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STATE OF CALIFORNIA  Gavin Newsom, Governor 

NATIVE AMERICAN HERITAGE COMMISSION 
Cultural and Environmental Department 
1550 Harbor Blvd., Suite 100  
West Sacramento, CA 95691   
Phone: (916) 373-3710  
Email: nahc@nahc.ca.gov  
Website: http://www.nahc.ca.gov  

June 4, 2019 

Jessica Magana 

City of Brea 

VIA Email to: jessicam@ci.brea.ca.us 

RE: Native American Consultation, Pursuant to Senate Bill 18 (SB18), Government Codes §65352.3 and 

§65352.4, as well as Assembly Bill 52 (AB52), Public Resources Codes §21080.1, §21080.3.1 and

§21080.3.2, Brea Mall Redevelopment Project, Orange County

Dear Ms. Magana: 

Attached is a consultation list of tribes with traditional lands or cultural places located within the boundaries 

of the above referenced counties or projects.    

Government Codes §65352.3 and §65352.4 require local governments to consult with California Native 

American tribes identified by the Native American Heritage Commission (NAHC) for the purpose of 

avoiding, protecting, and/or mitigating impacts to cultural places when creating or amending General Plans, 

Specific Plans and Community Plans.     

Public Resources Codes §21080.3.1 and §21080.3.2 requires public agencies to consult with California 

Native American tribes identified by the Native American Heritage Commission (NAHC) for the purpose of 

avoiding, protecting, and/or mitigating impacts to tribal cultural resources as defined, for California 

Environmental Quality Act (CEQA) projects.    

The law does not preclude local governments and agencies from initiating consultation with the tribes that 

are culturally and traditionally affiliated within your jurisdiction.  The NAHC believes that this is the best 

practice to ensure that tribes are consulted commensurate with the intent of the law.  

Best practice for the AB52 process and in accordance with Public Resources Code §21080.3.1(d), is to do 

the following:   

Within 14 days of determining that an application for a project is complete or a decision by a public agency 

to undertake a project, the lead agency shall provide formal notification to the designated contact of, or a 

tribal representative of, traditionally and culturally affiliated California Native American tribes that have 

requested notice, which shall be accomplished by means of at least one written notification that includes a 

brief description of the proposed project and its location, the lead agency contact information, and a 

notification that the California Native American tribe has 30 days to request consultation pursuant to this 

section.  

The NAHC also recommends, but does not require that lead agencies include in their notification letters, 

information regarding any cultural resources assessment that has been completed on the area of potential 

affect (APE), such as:  
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1. The results of any record search that may have been conducted at an Information Center of the

California Historical Resources Information System (CHRIS), including, but not limited to:

▪ A listing of any and all known cultural resources have already been recorded on or adjacent to

the APE, such as known archaeological sites;

▪ Copies of any and all cultural resource records and study reports that may have been provided by

the Information Center as part of the records search response;

▪ Whether the records search indicates a low, moderate or high probability that unrecorded

cultural resources are located in the APE; and

▪ If a survey is recommended by the Information Center to determine whether previously

unrecorded cultural resources are present.

2. The results of any archaeological inventory survey that was conducted, including:

▪ Any report that may contain site forms, site significance, and suggested mitigation measures.

All information regarding site locations, Native American human remains, and associated

funerary objects should be in a separate confidential addendum, and not be made available for

public disclosure in accordance with Government Code Section 6254.10.

3. The result of the Sacred Lands File (SFL) check conducted through the NAHC was negative.

4. Any ethnographic studies conducted for any area including all or part of the APE; and

5. Any geotechnical reports regarding all or part of the APE.

Lead agencies should be aware that records maintained by the NAHC and CHRIS is not exhaustive, and 

a negative response to these searches does not preclude the existence of a tribal cultural resource.  A 

tribe may be the only source of information regarding the existence of a tribal cultural resource.  

This information will aid tribes in determining whether to request formal consultation.  In the event, that 

they do, having the information beforehand well help to facilitate the consultation process.  

If you receive notification of change of addresses and phone numbers from tribes, please notify the NAHC. 
With your assistance, we can assure that our consultation list remains current.  

If you have any questions, please contact me at my email address: steven.quinn@nahc.ca.gov. 

Sincerely,  

Steven Quinn 
Associate Governmental Program Analyst 

Attachment 

J-2



Agua Caliente Band of Cahuilla 
Indians
Jeff Grubbe, Chairperson
5401 Dinah Shore Drive 
Palm Springs, CA, 92264
Phone: (760) 699 - 6800
Fax: (760) 699-6919

Cahuilla

Campo Band of Diegueno 
Mission Indians
Ralph Goff, Chairperson
36190 Church Road, Suite 1 
Campo, CA, 91906
Phone: (619) 478 - 9046
Fax: (619) 478-5818
rgoff@campo-nsn.gov

Diegueno

Ewiiaapaayp Tribe
Robert Pinto, Chairperson
4054 Willows Road 
Alpine, CA, 91901
Phone: (619) 445 - 6315
Fax: (619) 445-9126
wmicklin@leaningrock.net

Diegueno

Ewiiaapaayp Tribe
Michael Garcia, Vice Chairperson
4054 Willows Road 
Alpine, CA, 91901
Phone: (619) 445 - 6315
Fax: (619) 445-9126
michaelg@leaningrock.net

Diegueno

Gabrieleno Band of Mission 
Indians - Kizh Nation
Andrew Salas, Chairperson
P.O. Box 393 
Covina, CA, 91723
Phone: (626) 926 - 4131
admin@gabrielenoindians.org

Gabrieleno

Gabrieleno/Tongva San Gabriel 
Band of Mission Indians
Anthony Morales, Chairperson
P.O. Box 693 
San Gabriel, CA, 91778
Phone: (626) 483 - 3564
Fax: (626) 286-1262
GTTribalcouncil@aol.com

Gabrieleno

Gabrielino /Tongva Nation
Sandonne Goad, Chairperson
106 1/2 Judge John Aiso St.,  
#231 
Los Angeles, CA, 90012
Phone: (951) 807 - 0479
sgoad@gabrielino-tongva.com

Gabrielino

Gabrielino Tongva Indians of 
California Tribal Council
Robert Dorame, Chairperson
P.O. Box 490 
Bellflower, CA, 90707
Phone: (562) 761 - 6417
Fax: (562) 761-6417
gtongva@gmail.com

Gabrielino

Gabrielino-Tongva Tribe
Charles Alvarez, 
23454 Vanowen Street 
West Hills, CA, 91307
Phone: (310) 403 - 6048
roadkingcharles@aol.com

Gabrielino

Jamul Indian Village
Lisa Cumper, Tribal Historic 
Preservation Officer
P.O. Box 612 
Jamul, CA, 91935
Phone: (619) 669 - 4855
lcumper@jiv-nsn.gov

Diegueno

Jamul Indian Village
Erica Pinto, Chairperson
P.O. Box 612 
Jamul, CA, 91935
Phone: (619) 669 - 4785
Fax: (619) 669-4817
epinto@jiv-nsn.gov

Diegueno

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

Juaneno

1 of 3

This list is current only as of the date of this document and is based on the information available to the Commission on the date it was produced. Distribution of 
this list does not relieve any person of statutory responsibility as defined in Section 7050.5 of the Health and Safety Code, Section 5097.94 of the Public 
Resources Code and Section 5097.98 of the Public Resources Code.
 
This list is applicable only for consultation with Native American tribes under Government Code Sections 65352.3, 65352.4 et seq. and Public Resources Code 
Sections 21080.3.1 for the proposed Brea Mall Redevelopment Project, Orange County.
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Juaneno Band of Mission 
Indians Acjachemen Nation
Matias Belardes, Chairperson
32161 Avenida Los Amigos 
San Juan Capisttrano, CA, 92675
Phone: (949) 293 - 8522
kaamalam@gmail.com

Juaneno

Juaneno Band of Mission 
Indians Acjachemen Nation - 
Romero
Teresa Romero, Chairperson
31411-A La Matanza Street 
San Juan Capistrano, CA, 92675
Phone: (949) 488 - 3484
Fax: (949) 488-3294
tromero@juaneno.com

Juaneno

La Jolla Band of Luiseno 
Indians
Fred Nelson, Chairperson
22000 Highway 76 
Pauma Valley, CA, 92061
Phone: (760) 742 - 3771

Luiseno

La Posta Band of Diegueno 
Mission Indians
Javaughn Miller, Tribal 
Administrator
8 Crestwood Road 
Boulevard, CA, 91905
Phone: (619) 478 - 2113
Fax: (619) 478-2125
jmiller@LPtribe.net

Diegueno

La Posta Band of Diegueno 
Mission Indians
Gwendolyn Parada, Chairperson
8 Crestwood Road 
Boulevard, CA, 91905
Phone: (619) 478 - 2113
Fax: (619) 478-2125
LP13boots@aol.com

Diegueno

Manzanita Band of Kumeyaay 
Nation
Angela Elliott Santos, Chairperson
P.O. Box 1302 
Boulevard, CA, 91905
Phone: (619) 766 - 4930
Fax: (619) 766-4957

Diegueno

Mesa Grande Band of Diegueno 
Mission Indians
Michael Linton, Chairperson
P.O Box 270 
Santa Ysabel, CA, 92070
Phone: (760) 782 - 3818
Fax: (760) 782-9092
mesagrandeband@msn.com

Diegueno

Pala Band of Mission Indians
Robert Smith, Chairperson
35008 Pala Temecula Road 
Pala, CA, 92059
Phone: (760) 891 - 3500
Fax: (760) 742-3189
rsmith@palatribe.com

Cupeno
Luiseno

Pauma Band of Luiseno Indians
Temet Aguilar, Chairperson
P.O. Box 369 
Pauma Valley, CA, 92061
Phone: (760) 742 - 1289
Fax: (760) 742-3422
bennaecalac@aol.com

Luiseno

Pechanga Band of Luiseno 
Indians
Mark Macarro, Chairperson
P.O. Box 1477 
Temecula, CA, 92593
Phone: (951) 770 - 6000
Fax: (951) 695-1778
epreston@pechanga-nsn.gov

Luiseno

Rincon Band of Luiseno Indians
Bo Mazzetti, Chairperson
One Government Center Lane 
Valley Center, CA, 92082
Phone: (760) 749 - 1051
Fax: (760) 749-5144
bomazzetti@aol.com

Luiseno
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This list is current only as of the date of this document and is based on the information available to the Commission on the date it was produced. Distribution of 
this list does not relieve any person of statutory responsibility as defined in Section 7050.5 of the Health and Safety Code, Section 5097.94 of the Public 
Resources Code and Section 5097.98 of the Public Resources Code.
 
This list is applicable only for consultation with Native American tribes under Government Code Sections 65352.3, 65352.4 et seq. and Public Resources Code 
Sections 21080.3.1 for the proposed Brea Mall Redevelopment Project, Orange County.

PROJ-2019-
003117

06/04/2019 10:32 AM

Native American Heritage Commission
Tribal Consultation List

Orange County
6/4/2019

J-4



Rincon Band of Luiseno Indians
Jim McPherson, Tribal Historic 
Preservation Officer
One Government Center Lane 
Valley Center, CA, 92082
Phone: (760) 749 - 1051
Fax: (760) 749-5144
vwhipple@rincontribe.org

Luiseno

San Luis Rey Band of Mission 
Indians
San Luis Rey, Tribal Council
1889 Sunset Drive 
Vista, CA, 92081
Phone: (760) 724 - 8505
Fax: (760) 724-2172
cjmojado@slrmissionindians.org

Luiseno

San Pasqual Band of Diegueno 
Mission Indians
Allen Lawson, Chairperson
P.O. Box 365 
Valley Center, CA, 92082
Phone: (760) 749 - 3200
Fax: (760) 749-3876
allenl@sanpasqualtribe.org

Diegueno

Soboba Band of Luiseno 
Indians
Scott Cozart, Chairperson
P. O. Box 487 
San Jacinto, CA, 92583
Phone: (951) 654 - 2765
Fax: (951) 654-4198
jontiveros@soboba-nsn.gov

Cahuilla
Luiseno

Sycuan Band of the Kumeyaay 
Nation
Cody J. Martinez, Chairperson
1 Kwaaypaay Court 
El Cajon, CA, 92019
Phone: (619) 445 - 2613
Fax: (619) 445-1927
ssilva@sycuan-nsn.gov

Kumeyaay

Viejas Band of Kumeyaay 
Indians
Robert Welch, Chairperson
1 Viejas Grade Road 
Alpine, CA, 91901
Phone: (619) 445 - 3810
Fax: (619) 445-5337

Diegueno
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Andrew Salas, Chairman                                                  Nadine Salas, Vice-Chairman                                                           Dr. Christina Swindall Martinez, secretary                        

Albert Perez, treasurer I                                                  Martha Gonzalez Lemos, treasurer II                                             Richard Gradias,   Chairman of the council of Elders  
 

PO Box 393     Covina, CA  91723              www.gabrielenoindians@yahoo.com                    gabrielenoindians@yahoo.com 

 

      GABRIELENO BAND OF MISSION INDIANS - KIZH NATION 
Historically known as The San Gabriel Band of Mission Indians 

   recognized by the State of California as the aboriginal tribe of the Los Angeles basin 

 

 

 

Project Name:  Brea Mall Mixed Use Project City of Brea , Orange County CA  

   

Dear Jessica, 
 
Thank you for your letter dated August 16,2019 regarding AB52 consultation. The 

above  proposed project location is within our Ancestral Tribal Territory; therefore, our 

Tribal Government requests to schedule a consultation with you as the lead agency, to 

discuss the project and the surrounding location in further detail .  
 

Please contact us at your earliest convenience.   Please Note :AB 52, “consultation” 
shall have the same meaning as provided in SB 18 (Govt. Code Section 65352.4). 
 

Thank you for your time, 
 

 

 

 

Andrew Salas, Chairman 

Gabrieleno Band of Mission Indians – Kizh Nation 

1(844)390-0787 
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Wastewater Flow Monitoring Services 

For 

 

Brea Mall Mixed Use Project 

1065 Brea Mall 

Brea, CA 92821 

September 24, 2019 through October 10, 2019 

 
Leaders in Sewer Flow Monitoring 

Services 
 

601 N. Parkcenter Dr., Suite 209 
Santa Ana, CA 92705 

 
Phone: 714-542-1004   

Fax: 714-542-1332 
 

www.uscubed.com 
www.sewerflow.com 
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Tab 1: Overview & Site-Specific Information 

1.1  Overview 

The City of Brea (City) currently serves a population of approximately 41,000 people within 
a 12 square mile area. The City’s wastewater collection system is managed by the City’s 
Street, Sewer, Storm Drain & Sanitation Division. The collection system consists of about 
119 miles of gravity sewer lines and three pump (lift) stations. Flows from these local sewers 
discharge into Orange County Sanitation District facilities for treatment and disposal.   

City personnel provide engineering evaluation of proposed and existing sewer facilities, 
administer the City’s sewer service charge ordinance, carry out annexation proceedings for 
new service areas, form and dissolve service zones, maintain facility record plans and 
administer preventive maintenance and sewer construction programs. Since the City is 
responsible for properly managing, operating, and maintaining all portions of their 
wastewater collection system, as well as providing adequate capacity to carry peak capacity 
flows, sewer flow monitoring is required as a condition of development whenever a project 
proposes to construct 10 or more residential dwelling units or add 10,000 square feet (sf) or 
more of commercial space. This requirement not only helps to ensure adequate capacity, 
but continually updates their databases with the most current information, allowing the City 
to improve the condition and performance of its wastewater collection system, reducing the 
occurrences of SSOs, and ensuring the health and safety of the community. 

1.2  Project Description 

Utility Systems Science & Software, Inc. (US3) was contracted by raSmith to perform sewer 
flow monitoring at five sewer manholes for a period of seven days for their Brea Mall Mixed 
Use Project. Two sewer monitoring sites within Brea Mall were selected for concurrent 
monitoring with three downstream manholes.  This sewer system assessment was 
developed under conditions existing between 09/24/2019 and 10/10/2019 to analyze for 
potential capacity limitations in the monitored lines, which includes the anticipated effects of 
redeveloping the property at 1065 Brea Mall in Brea. 

The Brea Mall encompasses approximately 74 acres in northeast Orange County. The Mall 
is west of State Route 57 (SR-57) and is generally bounded by State College Boulevard to 
the east, Imperial Highway (SR 91) to the south, S. Randolph Av to the west, the City of 
Brea City Hall and Embassy Suites by Hilton to the northwest, and E. Birch St to the north. 
The project site is generally in the southwest portion of the Brea Mall, in the area formerly 
occupied by Sears. 
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US3 assessed permitting and traffic control requirements for the selected monitoring sites. 
Site-specific diagrams from the California Work Area Traffic Control Handbook (CA WATCH) 
were prepared for submittal with the City Encroachment Permit applications, which fully 
conformed with the California Manual of Uniform Traffic Control Devices. Due to the distance 
between the monitoring locations, two encroachment permits were approved by the City 
prior to flow monitoring. 

US3 performed site inspections to evaluate the site hydraulics at the selected monitoring 
sites as part of the installation process. Note: Each wastewater collection system is different, 
and some of the differences that affect flow monitoring include: slope of sewer line; age, 
condition and material of sewer line; number and type of connections; and sewer design, 
specifically the proximity of baffles, drop structures, pumps, siphons, and weirs. Only one of 
these structures was noted during the initial installations, which was a drop inlet, but since 
no flow was observed discharging from the drop inlet, it was deemed acceptable for flow 
monitoring during the inspection. Therefore, the initial installations occurred on 09/24/2019 
at the Nordstrom MH and at Sites 1, 2, 3 and 4. 

Upon review of the field installation documents and photos, it was determined that what were 
assumed to be the locations of Sites 3 and 4 were actually Site 3A (most likely a brine line) 
and Site 3. Therefore, installation at the correct Site 4 MH occurred on 10/02/2019. 
Monitoring at the Site 4 MH is referred to as the second week of monitoring or secondary 
monitoring. The monitoring site locations and sewer lines for both the first and second week 
of monitoring are shown on maps in Section 1.3.  

The manholes were equipped with Hach Marsh-
McBirney Flo-Dar® AV Sensors and Loggers. 
With the installation and removal of the 
equipment, the manholes were opened and 
confined space entry was limited to crossing the 
plane with hands and arms, but not actually 
entering the manholes. Even though US3 
personnel did not enter the manholes during 
equipment installation or removal, they were fully 
trained and certified in Confined Space Entry 
and CPR, and in accordance with safety 
standards, gas readings were taken and 
recorded throughout the duration of the 
installation and removal process.  
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In summary, US3 performed the following services as part of this project: 

 Sewer Flow Monitoring 

o Assessment of permitting and traffic control requirements 

o Installation of Marsh-McBirney Flo-Dar® AV Sensor/s and Logger/s 

 Validation of hydraulic suitability 

 Calibration of flow monitoring equipment 

 Documentation of installation and calibration 

o First week of flow monitoring between 09/24/2019 and 10/02/2019 

o Second week of flow monitoring between 10/02/2019 and 10/10/2019 

o Removal of flow monitoring equipment 

o Validation of flow monitoring data 

 Evaluation of the sanitary sewer at the monitored sites 

 Development of a report to discuss the flow monitoring data, including system 
statistics and graphs 

1.3  Existing and Proposed Site Maps 

Figure above: The vicinity map shows the temporary wastewater flow monitoring location of the 
Nordstrom MH. The Nordstrom MH is located at latitude 33.915117 and longitude -117.888619. 
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Figure below: The sewer map shows the plan view of all seven of the monitored sewer lines. 
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Figures: The vicinity map (above) shows the temporary wastewater flow monitoring location of 
the Site 1 MH. The Site 1 MH is located at latitude 33.912802 and longitude -117.887424. The 
vicinity map (below) shows the temporary wastewater flow monitoring location of the Site 2 MH. 
The Site 2 MH is located at latitude 33.910330 and longitude -117.888919. 
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Figures: The vicinity map (above) shows the temporary wastewater flow monitoring locations of 
the Site 3A MH and the Site 3 MH. Site 3A MH is at latitude 33.909343 and longitude -117.889338 
and Site 3 MH is at latitude 33.909322 and longitude -117.889302. The sewer map (below) shows 
the locations of Sites 3 and 4, which were incorrectly identified during the first week of monitoring. 
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Figures: The vicinity map (above) shows the temporary wastewater flow monitoring location of 
the Site 4 MH. The Site 4 MH is located at latitude 33.909049 and longitude -117.889105. The 
sewer map (below) shows the locations of Sites 3 and 4, which were incorrectly identified during 
the first week of monitoring; the Site 4 MH being must farther east than show 
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Figure below: Sewer map showing the Brea Mall and Residences at Brea Mall Mixed Use Project. 
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The project proposes to change the current land use from strictly commercial to a mixed 
use of commercial and residential. The existing onsite sewer line shown in red and gray 
will be removed and the new proposed sewer lines shown in bold red will be constructed. 
The proposed redevelopment consists of a fitness center, sporting goods store, small 
shops, restaurant and residential dwelling units as shown in Table 1 on page 32 of this 
report. The proposed 10-inch (in) sewer line will be carrying only the existing and proposed 
commercial flow. The proposed 10-in sewer line will tie into the existing offsite 8-in sewer 
line at a new manhole downsteam from the Site 1 MH in order to enter the existing sewer 
line at a better angle, and thereby improving the hydraulics in the line and in the Site 1 
MH.  

1.4  Monitoring Site Installations 

 

 

 

Figure at left:  The photo 
shows the Nordstrom MH in 
the left-hand northbound lane 
at ~1048 Brea Mall. Surface 
conditions were dry.  No issues 
were encountered during the 
installation on 9/24/2019 or the 
removal on 10/02/2019. 

 

 

 

Figure at right:  This was a 
commercial access road with a 
low-speed limit, so the field team 
used cones, signs and an arrow 
board in accordance with CA 
WATCH Diagram 15 during 
installation and removal of the 
monitoring equipment. 
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Figure above: The Nordstrom MH provided access to an 8-in sewer line, which entered from the 
north and discharged to the southeast. Gas levels were good (well within OSHA acceptable limits: 
O2=20.9%; LEL, H2S & CO=0). The flow monitoring equipment was set to monitor the downstream 
pipe as it provided the best hydraulics. Follow up on this installation confirmed equipment 
calibration. 
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Figures below:  The left photo shows the Site 1 MH on the sidewalk at ~120 Brea Mall. This was 
adjacent to commercial access road with a low-speed limit, so the field team used cones, signs and 
an arrow board in accordance with CA WATCH Diagram 2 during installation and removal of the 
monitoring equipment. Surface conditions were dry. No issues were encountered during installation 
on 9/24/2019 or removal on 10/02/2019. 

Figure above: The Site 1 MH provided access to an 8-in sewer line, which entered from the 
northeast and discharged to the southwest. Two laterals entered from the northwest and 
southeast, but according to the sewer maps, there should only be one upstream line entering from 
the northwest. Gas levels were good. The flow monitoring equipment was set to monitor the 
downstream line to get the total flow. Follow up on this installation confirmed equipment calibration. 
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Figures below:  The left photo shows the Site 2 MH on the sidewalk at ~405 S. State College Blvd. 
This was a commercial area, so the field team used cones and signs in accordance with CA WATCH 
Diagram 2 during installation and removal of the monitoring equipment, but no arrow board was 
needed because the parking lane was used. Surface conditions were dry. No issues were 
encountered during installation on 9/24/2019 or removal on 10/02/2019. 

 

 

 

 

 

 

Figure at left: The Site 2 MH provided 
access to an 8-in sewer line, which 
entered from the northeast and 
discharged to the southwest. Gas levels 
were good. The flow monitoring 
equipment was set to monitor in the 
downstream direction in a position 
within the trough that provided the best 
hydraulics. Follow up on this installation 
confirmed equipment calibration.  
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Figures below:  The left photo shows the Site 3A MH in the left-hand southbound lane at ~454 S. 
State College Blvd. This was a commercial area, so the field team used cones, signs and an arrow 
board in accordance with CA WATCH Diagram 15 during installation and removal of the monitoring 
equipment. Surface conditions were dry. No issues were encountered during installation on 
9/24/2019 or removal on 10/02/2019. 

Figure above: This site was originally believed to be the Site 3 MH, but was most likely a brine 
line since the manhole provided access to a 6-in line, which entered from the southeast and 
discharged to the northwest. Follow up on this installation determined that the equipment was in 
the wrong manhole. The next available field crew was dispatched on 10/02/2019 to find the correct 
manhole in the park. 
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Figures below:  The left photo shows the Site 3 MH in the center of the painted median at ~454 S. 
State College Blvd. This was a commercial area, so the field team used cones and signs in 
accordance with CA WATCH Diagram 20 during installation and removal of the monitoring 
equipment. Surface conditions were dry. No issues were encountered during installation on 
9/24/2019 or removal on 10/02/2019. 

Figure above: This site was originally believed to be the Site 4 MH, but was actually the Site 3 
MH. The manhole provided access to an 18-in line, which entered from the northwest and 
discharged to the southeast. Two laterals entered from the north; one was a drop inlet, but no flow 
was observed. Follow up on this installation confirmed equipment calibration.  
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Figures below:  The photo shows the Site 4 MH in the park, east of ~471 S. State College Blvd. 
This was open green space, so the field team used cones to delineate their work zone during 
installation and removal of the monitoring equipment. Surface conditions were dry. No issues were 
encountered during installation on 10/02/2019 or removal on 10/10/2019. 

Figure above: The manhole provided access to an 18-in sewer line, which entered from the 
northwest and discharged to the southeast. One lateral entered from the north. Gas levels were 
good. The flow monitoring equipment was set to monitor the downstream line to get the total flow. 
Follow up on this installation confirmed equipment calibration.  
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1.5  Existing Capacity Analysis 

The capacity evaluation method conformed to the following process: 

1. Collect 15-minute interval depth and velocity data points at each site over the entire 
monitoring period and determine the depth versus (vs) velocity relationship or pipe 
curve based on Manning’s equation. 

2. Determine statistically the minimum, maximum and average depths and flow rates at 
each site during the monitoring period. 

3. Calculate the maximum theoretical unobstructed flow rate at each site. 

4. Determine remaining capacity under peak flow conditions at each site, using the 
ratios of monitored daily flow depths to pipe diameter.  

Figures below:  Nordstrom MH graphs of level, flow & velocity, and scatter plot of level in relation 
to velocity from US3 Flow Monitoring Website (http://us3.uscubed.com/) 
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The scatter plot on the previous page shows the depth vs velocity data points for the 
monitored pipe. The pattern of velocity and depth data points for a sewer operating in free-
flow conditions over an extended period of time should conform to the depth-velocity 
relationship of Manning’s Equation, which is the basis for evaluating flow monitoring data. 
This equation (shown below) defines a commonly used theoretical relationship between 
depth and velocity in pipes operating under free flow conditions: 

v = 1.486/n x R2/3 x S1/2  

Where, 

v = velocity (fps) 

n = pipe roughness, defined as the Manning’s Roughness Coefficient 

R = hydraulic radius,  
defined as wetted area (ft2) divided by wetted perimeter (ft) 

S = hydraulic slope 

The scatter plot from the Nordstrom MH shows the depth vs velocity data points for the 8-in 
downstream pipe, which should resemble a theoretical hydraulic operating curve based on 
the site-specific characteristics of the pipe. According to the raSmith utility plan (UP-02A), 
the slope of the line downstream from the Nordstrom MH should be 1.70%. 

 

Figure above: This theoretical pipe curve was generated for an 8-in (0.67-ft) pipe with a slope of 
1.70%. 
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Figure above: Since the flows at the Nordstrom MH utilized ~7% to ~22% of the pipe depth during 
the study, that portion of its theoretical curve has been overlaid onto its scatter plot. 

As shown in the scatter plot above, while a majority of the data falls into an acceptable area 
along the theoretical curve, there is a curvature to the data that is inconsistent with the 
theoretical curve. However, the curvature suggests that the data is trending toward higher 
velocities than expected as the levels increase.  

To summarize the site statistics from the data analysis at the Nordstrom MH: 

 During peak flows, 0.1090 million gallons per day (mgd) or ~76 gallons per minute 
(gpm) utilized ~10.7% of the pipe’s capacity.  

 During average flows, 0.0464 mgd or ~32 gpm utilized ~4.5% of the pipe’s capacity.  

 According to common practice in sewer system design, velocities need to exceed 2.0 
fps a minimum (min) of once per day to provide sufficient scouring action for self-
cleaning. The maximum velocity at the Nordstrom MH was 3.16 fps with an average 
velocity of 2.72 fps. Therefore, this site should have no issues with regard to 
settlement of normal system solids.    

 According to the Brea Sewer System Management Plan, the depth versus diameter 
(d/D) ratio for existing collection system pipes of 15 inches in diameter or less should 
be no more than 0.50 during dry weather peak flow conditions. The average d/D ratio 
from the Nordstrom MH during this study was ~0.13 and the maximum (max) was 
~0.22. Therefore, this 8-in pipe had capacity available during the observed dry 
weather peak flow. 

0.04  ft

0.06  ft

0.08  ft

0.1  ft

0.12  ft

0.14  ft

1.5 fps 1.75 fps 2. fps 2.25 fps 2.5 fps 2.75 fps 3. fps 3.25 fps

Level vs Velocity Theoretical Curve

K-21



2019.09.24-10.10 Temporary Wastewater Flow Monitoring                         raSmith 

Utility Systems Science & Software   19    

The following is a graphical representation of site statistics (stats) from the data analysis: 

Flow Stats Level Stats Velocity Stats 

   

The pipe capacity was estimated using a Manning’s Circular Pipe Flow Capacity chart, 
where n=0.013 (in accordance with the minimum value for a vitrified clay sewer pipe (VCP) 
with manholes, inlets, etc., Chow 1959). From the theoretical hydraulic operating curve for 
an 8-in pipe with a slope of 1.70%, with the pipe completely full, the velocity is expected to 
be ~4.5260 fps. When this velocity is input into the Flo-Ware program from the Nordstrom 
MH, a maximum capacity of ~1.0211 mgd is produced. 
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Figures below:  Site 1 MH graphs of level, flow & velocity, and scatter plot of level in relation to 
velocity from US3 Flow Monitoring Website (http://us3.uscubed.com/) 

The scatter plot above shows the depth vs velocity data points for the 8-in downstream pipe, 
which should resemble a theoretical hydraulic operating curve based on the site-specific 
characteristics of the pipe. According to the raSmith utility plan (UP-02A), the slope of the 
line downstream from the Site 1 MH should be 1.30%. 
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Figure above: Since the flows at the Site 1 MH utilized ~17% to ~48% of the pipe depth during the 
study, that portion of its theoretical curve has been overlaid onto its scatter plot. 

As shown in the scatter plot above, a majority of the data falls into an acceptable area along 
the theoretical curve, but the distribution of the data is probably due to the hydraulics within 
the manhole. From the photos, it appears that inflow from the northwest line is causing 
turbulence, perhaps even a backwater effect in the two other upstream lines.  

To summarize the site statistics from the data analysis at the Site 1 MH: 

 During peak flows, 0.2194 mgd or ~152 gpm utilized ~24.6% of the pipe’s capacity.  

 During average flows, 0.1021 mgd or ~71 gpm utilized ~11.4% of the pipe’s capacity.  

 The maximum velocity at the Site 1 MH was 2.43 fps with an average velocity of 1.60 
fps. Since velocities only exceeded 2 fps on five days during this 9-day study, over 
time, this site is likely to have issues due to settlement of normal system solids.     

 The average d/D ratio from the Site 1 MH during this study was ~0.32 and the 
maximum was ~0.48. Therefore, this 8-in pipe had some capacity available during 
the observed dry weather peak flow. 
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The following is a graphical representation of the site statistics from the data analysis: 

Flow Stats Level Stats Velocity Stats 

   

The pipe capacity was estimated using a Manning’s Circular Pipe Flow Capacity chart, 
where n=0.013 (in accordance with the minimum value for a VCP with manholes, inlets, 
etc., Chow 1959). From the theoretical hydraulic operating curve for an 8-in pipe with a slope 
of 1.30%, with the pipe completely full, the velocity should be ~3.9579 fps, which when input 
into the Flo-Ware program from the Site 1 MH produced a maximum capacity of ~0.8929 
mgd.  
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Figures below:  Site 2 MH graphs of level, flow & velocity, and scatter plot of level in relation to 
velocity from US3 Flow Monitoring Website (http://us3.uscubed.com/) 

The scatter plot above shows the depth vs velocity data points for the 8-in downstream pipe, 
which should resemble a theoretical hydraulic operating curve based on the site-specific 
characteristics of the pipe. According to the raSmith utility plan (UP-02B), the slope of the 
line upstream from the Site 2 MH (RB6602-RB6601) should be 3.0%, while the slope of the 
line downstream from the Site 2 MH (RB6601-RB66) should be 2.16%. 
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Figure above: Since the flows at the Site 2 MH utilized ~17% to ~29% of the pipe depth during the 
study, that portion of its theoretical curve has been overlaid onto its scatter plot. 

As shown in the scatter plot above, the expected relationship between level and velocity is 
not prevalent. While some of the data points fall into an acceptable area along the theoretical 
curve, this data set is more of a cloud formation, which is indicative of processed or non-
conforming flow. This is flow that does not conform to the theoretical level-velocity 
relationship expected under free-flow conditions, such as what occurs during dumping, 
jetting, pumping, etc. This type of flow is more common in commercial and industrial areas 
because they are more likely to generate processed flows. 

To summarize the site statistics from the data analysis at the Site 2 MH: 

 During peak flows, 0.1798 mgd or ~125 gpm utilized ~15.6% of the pipe’s capacity.  

 During average flows, 0.1211 mgd or ~84 gpm utilized ~10.5% of the pipe’s capacity.  

 The maximum velocity at the Site 2 MH was 3.78 fps with an average velocity of 3.14 
fps. Therefore, this site should have no issues with regard to blockage due to 
settlement of normal system solids.    

 The average d/D ratio from the Site 2 MH during this study was ~0.23 and the 
maximum was ~0.29. Therefore, this 8-in pipe had capacity available during the 
observed dry weather peak flow.  
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The following is a graphical representation of the site statistics from the data analysis: 

Flow Stats Level Stats Velocity Stats 

   

The pipe capacity was estimated using a Manning’s Circular Pipe Flow Capacity chart, 
where n=0.013 (in accordance with the minimum value for a VCP with manholes, inlets, 
etc., Chow 1959). From the theoretical hydraulic operating curve for an 8-in pipe with a slope 
of 2.16%, with the pipe completely full, the velocity should be ~5.1037 fps, which when input 
into the Flo-Ware program from the Site 2 MH produced a maximum capacity of ~1.1514 
mgd. 
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Figures below:  Site 3 MH graphs of level, flow & velocity, and scatter plot of level in relation to 
velocity from US3 Flow Monitoring Website (http://us3.uscubed.com/) 

The scatter plot above shows the depth vs velocity data points for the 18-in downstream 
pipe, which should resemble a theoretical hydraulic operating curve based on the site-
specific characteristics of the pipe. According to the City as-builts, the slope of the 12-in line 
upstream from the Site 3 MH should be 0.80%, while the slope of the line downstream from 
the Site 3 MH (RB66-RA43D) should be 0.63%. 
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Figure above: Since the flows at the Site 3 MH utilized ~20% to ~36% of the pipe depth during the 
study, that portion of its theoretical curve has been overlaid onto its scatter plot. 

As shown in the scatter plot above, while a majority of the data falls into an acceptable area 
along the theoretical curve, the level to velocity relationship is slightly skewed at lower levels. 
This could indicate that some form of blockage is slowing velocities at lower levels, which 
does not hinder the higher levels. This crossover is between ~4.4 and 5 inches of depth. 

To summarize the site statistics from the data analysis at the Site 3 MH: 

 During peak flows, 1.5150 mgd or ~1052 gpm utilized ~28.0% of the pipe’s capacity.  

 During average flows, 1.0278 mgd or ~714 gpm utilized ~19.0% of the pipe’s 
capacity.  

 The maximum velocity at the Site 3 MH was 4.67 fps with an average velocity of 3.70 
fps. Therefore, this site should have no issues with regard to blockage due to 
settlement of normal system solids.    

 According to the Brea Sewer System Management Plan, the depth versus diameter 
(d/D) ratio for existing collection system pipes of greater than 15 inches in diameter 
should be no more than 0.64 during dry weather peak flow conditions. The average 
d/D ratio from the Site 3 MH during this study was ~0.29 and the maximum was ~0.35. 
Therefore, this 18-in pipe had capacity available during the observed dry weather 
peak flow. 
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The following is a graphical representation of the site statistics from the data analysis: 

Flow Stats Level Stats Velocity Stats 

   

The pipe capacity was estimated using a Manning’s Circular Pipe Flow Capacity chart, 
where n=0.013 (in accordance with the minimum value for a VCP with manholes, inlets, 
etc., Chow 1959). From the theoretical hydraulic operating curve for an 18-in pipe with a 
slope of 0.63%, with the pipe completely full, the velocity should be ~4.7308 fps, which when 
input into the Flo-Ware program from the Site 3 MH produced a maximum capacity of 
~5.4032 mgd. 
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Figures below:  Site 4 MH graphs of level, flow & velocity, and scatter plot of level in relation to 
velocity from US3 Flow Monitoring Website (http://us3.uscubed.com/) 

The scatter plot above shows the depth vs velocity data points for the 18-in downstream 
pipe, which should resemble a theoretical hydraulic operating curve based on the site-
specific characteristics of the pipe. According to the Birch & State College Mixed-Use 
Development Sewer Study Technical Memorandum (Tech Memo), dated 10/30/2017 and 
accepted by the City, the slope of the line downstream from the MH-R-A-43-Drop, which 
aligns with the location of the Site 4 MH, should be 0.60%. 
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Figure above: Since the flows at the Site 4 MH utilized ~14% to ~27% of the pipe depth during the 
study, that portion of its theoretical curve has been overlaid onto its scatter plot. 

As shown in the scatter plot above, while a majority of the data falls into an acceptable area 
along the theoretical curve, there are quite a few outliers. In addition, there appears to be a 
secondary flow pattern at lower levels, which could be flow from the lateral when the mainline 
flow slows.   

To summarize the site statistics from the data analysis at the Site 4 MH: 

 During peak flows, 1.0417 mgd or ~723 gpm utilized ~19.8% of the pipe’s capacity.  

 During average flows, 0.7221 mgd or ~501 gpm utilized ~13.7% of the pipe’s 
capacity.  

 The maximum velocity at the Site 4 MH was 4.49 fps with an average velocity of 3.80 
fps. Therefore, this site should have no issues with regard to blockage due to 
settlement of normal system solids.    

 The average d/D ratio from the Site 4 MH during this study was ~0.22 and the 
maximum (max) was ~0.27. Therefore, this 18-in pipe had capacity available during 
the observed dry weather peak flow. 
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The following is a graphical representation of the site statistics from the data analysis: 

Flow Stats Level Stats Velocity Stats 

   

The pipe capacity was estimated using a Manning’s Circular Pipe Flow Capacity chart, 
where n=0.013 (in accordance with the minimum value for a VCP with manholes, inlets, 
etc., Chow 1959). From the theoretical hydraulic operating curve for an 18-in pipe with a 
slope of 0.60%, with the pipe completely full, the velocity should be ~4.6168 fps, which when 
input into the Flo-Ware program from the Site 4 MH produced a maximum capacity of 
~5.2730 mgd. 
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1.6  Proposed Flow Generation 

The Brea Mall currently encompasses approximately 1,291,433 square feet (sf) and consists 
of a central retail core of major department stores (“anchors”). Sears, which was the anchor 
on the southwest side of the mall, partially closed in April 2018. Therefore, the Simon 
Property Group is proposing redevelopment of the 17.5-acre Sears parcel, which includes 
the adjoining transition areas adjacent to Nordstrom and Macy’s. The proposed project 
involves demolishing the Sears department store and associated auto center (161,990 sf) 
and 12 acres of surface parking in order to allow a mix of uses. 

The project would result in a net increase of commercial space as well as include a 
residential component. The mean loading used to calculate the proposed average dry 
weather flow (ADWF) was provided by raSmith, and coordinated with the City of Brea:  

 273.44 gallons per day (gpd) per 1000 sf for the Fitness Center  

 73.5 gpd per 1000 sf for the retail space minus the Sears flow credit  

 210 gpd per dwelling unit for the residential area  

 1575 gpd per 1000 sf for the restaurant  

Table 1: Proposed Flow Generation with the Fitness Center 

Use Category 
Gross Leasable 

Area/Unit 
Mean Loading 

(gpd/UOU*) 
Proposed ADWF 

(mgd) 

Fitness Center 128,000 35,000 0.03500 

Sporting Goods 50,000 73.5 0.00368 

Brea Mall Shops 34,914 73.5 0.00257 

Restaurant 34,501 1,575 0.05434 

-Sears Flow Credit 80,500 73.5 0.00592 

Total Commercial    0.08967 

Residential Units 380 210 0.07980 

Total proposed flow  0.16947 

 * Unit of Use 
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Peak dry weather flow (PDWF) and peak wet weather flow (PWWF) were calculated using 
the equations from the Brea Sewer System Management Plan: 

PDWF = 1.777 x Total ADWF0.92 

PWWF = 1.25 x PDWF 

Total ADWF shown in Table 2 below is the combination of the average monitored flow and 
the proposed ADWF from Table 1. In addition, the flow in the new 10-in pipe was included 
with and without the flow from the Cheesecake Factory, based on the water usage during 
the time of the monitoring. 

59,700 cu. ft of water was used from 9/05/19-10/07/19, which averages ~1867 cu. ft/day 

1866.67 cu. ft/day = 13,963.66 gpd =0.01396366 mgd 

0.1021 mgd – 0.01396366 mgd = 0.088136 mgd 

Table 2: Monitored Average Flows and Proposed Flows Combined 

Monitored Site & 
Site Information1 

Monitored 
ADWF 
(mgd) 

Proposed 
ADWF 
(mgd) 

Total 
ADWF 
(mgd) 

Calculated 
PDWF 
(mgd) 

Calculated 
PWWF 
(mgd) 

New 10-in comm 
pipe @ 0.46%2 

0.0881 0.08967 0.17781 0.36278 0.45347 

New 10-in comm 
pipe @ 0.46%3 

0.1021 0.08967 0.19177 0.38891 0.48613 

New 8-in res pipe 
@ 1.15% 

0 0.07980 0.07980 0.17359 0.21699 

Site 1 MH  
8-in D/S @ 1.30%  

0.1021 

0.16947 

0.27157 0.53562 0.66953 

Site 2 MH  
8-in D/S @ 2.16% 

0.1211 0.29057 0.57000 0.71251 

Site 3 MH          
18-in D/S @ 0.63% 

1.0278 1.19727 2.09712 2.62141 

MH-R-A-43-Drop 
18-in D/S @ 0.60% 

1.3730 1.54247 2.64757 3.30946 

1. The downstream (D/S) line of each manhole was monitored during this study.   
2. Upstream of Cheesecake Factory 
3. Downstream of Cheesecake Factory 

K-36



2019.09.24-10.10 Temporary Wastewater Flow Monitoring                         raSmith 

Utility Systems Science & Software   34    

In Section 1.8 of this report, the d/D values will be presented for all reaches downstream of 
the proposed development. Since the flows from the Tech Memo for MH-R-A-43-Drop are 
greater than those monitored during this study, they will be used in place of flows from the 
Site 4 MH.  

1.7  Flow Monitoring Summary 

Calculations in this report are based on steady uniform flow with steady flow defined as the 
discharge being constant with time, and uniform flow defined as the slope of the water 
surface and cross-sectional flow area being constant in the length of pipe analyzed. Using 
velocities from this study in conjunction with the associated cross-sectional areas depicted 
by the monitored levels, the flow was calculated using the Continuity Equation, and the slope 
was derived using Manning's Equation.  

The flow monitoring equipment at each site was calibrated with regard to site-specific 
characteristics and manual level and velocity readings for adjustment and verification. 
Follow-up on the installations confirmed equipment was reading properly at the sites. In 
addition, all of the equipment went through diagnostic testing before and after the study with 
less than a 1% deviation between manual and meter level readings and less than a 5% 
deviation between manual and meter velocity readings. Therefore, equipment calibration 
was verified in accordance with manufacturer specifications. 

Initial flow monitoring for this project 
began on 09/24/2019 in accord with 
the supplied sewer map at right. This 
is also referred to as the first week of 
monitoring. The Nordstrom MH is not 
shown but was included in the first 
week of monitoring. 

When the field installation forms and 
photos were reviewed, it was 
determined that Site 3 was actually 
the small line coming up from the 
southwest and Site 4 was actually Site 
3. Therefore, on 10/02/2019, the US3 
field team searched the area and 
found Site 4 in the park, ~50 ft east of 
the road. Therefore, flow monitoring 
began at Site 4 at the same time that 
monitoring was completed at Sites 1, 
2 and 3 and at the Nordstrom MH.  
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2019.09 Nordstrom MH: The graphs for this 8-in sewer line showed a fairly consistent daily 
flow pattern. In addition, velocities exceeded the minimum requirements to provide sufficient 
scouring action for self-cleaning as well as providing good capacity within the line. As 
previously stated, the utility plans showed the downstream slope for this section of sewer 
line to be 1.70%. 

Therefore, in order to determine the maximum allowable flow within the pipe segment 
downstream of the Nordstrom MH, the plan slope (1.70%) was used to generate a theoretical 
hydraulic operating curve for the 8-in pipe. At half pipe (4 inches), the velocity from the 
theoretical curve was ~4.5258 fps, which when input into the Flo-Ware program from the 
Nordstrom MH produced an expected capacity of ~0.5105 mgd. Since peak flow was 0.1090 
mgd, there should be capacity available for an additional 0.4015 mgd before the pipe 
exceeds its d/D limit of 0.50 at peak flow.  

2019.09 Site 1 MH: The graphs for this site showed a fairly consistent daily flow pattern, but 
the level to velocity relationship could indicate a hydraulic issue within this confluence. In 
addition, velocities only met the minimum requirements to provide sufficient scouring action 
for self-cleaning on five days during this 9-day study. As previously stated, the utility plans 
showed the downstream slope for this section of sewer line to be 1.30%. 

In order to determine the maximum allowable flow within the pipe segment downstream of 
the Site 1 MH, the plan slope (1.30%) was used to generate a theoretical hydraulic operating 
curve for the 8-in pipe. At half pipe (4 inches), the velocity from the theoretical curve was 
~3.9577 fps, which when input into the Flo-Ware program from the Site 1 MH produced an 
expected capacity of ~0.4464 mgd. Since peak flow was 0.2194 mgd, there should be 
capacity available for an additional 0.2270 mgd before the pipe exceeds its d/D limit of 0.50 
at peak flow.  

2019.09 Site 2 MH: The graphs for this site showed a fairly consistent daily level, but the 
velocities did not follow any observable pattern. This resulted in a data set resembling a 
cloud formation, which is indicative of processed or non-conforming flow. However, 
velocities did exceed the minimum requirements for self-cleaning as well as providing good 
capacity within the line.  As previously stated, the utility plans showed the slope of the line 
upstream from the Site 2 MH (RB6602-RB6601) to be 3.0%, while the slope of the line 
downstream from the Site 2 MH (RB6601-RB66) to be 2.16%.   

In order to determine the maximum allowable flow within the pipe segment downstream of 
the Site 2 MH, the plan slope (2.16%) was used to generate a theoretical hydraulic operating 
curve for the 8-in pipe. At half pipe (4 inches), the velocity from the theoretical curve was 
~5.1015 fps, which when input into the Flo-Ware program from the Site 2 MH produced an 
expected capacity of ~0.5755 mgd. Since peak flow was 0.1798 mgd, there should be 
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capacity available for an additional 0.3957 mgd before the pipe exceeds its d/D limit of 0.50 
at peak flow.  

2019.09 Site 3 MH: This site was originally believed to be the Site 4 MH, but was actually 
the Site 3 MH. The graphs for this site showed a fairly consistent daily flow pattern. In 
addition, velocities exceeded the minimum requirements for self-cleaning as well as 
providing good capacity within the line. As previously stated, the City as-builts showed the 
slope of the 12-in line upstream from the Site 3 MH to be 0.80%, while the slope of the 18-
in downstream line from the Site 3 MH (RB66-RA43D) to be 0.63%. 

In order to determine the maximum allowable flow within the pipe segment downstream of 
the Site 3 MH, the slope (0.63%) was used to generate a theoretical hydraulic operating 
curve for the 18-in pipe. At the d/D limit (11.52 inches), the velocity from the theoretical curve 
was ~5.1775 fps, which when input into the Flo-Ware program from the Site 3 MH produced 
an expected capacity of ~3.9969 mgd. Since peak flow was 1.5150 mgd, there should be 
capacity available for an additional 2.4819 mgd before the pipe exceeds its d/D limit of 0.64 
at peak flow. 

2019.09 Site 3A MH: This site was originally believed to be the Site 3 MH, but was actually 
determined to be a brine line. Since this was not one of the required monitoring sites, no 
data analysis was performed on the data. 

Second Week of Monitoring 

2019.09 Site 4 MH: On 10/02/2019, the US3 field team searched the area and found this 
site in the park, ~50 ft east of the road. Therefore, flow monitoring began at the Site 4 MH 
at the same time that monitoring was completed at the other four sites.  

The graphs for the Site 4 MH showed a fairly consistent daily level. The velocity readings 
were not as consistent as the level readings, but the overall level to velocity relationship was 
not bad. In addition, velocities exceeded the minimum requirements for self-cleaning as well 
as providing good capacity within the line. The Tech Memo showed the slope for the MH-R-
A-43-Drop downstream line, which aligns with the location of the Site 4 MH, to be 0.60%.   

In order to determine the maximum allowable flow within the pipe segment downstream of 
the Site 4 MH, the Tech Memo slope (0.60%) was used to generate a theoretical hydraulic 
operating curve for the 18-in pipe. At the d/D limit (11.52 inches), the velocity from the 
theoretical curve was ~5.0527 fps, which when input into the Flo-Ware program from the 
Site 4 MH produced an expected capacity of ~3.9006 mgd. Since peak flow was 1.0417 
mgd, there should be capacity available for an additional 2.8589 mgd before the pipe 
exceeds its d/D limit of 0.64 at peak flow. 

K-39



2019.09.24-10.10 Temporary Wastewater Flow Monitoring                         raSmith 

Utility Systems Science & Software   37    

The first week of flow monitoring at the Nordstrom MH and the Site 1, 2 and 3 MHs was 
completed on 10/02/2019, which is when the second week of flow monitoring began at the 
Site 4 MH and was completed on 10/10/2019. 

It was noted that the flows decreased at the Site 4 MH during the second week of monitoring 
when compared to the Site 3 MH during the first week of monitoring. It is not unusual for 
flows to change from week to week for many different reasons. Unfortunately, no additional 
information can be provided as to the causes. 

1.8  Proposed Mitigation 

For the City of Brea’s service area, all new pipe 15-in and smaller shall be designed so that 
the d/D ratio at PDWF shall not exceed 0.5. This ratio shall not exceed 0.64 for 18-in and 
larger pipes. The PWWF is estimated at 1.25 times the PDWF, and the d/D ratio at PWWF 
is not to exceed 0.75. 

The Brea Mall Mixed Use Project proposes to replace the existing onsite 8-in sewer line on 
the downstream side of the Nordstrom MH. In the proposed redevelopment (Table 1), the 
new 10-in line will carry existing and proposed commercial flow, which will include a fitness 
center. This new 10-in sewer line may also pick up the flow from the existing restaurant 
(Cheesecake Factory) located on the northwest corner of S. State College Blvd and Imperial 
Hwy prior to discharging to the existing 8-in sewer line at a new manhole, which will be 
constructed downstream from the Site 1 MH.  

 
Figure above: Sewer map showing proposed connections of the new onsite sewer lines to the 
existing offsite sewer line at a new manhole southwest of the Site 1 MH. 
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The placement of the new manhole will allow the onsite sewer lines to tie into the existing 8-
in sewer line at a better angle, thereby improving hydraulics in the line and in the Site 1 MH. 
A second new onsite 8-in sewer line will be carrying only the proposed flow from the 
residential area on the south end of the property. This sewer line will also tie into the existing 
8-in sewer line at the new manhole downstream from the Site 1 MH. 

The total PDWF of the new 10-in line will be 0.388907 mgd and the PWWF will be 0.486134 
mgd. If the Cheesecake Factory flow is connected to the existing 8-in sewer line separately, 
the total PDWF of the new 10-in line will be 0.36278 mgd and the PWWF will be 0.45347 
mgd. Both scenarios are shown in Table 2 on page 33 of this report. 

The southern residential area will have its own dedicated 8-in sewer line, which will have a 
slope of 1.15%. The total PDWF of the new 8-in line will be 0.17359 mgd and the PWWF 
will be 0.21699 mgd as shown in Table 2. 

When the new 10-in onsite sewer line ties into the line coming from the Nordstrom MH, the 
slope will be 1.00%. As it crosses the remainder of the property, the slope of the line will 
drop. According to the proposed onsite sewer design, the minimum slope of the new 10-in 
line will be 0.46%. Therefore, this minimum slope was used in the capacity analysis. 

In order to evaluate the effect that the proposed development will have on the City’s public 
sewer system, all reaches downstream of the proposed development have been included in 
Table 3 on page 40 of this report. The City’s capacity analysis format has been used to show 
the d/D design criteria for all existing and proposed pipes in Table 3. This table shows that 
the existing flow plus the proposed project flow will exceed the City PDWF and PWWF d/D 
criteria within two sewer line segments within the public right-of-way (MH RB6604 to MH 
RB6603 and MH RB6603 to MH RB6602). Therefore, as a recommended mitigation 
measure for these pipe segments, Smart Covers could be installed on MH RB6602 and MH 
RB6604 in order to notify the City in the case there is a backup within these sewer segments 
that do not meet the design criteria.  

A sewer map has been included on the following page, which references the City MH ID in 
conjunction with the sewer study monitoring location names as well as the pipe sizes, slopes 
and pipe lengths for cross-reference.  
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Table 3: Capacity Analysis of Proposed Onsite Pipes & Existing Offsite Pipes for the Proposed Brea Mall Mixed Use Project 

General Information Hydraulic Analysis Results 

Pipe U/S 
MH ID 

D/S 
MH ID 

Dia 
(in) 

Length 
(ft) Slope 

Total 
ADWF 
(mgd) 

PDWF 
(mgd) 

PDWF 
Vel (fps) 

PDWF 
d/D 

PDWF 
Depth 

(ft) 

PWWF 
(mgd) 

PWWF 
Vel (fps) 

PWWF 
d/D 

PWWF 
Depth 

(ft) 

Proposed Onsite Line1 10 1375 0.0046 0.17781 0.36278 2.5392 0.43 0.354449 0.45347 2.6909 0.48 0.402302 

Proposed Onsite Line2 10 1375 0.0046 0.19177 0.38891 2.5862 0.44 0.368510 0.48613 2.7384 0.50 0.419022 

Proposed Onsite Line3 8 360 0.0115 0.07980 0.17359 2.9336 0.31 0.205673 0.21699 3.1227 0.35 0.231181 

DS of 
Site 1 RB6604 RB6603 8 281 0.0084 0.27157 0.53562 3.4879 0.64 0.429271 0.66953 3.6154 0.77 0.511068 

DS of 
MH4 RB6603 RB6602 8 361 0.0084 0.27157 0.53562 3.4894 0.64 0.429910 0.66953 3.6147 0.77 0.510087 

US of 
Site 2 RB6602 RB6601 8 355 0.0300 0.29057 0.57000 5.7397 0.45 0.301966 0.71251 6.0740 0.52 0.343781 

DS of 
Site 2 RB6601 RB66 8 358 0.0216 0.29057 0.57000 5.0894 0.50 0.331465 0.71251 5.3712 0.57 0.379553 

DS of 
Site 3 RB66 RA43D 18 370 0.0063 1.19727 2.09712 4.4320 0.43 0.648715 2.62141 4.6951 0.49 0.736852 

DS of 
Site 4 RA43D Outletr 18 935 0.0060 1.54247 2.64757 4.6216 0.50 0.751853 3.30946 4.8761 0.57 0.861438 

1. New 10-in sewer pipe with existing & proposed commercial flows using the minimum design slope without the Cheesecake Factory flow 

2. New 10-in sewer pipe with existing & proposed commercial flows using the minimum design slope with the Cheesecake Factory flow 

3. New onsite 8-in sewer pipe with only proposed residential flow 

4. First MH on State College Blvd, south of Imperial Hwy 
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Tab 2: Calibration Site Sheets & Flo-Ware Graphs 
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2019.09 Nordstrom MH

MH at ~1048 Brea Mall

MH in left-hand NB lane, E of parking 
structure

X
Install Date: 9/24/2019

Access: System Type:

StormSanitary

Map

Technology

Traffic Plan

Flow Meter

Meter Depth: 67"

MH Coordinates: 33.915117, -117.888619

Moderate open channel hydraulics

Avg Velocity Avg Measured Level Multiplier

2.75 fps 1.0" 1.0

Gas
O2 H2S CO LEL

20.9 0 0 0

Notes

No laterals; monitored the downstream line as it 
provided the best hydraulics.

Traffic Safety

No formal TCP required; used cones & signs per 
WATCH Diagram 15 requirements. 

Land Use

Residential Commercial Industrial Trunk

X

South

Manhole Depth 

8"

81"

Round

8"/8"

Fair

Concrete

0

*

0.4 2-D

14.09"

6.09"

Downstream

Flow Heading

Sensor Direction

Sensor Dist. to Crown

Sensor Offset

Velocity Profile Data

Velocity Profile Taken

Silt 

Manhole Material

Pipe Condition

Pipe Shape

Inner Pipe Size (In/Out)

Monitored Pipe Size 

raSmith
Brea, CA 92821

MH # unknown

Site Report

Confidential Proprietary Information

10/14/2019
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2019.09 Nordstrom MH

MH at ~1048 Brea Mall

Brea, CA 92821

Meter Site Document

Manhole Before Install

Installed

Downstream

Site

Installation Process

Downstream Pipe Size
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Date Avg Min Avg Max Min Avg Max Min Avg Max Total Gal Rain

9/24/19 37.04 23.40 0.05 0.07 0.03 2.84 3.16 2.44 1.10 1.21 53,339

9/25/19 30.35 9.10 0.04 0.07 0.01 2.68 3.05 1.99 0.98 1.26 43,698

9/26/19 31.04 10.56 0.04 0.07 0.02 2.72 3.06 2.08 0.98 1.25 44,703

9/27/19 33.99 13.61 0.05 0.08 0.02 2.75 3.12 2.42 1.04 1.48 48,948

9/28/19 38.40 13.47 0.06 0.11 0.02 2.81 3.08 2.39 1.11 1.78 55,298

9/29/19 33.35 11.46 0.05 0.09 0.02 2.78 3.03 2.33 1.01 1.47 48,024

Week: 34.03 9.10 0.05 0.11 0.01 2.77 3.16 1.99 1.04 1.78 294,010

9/30/19 30.13 7.92 0.04 0.07 0.01 2.66 3.07 1.80 0.97 1.26 43,384

10/1/19 29.31 7.43 0.04 0.06 0.01 2.65 3.00 1.69 0.95 1.22 42,205

10/2/19 22.45 12.78 0.03 0.07 0.02 2.56 2.99 2.21 0.82 1.23 32,323

Week: 27.29 7.43 0.04 0.07 0.01 2.62 3.07 1.69 0.91 1.26 117,912

Totals: 31.78 7.43 0.05 0.11 0.01 2.72 3.16 1.69 0.99 1.78 411,922

Report Date: 10/14/2019 

Customer: raSmith 

Group: Simon Brea Mall Proj 

Site: 2019.09 Nordstrom MH
Utility Systems  Science and Software

Flow (GPM) Flow (MGD) Velocity (FPS) Level (inches)

Max Min

46.81 0.84

45.83 0.54

47.71 0.58

57.43 0.62

75.69 0.62

75.69 0.53

Statistics for 2019.09 Nordstrom MH: 09/24/2019 thru 10/02/2019

45.07 0.53

45.83 0.61

47.01 0.53

59.79 0.57

75.69 0.54

47.01 0.53

Page 1 of 1
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Velocity (fps) Level (in) Flow (gpm)

Average 2.745 1.028 33.426 RainFall Inches

Maximum 3.160 1.780 75.694

Minimum 1.990 0.540 9.097 10/14/2019
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Velocity (fps) Level (in) Flow (gpm)

Average 2.698 0.974 30.806 RainFall Inches

Maximum 3.070 1.470 59.791

Minimum 1.690 0.530 7.431 10/14/2019
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10/14/2019 11:06:49 AM

09/24/2019 thru 10/02/2019

K-50



2019.09 Site 1 MH

MH at ~120 Brea Mall

MH on sidewalk, NE of Cheesecake 
Factory

X
Install Date: 9/24/2019

Access: System Type:

StormSanitary

Map

Technology

Traffic Plan

Flow Meter

Meter Depth: 188"

MH Coordinates: 33.912802, -117.887424

Moderate open channel hydraulics with 
turbulence due to inflow from lateral
Avg Velocity Avg Measured Level Multiplier

1.66 fps 2.5" 1.0

Gas
O2 H2S CO LEL

20.9 0 0 0

Notes

Two inlets from west & north, eastern line 
plugged; monitored downstream line to get total 
flow.

Traffic Safety

No formal TCP required; used cones & signs per 
WATCH Diagram 2 requirements. 

Land Use

Residential Commercial Industrial Trunk

X

South

Manhole Depth 

8"

202"

Round

8"/8"

Fair

Concrete

0

*

0.4 2-D

13.90"

5.90"

Downstream

Flow Heading

Sensor Direction

Sensor Dist. to Crown

Sensor Offset

Velocity Profile Data

Velocity Profile Taken

Silt 

Manhole Material

Pipe Condition

Pipe Shape

Inner Pipe Size (In/Out)

Monitored Pipe Size 

raSmith
Brea, CA 92821

MH # unknown

Site Report

Confidential Proprietary Information

10/14/2019
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2019.09 Site 1 MH

MH at ~120 Brea Mall

Brea, CA 92821

Meter Site Document

Manhole Before Install

Downstream

Site

Installation Process Line From East Plugged

Downstream Pipe Size
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Date Avg Min Avg Max Min Avg Max Min Avg Max Total Gal Rain

9/24/19 84.67 50.69 0.12 0.16 0.07 1.62 1.92 1.25 2.94 3.19 121,920

9/25/19 68.63 22.71 0.10 0.17 0.03 1.58 2.10 1.09 2.48 3.25 98,828

9/26/19 66.46 25.21 0.10 0.16 0.04 1.56 2.07 1.21 2.47 3.25 95,706

9/27/19 77.93 31.81 0.11 0.20 0.05 1.67 2.17 1.36 2.63 3.62 112,215

9/28/19 85.40 31.39 0.12 0.22 0.05 1.74 2.43 1.42 2.74 3.84 122,980

9/29/19 76.35 23.47 0.11 0.21 0.03 1.63 2.12 1.29 2.59 3.75 109,941

Week: 76.57 22.71 0.11 0.22 0.03 1.63 2.43 1.09 2.64 3.84 661,590

9/30/19 67.24 24.17 0.10 0.16 0.03 1.56 1.82 1.31 2.48 3.37 96,823

10/1/19 59.54 21.39 0.09 0.13 0.03 1.48 1.68 1.25 2.37 3.15 85,743

10/2/19 39.28 24.58 0.06 0.12 0.04 1.48 1.69 1.32 1.77 2.83 56,561

Week: 55.35 21.39 0.08 0.16 0.03 1.51 1.82 1.25 2.21 3.37 239,127

Totals: 69.50 21.39 0.10 0.22 0.03 1.59 2.43 1.09 2.50 3.84 900,717

Report Date: 10/14/2019 

Customer: raSmith 

Group: Simon Brea Mall Proj 

Site: 2019.09 Site 1 MH
Utility Systems  Science and Software

Flow (GPM) Flow (MGD) Velocity (FPS) Level (inches)

Max Min

109.37 1.97

118.19 1.36

113.06 1.40

140.56 1.57

152.36 1.51

152.36 1.33

Statistics for 2019.09 Site 1 MH: 09/24/2019 thru 10/02/2019

90.42 1.33

83.61 1.37

114.10 1.33

142.36 1.39

152.36 1.36

114.10 1.40

Page 1 of 1
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Velocity (fps) Level (in) Flow (gpm)

Average 1.615 2.598 73.788 RainFall Inches

Maximum 2.170 3.840 145.833

Minimum 1.090 1.360 22.708 10/14/2019
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Velocity (fps) Level (in) Flow (gpm)

Average 1.580 2.447 67.636 RainFall Inches

Maximum 2.430 3.750 152.361

Minimum 1.250 1.330 21.389 10/14/2019
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10/14/2019 11:08:05 AM

09/24/2019 thru 10/02/2019
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2019.09 Site 2 MH 14-273

MH at ~405 S State College Blvd

MH on sidewalk X
Install Date: 9/24/2019

Access: System Type:

StormSanitary

Map

Technology

Traffic Plan

Flow Meter

Meter Depth: 95"

MH Coordinates: 33.910330, -117.888919

Moderate open channel hydraulics

Avg Velocity Avg Measured Level Multiplier

3.25 fps 1.75" 1.75

Gas
O2 H2S CO LEL

20.9 0 0 0

Notes

No laterals; monitored the downstream line as it 
provided the best hydraulics.

Traffic Safety

No formal TCP required; used cones & signs per 
WATCH Diagram 2 requirements. 

Land Use

Residential Commercial Industrial Trunk

X

South

Manhole Depth 

8"

110"

Round

8"/8"

Fair

Concrete

0

*

0.4 2-D

14.53"

6.53"

Downstream

Flow Heading

Sensor Direction

Sensor Dist. to Crown

Sensor Offset

Velocity Profile Data

Velocity Profile Taken

Silt 

Manhole Material

Pipe Condition

Pipe Shape

Inner Pipe Size (In/Out)

Monitored Pipe Size 

raSmith
Brea, CA 92821

MH # 14-273

Site Report

Confidential Proprietary Information

10/14/2019

K-57



2019.09 Site 2 MH 14-273

MH at ~405 S State College Blvd

Brea, CA 92821

Meter Site Document

Manhole Before Install

Installed

Downstream

Site

Installation Process

Downstream Pipe Size
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Date Avg Min Avg Max Min Avg Max Min Avg Max Total Gal Rain

9/24/19 87.10 68.33 0.13 0.15 0.10 3.08 3.67 2.77 1.89 2.03 125,425

9/25/19 81.91 54.86 0.12 0.16 0.08 3.15 3.58 2.68 1.78 2.18 117,953

9/26/19 82.46 47.71 0.12 0.15 0.07 3.10 3.46 2.35 1.81 2.08 118,745

9/27/19 89.30 68.68 0.13 0.17 0.10 3.20 3.65 2.79 1.87 2.18 128,592

9/28/19 90.88 41.74 0.13 0.18 0.06 3.15 3.51 2.06 1.91 2.32 130,861

9/29/19 83.02 41.94 0.12 0.17 0.06 3.10 3.35 2.28 1.81 2.29 119,555

Week: 85.78 41.74 0.12 0.18 0.06 3.13 3.67 2.06 1.84 2.32 741,132

9/30/19 83.98 45.28 0.12 0.15 0.07 3.17 3.78 2.36 1.80 2.12 120,932

10/1/19 80.81 50.56 0.12 0.15 0.07 3.15 3.51 2.67 1.76 2.09 116,369

10/2/19 70.66 40.28 0.10 0.14 0.06 3.06 3.71 1.96 1.63 1.94 101,746

Week: 78.48 40.28 0.11 0.15 0.06 3.13 3.78 1.96 1.73 2.12 339,047

Totals: 83.35 40.28 0.12 0.18 0.06 3.13 3.78 1.96 1.81 2.32 1,080,179124.86 1.34

Statistics for 2019.09 Site 2 MH 14-273: 09/24/2019 thru 10/02/2019

103.61 1.40

97.15 1.47

106.25 1.40

118.61 1.34

124.86 1.34

106.25 1.44

106.87 1.37

114.58 1.53

124.86 1.46

Max Min

101.39 1.59

110.00 1.34

Report Date: 10/14/2019 

Customer: raSmith 

Group: Simon Brea Mall Proj 

Site: 2019.09 Site 2 MH 14-273
Utility Systems  Science and Software

Flow (GPM) Flow (MGD) Velocity (FPS) Level (inches)

Page 1 of 1

K-59



Velocity (fps) Level (in) Flow (gpm)

Average 3.139 1.834 85.241 RainFall Inches

Maximum 3.670 2.320 124.861

Minimum 2.060 1.340 41.736 10/14/2019
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Velocity (fps) Level (in) Flow (gpm)

Average 3.135 1.792 82.738 RainFall Inches

Maximum 3.780 2.290 119.305

Minimum 1.960 1.340 40.278 10/14/2019
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2019.09 Site 3 MH

MH at ~454 S State College Blvd

MH in center of painted median X
Install Date: 9/24/2019

Access: System Type:

StormSanitary

Map

Technology

Traffic Plan

Flow Meter

Meter Depth: 281"

MH Coordinates: 33.909322, -117.889302

Poor open channel hydraulics due to inflow from 
multiple drop inlets
Avg Velocity Avg Measured Level Multiplier

3.75 fps 5.25" 1.0

Gas
O2 H2S CO LEL

20.9 0 0 0

Notes

Three inlets, one from west & two from north; 
monitored downstream line to get total flow.

Traffic Safety

No formal TCP required; used cones & signs per 
WATCH Diagram 20 requirements. 

Land Use

Residential Commercial Industrial Trunk

X

East

Manhole Depth 

18"

306"

Round

12"/18"

Fair

Lined

0

*

0.4 2-D

24.73"

6.73"

Downstream

Flow Heading

Sensor Direction

Sensor Dist. to Crown

Sensor Offset

Velocity Profile Data

Velocity Profile Taken

Silt 

Manhole Material

Pipe Condition

Pipe Shape

Inner Pipe Size (In/Out)

Monitored Pipe Size 

raSmith
Brea, CA 92821

MH # unknown

Site Report

Confidential Proprietary Information

10/14/2019

K-63



2019.09 Site 3 MH

MH at ~454 S State College Blvd

Brea, CA 92821

Meter Site Document

Manhole Before Install

Downstream

Site

Installation Process

Downstream Pipe Size

Upstream
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Date Avg Min Avg Max Min Avg Max Min Avg Max Total Gal Rain

9/24/19 845.91 696.32 1.22 1.43 1.00 4.01 4.40 3.56 5.61 6.04 1,218,118

9/25/19 709.73 300.49 1.02 1.47 0.43 3.76 4.34 2.68 5.07 6.08 1,022,010

9/26/19 706.71 337.43 1.02 1.45 0.49 3.77 4.57 2.71 5.07 5.82 1,017,664

9/27/19 726.74 331.87 1.05 1.42 0.48 3.87 4.67 2.76 5.07 5.84 1,046,502

9/28/19 721.10 325.42 1.04 1.52 0.47 3.76 4.41 2.71 5.12 6.20 1,038,385

9/29/19 705.81 284.17 1.02 1.43 0.41 3.60 4.28 2.45 5.17 6.07 1,016,368

Week: 736.00 284.17 1.06 1.52 0.41 3.79 4.67 2.45 5.19 6.20 6,359,046

9/30/19 711.71 296.32 1.03 1.44 0.43 3.57 4.17 2.35 5.26 6.15 1,024,869

10/1/19 705.50 292.92 1.02 1.49 0.42 3.56 4.14 2.44 5.25 6.36 1,015,916

10/2/19 537.75 314.10 0.77 1.18 0.45 3.22 3.97 2.65 4.63 5.54 774,354

Week: 651.65 292.92 0.94 1.49 0.42 3.45 4.17 2.35 5.04 6.36 2,815,138

Totals: 707.88 284.17 1.02 1.52 0.41 3.68 4.67 2.35 5.14 6.36 9,174,184

Report Date: 10/14/2019 

Customer: raSmith 

Group: Simon Brea Mall Proj 

Site: 2019.09 Site 3 MH
Utility Systems  Science and Software

Flow (GPM) Flow (MGD) Velocity (FPS) Level (inches)

Max Min

994.79 4.94

1022.01 3.55

1006.39 3.80

988.40 3.75

1052.08 3.76

1052.08 3.55

Statistics for 2019.09 Site 3 MH: 09/24/2019 thru 10/02/2019

1036.18 3.76

817.22 3.68

1036.18 3.68

992.29 3.66

1052.08 3.55

998.19 3.86

Page 1 of 1
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Velocity (fps) Level (in) Flow (gpm)

Average 3.793 5.134 725.440 RainFall Inches

Maximum 4.670 6.200 1052.080

Minimum 2.680 3.550 300.485 10/14/2019
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Velocity (fps) Level (in) Flow (gpm)

Average 3.584 5.177 700.058 RainFall Inches

Maximum 4.370 6.360 1036.177

Minimum 2.350 3.660 284.166 10/14/2019
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2019.10 Site 4 MH

MH at ~471 S State College Blvd

MH in park, E of address X
Install Date: 10/02/2018

Access: System Type:

StormSanitary

Map

Technology

Flow Meter

Meter Depth: 85"

MH Coordinates: 33.909049, -117.889105

Moderate open channel hydraulics

Avg Velocity Avg Measured Level Multiplier

3.75 fps 4.0" 1.4

Gas
O2 H2S CO LEL

20.9 0 0 0

Notes

Three inlets, one from west, one from north & one 
from south; monitored downstream line to get 
total flow.

Traffic Safety

MH in open space, no traffic control required. 

Land Use

Residential Commercial Industrial Trunk

X X X

East

Manhole Depth 

18"

110"

Round

18"/18"

Poor

Concrete

0

*

0.4 2-D

24.87"

6.87"

Downstream

Flow Heading

Sensor Direction

Sensor Dist. to Crown

Sensor Offset

Velocity Profile Data

Velocity Profile Taken

Silt 

Manhole Material

Pipe Condition

Pipe Shape

Inner Pipe Size (In/Out)

Monitored Pipe Size 

raSmith
Brea, CA 92821

MH # unknown

Site Report

Confidential Proprietary Information

10/14/2019

   MH In Park
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2019.10 Site 4 MH

MH at ~471 S State College Blvd

Brea, CA 92821

Meter Site Document

Manhole Before Install

Installed

Downstream

Site

Installation Process

Upstream

K-70



Date Avg Min Avg Max Min Avg Max Min Avg Max Total Gal Rain

10/2/19 569.03 452.36 0.82 0.92 0.65 3.94 4.12 3.70 4.28 4.57 819,407

10/3/19 499.41 195.83 0.72 0.98 0.28 3.72 4.33 2.68 3.98 4.61 719,146

10/4/19 499.45 186.11 0.72 0.98 0.27 3.75 4.42 2.56 3.97 4.48 719,208

10/5/19 495.97 165.14 0.71 0.98 0.24 3.78 4.27 2.31 3.92 4.58 714,196

10/6/19 512.46 235.83 0.74 1.04 0.34 3.83 4.25 3.14 3.99 4.94 737,948

Week: 515.26 165.14 0.74 1.04 0.24 3.81 4.42 2.31 4.03 4.94 3,709,904

10/7/19 517.15 253.26 0.75 1.04 0.36 3.86 4.49 3.01 3.99 4.64 744,694

10/8/19 498.44 202.85 0.72 1.01 0.29 3.77 4.36 2.63 3.94 4.61 717,759

10/9/19 505.47 217.57 0.73 0.98 0.31 3.84 4.39 2.69 3.95 4.65 727,870

10/10/19 335.23 201.60 0.48 0.74 0.29 3.63 4.13 2.62 3.11 3.93 482,733

Week: 464.07 201.60 0.67 1.04 0.29 3.78 4.49 2.62 3.75 4.65 2,673,055

Totals: 492.51 165.14 0.71 1.04 0.24 3.79 4.49 2.31 3.90 4.94 6,382,959

Report Date: 10/14/2019 

Customer: US3 

Group: Simon Brea Mall Proj 

Site: 2019.10 Site 4 MH
Utility Systems  Science and Software

Flow (GPM) Flow (MGD) Velocity (FPS) Level (inches)

Max Min

640.35 3.80

683.19 2.62

681.04 2.65

679.23 2.59

723.40 2.53

723.40 2.53

Statistics for 2019.10 Site 4 MH: 10/02/2019 thru 10/10/2019

678.47 2.64

513.82 2.59

721.94 2.59

723.40 2.53

721.94 2.83

699.72 2.73

Page 1 of 1
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Velocity (fps) Level (in) Flow (gpm)

Average 3.776 3.977 504.282 RainFall Inches

Maximum 4.420 4.610 683.192

Minimum 2.310 2.590 165.138 10/14/2019
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Velocity (fps) Level (in) Flow (gpm)

Average 3.811 3.928 499.087 RainFall Inches

Maximum 4.490 4.940 723.401

Minimum 2.620 2.530 201.597 10/14/2019
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MH at ~120 Brea Mall

MH on CL of parking lot access road, 
NE of address

X
Install Date: 10/04/2019

Access: System Type:

StormSanitary

Map

Technology

Traffic Plan

Flow Meter

Meter Depth: 153"

MH Coordinates: 33.915117, -117.888619

Moderate open channel hydraulics

Avg Velocity Avg Measured Level Multiplier

2.0 fps 2.66" 1.0

Gas
O2 H2S CO LEL

20.9 0 0 0

Notes

Two inlets from west & north; monitored 
downstream line to get total flow.

Traffic Safety

No formal TCP required; used cones & signs per 
WATCH Diagram 15 requirements. 

Land Use

Residential Commercial Industrial Trunk

X

East

Manhole Depth 

8"

172"

Round

8"/8"

Fair

Concrete

0

*

0.4 2-D

18.96"

10.96"

Downstream

Flow Heading

Sensor Direction

Sensor Dist. to Crown

Sensor Offset

Velocity Profile Data

Velocity Profile Taken

Silt 

Manhole Material

Pipe Condition

Pipe Shape

Inner Pipe Size (In/Out)

Monitored Pipe Size 

raSmith
Brea, CA 92821 

MH # unknown

Site Report

Confidential Proprietary Information

10/14/2019

2019.10 Site 1 MH US
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MH at ~120 Brea Mall

Brea, CA 92821 

Meter Site Document

Manhole Before Install

Installed

Downstream

Site

Installation Process

Downstream Pipe Size

2019.10 Site 1 MH US
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Date Avg Min Avg Max Min Avg Max Min Avg Max Total Gal Rain

10/4/19 131.40 79.58 0.19 0.23 0.11 2.21 2.42 1.82 3.23 3.58 189,215

10/5/19 113.06 47.78 0.16 0.28 0.07 2.04 2.66 1.48 2.96 3.97 162,803

10/6/19 101.65 44.72 0.15 0.25 0.06 1.96 2.44 1.51 2.81 3.83 146,383

Week: 115.37 44.72 0.17 0.28 0.06 2.07 2.66 1.48 3.00 3.97 498,401

10/7/19 83.33 41.60 0.12 0.19 0.06 1.86 2.34 1.45 2.56 3.12 119,991

10/8/19 78.92 22.29 0.11 0.20 0.03 1.82 2.35 1.22 2.45 3.19 113,639

10/9/19 83.07 38.06 0.12 0.18 0.05 1.87 2.26 1.44 2.53 3.14 119,618

10/10/19 45.36 37.43 0.07 0.10 0.05 1.54 1.81 1.44 1.93 2.46 65,319

Week: 72.67 22.29 0.10 0.20 0.03 1.77 2.35 1.22 2.37 3.19 418,568

Totals: 90.97 22.29 0.13 0.28 0.03 1.90 2.66 1.22 2.64 3.97 916,969

137.22 1.36

192.36 1.36

137.22 1.36

127.43 1.80

70.97 1.78

176.11 1.94

192.36 1.94

129.17 1.86

Max Min

162.92 2.58

192.36 2.03

Report Date: 10/14/2019 

Customer: US3 

Group: Simon Brea Mall Proj 

Site: 2019.10 Site 1 MH US
Utility Systems  Science and Software

Flow (GPM) Flow (MGD) Velocity (FPS) Level (inches)

Statistics for 2019.10 Site 1 MH US: 10/04/2019 thru 10/10/2019

Page 1 of 1

K-77



Velocity (fps) Level (in) Flow (gpm)

Average 2.086 3.023 117.515 RainFall Inches

Maximum 2.660 3.970 192.361

Minimum 1.480 2.030 47.778 10/14/2019
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Velocity (fps) Level (in) Flow (gpm)

Average 1.874 2.583 86.580 RainFall Inches

Maximum 2.470 3.930 189.305

Minimum 1.220 1.360 22.292 10/14/2019
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2019.09.24-10.10 Temporary Wastewater Flow Monitoring                         raSmith 

Utility Systems Science & Software       

Tab 3: Methods & Procedures & Equipment 

3.1  Methods and Procedures 

Utility Systems Science & Software provided raSmith with an off the shelf, non-proprietary 

flow monitoring solution that included seven state of the art Hach Flo-Dar® AV Sensor 

systems. The project course of action is listed below. The US3 team: 

· Assessed permitting and traffic control at the monitoring sites within the Brea Mall 

and on S. State College Blvd in Brea, CA. 

· Validated the sites for suitability for sewer flow monitoring. 

· Submitted the appropriate site-specific Work Area Traffic Control Handbook 

(WATCH) diagrams for traffic control and obtained City Encroachment Permits. 

· Coordinated with Mall Security for installation and removal of equipment. 

· Installed and removed traffic control in accord with the approved WATCH diagrams 

for both the installation and removal of equipment. 

· Installed and calibrated the flow monitoring equipment per manufacturer 

recommendations on 9/24/2019, 10/02/2019 and 10/04/2019. 

· Removed the equipment on 10/02/2019 and 10/10/2019, validated the data and 

prepared the report. 

3.2  Equipment 

 

Figure:  Equipment installed as part of the Sewer Flow Monitoring Study 
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2019.09.24-10.10 Temporary Wastewater Flow Monitoring                         raSmith 

Utility Systems Science & Software       

 

Figure:  Web-Enabled Flo-Dar® AV Sensor, Radar-Based Velocity/Area Flow Meter 

3.2.1  SPECIFICATIONS 

· Enclosure 

o IP68 Waterproof rating, Polystyrene 

· Dimensions 

o 160.5 W x 432.2 L x 297 D mm (6.32 x 16.66 x 11.7 in.),  

o With SVS, D = 387 mm (15.2 in.) 

· Weight 

o 4.8 kg (10.5 lbs.) 

· Operating Temperature 

o -10 to 50°C (14 to 122°F) 

· Storage Temperature 

o -40 to 60°C (-40 to 140°F) 

· Power Requirements 

o Supplied by FL900 Flow Logger, Flo-Logger, or Flo-Station 
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2019.09.24-10.10 Temporary Wastewater Flow Monitoring                         raSmith 

Utility Systems Science & Software       

· Interconnecting Cable   

o Disconnect available at both sensor and logger or Flo-Station 

o Polyurethane, 0.400 (±0.015) in. diameter; IP68 

o Standard length 9 m (30 ft), maximum 305 m (1000 ft) 

· Cables – available in two styles: 

o Connectors at both ends 

o Connector from sensor with open leads to desiccant hub, desiccant hub with 

connector to logger. A potting/sealant kit will be included. This can be used to run 

the cable through conduit. 

· Certification 

o Certified to: FCC Part 15.245: FCC ID: VIC-FLODAR24 

o Industry Canada Spec. RSS210. v7: IC No.: 6149A-FLODAR24 

SURCHARGE DEPTH MEASUREMENT 

o Auto zero function maintains zero error below 0.5 cm (0.2 in.) 

· Method 

o Piezo-resistive pressure transducer with stainless steel diaphragm 

· Range 

o 3.5 m (138 in.), overpressure rating 2.5 x full scale 

VELOCITY MEASUREMENT 

· Method 

o Radar 

· Range 

o 0.23 to 6.10 m/s (0.75 to 20 ft/s) 

· Frequency Range 

o 24.075 to 24.175 GHz, 15.2 mW (max.) 

· Accuracy 

o ±0.5%; ±0.03 m/s (±0.1 ft/s) 

DEPTH MEASUREMENT 

· Method 

o Ultrasonic 

· Standard Operating Range from Flo-Dar® Housing to Liquid 

o 0 to 152.4 cm (0 to 60 in.) 

· Optional Extended Level Operating Range from Transducer Face to Liquid 

o 0 to 6.1 m (0 to 20 ft.) with 43.18 cm (17 in.) dead band, temperature 

compensated. 

· Accuracy 

o ±1%; ±0.25 cm (±0.1 in.) 
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2019.09.24-10.10 Temporary Wastewater Flow Monitoring                         raSmith 

Utility Systems Science & Software       

FLOW MEASUREMENT 

· Method 

o Based on Continuity Equation 

· Accuracy 

o ±5% of reading typical where flow is in a channel with uniform flow conditions and 

is not surcharged, ±1% full scale max. 

SURCHARGE CONDITIONS DEPTH/VELOCITY DEPTH (Std with Flo-Dar® Sensor) 

· Surcharge depth supplied by Flo-Dar® sensor. 

VELOCITY (Optional Surcharge Velocity Sensor) 

· Method 

o Electromagnetic 

· Range 

o ±4.8 m/s (±16 ft/s) 

· Accuracy 

o ±0.15 ft/s or 4% of reading, whichever is greater. 

· Zero Stability 

o ±0.05 ft/s 

The Flo-Dar® Open Channel Flow Meters provide an innovative approach to open channel 

flow monitoring. Combining digital Doppler radar velocity sensing with ultrasonic pulse 

echo level sensing, Flo-Dar® provides accurate open channel flow monitoring without the 

fouling problems associated with submerged sensors.  

3.2.2 Perfect Solution for Difficult Flow Conditions: 

· Flows with High Solids Content   

· High Temperature Flows   

· Caustic Flows   

· Large Man-Made Channel 

· High Velocities 

· Shallow Flows   
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2019.09.24-10.10 Temporary Wastewater Flow Monitoring                         raSmith 

Utility Systems Science & Software       

 

 

 

 

 

 

 

 

 

 

 

3.3  Benefits 

3.3.1 Personnel have no contact with the flow during installation.  

3.3.2 Maintenance caused by sensor fouling is eliminated. 

3.3.3 Field Replaceable / Interchangeable Sensors and Monitors 

3.4  How It Works 

Flo-Dar® transmits a digital Doppler radar beam that interacts with the fluid and reflects 

back signals at a different frequency than that which was transmitted. These reflected 

signals are compared with the transmitted frequency. The resulting frequency shift 

provides an accurate measure of the velocity. Level is detected by ultrasonic pulse echo. 

Flow is then calculated based on the Continuity Equation:  

Q = V x A, Where Q = Flow, V = Average Velocity and A = Area 

3.5  Accurate Flow Measurements 

Flo-Dar® provides the user with highly accurate flow measurements under a wide range of 

flows and site conditions. By measuring the velocity of the fluid from above, Flo-Dar® 

eliminates accuracy problems inherent with submerged sensors including sensor 

disturbances, high solids content and distribution of reflectors.  
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Page  1 Understanding the Flo-Dar Flow Measuring System  

Understanding the Flo-Dar 

Flow Measuring System 

Independent tests verify non-contact flowmeter 

is highly accurate under both open channel and 

surcharge conditions  

Flo-Dar is the only non-contact open channel velocity/area type flow meter 

available for measurement of flows in municipal wastewater and storm water 

sewers. Flo-Dar consists of a radar-based velocity measurement system and an 

ultrasonic-based pulse echo depth measurement system.  

 

Flo-Dar combines the information from the velocity and depth systems along 

with site specific data (pipe size, pipe shape, velocity profile) and provides the 

user with highly accurate, reliable flow data under a wide range of flow 

velocities and depths. Since the radar velocity sensor and the ultrasonic depth 

sensor cease to provide useful data when submerged, Flo-Dar has an optional 

surcharge velocity sensor (electromagnetic type) and depth sensor (pressure 

transducer) that provides for the continuous measurement of accurate flow data 

where intermittent, surcharged flow conditions are experienced.  

 

The data system merges the data from these two independent flow systems and 

provides the user with a single flow signal that accurately represents flow over 

a range from a dry pipe to extreme surcharge conditions. Accuracy tests 

performed at Alden Research Labs have shown that the Flo-Dar is highly 

accurate under both open channel and surcharge (submerged) conditions. 

 

Measurement of Flow Under Free Flow,               

Non-submerged Conditions 
 

Open Channel Velocity 

Open channel flow is any flow in a channel that has a free surface. Flo-Dar 

measures open channel flow as depicted in Figure 1. The radar velocity sensor 

measures flow in a manner similar to how radar guns measure the velocity of a 

baseball or an automobile.  

Accuracy tests performed at 

Alden Research Labs have 

shown that the Flo-Dar is 

highly accurate under both 

open channel and surcharge 

(submerged) conditions. 

Flo-Dar has an optional     

surcharge velocity sensor 

(electromagnetic type) and 

depth sensor (pressure     

transducer) that provides the 

continuation of accurate flow 

data where intermittent,      

surcharged flow conditions are 

experienced. 

TM 
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Page  2 Understanding the Flo-Dar Flow Measuring System  

A radar “horn” contained inside of the watertight housing transmits a 

microwave beam through the housing at a defined angle to the flow surface. 

Disturbances on the surface reflect some of the microwaves back to the horn. 

The frequency of these returning microwave signals have been shifted (the 

Doppler effect) by an amount directly proportional to the speed of the 

moving surface. This frequency shift is detected and measured by the Flo-

Dar flow meter and the data is stored as a measure of the surface velocity. 

          

Since the accurate measurement of open channel flow requires the accurate 

determination of the average velocity of the flow stream, the measured 

surface velocity must be dynamically modified to obtain an accurate average 

velocity for use in the Continuity Equation, Q= Vav x A).  Marsh-McBirney 

has developed and patented a process that yields an accurate determination 

of the average velocity from the measurement of the surface velocity at a 

known point on the flow surface. 

 

If one analyzes each of the four factors that influence the accuracy and 

stability of the measured surface velocity signal, it becomes obvious that a 

Doppler Radar based velocity sensor is very accurate and stable: 

 

1. Transmitted Frequency - The transmitted frequency of 24.175 GHz is 

controlled to an accuracy of +/- 0.065% 

2. Speed of Microwaves in Air - Essentially constant at the speed of light 

3. Angle of Microwave Beam - The sensor is placed in a rigid mount that is 

positioned parallel to the water surface (i.e. nearly level). The sensor can 

be removed from the mount and reinstalled while easily maintaining its 

original mounting location. 

4. Calculation of Average Velocity—The relationship between the sensed 

(surface) velocity and the average velocity varies with pipe size and 

water depth.  

Marsh-McBirney has          

developed and patented a 

process that yields an accurate 

determination of the average 

velocity from the measurement 

of the surface velocity at a 

known point on the flow      

surface. 

Factors that influence the   

accuracy and stability of the 

measured surface velocity  

signal: 

1. Transmitted Frequency 

2. Speed of Microwaves in 

Air 

3. Angle of Microwave Beam 

4. Calculation of Mean     

Velocity 
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By applying algorithms developed through basic hydraulic principles and from 

actual flow data taken at Alden Labs and at various customer sites, the surface 

velocity is transformed into an accurate representation of the mean velocity.  

 

Since the location of the sensing region on the flow surface is known, the 

repeatability of the surface velocity measurement is excellent and its 

relationship to the mean velocity is predictable. 

 

Figures 2a, 2b, 2c and 2d depict the relationship that exists between various 

velocity contours and the mean velocity at different depth/Diameter ratios. 

Note that the velocity gradients that exist throughout the flow cross section are 

generally represented at the flow’s surface - essentially creating a “finger-

print” of the velocity contours that exist beneath the surface.   

 

As one might expect, the velocities near the wall are less than the mean 

velocity and those near the surface are greater than the mean velocity. Since a) 

the radar sensor measures surface velocity at a know location on the flow 

surface, and b) these  various surface velocities have known relationships to 

the mean velocity, then the mean velocity can be reliably and accurately 

calculated.  

 

Note that the velocities present on the surface are typically within 10% of the 

average velocity. The accuracy of the calculated mean velocity, after 

correction, is typically between 2% to 5%. (See Note 1.) 

 

Ultrasonic Pulse Echo Depth Measurement 

Ultrasonic pulse echo depth sensors operate by energizing a piezoelectric 

transducer with an electronic pulse. This pulse creates an ultrasonic pulse of 

energy that travels to the flow surface where a portion of the energy returns to 

the transducer.  

 

The transit time to the flow surface and back is recorded and the distance 

calculated by knowing the speed of sound at the site which has been corrected 

by an embedded temperature sensor. The accuracy of the depth measurement is 

1%, +/- 0.1 inch . 

 

Measurement of Flow Under Submerged Conditions 

 

Electromagnetic (EM) Surcharge Velocity Sensor 

As stated previously, the radar based velocity sensor measures the surface 

velocity of the flowing stream by detecting the average speed of the surface 

irregularities. When the radar sensor becomes totally submerged, it becomes 

“blind” and is no longer capable of measuring the fluid velocity.                           

Since the location of the    

sensing region on the flow  

surface is known, the          

repeatability of the surface 

velocity measurement is      

excellent and its relationship 

to the mean velocity is very       

predictable. 

The accuracy of the calculated 

average velocity, after            

correction, is typically between 

2% to 5%.  

K-88



Copyright © 2005 Marsh-McBirney, Inc. 

 

Page  4 Understanding the Flo-Dar Flow Measuring System  

Figure 2c:  

d/D= 0.50 

Figure 2d:  

d/D= 0.75 

Figures 2a, 2b, 2c and 2d 

depict the relationship that 

exists between various 

velocity contours and the 

mean velocity at different 

depth/Diameter ratios. Note 

that the velocity gradients 

that exist throughout the 

flow cross section are 

generally represented at the 

flow’s surface—essentially 

creating a “finger-print” of 

the velocity contours that 

exist beneath the surface.   

Figure 2a:  

d/D= 0.10 

Figure 2b:  

d/D= 0.25 
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To allow for the uninterrupted measurement of flow under conditions that 

change from open channel flow to submerged flow as experienced in sewers 

that surcharge, Marsh-McBirney has added an additional surcharge velocity 

sensor. Placed on the underside of the standard Flo-Dar sensor, this 

electromagnetic sensor becomes active when the flow level rises to within four 

inches of the Radar horn and remains activated until the flow once again falls 

beneath that depth. 

 

The optional surcharge velocity sensor is based on the Faraday Principle of 

Electromagnetic Induction. This is the same well-proven principle that “full 

bore” or “spool-piece” magmeters utilize, the most widely used method of 

measuring wastewater flow in full pipes.  

 

In the Marsh-McBirney design, an electromagnet embedded within the 

streamlined  sensor generates a magnetic field in the flowing stream. The flow 

of the water passing through this magnetic field generates voltages in the water 

that are directly proportional to the speed of the water passing the sensor. 

Marsh-McBirney uses an in-house 120 foot long towing basin for calibration 

of electromagnetic sensors. Tow carriage accuracy is better than +/- 0.5%.  

 

Surcharge Depth Sensor  

Once submerged conditions exist, the ultrasonic depth sensor ceases to provide 

useful depth information. To measure depth of the flow during surcharge 

conditions, a pressure transducer embedded in the Flo-Dar sensor is used in the 

system. 

 

The location of the surcharge velocity sensor relative to the crown of the pipe 

is shown in Figure 3.   This location provides sensing of the velocity stream 

just below the crown of the pipe where the flow exits the upstream piping. 

