general 

solution belonging to the class of elliptic cycloids.  

                The elliptic cycloid solution is a curve allows all the significant features of the 

equilibrium profile to be characterized by the eccentricity and the size of one of the two 

ellipse axes. These two basic ellipse parameters are related herein to both process-based 

algorithms and to empirically based parameters for which an extensive literature already 

exists. The elliptic cycloid solutions reproduce realistic and validated wave height, period 

and grain size dependence and demonstrated generally good predictive skill in point-by-

point comparisons with measured profiles (Jenkins and Inman, 2006 display). 

               To understand the formulation of the elliptic cycloid representation of the 

nearshore bottom profile and sensitivity to ocean conditions, we first review the 

nomenclature of the shorezone as shown schematically in Figure 5.7a. The seaward 

boundary of the shorezone is a vertical plane at the critical closure depth cĥ   (Figure 8a) 

corresponding to the maximum incident wave  [e.g., Kraus and Harikai, 1983]. The 

landward boundary is a vertical plane at the berm crest (cross), a distance 1X̂   from a 

bench mark. The cross-shore length of the system from the berm crest to closure depth is 

cX̂ . The distance from the point of wave breaking to closure depth is 2cX̂  such that 

,X̂X̂X̂ 22cc   where 2X̂  is the distance from the berm crest to the origin of the 

shorerise profile near the wave breakpoint.  

          We consider equilibrium over time scales that are long compared with a tidal 

cycle and profiles that remain in the wave dominated regime where the relative tidal 

range (tidal range/H) < 3 [Short, 1999]. Under these conditions, the curvilinear solution 

to the bottom profile which satisfies the maximum entropy production formulation of the 

Second Law of Thermodynamics can be expressed in polar coordinates (r,  ) as: 
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Figure 5.7.  Equilibrium beach profile a) nomenclature, b) elliptic cycloid, c) Type-a 

cycloid solution. 
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where r is the radius vector measured from the center of an ellipse whose semi-major and 

semi-minor axes are a, b and )(

e

kI is the elliptic integral of the first or second kind. This 

curve is what a point on the circumference of an ellipse would trace by rolling through 

some angle  , (Figure 3.8b); hence the name elliptic cycloid. The polar equivalent of 

the type-a cycloid shown in Figure 3.8b has a radius vector whose magnitude is: 
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where e is the eccentricity of the ellipse given by .)/(1 22 abe   The polar form of 

the type-a cycloid in Figure 5.7b is based on the elliptic integral of the second kind that 

has an analytic approximation,   2/)2(2 2)2(

e eI   , see Hodgman [1947]. The 

inverse of (18) for the type-a elliptic cycloid gives the companion solution in terms of 

local water depth, h, as: 
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The depth of water at the seaward end of the profile (   ) is h = 2a in the case of the 

type-a cycloid. The length of the profile X is equal to the semi-circumference of the 

ellipse,  
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With (21) the bottom slope can be solved as: 
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                 Where: 
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The shoaling factor assumed for these bar-berm solutions (   0.81) was based on 

uniform shoaling of the incident wave conditions, while a mean value was chosen for 

gamma ( 8.0 ) from the data reported by Raubenheimer et al. [1996]. In equation (23) 

the term ch is the closure depth, which represents the closest point to the shoreline where 

a stable seabed can be found, because it is the point beyond which all changes in the 



 42 

beach profiles cease. It is calculated from Jenkins and Inman (2006) by the following 

parametric relation: 
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where eK  and    are non-dimensional empirical parameters, 2D  is the shorerise median 

grain size; and oD  is a reference grain size. With 33.0~,0.2~e K  and  m100~o D , 

the empirical closure depths reported in Inman et al. [1993] are reproduced by Figure 5.8. 

From Figure 5.8 we find closure depth increases with increasing wave height and 

decreasing grain size, as shown in Figure 3.7. Because of the wave number dependence 

of (8), closure depth also increases with increasing wave period.    

 

            
Figure 5.8: Closure depth contoured versus incident wave height and sediment grain size 

for waves of 15 second period, with 33.0~,0.2~e K  and m100~o D . 2D  is the 

shorerise median grain size; and oD  is a reference grain size. 
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6) Model Initialization:  

 This section develops the data bases necessary to evaluate Steps-4 & 5 of a sea 

level rise/coastal hazards analysis as outlined in Section 2. 

  

6.1) Bathymetry: Bathymetry provides a controlling influence on all of the 

coastal processes that affect dispersion and dilution.  The bathymetry consists of two 

parts: 1) a stationary component in the offshore where depths are roughly invariant over 

time; and 2) a non-stationary component in the nearshore where depth variations do occur 

over time.  The stationary bathymetry generally prevails at depths that exceed closure 

depth which is the depth at which net on/offshore transport vanishes.  Closure depth is 

typically -12 m to -15 m MSL in the Oceanside Littoral Cell, (Inman et al. 1993).  The 

stationary bathymetry was derived from the National Ocean Survey (NOS) digital 

database.  Gridding is by latitude and longitude with a 1 x 1 arc second grid cell 

resolution yielding a computational domain of 30.9 km x 18.5 km.  Grid cell dimensions 

along the x-axis (longitude) are 25.7 meters and 30.9 meters along the y-axis (latitude).  

 For the non-stationary bathymetry data inshore of closure depth (less than -15 m 

MSL) nearshore and beach surveys were conducted by the US Army Corps of Engineers 

in 1985, 1990, 1996, 2001 and have been compiled in USACE (2001).  These nearshore 

and beach survey data were used to update the NOS database for contemporary nearshore 

and shoreline changes that have occurred following the most recent NOS surveys.  

 To perform both the required wave shoaling and transport computations in the 

farfield of the SJCOO outfall diffusers, a large-domain grid is required to compute the 

effects of island sheltering and regional scale refraction and circulation due to the shallow 

banks of the continental margin (Figure 6.1). A nearfield grid (Figure 6.2) in the 

immediate neighborhood of the diffuser is nested inside the farfield grid and is used to 

calculate the brine discharge dilution and dispersion.  

 

6.2 Shore-side Structures: Wave runup, and overtopping were analyzed at the 

shore-side facilities associated with the Doheny Desalination Project assuming present 

conditions and two future scenarios including sea level rise. These facilities included: 

Well Head A, elevation 17 ft.NAVD, at  33°27'44.38"N, 117°41'16.32"W; Well Head B, 

elevation 17 ft. NAVD, at  33°27'45.07"N, 117°41'10.30"W; Well Head C, elevation 17 

ft. NAVD at  33°27'45.12"N, 117°41'6.62"W; Well Head D, at elevation 18 ft. NAVD at 

33°27'44.48"N, 117°40'55.30"W; and Well Head E, at elevation 18 ft. NAVD at 

33°27'42.45"N, 117°40'47.33"W; (see Figure 6.3a). Two additional vaulted well heads 

with submersible pumps will be placed at the Capistrano Beach site (Figure 6.3b), which 

includes: Well Head G, at elevation 18 ft. NAVD at 33°27'14.94"N, 117°39'59.91"W; 

and Well Head H, at elevation 19 ft. NAVD at 33°27'13.17"N, 117°39'57.15"W. 

 

6.3) Wave Forcing: Waves in deep water generally do not cause significant 

mixing. But shoaling waves produces bottom currents (referred to as bottom wind ), cause 

scrubbing action against intake and discharge structures that result in vertical mixing of 

the nearfield water mass, and cause longshore and rip current circulation as a result of 

along shore variation in shoaling wave heights due to refraction over shelf bathymetry.  
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Figure 6.1: Far-field refraction/diffraction grid to simulate shoaling waves entering the 

Southern California Bight and Oceanside Littoral Cell. Results based on the 5 largest 

storms of the 1998 El Nino winter  (from Jenkins and Wasyl, 2008b). 
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Figure 6.2: Near-field refraction/diffraction grid to simulate shoaling waves in the 

immediate neighborhood of Dana Point, SJCOO and Doheny Beach.  
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(a) 

 
 

 

 

(b) 

 
Figure 6.3: Critical shore-front infrastructure locations for the Doheny Desalination 

Project: a) Doheny Beach site; and b) Capistrano Beach site 
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 Wave forcing to the Coastal Evolution Model (CEM) were derived from archival 

measurements of waves for the period 1980-2010, supplemented by wave burst measurements 

from the Acoustic Doppler Current Profiler (ADCP) measurements taken under the MBC 

Applied Environmental Sciences (MBC) marine environment studies. The archival wave records 

were obtained from the Oceanside, Dana Point, San Clemente, and Huntington Beach monitoring 

stations maintained by the Coastal Data Information Program, [CDIP, 2012, http://cdip.ucsd.edu 

]. To correct the archival data from widely spaced offshore monitoring sites to the nearshore of 

the SJCOO, raw data were entered into a refraction/diffraction numerical code, back-refracted 

out into deep water to remove local refraction and island sheltering effects, and subsequently 

forward refracted into the immediate neighborhood of the proposed Project. The backward and 

forward refractions of CDIP data were done using a numerical refraction-diffraction computer 

code called OCEANRDS.  The primitive equations for this code are lengthy, but a listing of the 

codes for OCEANRDS are in Jenkins and Wasyl (2005).  

 An example of a reconstruction of the wave field throughout the Bight from the CDIP 

Oceanside buoy data is shown in Figures 6.1 for the 5 largest storms of the 1998 El Nino winter. 

Wave heights are contoured in meters according to the color bar scale and represent 6 hour 

averages, not an instantaneous snapshot of the sea surface elevation.  Note how the sheltering 

effects of Catalina and San Clemente Islands have induced considerable variations in the 

neighborhood of the SJCOO and Dana Point Harbor.  The wave height and direction parameters 

inside the Channel Islands are the values used as the deep water boundary conditions along the 

seaward face of the nearfield grid for the SJCOO Dana Point shoaling analysis.  

 Figure 6.4 gives the local forward refraction calculation into the nearfield domain of the 

SJCOO and the Doheny Desalination Project site (green box), due to the 100-year storm-wave 

event of 17-18 January 1998 after passing through the gaps in the continental margin and 

Channel Islands, (island sheltering effects, cf.Figure 6.1). Figure 6.4 gives extremal wave height 

variations along an 18.5 km section of coastline in the in the Dana Point region, including wave 

shoaling and reflection effects induced by the Dana Pt Harbor breakwater. Replication of the 

backward/forward refraction analysis on each of the 3 hour increments of the CDIP monitoring 

data produced continuous, unbroken records of the wave height, period and direction in the 

nearfield of the Doheny Desalination Project throughout the 1980-2010 period of record, as 

shown in Figure 6.5. The data in Figure 6.5 were supplemented by wave burst measurements 

from the Acoustic Doppler Current Profiler (ADCP) measurements taken at the SJCOO 

monitoring stations  (MBC, 1998). Figure 6.6 gives the wave refraction/diffraction field in the 

SJCOO/Dana Pt. Harbor Littoral Sub-cell derived from these ADCP wave burst measurements. 

