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 SECTION I  

INTRODUCTION  

1.1      PURPOSE  

This report presents a preliminary hydrologic analysis for the proposed construction of the lots located 

at the southeast corner of Central Avenue and Cambern Avenue, in the City of Lake Elsinore, County of 

Riverside, in the state of California.  The main objective of this report will be to analyze the pre/post 

construction “peak” run-off quantities, detention basin and underground storage sizing. This report will 

also provide data and details to accommodate for the influence of off-site flow due to an upstream flood 

control channel and how it will be carried through the project site continuing the natural drainage 

course as an alternate to the proposed City Master Planned Drainage Facilities. 

1.2      PROJECT DESCRIPTION  

The existing 17.65-acre site consists of a commercial parcel and four residential tracts. It slopes from a 

northwesterly to southeasterly direction at approximately 2% gradient. Cambern Avenue fronts the 

northeasterly side of the project site, which is a partially improved street. The existing street right-of-

way half width, on the southwesterly side of the centerline of Cambern Avenue is approximately 30 feet.  

The proposed ultimate street half width right-of-way varies from 45 to 57 feet. 

Three natural drainage patterns exist on the site and collect along the southerly property line.  The two 

easterly flow paths have combined about half way through the site creating a natural drainage channel 

and outlet into the adjacent property at the most southeasterly corner of the site.  During heavy rainfall, 

a 750cfs flow north of the project site (per the November 22, 2010 memo by Hunsaker & Associates 

Appendix C), has been directed to flow across Cambern Avenue and along the easterly property line, 

creating the need for an engineered channel to properly convey flow across the site. The design to 

redirect the off-site flow through a proposed box culvert is included as an alternate in case the City 

master planned drainage facilities in proximity the site are not in place for store opening. 

The developed 17.65-acre site will be a commercial retail shopping center consisting of a major retail 

building with two outparcels.  The site will be graded to generally follow the existing condition drainage 

pattern to minimize adverse effects to the current topography and minimize the use of import soil.  

There will be no off-site runoff entering the project site and all generated on-site drainage will be 

detained on-site either above or below ground level. 

Full street improvements will be made to Third St. along the project site frontage. The improved street 

will be graded to maintain the natural drainage. A cross-gutter will be provided on Third St.(see 

Appendix D) approximately ±680’ south of the intersection of Third St. and Cambern Ave. to allow the 

storm water to cross from the west side of Third St. to the east side of Third St. Full street concrete 

paving will be installed 75’ north and south of the Third Cross-gutter West to East crossing for a total of 

150’ linear feet of full street concrete paving. Approximately ±500’ of full street improvements will be 

made on Third St. from the proposed concrete cross-gutter to Dexter Ave. The project side of Third St. 
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will include a sidewalk and 8” curb. The other side of Third Street will include a ribbon curb to allow 

storm water runoff to flow across the center line, over the ribbon curb, and resume its current flow line. 

The improvements to Third Street are proposed on order to convey the off-site storm water in case the 

City facilities are not complete otherwise the improvements to Third Street are depicted on the project 

plans. 

 

SECTION II  

FLOW VOLUMES  

 

2.1      METHODOLOGY  

The City of Lake Elsinore, California uses the Riverside County Flood Control and Water Conservation 

District Hydrology Manual requirements for drainage system design.  This manual allows the use of the 

Rational Method for drainage basins less than 300 to 500 acres.  The proposed site comprises of 

approximately 17.65 acres, which falls below the acreage limit.  

The calculations were performed using the methods outlined in the Riverside County Flood Control 

District Hydrology Manual. 

2.2      DESIGN CRITERIA  

Design Storm: 2-year and 100-year, 3hr, 6hr and 24hr, duration storm events were used for sizing 

detention facilities and for calculating the flow through the proposed open channel at the eastern 

property line.  

Soil Type:“B” (assumed for all areas). Infiltration was not considered in the calculations due to the 

preliminary nature of this report 

Rainfall Intensity:  Rainfall intensity for on-site runoff, was based on IDF curves, Time of Concentration 

chart and the Standard Intensity Curve Data as presented in the Riverside County Hydrology Manual 

(1978).  Rainfall intensity for sizing of detention facilities was obtained by using the 2-year and 100-year, 

3hr, 6hr, and 24hr Precipitation Maps from the Riverside County Hydrology Manual. 