Empirical data, verified by independent tests at Alden Labs in Holden, 

Massachusetts indicate that the velocity measured at this location, when 

multiplied by 0.9, is typically equal to the average velocity.     

To allow for the uninterrupted 

measurement of flow under 

conditions that change from 

open channel flow to submerged 

flow as experienced in sewers 

that surcharge, Marsh-McBirney 

has added an additional 

surcharge velocity sensor.  

 

Placed on the underside of the 

standard Flo-Dar sensor, this 

electromagnetic sensor becomes 

active when the flow level rises 

to within 4 inches of the Radar 

horn and remains activated until 

the flow once again falls beneath 

that depth. 
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Laboratory Tests 

In September 2002 Marsh-McBirney contracted Alden Research Labs of 

Holden, Massachusetts to perform flow accuracy tests on the Flo-Dar sensor 

with an electromagnetic surcharge sensor. The Flo-Dar was subjected to a flow 

range of 400 gpm to over 9000 gpm in a pipe size of 23.5 inches. The pipe had 

a slope of approximately zero.  The test results are shown in Figure 4, Figure 5, 

Figure 6 and Figure 7. 

 

The flow tests showed that the Flo-Dar compared very favorably with the 

Alden flow standard (weigh tank) over a wide range of flows where the open 

channel flow ranged from 400 gpm to 6000 gpm, and the surcharge 

(submerged) flow ranged from 6000 gpm to 9000 gpm. 

 

Tests were also run to depict how Flo-Dar performs under transition conditions 

where the flow goes from an open channel condition to a surcharge 

(submerged) condition. 

 

Test results show that the data from the open channel radar sensor and 

surcharge electromagnetic sensor overlay each other and the Alden Standard. 

Tests were run under both free flow conditions as well as where the pipe outlet 

was partially blocked so as to create an entirely different velocity/depth 

relationship. 

 

Additional flow accuracy tests were run on a 36” pipe at Alden on July 17, 

2003.  All of the data points were shown to be within 3.5% of the Alden 

Standard. 

Figure 4 compares the Flo-Dar flow vs. the Alden Standard (weigh tank). The flow 

condition for this test was both open channel flow and surcharge (submerged) flow. 

Alden Flow  Accuracy Test--23.5" Pipe w/Zero Slope
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The flow tests showed that the 

Flo-Dar compared very        

favorably with the Alden flow 

standard (weigh tank) over a 

wide range of flows where the 

open channel flow ranged from 

400 gpm to 6000 gpm, and the 

surcharge (submerged) flow 

ranged from 6000 gpm to 9000 

gpm. 
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Figure 5 compares the velocity measured by the Radar sensor plotted against flow 

depth. Note that when the depth reaches approximately 18 inches the EM surcharge 

sensor has been activated. There is one data point where both sensors are active and 

then the EM surcharge sensor continues to measure after the radar sensor has become 

submerged and inoperative. 

Alden--Velocity Crossover Test
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Figure 6 depicts a second surcharge test where the flow was incremented more slowly in 

order to achieve additional data points in the area where both the Radar sensor and the 

EM surcharge sensors are active simultaneously. Note that both the Radar sensor and the 

EM sensor are active between flow depths of 18 inches and 18.5 inches. Also, note how 

both the Radar and EM data points overlay each other and the Alden standard. 

Alden Surcharge Test--Open End
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Test results show that the data 

from the open channel radar 

sensor and surcharge 

electromagnetic sensor overlay 

each other and the Alden 

Standard.  
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Figure 7 depicts the result of a surcharge test at a lower flow rate. In this test, a round 

plate with multiple holes was placed at the outlet of the test pipe so as to achieve 

submerged flow at a lower velocity. Note the consistency of both the Radar velocity 

data and the EM velocity data as compared to the Alden standard.  

Alden Surcharge Test--With Blockage
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Alden Flow Accuracy Test --36" Pipe
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Figure 8 compares the Flo-Dar flow vs. the Alden Standard (weigh tank) for flow 

accuracy tests in a 36" pipe.  These tests were performed on July 17, 2003.  Note that 

at 17,000 gpm the sensor was under surcharge conditions.  All of the data points were 

shown to be within 3.5% of the Alden Standard. 

The accuracy of Flo-Dar 

under both open channel 

conditions as well as 

surcharge (submerged) 

conditions is more than 

adequate for the most 

demanding of metering 

applications including open 

channel billing applications. 

Additional tests performed at 

Alden in 2003 on a 36” pipe 

again validated Flo-Dar’s 

accuracy under open channel 

and surcharge flow. 
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Data recovery from Flo-Dar 

deployments ranges between 

98% to 100% even under site 

conditions that render most 

submerged sensors inoperable. 

Flo-Dar measures open   

channel velocity and depth by 

non-contact means virtually 

eliminating the need to       

periodically clean the sensors 

as required by all submerged 

type sensors.  

 

The Flo-Dar data logger records all four of the flow parameters - open 

channel surface velocity and depth, and surcharged velocity and depth. When 

the water depth is below the bottom of the Flo-Dar sensor, only the surface 

velocity and the flow depth of the open channel flow are used in the flow 

calculation.  

 

Once the flow depth is such that  both the surcharge depth sensor is activated 

and a conductivity switch is activated, then flow is calculated using the full 

pipe dimensions for area and the surcharge velocity sensor for velocity. 

 

Conclusions 

Flo-Dar is a rugged, general purpose flow meter for use in most open 

channels such as sanitary sewers, storm water sewers and other man-made 

channels such as aqueducts as well as certain natural channels such as small 

streams. Flo-Dar measures open channel velocity and depth by non-contact 

means virtually eliminating the need to periodically clean the sensors as 

required by all submerged type sensors.  Data recovery from Flo-Dar 

deployments ranges between 98% to 100% even under site conditions that 

render most submerged sensors inoperable. 

 

The accuracy of Flo-Dar under both open channel conditions as well as 

surcharge (submerged) conditions is more than adequate for the most 

demanding of metering applications including open channel billing 

applications. 

 
Note 1. The accuracy of open channel flow meters can be affected by adverse conditions present at any 

metering site. The accuracy specifications of most manufacturers are generally stated under ideal          

conditions. 
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 1) Locate the following parts (See Figure 1): 
 
     1) Flo-Dar Sensor                                   7) Extension Pipe, Tee Fitting, and Bushing 

     2) Flo-Dar Logger                                    8) Clamp Set with qty. (8) ¼-20 Bolts 

     3) Flo-Dar Communication Cable          9) Desiccant Capsule 

     4) Flo-Ware Software CD                               10) Laser-Alignment Tool 

     5) Sensor Mounting Frame                              11) Installation & Operations Manual 

     6) Jack-Bar Assembly                            12) Start-Up Guide (not pictured) 

      

Index 
 

Flow Monitoring parts……………………………………………………...…………….2 

Flo-Ware Software Configuration………..………………………………………………3 

Set up the Mounting Frame and Jack-Bar Assembly……………………….……………3-6 

Install Sensor……………………………………………………………………………...6 

Connect the Data Logger………………………………………………………………….6 

Configure the Data Logger using Flo-Ware….……………………………..…………....7-11 

Collect Real Time Readings to Confirm Operation……………………...………………12–13 

Secure the Data Logger and Sensor Cable and Leave the Site………..…………………13-14 

Key Information …………………………………………………………………………15 

Figure 1 
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Methods & Procedures 
 
2) Flo-Ware Software Configuration. 
 
1. Insert the “Flo-Ware For Windows Resources CD” into your drive. 

2. Select (single-click) “floware4.exe” from the “Software” box on your screen. 

3. Select “Save” from the “File Download—Security Warning” screen. 

4. Select “Save” from the “Save As” screen. 

5. Select “Run” from the “Download Complete” screen. 

6. Select “Run” from the “Internet Explorer—Security Warning” screen. 

7. An installation wizard will initiate and load the files onto your hard drive. 

8. Select the language you want to use from the “Select Language” screen. 

9. Select “Next” from the “Welcome” screen. 

10. Select “Next” from the “Choose Destination Location” screen. 

11. Select “Next” from the “Select Components” screen. 

12. Select “Next” from the “Start Installation” screen. 

13. Select “Finish” from the “Installation Complete” screen. 

14. Scroll down the screen and find “Flo-Dar / SVS” on the left side of the screen. Select (single-

click) “flodar.exe” from that box on your screen 

15. Select “Run” from the “File Download—Security Warning” screen. 

16. Select “Run” from the “Internet Explorer—Security Warning” screen. 

17. An installation wizard will initiate and install the files onto your hard drive. 

18. Select “Finish” from the “Flo-Dar / SVS File Driver Installation” screen. 

 
NOTE:  There are ample help files on the “Flo-Ware for Windows Resources CD” 

 
3) Set up the mounting frame and jack-bar assembly. 
 
     A) Install the jack-bar assembly in the manhole. As a general rule, the jack-bar should be                     

          approximately 20” to 24” above the crown (top) of the pipe. In order to reduce move- 

          ment of the jack-bar due to the cantilever action of the sensor, the jack-bar should be  

          located as parallel to the pipe and invert of the manhole as possible. 

MOST Desirable Jack-Bar Mount                                                  LEAST Desirable Jack-Bar Mount 
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 B) Assemble the frame, clamp-set, bushing, tee, and extension as shown in figure 2. 

              Position the frame as close as possible to the lip of the pipe by sliding the assembly  

              along the jack-bar with the slide. Be sure to secure the set-screw. 

                                                         
        C) Set the elevation of the frame (measured to the top of the frame tubes) to be 6” 

             above the inside crown of the pipe (for pipe I.D. under 25” ) or 5” above the  

             inside crown of the pipe (for pipe I.D. of 25” and greater). An easy way to set the                  

             frame elevation is to measure the distance from the bottom of the manhole invert to 

             the top of the mounting frame tubes. (This assumes that there is no drop or hydraulic      

             jump from the lip of the pipe to the invert) Set the dimension to equal the pipe I.D. plus  

             6” (for pipe I.D. under 25”) or the pipe I.D. plus 5” (for pipe I.D. of 25” or greater). 

D) If you are not interested in measuring flow under sur-

charge conditions, or if you are sure the site will not sur-

charge, you can mount the sensor at any elevation above 

the surface of the water as long as the frame is within 60” 

of the water surface. When the sensor is mounted at high-

er elevations than those shown in Figure 3, it will still 

read  normal velocity and level readings. Surcharge level 

will still be recorded properly, but surcharge velocity 

readings will not be possible. If you are mounting the 

sensor at higher elevations, it is still necessary to confirm 

the location of the velocity radar beam as described on 

pages 5 & 6 of this guide.  

Figure 2 

Figure 3 
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        E) Align and level the frame by placing the laser alignment tool in the frame as shown  

             in figure 4. Utilize the bubble-level on the tool to level the frame. 

  
        F) Snap the laser-pointer into the laser alignment tool as shown below in figure 5. It is a 

             tight fit. Make sure the pointer is firmly and evenly seated in its slot as shown.  

  
        G) With the laser-pointer snapped into the tool, as shown, place the alignment tool back 

             into the frame. The laser is now set up to duplicate the velocity radar beam angle. 

             Use the laser-pointer to shine the beam onto the surface of the water. Ideally, the  

 beam should be aligned so that it lands in the middle of the surface of the water  

             inside the pipe.  

 
 NOTE:  There are numerous adjustment points on the frame and jack-bar assembly. 

 

Figure 4 

Figure 5                         
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        H) Remove the laser-pointer from the tool and re-install it into the tool as shown below in  

             figure 6. With the laser-pointer in the position shown, it is now set up to duplicate the  

             ultra-sonic level transducer beam location. 

        I) Align the beam so that it lands in the middle of the channel you are measuring. 

  
 NOTE:  You may have to check level, velocity laser alignment, and level laser alignment 
 several times to ensure all three are correct. Adjusting one or more of the alignments will 
 often affect one or more of the other adjustments!  It is critical to remember to tighten all 
 bolts on the jack-bar and clamp set to assure that the sensor frame does not move, once  
 positioned correctly. 

4) Install the Sensor. 
      A) Gently lower the sensor into the mounting frame and lock it in place by rotating the bail  

            assembly (located on top of the sensor) 90 degrees. The two locking arms will extend  

            out to engage the slots in the vertical side webs of the frame ensuring that the sensor 

            will not dislodge from the frame, particularly if the manhole surcharges. 
 
 NOTE:  Make sure the sensor is placed in the frame so that the cables are exiting the  
  sensor on the downstream (manhole effluent) side. (see Figure 7 below) 
 

5) Connect the Data Logger.  
     A) Connect the sensor cables to the data logger. Make sure the grey cable-end connects to   

            the connector marked grey. Connect the yellow cable-end to the connector marked  

             yellow. Tighten the threaded cable connector-ends securely to the data logger connect- 

             ors.  

      B) Remove the desiccant capsule from the vacuum-sealed bag and plug it onto the brass 

           A.P.R. fitting (located next to the yellow cable connector) on the data logger. See Figure 

           8 below. 

Figure 6 

Figure 7                                                              Figure 8                                                             
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6) Configure the Data Logger using Flo-Ware Software. 
 
     A) Connect the interface cable from the data logger to the laptop’s 9-pin serial port. 

 
 NOTE:  If your laptop does not have a 9-pin serial port, you will have to use a 
              USB port with a USB-to-serial port adapter (not provided by Marsh-McBirney). 

 

       B) Double-click the “Flo-Ware” icon on your computer’s desktop. 

       C) When Flo-Ware opens, you will see the screen shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
         D) Place your cursor on the line that says “Communicate with an instrument” and single- 

              click. A small pop-up window will open. Place your cursor over the “Flo-Dar” line  

              and single-click. A second pop-up window will appear. Single-click on the word “com- 

              munications”. The site set-up screen will appear as shown below. 
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             E)  Proceed to enter your specific site information into the appropriate boxes in the site  

                 set-up screen. An example of a typical set-up is shown below, along with explanations- 

                 actions of the input required from the user. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Site I.D. and Location are self-explanatory. You MUST enter something in the site I.D. box 

in order for the program to work. 

 Cycle time is the time interval between the start of each sample. 

 Number of samples is the number of 1-minute samples that the instrument will take at the 

beginning of each cycle. 

 Flow Units can be selected by using the pull-down arrow to view the available choices.  

 Start Type is either immediate or delayed. If you choose a delayed start, you can use the pull

-down arrow to reveal a calendar box and time box. You can use the pull down arrow on the 

calendar box to view convenient calendars which allow you to click on the date you desire. 

When using a delayed start, the instrument will “sleep” until the desired start-up date and 

time are reached. It will then “wake up” and start sampling. 

 Multiplier should be left at 1.00 for most applications in round pipes. If you have a round 

pipe greater than 54” in diameter, or you are using the instrument in a square/rectangular 

channel, or an odd-shaped channel, contact the Customer Support Department at 714-542-

1004 for instructions about the multiplier. 

 Memory can be either “Fixed” or “Wrapped”. If you choose “Fixed”, the instrument will 

stop collecting data once the memory is full. In ‘Wrapped” mode, when the memory be-

comes full, the instrument will continue collecting data and will over-write the first data 

point, then the second, etc., with new data. This will continue indefinitely until a new set-up 

is downloaded to the instrument. 
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 Shape is self-explanatory. If you are measuring flow in an odd-shaped conduit, 

please call the US3 at 714-542-1004 for detailed instructions. 

 Diameter is the INSIDE diameter of the pipe. This dimension should be measured 

in the field. Often, the pipe diameter is not what one assumes from the specs on a 

given pipe. Always measure the inside diameter to be sure of the dimension. 

 Sediment is the amount of non-flowing sediment that may be in the bottom of the 

pipe. The software will take sediment into account when calculating cross-

sectional area for the flow calculation. If there is no sediment, leave the number at 

0.00. 

 Sensor offset is the dimension from the top surface of the horizontal sensor mount-

ing frame tubing, to the bottom of the invert or cannel. (see Figure 3, page 4) If 

you want to measure flow in a surcharge condition, or if you want to set the instru-

ment up to measure flow in case the manhole surcharges, then the mounting frame 

should be located so that the sensor offset dimension is equal to the pipe diameter 

plus 6 inches for pipe diameters up to 24”, or equal to the pipe diameter plus 5 

inches for pipe diameters greater than 24”.  

 Single-click on the “Extended Setup” button.  

 Single-click on “Surcharge Level Cal” 

 A window marked “Calculate Surcharge Level Cal will appear as shown below. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Type 0.00 in the box marked “known”. 

 Single-click on the “Take Sample” box. 

 Allow the unit to perform a real  time sample of the surcharge pressure transducer. 

This will take approx. 45 seconds. The software will fill in the box marked 

“Sensor” and the box marked “Level Cal” with the proper values automatically. 
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7)Save the site information to your hard drive by clicking on the “Save Site”    
    button near the upper left-hand corner of the set-up screen. 
 
8) Download the site information to the data logger by clicking on the “Send 
     Setup” button near the upper right-hand corner of the site set-up screen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
9) Turn on (check the boxes) both of the SVS channels as shown above.    
 
10) Adjust the instrument clock to match your laptop computer clock as  
      shown below. Use the pull-downs next to the date and time to help you 
      set the instrument clock time. Click OK. 
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11) A warning screen will appear as shown below. Select whether or not you 
      want to reset the logger flow totalizer, then click OK. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12) The “Send setup complete” screen (shown below) will appear, indicating           
      that you have successfully sent the setup data to the instrument. The  
      instrument will now begin collecting data. 
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13) Collect real-time readings to confirm proper operation of the instrument 
       before leaving the metering site. 

 
       A) Single-click on the “Real Time” tab on the Communications Screen. The real time 

              screen will appear as shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  
B) Single-click on the “Sample” button. You may or may not see the following pop up   

     window appear.           
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C) Single-click the “Sample” button. It will take about  45 to 60 seconds for the meter to 

                  sample velocity, level, and send the data packet to the data logger. It will then display 

                  the real time sample on the screen (see below). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

          

 D) Confirm the level reading on the screen matches the actual water level in the pipe. 

                  Confirm that the velocity reading on the screen matches the velocity you approximate 

                  in the pipe.  

 

 

14) Close the real time window and Flo-Ware main screen.  
 
15) Disconnect the communications cable from your laptop to the data logger. 
 
16) Screw the protective metal cap onto the communications port connector. 
      in order to protect the connector from damage due to water or dirt. 
 
17) Coil the sensor cables and secure them to the top ladder rung. Hang the  
       data logger from the top ladder rung.  (See Figure 9 next page.) 
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You have successfully installed the Flo-Dar Flowmeter. Please remember to secure the manhole lid 

prior to leaving the site.  

 

If you have any questions regarding this flowmeter, please contact US3.  Please note that  

telephone support is available Monday through Friday between 9:00 AM and 5:00 PM U.S. Pacific 

Standard Time.  

 

 

 

Figure 9 
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DW = drinking water WW = wastewater municipal PW = pure water / power

IW = industrial water E = environmental C = collections FB = food and beverage

DATA SHEET

The Flo-Dar Area/Velocity Radar Flow Meter provides a
revolutionary approach to open channel flow monitoring.
The sensor combines advanced Digital Doppler Radar
velocity sensing technology with ultrasonic pulse echo
depth sensing to remotely measure open channel flow.
Use with FL900 Series Flow Logger or Flo-Logger/Logger XT
for portable monitoring; for permanent monitoring sites, the
Flo-Dar can be connected to the Flo-Station which displays
flow rate, velocity, and level. (See Lit. No. 2709 [standard] or
Lit. No. 2711 [wireless] for Flow Logger product information,
or Lit. No. 2616 for Flo-Station product information).
Intrinsically safe models available.

Accurate Flow Measurement
Flo-Dar provides the user with highly accurate flow
measurements under a wide range of flows and site
conditions. By measuring the velocity of the fluid from
above, Flo-Dar eliminates accuracy problems inherent
with submerged sensors including sensor disturbances,
high solids content and distribution of reflectors.

Non-Contact Sensor Eliminates Lost Data
No lost data with non-contact, above the flow sensor that
is unaffected by fouling due to debris and grease.

Easy Installation and Maintenance
As the sensor is mounted above the flow, personnel have
little or no contact with the flow during installation. Future
sensor removal can be done without the need for confined
space entry.

Independent Accuracy / Long-Term Stability
Verification
Flo-Dar sensor accuracy and long-term stability (up to 3
years without need for site calibration) from low flow depths
up to surcharge conditions has been independently verified

many times over the years including a formal evaluation by
the Alden Research Laboratory, Inc. and recent field
evaluations done by municipalities and consulting
engineering firms.

Perfect Solution for Difficult Flow Conditions
Operates in the most difficult conditions including flows
with high solids content, high temperature, shallow and
caustic flows, large man-made channels, and high
velocities up to 20 ft/s.

Optional Surcharge Velocity Sensor
During surcharge events Flo-Dar’s optional electromagnetic
sensor will continue to provide uninterrupted and accurate
flow monitoring through dry and wet weather flows without
the need for routine sensor cleaning or maintenance.

Applications

Municipal
• Sanitary Sewer Evaluation Studies
• Collection Systems
• Capacity Studies
• Combined Sewer Overflows
• Inflow and Infiltration (I&I) Studies
• Billing / Custody Transfer
• Plant Influent and Effluent

Industrial
• Process Waste
• Plant Influent
• Plant Effluent
• Non-contact Cooling Water
• Stormwater Monitoring and Compliance

Flow
Marsh-McBirney FLO-DAR®

Area/Velocity Radar
Flow Meter Sensor

The Flo-Dar Sensor provides an ideal solution
for non-contact, maintenance-free portable or
permanent sewer flow monitoring.

WW

IW

C

Features and Benefits
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Specifications*
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*Specifications subject to change without notice.

FLO-DAR SENSOR

Enclosure
IP68 Waterproof rating, Polystyrene

Dimensions
160.5 W x 432.2 L x 297 D mm (6.32 x 16.66 x 11.7 in.),
with SVS, D = 387 mm (15.2 in.)

Weight
4.8 kg (10.5 lbs.)

Operating Temperature
-10 to 50°C (14 to 122°F)

Storage Temperature
-40 to 60°C (-40 to 140°F)

Power Requirements
Suppied by FL900 Flow Logger, Flo-Logger, or Flo-Station

Interconnecting Cable
–Disconnectable at both sensor and logger or Flo-Station
Polyurethane, 0.400 (±0.015) in. diameter; IP68
Standard length 9M (30 ft), maximum 305 m (1000 ft)

Cables are available in two styles:
–connectors both ends
–connector from sensor with open leads to desiccant hub,
desiccant hub with connector to logger. A potting/sealant kit
will be included. This can be used to run the cable through
conduit.

Important Note: The sensor cable assembly with desiccant
hub is compatible with either the Marsh-McBirney Flo-
Logger/Logger XT or the Hach FL900 Series Flow Loggers.
When using this cable assembly with the Marsh-McBirney
Flo-Logger, do not disconnect the desiccant cartridge that is
attached to the Flo-Logger itself. It is important to keep the
air tube plugged.

If using Flo-Dar cable with Flo-Station, the cable will have bare
leads to the Flo-Station (30 to 1000 ft. lengths) and there will
be no desiccant hub, as the air tube terminates inside of the
Flo-Station housing.

Warranty
1 year

Set-up/Data Retrieval
Flo-Ware for Windows software is the user on-site set-up,
data management, and report generation software. It is
compatible with desktop/laptop computers utilizing
Windows operating system.

Certification
The Flo-Dar Transmitter is certified to the following
requirements:
- Transmitter type: Field Disturbance Sensor
- Frequency: 24.125 GHz - Doppler pulse
- Maximum rated power output: 128 dbuV (ave) @ 3 meters

Certified to: FCC Part 15.245: FCC ID: VIC-FLODAR24
Industry Canada Spec. RSS210. v7: IC No.: 6149A-FLODAR24

Use of this device is subject to the following conditions:
1. There are no used serviceable items inside this device.
2. The user must install this device in accordance with the

supplied installation instructions and must not modify the
device in any manner whatsoever.

3. Any service involving the transmitter must only be
performed by Hach Company.

4. The user must ensure that no one is within 20 cm of the
face of the transmitter when operating.

SURCHARGE DEPTH MEASUREMENT

Auto zero function maintains zero error below 0.5 cm (0.2 in.)

Method
Piezo-resistive pressure transducer with stainless steel
diaphragm
Range
3.5 m (138 in.), overpressure rating 2.5 x full scale

VELOCITY MEASUREMENT

Method
Radar
Range
0.23 to 6.10 m/s (0.75 to 20 ft/s)
Frequency Range
24.075 to 24.175 G-Hz, 15.2mW (max.)
Accuracy
±0.5%; ±0.03 m/s (±0.1 ft/s)

DEPTH MEASUREMENT

Method
Ultrasonic
Standard Operating Range from Flo-Dar Housing to Liquid
0 to 152.4 cm (0 to 60 in.)
Optional Extended Level Operating Range from Transducer
Face to Liquid
0 to 6.1 m (0 to 20 ft.) with 43.18 cm (17 in.) dead band,
temperature compensated.
Accuracy
±1%; ±0.25 cm (±0.1 in.)

FLOW MEASUREMENT

Method
Based on Continuity Equation
Accuracy
±5% of reading typical where flow is in a channel with uniform
flow conditions and is not surcharged, ±1% full scale max.

SURCHARGE CONDITIONS DEPTH/VELOCITY

DEPTH (Std with Flo-Dar Sensor)
Surcharge depth supplied by Flo-Dar sensor.

VELOCITY (Optional Surcharge Velocity Sensor)
Method
Electromagnetic
Range
±4.8 m/s (±16 ft/s)
Accuracy
±0.15 ft/s or 4% of reading, whichever is greater.
Zero Stability
> ±0.05 ft/s

CERTIFICATION INTRINSICALLY SAFE

The Flo-Dar and Surcharge Velocity Sensors are certified
to Class I, Zone 1 Standards. They conform to ANSI/UL
60079-11 and are certified to CAN/CSA E60079-11 and
EN 60079-11 standards.

The Flo-Dar sensor meets CE requirements.
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1. The flow meter shall be capable of
measuring level, average velocity and
surcharge depth.

2. The method of velocity measurement
shall be Doppler radar.

3. The sensor shall combine advanced
Doppler Radar velocity sensing
technology with ultrasonic pulse echo
depth sensing to remotely measure open
channel flow.

4. Flow shall be calculated based on the
Continuity Equation (Q=V x A), where
Q=Flow, V=Average Velocity and A=Area.

5. The range of velocity measurement shall
be 0.23 to 6.10 m/s (0.75 to 20 ft/s).

6. The method of depth measurement shall
be ultrasonic.

7. The standard operating range for depth
measurement shall be 0 to 152.4 cm (0 to
60 in.) with an optional operating range of
0 to 6.1 m (0 to 20 ft.) with 43.18 cm (17
in.) deadband, temperature compensated.

8. The flow meter shall have a surcharge
condition velocity sensor option.

9. Exterior dimensions of the sensor shall
not exceed 160.5 W x 432.2 L x 297 D
mm (6.32 W x 16.66 L x 11.7 D in.) or
160.5 W x 432.2 L x 387 D mm
(6.32 W x 16.66 L x 15.2 D in.) with
Surcharge Velocity option.

10. The sensor shall be able to measure
bi-directional surcharge flow.

11. Optional Intrinsically Safe models
available for flow monitoring in
hazardous locations.

12. The model shall be the Marsh-McBirney
Flo-Dar Open Channel Flow Meter
Sensor.

Engineering Specifications

Dimensions

Desiccant Hub Assemblies for use with portable FL900 Series Loggers and Flo-Logger.
(Sensor cable for use with Flo-Station will not contain a desiccant hub and will have bare wires on cable end.)

The desiccant hub assembly includes a junction box to connect sensor cable to the desiccant and subsequently to the FL900
Logger. The desiccant can easily be replaced without need to purchase a separate desiccant module.

Top ViewSide View
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technical support, and ordering
assistance, contact the Hach
office or distributor serving
your area.

In the United States and all other
countries except Europe, contact:

HACH COMPANY
4539 Metropolitan Court
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At Hach, it’s about learning
from our customers and
providing the right answers.
It’s more than ensuring the
quality of water—it’s about
ensuring the quality of life.
When it comes to the things
that touch our lives...

Keep it pure.

Make it simple.

Be right.
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Ordering Information

Cables
FD9000CBL-XXX* FL900 Series Logger to Flo-Dar sensor. Cable w/two connectors.
FDJCTBOXCBL-XXX* FL900 Series Logger to Flo-Dar sensor. Cable with connector

to sensor, open end to desiccant hub, desiccant hub with
connector to sensor. Includes finishing kit for potting/sealing
desiccant hub. For use with conduit.

6000062XX* SVS Sensor with connector for use with FL900 Series Logger.
570011800-XXX* Flo-Station to Flo-Dar sensor Cable with one connector
Model 4000-9 and bare leads.
6000059XX* SVS Sensor with bare leads for use with Flo-Station.

*Contact customer service for product numbers.
Available Cable Lengths (in feet)

30 125 225 400 700
60 150 250 450 800
75 175 300 500 900

100 200 350 600 1000

See Lit. No. 2709 (standard models) and Lit. No. 2711 (wireless models) for FL900 Series Flow
Logger ordering information. See Lit. No. 2616 for Flo-Station ordering information.

Mounting Hardware
800016701 Permanent Sensor Mount-Includes sensor frame & all mounting hardware.

Portable Sensor Mounts Available (Sizes 34-107") Contact Sales.

Accessories & Spares
245000501 Sensor Retrieval Pole - Used to place and retrieve sensor from

mounting bracket. Pole extends to 7.3 m (21 ft.)
510012701 Sensor Retrieval Hook - Used with Sensor Retrieval Pole
570011401 Grounding Strap (required with Retrieval Pole and Hook when used

with IS units
8755500 Bulk desiccant beads (1.5 pounds)

Configure FLO-DAR Sensor to Logger (Portable)

Flo-Dar Sensor Model 4000 – 4 X X
Flo-Dar Sensor with specified cable length 4
(need to add cable as separate line item)
Non Intrinsically Safe 0
Surcharge Velocity Sensor Option (IMPORTANT NOTE: SVS cable 3
length MUST MATCH FloDar Sensor Cable length)
Non Extended Range 0
Extended Range Option–Allows use in flow depths up to 18 feet. 1
Allow for 18" deadband. Standard unit max depth is 60".
SVS Option requires Remote Extended Range below.
Remote Extended Range Option with 6' sensor cable–Flow depths 2
up to 18 feet. Allow for 18" deadband. Standard unit max depth is 60".

Configure FLO-DAR Sensor to Flo-Station (Permanent)

Flo-Dar Sensor Model 4000 – 9 X X
Flo-Dar Sensor with specified cable length 9
(need to add cable as separate line item)
Non Intrinsically Safe 0
Surcharge Velocity Sensor Option (IMPORTANT NOTE: SVS cable length 3
MUST MATCH Flo-Dar Sensor Cable length)
Non Extended Range 0
Extended Range Option–Allows use in flow depths up to 18 feet. 1
Allow for 18" deadband. Standard unit max depth is 60".
SVS Option requires Remote Extended Range below.
Remote Extended Range Option with 6' sensor cable–Flow depths 2
up to 18 feet. Allow for 18" deadband. Standard unit max depth is 60".
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The FL900 Wireless Flow Logger provides users with a
reliable, budget saving open channel wireless flow
monitoring solution for open portable flow monitoring
applications. Flow data is accessible 24/7 with Hach
FSDATA web-based software. When combined with the
Flo-Dar or Flo-Tote 3 sensor, the system will drastically
reduce site time and increase safety for monitoring crews.

Increase Monitoring Crew Safety
With the time saving features designed into the FL900
Wireless Flow Loggers, crews spend less time in the
manhole and less time on site to decrease monitoring
costs while increasing the safety of flow monitoring crews.

Plug and Play Sensor Ports
The FL900 Series Flow Logger is available with 1, 2 or 4
sensor ports. The sensor ports are “plug and play”; the
logger auto-detects the type of sensor connected (Flo-Dar,
Surcharge Velocity Sensor or Flo-Tote 3) to allow customers
maximum flexibility for their Hach flow sensor inventories.

Flow Monitoring Data at Your Fingertips with
FSDATA™ Web-Based Software
Hach FSDATA web-based flow meter software is the ideal
time-saving and economical solution for the management
of your Hach wireless flow meters and data 24/7. With

FSDATA routine site visits to collect flow data are eliminated
keeping flow monitoring crews safe. (See Lit. No. 2707
for additional information on FSDATA.)

Easy Installation/Versatile Mounting Options
The logger can be quickly attached to a wall, pole or
manhole ladder in minutes. Users can choose to hang
logger from standard carabiner or optional 4-bolt wall
mount for pole, horizontal or vertical wall mount or ladder
rung mount.

LED Gives Quick Confirmation of Logger Status
Get peace of mind the logger is ready to capture the next
flow event, before you leave the site. The rugged FL900
Wireless Flow Logger includes a status LED panel. The
indicator light on the top of the logger shows the status of
the instrument and modem (if equipped with wireless
option). The user can manually send a call to the server to
make sure the network connection is good by simply
swiping the magnet over the call initiation target.

Flow
Hach FL900 Series
Cellular Wireless Flow Logger

When combined with the Flo-Dar or
Flo-Tote 3 sensor, the Hach FL900 Series
Wireless Flow Logger takes flow monitoring to a
whole new level. With features that reduce site
time and increase crew safety, the wireless flow
monitoring system allows you to easily manage
your flow data 24/7, as well as your budget.

WW

IW

C

Features and Benefits

NEW!
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FL900 SERIES FLOW LOGGER
PORTABLE DC POWERED ELECTRONICS
(Includes Models FL901, FL902 & FL904)

Dimensions (W x D x H)
25.4 x 22 x 40 cm (10.0 x 8.7 x 16.0 in.)

Enclosure
PC/ABS structural foam

Environmental Rating
NEMA 6P (IP68)

Weight (Using Model FL900)
4.5 kg (10 lb)—no batteries; 6.3 kg (14 lb)—2 batteries;
8.2 kg (18 lb)—4 batteries

Operating Temperature
–18 to 60ºC (0 to 140ºF) at 95% RH

Storage Temperature
–40 to 60ºC (–40 to 140ºF)

Power Requirements
8 to18 Vdc from batteries or external power source,
2.5W max.

Battery Life at 15 minute logging intervals
(at room temperature)
185 days with 4 lantern batteries and a Flo-Dar sensor,
306 days with 4 lantern batteries and a Flo-Tote sensor

The optional long life alkaline battery pack can be used to
extend battery life, if the Flow Logger is ordered with the
external power option connector.

LED Status Indicator
– Green Flashes every 3 seconds during normal operation.

Flashes every 15 seconds during sleep mode.

– Red Flashes when an attached sensor does not agree with
the logger program, when an expected sensor is not found
or the sensor is not working properly.

LED Modem Indicator
– Stays green during a call to the server. Goes blank after the

call is successfully completed and terminated.

– Flashes red if the call to the server failed.

Sensor Ports
1, 2 or 4 ports

Connectors
Stainless steel connectors

Datalog Channels
16 maximum

Alarms
Maximum of 16 channel alarms including high/high, high, low,
low/low and system alarms including low battery, low RTC
battery, low slate memory, slate memory full.

Alarm Actions
Trigger sampler, change logging interval, change call interval,
send an e-mail, or send text message (SMS).

Logging Intervals
1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30 or 60 minutes
Primary and secondary intervals for dynamic logging.

Data Storage
Event Log: 1,000 events maximum in non-volatile flash memory
Sample History: 2,000 sample events maximum in non-volatile
flash memory
Datalog: 325,000 data points; 1128 days for 3 channels at
15-minute log intervals

Local Communication
USB
RS232 (Baud rates: 9600, 19200, 38400, 57600, 115200)

Remote Communication (optional)
Wireless modem; CDMA or GPRS technology with a mobile
provider, CDMA2000 1xRTT or GPRS.

Protocols
Modbus RTU; Modbus ASCII; Mobile-Terminated SMS;
Mobile-Originated SMS; TCP/IP

Timebase Accuracy
±0.002%, synchronized every 24 hours with server software
and modem

Supported Sensors
Flo-Tote 3, Flo-Dar, Flo-Dar with SVS, Rain Gauge

Sampler Interface
Compatible with Sigma 900 Standard, Sigma 900 Max, Hach
SD900 to support set-point sampling,flow- pacing, and
logging sample history.

Desktop Software
Flo-Ware for Windows software is required for programming
the logger, data management, and report generation software.
It is compatible with desktop/lap top computers utilizing
Windows operating system. Minimum resolution needed is
1024x768.

Internet Application Software
FSDATA web-based software for flow meter data management
and report generation for wireless flow meters and data
access 24/7.

Certifications
Logger: CE; optional AC power supply: UL/CSA/CE

Warranty
1 year

The FL900 Series Loggers meet CE requirements.

Specifications*

2

*Specifications subject to change without notice.
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Dimensions

1. Exterior dimensions of the Flow Logger
shall be 25.4 W x 22 D x 40 cm H
(10.0 W x 8.7 D x 16.0 in. H)

2. The Flow Logger enclosure material shall
be PC/ABS structural foam with NEMA
6P (IP68) rating.

3. The operating temperature for the Flow
Logger shall be –18 to 60ºC
(0 to 140ºF) at 95% relative humidity and
storage temperature of
–40 to 60ºC (–40 to 140ºF).

4. Power requirements of the Flow Logger
shall be 8 to18 Vdc from batteries or
external power source, 2.5W max.

5. When used with a Flo-Dar sensor, the
Flow Logger shall have a battery life of
185 days utilizing 4 6v alkaline batteries
at a 15 minute logging interval (at room
temp.). When used with a Flo-Tote
sensor, the Flow Logger shall have a
battery life of 306 days utilizing 4 6v
alkaline batteries at a 15 minute logging
interval (at room temperature). A long-life
battery for longer deployments shall be
available option.

6. The Flow Logger shall have 1, 2 or 4
sensor ports with stainless steel
connector, 1 communications port and 1
auxiliary port.

7. The Flow Logger shall have primary
logging intervals of 1, 2, 3, 4, 5, 6, 10,
12, 15, 20, 30 or 60 minutes.

8. The Flow Logger shall have secondary
logging intervals available to modify the
logging rate based on a defined channel
alarm condition or trigger.

9. Optional remote communication shall be
available on the FL900 Series Loggers via
Wireless modem; CDMA2000 1xRTT or
GPRS.

10. The Flow Logger data storage event log
shall be 1,000 events maximum in non-
volatile flash memory.

11. Timebase Accuracy of the
Flow Logger shall be 0.002%
synchronized every 24 hours with server
software and modem.

12. The Flow Logger shall support the
Flo-Dar, Flo-Dar with SVS, Flo-Tote 3
Sensors and Rain Gauge.

13. The Flow Logger shall be compatible
with Sigma 900 Standard, Sigma 900
Max and Hach SD900 to support set
point sampling, flow-pacing and sample
history logging.

14. The Flow Logger shall be able to
connect to a lap top or desk top PC
using either USB or RS232 serial
connection.

15. The Flow Logger shall have an LED
indicator for operating /programming
status visible on the topmost horizontal
surface of the logger.

16. The internet data management software
shall indicate sites in alarm condition in
either a map view or list view.

17. When connected to an external power
source, the FL900 series logger shall be
capable of power switching, i.e. drawing
power from the external source and
conserving the alkaline batteries inside
the logger base. At the time the external
power source reaches a low alarm
condition, it will then switch the power
draw to the alkaline batteries mounted
inside the base of the logger.

18. The internet software for flow data
management shall be Hach FSDATA.

19. The logger will be a Hach FL901, FL902,
or FL904 Flow Logger.

Engineering Specifications

Flow Logger
Suspension Cable with
Carabiner (Standard)

Flow Logger Wall Mount
Prod. No. 8542700

(Optional)

Flow Logger Ladder Rung Mount
Prod. No. 854450

(Optional)

Installation/Mounting Options
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Ordering Information
Sensor Country

Connector(s) Code Modem Rain Gauge
FL90X Electronics (Flow Logger) Model FL90 ___ 97 ___ ___
1 Sensor Connector 1
2 Sensor Connectors 2
4 Sensor Connectors 4
None X
AT&T (Activated) A
GPRS no SIM G
Sprint (Inactive) R
Sprint (Activated) S
No Rain Gauge Connector X
With Rain Gauge Connector R

Cables

8528700 Cable, External power, 2 wire, 9 ft.
8528200 Cable, Communication, RS232
8528300 Cable, Communication, USB
8528400 Cable, Aux, 7pin MIL 5015 (Connect to Sigma Sampler), 9 ft.
8528401 Cable, Aux, 7pin MIL 5015 (Connect to Sigma Sampler), 25 ft

Antennas

5228400 Antenna, Half Wave (824-894, 1850-1990 MHz)
—US for Verizon, Sprint, AT&T, T-Mobile (Is attached to Logger)

6241804 Antenna, Mini-Wing, Quad (824-960, 1710-2170 MHz)
—US for Verizon, Sprint, AT&T, T-Mobile (Customer to Mount)

6683000 Antenna, Traffic Rated In Road/Burial (1850-1990 MHz)
—US for use with Sprint only wireless service

6246200 Antenna, Traffic Rated In Road/Burial (824-896 MHz)
—US for use with Verizon only wireless service

5255400 Antenna, Traffic Rated Manhole Lid (824-896, 1850-1990 MHz)
—US for Verizon, Sprint, AT&T, T-Mobile

Software

Model T200-200 Flo-Ware Desktop Software
FS-HOSTING Monthly data hosting service for FSDATA
FS-DATAXFR Monthly wireless service

Mounting Hardware

8543800 Wall mount bracket (304 Stainless)
8545600 Wall mount bracket with ladder hanger (304 Stainless)
8542700 Wall mount bracket with AC Power Supply shelf (304 Stainless)
8544500 Wall mount bracket with AC Power Supply Shelf with ladder hanger (304 Stainless)

Replacement Parts

8755500 Desiccant refill beads, Bulk 1.5 lb
11013M Battery, 6V lantern
8542900 Battery, long-life alkaline
8543000 Battery pack top cap adaptor and cable

(for long-life alkaline battery pack 800017701)
8542800 Rain Gauge with 100 ft. cable
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User Instructions
Antennas for flow products

Precautionary labels
Read all labels and tags attached to the instrument. Personal injury or damage to the
instrument could occur if not observed.

Electrical equipment marked with this symbol may not be disposed of in European public disposal systems after 12
August of 2005. In conformity with European local and national regulations (EU Directive 2002/98/EC), European
electrical equipment users must now return old or end-of-life equipment to the Producer for disposal at no charge to
the user.
Note: For return for recycling, please contact the equipment producer or supplier for instructions on how to return end-of-life
equipment, producer-supplied electrical accessories, and all auxillary items for proper disposal.

Product components
Make sure that all components have been received. If any items are missing or damaged,
contact the manufacturer or a sales representative immediately.

Required equipment/software
Make sure that the following requirements are available:

• FL900 Series flow logger with modem option or Sigma 930T
• Remote host computer operating FSDATA or Telogers for Windows server software
• Portable computer operating FSDATA, FloWare or Telogers for Windows
• Activated wireless account

FL900 Series Flow Logger

Verify the telemetry (wireless option)
The user can manually send a call to the server to make sure that the network
communication is good.

1. Temporarily attach the antenna to the logger to test the antenna and the cell coverage
at the site location before installation.

2. Touch the magnet to the call initiation target (Figure 1). The modem LED indicator
changes to green.

3. Look at the modem LED indicator during the call (45 to 90 seconds) and wait for a
change:

• LED goes off—the connection to the server is good.
• LED flashes red—the connection to the server failed.

Note: If the connection failed, refer to the instrument user manual for more information.

1
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Figure 1  Call the server

1 Call initiation target 2 Magnet

930T Flow meter

Verify the wireless connection
The tamper button is used to examine if the wireless connection is working.

1. Temporarily attach the antenna to the logger to test the antenna and the cell coverage
at the site location before installation.

2. Attach the tamper module to the RS232 connector on the flow meter (Figure 2).
3. Push the tamper button to start a cellular call from the flow meter to the remote host

computer.
4. Go to the event log in Telogers for Windows to make sure that the data was successfully

downloaded from the flow meter to the remote host computer. Refer to the 930T
documentation for further information about telemetry troubleshooting.

Figure 2  Tamper module connected to the 930T Flow meter

1 RS232 connector 2 Tamper module
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Installation

W A R N I N G
 

Electromagnetic radiation hazard. To meet the requirements of the FCC Grant, CE Mark and other
regulatory bodies, do not use or install the device with an antenna that is not supplied by the
manufacturer. Make sure that all antennas are kept at a minimum distance of 20 cm (7.9 in.) from
all personnel in normal use.

N O T I C E
 

Test the antenna and cell coverage at the site location before installation.

N O T I C E
 

Make sure that the flow meter is programmed to call the host PC before installation.

Half wave antenna

N O T I C E
 

The half wave antenna is intended for above-ground use.

1. Unpack the antenna (Figure 3).
2. Bend the antenna at the joint to a 90 degree angle between the antenna and the swivel

fitting.
3. Put the antenna extension inside of the logger handle (Figure 4).
4. Align the threads from the antenna fitting to the antenna receptacle on the logger. Hand-

tighten by turning the swivel end.

Figure 3  Half wave antenna

Figure 4  Half wave antenna attached
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Traffic rated manhole lid antenna
Required tools:

• 31.75 mm (1¼ in.) open-end wrench
• Large nylon Ty-wrap cable ties

1. Unpack the antenna (Figure 5) or disassemble the antenna from the instrument.
2. Make sure that the manhole lid has a 25.4 mm (1 in.) hole for the antenna neck to fit

into.
Note: Do not use the pick hole. Use a drill, motor oil for lubrication and increasing size drill bits
to drill the 25.4 mm (1 in.) hole if needed. Make sure that the location of the hole does not coincide
with the ribs on the underside of the manhole lid.

3. Remove the manhole lid and put the lid in a stable position where the lid top and bottom
are accessible.

4. Remove the nut and washers from the threaded neck on the base of the antenna
(Figure 6).

5. Put the antenna cable and neck through a hole on the manhole lid until the base of the
antenna is against the top of the manhole lid.

6. Install the flat washer, then the lock washer and then the nut on to the threaded neck
of the antenna.

7. Tighten the nut with the open-end wrench until both washers are flush against the base
of the manhole lid and the antenna is tight (Figure 6).

8. Connect the antenna cable to the instrument connector labeled "Antenna". To make
sure proper transmission, hand-tighten the connections.

9. Attach any excess cable to the access ladder or another non-obstructing location with
Ty-wrap cable ties.

10. Replace the manhole lid.

Figure 5  Traffic rated manhole lid antenna
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Figure 6  Manhole lid installation

1 Antenna top 5 Antenna cable

2 Manhole lid 6 Antenna threaded neck

3 Flat washer 7 Lock washer

4 31.75 mm (1¼ in.) nut

Wing Quad antenna
The Wing Quad antenna can be attached to an interior wall or to a window for a longer term
deployment or the antenna can be attached to a manhole lid for a short term deployment.

Required tools:

• Large nylon Ty-wrap cable ties

1. Unpack the antenna (Figure 7).
2. To attach the antenna to a window or a wall, remove the adhesive backing and push

the antenna to a clean surface.
3. To attach the antenna to a manhole, make sure that the manhole lid has a hole large

enough for the antenna connector to fit into.
Note: Do not use the pick hole. Use a drill, motor oil for lubrication and increasing size drill bits
to drill the 1" hole if needed. Make sure that the location of the hole does not coincide with the
ribs on the underside of the manhole lid.

4. Remove the manhole lid and put the lid in a stable position where the lid top and bottom
are accessible.

5. Put the antenna cable and neck through a hole on the manhole lid until the base of the
antenna is against the top of the manhole lid.

6. Attach the antenna to the manhole lid with heavy tape or tar tape.
7. Connect the antenna cable to the instrument connector labeled "Antenna". To make

sure proper transmission, hand-tighten the connections.
8. Attach any excess cable to the access ladder or another non-obstructing location with

Ty-wrap cable ties.
9. Replace the manhole lid.
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Figure 7  Wing Quad antenna

Traffic rated in-road/burial antenna
Required tools:

• Asphalt saw or auger: saw capable of cutting 127 mm (5 in.) in diameter and 76.2 mm
(3 in.) deep into a road surface or ground

• Asphalt chisel
• Hammer drill with 19.1 to 25.4 mm (¾ to 1 in.) asphalt drill bit (for antenna cable

installation)
• Sakrete asphalt mix (Asphalt patch)
• Bondo; Mar-Hyde P606 Traffic Detector Wire Loop Sealer or equal
• Shovel, if placing in the ground

The traffic rated in-road/burial antenna is intended for burial beneath the road surface or
ground adjacent to a manhole or vault that is being monitored (Figure 9).

N O T I C E
 

The antenna should be installed in the road approximately 152.4 to 203.2 mm (6 to 8 in.) inches from
the manhole or vault containing the flow meter.

1. Unpack the antenna (Figure 8) or disassemble the antenna from the instrument.
2. Excavate a hole or trench in the road surface or ground approximately 127 mm (5 in.)

in diameter (or square) and 76.2 mm (3 in.) deep.
3. Select the closest position from the excavated hole to the manhole. Drill a 19.1 to 25.4

mm (¾ to 1 in.) hole from the selected position to the manhole. Make sure to drill the
hole below the steel manhole cover support ring (Figure 9, List item. on page 7).

4. Put the antenna cable through the drill hole into the manhole or vault.
5. Install the antenna in the excavated hole. Pull the antenna cable taut. Locate the

antenna so that the ceramic side of the antenna is approximately 6.4 (¼ in.) to 12.7 mm
(½ in.) maximum below the road or ground surface. Make sure the antenna sits safely
in the hole.

6. Attach the antenna cable to the antenna connector.
7. Make sure that the antenna is working by placing a call from the instrument (refer to 

Verify the wireless connection on page 2).
8. When the operation of the antenna is confirmed, permanently bury the antenna.

a. Insert asphalt mix around the antenna and pack it in place. Make sure the antenna
is sitting firmly on a solid base and cannot be rocked back and forth.

b. Install the asphalt mix around the antenna. The mix should be level with the road
surface but not over the antenna surface.

c. Pour the Bondo sealer on and over the asphalt mix and over the top of the antenna.
There should be no more than 6.4 mm (¼ in.) of Bondo sealer over the top of the
antenna.

6
K-122



d. Connect the desired sensors and options to the flow meter. Calibrate the sensors
and install the flow meter in the manhole.

Figure 8  Burial antennas

1 Traffic rated in-road/burial antenna (Verizon) 2 Traffic rated in-road/burial antenna (Sprint)

Figure 9  Burial antenna assembly

1 Manhole cover 4 Trench or hole for antenna

2 19.1 to 25.4 mm (¾ to 1 in.) hole 5 Antenna cable

3 Antenna 6 Flow meter
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Replacement Parts
Note:  Product and Article numbers may vary for some selling regions. Contact the appropriate
distributor or refer to the company website for contact information.

Description Item no.

Half wave, 824-894 & 1850-1990 MHz, 3 dBi 5228400

Half wave European, 870-960 & 1710-1880 MHz, 3dBi 5255300

Traffic rated manhole lid quad, 824-896 & 1850-1990 MHz, 3 dBi 5255400

Wing Quad, 824-960 & 1710-2170 MHz, 2.15 dBi 6241804

Traffic rated in-road/burial antenna (Verizon), 824-896 MHz, 3 dBi 6246200

Traffic rated in-road/burial antenna (Sprint), 1850-1990 MHz, 3 dBi 6683000

www.hachflow.com
© Hach Company, 2010. All rights reserved. Printed in the U.S.A. 08/2010, Edition 1K-124
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Utility Systems Science & Software       

Tab 4: US3 Company Information 

US3 is a California Corporation Federal ID No. 33-0729605 and qualifies as a Minority 
Business Enterprise. US3 has certified as an MBE with the California Public Utility 
Commission’s authorized clearinghouse, Verification Number: 97ES0008.  

US3 is a specialty service company for the Water & Waste Water industry, providing 
monitoring and control for Utilities since 1996. US3 is in the forefront of this industry by 
taking the proven technological approaches developed in other high-tech industries and 
applying them to protect one of our most precious natural resources - our water. 

US3 engineers and technical personnel have applied advanced instrumentation system 
technology to water/wastewater open channel flow monitoring, pipeline evaluation, 
engineering, and data analysis, all coupled to the power of the Internet. This unique 
integrated systems approach allows the company to bring greater insight and intelligence 
to gathering information about water/wastewater system performance of our clients, and in 
turn, to support the fulfillment of their commitments to manage and cost effectively design, 
operate, and maintain these systems. 

Moreover, US3 supports Municipalities, Consulting Engineering firms and other 
water/waste water systems integrators by providing temporary technical services for 
engineering, software programming and technical site maintenance and calibration site 
support work, primarily in the Water and Waste Water industries. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure at right:  All US3 
technicians are certified 
for Confined Space Entry. 
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Key Personnel Assigned 

US3 provided the necessary resources to fully implement this project. Primary in support of 
this effort were the following personnel: 

Mr. Mark Serres: Mr. Serres is a degreed electrical engineer with over 25 years of 
experience with fresh/wastewater systems, project management, and systems integration 
in relation to complex industrial systems. This includes experience in industrial automation 
and water/wastewater industries. Mr. Serres is responsible for assuring client satisfaction 
and marshalling the required resources to meet the project requirements. 

Mr. Thomas Williams: Mr. Williams is an Engineering Manager with over 20 years of 
experience in complex systems development for wastewater monitoring. This experience 
includes hydraulic compatibility, instrumentation, communications and analysis. Mr. 
Williams is responsible for assuring that the required equipment is designed and calibrated 
to meet the project requirements. 

Darlene Szczublewski, PE: Mrs. Szczublewski is a licensed Civil Engineer in multiple 
states. She has over 15 years of engineering experience with stormwater/wastewater 
related projects. She assisted in the completion of several Sanitary Sewer Evaluation 
Surveys and Capacity Analysis projects to meet Consent Decrees as well as completing 
numerous Infiltration and Inflow (I&I) studies for other clients. Mrs. Szczublewski has 
developed numerous flow data analysis techniques to present a clear informative picture of 
flow in a monitored system. Her work also includes the development of training programs 
for clients describing I&I and capacity analysis methodologies. Mrs. Szczublewski is 
responsible for analyzing the data as well as the data collection process and assuring that 
the reports meet the project requirements. 

 

Name, title, address and telephone number of persons to contact regarding this US3 project. 

Dar lene  Szczublewski ,  PE 
Senior Civil Engineer 

darlene.szczublewski@uscubed.com 
 

9314 Bond Av, Suite A 
El Cajon, CA  92021 
619-546-4281 (work) 
619-246-5304 (cel l) 

 

Tom Wi l l iams  
Engineering Manager 

tom.williams@uscubed.com 
 

9314 Bond Av, Suite A 
El Cajon, CA  92021 
619-546-4281 (work) 
619-398-7799 (cel l) 
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Preliminary Hydrology Study 
 
DATE: June 9, 2022 
 

TO: City of Brea 
 
FR: R.A. Smith 
 
CC:  
 
RE:  Brea Mall Expansion Preliminary H & H Report 
 

Section 1 – Project Description 
 
The proposed redevelopment is located at 1065 Brea Mall, in Brea California. The property is bound by 
Randolph Avenue to the west, E Birch Street to the north, State College Boulevard to the East, and 
Imperial Highway to the south. The existing site was previously developed and the project is proposing 
demolition of the existing Sears Building and associated pedestrian access. Additionally, the existing A.C. 
Parking lot is proposed to be demolished. The existing utilities servicing the Sears Building are proposed 
to be removed, and utilities that are passing through the existing parking lot are proposed to be re-routed 
adjacent to the proposed redevelopment. 
 
The proposed redevelopment has both a residential and retail component. The Westernmost building is a 
proposed Fitness Center, which includes outdoor pool area(s). The Fitness Center is serviced by a new 
at-grade loading area with access from the proposed ring road via service road. The service road also 
provides access to the trash enclosure for waste management. On the westerly side of the Fitness center, 
adjacent to Randolph Avenue, there is an existing landscape area that drains onto the project site. To 
mitigate this area a new v-ditch is provided to capture this run-on and discharge it to the existing public 
storm drain within Randolph via the existing drain inlet to remain. This existing inlet to remain is located 
within the existing parking lot to be demolished. The area draining to this v-ditch is entirely pervious 
landscaping within the landscape setback. See Exhibit within Attachment 3 for reference. 

 

The southernmost building is a multi-level building with 383 proposed residential dwelling units and three 
parking levels. There is access to the subterranean parking level (residents only) from the Southwest, 
from to the middle parking level from the North (retail only), and to the upper parking level (residents only) 
from the East. All ingress/egress to the parking levels will be accessible from the proposed ring road.  

 

The proposed buildings on the Northeasterly side of the redevelopment (within the exiting Sears footprint) 
consist of a Sporting Goods Store on the upper level, and a series of retail/restaurants on the lower level. 
Each of the proposed buildings will have their own respective at-grade loading docks. All loading/service 
areas will be at-grade. Note that Retail B/C and Sporting Goods will abut and connect to the existing mall. 
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The existing ring road will be reconfigured with a new A.C. Pavement ring road that provides vehicular 
access to the proposed Fitness Center, Restaurants/Retail Shops, Sporting Goods Store and Residential 
Complex. It is anticipated that the existing ring road to the south of the redevelopment will be utilized for 
new utilities and/or utility re-routing. As such, there will be new A.C. Pavement within these trenching 
locations and it is assumed that the entirety of the existing ring road will be removed and replaced in this 
location. This new ring road will maintain the existing grades along the southerly side and will drain 
towards the curb and gutter adjacent to the residential building. 

There is a proposed paseo containing hardscape, softscape, and landscaping between Retail Buildings 
A-D. This area will provide a place for pedestrians to lounge, walk and provides access between the
different uses.

There is a new ADS chamber system proposed for infiltration of the Design Capture Volume for water 
quality. The disturbed area of the ADS Chamber system will not be captured as this area will generally 
follow existing drainage patterns at full buildout of the project. To capture a sufficient area for mitigation of 
the chamber footprint, a small portion of the upper level will be reconfigured with new valley gutters and a 
new inlet and capture existing runoff for a greater area than the chamber system footprint. The ADS 
Chamber system is provided for both water quality treatment/infiltration and hydromodification. See 
separate WQMP including water quality and hydromodification design information. 

The disturbed area of the project site is approximately 638,312sf (14.65ac). As discussed above, there is 
a portion of the disturbed area (23,415sf) that will not be treated in lieu of treating a larger portion of the 
existing parking lot run-on (27,405sf). The hydrologic area for the WQMP and Hydrology report is 
642,302sf (14.75ac) as denoted in the subsequent Exhibits and Calculations. 

There will be proposed landscaping on the project site within the parking lot areas, the paseo, and 
adjacent to the proposed buildings. However, at this time the quantity of landscaping/pervious areas has 
not been finalized. For the purposes of this report, it is conservatively assumed that the entirety of the 
proposed redevelopment is 100% impervious.  

See Existing Hydrology Map (HYD-01) in Attachment 2 and Proposed Hydrology Map (HYD-02) in 
Attachment 3. Exhibits HYD-03 through HYD-04 in Attachment 3 provide Details of the proposed 
Chamber System along with the proposed trash full capture filters for the new catch basins. 
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A summary of the Hydrologic Areas are provided below: 
 
Existing Summary Hydrologic Area (sf) Hydrologic Area (ac) Impervious (sf) Impervious (ac) Pervious (sf) Pervious  (ac)
Existing 642,302                        14.75 606,975              13.93                    35,327           0.81
Area 1 (West) 486,917                        11.18 460,137              10.56                    26,780           0.61
Area 2 (East) 104,200                        2.39 98,469                 2.26                      5,731             0.13
Area 3 (Central) 51,185                          1.18 51,185                 1.18                      -                  0.00  
 
As shown in the Existing Hydrology Map (HYD-01) there are three existing drainage areas that fall within 
the project footprint. Per the City of Brea Master Plan of Drainage (see Attachment 6) the entirety of the 
project footprint (including these three drainage areas) falls within the Fullerton Creek Watershed.  
 
Existing Area 1 (West) is conveyed westerly to the public storm drain system within Randolph Avenue, 
which conveys the runoff southerly towards the downstream Concentration Point identified as “304XG” in 
the City’s Master Plan of Drainage. Concentration Point “304XG” is located at the intersections of 
Randolph Avenue and Imperial Highway. Similarly, Existing Area 2 (East) is conveyed southerly towards 
the storm drain system within the ring road, which runs southwesterly towards the public storm drain line 
within Imperial Highway. From there the runoff is conveyed westerly to the same downstream 
Concentration Point identified as “304XG” in the City’s Master Plan of Drainage. From this Concentration 
Point the runoff is conveyed southerly via public storm drain to an existing vegetated channel south of 
Imperial Highway and just south of the cul-de-sac on Randolph Avenue. This channel conveys the flow 
southeasterly under State College Boulevard and ultimately to Fullerton Creek.  
 
Existing Area 3 (Central) consists of the easterly portion of the Sears roof runoff, which drains easterly via 
roof drain towards the existing public storm drain line (within easement) that runs southerly through the 
existing mall parking lot and across State College Boulevard. The downstream Point of Concentration of 
this line is “334K”. From this Point of Concentration the runoff is conveyed southerly and discharges to a 
vegetated channel south of Imperial Highway. This channel drains to a point of confluence with the 
aforementioned channel of Areas 1 & 2, just upstream of Concentration Point “348XK”, and ultimately to 
Fullerton Creek.  
 
See Existing Hydrology Map (HYD-01) in Attachment 2. See also Attachment 5 for the Orange County 
Drainage Facilities Map, Attachment 6 for applicable sheets from City of Brea Master Plan of Drainage, 
and Attachment 7 for applicable As-Builts from the City of Brea, Brea Mall, and C-Below. 
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The proposed hydrologic areas are assumed to be 100% impervious for this purposes of this preliminary 
drainage study. See Summary below: 
 

 
 
Proposed DMA #1 (upper and lower hydrologic areas) drains via sheet flow and storm drain pipe to the 
proposed Infiltration Chamber for treatment and full infiltration of the required Design Capture Volume. 
See separate WQMP Report for design calculations. In storm events greater than the design storm, the 
Chamber system will overflow westerly towards the public storm drain system in Randolph Avenue. From 
there the overflow runoff will follow the existing drainage patterns outlined above to Point of Concentration 
“304XG” as outlined in the City’s Master Plan of Drainage. From there the overflow will ultimately drain to 
Fullerton Creek. This drainage pattern is consistent with the Existing Area 1 (west) and Existing Area 2 
(east) drainage pattern.  
 
The existing Sears roof drain runoff is identified as Existing Area 3 (Central). This roof drain has been 
removed with the demolition of the Sears Building. As such, there are no proposed flows from the 
redevelopment that drain to Concentration Point “348XK”. However, there is an existing 8” roof drain 
(near the existing mall service court) that is to be re-routed (as needed) to avoid conflict with the new 
building.  
 
In addition to the redeveloped area as discussed above, there are three existing pipes containing runoff 
from existing upstream developments that are to be re-routed, bypass the project site, and discharge 
directly to the public storm drain system on Randolph Avenue. These pipes are identified in Attachment 3, 
but are not included in table above as the flows did not originate from the hydrologic area that is being 
analyzed. 

 
See Proposed Hydrology Map (HYD-02) in Attachment 3. 

  

Proposed Hydrologic Area (sf) Hydrologic Area (ac) Impervious (sf) Impervious (ac) Pervious (sf) Pervious  (ac)
DA #1A 10,550                          0.24 10,550                 0.24                      -                  0.00
DA #1B 26,195                          0.60 26,195                 0.60                      -                  0.00
DA #1C 87,805                          2.02 87,805                 2.02                      -                  0.00
DA #1D 15,920                          0.37 15,920                 0.37                      -                  0.00
DA #1E 94,956                          2.18 94,956                 2.18                      -                  0.00
DA #1F 46,830                          1.08 46,830                 1.08                      -                  0.00
DA #1G 59,930                          1.38 59,930                 1.38                      -                  0.00
DA #1H 10,740                          0.25 10,740                 0.25                      -                  0.00
DA #1I 64,095                          1.47 64,095                 1.47                      -                  0.00
DA #2A 61,900                          1.42 61,900                 1.42                      -                  0.00
DA #2B 17,665                          0.41 17,665                 0.41                      -                  0.00
DA #2C 135,065                        3.10 135,065              3.10                      -                  0.00
DA #2D 10,651                          0.24 10,651                 0.24                      -                  0.00
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Section 2 – Hydrology Requirements 
This H & H Report is provided to show that the project will satisfy the following hydrology requirements 
outlined by the Orange County Hydrology Manual and City of Brea Master Plan of Drainage. The 
methodology discussed in the Orange County Hydrology Manual, and latest addendum, was used to 
satisfy the requirements below: 
 

1. Rational Methodology Hydrology Analysis of existing and post-development peak 10yr, 25yr, and 
100yr storm flow rates, including mitigation measures to reduce peak flows to existing conditions 
if necessary. 
 

2. Hydraulic Grade Line Analysis for 10yr, 25yr, and 100yr peak flows to ensure Hydraulic Grade 
Line is below the ground surface to prevent ponding. 
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Section 3 – Hydrology/Hydraulic Analysis of pre vs. post 100-year 
Peak Flows 
 
The hydrologic analysis was performed in accordance with the Orange County Rational Methodology 
outlined in the Orange County Hydrology Manual and its latest addendum. The addendum limits the initial 
drainage area to 300ft. The rainfall intensity was determined from the appropriate intensity-duration-
frequency (IDF) curve for the particular area of study. Orange County uses different IDF curves 
depending on whether the location is a mountainous or non-mountaneous region. Since this site is below 
2,000 in elevation the main precipitation intensities for non-mountainous areas was used. Figure B-3 from 
the Orange County Hydrology Manual was used for finding the intensities. The Fp used is 0.25 for Soil 
Group C soils. See applicable Sections from the Hydrology Manual in Attachment 1 of this Report. 
 
As described in Section 1 above and shown in the Proposed Hydrology Exhibit (HYD-02 in Attachment 3) 
the proposed site contains a series of new storm drain infrastructure. Each pipe run corresponds to a 
travel time (Tt) which results in a higher time of concentration and a lower intensity. The Manning’s 
Equation was used to calculate the velocity within each pipe. (Note that at this time the full 
hydrology/hydraulic analysis of each roof drain is not included in this Report as this is a Preliminary 
Study, and roof drain locations have not been finalized).  
 

 
Where k = 1.49  
A = Flow Area of the Pipe (sf)  
P = Wetted Perimeter (ft)  
Q = Discharge Flow Rate (cfs)  
S = Slope (ft/ft)  
V = Velocity (ft/s)  
 
The travel time can be found by dividing the pipe length by the velocity and multiplying the value by by 60 
to get the travel time in minutes:  
 
Tt (min) = [pipe length (ft)] / [velocity (ft/s) * 60 (sec/min)]  
 
In addition to reducing the peak flows another important aspect of the design is to size the storm drain 
pipes to accommodate the runoff from the 10yr, 25yr, and 100yr peak flows. Using the Manning’s 
Equation above, the peak flows (Q) for the 10yr, 25yr, and 100yr storm were calculated for each 
proposed drainage area. The pipes were sized for a capacity to bypass peak flows from all three storm 
events whilst maintaining a minimum velocity of 2.0 ft/s. 
 
Note that all existing pipes onsite are RCP, which correspond to a Manning’s n Value of 0.013. The 
proposed private onsite storm drain lines are HDPE (0.012), and the proposed public bypass line is RCP 
(0.013). 
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Drainage Area #1 consists of the “lower” level drainage from the Fitness Center, Retail A-D, as well as the 
adjacent pavement/hardscape/softscape areas. Drainage Area #1 has been broken into a series of 
subareas with the upstream area identified as Node 1 on the Proposed Hydrology Exhibit. All flows from 
Drainage Area #1 drain to the proposed ADS Chamber System for infiltration. The convergence of flows 
from DA #1 and DA #2 is at Node 10 on the Proposed Hydrology Exhibit. 
 
Drainage Area #2 consists of the “upper” level drainage from the Residential Building, Sporting Goods 
Building, and adjacent pavement/hardscape/softscape areas. Drainage Area #2 has been broken into a 
series of subareas with the usptream area identified as Node 11. All flows from Drainage Area #2 drain to 
the proposed ADS Chamber System for infiltration. The convergence of flows from DA #1 and DA #2 is at 
Node 10 on the Proposed Hydrology Exhibit. 
 
There is an overflow pipe discharging from the basin that contains the combined flows from Drainage 
Areas 1 and 2. This overflow pipe drains to the public storm drain line within Randolph Avenue at Node 
15 as shown on the Proposed Hydrology Map. 
 
Hydrology Calculations for these drainage areas and subareas were performed using a spreadsheet 
based on the Hydrology Manual and Methodology as discussed above.  The results are depicted in 
(Attachment 4) and as summarized below:  
 
 
 

10yr Peak Hydrology Analysis 

Rational Analysis Coefficient, C Intensity (in/hr) Area (ac) Downstream Concentration Point Q10 (cfs)
Area 1 - West 0.90 3.53 11.18      304XG 40.70
Area 2 -East 0.90 4.06 2.39        304XG 8.71
Area 3 - Central 0.90 4.06 1.18        334K 4.29

49.41
4.29

Rational Analysis Coefficient, C Intensity (in/hr) Area (ac) Downstream Concentration Point Q10 (cfs)
DA #1 (part of DMA #1) 0.90 2.72 9.57        304XG 31.66
DA #2 (part of DMA #1) 0.90 3.30 5.17        304XG 16.19

47.85
0.00Proposed Combined Flows to Downstream Concentration Point 334K

10yr Pre-Development

10yr Post-Development

Existing Combined Flows to Downstream Concentration Point 304XG
Existing Combined Flows to Downstream Concentration Point 334K

Proposed Combined Flows to Downstream Concentration Point 304XG

 
  

L-7



Page 8 

 
 

25yr Peak Hydrology Analysis 

Rational Analysis Coefficient, C Intensity (in/hr) Area (ac) Downstream Concentration Point Q25 (cfs)
Area 1 - West 0.90 4.20 11.18      304XG 48.39
Area 2 -East 0.90 4.82 2.39        304XG 10.36
Area 3 - Central 0.90 4.82 1.18        334K 5.10

58.75
5.10

Rational Analysis Coefficient, C Intensity (in/hr) Area (ac) Downstream Concentration Point Q25 (cfs)
DA #1 (part of DMA #1) 0.90 3.25 9.57        304XG 37.66
DA #2 (part of DMA #1) 0.90 3.93 5.17        304XG 19.28

56.94
0.00

25yr Pre-Development

Existing Combined Flows to Downstream Concentration Point 304XG
Existing Combined Flows to Downstream Concentration Point 334K

25yr Post-Development

Proposed Combined Flows to Downstream Concentration Point 304XG
Proposed Combined Flows to Downstream Concentration Point 334K

 
 
 

100yr Peak Hydrology Analysis 

Rational Analysis Coefficient, C Intensity (in/hr) Area (ac) Downstream Concentration Point Q100 (cfs)
Area 1 - West 0.90 5.38 11.18      304XG 62.11
Area 2 -East 0.90 6.19 2.39        304XG 13.29
Area 3 - Central 0.90 6.19 1.18        334K 6.54

75.40
6.54

Rational Analysis Coefficient, C Intensity (in/hr) Area (ac) Downstream Concentration Point Q100 (cfs)
DA #1 (part of DMA #1) 0.90 4.15 9.57        304XG 48.26
DA #2 (part of DMA #1) 0.90 5.02 5.17        304XG 24.68

72.94
0.00

Proposed Combined Flows to Downstream Concentration Point 304XG
Proposed Combined Flows to Downstream Concentration Point 334K

100yr Pre-Development

Existing Combined Flows to Downstream Concentration Point 304XG
Existing Combined Flows to Downstream Concentration Point 334K

100yr Post-Development
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As depicted above and in Attachment 4 (Orange County Rational Methodology Spreadsheet) the flows to 
the storm drain system are less in the redeveloped condition than the existing. Note that the redeveloped 
condition is also assuming 100% impervious area, and has not taken into account the additional storage 
volume provided by the proposed Chamber System. These calculations will be updated during the 
Construction Document phase for the Final Hydrology Report accordingly. 
 
Furthermore, the flows ultimately draining to downstream Point of Concentration identified as “304XG” (in 
the City’s Master Plan of Drainage (See Attachments 2, 3, and 5 for location) have been reduced by the 
following: 

• 10yr flows reduced by 1.56cfs at 304XG 
o The City of Brea Master Plan of Drainage identifies a Q10 flow of 521.4cfs at the 

confluence of Node 304XG which includes Q10 flows from the upstream pipes (Nodes 
297X, 303G, Randolph Drain) and the associated sheet flow from Randolph identified as 
Q10=31.6cfs. Based on the Rational Analysis provided, the flow at this confluence will be 
reduced to 519.84cfs for the 10 year peak storm. 

• 25yr flows reduced by 1.81cfs at 304XG  

• 100yr flows reduced by 2.46cfs at 304XG 
 
As the entirety of the redevelopment drains toward Concentration point 304XG, the existing flows draining 
towards 334K have been removed entirely: 

• 10yr flows reduced by 4.29cfs at 334K 

• 25yr flows reduced by 5.10cfs at 334K 

• 100yr flows reduced by 6.54cfs at 334K 
 
As such, the downstream receiving storm drain systems will not be adversely impacted by the 
redevelopment. In fact, the proposed redevelopment will reduce flows in the Fullerton Creek Watershed 
by a total of: 

• 10yr flows reduced by 5.85cfs 

• 25yr flows reduced by 6.91cfs 

• 100yr flows reduced by 9.00cfs 
 
Note that, in reality, the actual reduction of flows will be greater than this after the proposed landscaping 
is included in the calculations. Furthermore, this study does not include the additional reduction of flows 
for the volume that will be infiltrated by the proposed ADS Chamber System. 
 
The reduction in flows not only has a positive impact on the downsteam system, but the Fullerton Creek 
Watershed as a whole. Since flows from the project are being reduced, the net outcomes on the 
upstream storm drain system is a greater capacity for current tenants and any future development 
upstream of the project. 
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Section 4 – Bypass Flows 
 
As shown in the Existing Hydrology Exhibit (Attachment 2), and Proposed Hydrology Exhibit (Attachment 
3), there are three existing public storm drain pipes that run through the project site and discharge near 
the Randolph Avenue Driveway as discussed below. The flows from these three pipes are to be picked 
up and bypassed, via a public storm drain pipe, around the development to the public storm drain in 
Randolph Avenue. The manning’s equation was used to determine the maximum flows that can be 
associated with each of the three pipes.  
 

 
Where k = 1.49  
A = Flow Area of the Pipe (sf)  
P = Wetted Perimeter (ft)  
Q = Discharge Flow Rate (cfs)  
S = Slope (ft/ft)  
V = Velocity (ft/s)  
 
Node 20 
There is an existing 12” RCP pipe at a slope of 0.45% that is discharging from the service area between 
the existing Sears and Nordstrom. This discharge pipe is proposed to be re-routed westerly along the 
north side of Retail A. This connection is identified as Node 20 in Attachments 2 and 3 and has a 
maximum capacity (Q value) of the following: 

 
Q = (1.49/0.013) * (0.79sf) * (0.25ft^(2/3) * (0.0045ft/ft)^(1/2) = 2.40cfs maximum 
 
The proposed pipe used to re-route these flows from Node 20 is a public 12” RCP pipe with a slope of 
0.5%. This proposed pipe has the capacity to bypass the following flow: 
 
Q = (1.49/0.013) * (0.79sf) * (0.25ft^(2/3) * (0.005ft/ft)^(1/2) = 2.53cfs maximum 
 
The bypass pipe has a greater capacity than the maximum flows from Node 20 (2.53cfs > 2.40cfs) 
 
Node 21 
There is an existing 24” RCP pipe at a slope of 0.25% that is discharging from the ring road between 
Nordstrom and the westerly parking structure. This pipe is proposed to be re-routed westerly along the 
north side of the Fitness Center where it combines with the flows from Node 20. This pipe is identified as 
Node 21 in Attachments 2 and 3, and has a maximum capacity (Q value) of the following: 
 
Q = (1.49/0.013) * (3.14sf) * (0.5ft^(2/3) * (0.0025ft/ft)^(1/2) = 11.34cfs maximum 
 
If this maximum flow is combined with the maximum flow from node 20, the maximum flow at this location 
for the bypass pipe is 13.74cfs.  
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The proposed pipe downstream of this location is a public 30” RCP pipe at 0.5% slope, which has the 
following capacity: 
 
Q = (1.49/0.013) * (4.91sf) * (0.625ft^(2/3) * (0.005ft/ft)^(1/2) = 29.08cfs maximum 
 
The bypass pipe has a greater capacity than the maximum flows from Node 20+21 (29.08cfs > 13.74cfs) 
 
Node 22 
There is an existing 18” RCP pipe at a slope of 2.00% that is discharging from the westerly side of the 
parking structure adjacent to Randolph Avenue. This pipe is proposed to be re-routed along the westerly 
side of the Fitness Center where it combines with the flows from Node 20/21. This pipe is identified as 
Node 22 in Attachments 2 and 3, and has a maximum capacity (Q value) of the following: 
 
Q = (1.49/0.013) * (1.77sf) * (0.375ft^(2/3) * (0.02ft/ft)^(1/2) = 14.90cfs maximum 
 
The proposed pipe downstream of this location is a public 30” RCP pipe at 0.5% slope, which has the 
following capacity: 
 
Q = (1.49/0.013) * (4.91sf) * (0.625ft^(2/3) * (0.005ft/ft)^(1/2) = 29.08cfs maximum 
 
The bypass pipe has a greater capacity than the maximum flows from Node 20+21+22  
(29.08cfs > 28.64cfs) 
 
As such, the proposed bypass pipe has sufficient capacity to bypass the maximum flows from the 
upstream developments. 
  

L-11



Page 12 

Section 5 – Hydraulic Grade Line Analysis 
 
Using the Hydrology Analysis provided in Sections 3 and 4 above, a Hydraulic Grade Line (HGL) Analysis 
was prepared using the Hydraflow Storm Sewer Extension for Autodesk Civil3D. The hydrology analysis 
above shows that the proposed pipes have the capacity to bypass the 10yr, 25yr, and 100yr events so it 
is not expected that the HGL would be above the pipe. However, the HGL Analysis is provided to ensure 
that the hydraulic grade line is contained beneath the ground surface, and thus to prevent 
ponding/flooding on the project site. 
 
Attachments 8, 9, and 10 show the HGL Analysis for the 10yr, 25yr, and 100yr events for the proposed 
pipes discharging to the proposed Chamber System, respectively. The Q values shown at each node 
correspond to the flows calculated in Attachment 4 based on the Orange County Hydrology Manual. The 
Plan View, Computations, and Profile depicting the HGL is provided for each. The downstream HGL was 
set at the crown of the pipe discharging into the proposed chamber system to analyze the worst case 
scenario. As shown in the Attachments, the HGL does not exceed the ground surface at any location.  
 
Attachments 11, 12, and 13 show the HGL Analysis for the 10yr, 25yr, and 100yr events for the overflow 
pipe discharging from the Chamber System to the 36” public line in Randolph Avenue. The Q value 
provided for the overflow is set equal to the combined flows from Drainage Areas #1 and #2. This 
analysis assumes that the peak flow in to the chamber system is the same as the peak flow out of the 
chamber and does not account for infiltration or volume storage. The Plan View, Computations, and 
Profile depicting the HGL is provided for each. The downstream HGL was set at the crown of the pipe 
discharging into the existing storm drain in Randolph. As shown in the Attachments, the HGL does not 
exceed the ground surface at any location. 
 
Attachments 14, 15, and 16 show the HGL Analysis for the 10yr, 25yr, and 100yr events for the public 
bypass pipe connecting to the three existing pipes upstream of the redevelopment. The Q values for the 
existing upstream pipes were set at the maximum flows calculated in Section 4, and the Q value for the 
overflow pipe was set at the peak 10yr, 25yr, and 100yr flows, respectively with the downstream HGL set 
at the crown of the downstream pipe. As shown in the Attachments, the HGL does not exceed the ground 
surface at any location.  
 
Please reference Attachment 7 for the existing as-built elevations and slopes. 
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Attachment 1 – Orange County Hydrology Manual Exhibits 
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Initial Drainage Area limited to 300 ft per Orange County Hydrology Manual Addendum

DA#1C

DA#1F

DA#1G

DA#2A

DA#2B
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Attachment 2 – Existing Hydrology Exhibit 
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Attachment 3 – Proposed Hydrology Exhibit 
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Attachment 4 – Rational Methodology Calculation Spreadsheet 
  

L-24



8881 Research Drive

Irvine, CA 92618

Phone: (949)-872-2378

Fax: (949)-387-3915

JOB NAME: Brea Mall Expansion JOB NO: 3180011

PAGE 1 OF 1

DRAINAGE AREA NAME AREA SOIL DEV. Tt Ai TC I C Fp Q(TOTAL) FLOW PATH SLOPE PIPE LENGTH SLOPE n VEL.
SF SUBAREA TOTAL TYPE TYPE MIN % MIN IN/HR Page D-3 C.6.4 LENGTH (FT) FT/FT DIA (IN) FT/FT FPS

Existing Area 1 486,917            11.18              11.18     C MIX 94.5% 5.00 4.06 0.90 0.25 40.70 277 0.01
1.374 36 390 0.0025 0.013 4.731

Existing Area 1 -                    -                  11.18     C MIX 94.5% 6.37 3.53 0.90 0.25 40.70 - -
- -

Existing Area 2 104,200            2.39                2.39        C MIX 94.5% 5.00 4.06 0.90 0.25 8.71 600 0.02
- -

Existing Area 3 51,185              1.18                1.18        C MIX 100.0% 5.00 4.06 0.90 0.25 4.29 200 0.02
- -

DA #1A 10,550              0.24                0.24        C MIX 100.0% 5.00 4.06 0.90 0.25 0.88 125 0.04
0.351 10 65 0.005 0.012 3.086

DA #1B 26,195              0.60                0.84        C MIX 100.0% 5.35 3.90 0.90 0.25 3.00 160 0.02
0.500 24 166 0.005 0.012 5.531

DA #1C 87,805              2.02                2.86        C MIX 100.0% 7.50 3.22 0.90 0.25 8.84 300 0.01
0.259 24 86 0.005 0.012 5.531

DA #1D 15,920              0.37                3.22        C MIX 100.0% 7.76 3.16 0.90 0.25 9.87 100 0.02
0.416 24 138 0.005 0.012 5.531

DA #1E 94,956              2.18                2.18        C MIX 100.0% 5.00 4.06 0.90 0.25 7.96 - -
0.048 18 23 0.015 0.012 7.908

DA #1F 46,830              1.08                6.48        C MIX 100.0% 8.50 3.00 0.90 0.25 20.74 300 0.005
0.569 30 250 0.0065 0.012 7.318

DA #1G 59,930              1.38                1.38        C MIX 100.0% 5.25 3.95 0.90 0.25 4.89 300 0.05
0.087 18 26 0.006 0.012 5.002

DA #1H 10,740              0.25                8.10        C MIX 100.0% 8.59 2.98 0.90 0.25 26.29 125 0.036
0.039 30 26 0.015 0.012 11.117

DA #1I 64,095              1.47                1.47        C MIX 100.0% 5.00 4.06 0.90 0.25 5.38 100 0.05
0.061 18 33 0.0192 0.012 8.947

Total DA#1 (lower) -                    -                  9.57        C MIX 100.0% 10.06 2.72 0.90 0.25 31.66 - -
36 168 0.0065 0.012 8.264

DA #2A 61,900              1.42                1.42        C MIX 100.0% 6.50 3.49 0.90 0.25 4.47 280 0.018
0.343 18 133 0.01 0.012 6.457

DA #2B 17,665              0.41                0.41        C MIX 100.0% 5.75 3.75 0.90 0.25 1.37 275 0.029091
0.152 12 45 0.01 0.012 4.928

DA #2C 135,065            3.10                4.93        C MIX 100.0% 6.84 3.39 0.90 0.25 15.30 200 0.045
0.353 24 268 0.0262 0.012 12.661

DA #2D 10,651              0.24                0.24        C MIX 100.0% 5.00 4.06 0.90 0.25 0.89 100 0.05
0.302 10 79 0.01 0.012 4.364

Total DA #2 (upper) -                    -                  5.17        C MIX 100.0% 7.20 3.30 0.90 0.25 16.19 - -
24 237 0.015 0.012 9.580

Total DA#1 & DA#2 -                    -                  14.75     C MIX 100.0% 10.06 2.72 0.90 0.25 47.85 - -
36 394 0.011 0.012 10.750OK

OK
Total to Chamber  at Node 10 Q=16.19CAP=30.1

OK
Overflow to Public Drain at Node 15 Q=47.85CAP=75.99

OK
Sheet + Pipe at Node 13 Q=15.3CAP=39.78

OK
Sheet Flow at Node 14 Q=0.89CAP=2.38

OK
Sheet + Pipe at Node 11 Q=4.47CAP=11.41

OK
Sheet Flow at Node 12 Q=1.37CAP=3.87

OK
Sheet + Pipe at Node 9 Q=5.38CAP=15.81

OK
Total to Chamber at Node 10 Q=31.66CAP=58.41

OK
Sheet Flow at Node 7 Q=4.89CAP=8.84

OK
Sheet + Pipe at Node 8 Q=26.29CAP=54.57

OK
Sheet + Pipe at Node 5 Q=7.96CAP=13.97

OK
Sheet + Pipe at Node 6 Q=20.74CAP=35.92

OK
Sheet + Pipe at Node 3 Q=8.84CAP=17.38

OK
Sheet + Pipe at Node 4 Q=9.87CAP=17.38

Sheet Flow to Node 1 Q=0.88CAP=1.68
OK

Sheet + Pipe at Node 2 Q=3CAP=17.38

Sheet Flow

Sheet Flow

BAD
To Public Storm Drain

SHEET FLOW PIPE HYDRAULICS
NODE/CONTROLING AREA (ACRES) HYDRAULICS AND 

NOTESPATH

HYDROLOGY MANUAL 10 - Year Rainfall Analysis

Sheet Flow Q=40.7CAP=33.44

10-YEAR HYDROLOGIC CALCULATIONS

ADAPTED FROM ORANGE COUNTY HYDROLOGY MANUAL CJN 3/5/2022
CITY OF BREA
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8881 Research Drive

Irvine, CA 92618

Phone: (949)-872-2378

Fax: (949)-387-3915

JOB NAME: Brea Mall Expansion JOB NO: 3180011

PAGE 1 OF 1

DRAINAGE AREA NAME AREA SOIL DEV. Tt Ai TC I C Fp Q(TOTAL) FLOW PATH SLOPE PIPE LENGTH SLOPE n VEL.
SF SUBAREA TOTAL TYPE TYPE MIN % MIN IN/HR Page D-3 C.6.4 LENGTH (FT) FT/FT DIA (IN) FT/FT FPS

Existing Area 1 486,917            11.18              11.18     C MIX 94.5% 5.00 4.82 0.90 0.25 48.39 277 0.01
1.374 36 390 0.0025 0.013 4.731

Existing Area 1 -                    -                  11.18     C MIX 94.5% 6.37 4.20 0.90 0.25 48.39 - -
- -

Existing Area 2 104,200            2.39                2.39        C MIX 94.5% 5.00 4.82 0.90 0.25 10.36 600 0.02
- -

Existing Area 3 51,185              1.18                1.18        C MIX 100.0% 5.00 4.82 0.90 0.25 5.10 200 0.02
- -

DA #1A 10,550              0.24                0.24        C MIX 100.0% 5.00 4.82 0.90 0.25 1.05 125 0.04
0.351 10 65 0.005 0.012 3.086

DA #1B 26,195              0.60                0.84        C MIX 100.0% 5.35 4.64 0.90 0.25 3.56 160 0.02
0.500 24 166 0.005 0.012 5.531

DA #1C 87,805              2.02                2.86        C MIX 100.0% 7.50 3.83 0.90 0.25 10.52 300 0.01
0.259 24 86 0.005 0.012 5.531

DA #1D 15,920              0.37                3.22        C MIX 100.0% 7.76 3.76 0.90 0.25 11.76 100 0.02
0.358 30 138 0.005 0.012 6.418

DA #1E 94,956              2.18                2.18        C MIX 100.0% 5.00 4.82 0.90 0.25 9.46 - -
0.048 18 23 0.015 0.012 7.908

DA #1F 46,830              1.08                6.48        C MIX 100.0% 8.50 3.57 0.90 0.25 24.68 300 0.005
0.569 30 250 0.0065 0.012 7.318

DA #1G 59,930              1.38                1.38        C MIX 100.0% 5.25 4.69 0.90 0.25 5.81 300 0.05
0.087 18 26 0.006 0.012 5.002

DA #1H 10,740              0.25                8.10        C MIX 100.0% 8.59 3.55 0.90 0.25 31.28 125 0.036
0.039 30 26 0.015 0.012 11.117

DA #1I 64,095              1.47                1.47        C MIX 100.0% 5.00 4.82 0.90 0.25 6.39 100 0.05
0.061 18 33 0.0192 0.012 8.947

Total DA#1 (lower) -                    -                  9.57        C MIX 100.0% 10.06 3.25 0.90 0.25 37.66 - -
36 168 0.0065 0.012 8.264

DA #2A 61,900              1.42                1.42        C MIX 100.0% 6.50 4.16 0.90 0.25 5.32 280 0.018
0.343 18 133 0.01 0.012 6.457

DA #2B 17,665              0.41                0.41        C MIX 100.0% 5.75 4.46 0.90 0.25 1.63 275 0.029091
0.152 12 45 0.01 0.012 4.928

DA #2C 135,065            3.10                4.93        C MIX 100.0% 6.84 4.04 0.90 0.25 18.21 200 0.045
0.353 24 268 0.0262 0.012 12.661

DA #2D 10,651              0.24                0.24        C MIX 100.0% 5.00 4.82 0.90 0.25 1.06 100 0.05
0.302 10 79 0.01 0.012 4.364

Total DA #2 (upper) -                    -                  5.17        C MIX 100.0% 7.20 3.93 0.90 0.25 19.28 - -
24 237 0.015 0.012 9.580

Total DA#1 & DA#2 -                    -                  14.75     C MIX 100.0% 10.06 3.25 0.90 0.25 56.94 - -
36 394 0.011 0.012 10.750

25-YEAR HYDROLOGIC CALCULATIONS

ADAPTED FROM ORANGE COUNTY HYDROLOGY MANUAL CJN 3/5/2022
CITY OF BREA

BAD
To Public Storm Drain

SHEET FLOW PIPE HYDRAULICS
NODE/CONTROLING AREA (ACRES) HYDRAULICS AND 

NOTESPATH

HYDROLOGY MANUAL 25 - Year Rainfall Analysis

Sheet Flow Q=48.39CAP=33.44

Sheet Flow to Node 1 Q=1.05CAP=1.68
OK

Sheet + Pipe at Node 2 Q=3.56CAP=17.38

Sheet Flow

Sheet Flow

OK
Sheet + Pipe at Node 5 Q=9.46CAP=13.97

OK
Sheet + Pipe at Node 6 Q=24.68CAP=35.92

OK
Sheet + Pipe at Node 3 Q=10.52CAP=17.38

OK
Sheet + Pipe at Node 4 Q=11.76CAP=31.51

OK
Sheet + Pipe at Node 9 Q=6.39CAP=15.81

OK
Total to Chamber at Node 10 Q=37.66CAP=58.41

OK
Sheet Flow at Node 7 Q=5.81CAP=8.84

OK
Sheet + Pipe at Node 8 Q=31.28CAP=54.57

OK
Sheet + Pipe at Node 13 Q=18.21CAP=39.78

OK
Sheet Flow at Node 14 Q=1.06CAP=2.38

OK
Sheet + Pipe at Node 11 Q=5.32CAP=11.41

OK
Sheet Flow at Node 12 Q=1.63CAP=3.87

OK

OK
Total to Chamber  at Node 10 Q=19.28CAP=30.1

OK
Overflow to Public Drain at Node 15 Q=56.94CAP=75.99
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8881 Research Drive

Irvine, CA 92618

Phone: (949)-872-2378

Fax: (949)-387-3915

JOB NAME: Brea Mall Expansion JOB NO: 3180011

PAGE 1 OF 1

DRAINAGE AREA NAME AREA SOIL DEV. Tt Ai TC I C Fp Q(TOTAL) FLOW PATH SLOPE PIPE LENGTH SLOPE n VEL.
SF SUBAREA TOTAL TYPE TYPE MIN % MIN IN/HR Page D-3 C.6.4 LENGTH (FT) FT/FT DIA (IN) FT/FT FPS

Existing Area 1 486,917            11.18              11.18     C MIX 94.5% 5.00 6.19 0.90 0.25 62.11 277 0.01
1.374 36 390 0.0025 0.013 4.731

Existing Area 1 -                    -                  11.18     C MIX 94.5% 6.37 5.38 0.90 0.25 62.11 - -
- -

Existing Area 2 104,200            2.39                2.39        C MIX 94.5% 5.00 6.19 0.90 0.25 13.29 600 0.02
- -

Existing Area 3 51,185              1.18                1.18        C MIX 100.0% 5.00 6.19 0.90 0.25 6.54 200 0.02
- -

DA #1A 10,550              0.24                0.24        C MIX 100.0% 5.00 6.19 0.90 0.25 1.35 125 0.04
0.351 10 65 0.005 0.012 3.086

DA #1B 26,195              0.60                0.84        C MIX 100.0% 5.35 5.95 0.90 0.25 4.57 160 0.02
0.500 24 166 0.005 0.012 5.531

DA #1C 87,805              2.02                2.86        C MIX 100.0% 7.50 4.90 0.90 0.25 13.47 300 0.01
0.259 24 86 0.005 0.012 5.531

DA #1D 15,920              0.37                3.22        C MIX 100.0% 7.76 4.81 0.90 0.25 15.05 100 0.02
0.358 30 138 0.005 0.012 6.418

DA #1E 94,956              2.18                2.18        C MIX 100.0% 5.00 6.19 0.90 0.25 12.14 - -
0.048 18 23 0.015 0.012 7.908

DA #1F 46,830              1.08                6.48        C MIX 100.0% 8.50 4.57 0.90 0.25 31.61 300 0.005
0.569 30 250 0.0065 0.012 7.318

DA #1G 59,930              1.38                1.38        C MIX 100.0% 5.25 6.02 0.90 0.25 7.45 300 0.05
0.087 18 26 0.006 0.012 5.002

DA #1H 10,740              0.25                8.10        C MIX 100.0% 8.59 4.54 0.90 0.25 40.06 125 0.036
0.039 30 26 0.015 0.012 11.117

DA #1I 64,095              1.47                1.47        C MIX 100.0% 5.00 6.19 0.90 0.25 8.19 100 0.05
0.061 18 33 0.0192 0.012 8.947

Total DA#1 (lower) -                    -                  9.57        C MIX 100.0% 10.06 4.15 0.90 0.25 48.26 - -
36 168 0.0065 0.012 8.264

DA #2A 61,900              1.42                1.42        C MIX 100.0% 6.50 5.32 0.90 0.25 6.81 280 0.018
0.343 18 133 0.01 0.012 6.457

DA #2B 17,665              0.41                0.41        C MIX 100.0% 5.75 5.71 0.90 0.25 2.08 275 0.029091
0.152 12 45 0.01 0.012 4.928

DA #2C 135,065            3.10                4.93        C MIX 100.0% 6.84 5.17 0.90 0.25 23.32 200 0.045
0.353 24 268 0.0262 0.012 12.661

DA #2D 10,651              0.24                0.24        C MIX 100.0% 5.00 6.19 0.90 0.25 1.36 100 0.05
0.302 10 79 0.01 0.012 4.364

Total DA #2 (upper) -                    -                  5.17        C MIX 100.0% 7.20 5.02 0.90 0.25 24.68 - -
24 237 0.015 0.012 9.580

Total DA#1 & DA#2 -                    -                  14.75     C MIX 100.0% 10.06 4.15 0.90 0.25 72.94 - -
36 394 0.011 0.012 10.750

100-YEAR HYDROLOGIC CALCULATIONS

ADAPTED FROM ORANGE COUNTY HYDROLOGY MANUAL CJN 3/5/2022
CITY OF BREA

BAD
To Public Storm Drain

SHEET FLOW PIPE HYDRAULICS
NODE/CONTROLING AREA (ACRES) HYDRAULICS AND 

NOTESPATH

HYDROLOGY MANUAL 100 - Year Rainfall Analysis

Sheet Flow Q=62.11CAP=33.44

Sheet Flow to Node 1 Q=1.35CAP=1.68
OK

Sheet + Pipe at Node 2 Q=4.57CAP=17.38

Sheet Flow

Sheet Flow

OK
Sheet + Pipe at Node 5 Q=12.14CAP=13.97

OK
Sheet + Pipe at Node 6 Q=31.61CAP=35.92

OK
Sheet + Pipe at Node 3 Q=13.47CAP=17.38

OK
Sheet + Pipe at Node 4 Q=15.05CAP=31.51

OK
Sheet + Pipe at Node 9 Q=8.19CAP=15.81

OK
Total to Chamber at Node 10 Q=48.26CAP=58.41

OK
Sheet Flow at Node 7 Q=7.45CAP=8.84

OK
Sheet + Pipe at Node 8 Q=40.06CAP=54.57

OK
Sheet + Pipe at Node 13 Q=23.32CAP=39.78

OK
Sheet Flow at Node 14 Q=1.36CAP=2.38

OK
Sheet + Pipe at Node 11 Q=6.81CAP=11.41

OK
Sheet Flow at Node 12 Q=2.08CAP=3.87

OK

OK
Total to Chamber  at Node 10 Q=24.68CAP=30.1

OK
Overflow to Public Drain at Node 15 Q=72.94CAP=75.99
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Attachment 5 – Orange County Drainage Facilities Map 
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PROJECT 
SITE
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Page 18 

Attachment 6 – City of Brea Master Plan of Drainage  
(applicable pages) 
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Appendix B:  Major watersheds crossing Brea City limits

PROJECT
SITE
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APPENDIX C
CITY OF BREA

STORM DRAIN SYSTEM
CITY DRAINAGE AREAS
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CIP PROJECT LOCATIONS
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Fullerton Creek 10-year Storm Rational Method Study

Concentration Point / 
Outlet

Subarea / 
Basin Area 

(ac)

Effective 
Area (ac)

Total area 
(ac) Fp  Ap  Tt 

(min)
Tc 

(min) I (in/hr) Fm  Fm 
avg.

