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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
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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. 
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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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    0.81 ACRES

      5.5%

EXISTING CONDITIONS AREA (HYDROLOGIC AREA)

AREA 1 (WEST)
TOTAL AREA =                        486,917 SQ. FT.

  11.18 ACRES

IMPERVIOUS AREA =              460,137 SQ. FT.
   10.56 ACRES

PERVIOUS AREA =            26,780 SQ. FT.
    0.61 ACRES   

AREA 2 (EAST)
TOTAL AREA =                         104,200 SQ. FT.

     2.39 ACRES

IMPERVIOUS AREA =               98,469 SQ. FT.
    2.26 ACRES

PERVIOUS AREA =            5,731 SQ. FT.
    0.13 ACRES

AREA 3 (CENTRAL)
TOTAL AREA =                         51,185 SQ. FT.

     1.18 ACRES

IMPERVIOUS AREA =              51,185 SQ. FT.
    1.18 ACRES

PERVIOUS AREA =            0 SQ. FT.
    0.00 ACRES   

EXISTING DRAIN
 INLET

EXISTING DRAIN
 INLET

EXISTING DRAIN
 INLET

EXISTING DRAIN
 INLET

EXISTING DRAIN
 INLET

EXISTING DRAIN
 INLET

EXISTING DRAIN
 INLET

EXISTING DRAINAGE ARROW

EXISTING CONTOURS

EXISTING PERVIOUS AREA

HYDROLOGIC AREA

EXISTING STORM DRAIN

36" IN @ 0.25% (RCP)
CAPACITY = 33.43CFS

18" OUT @ 0.79% (RCP)
CAPACITY = 9.36CFS

24" OUT @ 0.89% (RCP)
CAPACITY = 21.40CFS

18" IN @ 2.00% (RCP)
CAPACITY = 14.90CFS

CITY OF BREA MASTER
PLAN OF DRAINAGE
APPROXIMATE LOCATION
OF CONCENTRATION
POINT 304XG

TO POINT OF CONCENTRATION
334K PER CITY OF BREA

MASTER PLAN OF DRAINAGE

36" IN @
0.54% (RCP)
CAPACITY =

49.15CFS

12" IN @
0.45% (RCP)
CAPACITY =
2.40CFS

24" IN @ 0.25% (RCP)
CAPACITY = 11.34CFS

20

21

22

23

36" IN @
4.2% (RCP)
CAPACITY=
137.06CFS

23
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Attachment 3 – Proposed Hydrology Exhibit 
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OUTDOOR
PLAY

OUTDOOR
DINING

OUTDOOR
DINING

PICKLEBALL
COURTS -
OUTDOOR

LEISURE
POOL -

OUTDOOR

LAP POOL -
OUTDOOR

FF=339.00FF=338.00

FF=340.85

FF=340.85
FF=339.00

SPORTING GOODS
UPPER LEVEL

RETAIL A

RETAIL B
RETAIL A

FF=340.85

RETAIL
ENTRY

FS EL=339.00

FF=361.00
PODIUM

FF=358.00

RESIDENTIAL
ENTRY

FF=329.00

RESIDENTIAL
ENTRY

FS EL=349.00

RETAIL D

FITNESS
CENTER

RETAIL C
LOWER LEVEL

STOP

T

S

RETAIL
ENTRY

FS EL=339.00

R
AN

D
O

LP
H

   
   

   
   

AV
EN

U
E

STATE COLLEGE BOULEVARD

EXISTING PARKING
STRUCTURE
(NOT A PART) EXISTING

NORDSTROM
(NOT A PART)

EXISTING BJ'S
RESTAURANT
(NOT A PART)

EXISTING
CHEESECAKE

FACTORY
(NOT A PART)

IMPERIAL HWY

EXISTING BREA MALL
(FF=340.85±)

(NOT A PART)