We find in Figures 6.4 & 6.6 that the refraction effects over local bathymetry create areas 

(indicated by red) where wave heights increase locally to 4 -5 m. In these areas, the shelf 

bathymetry has focused the incident wave energy and these regions of intensified wave energy 

are referred to as “bright spots”. The increased wave heights in these bright spots increases the 

wave run-up and induces local wave erosion. Conversely, the dark areas in Figures 6.4 & 6.6 

(indicated by dark blue) where wave heights have been diminished are termed “shadows,” and 

represent areas of reduced run up and potential beach accretion  For the January 1998 storm in 

Figure 6.6, the area around the SJCOO discharge site is indeed a bright spot in the local 

refraction pattern while the slant well sites for the Doheny Desalination Project are located in a 

shadow zone. Another wave shoaling phenomena at the slant well site is divergence of drift. 

Wave-driven longshore currents flow away from areas of high waves (away from bright spots) 

and converge on shadow regions. This convergence of the longshore current leads induces 

seaward flowing rip currents. Rip currents are advantages to shallow nearshore intake sites   

http://cdip.ucsd.edu/
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Figure 6.4: Forward wave refraction/diffraction for the 100-year storm-wave event of 17-18 

January 1998. These local refraction results are used to provide the point-to-point initializations 

for the wave setup and runup inputs to the total water level problem. The nearfield domain of the 

SJCOO and the Doheny Desalination Project is designated by the green box.  
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Figure 6.5: Archival wave forcing data 1980-2010 reconstructed for the SJCOO and Doheny 

Desalination Project modeling, from backward/forward refraction of regional CDIP wave monitoring 

data.  
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Figure 6.6: Wave refraction/diffraction field around the  SJCOO site and the Doheny 

Desalination Project site derived from wave burst measurements from the Acoustic Doppler 

Current Profiler (ADCP) records taken under the MBC Applied Environmental Sciences (MBC) 

NPDES monitoring studies. Nearfield domain of the SJCOO and the Doheny Desalination 

Project site  designated by green box.  

 

 

 

because rip currents would advect storm water and urban run-off away from the shoreline and 

disperse it offshore in deeper water, thereby reducing potential for marine life impacts to 

nearshore and beach ecology. On the other hand, these same seaward flowing rip currents can 

also carry beach sand offshore, resulting in local beach erosion.  Wave refraction/diffraction 

analyses of the 15 largest storm events in the 1980-2010 period of record are presented in 

Appendix-A. The 100 year event (1% event) was the two day storm of 17-18 January, 1988, and 

refraction/diffraction patterns for both days are also included in Appendix-A.   

The composite 30-year wave record obtained from the CDIP archival data for 1980-2010 

(Figure 6.5) was iteratively fit to Weibull (Type III) distributions with a range of K-values to find 

the best overall fit (highest correlation coefficient). A K-value of K = 1 was found to give an R-

squared = 0.98, resulting in the extremal analysis curve shown in Figure 6.7. The red-line in 

Figure 6.5 is the Weibull Type III best fit and the crosses are the data points at the control point 

in 12 m water depth from Appendix-A refraction/diffraction analyses used to produce the best fit 

distribution. The Weibull Type III best fit projects a maximum significant wave height of 0H  = 

19.9 ft. with a probability of recurrence of 0.04% (return period = 2,500 yr); but such a wave has 

never been measured. The highest wave that was recovered from the refraction analysis in 12 m  
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of water depth was due to the 18, January, 1988 storm (Figure 6.4) with a significant wave height 

0H  = 15.5 ft. and a probability of recurrence of 1.0% (return period = 100 yr).  The extremal 

analysis curve in Figure 6.7 will be the computational basis of the extreme value analysis of 

wave setup, total runup and total water level (TWL) in Section 7.  
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  6.4) Beach Erosion: Another critical set of inputs to the wave setup, total runup and 

total water level (TWL) computations are the profile slope terms, DIMm , TAWm , and facem . These 

are calculated from equations (22) – (24) using measured beach profiles to calibrate the empirical 

factors in these equations, which include the shoaling factor, , and the non-dimensional 

empirical parameters: eK  and  . Beach profile measurements at Doheny State Beach have been 

conducted by the US Army Corps of Engineers, USACOE (1991), Coastal Environments, 

(2014), and Coastal Frontiers (2014). Plots of the beach profiles measured by the US Army 

Corps of Engineers, USACOE (1991) and Coastal Environments, (2014) are shown in Figures 

6.8 & 6.9. Figure 6.8 shows the shore rise and bar berm sections of the beach profiles 

immediately west of Well Heads # 2 and #1; where profile ranges R4 & R5 bracket beach slope 

conditions in front of Well Head # 2, and range DB 1890 measured by the US Army Corps of 

Engineers give slope conditions in front of Well Head # 1 (cf. Figure 6.3). Figure 6.9 shows the 

shore rise and bar berm sections of the beach profiles immediately west of Well Heads # 2 and 

#3; where profile range R5 provides beach slope conditions in front of Well Head # 2, and range 

R7 gives slope conditions in front of Well Head # 3 (cf. Figure 6.3). 

 Figures 6.10 and 6.11 give seasonal profile changes at Doheny State Beach 

immediately west of Well Head #3 over a number of years between 2001 and 2007.  Figure 6.10 

provides a generalization of the winter profiles, indicating an average nearshore slope,  

DIMm = 0.066, (proxy slope for an eroded beach). Figure 6.11 indicates that the average nearshore 

slope in summer steepens to DIMm = 0.10, (proxy slope for an accreted beach). Using these values 

to calibrate the elliptic cycloidal slope algorithms in equations (22)-(24), the variation of beach 

slope with on/offshore position in response to the potential range of extremal wave height was 

calculated according to Figure 6.12. Generally, across the inner portion of the beach profile 

closest to the DDP well heads the beach slopes become flatter in winter and steeper in summer, 

while both types of seasonal profiles develop offshore bars offshore during higher extremal wave 

conditions. This response is consistent with the well- known response of sandy beaches to 

increasing levels of incident wave energy; whereby the exposed inner section of the beach profile 

(the bar-berm profile) erodes and flattens in slope during winter or periods of high waves, while 

outer submerged portion of the profile (the shore-rise profile) develops offshore sand bar 

formations. Review of the composite surveys in Figures 6.8-6.11 reveals that variations in the 

beach widths around the well heads between summer and winter profiles are on the order of 50 

ft. to150 ft. These relatively small range of seasonal variation in beach width indicates that 

Doheny State Beach is stable, as a consequence of being located at a sediment source, i.e. the 

San Juan Creek. The San Juan Creek is the second largest source of sediment for the Oceanside 

Littoral Cell and provides an average of 51,000 metric tons of beach grade sand to Doheny State 

Beach annually (Figure 6.13). This supply of new sediment provides adequate sediment cover 

for the beach to establish and maintain equilibrium profile adjustments throughout the most high 

energy El Nino winter/summer seasonal cycles. 

Variations in the beach widths and sediment cover with time are modeled in the LCM 

module of the Coastal Evolution Model (Figure 5.1) using time-stepped solutions to the sediment 

continuity equation (otherwise known as the sediment budget) applied to the boundary conditions 

of the coupled control cell mesh diagramed schematically in Figure 6.14. The sediment 

continuity equation is written (Jenkins, et al, 2007): 
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Figure 6.8: Beach profile surveys of Doheny Beach range lines adjacent to Well Heads A & B. Data from Coastal Environments, (2014). 
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Figure 6.9: Beach profile surveys of Doheny Beach range lines adjacent to Well Heads C & D. Data from Coastal Environments, (2014). 
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Figure 6.10: Winter beach profile surveys of Doheny Beach range lines adjacent to Well Heads D & E. Surveys due to the US Army Corps 

of Engineers. Data provided by Coastal Frontiers, (2014). 
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Figure 6.11: Summer beach profile surveys of Doheny Beach range lines adjacent to Well Heads D & E. Surveys due to the US Army Corps 

of Engineers. Data provided by Coastal Frontiers, (2014). 
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Figure 6.13.  Cumulative residual time series of sediment flux for the San Juan Creek calculated 

using a 56-year mean (1940-1995), from Inman and Jenkins (1999). 

 

 

In equation (25) q is the sediment volume per unit length of shoreline (m3/m) and dq/dt is the 

sediment volume flux (m3/m/day),   is the mass diffusivity, lV  is the longshore current, J(t) is 

the flux of new sediment from the San Juan Creek, and R(t) is the flux of sediment lost to sinks , 

in this case, the scour holes near the mouth of the San Juan Creek following river floods. The 

first term in (1) is the surf diffusion term while the second is the advective term due to the 

longshore current. For any given control cell along Doheny State Beach, equation (25) may be 

discretized in terms of the rate of change of “beach volume”,  , in time increment   t  ,  given 

by:  

 

t

qq
tJ

dt

d outin







)(                                          (26) 

 

Sediment is supplied to the control cells in Figure 6.14 by the sediment yield from the rivers and 

beach nourishment, )(tJ  by the influx of sediment volume due to littoral drift from up-coast 

sources, inq  (beach-fill). Sediment is lost from the control cell due to the action of wave erosion  
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Figure 6.14: Computational approach for modeling changes in beach width and shoreline 

positon after Jenkins, et. al., (2007). 
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and expelled from the control cell by exiting littoral drift, outq . Here fluxes into the control cell 

(J(t)  and tqin /  ) are positive and fluxes out of the control cell,  

( tqout / ), are negative.   