Q Total 
(cfs)

Flow Path 
Length (ft)

Slope 
(ft/ft) Velocity (fps) Depth of 

Flow (ft) Comments

350O 2.2 2.2 2.2 0.3 0.35 14.8 1.73 0.11 0.11 3.3 303.9 0.09239
352O 24.2 26.4 26.4 0.3 0.47 2.5 17.3 1.58 0.14 0.14 34.7 1067.1 0.02936 7.1(PUG)  0.41(PUG)  

354AX 26.4 0.3 0.46 1.43 18.7 1.52 0.14 34.7 494.5 0.00335 5.8(AG) 1.82(AG)
Warning: Trapezoidal 
channel OVERFLOW  

343N 1.2 1.2 1.2 0.3 0.45 11.5 1.99 0.14 0.14 2 328 0.00424

345N 13.7 14.9 14.9 0.3 0.41 10.7 22.2 1.38 0.12 0.12 17 1806.6 0.01034 3.5(AG) 0.45(AG)

Warning: Local street (< 
500 ADT) OVERFLOW 
(crown)  

348XK 14.9 0.3 0.42 8.22 30.5 1.15 0.12 17 1751.3 0.01027 3.6(AG) 0.79(AG)
312I 1.4 1.4 1.4 0.3 0.45 11.8 1.97 0.14 0.14 2.3 284.9 0.00284

314I 12.9 14.3 14.3 0.3 0.45 11.37 23.2 1.35 0.14 0.14 15.7 1543.7 0.00657 2.8(AG) 0.46(AG)

Warning: Local street (< 
500 ADT) OVERFLOW 
(crown)  

320XI 14.3 0.3 0.45 0.81 24 1.32 0.14 15.7 773.8 0.109 15.9(PUG)  0.82(PUG)  
Warning: Pipe 
OVERFLOW  

306H 1.4 1.4 1.4 0.3 0.45 6.1 2.84 0.14 0.14 3.5 201.2 0.03719

308H 13.9 15.3 15.3 0.3 0.24 2.01 8.2 2.42 0.07 0.08 32.6 404.1 0.01015 3.8(AG) 0.57(AG)

Warning: Local street (< 
500 ADT) OVERFLOW 
(crown)  

309XH 15.3 0.3 0.26 2.11 10.3 2.13 0.08 32.6 1149.2 0.02079 9.1(PUG)  1.23(PUG)  
Warning: Pipe 
OVERFLOW  

299G 0.8 0.8 0.8 0.3 0.45 6 2.89 0.14 0.14 2 133.9 0.01935

301G 10.3 11.1 11.1 0.3 0.34 9.02 15 1.72 0.1 0.11 16.3 834.6 0.00159 1.7(AG) 0.64(AG)

Warning: Local street (< 
500 ADT) OVERFLOW 
(crown)  

303G 11.7 22.8 22.8 0.3 0.29 1.65 16.6 1.62 0.09 0.1 31.6 723.2 0.00943 7.3(PUG)  1.16(PUG)  
304XG 22.8 0.3 0.32 0.76 17.4 1.58 0.1 31.6 650.9 0.03626 14.3(PUG)  1.15(PUG)  
290F 0.6 0.6 0.6 0.3 0.27 7 2.63 0.08 0.08 1.4 155.1 0.00645

293F 22.2 22.8 22.8 6.86 13.9 1.79 0.1 35.1 1143.5 0.00758 3.3(AG) 0.55(AG)

Warning: Local street (< 
500 ADT) OVERFLOW 
(crown)  

295XF 15.9 38.7 38.7 0.3 0.4 1.53 15.4 1.69 0.12 0.11 55.7 1057.9 0.0228 11.5(PUG)  1.64(PUG)  
Warning: Pipe 
OVERFLOW  

285E 0.8 0.8 0.8 0.3 0.45 5.3 3.08 0.14 0.14 2.2 154.1 0.04509
288XD 14.7 15.5 15.5 0.3 0.17 8.55 13.9 1.8 0.05 0.05 24.5 1624.2 0.01621 3.6(AG) 0.46(AG)
279D 1.2 1.2 1.2 0.3 0.32 6.1 2.86 0.1 0.1 3 163.3 0.01788
281D 4.8 6.1 6.1 0.3 0.24 3.48 9.5 2.22 0.07 0.08 11.8 336.2 0.01899 1.8(AG) 0.33(AG)
283D 16.5 22.6 22.6 0.3 0.23 2.6 12.1 1.94 0.07 0.07 38.2 1337 0.01805 8.6(PUG)  0.90(PUG)  

288XD 22.6 0.3 0.24 1.61 13.7 1.8 0.07 38.2 661.5 0.00597 6.8(PUG)  2.05(PUG)  
Warning: Pipe 
OVERFLOW  

271C 1.8 1.8 1.8 0.3 0.2 7.3 2.58 0.06 0.06 4.1 226.1 0.00884

1
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Fullerton Creek 10-year Storm Rational Method Study

Concentration Point / 
Outlet

Subarea / 
Basin Area 

(ac)

Effective 
Area (ac)

Total area 
(ac) Fp  Ap  Tt 

(min)
Tc 

(min) I (in/hr) Fm  Fm 
avg.

Q Total 
(cfs)

Flow Path 
Length (ft)

Slope 
(ft/ft) Velocity (fps) Depth of 

Flow (ft) Comments

Head Node - 274C 218.9 0.31 0.32 0 15.2 1.71 0.1 321.5 Confluence Details
Head Node - 283D 225.5 0.31 0.31 0 13.7 1.8 0.1 353 Confluence Details
Head Node - 285E 225.1 0.31 0.31 0 13.9 1.8 0.1 350.5 Confluence Details
288XD - Confluence 261.5 274.6 0.31 0.31 0 15.5 1.69 0.1 379.5 Confluence Results
Head Node - 293F 273.4 0.31 0.32 0 15.4 1.69 0.1 398.6 Confluence Details
Head Node - 268B 259.9 0.31 0.32 0 13.1 1.85 0.1 418.5 Confluence Details
Head Node - 263Z 313.4 0.31 0.3 0 27.4 1.22 0.09 323.8 Confluence Details
Head Node - 245X 300.8 0.31 0.32 0 15.9 1.67 0.1 432 Confluence Details
Head Node - 250Y 300.3 0.31 0.32 0 15.6 1.68 0.1 434.8 Confluence Details
Head Node - 274C 257.3 0.31 0.33 0 15.3 1.7 0.1 377 Confluence Details
Head Node - 283D 260.3 0.31 0.31 0 13.9 1.8 0.1 406.4 Confluence Details
Head Node - 285E 260.2 0.31 0.31 0 14 1.79 0.1 404 Confluence Details
295XF - Confluence 300.3 313.4 0.31 0.32 0 15.6 1.68 0.1 434.8 Confluence Results
Head Node - 293F 282.1 0.31 0.31 1.01 16.4 1.63 0.1 398.6 Confluence Details
Head Node - 268B 268.6 0.31 0.31 1 14.1 1.78 0.1 418.5 Confluence Details
Head Node - 263Z 322.1 0.31 0.3 1.05 28.5 1.2 0.09 323.8 Confluence Details
Head Node - 245X 309.5 0.31 0.31 1 16.9 1.61 0.1 432 Confluence Details
Head Node - 250Y 309 0.31 0.31 0.99 16.6 1.62 0.1 434.8 Confluence Details
Head Node - 274C 266 0.31 0.33 1.02 16.3 1.64 0.1 377 Confluence Details
Head Node - 283D 269 0.31 0.31 1.01 14.9 1.73 0.1 406.4 Confluence Details
Head Node - 285E 268.9 0.31 0.31 1.01 15 1.72 0.1 404 Confluence Details
297X 8.7 309 322.1 0.3 0.2 0.99 16.6 1.62 0.06 0.1 434.8 751 0.00477 12.6(PUG)  5.47(PUG)  
Head Node - 303G 353 0.31 0.27 0 17.4 1.58 0.08 479.7 Confluence Details
Head Node - 293F 367.9 0.31 0.27 0 18 1.55 0.08 489.1 Confluence Details
Head Node - 268B 352.2 0.31 0.27 0 15.7 1.67 0.08 508.4 Confluence Details
Head Node - 263Z 407.8 0.31 0.27 0 30.2 1.16 0.08 398.7 Confluence Details
Head Node - 245X 395.2 0.31 0.27 0 18.4 1.53 0.09 518.4 Confluence Details
Head Node - 250Y 394.7 0.31 0.27 0 18.2 1.54 0.09 521.4 Confluence Details
Head Node - 274C 351.8 0.31 0.28 0 17.9 1.55 0.09 468.3 Confluence Details
Head Node - 283D 353.6 0.31 0.27 0 16.5 1.63 0.08 496.5 Confluence Details
Head Node - 285E 353.6 0.31 0.27 0 16.6 1.62 0.08 494.2 Confluence Details
304XG - Confluence 394.7 407.8 0.31 0.27 0 18.2 1.54 0.09 521.4 Confluence Results
Head Node - 308H 249.2 0.31 0.26 0 10.3 2.13 0.08 466.5 Confluence Details
Head Node - 303G 383.8 0.31 0.26 0 17.8 1.56 0.08 517.7 Confluence Details
Head Node - 293F 398.7 0.31 0.26 0 18.5 1.53 0.08 526.3 Confluence Details
Head Node - 268B 383 0.31 0.26 0 16.1 1.65 0.08 548 Confluence Details
Head Node - 263Z 438.7 0.31 0.26 0 30.6 1.15 0.08 427.8 Confluence Details
Head Node - 245X 426.1 0.31 0.27 0 18.9 1.51 0.08 554.9 Confluence Details
Head Node - 250Y 425.6 0.31 0.27 0 18.6 1.52 0.08 558.1 Confluence Details
Head Node - 274C 382.7 0.31 0.27 0 18.4 1.53 0.08 505.7 Confluence Details
Head Node - 283D 384.4 0.31 0.26 0 16.9 1.61 0.08 535.3 Confluence Details
Head Node - 285E 384.5 0.31 0.26 0 17 1.6 0.08 532.9 Confluence Details
309XH - Confluence 425.6 438.7 0.31 0.27 0 18.6 1.52 0.08 558.1 Confluence Results
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Attachment 7 – As-Built Information from City of Brea, Onsite 
storm drain, and C-Below Survey 
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Attachment 8 – 10yr HGL Analysis for Drainage Areas 1 & 2 to 
Chamber System 

  

L-48



L-49



L-50



L-51



L-52



L-53



L-54



Page 21 

Attachment 9 – 25yr HGL Analysis for Drainage Areas 1 & 2 to 
Chamber System 
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Attachment 10 – 100yr HGL Analysis for Drainage Areas 1 & 2 to 
Chamber System 

  

L-62



L-63



L-64



L-65



L-66



L-67



L-68



Page 23 

Attachment 11 – 10yr HGL Analysis for Chamber System 
Overflow to Public Storm Drain 
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Attachment 12 – 25yr HGL Analysis for Chamber System 
Overflow to Public Storm Drain 
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Attachment 13 – 100yr HGL Analysis for Chamber System 
Overflow to Public Storm Drain 
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Attachment 14 – 10yr HGL Analysis for Bypass Pipe including 
Maximum Existing Upstream Flows & 10yr Peak Flows  
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Attachment 15 – 25yr HGL Analysis for Bypass Pipe including 
Maximum Existing Upstream Flows & 10yr Peak Flows  
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Attachment 16 – 25yr HGL Analysis for Bypass Pipe including 
Maximum Existing Upstream Flows & 10yr Peak Flows  

 
 
 

 

L-94



L-95



L-96



L-97



L-98



B R E A  M A L L  M I X E D  U S E  P R O J E C T  F I N A L  E I R  
C I T Y  O F  B R E A  

Appendices 

September 2022 

Appendix M: Preliminary WQMP 



B R E A  M A L L  M I X E D  U S E  P R O J E C T  F I N A L  E I R  
C I T Y  O F  B R E A  

Appendices 

 PlaceWorks 

This page intentionally left blank. 



 

 
 

Priority Project 
Preliminary Water Quality Management 

Plan  
(PWQMP) 

 

Project Name: Brea Mall Expansion 

Planning Application No. PLN-2021-00008 

Address: 1065 Brea Mall, Brea CA 92821 

APNs: 319-101-37, 319-101-63, 319-101-76, 319-101-73 

 

 

Prepared for: 

Simon Property Group 

Mark Lingelbach 

225 West Washington Street 

Indianapolis, IN 46204-3438 

(317) 263-7992 

 

Prepared by: 

R.A. Smith Inc. 

Colby Nennig, P.E. 

8911 Research Drive 

Irvine, CA 92618 

(949) 242-8043 

Date: June 8, 2022 

M-1



Priority Project Preliminary Water Quality Management Plan (PWQMP) 
Brea Mall Expansion 
  

 

Simon Property Group Owner’s Certification  
North OC Priority WQMP Template August 17 2011  Page i 

This Preliminary Water Quality Management Plan (WQMP) has been prepared for Simon Property 
Group by R.A. Smith, Inc.  The WQMP is intended to comply with the requirements of the County of 
Orange NPDES Stormwater Program requiring the preparation of the plan. 

The undersigned, while it owns the subject property, is responsible for the implementation of the 
provisions of this plan , including the ongoing operation and maintenance of all best management 
practices (BMPs), and will ensure that this plan is amended as appropriate to reflect up-to-date conditions 
on the site consistent with the current Orange County Drainage Area Management Plan (DAMP) and the 
intent of the non-point source NPDES Permit for Waste Discharge Requirements for the County of 
Orange, Orange County Flood Control District and the incorporated Cities of Orange County within the 
Santa Ana Region.  Once the undersigned transfers its interest in the property, its successors-in-interest 
shall bear the aforementioned responsibility to implement and amend the WQMP.  An appropriate 
number of approved and signed copies of this document shall be available on the subject site in 
perpetuity. 

Owner: Simon Property Group, Jocelyn Gubler 

Title Vice President, Development 

Company Simon Property Group 

Address 225 West Washington Street, Indianapolis, IN 46204-3438 

Email JGubler@Simon.com 

Telephone # 317.795.9113 

I understand my responsibility to implement the provisions of this WQMP including the ongoing 
operation and maintenance of the best management practices (BMPs) described herein.  

Owner 
Signature 

      Date       

Project Owner’s Certification 
Planning Application No. 
(If applicable) 

PLN-2021-00008 Grading Permit No.       

Tract/Parcel Map and 
Lot(s) No.       

PM 38394 Book 
139, Pages 12-16, 
Parcel 3 

Building Permit No.       

Address of Project Site and APN 
 (If no address, specify Tract/Parcel Map and Lot Numbers)  

1065 Brea Mall 

Brea, CA 92821 

APNs: 319-101-37 

319-101-63 

319-101-76 

319-101-73 
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Preliminary Water Quality Management Plan (WQMP) 
Brea Mall Expansion 
  

 

Simon Property Group  Owner’s Certification 
North OC Priority WQMP Template August 17 2011  Page ii 

 

Preparer (Engineer): 

Title Senior Project Engineer (Colby Nennig) PE Registration # C 86771 

Company R.A. Smith, Inc. 

Address 8911 Research Drive, Irvine, CA 92618 

Email Colby.Nennig@raSmith.com 

Telephone # (949) 242-8043 

I hereby certify that this Water Quality Management Plan is in compliance with, and meets the 
requirements set forth in, Order No. R8-2009-0030/NPDES No. CAS618030, of the Santa Ana 
Regional Water Quality Control Board. 

Preparer 
Signature 

 Date  

Place 

Stamp  

Here  

 

06.09.2022

M-3



Priority Project Preliminary Water Quality Management Plan (PWQMP) 
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North OC Priority WQMP Template August 17 2011 Page iii 
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Simon Property Group Section I 
North OC Priority WQMP Template August 17 2011  Page 1 
 

 
Section I Permit(s) and Water Quality Conditions of Approval or 
 Issuance 
 

Provide discretionary or grading/building permit information and water quality conditions of 
approval, or permit issuance, applied to the project.  If conditions are unknown, please request 
applicable conditions from staff.  Refer to Section 2.1 in the Technical Guidance Document (TGD) 
available on the OC Planning website (ocplanning.net). 
 

Project Infomation 

Permit/Application No. 
(If applicable) 

PLN-2021-00008 
Grading or Building 
Permit No.  
(If applicable) 

      

Address of Project Site (or 
Tract Map and Lot 
Number if no address) 
and APN 

1065 Brea Mall 

Brea, CA 92821 

APN: 319-101-37, 319-101-63, 319-101-76, 319-101-73 

 

Water Quality Conditions of Approval or Issuance 

Water Quality 
Conditions of Approval 
or Issuance applied to 
this project.    
(Please list verbatim.) 

Not Applicable 

 

Conceptual WQMP 
Was a Conceptual Water 
Quality Management Plan 
previously approved for 
this project? 

No – this Report serves as the Preliminary/Conceptual WQMP for the Project. 
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Simon Property Group Section I 
North OC Priority WQMP Template August 17 2011  Page 2 
 

Watershed-Based Plan Conditions 

Provide applicable 
conditions from watershed - 
based plans including 
WIHMPs and TMDLS. 

The receiving waters for the project site are Coyote Creek, San Gabriel River 
Reach 1, San Gabriel River Estuary, and San Pedro Bay. A WIHMP has been 
developed for the Coyote Creek-San Gabriel River Watershed and has been 
submitted to the Executive Officer for approval, but has not yet been 
approved.  

Coyote Creek TMDLS – Metals (Copper, Lead, Zinc) 

San Gabriel TMDLS – Metals (Copper, Lead, Zinc), Selenium 
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Simon Property Group Section II 
North OC Priority WQMP Template August 17 2011  Page 3 

Section II Project Description 

II.1 Project Description 
Provide a detailed project description including:   

• Project areas;  

• Land uses;  

• Land cover;  

• Design elements; 

• A general description not broken down by drainage management areas (DMAs).  

Include attributes relevant to determining applicable source controls.  Refer to Section 2.2 in the 
Technical Guidance Document (TGD) for information that must be included in the project description.  

 

Description of Proposed Project  

Development Category 
(From Model WQMP, 
Table 7.11-2; or -3): 

• Restaurants where the land area of development is 5,000 square 
feet or more including parking area. This category is defined as 
facilities that sell prepared foods and drinks for consumption, 
including stationary lunch counters and refreshment stands 
selling prepared foods and drinks for immediate consumption 
(SIC code 5812). 

• Parking lots 5,000 square feet or more including associated drive 
aisle, and potentially exposed to urban stormwater runoff. A 
parking lot is defined as a land area or facility for the temporary 
parking or storage of motor vehicles used personally, for 
business, or for commerce. 

• All significant redevelopment projects, where significant 
redevelopment is defined as the addition or replacement of 5,000 
or more square feet of impervious surface on an already 
developed site. Redevelopment does not include routine 
maintenance activities that are conducted to maintain original line 
and grade, hydraulic capacity, original purpose of the facility, or 
emergency redevelopment activity required to protect public 
health and safety. 
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Simon Property Group Section II 
North OC Priority WQMP Template August 17 2011  Page 4 

Project Area (ft2):  642,302 Number of Dwelling Units:    383 SIC Code:  5812, 5311 

Project Area 

Pervious Impervious 

Area  

(acres or sq ft) 
Percentage 

Area 

(acres or sq ft) 
Percentage 

Pre-Project Conditions 35,327 5.5 606,975 94.5 

Post-Project Conditions 0** 0.00** 642,302** 100.00%** 

** At the time of this Preliminary WQMP the site plan areas (specifically the proposed landscape areas) 
have not been determined. For the sake of this report it is conservatively assumed that the entirety of 
the proposed redevelopment is 100% impervious. 

Drainage 
Patterns/Connections 

In both the existing and proposed conditions there is essentially a lower level 
(westerly) and an upper level (easterly) that provide access to the different mall 
tenants. The primary drainage pattern for the lower level is from Northeast to 
Southwest and the primary drainage patterns for the upper level is North to 
South.  

In the existing condition the lower level (west) sheet flows to existing storm 
drain inlets and discharges to the public storm drain within Randolph Avenue. 
The proposed project maintains the existing drainage patterns in that the runoff 
is captured via storm drain inlets, conveyed to the proposed Barracuda 
Hydrodynamic Separator for pretreatment, and ultimately the ADS Chamber 
System for infiltration. In storm events greater than the design storm, the runoff 
overflows to the public storm drain within Randolph Avenue. The “lower level” is 
a part of the overall Drainage Management Area (DMA) of the project. 

In the existing condition the upper level (east) sheet flows to existing storm drain 
inlets and discharges to the private storm drain adjacent to State College 
Boulevard within the inner ring road of the Mall. The runoff is then conveyed 
south of the existing Cheesecake Factory and ultimately conveyed west to the 
public storm drain with Randolph Avenue. The proposed project maintains the 
existing drainage pattern in that the runoff is captured via storm drain inlets, 
conveyed to proposed Barracuda Hydrodynamic Separator for pretreatment, the 
ADS Chamber System for infiltration, and overflows to Randolph Avenue. 

As such, the existing drainage patterns are generally maintained with the only 
modification being the proposed infiltration of the design storm event. 
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Simon Property Group Section II 
North OC Priority WQMP Template August 17 2011  Page 5 

Narrative Project 
Description: 

(Use as much space as 
necessary.) 

The existing development consists of a portion of the existing Brea Mall 
including the existing Sears Department Store, A.C. Pavement parking lot, 
concrete sidewalk for pedestrian access, and existing utilities.  

The Brea Mall Expansion Redevelopment is proposing to demolish the existing 
Sears Building and associated pedestrian access. Additionally, the existing A.C. 
Parking lot is proposed to be demolished. The existing utilities servicing the 
Sears Building are proposed to be removed, and utilities that are passing through 
the existing parking lot are proposed to be re-routed adjacent to the proposed 
redevelopment.  

The redevelopment has both a residential and retail component. The 
Westernmost building is a proposed Fitness Center, which includes outdoor pool 
area(s). The Fitness Center is serviced by a proposed at grade loading area with 
access from the proposed ring road. This service road also provides access to the 
covered trash enclosure for waste management. On the westerly side of the 
Fitness Center, adjacent to Randolph Avenue, there is an existing landscape area 
that drains onto the project site. To mitigate this area a proposed concrete v-
ditch is provided to capture this run-on and discharge it to the existing public 
storm drain within Randolph Avenue via the existing drain inlet to remain. This 
existing inlet is located within the existing parking lot to be demolished. The area 
draining to this swale is entirely pervious landscaping within the landscape 
setback adjacent to Randolph Avenue.  

The southernmost building is a multi-level building with 383 proposed 
residential dwelling units and three parking levels. There is access to the lowest 
parking level from the Southwest (residential parking only), to the middle 
parking level from the North (retail parking only), and to the upper parking level 
from the East (residential only). All ingress/egress to the parking levels will be 
made from the proposed ring road. The proposed Residential Trash enclosure 
will be located on the interior of the parking levels. As such it will be covered by 
the building and prevent on run-on to the trash enclosure.  

The proposed buildings on the Northeasterly side of the redevelopment (within 
the exiting Sears footprint) consist of a Sporting Goods Store on the upper level, 
and a series of retail/restaurants on the lower level. There is a proposed truck 
dock on the on the upper level for service to the proposed Sporting Goods Store 
located Southwest of the proposed store. There is a proposed at-grade loading 
area located Northeast of the proposed Sporting Goods building for service to the 
existing mall. A new covered trash enclosure and/or compactor will be located 
within this proposed service area. 

There is a proposed at-grade service area on the Northeasterly side of Retail B 
which will contain a new covered trash enclosure or trash compactor. There is a 
proposed at-grade service area on the Southerly side of Retail D, and there is a 
proposed service/loading area located on the Westerly side of Retail A. Both of 
these loading/service areas will be at-grade and contain covered trash 
compactors.  
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The existing ring road will be reconfigured with a new A.C. Pavement ring road 
that provides vehicular access to the proposed Fitness Center, Restaurants/Retail 
Shops, Sporting Goods Store and Residential Complex. The existing ring road to 
the south and west of the of the redevelopment will be utilized for new utilities 
and/or utility re-routing. As such, there will be new A.C. Pavement within these 
trenching locations and this area has been included in the total disturbed areas. 
This new ring road will maintain the existing grades at the exterior of the 
redevelopment, and grades will be revised to drain towards the new curb and 
gutter along the ring road. A new inlet will be proposed to capture this runoff 
and drain to the chamber system for infiltration.  

There is a proposed paseo containing hardscape, softscape, and landscaping 
between Retail Buildings A-D. This area will provide a place for pedestrians to 
lounge, walk and provides access between the different uses. 

The disturbed area of the project site is approximately 638,312sf (14.65ac). There 
is a portion of the disturbed area (23,415sf) that will not be treated in lieu of 
treating a larger portion of the existing parking lot run-on (27,405sf). The 
hydrologic area for the WQMP and Hydrology Report is 642,302sf (14.75ac) as 
denoted in the subsequent Exhibits and Calculations. The mitigated area consists 
of AC parking lot, which is the same use as the disturbed area not treated 
(parking lot and landscaping). 

There are no outdoor material storage areas; there are no activities to be 
conducted outdoors other than vehicular/pedestrian access to the proposed 
buildings; and there aren’t any proposed areas of vehicular maintenance, repair, 
washing, cleaning, or fueling islands.  

New utility services (electrical, gas, water, fire, sanitary sewer, and storm roof 
drains) will be provided to each proposed building. The ADS Chamber system is 
provided for both water quality treatment/infiltration and hydromodification. 
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II.2 Potential Stormwater Pollutants 
Determine and list expected stormwater pollutants based on land uses and site activities. Refer to 
Section 2.2.2 and Table 2.1 in the Technical Guidance Document (TGD) for guidance. 

 

 

Pollutants of Concern 

Pollutant 

Check One for 
each: 

E=Expected to 
be of concern  

N=Not Expected 
to be of concern 

Additional Information and Comments 

Suspended-Solid/ Sediment E  N  
Residential Development, Commercial 
Development, Restaurants and uncovered 
parking lots 

Nutrients E  N  
Residential Development, Commercial 
Development, Restaurants and uncovered 
parking lots 

Heavy Metals E  N  
Commercial Development, Restaurants, 
Uncovered Parking Lots 

Pathogens (Bacteria/Virus) E  N  
Residential Development, Commercial 
Development, Restaurants, uncovered parking 
lots 

Pesticides E  N  
Residential Development, Commercial 
Development, Restaurants, uncovered parking 
lots 

Oil and Grease E  N  
Residential Development, Commercial 
Development, Restaurants, uncovered parking 
lots 

Toxic Organic Compounds E  N  
Commercial Development, uncovered parking 
lots 

Trash and Debris E  N  
Residential Development, Commercial 
Development, Restaurants, parking lots 

M-11



Priority Project Preliminary Water Quality Management Plan (WQMP) 
Brea Mall Expansion 
  

 

Simon Property Group Section II 
North OC Priority WQMP Template August 17 2011  Page 8 

 

II.3 Hydrologic Conditions of Concern 
Determine if streams located downstream from the project area are potentially susceptible to 
hydromodification impacts. Refer to Section 2.2.3.1 in the Technical Guidance Document (TGD) for 
North Orange County or Section 2.2.3.2 for South Orange County. 

 

 No – Show map 
 

 Yes – Describe applicable hydrologic conditions of concern below.  
 
Per the Susceptibility Analysis performed by PACE, and Figure 1 “Susceptibility Analysis San 
Gabriel-Coyote Creek” in the TGD the project is located with a Potential Area of Erosion, Habitat, & 
Physical Structure Susceptibility.  
 
Per Section 2.2.3.1 the project is required to: 

• Reduce Post-development runoff volume for the 2-yr, 24-hr storm to less than 5 percent 
increase from the pre-development condition. 

• Increase Post-development time of concentration to within 95% or greater than pre-
development condition.  
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The methodology discussed in the Technical Guidance Document (TGD) and Orange County Hydrology 
Manual (WinTR-55) was used to satisfy the requirements below: 

• Reduce Peak Runoff Volume to less than 5% increase of the pre-development condition 
• Increase Time of Concentration to match the pre-development condition 
• Reduce Peak Flows to less than 10% increase from pre-development condition 

See WinTR-55 Output in Attachment 1 herein. A summary of the results is provided below. See  

Summary of Raw Results 

2-yr, 24-hr Storm Runoff Volume (cf) Time of Concentration (hr)
Pre-Development 92,010 0.100
Post-Development 97,523 0.133

Hydromodification Summary

 

Runoff Volume (cf):  

 (V2-yr,POST / V2-yr,PRE) ≤ 1.05 

Raw Data: (97,523 cf / 92,010 cf) = 1.06 > 1.05 

Infiltration Chamber Sizing = 44,416 cf 

Total retained on-site = 44,416 cf 

Actual Runoff Volume in Post-Condition = 97,523 cf – 44,416 cf = 53,107 cf 

Accounting for Chamber System: (53,107 cf / 92,010 cf) = 0.58 < 1.05 

 

Time of Concentration (hr): 

(Tc2-yr,PRE / Tc2-yr,POST) = ≤ 1.05 

(0.100hr / 0.133hr) = 0.75 ≤ 1.05 

 

Peak Flow (cfs): 

(Q2-yr,POST / Q2-yr,PRE) ≤ 1.10 

(19.54 cfs / 19.70 cfs) = 0.99 ≤ 1.10 

As shown, the project successfully satisfies the abovementioned requirements and an HCOC does not exist. 
Please note that the proposed redevelopment is taken as 100% impervious as the landscape areas have not yet 
been finalized. These values will only become more favorable as the proposed pervious areas are included. 

 

M-13



Priority Project Preliminary Water Quality Management Plan (WQMP) 
Brea Mall Expansion 
  

 

Simon Property Group Section II 
North OC Priority WQMP Template August 17 2011  Page 10 

II.4 Post Development Drainage Characteristics 
Describe post development drainage characteristics. Refer to Section 2.2.4 in the Technical Guidance 
Document (TGD). 

 

In both the existing and proposed conditions there is essentially a lower level (westerly) and an upper level 
(easterly) that provide access to the different mall levels. The primary drainage pattern for the lower level is 
from Northeast to Southwest and the primary drainage patterns for the upper level is North to South.  

 

In the existing condition the lower level (west) sheet flows to existing storm drain inlets and discharges to the 
public storm drain within Randolph Avenue. The proposed project maintains the existing drainage patterns in 
that the runoff is captured via storm drain inlets, conveyed to the proposed ADS Chamber System for 
infiltration, and overflows to the public storm drain within Randolph Avenue. See WQMP Exhibit in Section VI 
for reference.  

 

In the existing condition the upper level (east) sheet flows to existing storm drain inlets and discharges to the 
private storm drain adjacent to State College Boulevard within the inner ring road of the Mall. The runoff is 
then conveyed south of the existing Cheesecake Factory and is ultimately conveyed westerly to the public 
storm drain with Randolph Avenue. The proposed project maintains the existing drainage patterns in that the 
runoff is captured via storm drain inlets, conveyed to the proposed ADS Chamber System for infiltration, and 
overflows to Randolph Avenue. As discussed above the runoff will be conveyed westerly via the private storm 
drain and connection to the existing public storm drain within Randolph Avenue. 

 

Both the “lower” and “upper” levels as described above are considered DMA #1 as they both drain to the 
proposed ADS Chamber System for infiltration, and their combined overflow drains to the public storm drain 
in Randolph Avenue. 

 

From the public storm drain system within Randolph the stormwater runoff will be conveyed to the receiving 
waters for the project: 

• Coyote Creek 

• San Gabriel River Reach 1 

• San Gabriel River Estuary 

• San Pedro Bay 
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II.5 Property Ownership/Management 
Describe property ownership/management. Refer to Section 2.2.5 in the Technical Guidance Document 
(TGD). 

 

The affected properties are owned by Simon Property Group. BMP Maintenance and Management will be 
provided by Simon Property Group. There will be no storm drain infrastructure that will be transferred to 
public agencies. 

 

M-15



Priority Project Preliminary Water Quality Management Plan (WQMP) 
Brea Mall Expansion 
  

 

Simon Property Group Section III 
North OC Priority WQMP Template August 17 2011  Page 12 

Section III Site Description 

III.1 Physical Setting 
Fill out table with relevant information. Refer to Section 2.3.1 in the Technical Guidance Document 
(TGD). 

 

Name of Planned 
Community/Planning 
Area (if applicable) 

Precise Development (PD) 

Location/Address 
1065 Brea Mall 

Brea, California 

General Plan Land Use 
Designation 

Regional Commercial 

Zoning Major Shopping Center (CC) 

Acreage of Project  Site 
14.65ac (disturbed); 14.75ac (DMA)  

Note 14.75ac is used for calculations. 

Predominant Soil Type 

Per Geotechnical Percolation Testing Report prepared by Terracon, 
there were three percolation borings testing to determine infiltration 
feasibility for the project. The typical subsurface profile consisted of 3-
6inch layer of asphalt concrete paving overlying 4-10inch thick layer 
of base course. The subsurface soils generally consisted of medium 
dense to very dense sand with varying amounts of silt and clay.  

 

The Percolation Testing Report identified three areas for potential 
infiltration. The percolation testing resulted in the following 
infiltration rates: 

 

P1 – 2.3in/hr 

P2 – 22.1in/hr 

P3 – 2.3 in/hr. 
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Although all three areas provide sufficient infiltration rates to support 
the proposed Chamber System, it was elected to place this Chamber 
System in the area with the 22.1in/hr rate. This Percolation Testing 
Report recommends a minimum Factor of Safety of 2 to be applied to 
these rates. However, a conservative Safety Factor of 3 was applied 
yielding a design infiltration rate of 7.37in/hr in the area where the 
Chamber System is proposed.  

 

In response to City comments, Terracon  has provided a 
supplemental Response to City of Brea Review Comments. Please find 
below the City Comments and responses by Terracon: 

Comment 41: “Sheet GP-01 indicates that the measured infiltration 
rate is 22.1 in/hr., which corresponds to the Correlated Infiltration 
Rate noted within the Percolation Testing Report prepared by 
Terracon, dated October 7, 2021, that was provided with the 
submittal. This infiltration rate is unusually high and does not 
correlate with the infiltrations rates at other boring locations on the 
site or with the infiltration rates noted in the Preliminary 
Geotechnical Investigation prepared by Intertek psi, dated February 
27, 2018, that was also provided with the submittal. Upon re-
submittal, please clarify the discrepancy between the information 
presented.”  

 Response to 41: Infiltration test rates are typically inversely related to the 
density/consistency, fines content, and plasticity index of the in-situ 
materials. Typically, as density/consistency, fines content, and plasticity 
index of soils increase, infiltration rate typically decreases.  We understand 
that infiltration testing conducted in Terracon boring P-2 resulted in more 
favorable infiltration test results when compared to the Intertek PSI boring 
B-4. Infiltration in Terracon boring P-2 was conducted through medium 
dense poorly graded sand with silt. The  Intertek boring B-4 log indicated 
that soils at this location consisted of loose sand from 0 to 5 feet bgs, and 
dense to very dense sand from 5 to 10 feet bgs. Such dense layers tend to 
result in poorer infiltration rates when compared to loose to medium dense 
sands. It is our opinion that the difference in the test results partially results 
from the differing density of the in-situ materials at the test locations. Also, 
Terracon boring P-2 was advanced at the location of the infiltration facility 
whereas Intertek boring B-4 was advanced northeast of the infiltration 
facility.  
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 Comment 42: “As noted in the previous comment, the Terracon 
Percolation Testing Report provided an infiltration rate of 22.1 in/hr. 
at boring location P-2. The boring log sheet does not indicate the 
location of groundwater depth at this location, and also notes that the 
boring was terminated at 8-feet below grade. At the same rate, Sheet 
GP-01 is showcasing that the approximate finished grade above the 
infiltration structure is at an elevation of 335.26, while the bottom of 
chamber is at 322.75. Based on this information and the current 
design, infiltration would not start until approximately 12.5-feet 
below grade and would only be able to infiltrate up to an elevation of 
10-feet above the groundwater level. Upon resubmittal, clarify the 
existing groundwater elevation at this location, and provide 
infiltration testing information for the proposed zone of infiltration.”  

  

Response to 42: Existing ground surface elevation at Terracon boring P-2 
is approximately 330 feet MSL, corresponding to a bottom of borehole 
elevation of 322 feet for the percolation testing. Review of Conceptual 
Grading Sheet GP-01 indicates that the bottom elevation of the infiltration 
chamber is reported at 322.75 feet MSL. Therefore, it is our opinion that 
infiltration results acquired from P-2 are representative of the infiltration 
characteristics at the current chamber bottom elevation. Based on review of 
the preliminary geotechnical investigation report prepared by Intertek PSI 
(Intertek Project No. 00661261), groundwater was encountered in borings 
B-3 and B-4 at approximate depths of 25 to 30 feet at the completion of 
drilling. Such depths correspond to a groundwater elevation of 
approximately 300 to 305 feet above mean sea level (MSL). Based on the 
elevation of groundwater from the Intertek PSI borings and current bottom 
elevation of the chamber, the separation distance between the bottom of the 
chamber and the groundwater exceeds 10 feet. 

 

Percolation Testing Report and Response to City of Brea Review Comments 
are provided in Attachment 2 of this WQMP for reference. 
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III.2 Site Characteristics 
Fill out table with relevant information and include information regarding BMP sizing, suitability, 
and feasibility, as applicable. Refer to Section 2.3.2 in the Technical Guidance Document (TGD). 

 
 

Site Characteristics 

Precipitation Zone 0.90 inches 

Topography 

As the existing site is developed the general topography is relatively 
flat with the exception of the sloped berm that separates the lower 
level parking area from the upper level parking areas. This berm is 
removed in the proposed condition with a new A.C. Pavement ring 
road proposed at a maximum slope of 5%. 

In the existing and proposed condition the westerly lower level 
(DMA #1) primarily slopes from Northeast to Southwest at gentle 
slopes between 1% and 5%.  

In the proposed condition the easterly upper level (DMA #1) 
primarily slopes from North to South at gentle slopes between 2%-
5%. 

Drainage 
Patterns/Connections 

In both the existing and proposed conditions there is essentially a 
lower level (westerly) and an upper level (easterly) that provide 
access to the different mall levels. The primary drainage pattern for 
the lower level is from Northeast to Southwest and the primary 
drainage patterns for the upper level is North to South as discussed 
above. 

In the existing condition the lower level (west) sheet flows to existing 
storm drain inlets and discharges to the public storm drain within 
Randolph Avenue. There are no existing BMPs on the project site. The 
proposed project maintains the existing drainage patterns in that the 
runoff is captured via storm drain inlets, conveyed to the proposed 
hydrodynamic separator for pretreatment, ADS Chamber System for 
infiltration, and overflows to the public storm drain within Randolph 
Avenue. This Lower Level is considered to be within DMA #1 for the 
purposes of this report. 
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In the existing condition the upper level (east) sheet flows to existing 
storm drain inlets and discharges to the private storm drain adjacent 
to State College Boulevard within the inner ring road of the Mall. The 
runoff is then conveyed south of the existing Cheesecake Factory and 
ultimately conveyed west to the public storm drain with Randolph 
Avenue. There are no existing BMPs on the project site. The proposed 
project maintains the existing drainage patterns in that the runoff is 
captured via storm drain inlets, conveyed to the proposed 
hydrodynamic separator for pretreatment, ADS Chamber System for 
infiltration, and overflows to Randolph Avenue. 

Soil Type, Geology, and 
Infiltration Properties 

Per the Percolation Testing Report (Attachment 2) there are varying 
soil types throughout the project site. There were three (3) infiltration 
tests performed at 8 feet below the ground surface. Further 
information for each test is provided below. 

Test P-1 was taken on the “upper level” east of the proposed 
Residential Complex. The underlying soils at this location are silty 
sand and clayey sand yielding a measured infiltration rate of 
2.3in/hr. Applying a Safety Factor of 3 yields a design infiltration rate 
of 0.77in/hr. There are no proposed BMPs located near this 
infiltration test. 

Test P-2 was taken within the existing Cheesecake Factor Parking lot 
directly east of the existing BJs restaurant. The underlying soils at this 
location are poorly graded sand with silt yielding a measured 
infiltration rate of 22.1in/hr. Applying a Factor of Safety of 3 yields a 
design infiltration rate of 7.37in/hr. Because of the favorable 
infiltration rates in this location, and this being the general low point 
of the overall project, the proposed Infiltration Chamber System is 
located in this location. 

Test P-3 was taken Northwest of the existing Sears within the 
proposed paseo area between the Retail Buildings A-D. The 
underlying soils at this location are silty clayey sand yielding a 
measured infiltration rate of 2.3in/hr. Applying a Safety Factor of 3 
yields a design infiltration rate of 0.77in/hr. There are no proposed 
BMPs located near this infiltration test. 

Hydrogeologic 
(Groundwater) 
Conditions 

Per the previous Geotechnical Report for the project prepared by PSI, 
Groundwater was encountered at a depth of 25-30ft below ground 
surface. As such, there will not be any infiltration restrictions because 
of groundwater provided that the chamber system is no deeper than 
15’ below ground surface. See also Worksheet I in Attachment 4. 
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Geotechnical Conditions 
(relevant to infiltration) 

The proposed Chamber System is located within the area that 
infiltration rates and soil conditions are favorable. There is no 
language in the Percolation Testing Report that would prohibit 
infiltration at the project site. See also Attachment 4 “Infiltration BMP 
Feasibility Worksheet” for reference. 

Off-Site Drainage 

There is an existing parking lot east of the Residential Building on the 
“upper” level that will follow existing drainage patterns. A new 
valley gutter and inlet is proposed to capture these flows and drain 
them to the Infiltration Chamber. This area  is used to mitigate the 
runoff from the disturbed areas  that are not proposed to be treated. 

The abovementioned areas total 27,405sf of existing surfaces draining 
to the proposed Infiltration Chamber. These areas are identified in the 
proposed WQMP Exhibit. 

There is also existing run-on from the landscape slope adjacent to 
Randolph Avenue. This run-on is proposed to be capture by a new 
concrete v-ditch and discharged directly to the existing storm drain 
inlet downstream, which discharges to the public storm drain in 
Randolph Avenue.  

The total area disturbed (primarily existing AC parking lot within the 
new chamber footprint) that does not drain to the new Infiltration 
Chamber is 23,415sf, whereas the existing area draining to the 
Infiltration Chamber is 27,405sf. As such, this untreated disturbed 
area is effectively mitigated. 

Utility and Infrastructure 
Information 

The project also consists of new utilities within the ring road and 
paseo areas: 

• New Domestic Water Service for each building 

• New Irrigation Service for the lower level (utilize existing 
service for the upper level) 

• New Fire Loop within the prosed paseo area and new 
hydrants for fire protection 

• New Sanitary Sewer Service to each building 

• New Dry Utilities (Electric, Gas, Telecommunications) for each 
building 
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III.3 Watershed Description 
Fill out table with relevant information and include information regarding BMP sizing, suitability, 
and feasibility, as applicable. Refer to Section 2.3.3 in the Technical Guidance Document (TGD). 

Receiving Waters 

Coyote Creek 

San Gabriel River Reach 1 

San Gabriel River Estuary 

San Pedro Bay 

303(d) Listed Impairments 

Coyote Creek: Ammonia, Dissolved Copper, Diazinon, Indicator Bacteria, 
Lead, pH, Toxicity 

San Gabriel River Reach 1: Coliform Bacteria, pH 

San Gabriel River Estuary: Copper, Dioxin, Nickel, Dissolved Oxygen 

Applicable TMDLs 
Coyote Creek: Metals (Copper, Lead, Zinc) 

San Gabriel: Metals (Copper, Lead, Zinc), Selenium 

Pollutants of Concern for 
the Project 

Metals, Toxic Organic Compounds, Indicator Bacteria (Pathogens) 

Environmentally Sensitive 
and Special Biological 
Significant Areas 

Not Applicable, project is not located within and Environmentally Sensitive 
Area or Special Biological Significant Area. Also, runoff from the project 
discharges directly to an existing public storm drain line. 
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Section IV Best Management Practices (BMPs) 

IV. 1 Project Performance Criteria 
Describe project performance criteria. Several steps must be followed in order to determine what 
performance criteria will apply to a project. These steps include: 

• If the project has an approved WIHMP or equivalent, then any watershed specific criteria 
must be used and the project can evaluate participation in the approved regional or sub-
regional opportunities.  (Please ask your assigned planner or plan checker regarding 
whether your project is part of an approved WIHMP or equivalent.) 

• Determine applicable hydromodification control performance criteria. Refer to Section 7.II-
2.4.2.2 of the Model WQMP. 

• Determine applicable LID performance criteria. Refer to Section 7.II-2.4.3 of the Model WQMP. 
• Determine applicable treatment control BMP performance criteria. Refer to Section 7.II-3.2.2 of 

the Model WQMP. 
• Calculate the LID design storm capture volume for the project. Refer to Section 7.II-2.4.3 of the 

Model WQMP. 
 
 

(NOC Permit Area only) Is there an approved WIHMP or equivalent 
for the project area that includes more stringent LID feasibility 
criteria or if there are opportunities identified for implementing LID 
on regional or sub-regional basis? 

YES  NO  

If yes, describe WIHMP 
feasibility criteria or 
regional/sub-regional LID 
opportunities. 

Not Applicable - A WIHMP has been developed for the Coyote 
Creek-San Gabriel River Watershed and has been submitted to the 
Executive Officer for approval, but has not yet been approved.  
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Project Performance Criteria 

If HCOC exists, 
list applicable 
hydromodificatio
n control 
performance 
criteria (Section 
7.II-2.4.2.2 in 
MWQMP) 

For proposed projects within the North County permit area that may have an 
HCOC, each Priority Project proponent must determine the impact of the 
proposed development on the downstream hydrologic characteristics. The 
evaluation of potential impacts is based on the following for a two-year 
frequency storm event: 

• Increases in runoff volume; 
• Decreases in infiltration; 
• Changes in time of concentration; 
• Potential for increases in post development downstream erosion; and, 
• Potential for adverse downstream impacts on physical structure, 

aquatic and riparian habitat. 
 
A project does not have an HCOC if either of the following conditions is met: 

• The volumes and time of concentration of stormwater runoff for the 
post-development condition do not significantly exceed those of the 
predevelopment condition for a two-year frequency storm event (a 
difference of five percent or less is considered insignificant). 

• The site infiltrates at least the runoff from a two-year storm event. 
 
If a hydrologic condition of concern (HCOC) exists, priority projects shall 
implement onsite or regional hydromodification controls such that: 

• Post-development runoff volume for the two-year frequency storm 
does not exceed that of the predevelopment condition by more than 
five percent, and  

• Time of concentration of post-development runoff for the two-year 
storm event is not less than that for the predevelopment condition by 
more than five percent. 

 
 

List applicable 
LID performance 
criteria (Section 
7.II-2.4.3 from 
MWQMP) 

The following performance criteria for LID implementation are stated in both 
permits: 

• Priority Projects must infiltrate, harvest and use, evapotranspire, or 
biotreat/biofilter, the 85th percentile, 24-hour storm event (Design 
Capture Volume). 
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List applicable 
treatment control 
BMP performance 
criteria (Section 
7.II-3.2.2 from 
MWQMP)  

Not Applicable. Project proposes to infiltrate the full DCV and thus satisfies 
this treatment control performance criteria 

Calculate LID 
design storm 
capture volume 
for Project. 

Design Capture Volume Calculations (Infiltration Chamber): 

DCV = C * d * A * 43,560sf/ac * 1/12in/ft (Equation III.1) 

Where:  

DCV = runoff volume during the design storm event, cu-ft 
C = runoff coefficient = (0.75 × imp + 0.15) 
imp = impervious fraction of drainage area (ranges from 0 to 1) 
d = storm depth (inches) 
A = tributary area (acres) 

Note that at the time of preparation of this Preliminary WQMP the proposed landscape 
areas have not been finalized. As such, it is conservatively assumed that the entirety of 
the proposed improvements are 100% impervious (C=0.9). 

Total Disturbed Area / DMA #1 

DCV = (0.9) * (0.9in) * (14.75ac) * (43,560sf/ac) * (1/12in/ft) = 43,355 cf 

Chamber Volume = 44,416 cf 
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Flow-based BMP Calculations (Hydrodynamic Separator): 

Per Section III.3.3 of Technical Guidance Document 

Step 1 – TC = 10.06min (See Preliminary Hydrology Report) 

Step 2 – I1 = 0.0.225in/hr 

 

Step 3 – No Upstream BMP = 0 

Step 4 – I2 = 0 

Step 5 – I1 – I2 = 0.225in/hr 

Step 6 -Q = C * I * A = (0.9) * (0.225in/hr) * (14.75ac) = 2.99cfs 

Therefore, proposed Barracuda Hydrodynamic Separator is designed for a pretreatment 
flow rate of 2.99cfs or greater. 

M-26



Priority Project Preliminary Water Quality Management Plan (WQMP) 
Brea Mall Expansion 
  

 

Simon Property Group Section IV 
North OC Priority WQMP Template August 17 2011  Page 23 

IV.2. Site Design and Drainage  

Describe site design and drainage including 
• A narrative of site design practices utilized or rationale for not using practices;  
• A narrative of how site is designed to allow BMPs to be incorporated to the MEP 
• A table of DMA characteristics and list of LID BMPs proposed in each DMA.  

See subsequent Project Specific WQMP Summary Report in the following pages. 
• Reference to the WQMP “BMP Exhibit.”  
• Calculation of Design Capture Volume (DCV) for each drainage area. 
• A listing of GIS coordinates for LID and Treatment Control BMPs. 
 

Refer to Section 2.4.2 in the Technical Guidance Document (TGD). 
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DMA #1 

DMA #1 is 642,302sf and consists of both the lower level of the redevelopment, the upper level of 
redevelopment and a small portion of the existing upper level to mitigate the untreated disturbed areas 
(primarily the existing AC parking lot within the proposed chamber footprint). This DMA consists of the 
proposed roofs of the Fitness Center, Retail/Restaurant Buildings, Sporting Goods Store and Residential 
Complex. This DMA also consists of the new A.C. ring road/parking areas, new AC service road, a small portion 
of the existing A.C. parking lot, and the proposed hardscape/softscape areas throughout the redevelopment. As 
discussed previously, the landscape areas have not yet been finalized. As such the impervious area is 
conservatively taken as 100%.  

The proposed DMA has multiple gutters and inlets within the proposed ring road, as well as inlets within the 
paseos to capture the storm drain runoff. All inlets are designed with trash full capture device as required by 
the State of California. All runoff will be piped to the proposed Barracuda Hydrodynamic Separator for 
pretreatment, and Infiltration Chamber System as shown in the WQMP Exhibit. The proposed infiltration 
chamber is located at approximately 33°54’46”N, -117°53’20”W. 

The Chamber System has a footprint of 9,673sf and will accommodate a volume of 44,416cf which is greater 
than the DCV of 43,355 cf. See DCV and Drawdown calculations below. 

Total Disturbed Area / DMA #1 

DCV = (0.9) * (0.9in) * (14.75ac) * (43,560sf/ac) * (1/12in/ft) = 43,355 cf 

Chamber Volume = 44,416 cf 

Drawdown Calculations  

Chamber Footprint = 9,673 sf 

Chamber Volume = 44,416 cf 

Design Infiltration Rate = 7.37 in/hr 

Depth of Ponding = 5 feet 

Drawdown Time = (5 feet * 12in/ft) / (7.37 in/hr) = 8.14hr 

The chamber system is designed for full infiltration of the DCV. However, in a storm event greater than the 
design storm there is an overflow provided to the public main within Randolph Avenue. See WQMP Exhibit 
Sheets WQ-01, WQ-02 and WQ-03 for more information. 
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Flow-based BMP Calculations (Hydrodynamic Separator): 

Per Section III.3.3 of Technical Guidance Document 

Step 1 – TC = 10.06min (See Preliminary Hydrology Report) 

Step 2 – I1 = 0.0.225in/hr 

 

Step 3 – No Upstream BMP = 0 

Step 4 – I2 = 0 

Step 5 – I1 – I2 = 0.225in/hr 

Step 6 -Q = C * I * A = (0.9) * (0.225in/hr) * (14.75ac) = 2.99cfs 

Therefore, proposed Barracuda Hydrodynamic Separator is designed for a pretreatment flow rate of 2.99cfs or 
greater. 
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IV.3 LID BMP Selection and Project Conformance Analysis 

Each sub-section below documents that the proposed design features conform to the applicable 
project performance criteria via check boxes, tables, calculations, narratives, and/or references to 
worksheets.  Refer to Section 2.4.2.3 in the Technical Guidance Document (TGD) for  selecting LID BMPs 
and Section 2.4.3 in the Technical Guidance Document (TGD) for conducting conformance analysis with 
project performance criteria. 

 

IV.3.1 Hydrologic Source Controls (HSCs) 
If required HSCs are included, fill out applicable check box forms.  If the retention criteria are 
otherwise met with other LID BMPs, include a statement indicating HSCs not required. 

HSCs not required. Retention Criteria is met with the proposed ADS Chamber System. 

Name Included? 

Localized on-lot infiltration  

Impervious area dispersion (e.g. roof top 
disconnection)  

Street trees (canopy interception)  

Residential rain barrels (not actively managed)  

Green roofs/Brown roofs  

Blue roofs  

Impervious area reduction (e.g. permeable 
pavers, site design) 

 

Other:         

Other:         

Other:         

Other:         

Other:         

Other:         

Other:         

Other:         
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IV.3.2 Infiltration BMPs 
Identify infiltration BMPs to be used in project.  If design volume cannot be met, state why. 

 

Name Included? 

Bioretention without underdrains  

Rain gardens  

Porous landscaping  

Infiltration planters  

Retention swales  

Infiltration trenches  

Infiltration basins  

Drywells  

INF-7 Subsurface infiltration galleries  

French drains  

Permeable asphalt  

Permeable concrete  

Permeable concrete pavers  

Other:         

Other:         

 

Show calculations below to demonstrate if the LID Design Strom Capture Volume can be met with 
infiltration BMPs.  If not, document how much can be met with infiltration and document why it is 
not feasible to meet the full volume with infiltration BMPs. 
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Total Disturbed Area / DMA #1 

DCV = (0.9) * (0.9in) * (14.75ac) * (43,560sf/ac) * (1/12in/ft) = 43,355 cf 

Chamber Volume = 44,416 cf 

Drawdown Calculations  

Chamber Footprint = 9,673 sf 

Chamber Volume = 44,416 cf 

Design Infiltration Rate = 7.37 in/hr 

Depth of Ponding = 5 feet 

Drawdown Time = (5 feet * 12in/ft) / (7.37 in/hr) = 8.14hr 
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IV.3.3 Evapotranspiration, Rainwater Harvesting BMPs 
If the full Design Storm Capture Volume cannot be met with infiltration BMPs, describe any 
evapotranspiration and/or rainwater harvesting BMPs included.  

Not Applicable – Full DCV infiltrated 

Name Included? 

All HSCs; See Section IV.3.1  

Surface-based infiltration BMPs  

Biotreatment BMPs  

Above-ground cisterns and basins  

Underground detention  

Other:         

Other:         

Other:         

Show calculations below to demonstrate if the LID Design Storm Capture Volume can be met with 
evapotranspiration and/or rainwater harvesting BMPs in combination with infiltration BMPs.  If 
not, document below how much can be met with either infiltration BMPs, evapotranspiration, 
rainwater harvesting BMPs, or a combination, and document why it is not feasible to meet the full 
volume with these BMP categories. 

 

Not Applicable – Full DCV infiltrated 
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IV.3.4 Biotreatment BMPs 
If the full Design Storm Capture Volume cannot be met with infiltration BMPs, and/or 
evapotranspiration and rainwater harvesting BMPs, describe biotreatment BMPs included. Include 
sections for selection, suitability, sizing, and infeasibility, as applicable. 

Name  Included? 

Bioretention with underdrains  

Stormwater planter boxes with underdrains  

Rain gardens with underdrains  

Constructed wetlands  

Vegetated swales  

Vegetated filter strips  

Proprietary vegetated biotreatment systems   

Wet extended detention basin  

Dry extended detention basins  

Other:         

Other:         

Show calculations below to demonstrate if the LID Design Storm Capture Volume can be met with 
infiltration, evapotranspiration, rainwater harvesting and/or biotreatment BMPs.  If not, document 
how much can be met with either infiltration BMPs, evapotranspiration, rainwater harvesting 
BMPs, or a combination, and document why it is not feasible to meet the full volume with these 
BMP categories. 

Not Applicable – Full DCV infiltrated 
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IV.3.5 Hydromodification Control BMPs 
Describe hydromodification control BMPs. See Section 5 of the Technical Guidance Document (TGD).  
Include sections for selection, suitability, sizing, and infeasibility, as applicable. Detail compliance 
with Prior Conditions of Approval (if applicable).The ADS Chamber System’s function is twofold. 
It will provide treatment and infiltration of the full DCV, while also providing storage and 
retention to mitigate peak flows, increase time of concentration, and decrease runoff volume. See 
Attachment 1 for reference. 

Hydromodification Control BMPs 
BMP Name BMP Description 
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IV.3.6 Regional/Sub-Regional LID BMPs  
Describe regional/sub-regional LID BMPs in which the project will participate. Refer to Section 7.II-
2.4.3.2 of the Model WQMP. 

Regional/Sub-Regional LID BMPs 

Not Applicable 

 
IV.3.7 Treatment Control BMPs 
Treatment control BMPs can only be considered if the project conformance analysis indicates that it 
is not feasible to retain the full design capture volume with LID BMPs. Describe treatment control 
BMPs including sections for selection, sizing, and infeasibility, as applicable.  

Treatment Control BMPs 

BMP Name BMP Description 

Barracuda Hydrodynamic Separator 

Hydrodynamic Separator will be provided for pretreatment of 
runoff prior to discharging into the proposed ADS Chamber 
System. The Barracuda System will provide pretreatment of the 
runoff and is on the Certified Full Capture System List of Trash 
Treatment Control Devices per the State Water Resources Control 
Board. 

Bio Clean Trash Full Capture Filter 

Trash Full Capture Filters will be provided at each proposed and 
existing inlet (to remain) within the project limits. Filter will 
provide trash full capture and is on the Certified Full Capture 
System List of Trash Treatment Control Devices per the State Water 
Resources Control Board. 
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IV.3.8 Non-structural Source Control BMPs 
Fill out non-structural source control check box forms or provide a brief narrative explaining if non-
structural source controls were not used. 
 

Non-Structural Source Control BMPs 

Identifier Name 
Check One 

If not applicable, state brief 
reason Included Not 

Applicable 

N1 Education for Property Owners, 
Tenants and Occupants         

N2 Activity Restrictions         

N3 Common Area Landscape 
Management         

N4 BMP Maintenance         

N5 Title 22 CCR Compliance (How 
development will comply) 

  
No Hazardous Materials Stored 
on-site. 

N6 Local Industrial Permit Compliance   Not an Industrial Project 

N7 
Spill Contingency Plan 

  
No Hazardous Materials Stored 
on-site. 

N8 Underground Storage Tank 
Compliance 

  
No Underground Storage 
Tanks proposed (i.e. no harvest 
and use) 

N9 Hazardous Materials Disclosure 
Compliance 

  
No Hazardous Materials Stored 
on-site. 

N10 Uniform Fire Code Implementation         

N11 Common Area Litter Control         

N12 Employee Training         

N13 Housekeeping of Loading Docks         

N14 Common Area Catch Basin Inspection         

N15 Street Sweeping Private Streets and 
Parking Lots 

        

N16 Retail Gasoline Outlets   Not a retail gasoline outlet. 
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IV.3.9 Structural Source Control BMPs 
Fill out structural source control check box forms or provide a brief narrative explaining if 
structural source controls were not used. 

 

Structural Source Control BMPs 

Identifier Name 
Check One 

If not applicable, state brief 
reason Included Not 

Applicable 

S1 Provide storm drain system stenciling 
and signage         

S2 
Design and construct outdoor material 
storage areas to reduce pollution 
introduction 

  
There are no proposed outdoor 
storage areas 

S3 
Design and construct trash and waste 
storage areas to reduce pollution 
introduction 

        

S4 
Use efficient irrigation systems & 
landscape design, water conservation, 
smart controllers, and source control 

        

S5 Protect slopes and channels and 
provide energy dissipation         

 
Incorporate requirements applicable to 
individual priority project categories 
(from SDRWQCB NPDES Permit) 

   

S6 Dock areas         

S7 Maintenance bays   No proposed maintenance bays 

S8 Vehicle wash areas   No proposed vehicle wash areas 

S9 Outdoor processing areas   No proposed outdoor processing  

S10 Equipment wash areas   
No proposed equipment wash 
areas 

S11 Fueling areas   No proposed fueling areas 

S12 Hillside landscaping   No proposed hillside landscaping 

S13 Wash water control for food 
preparation areas         

S14 Community car wash racks   No proposed car wash racks 
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IV.4  Alternative Compliance Plan (If Applicable) 
Describe an alternative compliance plan (if applicable). Include alternative compliance obligations 
(i.e., gallons, pounds) and describe proposed alternative compliance measures. Refer to Section 7.II 
3.0 in the WQMP.  

This Section is Not Applicable to the Project. 
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IV.4.1 Water Quality Credits 
Determine if water quality credits are applicable for the project. Refer to Section 3.1 of the Model 
WQMP for description of credits and Appendix VI of the Technical Guidance Document (TGD) for 
calculation methods for applying water quality credits. 

 

Description of Proposed Project 
Project Types that Qualify for Water Quality Credits (Select all that apply):   

Redevelopment 
projects that reduce the 
overall impervious 
footprint of the project 
site. 

Brownfield redevelopment, meaning 
redevelopment, expansion, or reuse of real 
property which may be complicated by the 
presence or potential presence of hazardous 
substances, pollutants or contaminants, and 
which have the potential to contribute to 
adverse ground or surface WQ if not 
redeveloped. 

 Higher density development projects which 
include two distinct categories (credits can only 
be taken  for one category): those with more 
than seven units per acre of development (lower 
credit allowance); vertical density 
developments, for example, those with a Floor 
to Area Ratio (FAR) of 2 or those having more 
than 18 units per acre (greater credit allowance). 

 Mixed use development, such as a 
combination of residential, commercial, 
industrial, office, institutional, or other land 
uses which incorporate design principles that 
can demonstrate environmental benefits that 
would not be realized through single use 
projects (e.g. reduced vehicle trip traffic with 
the potential to reduce sources of water or air 
pollution). 

 Transit-oriented developments, such as a 
mixed use residential or commercial area 
designed to maximize access to public 
transportation; similar to above criterion, but 
where the development center is within one 
half mile of a mass transit center (e.g. bus, rail, 
light rail or commuter train station). Such 
projects would not be able to take credit for 
both categories, but may have greater credit 
assigned 

 Redevelopment projects 
in an established historic 
district, historic 
preservation area, or similar 
significant city area 
including core City Center 
areas (to be defined through 
mapping). 

Developments with 
dedication of 
undeveloped portions to 
parks, preservation 
areas and other pervious 
uses. 

 Developments 
in a city center 
area. 

 
Developments 
in historic 
districts or 
historic 
preservation 
areas. 

 Live-work 
developments, a variety of 
developments designed to 
support residential and 
vocational needs together – 
similar to criteria to mixed 
use development; would not 
be able to take credit for 
both categories. 

In-fill projects, the 
conversion of empty lots 
and other underused spaces 
into more beneficially used 
spaces, such as residential 
or commercial areas. 
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Calculation of 
Water Quality 
Credits 

(if applicable) 

This project has not taken into account any Water Quality Credits. 

 

IV.4.2 Alternative Compliance Plan Information 
Describe an alternative compliance plan (if applicable). Include alternative compliance obligations 
(i.e., gallons, pounds) and describe proposed alternative compliance measures. Refer to Section 7.II 
3.0 in the Model WQMP. 

Not Applicable 
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Section V Inspection/Maintenance Responsibility for BMPs 
 

Fill out information in table below. Prepare and attach an Operation and Maintenance Plan.  
Identify the funding mechanism through which BMPs will be maintained. Inspection and 
maintenance records must be kept for a minimum of five years for inspection by the regulatory 
agencies. Refer to Section 7.II 4.0 in the Model WQMP. 

See subsequent Operation and Maintenance Plan. Simon Property Group will be the Owner of all 
BMPs listed and will be responsible for the Operation and Maintenance of said BMPs into 
perpetuity.  

Owner information below: 

Simon Property Group 

Jocelyn Gubler 

Vice President, Development 

225 West Washington Street 

Indianapolis, IN 46204 

Phone: 317.795.9113 

Email: JGubler@Simon.com 

 

M-42



Priority Project Preliminary Water Quality Management Plan (WQMP) 
Brea Mall Expansion 
  

 

Simon Property Group Section VI 
North OC Priority WQMP Template August 17 2011  Page 39 

Section VI BMP Exhibit (Site Plan) 
 
VI.1 BMP Exhibit (Site Plan) 

Include a BMP Exhibit (Site Plan), at a size no less than 24” by 36,” which includes the following 
minimum information: 

• Insert in the title block (lower right hand corner) of BMP Exhibit: the WQMP Number 
(assigned by staff) and the grading/building or Planning Application permit numbers  

• Project location (address, tract/lot number(s), etc.) 
• Site boundary 
• Land uses and land covers, as applicable 
• Suitability/feasibility constraints 
• Structural BMP locations 
• Drainage delineations and flow information 
• Delineate the area being treated by each structural BMP 
• GIS coordinates for LID and Treatment Control BMPs 
• Drainage connections 
• BMP details 
• Preparer name and stamp 

Please do not include any areas outside of the project area or any information not related to 
drainage or water quality.  The approved BMP Exhibit (Site Plan) shall be submitted as a plan sheet 
on all grading and building plan sets submitted for plan check review and approval.  The BMP 
Exhibit shall be at the same size as the rest of the plan sheets in the submittal and shall have an 
approval stamp and signature prior to plan check submittal. 

Note: As this is the Preliminary WQMP, Grading Plans are not provided at this time, but will be 
provided for the final WQMP. 

VI.2 Submittal and Recordation of Water Quality Management Plan 

Following approval of the Final Project-Specific WQMP, three copies of the approved WQMP 
(including BMP Exhibit, Operations and Maintenance (O&M) Plan, and Appendices) shall be 
submitted.  In addition, these documents shall be submitted in a PDF format. 

Each approved WQMP (including BMP Exhibit, Operations and Maintenance (O&M) Plan, and 
Appendices) shall be recorded in the Orange County Clerk-Recorder’s Office, prior to close-out of 
grading and/or building permit.  Educational Materials are not required to be included. 
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ADS CHAMBER, FILTER AND
BARRACUDA DETAILS

NOTE:

BAYSAVER BARRACUDA SPECIFICATIONS
MATERIALS AND DESIGN
CONCRETE STRUCTURES: DESIGNED FOR H-20 TRAFFIC LOADING AND APPLICABLE SOIL LOADS OR AS OTHERWISE DETERMINED BY A LICENSED
PROFESSIONAL ENGINEER. THE MATERIALS AND STRUCTURAL DESIGN OF THE DEVICES SHALL BE PER ASTM C857 AND ASTM C858.

48" HP MANHOLE STRUCTURES: MADE FROM AN IMPACT MODIFIED COPOLYMER POLYPROPYLENE MEETING THE MATERIAL REQUIREMENTS OF ASTM
F2764. THE ECCENTRIC CONE REDUCER SHALL BE MANUFACTURED FROM POLYETHYLENE MATERIAL MEETING ASTM D3350 CELL CLASS 213320C.
GASKETS SHALL BE MADE OF MATERIAL MEETING THE REQUIREMENTS OF ASTM F477.

SEPARATOR INTERNALS SHALL BE SUBSTANTIALLY CONSTRUCTED OF STAINLESS STEEL, POLYETHYLENE, OR OTHER THERMOPLASTIC MATERIAL
APPROVED BY THE MANUFACTURER.

PERFORMANCE
THE STORMWATER TREATMENT UNIT SHALL BE AN INLINE UNIT CAPABLE OF CONVEYING 100% OF THE DESIGN PEAK FLOW. IF PEAK FLOW RATES
EXCEED MAXIMUM HYDRAULIC RATE, THE UNIT SHALL BE INSTALLED OFFLINE.

THE STORMWATER TREATMENT UNIT INTERNALS SHALL CONSIST OF(1)SEPARATOR CONE ASSEMBLY, AND (1)SUMP ASSEMBLY WHICH INCLUDES(4) LEGS
WITH "TEETH".

THE BARRACUDA UNIT SHALL BE DESIGNED TO REMOVE AT LEAST 80% OF THE SUSPENDED SOLIDS ON AN ANNUAL AGGREGATE REMOVAL BASIS. SAID
REMOVAL SHALL BE BASED ON FULL-SCALE THIRD PARTY TESTING USING OK-110 MEDIA GRADATION OR EQUIVALENT AND 300 mg/L INFLUENT
CONCENTRATION. SAID FULL SCALE TESTING SHALL HAVE INCLUDED SEDIMENT CAPTURE BASED ON ACTUAL TOTAL MASS COLLECTED BY THE
STORMWATER TREATMENT UNIT.

-OR -
THE BARRACUDA UNIT SHALL BE DESIGNED TO REMOVE AT LEAST 50% OF TSS USING A MEDIA MIX WITH d50=75 MICRON AND 200 MG/L INFLUENT
CONCENTRATION.

-OR -
THE BARRACUDA UNIT SHALL BE DESIGNED TO REMOVE AT LEAST 50% OF TSS PER CURRENT NJDEP/NJCAT HDS PROTOCOL .

MANUFACTURER
EACH STORMWATER TREATMENT SYSTEM SHALL BE A BARRACUDA SYSTEM AS MANUFACTURED BY BAYSAVER, LLC, 1030 DEER HOLLOW DR., MOUNT
AIRY, MD 21771, PHONE (301) 829-6470, FAX (301) 829-3747, TOLL FREE 1-800-229-7283 (1-800-BAYSAVER), EMAIL INFO@BAYSAVER.COM

BARRACUDA MAINTENANCE
BARRACUDA SYSTEMS MUST BE INSPECTED AND MAINTAINED PERIODICALLY.  INSPECTION IS MADE BY CHECKING THE DEPTH OF
SEDIMENT IN EACH MANHOLE WITH A GRADE STICK OR SIMILAR DEVICE.  MAINTENANCE IS REQUIRED WHEN THE SEDIMENT DEPTH IN
EXCEEDS 20 INCHES.  MINIMUM INSPECTION IS RECOMMENDED TWICE A YEAR TO MAINTAIN OPERATION AND FUNCTION OF THE UNIT.

MAINTENANCE INSTRUCTIONS
1. REMOVE THE MANHOLE COVER TO PROVIDE ACCESS TO THE POLLUTANT STORAGE.  POLLUTANTS ARE STORED IN THE SUMP, BELOW

THE BOWL ASSEMBLY VISIBLE FROM THE SURFACE.  YOU’LL ACCESS THIS AREA THROUGH THE 10” DIAMETER ACCESS CYLINDER.
2. USE A VACUUM TRUCK OR OTHER SIMILAR EQUIPMENT TO REMOVE ALL WATER, DEBRIS, OILS AND SEDIMENT.
3. USE A HIGH PRESSURE HOSE TO CLEAN THE MANHOLE OF ALL THE REMAINING SEDIMENT AND DEBRIS. THEN, USE THE VACUUM

TRUCK TO REMOVE THE WATER.
4. FILL THE CLEANED MANHOLE WITH WATER UNTIL THE LEVEL REACHES THE INVERT OF THE OUTLET PIPE.
5. REPLACE THE MANHOLE COVER.
6. DISPOSE OF THE POLLUTED WATER, OILS, SEDIMENT AND TRASH AT AN APPROVED FACILITY.

· LOCAL REGULATIONS PROHIBIT THE DISCHARGE OF SOLID MATERIAL INTO THE SANITARY SYSTEM. CHECK WITH THE LOCAL
SEWER AUTHORITY FOR AUTHORITY TO DISCHARGE THE LIQUID.

· SOME LOCALITIES TREAT THE POLLUTANTS AS LEACHATE. CHECK WITH LOCAL REGULATORS ABOUT DISPOSAL REQUIREMENTS.
· ADDITIONAL LOCAL REGULATIONS MAY APPLY TO THE MAINTENANCE PROCEDURE.

BARRACUDA INSTALLATION NOTES
INSTALLATION OF THE STORMWATER TREATMENT UNIT(S) SHALL BE PERFORMED PER MANUFACTURER'S INSTALLATION INSTRUCTIONS.
SUCH INSTRUCTIONS CAN BE OBTAINED BY CALLING ADVANCED DRAINAGE SYSTEMS AT (800) 821-6710 OR BY LOGGING ON TO
WWW.ADS-PIPE.COM OR WWW.BAYSAVER.COM. 317.92 SUMP
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Priority Project Preliminary Water Quality Management Plan (WQMP) 
Brea Mall Expansion 
  

 

Simon Property Group Section VII 
North OC Priority WQMP Template August 17 2011  Page 40 

Section VII Educational Materials 
Refer to the Orange County Stormwater Program (ocwatersheds.com) for a library of materials 
available.  Please only attach the educational materials specifically applicable to this project.  Other 
materials specific to the project may be included as well and must be attached. 

Education Materials 
Residential Material 

(http://www.ocwatersheds.com) 

Check If 

Applicable 

Business Material 

(http://www.ocwatersheds.com) 

Check If 

Applicable 

The Ocean Begins at Your Front Door  Tips for the Automotive Industry  

Tips for Car Wash Fund-raisers  Tips for Using Concrete and Mortar  

Tips for the Home Mechanic  Tips for the Food Service Industry  

Homeowners Guide for Sustainable 
Water Use  Proper Maintenance Practices for Your 

Business  

Household Tips  
Other Material 

Check If 

Attached Proper Disposal of Household 
Hazardous Waste  

Recycle at Your Local Used Oil 
Collection Center (North County) 

 INF-7 Underground Infiltration  

Recycle at Your Local Used Oil 
Collection Center (Central County) 

 
SC-11 Spill Prevention, Control & 
Cleanup 

 

Recycle at Your Local Used Oil 
Collection Center (South County) 

 SC-43 Parking / Storage Area  

Tips for Maintaining a Septic Tank 
System 

 SC-70 Road and Street Maintenance  

Responsible Pest Control  SC-73 Landscape Maintenance  

Sewer Spill  SC-74 Drainage System Maintenance  

Tips for the Home Improvement 
Projects 

 SD-12 Efficient Irrigation  

Tips for Horse Care  SD-13 Storm Drain Signage  

Tips for Landscaping and Gardening  SD-31 Maintenance Bays and Docks  

Tips for Pet Care  SD-32 Trash and Storage Areas  

Tips for Pool Maintenance    

Tips for Residential Pool, Landscape 
and Hardscape Drains 

   

Tips for Projects Using Paint    
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INF-7: Underground Infiltration 

Underground infiltration is a vault or chamber with an open 

bottom that used to store runoff and percolate into the 

subsurface. A number of vendors offer proprietary 

infiltration products that allow for similar or enhanced rates 

of infiltration and subsurface storage while offering durable 

prefrabricated structures. There are many varieties of 

proprietary infiltration BMPs that can be used for roads and 

parking lots, parks and open spaces, single and multi-family 

residential, or mixed-use and commercial uses.  � � � � � � � � � � � 	 
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Also known as: 

Ø Infiltration vault 

Ø Recharge vault 
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http://www.laschools.org/employee/design/fs-studies-and-
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red.pdf?version_id=76975850
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For more information,
please call the 

Orange County Stormwater Program 
at 1-877-89-SPILL (1-877-897-7455) 

or visit 
www.ocwatersheds.com

To report a spill, 
call the 

Orange County 24-Hour 
Water Pollution Problem

Reporting Hotline 
at 1-877-89-SPILL (1-877-897-7455).

For emergencies, dial 911.

Proper Maintenance
Practices for

Your Business

The Ocean Begins
at Your Front Door

P R O J E C T

P R E V E N T I O N

Help Prevent Ocean Pollution:

Preventing water
pollution at your
commercial/industrial site

Clean beaches and healthy creeks, rivers, 
bays and ocean are important to Orange 
County.  However, many landscape and 
building maintenance activities can lead to 
water pollution if you’re not careful.  Paint, 
chemicals, plant clippings and other materials 
can be blown or washed into storm drains that 
flow to the ocean.  Unlike water in sanitary 
sewers (from sinks and toilets), water in storm 
drains is not treated before entering our 
waterways. 

You would never pour soap or fertilizers into 
the ocean, so why would you let them enter the 
storm drains?  Follow these easy tips to help 
prevent water pollution.

Some types of industrial facilities are required 
to obtain coverage under the State General 
Industrial Permit. For more information visit: 
www.swrcb.ca.gov/stormwater/industrial.html

Printed on Recycled PaperM-50



Tips for Pool Maintenance
	 Call your trash hauler to replace leaking 

dumpsters.

	 Do not dump any toxic substance or 
liquid waste on the pavement, the 
ground, or near a 
storm drain.  Even 
materials that 
seem harmless 
such as latex paint 
or biodegradable 
cleaners can 
damage the 
environment.

	 Recycle paints, solvents and other 
materials.  For more information about 
recycling and collection centers, visit 
www.oclandfills.com.

	 Store materials indoors or under cover 
and away from storm drains.

	 Use a construction and demolition 
recycling company to recycle lumber, 
paper, cardboard, metals, masonry, 
carpet, plastic, pipes, drywall, rocks, 
dirt, and green waste.  For a listing of 
construction and demolition recycling 
locations in your area, visit 

	 www.ciwmb.ca.gov/recycle.

	 Properly label materials. Familiarize 
employees with Material 
Safety Data Sheets.  

Landscape Maintenance 

	 Compost grass clippings, leaves, sticks 
and other vegetation, or dispose of it at 
a permitted landfill or in green waste 
containers. Do not dispose of these 
materials in the street, gutter or storm 
drain.

	 Irrigate slowly and inspect the system 
for leaks, overspraying and runoff.  
Adjust automatic timers to avoid 
overwatering.

	 Follow label directions for the use and 
disposal of fertilizers and pesticides.

	 Do not apply pesticides or fertilizers if 
rain is expected within 48 hours or if 
wind speeds are above 5 mph.	

	 Do not spray pesticides within 100 feet 
of waterways.

	 Fertilizers should be worked into the 
soil rather than dumped onto the 
surface.

	 If fertilizer is spilled on the pavement 
or sidewalk, sweep it up immediately 
and place it back in the container.

Building Maintenance

	 Never allow washwater, sweepings or
	 sediment to enter the storm drain.

	 Sweep up dry spills and use cat litter, 
towels or similar materials to absorb wet 
spills. Dispose of it in the trash.

	 If you wash your building, sidewalk or 
parking lot, you must contain the water. 
Use a shop vac to collect the water and 
contact your city or sanitation agency 
for proper disposal information.  Do 
not let water enter the street, gutter or 
storm drain.

	 Use drop cloths underneath outdoor 
painting, scraping, and sandblasting 
work, and properly dispose of materials 
in the trash.

	 Use a ground cloth or oversized tub for 
mixing paint and cleaning tools.

	 Use a damp mop or broom to clean 
floors.

	 Cover dumpsters to keep insects, 
animals, rainwater and sand from 
entering. Keep the area around the 
dumpster clear of trash and debris. Do 
not overfill the dumpster.

P R O J E C T

P R E V E N T I O N

Proper Maintenance Practices for your Business

Never Dispose 
of Anything 
in the Storm 

Drain.
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Spill Prevention, Control & Cleanup SC-11 

Objectives 

 Cover 

 Contain 

 Educate 

 Reduce/Minimize 

 Product Substitution 

 

Targeted Constituents 

Errata 4-06 Industrial and Commercial 
 www.cabmphandbooks.com 

Description 
Many activities that occur at an industrial or commercial site 
have the potential to cause accidental or illegal spills.  
Preparation for accidental or illegal spills, with proper training 
and reporting systems implemented, can minimize the discharge 
of pollutants to the environment. 

Spills and leaks are one of the largest contributors of stormwater 
pollutants.  Spill prevention and control plans are applicable to 
any site at which hazardous materials are stored or used.  An 
effective plan should have spill prevention and response 
procedures that identify potential spill areas, specify material 
handling procedures, describe spill response procedures, and 
provide spill clean-up equipment.  The plan should take steps to 
identify and characterize potential spills, eliminate and reduce 
spill potential, respond to spills when they occur in an effort to 
prevent pollutants from entering the stormwater drainage 
system, and train personnel to prevent and control future spills. 

Approach 
Pollution Prevention 

 Develop procedures to prevent/mitigate spills to storm drain 
systems.  Develop and standardize reporting procedures, 
containment, storage, and disposal activities, documentation, 
and follow-up procedures. 

 Develop a Spill Prevention Control and Countermeasure 
(SPCC) Plan.  The plan should include: 

Sediment  
Nutrients  
Trash  
Metals  
Bacteria  
Oil and Grease  
Organics  
 
 

Photo Credit:  Geoff Brosseau

January 2003 California Stormwater BMP Handbook 1 of 9 
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SC-11 Spill Prevention, Control & Cleanup 

- Description of the facility, owner and address, activities and chemicals present 

- Facility map 

- Notification and evacuation procedures 

- Cleanup instructions 

- Identification of responsible departments 

- Identify key spill response personnel 

 Recycle, reclaim, or reuse materials whenever possible.  This will reduce the amount of 
process materials that are brought into the facility. 

Suggested Protocols (including equipment needs) 
Spill Prevention 

 Develop procedures to prevent/mitigate spills to storm drain systems.  Develop and 
standardize reporting procedures, containment, storage, and disposal activities, 
documentation, and follow-up procedures. 

 If consistent illegal dumping is observed at the facility: 

- Post “No Dumping” signs with a phone number for reporting illegal dumping and 
disposal.  Signs should also indicate fines and penalties applicable for illegal dumping. 

- Landscaping and beautification efforts may also discourage illegal dumping. 

- Bright lighting and/or entrance barriers may also be needed to discourage illegal 
dumping. 

 Store and contain liquid materials in such a manner that if the tank is ruptured, the contents 
will not discharge, flow, or be washed into the storm drainage system, surface waters, or 
groundwater. 

 If the liquid is oil, gas, or other material that separates from and floats on water, install a 
spill control device (such as a tee section) in the catch basins that collects runoff from the 
storage tank area. 

 Routine maintenance: 

- Place drip pans or absorbent materials beneath all mounted taps, and at all potential 
drip and spill locations during filling and unloading of tanks. Any collected liquids or 
soiled absorbent materials must be reused/recycled or properly disposed. 

- Store and maintain appropriate spill cleanup materials in a location known to all near 
the tank storage area; and ensure that employees are familiar with the site’s spill control 
plan and/or proper spill cleanup procedures. 

- Sweep and clean the storage area monthly if it is paved, do not hose down the area to a 
storm drain. 

2 of 9 California Stormwater BMP Handbook January 2003 
 Industrial and Commercial Errata 4-06 
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Spill Prevention, Control & Cleanup SC-11 

- Check tanks (and any containment sumps) daily for leaks and spills.  Replace tanks that 
are leaking, corroded, or otherwise deteriorating with tanks in good condition.  Collect 
all spilled liquids and properly dispose of them. 

 Label all containers according to their contents (e.g., solvent, gasoline). 

 Label hazardous substances regarding the potential hazard (corrosive, radioactive, 
flammable, explosive, poisonous). 

 Prominently display required labels on transported hazardous and toxic materials (per US 
DOT regulations). 

 Identify key spill response personnel. 

Spill Control and Cleanup Activities 
 Follow the Spill Prevention Control and Countermeasure Plan.   

 Clean up leaks and spills immediately. 

 Place a stockpile of spill cleanup materials where it will be readily accessible (e.g., near 
storage and maintenance areas). 

 On paved surfaces, clean up spills with as little water as possible.  Use a rag for small spills, a 
damp mop for general cleanup, and absorbent material for larger spills.  If the spilled 
material is hazardous, then the used cleanup materials are also hazardous and must be sent 
to a certified laundry (rags) or disposed of as hazardous waste.  Physical methods for the 
cleanup of dry chemicals include the use of brooms, shovels, sweepers, or plows. 

 Never hose down or bury dry material spills.  Sweep up the material and dispose of properly. 

 Chemical cleanups of material can be achieved with the use of adsorbents, gels, and foams.  
Use adsorbent materials on small spills rather than hosing down the spill.  Remove the 
adsorbent materials promptly and dispose of properly. 

 For larger spills, a private spill cleanup company or Hazmat team may be necessary. 

Reporting 
 Report spills that pose an immediate threat to human health or the environment to the 

Regional Water Quality Control Board. 

 Federal regulations require that any oil spill into a water body or onto an adjoining shoreline 
be reported to the National Response Center (NRC) at 800-424-8802 (24 hour). 

 Report spills to local agencies, such as the fire department; they can assist in cleanup. 

 Establish a system for tracking incidents.  The system should be designed to identify the 
following: 

- Types and quantities (in some cases) of wastes 

- Patterns in time of occurrence (time of day/night, month, or year) 

January 2003 California Stormwater BMP Handbook 3 of 9 
Errata 4-06 Industrial and Commercial 
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SC-11 Spill Prevention, Control & Cleanup 

- Mode of dumping (abandoned containers, “midnight dumping” from moving vehicles, 
direct dumping of materials, accidents/spills) 

- Responsible parties 

Training 
 Educate employees about spill prevention and cleanup. 

 Well-trained employees can reduce human errors that lead to accidental releases or spills: 

- The employee should have the tools and knowledge to immediately begin cleaning up a 
spill should one occur. 

- Employees should be familiar with the Spill Prevention Control and Countermeasure 
Plan. 

 Employees should be educated about aboveground storage tank requirements.  Employees 
responsible for aboveground storage tanks and liquid transfers should be thoroughly 
familiar with the Spill Prevention Control and Countermeasure Plan and the plan should be 
readily available. 

 Train employees to recognize and report illegal dumping incidents. 

Other Considerations (Limitations and Regulations) 
 A Spill Prevention Control and Countermeasure Plan (SPCC) is required for facilities that are 

subject to the oil pollution regulations specified in Part 112 of Title 40 of the Code of Federal 
Regulations or if they have a storage capacity of 10,000 gallons or more of petroleum.  
(Health and Safety Code 6.67) 

 State regulations also exist for storage of hazardous materials (Health & Safety Code Chapter 
6.95), including the preparation of area and business plans for emergency response to the 
releases or threatened releases. 

 Consider requiring smaller secondary containment areas (less than 200 sq. ft.) to be 
connected to the sanitary sewer, prohibiting any hard connections to the storm drain. 

Requirements 
Costs (including capital and operation & maintenance) 

 Will vary depending on the size of the facility and the necessary controls. 

 Prevention of leaks and spills is inexpensive.  Treatment and/or disposal of contaminated 
soil or water can be quite expensive. 

Maintenance (including administrative and staffing) 
 This BMP has no major administrative or staffing requirements.  However, extra time is 

needed to properly handle and dispose of spills, which results in increased labor costs. 
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Spill Prevention, Control & Cleanup SC-11 

Supplemental Information 
Further Detail of the BMP 
Reporting 
Record keeping and internal reporting represent good operating practices because they can 
increase the efficiency of the facility and the effectiveness of BMPs.  A good record keeping 
system helps the facility minimize incident recurrence, correctly respond with appropriate 
cleanup activities, and comply with legal requirements.  A record keeping and reporting system 
should be set up for documenting spills, leaks, and other discharges, including discharges of 
hazardous substances in reportable quantities.  Incident records describe the quality and 
quantity of non-stormwater discharges to the storm sewer.  These records should contain the 
following information: 

 Date and time of the incident 

 Weather conditions 

 Duration of the spill/leak/discharge 

 Cause of the spill/leak/discharge 

 Response procedures implemented 

 Persons notified 

 Environmental problems associated with the spill/leak/discharge 

Separate record keeping systems should be established to document housekeeping and 
preventive maintenance inspections, and training activities.  All housekeeping and preventive 
maintenance inspections should be documented.  Inspection documentation should contain the 
following information: 

 The date and time the inspection was performed 

 Name of the inspector 

 Items inspected 

 Problems noted 

 Corrective action required 

 Date corrective action was taken 

Other means to document and record inspection results are field notes, timed and dated 
photographs, videotapes, and drawings and maps. 

Aboveground Tank Leak and Spill Control 
Accidental releases of materials from aboveground liquid storage tanks present the potential for 
contaminating stormwater with many different pollutants. Materials spilled, leaked, or lost from 

January 2003 California Stormwater BMP Handbook 5 of 9 
Errata 4-06 Industrial and Commercial 
 www.cabmphandbooks.com M-56



SC-11 Spill Prevention, Control & Cleanup 

tanks may accumulate in soils or on impervious surfaces and be carried away by stormwater 
runoff. 

The most common causes of unintentional releases are: 

 Installation problems 

 Failure of piping systems (pipes, pumps, flanges, couplings, hoses, and valves) 

 External corrosion and structural failure 

 Spills and overfills due to operator error 

 Leaks during pumping of liquids or gases from truck or rail car to a storage tank or vice versa 

Storage of reactive, ignitable, or flammable liquids should comply with the Uniform Fire Code 
and the National Electric Code. Practices listed below should be employed to enhance the code 
requirements: 

 Tanks should be placed in a designated area. 

 Tanks located in areas where firearms are discharged should be encapsulated in concrete or 
the equivalent. 

 Designated areas should be impervious and paved with Portland cement concrete, free of 
cracks and gaps, in order to contain leaks and spills. 

 Liquid materials should be stored in UL approved double walled tanks or surrounded by a 
curb or dike to provide the volume to contain 10 percent of the volume of all of the 
containers or 110 percent of the volume of the largest container, whichever is greater.  The 
area inside the curb should slope to a drain. 

 For used oil or dangerous waste, a dead-end sump should be installed in the drain. 

 All other liquids should be drained to the sanitary sewer if available. The drain must have a 
positive control such as a lock, valve, or plug to prevent release of contaminated liquids. 

 Accumulated stormwater in petroleum storage areas should be passed through an oil/water 
separator. 

Maintenance is critical to preventing leaks and spills.  Conduct routine inspections and: 

 Check for external corrosion and structural failure. 

 Check for spills and overfills due to operator error. 

 Check for failure of piping system (pipes, pumps, flanger, coupling, hoses, and valves). 

 Check for leaks or spills during pumping of liquids or gases from truck or rail car to a storage 
facility or vice versa. 
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 Visually inspect new tank or container installation for loose fittings, poor welding, and 
improper or poorly fitted gaskets. 

 Inspect tank foundations, connections, coatings, and tank walls and piping system.  Look for 
corrosion, leaks, cracks, scratches, and other physical damage that may weaken the tank or 
container system. 

 Frequently relocate accumulated stormwater during the wet season. 

 Periodically conduct integrity testing by a qualified professional. 

Vehicle Leak and Spill Control 
Major spills on roadways and other public areas are generally handled by highly trained Hazmat 
teams from local fire departments or environmental health departments.  The measures listed 
below pertain to leaks and smaller spills at vehicle maintenance shops. 

In addition to implementing the spill prevention, control, and clean up practices above, use the 
following measures related to specific activities: 

Vehicle and Equipment Maintenance 
 Perform all vehicle fluid removal or changing inside or under cover to prevent the run-on of 

stormwater and the runoff of spills. 

 Regularly inspect vehicles and equipment for leaks, and repair immediately. 

 Check incoming vehicles and equipment (including delivery trucks, and employee and 
subcontractor vehicles) for leaking oil and fluids. Do not allow leaking vehicles or equipment 
onsite. 

 Always use secondary containment, such as a drain pan or drop cloth, to catch spills or leaks 
when removing or changing fluids. 

 Immediately drain all fluids from wrecked vehicles. 

 Store wrecked vehicles or damaged equipment under cover. 

 Place drip pans or absorbent materials under heavy equipment when not in use. 

 Use adsorbent materials on small spills rather than hosing down the spill. 

 Remove the adsorbent materials promptly and dispose of properly. 

 Promptly transfer used fluids to the proper waste or recycling drums. Don’t leave full drip 
pans or other open containers lying around. 

 Oil filters disposed of in trashcans or dumpsters can leak oil and contaminate stormwater.  
Place the oil filter in a funnel over a waste oil recycling drum to drain excess oil before 
disposal.  Oil filters can also be recycled.  Ask your oil supplier or recycler about recycling oil 
filters. 

January 2003 California Stormwater BMP Handbook 7 of 9 
Errata 4-06 Industrial and Commercial 
 www.cabmphandbooks.com M-58
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 Store cracked batteries in a non-leaking secondary container.  Do this with all cracked 
batteries, even if you think all the acid has drained out. If you drop a battery, treat it as if it is 
cracked.  Put it into the containment area until you are sure it is not leaking. 