Runoff Coefficients: A conservative on-site runoff coefficient of 0.90 (1.00 for building roof) was used for 

calculation of the post-developed runoff.  

2.3      DRAINAGE STRUCTURES  

Open Channel (Alternate Design) 

An open channel will be constructed along the eastern property line and will handle the 100-year, 3hr 

storm event producing 697cfs off-site from across Cambern Ave. and the 2.73cfs (Q38) from the rainfall 
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over the 0.844 acres taken up by the open channel. The 697 cfs flow will be conveyed via an 

underground 3’x18’ concrete box culvert crossing under Cambern Ave. The box culvert will connect to 

the proposed inlet structure, which collects the sheet-flow runoff from the north side of Cambern Ave. 

and connect to the north end of the proposed open channel. 

During a 100-year, 3hr event the open channel will fill up and overtop via five 20’ wide, 0.67’ deep 

concrete spillways flowing east onto Third St. These spillways will flow at a depth of 0.67’ and outflow 

697cfs (Max capacity of spillways is 697.89 cfs). 

During peak runoff (697cfs), it would take ±34 seconds to for the water level to reach the five concrete 

spillways. A detailed channel depth vs time analysis was not performed due to the short duration it 

would take to the water level to reach the concrete spillways during peak runoff. See calculation below. 

Time for water level to reach spillways = Channel Volume ÷ inflow = ±23,386cf ÷ 697cfs = 33.55 seconds 

The four 3” channel dewatering pipes will be installed at the south end of the channel. Then will be 

installed though the curb on Third Street and will provide up to 1.62cfs outflow onto Third Street 

depending on hydraulic head. The invert elevation of these pipes is 0.05’ above the channel bottom. The 

function of these channel dewatering pipes is to dewater the channel after the end of a storm event. 

Since they will be under pressure, the average outflow (±1.09cfs) is used for dewatering calculations. 

The pipes will dewater the channel (±23,385cf at the spillway invert elevation) ±5.95 hrs after the end of 

the storm event. 

Channel dewatering = 23,385cf ÷ 1.09cfs x 1/60 x 1/60 = 5.94hrs 

The outflow from the four 3” channel dewatering pipes was omitted for channel and spillway sizing due 

to the relatively small outflow compared to the spillway outflow. It was not omitted when considering 

the runoff crossing Third Street. 

The project will include half street improvements along the Third St. frontage. Third St. will be designed 

to maintain the current drainage pattern. Flood waters currently flow from Cambern Ave south ±680’ on 

Third St. and then cross the street and flow onto the property on east side of Third St. just southeast of 

the project site. 

The Proposed Third St. Cross-gutter West to East Crossing will be sized to accommodate the 100-year, 

3hr peak discharge from the Third St. Spillways and Channel dewatering pipes (697cfs+2.73cfs) and the 

post-developed runoff from Cambern Ave. Q26 (56cfs) minus the pre-developed flow across the 

property abutting the southeast corner of the project property Q10 (423.9cfs). The proposed Third St. 

Cross-gutter West to East Crossing will be 0.60' deep, 115' wide and will convey the required 331.83cfs 

(Max Cross-gutter capacity = 332.32cfs) of storm water discharge from the Open Channel's Third St. 

Spillways, Channel Dewatering Pipes and runoff from Cambern Ave. (see Appendix C). It will flow west to 

east across Third St. and maintain the existing drainage pattern. 

The Cross-gutter will convey 331.83cfs and then overtop allowing the remaining 423.9cfs to discharge to 

Third St south of the Cross-gutter. The remaining 423.9cfs will continue south along the west side of 
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Third St. where it will converge with (Q25) 12.7cfs of storm water runoff from the three lots on the west 

side of Third St. between the project site and Dexter Ave. The proposed Third St. 8" gutter will fill to a 

depth of 8” at the flow line from the project site's southern property line to Dexter Ave. The 8" curb and 

gutter will convey 20.02cfs south on Third St. where it will enter Dexter Ave., flow east and join the 

current drainage pattern approximately 330' east of Third St. The remaining 416.6cfs will spill over 

505.36' of the Third St. centerline and maintain the current drainage pattern. The 416.6cfs will be 

distributed evenly along the 505.36' of Third St. centerline. 