 The beach and nearshore sand volume change, dq/dt, is related to the change in shoreline 

position, dX/dt, according to: 

 

                                      lZ
dt
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dt
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dt

dV



                                                            (27) 

  

where                             chZZ  1                                                                             (28) 

 

Here, Z  is the height of the shoreline flux surface equal to the sum of the closure depth below 

mean sea level, hc, (equation 24), and the height of the berm crest, Z1, above mean sea level; and  

l  is the length of the shoreline flux surface.  Hence, beaches and the offshore bottom profile out 

to closure depth remain stable if a mass balance is maintained such that the flux terms on the 

right-hand side of equation (2) sum to zero; otherwise the shoreline will move during any time 

step increment as: 
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where is the mass diffusivity, V is the longshore drift , J is the flux of sediment from river 

sources, y is the alongshore length of the control cell, and Z1 is the maximum run-up elevation 

from Hunt’s Formula. River sediment yield, J, from is calculated from streamflow, Q, based on 

the power law formulation of that river’s sediment rating curve after Inman and Jenkins, (1999), 

or 
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where  ,  are empirically derived power law coefficients of the sediment rating curve from 

best fit (regression) analysis (Inman and Jenkins,1999). When San Juan Creek floods produce 

large episodic increases in J, a river delta is initially formed. Over time the delta will widen and 

reduce in amplitude under the influence of surf diffusion and advect (move) down-coast with the 

longshore drift, forming an accretion erosion wave (Figure 6.14a). The local sediment volume 

varies in response to the net change of the volume fluxes, between any given control cell and its 

neighbors, referred to as divergence of drift = qin - qout , see Figure 6.14b and 6.14c. The mass 

balance of the control cell responds to a non-zero divergence of drift with a compensating shift,

x , in the position of the equilibrium profile (Jenkins and Inman, 2006). This is equivalent to a 

net change in the beach entropy of the equilibrium state. The divergence of drift is given by the 
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continuity equation of volume flux, requiring that dq/dt is the net of advective and diffusive 

fluxes of sediment plus the influx of new sediment, J. The rate of change of volume flux through 

the control cell causes the equilibrium profile to shift in time according to (29), producing the net 

change in beach widths shown by the surveys in Figures 6.8 – 6.11. Changes in sea level also 

cause the shoreline to move (retreat) which are calculated in the LCM module of the Coastal 

Evolution Model using Bruun’s Rule, (Bruun, 1962, 1983): 
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Where SLR is the increment of sea level rise, and cX is the distance offshore to closure depth 

given by the elliptic cycloid formulation to the equilibrium profile (Jenkins and Inman, 2006) 

according to: 
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Because Bruuns Rule merely produces a self-similar landward shift to profile in response to sea 

level rise (with no change to the shape of the profile or to the elliptic cycloid parameters); sea 

level rise does not effect the intrinsic slope parameters of the profile on which the total run-up 

elevation depends. This response is based on an assumption that the beach has adequate sand 

volume and sediment cover to execute the profile shift required under Bruun’s Rule. This 

assumption appears to be well founded at Doheny State Beach due to the fact that it is 

continually re-nourished by the flux of new sediment from San Juan Creek, (J = 51,000 ton/yr). 

7.0 Wave Run-up and Overtopping Statistical Analysis: 

This section uses the data bases described in Section 6 to evaluate Steps-4 & 5 of a sea 

level rise/coastal hazards analysis as outlined in Section 2. We seek to quantify the probability of 

occurrences of extremal total water levels where the total water level (TWL) is the sum of the 

total run-up and the still water level (SWL). The total run-up, R, is a dynamic water level 

variation caused by wave shoaling and breaking, and is composed of three components: wave 

setup,  , dynamic wave setup, rms  ; and incident wave run-up, incR . We will begin in 

Section 7.1 by setting the still water level equal to present or future mean sea level, which will 

allow us to isolate the total runup as an independent dynamic process whose probability is 

uniquely determined by the extremal wave height curve in Figure 6.7. We will then solve for 

extremal total water levels (TWLmax) by admitting to probability of occurrences of still water 

levels higher than mean sea level; which results in a joint probability analysis of occurrence of 

extremal wave heights concurrent with extreme ocean water levels.    

7.1) Total Water Level Analysis for Constant Still Water Levels: Total water level is 

a multi-variant function determined by the combined effects of stationary processes (processes 

vary slowly in time) and dynamic processes (processes that vary rapidly with time). The still 
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water level component of the total water level is a relatively stationary process when compared 

to the total run-up component, where the latter varies rapidly in time at the frequency of surface 

gravity waves. At lowest order approximation, we can solve for the probability of recurrence of 

potential total water levels by assuming the stationary processes are fixed in time. By that 

approach, we adopt a common practice in coastal engineering by setting the still water level at 

mean sea level and then solve for the potential total water levels as a conditional probability 

using Bayes’ theorem: 

 

)(]([],[)( ,max MSLZPHRPZRPTWLP ijiTi •                          (33) 

 

Here, )(
', iji ZP is the annualized probability of ocean water levels reaching an elevation of iZ feet 

NAVD 88 from equations (3) and (4), where )(
', MSLZP iji   = 1, (cf. Figures 4.1, 4.6 & 4.7); 

)]([ THRP  is the annualized probability of total run-up from the sum of equations (6) and (11) 

based on the probability of extremal wave heights with return frequency of once every T years, 

THP T /1)(  , (cf. Figure 6.7). The total run-up calculations using extremal wave heights are 

based on the direct integration method (DIM) from Section 5.5 because the beach slopes at 

Doheny State Beach for both eroded (winter) and summer (accreted) conditions are always than 

12.5%. (Here beach slope,  DIMm , is taken as the average slope between the landward limit of 

wave run-up and the location offshore where the water depth is two times the depth at which the 

deep water significant wave height would be subject to depth-limited breaking, cf. Van der Meer, 

2002). Figures 6.8 – 6.12 show generally that average nearshore beach slopes at Doheney State 

Beach range from DIMm = 0.006 for eroded beach profiles, and steepen to DIMm = 0.10 for 

accreted beach profiles. One advantage of the approach taken by equation (25) is that it allows us 

to separate the individual dynamic components to the total water level solutions.  

 Figures 7.1-7.3 give the annualized probability of recurrence of total run-up and its 

components of static wave setup, dynamic wave setup, and the total oscillatory swash component 

based on the extremal wave analysis curve in Figure 6.7 as applied to equations (6)- (12). For 

each component of total wave runup, there are two sets of curves, representing eroded and 

accreted conditions at Doheny and Capistrano State Beaches. In all cases, the maximum water 

elevations are greater for the accreted beach conditions than for the eroded beach conditions. 

This is due to the fact that eroded beaches have flatter slopes in the bar-berm section of the 

profile where waves are breaking and producing run-up. Flatter beach slopes are intrinsically 

more dissipative, resulting in less residual energy after breaking to produce runup. Inspection of 

Figure 7.3 indicates that maximum run-up is 15.4 ft. for the accreted beach conditions and 13.1 

ft. for the eroded beach conditions, with a probability of recurrence of 0.04% (return period = 

2,500 yr). But the maximum wave run-up is based on a statistical projection from the Weibull 

Type III best fit to the extremal wave results from refraction/diffraction analysis in Figure 6.7. 

The highest wave that was recovered from the refraction analysis in 12 m of water depth was due 

to the100-year storm of 18, January, 1988 (Figure 6.4) with a significant wave height 0H  = 15.5 

ft. and a probability of recurrence of 1.0%.   The 1% runup up event in Figure 7.2 actually gives 

maximum total wave run-up of 11.88 ft. for the accreted beach conditions at Doheny Beach and 

9.98 ft. for the eroded beach conditions. At Capistrano Beach, shoaling wave heights are greater 

and maximum total wave run-up is 12.73 ft. for the accreted beach conditions and 10.83 ft. for 

the eroded beach conditions  

The annualized probability of recurrence of total water level is plotted in Figures 7.4 and 

7.5 at Doheny and Capistrano Beaches, respectively, under the stationary hypothesis for still  



63 

 

   



64 

 

 

 
  



65 

 



66 



67 

 

 
 

 

 

 

 

 

 



68 

 

water level according to equation (33). Under this assumption (where still water level is fixed at 

present mean sea level), the maximum total water level at Doheny Beach is TWL = 17.98 ft. 

NAVD for the accreted beach conditions and TWL = 15.69 ft. NAVD for the eroded beach 

conditions. At Capistrano Beach (Figure 7.5), the maximum total water level is TWL = 18.83 ft. 

NAVD for the accreted beach conditions and TWL = 16.54 ft. NAVD for the eroded beach 

conditions. (Total water levels are higher at Capistrano Beach because shoaling waves during the 

100-year event are higher at that location, cf. Figure 6.4).  The total water level achieved under 

accreted beach conditions at present sea level exceeds the elevations of well heads A, B, C and 

G, which are located at iZ  == 17 ft. NAVD and iZ  == 17 ft. NAVD, respectively; but the 

probability of this occurring is only 0.04% (return period = 2,500 yr). Appendix-B of the 

California Coastal Commision Sea Level Rise Guidance Policy Guidance document (CCC, 

2015) provides no specific guidance on the redline frequency for flooding or inundation. In the 

absence of such guidance we will adopt Federal Emergency Management Agency (FEMA) 

standards for flooding frequency and set redline planning frequency at the 100 year event (1% 

probability of recurrence). Accordingly, Figures 7.4 & 7.5 have been annotated to highlight the 

1% total water level events which indicate is TWL(1%) = 14.42 ft. NAVD for the accreted beach 

conditions and TWL(1%) = 12.52 ft. NAVD for the eroded beach conditions at Doheny Beach. 

At Capistrano Beach. The 1% probability (100-yr event) yields TWL(1%) = 15.27 ft. NAVD for 

the accreted beach conditions and TWL(1%) = 13.37 ft. NAVD for the eroded beach conditions.. 

Consequently we conclude that all the beach front facilities for the Doheny Desalination Project 

(Figure 6.3a & b) are safe from flooding or inundation by extreme event waves under the 

stationary hypothesis for still water level at present mean sea level. 

We repeat the total water level analysis in Figures 7.6 and 7.7 for 2100 sea levels under 

the stationary hypothesis for still water level (where still water level is fixed at 2100 mean sea 

level for the low and high range projections). For the low-range 2100 sea level projections at 

Doheny Beach, (Figure 7.6), the 1% total water level events reach TWL(1%) = 18.02 ft. NAVD 

for the accreted beach conditions and TWL(1%) = 16.12  ft. NAVD for the eroded beach 

conditions; indicating that all the beach front facilities for the Doheny Desalination Project 

(Figure 6.3) are safe from flooding or inundation by extreme event waves if the beach is in an 

eroded winter condition. However, in the unlikely event that the 100 year storm occurs while the 

beach is still in a summer equilibrium condition (accreted beach), then Well Heads A-C will be 

overtopped by about 1 ft of excess runup, while Well Heads D and E would be partially wetted. 

At Capistrano Beach, the 1% total water level events at the low range projection for 2100 sea 

level, (Figure 7.7), reach TWL(1%) = 18.87 ft. NAVD for the accreted beach conditions and 

TWL(1%) = 16.97  ft. NAVD for the eroded beach conditions. While both well heads at 

Capistrano Beach would be safe from overtopping if Capistrano Beach were in an eroded winter 

state, Well Head G would be overtopped by about 0.87 ft. of runup if the beach remained in an 

accreted summer condition.   