Vehicle and Equipment Fueling 
 Design the fueling area to prevent the run-on of stormwater and the runoff of spills: 

- Cover fueling area if possible. 

- Use a perimeter drain or slope pavement inward with drainage to a sump. 

- Pave fueling area with concrete rather than asphalt. 

 If dead-end sump is not used to collect spills, install an oil/water separator. 

 Install vapor recovery nozzles to help control drips as well as air pollution. 

 Discourage “topping-off’ of fuel tanks. 

 Use secondary containment when transferring fuel from the tank truck to the fuel tank. 

 Use adsorbent materials on small spills and general cleaning rather than hosing down the 
area. Remove the adsorbent materials promptly. 

 Carry out all Federal and State requirements regarding underground storage tanks, or install 
above ground tanks. 

 Do not use mobile fueling of mobile industrial equipment around the facility; rather, 
transport the equipment to designated fueling areas. 

 Keep your Spill Prevention Control and Countermeasure (SPCC) Plan up-to-date. 

 Train employees in proper fueling and cleanup procedures. 

Industrial Spill Prevention Response 
For the purposes of developing a spill prevention and response program to meet the stormwater 
regulations, facility managers should use information provided in this fact sheet and the spill 
prevention/response portions of the fact sheets in this handbook, for specific activities.  The 
program should: 

 Integrate with existing emergency response/hazardous materials programs (e.g., Fire 
Department) 

 Develop procedures to prevent/mitigate spills to storm drain systems 

 Identify responsible departments 

 Develop and standardize reporting procedures, containment, storage, and disposal activities, 
documentation, and follow-up procedures 

 Address spills at municipal facilities, as well as public areas 
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 Provide training concerning spill prevention, response and cleanup to all appropriate 
personnel 

References and Resources 
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

Clark County Storm Water Pollution Control Manual 
http://www.co.clark.wa.us/pubworks/bmpman.pdf

King County Storm Water Pollution Control Manual http://dnr.metrokc.gov/wlr/dss/spcm.htm

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org

The Stormwater Managers Resource Center http://www.stormwatercenter.net/
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Outdoor Equipment Operations SC-32 
Objectives 

Cover 
Contain 
Educate 
Reduce/Minimize 

Targeted Constituents 

Sediment  
Nutrients  
Trash  
Metals  
Bacteria  
Oil and Grease  
Organics  
 
 

 

Description 
Outside process equipment operations and maintenance can 
contaminate stormwater runoff.  Activities, such as grinding, 
painting, coating, sanding, degreasing or parts cleaning, landfills 
and waste piles, solid waste treatment and disposal, are examples 
of process operations that can lead to contamination of 
stormwater runoff.  Source controls for outdoor process equip-
ment operations and maintenance include reducing the amount 
of waste created, enclosing or covering all or some of the 
equipment, installing secondary containment, and training 
employees. 

Approach 
Pollution Prevention 

Perform the activity during dry periods. 

Use non-toxic chemicals for maintenance and minimize or 
eliminate the use of solvents. 

Suggested Protocols 
Consider enclosing the activity in a building and connecting 
the floor drains to the sanitary sewer. 

Cover the work area with a permanent roof if possible. 

Minimize contact of stormwater with outside process 
equipment operations through berming and drainage routing 
(run-on prevention).  If possible, connect process equipment 
area to public sewer or facility wastewater treatment system.  
Some municipalities require that secondary containment 
areas be connected to the sanitary sewer, prohibiting any 
hard connections to the storm drain. 

Dry clean the work area regularly. 

Training 
Train employees to perform the activity during dry periods 
only or substituting benign materials for more toxic ones. 

Train employee and contractors in proper techniques for spill 
containment and cleanup.  Employees should have the tools 
and knowledge to immediately begin cleaning up a spill 
should one occur. 

Spill Response and Prevention 
Keep your Spill Prevention Control and Countermeasure 
(SPCC) Plan up-to-date. 
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SC-32 Outdoor Equipment Operations 

Have employees trained in emergency spill cleanup procedures present when dangerous 
waste, liquid chemicals, or other wastes are delivered. 

Place a stockpile of spill cleanup materials where it will be readily accessible. 

Prevent operator errors by using engineering safe guards and thus reducing accidental 
releases of pollutant. 

Inspect storage areas regularly for leaks or spills.  Also check for structural failure, spills and 
overfills due to operator error, and/or failure of piping system. 

Other Considerations 
Providing cover may be expensive. 

Space limitations may preclude enclosing some equipment. 

Storage sheds often must meet building and fire code requirements. 

Requirements 
Costs 
Costs vary depending on the complexity of the operation and the amount of control necessary 
for stormwater pollution control. 

Maintenance 
Conduct routine preventive maintenance, including checking process equipment for leaks. 

Clean the storm drain system regularly. 

Supplemental Information 
Further Detail of the BMP 
Hydraulic/Treatment Modifications 
If stormwater becomes polluted, it should be captured and treated.  If you do not have your own 
process wastewater treatment system, consider discharging to the public sewer system.  Use of 
the public sewer might be allowed under the following conditions: 

If the activity area is very small (less than a few hundred square feet), the local sewer 
authority may be willing to allow the area to remain uncovered with the drain connected to 
the public sewer. 

It may be possible under unusual circumstances to connect a much larger area to the public 
sewer, as long as the rate of stormwater discharges does not exceed the capacity of the 
wastewater treatment plant.  The stormwater could be stored during the storm and then 
transferred to the public sewer when the normal flow is low, such as at night. 

Industries that generate large volumes of process wastewater typically have their own treatment 
system and corresponding permit.  These industries have the discretion to use their wastewater 
treatment system to treat stormwater within the constraints of their permit requirements for 
process treatment.  It may also be possible for the industry to discharge the stormwater directly 
to an effluent outfall without treatment as long as the total loading of the discharged process 
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water and stormwater does not exceed the loading had a stormwater treatment device been 
used.  This could be achieved by reducing the loading from the process wastewater treatment 
system.  Check with your Regional Water Quality Control Board or local sewering agency, as this 
option would be subject to permit constraints and potentially regular monitoring. 

References and Resources 
California�s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html 

Clark County Storm Water Pollution Control Manual 
http://www.co.clark.wa.us/pubworks/bmpman.pdf

King County Storm Water Pollution Control Manual http://dnr.metrokc.gov/wlr/dss/spcm.htm 

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org 

The Stormwater Managers Resource Center http://www.stormwatercenter.net 
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For More Information
Aliso Viejo.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  (949) 425-2535 
Anaheim Public Works Operations .  .   .   .   .   .   .   .  (714) 765-6860
Brea Engineering.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  (714) 990-7666
Buena Park Public Works .  .   .   .   .   .   .   .   .   .   .   .   .   (714) 562-3655
Costa Mesa Public Services.  .   .   .   .   .   .   .   .   .   .   .   .  (714) 754-5323
Cypress Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  (714) 229-6740
Dana Point Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .  (949) 248-3584
Fountain Valley Public Works.  .   .   .   .   .   .   .   .   .   .   (714) 593-4441
Fullerton Engineering Dept..  .   .   .   .   .   .   .   .   .   .   .  (714) 738-6853
Garden Grove Public Works.  .   .   .   .   .   .   .   .   .   .   .  (714) 741-5956
Huntington Beach Public Works .  .   .   .   .   .   .   .   .   (714) 536-5431
Irvine Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  (949) 724-6315
La Habra Public Services.  .   .   .   .   .   .   .   .   .   .   .   .   .  (562) 905-9792
La Palma Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   .  (714) 690-3310
Laguna Beach Water Quality.  .   .   .   .   .   .   .   .   .   .   .  (949) 497-0378
Laguna Hills Public Services.  .   .   .   .   .   .   .   .   .   .   .  (949) 707-2650
Laguna Niguel Public Works .  .   .   .   .   .   .   .   .   .   .   (949) 362-4337
Laguna Woods Public Works.  .   .   .   .   .   .   .   .   .   .   .  (949) 639-0500
Lake Forest Public Works .  .   .   .   .   .   .   .   .   .   .   .   .   (949) 461-3480
Los Alamitos Community Dev..  .   .   .   .   .   .   .   .   .   .  (562) 431-3538
Mission Viejo Public Works .  .   .   .   .   .   .   .   .   .   .   .  (949) 470-3056
Newport Beach, Code & Water 
Quality Enforcement.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  (949) 644-3215
Orange Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  (714) 532-6480
Placentia Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   .  (714) 993-8245
Rancho Santa Margarita .  .   .   .   .   .   .   .   .   .   .   .   .   .  (949) 635-1800
San Clemente Environmental Programs .  .   .   .   .   (949) 361-6143
San Juan Capistrano Engineering.  .   .   .   .   .   .   .   .  (949) 234-4413
Santa Ana Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   (714) 647-3380
Seal Beach Engineering.  .   .   .   .   .   .   .   .   .   .   .   .   .  (562) 431-2527 x317
Stanton Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   . (714) 379-9222 x204
Tustin Public Works/Engineering.  .   .   .   .   .   .   .   .  (714) 573-3150
Villa Park Engineering.  .   .   .   .   .   .   .   .   .   .   .   .   .   .  (714) 998-1500
Westminster Public Works/Engineering .  .   .   .   .  (714) 898-3311 x446
Yorba Linda Engineering .  .   .   .   .   .   .   .   .   .   .   .   .   (714) 961-7138
Orange County Stormwater Program.  .   .   .   .   .   .  (877) 897-7455
Orange County 24-Hour 
Water Pollution Problem Reporting Hotline
1-877-89-SPILL (1-877-897-7455)

On-line Water Pollution Problem Reporting Form

w w w . o c w a t e r s h e d s . c o m

The Ocean Begins 
at Your Front Door

California Environmental Protection Agency
www.calepa.ca.gov
•	 Air Resources Board
	 www.arb.ca.gov
•	 Department of Pesticide Regulation
	 www.cdpr.ca.gov
•	 Department of Toxic Substances Control
	 www.dtsc.ca.gov
•	 Integrated Waste Management Board
	 www.ciwmb.ca.gov
•	 Office of Environmental Health Hazard 

Assessment
	 www.oehha.ca.gov
•	 State Water Resources Control Board
	 www.waterboards.ca.gov

Earth 911 - Community-Specific Environmental 
Information 1-800-cleanup or visit www.1800cleanup.
org

Health Care Agency’s Ocean and Bay Water Closure
and Posting Hotline
(714) 433-6400 or visit www.ocbeachinfo.com

Integrated Waste Management Dept. of Orange 
County (714) 834-6752 or visit www.oclandfills.com for 
information on household hazardous waste collection 
centers, recycling centers and solid waste collection

O.C. Agriculture Commissioner
(714) 447-7100 or visit www.ocagcomm.com 

Stormwater Best Management Practice Handbook
Visit www.cabmphandbooks.com

UC Master Gardener Hotline
(714) 708-1646 or visit www.uccemg.com 

Did You Know?

	Most people believe that the largest source 
of water pollution in urban areas comes from 
specific sources such as factories and sewage 
treatment plants. In fact, the largest source 
of water pollution comes from city streets, 
neighborhoods, construction sites and parking 
lots. This type of pollution is sometimes 
called “non-point source” pollution.
	There are two types of non-point source 

	pollution:  stormwater and urban runoff 
	pollution.

	Stormwater runoff results from rainfall.  
When rainstorms cause large volumes 
of water to rinse the urban landscape, 
picking up pollutants along the way.
	Urban runoff can happen any time of 
the year when excessive water use from 
irrigation, vehicle washing and other 
sources carries trash, lawn clippings and 
other urban pollutants into storm drains. 

Where Does It Go?

	Anything we use outside homes, vehicles and 
businesses – like motor oil, paint, pesticides, 
fertilizers and cleaners – can be blown or washed 
into storm drains. 
	A little water from a garden hose or rain can also 
send materials into storm drains. 
	Storm drains are separate from our sanitary 
sewer systems; unlike water in sanitary sewers 
(from sinks or toilets), water in storm drains is 
not treated before entering our waterways. 

	

Printed on Recycled Paper

The Orange County Stormwater Program has created 
and moderates an electronic mailing list to facilitate 
communications, take questions and exchange ideas among 
its users about issues and topics related to stormwater and 
urban runoff and the implementation of program elements.  
To join the list, please send an email to 
ocstormwaterinfo-join@list.ocwatersheds.com

Orange County Stormwater Program

Even if you live miles from the Pacific 
Ocean, you may be unknowingly 
polluting it.

Sources of Non-Point Source Pollution

	Automotive leaks and spills.
	Improper disposal of used oil and other engine 
fluids.  
	Metals found in vehicle exhaust, weathered paint, 
rust, metal plating and tires. 
	Pesticides and fertilizers from lawns, gardens and 
farms.
	Improper disposal of cleaners, paint and paint 
removers.
	Soil erosion and dust debris from landscape and 
construction activities.
	Litter, lawn clippings, animal waste, and other 
organic matter. 
	Oil stains on parking lots and paved surfaces.

The Effect on the Ocean

Non-point source 
pollution can have 
a serious impact 
on water quality 
in Orange County.  
Pollutants from the 
storm drain system 
can harm marine life 

as well as coastal and wetland habitats. They can 
also degrade recreation areas such as beaches, 
harbors and bays.

Stormwater quality management programs have 
been developed throughout Orange County to 
educate and encourage the public to protect water 
quality, monitor runoff in the storm drain system, 
investigate illegal dumping and maintain storm 
drains. 

Support from Orange County residents and 
businesses is needed to improve water quality 
and reduce urban runoff pollution.  Proper use 
and disposal of materials will help stop pollution 
before it reaches the storm drain and the ocean.

Dumping one quart of motor oil into a 
storm drain can contaminate 250,000 
gallons of water. 
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Follow these simple steps to help reduce water 
pollution:

Household Activities
	Do not rinse spills with water. Use dry cleanup 
methods such as applying cat litter or another 
absorbent material, sweep and dispose of in 
the trash. Take items such as used or excess 
batteries, oven cleaners, automotive fluids, 
painting products and cathode ray tubes, like 
TVs and computer monitors, to a Household 
Hazardous Waste Collection Center (HHWCC).

	 For a HHWCC near you call (714) 834-6752 or 
visit www.oclandfills.com.
	Do not hose down your driveway, sidewalk or 
patio to the street, gutter or storm drain. Sweep 
up debris and dispose of it in the trash.

Automotive
	Take your vehicle to a commercial car 
wash whenever possible. If you wash your 
vehicle at home, choose soaps, cleaners, or 
detergents labeled non-toxic, phosphate- free 
or biodegradable. Vegetable and citrus-based 
products are typically safest for the environment.
	Do not allow washwater from vehicle washing 
to drain into the street, gutter or storm drain. 
Excess washwater should be disposed of in the 
sanitary sewer (through a sink or toilet) or onto 
an absorbent surface like your lawn.
	Monitor your vehicles for leaks and place a pan 
under leaks. Keep your vehicles well maintained 
to stop and prevent leaks.
	Never pour oil or antifreeze in the street, gutter 
or storm drain. Recycle these substances at a 
service station, a waste oil collection center or 
used oil recycling center. For the nearest Used 
Oil Collection Center call 1-800-CLEANUP or 
visit www.1800cleanup.org.

Never allow pollutants to enter the 
street, gutter or storm drain!

Lawn and Garden
	 Pet and animal waste
	 Pesticides
	 Clippings, leaves and soil
	 Fertilizer

Common Pollutants

Automobile
	 Oil and grease
	 Radiator fluids and antifreeze
	 Cleaning chemicals
	 Brake pad dust

Home Maintenance
	 Detergents, cleaners and solvents
	 Oil and latex paint
	 Swimming pool chemicals
	 Outdoor trash and litter

The Ocean Begins at Your Front Door

Trash
	Place trash and litter that cannot be recycled in 
securely covered trash cans.
	Whenever possible, buy recycled products.
	Remember: Reduce, Reuse, Recycle.

Pet Care
	Always pick up after your pet. Flush waste down 
the toilet or dispose of it in the trash. Pet waste, 
if left outdoors, can wash into the street, gutter 
or storm drain.
	If possible, bathe your pets indoors. If you must 
bathe your pet outside, wash it on your lawn or 
another absorbent/permeable surface to keep 
the washwater from entering the street, gutter or 
storm drain.
	Follow directions for use of pet care products 
and dispose of any unused products at a 
HHWCC.

Pool Maintenance 
	Pool and spa water must be dechlorinated and free 
of excess acid, alkali or color to be allowed in the 
street, gutter or storm drain.
	When it is not raining, drain dechlorinated pool and 
spa water directly into the 

	 sanitary sewer. 
	Some cities may have ordinances that do not allow 
pool water to be disposed of in the storm drain. 
Check with your city.

Landscape and Gardening
	Do not over-water. Water your lawn and garden by 
hand to control the amount of water you use or set 
irrigation systems to reflect seasonal water needs. 
If water flows off your yard onto your driveway or 
sidewalk, your system is over-watering. Periodically 
inspect and fix leaks and misdirected sprinklers.
	Do not rake or blow leaves, clippings or pruning 
waste into the street, gutter or storm drain. Instead, 
dispose of waste by composting, hauling it to a 
permitted landfill, or as green waste through your 
city’s recycling program.
	Follow directions on pesticides and fertilizer, 
(measure, do not estimate amounts) and do not use 
if rain is predicted within 48 hours.
	Take unwanted pesticides to a HHWCC to be 
recycled. For locations and hours of HHWCC, call 
(714) 834-6752 or visit www.oclandfills.com.
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Follow these simple steps to help reduce water 
pollution:

Household Activities
	Do not rinse spills with water. Use dry cleanup 
methods such as applying cat litter or another 
absorbent material, sweep and dispose of in 
the trash. Take items such as used or excess 
batteries, oven cleaners, automotive fluids, 
painting products and cathode ray tubes, like 
TVs and computer monitors, to a Household 
Hazardous Waste Collection Center (HHWCC).

	 For a HHWCC near you call (714) 834-6752 or 
visit www.oclandfills.com.
	Do not hose down your driveway, sidewalk or 
patio to the street, gutter or storm drain. Sweep 
up debris and dispose of it in the trash.

Automotive
	Take your vehicle to a commercial car 
wash whenever possible. If you wash your 
vehicle at home, choose soaps, cleaners, or 
detergents labeled non-toxic, phosphate- free 
or biodegradable. Vegetable and citrus-based 
products are typically safest for the environment.
	Do not allow washwater from vehicle washing 
to drain into the street, gutter or storm drain. 
Excess washwater should be disposed of in the 
sanitary sewer (through a sink or toilet) or onto 
an absorbent surface like your lawn.
	Monitor your vehicles for leaks and place a pan 
under leaks. Keep your vehicles well maintained 
to stop and prevent leaks.
	Never pour oil or antifreeze in the street, gutter 
or storm drain. Recycle these substances at a 
service station, a waste oil collection center or 
used oil recycling center. For the nearest Used 
Oil Collection Center call 1-800-CLEANUP or 
visit www.1800cleanup.org.

Never allow pollutants to enter the 
street, gutter or storm drain!

Lawn and Garden
	 Pet and animal waste
	 Pesticides
	 Clippings, leaves and soil
	 Fertilizer

Common Pollutants

Automobile
	 Oil and grease
	 Radiator fluids and antifreeze
	 Cleaning chemicals
	 Brake pad dust

Home Maintenance
	 Detergents, cleaners and solvents
	 Oil and latex paint
	 Swimming pool chemicals
	 Outdoor trash and litter

The Ocean Begins at Your Front Door

Trash
	Place trash and litter that cannot be recycled in 
securely covered trash cans.
	Whenever possible, buy recycled products.
	Remember: Reduce, Reuse, Recycle.

Pet Care
	Always pick up after your pet. Flush waste down 
the toilet or dispose of it in the trash. Pet waste, 
if left outdoors, can wash into the street, gutter 
or storm drain.
	If possible, bathe your pets indoors. If you must 
bathe your pet outside, wash it on your lawn or 
another absorbent/permeable surface to keep 
the washwater from entering the street, gutter or 
storm drain.
	Follow directions for use of pet care products 
and dispose of any unused products at a 
HHWCC.

Pool Maintenance 
	Pool and spa water must be dechlorinated and free 
of excess acid, alkali or color to be allowed in the 
street, gutter or storm drain.
	When it is not raining, drain dechlorinated pool and 
spa water directly into the 

	 sanitary sewer. 
	Some cities may have ordinances that do not allow 
pool water to be disposed of in the storm drain. 
Check with your city.

Landscape and Gardening
	Do not over-water. Water your lawn and garden by 
hand to control the amount of water you use or set 
irrigation systems to reflect seasonal water needs. 
If water flows off your yard onto your driveway or 
sidewalk, your system is over-watering. Periodically 
inspect and fix leaks and misdirected sprinklers.
	Do not rake or blow leaves, clippings or pruning 
waste into the street, gutter or storm drain. Instead, 
dispose of waste by composting, hauling it to a 
permitted landfill, or as green waste through your 
city’s recycling program.
	Follow directions on pesticides and fertilizer, 
(measure, do not estimate amounts) and do not use 
if rain is predicted within 48 hours.
	Take unwanted pesticides to a HHWCC to be 
recycled. For locations and hours of HHWCC, call 
(714) 834-6752 or visit www.oclandfills.com.
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For More Information
Aliso Viejo.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . (949) 425-2535 
Anaheim Public Works Operations .  .  .  .  .  .  .  . (714) 765-6860
Brea Engineering.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . (714) 990-7666
Buena Park Public Works.  .  .  .  .  .  .  .  .  .  .  .  .  (714) 562-3655
Costa Mesa Public Services.  .  .  .  .  .  .  .  .  .  .  .  . (714) 754-5323
Cypress Public Works.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . (714) 229-6740
Dana Point Public Works.  .  .  .  .  .  .  .  .  .  .  .  .  . (949) 248-3584
Fountain Valley Public Works.  .  .  .  .  .  .  .  .  .  .  (714) 593-4441
Fullerton Engineering Dept..  .  .  .  .  .  .  .  .  .  .  . (714) 738-6853
Garden Grove Public Works.  .  .  .  .  .  .  .  .  .  .  . (714) 741-5956
Huntington Beach Public Works.  .  .  .  .  .  .  .  .  (714) 536-5431
Irvine Public Works.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . (949) 724-6315
La Habra Public Services.  .  .  .  .  .  .  .  .  .  .  .  .  . (562) 905-9792
La Palma Public Works.  .  .  .  .  .  .  .  .  .  .  .  .  .  . (714) 690-3310
Laguna Beach Water Quality.  .  .  .  .  .  .  .  .  .  .  . (949) 497-0378
Laguna Hills Public Services.  .  .  .  .  .  .  .  .  .  .  . (949) 707-2650
Laguna Niguel Public Works .  .  .  .  .  .  .  .  .  .  .  (949) 362-4337
Laguna Woods Public Works.  .  .  .  .  .  .  .  .  .  .  . (949) 639-0500
Lake Forest Public Works.  .  .  .  .  .  .  .  .  .  .  .  .  (949) 461-3480
Los Alamitos Community Dev..  .  .  .  .  .  .  .  .  .  . (562) 431-3538
Mission Viejo Public Works .  .  .  .  .  .  .  .  .  .  .  . (949) 470-3056
Newport Beach, Code & Water 
Quality Enforcement.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . (949) 644-3215
Orange Public Works.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . (714) 532-6480
Placentia Public Works.  .  .  .  .  .  .  .  .  .  .  .  .  .  . (714) 993-8245
Rancho Santa Margarita.  .  .  .  .  .  .  .  .  .  .  .  .  . (949) 635-1800
San Clemente Environmental Programs.  .  .  .  .  (949) 361-6143
San Juan Capistrano Engineering.  .  .  .  .  .  .  .  . (949) 234-4413
Santa Ana Public Works.  .  .  .  .  .  .  .  .  .  .  .  .  .  (714) 647-3380
Seal Beach Engineering.  .  .  .  .  .  .  .  .  .  .  .  .  . (562) 431-2527 x317
Stanton Public Works.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .(714) 379-9222 x204
Tustin Public Works/Engineering.  .  .  .  .  .  .  .  . (714) 573-3150
Villa Park Engineering.  .  .  .  .  .  .  .  .  .  .  .  .  .  . (714) 998-1500
Westminster Public Works/Engineering.  .  .  .  . (714) 898-3311 x446
Yorba Linda Engineering.  .  .  .  .  .  .  .  .  .  .  .  .  (714) 961-7138
Orange County Stormwater Program.  .  .  .  .  .  . (877) 897-7455
Orange County 24-Hour 
Water Pollution Problem Reporting Hotline
1-877-89-SPILL (1-877-897-7455)

On-line Water Pollution Problem Reporting Form

www.ocwatersheds.com

The Ocean Begins 
at Your Front Door

California Environmental Protection Agency
www.calepa.ca.gov
•	Air Resources Board
	www.arb.ca.gov
•	Department of Pesticide Regulation
	www.cdpr.ca.gov
•	Department of Toxic Substances Control
	www.dtsc.ca.gov
•	Integrated Waste Management Board
	www.ciwmb.ca.gov
•	Office of Environmental Health Hazard 

Assessment
	www.oehha.ca.gov
•	State Water Resources Control Board
	www.waterboards.ca.gov

Earth 911 - Community-Specific Environmental 
Information 1-800-cleanup or visit www.1800cleanup.
org

Health Care Agency’s Ocean and Bay Water Closure
and Posting Hotline
(714) 433-6400 or visit www.ocbeachinfo.com

Integrated Waste Management Dept. of Orange 
County (714) 834-6752 or visit www.oclandfills.com for 
information on household hazardous waste collection 
centers, recycling centers and solid waste collection

O.C. Agriculture Commissioner
(714) 447-7100 or visit www.ocagcomm.com 

Stormwater Best Management Practice Handbook
Visit www.cabmphandbooks.com

UC Master Gardener Hotline
(714) 708-1646 or visit www.uccemg.com 

Did You Know?

	Most people believe that the largest source 
of water pollution in urban areas comes from 
specific sources such as factories and sewage 
treatment plants. In fact, the largest source 
of water pollution comes from city streets, 
neighborhoods, construction sites and parking 
lots. This type of pollution is sometimes 
called “non-point source” pollution.
	There are two types of non-point source 

	 pollution:  stormwater and urban runoff 
	 pollution.

	Stormwater runoff results from rainfall.  
When rainstorms cause large volumes 
of water to rinse the urban landscape, 
picking up pollutants along the way.
	Urban runoff can happen any time of 
the year when excessive water use from 
irrigation, vehicle washing and other 
sources carries trash, lawn clippings and 
other urban pollutants into storm drains. 

Where Does It Go?

	Anything we use outside homes, vehicles and 
businesses – like motor oil, paint, pesticides, 
fertilizers and cleaners – can be blown or washed 
into storm drains. 
	A little water from a garden hose or rain can also 
send materials into storm drains. 
	Storm drains are separate from our sanitary 
sewer systems; unlike water in sanitary sewers 
(from sinks or toilets), water in storm drains is 
not treated before entering our waterways. 

	

Printed on Recycled Paper

The Orange County Stormwater Program has created 
and moderates an electronic mailing list to facilitate 
communications, take questions and exchange ideas among 
its users about issues and topics related to stormwater and 
urban runoff and the implementation of program elements.  
To join the list, please send an email to 
ocstormwaterinfo-join@list.ocwatersheds.com

Orange County Stormwater Program

Even if you live miles from the Pacific 
Ocean, you may be unknowingly 
polluting it.

Sources of Non-Point Source Pollution

	Automotive leaks and spills.
	Improper disposal of used oil and other engine 
fluids.  
	Metals found in vehicle exhaust, weathered paint, 
rust, metal plating and tires. 
	Pesticides and fertilizers from lawns, gardens and 
farms.
	Improper disposal of cleaners, paint and paint 
removers.
	Soil erosion and dust debris from landscape and 
construction activities.
	Litter, lawn clippings, animal waste, and other 
organic matter. 
	Oil stains on parking lots and paved surfaces.

The Effect on the Ocean

Non-point source 
pollution can have 
a serious impact 
on water quality 
in Orange County.  
Pollutants from the 
storm drain system 
can harm marine life 

as well as coastal and wetland habitats. They can 
also degrade recreation areas such as beaches, 
harbors and bays.

Stormwater quality management programs have 
been developed throughout Orange County to 
educate and encourage the public to protect water 
quality, monitor runoff in the storm drain system, 
investigate illegal dumping and maintain storm 
drains. 

Support from Orange County residents and 
businesses is needed to improve water quality 
and reduce urban runoff pollution.  Proper use 
and disposal of materials will help stop pollution 
before it reaches the storm drain and the ocean.

Dumping one quart of motor oil into a 
storm drain can contaminate 250,000 
gallons of water. 
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For More Information
Aliso Viejo.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  (949) 425-2535 
Anaheim Public Works Operations .  .   .   .   .   .   .   .  (714) 765-6860
Brea Engineering.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  (714) 990-7666
Buena Park Public Works .  .   .   .   .   .   .   .   .   .   .   .   .   (714) 562-3655
Costa Mesa Public Services.  .   .   .   .   .   .   .   .   .   .   .   .  (714) 754-5323
Cypress Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  (714) 229-6740
Dana Point Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .  (949) 248-3584
Fountain Valley Public Works.  .   .   .   .   .   .   .   .   .   .   (714) 593-4441
Fullerton Engineering Dept..  .   .   .   .   .   .   .   .   .   .   .  (714) 738-6853
Garden Grove Public Works.  .   .   .   .   .   .   .   .   .   .   .  (714) 741-5956
Huntington Beach Public Works .  .   .   .   .   .   .   .   .   (714) 536-5431
Irvine Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  (949) 724-6315
La Habra Public Services.  .   .   .   .   .   .   .   .   .   .   .   .   .  (562) 905-9792
La Palma Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   .  (714) 690-3310
Laguna Beach Water Quality.  .   .   .   .   .   .   .   .   .   .   .  (949) 497-0378
Laguna Hills Public Services.  .   .   .   .   .   .   .   .   .   .   .  (949) 707-2650
Laguna Niguel Public Works .  .   .   .   .   .   .   .   .   .   .   (949) 362-4337
Laguna Woods Public Works.  .   .   .   .   .   .   .   .   .   .   .  (949) 639-0500
Lake Forest Public Works .  .   .   .   .   .   .   .   .   .   .   .   .   (949) 461-3480
Los Alamitos Community Dev..  .   .   .   .   .   .   .   .   .   .  (562) 431-3538
Mission Viejo Public Works .  .   .   .   .   .   .   .   .   .   .   .  (949) 470-3056
Newport Beach, Code & Water 
Quality Enforcement.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  (949) 644-3215
Orange Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  (714) 532-6480
Placentia Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   .  (714) 993-8245
Rancho Santa Margarita .  .   .   .   .   .   .   .   .   .   .   .   .   .  (949) 635-1800
San Clemente Environmental Programs .  .   .   .   .   (949) 361-6143
San Juan Capistrano Engineering.  .   .   .   .   .   .   .   .  (949) 234-4413
Santa Ana Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   (714) 647-3380
Seal Beach Engineering.  .   .   .   .   .   .   .   .   .   .   .   .   .  (562) 431-2527 x317
Stanton Public Works.  .   .   .   .   .   .   .   .   .   .   .   .   .   .   . (714) 379-9222 x204
Tustin Public Works/Engineering.  .   .   .   .   .   .   .   .  (714) 573-3150
Villa Park Engineering.  .   .   .   .   .   .   .   .   .   .   .   .   .   .  (714) 998-1500
Westminster Public Works/Engineering .  .   .   .   .  (714) 898-3311 x446
Yorba Linda Engineering .  .   .   .   .   .   .   .   .   .   .   .   .   (714) 961-7138
Orange County Stormwater Program.  .   .   .   .   .   .  (877) 897-7455
Orange County 24-Hour 
Water Pollution Problem Reporting Hotline
1-877-89-SPILL (1-877-897-7455)

On-line Water Pollution Problem Reporting Form

w w w . o c w a t e r s h e d s . c o m

The Ocean Begins 
at Your Front Door

California Environmental Protection Agency
www.calepa.ca.gov
•	 Air Resources Board
	 www.arb.ca.gov
•	 Department of Pesticide Regulation
	 www.cdpr.ca.gov
•	 Department of Toxic Substances Control
	 www.dtsc.ca.gov
•	 Integrated Waste Management Board
	 www.ciwmb.ca.gov
•	 Office of Environmental Health Hazard 

Assessment
	 www.oehha.ca.gov
•	 State Water Resources Control Board
	 www.waterboards.ca.gov

Earth 911 - Community-Specific Environmental 
Information 1-800-cleanup or visit www.1800cleanup.
org

Health Care Agency’s Ocean and Bay Water Closure
and Posting Hotline
(714) 433-6400 or visit www.ocbeachinfo.com

Integrated Waste Management Dept. of Orange 
County (714) 834-6752 or visit www.oclandfills.com for 
information on household hazardous waste collection 
centers, recycling centers and solid waste collection

O.C. Agriculture Commissioner
(714) 447-7100 or visit www.ocagcomm.com 

Stormwater Best Management Practice Handbook
Visit www.cabmphandbooks.com

UC Master Gardener Hotline
(714) 708-1646 or visit www.uccemg.com 

Did You Know?

	Most people believe that the largest source 
of water pollution in urban areas comes from 
specific sources such as factories and sewage 
treatment plants. In fact, the largest source 
of water pollution comes from city streets, 
neighborhoods, construction sites and parking 
lots. This type of pollution is sometimes 
called “non-point source” pollution.
	There are two types of non-point source 

	pollution:  stormwater and urban runoff 
	pollution.

	Stormwater runoff results from rainfall.  
When rainstorms cause large volumes 
of water to rinse the urban landscape, 
picking up pollutants along the way.
	Urban runoff can happen any time of 
the year when excessive water use from 
irrigation, vehicle washing and other 
sources carries trash, lawn clippings and 
other urban pollutants into storm drains. 

Where Does It Go?

	Anything we use outside homes, vehicles and 
businesses – like motor oil, paint, pesticides, 
fertilizers and cleaners – can be blown or washed 
into storm drains. 
	A little water from a garden hose or rain can also 
send materials into storm drains. 
	Storm drains are separate from our sanitary 
sewer systems; unlike water in sanitary sewers 
(from sinks or toilets), water in storm drains is 
not treated before entering our waterways. 

	

Printed on Recycled Paper

The Orange County Stormwater Program has created 
and moderates an electronic mailing list to facilitate 
communications, take questions and exchange ideas among 
its users about issues and topics related to stormwater and 
urban runoff and the implementation of program elements.  
To join the list, please send an email to 
ocstormwaterinfo-join@list.ocwatersheds.com

Orange County Stormwater Program

Even if you live miles from the Pacific 
Ocean, you may be unknowingly 
polluting it.

Sources of Non-Point Source Pollution

	Automotive leaks and spills.
	Improper disposal of used oil and other engine 
fluids.  
	Metals found in vehicle exhaust, weathered paint, 
rust, metal plating and tires. 
	Pesticides and fertilizers from lawns, gardens and 
farms.
	Improper disposal of cleaners, paint and paint 
removers.
	Soil erosion and dust debris from landscape and 
construction activities.
	Litter, lawn clippings, animal waste, and other 
organic matter. 
	Oil stains on parking lots and paved surfaces.

The Effect on the Ocean

Non-point source 
pollution can have 
a serious impact 
on water quality 
in Orange County.  
Pollutants from the 
storm drain system 
can harm marine life 

as well as coastal and wetland habitats. They can 
also degrade recreation areas such as beaches, 
harbors and bays.

Stormwater quality management programs have 
been developed throughout Orange County to 
educate and encourage the public to protect water 
quality, monitor runoff in the storm drain system, 
investigate illegal dumping and maintain storm 
drains. 

Support from Orange County residents and 
businesses is needed to improve water quality 
and reduce urban runoff pollution.  Proper use 
and disposal of materials will help stop pollution 
before it reaches the storm drain and the ocean.

Dumping one quart of motor oil into a 
storm drain can contaminate 250,000 
gallons of water. 
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Priority Project Preliminary Water Quality Management Plan (WQMP) 
Brea Mall Expansion 
  

 

Simon Property Group  
North OC Priority WQMP Template August 17 2011  Attachments 

Attachment 1 – Hydromodification 
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Brea Mall                                                                       
Pre-Development                                                                 
                                                                                
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
STREAM REACH:                                                                   
                                                                                
STORM ANALYSIS:                                                                 
          2-Yr                          2.05      Type I    2                   
                                                                                
STRUCTURE RATING:                                                               
                                                                                
                                                                                
GLOBAL OUTPUT:                                                                  
          2         0.05                YYYYN     YYYYNN                        
                                                                                
                                                                                

WinTR-20 Printed Page File      End of Input Data List       

                                    Brea Mall                                   
                                 Pre-Development                                

                          Name of printed page file:
                                   TR20.out                                     

                                           STORM 2-Yr      

Area or    Drainage  Rain Gage     Runoff   ------------ Peak Flow ------------
 Reach       Area      ID or       Amount   Elevation   Time      Rate      Rate
Identifier  (sq mi)   Location      (in)      (ft)      (hr)     (cfs)     (csm)

Lower Lvl     0.017                1.719                9.92     14.92    855.15

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     2.357      0.05      0.05      0.05      0.05      0.05      0.05      0.05
     2.402      0.05      0.06      0.06      0.06      0.06      0.06      0.06
     2.446      0.06      0.06      0.06      0.06      0.06      0.06      0.06
     2.490      0.06      0.06      0.06      0.06      0.07      0.07      0.07
     2.534      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     2.578      0.07      0.07      0.07      0.07      0.07      0.07      0.08
     2.623      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     2.667      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     2.711      0.08      0.08      0.09      0.09      0.09      0.09      0.09
     2.755      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     2.799      0.09      0.09      0.09      0.09      0.10      0.10      0.10
     2.844      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     2.888      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     2.932      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     2.976      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     3.021      0.11      0.12      0.12      0.12      0.12      0.12      0.12
     3.065      0.12      0.12      0.12      0.12      0.12      0.12      0.12
     3.109      0.12      0.12      0.12      0.13      0.13      0.13      0.13
     3.153      0.13      0.13      0.13      0.13      0.13      0.13      0.13
     3.197      0.13      0.13      0.13      0.13      0.14      0.14      0.14
     3.242      0.14      0.14      0.14      0.14      0.14      0.14      0.14
     3.286      0.14      0.14      0.14      0.14      0.14      0.14      0.14
     3.330      0.15      0.15      0.15      0.15      0.15      0.15      0.15
     3.374      0.15      0.15      0.15      0.15      0.15      0.15      0.15
     3.418      0.15      0.16      0.16      0.16      0.16      0.16      0.16
     3.463      0.16      0.16      0.16      0.16      0.16      0.16      0.16
     3.507      0.16      0.16      0.16      0.17      0.17      0.17      0.17
     3.551      0.17      0.17      0.17      0.17      0.17      0.17      0.17
     3.595      0.17      0.17      0.17      0.17      0.18      0.18      0.18
     3.639      0.18      0.18      0.18      0.18      0.18      0.18      0.18
     3.684      0.18      0.18      0.18      0.18      0.18      0.19      0.19
     3.728      0.19      0.19      0.19      0.19      0.19      0.19      0.19
     3.772      0.19      0.19      0.19      0.19      0.19      0.19      0.19
     3.816      0.20      0.20      0.20      0.20      0.20      0.20      0.20
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     3.861      0.20      0.20      0.20      0.20      0.20      0.20      0.20
     3.905      0.20      0.20      0.21      0.21      0.21      0.21      0.21
     3.949      0.21      0.21      0.21      0.21      0.21      0.21      0.21
     3.993      0.21      0.21      0.22      0.22      0.22      0.22      0.22
     4.037      0.22      0.22      0.22      0.22      0.22      0.22      0.22
     4.082      0.22      0.22      0.22      0.22      0.23      0.23      0.23
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                                 Pre-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     4.126      0.23      0.23      0.23      0.23      0.23      0.23      0.23
     4.170      0.23      0.23      0.23      0.23      0.23      0.23      0.23
     4.214      0.23      0.23      0.23      0.23      0.24      0.24      0.24
     4.258      0.24      0.24      0.24      0.24      0.24      0.24      0.24
     4.303      0.24      0.24      0.24      0.24      0.24      0.24      0.24
     4.347      0.25      0.25      0.25      0.25      0.25      0.25      0.25
     4.391      0.25      0.25      0.25      0.25      0.25      0.25      0.25
     4.435      0.25      0.25      0.25      0.25      0.25      0.25      0.26
     4.479      0.26      0.26      0.26      0.26      0.26      0.26      0.26
     4.524      0.26      0.26      0.26      0.26      0.26      0.26      0.26
     4.568      0.26      0.26      0.26      0.26      0.26      0.27      0.27
     4.612      0.27      0.27      0.27      0.27      0.27      0.27      0.27
     4.656      0.27      0.27      0.27      0.27      0.27      0.27      0.27
     4.701      0.27      0.27      0.27      0.27      0.27      0.28      0.28
     4.745      0.28      0.28      0.28      0.28      0.28      0.28      0.28
     4.789      0.28      0.28      0.28      0.28      0.28      0.28      0.28
     4.833      0.28      0.28      0.28      0.28      0.29      0.29      0.29
     4.877      0.29      0.29      0.29      0.29      0.29      0.29      0.29
     4.922      0.29      0.29      0.29      0.29      0.29      0.29      0.29
     4.966      0.29      0.29      0.29      0.29      0.29      0.30      0.30
     5.010      0.30      0.30      0.30      0.30      0.30      0.30      0.30
     5.054      0.30      0.30      0.30      0.30      0.30      0.30      0.30
     5.098      0.30      0.30      0.30      0.30      0.30      0.31      0.31
     5.143      0.31      0.31      0.31      0.31      0.31      0.31      0.31
     5.187      0.31      0.31      0.31      0.31      0.31      0.31      0.31
     5.231      0.31      0.31      0.31      0.31      0.31      0.31      0.31
     5.275      0.32      0.32      0.32      0.32      0.32      0.32      0.32
     5.319      0.32      0.32      0.32      0.32      0.32      0.32      0.32
     5.364      0.32      0.32      0.32      0.32      0.32      0.32      0.32
     5.408      0.32      0.32      0.33      0.33      0.33      0.33      0.33
     5.452      0.33      0.33      0.33      0.33      0.33      0.33      0.33
     5.496      0.33      0.33      0.33      0.33      0.33      0.33      0.33
     5.541      0.33      0.33      0.33      0.33      0.34      0.34      0.34
     5.585      0.34      0.34      0.34      0.34      0.34      0.34      0.34
     5.629      0.34      0.34      0.34      0.34      0.34      0.34      0.34
     5.673      0.34      0.34      0.34      0.34      0.34      0.34      0.34
     5.717      0.34      0.35      0.35      0.35      0.35      0.35      0.35
     5.762      0.35      0.35      0.35      0.35      0.35      0.35      0.35
     5.806      0.35      0.35      0.35      0.35      0.35      0.35      0.35
     5.850      0.35      0.35      0.35      0.36      0.36      0.36      0.36
     5.894      0.36      0.36      0.36      0.36      0.36      0.36      0.36
     5.938      0.36      0.36      0.36      0.36      0.36      0.36      0.36
     5.983      0.36      0.36      0.36      0.36      0.36      0.36      0.36
     6.027      0.36      0.37      0.37      0.37      0.37      0.37      0.37
     6.071      0.37      0.37      0.37      0.37      0.37      0.37      0.38
     6.115      0.38      0.38      0.38      0.38      0.38      0.38      0.38
     6.159      0.39      0.39      0.39      0.39      0.39      0.39      0.39
     6.204      0.40      0.40      0.40      0.40      0.40      0.40      0.40
     6.248      0.40      0.40      0.41      0.41      0.41      0.41      0.41
     6.292      0.41      0.41      0.42      0.42      0.42      0.42      0.42
     6.336      0.42      0.42      0.42      0.43      0.43      0.43      0.43
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                

                                    Brea Mall                                   
                                 Pre-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     6.381      0.43      0.43      0.43      0.43      0.44      0.44      0.44
     6.425      0.44      0.44      0.44      0.44      0.45      0.45      0.45
     6.469      0.45      0.45      0.45      0.46      0.46      0.46      0.46
     6.513      0.46      0.46      0.46      0.46      0.46      0.47      0.47
     6.557      0.47      0.47      0.47      0.47      0.48      0.48      0.48
     6.602      0.48      0.48      0.48      0.48      0.48      0.49      0.49
     6.646      0.49      0.49      0.49      0.49      0.50      0.50      0.50
     6.690      0.50      0.50      0.50      0.50      0.51      0.51      0.51
     6.734      0.51      0.51      0.51      0.51      0.52      0.52      0.52
     6.778      0.52      0.52      0.52      0.53      0.53      0.53      0.53
     6.823      0.53      0.53      0.53      0.53      0.54      0.54      0.54
     6.867      0.54      0.54      0.54      0.54      0.55      0.55      0.55
     6.911      0.55      0.55      0.55      0.55      0.55      0.56      0.56
     6.955      0.56      0.56      0.56      0.57      0.57      0.57      0.57
     6.999      0.57      0.57      0.57      0.58      0.58      0.58      0.58
     7.044      0.58      0.58      0.58      0.59      0.59      0.59      0.59
     7.088      0.59      0.59      0.59      0.59      0.59      0.59      0.60
     7.132      0.60      0.60      0.60      0.60      0.60      0.60      0.60
     7.176      0.60      0.60      0.60      0.60      0.60      0.60      0.61
     7.221      0.61      0.61      0.61      0.61      0.61      0.61      0.61
     7.265      0.61      0.61      0.61      0.61      0.62      0.62      0.62
     7.309      0.62      0.62      0.62      0.62      0.62      0.62      0.62
     7.353      0.62      0.62      0.62      0.63      0.63      0.63      0.63
     7.397      0.63      0.63      0.63      0.63      0.63      0.63      0.63
     7.442      0.63      0.63      0.63      0.64      0.64      0.64      0.64
     7.486      0.64      0.64      0.64      0.64      0.64      0.64      0.64
     7.530      0.64      0.64      0.64      0.64      0.65      0.65      0.65
     7.574      0.65      0.65      0.65      0.65      0.65      0.65      0.65
     7.618      0.65      0.65      0.65      0.65      0.66      0.66      0.66
     7.663      0.66      0.66      0.66      0.66      0.66      0.66      0.66
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
     7.707      0.66      0.66      0.66      0.66      0.66      0.66      0.67
     7.751      0.67      0.67      0.67      0.67      0.67      0.67      0.67
     7.795      0.67      0.67      0.67      0.67      0.68      0.68      0.68
     7.839      0.68      0.68      0.68      0.68      0.68      0.68      0.68
     7.884      0.68      0.68      0.69      0.69      0.69      0.69      0.69
     7.928      0.69      0.69      0.69      0.69      0.69      0.69      0.69
     7.972      0.69      0.69      0.69      0.69      0.70      0.70      0.70
     8.016      0.70      0.70      0.70      0.70      0.71      0.71      0.71
     8.061      0.71      0.72      0.72      0.72      0.73      0.73      0.73
     8.105      0.73      0.74      0.74      0.74      0.75      0.75      0.75
     8.149      0.76      0.77      0.77      0.78      0.79      0.79      0.80
     8.193      0.80      0.80      0.81      0.81      0.81      0.82      0.82
     8.237      0.83      0.83      0.84      0.85      0.85      0.86      0.87
     8.282      0.87      0.88      0.88      0.89      0.89      0.89      0.90
     8.326      0.90      0.91      0.91      0.92      0.92      0.93      0.94
     8.370      0.94      0.95      0.96      0.96      0.97      0.97      0.97
     8.414      0.98      0.98      0.99      0.99      1.00      1.00      1.01
     8.458      1.02      1.02      1.03      1.04      1.04      1.05      1.05
     8.503      1.06      1.06      1.06      1.07      1.07      1.08      1.08
     8.547      1.09      1.10      1.10      1.11      1.12      1.12      1.13
     8.591      1.13      1.14      1.14      1.14      1.15      1.15      1.16
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                                    Brea Mall                                   
                                 Pre-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     8.635      1.16      1.17      1.17      1.18      1.19      1.19      1.20
     8.679      1.21      1.21      1.22      1.22      1.22      1.23      1.23
     8.724      1.24      1.24      1.25      1.25      1.26      1.26      1.27
     8.768      1.28      1.28      1.29      1.30      1.30      1.30      1.31
     8.812      1.31      1.32      1.32      1.32      1.33      1.34      1.34
     8.856      1.35      1.36      1.36      1.37      1.37      1.38      1.38
     8.901      1.39      1.39      1.40      1.40      1.40      1.41      1.41
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TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
     8.945      1.42      1.43      1.43      1.44      1.45      1.46      1.46
     8.989      1.47      1.47      1.48      1.48      1.48      1.49      1.49
     9.033      1.50      1.51      1.52      1.53      1.54      1.54      1.55
     9.077      1.56      1.57      1.58      1.58      1.59      1.60      1.60
     9.122      1.61      1.61      1.62      1.63      1.64      1.66      1.67
     9.166      1.68      1.69      1.70      1.71      1.72      1.73      1.74
     9.210      1.75      1.75      1.76      1.77      1.78      1.79      1.80
     9.254      1.81      1.83      1.84      1.85      1.86      1.87      1.88
     9.298      1.89      1.90      1.91      1.91      1.92      1.93      1.94
     9.343      1.95      1.96      1.98      1.99      2.00      2.02      2.03
     9.387      2.04      2.05      2.06      2.06      2.07      2.08      2.09
     9.431      2.09      2.11      2.12      2.13      2.14      2.16      2.17
     9.475      2.18      2.19      2.20      2.21      2.22      2.23      2.25
     9.519      2.27      2.30      2.34      2.39      2.46      2.54      2.62
     9.564      2.70      2.78      2.85      2.92      2.98      3.04      3.08
     9.608      3.13      3.18      3.24      3.31      3.41      3.53      3.67
     9.652      3.82      3.98      4.14      4.29      4.44      4.57      4.69
     9.696      4.79      4.88      4.96      5.06      5.17      5.32      5.50
     9.741      5.72      5.97      6.24      6.52      6.79      7.06      7.31
     9.785      7.53      7.74      7.92      8.07      8.23      8.42      8.64
     9.829      8.93      9.31      9.76     10.27     10.83     11.39     11.95
     9.873     12.48     12.98     13.44     13.85     14.20     14.48     14.70
     9.917     14.85     14.92     14.92     14.83     14.65     14.41     14.13
     9.962     13.83     13.52     13.23     12.94     12.69     12.46     12.27
    10.006     12.10     11.92     11.71     11.45     11.12     10.69     10.18
    10.050      9.61      9.02      8.42      7.83      7.28      6.77      6.31
    10.094      5.91      5.57      5.30      5.06      4.86      4.68      4.52
    10.138      4.38      4.25      4.14      4.03      3.94      3.86      3.78
    10.183      3.72      3.66      3.62      3.58      3.54      3.51      3.48
    10.227      3.45      3.42      3.39      3.35      3.31      3.27      3.24
    10.271      3.20      3.17      3.14      3.11      3.09      3.07      3.06
    10.315      3.04      3.03      3.01      2.98      2.96      2.93      2.89
    10.359      2.86      2.83      2.80      2.77      2.74      2.72      2.70
    10.404      2.68      2.67      2.65      2.63      2.61      2.59      2.56
    10.448      2.53      2.50      2.46      2.43      2.40      2.37      2.35
    10.492      2.32      2.30      2.29      2.27      2.26      2.24      2.23
    10.536      2.21      2.19      2.17      2.15      2.12      2.10      2.08
    10.581      2.07      2.05      2.03      2.02      2.01      2.00      1.99
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    10.625      1.99      1.98      1.97      1.96      1.95      1.94      1.93
    10.669      1.92      1.91      1.91      1.90      1.89      1.89      1.88
    10.713      1.88      1.88      1.87      1.87      1.86      1.85      1.84
    10.757      1.84      1.83      1.82      1.81      1.81      1.80      1.79
    10.802      1.79      1.79      1.78      1.78      1.77      1.77      1.76
    10.846      1.75      1.75      1.74      1.73      1.72      1.72      1.71
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                                 Pre-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    10.890      1.70      1.70      1.69      1.69      1.69      1.68      1.68
    10.934      1.67      1.66      1.66      1.65      1.64      1.63      1.63
    10.978      1.62      1.61      1.61      1.60      1.60      1.59      1.59
    11.023      1.59      1.58      1.58      1.57      1.57      1.56      1.56
    11.067      1.55      1.54      1.54      1.54      1.53      1.53      1.53
    11.111      1.52      1.52      1.52      1.52      1.51      1.51      1.51
    11.155      1.50      1.50      1.50      1.49      1.49      1.49      1.49
    11.199      1.49      1.48      1.48      1.48      1.48      1.48      1.48
    11.244      1.47      1.47      1.47      1.46      1.46      1.46      1.46
    11.288      1.45      1.45      1.45      1.45      1.45      1.45      1.44
    11.332      1.44      1.44      1.44      1.43      1.43      1.43      1.43
    11.376      1.42      1.42      1.42      1.42      1.42      1.41      1.41
    11.421      1.41      1.41      1.41      1.41      1.40      1.40      1.40
    11.465      1.39      1.39      1.39      1.39      1.38      1.38      1.38
    11.509      1.38      1.38      1.38      1.37      1.37      1.37      1.37
    11.553      1.36      1.36      1.36      1.36      1.35      1.35      1.35
    11.597      1.35      1.35      1.34      1.34      1.34      1.34      1.34
    11.642      1.33      1.33      1.33      1.33      1.32      1.32      1.32
    11.686      1.32      1.31      1.31      1.31      1.31      1.31      1.31
    11.730      1.30      1.30      1.30      1.30      1.29      1.29      1.29
    11.774      1.29      1.28      1.28      1.28      1.28      1.28      1.27
    11.818      1.27      1.27      1.27      1.27      1.26      1.26      1.26
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TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    11.863      1.26      1.25      1.25      1.25      1.25      1.24      1.24
    11.907      1.24      1.24      1.24      1.24      1.23      1.23      1.23
    11.951      1.23      1.22      1.22      1.22      1.21      1.21      1.21
    11.995      1.21      1.21      1.21      1.20      1.20      1.20      1.20
    12.039      1.20      1.19      1.19      1.19      1.19      1.19      1.18
    12.084      1.18      1.18      1.18      1.18      1.18      1.17      1.17
    12.128      1.17      1.17      1.17      1.17      1.17      1.16      1.16
    12.172      1.16      1.16      1.16      1.16      1.15      1.15      1.15
    12.216      1.15      1.15      1.15      1.15      1.15      1.14      1.14
    12.261      1.14      1.14      1.14      1.14      1.13      1.13      1.13
    12.305      1.13      1.13      1.13      1.13      1.13      1.13      1.12
    12.349      1.12      1.12      1.12      1.12      1.12      1.11      1.11
    12.393      1.11      1.11      1.11      1.11      1.11      1.11      1.11
    12.437      1.10      1.10      1.10      1.10      1.10      1.09      1.09
    12.482      1.09      1.09      1.09      1.09      1.09      1.09      1.09
    12.526      1.08      1.08      1.08      1.08      1.08      1.08      1.07
    12.570      1.07      1.07      1.07      1.07      1.07      1.07      1.06
    12.614      1.06      1.06      1.06      1.06      1.06      1.06      1.06
    12.658      1.05      1.05      1.05      1.05      1.05      1.05      1.04
    12.703      1.04      1.04      1.04      1.04      1.04      1.04      1.04
    12.747      1.04      1.03      1.03      1.03      1.03      1.03      1.02
    12.791      1.02      1.02      1.02      1.02      1.02      1.02      1.02
    12.835      1.02      1.01      1.01      1.01      1.01      1.01      1.01
    12.879      1.00      1.00      1.00      1.00      1.00      1.00      1.00
    12.924      1.00      1.00      0.99      0.99      0.99      0.99      0.99
    12.968      0.99      0.98      0.98      0.98      0.98      0.98      0.98
    13.012      0.98      0.98      0.97      0.97      0.97      0.97      0.97
    13.056      0.97      0.96      0.96      0.96      0.96      0.96      0.96
    13.101      0.96      0.96      0.95      0.95      0.95      0.95      0.95
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                

    13.145      0.95      0.95      0.94      0.94      0.94      0.94      0.94
    13.189      0.94      0.93      0.93      0.93      0.93      0.93      0.93
    13.233      0.93      0.93      0.93      0.92      0.92      0.92      0.92
    13.277      0.92      0.92      0.91      0.91      0.91      0.91      0.91
    13.322      0.91      0.91      0.91      0.90      0.90      0.90      0.90
    13.366      0.90      0.90      0.89      0.89      0.89      0.89      0.89
    13.410      0.89      0.89      0.89      0.89      0.88      0.88      0.88
    13.454      0.88      0.88      0.88      0.87      0.87      0.87      0.87
    13.498      0.87      0.87      0.87      0.87      0.86      0.86      0.86
    13.543      0.86      0.86      0.86      0.85      0.85      0.85      0.85
    13.587      0.85      0.85      0.85      0.84      0.84      0.84      0.84
    13.631      0.84      0.84      0.84      0.84      0.83      0.83      0.83
    13.675      0.83      0.83      0.83      0.82      0.82      0.82      0.82
    13.719      0.82      0.82      0.82      0.82      0.82      0.81      0.81
    13.764      0.81      0.81      0.81      0.80      0.80      0.80      0.80
    13.808      0.80      0.80      0.80      0.80      0.80      0.79      0.79
    13.852      0.79      0.79      0.79      0.79      0.78      0.78      0.78
    13.896      0.78      0.78      0.78      0.78      0.78      0.77      0.77
    13.941      0.77      0.77      0.77      0.77      0.76      0.76      0.76
    13.985      0.76      0.76      0.76      0.76      0.76      0.75      0.75
    14.029      0.75      0.75      0.75      0.75      0.75      0.75      0.75
    14.073      0.74      0.74      0.74      0.74      0.74      0.74      0.74
    14.117      0.74      0.74      0.74      0.74      0.74      0.74      0.74
    14.162      0.74      0.74      0.74      0.74      0.74      0.73      0.73
    14.206      0.73      0.73      0.73      0.73      0.73      0.73      0.73
    14.250      0.73      0.73      0.73      0.73      0.73      0.73      0.73
    14.294      0.73      0.73      0.73      0.73      0.73      0.73      0.73
    14.338      0.73      0.73      0.73      0.73      0.73      0.73      0.73
    14.383      0.73      0.73      0.73      0.73      0.73      0.73      0.73
    14.427      0.73      0.72      0.72      0.72      0.72      0.72      0.72
    14.471      0.72      0.72      0.72      0.72      0.72      0.72      0.72
    14.515      0.72      0.72      0.72      0.72      0.72      0.72      0.72
    14.559      0.72      0.72      0.72      0.72      0.72      0.72      0.72
    14.604      0.72      0.72      0.72      0.72      0.72      0.72      0.72
    14.648      0.72      0.72      0.71      0.71      0.71      0.71      0.71
    14.692      0.71      0.71      0.71      0.71      0.71      0.71      0.71
    14.736      0.71      0.71      0.71      0.71      0.71      0.71      0.71
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    14.781      0.71      0.71      0.71      0.71      0.71      0.71      0.71
    14.825      0.71      0.71      0.71      0.71      0.71      0.71      0.71
    14.869      0.71      0.71      0.70      0.70      0.70      0.70      0.70
    14.913      0.70      0.70      0.70      0.70      0.70      0.70      0.70
    14.957      0.70      0.70      0.70      0.70      0.70      0.70      0.70
    15.002      0.70      0.70      0.70      0.70      0.70      0.70      0.70
    15.046      0.70      0.70      0.70      0.70      0.70      0.70      0.70
    15.090      0.70      0.70      0.70      0.70      0.69      0.69      0.69
    15.134      0.69      0.69      0.69      0.69      0.69      0.69      0.69
    15.178      0.69      0.69      0.69      0.69      0.69      0.69      0.69
    15.223      0.69      0.69      0.69      0.69      0.69      0.69      0.69
    15.267      0.69      0.69      0.69      0.69      0.69      0.69      0.69
    15.311      0.69      0.69      0.69      0.69      0.69      0.69      0.68
    15.355      0.68      0.68      0.68      0.68      0.68      0.68      0.68
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    15.399      0.68      0.68      0.68      0.68      0.68      0.68      0.68
    15.444      0.68      0.68      0.68      0.68      0.68      0.68      0.68
    15.488      0.68      0.68      0.68      0.68      0.68      0.68      0.68
    15.532      0.68      0.68      0.68      0.68      0.68      0.68      0.67
    15.576      0.67      0.67      0.67      0.67      0.67      0.67      0.67
    15.621      0.67      0.67      0.67      0.67      0.67      0.67      0.67
    15.665      0.67      0.67      0.67      0.67      0.67      0.67      0.67
    15.709      0.67      0.67      0.67      0.67      0.67      0.67      0.67
    15.753      0.67      0.67      0.67      0.67      0.67      0.67      0.67
    15.797      0.66      0.66      0.66      0.66      0.66      0.66      0.66
    15.842      0.66      0.66      0.66      0.66      0.66      0.66      0.66
    15.886      0.66      0.66      0.66      0.66      0.66      0.66      0.66
    15.930      0.66      0.66      0.66      0.66      0.66      0.66      0.66
    15.974      0.66      0.66      0.66      0.66      0.66      0.66      0.66
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    16.018      0.66      0.66      0.66      0.65      0.65      0.65      0.65
    16.063      0.65      0.65      0.65      0.65      0.65      0.65      0.65
    16.107      0.65      0.65      0.65      0.65      0.65      0.65      0.65
    16.151      0.65      0.65      0.65      0.65      0.65      0.65      0.65
    16.195      0.65      0.65      0.65      0.65      0.65      0.65      0.65
    16.239      0.65      0.65      0.65      0.64      0.64      0.64      0.64
    16.284      0.64      0.64      0.64      0.64      0.64      0.64      0.64
    16.328      0.64      0.64      0.64      0.64      0.64      0.64      0.64
    16.372      0.64      0.64      0.64      0.64      0.64      0.64      0.64
    16.416      0.64      0.64      0.64      0.64      0.64      0.64      0.64
    16.461      0.64      0.64      0.64      0.63      0.63      0.63      0.63
    16.505      0.63      0.63      0.63      0.63      0.63      0.63      0.63
    16.549      0.63      0.63      0.63      0.63      0.63      0.63      0.63
    16.593      0.63      0.63      0.63      0.63      0.63      0.63      0.63
    16.637      0.63      0.63      0.63      0.63      0.63      0.63      0.63
    16.682      0.63      0.63      0.63      0.63      0.62      0.62      0.62
    16.726      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    16.770      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    16.814      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    16.858      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    16.903      0.62      0.62      0.62      0.62      0.62      0.62      0.61
    16.947      0.61      0.61      0.61      0.61      0.61      0.61      0.61
    16.991      0.61      0.61      0.61      0.61      0.61      0.61      0.61
    17.035      0.61      0.61      0.61      0.61      0.61      0.61      0.61
    17.079      0.61      0.61      0.61      0.61      0.61      0.61      0.61
    17.124      0.61      0.61      0.61      0.61      0.61      0.61      0.60
    17.168      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    17.212      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    17.256      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    17.301      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    17.345      0.60      0.60      0.60      0.60      0.60      0.60      0.59
    17.389      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    17.433      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    17.477      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    17.522      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    17.566      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    17.610      0.59      0.58      0.58      0.58      0.58      0.58      0.58
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
WinTR-20 Version 1.10               Page   7                   02/06/2022 11:07 
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    17.654      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    17.698      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    17.743      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    17.787      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    17.831      0.58      0.58      0.57      0.57      0.57      0.57      0.57
    17.875      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    17.919      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    17.964      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    18.008      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    18.052      0.57      0.57      0.56      0.56      0.56      0.56      0.56
    18.096      0.56      0.56      0.56      0.56      0.56      0.56      0.56
    18.141      0.56      0.56      0.56      0.56      0.56      0.56      0.56
    18.185      0.56      0.56      0.56      0.56      0.56      0.56      0.56
    18.229      0.56      0.56      0.56      0.56      0.56      0.56      0.56
    18.273      0.56      0.55      0.55      0.55      0.55      0.55      0.55
    18.317      0.55      0.55      0.55      0.55      0.55      0.55      0.55
    18.362      0.55      0.55      0.55      0.55      0.55      0.55      0.55
    18.406      0.55      0.55      0.55      0.55      0.55      0.55      0.55
    18.450      0.55      0.55      0.55      0.55      0.55      0.55      0.55
    18.494      0.55      0.55      0.55      0.54      0.54      0.54      0.54
    18.538      0.54      0.54      0.54      0.54      0.54      0.54      0.54
    18.583      0.54      0.54      0.54      0.54      0.54      0.54      0.54
    18.627      0.54      0.54      0.54      0.54      0.54      0.54      0.54
    18.671      0.54      0.54      0.54      0.54      0.54      0.54      0.54
    18.715      0.54      0.54      0.54      0.54      0.53      0.53      0.53
    18.759      0.53      0.53      0.53      0.53      0.53      0.53      0.53
    18.804      0.53      0.53      0.53      0.53      0.53      0.53      0.53
    18.848      0.53      0.53      0.53      0.53      0.53      0.53      0.53
    18.892      0.53      0.53      0.53      0.53      0.53      0.53      0.53
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    18.936      0.53      0.53      0.53      0.53      0.52      0.52      0.52
    18.981      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    19.025      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    19.069      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    19.113      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    19.157      0.52      0.52      0.52      0.51      0.51      0.51      0.51
    19.202      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    19.246      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    19.290      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    19.334      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    19.378      0.51      0.51      0.51      0.51      0.50      0.50      0.50
    19.423      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    19.467      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    19.511      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    19.555      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    19.599      0.50      0.50      0.50      0.50      0.50      0.50      0.49
    19.644      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    19.688      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    19.732      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    19.776      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    19.821      0.49      0.49      0.49      0.49      0.49      0.49      0.48
    19.865      0.48      0.48      0.48      0.48      0.48      0.48      0.48
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    19.909      0.48      0.48      0.48      0.48      0.48      0.48      0.48
    19.953      0.48      0.48      0.48      0.48      0.48      0.48      0.48
    19.997      0.48      0.48      0.48      0.48      0.48      0.48      0.48
    20.042      0.48      0.48      0.48      0.48      0.48      0.47      0.47
    20.086      0.47      0.47      0.47      0.47      0.47      0.47      0.47
    20.130      0.47      0.47      0.47      0.47      0.47      0.47      0.47
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    20.174      0.47      0.47      0.47      0.47      0.47      0.47      0.47
    20.218      0.47      0.47      0.47      0.47      0.47      0.47      0.47
    20.263      0.47      0.47      0.47      0.47      0.47      0.46      0.46
    20.307      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    20.351      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    20.395      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    20.439      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    20.484      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    20.528      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    20.572      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    20.616      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    20.661      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    20.705      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    20.749      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    20.793      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    20.837      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    20.882      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    20.926      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    20.970      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    21.014      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    21.058      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    21.103      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    21.147      0.43      0.43      0.43      0.43      0.43      0.43      0.42
    21.191      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    21.235      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    21.279      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    21.324      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    21.368      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    21.412      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    21.456      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    21.501      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    21.545      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    21.589      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    21.633      0.41      0.40      0.40      0.40      0.40      0.40      0.40
    21.677      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    21.722      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    21.766      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    21.810      0.40      0.40      0.40      0.40      0.40      0.40      0.40
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    21.854      0.40      0.39      0.39      0.39      0.39      0.39      0.39
    21.898      0.39      0.39      0.39      0.39      0.39      0.39      0.39
    21.943      0.39      0.39      0.39      0.39      0.39      0.39      0.39
    21.987      0.39      0.39      0.39      0.39      0.39      0.39      0.39
    22.031      0.39      0.39      0.39      0.39      0.39      0.39      0.39
    22.075      0.38      0.38      0.38      0.38      0.38      0.38      0.38
    22.119      0.38      0.38      0.38      0.38      0.38      0.38      0.38
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    22.164      0.38      0.38      0.38      0.38      0.38      0.38      0.38
    22.208      0.38      0.38      0.38      0.38      0.38      0.38      0.38
    22.252      0.38      0.38      0.38      0.38      0.38      0.38      0.38
    22.296      0.37      0.37      0.37      0.37      0.37      0.37      0.37
    22.341      0.37      0.37      0.37      0.37      0.37      0.37      0.37
    22.385      0.37      0.37      0.37      0.37      0.37      0.37      0.37
    22.429      0.37      0.37      0.37      0.37      0.37      0.37      0.37
    22.473      0.37      0.37      0.37      0.37      0.37      0.37      0.37
    22.517      0.37      0.37      0.36      0.36      0.36      0.36      0.36
    22.562      0.36      0.36      0.36      0.36      0.36      0.36      0.36
    22.606      0.36      0.36      0.36      0.36      0.36      0.36      0.36
    22.650      0.36      0.36      0.36      0.36      0.36      0.36      0.36
    22.694      0.36      0.36      0.36      0.36      0.36      0.36      0.36
    22.738      0.36      0.36      0.35      0.35      0.35      0.35      0.35
    22.783      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    22.827      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    22.871      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    22.915      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    22.959      0.35      0.34      0.34      0.34      0.34      0.34      0.34
    23.004      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    23.048      0.34      0.34      0.34      0.34      0.34      0.34      0.34
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    23.092      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    23.136      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    23.181      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    23.225      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    23.269      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    23.313      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    23.357      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    23.402      0.33      0.32      0.32      0.32      0.32      0.32      0.32
    23.446      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    23.490      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    23.534      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    23.578      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    23.623      0.32      0.32      0.31      0.31      0.31      0.31      0.31
    23.667      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    23.711      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    23.755      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    23.799      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    23.844      0.31      0.31      0.30      0.30      0.30      0.30      0.30
    23.888      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    23.932      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    23.976      0.30      0.30      0.30      0.30      0.30      0.30      0.29
    24.021      0.29      0.28      0.27      0.25      0.23      0.21      0.19
    24.065      0.17      0.15      0.13      0.11      0.09      0.08      0.07
    24.109      0.06                                                            
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Area or    Drainage  Rain Gage     Runoff   ------------ Peak Flow ------------
 Reach       Area      ID or       Amount   Elevation   Time      Rate      Rate
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
Identifier  (sq mi)   Location      (in)      (ft)      (hr)     (cfs)     (csm)

Upper Lvl     0.006                1.709                9.92      4.78    855.15

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     3.437      0.05      0.05      0.05      0.05      0.05      0.05      0.05
     3.482      0.05      0.05      0.05      0.05      0.05      0.05      0.05
     3.526      0.05      0.05      0.05      0.05      0.05      0.05      0.05
     3.570      0.05      0.05      0.05      0.06      0.06      0.06      0.06
     3.614      0.06      0.06      0.06      0.06      0.06      0.06      0.06
     3.658      0.06      0.06      0.06      0.06      0.06      0.06      0.06
     3.703      0.06      0.06      0.06      0.06      0.06      0.06      0.06
     3.747      0.06      0.06      0.06      0.06      0.06      0.06      0.06
     3.791      0.06      0.06      0.06      0.06      0.06      0.06      0.06
     3.835      0.06      0.06      0.06      0.06      0.06      0.06      0.06
     3.879      0.06      0.06      0.07      0.07      0.07      0.07      0.07
     3.924      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     3.968      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     4.012      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     4.056      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     4.101      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     4.145      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     4.189      0.07      0.07      0.07      0.07      0.07      0.07      0.08
     4.233      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     4.277      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     4.322      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     4.366      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     4.410      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     4.454      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     4.498      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     4.543      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     4.587      0.08      0.08      0.08      0.09      0.09      0.09      0.09
     4.631      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     4.675      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     4.719      0.09      0.09      0.09      0.09      0.09      0.09      0.09
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
     4.764      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     4.808      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     4.852      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     4.896      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     4.941      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     4.985      0.09      0.09      0.09      0.09      0.09      0.09      0.10
     5.029      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     5.073      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     5.117      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     5.162      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     5.206      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     5.250      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     5.294      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     5.338      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     5.383      0.10      0.10      0.10      0.10      0.10      0.10      0.10
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     5.427      0.10      0.10      0.10      0.10      0.10      0.11      0.11
     5.471      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     5.515      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     5.559      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     5.604      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     5.648      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     5.692      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     5.736      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     5.781      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     5.825      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     5.869      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     5.913      0.11      0.11      0.12      0.12      0.12      0.12      0.12
     5.957      0.12      0.12      0.12      0.12      0.12      0.12      0.12
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
     6.002      0.12      0.12      0.12      0.12      0.12      0.12      0.12
     6.046      0.12      0.12      0.12      0.12      0.12      0.12      0.12
     6.090      0.12      0.12      0.12      0.12      0.12      0.12      0.12
     6.134      0.12      0.12      0.12      0.12      0.12      0.12      0.12
     6.178      0.12      0.13      0.13      0.13      0.13      0.13      0.13
     6.223      0.13      0.13      0.13      0.13      0.13      0.13      0.13
     6.267      0.13      0.13      0.13      0.13      0.13      0.13      0.13
     6.311      0.13      0.13      0.13      0.13      0.13      0.14      0.14
     6.355      0.14      0.14      0.14      0.14      0.14      0.14      0.14
     6.399      0.14      0.14      0.14      0.14      0.14      0.14      0.14
     6.444      0.14      0.14      0.14      0.14      0.14      0.14      0.15
     6.488      0.15      0.15      0.15      0.15      0.15      0.15      0.15
     6.532      0.15      0.15      0.15      0.15      0.15      0.15      0.15
     6.576      0.15      0.15      0.15      0.15      0.15      0.15      0.15
     6.621      0.15      0.16      0.16      0.16      0.16      0.16      0.16
     6.665      0.16      0.16      0.16      0.16      0.16      0.16      0.16
     6.709      0.16      0.16      0.16      0.16      0.16      0.16      0.16
     6.753      0.16      0.17      0.17      0.17      0.17      0.17      0.17
     6.797      0.17      0.17      0.17      0.17      0.17      0.17      0.17
     6.842      0.17      0.17      0.17      0.17      0.17      0.17      0.17
     6.886      0.17      0.17      0.18      0.18      0.18      0.18      0.18
     6.930      0.18      0.18      0.18      0.18      0.18      0.18      0.18
     6.974      0.18      0.18      0.18      0.18      0.18      0.18      0.18
     7.018      0.18      0.18      0.19      0.19      0.19      0.19      0.19
     7.063      0.19      0.19      0.19      0.19      0.19      0.19      0.19
     7.107      0.19      0.19      0.19      0.19      0.19      0.19      0.19
     7.151      0.19      0.19      0.19      0.19      0.19      0.19      0.19
     7.195      0.19      0.19      0.19      0.19      0.19      0.19      0.19
     7.239      0.19      0.20      0.20      0.20      0.20      0.20      0.20
     7.284      0.20      0.20      0.20      0.20      0.20      0.20      0.20
     7.328      0.20      0.20      0.20      0.20      0.20      0.20      0.20
     7.372      0.20      0.20      0.20      0.20      0.20      0.20      0.20
     7.416      0.20      0.20      0.20      0.20      0.20      0.20      0.20
     7.461      0.20      0.20      0.20      0.20      0.20      0.20      0.20
     7.505      0.20      0.21      0.21      0.21      0.21      0.21      0.21
     7.549      0.21      0.21      0.21      0.21      0.21      0.21      0.21
     7.593      0.21      0.21      0.21      0.21      0.21      0.21      0.21
     7.637      0.21      0.21      0.21      0.21      0.21      0.21      0.21
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     7.682      0.21      0.21      0.21      0.21      0.21      0.21      0.21
     7.726      0.21      0.21      0.21      0.21      0.21      0.21      0.21
     7.770      0.21      0.21      0.21      0.22      0.22      0.22      0.22
     7.814      0.22      0.22      0.22      0.22      0.22      0.22      0.22
     7.858      0.22      0.22      0.22      0.22      0.22      0.22      0.22
     7.903      0.22      0.22      0.22      0.22      0.22      0.22      0.22
     7.947      0.22      0.22      0.22      0.22      0.22      0.22      0.22
     7.991      0.22      0.22      0.22      0.22      0.22      0.22      0.22
     8.035      0.23      0.23      0.23      0.23      0.23      0.23      0.23
     8.079      0.23      0.23      0.23      0.23      0.24      0.24      0.24
     8.124      0.24      0.24      0.24      0.24      0.24      0.25      0.25
     8.168      0.25      0.25      0.25      0.25      0.26      0.26      0.26
     8.212      0.26      0.26      0.26      0.26      0.27      0.27      0.27
     8.256      0.27      0.27      0.28      0.28      0.28      0.28      0.28
     8.301      0.28      0.28      0.29      0.29      0.29      0.29      0.29
     8.345      0.29      0.30      0.30      0.30      0.30      0.30      0.31
     8.389      0.31      0.31      0.31      0.31      0.31      0.31      0.32
     8.433      0.32      0.32      0.32      0.32      0.33      0.33      0.33
     8.477      0.33      0.33      0.34      0.34      0.34      0.34      0.34
     8.522      0.34      0.34      0.34      0.35      0.35      0.35      0.35
     8.566      0.36      0.36      0.36      0.36      0.36      0.36      0.37
     8.610      0.37      0.37      0.37      0.37      0.37      0.37      0.38
     8.654      0.38      0.38      0.38      0.38      0.39      0.39      0.39
     8.698      0.39      0.39      0.39      0.39      0.40      0.40      0.40
     8.743      0.40      0.40      0.41      0.41      0.41      0.41      0.41
     8.787      0.41      0.42      0.42      0.42      0.42      0.42      0.42
     8.831      0.42      0.43      0.43      0.43      0.43      0.43      0.44
     8.875      0.44      0.44      0.44      0.44      0.44      0.45      0.45
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
     8.919      0.45      0.45      0.45      0.45      0.46      0.46      0.46
     8.964      0.46      0.46      0.47      0.47      0.47      0.47      0.47
     9.008      0.47      0.48      0.48      0.48      0.48      0.48      0.49
     9.052      0.49      0.49      0.49      0.50      0.50      0.50      0.51
     9.096      0.51      0.51      0.51      0.51      0.51      0.52      0.52
     9.141      0.52      0.53      0.53      0.53      0.54      0.54      0.55
     9.185      0.55      0.55      0.55      0.56      0.56      0.56      0.56
     9.229      0.57      0.57      0.57      0.58      0.58      0.59      0.59
     9.273      0.59      0.60      0.60      0.60      0.61      0.61      0.61
     9.317      0.61      0.62      0.62      0.62      0.63      0.63      0.63
     9.362      0.64      0.64      0.65      0.65      0.65      0.66      0.66
     9.406      0.66      0.66      0.67      0.67      0.67      0.67      0.68
     9.450      0.68      0.69      0.69      0.70      0.70      0.70      0.71
     9.494      0.71      0.71      0.71      0.72      0.73      0.74      0.75
     9.538      0.77      0.79      0.81      0.84      0.86      0.89      0.91
     9.583      0.94      0.96      0.97      0.99      1.00      1.02      1.04
     9.627      1.06      1.09      1.13      1.18      1.22      1.28      1.33
     9.671      1.38      1.42      1.46      1.50      1.53      1.56      1.59
     9.715      1.62      1.66      1.70      1.76      1.83      1.91      2.00
     9.759      2.09      2.18      2.26      2.34      2.41      2.48      2.54
     9.804      2.59      2.64      2.70      2.77      2.86      2.98      3.13
     9.848      3.29      3.47      3.65      3.83      4.00      4.16      4.31
     9.892      4.44      4.55      4.64      4.71      4.76      4.78      4.78
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     9.936      4.75      4.69      4.62      4.53      4.43      4.33      4.24
     9.981      4.15      4.06      3.99      3.93      3.88      3.82      3.75
    10.025      3.67      3.56      3.42      3.26      3.08      2.89      2.70
    10.069      2.51      2.33      2.17      2.02      1.89      1.79      1.70
    10.113      1.62      1.56      1.50      1.45      1.40      1.36      1.32
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WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    10.157      1.29      1.26      1.24      1.21      1.19      1.17      1.16
    10.202      1.15      1.13      1.12      1.12      1.11      1.10      1.08
    10.246      1.07      1.06      1.05      1.04      1.03      1.02      1.01
    10.290      1.00      0.99      0.98      0.98      0.97      0.97      0.96
    10.334      0.96      0.95      0.94      0.93      0.92      0.91      0.90
    10.378      0.89      0.88      0.87      0.86      0.86      0.85      0.85
    10.423      0.84      0.84      0.83      0.82      0.81      0.80      0.79
    10.467      0.78      0.77      0.76      0.75      0.74      0.74      0.73
    10.511      0.73      0.72      0.72      0.71      0.71      0.70      0.69
    10.555      0.69      0.68      0.67      0.67      0.66      0.66      0.65
    10.599      0.65      0.64      0.64      0.64      0.64      0.63      0.63
    10.644      0.63      0.62      0.62      0.62      0.62      0.61      0.61
    10.688      0.61      0.61      0.60      0.60      0.60      0.60      0.60
    10.732      0.60      0.60      0.59      0.59      0.59      0.59      0.58
    10.776      0.58      0.58      0.58      0.57      0.57      0.57      0.57
    10.821      0.57      0.57      0.57      0.56      0.56      0.56      0.56
    10.865      0.55      0.55      0.55      0.55      0.55      0.54      0.54
    10.909      0.54      0.54      0.54      0.54      0.54      0.53      0.53
    10.953      0.53      0.53      0.52      0.52      0.52      0.52      0.51
    10.997      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    11.042      0.50      0.50      0.50      0.50      0.50      0.49      0.49
    11.086      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    11.130      0.49      0.48      0.48      0.48      0.48      0.48      0.48
    11.174      0.48      0.48      0.48      0.48      0.48      0.48      0.47
    11.218      0.47      0.47      0.47      0.47      0.47      0.47      0.47
    11.263      0.47      0.47      0.47      0.47      0.47      0.47      0.46
    11.307      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    11.351      0.46      0.46      0.46      0.46      0.46      0.46      0.45
    11.395      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    11.439      0.45      0.45      0.45      0.45      0.45      0.45      0.44
    11.484      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    11.528      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    11.572      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    11.616      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    11.661      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    11.705      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    11.749      0.42      0.41      0.41      0.41      0.41      0.41      0.41
    11.793      0.41      0.41      0.41      0.41      0.41      0.41      0.41
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    11.837      0.41      0.40      0.40      0.40      0.40      0.40      0.40
    11.882      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    11.926      0.40      0.40      0.39      0.39      0.39      0.39      0.39
    11.970      0.39      0.39      0.39      0.39      0.39      0.39      0.39
    12.014      0.39      0.39      0.38      0.38      0.38      0.38      0.38
    12.058      0.38      0.38      0.38      0.38      0.38      0.38      0.38
    12.103      0.38      0.38      0.38      0.38      0.38      0.37      0.37
    12.147      0.37      0.37      0.37      0.37      0.37      0.37      0.37
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    12.191      0.37      0.37      0.37      0.37      0.37      0.37      0.37
    12.235      0.37      0.37      0.37      0.37      0.37      0.36      0.36
    12.279      0.36      0.36      0.36      0.36      0.36      0.36      0.36
    12.324      0.36      0.36      0.36      0.36      0.36      0.36      0.36
    12.368      0.36      0.36      0.36      0.36      0.36      0.36      0.36
    12.412      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    12.456      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    12.501      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    12.545      0.35      0.35      0.34      0.34      0.34      0.34      0.34
    12.589      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    12.633      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    12.677      0.34      0.34      0.34      0.33      0.33      0.33      0.33
    12.722      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    12.766      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    12.810      0.33      0.33      0.33      0.33      0.33      0.33      0.32
    12.854      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    12.898      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    12.943      0.32      0.32      0.32      0.32      0.32      0.32      0.31
    12.987      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    13.031      0.31      0.31      0.31      0.31      0.31      0.31      0.31

WinTR-55, Version 1.00.10 Page  21 2/6/2022 11:09:32 AM 

M-133



WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    13.075      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    13.119      0.31      0.31      0.30      0.30      0.30      0.30      0.30
    13.164      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    13.208      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    13.252      0.30      0.30      0.29      0.29      0.29      0.29      0.29
    13.296      0.29      0.29      0.29      0.29      0.29      0.29      0.29
    13.341      0.29      0.29      0.29      0.29      0.29      0.29      0.29
    13.385      0.29      0.29      0.29      0.28      0.28      0.28      0.28
    13.429      0.28      0.28      0.28      0.28      0.28      0.28      0.28
    13.473      0.28      0.28      0.28      0.28      0.28      0.28      0.28
    13.517      0.28      0.28      0.28      0.28      0.28      0.27      0.27
    13.562      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    13.606      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    13.650      0.27      0.27      0.27      0.27      0.27      0.26      0.26
    13.694      0.26      0.26      0.26      0.26      0.26      0.26      0.26
    13.738      0.26      0.26      0.26      0.26      0.26      0.26      0.26
    13.783      0.26      0.26      0.26      0.26      0.26      0.26      0.26
    13.827      0.26      0.25      0.25      0.25      0.25      0.25      0.25
    13.871      0.25      0.25      0.25      0.25      0.25      0.25      0.25
    13.915      0.25      0.25      0.25      0.25      0.25      0.25      0.25
    13.959      0.25      0.24      0.24      0.24      0.24      0.24      0.24
    14.004      0.24      0.24      0.24      0.24      0.24      0.24      0.24
    14.048      0.24      0.24      0.24      0.24      0.24      0.24      0.24
    14.092      0.24      0.24      0.24      0.24      0.24      0.24      0.24
    14.136      0.24      0.24      0.24      0.24      0.24      0.24      0.24
    14.181      0.24      0.24      0.24      0.24      0.24      0.24      0.24
    14.225      0.24      0.24      0.23      0.23      0.23      0.23      0.23
    14.269      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.313      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.357      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.402      0.23      0.23      0.23      0.23      0.23      0.23      0.23
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   Line    
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    14.446      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.490      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.534      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.578      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.623      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.667      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.711      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.755      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.799      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.844      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.888      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    14.932      0.23      0.23      0.23      0.22      0.22      0.22      0.22
    14.976      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.021      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.065      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.109      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.153      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.197      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.242      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.286      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.330      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.374      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.418      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.463      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.507      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.551      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.595      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    15.639      0.22      0.22      0.22      0.21      0.21      0.21      0.21
    15.684      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    15.728      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    15.772      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    15.816      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    15.861      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    15.905      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    15.949      0.21      0.21      0.21      0.21      0.21      0.21      0.21
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    15.993      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    16.037      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    16.082      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    16.126      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    16.170      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    16.214      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    16.258      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    16.303      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    16.347      0.21      0.21      0.21      0.20      0.20      0.20      0.20
    16.391      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    16.435      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    16.479      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    16.524      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    16.568      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    16.612      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    16.656      0.20      0.20      0.20      0.20      0.20      0.20      0.20
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    16.701      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    16.745      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    16.789      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    16.833      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    16.877      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    16.922      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    16.966      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    17.010      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    17.054      0.20      0.20      0.20      0.19      0.19      0.19      0.19
    17.098      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.143      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.187      0.19      0.19      0.19      0.19      0.19      0.19      0.19

WinTR-55, Version 1.00.10 Page  24 2/6/2022 11:09:32 AM 

M-136
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TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    17.231      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.275      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.319      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.364      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.408      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.452      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.496      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.541      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.585      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.629      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.673      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.717      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    17.762      0.19      0.19      0.18      0.18      0.18      0.18      0.18
    17.806      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    17.850      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    17.894      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    17.938      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    17.983      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    18.027      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    18.071      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    18.115      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    18.159      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    18.204      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    18.248      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    18.292      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    18.336      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    18.381      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    18.425      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    18.469      0.18      0.17      0.17      0.17      0.17      0.17      0.17
    18.513      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    18.557      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    18.602      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    18.646      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    18.690      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    18.734      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    18.778      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    18.823      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    18.867      0.17      0.17      0.17      0.17      0.17      0.17      0.17
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    18.911      0.17      0.17      0.17      0.17      0.17      0.17      0.17
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                                    Brea Mall                                   
                                 Pre-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    18.955      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    18.999      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    19.044      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    19.088      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    19.132      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    19.176      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.221      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.265      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.309      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.353      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.397      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.442      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.486      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.530      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.574      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.618      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.663      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.707      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.751      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.795      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    19.839      0.16      0.16      0.16      0.16      0.16      0.16      0.15
    19.884      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    19.928      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    19.972      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    20.016      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    20.061      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    20.105      0.15      0.15      0.15      0.15      0.15      0.15      0.15
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    20.149      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    20.193      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    20.237      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    20.282      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    20.326      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    20.370      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    20.414      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    20.458      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    20.503      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    20.547      0.15      0.15      0.15      0.15      0.14      0.14      0.14
    20.591      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    20.635      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    20.679      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    20.724      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    20.768      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    20.812      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    20.856      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    20.901      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    20.945      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    20.989      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    21.033      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    21.077      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    21.122      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    21.166      0.14      0.14      0.14      0.14      0.14      0.14      0.14
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                                    Brea Mall                                   
                                 Pre-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    21.210      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    21.254      0.14      0.14      0.13      0.13      0.13      0.13      0.13
    21.298      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.343      0.13      0.13      0.13      0.13      0.13      0.13      0.13
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    21.387      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.431      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.475      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.519      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.564      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.608      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.652      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.696      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.741      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.785      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.829      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.873      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.917      0.13      0.13      0.13      0.13      0.13      0.13      0.13
    21.962      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.006      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.050      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.094      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.138      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.183      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.227      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.271      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.315      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.359      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.404      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.448      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.492      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.536      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.581      0.12      0.12      0.12      0.12      0.12      0.12      0.12
    22.625      0.12      0.12      0.12      0.12      0.12      0.11      0.11
    22.669      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    22.713      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    22.757      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    22.802      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    22.846      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    22.890      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    22.934      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    22.978      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    23.023      0.11      0.11      0.11      0.11      0.11      0.11      0.11
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    23.067      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    23.111      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    23.155      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    23.199      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    23.244      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    23.288      0.11      0.11      0.11      0.11      0.11      0.11      0.11
    23.332      0.11      0.11      0.11      0.10      0.10      0.10      0.10
    23.376      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.421      0.10      0.10      0.10      0.10      0.10      0.10      0.10
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                                    Brea Mall                                   
                                 Pre-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    23.465      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.509      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.553      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.597      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.642      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.686      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.730      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.774      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.818      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.863      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.907      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.951      0.10      0.10      0.10      0.10      0.10      0.10      0.10
    23.995      0.10      0.10      0.10      0.09      0.09      0.09      0.09
    24.039      0.08      0.08      0.07      0.06      0.05                    

Area or    Drainage  Rain Gage     Runoff   ------------ Peak Flow ------------
 Reach       Area      ID or       Amount   Elevation   Time      Rate      Rate
Identifier  (sq mi)   Location      (in)      (ft)      (hr)     (cfs)     (csm)
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
OUTLET        0.023                1.717                9.92     19.70    855.15