The Cross-gutter will discharge 331.83cfs to the existing ditch along the east side of Third St. The existing 

ditch along the east side of Third St. is approximately 2’ deep and 50’ wide with a 7’ wide base. (see 

Appendix C) and can handle in excess of 600cfs at the Third St. Cross-gutter’s point of discharge.  

During a 2-year, 3hr storm event, the Open Channel will fill up and overtop via the Third St. spillways. 

These spillways will flow at a depth of 0.27’ and outflow a total of 263.57cfs (2yr Q2 (263.57cfs) – 

Channel Dewatering Pipes (1.51cfs w/±2.33ft of head) onto Third St.  

During 2-year, 3hr peak runoff (263.57cfs), it would take ±89 seconds to for the water level to reach the 

five concrete spillways. A detailed channel depth vs time analysis was not performed due to the short 

duration it would take to the water level to reach the concrete spillways during peak runoff. See 

calculation below. 

Time for water level to reach spillways = Channel Vol ÷ inflow = ±23,386cf ÷ 263.57cfs = 88.73 seconds 

The 285.75cfs (Q2 spillway + Q38 Open Channel + Q26 Cambern Ave. Runoff = 285.75cfs) on Third Street 

will initially flow along the curb down to Dexter Ave (Approx 20.02cfs) and the excess runoff will enter 

the cross gutter from the west to east side of Third St. at approximately the same location that the 

runoff is currently flowing.  

Flooding of Adjacent Properties (Alternate Design) 

The proposed drainage conveyance is designed to follow its existing path across downstream properties 

and the runoff not to exceed pre-developed condition. The closest house to the proposed water 

crossing, on the east side of Third St., is about 250’ northeast, sits about 5’ above the road and is not 

expected to be impacted by the proposed design.  

Flood conditions for the property abutting the southeast corner of the project site will likely be 

improved by the proposed design due to the rerouting of the current 423.9cfs (100-year storm event) 

flowing through their property. The storm water run-off currently flowing onto that property, flows from 

the northwest corner, southeast and across Third St. The 423.9cfs will enter Third St. on the west side 

and cross to the east side of Third St. approximately 200’ north of where it currently enters Third St. It 

will enter Third St. via spillways and Channel Dewatering pipes at the proposed Open Channel. Flooding 

along the Third St. frontage of the property immediately south will likely be reduced. After the proposed 

improvements, the property will have no storm water run-on from the proposed project except during a 
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storm event exceeding a 100-year, 3hr event. Further design and analysis is required to determine the 

exact flood condition impact of the improvements. 

 

Underground Storage (On-site Design) 

An underground storage system will be used to detain the on-site contributing area (17.032acres) minus 

the Open Channel area (0.844 acres). The total area routed to the underground storage system is 16.19 

acres.  

A 24” outflow pipe with a 0.2% slope will connect to the proposed 30” storm drain at Crane St. The Max 

flow will be restricted to ±18.06cfs by a 17.4” diameter orifice restrictor plate. Currently the proposed 

24” underground storage outflow pipe is connected at the flowline of a 60” diameter storage pipe. The 

average flow through the 24” outflow pipe/restrictor plate is ±11.10cfs. Flow through the orifice 

restrictor plate ranged from 3.72cfs (no head) to 18.06cfs (±4.25ft of head). Due to the preliminary 

nature of this report, the average flow through the orifice was used for simplicity.  

The total estimated remaining capacity of the existing 30” storm drain in Crane St. is ±18.17cfs. See next 

section – “Existing 30” Storm Drain on Crane St.”. This leaves an average of ±7.07cfs capacity (18.17cfs – 

11.10cfs = 7.07cfs) in the existing Crane St. 30” storm drain. 

It is important to note that the storm drainage storage and pipe network are in a preliminary state and 

the remaining capacity in the existing 30” Crane St. storm drain is estimated. Pipe sizing and storage may 

change pending further analysis.  