DA #1E=
94,965 SF

DA #1C=
87,805 SF

DA #2A=
61,900 SFDA #1G=

59,930 SF

DA #2C=
135,065 SF

DA #1A=
10,550SF

DA #1B=
26,195SF

DA #1D=15,920SF

DA #1F=
46,830SF

DA #1H
=10,740SF

DA #2B=17,665SF

DA #2D
=10,651SF

V-DITCH  FOR
RUN-ON BYPASS

1

2

3

5

6

7

8

9

10

11

12

13

14

20

21

BYPASS PIPE
30"RCP@0.5%

CAPACITY = 29.08CFS

24

DA #1I=64,095SF

22

4

15

23

N
( IN FEET )

GRAPHIC SCALE
0 120603030

HYDROLOGIC
AREA DRAINING
TO CHAMBER

HYDROLOGIC
AREA
DRAINING TO
CHAMBER

HYDROLOGIC
AREA DRAINING

TO CHAMBER

NOT FOR

CONSTRUCTION

Scale

Date
Job No.

6/9/22
2018-170

BREA MALL AND RESIDENCES AT BREA
1065 Brea Mall, Brea, CA 92821

HYD-02
1" = 60'

PROPOSED HYDROLOGY EXHIBIT

EXISTING
BUS STOP

EXISTING
BUS STOP

PAVING LEGEND:

HEAVY DUTY A.C. PAVEMENT IN RING ROAD
LIGHT DUTY A.C. PAVEMENT IN PARKING AREAS

CONCRETE PAVEMENT

PASEO AREA (SOFTSCAPE/HARDSCAPE)

LANDSCAPING

CONCRETE WALKWAY

LEGEND:

**NOTE THAT EXISTING FLOWS PORTRAYED ARE THE MAXIMUM
CAPACITY OF THE EXISTING UPSTREAM PIPES. SEE SECTION 4 OF
HYDROLOGY STUDY FOR MORE INFORMATION.

NOTE: ALL PROPOSED PIPES ARE HIGH-DENSITY POLYETHYLENE
(HDPE) WHICH CORRESPONDS TO A MANNING'S N VALUE OF
0.012.

PROPOSED ADS
CHAMBER #1

VREQ=43,355 CF
VPROV=44,416 CF

CITY OF BREA MASTER
PLAN OF DRAINAGE
APPROXIMATE LOCATION
OF CONCENTRATION
POINT 304XG

Q=##.##CFS

Q=##.##CFS

TOTAL DA#2
Q10=16.19CFS
Q25=19.28CFS

Q100=24.68CFS

TOTAL DA#2
Q10=31.66CFS
Q25=37.66CFS
Q100=48.26CFS

TOTAL OVERFLOW
Q10=47.85CFS
Q25=56.94CFS

Q100=72.94CFS

EXISTING STORM DRAIN

PROPOSED HDPE STORM DRAIN
(TO CHAMBER SYSTEM-PRIVATE)

PROPOSED HDPE STORM DRAIN
(RUN-OFF DRAINS OFFSITE-PRIVATE)

PROPOSED RCP STORM DRAIN
(BYPASS DRAINS OFFSITE-PUBLIC)

DRAINAGE AREA (DA)

PEAK FLOWS DRAINING TOWARDS
INFILTRATION CHAMBER

PEAK FLOWS DRAINING TOWARDS
PUBLIC STORM DRAIN IN RANDOLPH
AVENUE.
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NOT FOR

CONSTRUCTION

Scale

Date
Job No.

6/9/22
2018-170

BREA MALL AND RESIDENCES AT BREA
1065 Brea Mall, Brea, CA 92821

HYD-03
AS SHOWN

HYDROLOGY DETAILS
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NOT FOR

CONSTRUCTION

Scale

Date
Job No.

6/9/22
2018-170

BREA MALL AND RESIDENCES AT BREA
1065 Brea Mall, Brea, CA 92821

HYD-04
AS SHOWN

HYDROLOGY DETAILS

NOTE:
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Attachment 4 – Rational Methodology Calculation Spreadsheet 
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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 4.06 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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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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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 
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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 
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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  
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