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     2.357      0.05      0.05      0.05      0.05      0.05      0.05      0.05
     2.402      0.05      0.06      0.06      0.06      0.06      0.06      0.06
     2.446      0.06      0.06      0.06      0.06      0.06      0.06      0.06
     2.490      0.06      0.06      0.06      0.06      0.07      0.07      0.07
     2.534      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     2.578      0.07      0.07      0.07      0.07      0.07      0.07      0.08
     2.623      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     2.667      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     2.711      0.08      0.08      0.09      0.09      0.09      0.09      0.09
     2.755      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     2.799      0.09      0.09      0.09      0.09      0.10      0.10      0.10
     2.844      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     2.888      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     2.932      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     2.976      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     3.021      0.11      0.12      0.12      0.12      0.12      0.12      0.12
     3.065      0.12      0.12      0.12      0.12      0.12      0.12      0.12
     3.109      0.12      0.12      0.12      0.13      0.13      0.13      0.13
     3.153      0.13      0.13      0.13      0.13      0.13      0.13      0.13
     3.197      0.13      0.13      0.13      0.13      0.14      0.14      0.14
     3.242      0.14      0.14      0.14      0.14      0.14      0.14      0.14
     3.286      0.14      0.14      0.14      0.14      0.14      0.14      0.14
     3.330      0.15      0.15      0.15      0.15      0.15      0.15      0.15
     3.374      0.15      0.15      0.15      0.15      0.15      0.15      0.15
     3.418      0.15      0.16      0.16      0.21      0.21      0.21      0.21
     3.463      0.21      0.21      0.21      0.21      0.21      0.21      0.22
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     3.507      0.22      0.22      0.22      0.22      0.22      0.22      0.22
     3.551      0.22      0.22      0.22      0.22      0.23      0.23      0.23
     3.595      0.23      0.23      0.23      0.23      0.23      0.23      0.23
     3.639      0.23      0.23      0.24      0.24      0.24      0.24      0.24
     3.684      0.24      0.24      0.24      0.24      0.24      0.24      0.25
     3.728      0.25      0.25      0.25      0.25      0.25      0.25      0.25
     3.772      0.25      0.25      0.25      0.25      0.26      0.26      0.26
     3.816      0.26      0.26      0.26      0.26      0.26      0.26      0.26
     3.861      0.26      0.26      0.27      0.27      0.27      0.27      0.27
     3.905      0.27      0.27      0.27      0.27      0.27      0.27      0.27
     3.949      0.28      0.28      0.28      0.28      0.28      0.28      0.28
     3.993      0.28      0.28      0.28      0.28      0.29      0.29      0.29
     4.037      0.29      0.29      0.29      0.29      0.29      0.29      0.29
     4.082      0.29      0.29      0.30      0.30      0.30      0.30      0.30
     4.126      0.30      0.30      0.30      0.30      0.30      0.30      0.30
     4.170      0.30      0.30      0.31      0.31      0.31      0.31      0.31
     4.214      0.31      0.31      0.31      0.31      0.31      0.31      0.31
     4.258      0.31      0.31      0.31      0.32      0.32      0.32      0.32
     4.303      0.32      0.32      0.32      0.32      0.32      0.32      0.32
     4.347      0.32      0.32      0.32      0.33      0.33      0.33      0.33
     4.391      0.33      0.33      0.33      0.33      0.33      0.33      0.33
     4.435      0.33      0.33      0.33      0.34      0.34      0.34      0.34
     4.479      0.34      0.34      0.34      0.34      0.34      0.34      0.34
     4.524      0.34      0.34      0.34      0.34      0.34      0.35      0.35
     4.568      0.35      0.35      0.35      0.35      0.35      0.35      0.35
     4.612      0.35      0.35      0.35      0.35      0.35      0.35      0.36
     4.656      0.36      0.36      0.36      0.36      0.36      0.36      0.36
     4.701      0.36      0.36      0.36      0.36      0.36      0.36      0.36
     4.745      0.36      0.37      0.37      0.37      0.37      0.37      0.37
     4.789      0.37      0.37      0.37      0.37      0.37      0.37      0.37
     4.833      0.37      0.37      0.37      0.38      0.38      0.38      0.38
     4.877      0.38      0.38      0.38      0.38      0.38      0.38      0.38
     4.922      0.38      0.38      0.38      0.38      0.39      0.39      0.39
     4.966      0.39      0.39      0.39      0.39      0.39      0.39      0.39
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
     5.010      0.39      0.39      0.39      0.39      0.39      0.39      0.39
     5.054      0.40      0.40      0.40      0.40      0.40      0.40      0.40
     5.098      0.40      0.40      0.40      0.40      0.40      0.40      0.40
     5.143      0.40      0.40      0.40      0.41      0.41      0.41      0.41
     5.187      0.41      0.41      0.41      0.41      0.41      0.41      0.41
     5.231      0.41      0.41      0.41      0.41      0.41      0.41      0.42
     5.275      0.42      0.42      0.42      0.42      0.42      0.42      0.42
     5.319      0.42      0.42      0.42      0.42      0.42      0.42      0.42
     5.364      0.42      0.43      0.43      0.43      0.43      0.43      0.43
     5.408      0.43      0.43      0.43      0.43      0.43      0.43      0.43
     5.452      0.43      0.43      0.43      0.43      0.43      0.44      0.44
     5.496      0.44      0.44      0.44      0.44      0.44      0.44      0.44
     5.541      0.44      0.44      0.44      0.44      0.44      0.44      0.44
     5.585      0.44      0.44      0.45      0.45      0.45      0.45      0.45
     5.629      0.45      0.45      0.45      0.45      0.45      0.45      0.45
     5.673      0.45      0.45      0.45      0.45      0.45      0.45      0.45
     5.717      0.46      0.46      0.46      0.46      0.46      0.46      0.46
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                                    Brea Mall                                   
                                 Pre-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     5.762      0.46      0.46      0.46      0.46      0.46      0.46      0.46
     5.806      0.46      0.46      0.46      0.46      0.46      0.47      0.47
     5.850      0.47      0.47      0.47      0.47      0.47      0.47      0.47
     5.894      0.47      0.47      0.47      0.47      0.47      0.47      0.47
     5.938      0.48      0.48      0.48      0.48      0.48      0.48      0.48
     5.983      0.48      0.48      0.48      0.48      0.48      0.48      0.48
     6.027      0.48      0.48      0.48      0.48      0.49      0.49      0.49
     6.071      0.49      0.49      0.49      0.49      0.49      0.49      0.50
     6.115      0.50      0.50      0.50      0.50      0.50      0.50      0.51
     6.159      0.51      0.51      0.51      0.52      0.52      0.52      0.52
     6.204      0.52      0.52      0.52      0.53      0.53      0.53      0.53
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
     6.248      0.53      0.53      0.54      0.54      0.54      0.54      0.54
     6.292      0.55      0.55      0.55      0.55      0.55      0.55      0.55
     6.336      0.56      0.56      0.56      0.56      0.56      0.57      0.57
     6.381      0.57      0.57      0.57      0.57      0.58      0.58      0.58
     6.425      0.58      0.58      0.58      0.59      0.59      0.59      0.59
     6.469      0.59      0.60      0.60      0.60      0.60      0.60      0.61
     6.513      0.61      0.61      0.61      0.61      0.61      0.62      0.62
     6.557      0.62      0.62      0.62      0.63      0.63      0.63      0.63
     6.602      0.63      0.63      0.64      0.64      0.64      0.64      0.64
     6.646      0.65      0.65      0.65      0.65      0.66      0.66      0.66
     6.690      0.66      0.66      0.67      0.67      0.67      0.67      0.67
     6.734      0.67      0.67      0.68      0.68      0.68      0.68      0.69
     6.778      0.69      0.69      0.69      0.69      0.69      0.70      0.70
     6.823      0.70      0.70      0.70      0.70      0.71      0.71      0.71
     6.867      0.71      0.72      0.72      0.72      0.72      0.72      0.72
     6.911      0.73      0.73      0.73      0.73      0.73      0.73      0.74
     6.955      0.74      0.74      0.75      0.75      0.75      0.75      0.75
     6.999      0.76      0.76      0.76      0.76      0.76      0.76      0.76
     7.044      0.77      0.77      0.77      0.77      0.77      0.78      0.78
     7.088      0.78      0.78      0.78      0.78      0.78      0.79      0.79
     7.132      0.79      0.79      0.79      0.79      0.79      0.79      0.79
     7.176      0.79      0.80      0.80      0.80      0.80      0.80      0.80
     7.221      0.80      0.80      0.80      0.80      0.80      0.81      0.81
     7.265      0.81      0.81      0.81      0.81      0.81      0.81      0.81
     7.309      0.81      0.82      0.82      0.82      0.82      0.82      0.82
     7.353      0.82      0.82      0.82      0.83      0.83      0.83      0.83
     7.397      0.83      0.83      0.83      0.83      0.83      0.83      0.84
     7.442      0.84      0.84      0.84      0.84      0.84      0.84      0.84
     7.486      0.84      0.84      0.84      0.84      0.85      0.85      0.85
     7.530      0.85      0.85      0.85      0.85      0.85      0.85      0.85
     7.574      0.86      0.86      0.86      0.86      0.86      0.86      0.86
     7.618      0.86      0.86      0.86      0.86      0.87      0.87      0.87
     7.663      0.87      0.87      0.87      0.87      0.87      0.87      0.87
     7.707      0.87      0.87      0.88      0.88      0.88      0.88      0.88
     7.751      0.88      0.88      0.88      0.88      0.89      0.89      0.89
     7.795      0.89      0.89      0.89      0.89      0.89      0.89      0.89
     7.839      0.89      0.90      0.90      0.90      0.90      0.90      0.90
     7.884      0.90      0.90      0.90      0.91      0.91      0.91      0.91
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
     7.928      0.91      0.91      0.91      0.91      0.91      0.91      0.91
     7.972      0.91      0.92      0.92      0.92      0.92      0.92      0.92
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                                    Brea Mall                                   
                                 Pre-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     8.016      0.92      0.92      0.92      0.93      0.93      0.94      0.94
     8.061      0.94      0.95      0.95      0.96      0.96      0.96      0.97
     8.105      0.97      0.97      0.98      0.98      0.98      0.99      1.00
     8.149      1.00      1.01      1.02      1.03      1.04      1.04      1.05
     8.193      1.06      1.06      1.07      1.07      1.07      1.08      1.09
     8.237      1.09      1.10      1.11      1.12      1.13      1.14      1.14
     8.282      1.15      1.16      1.16      1.17      1.17      1.18      1.18
     8.326      1.19      1.20      1.20      1.21      1.22      1.23      1.24
     8.370      1.25      1.26      1.26      1.27      1.28      1.28      1.29
     8.414      1.29      1.30      1.30      1.31      1.32      1.32      1.33
     8.458      1.34      1.35      1.36      1.37      1.38      1.38      1.39
     8.503      1.39      1.40      1.40      1.41      1.41      1.42      1.43
     8.547      1.44      1.45      1.46      1.46      1.47      1.48      1.49
     8.591      1.49      1.50      1.51      1.51      1.52      1.52      1.53
     8.635      1.53      1.54      1.55      1.56      1.57      1.58      1.58
     8.679      1.59      1.60      1.61      1.61      1.62      1.62      1.63
     8.724      1.63      1.64      1.64      1.65      1.66      1.67      1.68
     8.768      1.69      1.70      1.70      1.71      1.72      1.72      1.73
     8.812      1.73      1.74      1.74      1.75      1.76      1.76      1.77
     8.856      1.78      1.79      1.80      1.81      1.81      1.82      1.83
     8.901      1.83      1.84      1.84      1.85      1.85      1.86      1.87
     8.945      1.88      1.89      1.89      1.90      1.91      1.92      1.93
     8.989      1.94      1.94      1.95      1.95      1.96      1.96      1.97
     9.033      1.98      1.99      2.00      2.01      2.03      2.04      2.05
     9.077      2.06      2.07      2.08      2.09      2.10      2.11      2.11
     9.122      2.12      2.13      2.14      2.16      2.17      2.19      2.20
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
     9.166      2.22      2.24      2.25      2.26      2.28      2.29      2.30
     9.210      2.30      2.31      2.32      2.33      2.35      2.36      2.38
     9.254      2.40      2.41      2.43      2.45      2.46      2.48      2.49
     9.298      2.50      2.51      2.52      2.53      2.54      2.55      2.56
     9.343      2.58      2.59      2.61      2.63      2.65      2.66      2.68
     9.387      2.69      2.70      2.72      2.72      2.73      2.74      2.75
     9.431      2.77      2.78      2.80      2.81      2.83      2.85      2.87
     9.475      2.88      2.90      2.91      2.92      2.93      2.95      2.96
     9.519      2.99      3.03      3.09      3.16      3.25      3.35      3.46
     9.564      3.56      3.67      3.77      3.86      3.94      4.01      4.07
     9.608      4.13      4.20      4.28      4.38      4.50      4.66      4.85
     9.652      5.05      5.26      5.47      5.67      5.86      6.03      6.19
     9.696      6.32      6.44      6.55      6.68      6.83      7.02      7.26
     9.741      7.55      7.88      8.24      8.60      8.97      9.32      9.65
     9.785      9.95     10.22     10.45     10.66     10.87     11.11     11.41
     9.829     11.80     12.29     12.89     13.57     14.29     15.04     15.78
     9.873     16.48     17.14     17.75     18.29     18.75     19.12     19.40
     9.917     19.60     19.70     19.70     19.57     19.34     19.03     18.66
     9.962     18.26     17.86     17.46     17.09     16.75     16.45     16.20
    10.006     15.98     15.74     15.46     15.12     14.68     14.11     13.44
    10.050     12.69     11.90     11.12     10.34      9.61      8.94      8.33
    10.094      7.80      7.36      6.99      6.68      6.41      6.18      5.97
    10.138      5.78      5.61      5.46      5.32      5.20      5.09      4.99
    10.183      4.91      4.84      4.78      4.72      4.68      4.64      4.60
    10.227      4.56      4.52      4.47      4.42      4.37      4.32      4.27
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                                    Brea Mall                                   
                                 Pre-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    10.271      4.23      4.18      4.15      4.11      4.08      4.06      4.04
    10.315      4.02      3.99      3.97      3.94      3.90      3.86      3.82
    10.359      3.78      3.73      3.69      3.65      3.62      3.59      3.56
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    10.404      3.54      3.52      3.50      3.48      3.45      3.42      3.38
    10.448      3.34      3.30      3.25      3.21      3.17      3.13      3.10
    10.492      3.07      3.04      3.02      3.00      2.98      2.96      2.94
    10.536      2.92      2.89      2.86      2.83      2.81      2.78      2.75
    10.581      2.73      2.70      2.69      2.67      2.66      2.64      2.63
    10.625      2.62      2.61      2.60      2.59      2.57      2.56      2.55
    10.669      2.54      2.53      2.52      2.51      2.50      2.49      2.49
    10.713      2.48      2.48      2.47      2.46      2.45      2.44      2.43
    10.757      2.42      2.41      2.40      2.39      2.38      2.38      2.37
    10.802      2.36      2.36      2.35      2.35      2.34      2.33      2.33
    10.846      2.32      2.31      2.29      2.28      2.27      2.26      2.26
    10.890      2.25      2.24      2.24      2.23      2.23      2.22      2.21
    10.934      2.21      2.20      2.19      2.18      2.17      2.16      2.15
    10.978      2.14      2.13      2.12      2.11      2.11      2.10      2.10
    11.023      2.09      2.09      2.08      2.08      2.07      2.06      2.05
    11.067      2.05      2.04      2.03      2.03      2.02      2.02      2.01
    11.111      2.01      2.01      2.00      2.00      2.00      1.99      1.99
    11.155      1.98      1.98      1.98      1.97      1.97      1.97      1.96
    11.199      1.96      1.96      1.96      1.96      1.95      1.95      1.95
    11.244      1.94      1.94      1.94      1.93      1.93      1.93      1.92
    11.288      1.92      1.92      1.91      1.91      1.91      1.91      1.91
    11.332      1.90      1.90      1.90      1.89      1.89      1.89      1.88
    11.376      1.88      1.88      1.87      1.87      1.87      1.87      1.87
    11.421      1.86      1.86      1.86      1.86      1.85      1.85      1.84
    11.465      1.84      1.84      1.83      1.83      1.83      1.82      1.82
    11.509      1.82      1.82      1.82      1.81      1.81      1.81      1.81
    11.553      1.80      1.80      1.79      1.79      1.79      1.78      1.78
    11.597      1.78      1.78      1.77      1.77      1.77      1.77      1.77
    11.642      1.76      1.76      1.75      1.75      1.75      1.74      1.74
    11.686      1.74      1.73      1.73      1.73      1.73      1.73      1.72
    11.730      1.72      1.72      1.72      1.71      1.71      1.70      1.70
    11.774      1.70      1.69      1.69      1.69      1.69      1.68      1.68
    11.818      1.68      1.68      1.68      1.67      1.67      1.67      1.66
    11.863      1.66      1.65      1.65      1.65      1.64      1.64      1.64
    11.907      1.64      1.64      1.63      1.63      1.63      1.63      1.62
    11.951      1.62      1.61      1.61      1.61      1.60      1.60      1.60
    11.995      1.60      1.59      1.59      1.59      1.59      1.59      1.58
    12.039      1.58      1.58      1.57      1.57      1.57      1.56      1.56
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    12.084      1.56      1.56      1.55      1.55      1.55      1.55      1.55
    12.128      1.55      1.55      1.54      1.54      1.54      1.54      1.53
    12.172      1.53      1.53      1.53      1.53      1.52      1.52      1.52
    12.216      1.52      1.52      1.52      1.52      1.51      1.51      1.51
    12.261      1.51      1.50      1.50      1.50      1.50      1.50      1.49
    12.305      1.49      1.49      1.49      1.49      1.49      1.49      1.48
    12.349      1.48      1.48      1.48      1.47      1.47      1.47      1.47
    12.393      1.47      1.47      1.46      1.46      1.46      1.46      1.46
    12.437      1.46      1.45      1.45      1.45      1.45      1.45      1.44
    12.482      1.44      1.44      1.44      1.44      1.44      1.43      1.43
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                                    Brea Mall                                   
                                 Pre-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    12.526      1.43      1.43      1.43      1.43      1.42      1.42      1.42
    12.570      1.42      1.41      1.41      1.41      1.41      1.41      1.41
    12.614      1.40      1.40      1.40      1.40      1.40      1.40      1.39
    12.658      1.39      1.39      1.39      1.38      1.38      1.38      1.38
    12.703      1.38      1.38      1.38      1.37      1.37      1.37      1.37
    12.747      1.37      1.36      1.36      1.36      1.36      1.36      1.35
    12.791      1.35      1.35      1.35      1.35      1.35      1.35      1.34
    12.835      1.34      1.34      1.34      1.34      1.33      1.33      1.33
    12.879      1.33      1.32      1.32      1.32      1.32      1.32      1.32
    12.924      1.32      1.31      1.31      1.31      1.31      1.31      1.30
    12.968      1.30      1.30      1.30      1.29      1.29      1.29      1.29
    13.012      1.29      1.29      1.29      1.29      1.28      1.28      1.28
    13.056      1.28      1.27      1.27      1.27      1.27      1.27      1.26
    13.101      1.26      1.26      1.26      1.26      1.26      1.26      1.25
    13.145      1.25      1.25      1.25      1.24      1.24      1.24      1.24
    13.189      1.24      1.23      1.23      1.23      1.23      1.23      1.23
    13.233      1.23      1.22      1.22      1.22      1.22      1.21      1.21
    13.277      1.21      1.21      1.21      1.20      1.20      1.20      1.20
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    13.322      1.20      1.20      1.20      1.19      1.19      1.19      1.19
    13.366      1.19      1.18      1.18      1.18      1.18      1.18      1.17
    13.410      1.17      1.17      1.17      1.17      1.17      1.17      1.16
    13.454      1.16      1.16      1.16      1.15      1.15      1.15      1.15
    13.498      1.15      1.14      1.14      1.14      1.14      1.14      1.14
    13.543      1.14      1.13      1.13      1.13      1.13      1.12      1.12
    13.587      1.12      1.12      1.12      1.12      1.11      1.11      1.11
    13.631      1.11      1.11      1.11      1.10      1.10      1.10      1.10
    13.675      1.09      1.09      1.09      1.09      1.09      1.09      1.08
    13.719      1.08      1.08      1.08      1.08      1.08      1.07      1.07
    13.764      1.07      1.07      1.06      1.06      1.06      1.06      1.06
    13.808      1.06      1.06      1.05      1.05      1.05      1.05      1.05
    13.852      1.04      1.04      1.04      1.04      1.03      1.03      1.03
    13.896      1.03      1.03      1.03      1.03      1.02      1.02      1.02
    13.941      1.02      1.02      1.01      1.01      1.01      1.01      1.00
    13.985      1.00      1.00      1.00      1.00      1.00      1.00      1.00
    14.029      0.99      0.99      0.99      0.99      0.99      0.99      0.98
    14.073      0.98      0.98      0.98      0.98      0.98      0.98      0.98
    14.117      0.98      0.98      0.98      0.98      0.97      0.97      0.97
    14.162      0.97      0.97      0.97      0.97      0.97      0.97      0.97
    14.206      0.97      0.97      0.97      0.97      0.97      0.97      0.97
    14.250      0.97      0.97      0.97      0.97      0.97      0.97      0.96
    14.294      0.96      0.96      0.96      0.96      0.96      0.96      0.96
    14.338      0.96      0.96      0.96      0.96      0.96      0.96      0.96
    14.383      0.96      0.96      0.96      0.96      0.96      0.96      0.96
    14.427      0.96      0.96      0.96      0.96      0.96      0.96      0.95
    14.471      0.95      0.95      0.95      0.95      0.95      0.95      0.95
    14.515      0.95      0.95      0.95      0.95      0.95      0.95      0.95
    14.559      0.95      0.95      0.95      0.95      0.95      0.95      0.95
    14.604      0.95      0.95      0.95      0.95      0.95      0.95      0.95
    14.648      0.94      0.94      0.94      0.94      0.94      0.94      0.94
    14.692      0.94      0.94      0.94      0.94      0.94      0.94      0.94
    14.736      0.94      0.94      0.94      0.94      0.94      0.94      0.94
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    14.781      0.94      0.94      0.94      0.94      0.94      0.94      0.93
    14.825      0.93      0.93      0.93      0.93      0.93      0.93      0.93
    14.869      0.93      0.93      0.93      0.93      0.93      0.93      0.93
    14.913      0.93      0.93      0.93      0.93      0.93      0.93      0.93
    14.957      0.93      0.93      0.93      0.93      0.92      0.92      0.92
    15.002      0.92      0.92      0.92      0.92      0.92      0.92      0.92
    15.046      0.92      0.92      0.92      0.92      0.92      0.92      0.92
    15.090      0.92      0.92      0.92      0.92      0.92      0.92      0.92
    15.134      0.92      0.92      0.92      0.92      0.91      0.91      0.91
    15.178      0.91      0.91      0.91      0.91      0.91      0.91      0.91
    15.223      0.91      0.91      0.91      0.91      0.91      0.91      0.91
    15.267      0.91      0.91      0.91      0.91      0.91      0.91      0.91
    15.311      0.91      0.91      0.91      0.91      0.91      0.90      0.90
    15.355      0.90      0.90      0.90      0.90      0.90      0.90      0.90
    15.399      0.90      0.90      0.90      0.90      0.90      0.90      0.90
    15.444      0.90      0.90      0.90      0.90      0.90      0.90      0.90
    15.488      0.90      0.90      0.90      0.89      0.89      0.89      0.89
    15.532      0.89      0.89      0.89      0.89      0.89      0.89      0.89
    15.576      0.89      0.89      0.89      0.89      0.89      0.89      0.89
    15.621      0.89      0.89      0.89      0.89      0.89      0.89      0.89
    15.665      0.89      0.89      0.88      0.88      0.88      0.88      0.88
    15.709      0.88      0.88      0.88      0.88      0.88      0.88      0.88
    15.753      0.88      0.88      0.88      0.88      0.88      0.88      0.88
    15.797      0.88      0.88      0.88      0.88      0.88      0.88      0.88
    15.842      0.88      0.88      0.87      0.87      0.87      0.87      0.87
    15.886      0.87      0.87      0.87      0.87      0.87      0.87      0.87
    15.930      0.87      0.87      0.87      0.87      0.87      0.87      0.87
    15.974      0.87      0.87      0.87      0.87      0.87      0.87      0.87
    16.018      0.87      0.87      0.86      0.86      0.86      0.86      0.86
    16.063      0.86      0.86      0.86      0.86      0.86      0.86      0.86
    16.107      0.86      0.86      0.86      0.86      0.86      0.86      0.86
    16.151      0.86      0.86      0.86      0.86      0.86      0.86      0.86
    16.195      0.85      0.85      0.85      0.85      0.85      0.85      0.85
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    16.239      0.85      0.85      0.85      0.85      0.85      0.85      0.85
    16.284      0.85      0.85      0.85      0.85      0.85      0.85      0.85
    16.328      0.85      0.85      0.85      0.85      0.85      0.85      0.84
    16.372      0.84      0.84      0.84      0.84      0.84      0.84      0.84
    16.416      0.84      0.84      0.84      0.84      0.84      0.84      0.84
    16.461      0.84      0.84      0.84      0.84      0.84      0.84      0.84
    16.505      0.84      0.84      0.84      0.84      0.84      0.84      0.84
    16.549      0.83      0.83      0.83      0.83      0.83      0.83      0.83
    16.593      0.83      0.83      0.83      0.83      0.83      0.83      0.83
    16.637      0.83      0.83      0.83      0.83      0.83      0.83      0.83
    16.682      0.83      0.83      0.83      0.83      0.83      0.82      0.82
    16.726      0.82      0.82      0.82      0.82      0.82      0.82      0.82
    16.770      0.82      0.82      0.82      0.82      0.82      0.82      0.82
    16.814      0.82      0.82      0.82      0.82      0.82      0.82      0.82
    16.858      0.82      0.82      0.82      0.81      0.81      0.81      0.81
    16.903      0.81      0.81      0.81      0.81      0.81      0.81      0.81
    16.947      0.81      0.81      0.81      0.81      0.81      0.81      0.81
    16.991      0.81      0.81      0.81      0.81      0.81      0.81      0.81
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    17.035      0.81      0.81      0.81      0.80      0.80      0.80      0.80
    17.079      0.80      0.80      0.80      0.80      0.80      0.80      0.80
    17.124      0.80      0.80      0.80      0.80      0.80      0.80      0.80
    17.168      0.80      0.80      0.80      0.80      0.80      0.80      0.80
    17.212      0.80      0.80      0.80      0.79      0.79      0.79      0.79
    17.256      0.79      0.79      0.79      0.79      0.79      0.79      0.79
    17.301      0.79      0.79      0.79      0.79      0.79      0.79      0.79
    17.345      0.79      0.79      0.79      0.79      0.79      0.79      0.79
    17.389      0.79      0.78      0.78      0.78      0.78      0.78      0.78
    17.433      0.78      0.78      0.78      0.78      0.78      0.78      0.78
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TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    17.477      0.78      0.78      0.78      0.78      0.78      0.78      0.78
    17.522      0.78      0.78      0.78      0.78      0.78      0.78      0.78
    17.566      0.77      0.77      0.77      0.77      0.77      0.77      0.77
    17.610      0.77      0.77      0.77      0.77      0.77      0.77      0.77
    17.654      0.77      0.77      0.77      0.77      0.77      0.77      0.77
    17.698      0.77      0.77      0.77      0.77      0.77      0.77      0.77
    17.743      0.76      0.76      0.76      0.76      0.76      0.76      0.76
    17.787      0.76      0.76      0.76      0.76      0.76      0.76      0.76
    17.831      0.76      0.76      0.76      0.76      0.76      0.76      0.76
    17.875      0.76      0.76      0.76      0.76      0.76      0.75      0.75
    17.919      0.75      0.75      0.75      0.75      0.75      0.75      0.75
    17.964      0.75      0.75      0.75      0.75      0.75      0.75      0.75
    18.008      0.75      0.75      0.75      0.75      0.75      0.75      0.75
    18.052      0.75      0.75      0.75      0.75      0.74      0.74      0.74
    18.096      0.74      0.74      0.74      0.74      0.74      0.74      0.74
    18.141      0.74      0.74      0.74      0.74      0.74      0.74      0.74
    18.185      0.74      0.74      0.74      0.74      0.74      0.74      0.74
    18.229      0.74      0.74      0.74      0.74      0.73      0.73      0.73
    18.273      0.73      0.73      0.73      0.73      0.73      0.73      0.73
    18.317      0.73      0.73      0.73      0.73      0.73      0.73      0.73
    18.362      0.73      0.73      0.73      0.73      0.73      0.73      0.73
    18.406      0.73      0.73      0.73      0.72      0.72      0.72      0.72
    18.450      0.72      0.72      0.72      0.72      0.72      0.72      0.72
    18.494      0.72      0.72      0.72      0.72      0.72      0.72      0.72
    18.538      0.72      0.72      0.72      0.72      0.72      0.72      0.72
    18.583      0.71      0.71      0.71      0.71      0.71      0.71      0.71
    18.627      0.71      0.71      0.71      0.71      0.71      0.71      0.71
    18.671      0.71      0.71      0.71      0.71      0.71      0.71      0.71
    18.715      0.71      0.71      0.71      0.71      0.71      0.71      0.71
    18.759      0.70      0.70      0.70      0.70      0.70      0.70      0.70
    18.804      0.70      0.70      0.70      0.70      0.70      0.70      0.70
    18.848      0.70      0.70      0.70      0.70      0.70      0.70      0.70
    18.892      0.70      0.70      0.70      0.70      0.70      0.70      0.70
    18.936      0.69      0.69      0.69      0.69      0.69      0.69      0.69
    18.981      0.69      0.69      0.69      0.69      0.69      0.69      0.69
    19.025      0.69      0.69      0.69      0.69      0.69      0.69      0.69
    19.069      0.69      0.69      0.69      0.69      0.68      0.68      0.68
    19.113      0.68      0.68      0.68      0.68      0.68      0.68      0.68
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    19.157      0.68      0.68      0.68      0.68      0.68      0.68      0.68
    19.202      0.68      0.68      0.68      0.68      0.68      0.68      0.68
    19.246      0.68      0.68      0.68      0.67      0.67      0.67      0.67
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    19.290      0.67      0.67      0.67      0.67      0.67      0.67      0.67
    19.334      0.67      0.67      0.67      0.67      0.67      0.67      0.67
    19.378      0.67      0.67      0.67      0.67      0.67      0.67      0.67
    19.423      0.67      0.67      0.67      0.66      0.66      0.66      0.66
    19.467      0.66      0.66      0.66      0.66      0.66      0.66      0.66
    19.511      0.66      0.66      0.66      0.66      0.66      0.66      0.66
    19.555      0.66      0.66      0.66      0.66      0.66      0.66      0.66
    19.599      0.66      0.65      0.65      0.65      0.65      0.65      0.65
    19.644      0.65      0.65      0.65      0.65      0.65      0.65      0.65
    19.688      0.65      0.65      0.65      0.65      0.65      0.65      0.65
    19.732      0.65      0.65      0.65      0.65      0.65      0.65      0.64
    19.776      0.64      0.64      0.64      0.64      0.64      0.64      0.64
    19.821      0.64      0.64      0.64      0.64      0.64      0.64      0.64
    19.865      0.64      0.64      0.64      0.64      0.64      0.64      0.64
    19.909      0.64      0.64      0.64      0.64      0.64      0.64      0.63
    19.953      0.63      0.63      0.63      0.63      0.63      0.63      0.63
    19.997      0.63      0.63      0.63      0.63      0.63      0.63      0.63
    20.042      0.63      0.63      0.63      0.63      0.63      0.63      0.63
    20.086      0.63      0.63      0.63      0.63      0.63      0.62      0.62
    20.130      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    20.174      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    20.218      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    20.263      0.62      0.62      0.61      0.61      0.61      0.61      0.61
    20.307      0.61      0.61      0.61      0.61      0.61      0.61      0.61
    20.351      0.61      0.61      0.61      0.61      0.61      0.61      0.61
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    20.395      0.61      0.61      0.61      0.61      0.61      0.61      0.61
    20.439      0.61      0.61      0.60      0.60      0.60      0.60      0.60
    20.484      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    20.528      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    20.572      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    20.616      0.60      0.59      0.59      0.59      0.59      0.59      0.59
    20.661      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    20.705      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    20.749      0.59      0.59      0.59      0.59      0.59      0.59      0.58
    20.793      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    20.837      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    20.882      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    20.926      0.58      0.58      0.58      0.58      0.58      0.57      0.57
    20.970      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    21.014      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    21.058      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    21.103      0.57      0.57      0.57      0.57      0.57      0.56      0.56
    21.147      0.56      0.56      0.56      0.56      0.56      0.56      0.56
    21.191      0.56      0.56      0.56      0.56      0.56      0.56      0.56
    21.235      0.56      0.56      0.56      0.56      0.56      0.56      0.56
    21.279      0.56      0.56      0.55      0.55      0.55      0.55      0.55
    21.324      0.55      0.55      0.55      0.55      0.55      0.55      0.55
    21.368      0.55      0.55      0.55      0.55      0.55      0.55      0.55
    21.412      0.55      0.55      0.55      0.55      0.55      0.55      0.55
    21.456      0.55      0.54      0.54      0.54      0.54      0.54      0.54
    21.501      0.54      0.54      0.54      0.54      0.54      0.54      0.54
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    21.545      0.54      0.54      0.54      0.54      0.54      0.54      0.54
    21.589      0.54      0.54      0.54      0.54      0.54      0.54      0.54
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    21.633      0.54      0.53      0.53      0.53      0.53      0.53      0.53
    21.677      0.53      0.53      0.53      0.53      0.53      0.53      0.53
    21.722      0.53      0.53      0.53      0.53      0.53      0.53      0.53
    21.766      0.53      0.53      0.53      0.53      0.53      0.52      0.52
    21.810      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    21.854      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    21.898      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    21.943      0.52      0.52      0.52      0.52      0.51      0.51      0.51
    21.987      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    22.031      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    22.075      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    22.119      0.51      0.51      0.51      0.51      0.50      0.50      0.50
    22.164      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    22.208      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    22.252      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    22.296      0.50      0.49      0.49      0.49      0.49      0.49      0.49
    22.341      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    22.385      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    22.429      0.49      0.49      0.49      0.49      0.49      0.49      0.48
    22.473      0.48      0.48      0.48      0.48      0.48      0.48      0.48
    22.517      0.48      0.48      0.48      0.48      0.48      0.48      0.48
    22.562      0.48      0.48      0.48      0.48      0.48      0.48      0.48
    22.606      0.48      0.48      0.48      0.48      0.48      0.48      0.47
    22.650      0.47      0.47      0.47      0.47      0.47      0.47      0.47
    22.694      0.47      0.47      0.47      0.47      0.47      0.47      0.47
    22.738      0.47      0.47      0.47      0.47      0.47      0.47      0.47
    22.783      0.47      0.47      0.47      0.47      0.46      0.46      0.46
    22.827      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    22.871      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    22.915      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    22.959      0.46      0.46      0.45      0.45      0.45      0.45      0.45
    23.004      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    23.048      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    23.092      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    23.136      0.45      0.45      0.44      0.44      0.44      0.44      0.44
    23.181      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    23.225      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    23.269      0.44      0.44      0.44      0.44      0.44      0.44      0.44
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
    23.313      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    23.357      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    23.402      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    23.446      0.43      0.43      0.43      0.43      0.43      0.42      0.42
    23.490      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    23.534      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    23.578      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    23.623      0.42      0.42      0.42      0.42      0.41      0.41      0.41
    23.667      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    23.711      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    23.755      0.41      0.41      0.41      0.41      0.41      0.41      0.41
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                                    Brea Mall                                   
                                 Pre-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.006 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    23.799      0.41      0.41      0.41      0.40      0.40      0.40      0.40
    23.844      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    23.888      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    23.932      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    23.976      0.39      0.39      0.39      0.39      0.39      0.39      0.39
    24.021      0.38      0.37      0.36      0.33      0.31      0.28      0.25
    24.065      0.22      0.15      0.13      0.11      0.09      0.08      0.07
    24.109      0.06                                                            
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
                                                                                
                                 Pre-Development                                

 Area or    Drainage              ----------- Peak Flow by Storm -----------
  Reach       Area   Alternate       2-Yr                                        
Identifier   (sq mi)               (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

Lower Lvl     0.017                14.92                                        
Upper Lvl     0.006                 4.78                                        
OUTLET        0.023                19.70                                        
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Pre-Development                                                                 
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01745    97.       .1                  
          Upper Lvl Outlet              .00559    97.       .1                  
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                        WinTR-55 Current Data Description

                         --- Identification Data ---

User:     CJN                                    Date:        2/6/2022
Project:  Brea Mall                              Units:       English
SubTitle: Pre-Development                        Areal Units: Acres
State:    California
County:   Orange
Filename: Q:\3180011\3180011.03\eng data\Hydrology\WinTR 55\220206 Brea Mall Pre-Development.w55

                             --- Sub-Area Data ---

Name           Description              Reach        Area(ac)     RCN     Tc  
------------------------------------------------------------------------------
Lower Lvl                              Outlet          11.17       97    0.1       
Upper Lvl                              Outlet          3.58        97    0.1       

Total area: 14.75 (ac)

                             --- Storm Data  --

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
   2.05         .0          .0          .0          .0         6.58         .0      

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Type I
Dimensionless Unit Hydrograph:  <standard>
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CJN                                Brea Mall
                               Pre-Development
                           Orange County, California

                                  Storm Data

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
   2.05         .0          .0          .0          .0         6.58         .0      

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Type I
Dimensionless Unit Hydrograph:  <standard>
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CJN                                Brea Mall
                               Pre-Development
                           Orange County, California

                             Watershed Peak Table

 Sub-Area           Peak Flow by Rainfall Return Period
 or Reach       2-Yr
Identifier     (cfs)
----------------------------------------------------------------------------------
SUBAREAS
Lower Lvl      14.92

Upper Lvl       4.78

REACHES

OUTLET         19.70
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CJN                                Brea Mall
                               Pre-Development
                           Orange County, California

                       Hydrograph Peak/Peak Time Table

 Sub-Area       Peak Flow and Peak Time (hr) by Rainfall Return Period
 or Reach       2-Yr
Identifier     (cfs)
            (hr)      
----------------------------------------------------------------------------------
SUBAREAS
Lower Lvl      14.92
            9.92

Upper Lvl       4.78
            9.92

REACHES

OUTLET         19.70
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CJN                                Brea Mall
                               Pre-Development
                           Orange County, California

                            Sub-Area Summary Table

 Sub-Area   Drainage     Time of     Curve   Receiving     Sub-Area
Identifier    Area    Concentration  Number    Reach      Description
              (ac)        (hr)
--------------------------------------------------------------------------------
Lower Lvl       11.17     0.100        97     Outlet                             
Upper Lvl        3.58     0.100        97     Outlet                             

Total Area:   14.75 (ac)
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CJN                                Brea Mall
                               Pre-Development
                           Orange County, California

                    Sub-Area Time of Concentration Details

 Sub-Area      Flow            Mannings's    End     Wetted               Travel
Identifier/   Length    Slope      n        Area    Perimeter   Velocity   Time 
               (ft)    (ft/ft)             (sq ft)    (ft)      (ft/sec)   (hr)
--------------------------------------------------------------------------------
Lower Lvl 
  SHALLOW        277   0.0100     0.025                                    0.038
  CHANNEL         65   0.1271     0.012      0.79      3.14     18.056     0.001
  CHANNEL        390   0.0025     0.012      7.07      9.42     5.159      0.021

                                                 Time of Concentration       0.1
                                                                        ========

Upper Lvl 
  SHALLOW        223   0.0400     0.025                                    0.015

                                                 Time of Concentration       0.1
                                                                        ========
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CJN                                Brea Mall
                               Pre-Development
                           Orange County, California

                  Sub-Area Land Use and Curve Number Details

 Sub-Area                                           Hydrologic   Sub-Area   Curve
Identifier           Land Use                          Soil        Area     Number
                                                      Group        (ac)
--------------------------------------------------------------------------------
Lower Lvl Open space; grass cover 50% to 75%  (fair)    C           .61       79 
          Paved parking lots, roofs, driveways          C         10.56       98 

          Total Area / Weighted Curve Number                      11.17       97 
                                                                  =====       ==

Upper Lvl Open space; grass cover 50% to 75%  (fair)    C           .13       79 
          Paved parking lots, roofs, driveways          C          3.45       98 

          Total Area / Weighted Curve Number                       3.58       97 
                                                                   ====       ==
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Brea Mall                                                                       
Post-Development                                                                
                                                                                
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
STREAM REACH:                                                                   
                                                                                
STORM ANALYSIS:                                                                 
          2-Yr                          2.05      Type I    2                   
                                                                                
STRUCTURE RATING:                                                               
                                                                                
                                                                                
GLOBAL OUTPUT:                                                                  
          2         0.05                YYYYN     YYYYNN                        
                                                                                
                                                                                

WinTR-20 Printed Page File      End of Input Data List       

                                    Brea Mall                                   
                                Post-Development                                

                          Name of printed page file:
                                   TR20.out                                     

                                           STORM 2-Yr      

Area or    Drainage  Rain Gage     Runoff   ------------ Peak Flow ------------
 Reach       Area      ID or       Amount   Elevation   Time      Rate      Rate
Identifier  (sq mi)   Location      (in)      (ft)      (hr)     (cfs)     (csm)

Lower Lvl     0.015                1.822                9.94     12.71    850.40

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     1.706      0.05      0.05      0.05      0.05      0.05      0.05      0.06
     1.763      0.06      0.06      0.06      0.06      0.06      0.06      0.06
     1.820      0.06      0.06      0.06      0.06      0.06      0.07      0.07
     1.876      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     1.933      0.07      0.07      0.07      0.07      0.07      0.07      0.08
     1.989      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     2.046      0.08      0.08      0.08      0.08      0.08      0.08      0.09
     2.103      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     2.159      0.09      0.09      0.09      0.09      0.09      0.10      0.10
     2.216      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     2.272      0.10      0.10      0.10      0.10      0.11      0.11      0.11
     2.329      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     2.386      0.11      0.11      0.11      0.11      0.12      0.12      0.12
     2.442      0.12      0.12      0.12      0.12      0.12      0.12      0.12
     2.499      0.12      0.12      0.12      0.13      0.13      0.13      0.13
     2.555      0.13      0.13      0.13      0.13      0.13      0.13      0.13
     2.612      0.13      0.14      0.14      0.14      0.14      0.14      0.14
     2.669      0.14      0.14      0.14      0.14      0.14      0.14      0.14
     2.725      0.15      0.15      0.15      0.15      0.15      0.15      0.15
     2.782      0.15      0.15      0.15      0.15      0.15      0.15      0.16
     2.838      0.16      0.16      0.16      0.16      0.16      0.16      0.16
     2.895      0.16      0.16      0.16      0.16      0.16      0.16      0.17
     2.951      0.17      0.17      0.17      0.17      0.17      0.17      0.17
     3.008      0.17      0.17      0.17      0.17      0.18      0.18      0.18
     3.065      0.18      0.18      0.18      0.18      0.18      0.18      0.18
     3.121      0.18      0.18      0.18      0.18      0.19      0.19      0.19
     3.178      0.19      0.19      0.19      0.19      0.19      0.19      0.19
     3.234      0.19      0.19      0.20      0.20      0.20      0.20      0.20
     3.291      0.20      0.20      0.20      0.20      0.20      0.20      0.20
     3.348      0.20      0.20      0.21      0.21      0.21      0.21      0.21
     3.404      0.21      0.21      0.21      0.21      0.21      0.21      0.21
     3.461      0.21      0.22      0.22      0.22      0.22      0.22      0.22
     3.517      0.22      0.22      0.22      0.22      0.22      0.22      0.22
     3.574      0.23      0.23      0.23      0.23      0.23      0.23      0.23
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     3.631      0.23      0.23      0.23      0.23      0.23      0.23      0.23
     3.687      0.24      0.24      0.24      0.24      0.24      0.24      0.24
     3.744      0.24      0.24      0.24      0.24      0.24      0.24      0.25
     3.800      0.25      0.25      0.25      0.25      0.25      0.25      0.25
     3.857      0.25      0.25      0.25      0.25      0.25      0.25      0.26
     3.913      0.26      0.26      0.26      0.26      0.26      0.26      0.26
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                                    Brea Mall                                   
                                Post-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     3.970      0.26      0.26      0.26      0.26      0.26      0.27      0.27
     4.027      0.27      0.27      0.27      0.27      0.27      0.27      0.27
     4.083      0.27      0.27      0.27      0.27      0.27      0.28      0.28
     4.140      0.28      0.28      0.28      0.28      0.28      0.28      0.28
     4.196      0.28      0.28      0.28      0.28      0.28      0.28      0.28
     4.253      0.28      0.28      0.28      0.29      0.29      0.29      0.29
     4.310      0.29      0.29      0.29      0.29      0.29      0.29      0.29
     4.366      0.29      0.29      0.29      0.29      0.29      0.29      0.29
     4.423      0.30      0.30      0.30      0.30      0.30      0.30      0.30
     4.479      0.30      0.30      0.30      0.30      0.30      0.30      0.30
     4.536      0.30      0.30      0.30      0.30      0.30      0.30      0.31
     4.593      0.31      0.31      0.31      0.31      0.31      0.31      0.31
     4.649      0.31      0.31      0.31      0.31      0.31      0.31      0.31
     4.706      0.31      0.31      0.31      0.31      0.31      0.31      0.32
     4.762      0.32      0.32      0.32      0.32      0.32      0.32      0.32
     4.819      0.32      0.32      0.32      0.32      0.32      0.32      0.32
     4.876      0.32      0.32      0.32      0.32      0.33      0.33      0.33
     4.932      0.33      0.33      0.33      0.33      0.33      0.33      0.33
     4.989      0.33      0.33      0.33      0.33      0.33      0.33      0.33
     5.045      0.33      0.33      0.33      0.33      0.33      0.33      0.34
     5.102      0.34      0.34      0.34      0.34      0.34      0.34      0.34
     5.158      0.34      0.34      0.34      0.34      0.34      0.34      0.34
     5.215      0.34      0.34      0.34      0.34      0.34      0.34      0.34
     5.272      0.34      0.35      0.35      0.35      0.35      0.35      0.35
     5.328      0.35      0.35      0.35      0.35      0.35      0.35      0.35
     5.385      0.35      0.35      0.35      0.35      0.35      0.35      0.35
     5.441      0.35      0.35      0.36      0.36      0.36      0.36      0.36
     5.498      0.36      0.36      0.36      0.36      0.36      0.36      0.36
     5.555      0.36      0.36      0.36      0.36      0.36      0.36      0.36
     5.611      0.36      0.36      0.36      0.36      0.36      0.36      0.37
     5.668      0.37      0.37      0.37      0.37      0.37      0.37      0.37
     5.724      0.37      0.37      0.37      0.37      0.37      0.37      0.37
     5.781      0.37      0.37      0.37      0.37      0.37      0.37      0.37
     5.838      0.37      0.37      0.37      0.38      0.38      0.38      0.38
     5.894      0.38      0.38      0.38      0.38      0.38      0.38      0.38
     5.951      0.38      0.38      0.38      0.38      0.38      0.38      0.38
     6.007      0.38      0.38      0.38      0.38      0.38      0.38      0.39
     6.064      0.39      0.39      0.39      0.39      0.39      0.39      0.39
     6.120      0.39      0.39      0.39      0.40      0.40      0.40      0.40
     6.177      0.40      0.40      0.41      0.41      0.41      0.41      0.41
     6.234      0.41      0.41      0.42      0.42      0.42      0.42      0.42
     6.290      0.42      0.43      0.43      0.43      0.43      0.43      0.43
     6.347      0.43      0.44      0.44      0.44      0.44      0.44      0.44
     6.403      0.45      0.45      0.45      0.45      0.45      0.45      0.45
     6.460      0.46      0.46      0.46      0.46      0.46      0.47      0.47
     6.517      0.47      0.47      0.47      0.47      0.48      0.48      0.48
     6.573      0.48      0.48      0.48      0.49      0.49      0.49      0.49
     6.630      0.49      0.49      0.49      0.50      0.50      0.50      0.50
     6.686      0.50      0.51      0.51      0.51      0.51      0.51      0.51
     6.743      0.52      0.52      0.52      0.52      0.52      0.53      0.53
     6.800      0.53      0.53      0.53      0.53      0.53      0.54      0.54
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                

                                    Brea Mall                                   
                                Post-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     6.856      0.54      0.54      0.54      0.54      0.55      0.55      0.55
     6.913      0.55      0.55      0.55      0.56      0.56      0.56      0.56
     6.969      0.56      0.56      0.57      0.57      0.57      0.57      0.57
     7.026      0.58      0.58      0.58      0.58      0.58      0.58      0.58
     7.082      0.59      0.59      0.59      0.59      0.59      0.59      0.59
     7.139      0.59      0.59      0.60      0.60      0.60      0.60      0.60
     7.196      0.60      0.60      0.60      0.60      0.60      0.60      0.60
     7.252      0.60      0.61      0.61      0.61      0.61      0.61      0.61
     7.309      0.61      0.61      0.61      0.61      0.61      0.61      0.61
     7.365      0.62      0.62      0.62      0.62      0.62      0.62      0.62
     7.422      0.62      0.62      0.62      0.62      0.62      0.62      0.63
     7.479      0.63      0.63      0.63      0.63      0.63      0.63      0.63
     7.535      0.63      0.63      0.63      0.63      0.63      0.63      0.64
     7.592      0.64      0.64      0.64      0.64      0.64      0.64      0.64
     7.648      0.64      0.64      0.64      0.64      0.64      0.64      0.64
     7.705      0.64      0.65      0.65      0.65      0.65      0.65      0.65
     7.762      0.65      0.65      0.65      0.65      0.65      0.65      0.65
     7.818      0.66      0.66      0.66      0.66      0.66      0.66      0.66
     7.875      0.66      0.66      0.66      0.66      0.66      0.66      0.67
     7.931      0.67      0.67      0.67      0.67      0.67      0.67      0.67
     7.988      0.67      0.67      0.67      0.67      0.67      0.67      0.68
     8.045      0.68      0.68      0.68      0.69      0.69      0.69      0.70
     8.101      0.70      0.70      0.71      0.71      0.71      0.72      0.72
     8.158      0.73      0.73      0.74      0.74      0.75      0.76      0.76
     8.214      0.77      0.77      0.78      0.78      0.79      0.79      0.80
     8.271      0.81      0.81      0.82      0.83      0.83      0.84      0.84
     8.327      0.85      0.86      0.86      0.87      0.87      0.88      0.89
     8.384      0.90      0.90      0.91      0.91      0.92      0.93      0.93
     8.441      0.94      0.94      0.95      0.96      0.96      0.97      0.98
     8.497      0.98      0.99      0.99      1.00      1.01      1.01      1.02
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
     8.554      1.02      1.03      1.04      1.04      1.05      1.06      1.06
     8.610      1.07      1.07      1.08      1.08      1.09      1.10      1.10
     8.667      1.11      1.12      1.12      1.13      1.14      1.14      1.15
     8.724      1.15      1.16      1.16      1.17      1.18      1.18      1.19
     8.780      1.20      1.20      1.21      1.21      1.22      1.22      1.23
     8.837      1.23      1.24      1.25      1.25      1.26      1.27      1.27
     8.893      1.28      1.29      1.29      1.30      1.30      1.31      1.31
     8.950      1.32      1.33      1.33      1.34      1.35      1.35      1.36
     9.007      1.36      1.37      1.38      1.38      1.39      1.40      1.40
     9.063      1.41      1.42      1.43      1.44      1.45      1.46      1.47
     9.120      1.47      1.48      1.49      1.50      1.51      1.52      1.53
     9.176      1.55      1.56      1.57      1.58      1.59      1.60      1.61
     9.233      1.62      1.63      1.64      1.65      1.67      1.68      1.69
     9.289      1.70      1.71      1.73      1.74      1.75      1.76      1.77
     9.346      1.78      1.79      1.80      1.82      1.83      1.84      1.85
     9.403      1.86      1.88      1.89      1.90      1.91      1.92      1.93
     9.459      1.94      1.95      1.97      1.98      1.99      2.00      2.02
     9.516      2.03      2.05      2.08      2.12      2.17      2.24      2.31
     9.572      2.38      2.45      2.53      2.60      2.66      2.73      2.80
     9.629      2.88      2.97      3.07      3.20      3.34      3.49      3.64
     9.686      3.79      3.93      4.06      4.19      4.32      4.46      4.61
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     9.742      4.79      5.01      5.25      5.50      5.77      6.03      6.28
     9.799      6.51      6.74      6.98      7.23      7.50      7.83      8.22
     9.855      8.68      9.18      9.70     10.23     10.74     11.22     11.66
     9.912     12.05     12.36     12.57     12.69     12.71     12.65     12.51
     9.969     12.32     12.10     11.86     11.62     11.39     11.16     10.91
    10.025     10.65     10.35     10.00      9.57      9.07      8.54      7.99
    10.082      7.44      6.91      6.42      5.96      5.55      5.19      4.90
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    10.138      4.64      4.42      4.23      4.06      3.91      3.78      3.66
    10.195      3.56      3.47      3.39      3.32      3.26      3.20      3.15
    10.252      3.09      3.04      2.99      2.95      2.90      2.86      2.83
    10.308      2.80      2.76      2.74      2.71      2.68      2.65      2.62
    10.365      2.58      2.55      2.51      2.48      2.45      2.43      2.40
    10.421      2.38      2.36      2.33      2.30      2.27      2.24      2.21
    10.478      2.18      2.15      2.12      2.09      2.07      2.04      2.02
    10.534      2.00      1.98      1.96      1.94      1.91      1.89      1.87
    10.591      1.85      1.83      1.81      1.80      1.78      1.77      1.76
    10.648      1.75      1.74      1.73      1.71      1.70      1.69      1.69
    10.704      1.68      1.67      1.66      1.66      1.65      1.64      1.64
    10.761      1.63      1.62      1.61      1.60      1.60      1.59      1.58
    10.817      1.58      1.57      1.56      1.56      1.55      1.54      1.54
    10.874      1.53      1.52      1.51      1.51      1.50      1.49      1.49
    10.931      1.48      1.48      1.47      1.46      1.45      1.45      1.44
    10.987      1.43      1.42      1.42      1.41      1.41      1.40      1.40
    11.044      1.39      1.38      1.38      1.37      1.37      1.36      1.36
    11.100      1.35      1.35      1.34      1.34      1.34      1.33      1.33
    11.157      1.33      1.32      1.32      1.31      1.31      1.31      1.31
    11.214      1.30      1.30      1.30      1.30      1.29      1.29      1.29
    11.270      1.29      1.28      1.28      1.28      1.28      1.27      1.27
    11.327      1.27      1.27      1.26      1.26      1.26      1.26      1.25
    11.383      1.25      1.25      1.25      1.24      1.24      1.24      1.24
    11.440      1.23      1.23      1.23      1.23      1.22      1.22      1.22
    11.496      1.22      1.21      1.21      1.21      1.21      1.20      1.20
    11.553      1.20      1.20      1.19      1.19      1.19      1.19      1.18
    11.610      1.18      1.18      1.18      1.17      1.17      1.17      1.17
    11.666      1.16      1.16      1.16      1.16      1.15      1.15      1.15
    11.723      1.15      1.14      1.14      1.14      1.14      1.13      1.13
    11.779      1.13      1.13      1.12      1.12      1.12      1.12      1.11
    11.836      1.11      1.11      1.11      1.10      1.10      1.10      1.10
    11.893      1.09      1.09      1.09      1.09      1.08      1.08      1.08
    11.949      1.08      1.08      1.07      1.07      1.07      1.06      1.06
    12.006      1.06      1.06      1.05      1.05      1.05      1.05      1.05
    12.062      1.04      1.04      1.04      1.04      1.03      1.03      1.03
    12.119      1.03      1.03      1.03      1.02      1.02      1.02      1.02
    12.176      1.02      1.01      1.01      1.01      1.01      1.01      1.01
    12.232      1.01      1.00      1.00      1.00      1.00      1.00      1.00
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    12.289      0.99      0.99      0.99      0.99      0.99      0.99      0.99
    12.345      0.98      0.98      0.98      0.98      0.98      0.98      0.97
    12.402      0.97      0.97      0.97      0.97      0.97      0.97      0.96
    12.458      0.96      0.96      0.96      0.96      0.95      0.95      0.95
    12.515      0.95      0.95      0.95      0.95      0.94      0.94      0.94
    12.572      0.94      0.94      0.94      0.93      0.93      0.93      0.93
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    12.628      0.93      0.93      0.93      0.92      0.92      0.92      0.92
    12.685      0.92      0.92      0.91      0.91      0.91      0.91      0.91
    12.741      0.91      0.91      0.90      0.90      0.90      0.90      0.90
    12.798      0.90      0.89      0.89      0.89      0.89      0.89      0.89
    12.855      0.89      0.88      0.88      0.88      0.88      0.88      0.88
    12.911      0.87      0.87      0.87      0.87      0.87      0.87      0.87
    12.968      0.86      0.86      0.86      0.86      0.86      0.86      0.85
    13.024      0.85      0.85      0.85      0.85      0.85      0.84      0.84
    13.081      0.84      0.84      0.84      0.84      0.83      0.83      0.83
    13.138      0.83      0.83      0.83      0.83      0.82      0.82      0.82
    13.194      0.82      0.82      0.82      0.81      0.81      0.81      0.81
    13.251      0.81      0.81      0.81      0.80      0.80      0.80      0.80
    13.307      0.80      0.80      0.79      0.79      0.79      0.79      0.79
    13.364      0.79      0.78      0.78      0.78      0.78      0.78      0.78
    13.421      0.78      0.77      0.77      0.77      0.77      0.77      0.77
    13.477      0.76      0.76      0.76      0.76      0.76      0.76      0.76
    13.534      0.75      0.75      0.75      0.75      0.75      0.75      0.74
    13.590      0.74      0.74      0.74      0.74      0.74      0.74      0.73
    13.647      0.73      0.73      0.73      0.73      0.73      0.72      0.72
    13.703      0.72      0.72      0.72      0.72      0.71      0.71      0.71
    13.760      0.71      0.71      0.71      0.70      0.70      0.70      0.70
    13.817      0.70      0.70      0.70      0.69      0.69      0.69      0.69
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    13.873      0.69      0.69      0.68      0.68      0.68      0.68      0.68
    13.930      0.68      0.68      0.67      0.67      0.67      0.67      0.67
    13.986      0.67      0.66      0.66      0.66      0.66      0.66      0.66
    14.043      0.66      0.65      0.65      0.65      0.65      0.65      0.65
    14.100      0.65      0.65      0.65      0.65      0.64      0.64      0.64
    14.156      0.64      0.64      0.64      0.64      0.64      0.64      0.64
    14.213      0.64      0.64      0.64      0.64      0.64      0.64      0.64
    14.269      0.64      0.64      0.64      0.64      0.64      0.64      0.64
    14.326      0.64      0.63      0.63      0.63      0.63      0.63      0.63
    14.383      0.63      0.63      0.63      0.63      0.63      0.63      0.63
    14.439      0.63      0.63      0.63      0.63      0.63      0.63      0.63
    14.496      0.63      0.63      0.63      0.63      0.63      0.63      0.63
    14.552      0.63      0.63      0.63      0.63      0.63      0.62      0.62
    14.609      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    14.665      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    14.722      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    14.779      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    14.835      0.62      0.62      0.61      0.61      0.61      0.61      0.61
    14.892      0.61      0.61      0.61      0.61      0.61      0.61      0.61
    14.948      0.61      0.61      0.61      0.61      0.61      0.61      0.61
    15.005      0.61      0.61      0.61      0.61      0.61      0.61      0.61
    15.062      0.61      0.61      0.61      0.61      0.61      0.61      0.60
    15.118      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    15.175      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    15.231      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    15.288      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    15.345      0.60      0.60      0.60      0.59      0.59      0.59      0.59
    15.401      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    15.458      0.59      0.59      0.59      0.59      0.59      0.59      0.59
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)
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TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                

    15.514      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    15.571      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    15.628      0.59      0.58      0.58      0.58      0.58      0.58      0.58
    15.684      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    15.741      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    15.797      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    15.854      0.58      0.58      0.58      0.58      0.57      0.57      0.57
    15.910      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    15.967      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    16.024      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    16.080      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    16.137      0.57      0.57      0.56      0.56      0.56      0.56      0.56
    16.193      0.56      0.56      0.56      0.56      0.56      0.56      0.56
    16.250      0.56      0.56      0.56      0.56      0.56      0.56      0.56
    16.307      0.56      0.56      0.56      0.56      0.56      0.56      0.56
    16.363      0.56      0.56      0.56      0.56      0.56      0.55      0.55
    16.420      0.55      0.55      0.55      0.55      0.55      0.55      0.55
    16.476      0.55      0.55      0.55      0.55      0.55      0.55      0.55
    16.533      0.55      0.55      0.55      0.55      0.55      0.55      0.55
    16.590      0.55      0.55      0.55      0.55      0.55      0.55      0.55
    16.646      0.55      0.55      0.55      0.54      0.54      0.54      0.54
    16.703      0.54      0.54      0.54      0.54      0.54      0.54      0.54
    16.759      0.54      0.54      0.54      0.54      0.54      0.54      0.54
    16.816      0.54      0.54      0.54      0.54      0.54      0.54      0.54
    16.872      0.54      0.54      0.54      0.54      0.54      0.54      0.53
    16.929      0.53      0.53      0.53      0.53      0.53      0.53      0.53
    16.986      0.53      0.53      0.53      0.53      0.53      0.53      0.53
    17.042      0.53      0.53      0.53      0.53      0.53      0.53      0.53
    17.099      0.53      0.53      0.53      0.53      0.53      0.53      0.53
    17.155      0.53      0.53      0.53      0.52      0.52      0.52      0.52
    17.212      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    17.269      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    17.325      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    17.382      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    17.438      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    17.495      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    17.552      0.51      0.51      0.51      0.51      0.51      0.51      0.51
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Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    17.608      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    17.665      0.51      0.51      0.51      0.51      0.50      0.50      0.50
    17.721      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    17.778      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    17.834      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    17.891      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    17.948      0.50      0.49      0.49      0.49      0.49      0.49      0.49
    18.004      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    18.061      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    18.117      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    18.174      0.49      0.49      0.49      0.49      0.48      0.48      0.48
    18.231      0.48      0.48      0.48      0.48      0.48      0.48      0.48
    18.287      0.48      0.48      0.48      0.48      0.48      0.48      0.48
    18.344      0.48      0.48      0.48      0.48      0.48      0.48      0.48
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    18.400      0.48      0.48      0.48      0.48      0.48      0.48      0.48
    18.457      0.48      0.48      0.47      0.47      0.47      0.47      0.47
    18.514      0.47      0.47      0.47      0.47      0.47      0.47      0.47
    18.570      0.47      0.47      0.47      0.47      0.47      0.47      0.47
    18.627      0.47      0.47      0.47      0.47      0.47      0.47      0.47
    18.683      0.47      0.47      0.47      0.47      0.47      0.46      0.46
    18.740      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    18.797      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    18.853      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    18.910      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    18.966      0.46      0.46      0.45      0.45      0.45      0.45      0.45
    19.023      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    19.079      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    19.136      0.45      0.45      0.45      0.45      0.45      0.45      0.45
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    19.193      0.45      0.45      0.45      0.45      0.45      0.45      0.44
    19.249      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    19.306      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    19.362      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    19.419      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    19.476      0.44      0.44      0.43      0.43      0.43      0.43      0.43
    19.532      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    19.589      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    19.645      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    19.702      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    19.759      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    19.815      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    19.872      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    19.928      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    19.985      0.42      0.42      0.42      0.41      0.41      0.41      0.41
    20.041      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    20.098      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    20.155      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    20.211      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    20.268      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    20.324      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    20.381      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    20.438      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    20.494      0.40      0.40      0.40      0.39      0.39      0.39      0.39
    20.551      0.39      0.39      0.39      0.39      0.39      0.39      0.39
    20.607      0.39      0.39      0.39      0.39      0.39      0.39      0.39
    20.664      0.39      0.39      0.39      0.39      0.39      0.39      0.39
    20.721      0.39      0.39      0.39      0.39      0.39      0.39      0.39
    20.777      0.38      0.38      0.38      0.38      0.38      0.38      0.38
    20.834      0.38      0.38      0.38      0.38      0.38      0.38      0.38
    20.890      0.38      0.38      0.38      0.38      0.38      0.38      0.38
    20.947      0.38      0.38      0.38      0.38      0.38      0.38      0.38
    21.004      0.38      0.38      0.38      0.38      0.37      0.37      0.37
    21.060      0.37      0.37      0.37      0.37      0.37      0.37      0.37
    21.117      0.37      0.37      0.37      0.37      0.37      0.37      0.37
    21.173      0.37      0.37      0.37      0.37      0.37      0.37      0.37
    21.230      0.37      0.37      0.37      0.37      0.37      0.37      0.37
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
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                                    Brea Mall                                   
                                Post-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    21.286      0.36      0.36      0.36      0.36      0.36      0.36      0.36
    21.343      0.36      0.36      0.36      0.36      0.36      0.36      0.36
    21.400      0.36      0.36      0.36      0.36      0.36      0.36      0.36
    21.456      0.36      0.36      0.36      0.36      0.36      0.36      0.36
    21.513      0.36      0.36      0.36      0.36      0.35      0.35      0.35
    21.569      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    21.626      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    21.683      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    21.739      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    21.796      0.35      0.34      0.34      0.34      0.34      0.34      0.34
    21.852      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    21.909      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    21.966      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    22.022      0.34      0.34      0.34      0.34      0.34      0.33      0.33
    22.079      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    22.135      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    22.192      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    22.248      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    22.305      0.33      0.32      0.32      0.32      0.32      0.32      0.32
    22.362      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    22.418      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    22.475      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    22.531      0.32      0.32      0.32      0.32      0.32      0.31      0.31
    22.588      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    22.645      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    22.701      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    22.758      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    22.814      0.31      0.30      0.30      0.30      0.30      0.30      0.30
    22.871      0.30      0.30      0.30      0.30      0.30      0.30      0.30
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    22.928      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    22.984      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    23.041      0.30      0.30      0.30      0.30      0.30      0.29      0.29
    23.097      0.29      0.29      0.29      0.29      0.29      0.29      0.29
    23.154      0.29      0.29      0.29      0.29      0.29      0.29      0.29
    23.210      0.29      0.29      0.29      0.29      0.29      0.29      0.29
    23.267      0.29      0.29      0.29      0.29      0.29      0.29      0.29
    23.324      0.29      0.29      0.28      0.28      0.28      0.28      0.28
    23.380      0.28      0.28      0.28      0.28      0.28      0.28      0.28
    23.437      0.28      0.28      0.28      0.28      0.28      0.28      0.28
    23.493      0.28      0.28      0.28      0.28      0.28      0.28      0.28
    23.550      0.28      0.28      0.28      0.28      0.28      0.27      0.27
    23.607      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    23.663      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    23.720      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    23.776      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    23.833      0.27      0.27      0.26      0.26      0.26      0.26      0.26
    23.890      0.26      0.26      0.26      0.26      0.26      0.26      0.26
    23.946      0.26      0.26      0.26      0.26      0.26      0.26      0.26
    24.003      0.26      0.26      0.25      0.25      0.24      0.23      0.22
    24.059      0.20      0.18      0.16      0.14      0.13      0.11      0.09
    24.116      0.08      0.07      0.06                                        
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                                    Brea Mall                                   
                                Post-Development                                

Area or    Drainage  Rain Gage     Runoff   ------------ Peak Flow ------------
 Reach       Area      ID or       Amount   Elevation   Time      Rate      Rate
Identifier  (sq mi)   Location      (in)      (ft)      (hr)     (cfs)     (csm)

Upper Lvl     0.008                1.819                9.94      6.83    843.97

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
     2.182      0.05      0.05      0.05      0.05      0.05      0.05      0.05
     2.241      0.05      0.05      0.05      0.05      0.06      0.06      0.06
     2.300      0.06      0.06      0.06      0.06      0.06      0.06      0.06
     2.359      0.06      0.06      0.06      0.06      0.06      0.06      0.06
     2.417      0.06      0.06      0.06      0.06      0.06      0.06      0.06
     2.476      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     2.535      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     2.594      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     2.653      0.07      0.07      0.08      0.08      0.08      0.08      0.08
     2.711      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     2.770      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     2.829      0.08      0.08      0.08      0.08      0.09      0.09      0.09
     2.888      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     2.947      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     3.005      0.09      0.09      0.09      0.09      0.09      0.09      0.10
     3.064      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     3.123      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     3.182      0.10      0.10      0.10      0.10      0.10      0.10      0.10
     3.241      0.10      0.11      0.11      0.11      0.11      0.11      0.11
     3.299      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     3.358      0.11      0.11      0.11      0.11      0.11      0.11      0.11
     3.417      0.11      0.11      0.11      0.11      0.12      0.12      0.12
     3.476      0.12      0.12      0.12      0.12      0.12      0.12      0.12
     3.535      0.12      0.12      0.12      0.12      0.12      0.12      0.12
     3.593      0.12      0.12      0.12      0.12      0.12      0.12      0.13
     3.652      0.13      0.13      0.13      0.13      0.13      0.13      0.13
     3.711      0.13      0.13      0.13      0.13      0.13      0.13      0.13
     3.770      0.13      0.13      0.13      0.13      0.13      0.13      0.13
     3.829      0.13      0.13      0.14      0.14      0.14      0.14      0.14
     3.887      0.14      0.14      0.14      0.14      0.14      0.14      0.14
     3.946      0.14      0.14      0.14      0.14      0.14      0.14      0.14
     4.005      0.14      0.14      0.14      0.14      0.14      0.15      0.15
     4.064      0.15      0.15      0.15      0.15      0.15      0.15      0.15
     4.123      0.15      0.15      0.15      0.15      0.15      0.15      0.15
     4.181      0.15      0.15      0.15      0.15      0.15      0.15      0.15
     4.240      0.15      0.15      0.15      0.15      0.15      0.15      0.15
     4.299      0.16      0.16      0.16      0.16      0.16      0.16      0.16
     4.358      0.16      0.16      0.16      0.16      0.16      0.16      0.16
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
     4.417      0.16      0.16      0.16      0.16      0.16      0.16      0.16
     4.475      0.16      0.16      0.16      0.16      0.16      0.16      0.16
     4.534      0.16      0.16      0.16      0.16      0.16      0.16      0.17
     4.593      0.17      0.17      0.17      0.17      0.17      0.17      0.17
     4.652      0.17      0.17      0.17      0.17      0.17      0.17      0.17
     4.711      0.17      0.17      0.17      0.17      0.17      0.17      0.17
     4.769      0.17      0.17      0.17      0.17      0.17      0.17      0.17
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                                    Brea Mall                                   
                                Post-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     4.828      0.17      0.17      0.17      0.17      0.17      0.17      0.17
     4.887      0.18      0.18      0.18      0.18      0.18      0.18      0.18
     4.946      0.18      0.18      0.18      0.18      0.18      0.18      0.18
     5.005      0.18      0.18      0.18      0.18      0.18      0.18      0.18
     5.063      0.18      0.18      0.18      0.18      0.18      0.18      0.18
     5.122      0.18      0.18      0.18      0.18      0.18      0.18      0.18
     5.181      0.18      0.18      0.18      0.18      0.18      0.18      0.19
     5.240      0.19      0.19      0.19      0.19      0.19      0.19      0.19
     5.299      0.19      0.19      0.19      0.19      0.19      0.19      0.19
     5.357      0.19      0.19      0.19      0.19      0.19      0.19      0.19
     5.416      0.19      0.19      0.19      0.19      0.19      0.19      0.19
     5.475      0.19      0.19      0.19      0.19      0.19      0.19      0.19
     5.534      0.19      0.19      0.19      0.19      0.20      0.20      0.20
     5.593      0.20      0.20      0.20      0.20      0.20      0.20      0.20
     5.651      0.20      0.20      0.20      0.20      0.20      0.20      0.20
     5.710      0.20      0.20      0.20      0.20      0.20      0.20      0.20
     5.769      0.20      0.20      0.20      0.20      0.20      0.20      0.20
     5.828      0.20      0.20      0.20      0.20      0.20      0.20      0.20
     5.887      0.20      0.20      0.20      0.20      0.20      0.20      0.21
     5.945      0.21      0.21      0.21      0.21      0.21      0.21      0.21
     6.004      0.21      0.21      0.21      0.21      0.21      0.21      0.21
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
     6.063      0.21      0.21      0.21      0.21      0.21      0.21      0.21
     6.122      0.21      0.21      0.21      0.21      0.21      0.22      0.22
     6.181      0.22      0.22      0.22      0.22      0.22      0.22      0.22
     6.239      0.22      0.22      0.23      0.23      0.23      0.23      0.23
     6.298      0.23      0.23      0.23      0.23      0.23      0.23      0.23
     6.357      0.24      0.24      0.24      0.24      0.24      0.24      0.24
     6.416      0.24      0.24      0.24      0.24      0.25      0.25      0.25
     6.475      0.25      0.25      0.25      0.25      0.25      0.25      0.25
     6.533      0.26      0.26      0.26      0.26      0.26      0.26      0.26
     6.592      0.26      0.26      0.26      0.26      0.27      0.27      0.27
     6.651      0.27      0.27      0.27      0.27      0.27      0.27      0.27
     6.710      0.28      0.28      0.28      0.28      0.28      0.28      0.28
     6.769      0.28      0.28      0.28      0.28      0.29      0.29      0.29
     6.827      0.29      0.29      0.29      0.29      0.29      0.29      0.29
     6.886      0.29      0.30      0.30      0.30      0.30      0.30      0.30
     6.945      0.30      0.30      0.30      0.30      0.31      0.31      0.31
     7.004      0.31      0.31      0.31      0.31      0.31      0.31      0.31
     7.063      0.31      0.32      0.32      0.32      0.32      0.32      0.32
     7.121      0.32      0.32      0.32      0.32      0.32      0.32      0.32
     7.180      0.32      0.32      0.32      0.32      0.32      0.33      0.33
     7.239      0.33      0.33      0.33      0.33      0.33      0.33      0.33
     7.298      0.33      0.33      0.33      0.33      0.33      0.33      0.33
     7.357      0.33      0.33      0.33      0.33      0.33      0.33      0.34
     7.415      0.34      0.34      0.34      0.34      0.34      0.34      0.34
     7.474      0.34      0.34      0.34      0.34      0.34      0.34      0.34
     7.533      0.34      0.34      0.34      0.34      0.34      0.34      0.34
     7.592      0.34      0.34      0.34      0.35      0.35      0.35      0.35
     7.651      0.35      0.35      0.35      0.35      0.35      0.35      0.35
     7.709      0.35      0.35      0.35      0.35      0.35      0.35      0.35
     7.768      0.35      0.35      0.35      0.35      0.35      0.35      0.35
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                                Post-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     7.827      0.35      0.36      0.36      0.36      0.36      0.36      0.36
     7.886      0.36      0.36      0.36      0.36      0.36      0.36      0.36
     7.945      0.36      0.36      0.36      0.36      0.36      0.36      0.36
     8.003      0.36      0.36      0.36      0.36      0.37      0.37      0.37
     8.062      0.37      0.37      0.37      0.37      0.38      0.38      0.38
     8.121      0.38      0.38      0.39      0.39      0.39      0.39      0.40
     8.180      0.40      0.40      0.41      0.41      0.41      0.42      0.42
     8.239      0.42      0.43      0.43      0.43      0.44      0.44      0.44
     8.297      0.45      0.45      0.45      0.46      0.46      0.46      0.47
     8.356      0.47      0.47      0.48      0.48      0.49      0.49      0.49
     8.415      0.50      0.50      0.50      0.51      0.51      0.51      0.52
     8.474      0.52      0.52      0.53      0.53      0.53      0.54      0.54
     8.533      0.54      0.55      0.55      0.55      0.56      0.56      0.57
     8.591      0.57      0.57      0.58      0.58      0.58      0.59      0.59
     8.650      0.59      0.60      0.60      0.60      0.61      0.61      0.61
     8.709      0.62      0.62      0.62      0.63      0.63      0.63      0.64
     8.768      0.64      0.64      0.65      0.65      0.65      0.66      0.66
     8.827      0.66      0.67      0.67      0.67      0.68      0.68      0.68
     8.885      0.69      0.69      0.69      0.70      0.70      0.70      0.71
     8.944      0.71      0.71      0.72      0.72      0.72      0.73      0.73
     9.003      0.74      0.74      0.74      0.75      0.75      0.75      0.76
     9.062      0.76      0.77      0.77      0.78      0.78      0.79      0.79
     9.121      0.80      0.80      0.80      0.81      0.82      0.82      0.83
     9.179      0.84      0.84      0.85      0.85      0.86      0.87      0.87
     9.238      0.88      0.88      0.89      0.90      0.90      0.91      0.92
     9.297      0.92      0.93      0.94      0.94      0.95      0.95      0.96
     9.356      0.97      0.97      0.98      0.99      1.00      1.00      1.01
     9.415      1.01      1.02      1.03      1.03      1.04      1.05      1.05
     9.473      1.06      1.07      1.07      1.08      1.09      1.10      1.11
     9.532      1.12      1.14      1.17      1.20      1.24      1.28      1.32
     9.591      1.36      1.40      1.44      1.48      1.52      1.56      1.61
     9.650      1.68      1.75      1.83      1.91      1.99      2.07      2.15
     9.709      2.22      2.29      2.37      2.46      2.55      2.67      2.80
     9.767      2.94      3.08      3.23      3.37      3.50      3.63      3.76
     9.826      3.91      4.07      4.26      4.49      4.75      5.02      5.31
     9.885      5.60      5.87      6.13      6.36      6.55      6.70      6.79
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
     9.944      6.83      6.81      6.75      6.66      6.55      6.43      6.30
    10.003      6.18      6.05      5.91      5.76      5.58      5.38      5.14
    10.061      4.87      4.57      4.27      3.98      3.69      3.43      3.19
    10.120      2.97      2.78      2.62      2.49      2.37      2.27      2.18
    10.179      2.10      2.03      1.96      1.91      1.86      1.82      1.78
    10.238      1.75      1.72      1.69      1.66      1.63      1.60      1.58
    10.297      1.55      1.53      1.51      1.50      1.48      1.46      1.45
    10.355      1.43      1.41      1.39      1.37      1.35      1.34      1.32
    10.414      1.31      1.29      1.28      1.26      1.25      1.23      1.22
    10.473      1.20      1.18      1.16      1.15      1.13      1.12      1.11
    10.532      1.09      1.08      1.07      1.06      1.04      1.03      1.02
    10.591      1.01      1.00      0.99      0.98      0.97      0.96      0.95
    10.649      0.95      0.94      0.94      0.93      0.92      0.92      0.91
    10.708      0.91      0.90      0.90      0.90      0.89      0.89      0.88
    10.767      0.88      0.87      0.87      0.87      0.86      0.86      0.85
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                                    Brea Mall                                   
                                Post-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    10.826      0.85      0.85      0.84      0.84      0.84      0.83      0.83
    10.885      0.82      0.82      0.82      0.81      0.81      0.81      0.80
    10.943      0.80      0.79      0.79      0.79      0.78      0.78      0.77
    11.002      0.77      0.77      0.76      0.76      0.76      0.75      0.75
    11.061      0.75      0.74      0.74      0.74      0.73      0.73      0.73
    11.120      0.73      0.72      0.72      0.72      0.72      0.72      0.71
    11.179      0.71      0.71      0.71      0.71      0.71      0.71      0.70
    11.237      0.70      0.70      0.70      0.70      0.70      0.69      0.69
    11.296      0.69      0.69      0.69      0.69      0.69      0.69      0.68
    11.355      0.68      0.68      0.68      0.68      0.68      0.67      0.67
    11.414      0.67      0.67      0.67      0.67      0.67      0.67      0.66
    11.473      0.66      0.66      0.66      0.66      0.66      0.66      0.65
    11.531      0.65      0.65      0.65      0.65      0.65      0.65      0.64
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WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    11.590      0.64      0.64      0.64      0.64      0.64      0.64      0.64
    11.649      0.63      0.63      0.63      0.63      0.63      0.63      0.62
    11.708      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    11.767      0.61      0.61      0.61      0.61      0.61      0.61      0.61
    11.825      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    11.884      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    11.943      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    12.002      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    12.061      0.57      0.56      0.56      0.56      0.56      0.56      0.56
    12.119      0.56      0.56      0.56      0.55      0.55      0.55      0.55
    12.178      0.55      0.55      0.55      0.55      0.55      0.55      0.54
    12.237      0.54      0.54      0.54      0.54      0.54      0.54      0.54
    12.296      0.54      0.54      0.54      0.54      0.53      0.53      0.53
    12.355      0.53      0.53      0.53      0.53      0.53      0.53      0.53
    12.413      0.53      0.52      0.52      0.52      0.52      0.52      0.52
    12.472      0.52      0.52      0.52      0.52      0.52      0.51      0.51
    12.531      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    12.590      0.51      0.51      0.51      0.50      0.50      0.50      0.50
    12.649      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    12.707      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    12.766      0.49      0.49      0.49      0.49      0.48      0.48      0.48
    12.825      0.48      0.48      0.48      0.48      0.48      0.48      0.48
    12.884      0.48      0.48      0.47      0.47      0.47      0.47      0.47
    12.943      0.47      0.47      0.47      0.47      0.47      0.47      0.46
    13.001      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    13.060      0.46      0.46      0.46      0.46      0.45      0.45      0.45
    13.119      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    13.178      0.45      0.44      0.44      0.44      0.44      0.44      0.44
    13.237      0.44      0.44      0.44      0.44      0.44      0.43      0.43
    13.295      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    13.354      0.43      0.43      0.43      0.42      0.42      0.42      0.42
    13.413      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    13.472      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    13.531      0.41      0.41      0.41      0.41      0.41      0.40      0.40
    13.589      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    13.648      0.40      0.40      0.39      0.39      0.39      0.39      0.39
    13.707      0.39      0.39      0.39      0.39      0.39      0.39      0.38
    13.766      0.38      0.38      0.38      0.38      0.38      0.38      0.38
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WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    13.825      0.38      0.38      0.38      0.38      0.37      0.37      0.37
    13.883      0.37      0.37      0.37      0.37      0.37      0.37      0.37
    13.942      0.37      0.36      0.36      0.36      0.36      0.36      0.36
    14.001      0.36      0.36      0.36      0.36      0.36      0.36      0.35
    14.060      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    14.119      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    14.177      0.35      0.35      0.35      0.35      0.35      0.35      0.35
    14.236      0.35      0.35      0.35      0.35      0.34      0.34      0.34
    14.295      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    14.354      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    14.413      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    14.471      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    14.530      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    14.589      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    14.648      0.34      0.34      0.34      0.34      0.34      0.34      0.34
    14.707      0.34      0.34      0.34      0.34      0.34      0.33      0.33
    14.765      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    14.824      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    14.883      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    14.942      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    15.001      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    15.059      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    15.118      0.33      0.33      0.33      0.33      0.33      0.33      0.33
    15.177      0.33      0.33      0.33      0.33      0.33      0.33      0.32
    15.236      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    15.295      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    15.353      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    15.412      0.32      0.32      0.32      0.32      0.32      0.32      0.32
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    15.471      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    15.530      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    15.589      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    15.647      0.32      0.32      0.32      0.32      0.32      0.32      0.32
    15.706      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    15.765      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    15.824      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    15.883      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    15.941      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    16.000      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    16.059      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    16.118      0.31      0.31      0.31      0.31      0.31      0.31      0.31
    16.177      0.31      0.30      0.30      0.30      0.30      0.30      0.30
    16.235      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    16.294      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    16.353      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    16.412      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    16.471      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    16.529      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    16.588      0.30      0.30      0.30      0.30      0.30      0.30      0.30
    16.647      0.30      0.30      0.29      0.29      0.29      0.29      0.29
    16.706      0.29      0.29      0.29      0.29      0.29      0.29      0.29
    16.765      0.29      0.29      0.29      0.29      0.29      0.29      0.29
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                                Post-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    16.823      0.29      0.29      0.29      0.29      0.29      0.29      0.29
    16.882      0.29      0.29      0.29      0.29      0.29      0.29      0.29
    16.941      0.29      0.29      0.29      0.29      0.29      0.29      0.29
    17.000      0.29      0.29      0.29      0.29      0.29      0.29      0.29
    17.059      0.29      0.29      0.29      0.29      0.29      0.29      0.29

WinTR-55, Version 1.00.10 Page  19 2/6/2022 11:18:21 AM 

M-188



WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    17.117      0.29      0.29      0.29      0.28      0.28      0.28      0.28
    17.176      0.28      0.28      0.28      0.28      0.28      0.28      0.28
    17.235      0.28      0.28      0.28      0.28      0.28      0.28      0.28
    17.294      0.28      0.28      0.28      0.28      0.28      0.28      0.28
    17.353      0.28      0.28      0.28      0.28      0.28      0.28      0.28
    17.411      0.28      0.28      0.28      0.28      0.28      0.28      0.28
    17.470      0.28      0.28      0.28      0.28      0.28      0.28      0.28
    17.529      0.28      0.28      0.28      0.28      0.28      0.28      0.28
    17.588      0.28      0.28      0.28      0.28      0.27      0.27      0.27
    17.647      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    17.705      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    17.764      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    17.823      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    17.882      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    17.941      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    17.999      0.27      0.27      0.27      0.27      0.27      0.27      0.27
    18.058      0.27      0.27      0.27      0.27      0.26      0.26      0.26
    18.117      0.26      0.26      0.26      0.26      0.26      0.26      0.26
    18.176      0.26      0.26      0.26      0.26      0.26      0.26      0.26
    18.235      0.26      0.26      0.26      0.26      0.26      0.26      0.26
    18.293      0.26      0.26      0.26      0.26      0.26      0.26      0.26
    18.352      0.26      0.26      0.26      0.26      0.26      0.26      0.26
    18.411      0.26      0.26      0.26      0.26      0.26      0.26      0.26
    18.470      0.26      0.26      0.26      0.26      0.26      0.26      0.26
    18.529      0.26      0.26      0.26      0.26      0.26      0.25      0.25
    18.587      0.25      0.25      0.25      0.25      0.25      0.25      0.25
    18.646      0.25      0.25      0.25      0.25      0.25      0.25      0.25
    18.705      0.25      0.25      0.25      0.25      0.25      0.25      0.25
    18.764      0.25      0.25      0.25      0.25      0.25      0.25      0.25
    18.823      0.25      0.25      0.25      0.25      0.25      0.25      0.25
    18.881      0.25      0.25      0.25      0.25      0.25      0.25      0.25
    18.940      0.25      0.25      0.25      0.25      0.25      0.25      0.25
    18.999      0.25      0.25      0.25      0.25      0.25      0.25      0.24
    19.058      0.24      0.24      0.24      0.24      0.24      0.24      0.24
    19.117      0.24      0.24      0.24      0.24      0.24      0.24      0.24
    19.175      0.24      0.24      0.24      0.24      0.24      0.24      0.24
    19.234      0.24      0.24      0.24      0.24      0.24      0.24      0.24
    19.293      0.24      0.24      0.24      0.24      0.24      0.24      0.24
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Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    19.352      0.24      0.24      0.24      0.24      0.24      0.24      0.24
    19.411      0.24      0.24      0.24      0.24      0.24      0.24      0.24
    19.469      0.24      0.24      0.24      0.24      0.24      0.24      0.23
    19.528      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    19.587      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    19.646      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    19.705      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    19.763      0.23      0.23      0.23      0.23      0.23      0.23      0.23
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                                Post-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    19.822      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    19.881      0.23      0.23      0.23      0.23      0.23      0.23      0.23
    19.940      0.23      0.23      0.23      0.23      0.23      0.23      0.22
    19.999      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    20.057      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    20.116      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    20.175      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    20.234      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    20.293      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    20.351      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    20.410      0.22      0.22      0.22      0.22      0.22      0.22      0.22
    20.469      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    20.528      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    20.587      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    20.645      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    20.704      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    20.763      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    20.822      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    20.881      0.21      0.21      0.21      0.21      0.21      0.21      0.21
    20.939      0.20      0.20      0.20      0.20      0.20      0.20      0.20
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WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    20.998      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    21.057      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    21.116      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    21.175      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    21.233      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    21.292      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    21.351      0.20      0.20      0.20      0.20      0.20      0.20      0.20
    21.410      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    21.469      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    21.527      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    21.586      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    21.645      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    21.704      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    21.763      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    21.821      0.19      0.19      0.19      0.19      0.19      0.19      0.19
    21.880      0.19      0.18      0.18      0.18      0.18      0.18      0.18
    21.939      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    21.998      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    22.057      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    22.115      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    22.174      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    22.233      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    22.292      0.18      0.18      0.18      0.18      0.18      0.18      0.18
    22.351      0.18      0.17      0.17      0.17      0.17      0.17      0.17
    22.409      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    22.468      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    22.527      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    22.586      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    22.645      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    22.703      0.17      0.17      0.17      0.17      0.17      0.17      0.17
    22.762      0.17      0.17      0.17      0.17      0.17      0.17      0.17
 
WinTR-20 Version 1.10               Page  15                   02/06/2022 11:17 

                                    Brea Mall                                   
                                Post-Development                                

   Line    
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TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    22.821      0.17      0.16      0.16      0.16      0.16      0.16      0.16
    22.880      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    22.939      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    22.997      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    23.056      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    23.115      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    23.174      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    23.233      0.16      0.16      0.16      0.16      0.16      0.16      0.16
    23.291      0.16      0.15      0.15      0.15      0.15      0.15      0.15
    23.350      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    23.409      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    23.468      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    23.527      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    23.585      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    23.644      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    23.703      0.15      0.15      0.15      0.15      0.15      0.15      0.15
    23.762      0.15      0.15      0.14      0.14      0.14      0.14      0.14
    23.821      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    23.879      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    23.938      0.14      0.14      0.14      0.14      0.14      0.14      0.14
    23.997      0.14      0.14      0.14      0.14      0.13      0.13      0.12
    24.056      0.12      0.11      0.10      0.09      0.08      0.07      0.06

Area or    Drainage  Rain Gage     Runoff   ------------ Peak Flow ------------
 Reach       Area      ID or       Amount   Elevation   Time      Rate      Rate
Identifier  (sq mi)   Location      (in)      (ft)      (hr)     (cfs)     (csm)