The 2-year and 100-year, 3hr, 6hr, and 24hr events were analyzed. The 100-year, 6hr storm required the 

greatest storage volume at 45,353cf (1.04ac-ft) given a constant average outflow of 11.10cfs. The 

proposed underground storage system is currently ±58,860cf. It will outflow 18.06cfs (Max) to the 

proposed 30” storm drain in Crane St. It is anticipated that the underground storage system will be 

revised to more closely accommodate the 45,353cf of required storage pending further analysis. 

Existing 30” Storm Drain on Crane St. 

 An existing 30” storm drain terminates at the northwest corner of the intersection of Dexter Ave. and 

Crane St. A proposed 30” storm drain will connect to the existing 30” storm drain and extend north 

along Crane St to the southern property line of the project site.  

The existing 30” storm drain flows southeast along Dexter Ave. for approximately 180’ and then south 

across Dexter Ave. Additional information regarding the existing storm drain was not available at the 

time of this writing. 

Based on the elevation at the point of discharge and the surface elevation at the southern property line 

of the project site and Crane St, it is assumed the existing 30” storm drain is running at 2.0%. 

Confirmation will be needed. The assumed capacity for the 30” storm drain is 58.17 cfs. 



 8 

Plate 60 of the Hydrology Map (see Appendix D) shows 40 cfs currently routed to the 36” storm drain 

running south under Interstate 15 approximately 260’ south of where the 30” storm drain crosses 

Dexter Ave. Based on surface elevations, it is assumed that the 30” storm drain ultimately discharges to 

this 36” storm drain under Interstate 15. Confirmation will be needed. 

Based on the above assumptions, the remaining capacity available for the project is 18.17 cfs (Total 

capacity (58.17cfs) – Used capacity (40cfs) = Remaining capacity (18.17cfs)).  The remaining capacity 

controls the sizing of the on-site underground storage and underground storage outflow pipe. 
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 SECTION III  

SUMMARY of the Off-Site: 

As presented in this report, the proposed drainage conveyance system will improve the existing flooding 

condition as follows: 

The ponding associated with the significant runoff (+/- 750cfs) flowing towards Cambern Avenue and 

backing up on the north-east side of Cambern Ave will be eliminated via the proposed 18’x3’ box 

culvert.  

Currently, the properties adjacent to Cambern Ave. and Third St. experience runoff across the land 

during all rain events. The proposed Third St. improvements will alleviate some of this by rerouting the 

runoff crossing Third St. approximately 200’ south of its current crossing route. 

The proposed system will also significantly improve the drainage condition of the properties to the 

south-west of our project, between LA Fitness and Third Street. Currently these parcels experience 

flooding and have runoff across their properties during all rain events. However, once the proposed 

improvements are in-place, the referenced properties will not have any off-site drainage flowing across 

their properties during a 2-yr rain event.  Even in a 100-yr scenario, they are subject to significantly less 

runoff across their parcels.    

The proposed diversion of off-site storm water via box culvert and open channel is presented as an 

alternate design in case the City of Lake Elsinore is unable to complete the master planned drainage 

facilities within Third Street and Cambern Avenue.  Should the City master planned facilities be complete 

prior to grand opening the Third Street improvements will be constructed per the primary site plan.    

SUMMARY of the On-Site: 

The pre-developed runoff was calculated by the rational method as outline in Section D of the Riverside 

County Flood Control District Hydrology Manual. “Plate 60”, provided by the city (see Appendix D) 

shows pre-developed flows and the corresponding contributing area. Plate 60 was overlayed on the site 

property line. The areas bound by the project site property line and each contributing area boundary, 

were used to divide the site into four areas. The time of concentration was calculated for each 

contributing area by using Plate D-3. The rainfall intensity was then calculated from Plate 4.1 for the 10-

year and 100-year storms and Plate D-7 for the 2-year storm. 

The post-developed runoff was calculated by the rational method as outline in Section D of the Riverside 

County Flood Control District Hydrology Manual. The proposed site design was divided into sub-areas. 