For the high-range 2100 sea level projections, (Figures 7.8 and 7.9) the 1% total water 

level events will overtop all of the well sites. At Doheny Beach, (Figure 7.8), the 1% total water 

level events reach TWL(1%) = 21.52 ft. NAVD for the accreted beach conditions and TWL(1%) 

= 19.62 ft. NAVD for the eroded beach conditions, exceeding the elevations of all well sites 

regardless of beach erosion or accretion. Similarly, at Capistrano Beach (Figure 7.9), the 1% 

total water level events reach TWL(1%) = 22.37 ft. NAVD for the accreted beach conditions and 

TWL(1%) = 20.47 ft. NAVD for the eroded beach conditions, again exceeding the elevations of 

all well sites regardless of beach erosion or accretion.  
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7.2) Total Water Level Analysis for Extremal Still Water Levels: In this section we 

relax the stationary hypothesis for still water level and allow it to vary according to the 

hydroperiod functions for present and future sea levels in Figures 4.1, 4.6, and 4.7. This will 

provide an analysis of total water levels due to extreme waves concurrent with extreme ocean 

water levels (extremal TWL’s). The recurrence frequency (or return period) for these extremal 

TWL’s is given by the joint probability of occurrence of extremal wave heights concurrent with 

extreme ocean water levels, or: 

 

                                 )(]([],[)( ,max ijiTi ZPHRPZRPTWLP •                       (34) 

 

where TH  is the extremal significant wave height with return period of T years, and )(, iji ZP  is 

the annualized probability of ocean water levels  reaching an elevation of iZ feet NAVD 88 at 

or above mean sea level, as derived from the annualized hydroperiod function, equations (3) and 

(4). The results for return periods ],[/1 ir ZRPT  of extremal total water levels at present sea 

level are plotted in Figure 7.10 & 7.11 for Doheny and Capistrano Beaches, respectively, while 

those for 2100 sea levels are found in Figures 7.12 – 7.15. Comparing these results with the total 

water level results in Figures 7.4-7.9 (that were based on the stationary hypothesis for still water 

level) indicates that the joint probability analysis for extreme waves concurrent with extreme 

ocean water levels gives TWL’s that are about 0.5 ft. higher for the 1% recurrence event (100 year 

return period). For example the extremal TWL’s at present sea level at Doheny Beach in Figure 

7.10 give the TWL(100) = 13.1 ft for eroded conditions and TWL(100) = 14.8 ft. for accreted 

conditions at present sea levels. On the other hand, when SWL is set at present mean sea level per 

Section 7.1, as shown in Figure 7.4,  the 1% TWL = 12.5 ft for eroded conditions and 1% TWL = 

14.4 ft. for accreted conditions at present sea levels. Therefore, we adopt the extremal still water 

formulation per equation (34) as the redline analysis method for assessing Steps-4 & 5 of a sea 

level rise/coastal hazards analysis as outlined in Section 2. 

Inspection of Figures 7.10 & 7.11 indicates that all the beach front facilities for the 

Doheny Desalination Project (Figure 6.3) are safe from flooding or inundation by extreme event 

waves, even for event return periods as long as 500 yr, when extreme waves happen concurrently 

with extreme ocean water levels in an environment of present sea levels. However, once we 

admit to 2100 sea level rise projections, a number of the beach front facilities for the Doheny 

Desalination Project will suffer some flooding and overtopping to varying degrees. For the low-

range 2100 sea level projections, (Figures 7.12 &7.13) the three well sites at Doheny Beach on 

the north side of San Juan Creek (Well Heads A-C) and one of the wells at the Capistrano Beach 

site (Well Head G) will experience minor overtopping, even for a 1 year event if the beaches 

have been accreted by additional sands from water shed floods or still retain a built-out summer 

equilibrium beach profile, with overtopping rates of about Q (1yr) = 0.038 cfs per lineal ft. of 

shoreline, per equation (17). If a 100-yr total water level event occurs during the low-range 

projection of 2100 sea levels, then Figures 7.12 & 7.13 indicate that all of the well sites will be 

overtopped to varying degrees if the beaches remain in an accreted condition (i.e.,with elevated 

berms and steep beach slopes). Under these beach conditions, overtopping rates will range from 

a high of Q (100yr) = 0.094 cfs per lineal ft. of shoreline at Well Heads A- C on Doheny Beach, 

to a low of  Q (100yr) = 0.014 cfs/ft at Well Head H on Capistrano Beach, while overtopping 

rates at Well Heads D & E would be Q (100yr) = 0.027 cfs/ft at Doheny Beach and Q (100yr) = 

0.081 cfs/ft at Well Head G on Capistrano Beach.  Interestingly enough, none of the well heads 

would experience overtopping during a 100 year event when occurring during the low range 

2100 sea levels if the beach were eroded, which would be the most likely condition during a 100- 
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year event. Total water levels for eroded beach conditions are always less, because these beaches 

have flatter slopes and are more dissipative of wave set-up and run-up than the steeper accreted 

beaches.   

For the high-range 2100 sea level projections at Doheny Beach (Figure 7.14), the 100 

year total water level events reach TWL(100) = 21.9 ft. NAVD for the accreted beach conditions 

and TWL(100) = 20.2 ft. NAVD for the eroded beach conditions; while at Capistrano Beach, 

(Figure 7.15), TWL(100) = 22.7 ft. NAVD for the accreted beach conditions and TWL(100) = 

21.1 ft. NAVD for the eroded beach conditions. Consequently all beach front facilities for the 

Doheny Desalination Project would be vulnerable to flooding by the 100-year event if it were 

occur during 2100 high range sea level projections. The lowest lying well heads (Well Heads A-

C at Doheny Beach) would experience the highest overtopping rates, ranging from Q (100yr) = 

0.216 cfs/ft. to 0.331 cfs/ft. depending on the eroded or accreted condition of Doheny State 

Beach. According Table VI-5-6 in the Coastal Engineering Manual (USACE, 2006) overtopping 

rates of this order of magnitude are very dangerous for pedestrian and vehicle traffic, and may 

cause structural damage to adjacent buildings; but the well heads and pumps for the Doheny 

Desalination project will be protected by steel vault enclosures. The smallest overtopping rates 

during the 100-year event at the high range 2100 sea level projections will occur at the highest 

located well head (Well Head H) at the Capistrano Beach site where overtopping rates will range 

from Q  (100yr) = 0.142 cfs/ft. to 0.250 cfs/ft., with overtopping rates at Well Heads D & E on 

Doheny Beach ranging from Q (100yr) = 0.149 cfs/ft to 0.263cfs/ft and Q (100yr) = 0.209 cfs/ft 

to 0.318 cfs/ft at Well Head G on Capistrano Beach. While these overtopping rates are still 

dangerous to pedestrian and vehicle traffic, they are easily mitigated by the steel vault enclosures 

of the well heads and pumps being placed at Capistrano Beach. The results for total water levels 

and overtopping rates based on extremal still water levels analysis methods are summarized in 

Table 7.1 for the Doheny Beach well sites, and in Table 7.2 for the Capistrano Beach well sites. 
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Table 7.1:Doheny Beach Extremal Total Water Level (*TWL) and Overtopping Rates ( Q ) 

 Well Head-A 
Elevation =  

17 ft. NAVD 

Well Head-B 
Elevation =  

17 ft. NAVD 

Well Head-C 
Elevation =  

17 ft. NAVD 

Well Head-D 
Elevation =  

18 ft. NAVD 

Well Head-E 
Elevation =  

18 ft. NAVD 

  *TWL(1) 
Present Sea Level 

(eroded/accreted) 

 

8.7/10.5 

ft. NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

8.7/10.5ft. 

NAVD 

status = dry 

  * Q (1) 

Present Sea Level 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1) 
2100 Sea Level Low 

Range Projection 
(eroded/accreted) 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

12.3/14.1 

ft. NAVD 

status = dry 

* Q (1) 

2100 Sea Level Low 

Range Projection 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1) 
2100 Sea Level 

High Range 

Projection 
(eroded/accreted) 

15.8/17.6 

ft. NAVD 

status = flooded 

accreted beach  

15.8/17.6 

ft. NAVD 

status = flooded 

accreted beach 

15.8/17.6 

ft. NAVD 

status = flooded 

accreted beach 

15.8/17.6 

ft. NAVD 

status = dry 

15.8/17.6 

ft. NAVD 

status = dry 

* Q (1) 
2100 Sea Level 

High Range 
Projection 

(eroded/accreted) 

0.0/0.038 

cfs/ft. 

0.0/0.038 

cfs/ft. 

0.0/0.038 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

  **TWL(100) 
Present Sea Level 

(eroded/accreted) 
 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

13.1/14.8 

ft. NAVD 

status = dry 

  ** Q (100) 

Present Sea Level 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

**TWL(100) 
2100 Sea Level Low 

Range Projection 

(eroded/accreted) 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4 

ft. NAVD 

status = flooded 

accreted beach 

16.7/18.4  

ft. NAVD 

status = flooded 

accreted beach 

**Q (100)  

2100 Sea Level Low 

Range Projection 
(eroded/accreted) 

0.0/0.094 

cfs/ft. 

0.0/0.094 

cfs/ft. 

0.0/0.094 

cfs/ft. 

0.0/0.027 

cfs/ft. 

0.0/0.027 

cfs/ft. 

**TWL(100) 
@  

2100 Sea Level 

High Range 
Projection 

(eroded/accreted) 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded 

20.2/21.9 

ft. NAVD 

status = flooded  

20.2/21.9 

ft. NAVD 

status = flooded 

** Q (100) 

2100 Sea Level 
High Range 

Projection 

(eroded/accreted) 

0.216/0.331 

cfs/ft. 

0.216/0.331 

cfs/ft. 

0.216/0.331 

cfs/ft. 

0.149/0.263 

cfs/ft. 

0.149/0.263 

cfs/ft. 