OUTLET        0.023                1.821                9.94     19.54    848.10

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     1.706      0.05      0.05      0.05      0.05      0.05      0.05      0.06
     1.763      0.06      0.06      0.06      0.06      0.06      0.06      0.06
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TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
     1.820      0.06      0.06      0.06      0.06      0.06      0.07      0.07
     1.876      0.07      0.07      0.07      0.07      0.07      0.07      0.07
     1.933      0.07      0.07      0.07      0.07      0.07      0.07      0.08
     1.989      0.08      0.08      0.08      0.08      0.08      0.08      0.08
     2.046      0.08      0.08      0.08      0.08      0.08      0.08      0.09
     2.103      0.09      0.09      0.09      0.09      0.09      0.09      0.09
     2.159      0.09      0.09      0.10      0.14      0.15      0.15      0.15
     2.216      0.15      0.15      0.15      0.15      0.15      0.15      0.16
     2.272      0.16      0.16      0.16      0.16      0.16      0.16      0.16
     2.329      0.17      0.17      0.17      0.17      0.17      0.17      0.17
     2.386      0.17      0.17      0.18      0.18      0.18      0.18      0.18
     2.442      0.18      0.18      0.18      0.19      0.19      0.19      0.19
     2.499      0.19      0.19      0.19      0.19      0.19      0.20      0.20
     2.555      0.20      0.20      0.20      0.20      0.20      0.20      0.21
     2.612      0.21      0.21      0.21      0.21      0.21      0.21      0.21
     2.669      0.22      0.22      0.22      0.22      0.22      0.22      0.22
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     2.725      0.22      0.22      0.23      0.23      0.23      0.23      0.23
     2.782      0.23      0.23      0.23      0.24      0.24      0.24      0.24
     2.838      0.24      0.24      0.24      0.24      0.24      0.25      0.25
     2.895      0.25      0.25      0.25      0.25      0.25      0.25      0.25
     2.951      0.26      0.26      0.26      0.26      0.26      0.26      0.26
     3.008      0.26      0.27      0.27      0.27      0.27      0.27      0.27
     3.065      0.27      0.27      0.28      0.28      0.28      0.28      0.28
     3.121      0.28      0.28      0.28      0.28      0.29      0.29      0.29
     3.178      0.29      0.29      0.29      0.29      0.29      0.30      0.30
     3.234      0.30      0.30      0.30      0.30      0.30      0.30      0.31
     3.291      0.31      0.31      0.31      0.31      0.31      0.31      0.31
     3.348      0.31      0.31      0.32      0.32      0.32      0.32      0.32
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TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
     3.404      0.32      0.32      0.32      0.33      0.33      0.33      0.33
     3.461      0.33      0.33      0.33      0.33      0.33      0.34      0.34
     3.517      0.34      0.34      0.34      0.34      0.34      0.34      0.35
     3.574      0.35      0.35      0.35      0.35      0.35      0.35      0.35
     3.631      0.35      0.36      0.36      0.36      0.36      0.36      0.36
     3.687      0.36      0.36      0.37      0.37      0.37      0.37      0.37
     3.744      0.37      0.37      0.37      0.37      0.38      0.38      0.38
     3.800      0.38      0.38      0.38      0.38      0.38      0.38      0.39
     3.857      0.39      0.39      0.39      0.39      0.39      0.39      0.39
     3.913      0.39      0.40      0.40      0.40      0.40      0.40      0.40
     3.970      0.40      0.40      0.41      0.41      0.41      0.41      0.41
     4.027      0.41      0.41      0.41      0.41      0.42      0.42      0.42
     4.083      0.42      0.42      0.42      0.42      0.42      0.42      0.42
     4.140      0.43      0.43      0.43      0.43      0.43      0.43      0.43
     4.196      0.43      0.43      0.43      0.43      0.43      0.43      0.44
     4.253      0.44      0.44      0.44      0.44      0.44      0.44      0.44
     4.310      0.44      0.44      0.44      0.45      0.45      0.45      0.45
     4.366      0.45      0.45      0.45      0.45      0.45      0.45      0.45
     4.423      0.45      0.46      0.46      0.46      0.46      0.46      0.46
     4.479      0.46      0.46      0.46      0.46      0.46      0.46      0.47
     4.536      0.47      0.47      0.47      0.47      0.47      0.47      0.47
     4.593      0.47      0.47      0.47      0.47      0.47      0.47      0.48
     4.649      0.48      0.48      0.48      0.48      0.48      0.48      0.48
     4.706      0.48      0.48      0.48      0.48      0.48      0.49      0.49
     4.762      0.49      0.49      0.49      0.49      0.49      0.49      0.49
     4.819      0.49      0.49      0.49      0.49      0.49      0.50      0.50
     4.876      0.50      0.50      0.50      0.50      0.50      0.50      0.50
     4.932      0.50      0.50      0.50      0.51      0.51      0.51      0.51
     4.989      0.51      0.51      0.51      0.51      0.51      0.51      0.51
     5.045      0.51      0.51      0.51      0.51      0.52      0.52      0.52
     5.102      0.52      0.52      0.52      0.52      0.52      0.52      0.52
     5.158      0.52      0.52      0.52      0.52      0.52      0.53      0.53
     5.215      0.53      0.53      0.53      0.53      0.53      0.53      0.53
     5.272      0.53      0.53      0.53      0.53      0.53      0.53      0.54
     5.328      0.54      0.54      0.54      0.54      0.54      0.54      0.54
     5.385      0.54      0.54      0.54      0.54      0.54      0.54      0.55
     5.441      0.55      0.55      0.55      0.55      0.55      0.55      0.55
     5.498      0.55      0.55      0.55      0.55      0.55      0.55      0.55
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TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
     5.555      0.55      0.56      0.56      0.56      0.56      0.56      0.56
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     5.611      0.56      0.56      0.56      0.56      0.56      0.56      0.56
     5.668      0.56      0.56      0.56      0.57      0.57      0.57      0.57
     5.724      0.57      0.57      0.57      0.57      0.57      0.57      0.57
     5.781      0.57      0.57      0.57      0.57      0.57      0.57      0.58
     5.838      0.58      0.58      0.58      0.58      0.58      0.58      0.58
     5.894      0.58      0.58      0.58      0.58      0.58      0.58      0.58
     5.951      0.59      0.59      0.59      0.59      0.59      0.59      0.59
     6.007      0.59      0.59      0.59      0.59      0.59      0.59      0.59
     6.064      0.59      0.60      0.60      0.60      0.60      0.60      0.60
     6.120      0.60      0.61      0.61      0.61      0.61      0.61      0.62
     6.177      0.62      0.62      0.63      0.63      0.63      0.63      0.63
     6.234      0.64      0.64      0.64      0.64      0.65      0.65      0.65
     6.290      0.65      0.66      0.66      0.66      0.66      0.66      0.67
     6.347      0.67      0.67      0.67      0.68      0.68      0.68      0.68
     6.403      0.69      0.69      0.69      0.69      0.70      0.70      0.70
     6.460      0.70      0.71      0.71      0.71      0.72      0.72      0.72
     6.517      0.72      0.73      0.73      0.73      0.73      0.73      0.74
     6.573      0.74      0.74      0.75      0.75      0.75      0.75      0.76
     6.630      0.76      0.76      0.76      0.77      0.77      0.77      0.77
     6.686      0.78      0.78      0.78      0.79      0.79      0.79      0.79
     6.743      0.79      0.80      0.80      0.80      0.81      0.81      0.81
     6.800      0.81      0.82      0.82      0.82      0.82      0.83      0.83
     6.856      0.83      0.83      0.84      0.84      0.84      0.84      0.85
     6.913      0.85      0.85      0.85      0.86      0.86      0.86      0.86
     6.969      0.87      0.87      0.87      0.88      0.88      0.88      0.88
     7.026      0.89      0.89      0.89      0.89      0.90      0.90      0.90
     7.082      0.90      0.90      0.91      0.91      0.91      0.91      0.91
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WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
     7.139      0.91      0.92      0.92      0.92      0.92      0.92      0.92
     7.196      0.92      0.92      0.93      0.93      0.93      0.93      0.93
     7.252      0.93      0.93      0.93      0.93      0.94      0.94      0.94
     7.309      0.94      0.94      0.94      0.94      0.94      0.95      0.95
     7.365      0.95      0.95      0.95      0.95      0.95      0.96      0.96
     7.422      0.96      0.96      0.96      0.96      0.96      0.96      0.96
     7.479      0.96      0.97      0.97      0.97      0.97      0.97      0.97
     7.535      0.97      0.97      0.97      0.97      0.98      0.98      0.98
     7.592      0.98      0.98      0.98      0.98      0.98      0.99      0.99
     7.648      0.99      0.99      0.99      0.99      0.99      0.99      0.99
     7.705      0.99      0.99      1.00      1.00      1.00      1.00      1.00
     7.762      1.00      1.00      1.00      1.00      1.01      1.01      1.01
     7.818      1.01      1.01      1.01      1.01      1.01      1.02      1.02
     7.875      1.02      1.02      1.02      1.02      1.02      1.02      1.03
     7.931      1.03      1.03      1.03      1.03      1.03      1.03      1.03
     7.988      1.03      1.03      1.03      1.04      1.04      1.04      1.04
     8.045      1.04      1.05      1.05      1.06      1.06      1.07      1.07
     8.101      1.08      1.08      1.09      1.09      1.10      1.10      1.11
     8.158      1.12      1.13      1.14      1.15      1.16      1.16      1.17
     8.214      1.18      1.19      1.20      1.20      1.21      1.22      1.23
     8.271      1.24      1.25      1.26      1.27      1.28      1.29      1.30
     8.327      1.31      1.32      1.33      1.34      1.35      1.36      1.37
     8.384      1.38      1.39      1.40      1.41      1.42      1.42      1.43
     8.441      1.44      1.45      1.46      1.47      1.48      1.49      1.50
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     8.497      1.51      1.52      1.53      1.54      1.55      1.56      1.57
     8.554      1.58      1.59      1.60      1.61      1.62      1.63      1.64
     8.610      1.65      1.65      1.66      1.67      1.68      1.69      1.70
     8.667      1.71      1.72      1.73      1.74      1.75      1.76      1.77
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WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
     8.724      1.77      1.78      1.79      1.80      1.81      1.82      1.83
     8.780      1.84      1.85      1.86      1.87      1.88      1.89      1.89
     8.837      1.90      1.91      1.92      1.93      1.94      1.95      1.96
     8.893      1.97      1.98      1.99      2.00      2.00      2.01      2.02
     8.950      2.03      2.04      2.05      2.06      2.07      2.08      2.09
     9.007      2.10      2.11      2.12      2.13      2.14      2.15      2.16
     9.063      2.18      2.19      2.21      2.22      2.23      2.24      2.26
     9.120      2.27      2.28      2.29      2.31      2.32      2.34      2.36
     9.176      2.38      2.40      2.41      2.43      2.45      2.46      2.48
     9.233      2.49      2.51      2.52      2.54      2.56      2.58      2.60
     9.289      2.62      2.64      2.66      2.67      2.69      2.70      2.72
     9.346      2.74      2.75      2.77      2.80      2.82      2.83      2.85
     9.403      2.87      2.89      2.90      2.92      2.93      2.95      2.97
     9.459      2.99      3.01      3.03      3.05      3.07      3.09      3.10
     9.516      3.13      3.16      3.21      3.26      3.34      3.43      3.54
     9.572      3.65      3.77      3.88      3.98      4.09      4.19      4.30
     9.629      4.42      4.55      4.72      4.91      5.12      5.35      5.57
     9.686      5.80      6.01      6.22      6.42      6.62      6.84      7.07
     9.742      7.35      7.67      8.04      8.43      8.83      9.23      9.61
     9.799      9.98     10.33     10.69     11.08     11.50     12.00     12.60
     9.855     13.29     14.05     14.84     15.64     16.42     17.17     17.85
     9.912     18.45     18.93     19.28     19.49     19.54     19.46     19.26
     9.969     18.98     18.66     18.31     17.95     17.60     17.24     16.86
    10.025     16.45     16.00     15.46     14.81     14.07     13.26     12.43
    10.082     11.59     10.78     10.02      9.32      8.68      8.12      7.65
    10.138      7.24      6.90      6.59      6.32      6.09      5.87      5.69
    10.195      5.53      5.38      5.26      5.15      5.05      4.96      4.87
    10.252      4.79      4.71      4.63      4.56      4.49      4.43      4.37
    10.308      4.32      4.27      4.23      4.18      4.14      4.09      4.04
    10.365      3.99      3.93      3.88      3.84      3.79      3.75      3.71
    10.421      3.67      3.64      3.60      3.56      3.51      3.46      3.41
    10.478      3.37      3.32      3.27      3.23      3.19      3.16      3.12
    10.534      3.09      3.06      3.03      2.99      2.96      2.92      2.89
    10.591      2.86      2.83      2.80      2.78      2.75      2.73      2.72
    10.648      2.70      2.68      2.66      2.65      2.63      2.62      2.60
    10.704      2.59      2.58      2.57      2.56      2.55      2.53      2.52
    10.761      2.51      2.50      2.49      2.47      2.46      2.45      2.44
    10.817      2.43      2.42      2.41      2.40      2.39      2.38      2.37
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    10.874      2.36      2.35      2.33      2.32      2.31      2.30      2.29
    10.931      2.29      2.28      2.27      2.26      2.24      2.23      2.22
    10.987      2.21      2.20      2.19      2.18      2.17      2.16      2.15
    11.044      2.14      2.14      2.13      2.12      2.11      2.10      2.09
    11.100      2.08      2.08      2.07      2.06      2.06      2.05      2.05
    11.157      2.04      2.04      2.03      2.03      2.02      2.02      2.01
    11.214      2.01      2.01      2.00      2.00      2.00      1.99      1.99
    11.270      1.98      1.98      1.97      1.97      1.97      1.96      1.96
    11.327      1.96      1.95      1.95      1.94      1.94      1.94      1.93
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    11.383      1.93      1.92      1.92      1.92      1.91      1.91      1.91
    11.440      1.90      1.90      1.89      1.89      1.89      1.88      1.88
    11.496      1.87      1.87      1.87      1.86      1.86      1.86      1.85
    11.553      1.85      1.84      1.84      1.84      1.83      1.83      1.82
    11.610      1.82      1.82      1.81      1.81      1.81      1.80      1.80
    11.666      1.79      1.79      1.79      1.78      1.78      1.77      1.77
    11.723      1.77      1.76      1.76      1.76      1.75      1.75      1.74
    11.779      1.74      1.74      1.73      1.73      1.73      1.72      1.72
    11.836      1.72      1.71      1.71      1.70      1.70      1.69      1.69
    11.893      1.69      1.68      1.68      1.68      1.67      1.67      1.67
    11.949      1.66      1.66      1.65      1.65      1.64      1.64      1.64
    12.006      1.63      1.63      1.63      1.62      1.62      1.62      1.61
    12.062      1.61      1.61      1.60      1.60      1.59      1.59      1.59
    12.119      1.59      1.58      1.58      1.58      1.58      1.57      1.57
    12.176      1.57      1.56      1.56      1.56      1.56      1.55      1.55
    12.232      1.55      1.55      1.55      1.54      1.54      1.54      1.53
    12.289      1.53      1.53      1.53      1.53      1.52      1.52      1.52
    12.345      1.52      1.51      1.51      1.51      1.51      1.50      1.50
    12.402      1.50      1.50      1.49      1.49      1.49      1.49      1.49
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WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    12.458      1.48      1.48      1.48      1.47      1.47      1.47      1.47
    12.515      1.47      1.46      1.46      1.46      1.46      1.45      1.45
    12.572      1.45      1.45      1.44      1.44      1.44      1.44      1.43
    12.628      1.43      1.43      1.43      1.43      1.42      1.42      1.42
    12.685      1.41      1.41      1.41      1.41      1.41      1.40      1.40
    12.741      1.40      1.40      1.39      1.39      1.39      1.39      1.38
    12.798      1.38      1.38      1.38      1.37      1.37      1.37      1.37
    12.855      1.37      1.36      1.36      1.36      1.35      1.35      1.35
    12.911      1.35      1.35      1.34      1.34      1.34      1.34      1.33
    12.968      1.33      1.33      1.33      1.32      1.32      1.32      1.32
    13.024      1.31      1.31      1.31      1.31      1.30      1.30      1.30
    13.081      1.30      1.29      1.29      1.29      1.29      1.29      1.28
    13.138      1.28      1.28      1.28      1.27      1.27      1.27      1.27
    13.194      1.26      1.26      1.26      1.26      1.25      1.25      1.25
    13.251      1.25      1.24      1.24      1.24      1.24      1.23      1.23
    13.307      1.23      1.23      1.22      1.22      1.22      1.22      1.22
    13.364      1.21      1.21      1.21      1.20      1.20      1.20      1.20
    13.421      1.20      1.19      1.19      1.19      1.19      1.18      1.18
    13.477      1.18      1.18      1.17      1.17      1.17      1.17      1.16
    13.534      1.16      1.16      1.16      1.16      1.15      1.15      1.15
    13.590      1.14      1.14      1.14      1.14      1.14      1.13      1.13
    13.647      1.13      1.13      1.12      1.12      1.12      1.12      1.11
    13.703      1.11      1.11      1.11      1.10      1.10      1.10      1.10
    13.760      1.09      1.09      1.09      1.09      1.08      1.08      1.08
    13.817      1.08      1.08      1.07      1.07      1.07      1.07      1.06
    13.873      1.06      1.06      1.05      1.05      1.05      1.05      1.05
    13.930      1.04      1.04      1.04      1.04      1.03      1.03      1.03
    13.986      1.03      1.02      1.02      1.02      1.02      1.02      1.01
    14.043      1.01      1.01      1.01      1.01      1.00      1.00      1.00
    14.100      1.00      1.00      1.00      0.99      0.99      0.99      0.99
    14.156      0.99      0.99      0.99      0.99      0.99      0.99      0.99
    14.213      0.99      0.99      0.99      0.98      0.98      0.98      0.98
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WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    14.269      0.98      0.98      0.98      0.98      0.98      0.98      0.98
    14.326      0.98      0.98      0.98      0.98      0.98      0.98      0.98
    14.383      0.98      0.97      0.97      0.97      0.97      0.97      0.97
    14.439      0.97      0.97      0.97      0.97      0.97      0.97      0.97
    14.496      0.97      0.97      0.97      0.97      0.97      0.97      0.97
    14.552      0.97      0.96      0.96      0.96      0.96      0.96      0.96
    14.609      0.96      0.96      0.96      0.96      0.96      0.96      0.96
    14.665      0.96      0.96      0.96      0.96      0.96      0.96      0.96
    14.722      0.96      0.95      0.95      0.95      0.95      0.95      0.95
    14.779      0.95      0.95      0.95      0.95      0.95      0.95      0.95
    14.835      0.95      0.95      0.95      0.95      0.95      0.95      0.95
    14.892      0.95      0.94      0.94      0.94      0.94      0.94      0.94
    14.948      0.94      0.94      0.94      0.94      0.94      0.94      0.94
    15.005      0.94      0.94      0.94      0.94      0.94      0.94      0.94
    15.062      0.94      0.93      0.93      0.93      0.93      0.93      0.93
    15.118      0.93      0.93      0.93      0.93      0.93      0.93      0.93
    15.175      0.93      0.93      0.93      0.93      0.93      0.93      0.93
    15.231      0.93      0.92      0.92      0.92      0.92      0.92      0.92
    15.288      0.92      0.92      0.92      0.92      0.92      0.92      0.92
    15.345      0.92      0.92      0.92      0.92      0.92      0.92      0.92
    15.401      0.91      0.91      0.91      0.91      0.91      0.91      0.91
    15.458      0.91      0.91      0.91      0.91      0.91      0.91      0.91
    15.514      0.91      0.91      0.91      0.91      0.91      0.91      0.91
    15.571      0.90      0.90      0.90      0.90      0.90      0.90      0.90
    15.628      0.90      0.90      0.90      0.90      0.90      0.90      0.90
    15.684      0.90      0.90      0.90      0.90      0.90      0.90      0.90
    15.741      0.90      0.89      0.89      0.89      0.89      0.89      0.89
    15.797      0.89      0.89      0.89      0.89      0.89      0.89      0.89
    15.854      0.89      0.89      0.89      0.89      0.89      0.89      0.89
    15.910      0.88      0.88      0.88      0.88      0.88      0.88      0.88
    15.967      0.88      0.88      0.88      0.88      0.88      0.88      0.88
    16.024      0.88      0.88      0.88      0.88      0.88      0.88      0.88
    16.080      0.87      0.87      0.87      0.87      0.87      0.87      0.87
    16.137      0.87      0.87      0.87      0.87      0.87      0.87      0.87
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                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    16.193      0.87      0.87      0.87      0.87      0.87      0.87      0.87
    16.250      0.86      0.86      0.86      0.86      0.86      0.86      0.86
    16.307      0.86      0.86      0.86      0.86      0.86      0.86      0.86
    16.363      0.86      0.86      0.86      0.86      0.86      0.86      0.85
    16.420      0.85      0.85      0.85      0.85      0.85      0.85      0.85
    16.476      0.85      0.85      0.85      0.85      0.85      0.85      0.85
    16.533      0.85      0.85      0.85      0.85      0.85      0.85      0.84
    16.590      0.84      0.84      0.84      0.84      0.84      0.84      0.84
    16.646      0.84      0.84      0.84      0.84      0.84      0.84      0.84
    16.703      0.84      0.84      0.84      0.84      0.84      0.84      0.83
    16.759      0.83      0.83      0.83      0.83      0.83      0.83      0.83
    16.816      0.83      0.83      0.83      0.83      0.83      0.83      0.83
    16.872      0.83      0.83      0.83      0.83      0.83      0.82      0.82
    16.929      0.82      0.82      0.82      0.82      0.82      0.82      0.82
    16.986      0.82      0.82      0.82      0.82      0.82      0.82      0.82
    17.042      0.82      0.82      0.82      0.82      0.82      0.81      0.81
    17.099      0.81      0.81      0.81      0.81      0.81      0.81      0.81
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   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    17.155      0.81      0.81      0.81      0.81      0.81      0.81      0.81
    17.212      0.81      0.81      0.81      0.81      0.81      0.80      0.80
    17.269      0.80      0.80      0.80      0.80      0.80      0.80      0.80
    17.325      0.80      0.80      0.80      0.80      0.80      0.80      0.80
    17.382      0.80      0.80      0.80      0.80      0.80      0.79      0.79
    17.438      0.79      0.79      0.79      0.79      0.79      0.79      0.79
    17.495      0.79      0.79      0.79      0.79      0.79      0.79      0.79
    17.552      0.79      0.79      0.79      0.79      0.78      0.78      0.78
    17.608      0.78      0.78      0.78      0.78      0.78      0.78      0.78
    17.665      0.78      0.78      0.78      0.78      0.78      0.78      0.78
    17.721      0.78      0.78      0.78      0.78      0.77      0.77      0.77
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SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    17.778      0.77      0.77      0.77      0.77      0.77      0.77      0.77
    17.834      0.77      0.77      0.77      0.77      0.77      0.77      0.77
    17.891      0.77      0.77      0.77      0.77      0.76      0.76      0.76
    17.948      0.76      0.76      0.76      0.76      0.76      0.76      0.76
    18.004      0.76      0.76      0.76      0.76      0.76      0.76      0.76
    18.061      0.76      0.76      0.76      0.75      0.75      0.75      0.75
    18.117      0.75      0.75      0.75      0.75      0.75      0.75      0.75
    18.174      0.75      0.75      0.75      0.75      0.75      0.75      0.75
    18.231      0.75      0.75      0.75      0.74      0.74      0.74      0.74
    18.287      0.74      0.74      0.74      0.74      0.74      0.74      0.74
    18.344      0.74      0.74      0.74      0.74      0.74      0.74      0.74
    18.400      0.74      0.74      0.74      0.73      0.73      0.73      0.73
    18.457      0.73      0.73      0.73      0.73      0.73      0.73      0.73
    18.514      0.73      0.73      0.73      0.73      0.73      0.73      0.73
    18.570      0.73      0.73      0.72      0.72      0.72      0.72      0.72
    18.627      0.72      0.72      0.72      0.72      0.72      0.72      0.72
    18.683      0.72      0.72      0.72      0.72      0.72      0.72      0.72
    18.740      0.72      0.72      0.71      0.71      0.71      0.71      0.71
    18.797      0.71      0.71      0.71      0.71      0.71      0.71      0.71
    18.853      0.71      0.71      0.71      0.71      0.71      0.71      0.71
    18.910      0.71      0.70      0.70      0.70      0.70      0.70      0.70
    18.966      0.70      0.70      0.70      0.70      0.70      0.70      0.70
    19.023      0.70      0.70      0.70      0.70      0.70      0.70      0.70
    19.079      0.70      0.69      0.69      0.69      0.69      0.69      0.69
    19.136      0.69      0.69      0.69      0.69      0.69      0.69      0.69
    19.193      0.69      0.69      0.69      0.69      0.69      0.69      0.69
    19.249      0.69      0.68      0.68      0.68      0.68      0.68      0.68
    19.306      0.68      0.68      0.68      0.68      0.68      0.68      0.68
    19.362      0.68      0.68      0.68      0.68      0.68      0.68      0.68
    19.419      0.67      0.67      0.67      0.67      0.67      0.67      0.67
    19.476      0.67      0.67      0.67      0.67      0.67      0.67      0.67
    19.532      0.67      0.67      0.67      0.67      0.67      0.67      0.67
    19.589      0.66      0.66      0.66      0.66      0.66      0.66      0.66
    19.645      0.66      0.66      0.66      0.66      0.66      0.66      0.66
    19.702      0.66      0.66      0.66      0.66      0.66      0.66      0.66
    19.759      0.65      0.65      0.65      0.65      0.65      0.65      0.65
    19.815      0.65      0.65      0.65      0.65      0.65      0.65      0.65
    19.872      0.65      0.65      0.65      0.65      0.65      0.65      0.64
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Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    19.928      0.64      0.64      0.64      0.64      0.64      0.64      0.64
    19.985      0.64      0.64      0.64      0.64      0.64      0.64      0.64
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                                    Brea Mall                                   
                                Post-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    20.041      0.64      0.64      0.64      0.64      0.64      0.63      0.63
    20.098      0.63      0.63      0.63      0.63      0.63      0.63      0.63
    20.155      0.63      0.63      0.63      0.63      0.63      0.63      0.63
    20.211      0.63      0.63      0.63      0.63      0.63      0.63      0.62
    20.268      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    20.324      0.62      0.62      0.62      0.62      0.62      0.62      0.62
    20.381      0.62      0.62      0.62      0.62      0.62      0.61      0.61
    20.438      0.61      0.61      0.61      0.61      0.61      0.61      0.61
    20.494      0.61      0.61      0.61      0.61      0.61      0.61      0.61
    20.551      0.61      0.61      0.61      0.61      0.60      0.60      0.60
    20.607      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    20.664      0.60      0.60      0.60      0.60      0.60      0.60      0.60
    20.721      0.60      0.60      0.60      0.60      0.59      0.59      0.59
    20.777      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    20.834      0.59      0.59      0.59      0.59      0.59      0.59      0.59
    20.890      0.59      0.59      0.59      0.58      0.58      0.58      0.58
    20.947      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    21.004      0.58      0.58      0.58      0.58      0.58      0.58      0.58
    21.060      0.58      0.58      0.58      0.57      0.57      0.57      0.57
    21.117      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    21.173      0.57      0.57      0.57      0.57      0.57      0.57      0.57
    21.230      0.57      0.57      0.57      0.56      0.56      0.56      0.56
    21.286      0.56      0.56      0.56      0.56      0.56      0.56      0.56
    21.343      0.56      0.56      0.56      0.56      0.56      0.56      0.56
    21.400      0.56      0.56      0.55      0.55      0.55      0.55      0.55
    21.456      0.55      0.55      0.55      0.55      0.55      0.55      0.55
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    21.513      0.55      0.55      0.55      0.55      0.55      0.55      0.55
    21.569      0.55      0.55      0.54      0.54      0.54      0.54      0.54
    21.626      0.54      0.54      0.54      0.54      0.54      0.54      0.54
    21.683      0.54      0.54      0.54      0.54      0.54      0.54      0.54
    21.739      0.54      0.54      0.53      0.53      0.53      0.53      0.53
    21.796      0.53      0.53      0.53      0.53      0.53      0.53      0.53
    21.852      0.53      0.53      0.53      0.53      0.53      0.53      0.53
    21.909      0.53      0.52      0.52      0.52      0.52      0.52      0.52
    21.966      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    22.022      0.52      0.52      0.52      0.52      0.52      0.52      0.52
    22.079      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    22.135      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    22.192      0.51      0.51      0.51      0.51      0.51      0.51      0.51
    22.248      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    22.305      0.50      0.50      0.50      0.50      0.50      0.50      0.50
    22.362      0.50      0.50      0.50      0.50      0.50      0.50      0.49
    22.418      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    22.475      0.49      0.49      0.49      0.49      0.49      0.49      0.49
    22.531      0.49      0.49      0.49      0.49      0.49      0.49      0.48
    22.588      0.48      0.48      0.48      0.48      0.48      0.48      0.48
    22.645      0.48      0.48      0.48      0.48      0.48      0.48      0.48
    22.701      0.48      0.48      0.48      0.48      0.48      0.48      0.47
    22.758      0.47      0.47      0.47      0.47      0.47      0.47      0.47
    22.814      0.47      0.47      0.47      0.47      0.47      0.47      0.47
    22.871      0.47      0.47      0.47      0.47      0.47      0.46      0.46
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                                    Brea Mall                                   
                                Post-Development                                

   Line    
Start Time   ------------ Flow Values @ time increment of  0.008 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    22.928      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    22.984      0.46      0.46      0.46      0.46      0.46      0.46      0.46
    23.041      0.46      0.46      0.46      0.46      0.45      0.45      0.45
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
                                                                                
    23.097      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    23.154      0.45      0.45      0.45      0.45      0.45      0.45      0.45
    23.210      0.45      0.45      0.45      0.45      0.44      0.44      0.44
    23.267      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    23.324      0.44      0.44      0.44      0.44      0.44      0.44      0.44
    23.380      0.44      0.44      0.44      0.43      0.43      0.43      0.43
    23.437      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    23.493      0.43      0.43      0.43      0.43      0.43      0.43      0.43
    23.550      0.43      0.43      0.43      0.42      0.42      0.42      0.42
    23.607      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    23.663      0.42      0.42      0.42      0.42      0.42      0.42      0.42
    23.720      0.42      0.42      0.42      0.41      0.41      0.41      0.41
    23.776      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    23.833      0.41      0.41      0.41      0.41      0.41      0.41      0.41
    23.890      0.41      0.41      0.40      0.40      0.40      0.40      0.40
    23.946      0.40      0.40      0.40      0.40      0.40      0.40      0.40
    24.003      0.40      0.40      0.39      0.39      0.37      0.36      0.34
    24.059      0.31      0.29      0.26      0.23      0.20      0.17      0.15
    24.116      0.08      0.07      0.06                                        
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
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                                    Brea Mall                                   
                                Post-Development                                

 Area or    Drainage              ----------- Peak Flow by Storm -----------
  Reach       Area   Alternate       2-Yr                                        
Identifier   (sq mi)               (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

Lower Lvl     0.015                12.71                                        
Upper Lvl     0.008                 6.83                                        
OUTLET        0.023                19.54                                        
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Mall                                                                        (continued)
Post-Development                                                                
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          Lower Lvl Outlet              .01495    98.       .128                
          Upper Lvl Outlet              .00809    98.       .133                
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                        WinTR-55 Current Data Description

                         --- Identification Data ---

User:     CJN                                    Date:        2/6/2022
Project:  Brea Mall                              Units:       English
SubTitle: Post-Development                       Areal Units: Acres
State:    California
County:   Orange
Filename: Q:\3180011\3180011.03\eng data\Hydrology\WinTR 55\220206 Brea Mall Post-Development.w55

                             --- Sub-Area Data ---

Name           Description              Reach        Area(ac)     RCN     Tc  
------------------------------------------------------------------------------
Lower Lvl                              Outlet          9.57        98    .128      
Upper Lvl                              Outlet          5.18        98    .133      

Total area: 14.75 (ac)

                             --- Storm Data  --

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
   2.05         .0          .0          .0          .0         6.58         .0      

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Type I
Dimensionless Unit Hydrograph:  <standard>
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CJN                                Brea Mall
                               Post-Development
                           Orange County, California

                                  Storm Data

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
   2.05         .0          .0          .0          .0         6.58         .0      

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Type I
Dimensionless Unit Hydrograph:  <standard>
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CJN                                Brea Mall
                               Post-Development
                           Orange County, California

                             Watershed Peak Table

 Sub-Area           Peak Flow by Rainfall Return Period
 or Reach       2-Yr
Identifier     (cfs)
----------------------------------------------------------------------------------
SUBAREAS
Lower Lvl      12.71

Upper Lvl       6.83

REACHES

OUTLET         19.54
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CJN                                Brea Mall
                               Post-Development
                           Orange County, California

                       Hydrograph Peak/Peak Time Table

 Sub-Area       Peak Flow and Peak Time (hr) by Rainfall Return Period
 or Reach       2-Yr
Identifier     (cfs)
            (hr)      
----------------------------------------------------------------------------------
SUBAREAS
Lower Lvl      12.71
            9.94

Upper Lvl       6.83
            9.94

REACHES

OUTLET         19.54
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CJN                                Brea Mall
                               Post-Development
                           Orange County, California

                            Sub-Area Summary Table

 Sub-Area   Drainage     Time of     Curve   Receiving     Sub-Area
Identifier    Area    Concentration  Number    Reach      Description
              (ac)        (hr)
--------------------------------------------------------------------------------
Lower Lvl        9.57     0.128        98     Outlet                             
Upper Lvl        5.18     0.133        98     Outlet                             

Total Area:   14.75 (ac)
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CJN                                Brea Mall
                               Post-Development
                           Orange County, California

                    Sub-Area Time of Concentration Details

 Sub-Area      Flow            Mannings's    End     Wetted               Travel
Identifier/   Length    Slope      n        Area    Perimeter   Velocity   Time 
               (ft)    (ft/ft)             (sq ft)    (ft)      (ft/sec)   (hr)
--------------------------------------------------------------------------------
Lower Lvl 
  SHALLOW        458   0.0100     0.025                                    0.063
  CHANNEL        745   0.0050     0.012      1.76      4.71     4.599      0.045
  CHANNEL        405   0.0050     0.012      3.14      6.28     5.625      0.020

                                                 Time of Concentration      .128
                                                                        ========

Upper Lvl 
  SHEET          100   0.0200     0.011                                    0.025
  SHALLOW        210   0.0200     0.025                                    0.020
  CHANNEL        462   0.0050     0.012      0.35      2.09     2.674      0.048
  CHANNEL        505   0.0050     0.012      0.79      3.14     3.507      0.040

                                                 Time of Concentration      .133
                                                                        ========
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CJN                                Brea Mall
                               Post-Development
                           Orange County, California

                  Sub-Area Land Use and Curve Number Details

 Sub-Area                                           Hydrologic   Sub-Area   Curve
Identifier           Land Use                          Soil        Area     Number
                                                      Group        (ac)
--------------------------------------------------------------------------------
Lower Lvl Paved parking lots, roofs, driveways          C          9.57       98 

          Total Area / Weighted Curve Number                       9.57       98 
                                                                   ====       ==

Upper Lvl Paved parking lots, roofs, driveways          C          5.18       98 

          Total Area / Weighted Curve Number                       5.18       98 
                                                                   ====       ==
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Priority Project Preliminary Water Quality Management Plan (WQMP) 
Brea Mall Expansion 
  

 

Simon Property Group  
North OC Priority WQMP Template August 17 2011  Attachments 

Attachment 2 – Geotechnical Report & Percolation Testing Report 
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Terracon Consultants,  Inc.     23041 Avenida de la Car lota,  Suite 350       Laguna Hil ls,  Cal iforn ia   92653 

P  [949]  261 0051     F  [949]  261 6110     terracon.com 

 

January 19, 2022
 

 
225 West Washington street 

Indianapolis, Indiana 46204 

 

Attn: Mr. Mark Lingelbach 

            Senior Civil Engineer 

 P: (317) 263-7992  

E: mlingelbach@simon.com  

 

Re: Response to City of Brea Review Comments 

 Brea Mall Development 

           1066 Brea mall 

 Brea, California 92821 

 Terracon Project No. 60215197 

 

Dear Mr. Lingelbach: 

 

The following is Terracon’s response to comments prepared by the City of Brea Engineering 

Division on December 16, 2021. This letter provides a response to two comments that pertain to 

our referenced Percolation Testing Report, dated October 7, 2021 (Terracon Project No. 

60205126).  

 

Comment 41: “Sheet GP-01 indicates that the measured infiltration rate is 22.1 in/hr., which 
corresponds to the Correlated Infiltration Rate noted within the Percolation Testing Report 
prepared by Terracon, dated October 7, 2021, that was provided with the submittal. This 
infiltration rate is unusually high and does not correlate with the infiltrations rates at other boring 
locations on the site or with the infiltration rates noted in the Preliminary Geotechnical 
Investigation prepared by Intertek psi, dated February 27, 2018, that was also provided with the 
submittal. Upon re-submittal, please clarify the discrepancy between the information presented.” 
 
Response to 41: Infiltration test rates are typically inversely related to the density/consistency, 

fines content, and plasticity index of the in-situ materials. Typically, as density/consistency, fines 

content, and plasticity index of soils increase, infiltration rate typically decreases.  

 

We understand that infiltration testing conducted in Terracon boring P-2 resulted in more 

favorable infiltration test results when compared to the Intertek PSI boring B-4. Infiltration in 

Terracon boring P-2 was conducted through medium dense poorly graded sand with silt. The 

Intertek boring B-4 log indicated that soils at this location consisted of loose sand from 0 to 5 

feet bgs, and dense to very dense sand from 5 to 10 feet bgs. Such dense layers tend to result 

in poorer infiltration rates when compared to loose to medium dense sands. It is our opinion that 
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the difference in the test results partially results from the differing density of the in-situ materials 

at the test locations. Also, Terracon boring P-2 was advanced at the location of the infiltration 

facility whereas Intertek boring B-4 was advanced northeast of the infiltration facility. 

 

Comment 42: “As noted in the previous comment, the Terracon Percolation Testing Report 
provided an infiltration rate of 22.1 in/hr. at boring location P-2. The boring log sheet does not 
indicate the location of groundwater depth at this location, and also notes that the boring was 
terminated at 8-feet below grade. At the same rate, Sheet GP-01 is showcasing that the 
approximate finished grade above the infiltration structure is at an elevation of 335.26, while the 
bottom of chamber is at 322.75. Based on this information and the current design, infiltration 
would not start until approximately 12.5-feet below grade and would only be able to infiltrate up 
to an elevation of 10-feet above the groundwater level. Upon resubmittal, clarify the existing 
groundwater elevation at this location, and provide infiltration testing information for the 
proposed zone of infiltration.” 
 
Response to 42: Existing ground surface elevation at Terracon boring P-2 is approximately 330 

feet MSL, corresponding to a bottom of borehole elevation of 322 feet for the percolation testing. 

Review of Conceptual Grading Sheet GP-01 indicates that the bottom elevation of the infiltration 

chamber is reported at 322.75 feet MSL. Therefore, it is our opinion that infiltration results 

acquired from P-2 are representative of the infiltration characteristics at the current chamber 

bottom elevation. Based on review of the preliminary geotechnical investigation report prepared 

by Intertek PSI (Intertek Project No. 00661261), groundwater was encountered in borings B-3 

and B-4 at approximate depths of 25 to 30 feet at the completion of drilling. Such depths 

correspond to a groundwater elevation of approximately 300 to 305 feet above mean sea level 

(MSL).  

 

Based on the elevation of groundwater from the Intertek PSI borings and current bottom 

elevation of the chamber, the separation distance between the bottom of the chamber and the 

groundwater exceeds 10 feet. 

  
If you have any inquiries or comments regarding this response, please do not hesitate to contact 

the undersigned at (949) 660-9718.  

 

Sincerely, 

TERRACON CONSULTANTS, INC. 

 

 

 

 

Victor V. Nguyen, E.I.T.    Scott G. Lawson, P.E., G.E. 

Staff Engineer      Senior Engineer 

for
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Note: Data are not available for South Orange County at this time.
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Analysis Layers Included: 1. Hydrologic Soil Group D,  2. Landslide
Hazard Zone, 3. Groundwater Protection Areas 4. Approximate
Selinium Area, 5. Depth to Groundwater <= 5' 

Note: Screening datasets are not exhaustive. The applicant should
always conduct a review of available site-specific information 
relative to infiltration constraints as part of assessing the feasibility of 
stormwater infiltration.
Source;
Infiltration Constraint Analysis: PACE/Geosyntec
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Simon Property Group  
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Attachment 4 – Infiltration Feasibility Screening 
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TECHNICAL GUIDANCE DOCUMENT 
 

 2-34 December 20, 2013 

Table 2.7:  Infiltration BMP Feasibility Worksheet 

 
Infeasibility Criteria Yes No 

1 

Would Infiltration BMPs pose significant risk for 

groundwater related concerns? Refer to Appendix VIII 

(Worksheet I) for guidance on groundwater-related 

infiltration feasibility criteria.  

  

Provide basis: 
 
 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability. 

2 

Would Infiltration BMPs pose significant risk of 

increasing risk of geotechnical hazards that cannot be 

mitigated to an acceptable level? (Yes if the answer to 

any of the following questions is yes, as established by a 

geotechnical expert):  

• The BMP can only be located less than 50 feet away 

from slopes steeper than 15 percent 

• The BMP can only be located less than eight feet from 

building foundations or an alternative setback. 

• A study prepared by a geotechnical professional or an 

available watershed study substantiates that 

stormwater infiltration would potentially result in 

significantly increased risks of geotechnical hazards 

that cannot be mitigated to an acceptable level. 

  

Provide basis: 
 
 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability.  

3 
Would infiltration of the DCV from drainage area violate 

downstream water rights? 
  

Provide basis: 
 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability. 

 

 

XX

Per Geotechnical Report Groundwater was encountered at at depth of 25-30 feet deep. Additionally, the project 
is not located within any groundwater basin protection area per TGD Maps provided in Attachment 3.

XX

Per Geotechnical Report infiltration is feasibile (provided that it is within area with suitable infiltration rate). 
Chambers not located within 50' of slopes or within 8' of foundation

XX

There are no downstream water rights restricting infiltration

M-242



TECHNICAL GUIDANCE DOCUMENT 
 

 2-35 December 20, 2013 

Table 2.7:  Infiltration BMP Feasibility Worksheet (continued) 

 Partial Infeasibility Criteria Yes No 

4 

Is proposed infiltration facility located on HSG D soils or 

the site geotechnical investigation identifies presence of 

soil characteristics which support categorization as D 

soils? 

  

Provide basis: 
 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability. 

5 

Is measured infiltration rate below proposed facility 

less than 0.3 inches per hour? This calculation shall be 

based on the methods described in Appendix VII. 

  

Provide basis: 
 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability. 

6 

Would reduction of over predeveloped conditions 

cause impairments to downstream beneficial uses, 

such as change of seasonality of ephemeral washes 

or increased discharge of contaminated groundwater 

to surface waters? 

  

Provide citation to applicable study and summarize findings relative to the amount of infiltration 

that is permissible: 

 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability. 

7 

Would an increase in infiltration over predeveloped 

conditions cause impairments to downstream 

beneficial uses, such as change of seasonality of 

ephemeral washes or increased discharge of 

contaminated groundwater to surface waters? 

  

Provide citation to applicable study and summarize findings relative to the amount of infiltration 

that is permissible: 

 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 

etc. Provide narrative discussion of study/data source applicability. 

XX

There are areas onsite that are HSG D Soils. However, the BMPs are not located within those areas.

XX

Measured infiltration rate is 22.1 in/hr in Chamber Area per Geotechnical Report

XX

There are no identified ephemeral washes or contaminated groundwater at the project site or discharge location.

XX

There are no identified ephemeral washes or contaminated groundwater at the project site or discharge location.
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 2-36 December 20, 2013 

Table 2.7:  Infiltration BMP Feasibility Worksheet (continued) 

Infiltration Screening Results (check box corresponding to result): 

8 

Is there substantial evidence that infiltration from the 
project would result in a significant increase in I&I to the 
sanitary sewer that cannot be sufficiently mitigated? (See 
Appendix XVII) 
 
Provide narrative discussion and supporting evidence: 
 
 
Summarize findings of studies provide reference to 
studies, calculations, maps, data sources, etc. Provide 
narrative discussion of study/data source applicability. 

 

9 

If any answer from row 1-3 is yes: infiltration of any volume 
is not feasible within the DMA or equivalent.  
 

Provide basis:  
 

 

Summarize findings of infeasibility screening 

 

10 

If any answer from row 4-7 is yes, infiltration is 
permissible but is not presumed to be feasible for the 
entire DCV. Criteria for designing biotreatment BMPs to 
achieve the maximum feasible infiltration and ET shall 
apply.   
 
Provide basis:  
 
 
Summarize findings of infeasibility screening 

 

11 
If all answers to rows 1 through 11 are no, infiltration of the 
full DCV is potentially feasible, BMPs must be designed to 
infiltrate the full DCV to the maximum extent practicable. 

 

 

Harvest and Use Infeasibility 

Harvest and use infeasibility criteria include:  

• If inadequate demand exists for the use of the harvested rainwater.  See Appendix X for 
guidance on determining harvested water demand and applicable feasibility thresholds. 

• If the use of harvested water for the type of demand on the project violates codes or 
ordinances most applicable to stormwater harvesting in effect at the time of project 
application and a waiver of these codes and/or ordinances cannot be obtained. It is 
noted that codes and ordinances most applicable to stormwater harvesting may change 

NO
No. There is no recorded I&I of the sanitary sewer system in the area.
The Sanitary Sewer is not located near the proposed chamber systems.

Answers 1-3 are all marked "NO".

Answers 4-7 are all marked "NO".

Infiltration of Full DCV
is Feasible
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 VII-35 December 20, 2013 

Worksheet H: Factor of Safety and Design Infiltration Rate and Worksheet 

Factor Category Factor Description 

Assigned 

Weight (w) 

Factor 

Value (v) 

Product (p) 

p = w x v 

A 
Suitability 

Assessment 

Soil assessment methods 0.25   

Predominant soil texture 0.25   

Site soil variability 0.25   

Depth to groundwater / impervious 

layer 
0.25   

Suitability Assessment Safety Factor, SA = p  

B Design 

Tributary area size 0.25   

Level of pretreatment/ expected 

sediment loads 
0.25   

Redundancy 0.25   

Compaction during construction 0.25   

Design Safety Factor, SB = p  

Combined Safety Factor, STotal= SA x SB   

 Observed Infiltration Rate, inch/hr, Kobserved 

(corrected for test-specific bias) 
 

Design Infiltration Rate, in/hr, KDESIGN = KObserved / STotal  

Supporting Data 

Briefly describe infiltration test and provide reference to test forms: 

 

 

 

 

 

 

 

 

 

 

Note: The minimum combined adjustment factor shall not be less than 2.0 and the maximum 

combined adjustment factor shall not exceed 9.0. 

 

1.0        0.25

1.0        0.25

1.75

3.0        0.75

3.0	           0.75

3.0        0.75

2.0        0.5

2.75

2.0	            0.5

3.0            0.75

2.75 (conservative

22.1

7.37

In-situ percolation testing was performed in accordance with the Technical 

Guidance Document for the preparation of this WQMP. See Attachment 2

of this WQMP for more information.

value of 3 used)
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Worksheet I: Summary of Groundwater-related Feasibility Criteria 

1 
Is project large or small? (as defined by Table VIII.2)  

circle one 
Large                  Small 

2 What is the tributary area to the BMP? A  acres 

3 What type of BMP is proposed?  

4 What is the infiltrating surface area of the proposed BMP? ABMP  sq-ft 

5 

What land use activities are present in the tributary area (list all) 

6 What land use-based risk category is applicable? L M H 

7 

If M or H, what pretreatment and source isolation BMPs have been considered and are proposed 
(describe all): 

8 

What minimum separation to mounded seasonally high 
groundwater applies to the proposed BMP? 
See Section VIII.2 (circle one) 

5 ft                 10 ft 

9 

Provide rationale for selection of applicable minimum separation to seasonally high mounded 
groundwater:  

10 
What is separation from the infiltrating surface to seasonally 

high groundwater? 
SHGWT  ft 

11 
What is separation from the infiltrating surface to mounded 

seasonally high groundwater? 

Mounded 

SHGWT 
 ft 

12 

Describe assumptions and methods used for mounding analysis: 

13 Is the site within a plume protection boundary (See Figure Y           N          N/A 

14.75

Infiltration Chambers

9,673

Building Roofs, AC Pavement ring road / Parking Lot and Open Space

Trash full capture devices are proposed on the proposed storm drain inlets.

Proposed BMPs are "Subsurface Infiltration Galleries or vaults". Per Section VIII.2

the depth to high groundwater is 10' minimum.

12-16

12-16

Chamber Systems are approximately 13' deep to bottom of chamber. High

groundwater is expected at 25-30' deep. Geotechnical Engineer is performing

A Barracuda Hydrodynamic Separator is proposed upstream of the Chamber.

field work and additional findings will be provided for Final WQMP.
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 VIII-14 December 20, 2013 

Worksheet I: Summary of Groundwater-related Feasibility Criteria 

VIII.2)? 

14 
Is the site within a selenium source area or other natural 

plume area (See Figure VIII.2)? 
Y           N          N/A 

15 Is the site within 250 feet of a contaminated site? Y           N          N/A 

16 

If site-specific study has been prepared, provide citation and briefly summarize relevant findings: 

17 
Is the site within 100 feet of a water supply well, spring, septic 

system? 
Y           N          N/A 

18 
Is infiltration feasible on the site relative to groundwater-
related criteria? 

Y           N 

Provide rationale for feasibility determination: 

Note: if a single criterion or group of criteria would render infiltration infeasible, it is not 
necessary to evaluate every question in this worksheet. 

 

 

No site-specific study has been prepared. Answers 13-15 based on available data

Per the Geotechnical Report Groundwater is expected at 25-30 bgs. Site does not

have any groundwater infiltration constraints based on the available maps in the TGD.
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LEGAL DESCRIPTION:  

 

THE LAND REFERRED TO HEREIN BELOW IS SITUATED IN THE CITY OF BREA, IN THE 
COUNTY OF ORANGE, STATE OF CALIFORNIA, AND IS DESCRIBED AS FOLLOWS:  
 
ALL THAT CERTAIN REAL PROPERTY SITUATED IN THE COUNTY OF ORANGE, STATE OF 
CALIFORNIA, DESCRIBED AS FOLLOWS:  
 
PARCEL A:  
 
PARCEL 3, IN THE CITY OF BREA, COUNTY OF ORANGE, STATE OF CALIFORNIA, AS 
SHOWN ON A MAP FILED IN BOOK 139, PAGES 12 THROUGH 16, INCLUSIVE OF PARCEL 
MAPS, IN THE OFFICE OF THE COUNTY RECORDER OF ORANGE COUNTY, CALIFORNIA.  
EXCEPTING THEREFROM ALL OIL, GAS AND OTHER HYDROCARBON SUBSTANCES, 
MINERALS AND WATER UNDERLYING AT PLANE PARALLEL TO AND 500 FEET, 
MEASURED VERTICALLY DOWNWARD BELOW THE SURFACE OF SAID LAND, WHICH 
PORTION IS HEREINAFTER REFERRED TO AS “SUBSURFACE LAND”, TOGETHER WITH 
RIGHTS OF WAY, EASEMENTS AND SERVITUDES IN AND THROUGH SUBSURFACE LAND 
FOR THE PURPOSE OF EXERCISING THE RIGHTS RESERVED, WHICH INCLUDE BUT ARE 
NOT LIMITED TO THE RIGHT TO PROSPECT, EXPLORE, MINE, DRILL, PRODUCE, TAKE, 
TREAT, STORE AND REMOVE ALL SUCH OIL, GAS AND OTHER HYDROCARBON 
SUBSTANCES, MINERALS AND WATER AND THE RIGHT TO INJECT IN AND REMOVE 
FROM SUBSURFACE LAND OIL, GAS, WATER OR OTHER FLUIDS FOR THE PURPOSES 
OF STORAGE, PRESSURE MAINTENANCE, AND/OR SECONDARY RECOVERY OF SUCH 
OIL, GAS AND OTHER HYDROCARBON SUBSTANCES AND OTHERWISE TO DRILL, 
COMPLETE AND MAINTAIN WELLS INTO AND THROUGH SUBSURFACE LANDS FROM 
SURFACE LOCATIONS OUTSIDE THE BOUNDARIES OF HEREIN DESCRIBED LANDS 
PROVIDED, HOWEVER, THAT THE RIGHTS RESERVED AND RETAINED DO NOT INCLUDE 
THE RIGHT TO ENTER UPON THE SURFACE OR WITHIN 500 FEET, MEASURED 
VERTICALLY DOWNWARD BELOW THE SURFACE OF SAID LAND, AS RESERVED BY 
UNION OIL COMPANY OF CALIFORNIA, A CALIFORNIA CORPORATION, IN DEED 
RECORDED JUNE 15, 1973 IN BOOK 10751, PAGE 299 OF OFFICIAL RECORDS.  
 
PARCEL B:  
 
NON-EXCLUSIVE EASEMENTS AS GRANTED AND LIMITED BY ARTICLE IV OF THE 
DOCUMENT ENTITLED “OPERATING AGREEMENT” RECORDED SEPTEMBER 1, 1976 IN 
BOOK 11874, PAGE 973; AS AMENDED BY INSTRUMENTS RECORDED OCTOBER 30, 1979 
IN BOOK 13374, PAGE 419; JANUARY 26, 1984 AS INSTRUMENT NO. 84-037606; JANUARY 
26, 1984 AS INSTRUMENT NO. 84-037607; JANUARY 26, 1984 AS INSTRUMENT NO. 84-
037608; AND SEPTEMBER 15, 1992 AS INSTRUMENT NO. 92-616518, ALL OF OFFICIAL 
RECORDS OF SAID ORANGE COUNTY, FOR THE USE OF THE COMMON AREA AS 
THEREIN DEFINED.  
 

APN: 319-101-37 
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BMP 
Applicable? 

Yes/No 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with 
Operation & Maintenance 

Responsibility 
Non-Structural Source Control BMPs 

Yes 

N1. Education for Property Owners, Tenants and Occupants 
Simon Property Group shall conduct orientation during the first four 
weeks of startup and as on-going. An awareness program will be 
established to inform all the employees of the impacts of dumping oil, 
antifreeze, paints, solvents or other potentially harmful chemicals into 
storm drain; the proper use (e.g., application methods, frequencies and 
precautions ) and management of fertilizers, pesticides and herbicides in 
landscaping maintenance practices; the impacts of littering and improper 
water disposal.   

 
• Ensure employees responsible for the 

maintenance of BMPs are familiar with the 
requirements of the WQMP. 

• All new employees trained within 1 month of 
hire. Annual retraining required. 

 
 
 

Simon Property Group 

Yes 

N2. Activity Restrictions 
Simon Property Group shall conduct daily management of business 
activities.  Simon Property Group will conduct orientation during the first 
four weeks of startup and as on-going.  Each business activity is 
restricted under the City of Brea guidance, Conditions, Covenants and 
Restrictions (CC&Rs), and Conditions of Approval.   
• No vehicle maintenance activities including vehicle washing 
• Kitchen mats may not be hosed off outside. 
• Prohibition of discharge of hazardous waste to the storm drain 

system. 
• Prohibition of storage and handling of hazardous materials.  
• No outdoor storage. 

Inspection 
• Check to ensure that all employees/tenants are 

adhering to activity restrictions and other 
restrictions outlined in this WQMP. Retrain/ 
reeducate as necessary. 

• Ongoing 
Maintenance 
• Provide refresher water quality training. 
• Annually and as necessary when employee(s) 

observed to be not adhering to activity 
restrictions and other restrictions outlined in the 
WQMP. 

Simon Property Group 
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BMP 
Applicable? 

Yes/No 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with 
Operation & Maintenance 

Responsibility 

Yes 

N3. Common Area Landscape Management 
Simon Property Group will ensure that landscape areas shall be 
maintained on a weekly basis through Grounds and Maintenance 
personnel and when new personnel are hired. 
 
Maintenance shall include: Plant vegetation that reduces water, fertilizer, 
herbicide, and pesticide use. Waste shall be disposed of by composting 
or at a permitted landfill and shall not be raked or blown into the street, 
gutter, or storm drains. Irrigation systems shall be inspected monthly for 
leaks. Leaks shall be repaired as soon as they are observed. Avoid over-
watering of vegetation. If excessive runoff is observed, automatic timers 
shall be adjusted. Fertilizers, herbicides, and pesticides shall be used as 
directed on the label. If fertilizer is spilled on a paved surface it should be 
swept up immediately and placed in its container. Water shall not be 
used to clean fertilizer spills unless necessary and only after the area has 
been thoroughly cleaned using dry cleaning methods. Pesticides, 
herbicides, and fertilizers shall not be applied within 48 hours prior to rain 
or if wind speeds exceed 5 mph. For additional information, see Help 
Prevent Ocean Pollution - Proper Maintenance Practices for Your 
Business included in Section VII of this report. Also refer to the BMP 
Maintenance Responsibility /Frequency Matrix in Section V for details. 

• Landscape maintenance will consist of 
trimming and replanting of vegetation 
(See SC-73 in Section VII), repair and 
maintenance of irrigation systems (See 
S4), and appropriate use of fertilizers and 
pesticides.  

• Landscape maintenance shall be 
performed on a weekly basis. 

 

Simon Property Group 
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BMP 
Applicable? 

Yes/No 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with 
Operation & Maintenance 

Responsibility 

Yes 

N4. BMP Maintenance 
Simon Property Group through its site and landscape maintenance 
contractors will be responsible for inspection and maintenance activities 
in landscape areas.  Debris and other water pollutants will be controlled, 
contained and disposed of in a proper manner by the maintenance 
contractors hired by Simon Property Group. The site maintenance 
manager will maintain and inspect non-structural and structural BMPs on 
the site at least once a month.  Each BMPs shall be inspected per 
required frequency of BMP suggested in the Maintenance Responsibility 
/ Frequency Matrix included in Section VI. 

Inspect the systems for signs of erosion. 
•  Semi-annually, at minimum, or after each 

major (1/2”) rain event. 
 
Maintenance 

• Remove sediment, and restore to design 
specifications. Add Riprap and slope 
protection as needed. 
 

• Provide training to employees within 1 
month.  

Simon Property Group 

Yes 
N10. Uniform Fire Code Implementation 
Compliance with Article 80 of the Uniform Fire Code enforced by fire 
protection agency. 

 See building plans for fire code implementation. 
Simon Property Group 

Yes 

N11. Common Area Litter Control 
Simon Property Group through site maintenance contractor shall 
implement litter control procedures and management in the landscape 
and parking lot areas in order to prevent and reduce pollution of storm 
water runoff on a weekly basis. Waste containers located outside shall 
be provided with spill prevention features and emptied on a regular basis, 
but as a minimum on a weekly basis. 
 
SC-11 Spill Prevention, Control & Cleanup 

Inspection 
• Inspect common areas daily for loose 

trash/litter.  
 
Maintenance 
• Pick up loose trash/litter and place in trash 

receptacles. 
• Mop trash enclosure weekly minimum, or more 

frequently if needed. 
 
 

Simon Property Group 
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BMP 
Applicable? 

Yes/No 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with 
Operation & Maintenance 

Responsibility 

Yes 

N12. Employee Training 
Simon Property Group shall conduct an employee training program and 
shall inform and train employees engaged in maintenance activities 
regarding the impacts of dumping oil, antifreeze, paints, solvents or other 
potentially harmful chemicals into storm sewer; the proper use (e.g., 
application methods, frequencies and precautions) and management of 
fertilizers, pesticides and herbicides in landscaping maintenance 
practice; the impacts of littering an improper water disposal.  Employee 
training program shall be conducted on an ongoing basis and during the 
first month of startup period.  This WQMP shall be a reference to be used 
for the program and an annual review of the provisions of the WQMP 
shall be done by each employee.   
 
If there are any changes of ownership on the site, a new owner shall be 
responsible once the ownership is transferred.   

Water Quality Management Plan serves as the 
education for property owners, tenants, and 
occupants.   

• Provide water quality orientation to new  
employees, tenants, etc. 

• Within two weeks of hire. 
 
 

Simon Property Group 
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BMP 
Applicable? 

Yes/No 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with 
Operation & Maintenance 

Responsibility 

Yes 

N13. Housekeeping of Loading Docks 
There will not be pollutants entering the storm drain system from any 
loading areas. Simon Property Group shall maintain good housekeeping 
practices in the loading dock environment and keep the dock areas clean 
and free of debris. Loading areas shall be checked periodically to ensure 
containment of accumulated water and prevention of storm water run-on.  
See SD-31 in Section VII for more information. 

Inspection 
• Inspect the loading dock area daily for loose 

trash/litter and sweep biweekly. 
• Any spills or broken containers shall be cleaned 

up immediately. 
 

Maintenance 
• Pick up loose trash/litter and place in trash 

receptacles. 
• Daily 

 
No wash water is to be discharged to the storm 
drain system.  
 
 

Simon Property Group 
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BMP 
Applicable? 

Yes/No 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with 
Operation & Maintenance 

Responsibility 

Yes 

N14. Common Area Catch Basin Inspection 
Simon Property Group shall be responsible for ensuring that the onsite 
catch basins, and overflow pipes shall be inspected and maintained once 
per year, at minimum. 
 
See SC-74 in Section VII for more information. 

Inspection 
• Inspect the catch basin for obstructions/debris 

buildup and to ensure that it continues to 
function properly. 

• Four times per year, at minimum. 
 
Maintenance 
• Remove obstructions and clean debris and 

contaminants out of catch basin to ensure it 
continues to function properly.  

• As determined necessary during inspection. 
Cleaning shall take place prior to the onset of 
the rainy season (generally accepted as 
October 1st  through April 30th). 

 
 

Simon Property Group 

Yes 

N15. Street Sweeping Private Streets and Parking Lots 
Simon Property Group through its site maintenance contractor shall 
provide vacuum sweeping of parking lots on a weekly basis.  In addition, 
the sweeping program will be intensified prior to the start of the rainy 
season around October 15 of every year to minimize water pollution 
during the “first flush” storm.  Further BMPs and information are listed 
below: 
 
SC43-Parking/Storage Area Maintenance 
SC70-Landscape Maintenance 

Inspection 
• Inspect the parking area daily for loose 

trash/litter and sweep weekly using sweeping 
contractor.  

 
Maintenance 
• Pick up loose trash/litter and place in trash 

receptacles. 
• Daily 

 
 

Simon Property Group 

Structural Source Control BMPs 
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BMP 
Applicable? 

Yes/No 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with 
Operation & Maintenance 

Responsibility 

Yes 

S1. Provide Storm Drain System Stenciling and Signage 
It is widely recognized that the use of storm drains and catch basins for 
illegal disposal of waste materials can introduce a significant quantity of 
pollutants into receiving waters.  Contributing to this problem is the 
common misconception that storm drains and sanitary sewers are part of 
the same system and that materials dumped into storm drains will 
ultimately arrive at a waste water treatment facility.  
 
Stenciling catch basins by the owner will inform the public about non-
point source pollution, highlighting the direct link between such basins 
and sensitive Orange County receiving waters and draws public attention 
to the fate of materials that are dumped into the storm drain system.  The 
stencil will carry the message “NO DUMPING-DRAINS TO OCEAN”.  
Repair of storm drain system stenciling and signage shall be performed 
regularly and at least three times a year or as many times a necessary 
during the storm seasons.   
 
SD13-Storm Drain Signage 
SC44-Drainage System Maintenance 

Inspection 
• Inspect the legibility of storm drain signage.  
• Once per year, at a minimum. 

 
Maintenance 
• Replace storm drain signage as necessary to 

maintain legibility. 
• Catch basins/inlets must be restenciled, at 

minimum, every 5 years. 
 

Simon Property Group 
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BMP 
Applicable? 

Yes/No 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with 
Operation & Maintenance 

Responsibility 

Yes 

S3. Design Trash Enclosures to Reduce Pollutant Introduction 
Simon Property Group shall provide trash and waste storage areas 
through its contractors. Simon Property Group through its site 
maintenance contractor shall maintain daily.  Trash dumpster shall be 
picked up at least once a week.  Loose trash shall be picked up daily and 
shall be placed in containers periodically.  The trash storage areas shall 
be inspected and maintained daily by the maintenance contractor in 
order to prevent overflowing dumpster and open lids.  The trash 
container area shall contain trash bins with covers and trash area shall 
be roofed over in order to prevent rain from entering the bin to reduce 
water pollution.  The bins will be provided with self-closing features and 
will be inspected on a regular basis as needed for the amount of trash 
generated. The design of the trash container area will include features 
such that drainage from adjoining roofs and pavements shall be diverted 
around the trash container areas.  All trash container areas will be 
surrounded by walls and gates to prevent offsite transport of trash.  All 
employees will be instructed to make sure that covers are kept closed 
and only opened at the time the trash is deposited.  Trash and waste 
storage areas will be constructed to reduce pollution. It will be located 
outside the building and trash enclosure will be installed.   
 
SD32-Trash Storage Areas 

See N11. Simon Property Group 
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BMP 
Applicable? 

Yes/No 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with 
Operation & Maintenance 

Responsibility 

Yes 

S4. Use Efficient Irrigation Systems and Landscape Design 
Projects shall design the timing and application methods of irrigation water to minimize 
the runoff of excess irrigation water into the municipal storm drain system. (Limited 
exclusion: detached residential homes.) The following methods to reduce excessive 
irrigation runoff shall be considered, and incorporated on common areas of development 
and other areas where determined applicable and feasible by the Permittee: 
1.   Employing rain shutoff devices to prevent irrigation after precipitation. 
2.   Designing irrigation systems to each landscape area's specific water requirements. 
3.   Using flow reducers or shutoff valves triggered by a pressure drop to control water 
loss in the event of broken sprinkler heads or lines. 
4.   Implementing landscape plan consistent with County Water Conservation Resolution 
or city equivalent, which may include provision of water sensors, programmable irrigation 
times (for short cycles), etc. 
5.   The timing and application methods of irrigation water shall be designed to minimize 
the runoff of excess irrigation water into the municipal storm drain system. 
6.   Employing other comparable, equally effective, methods to reduce irrigation water 
runoff. 
7.   Group plants with similar water requirements in order to reduce excess irrigation 
runoff and promote surface filtration. Choose plants with low irrigation requirements (for 
example, native or drought tolerant species). Consider other design features, such as: 
•Use mulches (such as wood chips or shredded wood products) in planter areas without 
ground cover to minimize sediment in runoff. 
•Install appropriate plant materials for the location, in accordance with amount of sunlight 
and climate, and use native plant material where possible and/or as recommended by the 
landscape architect. 
•Leave a vegetative barrier along the property boundary and interior 
watercourses, to act as a pollutant filter, where appropriate and feasible. 
•Choose plants that minimize or eliminate the use of fertilizer or pesticides to sustain 
growth. 
Irrigation practices shall comply with local and statewide ordinances related to irrigation 
efficiency. 
 
See SD-12 in Section VIIfor more information.  

Inspection 
• Inspect irrigation equipment for leaks and 

check timers. 
• Inspect landscaped areas to ensure 

vegetation is not being over or under 
watered. 

• Monthly. 
 
Maintenance 

• Repair leaks and adjust timers and 
irrigation heads. 

• As necessary to maintain proper 
operation of equipment and to avoid over 
and under watering of vegetation and 
excessive runoff from vegetated areas. 

Simon Property Group 
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BMP 
Applicable? 

Yes/No 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with 
Operation & Maintenance 

Responsibility 

Yes 

S5. Protect Slopes and Channels and provide energy dissipation 
Project plans shall include site design BMPs to decrease the potential for 
erosion of slopes and/or channels. The following design principles should 
be considered, incorporated and implemented where determined 
applicable and feasible by the Permittee: 

1. Convey runoff safely from the tops of slopes 
2. Avoid disturbing steep or unstable slopes 
3. Avoid disturbing natural channels 
4. Install permanent stabilization BMPs on disturbed slopes as 

quickly as possible. 
5. Vegetate slopes with native or drought tolerant vegetation 
6. Control and treat flows in landscaping and/or other controls prior 

to reaching existing natural drainage systems, unless infiltration 
would cause geotechnical hazards. 

7. If hydromodification control is not provided before discharging to 
ta channel, install permanent stabilization BMPs in channel 
crossings as quickly as possible, and ensure that increases in 
runoff velocity and frequency caused by the project do not 
erode the channel. 

8. Install energy dissipators, such as riprap, at the outlets of new 
storm drains, culverts, conduits, or channels that enter unlined 
channels in accordance with applicable specifications to 
minimize erosion. Energy dissipators should be installed in such 
a way as to minimize impacts to receiving waters. 

9. Instead of discharging to steep reaches, consider collecting and 
conveying runoff to downgradient discharge points. 

10. On-site conveyance channels should be lined, where 
appropriate, to reduce erosion caused by increased flow 
velocity due to increases in tributary impervious area. 

11. Other design principles which are comparable and equally 
effective. 

Inspection 
• Check slopes for signs of erosion bi-

annually and after rain events. 
• Check that slope protection and energy 

dissipating devices are working  
 
Maintenance 

• Install and/or repair slope 
protection devices at sign of failure. 
 

Simon Property Group 
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BMP 
Applicable? 

Yes/No 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with 
Operation & Maintenance 

Responsibility 

Yes 

S6. Loading Dock Areas 
 
See SD-31 in Section VII for more information. 

Loading /unloading dock areas shall 
include the following: 

1. Cover loading dock areas, or design 
drainage to preclude run-on and 
runoff, unless the material loaded 
and unloaded at the docks does not 
have potential to contribute to 
stormwater pollution, and this use 
is ensured for the life of the facility. 

2. Direct connections to the municipal 
storm drain system from below 
grade loading docks (truck wells) 
or similar structures are prohibited. 
Stormwater can be discharged 
through a permitted connection to 
the storm drain system with a 
treatment control BMP applicable 
to the use. 

3. Other comparable and equally 
effective features that prevent 
unpermitted discharges to the 
municipal storm drain system. 

4. Housekeeping of loading docks 
shall be consistent with N13. 

 
See CASQA Stormwater Handbook Section 
3.2.8 for additional information. 

Simon Property Group 
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BMP 
Applicable? 

Yes/No 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with 
Operation & Maintenance 

Responsibility 

Yes 

S13. Wash Water for food preparation areas 
Food establishments (per State Health & Safety Code 27520) shall have 
either contained areas or sinks, each with sanitary sewer connections for 
disposal of wash waters containing kitchen and food wastes. If located 
outside, the contained areas shall be provided and appropriately placed 
stating the prohibition of discharging washwater to the storm drain 
system. 

Wash water from kitchens and food preparation 
areas are designed to drain to the sanitary sewer 
system. Grease interceptors will be provided 
downstream. 

Simon Property Group 
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BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with Operation & 
Maintenance Responsibility 

Low Impact Development BMPs 
Hydrologic Source Control BMP # 1 
Not applicable 

  

Hydrologic Source Control BMP # 2 
Not applicable 

  

   
Miscellaneous BMP # 1 
Drop Inlet 

Inspect for standing water. If standing water stands 
within the inlet between storms and does not drain 
within 48 hours after rainfall, maintenance of inlet is 
required. Remove any possible trash or blockage 
from the inlet, or perform storm drain jetting for 
maintenance. 
 
Inspect inlet for trash and debris accumulation in 
the drop inlet. If trash and debris have 
accumulated, it must be removed from the drop 
inlet and disposed of properly.  

Simon Property Group 

Miscellaneous BMP # 2 
Inlet Stenciling 

Review condition of stencil yearly, repaint as 
needed 

Simon Property Group 
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BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with Operation & 
Maintenance Responsibility 

LID BMP # 1 
ADS Infiltration Chamber 

Step 1 - Inspect Isolator Row for Sediment 
A. Inspection Ports 

i. Remove lid from floor box frame 
ii. Remove cap from Inspection Riser 
iii. Using a flashlight and a stadia rod, measure 

depth of sediment and record results on 
maintenance log. 

iv. If sediment is at, or above, 3 inch depth, 
proceed to Step 2. If not, proceed to Step 3. 

B. All Isolator Rows 
i. Remove cover from manhole at upstream 

end of isolator row 
ii. Using a flashlight, inspect down isolator row 

through outlet pipe (mirrors on poles or 
cameras may be used to avoid a confined 
space entry; follow OSHA regulations for 
confined space entry if entering manhole) 

iii. If sediment is at or above the lower row of 
sidewall holes (approximately 3 inches) 
proceed to Step 2. If not proceed to Step 3. 

Step 2 - Clean out Isolator Row using the JetVac Process 
A. A fixed culvert cleaning nozzle with rear facing 

nozzle spread of 45 inches or more is preferable 
B. Apply multiple passes of JerVac until backflush 

water is clean 
C. Vacuum manhole sump as required 

Step 3 – Replace all Caps, lids and covers, record 
observations and actions 
Step 4 – Inspect and clean basins and manholes 
upstream of the ADS System 
 
 
 
 

Simon Property Group 
 
 
 
 
 
 
 
 

(Inspections shall take place every 6 
months during the first year of 

operation. Adjust the inspection 
interval based on previous 
observations of sediment 

accumulation and high water 
elevations; conduct jetting and 

vactoring only when inspections 
show that maintenance is 

necessary) 
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Treatment Control BMPs 
Treatment Control BMP # 1 
Not Applicable 

  

   
Pre-Treatment/Gross Solids Removal BMPs 

BMP Name and BMP Implementation,  
Maintenance and Inspection Procedures 

Implementation, Maintenance, and Inspection 
Frequency and Schedule 

Person or Entity with Operation & 
Maintenance Responsibility 

Pre-Treatment BMP # 1 
Bio Clean Trash Full Capture Filter 

Inspections should occur following any rain event greater 
than ½” or at four times per year minimum. 
 
1. Empty the sediment bag if more than half filled with 
sediment and debris, or as directed.  
2. Remove the grate and lift from drainage structure.  
3. Dispose of sediment or debris as directed by the 
Engineer or Maintenance contract.  
4. An industrial vacuum can be used to collect sediment. 
5. Remove caked on silt from sediment bag and flush 
with Medium spray with optimal filtration.  
6. Replace bag if torn or punctured to >½” diameter on 
lower half of bag. 

Simon Property Group 
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Pre-Treatment BMP #2 
Barracuda Hydrodynamic Separator 
 

Inspections should occur following any rain event greater 
than ½”. At an minimum Barracuda System should be 
cleaned annually. 

1. Remove manhole lid (may require traffic 
control) 

2. To determine sediment depth, the maintenance 
contractor should lower a stadia rod into he 
manhole until it contacts the top of the captured 
sediment and mark that spot on the road. 

3. Push the probe through to the bottom of the 
sump and mark that spot to determine sediment 
depth. Maintenance should occur when the 
sediment has reached the levels indicated in 
the Storage Capacity Chart.  

Maintenance 
1. Remove the manhole cover to provide access 

to the pollutant storage. Pollutants are stored in 
the sump, below the bowl assembly visible from 
the surface. You’ll access this area throught he 
10” diameter access cylinder. 

2. Use a vacuum truck or similar equipment to 
remove all water, debris, oils and sediment. 

3. Use a high pressure water hose to clean the 
manhole of all the remaining sediment and 
debris. Then, use the vacuum truck to remove 
the water. 

4. Fill the cleaned manhole with water until the 
level reaches the invert of the outlet pipe. 

5. Replace the manhole cover. 
6. Dispose of the polluted water, oils, sediment 

and trash at an approved facility. 
 

Simon Property Group 
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Required Permits 
 
No permits are required. 
 

Forms to Record BMP Implementation, Maintenance, and Inspection 
 
The form that will be used to record implementation, maintenance, and inspection of BMPs is 
attached. 
 

Recordkeeping 
 
All records must be maintained for at least five (5) years and must be made available for review 
upon request. 
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Attachments 
 
 

Implementation, Maintenance, and Inspection Form
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Appendix A, Operations and Maintenance Plan  
Page 19 of 19 
 

        

RECORD OF BMP IMPLEMENTATION, MAINTENANCE, AND INSPECTION 
 
 
 

Today’s Date:  

Name of Person Performing Activity 
(Printed):  

Signature:  

 

BMP Name 
(As Shown in O&M Plan) 

Brief Description of Implementation, Maintenance, and 
Inspection Activity Performed 
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Call StormTech at 860.529.8188 or 888.892.2694 or visit our website at www.stormtech.com for technical and product information.25

9.0 Inspection and Maintenance

Looking down the Isolator Row

A typical JetVac truck (This is not a StormTech product.)

Examples of culvert cleaning nozzles appropriate for 
Isolator Row maintenance. (These are not StormTech 
products).

9.1 ISOLATOR ROW INSPECTION
Regular inspection and maintenance are essential 
to assure a properly functioning stormwater system. 
Inspection is easily accomplished through the manhole or 
optional inspection ports of an Isolator Row. Please follow 
local and OSHA rules for a confined space entry.

Inspection ports can allow inspection to be accomplished 
completely from the surface without the need for a con- 
fined space entry. Inspection ports provide visual access 
to the system with the use of a flashlight. A stadia rod 
may be inserted to determine the depth of sediment. 
If upon visual inspection it is found that sediment has 
accumulated to an average depth exceeding 3” (76 mm), 
cleanout is required.

A StormTech Isolator Row should initially be inspected 
immediately after completion of the site’s construction. 
While every effort should be made to prevent sediment 
from entering the system during construction, it is during 
this time that excess amounts of sediments are most 
likely to enter any stormwater system. Inspection and 
maintenance, if necessary, should be performed prior 
to passing responsibility over to the site’s owner. Once 
in normal service, a StormTech Isolator Row should be 
inspected bi-annually until an understanding of the sites 
characteristics is developed. The site’s maintenance 
manager can then revise the inspection schedule based 
on experience or local requirements.

9.2 ISOLATOR ROW MAINTENANCE
JetVac maintenance is recommended if sediment has 
been collected to an average depth of 3” (76 mm) inside 
the Isolator Row. More frequent maintenance may be 
required to maintain minimum flow rates through the 
Isolator Row. The JetVac process utilizes a high pressure 
water nozzle to propel itself down the Isolator Row while 
scouring and suspending sediments. As the nozzle is 
retrieved, a wave of suspended sediments is flushed back 
into the manhole for vacuuming. Most sewer and pipe 
maintenance companies have vacuum/ JetVac combi- 
nation vehicles. Fixed nozzles designed for culverts or 
large diameter pipe cleaning are preferable. Rear facing 
jets with an effective spread of at least 45” (1143 mm) 
are best. The JetVac process shall only be performed 
on StormTech Rows that have AASHTO class 1 woven 
geotextile over their foundation stone (ADS 315WTM or 
equal).
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OPERATION & MAINTENANCE

Bio Clean Environmental Services, Inc.
398 Via El Centro
Oceanside, CA 92058

www.BioCleanEnvironmental.com 
p: 760.433.7640 

f: 760.433.3176

Grate Inlet Filter
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OPERATION & MAINTENANCE  
 
The Bio Clean Grate Inlet Filter is a stormwater device designed to remove high levels of trash, 
debris, sediments and hydrocarbons.  The filter is available in several configurations including trash 
full capture, multi‐level screening, Kraken membrane filter and media filter variations. This manual 
covers maintenance procedures of the trash full capture and multi‐level screening configurations. A 
supplemental manual is available for the Kraken and media filter variations. This filter is made of 
100% stainless steel and is available and various sizes and depths allowing it to fit in any grated 
catch basin inlet. The filters heavy duty construction allows for cleaning with any vacuum truck. The 
filet can also easily be cleaned by hand.  
 
As with all stormwater BMPs, inspection and maintenance on the Grate Inlet Filter is necessary. 
Stormwater regulations require BMPs be inspected and maintained to ensure they are operating as 
designed to allow for effective pollutant removal and provide protection to receiving water bodies. 
It is recommended that inspections be performed multiple times during the first year to assess site‐
specific loading conditions. This is recommended because pollutant loading can vary greatly from 
site to site. Variables such as nearby soil erosion or construction sites, winter sanding of roads, 
amount of daily traffic and land use can increase pollutant loading on the system. The first year of 
inspections can be used to set inspection and maintenance intervals for subsequent years. Without 
appropriate maintenance a BMP can exceed its storage capacity which can negatively affect its 
continued performance in removing and retaining captured pollutants.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

System Diagram: 
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Inspection Equipment 
 
Following is a list of equipment to allow for simple and effective inspection of the Grate Inlet Filter: 
 

 Bio Clean Environmental Inspection Form (contained within this manual).  

 Manhole hook or appropriate tools to remove access hatches and covers. 

 Appropriate traffic control signage and procedures. 

 Protective clothing and eye protection.  

 Note: entering a confined space requires appropriate safety and certification. It is generally 

not required for routine inspections or maintenance of the system.  

 
 
 
 
 
Inspection Steps   
 
The core to any successful stormwater BMP maintenance program is routine inspections. The 
inspection steps required on the Grate Inlet Filter are quick and easy. As mentioned above the first 
year should be seen as the maintenance interval establishment phase. During the first year more 
frequent inspections should occur in order to gather loading data and maintenance requirements 
for that specific site. This information can be used to establish a base for long‐term inspection and 
maintenance interval requirements.  
 
The Grate Inlet Filter can be inspected though visual observation. All necessary pre‐inspection steps 
must be carried out before inspection occurs, such as safety measures to protect the inspector and 
nearby pedestrians from any dangers associated with an open grated inlet. Once the grate has been 
safely removed the inspection process can proceed: 
 

 Prepare the inspection form by writing in the necessary information including project name, 
location, date & time, unit number and other info (see inspection form).  

 Observe the filter with the grate removed.  

 Look for any out of the ordinary obstructions on the grate or in the filter and its bypass. 
Write down any observations on the inspection form.  

 Through observation and/or digital photographs estimate the amount of trash, foliage and 
sediment accumulated inside the filter basket. Record this information on the inspection 
form.  

 Observe the condition and color of the hydrocarbon boom. Record this information on the 
inspection form.  

 Finalize inspection report for analysis by the maintenance manager to determine if 
maintenance is required.  
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Maintenance Indicators  
 
Based upon observations made during inspection, maintenance of the system may be required 
based on the following indicators:  
 

 Missing or damaged internal components.  

 Obstructions in the filter basket and its bypass. 

 Excessive accumulation of trash, foliage and sediment in the filter basket. Maintenance is 

required when the basket is greater than half‐full.  

 The following chart shows the 50% and 100% storage capacity of each filter height: 

 

Model
Filter Basket 

Diameter (in)

Filter Basket 

Height (in)

50% Storage 

Capacity (cu ft)

100% Storage 

Capacity (cu ft)

BC‐GRATE‐12‐12‐12 10.00 12.00 0.27 0.55

BC‐GRATE‐18‐18‐18 16.00 18.00 1.05 2.09

BC‐GRATE‐24‐24‐24 21.00 24.00 2.41 4.81

BC‐GRATE‐30‐30‐24 27.00 24.00 3.98 7.95

BC‐GRATE‐36‐36‐24 33.00 24.00 5.94 11.88

BC‐GRATE‐48‐48‐18 44.00 18.00 7.92 15.84  
 

Maintenance Equipment 
 
It is recommended that a vacuum truck be utilized to minimize the time required to maintain the 
Curb Inlet Filter, though it can easily cleaned by hand:  
 

 Bio Clean Environmental Maintenance Form (contained in O&M Manual).  

 Manhole hook or appropriate tools to remove the grate. 

 Appropriate safety signage and procedures. 

 Protective clothing and eye protection.  

 Note: entering a confined space requires appropriate safety and certification. It is generally 

not required for routine maintenance of the system. Small or large vacuum truck (with 

pressure washer attachment preferred). 

 

Maintenance Procedures 
 

It is recommended that maintenance occurs at least two days after the most recent rain event to 
allow debris and sediments to dry out. Maintaining the system while flows are still entering it will 
increase the time and complexity required for maintenance. Cleaning of the Grate Inlet Filter can be 
performed utilizing a vacuum truck. Once all safety measures have been set up cleaning of the 
Grate Inlet Filter can proceed as followed:  
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 Remove grate (traffic control and safety measures to be completed prior).  

 Using an extension on a vacuum truck position the hose over the opened catch basin. Insert 

the vacuum hose down into the filter basket and suck out trash, foliage and sediment. A 

pressure wash is recommended and will assist in spraying of any debris stuck on the side or 

bottom of the filter basket. Power wash off the filter basket sides and bottom.  

 Next remove the hydrocarbon boom that is attached to the inside of the filter basket. The 

hydrocarbon boom is fastened to rails on two opposite sides of the basket (vertical rails). 

Assess the color and condition of the boom using the following information in the next 

bullet point. If replacement is required install and fasten on a new hydrocarbon boom. 

Booms can be ordered directly from the manufacturer.  

 Follow is a replacement indication color chart for the hydrocarbon booms:  

 

 

 

 

 

 

 

 The last step is to replace the grate and remove all traffic control.  

 All removed debris and pollutants shall be disposed of following local and state 

requirements. 

 Disposal requirements for recovered pollutants may vary depending on local guidelines. In 

most areas the sediment, once dewatered, can be disposed of in a sanitary landfill. It is not 

anticipated that the sediment would be classified as hazardous waste.  

 In the case of damaged components, replacement parts can be ordered from the 

manufacturer. Hydrocarbon booms can also be ordered directly from the manufacturer as 

previously noted.  

 
 
 
 
 
 
 
 
 
 
 

Excellent 
Condition        

Good  
Condition        

Minimal  
Capacity        

Replacement 
Required        
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Maintenance Sequence 

 
             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
                 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Insert the vacuum hose down 
into the filter basket and suck out 
debris. Use a pressure washer to 
assist in vacuum removal. 
Pressure wash off screens.  

Remove grate and set up 
vacuum truck to clean the 

filter basket.  
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For Maintenance Services or 
Information Please Contact Us At: 

760‐433‐7640  
Or Email: 

info@biocleanenvironmental.com

Remove the hydrocarbon boom 
that is attached to the inside of the 
filter basket. The hydrocarbon 
boom is fastened to rails on two 
opposite sides of the basket 
(vertical rails). Assess the color and 
condition of the boom using the 
following information in the next 
bullet point. If replacement is 
required install and fasten on a 
new hydrocarbon boom.  

Close up and replace the 

grate and remove all traffic 

control. All removed debris 

and pollutants shall be 

disposed of following local 

and state requirements. 
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For Office Use Only

(city) (Zip Code) (Reviewed By)

Owner / Management Company 
(Date)

Contact Phone (              ) _

Inspector Name   Date                  / / Time AM / PM

Weather Condition    Additional Notes

Site 
Map #

Long:

 Storm Event in Last 72-hours?            No           Yes           

GPS Coordinates       of 
Insert

Catch Basin Size
Evidence of 

Illicit 
Discharge? 

Trash 
Accumulation

Type of Inspection             Routine               Follow Up                 Complaint                  Storm

Lat:

Long:

Lat:

Long:

Sediment 
Accumulation

Office personnel to complete section to the 
left.

Functioning Properly or 
Maintenance Needed?

398 Via El Centro, Oceanside, CA 92058 P. 760.433.7640 F. 760.433.3176

Comments:

Foliage 
Accumulation

Long:

Lat:

Long:

Lat:

3 Lat:

2

1

Long:

Inspection and Maintenance Report                 
Catch Basin Only

Signs of Structural 
Damage?

5

4

6 Lat:

Lat:

Lat:

Long:

7

Lat:

Long:

10

8

Long:

Project Name   

Project Address 

12 Lat:

11 Lat:

Long:

Long:
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One of the advantages of the BaySaver Barracuda is the ease of maintenance. Like any system that collects 
pollutants, the BaySaver Barracuda must be maintained for continued effectiveness. Maintenance is a simple 
procedure performed using a vacuum truck or similar equipment. The systems were designed to minimize the 
volume of water removed during routine maintenance, reducing disposal costs. 
Contractors can access the pollutants stored in the manhole through the manhole cover. This allows them to gain 
vacuum hose access to the bottom of the manhole to remove sediment and trash. There is no confined space 
entry necessary for inspection or maintenance. 
The entire maintenance procedure typically takes from 2 to 4 hours, depending on the size of the system, the 
captured material, and the capacity of the vacuum truck. 
Local regulations may apply to the maintenance procedure. Safe and legal disposal of pollutants is the 
responsibility of the maintenance contractor. Maintenance should be performed only by a qualified contractor. 

Inspection and Cleaning Cycle 

Periodic inspection is needed to determine the need for and frequency of maintenance. You should begin 
inspecting as soon as construction is complete and thereafter on an annual basis. Typically, the system needs to 
be cleaned every 1-3 years. 
Excessive oils, fuels or sediments may reduce the maintenance cycle. Periodic inspection is important. 

Determining When to Clean 

To determine the sediment depth, the maintenance contractor should lower a stadia rod into the manhole until it 
contacts the top of the captured sediment and mark that spot on the rod. Then push the probe through to the 
bottom of the sump and mark that spot to determine sediment depth. 
Maintenance should occur when the sediment has reached the levels indicated in the Storage Capacity Chart. 

BaySaver Barracuda Storage Capacities 
 

Model Manhole Diameter Treatment Chamber 
Capacity 

Standard Sediment 
Capacity (20” depth) 

NJDEP Sediment Capacity 
(50% of standard depth) 

S3 36” 212 gallons 0.44 cubic yards 0.22 cubic yards 
S4 48” 564 gallons 0.78 cubic yards 0.39 cubic yards 

S5 60” 881 gallons 1.21 cubic yards 0.61 cubic yards 
S6 72” 1269 gallons 1.75 cubic yards 0.88 cubic yards 
S8 96” 3835 gallons 3.10 cubic yards 1.55 cubic yards 
S10 120” 7496 gallons 4.85 cubic yards 2.43 cubic yards 

Maintenance Instructions 

1. Remove the manhole cover to provide access to the pollutant storage.  Pollutants are stored in the sump, 
below the bowl assembly visible from the surface.  You’ll access this area through the 10” diameter 
access cylinder.   

Maintenance Guide 

BaySaver BarracudaTM July 2017 
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2. Use a vacuum truck or other similar equipment to remove 
all water, debris, oils and sediment. See figure 1. 

3. Use a high pressure hose to clean the manhole of all the 
remaining sediment and debris. Then, use the vacuum 
truck to remove the water. 

4. Fill the cleaned manhole with water until the level reaches 
the invert of the outlet pipe.  

5. Replace the manhole cover. 
6. Dispose of the polluted water, oils, sediment and trash at 

an approved facility. 
• Local regulations prohibit the discharge of solid material 

into the sanitary system. Check with the local sewer 
authority for authority to discharge the liquid. 

• Some localities treat the pollutants as leachate. Check with 
local regulators about disposal requirements. 

• Additional local regulations may apply to the maintenance 
procedure. 

 

 

 

 

Figure 1 
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City of Brea
Project Specific WQMP Summary Report

INSTRUCTIONS:  Project applicant, please fill out and check all that apply.

Project Name: Project Address:

WQMP Application Number (BLD #):  APN(s):

Watershed: Project Size (Acres):

New Development or Redevelopment: Design Capture Volume (ft3):

Total BMP Treatment Capacity (ft3):

Hydromodification (Yes/No):

Owner/Company Name:

Owner Address: 

Contact Name:

Contact Phone:

Land Use Type (check one):

 Industrial (SIC Code): 

 Commercial (SIC Code): 

 Mixed Use

 Residential  

 Municipal (i.e. CIP)      

 Other (specify): HOA/POA (Yes/No): 

Brea Mall Expansion                                                         1065 Brea Mall, Brea, CA 92821

TBD                                        319-101-37

Coyote Creek-San Gabriel River                                                       14.75ac

 Redevelopment                                                    43,355cf

X

44,416cf (chamber) 2.99cfs (hydrodynamic separator)

Yes

Simon Property Group

225 West Washington Street, Indianapolis, IN 46204

Mark Lingelbach

317.263.7992

No
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STRUCTURAL BMP SUMMARY TABLE 
Provide an itemized list of each LID and FCS BMP for each proposed project DMA.  Expand this table as needed.  

LID BMP Description
(i.e. HSC-1, BIO-2, include manufacturer 

and model number if possible)

DMA ID
(as noted on 

BMP Plot Plan)
DMA Acres DCV

(indicate units)

BMP Treatment 
Capacity 

(indicate units)
BMP GPS Coordinates

1.

2.
INF-7 (ADS MC-4500)                   DMA 1           14.75          43,355            44,416        33° 54' 46"N; 117° 53' 20" W

TOTAL

Does BMP Capacity Exceed DCV (Y/N)?

FCS Description DMA ID Location Description FCS GPS Coordinates

1.

2.

14.75          43,355            44,416   
 Yes

Barracuda Hydrodynamic Separator        DMA 1               Upstream of Chamber System              33° 54' 47" N; 117° 53' 20" W

Bio Clean Trash Full Capture Filter          INL 115              East of Residential Building                   33° 54 '47" N; 117° 53 '15" W

3.

4.

5.

6.

Bio Clean Trash Full Capture Filter         INL 115A             East of Residential Building                  33° 54' 47" N; 117° 53' 15" W

Bio Clean Trash Full Capture Filter         INL 125                 South of Sporting Goods                     33° 54' 51" N; 117° 53' 14" W

Bio Clean Trash Full Capture Filter         INL 130                 South of Sporting Goods                     33° 54' 51" N; 117° 53' 14" W

Bio Clean Trash Full Capture Filter         INL 135                 Southwest of Residential                     33° 54' 47" N; 117° 53' 20" W

7. Bio Clean Trash Full Capture Filter         INL 150                     North of Residential                         33° 54' 50" N; 117° 53' 20" W

8. Bio Clean Trash Full Capture Filter         INL 155                     North of Residential                         33° 54' 50" N; 117° 53' 20" W

9. Bio Clean Trash Full Capture Filter         INL 165                         East of Fitness                             33° 54' 52" N; 117° 53' 19" W

10. Bio Clean Trash Full Capture Filter       INL 165A                      North of Fitness                            33° 54' 54" N; 117° 53' 20" W

11. Bio Clean Trash Full Capture Filter       INL 165B                      North of Fitness                            33° 54' 54" N; 117° 53' 21" W

12. Bio Clean Trash Full Capture Filter       INL 170                       South of Retail A                            33° 54' 52" N; 117° 53' 19" W

13. Bio Clean Trash Full Capture Filter       INL 175                        East of Retail A                             33° 54' 52" N; 117° 53' 19" W

14. Bio Clean Trash Full Capture Filter       INL 180                        East of Retail A                             33° 54' 54" N; 117° 53' 18" W

15. Bio Clean Trash Full Capture Filter       INL 185                       North of Retail A                             33° 54' 54" N; 117° 53' 18" W
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Non-Structural Source Control BMP’s (check all that apply):

N1 Owner, Tenant, Occupant Education N9 Hazardous Materials Disclosure

N2 Activity Restrictions N10 Uniform Fire Code

N3 Common Area Landscape Mgmt N11 Common Area Litter Control

N4 BMP Maintenance N12 Employee Training

N5 Title 22 CCR Compliance N13 Loading Dock Good Housekeeping

N6 Local Water Quality Permit N14 Common Area Catch Basin Inspection

N7 Spill Contingency Plan N15 Street Sweeping Private Streets & Parking Lots

N8 Underground Storage Tank N16 Retail Gasoline Outlets

   Structural Source Control BMP’s (check all that apply):

S1 Storm Drain System Stenciling/Signage

S2 Outdoor Material Storage Areas

S3 Trash Storage Areas

S4 Efficient Irrigation Systems & Landscape Design

S5 Protect Slopes & Channels

S6 Loading Dock Areas

S7 Maintenance Bays

S8 Vehicle Wash Areas

S9 Outdoor Process Areas

S10 Equipment Wash Areas

S11 Fueling Areas

S12 Hillside Landscaping

S13 Wash Water Controls for Food Prep Areas

S14 Community Car Wash Racks

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X X
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Project WQMP Summary Exhibit

This WQMP Summary Exhibit (“Summary Exhibit”) is to ensure there is a consistent and clarified exhibit included as part of the 
WQMP submittal process.  The purpose of this Summary Exhibit is for it to be used by City inspectors to verify that post-
construction structural BMPs are implemented correctly at the project site and as described in the approved WQMP.  Though 
similar, the required elements of this Summary Exhibit are separate from the WQMP Plot Plan that is otherwise found in the 
WQMP report, as it should only include information relevant to the understanding of stormwater BMP operations and 
maintenance (i.e. no construction notes) and minimize use of topo lines, elevation callouts, etc.  The Summary Exhibit shall 
include the following elements: 

 Drainage Management Areas (DMAs) and flow information (i.e. surface flow arrows and pipe flow arrows),

 BMPs (LID and Structural Source Control – i.e. trash enclosures, catch basin stenciling), 

 FCS – Full Capture Systems for trash TMDLs, 

 Other structural water quality devices (i.e. roof downspout filters),

 All connections between on-site stormwater structures and off-site storm drains,

 And list of structural BMP ID (CASQA-appropriate).

Where applicable, the applicant shall input concise BMP sizing information in tabular form in the Summary Exhibit.  This BMP 
sizing information should be grouped by drainage area and include:

 DMA ID,

 BMP ID (i.e. MWS #1, CDS #1, INF #1) and TGD BMP ID (i.e. BIO-1, BIO-7, INF-1, HSC-2),

 BMP description (i.e. dimensions, model number), 

 And BMP location coordinates.

BMPs should be grouped by drainage area in BMP summary table. Color can be used to highlight the information above but 
should not be used for other plan details.  Details unrelated to stormwater should be turned off/screened back/de-emphasized 
where possible. If using a hatch for pavement or landscaping, ensure it is also screened back and not distracting from BMPs. 
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Intertek‐PSI 
11980 Telegraph Road, Unit 104
Santa Fe Springs, CA  90670 

Tel  +1 714 484 8600
Fax +1 562 777 0899 
intertek.com/building 

February 27, 2018 
 
Mr. Clif Poynter 
Senior Civil Engineer 
Simon 

225 West Washington Street 

Indianapolis, Indiana 46204 

 
Subject:  Preliminary Geotechnical Investigation 
    Proposed Brea Mall Development 

1066 Brea Mall 
Brea, California 92821 

    PSI Project No. 00661261 
 
 
Dear Mr. Poynter; 
 
As  requested,  Professional  Service  Industries,  Inc.  (PSI),  an  Intertek  Company,  is  pleased  to 

provide  this  report  summarizing  our  Preliminary  Geotechnical  Investigation  for  the  above 

referenced project in Brea, California.  This report includes the results of our review of published 

and  unpublished  geologic  information,  subsurface  exploration,  laboratory  testing,  and  our 

preliminary conclusions and recommendations as they pertain to the proposed development of 

the property.   

We appreciate the opportunity to perform this Preliminary Geotechnical Investigation and look 

forward to continued participation during the design and construction phases of this project.  If 

you have any questions pertaining to this report, or if we may be of further service, please contact 

our office. 

 
Respectfully submitted, 
 
PROFESSIONAL SERVICE INDUSTRIES, INC. 
 
 
 
 
Douglas T. Abernathy, PE, GE    Robert R. Russell, PE 
Senior Project Engineer    Principal Consultant 
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1 PROJECT INFORMATION 

 

1.1 PROJECT AUTHORIZATION 

Professional Service Industries, Inc. (PSI) has completed a Preliminary Geotechnical Investigation 

for the proposed Brea Mall Development to be located in the southwest corner of the Brea Mall 

property in Brea, California.  Our work was performed in general accordance with our proposal 

revised January 22, 2018 and signed February 2, 2018. 

 

1.2 PROJECT DESCRIPTION 

PSI understands that conceptually the site  is proposed to be  improved with several buildings ranging 

from 3,000 square feet (sf) to 120,000 sf along with a 5 to 6‐Level parking garage holding 1,000 to 1,300 

vehicles.   Development of the site will also  include paving, hardscape,  landscaping, utilities, possibly a 

pool, and various other improvements.  The existing Sears store is proposed to be demolished.  Grading 

plans have not been developed but we assume grades will remain relatively level with minor adjustments 

of less than +2 feet as the site consists of an active mall and parking lots.  The proposed developments 

may have maximum column loadings of roughly 150 to 200 kips for one‐story, 200 to 250 kips for two‐

story, and 300 to 400 kips for three‐story structures.  The parking structure may induce loadings of 750 to 

1,000 kips.   Wall  loadings are anticipated to be 3 to 15 kips/ft.   Shallow foundations  including slab‐on‐

grade construction is anticipated.  Slabs may support loadings of up to 150 pounds per square foot.   

 
The  preliminary  geotechnical  recommendations  presented  in  this  report  are  based  on  the 

available  project  information,  site  location,  laboratory  testing,  and  the  subsurface materials 

encountered.  If any of the noted information is incorrect, please inform PSI in writing so that we 

may amend the recommendations presented in this report if appropriate and if desired by the 

client.  PSI will not be responsible for the implementation of its recommendations when it is not 

notified of changes to the project.  We understand that future, more detailed plans and designs 

are proposed and therefore, more detailed geotechnical investigations will need to be performed 

for select buildings. 

 

1.3 PURPOSE AND SCOPE OF SERVICES 

The  purpose  of  this  preliminary  geotechnical  investigation  was  to  explore  the  subsurface 

conditions  and  provide  suitable  preliminary  design  recommendations  for  the  proposed 

developments.   The  investigation for this project  involved drilling six geotechnical soil borings, 

perform percolation testing in two of the borings, laboratory testing, and geotechnical analyses.  

This  report  briefly  outlines  the  testing  procedures,  presents  available  project  information, 
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describes  the  site  and  subsurface  conditions,  and  presents  preliminary  geotechnical 

recommendations for the following: 

 

 Seismic hazards on the property; 

 Site preparation and grading; 

 General  foundation  types,  depths,  allowable  bearing  capacities,  and  estimates  of 
settlement; 

 Concrete floor slabs; 

 Paving recommendations;  

 Retaining wall recommendations;  

 Percolation test results; and 

 Comments  regarding  factors  that  may  impact  construction  and  performance  of  the 
proposed development. 

 
This  report  is  not  intended  to  be  used  for  final  design  purposes.    Additional  geotechnical 

investigations will be necessary based on future grading plans and foundation plans proposed for 

the development. 

 

The scope of services did not include environmental assessments for determining the presence 

or absence of wetlands, or hazardous or toxic materials in the soil, surface water, groundwater, 

or air on or below, or around  this  site.   Any  statements  in  this  report or on  the boring  logs 

regarding  odors,  colors,  and  unusual  or  suspicious  items  or  conditions  are  strictly  for 

informational purposes.  PSI can perform Phase I/ESA, asbestos, lead, and mold surveys of the 

existing site improvements and property if desired with an additional budget. 
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2 SITE AND SUBSURFACE CONDITIONS 

 

2.1 SITE LOCATION AND DESCRIPTION 

The project site is situated at 1066 Brea Mall in Brea, California in the southwest corner of the 

mall property.  The proposed development spans across an area of roughly 800‐feet by 800‐feet.  

The property  is bounded to the west by Randolph Avenue, to the south by other commercial 

developments and Imperial Highway and State College Boulevard, to the east by parking areas, 

and to the north and east by the main mall development.  At the time of our fieldwork, the site 

consisted of an existing two to three‐story Sears store with surface parking areas, drive aisles, 

landscaping, hardscaping, and a  roughly 15‐foot high slope.   The site appears  to slope  to  the 

southwest with elevations (estimated from Google Earth) ranging from roughly 330 to 350 feet 

above mean  sea  level.    The  site  is  located  at  approximate  latitude 33.9137°  and  longitude  ‐

117.8883°.  A Site Vicinity Map showing the site location is included as Figure 1.  

 

2.2 PREVIOUS INVESTIGATIONS 

Previously  Converse  Consultants  Orange  County  (Converse)  performed  several  geotechnical 

investigations for the mall development as listed below: 
 

Table 1 – Converse Consultants Reports 

Year  Report 

1974  Original geotechnical report for the mall development. 

1974 – 1978  Grading reports for earthwork. 

1975  Fill compaction reports. 

1977  Fill compaction reports. 

1978  Geotechnical investigation for Nordstrom. 

1980 
Geotechnical investigation for restaurant on perimeter access road on 

State College Boulevard. 

1984  Geotechnical investigation for repaving perimeter road, south and east. 

1985  Geotechnical investigation for hotel and parking structure on Bristol St. 

1986 
Geotechnical investigation for restaurant on perimeter access road on 

State College Boulevard. 

1987 
Geotechnical investigation for mall expansion to northwest and 

southeast. 
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The  1987  report  describes  encountering  compacted  fill  and  native  terrace  deposits.    Soils 

encountered by Converse predominantly consisted of sandy clay beneath the site.  Other soils 

were also encountered including silty sand, clayey sand, clay, silt, and sandy silt.  The majority of 

the  fill  soils were encountered  southwest of  the Macy’s  store  (5  to 33  feet bgs).   Relatively 

moderate amounts of fill were encountered beneath the parking structure west of Nordstrom (0 

to 13  feet bgs).   Groundwater was described by Converse as being deeper  than 50  feet bgs 

(Orange County Water District, 1976) with perched water encountered at depths ranging from 

23½ to 42½ feet bgs.  Existing pavements consisted of roughly 3 inches of asphalt concrete over 

4  inches of aggregate base.   Sulfate testing of the soils  indicated 160 to 224 ppm.   Expansion 

index testing (generally 40 to 50) indicated low to medium expansion potential.  R‐values ranged 

from 6 to 13 for sandy clay and clayey sand respectively.   