The time of concentration was calculated for each contributing sub-area by using Plate D-3. The rainfall 

intensity was then calculated from Plate 4.1 for the 10-year and 100-year storms and Plate D-7 for the 2-

year storm. 
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Site Condition 2-Year Peak Runoff 

(cfs) 

10-Year Peak Runoff 

(cfs) 

100-year Peak Runoff 

(cfs) 

Pre-developed 13.53 23.54 36.00 

Post-developed 21.99 40.10 64.07 

Required Detention 8.46 16.56 28.07 

 

The minimum detention requirement, 16.56cfs, the 10-year peak runoff, is the difference between the 

pre-developed and post-developed peak runoff. The total post-development peak flow detention 

provided is 28.07cfs and is governed by the limited excess capacity of the existing 30” storm drain on 

Crane St. The peak flow was evaluated using the 2-year and 100-year, 3hr, 6hr and 24hr storm events. 

Peak flow occurred at time 155 minutes of the 100-year, 3hr storm event. Maximum required detention 

occurred at time 335 minutes of the 100-year, 6hr storm event for the Underground Storage. 

The open channel and underground storage were designed based on the precipitation maps for each 

design storm (Plates E-5.1-E-5.5 See Appendix D). The precipitation pattern for each design storm was 

obtained from Plate E-5.9 See Appendix C). 
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APPENDIX A  

Vicinity Map  
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APPENDIX B  

Soil Group Map  

 



Project Site: Soil 
Group B
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APPENDIX C  

Hydrology Calculations – Pre-developed Conditions   
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APPENDIX C  

Hydrology Calculations – Post-developed Conditions   



Label Description of Drainage Pre Post Q2yr (cfs) Q10yr (cfs) Q100yr (cfs) Tc (minutes) L (ft) H (ft) S (%) I2 (in/hr) I10 (in/hr) I100 (in/hr) A (acres) C

Q1* Cambern Ave. between Central & Concrete Culvert X 20.04 34.74 53.00

Q2* (Pre) Run-on across Cambern/ (Post)3'x18' Culvert under Cambern X X 263.57 456.86 697.00

Q3* Third St. north of Cambern Ave. X 31.39 54.40 83.00

Q4*** Cambern Ave. between Concrete Culvert & Third St. X 60.50 104.87 160.00

Q5 West side of property (Area "A") X 2.04 3.56 5.48 27.50 647.00 11.97 1.85 0.82 1.43 2.20 2.930 0.85

Q6 West side of property (Area "B") X 4.08 7.12 10.88 27.70 696.00 14.62 2.10 0.82 1.43 2.18 5.860 0.85

Q7 East side of property (Area "C") X 5.49 9.51 14.51 23.00 444.00 9.99 2.25 0.90 1.56 2.38 7.173 0.85

Q8*** East side of property (Area "D") from Existing Cambern V-Ditch X 162.23 281.19 429.00

Q9*** Northeast corner of property X 62.81 108.87 166.10

Q10*** Flow onto property abutting southeast corner of project site X 160.30 277.85 423.90

Q11*** Lot 5 abutting southwest corner of project site X X 10.79 18.69 28.52

Q12 Lot 6 abutting southern property line of project site X X 1.68 2.90 4.46 25.00 430.90 5.39 1.25 0.86 1.49 2.29 2.292 0.85

Q13 Lot 7 (LA Fitness) abutting southern property line of project site X X 4.50 8.02 12.30 11.00 830.00 11.21 1.35 1.24 2.21 3.39 3.945 0.92

Q14*** V-ditch along LA Fitness eastern property line X X TBD TBD TBD

Q15* Southwest corner of Dexter Ave. & Third St. X X 6.05 10.49 16.00

Q38 Open Channel (rainfall on open channel area) X 1.00 1.79 2.73 9.75 463.00 3.00 0.65 1.32 2.35 3.59 0.844 0.90

Q37 Truck Entrance (Rear of Building) X 0.61 1.13 1.74 5.40 182.00 3.60 1.98 1.69 3.12 4.78 0.404 0.90

Q36 NEC of Walmart Property X 0.89 1.65 2.52 4.50 126.00 3.99 3.17 1.84 3.41 5.20 0.538 0.90

Q35 Walmart building (north side) X 0.26 0.48 0.73 5.50 126.00 1.20 0.95 1.67 3.10 4.74 0.171 0.90

Q34 Walmart Roof (NEC) X 1.90 3.43 5.25 8.00 335.00 3.35 1.00 1.43 2.58 3.95 1.330 1.00