 *Evaluated for the 1-yr return period;  ** Evaluated for the 100-yr return period 
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Table 7.2: Capistrano Beach Extremal Total Water Level (TWL) and Overtopping Rates ( Q ) 

Well Head-G 
Elevation = 18 ft. NAVD 

Well Head-H 
Elevation = 19 ft. NAVD 

*TWL(1)
Present Sea Level 

(eroded/accreted) 

9.7/11.5 ft. NAVD 

status = dry 
9.7/11.5 ft. NAVD 

status = dry 

* Q (1)
Present Sea Level 
(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1)
2100 Sea Level Low Range Projection 

(eroded/accreted) 

13.3/15.1 ft. NAVD 

status = dry 

13.3/15.1 ft. NAVD 

status = dry 

* Q (1)
2100 Sea Level Low Range Projection 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

*TWL(1)
2100 Sea Level High Range Projection 

(eroded/accreted) 

16.8/18.6 ft. NAVD 

status = flooded accreted beach 

16.8/18.6 ft. NAVD 

status = dry 

* Q (1) 
2100 Sea Level High Range Projection 

(eroded/accreted) 

0.0/0.038 

cfs/ft. 

0.0/0.00 

cfs/ft. 

**TWL(100) 
Present Sea Level 

(eroded/accreted) 

14.0/15.6 ft. NAVD 

status = dry 
14.0/15.6 ft. NAVD 

status = dry 

** Q (100) 

Present Sea Level 

(eroded/accreted) 

0.0/0.0 

cfs/ft. 

0.0/0.0 

cfs/ft. 

**TWL(100) 
2100 Sea Level Low Range Projection 

(eroded/accreted) 

17.6/19.2 ft. NAVD 

status = flooded accreted beach 

17.6/19.2 ft. NAVD 

status = flooded accreted beach 

** Q (100)
2100 Sea Level Low Range Projection 

(eroded/accreted) 

0.0/0.081 

cfs/ft. 

0.0/0.014 

cfs/ft. 

**TWL(100) 
@ 

2100 Sea Level High Range Projection 

(eroded/accreted) 

21.1/22.7 ft. NAVD 

status = flooded 

21.1/22.7 ft. NAVD 

status = flooded 

** Q (100)
2100 Sea Level High Range Projection 

(eroded/accreted)

0.209/0.318 

cfs/ft. 

0.142/0.250 

cfs/ft. 

*Evaluated for the 1-yr return period

** Evaluated for the 100-yr return period
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8.0 Tsunami Run-up and Overtopping Analysis:  

 

Tsunami induced erosion, runup, and inundation were analyzed for the Doheny State 

Beach bottom profiles (Figures 6.8- 6.12) and shore-side facilities associated with the Doheny 

Desalination Project for present and future sea levels according to low and high range sea level 

rise predictions as shown in Figure 3.1. Because of the uncertainty of the probability of 

occurrence of such a tsunami event, and the absense of specific guidance on the redline 

frequency for flooding considerations in the California Coastal Commision Sea Level Rise 

Guidance Policy Guidance document (CCC, 2018), we will carry forward the total water level 

analysis based on the stationary still water level hypothesis; whereby the still water level in the 

shoaling and runup equations is fixed at whatever mean sea level is for each sea level rise 

scenario. 

  The tsunami event scenario is based on a 2m high solitary wave approaching Doheny 

Beach from 165 degrees true, as could be anticipated for a catastrophic tsunami event arising 

from a major landside on the east side of San Clemente Island. The local refraction/diffraction 

pattern from the solitary wave is calculated in Figure 8.1 for present mean sea level. Inspection 

of Figure 8.1 reveals the tsunami wave height begins to increase at 50 m of water depth due to 

shoaling and reaches 6m of height before breaking along the shores of Doheny Beach. Because 

the tsunami wave begins shoaling in much deeper water than typical storm-induced waves, it 

causes seabed scour and erosion to occur out to very deep water depths. Therefore all run-up and 

total water level solutions are based eroded beach profile conditions. The critical mass thickness 

computed by the CEM in Figure 8.2 for this tsunami shoaling scenario reveals that seabed 

erosion occurs offshore to depths of  -124 to -137 ft. MSL; and the volume of eroded sediment 

can be as high as 1,827 m3 per meter of shoreline. Figure 8.2 also shows that a tsunami of this 

magnitude is capable of eroding as much as 4 ft to 6 ft of seabed offshore, to depths of -120 to -

130 ft. MSL, and could erode as much as 12 ft . of beach sediment cover in a single tsunami 

wave breaking event.  

Tsunami runup and TWL inundation calculations in Tables 8.1 & 8.2 also indicate that all 

of the shore facilities of the Doheny Desalination Project are above tsunami inundation levels at 

present sea level. However, all of the well heads at both Doheny and Capistrano Beaches would 

suffer some degree of tsunami overtopping if concurrent with 2100 sea levels, and the 

overtopping rates could be quite severe, especially for the high 210 sea level rise projections. At 

the low range of 2100 sea level projections, total water levels would reach TWL = 18.82 ft. 

NAVD at Doheny Beach and TWL = 18.83 ft. NAVD at Capistrano Beach. Well Heads A-C at 

Doheny Beach would experience the highest overtopping surges of Q= 1.142 cfs/ft while Well 

Head G at Capistrano Beach would remain high and dry. However, if the tsunami occurred atop 

the high range sea level rise projections for year 2100, then total water levels would reach TWL = 

22.31 ft. NAVD at Doheny Beach and TWL = 22.4 ft. NAVD at Capistrano Beach, sufficient to 

overtop all the well sites of the Doheny Desalination Project. In this case the tsunami surge could 

produce very high, although short-lived, overtopping rates reaching a maximum of Q= 5.691 

cfs/ft at Well Heads A-C on Doheny Beach and a minimum of Q= 2.916 cfs/ft at Well Head H 

on Capistrano Beach. Undoubtedly, the steel vault enclosures of the well heads can be designed 

to withstand these high surge rates, but particular attention should be given to the foundations of 

the vaults to assure the foundations have adequate depth to prevent undercutting by scour. These 

findings are consistent with the FEMA tsunami flood map which show that all of the Doheny 

Beach/San Juan Creek corridor extending several miles inland will be inundated by a shoaling 

tsunami solitary wave.  
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Figure 8.1: High resolution refraction/diffraction computation for a 2m high solitary tsunami 

wave approaching Doheny Beach from 165 degrees true. 
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Figure 8.2: Thickness of critical mass envelope at historic survey ranges Doheny Beach, 

calculated by the calibrated CEM sediment budget based a 2m high solitary tsunami wave 

approaching Doheny Beach from 165 degrees true. Closure depth = -124 to -137 ft. MSL; critical 

mass volume = 1,827 m3 per meter of shoreline. 
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Table 8.1: Tsunami Total Water Level (TWL) and Overtopping Rates ( Q ) Analysis at the 

Doheny Beach Site 

Well Head-A 
Elevation = 

17 ft. NAVD 

Well Head-B 
Elevation = 

17 ft. NAVD 

Well Head-C 
Elevation = 

17 ft. NAVD 

Well Head-D 
Elevation = 

18 ft. NAVD 

Well Head-E 
Elevation = 18 

ft. NAVD 

TWL 
Present Sea Level 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

15.22 

ft. NAVD 

status = dry 

Q
Present Sea Level 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

0.0 

cfs/ft. 

TWL 
2100 Sea Level 

Low Range 
Projection 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

18.82 

ft. NAVD 

status = flooded 

Q
2100 Sea Level 

Low Range 

Projection 

1.142 

cfs/ft. 

1.142 

cfs/ft. 

1.142 

cfs/ft. 

0.345 

cfs/ft. 

0.345 

cfs/ft. 

TWL 
@  

2100 Sea Level 

High Range 

Projection 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

22.31 

ft. NAVD 

status = flooded 

Q
2100 Sea Level 

High Range 
Projection 

5.691 

cfs/ft. 

5.691 

cfs/ft. 

5.691 

cfs/ft. 

4.162 

cfs/ft. 

4.162 

cfs/ft. 

*Evaluated for 2m high tsunami deep water wave height approaching Doheny State Beach from

165 degrees true
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Table ES-2b: Tsunami Total Water Level (TWL) and Overtopping Rates ( Q ) Analysis at the 

Capistrano Beach Site 

Well Head-G 
Elevation = 18 ft. NAVD 

eroded/accreted 

Well Head-H 
Elevation = 19 ft. NAVD 

eroded/accreted 

*TWL
Present Sea Level 

(eroded) 

15.3 ft. NAVD 

status = dry 

15.3 ft. NAVD 

status = dry 

* Q
Present Sea Level 

(eroded) 

0.0/0.0 cfs/ft. 0.0/0.0 cfs/ft. 

*TWL
2100 Sea Level Low 

Range Projection 

(eroded) 

18.83 ft. NAVD 

status = flooded 

18.83 ft. NAVD 

status = dry 

*Q
2100 Sea Level Low 

Range Projection 

(eroded) 

0.352 cfs/ft. 0.0/0.0 cfs/ft. 

*TWL
2100 Sea Level 

High Range 

Projection 

(eroded) 

22.4 ft. NAVD 

status = flooded 

22.4 ft. NAVD 

status = flooded 

*Q
2100 Sea Level 

High Range 

Projection 
(eroded)

4.293 cfs/ft. 2.916 cfs/ft. 

*Evaluated for 2m high tsunami deep water wave height approaching Capistrano Beach from

165 degrees true.
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9) Summary and Conclusions:

This 2019 study, prepared in response to comments for the Final EIR, provides further 
analysis to amplify the Coastal Hazards Analysis prepared in 2017 for the Draft EIR of the 
Doheny Desalination Project. That earlier work is being amplified herein in response to a revision 

of the California Coastal Commission Sea Level Rise Policy Guidance document that was 

originally released in August 2015, (CCC, 2015), but has been updated in July 2018 with new sea 
level rise projections. In addition, there have been minor adjustments in the locations of a number 
of the well heads and pump stations being proposed for the Doheny Desalination Project. The 
following study accounts for these intervening changes in policy guidance and minor 
modifications to the project description.    