 

2.3 REGIONAL GEOLOGY 

The  site  is  located within  the  La Habra  7½ minute  quadrangle within  the  Los Angeles Basin 

Geomorphic Province boundary.   Based on a review of the Dibblee Geologic Map of the area 

(2001),  the  site  is  underlain  by  elevated  older  alluvial  deposits.    Areas  nearby  (outside  the 

proposed development area) to the southwest and southeast consist of younger alluvium that is 

considered potentially liquefiable. 

 

2.4 REGIONAL SEISMICITY 

The project site  is  located  in Southern California, which has undergone a complex multiphase 

structural history and remains an active tectonic region with documented historic earthquakes.  

Generally, the seismicity within California can be attributed to faulting due to regional tectonic 

movement.  This includes the San Andreas Fault and other sub‐parallel strike‐slip faults, as well 

as  normal  and  thrust  faulting within  the  State.    The  area  of  the  subject  site  is  considered 

seismically active.  Seismic hazards within the area can be attributed to potential ground shaking 

resulting from earthquake events along nearby or more distant faulting.   

 

2.5 SEISMIC HAZARD ASSESSMENT 

2.5.1 Alquist-Priolo Fault Zone 

The seismicity of the site was evaluated utilizing deterministic methods for active faults within 

the regional vicinity.  According to the Alquist‐Priolo Special Studies Zones Act of 1972 (revised 
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1994) faults have been classified as active faults which show apparent movement during the last 

11,000  years  (i.e.,  Holocene  time).    The  site  is  not  located  within  a  currently  designated 

Earthquake Fault Zone per the Alquist‐Priolo Special Studies Zone Map produced by the California 

Geological Survey  (CGS).   Based on CGS mapping, the closest active  fault  is the Whittier Fault 

(Elsinore fault zone, Whittier section) located approximately 1.7 miles to the northeast from the 

site.   

 
2.5.2 Liquefaction-Induced Settlement 

The primary causes of damage in this general area during seismic events include ground shaking 

and  liquefaction of  the  subsurface  strata.    Liquefaction occurs when  loose  granular  and  low 

plastic materials below the groundwater table are subjected to cyclic shear forces resulting from 

seismic events.  Water pressure within the pore spaces of the soil increases with a corresponding 

decrease in the soil’s effective stress and individual grains of soil lose contact with each other.  

Excess pore pressures ultimately dissipate and  the  soil consolidates, often causing  significant 

total and differential settlement of the ground surface. 

 

Liquefaction potential is greatest where the ground water level is shallow and submerged loose 

fine sands and silts and soft  low plasticity clays occur within a depth of about 50 feet or  less. 

Liquefaction potential decreases as grain size and clay and gravel content  increase. As ground 

acceleration  and  shaking  duration  increase  during  an  earthquake,  liquefaction  potential 

increases. 

 

A  review of  the California Geologic Survey  (CGS) map  indicates  that  the site  is not  in an area 

designated as having a liquefaction potential.  Areas of potentially liquefiable younger alluvium 

exist to the southwest and southeast offsite.   Liquefaction analyses were performed onsite at 

one  boring  location  due  to  high  groundwater  levels  and  questionable  soil  strengths.    Our 

liquefaction analysis indicates that a zone of poorly graded sand between depths of 33 to 37 feet 

bgs may liquefy during the design earthquake with high groundwater levels.  Seismic settlements 

induced  from  such  liquefaction  may  result  in  0.7‐inch  of  displacement  with  an  estimated 

differential  settlement of  less  than ½  inch  over  a  40  foot  span.   Our  liquefaction  analysis  is 

provided in Appendix D.   

 

We do not believe lateral spreading or surficial disturbances will be an issue at this site due to 

potential liquefaction. 
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2.5.3 Landsliding 

A review of the CGS map indicates that the site is not in an area designated as having a landslide 

potential.  Due to the generally flat nature of the site and surrounding properties, it is our opinion 

that the site is not susceptible to landsliding. 

 
2.5.4 Tsunamis and Seiches 

Inundation by tsunamis  (seismic or "tidal waves") are not  likely to be considered a significant 

threat to the subject site due to the distance from the coast.  The elevation of the project site is 

also significantly above sea level.  Based on there being no bodies of water near the site, the site 

is also not considered subject to seiches.   

 

2.6 SUBSURFACE CONDITIONS 

2.6.1 GENERAL 

The boring  locations were marked  in  the  field by a PSI  representative by  referencing existing 

landmarks  based  on  the  information  provided  by  the  client.    A  truck‐mounted  drill  rig  and 

continuous flight, hollow‐stem augers were used to advance the soil borings.   

 

During the sampling procedure, Standard Penetration Tests (SPT) were performed in accordance 

with ASTM D1586 and relatively undisturbed samples were obtained in general accordance with 

ASTM D3550.   The SPT  for soil borings  is performed by driving a split‐spoon sampler, with an 

outside  diameter  of  2  inches,  into  the  undisturbed  formation  located  at  the  bottom  of  the 

advanced borehole with repeated blows of a 140‐pound hammer falling a vertical distance of 30 

inches.   The number of blows  required  to drive  the  sampler  the  last 12  inches of an 18‐inch 

penetration depth  is a measure of  the  soil consistency  (N‐value).    If 50 blows are performed 

before reaching the end of a 6 inch increment this is referred to as refusal and the number of 

blow  per  inches  driven  is  recorded,  i.e.  50/4  inches.    For  ASTM D3550  (California Modified 

Sampler) the split barrel sampler possesses a 3‐inch O.D. and is driven in the same manner as the 

SPT.   The field blow counts obtained from the California Modified sampler, as  indicated  in the 

boring logs, were adjusted by 63 percent to obtain a rough correlation to SPT blow counts (SPT‐

N value).  Samples were identified in the field, placed in sealed containers and transported to the 

laboratory for further classification and testing. 
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2.6.2 SOIL BORINGS 

The subsurface conditions were explored by drilling six soil borings (B1 through B6) at the site for 

geotechnical exploration purposes.  Two borings (B1 and B2) were drilled closer to the mall for 

correlations with previous borings performed by Converse Consultants in 1987.  Two borings (B3 

and  B4)  were  drilled  in  the  southwest  region  of  the  proposed  development  to  depths  of 

approximately 51½  feet below  the ground surface  (bgs)  for purposes of  liquefaction analysis.  

Percolation testing was also performed near these two borings (B3 and B4) to depths of 10 feet 

bgs.  Two borings (B5 and B6) were drilled to depths of 31½ feet at mid‐elevation portions of the 

site for general geotechnical analysis.  Figure 2 shows the approximate boring locations.  The soil 

types encountered at the specific boring  locations are presented on the attached Boring Logs 

provided in Appendix A. 

 

As indicated on the boring logs, the subsurface soils consisted of many types of soils ranging from 

sands  to  silts  to  clays and  combinations of each.   Coarse grained  soils had  relative densities 

ranging from loose to very dense while fine grained soils had consistencies ranging from soft to 

hard.  Fill was encountered at boring locations B1 (2.3 feet bgs) and B2 (2½ feet bgs).  Possible fill 

was encountered at boring locations B1 (2.3 to 4.7 feet bgs), B3 (1½ to 7 feet bgs), and B4 (0.8 to 

5 feet bgs).  Near surface loose and soft soils were encountered at boring locations B1 (1½ to 9 

feet bgs) and B3 (4.7 to 7 feet bgs).   

 

The stratification presented on the boring logs is based on a visual examination of the recovered 

soil samples and the interpretation of field logs by a geotechnical professional.  Included on the 

boring  logs  are  the  standard  penetration  resistances  (SPT  N‐values  and  California Modified 

sampler blows)  recorded  in  the  individual borings at  standard  testing  intervals  to  the boring 

termination depths.   

 

The above subsurface description  is of a generalized nature to highlight the major subsurface 

stratification  features  and material  characteristics.    The boring  logs,  included  in Appendix A, 

should be reviewed for specific information at individual boring locations.  These records include 

soil descriptions, stratification, penetration resistance, locations of the samples and laboratory 

test data.  The stratification shown on the boring logs represents the conditions only at the actual 

boring  locations at the time of our exploration.   Variations may occur and should be expected 

between boring locations.  The stratification that represents the approximate boundary between 

subsurface materials and the actual transition may be gradual. 
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2.7 GROUNDWATER 

Groundwater was  encountered  in  two of our  soil borings during our  investigation  at depths 

ranging from approximately 25 feet bgs (at boring location B4) to 30 feet bgs (at boring location 

B3).    These  depths  are  approximate  as  the  drilling  operations  continued  and  monitoring 

equipment was not installed.  Groundwater is not expected to impact the proposed construction.  

It  is possible, however,  that  transient, saturated ground conditions at shallower depths could 

develop at a later time due to periods of heavy precipitation, landscape watering, leaking water 

lines,  or  other  unforeseen  causes.    Variations  in  groundwater  levels  should  be  expected 

seasonally, annually, and from location to location.   

 

2.8 LABORATORY TESTING 

The soil samples obtained during the field exploration were transported to our laboratory and 

selected  soil  samples were  tested  in  the  laboratory  to determine  the material properties  for 

evaluation.   Laboratory testing on selected samples  included moisture content (ASTM D2216), 

density  (ASTM D2937),  grain  size  distribution  (ASTM D422), Atterberg  Limits  (ASTM D4318), 

expansion  index  (ASTM D4829), R‐value  (CTM 301), consolidation  (ASTM D2435), direct shear 

(ASTM D3080), and corrosion testing [soluble sulfate (CTM 417), soluble chloride (CTM 422), pH 

(ASTM D4972), and minimum resistivity (CTM 643)].  Laboratory testing was performed in general 

accordance with ASTM and Caltrans procedures.   Unless otherwise  informed, the soil samples 

will be discarded 60 days from the issuance of this report. Laboratory test results are included in 

Appendix B.  

 

2.9 PERCOLATION TESTING 

A limited program of in‐situ percolation testing was performed at two boring locations [B3(P1) 

and  B4(P2)]  as  shown  on  Figure  2.    Testing was  performed  in  general  accordance with  the 

Technical Guidance Document  for  the  Preparation  of  Conceptual/Preliminary  and/or  Project 

Water Quality Management  Plans  for  the  Santa  Ana  Regional Water Quality  Control  Board 

(September, 2013).  Results of the testing are provided below in Table 1 and are attached in an 

Appendix C. 
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Table 2 – Percolation Test Results 

Test  

Location 

Raw 

Infiltration 

Rate  

(in/hr) 

Design 

Infiltration 

Rate  

(in/hr) 

P1 (B3)  0.0  0.0 

P2 (B4)  2.8  1.4 

 

Measured percolation rates were reduced to determine design values that will represent long‐

term performance of the proposed infiltration BMPs.  The recommended factor values used were 

obtained  from  the Technical Guidance Document  referenced above.   We have assumed  that 

maintenance of the designed system will be performed regularly.   The  following assumptions 

were made: 

 

Table 3 – Percolation Assumptions 

Factor Category  Factor Description 
Factor Value 

Location P1/B3 

Factor Value 

Location P2/B4 

Suitability Assessment 

Soil Assessment Methods  2  2 

Predominant Soil Texture  3  1 

Site Soil Variability  4  2 

Depth  to  Groundwater  or 

Impervious Layer 
1  1 

Design 

Tributary Area Size  1  1 

Level of Pretreatment  1  1 

Redundancy  1  1 

Compaction During Constr.  1  1 

Combined FS  SSTotal  2  1.5 

Measured Rate  (in/hr)  0.0  2.8 

Design Rate  (in/hr)  0.0  1.4 

Use a minimum FS of 2 for design 

 
Please note that percolation/infiltration rates are representative of the  location and depth at 

which  the  tests were  conducted.    If  infiltration  is  to  occur  at  different  locations  or  depths, 

different  rates  may  exist  and  further  testing  will  be  necessary.    Individual  counties  and 

N-12



Project Number: 00661261 
Simon 

February 27, 2018 
Page 12 

 
 

www.intertek.com/building 

municipalities may have stricter guidelines and applicable correction factors for infiltration rates 

and, if applicable, should be utilized for design.  Rates will vary depending on head applied.  For 

calculating “time to empty”, the design infiltration rates above should be reduced by half. 

 

The Technical Guidance Document requires that testing be performed at several locations within 

the proposed drainage area depending on the quantity of design flow anticipated and the size of 

the BMP.  For slow flow areas, tests are required to be performed over several days.  The limited 

testing performed for this investigation should be repeated several times over several days at the 

proposed  BMP  location  to  adequately  characterize  the  site  soils  in  question  for  infiltration 

purposes.   Testing and design  factors assumed above are  subject  to  change and may not be 

representative of actual conditions anticipated for the development. 
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3 CONCLUSIONS AND RECOMMENDATIONS 

The subject property is considered a suitable site for the proposed development from a geologic 

and soils engineering standpoint.  We believe that development of the site will not cause adverse 

effects on adjacent properties.    It  is our opinion that the proposed facility can be constructed 

provided the recommendations stated in the report are followed.  Test findings and statements 

of professional opinion do not constitute a guarantee or warranty, expressed or implied.  

 

The following preliminary geotechnical design recommendations have been developed on the 

basis of the previously described project characteristics and subsurface conditions encountered.  

If  there  are  any  changes  in  these  project  criteria,  PSI  should  be  contacted  to  determine  if 

modifications to the recommendations are warranted.   

 
Based on the results of the fieldwork, laboratory evaluation, and engineering analyses, the site 

can be adapted for the proposed facility.  Based on the observed site conditions PSI believes that 

conventional spread footings are suitable to support the proposed structure.  Details related to 

site preparation, foundation design, and construction are presented in the following sections. 

 

3.1 EARTHQUAKE AND SEISMIC DESIGN CONSIDERATION 

We have employed the 2016 California Building Code (CBC), the locally adopted version of the 

International Building Code, 2015 edition.   As part of this code, the design of structures must 

consider dynamic forces resulting from seismic events.   These forces are dependent upon the 

magnitude of the earthquake event as well as the properties of the soils that underlie the site.   

 

As part of  the procedure  to evaluate  seismic  forces,  the  code  requires  the evaluation of  the 

Seismic Site Class, which categorizes the site based upon the characteristics of the subsurface 

profile within the upper 100 feet of the ground surface.  PSI’s deepest boring extended to 51 ½ 

feet bgs, but to define the Site Class for this project, we have interpreted the results of soil test 

borings drilled within the project site and estimated appropriate soil properties below the base 

of the borings to a depth of 100 feet as permitted by the code.   The estimated soil properties 

were based upon data available  in published geologic  reports as well as our experience with 

subsurface conditions in the general site area. 

 

Based upon our evaluation,  the  subsurface conditions within  the  site are consistent with  the 

characteristics of a Site Class “D” as defined in Chapter 20.3‐1 of the ASCE 7‐10.  The associated 

probabilistic  ground  acceleration  values  and  site  coefficients  for  the  general  site  area were 
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obtained  from  the  USGS  geohazards  web  page, 

http://earthquake.usgs.gov/designmaps/us/application.php,  and  are  presented  in  the  table 

below.  

 
Table 4 ‐ Ground Motion Values* 

Period 
(sec) 

Mapped MCE 
Spectral 
Response 

Acceleration** 
(g) 

Site 
Coefficients 

Adjusted MCE 
Spectral 
Response 

Acceleration 
(g) 

Design Spectral 
Response 

Acceleration (g)

0.2  Ss  2.018  Fa  1.0  SMs  2.018  SDs  1.345 

1.0  S1  0.741  Fv  1.5  SM1  1.111  SD1  0.741 

*2% Probability of Exceedance in 50 years 
MCE = Maximum Considered Earthquake 

 
The Site Coefficients, Fa and Fv presented in the above table were also obtained from the noted 

USGS webpage as a function of the site classification and mapped spectral response acceleration 

at the short (Ss) and 1‐second (S1) periods, but can also be interpolated from ASCE Tables 11.4‐1 

and 11.4‐2. 

 

Considering the use of the proposed structures and the values of SDS and SD1 shown above, we 

expect the structures to fall within Seismic Design Category D, as defined by ASCE Tables 11.6‐1 

and  11.6‐2  of  the  code.    Design  of  structures  should  comply with  the  requirements  of  the 

governing  justification’s  building  codes  and  standard  practices  of  the  Structural  Engineering 

Association of California. 

 

3.2 SITE PREPARATION & GRADING 

The  following  recommendations  are  provided  for  general  grading  of  the  site.   More  detailed 

geotechnical investigations may be required depending on the proposed development. 

 

3.2.1 SITE PREPARATION 

The  site  should  be  cleared  of  all  man‐made  structures,  surface  vegetation,  utilities,  and 

construction debris.  Any previous utilities, foundations, seepage pits, or other site improvements 

found on site  in conflict with the new construction should be removed or abandoned  in place 
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below the proposed structures.  As a minimum, it is recommended the clearing operations extend 

at least five feet beyond the building and a few feet beyond the development perimeters. 

 

We  recommend  that at  the  time of  initial  site  stripping and grading,  that PSI be  retained  to 

observe  proof‐rolling  of  excavations  and  subgrade  conditions  to  verify  that  no  potentially 

deleterious soft soils or unforeseen conditions are present.   All excavation bottoms should be 

firm and unyielding prior to fill being placed above.   

 

Though PSI was not provided with project‐specific  grading plans, proposed  cuts  and  fills  are 

anticipated within the project site to establish design grades.  Any new fill should be placed in 

accordance with the Engineered Fill section of this report.   

 

If grading occurs in the winter rainy season, unstable subgrade conditions may be present.  These 

conditions may require stabilizing the subgrade with by adding coarse aggregate or admixtures 

such as cement kiln dust.  Isolated areas may be stabilized using a geogrid, such as Tensar TX160 

or  equal,  with  one  foot  compacted  Class  II  aggregate  base  over  the  geogrid.    Additional 

recommendations can be provided, as required, during construction.  

 

Asphalt  and  concrete  debris  will  likely  be  generated  from  demolition  at  the  site  during 

construction.   These materials may  require hauling offsite or may be  crushed  for placement 

onsite per geotechnical recommendations or local building authorities.   

 
3.2.2 REMEDIAL GRADING 

All undocumented fill materials, within the limits of proposed structures, should be removed and 

replaced as evaluated by the Geotechnical Engineer or their representative.  Existing unsuitable 

fill soils extending to a depth of 2½ feet bgs near boring location B1 and B2 should be removed 

and replaced with compacted engineered fill.  Areas near boring locations B1, B3, and B4 should 

be evaluated closely as some soils appear to possibly consist of fill materials to depths of roughly 

5 to 7 feet bgs.  Loose or soft soils should also be removed and replaced near boring location B1 

to a depth of roughly 9 feet bgs.  The soils exposed at the base of all excavations should also be 

scarified to a depth of at least 12 inches, be compacted as described below in Section 3.2.3.  

 

Dependent upon the building locations and their structural loads, some over‐excavation of the 

existing soil and replacement as a properly compacted engineered fill beneath footings may be 

necessary  to  limit  static  settlements  to acceptable  levels.   The need  for  this over‐excavation 
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should be determined at the time of more detailed investigations and based on specific structural 

loading information to be provided. 

 

Site grades may then be raised with Engineered Fill to achieve the design elevations proposed for 

the site.   A PSI representative should be on‐site during site grading to evaluate the degree of 

compaction obtained by the contractor. 

 

3.2.3 ENGINEERED FILL 

Engineered Fill materials required at this site, including both native and import soil, should not 

contain rocks greater than 3‐inches in diameter or have greater than 30 percent retained on the 

¾‐inch sieve, and should not contain more than 3 percent (by weight) of organic matter or other 

unsuitable material.  Engineered Fill soils should also have an Expansion Index (EI) that does not 

exceed 40.  Based on our subsurface investigation, existing on‐site soils are generally suitable for 

use  as  Engineered  Fill  provided  they  can  be  properly  moisture  conditioned  to  meet  the 

compaction  requirement.    This  should  be  confirmed  by  a  PSI  representative  during  grading.  

Import materials meeting  the  above  requirements  should  be  approved  by  the Geotechnical 

Engineer prior to  importing to the site.   Soil that are environmentally  impacted should not be 

used as Engineered Fill onsite. 

 

Engineered  Fill  should  be  compacted  to  at  least  90  percent  of  the maximum  dry  density  as 

determined by  the modified Proctor  (ASTM D1557).   The moisture content of Engineered Fill 

should be maintained between 0 to 2 percent above the material’s optimum moisture content 

during compaction.  If the Engineered Fill is too dry, water should be uniformly applied across the 

affected fill area.   If the Engineered Fill  is too wet,  it must be dried.   Engineered Fill should be 

thoroughly mixed by disking, or other approved methods, to obtain relatively uniform moisture 

content throughout the lift immediately prior to compaction. 

 

Engineered Fill  should be placed  in maximum  lifts of 8‐inches of  loose material.   Each  lift of 

Engineered Fill should be  tested by a PSI soils  technician, working under  the direction of our 

Project Geotechnical Engineer, prior  to placement of  subsequent  lifts.    If  smaller compaction 

equipment such as jumping jacks or plate compactors are used thinner lifts may be required to 

achieve compaction. 

 

Compaction of  the backfill  should be  checked with a  sufficient number of density  tests by a 

representative  of  the  Geotechnical  Engineer  to  determine  if  adequate  compaction  is  being 
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achieved by the contractor.  The properly compacted Engineered Fill should extend horizontally 

outward beyond the exterior perimeter of the building and foundations a distance equal to the 

height of fill or 5‐feet, whichever is greater, prior to significant sloping.  In addition, Engineered 

Fill  should  extend  horizontally  outward  beyond  the  exterior  perimeter  of  pavements  and 

hardscape a distance equal to the height of fill or 3‐feet, whichever is greater, prior to significant 

sloping. 

 

3.3 UTILITY TRENCH CONSTRUCTION 

Utility  trenches  can  be  backfilled  with  on‐site  soils  above  the  utility  bedding  and  shading 

materials.  Trench backfill should be moisture conditioned to between 0 to 2 percent above the 

optimum moisture content, compacted  in 4‐ to 6‐inch  lifts to a minimum of 90 percent of the 

maximum dry density as determined by the modified Proctor (ASTM D1557).  If rocks larger than 

3‐inches in maximum size are encountered, they should be removed from the fill material prior 

to  placement  in  the  utility  trenches.   Utility  bedding  and  shading  compaction  requirements 

should be  in conformance with the requirements of the  local agencies having  jurisdiction, but 

typically require clean granular material having a sand equivalent equal to or above 30.  Jetting 

or flooding of utility backfill is not recommended. 

 

3.4 SOIL EXPANSION 

The expansion potential of representative samples of the existing site soils is low (EI=34 & 35).  

Such soils must be kept at a constant moisture content  to avoid shrinkage and swelling near 

improvements.   Foundation and slab subgrades must be designed for such soils.   Landscaping, 

irrigation, and site grading/drainage must also be designed for such soils as mentioned below.  

Following  site  grading,  testing of  site  soils  should be performed by  the project  geotechnical 

consultant to confirm the basis of these recommendations.  Depending upon the distribution of 

soil types and expansion characteristics, differing design recommendations may be developed to 

better suit the types of conditions present at the site. 

 

3.5 CORROSION 

Testing was performed to evaluate the corrosivity of the on‐site soils and the potential for attack 

on  concrete and  subsurface cast  iron and ductile  iron utility pipes.   The  testing  included pH, 

sulfate, chloride and minimum electrical resistivity.  The results of the chemical analysis are as 

follows: 
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Table 3 – Corrosion Analyses 
 

Boring 
Number 

Sample Depth 
(feet) 

pH 

Minimum 
Resistivity 

(Ω‐cm) 

Soluble Sulfate 

(ppm) 

Soluble Chlorides 

(ppm) 

B3  1½ ‐ 5  7.5  1100  246  145 

B6  1 ‐ 5  7.4  1050  576  230 

Notes: ppm = parts per million. 

 

Concrete mix design should follow the minimum requirements of the 2016 California Building 

Code and ACI 318.  Laboratory testing of representative near surface soil samples indicates that 

the on‐site soils have very  low  levels of sulfates such  that  they are characterized as having a 

negligible corrosion potential with respect to concrete based on ACI 318.   Chloride  levels also 

suggest that the site soils are non‐corrosive to steel (iron/ferrous materials) according to Caltrans 

specifications.  For preliminary design purposes, it is our opinion that the use of Type II cement 

is  suitable  for  concrete  in  contact  with  on‐site  soils.    Final  concrete mix  design  should  be 

evaluated after sulfate and chloride tests have been performed on the actual in‐place subgrade 

material used for finished pad grades.  

 

Based on  the minimum  resistivity  laboratory  test  results,  the  soils are characterized as being 

highly corrosive to cast iron or ductile iron piping (National Association of Corrosion Engineers, 

1984).   PSI does not practice  in the field of corrosion engineering. We suggest that a qualified 

corrosion  engineer  be  consulted  to  determine  if  special  corrosion  protection  is  warranted.  

Testing for corrosivity of fill soils should be conducted after site grading. 

 

3.6 SHALLOW FOUNDATIONS 

Once proposed structural loadings and foundation plans are available, the geotechnical engineer 

should evaluate those plans for allowable foundation capacities which depend on the locations 

of the structures. On a preliminary basis, we would anticipate an allowable soil bearing pressure 

in the range of 3,000 to 5,000 psf, dependent upon the remedial grading performed. .  It is our 

opinion  that  the proposed buildings having  relatively  light  loadings  (150  to 250  kips)  can be 

supported on conventional shallow spread  footings bearing on Engineered Fill and/or stiff, or 

better, native soils, compacted to a firm and unyielding state.  More heavily loaded foundations 

(>250  kips) may  require deeper  foundations or  a  ground  improvement program  to be more 

effective and to limit settlements to a tolerable level.  Structures placed near boring location B3 
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should consider potential settlement issues.  The size of the foundations, the bearing pressure 

and the embedment depth have a direct  impact on the anticipated settlement.   Once specific 

plans are developed and once detailed structural loading information is knowns, additional test 

borings and engineering analysis will be necessary. 

 

3.7 SLABS ON GRADE 

We anticipate  that  the proposed buildings may use  slab‐on‐grade construction  supported on 

Engineered  Fill  and/or  suitable  existing  soil  provided  the  subgrade  has  been  prepared  as 

described in Section 3.2 of this report.   Soft or otherwise unsuitable areas observed should be 

addressed on a case‐by‐case basis by our Geotechnical Engineer.  

 

Due to the presence of low expansive soils, we recommend that the subgrade soils beneath the 

building floor slab be moisture conditioned to 0 to 2 percent above the soil’s optimum moisture 

content  to a depth of at  least 12  inches.   This moisture  conditioning  is  recommended  to be 

verified by the geotechnical engineer within 48 hours of floor slab concrete placement.   Floor 

slabs should have a nominal thickness of 5 inches and be reinforced with at least No. 3 bars placed 

at 18‐inches centers each way.   Additional steel reinforcement may be required for structural 

considerations. 

 

To  reduce moisture  vapor  transmission  into  interior  spaces, we  recommend  a  10‐mil  vapor 

retarding membrane be included beneath slabs.  Membrane specifications should be provided 

by the flooring manufacturer.  Vapor retarders should be installed in accordance with ACI 302.1R 

and  should  extend  to  footings  with  no  breaks  (sealed  between  footings  and  around 

penetrations).  A minimum 2 inch thick capillary break material (clean sand) should be provided 

above and below the vapor retarder to help protect the vapor barrier  from punctures and to 

allow more uniform curing of the concrete slab.   

 

This  vapor  retarder  system  is  anticipated  to  be  suitable  for most  flooring  finishes  that  can 

accommodate some vapor emissions.   However, this system may emit more than 3 pounds of 

water per 1000 square feet and therefore, may not be suitable for all flooring finishes.  Additional 

steps should be taken if such vapor emission levels are too high for anticipated flooring finishes. 

 

Exterior slabs should be isolated from the building.  These slabs should be reinforced to function 

as  independent  units.   Movement  of  these  slabs  should  not  be  transmitted  to  the  building 
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foundation  or  superstructure.   We  also  recommend  that  expansive  subgrade  soils  beneath 

concrete flatwork be moisture treated similar to that recommended for on‐grade floor slabs. 

 
The precautions  listed below should be followed closely for construction of all slabs‐on‐grade.  

These details will not reduce the amount of movement, but are  intended to reduce potential 

damage should some settlement of the supporting subgrade take place.  

  

 Cracking of slabs‐on‐grade  is normal and should be expected.   Cracking can occur not only 

because of heaving or compression of the supporting soil, but also because of concrete curing 

stresses.    The  occurrence  of  concrete  shrinkage  cracks,  and  problems  associated  with 

concrete curing may be reduced and/or controlled by limiting the water/cement ratio of the 

concrete, proper concrete placement, finishing, and curing, and by the placement of crack 

control  joints at  frequent  intervals, particularly, where re‐entrant slab corners occur.   The 

American  Concrete  Institute  (ACI)  recommends  a maximum  panel  size  (in  feet)  equal  to 

approximately  three  times  the  thickness  of  the  slab  (in  inches)  in  both  directions.    For 

example,  joints are recommended at a maximum spacing of 12 feet, assuming a four‐inch 

thick slab.  We recommend also that control joints be scored three feet in from, and parallel 

to,  the  foundation walls.   Using  fiber  reinforcement  in  the concrete can also help control 

shrinkage cracking.  

  

 Some  increase  in moisture  content  is  inevitable  because of  development  and  associated 

landscaping.   However,  extreme moisture  content  increases  can be  largely  controlled by 

proper  and  responsible  site  drainage,  building  maintenance  and  irrigation  practices.  

Landscaping and irrigation should be minimized immediately adjacent to buildings.   

 

3.8 SETTLEMENT 

Proposed  loadings  and  structural  foundation  plans  should  be  reviewed  by  the  geotechnical 

engineer to accurately estimate settlements.   Foundations  (column  loads <250 kips) designed 

and  constructed  in  accordance with  typical  geotechnical  recommendations  are  estimated  to 

experience post‐construction total settlements generally less than about 1‐inch with differential 

settlement  along  a  40‐foot  long portion of  a  continuous  footing, or  similarly  spaced  column 

footings generally less than ½‐inch.  Total and differential settlements of these magnitudes are 

usually  considered  tolerable  for  the  anticipated  construction.    However,  the  tolerance  of 

proposed structures to predicted total and differential settlements should be confirmed by the 

structural engineer.   
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As  previously  noted,  a  seismic‐induced  settlement  of  about  0.7  inch  with  a  corresponding 

differential seismic settlement of less than ½ inch over a 40 foot span is possible.  Although these 

seismic settlements are well within  levels considered tolerable (per SP 117A), we recommend 

that the structural engineer consider the seismic settlements in their design. 

 

3.9 RETAINING WALLS 

Standard retaining walls may be designed simply for walls up to a maximum height of six feet.  

Retaining walls above a height of six feet will require seismic loadings incorporated.  Such walls 

may rely on shallow foundation recommendations to be provided. 

Onsite clay soils are not considered suitable for retaining wall backfill.  Clean granular soil backfill 

should be used from the site or imported.  The backfill material should be compacted to at least 

90 percent of the maximum dry density as determined by ASTM D1557 with optimum moistures 

within  0  to  2  percent  above  optimum.    Compaction may  be  checked  by  probing  if  needed.  

Flooding or jetting of the backfill should not be permitted.  Granular backfill should be capped 

with 12‐inches of relatively impervious fill (clayey soils, concrete, CDF) or pavements to seal the 

backfill and reduce the potential for infiltration and saturation.  It should be noted that the use 

of heavy compaction equipment  in close proximity to retaining structures could result  in wall 

pressures exceeding design values and causing wall movement.    In this regard, the contractor 

should  take  appropriate  precautions  during  the  backfill  placement  and  use  relatively  light 

compaction equipment. 

 

For drained conditions, a back‐drainage system should be installed to drain any water that may 

collect behind  retaining walls.   The drainage system should consist of a 1 cubic  foot per  foot 

burrito drain containing free‐draining crushed rock (5%<#200) placed adjacent to the wall.  The 

gravel should be completely enclosed in an approved filter fabric (Mirafi 140N, or equivalent) to 

separate the gravel and backfill soil.  A 4‐inch diameter perforated SCH‐40 PVC pipe should be 

placed with perforations down, behind the bottom of the retaining wall at a gradient of at least 

one percent.  Drainage outlets should be 4‐inch diameter solid SCH‐40 PVC pipe, installed to drain 

to  an  appropriate  outlet.   Drainage  should  be  conducted  away  from  structural  foundations.  

Weep holes may be used  if desired.   The project  geotechnical engineer  should  approve  any 

alternative drain system. 
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Waterproofing the back of the retaining walls should be considered to mitigate water staining, 

infiltration, and moisture migration through the wall.  If a waterproofing system is used, it should 

be designed by a qualified waterproofing consultant. 

 

3.10 PAVEMENT DESIGN  

In designing the proposed pavement areas, the following conditions were considered: 

 
1. Subgrade support characteristics are typically represented by an R‐Value for the design 

of flexible pavements in this region.   
 
2. Vehicular  traffic volumes,  in  terms of  the number and  frequency of vehicles and  their 

range of axle loads should be considered. 
 
3. Likely changes in vehicular use over the life of the pavement should also be considered.  

We have assumed that the pavement areas will not experience additional traffic. 
 
4. Pavement life cycle was considered to be 20 years. 

 
All site preparations and grading should be performed as discussed above in Section 3.2. 

 
Since an evaluation of the characteristics of the actual soils present at pavement subgrade can 

only be provided at the completion of grading, the following pavement sections should be used 

for planning purposes only.  Final pavement designs should be evaluated after R‐value tests have 

been performed on the actual in‐place subgrade materials exposed for use during construction. 

 
It  should  be  noted  that  additional  earthwork  and/or  ground  improvement  efforts may  be 

required during grading on the actual subgrade material encountered,  in order to achieve the 

aforementioned design parameters and assumptions.   These design thicknesses assume that a 

properly prepared subgrade has been achieved.   

 
Based on the results of our  field exploration and  laboratory testing of sandy clay  (worse case 

scenario), we recommend the pavement designs presented in the table below.  The pavement 

design criteria are based on the soil conditions present at the site, an R‐value of 6 and the Traffic 

Index indicated below based on the estimated traffic for the site.  In more granular areas of the 

site, a thinner pavement section may be used if desired and designed. 
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Table 4 ‐ Pavement Section Recommendations 

Location 
Traffic 
Index 
(TI) 

Asphalt 
Thickness 
(inches) 

+

Aggregate 
Base 

Thickness 
(inches) 

Portland 
Cement 
Concrete 
Thickness 
(inches)

+ 

Aggregate 
Base 

Thickness 
(inches) 

Standard 
Drive Aisles 

5 
3½  + 8½ 

5½  +  4 
4  + 7½ 

Truck Drive 
Aisles 

7 
6  + 12 

6  +  6 
7  + 10 

 

We recommend rigid pavements (Portland Cement Concrete, PCC) be constructed at all areas 

requiring heavy braking and turning such as intersections, entrances, docking bays, trash truck 

loading areas, etc.  PCC pavement sections should incorporate appropriate steel reinforcement 

and  crack control  joints as designed by  the project  structural engineer. We  recommend  that 

sections be as nearly squared as possible and no more than 15‐feet on a side.  Score joints may 

be constructed by saw cutting to a depth of ¼ of the slab thickness.  Expansion/cold joints may 

be used in lieu of score joints.  Such joints should be properly sealed.  A minimum 4,000 psi mix 

is recommended.  

 
Prior to placement of aggregate base, subgrade soils should be proof‐rolled and scarified to a 

depth of 12 inches, brought to moisture contents between 0 to 2 percent above optimum, then 

compacted to at least 95 percent of the laboratory standard.  The laboratory standard should be 

ASTM D1557. 

 

Aggregate base below pavement sections should be compacted to at least 95 percent of ASTM 

D1557 with moisture contents within +/‐2 percent of optimum.  Aggregate base materials should 

be Caltrans Class II Base. 

 

All materials  should  conform  to  and be placed  in  accordance with  the  latest  revision of  the 

Standard  Specifications  for  Public Works  Construction  (Greenbook),  the  American  Concrete 

Institute (ACI), and the Portland Cement Association (PCA). 
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3.11 LANDSCAPING AND IRRIGATION 

Landscaping and irrigation should be positioned away from the building by at least 5 feet.  Trees 

and shrubs should be positioned a distance away from the building equal to half of their mature 

height.  Hardscape should closely surround the building as much as possible.  Moisture conditions 

within the soil should be maintained at a constant level to avoid wetting or drying and associated 

movements.  If landscaping is desired closer to the building, moisture barriers may be added to 

limit moisture infiltration beneath the building. 

 

3.12 CONSTRUCTION CONSIDERATIONS 

The  site  soils  are  sensitive  to  disturbances  caused  by  construction  traffic  and  to  changes  in 

moisture content.  During wet weather periods, increases in the moisture content of the soil can 

cause significant reduction in the soil strength and support capabilities.  Furthermore, perched 

groundwater conditions can develop during periods of heavy rainfall as a result of less permeable 

layers impeding infiltration.  In these instances, overlying subgrade soils may become unstable 

and require remedial measures.  It will, therefore, be advantageous to perform earthwork and 

foundation construction activities during dry weather.  

 

Groundwater was not encountered near the ground surface during our explorations onsite.   It 

should be noted, however, that variations in the groundwater table may result from fluctuation 

in the ground surface topography, subsurface stratification, precipitation,  irrigation, and other 

factors that may not have evident at the time of our exploration. This sometimes occurs where 

relatively impermeable and/or cemented materials are overlain by fill soils. We recommend that 

a  representative  of  PSI  be  present  during  grading  operations  to  evaluate  areas  of  seepage.  

Drainage devices for reduction of water accumulation can be recommended if these conditions 

occur.  

 

Water should not be allowed to collect in the foundation excavation, on floor slab areas, or on 

prepared subgrades of the construction area either during or after construction.   Undercut or 

excavated  areas  should  be  sloped  toward  one  corner  to  facilitate  removal  of  any  collected 

rainwater, groundwater, or surface runoff.  Positive site drainage should be provided to reduce 

infiltration of surface water around the perimeter of the building and beneath the  floor slabs 

during construction.   
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Final grading should be designed to provide positive drainage away from proposed structures.  

Soil areas within 10‐feet of proposed structures should sloped at a minimum of 5 percent away 

from  the  structure,  if  possible.    Roof  leaders  and  downspouts  should  discharge  onto  paved 

surfaces sloping away from the structure or into a closed pipe system which outfalls to the street 

gutter or directly to the storm drain system. 
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4 REPORT LIMITATIONS 

The proposed professional  services have been performed,  findings obtained, and preliminary 

recommendations  prepared  in  accordance with  generally  accepted  geotechnical  engineering 

principles and practices at  the  time of  this report.   PSI  is not  responsible  for  the conclusions, 

opinions, or  recommendations made by others based on  this data.   No other warranties are 

implied or expressed.  Simon, its subsidiaries and affiliates can rely upon the report under the 

same terms as if it was originally prepared for them. 

 

The scope of exploration was  intended to evaluate soil conditions within the  influence of the 

proposed development.  The analyses and recommendations submitted in this report are based 

upon the data obtained from the soil borings performed at the locations indicated.  If any subsoil 

variations  become  evident  during  the  course  of  this  project,  a  re‐evaluation  of  the 

recommendations contained in this report will be necessary after we have had an opportunity to 

observe the characteristics of the conditions encountered.  The applicability of the report should 

also be reviewed in the event significant changes occur in the design, nature, or location of the 

proposed structural. 

 

This report is considered preliminary based on limited knowledge of the proposed development.  

The preliminary recommendations provided herein are only  intended for feasibility evaluations 

and conceptual designs and should not be relied upon for final design recommendations.  Future 

design concepts and plans will require further focused geotechnical investigations to determine 

final design and construction recommendations for specific development structures. 

 
 

N-27



 
 
 
 

 

 

www.intertek.com/building 

 
 
 
 
 
 
 

FIGURES 
 

N-28



 

 

 

 
DATE: 

2/27/2018 

Proposed Brea Mall Development 
1066 Brea Mall 

Brea, California 92821 

PSI PROJECT 
NUMBER: 
00661261 

 
PSI, INC. 

11980 TELEGRAPH ROAD, UNIT 104 
SANTA FE SPRINGS, CALIFORNIA 

PREPARED 
BY: DTA 

SITE VICINITY MAP 
FIGURE 

1 

   

Reference – Bing Maps 

SITE 

N-29



 

 

 

 
DATE: 

2/27/2018 

Proposed Brea Mall Development 
1066 Brea Mall 

Brea, California 92821 

PSI PROJECT 
NUMBER: 
00661261 

 
PSI, INC. 

11980 TELEGRAPH ROAD, UNIT 104 
SANTA FE SPRINGS, CALIFORNIA 

PREPARED 
BY: DTA 

BORING LOCATION MAP  FIGURE 2

 

B6 

Reference – Google Maps 

B4 
P2 

B3 
P1 

Legend 
B6    Approximate Boring Location 
P2     Approximate Percolation Location 

B5 

B2 

B1 

N-30



 
 
 
 

 

www.intertek.com/building 

 
 
 
 
 
 
 
 

APPENDIX A 
 

BORING LOGS 
 

   

N-31



GENERAL NOTES
SAMPLE IDENTIFICATION

Page 1 of 2

The Unified Soil Classification System (USCS), AASHTO 1988 and ASTM designations D2487 and D-2488 are
used to identify the encountered materials unless otherwise noted.  Coarse-grained soils are defined as having
more than 50% of their dry weight retained on a #200 sieve (0.075mm); they are described as: boulders,
cobbles, gravel or sand.  Fine-grained soils have less than 50% of their dry weight retained on a #200 sieve;
they are defined as silts or clay depending on their Atterberg Limit attributes.  Major constituents may be added
as modifiers and minor constituents may be added according to the relative proportions based on grain size.

Description
Flat:

Elongated:

Flat & Elongated:

Description
Angular:

Subangular:

Subrounded:

Rounded:

                          Criteria                             
Particles with width/thickness ratio > 3

Particles with length/width ratio > 3

Particles meet criteria for both flat and

elongated

Descriptive Term
Trace:

With:

Modifier:

             Size Range             
Over 300 mm (>12 in.)

75 mm to 300 mm (3 in. to 12 in.)

19 mm to 75 mm (¾ in. to 3 in.)

4.75 mm to 19 mm (No.4 to ¾ in.)

2 mm to 4.75 mm (No.10 to No.4)

0.42 mm to 2 mm (No.40 to No.10)

0.075 mm to 0.42 mm (No. 200 to No.40)

0.005 mm to 0.075 mm

<0.005 mm

     Component     
Boulders:

Cobbles:

Coarse-Grained Gravel:

Fine-Grained Gravel:

Coarse-Grained Sand:

Medium-Grained Sand:

Fine-Grained Sand:

Silt:

Clay:

ANGULARITY OF COARSE-GRAINED PARTICLESRELATIVE DENSITY OF COARSE-GRAINED SOILS
N - Blows/foot

0 - 4

4 - 10

10 - 30

30 - 50

50 - 80

80+

Relative Density

Very Loose

Loose

Medium Dense

Dense

Very Dense

Extremely Dense

RELATIVE PROPORTIONS OF FINES
% Dry Weight

< 5%

5% to 12%

>12%

Standard "N" penetration: Blows per foot of a 140 pound hammer falling 30 inches on a 2-inch O.D.
Split-Spoon.
A "N" penetration value corrected to an equivalent 60% hammer energy transfer efficiency (ETR)
Unconfined compressive strength, TSF
Pocket penetrometer value, unconfined compressive strength, TSF
Moisture/water content, %
Liquid Limit, %
Plastic Limit, %
Plasticity Index = (LL-PL),%
Dry unit weight, pcf
Apparent groundwater level at time noted

                       Criteria                       
Particles have sharp edges and relatively plane

sides with unpolished surfaces

Particles are similar to angular description, but have

rounded edges

Particles have nearly plane sides, but have

well-rounded corners and edges

Particles have smoothly curved sides and no edges

N:

N60:
Qu:
Qp:

w%:
LL:
PL:
PI:

DD:

,   ,

GRAIN-SIZE TERMINOLOGY PARTICLE SHAPE

SOIL PROPERTY SYMBOLS

Shelby Tube - 3" O.D., except where noted.

Rock Core

Texas Cone

Bulk Sample

Pressuremeter

Cone Penetrometer Testing with
Pore-Pressure Readings

DRILLING AND SAMPLING SYMBOLS
Solid Flight Auger - typically 4" diameter
flights, except where noted.
Hollow Stem Auger - typically 3¼" or 4¼ I.D.
openings, except where noted.
Mud Rotary - Uses a rotary head with
Bentonite or Polymer Slurry
Diamond Bit Core Sampler
Hand Auger
Power Auger -  Handheld motorized auger

Split-Spoon - 1 3/8" I.D., 2" O.D., except
where noted.

SFA:

HSA:

M.R.:

R.C.:
H.A.:
P.A.:

SS:

ST:

RC:

TC:

BS:

PM:

CPT-U:
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QU - TSF N - Blows/foot Consistency

0 - 2
2 - 4
4 - 8

8 - 15
15 - 30
30 - 50

50+

Criteria                       
Absence of moisture, dusty, dry to the touch
Damp but no visible water
Visible free water, usually soil is below water table

RELATIVE PROPORTIONS OF SAND AND GRAVEL
% Dry Weight      

< 15%
15% to 30%
>30%

Descriptive Term
Trace:

With:
Modifier:

0 - 0.25
0.25 - 0.50
0.50 - 1.00
1.00 - 2.00
2.00 - 4.00
4.00 - 8.00

8.00+

MOISTURE CONDITION DESCRIPTION

Page 2 of 2

CONSISTENCY OF FINE-GRAINED SOILS

Description
Blocky:

Lensed:
Layer:
Seam:

Parting:

Description
Stratified:

Laminated:

Fissured:

Slickensided:

STRUCTURE DESCRIPTION

QU - TSF

Extremely Soft
Very Soft

Soft
Medium Hard

Moderately Hard
Hard

Very Hard

SCALE OF RELATIVE ROCK HARDNESS ROCK BEDDING THICKNESSES
Consistency

Criteria                            
Alternating layers of varying material or color with
layers at least ¼-inch (6 mm) thick
Alternating layers of varying material or color with
layers less than ¼-inch (6 mm) thick
Breaks along definite planes of fracture with little
resistance to fracturing
Fracture planes appear polished or glossy,
sometimes striated

Criteria                            
Greater than 3-foot (>1.0 m)
1-foot to 3-foot (0.3 m to 1.0 m)
4-inch to 1-foot (0.1 m to 0.3 m)
1¼-inch to 4-inch (30 mm to 100 mm)
½-inch to 1¼-inch (10 mm to 30 mm)
1/8-inch to ½-inch (3 mm to 10 mm)
1/8-inch or less "paper thin" (<3 mm)

Description
Dry:

Moist:
Wet:

Description
Very Thick Bedded

Thick Bedded
Medium Bedded

Thin Bedded
Very Thin Bedded
Thickly Laminated
Thinly Laminated

2.5 - 10
10 - 50

50 - 250
250 - 525

525 - 1,050
1,050 - 2,600

>2,600

(Continued)

Component     
Very Coarse Grained

Coarse Grained
Medium Grained

Fine Grained
Very Fine Grained

GRAIN-SIZED TERMINOLOGY
(Typically Sedimentary Rock)

ROCK VOIDS
Voids

Pit
Vug

Cavity
Cave

Void Diameter          
<6 mm (<0.25 in)
6 mm to 50 mm (0.25 in to 2 in)
50 mm to 600 mm (2 in to 24 in)
>600 mm (>24 in)

ROCK QUALITY DESCRIPTION
RQD Value

90 -100
75 - 90
50 - 75
25 -50

Less than 25

Size Range         
>4.76 mm
2.0 mm - 4.76 mm
0.42 mm - 2.0 mm
0.075 mm - 0.42 mm
<0.075 mm

Rock generally fresh, joints stained and discoloration
extends into rock up to 25 mm (1 in), open joints may
contain clay, core rings under hammer impact.

Rock mass is decomposed 50% or less, significant
portions of the rock show discoloration and
weathering effects, cores cannot be broken by hand
or scraped by knife.

Rock mass is more than 50% decomposed, complete
discoloration of rock fabric, core may be extremely
broken and gives clunk sound when struck by
hammer, may be shaved with a knife.

Rock Mass Description
Excellent

Good
Fair
Poor

Very Poor

DEGREE OF WEATHERING
Slightly Weathered:

Weathered:

Highly Weathered:

Criteria                            
Cohesive soil that can be broken down into small
angular lumps which resist further breakdown
Inclusion of small pockets of different soils
Inclusion greater than 3 inches thick (75 mm)
Inclusion 1/8-inch to 3 inches (3 to 75 mm) thick
extending through the sample
Inclusion less than 1/8-inch (3 mm) thick

Very Soft
Soft

Firm (Medium Stiff)
Stiff

Very Stiff
Hard

Very Hard
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OH

CH

MH

OL

CL

ML

SC

SM

SP

COARSE
GRAINED

SOILS

SW

TYPICAL
DESCRIPTIONS

WELL-GRADED GRAVELS, GRAVEL -
SAND MIXTURES, LITTLE OR NO FINES

POORLY-GRADED GRAVELS, GRAVEL
- SAND MIXTURES, LITTLE OR NO
FINES

SILTY GRAVELS, GRAVEL - SAND -
SILT MIXTURES

LETTERGRAPH

SYMBOLS
MAJOR DIVISIONS

SOIL CLASSIFICATION CHART

PT

GC

GM

GP

GW

CLAYEY GRAVELS, GRAVEL - SAND -
CLAY MIXTURES

WELL-GRADED SANDS, GRAVELLY
SANDS, LITTLE OR NO FINES

POORLY-GRADED SANDS, GRAVELLY
SAND, LITTLE OR NO FINES

SILTY SANDS, SAND - SILT MIXTURES

CLAYEY SANDS, SAND - CLAY
MIXTURES

INORGANIC SILTS AND VERY FINE
SANDS, ROCK FLOUR, SILTY OR
CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY

INORGANIC CLAYS OF LOW TO
MEDIUM PLASTICITY, GRAVELLY
CLAYS, SANDY CLAYS, SILTY CLAYS,
LEAN CLAYS

ORGANIC SILTS AND ORGANIC SILTY
CLAYS OF LOW PLASTICITY

INORGANIC SILTS, MICACEOUS OR
DIATOMACEOUS FINE SAND OR SILTY
SOILS

INORGANIC CLAYS OF HIGH
PLASTICITY

ORGANIC CLAYS OF MEDIUM TO HIGH
PLASTICITY, ORGANIC SILTS

PEAT, HUMUS, SWAMP SOILS WITH
HIGH ORGANIC CONTENTS

CLEAN
GRAVELS

GRAVELS WITH
FINES

CLEAN SANDS

(LITTLE OR NO FINES)

SANDS WITH
FINES

LIQUID LIMIT
LESS THAN 50

LIQUID LIMIT
GREATER THAN 50

HIGHLY ORGANIC SOILS

GRAVEL
AND

GRAVELLY
SOILS

(APPRECIABLE AMOUNT
OF FINES)

(APPRECIABLE AMOUNT
OF FINES)

(LITTLE OR NO FINES)

FINE
GRAINED

SOILS

SAND
AND

SANDY
SOILS

SILTS
AND

CLAYS

SILTS
AND

CLAYS

MORE THAN 50%
OF MATERIAL IS

LARGER THAN NO.
200 SIEVE SIZE

MORE THAN 50%
OF MATERIAL IS
SMALLER THAN
NO. 200 SIEVE

SIZE

MORE THAN 50%
OF COARSE
FRACTION

PASSING ON NO. 4
SIEVE

MORE THAN 50%
OF COARSE
FRACTION

RETAINED ON NO.
4 SIEVE

NOTE:  DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS
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SM

SM

CL

SM

SP

10

12

DD = 112 pcf

DD = 110 pcf

5-inches Asphalt
13-inches Mix of Base with Silty Sand

FILL - Silty SAND, orange-brown, with pieces
of brick, moist.
Silty SAND, orange-brown, with gravel, little
cohesion, loose, moist. [Possible Fill]

Silty CLAY, brown, soft, moist.

Silty SAND, light brown, with trace gravel and
cohesion, loose, moist.

SAND, light brown, dense, moist.

Boring Terminated at 11-1/2 feet below ground
surface.  All CalMod blowcounts multiplied by a
factor of 0.63 to represent SPT N-Value.  No
groundwater encountered.  Soil cuttings used as
backfill, with asphalt cold patch.

3-3-3
N=4

2-1-2
N=3

2-3-3
N=4

6-12-18
N=30

PROJECT NO.: 00661261
PROJECT: Simon ~ Proposed Brea Mall Development
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 C
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MoistureMATERIAL DESCRIPTION

STANDARD PENETRATION
TEST DATA

N in blows/ft     

Qu

S
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e 

N
o.

G
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og

50

PL

E
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tio

n 
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LL

4.0

25
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LATITUDE: 33.9153°
LONGITUDE: -117.8883°

LOCATION: 100 Brea Mall

W
at

er

REMARKS:

DRILLER: George

Professional Service Industries, Inc.
11980 Telegraph Rd, Unit 104
Santa Fe Springs, CA  90670
Telephone:  (714) 484-8600 Brea, CA

S
P

T
 B

lo
w

s 
pe

r 
6-

in
ch

 (
S

S
)

DATE STARTED: 2/1/18

BENCHMARK: N/A

The stratification lines represent approximate boundaries.  The transition may be gradual. Sheet  1  of  1

DRILL COMPANY: 2R Drilling

STATION: N/A OFFSET: N/A

LOGGED BY: DTA
DRILL RIG: CME-75

REVIEWED BY: RR

EFFICIENCY N/A
HAMMER TYPE: Automatic BORING LOCATION:

0

5

10

DATE COMPLETED: 2/1/18 BORING  B1

ELEVATION: N/A

COMPLETION DEPTH 11.5 ft

DRILLING METHOD: Hollow Stem Auger
SAMPLING METHOD:  SS-SS+CalMod
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ML

ML

CL

CL

SC

14

9

DD = 115 pcf

DD = 121 pcf

6-inches Asphalt
6-inches Aggregate Base
FILL - Sandy SILT, light brown, with trace clay,
moist.
Clayey SILT, brown, with roots, moist.
Silty CLAY, orange-brown, very stiff, moist.

Sandy CLAY, light orange-brown, hard, moist.

Clayey SAND, light orange-brown, very dense
to dense, moist.

Boring Terminated at 11-1/2 feet below ground
surface.  All CalMod blowcounts multiplied by a
factor of 0.63 to represent SPT N-Value.  No
groundwater encountered.  Soil cuttings used as
backfill, with asphalt cold patch.

10-14-23
N=23

8-15-27
N=42

19-42-50/4"
N=58

14-14-23
N=37

PROJECT NO.: 00661261
PROJECT: Simon ~ Proposed Brea Mall Development
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MoistureMATERIAL DESCRIPTION

STANDARD PENETRATION
TEST DATA

N in blows/ft     

Qu

S
am

pl
e 

N
o.

G
ra
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ic

 L
og

50

PL

E
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tio

n 
(f
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t)

LL

4.0

25
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LATITUDE: 33.9143°
LONGITUDE: -117.8871°

LOCATION: 100 Brea Mall

W
at

er

REMARKS:

DRILLER: George

Professional Service Industries, Inc.
11980 Telegraph Rd, Unit 104
Santa Fe Springs, CA  90670
Telephone:  (714) 484-8600 Brea, CA

S
P

T
 B

lo
w

s 
pe

r 
6-

in
ch

 (
S

S
)

DATE STARTED: 2/1/18

BENCHMARK: N/A

The stratification lines represent approximate boundaries.  The transition may be gradual. Sheet  1  of  1

DRILL COMPANY: 2R Drilling

STATION: N/A OFFSET: N/A

LOGGED BY: DTA
DRILL RIG: CME-75

REVIEWED BY: RR

EFFICIENCY N/A
HAMMER TYPE: Automatic BORING LOCATION:

0

5

10

DATE COMPLETED: 2/1/18 BORING  B2

ELEVATION: N/A

COMPLETION DEPTH 11.5 ft

DRILLING METHOD: Hollow Stem Auger
SAMPLING METHOD:  SS-SS+CalMod

>>
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CL

SM

CL

CL

7

16

25

18

R-Value, Corrosion
Series
LL = 41
PL = 18
DD = 123 pcf

DD = 111 pcf

LL = 40
PL = 17

DD = 109 pcf

12-inches Asphalt

6-inches Aggregate Base
Sandy CLAY, orange and gray and brown, with
silt and gravel, very stiff, moist. [Possible Fill]

Silty SAND, yellow-brown, with clay, loose,
moist. [Possible Fill]

Silty CLAY, brown, with sand, stiff to very stiff,
moist.

Brownish-gray at tip of sampler.

Gray at tip of sampler.

Becomes light brown.

Becomes yellow-brown, with caliche stringers.

CLAY, yellowish-brown, caliche stringers, stiff,
moist.

13-15-17
N=20

3-3-6
N=9

6-6-10
N=10

5-6-8
N=14

7-8-14
N=14

4-5-8
N=13

6-8-11
N=19

PROJECT NO.: 00661261
PROJECT: Simon ~ Proposed Brea Mall Development
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MoistureMATERIAL DESCRIPTION

STANDARD PENETRATION
TEST DATA

N in blows/ft     
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While Drilling

Upon Completion

Continued Next Page

LATITUDE: 33.9144°
LONGITUDE: -117.8892°

LOCATION: 100 Brea Mall

29.2  feet

41.2  feet

W
at

er

REMARKS:

DRILLER: George

Professional Service Industries, Inc.
11980 Telegraph Rd, Unit 104
Santa Fe Springs, CA  90670
Telephone:  (714) 484-8600 Brea, CA

S
P

T
 B

lo
w

s 
pe

r 
6-

in
ch

 (
S

S
)

DATE STARTED: 2/1/18

BENCHMARK: N/A

The stratification lines represent approximate boundaries.  The transition may be gradual. Sheet  1  of  2

DRILL COMPANY: 2R Drilling

STATION: N/A OFFSET: N/A

LOGGED BY: DTA
DRILL RIG: CME-75

REVIEWED BY: RR

EFFICIENCY N/A
HAMMER TYPE: Automatic BORING LOCATION:

0

5

10

15

20

25

30

DATE COMPLETED: 2/1/18 BORING  B3

ELEVATION: N/A

COMPLETION DEPTH 51.5 ft

DRILLING METHOD: Hollow Stem Auger
SAMPLING METHOD:  SS-SS+CalMod
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CL

SP

ML

SP

CL

31 LL = 41
PL = 23

CLAY, yellowish-brown, caliche stringers, stiff,
moist.

SAND, yellowish-brown, fine grained, medium
dense, saturated at 40 feet bgs.

Lost Sample - Possibly wet sand.  No recovery.

SILT, yellowish-brown, with trace clay, very
stiff, moist.

SAND, yellowish-brown, with little silt, medium
dense, saturated.

Silty CLAY, yellowish-brown, very stiff, moist.

...with caliche stringers.

Boring Terminated at 51-1/2 feet below ground
surface.  All CalMod blowcounts multiplied by a
factor of 0.63 to represent SPT N-Value.
Groundwater encountered.  Soil cuttings used as
backfill, with asphalt cold patch.

3-3-5
N=8

7-10-14
N=24

10-11-18
N=29

13-11-16
N=27

6-8-12
N=20

PROJECT NO.: 00661261
PROJECT: Simon ~ Proposed Brea Mall Development
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MoistureMATERIAL DESCRIPTION

STANDARD PENETRATION
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While Drilling

Upon Completion

LATITUDE: 33.9144°
LONGITUDE: -117.8892°

LOCATION: 100 Brea Mall

29.2  feet

41.2  feet

W
at

er

REMARKS:

DRILLER: George

Professional Service Industries, Inc.
11980 Telegraph Rd, Unit 104
Santa Fe Springs, CA  90670
Telephone:  (714) 484-8600 Brea, CA

S
P

T
 B

lo
w

s 
pe

r 
6-

in
ch

 (
S

S
)

DATE STARTED: 2/1/18

BENCHMARK: N/A

The stratification lines represent approximate boundaries.  The transition may be gradual. Sheet  2  of  2

DRILL COMPANY: 2R Drilling

STATION: N/A OFFSET: N/A

LOGGED BY: DTA
DRILL RIG: CME-75

REVIEWED BY: RR

EFFICIENCY N/A
HAMMER TYPE: Automatic BORING LOCATION:

30

35

40

45

50

DATE COMPLETED: 2/1/18 BORING  B3

ELEVATION: N/A

COMPLETION DEPTH 51.5 ft

DRILLING METHOD: Hollow Stem Auger
SAMPLING METHOD:  SS-SS+CalMod
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SP

SP

ML

CL

SM

4

4

Sieve

DD = 107 pcf

DD = 110 pcf
Sieve

3-1/2-inches Asphalt
6-inches Aggregate Base
Poorly Graded SAND, tan, fine grained, loose,
slightly moist.  [Possible Fill]

Poorly Graded SAND, tan, fine grained, with
occasional gravel, dense to very dense, moist.

Sandy SILT, reddish-brown, with clay lens,
hard, moist.

Silty CLAY, orange-brown, very stiff, moist.

Silty SAND, orange-brown, medium dense,
saturated.

19-26-50
N=48

12-15-20
N=35

24-42-50/4"
N=58

18-28-30
N=58

9-11-16
N=27

8-10-13
N=23
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Continued Next Page

LATITUDE: 33.9132°
LONGITUDE: -117.8888°

LOCATION: 100 Brea Mall

30.3  feet

24.8  feet

W
at
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REMARKS:

DRILLER: George

Professional Service Industries, Inc.
11980 Telegraph Rd, Unit 104
Santa Fe Springs, CA  90670
Telephone:  (714) 484-8600 Brea, CA
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DATE STARTED: 2/1/18

BENCHMARK: N/A

The stratification lines represent approximate boundaries.  The transition may be gradual. Sheet  1  of  2

DRILL COMPANY: 2R Drilling

STATION: N/A OFFSET: N/A

LOGGED BY: DTA
DRILL RIG: CME-75

REVIEWED BY: RR

EFFICIENCY N/A
HAMMER TYPE: Automatic BORING LOCATION:
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25

30

DATE COMPLETED: 2/1/18 BORING  B4

ELEVATION: N/A

COMPLETION DEPTH 51.5 ft

DRILLING METHOD: Hollow Stem Auger
SAMPLING METHOD:  SS-SS+CalMod
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CL

SP-SM

CL

19 LL = 36
PL = 17

Sieve

Silty CLAY, yellow-brown, very stiff, moist.

Poorly Graded SAND with Silt, yellow-brown,
medium dense to very dense, with occasional
saturated sand layers, wet.

Silty CLAY, yellow-brown, hard to very stiff,
moist.

Boring Terminated at 51-1/2 feet below ground
surface.  All CalMod blowcounts multiplied by a
factor of 0.63 to represent SPT N-Value.
Groundwater encountered.  Soil cuttings used as
backfill, with asphalt cold patch.

6-9-13
N=22

3-5-9
N=14

14-30-39
N=69

7-15-17
N=32

5-7-12
N=19

PROJECT NO.: 00661261
PROJECT: Simon ~ Proposed Brea Mall Development
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MoistureMATERIAL DESCRIPTION
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LATITUDE: 33.9132°
LONGITUDE: -117.8888°

LOCATION: 100 Brea Mall

30.3  feet

24.8  feet

W
at

er

REMARKS:

DRILLER: George

Professional Service Industries, Inc.
11980 Telegraph Rd, Unit 104
Santa Fe Springs, CA  90670
Telephone:  (714) 484-8600 Brea, CA
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DATE STARTED: 2/1/18

BENCHMARK: N/A

The stratification lines represent approximate boundaries.  The transition may be gradual. Sheet  2  of  2

DRILL COMPANY: 2R Drilling

STATION: N/A OFFSET: N/A

LOGGED BY: DTA
DRILL RIG: CME-75

REVIEWED BY: RR

EFFICIENCY N/A
HAMMER TYPE: Automatic BORING LOCATION:

30

35

40

45

50

DATE COMPLETED: 2/1/18 BORING  B4

ELEVATION: N/A

COMPLETION DEPTH 51.5 ft

DRILLING METHOD: Hollow Stem Auger
SAMPLING METHOD:  SS-SS+CalMod
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SP-SM

CL

10

14

Sieve

DD = 107 pcf

DD = 114 pcf

5-inches Asphalt
5-inches Aggregate Base
Poorly Graded SAND with Silt, yellow-brown,
medium dense to dense, moist.

...with trace gravel.

...with caliche stringers.

Silty CLAY, yellow-brown, hard to very stiff,
moist.

10-11-16
N=17

10-6-11
N=17

16-24-35
N=37

13-13-24
N=37

11-20-29
N=49

8-13-17
N=30

9-12-17
N=29
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Continued Next Page

LATITUDE: 33.9139°
LONGITUDE: -117.8882°

LOCATION: 100 Brea Mall
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REMARKS:

DRILLER: George

Professional Service Industries, Inc.
11980 Telegraph Rd, Unit 104
Santa Fe Springs, CA  90670
Telephone:  (714) 484-8600 Brea, CA
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DATE STARTED: 2/1/18

BENCHMARK: N/A

The stratification lines represent approximate boundaries.  The transition may be gradual. Sheet  1  of  2

DRILL COMPANY: 2R Drilling

STATION: N/A OFFSET: N/A

LOGGED BY: DTA
DRILL RIG: CME-75

REVIEWED BY: RR

EFFICIENCY N/A
HAMMER TYPE: Automatic BORING LOCATION:

0
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25

30

DATE COMPLETED: 2/1/18 BORING  B5

ELEVATION: N/A

COMPLETION DEPTH 31.5 ft

DRILLING METHOD: Hollow Stem Auger
SAMPLING METHOD:  SS-SS+CalMod
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CL
Silty CLAY, yellow-brown, hard to very stiff,
moist.

Boring Terminated at 31-1/2 feet below ground
surface.  All CalMod blowcounts multiplied by a
factor of 0.63 to represent SPT N-Value.
Groundwater not encountered.  Soil cuttings
used as backfill, with asphalt cold patch.

6-8-10
N=18

PROJECT NO.: 00661261
PROJECT: Simon ~ Proposed Brea Mall Development
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LATITUDE: 33.9139°
LONGITUDE: -117.8882°

LOCATION: 100 Brea Mall

W
at
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REMARKS:

DRILLER: George

Professional Service Industries, Inc.
11980 Telegraph Rd, Unit 104
Santa Fe Springs, CA  90670
Telephone:  (714) 484-8600 Brea, CA
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DATE STARTED: 2/1/18

BENCHMARK: N/A

The stratification lines represent approximate boundaries.  The transition may be gradual. Sheet  2  of  2

DRILL COMPANY: 2R Drilling

STATION: N/A OFFSET: N/A

LOGGED BY: DTA
DRILL RIG: CME-75

REVIEWED BY: RR

EFFICIENCY N/A
HAMMER TYPE: Automatic BORING LOCATION:

30

DATE COMPLETED: 2/1/18 BORING  B5

ELEVATION: N/A

COMPLETION DEPTH 31.5 ft

DRILLING METHOD: Hollow Stem Auger
SAMPLING METHOD:  SS-SS+CalMod
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16

R-Value, Corrosion
Series
LL = 38
PL = 18
DD = 109 pcf

DD = 113 pcf

3-inches Asphalt
4-inches Aggregate Base
Sandy CLAY, reddish-brown, very stiff to stiff,
moist.

SAND, tan, well to poorly graded, medium
dense, moist.

Silty CLAY, yellow-brown, hard, moist.

SILT, yellow-brown, moist.

Silty CLAY, yellow-brown, hard, moist.

SAND, yellow-brown, fine grained, very dense,
moist.

Silty CLAY, yellow-brown, very stiff, moist.

5-9-19
N=18

3-3-6
N=9

9-12-37
N=31

3-3-7
N=10

12-23-24
N=47

11-14-18
N=32

16-27-27
N=54
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Continued Next Page

LATITUDE: 33.9133°
LONGITUDE: -117.8873°

LOCATION: 100 Brea Mall
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REMARKS:

DRILLER: George

Professional Service Industries, Inc.
11980 Telegraph Rd, Unit 104
Santa Fe Springs, CA  90670
Telephone:  (714) 484-8600 Brea, CA
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DATE STARTED: 2/1/18

BENCHMARK: N/A

The stratification lines represent approximate boundaries.  The transition may be gradual. Sheet  1  of  2

DRILL COMPANY: 2R Drilling

STATION: N/A OFFSET: N/A

LOGGED BY: DTA
DRILL RIG: CME-75

REVIEWED BY: RR

EFFICIENCY N/A
HAMMER TYPE: Automatic BORING LOCATION:

0
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30

DATE COMPLETED: 2/1/18 BORING  B6

ELEVATION: N/A

COMPLETION DEPTH 31.5 ft

DRILLING METHOD: Hollow Stem Auger
SAMPLING METHOD:  SS-SS+CalMod
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CL
Silty CLAY, yellow-brown, very stiff, moist.

Boring Terminated at 31-1/2 feet below ground
surface.  All CalMod blowcounts multiplied by a
factor of 0.63 to represent SPT N-Value.
Groundwater not encountered.  Soil cuttings
used as backfill, with asphalt cold patch.

7-9-12
N=21

PROJECT NO.: 00661261
PROJECT: Simon ~ Proposed Brea Mall Development
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LATITUDE: 33.9133°
LONGITUDE: -117.8873°

LOCATION: 100 Brea Mall
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REMARKS:

DRILLER: George

Professional Service Industries, Inc.
11980 Telegraph Rd, Unit 104
Santa Fe Springs, CA  90670
Telephone:  (714) 484-8600 Brea, CA
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DATE STARTED: 2/1/18

BENCHMARK: N/A

The stratification lines represent approximate boundaries.  The transition may be gradual. Sheet  2  of  2

DRILL COMPANY: 2R Drilling

STATION: N/A OFFSET: N/A

LOGGED BY: DTA
DRILL RIG: CME-75

REVIEWED BY: RR

EFFICIENCY N/A
HAMMER TYPE: Automatic BORING LOCATION:

30

DATE COMPLETED: 2/1/18 BORING  B6

ELEVATION: N/A

COMPLETION DEPTH 31.5 ft

DRILLING METHOD: Hollow Stem Auger
SAMPLING METHOD:  SS-SS+CalMod
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Project Number: 00661228 
Kevin R. Barnes Architect, Inc. 

 

www.intertek.com/building 

LABORATORY TEST RESULTS 
 

Boring  Depth (ft.)  Test  Result 

B3  1½ ‐ 5 

Soluble Sulfate (ppm) 
Soluble Chloride (ppm) 

Minimum Resistivity (Ω‐cm) 
pH 

R‐Value 
Liquid Limit (%) 
Plastic Limit (%) 
Plastic Index (%) 
Expansion Index 

246 
145 
1100 
7.5 
11 
41 
18 
23 
35 

B3  8½  Consolidation  See Plot 

B3  11 
Liquid Limit (%) 
Plastic Limit (%) 
Plastic Index (%) 

40 
17 
24 

B3  31 
Liquid Limit (%) 
Plastic Limit (%) 
Plastic Index (%) 

41 
23 
17 

B4  2½ ‐ 5½  Sieve Analysis  See Plot 

B4  11  Sieve Analysis  See Plot 

B4  31 
Liquid Limit (%) 
Plastic Limit (%) 
Plastic Index (%) 

36 
17 
19 

B4  36  Sieve Analysis  See Plot 

B5  1 ‐ 4  Sieve Analysis  See Plot 

B6  1 ‐ 5 

Soluble Sulfate (ppm) 
Soluble Chloride (ppm) 

Minimum Resistivity (Ω‐cm) 
pH 

R‐Value 
Liquid Limit (%) 
Plastic Limit (%) 
Plastic Index (%) 
Direct Shear 

Expansion Index 

576 
230 
1050 
7.4 
6 
38 
18 
21 

See Plot 
34 
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UNIFIED SOIL CLASSIFICATION

Exploration No. Sample No. Depth (ft) SYMBOL Wn (%) LL PI % Clay Description and Classification D 60 D 30 D 10 C u C c

B4 2.5'-5.5' l Poorly Graded Sand (SP) 0.29 0.19 0.11 2.6 1.1

B4 11' u Poorly Graded Sand (SP) 0.51 0.26 0.15 3.4 0.9

B4 36' n Poorly Graded Sand with Silt (SP-SM) 0.43 0.15 0.073 5.9 0.7

B5 1'-4'  Poorly Graded Sand with Silt (SP-SM) 0.24 0.14 0.073 3.3 1.1

o   

PROJECT NAME: Brea Mall PARTICLE-SIZE DISTRIBUTION CURVES

PROJECT NUMBER: 00661261 ASTM D422
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(ASTM D4318-10

AASHTO T89/90)

Project Name Simon ~ Brea Mall Project Number 00661261

Laboratory Number 5296 Date Tested 2/7/2018

Boring & Sample No. B3 @ 11 ft.

Sample Description Silty Clay

LIQUID LIMIT PLASTIC LIMIT

WEIGHT OF CAN + WET SOIL 46.70 42.10 44.00 19.5 19.7

WEIGHT OF CAN + DRY SOIL 40.40 35.60 36.20 17.9 18.2

WEIGHT OF CAN 20.00 19.50 19.50 8.60 8.8

WEIGHT OF WATER 6.30 6.50 7.80 1.6 1.5

WEIGHT OF DRY SOIL 20.40 16.10 16.70 9.3 9.4

MOISTURE CONTENT 30.88 40.37 46.71 17.2 16.0

NUMBER OF BLOWS 35 25 18

TEST RESULTS

LIQUID LIMIT 40

PLASTIC LIMIT 17

PLASTICITY INDEX 24

Classification CL

y = -23.81ln(x) + 116.04
R² = 0.9884
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(ASTM D4318-10

AASHTO T89/90)

Project Name Simon ~ Brea Mall Project Number 00661261

Laboratory Number 5296 Date Tested 2/7/2018

Boring & Sample No. B3 @ 31 ft.

Sample Description Silty Clay

LIQUID LIMIT PLASTIC LIMIT

WEIGHT OF CAN + WET SOIL 38.20 40.50 44.10 18.5 18

WEIGHT OF CAN + DRY SOIL 33.60 34.20 36.50 16.7 16.2

WEIGHT OF CAN 19.60 19.30 19.50 8.80 8.6

WEIGHT OF WATER 4.60 6.30 7.60 1.8 1.8

WEIGHT OF DRY SOIL 14.00 14.90 17.00 7.9 7.6

MOISTURE CONTENT 32.86 42.28 44.71 22.8 23.7

NUMBER OF BLOWS 35 25 18

TEST RESULTS

LIQUID LIMIT 41

PLASTIC LIMIT 23

PLASTICITY INDEX 17

Classification CL

y = -17.86ln(x) + 97.483
R² = 0.9
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(ASTM D4318-10

AASHTO T89/90)

Project Name Simon ~ Brea Mall Project Number 00661261

Laboratory Number 5296 Date Tested 2/7/2018

Boring & Sample No. B4 @ 31 ft.

Sample Description Silty Clay

LIQUID LIMIT PLASTIC LIMIT

WEIGHT OF CAN + WET SOIL 41.10 43.70 45.90 19.5 18.7

WEIGHT OF CAN + DRY SOIL 35.70 37.40 38.50 17.9 17.2

WEIGHT OF CAN 19.60 19.40 19.80 8.60 8.6

WEIGHT OF WATER 5.40 6.30 7.40 1.6 1.5

WEIGHT OF DRY SOIL 16.10 18.00 18.70 9.3 8.6

MOISTURE CONTENT 33.54 35.00 39.57 17.2 17.4

NUMBER OF BLOWS 35 25 15

TEST RESULTS

LIQUID LIMIT 36

PLASTIC LIMIT 17

PLASTICITY INDEX 19

Classification CL

y = -7.268ln(x) + 59.011
R² = 0.9709
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(ASTM D4318-10

AASHTO T89/90)

Project Name Simon ~ Brea Mall Project Number 00661261

Laboratory Number 5296 Date Tested 2/7/2018

Boring & Sample No. B6 @ 1-5 ft.

Sample Description Silty Clay

LIQUID LIMIT PLASTIC LIMIT

WEIGHT OF CAN + WET SOIL 40.90 42.40 42.20 20.2 20.7

WEIGHT OF CAN + DRY SOIL 35.60 36.40 35.10 18.5 18.8

WEIGHT OF CAN 19.40 19.60 19.50 8.60 8.6

WEIGHT OF WATER 5.30 6.00 7.10 1.7 1.9

WEIGHT OF DRY SOIL 16.20 16.80 15.60 9.9 10.2

MOISTURE CONTENT 32.72 35.71 45.51 17.2 18.6

NUMBER OF BLOWS 35 25 17

TEST RESULTS

LIQUID LIMIT 38

PLASTIC LIMIT 18

PLASTICITY INDEX 21

Classification CL

y = -17.91ln(x) + 95.327
R² = 0.9347
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(ASTM D4318-10

AASHTO T89/90)

Project Name Simon ~ Brea Mall Project Number 00661261

Laboratory Number 5296 Date Tested 2/9/2018

Boring & Sample No. B3 @ 1.5-5 ft.

Sample Description Silty Clay

LIQUID LIMIT PLASTIC LIMIT

WEIGHT OF CAN + WET SOIL 46.30 41.80 43.70 19.7 19.8

WEIGHT OF CAN + DRY SOIL 40.00 35.20 35.90 17.8 18.3

WEIGHT OF CAN 20.00 19.50 19.50 8.60 8.8

WEIGHT OF WATER 6.30 6.60 7.80 1.9 1.5

WEIGHT OF DRY SOIL 20.00 15.70 16.40 9.2 9.5

MOISTURE CONTENT 31.50 42.04 47.56 20.7 15.8

NUMBER OF BLOWS 35 25 18

TEST RESULTS

LIQUID LIMIT 41

PLASTIC LIMIT 18

PLASTICITY INDEX 23

Classification CL

y = -24.18ln(x) + 118.27
R² = 0.9709
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Samples Tested 1 2 3 4 Peak Ultim.

Boring ID B6 B6 B6 B6 Friction, φ (Deg) 33 33

Depth (ft.) 1-5 1-5 1-5 1-5 Cohesion (psf) 81 48

Initial Moisture Content (%) 9.98 9.98 9.98 9.98

Final Moisture Content (%) 21.75 20.91 19.67 17.62

Normal Stress (psf) 1000 1000 2000 4000 Sample Type: Remolded

Maximum Shear Stress (psf) 594 670 1659 2569 Method: Drained

Ultimate Shear Stress (psf) 588 670 1533 2566 Consolidation: Yes

ASTM D3080 Soil Type Silty Clay Silty Clay Silty Clay Silty Clay Saturation: Yes

Strain Rate (in/min): 0.0032

DIRECT SHEAR TEST RESULTS P.N.: 00661261

Simon ~ Brea Mall Date: 2/12/2018

1066 Brea Mall, Brea, CA
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'R' VALUE CA 301

Client: PSI Date: 2/14/18 By: LD

Client's Job No.: # 00661261-5296 Sample No.: B-6 @ 1' - 5'

GLA Reference: 2008-026 Soil Type: Brown, Sandy Clay

                 TEST SPECIMEN A B C D

Compactor Air Pressure psi 70 55 50

Initial Moisture Content % 9.1 9.1 9.1

Water Added ml 80 110 130

Moisture at Compaction % 16.4 19.1 20.9

Sample & Mold Weight gms 3180 3165 3109

Mold Weight gms 2101 2110 2104

Net Sample Weight gms 1079 1055 1005

Sample Height in. 2.49 2.56 2.48

Dry Density pcf 112.8 104.8 101.5

Pressure lbs 6395 4070 2480

Exudation Pressure psi 509 324 197

Expansion Dial x 0.0001 75 38 21

Expansion Pressure psf 325 165 91

Ph at 1000lbs psi 40 60 68

Ph at 2000lbs psi 110 140 154

Displacement turns 3.34 3.82 4.21

R' Value 25 9 2

Corrected 'R' Value 25 9 2

FINAL 'R' VALUE

By Exudation Pressure (@ 300 psi): 8

By Epansion Pressure                   : 6

TI = 5
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PSI # 00661261 SOIL TEST RESULTS Job No. 2008-026

SAMPLE NO.: B-6 @ 1' - 5' B-3 @ 1.5' - 5'

Depth: Sandy Clay Sandy Clay

DIRECT SHEAR TEST (type)

Initial Moisture Content        %

Dry Density                      (pcf)

Normal Stress                  (psf)

Peak Shear Stress           (psf)

Ultimate Shear Stress      (psf)

Cohesion                          (psf)

 Internal Friction Angle (degrees)

EXPANSION TEST UBC STD 18-2

Initial Dry Density             (pcf)

Initial Moisture Content        %

Final Moisture Content        %

Pressure (psf)

Expansion Index Swell       %

CORROSIVITY TEST

Resistivity (CTM643)    (ohm-cm) 1050 1100

pH (CTM643) 7.4 7.5

CHEMICAL TESTS

Soluble Sulfate (CTM 417)      (ppm) 576 246

Chloride Content (CTM 422)  (ppm) 230 145

Wash #200 Sieve (ASTM-1140) %

Sand Equivalent (ASTM D2419)
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'R' VALUE CA 301

Client: PSI Date: 2/14/18 By: LD

Client's Job No.: # 00661261-1 Sample No.: B-3 @ 1.5' - 5'

GLA Reference: 2008-026 Soil Type: Brown, Sandy Clay

                 TEST SPECIMEN A B C D

Compactor Air Pressure psi 120 60 50

Initial Moisture Content % 7.1 7.1 7.1

Water Added ml 80 120 140

Moisture at Compaction % 14.2 17.8 19.6

Sample & Mold Weight gms 3144 3173 3148

Mold Weight gms 2103 2098 2096

Net Sample Weight gms 1041 1075 1052

Sample Height in. 2.35 2.49 2.501

Dry Density pcf 117.5 111.0 106.6

Pressure lbs 9250 4100 2680

Exudation Pressure psi 736 326 213

Expansion Dial x 0.0001 93 20 4

Expansion Pressure psf 403 87 17

Ph at 1000lbs psi 26 56 66

Ph at 2000lbs psi 75 131 151

Displacement turns 2.89 3.82 4.09

R' Value 50 13 4

Corrected 'R' Value 50 13 4

FINAL 'R' VALUE

By Exudation Pressure (@ 300 psi): 11

By Epansion Pressure                   : N/A

TI = 5
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Boring Percolation Test Datasheet
Client: Test Date:

Project: Work Order No.:

Address: Technician:

Weather:

Test Hole Number/Location:
Depth of Total Test Hole bottom below land surface (inches): 9.5 ft.

Test hole cross-section (check a box and indicate size):
8 inches inches

The land surface at the top of the test hole is (check one):

Soil Data from Test Hole:
Depth (ft) Perforated PVC Pipe Diameter = 4"

0 - 4.75 Solid end cap on pipe. 

4.75 - 7 Pipe Length = 10.25' (10'3") 

7 - 28 Stick up above asphalt = 18"
Depth of water during testing = 35.16 inches

Average Head during testing = 35.1 inches

Test Hole Presoaking

Presoak >12in. = If drains away in 30 min. (x2), Test @10min.  If not, Test @30min.

Run #

Start 

Time 

(H:M)

Start 

Depth 

to WL 

(ft) bgs

Start 

Time

End 

Depth to 

WL (ft)

End Time

Measured 

Water 

Drop (ft)

Measured 

Water 

Drop (in)

Elapsed 

Time

(min) 

1 9:05 8.38 8.38 9:30 0.0 0.00 0:25

2 9:30 8.38 8.38 10:00 0.0 0.00 0:30

Test Hole Percolation: Porchet

Fill to Presoak Level or below Method

Run #

Start 

Time 

(H:M)

Start 

Depth 

to WL 

(ft) bgs

End Time 

(H:M)

End 

Depth to 

WL (ft)

Measured 

Water 

Drop 

(ft)  

Measured 

Water 

Drop 

(in.) 

WL % 

Change 

(<10%?)

Time 

Interval 

(min)

Infiltration 

Rate 

(in/hr)

1 10:00 8.38 10:35 8.38 0.00 0.0 35 0.0

2 10:35 8.38 11:05 8.38 0.00 0.0 0.0 30 0.0

3 11:05 8.38 11:35 8.38 0.00 0.0 0.0 30 0.0

4 11:35 8.38 12:11 8.39 0.01 0.1 0.3 36 0.0

5 12:17 8.39 12:51 8.42 0.03 0.4 0.7 34 0.0

6 12:56 8.00 13:26 8.00 0.00 0.0 1.0 30 0.0

7 13:26 8.00 13:56 8.00 0.00 0.0 0.0 30 0.0

8 13:56 8.00 14:26 8.02 0.02 0.2 0.7 30 0.0

9 14:26 8.02 14:56 8.04 0.02 0.2 0.0 30 0.0

10 14:56 8.04 15:26 8.07 0.03 0.4 0.3 30 0.0

11 15:26 8.07 15:56 8.08 0.01 0.1 0.7 30 0.0

Final Stabilized Infiltration Rate: 0.0 in/hour

Simon 2/2/2018

Brea Mall 00661261

100 Brea Mall Lloyd Guss + Manny R.

Silty Clay

Silty Sand

Sandy Clay

Brea, CA Sunny, Clear

B3

Paved Parking Lot 

Soil Texture

Diameter: Square:

Undisturbed Native Soil Cut Surface Fill Surface

Other (describe):
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Boring Percolation Test Datasheet
Client: Test Date:

Project: Work Order No.:

Address: Technician:

Weather:

Test Hole Number/Location:
Depth of Total Test Hole bottom below land surface (inches): 9.7 ft.

Test hole cross-section (check a box and indicate size):
8 inches inches

The land surface at the top of the test hole is (check one):

Soil Data from Test Hole:
Depth (ft) Perforated PVC Pipe Diameter = 4"

0 - 5 Solid end cap on pipe. 

5 - 12 Pipe Length = 9.9' (9'11") 

12 -18 Stick up above asphalt = 0"
Depth of water during testing = 22.44 inches

Average Head during testing = 19.92 inches

Test Hole Presoaking

Presoak >12in. = If drains away in 30 min. (x2), Test @10min.  If not, Test @30min.

Run #

Start 

Time 

(H:M)

Start 

Depth 

to WL 

(ft) bgs

Start 

Time

End 

Depth to 

WL (ft)

End Time

Measured 

Water 

Drop (ft)

Measured 

Water 

Drop (in)

Elapsed 

Time

(min) 

1 10:10 9.6 9.7 10:35 0.1 1.20 0:25

2 10:31 8.03 9.7 10:56 1.7 20.04 0:25

Test Hole Percolation: Porchet

Fill to Presoak Level or below Method

Run #

Start 

Time 

(H:M)

Start 

Depth 

to WL 

(ft) bgs

End Time 

(H:M)

End 

Depth to 

WL (ft)

Measured 

Water 

Drop 

(ft)  

Measured 

Water 

Drop 

(in.) 

WL % 

Change 

(<10%?)

Time 

Interval 

(min)

Infiltration 

Rate (in/hr)

1 10:58 8.04 11:23 8.90 0.86 10.3 25 2.3

2 11:27 8.03 11:37 8.52 0.49 5.9 19.8 10 3.2

3 11:40 8.05 11:50 8.50 0.45 5.4 2.1 10 3.0

4 11:55 8.05 12:05 8.50 0.45 5.4 0.0 10 3.0

5 12:07 8.03 12:17 8.55 0.52 6.2 3.7 10 3.4

6 12:20 8.03 12:30 8.51 0.48 5.8 2.1 10 3.2

7 12:37 8.03 12:47 8.45 0.42 5.0 3.2 10 2.8

Final Stabilized Infiltration Rate: 2.8 in/hour

Simon 2/2/2018

Brea Mall 00661261

100 Brea Mall Lloyd Guss + Manny R.

Sand

Sandy Silt

Brea, CA Sunny, Clear

B4

Paved Parking Lot 

Soil Texture

Sand

Diameter: Square:

Undisturbed Native Soil Cut Surface Fill Surface

Other (describe):

N-60



 
 
 
 

 

www.intertek.com/building 

 
 
 
 
 
 
 

APPENDIX D 
 

LIQUEFACTION ANALYSIS 
 
 
 

N-61



Li
qu

ef
yP

ro
   

   
C

iv
ilT

ec
h 

So
ftw

ar
e 

 U
SA

   
 w

w
w

.c
iv

ilt
ec

h.
co

m

PSI

LIQUEFACTION ANALYSIS
Simon ~ Brea Mall

SW Development

Hole No.=B4    Water Depth=20 ft Magnitude=6.69
Acceleration=0.78g
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file:///P|/0066/GEO/2018/1261%20Simon%20BreaMall%20GEO/Analysis/00661261%20BreaMall%20Liquefaction%20B4.txt[2/27/2018 10:42:32 AM]

    
************************************************************************************************
*******
                                          LIQUEFACTION ANALYSIS SUMMARY                
                                         Copyright by CivilTech Software     
                                            www.civiltechsoftware.com                 
    
************************************************************************************************
*******
        Font: Courier New, Regular, Size 8 is recommended for this report.
        Licensed to ,   2/27/2018       10:41:04 AM

        Input File Name: P:\0066\GEO\2018\1261 Simon BreaMall GEO\Analysis\00661261 Liquef B4.liq
        Title:  Simon ~ Brea Mall
        Subtitle:  SW Development

        Surface Elev.=
        Hole No.=B4
        Depth of Hole= 51.00 ft
        Water Table during Earthquake= 20.00 ft
        Water Table during In-Situ Testing= 25.00 ft
        Max. Acceleration= 0.78 g
        Earthquake Magnitude= 6.69

 Input Data:
        Surface Elev.=
        Hole No.=B4
        Depth of Hole=51.00 ft
        Water Table during Earthquake= 20.00 ft
        Water Table during In-Situ Testing= 25.00 ft
        Max. Acceleration=0.78 g
        Earthquake Magnitude=6.69

        1. SPT or BPT Calculation.
        2. Settlement Analysis Method: Ishihara / Yoshimine*
        3. Fines Correction for Liquefaction: Idriss/Seed
        4. Fine Correction for Settlement: During Liquefaction*
        5. Settlement Calculation in: All zones*
        6. Hammer Energy Ratio,                                   Ce = 1.25
        7. Borehole Diameter,                                         Cb= 1.15
        8. Sampling Method,                                          Cs= 1.2
        9. User request factor of safety (apply to CSR) ,   User= 1.3
           Plot one CSR curve (fs1=User)
        10. Use Curve Smoothing: Yes*
        * Recommended Options

        In-Situ Test Data:
        Depth   SPT     gamma   Fines
        ft              pcf     %
        ____________________________________
        0.00    48.00   111.00  5.00
        6.00    48.00   111.00  5.00
        8.00    35.00   114.00  5.00
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        11.00   58.00   114.00  5.00
        16.00   58.00   115.00  30.00
        21.00   27.00   115.00  60.00
        26.00   23.00   120.00  30.00
        31.00   22.00   115.00  60.00
        36.00   14.00   120.00  10.00
        41.00   69.00   120.00  10.00
        46.00   32.00   120.00  60.00
        51.00   19.00   120.00  60.00
        ____________________________________

Output Results:
        Settlement of Saturated Sands=0.50 in.
        Settlement of Unsaturated Sands=0.17 in.
        Total Settlement of Saturated and Unsaturated Sands=0.67 in.
        Differential Settlement=0.336 to 0.444 in.

        Depth   CRRm    CSRsf   F.S.    S_sat.  S_dry   S_all           
        ft                              in.     in.     in.
        _______________________________________________________
        0.00    2.68    0.66    5.00    0.50    0.17    0.67
        1.00    2.68    0.66    5.00    0.50    0.17    0.67
        2.00    2.68    0.66    5.00    0.50    0.17    0.67
        3.00    2.68    0.65    5.00    0.50    0.17    0.67
        4.00    2.68    0.65    5.00    0.50    0.16    0.67
        5.00    2.68    0.65    5.00    0.50    0.16    0.66
        6.00    2.68    0.65    5.00    0.50    0.16    0.66
        7.00    2.68    0.65    5.00    0.50    0.15    0.66
        8.00    2.68    0.65    5.00    0.50    0.15    0.65
        9.00    2.68    0.65    5.00    0.50    0.13    0.63
        10.00   2.68    0.64    5.00    0.50    0.12    0.62
        11.00   2.68    0.64    5.00    0.50    0.12    0.62
        12.00   2.68    0.64    5.00    0.50    0.11    0.61
        13.00   2.68    0.64    5.00    0.50    0.10    0.61
        14.00   2.68    0.64    5.00    0.50    0.10    0.60
        15.00   2.68    0.64    5.00    0.50    0.09    0.59
        16.00   2.68    0.63    5.00    0.50    0.08    0.58
        17.00   2.68    0.63    5.00    0.50    0.06    0.57
        18.00   2.68    0.63    5.00    0.50    0.05    0.55
        19.00   2.68    0.63    5.00    0.50    0.03    0.53
        20.00   2.68    0.63    5.00    0.50    0.00    0.50
        21.00   2.68    0.64    4.17    0.50    0.00    0.50
        22.00   2.68    0.66    4.08    0.50    0.00    0.50
        23.00   2.68    0.67    3.99    0.50    0.00    0.50
        24.00   2.68    0.68    3.92    0.50    0.00    0.50
        25.00   2.68    0.70    3.85    0.50    0.00    0.50
        26.00   2.68    0.71    3.79    0.50    0.00    0.50
        27.00   2.68    0.72    3.73    0.50    0.00    0.50
        28.00   2.68    0.73    3.68    0.50    0.00    0.50
        29.00   2.68    0.74    3.63    0.50    0.00    0.50
        30.00   2.69    0.75    3.59    0.50    0.00    0.50
        31.00   2.68    0.75    3.56    0.50    0.00    0.50
        32.00   2.67    0.76    3.54    0.50    0.00    0.50
        33.00   2.67    0.76    3.51    0.50    0.00    0.50
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        34.00   2.66    0.76    3.49    0.50    0.00    0.50
        35.00   0.39    0.76    0.52*   0.38    0.00    0.38
        36.00   0.28    0.76    0.37*   0.15    0.00    0.15
        37.00   2.64    0.77    3.44    0.00    0.00    0.00
        38.00   2.63    0.77    3.43    0.00    0.00    0.00
        39.00   2.62    0.77    3.42    0.00    0.00    0.00
        40.00   2.61    0.77    3.41    0.00    0.00    0.00
        41.00   2.61    0.76    3.41    0.00    0.00    0.00
        42.00   2.60    0.76    3.40    0.00    0.00    0.00
        43.00   2.59    0.76    3.40    0.00    0.00    0.00
        44.00   2.58    0.76    3.40    0.00    0.00    0.00
        45.00   2.58    0.76    3.40    0.00    0.00    0.00
        46.00   2.57    0.76    3.40    0.00    0.00    0.00
        47.00   2.56    0.75    3.40    0.00    0.00    0.00
        48.00   2.55    0.75    3.40    0.00    0.00    0.00
        49.00   2.55    0.75    3.41    0.00    0.00    0.00
        50.00   2.54    0.74    3.41    0.00    0.00    0.00
        51.00   2.53    0.74    3.42    0.00    0.00    0.00
        _______________________________________________________
        * F.S.<1, Liquefaction Potential Zone
        (F.S. is limited to 5,  CRR is limited to 2,    CSR is limited to 2)

        Units           Depth = ft, Stress or Pressure = atm (tsf), Unit Weight = pcf, Settlement = in.
        ____________________________________________________________________________________
        1 atm (atmosphere) = 1 tsf (ton/ft2)
        CRRm            Cyclic resistance ratio from soils
        CSRsf           Cyclic stress ratio induced by a given earthquake (with user request factor of safety)
        F.S.            Factor of Safety against liquefaction, F.S.=CRRm/CSRsf
        S_sat           Settlement from saturated sands
        S_dry           Settlement from Unsaturated Sands
        S_all           Total Settlement from Saturated and Unsaturated Sands
        NoLiq           No-Liquefy Soils
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September 2022 Page 1 

1. Introduction 
1.1 PURPOSE OF MITIGATION MONITORING AND REPORTING 

PROGRAM 
This Mitigation Monitoring and Reporting Program (MMRP) has been developed to provide a vehicle by 
which to monitor mitigation measures and conditions of  approval outlined in the Draft Environmental 
Impact Report (DEIR), State Clearinghouse No. 2019080299. The Mitigation Monitoring and Reporting 
Program has been prepared in conformance with Section 21081.6 of  the Public Resources Code and City of  
Brea Monitoring Requirements. Section 21081.6 states: 

(a) When making findings required by paragraph (1) of subdivision (a) of Section 21081 or 
when adopting a mitigated negative declaration pursuant to paragraph (2) of subdivision 
(c) of Section 21080, the following requirements shall apply: 

(1) The public agency shall adopt a reporting or monitoring program for the changes made 
to the project or conditions of project approval, adopted in order to mitigate or avoid 
significant effects on the environment. The reporting or monitoring program shall be 
designed to ensure compliance during project implementation. For those changes which 
have been required or incorporated into the project at the request of a responsible 
agency or a public agency having jurisdiction by law over natural resources affected by 
the project, that agency shall, if so requested by the lead or responsible agency, prepare 
and submit a proposed reporting or monitoring program. 