The primary analysis tool used in this study is the Coastal Evolution Model (CEM) 

developed at the Scripps Institution of Oceanography was used to evaluate Appendix-B 
requirements of the California Coastal Commission Sea Level Rise Policy Guidance document 
(CCC, 2015) for a sea level rise/coastal hazards analysis of the Doheny Desalination Project 

(DDP). The Coastal Evolution Model is public domain and available from the University of 

California Digital Library at: http://repositories.cdlib.org/sio/techreport/58/. The Coastal 

Evolution Model employs algorithms consistent with the U.S. Army Corps of Engineers Coastal 

Engineering Manual, (USACE, 2006), but employs the latest generation equilibrium beach 

profile algorithms from Jenkins and Inman (2006) that provide 3-dimensional predictive and 

mapping capability of the wave run-up field, beach erosion and shoreline recession under the 

effects of wave climate variability, climate cycles and sea level rise. The CEM input files were 

populated with National Ocean Survey digital bathymetry in the offshore domain; beach profiles 

sediment grain size measurements by the U.S. Army Corps of Engineers, Coastal Environments 
and Coastal Frontiers; long-term wave data from the Coastal Data Information Program; long-

term ocean water level measurements by the National Oceanic and Atmospheric Administration; 
and stream flow and sediment flux for the San Juan Creek from the United States Geological 

Survey and the Federal Emergency Management Agency. Sea level rise projections used in this 

study were based on the best fit equation from Appendix-B of the California Coastal Commission 

Sea Level Rise Policy Guidance document for a 50 year project planning horizon 
(year 2070) and for a critical infrastructure planning horizon (year 2100). Critical project 

infrastructure subject to potential flooding by extreme event waves or tsunami concurrent with 

extreme ocean water levels and sea level rise are placed at two sites, namely Doheny State Beach 

and Capistrano State Beach. At the Doheny Beach site, five potential locations are being 
evaluated for vaulted well heads with submersible pumps, including :  Well Head A, elevation 17

ft. NAVD, at  33°27'44.38"N, 117°41'16.32"W; Well Head B, elevation 17 ft. NAVD, at  33°

27'45.07"N, 117°41'10.30"W; Well Head C, elevation 17 ft. NAVD at  33°27'45.12"N, 117°

41'6.62"W; Well Head D, at elevation 18 ft. NAVD at 33°27'44.48"N, 117°40'55.30"W; and Well 

Head E, at elevation 18 ft. NAVD at 33°27'42.45"N, 117°40'47.33"W. Two additional vaulted 

well heads with submersible pumps are being evaluated at the Capistrano Beach site, which 

includes: Well Head G, at elevation 18 ft. NAVD at 33°27'14.94"N, 117°39'59.91"W; and Well 

Head H, at elevation 19 ft. NAVD at 33°27'13.17"N, 117°39'57.15"W. 

This study is based on sea level rise projections appearing in Appendix-G, Table G-11, of 

the recently updated California Coastal Commission Sea Level Rise Policy Guidance document 
(CCC, 2018). This document provides no specific guidance on the redline frequency for flooding 

or inundation. In the absence of such guidance we have adopted Federal Emergency Management 

Agency standards for flooding frequency and set redline planning frequency at the 100 year event 

(1% probability of recurrence). The 100 year wave event was the two day storm of 17-18 January, 

1988, which produced deep water significant wave heights off Doheny State Beach reaching 15.5 

ft., approaching the beach from 2700 with 14 second significant wave periods. 

http://repositories.cdlib.org/sio/techreport/58/
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An analysis of extremal total water levels, (TWL’s), based on the occurrence of extreme waves 

concurrent with extreme ocean water levels at present and at year 2100 sea levels, is summarized 

in Table 7.1 for structures at the Doheny Beach site and Table 7.2 for the Capistrano Beach site. 

Inspection of Table 7.1 & 7.2 reveals that all the beach front well sites for the Doheny 

Desalination Project are safe from flooding or inundation at present sea levels by extreme event 

waves concurrent with extreme ocean water levels for event return periods between 1 yr. and 

100 yr. However, once we admit to 2100 sea level rise projections, a number of the beach front 

facilities for the Doheny Desalination Project will suffer some flooding and overtopping to 

varying degrees. 

For the low-range 2100 sea level projections, the three well sites on the north side of San 

Juan Creek (Well Heads A-C) and one of the wells at the Capistrano Beach site (Well Head G) 

will experience minor overtopping, even for a 1 year event if the beaches have been accreted by 

additional sands from water shed floods or still retain a built-out summer equilibrium beach 

profile, with overtopping rates of about (1yr) = 0.038 cfs per lineal ft. of shoreline. However, 

if a 100-yr total water level event occurs during the low-range projection of 2100 sea levels, then 

all of the well sites will be overtopped to varying degrees if the beaches remain in an accreted 

condition with elevated berms and steep beach slopes. Under these beach conditions, 

overtopping rates will range from a high of (100yr) = 0.094 cfs per lineal ft. of shoreline at 

Well Heads A- C, to a low of  (100yr) = 0.014 cfs/ft at Well Head H. Interestingly enough, 

none of the well heads would experience overtopping during a 100 year event when occurring 

during the low range 2100 sea levels if the beach were eroded, which would be the most likely 

condition during a 100-year event. Total water levels for eroded beach conditions are always 

less, because these beaches have flatter slopes and are more dissipative of wave set-up and run-

up than the steeper accreted beaches.   

For the high-range 2100 sea level projections, Table 7.1 indicates the 100 year total water 

level events at the Doheny Beach site reach TWL(100) = 21.9 ft. NAVD for the steeply sloping 

accreted beach conditions and TWL(100) = 20.2 ft. NAVD for the eroded beach conditions. At 

the Capistrano Beach site, shoaling wave heights are higher and total water levels for a 100 year 

event superimposed on the high range projections for 2100 sea levels produce total water levels 

reaching TWL(100) = 22.7 ft. NAVD for the steeply sloping accreted beach conditions and 

TWL(100) = 21.1 ft. NAVD for the eroded beach conditions. Consequently, all beach front well 

heads for the Doheny Desalination Project will be overtopped and flooded when extreme waves 

happen concurrently with extreme ocean water levels that are superimposed on the high range of 

2100 sea levels. The lowest lying well heads (Well Heads A-C) would experience the highest 

overtopping rates, ranging from Q (100yr) = 0.216 cfs/ft. to 0.331 cfs/ft. depending on the 

eroded or accreted condition of Doheny State Beach. According Table VI-5-6 in the Coastal 

Engineering Manual (USACE, 2006) overtopping rates of this order of magnitude are very 

dangerous for pedestrian and vehicle traffic, and may cause structural damage to adjacent 

buildings, but the well heads and pumps for the Doheny Desalination project will be protected by 

steel vault enclosures. The smallest overtopping rates during the 100-year event at the high 

range2100 sea level projections will occur at the highest located well head (Well Head H) at the 

Capistrano Beach site where overtopping rates will range from Q (100yr) = 0.142 cfs/ft. to 

0.250 cfs/ft. While these overtopping rates are still dangerous to pedestrian and vehicle traffic, 

they are easily mitigated by the steel vault enclosures of the well heads and pumps being placed 

at Capistrano Beach. 

Tsunami induced erosion, runup, and inundation were analyzed for the Doheny and 

Capistrano State Beaches and shore-side facilities associated with the Doheny Desalination 

Project for present and future sea levels according to low and high range sea level rise 



90 

predictions. The analysis was based on numerical refraction/diffraction codes for a shoaling 

solitary wave. The tsunami event scenario is based on a 2m high solitary wave approaching 

Doheny Beach from 165 degrees true, as could be anticipated for a catastrophic tsunami event 

arising from a major landside on the east side of San Clemente Island. The local 

refraction/diffraction pattern from the solitary wave reveals the tsunami wave height begins to 

increase at 50 m of water depth due to shoaling, and reaches 6m of height before breaking along 

the shores of Doheny and Capistrano Beaches. Because the tsunami wave begins shoaling in 

much deeper water than typical storm-induced waves, it causes seabed scour and erosion to 

occur out to very deep-water depths. Therefore, all run-up and total water level solutions are 

based eroded beach profile conditions.  

Tsunami TWL inundation calculations are summarized Table 8.1 for the Doheny Beach 

site, and Table 8.2 for the Capistrano Beach site. These tables indicate that all of the shore 

facilities of the Doheny Desalination Project are above tsunami inundation levels at present sea 

level. However, all of the well heads at both Doheny and Capistrano Beaches would suffer some 

degree of tsunami overtopping if concurrent with 2100 sea levels, and the overtopping rates 

could be quite severe, especially for the high 210 sea level rise projections. At the low range of 

2100 sea level projections, total water levels would reach TWL = 18.82 ft. NAVD at Doheny 

Beach and TWL = 18.83 ft. NAVD at Capistrano Beach. Well Heads A-C at Doheny Beach 

would experience the highest overtopping surges of Q= 1.142 cfs/ft while Well Head G at 

Capistrano Beach would remain high and dry. However, if the tsunami occurred atop the high 

range sea level rise projections for year 2100, then total water levels would reach TWL = 22.31 

ft. NAVD at Doheny Beach and TWL = 22.4 ft. NAVD at Capistrano Beach, sufficient to overtop 

all the well sites of the Doheny Desalination project. In this case the tsunami surge could 

produce very high, although short-lived, overtopping rates reaching a maximum of Q= 5.691 

cfs/ft at Well Heads A-C on Doheny Beach and a minimum of Q= 2.916 cfs/ft at Well Head H 

on Capistrano Beach. Undoubtedly, the steel vault enclosures of the well heads can be designed 

to withstand these high surge rates, but particular attention should be given to the foundations of 

the vaults to assure those foundations have adequate depth to prevent undercutting by scour. 

These findings are consistent with the FEMA tsunami flood map which show that all of the 

Doheny Beach/San Juan Creek corridor extending several miles inland will be inundated by a 

shoaling tsunami solitary wave. 
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Appendix-A: Refraction/Diffraction Plots for Extreme Event Waves: 
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Appendix C: 
Project Cost Estimates 



Item Description Unit Quantity 
(GHD)

Unit Price Item Total

A LS 1 $161,900 $161,900

$161,900

B 
1 Clearing & Grubbing LS 1 $20,000 $20,000
2 Grading and Excavation LS 1 $60,000 $60,000
3 Earthwork (imported) CY 63100 $25 $1,577,500
4 Remove Existing Storm Drain Inlet EA 1 $1,400 $1,400
5 Cap Existing Manhole EA 1 $1,200 $1,200
6 Install Junction Structure (W6' x L6' x H20') LS 1 $30,000 $30,000
7 Shoring Equipment (6 weeks) LS 1 $1,800 $1,800
8 Miscellaneous Site Work LS 1 $50,000 $50,000

$1,741,900

C
1 Construct Stormwater Detention Basin ( 0.5 acres X 2' deep) LS 1 $87,000 $87,000
2 Miscellaneous Basin Work LS 1 $20,000 $20,000

$107,000

$2,010,800
$301,620

$2,312,420

$2,312,420

Detention Basin

Subtotal Construction Cost B

Subtotal Construction Cost C

1. Mobilization and demobilization is estimated to be 7% of construction cost.
Note:

Grand Total

Subtotal Construction Cost (A+B+C)

Total Construction Cost (A+B+C)
15% Contingency

Doheny Desalination Project Cost Estimates

Alternative 1

Site Improvements

Subtotal Construction Cost A

Mobilization & Demobilization 



Item Description Unit Quantity 
(GHD)

Unit Price Item Total

A LS 1 $264,500 $264,500

$264,500

B 
1 Clearing & Grubbing LS 1 $20,000 $20,000
2 Grading and Excavation LS 1 $120,000 $120,000
3 Earthwork (imported) CY 27100 $25 $677,500
4 Demolish Existing Channel Wall with Footing LF 255 $600 $153,000
6 Miscellaneous Site Work LS 1 $50,000 $50,000

$1,020,500

C
1 Furnish and Install Sheet Piles LF 500 $4,000 $2,000,000

$2,000,000

$3,285,000
$492,750

$3,777,750

$3,777,750

Subtotal Construction Cost B

1. Mobilization and demobilization is estimated to be 7% of construction cost.
Note:

Grand Total

Site Improvements 

Subtotal Construction Cost A

Mobilization & Demobilization 

Doheny Desalination Project Cost Estimates

Alternative 2

Sheet Pile Wall

Subtotal Construction Cost (A+B+C)
15% Contingency

Total Construction Cost (A+B+C)

Subtotal Construction Cost C



Item Description Unit Quantity 
(GHD)

Unit Price Item Total

A LS 1 $277,500 $277,500

$277,500

B 
1 Clearing & Grubbing LS 1 $20,000 $20,000
2 Grading and Excavation LS 1 $120,000 $120,000
3 Earthwork (imported) CY 27100 $25 $677,500
4 Remove Existing Storm Drain Inlet EA 1 $1,400 $1,400
5 Cap Existing Manhole EA 1 $1,200 $1,200
6 Install Junction Structure (W6' x L6' x H20') LS 1 $30,000 $30,000
7 Shoring Equipment(6 weeks) LS 1 $1,800 $1,800
8 Demolish Existing Channel Wall with Footing LF 255 $600 $153,000
9 Gravel Bag Berm LF 1050 $5 $5,250
11 Miscellaneous Site Work LS 1 $50,000 $50,000

$1,060,150

C
1 Construct Stormwater Detention Basin ( 0.5 acres X 2' deep) LS 1 $87,000 $87,000
2 Miscellaneous Basin Work LS 1 $20,000 $20,000

$107,000

D
1 Furnish and Install Sheet Piles LF 500 $4,000 $2,000,000

$2,000,000

$3,444,650
$516,698

$3,961,348

$3,961,348

Sheet Pile Wall

1. Mobilization and demobilization is estimated to be 7% of construction cost.
Note:

Grand Total

Subtotal Construction Cost C

Doheny Desalination Project Cost Estimates

Alternative 3

Subtotal Construction Cost B

Site Improvements 

Subtotal Construction Cost A

Subtotal Construction Cost (A+B+C+D)
15% Contingency

Total Construction Cost (A+B+C+D)

Detention Basin

Subtotal Construction Cost C

Mobilization & Demobilization 
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6 March 2019 

Mark Donovan, PE 

GHD 

Desalination Program Manager 

320 Goddard Way, Suite 200 

Irvine CA 92618  

mark.donovan@ghd.com 

Re: Review of Plumes 18b Modeling Deleterious Diffuser Entrainment 

Doheny Desalination Project 

Hello Mark: 

I reviewed the Plumes 18b report (Jenkins 2019) for the South Coast Water District 
Doheny Desalination Plant (DDP) and the following are my thoughts. 

The results presented in Jenkins Table 3 (buoyant discharge scenarios) and Table 5 (non-

buoyant discharge scenarios) include: depth of maximum plume rise, distance to 

maximum plume rise, volume of water with deleterious entrainment (entrainment 

mortality), the incremental change in the volume compared to baseline, diameter of 

the zone of initial dilution (ZID), and the incremental change in ZID diameter. 

The buoyant discharge scenarios (Jenkins Table 3) all result in reduced entrainment 

mortality and smaller ZIDs. Therefore, Jenkins posits that "no mitigation should 

be required for DDP (Doheny Desalination Plant) operational scenarios that result 

in buoyant combined discharges with SOCWA wastewater." 

Table 1. Modeling Summary (note both feet and meters are reported) 

Distance to 

maximum 

rise (ft) 

Deleterious 

entrainment 

volume at 

maximum 

rise (mgd) 

Incremental 

reduction in 

diffuser 

entrainment 

(mgd) 

ZID 

diameter (m) 

Incremental 

reduction in 

ZID 

diameter (m) 

Buoyant 

scenarios 

48.5–68.9 1,702–6,992 33–1,615 63–196 5–188 

Non-

buoyant 

scenarios 

<1–20.1 67–729 N/A N/A N/A 

mailto:mark.donovan@ghd.com
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The non-buoyant discharge scenarios (Jenkins Table 5) result in entrainment mortality 

volumes that range from 67 to 729 million gallons per day (mgd). These volumes "are to 

be throughput to the ETM/APF (Empirical Transport Model/Area Production Foregone) 

calculus to compute the mitigation scaling for DDP diffuser turbulent impact". 

For simplicity, I'll refer to the "volume of deleterious entrainment" as "TM (turbulence 

mortality) volume". The volumes calculated above are high relative to the actual discharge 

volumes at the outfall. For example, the baseline discharge of 8 mgd of wastewater results 

in TM volume at maximum rise of 3,004 mgd, or 376 times the discharge rate. For 

comparison, when San Onofre Nuclear Generating Station was operational, each unit 

discharged approximately 1,200 mgd of cooling water (2,400 mgd total for Units 2 and 3). 

If ETM/APF is the required approach, the required denominator for proportional 

entrainment is the source water volume. The APF estimates that we presented in the Draft 

EIR (Appendix 10.4.1) were based on an estimated source water with dimensions 2 km 

cross-shore, 25.9 km longshore, and 20 m deep. The longshore distance was based on a 

current speed of 6 cm/sec. The total source water volume was estimated at approximately 

54,779 x 106 gallons. 

The ETM/APF approach has been used for power plants and desalination facilities, and the 

focus has been fish eggs and larvae, and target meroplankton such as crabs, squid, and 

spiny lobster. We have not sampled plankton in the nearshore waters of Dana Point, but 

performed a year-long plankton study off San Onofre in 2006-7 (MBC 2007). The most 

abundant fish larvae during studies at San Onofre were Northern Anchovy (Engraulis 

mordax), unidentified anchovies (Engraulidae), Queenfish (Seriphus politus), and clinid 

kelpfish (Gibbonsia spp). The most abundant fish eggs were Engraulid eggs, unidentified 

fish eggs, and Sciaenid/Paralichthyid/Labrid eggs. The table below summarizes known egg 

sizes and hatching lengths for relevant taxa (from Moser 1996), and the percent 

contribution of each taxon to the egg/larval total in entrainment samples (MBC 2007). 

Table 2. Sizes of fish eggs and larvae, and contribution to totals off San Onofre. 

Species Egg diameter 

(mm) 

% 

contribution 

to egg total 

Hatch length 

(mm) 

% 

contribution 

to larvae total 

Northern 

Anchovy 

1.23–1.55* 

42.8† 

2.5–3.0 38.5 

Deepbody 

Anchovy 

0.6–0.9 1.5–2.5 20.3†† 

Queenfish 0.73–0.78 1.3‡ ~1.6 5.9 

Spotted Kelpfish 4.5 5.8‡‡ 

Giant Kelpfish 1.2–1.4 5.1–6.2 0.6 
* Eggs of N. Anchovy are elongate. These are the lengths in the longest dimension.

† Engraulid eggs include N. Anchovy (E. mordax) and Deepbody Anchovy (A. compressa).
†† Engraulid larvae (unidentifiable to species).

‡ Sciaenid eggs (unidentifiable to species).

‡‡ Gibbonsia spp larvae (unidentifiable to species).
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In the case of the DDP, it is assumed that TM is limited to organisms <1 mm in size, which 

would exclude fish larvae and some fish eggs. 

This preliminary analysis uses the same assumptions described above, but depth is now 

considered to be 31 m (centered on the diffuser section). Because the focus is now on 

organisms <1 mm, we are now analyzing zooplankton instead of fish eggs and larvae (we 

assume phytoplankton are not of concern). Zooplankton are distributed throughout the 

water column and migrate vertically to various degrees (Mullin 1986). Zooplankton can be 

divided into microzooplankton (smaller than ~300 m) and macrozooplankton (larger than 

~300 m). Microzooplankton feed on particulate organic sources, and consist of 

protozoans and juvenile stages of metazoan plankton, such as copepod nauplii and early 

copepodites (Dawson and Pieper 1993). Macrozooplankton include organisms such as 

gelatinous zooplankton, chaetognaths, copepods, cladocerans, and ostracods. 

Figure 1. Mean cross-shore abundance profiles of nine zooplankton taxa off San 

Onofre, 1976 to 1980. From Barnett and Jahn (1987). 

As mentioned earlier, the buoyant discharge scenarios all result in smaller TM volumes. 

The following estimates were calculated for the non-buoyant discharge scenarios, and are 

based on a source water volume of 87,235 x 106 gallons and a larval duration of one day. 

Note that these are not based on any empirical biological data, and we have no data to 

characterize spatial or temporal patterns of zooplankton abundance in the immediate 

project area. This data will ultimately be required for preparation of the Marine Life 

Mortality Report (per the Ocean Plan, III.M.2.e.1.a [Marine Life Mortality Report]). 
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Table 3. Probability of Mortality (PM) and Area Production Foregone (APF) 

Estimates for DDP based on TM volumes from Jenkins (2019) and a larval duration 

of one day. The PM  and APF estimates were calculated using the TM volume at the 

bottom hit of the plume, which was larger than the maximum rise volume for both 

scenarios. 

Non-

buoyant 

Scenario 

Wastewater 

+ brine

discharge 

rates (mgd) 

TM volume 

(mgd) at 

maximum 

rise of 

plume 

TM 

Volume 

(mgd) at 

bottom hit 

of plume 

Probability 

of Mortality 

(PM) 

Area 

Production 

Foregone 

(acres) 

1 0 + 3 78.09 120.78    0.00138 3.54 

3 0 + 5 95.4 189.7    0.00217 5.57 

Potential effects to zooplankton from entrainment in power plants and desalination 

facilities have not been analyzed in recent studies in southern California. The California 

Energy Commission published several reports that attempted to summarize standard 

collection and analysis methods for power plant entrainment studies. The report Assessing 

Power Plant Cooling Water Intake System Entrainment Impacts, Steinbeck et al (2007) 

determined: 

"Entrainment affects all types of planktonic organisms, but most studies do not assess 

holoplankton (phytoplankton and zooplankton that are planktonic for their entire life) 

because their broad geographic distributions and short generation times reduce the effects 

of entrainment on their populations. In contrast, the potential for localized effects on 

certain fish populations is much greater, especially for power plants located in riverine or 

estuarine areas where a large percentage of the local population may be at risk of 

entrainment (Barnthouse et al. 1988, Barnthouse 2000). Although the potential for similar 

effects exists for certain invertebrate meroplankton (for example, crab and clam larvae), 

taxonomy of early larval stages of many invertebrates is not sufficiently advanced to allow 

for assessments at the species level." 