(2) The lead agency shall specify the location and custodian of the documents or other 
material which constitute the record of proceedings upon which its decision is based. 

1.2 PROJECT LOCATION 
The project site is developed as the existing Brea Mall, at 1065 Brea Mall, City of  Brea, and encompasses 
approximately 74 acres in northeast Orange County. The project site consists of  the following Accessor’s 
Parcel Numbers (APNs): 319-101-26, -37, -62, -63, -64, -71, -73, -75, -76, -79, -80, and 319-103-22. The 
project site is surrounded by commercial and residential uses and is bounded by East Birch Street to the 
north, the City of  Brea City Hall and Embassy Suites by Hilton to the northwest, State College Boulevard to 
the east, Imperial Highway (State Route 90) to the south, and South Randolph Avenue to the west. The City 
of  Brea is bordered by the cities of  La Habra to the northwest; Fullerton to the southwest and south; 
Placentia to the south; Yorba Linda to the southeast and east; unincorporated Orange County to the east, 
northeast, and north; Chino Hills (San Bernardino County) to the northeast; and unincorporated Los Angeles 
to the northeast.  
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1.3 PROJECT DESCRIPTION 
As a result of  the recent acquisition of  the Sears parcel, the Simon Property Group (Simon Properties, or 
Applicant) is proposing redevelopment of  the Sears parcel and adjoining transition areas adjacent to 
Nordstrom and Macy’s on the southwest portion of  the Brea Mall. The proposed redevelopment would be 
up to 15.5 acres. The proposed project involves demolishing the now-closed Sears department store and 
associated auto center (161,990 square feet) and approximately 7.42 acres of  surface parking in order to allow 
a mix of  uses—including retail, new restaurants, for-rent residential apartments, a resort-type fitness center, 
and an outdoor gathering space (large “central green” and plaza). Table 1, Brea Mall Mixed Use Project Land Use 
Summary, provides a summary of  the existing and proposed square footages of  the site. 

Table 1 Brea Mall Mixed Use Project Land Use Summary 

Tenant 

Existing 
Commercial 
Square Feet1 

Demolition 
Commercial 
Square Feet 

New 
Construction 
Square Feet 

Total Brea Mall  
Square Feet 

(SF)  
Major Department Stores 
Sears 161,990 -161,990 — 0 
Macy's2 182,360 — — 182,360 
Nordstrom 176,540 — — 176,540 
JC Penney 135,800 — — 135,800 
Macy's Men3 & Home 192,060 — — 192,060 
Major Department Stores 848,750 -161,990 0 686,760 
Other Commercial 
Lifestyle Fitness Center4 0 — 90,000 90,000 
Non-Anchor Mall Retail 432,514 — 69,415 293,937 
Sporting Goods 0 — 50,000 254,992 
Total Other Commercial 432,514 0 209,415 641,929 
Outlots 

Cheesecake Factory Outlot 10,169 — — 10,169 
Total Mall 1,291,433 -161,990 209,415 1,338,858 
Non-Residential Net Change from Existing — — — 47,425 SF 
Residential 
Residential Building Units — — 380 380 
Residential Square Feet5 — — 393,500 393,500 

Net Change from Existing — — — 380 units 

Notes 
1 Since the NOP, tenant improvements at Brea Mall have resulted in a decrease in GLA by 8,914 square feet. This EIR analyzes a maximum of 1,376,858 

square feet at buildout; and therefore, modeling is conservative. In addition, the net change in GLA remains the same. 
2 Macy’s owns the buildings occupied by Red Lobster and Olive Garden; therefore, the commercial square footage for Macy’s includes these restaurants. BJ’s is 

not owned by Simon or the other retail anchors; therefore, the square footage for this outlot is not included in this table. 
3  Owned by Macy’s occupied by Macy’s Mens, Children, & Home. 
4  While project applicant proposes a 90,000-square-foot fitness center, the technical studies evaluated a fitness center of 128,000 square feet. Therefore, 

modeling in the EIR is conservative as it analyzed a larger fitness center. 
5  The residential building square footage is based on the gross square footage under the California Building Code and includes the residential floors and leasing. 

The technical studies evaluated a 383-unit residential building; and therefore, modeling is conservative.  
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1.4 ENVIRONMENTAL IMPACTS 
1.4.1 Impacts Considered No Impact or Less Than Significant 
The EIR identified various thresholds from the CEQA Guidelines among a number of  environmental 
categories that would not be significantly impacts by the proposed project in Chapter 5, Environmental Analysis, 
and Chapter 8, Impacts Found Not to Be Significant, and therefore, did not require mitigation. Impacts to the 
following environmental resources were found to be less than significant or no impact: 

 Aesthetics 

 Agriculture and Forestry Resources 
 Biological Resources 

 Energy 

 Geology and Soils 

 Greenhouse Gas Emissions 

 Hydrology and Water Quality 
 Land Use and Planning 

 

 Mineral Resources 

 Noise 
 Population and Housing 

 Public Services 

 Recreation  

 Utilities and Service Systems 

 Wildlife 

1.4.2 Potentially Significant Adverse Impacts That Can Be Mitigated, Avoided, 
or Substantially Lessened 

The EIR concluded that the proposed project could result in one or more potentially significant impacts in 
the following topic areas: 

 Air Quality 
 Cultural and Paleontological Resources 

 Hazards and Hazardous Materials 
 Tribal Cultural Resources 

However, the EIR also found that these impacts would be reduced, avoided, or substantially lessened through 
the implementation of  mitigation measures, which are listed in Table 2, Mitigation Monitoring Requirements. 

1.4.3 Unavoidable Significant Adverse Impacts 
The following impact would remain significant and unavoidable after implementation of  required mitigation, 
as identified in the EIR: 

 Transportation (safety hazards on Imperial Highway)  
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2. Mitigation Monitoring Requirements 
2.1 CATEGORIZED MITIGATION MEASURES/MATRIX 
Project-specific mitigation measures (MM) and plans, programs, and policies (PPPs) have been categorized in 
matrix format, as shown in Table 2. The matrix identifies the environmental factor, specific mitigation 
measures, schedule, and responsible monitor. The mitigation matrix will serve as the basis for scheduling the 
implementation of, and compliance with, all mitigation measures. 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

AESTHETICS 
PPP AES-1 The proposed project is required to provide a minimum landscaped 

coverage of 15 percent of the net site area in accordance with 
Municipal Code Section 20.258.020, General Development 
Standards for the Mixed-Use Zoning Districts. 

Project Applicant Prior to issuance of building 
permits.  

City of Brea Planning 
Division 

 

PPP AES-2 For parking areas, the proposed project is required to maintain an 
equivalent of one foot candle of illumination on the average 
throughout the parking area. The lighting is required to be on a time-
clock or photo-sensor system. The lighting shall be designed to 
confine direct rays to the premises. No spillover beyond the property 
line shall be permitted in accordance with Municipal Code Section 
20.08.040(C)(5), Lighting. 

Project Applicant Prior to issuance of building 
permits and during 
operation.  

City of Brea Planning 
Division 

 

PPP AES-3 All lighting, interior and exterior, shall be designed and located so as 
to confine all direct rays to the premises in accordance with 
Municipal Code Section 20.220.040(L), Lighting. Lighting for 
nonresidential uses shall be appropriately designed, located, and 
shielded to ensure that they do not negatively impact the residential 
uses in compliance with Section 20.08.040 (C)(5). 

Project Applicant Prior to issuance of building 
permits and during 
operation.  

City of Brea Planning 
Division 

 

PPP AES-4 Signs shall be located in a manner to assure that sight distance is 
not impaired at all locations for vehicular traffic to and from the 
premises, in accordance with Municipal Code Section 20.28, Signs. 
Amendments to the existing signage program for erections of a new 
sign at the Mall entrance requires review of the Planning 
Commission to ensure that its size, location, movement, content, 
coloring, or manner of illumination, does not constitute a traffic 
hazard or a detriment to traffic safety by obstructing the vision of 
drivers, or detracting from the visibility of any official traffic control 
device, or by diverting or tending to divert the attention of drivers of 
moving vehicles from the traffic movement on the public streets and 
highway. 

Project Applicant Prior to issuance of building 
permits.  

City of Brea Planning 
Division 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

PPP AES-5 Loading areas. Loading areas for nonresidential uses shall be 
located as far as possible from residential units and shall be 
completely screened from view from the residential portion of the 
project and streets in compliance with subsections 20.236.040. E, 
Walls and Fences, and 20.220.040. F, Fences, Walls, and Hedges, 
and subparagraph K. Screening and buffering standards Loading 
areas shall be compatible in architectural design and details with the 
overall project. The location and design of loading areas shall 
mitigate nuisances from odors when residential uses might be 
impacted in accordance with Section 20.258.030 (I)(3) Loading 
Areas. 

Project Applicant Prior to issuance of building 
permits.  

City of Brea Planning 
Division 

 

PPP AES-6 Recycling and refuse storage facilities for nonresidential uses shall 
be located as far as possible from residential units and shall be 
completely screened from view from the residential portion of the 
project and streets in compliance with Section 20.236.040.E. Walls 
and Fences, and 20.220.040.F, Fences, Walls, and Hedges, and 
subparagraph K, Screening and buffering standards. Recycling and 
refuse storage facilities for nonresidential uses should be 
compatible in architectural design and details with the overall 
project. The location and design of trash enclosures shall mitigate 
nuisances from odors when residential uses might be impacted in 
accordance with Section 20.258.030 (J) Recycling and refuse 
storage facilities standards. 

Project Applicant Prior to issuance of building 
permits.  

City of Brea Planning 
Division 

 

AIR QUALITY 
PPP AIR-1 New buildings are required to achieve the current California Building 

Energy and Efficiency Standards (Title 24, Part 6) and California 
Green Building Standards Code (CALGreen) (Title 24, Part 11). The 
2016 Building and Energy Efficiency Standards were effective 
starting on January 1, 2017, and the 2019 Building and Energy 
Efficiency Standards will become effective January 1, 2020. The 
Building Energy and Efficiency Standards and CALGreen are 
updated tri-annually with a goal to achieve zero net energy for 
residential buildings by 2020 and nonresidential buildings by 2030. 

Project Applicant Prior to construction and 
issuance of building 
permits.  

City of Brea Building and 
Safety Division 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

PPP AIR-2 New buildings are required to adhere to the California Green 
Building Standards Code (CALGreen) requirement to provide 
bicycle parking for new nonresidential buildings, or meet local 
bicycle parking ordinances, whichever is stricter (CALGreen 
Sections 5.106.4.1, 14.106.4.1, and 5.106.4.1.2). 

Project Applicant Prior to issuance of building 
permits.  

City of Brea Building and 
Safety Division 

 

PPP AIR-3 Construction activities will be conducted in compliance with 
California Code of Regulations Title 13, Section 2499, which 
requires that nonessential idling of construction equipment is 
restricted to five minutes or less. 

Construction contractor During construction 
activities 

City of Brea Building and 
Safety Division 

 

PPP AIR-4 Construction activities will be conducted in compliance with any 
applicable South Coast Air Quality Management District rules and 
regulations, including but not limited to the following: 
• Rule 403, Fugitive Dust, for controlling fugitive dust and avoiding 

nuisance. 

• Rule 402, Nuisance, which states that a project shall not 
“discharge from any source whatsoever such quantities of air 
contaminants or other material which cause injury, detriment, 
nuisance, or annoyance to any considerable number of persons 
or to the public, or which endanger the comfort, repose, health or 
safety of any such persons or the public, or which cause, or have 
a natural tendency to cause, injury or damage to business or 
property.” 

• Rule 1113, which limits the volatile organic compound content of 
architectural coatings 

Construction contractor During construction 
activities 

City of Brea Building and 
Safety Division 

 

AQ-1 The construction contractor(s) shall, at minimum, use equipment 
that meets the United States Environmental Protection Agency’s 
(USEPA) Tier 4 (Final) emissions standards for off-road diesel-
powered construction equipment with more than 50 horsepower. 
Any emissions control device used by the contractor shall achieve 
emissions reductions that are no less than what could be achieved 
by Tier 4 emissions standards for a similarly sized engine, as 
defined by the California Air Resources Board’s regulations. Prior to 
construction, the project engineer shall ensure that all plans clearly 
show the requirement for USEPA Tier 4 emissions standards for 

Construction contractor Prior to construction and 
during construction 
activities 

City of Brea Building and 
Safety Division 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

construction equipment over 50 horsepower for the specific 
activities stated above. During construction, the construction 
contractor shall maintain a list of all operating equipment associated 
with building demolition in use on the site for verification by the City. 
The construction equipment list shall state the makes, models, and 
numbers of construction equipment onsite. Equipment shall be 
properly serviced and maintained in accordance with the 
manufacturer’s recommendations. 

CULTURAL AND PALEONTOLOGICAL RESOURCES 
PPP CUL-1 Native American historical and cultural resources and sacred sites 

are protected under PRC Sections 5097.9 to 5097.991, which 
require that descendants be notified when Native American human 
remains are discovered and provide for treatment and disposition of 
human remains and associated grave goods. 

Qualified Archaeologist 
and Project Applicant 

Prior to issuance of grading 
permits and during 
construction activities 

City of Brea Planning 
Division 

 

PPP CUL-2 The removal, without permission, of any paleontological site or 
feature is prohibited from lands under the jurisdiction of the state or 
any city, county, district, authority, or public corporation, or any 
agency thereof (PRC Section 5097.5). This applies to agencies’ 
own activities, including construction and maintenance, and permit 
actions by others. 

Qualified Archaeologist 
and Project Applicant 

Prior to issuance of grading 
permits and during 
grading/construction 
activities 

City of Brea Planning 
Division 

 

PPP CUL-3 Adverse impacts to paleontological resources from developments 
on public (state, county, city, and district) lands require reasonable 
mitigation. (PRC Section 5097.5) 

Qualified Archaeologist 
and Project Applicant 

Prior to issuance of grading 
permits and during 
construction activities 

City of Brea Planning 
Division 

 

PPP CUL-4 If human remains are discovered within a project site, disturbance of 
the site must stop until the coroner has investigated and made 
recommendations for the treatment and disposition of the human 
remains to the person responsible for the excavation, or to his or 
her authorized representative. If the coroner has reason to believe 
the human remains are those of a Native American, he or she shall 
contact, by telephone within 24 hours, the Native American Heritage 
Commission. (California Health and Safety Code Section 7050.5) 

Tribal Monitor, Qualified 
Archaeologist, and Project 
Applicant 

During site-grading 
activities 

City of Brea Planning 
Division, Project Applicant 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

CUL-1 Prior to issuance of grading permits, a qualified archaeological 
monitor shall be identified to be on call during ground-disturbing 
activities. If archaeological resources are discovered during 
excavation and/or construction activities, construction shall stop 
within 50 feet of the find, and the qualified archaeologist shall be 
consulted to determine whether the resource requires further study. 
The archaeologist shall make recommendations to the City of Brea 
to protect the discovered resources. Archaeological resources 
recovered shall be provided to an accredited museum such as the 
John D. Cooper Center in Fullerton or any other local museum or 
repository willing and able to accept and house the resource to 
preserve for future scientific study. 

Qualified Archaeologist 
and Project Applicant 

Prior to issuance of grading 
permits and during 
construction activities 

City of Brea Planning 
Division 

 

CUL-2 Prior to construction, a qualified paleontologist shall monitor all 
excavations below five feet. If unique paleontological resources are 
discovered during excavation and/or construction activities, 
construction shall stop within 50 feet of the find, and the qualified 
paleontologist shall be consulted to determine whether the resource 
requires further study. The paleontologist shall make 
recommendations to the City of Brea to protect the discovered 
resources. Any paleontological resources recovered shall be 
provided for curation at a local curation facility such as the Los 
Angeles County Natural History Museum, the John D. Cooper 
Center in Fullerton, or any other local museum or repository willing 
and able to accept and house the resource to preserve for future 
scientific study. 

Qualified Paleontologist 
and Project Applicant 

Prior to construction or 
during construction 
activities 

City of Brea Planning 
Division 

 

ENERGY AND GREENHOUSE GAS EMISSIONS 
PPP E-1 
PPP GHG-1 

New buildings are required to achieve the current California Building 
Energy Efficiency Standards (Title 24, Part 6) and California Green 
Building Standards Code (CALGreen) (Title 24, Part 11). The 2016 
Building Energy Efficiency Standards were effective starting 
January 1, 2017. The 2019 Building Energy Efficiency Standards 
will become effective on January 1, 2020. The Building Energy 
Efficiency Standards and CALGreen are updated tri-annually with a 
goal to achieve zero net energy for residential buildings by 2020 
and non-residential buildings by 2030. 

Project Applicant Prior to issuance of building 
permits.  

City of Brea Engineering 
Division 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

PPP E-2 
PPP GHG-2 

New buildings are required to adhere to the California Green 
Building Standards Code (CALGreen) requirement to provide 
bicycle parking for new non-residential buildings, or meet local 
bicycle parking ordinances, whichever is stricter (CALGreen 
Sections 5.106.4.1, 14.106.4.1, and 5.106.4.1.2).  

Project Applicant Prior to issuance of building 
permits.  

City of Brea Building and 
Safety Division 

 

PPP E-3 
PPP GHG-3 

California’s Green Building Standards Code (CALGreen) requires 
the recycling and/or salvaging for reuse at minimum of 65 percent of 
the nonhazardous construction and demolition waste generated 
during most “new construction” projects (CALGreen Sections 4.408 
and 5.408). Construction contractors are required to submit a 
construction waste management plan that identifies the construction 
and demolition waste materials to be diverted from disposal by 
recycling, reuse on the project, or salvaged for future use or sale 
and the amount (by weight or volume). 

Project Applicant Prior to issuance of building 
permits and during 
construction.  

City of Brea Engineering 
Department 

 

PPP E-4 
PPP GHG-4 

Construction activities are required to adhere to Title 13 California 
Code of Regulations Section 2499, which requires that nonessential 
idling of construction equipment is restricted to five minutes or less. 

Project Applicant Prior to issuance of building 
permits and during 
construction.  

City of Brea Building and 
Safety Division 

 

PPP E-5 
PPP GHG-5 

New buildings are required to adhere to the California Green 
Building Standards Code and Water Efficient Landscape Ordinance 
requirements to increase water efficiency and reduce urban per 
capita water demand. 

Project Applicant Prior to issuance of building 
permits.  

City of Brea Building and 
Safety Division 

 

HAZARDS AND HAZARDOUS MATERIALS 
PPP HAZ-1 Any project-related hazardous materials and hazardous wastes will 

be transported to and/or from the project site in compliance with any 
applicable state and federal requirements, including the US 
Department of Transportation regulations listed in the Code of 
Federal Regulations (Title 49, Hazardous Materials Transportation 
Act); California Department of Transportation standards; and the 
California Occupational Safety and Health Administration standards. 

Project Applicant and 
Project Construction 
Contractor 

Prior to issuance of a 
grading permit.  

Orange County 
Environmental Health 
Department  
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

PPP HAZ-2 Any project-related hazardous waste generation, transportation, 
treatment, storage, and disposal will be conducted in compliance 
with the Subtitle C of the Resource Conservation and Recovery Act 
(Code of Federal Regulations, Title 40, Part 263), including the 
management of nonhazardous solid wastes and underground tanks 
storing petroleum and other hazardous substances. The proposed 
project will be designed and constructed in accordance with the 
regulations of the Orange County Environmental Health 
Department, which is the designated Certified Unified Program 
Agency and which implements state and federal regulations for the 
following programs: (1) Hazardous Waste Generator Program, (2) 
Hazardous Materials Release Response Plans and Inventory 
Program, (3) California Accidental Release Prevention, (4) 
Aboveground Storage Tank Program, and (5) Underground Storage 
Tank Program. 

Project Applicant and 
Project Construction 
Contractor 

During construction and 
operations  

Orange County 
Environmental Health 
Department 

 

PPP HAZ-3 Any project-related demolition activities that have the potential to 
expose construction workers and/or the public to asbestos-
containing materials or lead-based paint will be conducted in 
accordance with applicable regulations, including, but not limited to: 
• South Coast Air Quality Management District’s Rule 1403 

• California Health and Safety Code (Section 39650 et seq.) 

• California Code of Regulations (Title 8, Section 1529) 

• California Occupational Safety and Health Administration 
regulations (California Code of Regulations, Title 8, Section 1529 
[Asbestos] and Section 1532.1 [Lead]) 

• Code of Federal Regulations (Title 40, Part 61 [asbestos], Title 
40, Part 763 [asbestos], and Title 29, Part 1926 [asbestos and 
lead]) 

Project Applicant and 
Project Construction 
Contractor 

During construction and 
operations  

Orange County 
Environmental Health 
Department 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

PPP HAZ-4 The removal of other hazardous materials, such as polychlorinated 
biphenyls (PCBs), mercury-containing light ballast, and mold, will be 
completed in accordance with applicable regulations pursuant to 40 
CFR 761 (PCBs), 40 CFR 273 (mercury-containing light ballast), 
and 29 CFR 1926 (molds) by workers with the hazardous waste 
operations and emergency response (HAZWOPER) training, as 
outlined in 29 CFR 1910.120 and 8 CCR 5192. 

Project Applicant and 
Project Construction 
Contractor 

During construction and 
operations  

Orange County 
Environmental Health 
Department 

 

PPP HAZ-5 Any project-related new construction, excavations, and/or new utility 
lines within 10 feet or crossing existing high-pressure pipelines, 
natural gas/petroleum pipelines, or electrical lines greater than 
60,000 volts will be designed and constructed in accordance with 
the California Code of Regulations (Title 8, Section 1541). 

Project Applicant and 
Project Construction 
Contractor 

Prior to issuance of building 
permits and during 
construction 

City of Brea Building and 
Safety, Engineering 
Division 

 

PPP HAZ-6 As part of the project review process, the City of Brea Police 
Department may require approval of an Emergency Evacuation and 
Response Plan in the event of an emergency at Brea Mall to 
address emergency response and access. Additional design 
features to address the City of Brea Police Department’s service 
standards will be incorporated as conditions of approval for the 
project. 

Project Applicant and City 
of Brea Police Department 

Prior to issuance of building 
permits  

City of Brea Police 
Department  

 

HAZ-1 Prior to issuance of grading permits, the project applicant shall 
prepare a soil management plan (SMP) to ensure safe and 
appropriate handling, transportation, offsite disposal, reporting, 
oversight, and protocols used during construction to protect the 
health and safety of workers and future residents. The SMP shall be 
submitted to the City prior to issuance of a grading permit. The plan 
shall establish methodology and procedures to perform additional 
testing during grading if unknown hazardous materials are 
encountered and prior to grading for the soil stockpile. If additional 
contamination is discovered during grading activities, grading within 
that area shall be temporarily halted and redirected around the area 
until the appropriate evaluation and follow-up remedial measures 
are implemented in accordance with the soil management plan so 
that the area is suitable for grading activities to resume. If 
hydrocarbon impacted soil is encountered soil samples shall be 
collected and analyzed for total petroleum hydrocarbons (TPH) by 

Project Applicant and 
geologist  

Prior to issuance of grading 
permits 

City of Brea Planning 
Division 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

the Environmental Protection Agency (USEPA) Method 8015M and 
volatile organic compounds (VOCs) by EPA Method 8260B. TPH 
results shall be compared to Orange County Health Care Agency 
(OCHCA) TPH cleanup standards and VOCs shall be compared to 
screening levels as outlined in Department of Substances Control 
(DTSC) Human Health Risk Assessment Note No. 3 or EPA 
Regional Screening Levels (RSLs). Both DTSC and EPA RSLs are 
updated yearly and the most recent levels shall be used. If levels 
encountered are above the outlined screening levels, the OCHCA 
shall be notified. If, soil remediation and/or export of hazardous 
materials is required, soil remediation must be performed in 
accordance with the appropriate agency requirements (Regional 
Water Quality Control Board, DTSC, South Coast Air Quality 
Management District). 

LAND USE AND PLANNING 
PPP LU-1 As part of the project review process, the City of Brea is requiring 

that the Brea Mall prepare a parking management plan to address 
holiday traffic and parking during the peak holiday season. The 
requirement to prepare a submit a parking management plan for 
holiday traffic will be incorporated as conditions of approval for the 
project. 

Project Applicant Prior to issuance of building 
permits. During 
construction and 
operational activities  

City of Brea Planning 
Division 

 

NOISE 
PPP NOI-1 Project-related construction activity will be limited to the hours of 

7:00 am to 7:00 pm on weekdays and Saturdays. Construction is 
prohibited on Sundays. 

Project Applicant During construction 
activities  

City of Brea Building and 
Safety Division 

 

PPP NOI-2 The project will comply with City of Brea’s stationary exterior noise 
standards summarized above in Table 5.8-3. 

Project Applicant During operation  City of Brea Building and 
Safety Division 

 

PPP NOI-3 The project will comply with the City of Brea’s vibration standards of 
70 VdB at the property line of the sensitive receptor. 

Project Applicant During operation  City of Brea Building and 
Safety Division 

 

PPP NOI-4 The residential development will comply with the California Building 
Code (CBC), Title 24, Part 2, Volume 1, Chapter 12, Interior 
Environment, Section 1207.11.2, Allowable Interior Noise Levels. 
Non-residential development will comply with the CBC, Title 24, 
Building Standards Administrative Code, Part 11, CALGreen. 

Project Applicant During operation  City of Brea Building and 
Safety Division 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

PPP NOI-5 Outdoor nonresidential uses in mixed-use projects shall be 
prohibited from operating between the hours of 10:00 p.m. and 7:00 
a.m. in accordance with Section 20.258.030 (H)(1) Hours of 
Operation. 

Project Applicant During operation  City of Brea Planning 
Division, Police 
Department 

 

PPP NOI-6 The covenants, conditions, and restrictions of a mixed-use project 
shall indicate the times when the loading and unloading of goods 
may occur on the street, provided that in no event shall loading or 
unloading take place after 10:00 p.m. or before 7:00 a.m. on any 
day of the week in accordance with Section 20.258.030 (H)(3) 
Loading and Unloading Activities. 

Project Applicant During operation  City of Brea Planning 
Division 

 

PPP NOI-7 Residents of a mixed-use development project shall be notified in 
writing before taking up residence that they will be living in an urban 
type of environment and that the noise levels may be higher than a 
typical residential area. The covenants, conditions, and restrictions 
of a mixed-use project shall require that the residents acknowledge 
their receipt of the written noise notification. Their signatures shall 
confirm receipt and understanding of this information in accordance 
with Section 20.258.030 (H)(4) Noise Notification. 

Project Applicant Prior to issuance of an 
occupancy permit. During 
leasing.  

City of Brea Planning 
Division, Project Applicant 

 

PPP NOI-8 Residential dwelling units shall be designed to be sound attenuated 
against present and future project noise. New projects or new 
nonresidential uses in existing projects shall provide an acoustical 
analysis report, by an acoustical engineer, describing the acoustical 
design features of the structure required to satisfy the exterior and 
interior noise standards in accordance with Section 20.258.030 
(H)(6) Sound Mitigation. 

Project Applicant Prior to issuance of a 
building permit  

City of Brea Building and 
Safety Division 

 

PPP NOI-9 Noise-generating equipment. Noise-generating equipment (e.g., 
refrigeration units, air conditioning, exhaust fans, etc.) shall require 
special consideration in their location and screening in order to 
avoid creating a nuisance in accordance with Section 20.258.030 
(K)(3) Noise Generating Equipment. 

Project Applicant Prior to issuance of a 
building permit and during 
operation  

City of Brea Building and 
Safety Division 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

POPULATION AND HOUSING 

No Mitigation Measures or Plans, Programs, and Policies are applicable.  

PUBLIC SERVICES 
PPP PS-1 New buildings are required to meet the fire regulations outlined in 

California Health and Safety Code (Sections 13000 et seq.). 
Project Applicant Prior to issuance of a 

building permit. 
City of Brea Fire 
Department  

 

PPP PS-2 The retail and residential buildings shall have required fire 
protection systems installed (fire sprinkler, fire alarm, standpipes, 
etc.) as required under the currently adopted California Fire Code, 
National Standards and adopted ordinances.  

Project Applicant Prior to issuance of a 
building permit 

City of Brea Fire 
Department 

 

PPP PS-3 The residential building(s) shall have approved radio coverage for 
emergency responders within the building based upon the 
existing coverage levels of the public safety communications 
systems at the exterior of the building. The radio coverage system 
shall comply with the Brea Fire Department guidance document.  

Project Applicant Prior to issuance of a 
building permit 

City of Brea Fire 
Department 

 

PPP PS-4 Submit a Fire Master Plan to the Brea Fire Department to Brea FD 
for review and approval. At time of submittal, the FMP shall include 
the fire department access road, location of existing and proposed 
public fire hydrants, required automatic wet standpipes, fire lane 
marking, hose pulls that extend to within 150 feet of all portions of 
the exterior walls, fire flow requirements based on construction type 
and total square footage of building.  

Project Applicant Prior to issuance of a 
building permit 

City of Brea Fire 
Department 

 

PPP PS-5 The project applicant is required to pay development impact fees 
(dispatch impact fees, fire impact fees, fire service fees). 
 

Project Applicant Prior to issuance of a 
building permit.  

City of Brea Building and 
Safety Division 

 

PPP PS-6 The project will be designed, built, and operated in accordance with 
the City of Brea’s Municipal Code Chapter 15.08 Building Code and 
Chapter 16.04 Brea Fire Code. 

Project Applicant Prior to issuance of a 
building permit 

City of Brea Building and 
Safety Division and Fire 
Department  
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

PPP PS-7 Provide an emergency response plan with a site map showing 
emergency access points and detail on security, evacuation routes 
and procedures, assembly points, emergency exits, fire alarm 
stations, location of emergency contacts shall be submitted for 
review and approval by the Police Department prior to final 
occupancy.  The Police Department shall verify compliance prior to 
building occupancy.  

Project Applicant Prior to issuance of a 
building permit 

City of Brea Police 
Department 

 

PPP PS-8 Plans shall reflect that all restricted access points in the residential 
building have a full access Knox Box at points of entry, including 
interior hallways. The site plan and floor plan for the residential 
building shall identify restricted access points. The Police 
Department shall verify compliance prior to building occupancy. 

Project Applicant Prior to issuance of a 
building permit 

City of Brea Police 
Department 

 

PPP PS-9 Provide details on the approach for overall safety and security of the 
day-to-day operation, during special events and high-peak seasonal 
periods. Detail should include specifics on surveillance, security 
lighting, resident safety, traffic management, vehicle and pedestrian 
circulation, operating hours, overnight activities, management of 
temporary events and/or general programing of special events.  

Project Applicant Prior to issuance of a 
building permit 

City of Brea Police 
Department 

 

PPP PS-10 Provide details on implementation of security measures to protect 
open air pedestrian areas with devices to prevent vehicles from 
entering the area for security measures. 

Project Applicant Prior to issuance of a 
building permit 

City of Brea Police 
Department 

 

PPP PS-11 Funding will be required in connection with the City’s fiber optic 
system along with funding for our citywide Camera system for the 
“project area” and ALL ingress/egress points at the Brea Mall; this 
also includes installation of high-definition PTZ video cameras and 
fixed mounted ALPRs.  

Project Applicant Prior to issuance of a 
building permit 

City of Brea Police 
Department 

 

PPP PS-12 Install radio repeater inside the Brea Mall.  Project Applicant Prior to issuance of a 
building permit 

City of Brea Police 
Department 

 

PPP PS-13 Provide access to and funding for the interface of Brea Mall Security 
CCTV system to the Brea Police Department ICC. 

Project Applicant Prior to issuance of a 
building permit 

City of Brea Police 
Department 

 

PPP PS-14 Pursuant to AB 2926, new development is required to pay 
development impact fees to assist in providing school facilities to 
serve students generated by new development. 

Project Applicant Prior to issuance of a 
building permit 

City of Brea Building and 
Safety Division 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

PPP PS-15 Pursuant to SB 50, new development is required to offset the costs 
associated with increasing school capacity, where the funds 
collected go to acquiring school sites, constructing new school 
facilities, and modernizing existing school facilities. 

Project Applicant Prior to issuance of a 
building permit 

City of Brea Building and 
Safety Division 

 

RECREATION 
PPP REC-1 New development is required to fund park and recreational 

development and improvements through the payment of park 
development fees. 

Project Applicant Prior to issuance of a 
building permit 

City of Brea Engineering 
Division 

 

PPP REC-2 The proposed project includes installation of Class II bike lanes 
and/or sharrow bike lanes on the “ring road” and the signalized 
entries of the Brea Mall. The requirement to improve bicycle and 
pedestrian connections will be incorporated as conditions of 
approval for the project. 

Project Applicant Prior to issuance of an 
occupancy permit 

City of Brea Engineering 
Division 

 

TRANSPORTATION 
PPP TRAF-1 The proposed project is required to pay development impact fees to 

the City of Brea pursuant to the City’s AB 1600 Transportation 
Improvement Nexus Program (Ordinance 966). Based on a 
transportation improvement nexus program study conducted in 
2011, the City Council adopted Resolution 2011-096, which updated 
the impact fees, effective February 4, 2012. Fair-share fees serve to 
offset or mitigate the cumulative traffic impacts caused by new 
development. The program ensures all future development in the 
City of Brea contributes on a fair-share basis. 

Project Applicant Prior to issuance of a 
building permit 

City of Brea Engineering 
Division 

 

PPP TRAF-2 Modifications to the roadway network, including driveways, curbs, 
and sidewalks, are subject to approval by the City of Brea. 
Construction work within the right-of-way of a public roadway 
requires the issuance of a permit by the City of Brea. 

Project Applicant Prior to issuance of a 
building permit 

City of Brea Engineering 
Division 

 

PPP TRAF-3 As part of the project review process, the City of Brea is requiring 
that the Brea Mall prepare a parking management plan for 
construction and operational activities to address holiday traffic and 
parking during the peak holiday season. The requirement to prepare 
a submit a parking management plan for holiday traffic will be 
incorporated as conditions of approval for the project 

Project Applicant in 
coordination with the City 
of Brea Planning Division, 
Engineering Division and 
Police Department  

Prior to issuance of an 
occupancy permit 

City of Brea Planning 
Division, Engineering 
Division, and Police 
Department 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

PPP TRAF-4 The proposed project includes installation of Class II bike lanes 
and/or sharrow bike lanes on the “ring road” and the signalized 
entries of the Brea Mall. The requirement to improve bicycle and 
pedestrian connections will be incorporated as conditions of 
approval for the project. 

Project Applicant Prior to issuance of an 
occupancy permit 

City of Brea Engineering 
Division 

 

PPP TRAF-5 The proposed project would include improvements to State College 
Boulevard between the intersections of Imperial Highway and Brea 
Mall South. The project would be required to make minor 
modifications to the existing center median island between Imperial 
Highway and Brea Mall South and restripe the No. 1 southbound 
travel lane into a “trap” left-turn lane leading directly to the left-turn 
pocket at Imperial Highway. As a result, the left-turn storage for the 
State College and Imperial Highway intersection would consist of 
one left-turn lane of approximately 260 feet in length and the second 
left-turn lane of approximately 625 feet in length. 

Project Applicant in 
coordination with the City 
of Brea Planning Division, 
and Engineering Division 

Prior to issuance of a 
building permit 

City of Brea Planning 
Division and Engineering 
Division 

 

TRIBAL CULTURAL RESOURCES 
PPP TCR-1 Pursuant to California Health and Safety Code Section 7050.5, if 

human remains are discovered in the project site, disturbance of the 
site shall halt and remain halted until the coroner has conducted an 
investigation. If the coroner determines that the remains are not 
subject to his or her authority and has reason to believe that they 
are those of a Native American, he or she shall contact, by 
telephone within 24 hours, the NAHC. 

Tribal Monitor, Qualified 
Archaeologist, and Project 
Applicant 

During site-grading 
activities 

City of Brea Planning 
Division, Project Applicant 

 

TCR-1 Prior to the commencement of any ground disturbing activity at the 
project site, the project applicant shall retain a Native American 
Monitor approved by the Gabrieleno Band of Mission Indians-Kizh 
Nation—the tribe that consulted on this project pursuant to 
Assembly Bill 52 (the “Tribe” or the “Consulting Tribe”)—and in 
concurrence with the City of Brea as the CEQA lead agency. A copy 
of the executed contract shall be submitted to the City of Brea 
Planning and Building Department prior to the issuance of any 
permit necessary to commence a ground-disturbing activity.  
• The Tribal monitor shall only be present on-site during the 

construction phases that involve ground-disturbing activities. 
Ground disturbing activities are defined by the Tribe as activities 

Tribal Monitor, Qualified 
Archaeologist, and Project 
Applicant 

During site-grading 
activities 

City of Brea Planning 
Division, Project Applicant 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

that may include, but are not limited to, pavement removal, 
potholing or auguring, grubbing, tree removals, boring, grading, 
excavation, drilling, and trenching, within the project area.  

• The Tribal Monitor shall complete daily monitoring logs that 
provide descriptions of the day’s activities, including construction 
activities, locations, soil, and any cultural materials identified.  

• The on-site monitoring shall be concluded when all ground-
disturbing activities on the project site are completed, or when 
the Tribal Representatives and Tribal Monitor have indicated that 
all upcoming ground-disturbing activities at the project site have 
little to no potential for impacting Tribal Cultural Resources. 

TCR-2 If tribal cultural resources are inadvertently discovered during 
ground disturbing activities for this project. The following procedures 
will be carried out for treatment and disposition of the discoveries:  
• Upon discovery of any Tribal Cultural Resources, construction 

activities shall cease in the immediate vicinity of the find (not less 
than the surrounding 100 feet) until the find can be assessed.  

• All Tribal Cultural Resources unearthed by project activities shall be 
evaluated by the qualified archaeologist and Tribal monitor 
approved by the Consulting Tribe. If the resources are Native 
American in origin, the Consulting Tribe will retain it/them in the 
form and/or manner the Tribe deems appropriate, for educational, 
cultural and/or historic purposes.  

• If human remains and/or grave goods are discovered or recognized 
at the Project Site, all ground disturbance shall immediately cease, 
and the county coroner shall be notified per Public Resources Code 
Section 5097.98, and Health & Safety Code Section 7050.5. 
Human remains and grave/burial goods shall be treated alike per 
California Public Resources Code section 5097.98(d)(1) and (2).  

• Work may continue on other parts of the Project Site while 
evaluation and, if necessary, mitigation takes place (CEQA 
Guidelines Section 15064.5[f]). If a non-Native American 
resource is determined by the qualified archaeologist to 

Archaeological Monitors of 
Native American Tribes 
and Project Applicant 

During construction 
activities (grading and 
excavation activities) 

Project Applicant  

O-25



B R E A  M A L L  M I X E D  U S E  P R O J E C T  M I T I G A T I O N  M O N I T O R I N G  A N D  R E P O R T I N G  P R O G R A M  
C I T Y  O F  B R E A  

2. Mitigation Monitoring Requirements 

Page 22 PlaceWorks 

Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 

Monitor 
(Signature Required) 
(Date of Compliance) 

constitute a “historical resource” or “unique archaeological 
resource,” time allotment and funding sufficient to allow for 
implementation of avoidance measures, or appropriate 
mitigation, must be available. The treatment plan established for 
the resources shall be in accordance with CEQA Guidelines 
Section 15064.5(f) for historical resources and PRC Sections 
21083.2(b) for unique archaeological resources. 

• Preservation in place (i.e., avoidance) is the preferred manner of 
treatment. If preservation in place is not feasible, treatment may 
include implementation of archaeological data recovery 
excavations to remove the resource along with subsequent 
laboratory processing and analysis. Any historic archaeological 
material that is not Native American in origin shall be curated at 
a public, non-profit institution with a research interest in the 
materials, such as the Natural History Museum of Los Angeles 
County or the Fowler Museum, if such an institution agrees to 
accept the material. If no institution accepts the archaeological 
material, it shall be offered to a local school or historical society 
in the area for educational purposes. 

UTILITIES AND SERVICE SYSTEMS 
PPP USS-1 The project will pay the Sanitary Sewer Connection Fees collected by 

the City of Brea, which contribute to maintenance and installation of 
sewer improvements in the OCSD in accordance with Section 3.32.040, 
Sewer Service Fees and Charges, of the Brea Municipal Code. 

Project Applicant Prior to issuance of a 
building permit 

City of Brea Engineering 
Division 

 

PPP USS-2 As part of the project review process, the City of Brea Engineering 
Division will require approval of a Final Sewer Study as part of the 
encroachment permit issuance. The City of Brea Engineering 
Division will require project design features to address sewer 
deficiencies within the Brea Mall and within the City’s right-of-way 
on State College Boulevard. Additional design features to address 
the City of Engineer’s requirements will be incorporated as 
conditions of approval for the project, such as installation of smart 
covers so that the City is notified if there is any backup in the sewer 
segment. 

Project Applicant Prior to issuance of an 
encroachment permit and 
during construction 

City of Brea Engineering 
Division 
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Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
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Implementation Timing 

Responsibility for 
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Monitor 
(Signature Required) 
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PPP USS-3 The project will pay the water impact fees and water connection 
fees collected by the City of Brea, which cover costs to purchase 
water supplies and to operate and maintain the water distribution 
system in accordance with Ordinance 967. 

Project Applicant Prior to issuance of a 
building permit 

City of Brea Engineering 
Division 

 

PPP USS-4 Landscaping installed onsite shall conform to the California Green 
Building Standards Code and Water Efficient Landscape Ordinance 
requirements to increase landscape water efficiency. 

Project Applicant Prior to issuance of a 
building permit and during 
construction 

City of Brea Building and 
Safety, Planning Division 

 

PPP USS-5 Plumbing fixtures installed onsite shall conform to California Green 
Building Standards Code requirements to increase water efficiency 
and reduce urban per capita water demand. 

Project Applicant Prior to issuance of a 
building permit and during 
construction 

City of Brea Building and 
Safety  

 

PPP USS-6 The project would comply with the City’s water conservation 
program during a drought or emergency situation, in accordance 
with Chapter 13.20, Water Management Program, of the City’s 
Municipal Code. 

Project Applicant Prior to issuance of a 
building permit and during 
construction 

City of Brea Engineering 
Division 

 

PPP USS-7 The project will be constructed and operated in accordance with the 
Santa Ana Regional Water Quality Control Board Municipal 
Stormwater (MS4) Permit for Orange County. The MS4 Permit 
requires the proposed project to prepare and implement a WQMP 
to: 
• Control release of contaminants into storm drain systems. 

• Educate the public about stormwater impacts. 

• Detect and eliminate illicit discharges. 

• Control runoff from construction sites. 

• Implement BMPs and site-specific runoff controls and 
treatments. 

Project Applicant Prior to issuance of a 
building permit and during 
construction 

City of Brea Engineering 
Division 

 

PPP USS-8 California’s Green Building Standards Code (CALGreen) requires 
the recycling and/or salvaging for reuse a minimum of 65 percent of 
the nonhazardous construction and demolition waste generated 
during most “new construction” projects (CALGreen Sections 4.408 
and 5.408). Construction contractors are required to submit a 
construction waste management plan that identifies the construction 

Project Applicant Prior to issuance of a 
building permit and during 
construction 

City of Brea Engineering 
Division 

 

O-27



B R E A  M A L L  M I X E D  U S E  P R O J E C T  M I T I G A T I O N  M O N I T O R I N G  A N D  R E P O R T I N G  P R O G R A M  
C I T Y  O F  B R E A  

2. Mitigation Monitoring Requirements 

Page 24 PlaceWorks 

Table 2 Mitigation Monitoring Requirements 

Mitigation Measure 
Responsibility for 
Implementation Timing 

Responsibility for 
Monitoring 
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and demolition waste materials to be diverted from disposal by 
recycling, reuse on the project, or salvage for future use or sale and 
the amount (by weight or volume). 

PPP USS-9 The project will abide by AB 341 and AB 1826. The project will store 
and collect recyclable materials in compliance with AB 341. Green 
waste will be handled in accordance with AB 1826. 

Project Applicant Prior to issuance of a 
building permit and during 
construction 

City of Brea Engineering 
Division 
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1. Introduction 
1.1 INTRODUCTION 
This Water Supply Assessment (WSA) has been prepared for the City of  Brea to meet the requirements of  
Senate Bill (SB) 610. The water demand for the Brea Mall Mixed-Use Project, Option 2 (“proposed project or 
Option 2”) was calculated to determine whether available water supplies are sufficient to serve the demand 
generated by Option 2 as well as the reasonably foreseeable cumulative demand in the region over the next 20 
years under normal year, single dry year, and multiple dry year conditions. Although Option 1 does not meet 
the requirements for preparing a WSA, since there would be less than 500 residential units, it is included in this 
analysis for comparison purposes. 

SB 610 established the legal standards for assessing the sufficiency of  water supplies for new development 
projects. As part of  the environmental review conducted for a qualifying project pursuant to the California 
Environmental Quality Act (CEQA), the public water supplier—in this case, the City of  Brea—must prepare 
a WSA that documents “whether the public water system’s total projected water supplies available during 
normal, single dry, and multiple dry water years during a 20-year projection will meet the projected water 
demand associated with the proposed project, in addition to the water system’s existing and planned future 
uses, including agricultural and manufacturing uses.”1 

Under Water Code Section 10912, a WSA is required if  the project meets at least one of  three criteria: 

 A proposed residential development of  more than 500 dwelling units. 

 A proposed shopping center or business establishment employing more than 1,000 persons or having more 
than 500,000 square feet of  floor space. 

 A mixed-use project that includes one or more of  the projects specified in this subdivision. 

The proposed project (Option 2) will be a mixed-use project with more than 500 dwelling units and therefore 
meets the criteria for preparation of  a WSA. Further details regarding the project are provided in Section 1.2. 

References used in preparing this document include: 

 City of  Brea, 2020 Urban Water Management Plan (UWMP), prepared by Arcadis, June 2021. 

 City of  Brea, 2021 Water Master Plan, prepared by Civiltec Engineering Inc., May 2021. 

 
1 California Water Code Section 10910(c)(3). 
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 The Municipal Water District of  Orange County (MWDOC), 2020 Urban Water Management Plan, prepared 
by Arcadis, June 2021. 

 Orange County Water District, Basin 9-1 Alternative, prepared by the Orange County Water District, City 
of  La Habra, and Irvine Ranch Water District, submitted to California Department of  Water Resources, 
January 1, 2017.  

 CDM Smith, Orange County Water Demand Forecast for MWDOC and OCWD, March 30, 2021. 

1.2 SITE LOCATION AND PROJECT DESCRIPTION  
The project site is in the City of  Brea. The Brea Mall encompasses approximately 74 acres and is generally 
bounded by State College Boulevard and State Route 57 to the east, Imperial Highway (State Route 90) to the 
south, South Randolph Avenue to the west, the City of  Brea City Hall and Embassy Suites by Hilton to the 
northwest, and East Birch Street to the north. Regional and local vicinity maps are provided in Figure 1, Regional 
Location, and Figure 2, Aerial Photograph, respectively. 

The Brea Mall currently contains 1,291,433 square feet (SF) of  commercial leasable space. On January 4, 2018, 
Sears announced that it would close its Brea Mall store, which was a major anchor on the southwest side, and 
Simon Properties, the majority landowner and operator of  the Brea Mall, acquired the property. Simon 
Properties proposed a mixed-use project on a 17.5-acre portion of  the Brea Mall that would include new retail 
and restaurant spaces, for-rent residential apartments, a resort-type (lifestyle) fitness center, and a large central 
green that could be used as a plaza/gathering space for community events. The project proposed a net increase 
of  149,625 SF of  commercial square footage and 312 residential units. This project was the subject of  a Draft 
Environmental Impact Report (DEIR) issued by the City in January 2020 (SCH No. 20190800299).  

The project proponent requested that the City place the application on hold in March 2020, due to statewide 
restrictions imposed in response to the Covid-19 pandemic. In late 2020, Simon Properties informed the City 
that it would like to continue processing the application but had made modifications to the project and site plan 
in response to the changing retail, commercial, and residential project. 

The newly revised project would include the same mix of  retail, commercial, residential, and recreational uses 
but on a slightly smaller scale and involves two options (Option 1 and Option 2) on an approximately 15-acre 
site. Both options involve demolishing the now-closed Sears department store and associated auto center 
(161,990 SF) and approximately 7.5 acres of  surface parking to accommodate the mixed-use project. Option 1 
proposes an increase of  85,425 SF of  new commercial uses (including a lifestyle fitness center) and 383 
apartment units, compared to a net increase of  149,625 SF of  new commercial uses and 312 residential units 
in the original application. Option 2 would not include the lifestyle fitness center, which would be replaced by 
a second residential building for a total of  652 residential units. Option 2 would also reduce commercial/retail 
square footage by 42,575 SF. Figure 3, Conceptual Site Plan – Option 1, and Figure 4, Conceptual Site Plan – Option 
2, shows the overall conceptual site plan, including both the residential and retail components for Option 1 and 
Option 2. Table 1, Brea Mall Mixed Use Project Land Use Summary, identifies the existing and proposed 
improvements.  
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Table 1 Brea Mall Mixed Use Project Land Use Summary 

Land Use Designation 
New Construction:  

Option 1 (SF) 
New Construction: 

Option 1 Proposed DU 
New Construction: 

Option 2 (SF) 
New Construction: 

Option 2 Proposed DU 
Existing Sears, 
demolition (–161,990) - (–161,990) - 

Mall 119,415 - 119,415  
Fitness Center 128,000 - -  
Net Increase in 
Commercial Uses 85,425 - (–42,575) - 

Medium-Density 
Residential -- 383 -- 652 

Notes: DU = dwelling unit, SF = square feet. 
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Figure 1 - Regional Location
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Figure 2 - Aerial Photograph

Source: Nearmap, 2021
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2. Water Supply Assessment 
2.1 WATER PURVEYOR 
The City of  Brea provides water to residents, businesses, and other users in the city, including the project site. 
The City receives its water from three main sources: 1) imported groundwater from the Main San Gabriel Basin, 
which is managed by the California Domestic Water Company (CDWC), 2) imported surface water from the 
Municipal Water District of  Orange County (MWDOC), and 3) local groundwater from the La Habra Basin 
for irrigation (nonpotable). MWDOC is Orange County’s wholesale supplier and is a member agency of  the 
Metropolitan Water District of  Southern California (MWD). There are currently no recycled water uses in the 
City’s service area, and there are no plans to provide recycled water in the near future. 

The city’s water system consists of  228.3 miles of  water mains and seven storage reservoirs with a combined 
storage capacity of  69.5 million gallons (MG).2 The system is supported with five booster pump stations with 
a capactiy of  approximately 14,800 gallons per minute (gpm), serving 18 pressure zones in the city. The city 
also has 97 pressure-reducing stations to regulate the pressure zones, an irrigation well, and 4 connections with 
MWD and CDWC. Additionally, the City maintains five emergency interconnections with neighboring water 
purveyors, including the City of  La Habra (2), City of  Fullerton, City of  Yorba Linda, and Golden State Water 
Company.3  

For the 2019-2020 fiscal year, approximately 99 percent of  the city’s water came from imported groundwater 
through CDWC.4 The City operates one nonpotable well in the La Habra Basin for irrigation of  the Brea Creek 
Golf  Course and Arovista Park.5 According to the 2020 UWMP, the City’s total water demand was 9,131 acre-
feet (AF) in 2020, with 9,039 AF from CDWC and 92 AF pumped from the La Habra Basin. 

It is required that every urban water supplier assess the reliability to provide water service to its customers under 
normal, single dry, and multiple dry years. As discussed in the City’s urban water management plan (UWMP), 
the City is capable of  meeting the water demands of  its customers in normal, single dry, and multiple dry years 
through the year 2045. 

2.2 LEGAL REQUIREMENTS 
SB 610 established the primary legal standards for assessing the sufficiency of  water supplies for new 
development projects. Affected land developments are those that meet certain size thresholds. As discussed 
previously in Section 1.1, Option 2 meets the threshold as a mixed-use project with a residential component 

 
2  City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
3  City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
4  City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
5  City of Brea, 2021 Water Master Plan, prepared by Civiltec Engineering Inc., May 2021. 
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that includes more than 500 dwelling units. Therefore, the proposed project, as described in Section 1.2, meets 
the criteria for preparation of  a WSA. 

The basic requirement is that a WSA must “include a discussion with regard to whether the public water 
system’s total projected water supplies available during normal, single dry, and multiple dry water years during 
a 20-year projection will meet the projected water demand associated with the proposed project, in addition to 
the water system’s existing and planned future uses, including agricultural and manufacturing uses.” In the 
following sections, this WSA estimates the additional water demand with implementation of  the proposed Brea 
Mall Mixed Use Project, Option 2. The WSA compares the additional water demand to the future water 
demands of  the City, as specified in the 2020 UWMP, and determines if  there are sufficient water supplies to 
meet these demands over the next 20 years.  

The WSA must include additional analysis if  any portion of  the water purveyor's water supplies include 
groundwater. The analysis must include a description of  any groundwater basin or basins from which the 
proposed project will be supplied in addition to a detailed description and analysis of  the amount and location 
of  groundwater pumped by the public water system for the past five years. The WSA must also include an 
analysis of  the sufficiency of  the groundwater from the basin or basins from which the proposed project will 
be supplied to meet the projected water demand associated with the proposed project. Since the City relies 
heavily on groundwater to meet its water demand, this additional analysis is included in Section 2.4.2. 

Upon adoption, the WSA is incorporated into the CEQA document being prepared for the project, and the 
lead agency must determine, based on the entire record, whether projected water supplies will be sufficient to 
satisfy demands for the project, in addition to existing and future uses.6 

2.3 WATER DEMAND ANALYSIS 
Section 10910(c)(2) of  the California Water Code states: 

... if  the projected water demand associated with the proposed project was accounted for in the most 
recently adopted urban water management plan, the public water system may incorporate the requested 
information from the urban water management plan in preparing the elements of  the assessment 
required to comply with subdivisions (d), (e), (f), and (g).  

The 2020 UWMP included the expansion of  the Brea Mall in its future water demand estimates. However, it 
was based on a smaller project encompassing 2.28 acres and consisting solely of  commercial land use. The 
UWMP assumed an increased water demand of  2.19 acre-feet per year (AFY) for the project. Therefore, the 
current project configuration in terms of  land use and water demand for Options 1 and 2 were not included in 
the 2020 UWMP but have been characterized and analyzed in the following sections. 

 
6  California Water Code Sections 10910(b) and (c). 
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2.3.1 City of Brea Water Demands 
The primary source of  water for the proposed project would be existing water supplies provided by the City to 
its customers. The current water supply consists primarily of  imported groundwater purchased through CDWC 
(99 percent). 

Based on the City’s 2020 UWMP, the current and projected potable water demands by customer class are 
presented in Table 2. The city’s total water demand in 2020 was 9,131 AFY. The projected 2045 potable water 
demand is 9,745 AFY. With future water conservation efforts and water-efficient fixtures in accordance with 
new CALGreen building codes, the future water demand is likely to be lower than these amounts. 

Table 2 Current and Projected Potable Water Demands for the City of Brea (AFY) 
Use Type 2020 2025 2030 2035 2040 2045 

Single Family 3,627 3,692 3,640 3,583 3,535 3,522 

Multifamily 1,048 1,105 1,084 1,063 1,068 1,100 

Commercial 1,041 1,095 1,182 1,211 1,241 1,241 

Industrial 733 772 833 854 875 875 

Institutional 848 893 963 987 1,012 1,012 

Landscapea 92 115 115 115 115 115 

Landscape 1,280 1,417 1,416 1,417 1,416 1,416 

Losses 462 454 462 461 463 464 

Total 9,131 9,543 9,695 9,691 9,725 9,745 
Source: City of Brea 2020 UWMP, 2021. 
AFY = acre-feet/year 
a Irrigation water pumped from La Habra Basin (nonpotable). 

 

2.3.2 Existing and Proposed Project Water Demands 
The proposed project consists of  an approximately 15-acre site planned for mixed-use redevelopment within 
the boundaries of  the existing Brea Mall. Buildout of  Option 1 would include 383 dwelling units, 119,415 SF 
of  new retail space, and a 128,000 SF fitness center. Buildout of  Option 2 would include 652 dwelling units, 
119,415 SF of  new retail space, and no fitness center. The proposed development would connect to the city’s 
existing water main for domestic water use.  

2.3.2.1 EXISTING WATER DEMAND  

To calculate the existing water demand, a baseline year of  2018 was assumed, per the DEIR, and the water 
demand included the operation of  the Sears store and surrounding landscaping. The indoor water demand 
factor used a water demand rate of  0.96 AFY per acre for commercial land use, as specified in the City’s 2021 
water master plan update. Outdoor water use for landscaping was calculated using the California Department 
of  Water Resources’ (DWR) Model Water Efficient Landscape Ordinance (MWELO) water budget workbook 
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for nonresidential landscapes. The existing outdoor water demand was based on the maximum applied water 
allowance (MAWA) equation:  

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = (𝐸𝐸𝐸𝐸𝐸𝐸 −  𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸) 𝑥𝑥 0.62 𝑥𝑥 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑆𝑆𝑆𝑆) 𝑥𝑥 0.45 

The MAWA calculation included an evapotranspiration factor (ETo) of  48.2 inches per year, an effective 
precipitation (Eppt) of  3.75 inches per year (25 percent of  annual precipitation), and a landscape area of  34,864 
SF.7 Table 3 shows the total water demand estimate for the southwest portion of  the mall, including the Sears 
store and landscaping.  

Table 3 Existing Water Demand  
Land Use Units Water Demand Rate  Total Water Usage (AFY) 

Retail 3.72 ac  
(161,900 SF) 0.96 AFY/ac 3.57 

Landscaping 34,864 SF - 1.33a 

Total 4.90 
Sources: City of Brea, 2021 Water Master Plan, prepared by Civiltec Engineering Inc., May 2021; R. A. Smith, Preliminary Hydrology Memo, November 8, 2021. 
Notes: AFY = acre-feet per year 
AFY/ac = acre-feet per year per acre 
SF = square feet  
a Maximum Applied Water Allowance (MAWA) from DWR Model Water Efficient Landscape Ordinance (MWELO) Water Budget for Nonresidential Landscapes. 

 

The existing water demand for the 15-acre project site is estimated to be approximately 4.9 AFY.  

2.3.2.2 PROPOSED WATER DEMAND  

The water demand for Options 1 and 2 of  the proposed project are provided in this section. The indoor water 
demand was calculated using the commercial water use factor of  0.96 AFY/acre from the City’s 2021 Water 
Master Plan and multifamily residential water demand of  55 gallons per capita per day from the 2020 UWMP. 
The average household size in the City of  Brea for renters who live in structures with 50 or more units is 2.01 
persons per unit, as described in Chapter 5.9 of  the Brea Mall Mixed Use Project DEIR.8  

Outdoor water use for landscaping was calculated using the estimated total water use (ETWU) methodology, 
as described in DWR’s MWELO water budget workbook for nonresidential landscapes. Annual irrigation 
demands are based on the ETWU equation:  

𝐷𝐷𝑒𝑒𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 =
𝐸𝐸𝐸𝐸𝐸𝐸 𝑥𝑥 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑥𝑥 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑆𝑆𝑆𝑆) 𝑥𝑥 0.62

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
 

The ETWU calculation included an evapotranspiration factor (ETo) of  48.2 inches per year, plant factors based 
on the water use for different plant types from the landscaping plan, and an irrigation efficiency of  0.75 for 
overhead spray (turf  areas) and 0.81 for drip irrigation (trees and shrubs). A landscaped area of  98,010 SF was 

 
7 R. A. Smith, Preliminary Hydrology Memo, November 8, 2021. 
8 2.01 people per unit is based on US Census data for the City of Brea from the American Community Survey, as specified in the 

DEIR. 
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assumed based on the landscape plans that noted a minimum of  15 percent of  the net site area would be 
landscaped.9 Table 4 shows the proposed water demand for Option 1 and Option 2. 

Table 4 Proposed Water Demand, Options 1 and 2 
Land Use Units Water Demand Rate Total Water Usage (AFY) 

Option 1 

Commercial 5.68 ac 
(247,415 SF) 0.96 AFY/ac 5.45 

Multifamily Residential 770 residents a 
(383 DU) 55 gpcd 47.4 

Landscaping 98,010 SF b - 3.68 c 
Total 56.6 

Option 2 

Commercial 2.74 ac 
(119,415 SF) 0.96 AFY/ac 2.63 

Multifamily Residential 1,311 residents a 
(652 DU) 55 gpcd 80.8 

Landscaping 98,010 SF b - 3.68 c 
Total 87.1 

Source: City of Brea, 2021 Water Master Plan, prepared by Civiltec Engineering Inc., May 2021; City of Brea, 2020 Urban Water Management Plan, prepared by 
Arcadis, June 2021.  

Notes: 
AFY = acre-feet per year 
gpcd = gallons per capita per day 
AFY/ac = acre-feet per year per acre 
DU = dwelling unit 
SF = square feet 
a Conversion rate of 2.01 people per unit from Chapter 5.9 of the Brea Mall Mixed Use Project Draft Environmental Impact Report. 
b According to Site Plan L-1.00 under Notes, the minimum landscape area will be 15 percent of the net site area. Therefore, 15 percent of 15 acres is 2.25 acres or 

98,010 SF. The total landscaping area of 98,010 SF was assumed with 24,300 SF of overhead spray landscaping (turf grass) and 73,710 SF of drip irrigation areas 
(planting areas). 

c Estimated Total Water Use (ETWU) from DWR Model Water Efficient Landscape Ordinance (MWELO) Water Budget for Non-Residential Landscapes. 
 

As shown in Table 4, the total water demand for the proposed project is estimated to be 56.6 AFY for Option 1 
and 87.1 AFY for Option 2. The increase in water demand compared to existing conditions is 51.7 AFY for 
Option 1 and 82.2 AFY for Option 2. Since the 2020 UWMP included a water demand of  2.19 AFY for the 
Brea Mall expansion project, the net increase in water demand unaccounted for in the UWMP is 49.5 AFY for 
Option 1 and 80.0 AFY for Option 2. The major portion of  the water demand for this project is for the 
residential land use.  

2.4 WATER SUPPLY ANALYSIS 
This section identifies the sources of  water used by Brea and evaluates the water supplies that could be used by 
the city and the proposed project during normal, single dry, and multiple dry years through the year 2045. 

 
9 According to Site Plan L-1.00 under Notes, the minimum landscape area will be 15 percent of the net site area. Therefore, 15 

percent of 15 acres is 2.25 acres or 98,010 SF. The total landscaping area of 98,010 SF was assumed with 24,300 SF of overhead 
spray landscaping (turf grass) and 73,710 SF of drip irrigation areas (planting areas). 
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Brea relies on a combination of  imported water and local groundwater to meet its water needs. The City works 
with CDWC and MWDOC to ensure a safe and reliable water supply that will continue to serve the community 
in periods of  drought and shortage. The sources of  imported water supplies include the Colorado River and 
the State Water Project (SWP), which is provided by MWD and delivered by MWDOC. 

The City’s main source of  water supply (99 percent in 2020) is groundwater from the Main San Gabriel Basin. 
The imported water is supplied from CDWC through three connections. By 2045, it is projected that the water 
supply portfolio will be approximately 92.5 percent imported water from CDWC, 6.5 percent from MWDOC, 
and 1 percent from local groundwater. The projected water supply sources for the city are summarized in 
Table 5. 

Table 5 Water Supply Sources for the City of Brea (AFY) 
Water Source 2025 2030 2035 2040 2045 

Imported Groundwater 9,000 9,000 9,000 9,000 9,000 

Imported Surface Water 428 580 576 610 630 

Local Groundwater 115 115 115 115 115 

Total 9,543 9,695 9,691 9,725 9,745 
Source: City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
AFY = acre-feet per year 

 

It is required that every urban water supplier assess the reliability to provide water service to its customers under 
normal, dry, and multiple dry water years. The City depends on a combination of  imported and groundwater 
supplies to meet its water demands and has taken numerous steps to ensure that it has adequate supplies. Water 
supplies available to the City are projected to meet full-service demands. The UWMP states that the City will 
be able to meet projected supplies between 2025 and 2045 during normal years, single dry years, and multiple 
dry years (see Table 6).10 

 
10 City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
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Table 6 Normal, Single Dry, and Multiple Dry Year Supply and Demand (AFY) 
 2025 2030 2035 2040 2045 

Normal Year 

Supply Totals 9,543 9,695 9,691 9,725 9,745 
Demand Totals 9,543 9,695 9,691 9,725 9,745 
Difference 0 0 0 0 0 
Single Dry Year  

Supply Totals 10,115 10,277 10,272 10,309 10,330 
Demand Totals 10,115 10,277 10,272 10,309 10,330 
Difference 0 0 0 0 0 
Multiple Dry Year  

First Year Supply Totals 9,766 10,147 10,276 10,279 10,313 
Demand Totals 9,766 10,147 10,276 10,279 10,313 
Difference 0 0 0 0 0 

Second Year Supply Totals 9,854 10,180 10,275 10,287 10,317 
Demand Totals 9,854 10,180 10,275 10,287 10,317 
Difference 0 0 0 0 0 

Third Year Supply Totals 9,941 10,212 10,274 10,294 10,322 
Demand Totals 9,941 10,212 10,274 10,294 10,322 
Difference 0 0 0 0 0 

Fourth Year Supply Totals 10.028 10,244 10,273 10,302 10,326 
Demand Totals 10.028 10,244 10,273 10,302 10,326 
Difference 0 0 0 0 0 

Fifth Year Supply Totals 10,115 10,277 10,272 10,309 10,330 
Demand Totals 10,115 10,277 10,272 10,309 10,330 
Difference 0 0 0 0 0 

Source: City of Brea, 2020 UWMP, 2021. 

 

Table 6 reflects a 6 percent increase in water demand during single and multiple dry years. As documented in 
the 2020 UWMP, the City is able to meet all customers’ demands with significant reserves held by MWD, local 
groundwater supplies, and conservation measures in multiple dry years from 2025 to 2045. Table 6 shows that 
the water demand would increase from 9,543 AFY to 10,115 AFY in 2025 under drought conditions and would 
increase from 9,745 AFY to 10,330 AFY under drought conditions in 2045.  

For normal years, the City has entitlements to receive imported water from MWD, which is delivered by 
MWDOC via connections to MWD's regional distribution system. Although pipeline and connection capacity 
rights do not guarantee the availability of  water, they do guarantee the ability to convey water when it is available 
to the MWD distribution system. All imported water supplies are assumed available to the City from existing 
water transmission facilities.  
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The supplies also include imported and local groundwater supplies that are available to the City through CDWC 
by a predetermined pumping percentage. For single dry and multiple dry years, the City would supplement a 
demand increase of  6 percent from normal demand with significant reserves held by MWD and conservation.11  

2.4.1 Surface Water Analysis 
Imported surface water is projected to represent approximately 6.5 percent of  the city’s total water supply by 
2045. The principal sources of  water are the Colorado River via the Colorado River Aqueduct (CRA) and the 
Lake Oroville watershed in Northern California through the SWP. The raw water obtained from these sources 
is treated locally at the Robert B. Diemer Filtration Plant north of  Yorba Linda. Typically, the Diemer Filtration 
Plant receives a blend of  Colorado River water from Lake Mathews through the Metropolitan Lower Feeder 
and SWP water through the Yorba Linda Feeder. 

MWD provides imported water supplies to the City through its member agency, MWDOC. MWD is the 
wholesale water agency that provides imported water from the Colorado River and SWP to its 26 member 
agencies in Los Angeles, Orange, Riverside, San Bernardino, San Diego, and Ventura Counties. The Colorado 
River was MWD’s original source of  water after MWD’s establishment in 1928. The CRA, which is owned and 
operated by MWD, transports water from the Colorado River to its terminus at Lake Mathews in Riverside 
County. The actual amount of  water per year that may be conveyed through the CRA to MWD’s member 
agencies is subject to the availability of  Colorado River water for delivery. 

The SWP transports Feather River water stored in and released from Oroville Dam and conveyed through the 
Bay-Delta as well as unregulated flows diverted directly from the Bay-Delta south via the California Aqueduct. 
The SWP consists of  a series of  pump stations, reservoirs, aqueducts, tunnels, and power plants operated by 
DWR. This water supply infrastructure provides water to 29 urban and agricultural agencies throughout 
California.12 

Through the 1996 Integrated Resources Plan and subsequent updates, MWD has worked toward identifying 
and developing water supplies to provide 100 percent reliability. MWD has recently increased its ability to supply 
water, particularly in dry years, through implementation of  storage and transfer programs. 

MWDOC was formed in 1951 to provide imported water to much of  Orange County. MWDOC is the second 
largest member agency of  MWD, providing imported water to 30 retail water agencies and cities. Imported 
water represents approximately 35 percent of  the total water supply in the MWDOC service area. MWDOC 
and its retail agencies work together to improve the water reliability within the service area by developing 
additional local supplies and by implementing water use efficiency programs. According to the its 2020 UWMP, 
MWDOC has the capacity to meet demands under normal, single dry, and multiple dry years through the year 
2045.13 

 
11 City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
12 California Department of Water Resources, State Water Project Delivery Capability Report 2019, August 26, 2020. 
13 MWDOC, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
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2.4.2 Groundwater Analysis 
Since most of  the potable water supplied by the City comes from groundwater, SB 610 requires a groundwater 
analysis to be included as part of  the WSA. The Water Code requires that the WSA include: 

 Groundwater information from the 2020 UWMP. 

 Groundwater basin description, including the legal rights to pump.  

 Historical use of  groundwater from the 2020 UWMP. 

 Projected use of  groundwater. 

 Sufficiency of  groundwater.  

2.4.2.1 GROUNDWATER INFORMATION FROM THE 2020 UWMP 

The City’s 2020 UWMP was prepared by Arcadis and adopted by the City in June 2021. It contains descriptions 
of  the Main San Gabriel Basin and the La Habra Groundwater Basin, the reliability of  the groundwater supply, 
the MWD groundwater replenishment program, groundwater recharge facilities, the MWD Conjunctive Use 
Program with Orange County Water District, groundwater historical extraction, and a discussion of  overdraft 
conditions.  

2.4.2.2 GROUNDWATER BASIN DESCRIPTION 

The Main San Gabriel Basin underlies a large portion of  the San Gabriel Valley in eastern Los Angeles County 
and is managed by the Main San Gabriel Basin Watermaster. It covers approximately 107,000 acres and is 
bordered by the San Gabriel Mountains to the north, the Raymond Basin to the northwest, the Puente Basin 
to the southeast, and the Central Basin to the south. 

The CDWC provides groundwater from the Main San Gabriel Basin to each of  its member agencies. The 
operating safe yield (OSY) for the Main San Gabriel Basin is set at 150,000 AF for the fiscal year 2020-2021, 
and the CDWC prescriptive pumping rights are 9,383 AF. Groundwater levels are managed within a safe basin 
operating range to protect the long-term sustainability of  the Main San Gabriel Basin and to protect against 
land subsidence.14 

The La Habra Groundwater Basin underlies the Coyote Creek Watershed, which covers portions of  Los 
Angeles County and Orange County. Portions of  the La Habra Groundwater Basin are in the Central Basin of  
Los Angeles County and the Orange County Basin. The City of  La Habra has been deemed the exclusive 
Groundwater Sustainability Agency for the La Habra-Brea Management Area. The City of  Brea pumps a small 
amount of  groundwater from this groundwater basin (92 AF in 2020) for irrigation purposes only. 

2.4.2.1 LEGAL RIGHTS TO PUMP 

The Main San Gabriel Basin was adjudicated in 1973. The judgment defined the water rights for the basin, 
created the Main San Gabriel Basin Watermaster as the governing body, and described program management 
within the basin. The Main Basin Watermaster establishes an annual OSY for the basin that is then used to 

 
14 City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
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allocate to each water agency its portion of  the pumped groundwater.15 If  a water producer extracts water that 
exceeds the OSY, the producer must pay a “replacement water assessment” and purchase one AF of  
supplemental water to be spread in the basin for each AF of  excess production.16  

The Main San Gabriel Basin is currently in an extended period of  drought—that is, below-average rainfall limits 
groundwater recharge and surface runoff. Therefore, basin recovery is dependent on management actions of  
the Main Basin Watermaster. Overall, long-term water demand has decreased since its peak in 2006, with 
groundwater levels at one of  the key groundwater monitoring wells rising 6.3 feet in fiscal year 2019-20. The 
groundwater level rise in the basin is attributed to increases in the Cyclic Storage program, which allows agencies 
to store imported supplemental water in the Main San Gabriel Basin, and Resource Development Assessment 
fees, which allow the Watermaster to collect funds on all production and purchase replenishment water for 
storage in the basin.17 

The La Habra Basin is not adjudicated. The City of  La Habra operates under a “safe yield” of  4,500 AFY for 
the management and future planning of  the La Habra Basin. The “safe yield” is the groundwater volume that 
can be pumped without depleting the aquifer to a point where it cannot recover through natural recharge over 
a reasonable amount of  time.18  

2.4.2.2 HISTORICAL USE OF GROUNDWATER 

The City owns and operates one groundwater well in the La Habra Groundwater Basin for irrigation purposes 
only and imports most of  its groundwater from CDWC in the Main San Gabriel Basin. The amount of  
groundwater pumped by CDWC from the Main San Gabriel Basin and by the City of  Brea from the La Habra 
Basin in recent years is listed in Table 7.  

Table 7 Historical Groundwater Production 

Calendar Year 
Main San Gabriel Basin 

Groundwater Produced (AFY) 
La Habra Groundwater Basin 
Groundwater Produced (AFY) 

2016 11,753 57 
2017 12,434 96 
2018 14,059 107 
2019 14,790 95 
2020 14,870 92 

Average 13,581 89 
Sources: MWDOC, 2020 UWMP, 2021; City of Brea, 2020 UWMP, 2021.  

 

The projected use of  groundwater for the City of  Brea is provided in Table 5 through the year 2045. As shown 
in Table 5, imported groundwater from the Main San Gabriel Basin is projected to remain at 9,000 AFY, and 
local groundwater from the La Habra Basin is projected at 115 AFY through year 2045.  

 
15  City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
16 City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
17 City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
18 City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
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2.5 SUPPLY AND DEMAND ANALYSIS 
The existing and proposed water demand for the Brea Mall Mixed Use project are provided in Sections 2.3.2.1 
and 2.3.2.2. The net increase in water demand is 49.5 AFY for Option 1 and 80.0 AFY for Option 2. This is 
approximately 0.5 percent of  the City’s water demand in 2045 for Option 1 and about 0.8 percent for Option 2.  

However, to evaluate water supply vs. demand on a citywide basis, the proposed water demand for this project 
should be included with the proposed buildout in other areas of  the city as well as any anticipated future 
development. The city is almost completely built out, and the population is projected to increase over the next 
25 years by 5.7 percent.19 The city’s current population of  45,629 would increase by 2,607, for a total population 
of  48,236 in 2045. The estimated population increases of  770 for Option 1 and 1,311 residents for Option 2 
are within the forecast population growth for the city that was assumed in the 2020 UWMP. 

Water usage in the City’s service area has been relatively stable over the past 10 years, even with an increase in 
population. This is due to water conservation efforts and a relatively low annual growth rate because the city is 
essentially built out. However, the 2020 UWMP assumed that the total water demand would increase 6.7 percent 
between 2020 and 2045, which is higher than the projected population increase and conservative for the 
following reasons: 

 Recent legislation (SB 606 and AB 1668) establishes guidelines and standards for urban water use efficiency. 
Water purveyors will be required to meet a indoor water use standard of  55 gallons per capita daily (gpcd) 
until 2025, when it will drop to 50 gpcd. Standards will also be set for outdoor residential water use; 
commercial, industrial, institutional (CII) water use; and water loss standards. 

 New construction is subject to CalGreen Building Code requirements, which typically result in a 20 percent 
reduction in indoor water use. 

 SB 407 requires all buildings in California to meet current plumbing fixture standards within the next 10 
years, which will require retrofitting existing homes and businesses. 

 Increases in water service costs will provide an incentive for additional water cost savings. 

Other projects in the city would also increase water demands in the service area. However, all new development 
would be required to conserve water use and implement water efficiency measures, per the CalGreen Building 
Code and the MWELO outdoor irrigation requirements. In addition, future development would be required to 
pay water service connection fees to the City. These charges are used to offset the costs of  system maintenance 
and capital upgrades to support new development in the City’s service area. Water supply assessments would 
also be required for large development projects to ensure that there is adequate water available for those 
projects. 

Although the 2020 UWMP states that there is adequate water supplies to meet the City’s water demand in 
normal, single-dry, and multiple-dry years, the water shortage contingency plan (WSCP), which is discussed in 

 
19 City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
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detail in Section 2.8, and other water conservation plans would be implemented during drought conditions. 
Existing regulations would reduce per capita water use over time, which would ensure that there is adequate 
water available for the proposed project as well as future development in the City’s service area. 

2.6 WATER SHORTAGE CONTINGENCY PLANNING 
Recent water supply challenges throughout the Southwest and the State of  California have resulted in the 
development of  various policy actions that water agencies implement in the event of  a water shortage. In 
southern California, such policies apply at both the wholesale and retail level. This section describes new and 
existing policies that MWD, MWDOC, and the City have in place to respond to water supply shortages, 
including a catastrophic interruption and up to a 50 percent reduction in water supply. 

2.6.1 Metropolitan Water District  
Water supply challenges have impacted the reliability of  MWD’s imported supplies. In response, MWD has 
documented the sequence of  actions that it would undertake in response to water supply shortages, including 
up to a 50 percent reduction in available water supplies. MWD has documented this planning in its Water 
Surplus and Drought Management (WSDM) Plan, which guides MWD’s planning and operations during both 
shortage and surplus conditions. Furthermore, MWD developed a water supply allocation plan (WSAP), which 
provides a standardized methodology for allocating supplies during times of  shortage.20  

2.6.2 MWDOC 
To prepare for the potential allocation of  imported water supplies from MWD, MWDOC worked 
collaboratively with its 28 member agencies to develop its own WSAP, adopted January 2009 and amended in 
2020, to allocate imported water supplies at the retail level. The MWDOC WSAP lays out the essential 
components of  how MWDOC will determine and implement each member agency’s allocation during a time 
of  shortage. The MWDOC WSAP uses a similar method and approach as MWD’s WSAP. However, 
MWDOC’s plan is flexible, and an alternative approach may be used if  MWD’s method produces a significant 
unintended result for the member agencies.21 

2.6.3 City of Brea 
The City of  Brea adopted its Water Shortage Contingency Response Ordinance No. 1221 on June 1, 2021, 
which established a phased water conservation program that would encourage reduced water consumption 
within the city through conservation, enable effective water supply planning, ensure reasonable and beneficial 
use of  water, prevent waste of  water, and maximize the efficient use of  water in the city. Along with permanent 
water conservation requirements, the City’s WSCP consists of  six stages or shortage levels that would be 
implemented to respond to a reduction in the availability of  potable water (as shown in Table 8).22 

 
20 The Metropolitan Water District of Southern California, 2020 Urban Water Management Plan, 2021.  
21 MWDOC, 2020 Water Shortage Contingency Plan, prepared by Arcadis, 2021. 
22 City of Brea, 2020 Urban Water Management Plan, prepared by Arcadis, June 2021. 
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Table 8 Levels of Water Shortage Contingency Plan 

Shortage Level 
Percent Supply 
Shortage Range Shortage Response Actions 

1 Up to 10% 

Condition exists when the City of Brea notifies its water users that due to drought, supply reductions, 
or City promoted conservation, a consumer demand reduction of up to 10% is necessary to make 
more efficient use of water and respond to existing water conditions. The City of Brea shall implement 
the mandatory Level 1 conservation measures identified in this WSCP. The type of event that may 
prompt the City of Brea to declare a Level 1 Water Supply Shortage may include, among other factors, 
a finding that its wholesale water provider calls for extraordinary water conservation. 

2 11 to 20% 

Condition exists when the City of Brea notifies its water users that due to drought, supply reductions, 
or City promoted conservation, a consumer demand reduction of up to 20% is necessary to make 
more efficient use of water and respond to existing water conditions. The City of Brea shall implement 
the mandatory Level 2 conservation measures identified in this WSCP. The type of event that may 
prompt the City of Brea to declare a Level 2 Water Supply Shortage may include, among other factors, 
a finding that its wholesale water provider calls for extraordinary water conservation. 

3 21 to 30% 

Condition exists when the City of Brea declares a water shortage emergency condition pursuant to 
California Water Code Section 350 and notifies its residents and businesses that up to 30% consumer 
demand reduction is required to ensure sufficient supplies for human consumption, sanitation, and fire 
protection. The City of Brea must declare a Water Supply Shortage Emergency in the manner and on 
the grounds provided in California Water Code Section 350. 

4 31 to 40% 
Condition exists when the City of Brea declares a water shortage emergency condition pursuant to 
California Water Code Section 350 and notifies its residents and businesses that up to 40% consumer 
demand reduction is required to ensure sufficient supplies for human consumption, sanitation, and fire 
protection. 

5 41 to 50% 
Condition exists when the City of Brea declares a water shortage emergency condition pursuant to 
California Water Code Section 350 and notifies its residents and businesses that up to 50% or more 
consumer demand reduction is required to ensure sufficient supplies for human consumption, 
sanitation, and fire protection. 

6 > 50% 
Condition exists when the City of Brea declares a water shortage emergency condition pursuant to 
California Water Code Section 350 and notifies its residents and businesses that 50% or more 
consumer demand reduction is required to ensure sufficient supplies for human consumption, 
sanitation, and fire protection. 

Source: City of Brea, 2020 UWMP, 2021. 
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2.6.4 Catastrophic Supply Interruption 
MWD has comprehensive plans for actions it would undertake to address a catastrophic interruption in water 
supplies through its WSDM Plan and WSAP. MWD also developed an Emergency Storage Requirement to 
mitigate against potential interruption in water supplies resulting from catastrophic occurrences in the Southern 
California region, including seismic events along the San Andreas Fault. 

In 1983, the Orange County water community identified a need to develop a plan on how agencies would 
respond effectively to disasters impacting the regional water distribution system. The collective efforts of  these 
agencies resulted in the formation of  the Water Emergency Response Organization of  Orange County 
(WEROC) to coordinate emergency response on behalf  of  all Orange County water and wastewater agencies, 
develop an emergency plan to respond to disasters, and conduct disaster training exercises for the Orange 
County water community. Within the Orange County Operational Area, WEROC is the recognized contact for 
emergency response for the water community, including the City of  Brea.  

The MWDOC’s Local Hazard Mitigation Plan (LHMP) was included in the City of  Brea’s WSCP in lieu of  
conducting a specific seismic risk assessment in the City’s 2020 UWMP.23 The LHMP evaluates hazards 
application to all jurisdictions, including the City of  Brea, and identifies vulnerabilities to its water supply due 
to disaster events. It has developed a list of  actions that can be taken in preparation of  such events. These 
events include non-drought-related emergencies such as earthquakes, acts of  terrorism, and regional power 
outages.24 In the event of  an earthquake, the City will be notified by MWDOC through the Standardized 
Emergency Management System and a coordinated incident command system. 

2.7 WATER EFFICIENCY STRATEGIES 
There are many water efficiency strategies that have been implemented by the City with the assistance of  
MWDOC to promote water conservation. The City adopted Ordinance No. 1123 in 2009, revising the its Water 
Conservation and Water Supply Shortage Program. The ordinance established permanent water conservation 
standards, such as limiting watering hours and watering duration, drinking water served upon request only, and 
no installation of  single pass cooling systems. It was revised in 2015 in response to drought conditions and 
then-Governor Brown’s Executive Order to achieve a statewide 25 percent reduction in potable water usage. 
The City is currently under Phase 1 of  the Water Ordinance, which calls for a 10 percent reduction in water 
usage. The City has also adopted conservation pricing, which results in increased unit prices with increased 
consumption. 

The City’s public education and outreach program is administered by MWDOC and includes print and 
electronic materials, tool kits, and newsletters; public events; and water education programs for school children. 
The City also performs water audits and offers leak surveys to all water customers. The City has maintained a 
full-time position of  Conservation Coordinator since 2009 to support the water conservation programs. 

 
23  City of Brea, 2020 Water Shortage Contingency Plan, prepared by Arcadis, 2021. 
24  MWDOC, Orange County Regional Water and Wastewater Hazard Mitigation Plan, 2019. 
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Through MWDOC, the following retrofit programs and rebates are available for existing customers to improve 
landscape and indoor water use efficiency: 

 High Efficiency Clothes Washer Rebate Program 

 Premium High Efficiency Toilet Rebate Program 

 Water Savings Incentive Program for CII Customers 

 Multi-Family Premium High Efficiency Toilet Incentive Program 

 Turf  Removal Program 

 Landscape Design and Maintenance Plan Assistance Program 

 Smart Timer Rebate Program 

 Rotating Nozzles Rebate Program 

 Spray-to-Drip Rebate Program 

 SoCal Water$mart Rebate Program for Landscape 

 Landscape Training Classes 

 Qualified Water Efficient Landscape Certification (Commercial) 
 OC Water Smart Gardens Resource Page 

With the incentives and rebates provided by the City and MWDOC, existing residences and buildings will be 
retrofitted with low-flow plumbing fixtures and more efficient landscaping irrigation, which will reduce future 
water demand. Similarly, new construction in the city will comply with CalGreen Building Code requirements 
and MWELO outdoor irrigation standards. These cumulative efforts will reduce the future per capita water 
demands for the city. 
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3. Summary 

A water supply assessment (WSA) was prepared to assess the water demand and supply conditions with 
implementation of  the proposed project. As shown in Table 4, the total water demand for the proposed project 
is estimated to be 56.6 AFY for Option 1 and 87.1 AFY for Option 2. The net increase in water demand 
compared to existing conditions is 51.7 AFY for Option 1 and 82.2 AFY for Option 2. Since the 2020 UWMP 
included a water demand of  2.19 AFY for the Brea Mall expansion project, the net increase in water demand 
unaccounted for in the UWMP is 49.5 AFY for Option 1 and 80.0 AFY for Option 2. This is approximately 
0.5 percent of  the City’s water demand in 2045 for Option 1 and about 0.8 percent for Option 2. 

As discussed in Section 2.5, the city’s current population of  45,629 people would increase by 2,607 people (4.7 
percent), for a total population of  48,236 in 2045. The estimated population increases of  770 residents for 
Option 1 and 1,311 residents for Option 2 are within the forecast population growth for the city that was 
assumed in the 2020 UWMP. Implementation of  the proposed project as well as buildout of  the other areas in 
the city will not obstruct the City’s ability to meet water demands of  its customers in normal, single dry, and 
multiple dry years. In addition, future development in the city would take place over 20 to 30 years, and therefore 
the incremental increases in water demand would not overtax the City’s ability to supply water to all of  its 
customers. 

This WSA concludes that the City will have sufficient water supplies available during normal, single dry, and 
multiple dry years through the year 2045 to meet all projected water demands associated with its existing and 
future customers, including the proposed project. In the unlikely event of  a water shortage, implementation of  
the City’s Water Shortage Contingency Plan and water efficiency strategies would ensure that sufficient water 
supplies were available to serve its customers, including the project and existing and future users. 
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Water Demand Calculations

City of Brea, Brea Mall Mixed-Use Project

Commercial Size Unit Expansion Area
Sears 161,900 SF To be demolished 15 acres
Fitness Center 128,000 SF Option 1 only 2.19 AFY accounted for in 2020 UWMP, Brea Mall Expansion
Mall 69,415 SF Option 1 and 2
Sporting Goods 50,000 SF Option 1 and 2

Existing Water Demand (with Sears)

LU Type Size Unit Demand Factor Unit AFY Source
Commercial 161,900 SF

3.72 ac 0.96 AFY/ac 3.57 Source: Demand Factor from City's 2021 Water Master Plan

Outdoor      34,864 SF MWELO 1.33 Source: Area from 2021 Preliminary Hydrology Memo, R.A Smith
Source: MWELO Non-Res, MAWA, overhead

Total 4.90

Option 1 - Water Demand

LU Type Size Unit Demand Factor Unit AFY GPD
MFR  383 du

770 residents 55 gpcd 47.4 42,350 Source: 55 gpcd from 2020 UWMP for MFR; 2.01 res/du

Commercial 247,415 SF
5.68 ac 0.96 AFY/ac 5.45 Source: Demand Factor from City's 2021 Water Master Plan

Outdoor   2.25 ac Source: Acreage minimum 15% of net area (15 acres)

98,010 SF MWELO 3.68 Source: MWELO Non-Res, ETWU, drip irrigation (73,710 SF) and overhead for turf (24,300 SF)

Total 56.6

Net Increase over Existing Uses 51.7
Net Increase from AFY accounted for in 2020 UWMP 49.5

Option 2 - Water Demand

LU Type Size Unit Demand Factor Unit AFY GPD
MFR  652 du

1,311 residents 55 gpcd 80.8 72,105 Source: 55 gpcd from 2020 UWMP for MFR; 2.01 res/du

Commercial 119,415 SF
2.74 ac 0.96 AFY/ac 2.63 Source: Demand Factor from City's 2021 Water Master Plan

Outdoor   98,010 SF MWELO 3.68 Source: MWELO Non-Res, ETWU, drip irrigation (73,710 SF) and overhead for turf (24,300 SF)

Total 87.1

Net Increase over Existing Uses 82.2
Net Increase from AFY accounted for in 2020 UWMP 80.0
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Tan Cells Show Results

Click on the blue cell on right to Pick City Name Santa Ana Name of City

ETo of City from Appendix A 48.20 ETo (inches/year) 

34864 Overhead Landscape Area (ft2)

0 Drip Landscape Area (ft2)

0 SLA (ft2)

Total Landscape Area 34,864

Results:

(ETo) x (0.62) x [(0.45 x LA) + (1.0 - 0.45) X SLA)] - Gallons

- Cubic Feet

- HCF

- Acre-feet

- Millions of Gallons
MAWA calculation incorporating Effective Precipitation (Optional)
Precipitation (Optional)

ETo of City from Appendix A 48 ETo (inches/year)

Total Landscape Area 34,864 LA (ft2)

Special Landscape Area 0 SLA (ft2)

15 Total annual precipitiation (inches/year)

Enter Effective Precipitation 3.75 Eppt (in/yr)(25% of total annual precipitation)

Results:

MAWA = [(ETo - Eppt) x (0.62)] x [(0.45 x LA) + ((1.0 - 0.45) x SLA)] 432,368 Gallons

 57,799.34 Cubic Feet

577.99 HCF

1.33 Acre-feet

0.43 Millions of Gallons

 Enter value in Pale Blue Cells

Messages and Warnings

Maximum Applied Water Allowance Calculations for New and Rehabilitated Non-Residential Landscapes

Existing Outdoor Water Use
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Irrigation Efficiency Default Value for overhead 0.75 and drip 0.81.

Plant Water Use Type Plant Factor

Very Low 0 - 0.1
Low 0.2 - 0.3
Medium 0.4 - 0.6
High 0.7 - 1.0
SLA 1.0

Hydrozone Select System From 

the Dropdown List 

click on cell below

Plant Water Use 

Type (s) (low, 

medium, high)

Plant Factor 

(PF)

Hydrozone Area (HA) 

(ft
2
) Without SLA

Enter 

Irrigation 

Efficiency 

(IE)

(PF x HA (ft
2
))/IE

 Zone 1 Overhead Spray Medium 0.50 24,300                            0.75 16,200

 Zone 2 Drip  0.40 36,855                            0.81 18,200

 Zone 3 Drip Low 0.20 36,855                            0.81 9,100

 Zone 4    

 43,500

 SLA 0 0

Sum 98,010

 

Results  

MAWA = 1,215,476 ETWU = 1,198,817 Gallons ETWU complies with MAWA

160,259 Cubic Feet

1,602.59 HCF

3.68 Acre-feet

1.20 Millions of Gallons

Estimated Total Water Use

Equation: ETWU = ETo x 0.62 x [((PF x HA)/IE) + SLA]; Considering precipitation ETWA = (ETo-Eppt) x 0.62 x [((PF x HA)/IE) +SLA]

Enter values in Pale Blue Cells

Tan Cells Show Results

Messages and Warnings

Proposed Outdoor Water Use
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Tan Cells Show Results

Click on the blue cell on right to Pick City Name Santa Ana Name of City

ETo of City from Appendix A 48.20 ETo (inches/year) 

24300 Overhead Landscape Area (ft2)

73710 Drip Landscape Area (ft2)

0 SLA (ft2)

Total Landscape Area 98,010

Results:

(ETo) x (0.62) x [(0.45 x LA) + (1.0 - 0.45) X SLA)] - Gallons

- Cubic Feet

- HCF

- Acre-feet

- Millions of Gallons
MAWA calculation incorporating Effective Precipitation (Optional)
Precipitation (Optional)

ETo of City from Appendix A 48 ETo (inches/year)

Total Landscape Area 98,010 LA (ft2)

Special Landscape Area 0 SLA (ft2)

15 Total annual precipitiation (inches/year)

Enter Effective Precipitation 3.75 Eppt (in/yr)(25% of total annual precipitation)

Results:

MAWA = [(ETo - Eppt) x (0.62)] x [(0.45 x LA) + ((1.0 - 0.45) x SLA)] 1,215,476 Gallons

 162,486.04 Cubic Feet

1,624.86 HCF

3.73 Acre-feet

1.22 Millions of Gallons

 Enter value in Pale Blue Cells

Messages and Warnings

Maximum Applied Water Allowance Calculations for New and Rehabilitated Non-Residential Landscapes

Proposed Outdoor Water Use
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