EPRI (2007) summarized analysis of plankton for the SWRCB as follows: 

"The entrainment performance standard for entrainment reduction in the EPA Rule focuses 

on addressing impacts to fish and shellfish rather than lower tropic levels such as 

phytoplankton and zooplankton. There are several reasons why there is a low potential for 

impacts to phytoplankton and zooplankton and why it made sense for EPA to focus on 

effects on fish and shellfish. EPA recognized the low vulnerability of phytoplankton and 

zooplankton in its 1977 draft §316(b) guidance (USEPA 1977). The reasons include the 

following: 

• The extremely short generation times—on the order of a few hours to a few days

for phytoplankton and a few days to a few weeks for zooplankton;
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• Both phytoplankton and zooplankton have the capability to reproduce continually

depending on environmental conditions; and

• The most abundant phytoplankton and zooplankton species along the California

coast have populations that span the entire Pacific, or in some cases all of the

world’s oceans. For example, Acartia tonsa, one of the common copepod species

found in the nearshore areas of California has a distribution that includes the

Atlantic and Pacific coasts of North and South America and the Indian Ocean."

From the CalAm Draft EIR (ESA 2017): 

"The minimum and maximum discharge velocities (7.4 ft/sec (2.26 m/sec) and 14.8 ft/sec 

(4.51 m/sec)) modeled across all scenarios for the proposed MPWSP (see Appendix D1) 

closely approximate the discharge velocities calculated by Foster. Foster (2013) concludes 

that, at these very small eddy scales: “Overall, the area of high shear impacted by the 

diffusers is relatively small and transit times through the region short. Thus, it seems 

reasonable to expect that, while the larvae that experience the highest shear will most likely 

experience lethal damage, the overall increase in mortality integrated over the larger area 

will be low.” 

When the environmental effects for San Onofre Nuclear Generating Station were being 

evaluated in the 1980s, the Marine Review Committee determined intake losses of 

zooplankton of about 1,350 metric tons per year were not a substantial adverse effect, so 

no mitigation was required (Ambrose et al. 1990). However, SCE was required to mitigate 

for losses to fish and kelp, and is prepared to double the size of the mitigation reef off San 

Clemente to achieve compliance with mitigation requirements (CSLC 2019). 

The point of these references is to note that there has been little interest in analysis of 

potential effects to holoplankton in the last 30 years or so. For CalAm, they actually did a 

plankton survey in Monterey Bay, but ended up with the conclusion above that the effects 

would be minimal given the short duration and small area considered. 

Please let me know if you would like any more information. 

Respectfully, 

MBC Aquatic Sciences 

Shane Beck 

President 

Cc: K. Thomas (Kimley-Horn), D. Vilas (MBC) 
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7 March 2019 

Mark Donovan, PE 

GHD 

Desalination Program Manager 

320 Goddard Way, Suite 200 

Irvine CA 92618  

mark.donovan@ghd.com 

Re: Review of Dense-Discharge Associated Impacts for the Doheny Desalination Project 

Hello Mark: 

This memo was prepared to review a range of impacts related to the discharge of 

dense (negatively buoyant) discharge scenarios presented in the Plumes 18b report 

(Jenkins 2019) prepared for the South Coast Water District Doheny Desalination 
Plant (DDP). 

Based on Jenkins (2019) there are two separate impacts to the marine environment 

from the discharge of the dense plume: shear stress mortality as the plume is released 

from the diffuser ports, and the introduction of a sinking, concentrated brine into 

the marine environment. Shear stress impacts as a result of a dense discharge were 

reviewed in MBC Aquatic Sciences’ (MBC’s) memo Review of Plumes 18b 

Modeling Deleterious Diffuser Entrainment Doheny Desalination Project dated 6 

March 2019 and will be discussed further later. This memo will determine the area 

of exposure of the benthic habitat to elevated salinity levels and later combine the two 

impacts to determine area of impacts as a starting point to evaluate appropriate 

mitigation.    

The California Ocean Plan (SWRCB 2015) allows for an area of initial mixing of 

concentrated brine discharges as described below:  

Discharges shall not exceed a daily maximum of 2.0 parts per thousand 

(ppt) above natural background salinity measured no further than 100 

meters (328 ft) horizontally from each discharge point. There is no vertical 

limit to this zone.  

This area is defined as the Brine Mixing Zone (BMZ). For the Doheny Desalination Project 

the 328 feet (ft) regulatory limit of the BMZ is displayed in Figure 1. This figure illustrates 

the BMZ at 328 ft in all directions from the discharge pipe for the 1,488 ft of the pipeline 

on which diffuser ports are located.  The area of the allowed BMZ for the project is 20.1 

acres.   

mailto:mark.donovan@ghd.com
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Jenkins (2019, Table 5) modeled eight brine mixing scenarios which would result in a 

dense plume. Of these, two scenarios, the discharge of 3 million gallons per day (MGD) 

and 5 MGD of 67 ppt brine with no wastewater dilution, have a remote chance of occurring 

in the future. Jenkins calculated the distance at which the 2 ppt above ambient salinity is 

met for the 3 MGD discharge is less than 0.6 ft from the discharge pipe, and for the 5 MGD 

discharge the limit is met less than 0.7 ft from the pipe (Figure 2). In a worst-case scenario, 

the discharge of 15 MGD of 67 ppt brine with no wastewater dilution, the salinity mixing 

meets the 2 ppt limit less than 2.5 ft from the discharge pipe.  

Using GIS tools, MBC determined the area of exposure of the benthic habitat to salinities 

in excess of 2 ppt above ambient for both of the low-likelihood discharge scenarios and for 

the worst-case scenario (Table 1). To be conservative the area of the pipe was included in 

in the calculation of these exposure areas. For both low-likelihood dense discharge mixing 

Figure 1. The 328 foot regulatory limit of the BMZ at the project location. 
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scenarios the area of benthic exposure >2 ppt above ambient salinity is about 0.2 acres, 1% 

of the area allowed for this project by the Ocean Plan (SWRCB 2015). For the worst-case 

scenario the area is still less than one-third of an acre. These area totals are considered the 

BMZs for the respective scenarios.  

Because of the relatively small area of the BMZ for both low-likelihood dense discharge 

mixing scenarios we will not further parse out detrimental impacts related to acute toxicity 

or osmotic stresses to benthic organisms that reside within the BMZ. Instead, in these cases 

we propose basing mitigation on the area of the entire BMZ. We do not suggest that this 

Figure 2. Distance from the discharge pipe for compliance with the 2 ppt regulatory 

mixing requirement.  The red line at 0.7 ft from the pipe approximates the mixing 

zones for both of the low likelihood mixing scenarios of 3 and 5 MGD of 67 ppt 

brine with no dilution. The blue line at 2.5 ft from the pipe is the worst-case scenario 

of 15 MGD of 67 ppt brine with no dilution Note: The pipeline diameter is 4.75 ft. 
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should be set as a precedent, and a case-by-case analysis is recommended, but for this 

model determining the areas of differential impacts within the BMZ would not 

substantially change the final mitigation requirements.  

As mentioned above, benthic exposure (BMZ) is one of two impacts to the marine 

environment from the discharge of a dense plume identified by Jenkins (2019). The second 

impact is stress-related mortality to small, water-column organisms from mechanical 

mixing of the discharge into the receiving water. Impact areas for stress-related mortality 

associated with the two low-likelihood dense discharge mixing scenarios were evaluated 

by the Area of Production Foregone (APF) method in the MBC 6 March 2019 memo. The 

APF and BMZ area will be considered additive for purposes of determining an area for the 

basis of evaluating preliminary mitigation requirements. The full area of impact for the two 

low-likelihood dense discharge mixing scenarios are presented in Table 2. (The worst-case 

scenario is not further included.) Combined impact area for the 3 MGD discharge scenario 

is less than four acres and for the 5 MGD discharge scenario less than six acres. 

The intent of this memo is to present a methodology and a result for the cumulative area of 

impact to the marine environment for the low-likelihood dense plume discharge scenarios.  

Should analysis of the low-likelihood dense plume discharge scenarios move forward, 

methodology for proposed mitigation for dense-discharge impacts will be presented in 

subsequent documents.  

Table 1.  Area (acres) of benthic exposure >2 ppt above ambient salinity for the 

two low-likelihood discharge scenarios and for the worst-case scenario.  

Dense Discharge 

Scenario (Jenkins 

2019, Table 5) 

Wastewater + brine 

discharge rates 

(MGD) 

Horizontal distance 

(feet) to within 2 

ppt of ambient 

salinity (Jenkins 

2019, Table 5) 

Area (acres) of 

benthic exposure 

>2 ppt above

ambient salinity 

(BMZ) 

1 0 + 3 0.566 0.1999 

3 0 + 5 0.653 0.2058 

6 0+15 2.466 0.3296 

Table 2.  Combined BMZ and APF impact areas (acres) for the determination of 

mitigation requirements for the two low-likelihood dense plume discharge 

scenarios.   

Dense 

Discharge 

Scenario 

(Jenkins 2019, 

Table 5) 

Wastewater + 

brine discharge 

rates (MGD) 

Area (acres) of 

benthic 

exposure >2 

ppt above 

ambient 

salinity (BMZ) 

Area (acres) 

Production 

Foregone 

(APF) 

Combined 

BMZ and APF 

area (acres) 

1 0 + 3 0.20 3.54 3.74 

3 0 + 5 0.21 5.57 5.78 



5 

Please let me know if you would like to discuss further. 

Cordially, 

MBC Aquatic Sciences 

David Vilas 

Senior Scientist 

Cc: K. Thomas (Kimley-Horn), D.S. Beck (MBC) 
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Attachment A: Comment Letter O1 Exhibits 

• Exhibit D – Water Well Standards

• Exhibit E – Water Well Standards

• Exhibit F – IDA Technical Paper (Dennis Williams, 2015)

• Exhibit G – Extended Pumping and Pilot Test (MWDOC, 2014)

• Exhibit H – CalEEMod User Manual (2017)
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