Q33 Walmart Roof (NWC) X 1.19 2.17 3.32 7.70 279.00 2.79 1.00 1.45 2.63 4.03 0.824 1.00

Q32 Walmart Roof (SWC) X 1.05 1.91 2.93 6.60 215.00 2.15 1.00 1.55 2.83 4.34 0.676 1.00

Q31 Walmart Roof (SEC) X 1.22 2.23 3.41 7.00 242.00 2.42 1.00 1.50 2.75 4.21 0.811 1.00

Q30*** Third St. Centerline Overflow from southern property to Dexter Ave X N/A N/A 416.60

Q29*** Third St. 8" Curb from southern property to Dexter Ave. X N/A N/A 20.02

Q28*** Third St. Cross-gutter West to East Crossing X N/A N/A 332.32

Q27*** Gutter flow from Open Channel Third St. Spillway Outflow + Q38+ Q26 X 285.75 495.35 755.73

Q26** (Postdeveloped) Cambern Ave. between Central & Third X 21.18 36.71 56.00

Q25 (Postdeveloped) property abutting southeast corner of project site X 4.64 8.27 12.68 12.00 648.00 9.72 1.50 1.19 2.12 3.25 4.240 0.92

Q24*** Onsite flow into New Storm Drain on Crane St. X 11.10 11.10 11.10

Q23 Walmart building (south side) X 0.63 1.17 1.79 6.75 203.00 1.75 0.86 1.52 2.80 4.29 0.463 0.90

Q22 Truck Turn-around area X 1.09 1.99 3.04 6.50 235.00 3.29 1.40 1.56 2.86 4.37 0.774 0.90

Q21 Truck Dock X 0.38 0.68 1.10 3.80 64.00 1.25 1.95 1.97 3.50 5.71 0.215 0.90

Q20 Parking Lot (south) X 3.20 5.78 8.81 9.20 615.00 9.10 1.48 1.34 2.42 3.69 2.652 0.90

Q19 Parking Lot (north) X 6.36 11.62 17.76 7.60 478.00 10.80 2.26 1.45 2.65 4.05 4.872 0.90

Q18 Outlot 3 X 0.96 1.76 2.69 6.25 197.00 2.25 1.14 1.58 2.91 4.45 0.672 0.90

Q17 Outlot 2 X 0.87 1.59 2.43 8.75 277.00 1.25 0.45 1.36 2.48 3.79 0.711 0.90

Q16 Outlot 1 X 1.38 2.52 3.86 7.05 363.00 7.99 2.20 1.50 2.74 4.20 1.022 0.90

Equation Used: Notes: 

Q2yr, Q10yr, & Q100yr were calculated using the rational method (Q = CIA)

Variables

Q2yr = Flow for 2-year storm event (cfs)

Q10yr = Flow for 10-year storm event (cfs)

Q100yr = Flow for 100-year storm event (cfs) *Q100yr is from "Plate 60" (see Appendix D)

Tc = Time of concentration (minutes)

L = Length of longest run (ft)

H = Elevation diffence between farthest point and point of discharge (ft)

S = Average slope along H (in %)

I2 = 2-year intenstity (in/hr) ***Q100yr was calculated on a separate sheet in Appendix C

I10 = 2-year intenstity (in/hr)

I100 = 2-year intenstity (in/hr)

A = Contributing Area (acres) Tc is from Riverside County Flood Hydrology manual Plate D-3. Rainfall Intensity I (in/hr) from Plate D-4.1

C = Weighted coefficient (unitless)

For all rows not showing a time of concentration Tc, Q2yr & Q10yr were calculated by dividing Q"X"yr by Q100yr from 

Area "C" and then multiplying by Q100yr for the drainage area in question. Example: to get Q2yr for Label Q3, divide 

5.487 by 14.511. Then multiply by 83.000 to get 31.387

**Q100yr is from "Plate 60" (see Appendix D). 3cfs was added to account for unknow runoff from the property at the 

northwest corner of Cambern Ave. & Third St.

Drainage Area Calculations



Label Description of Drainage Pre Post

Q1 Cambern Ave. between Central & Concrete Culvert X From Plate 60

Q2 (Pre) Run-on across Cambern/ (Post)3'x18' Culvert under Cambern X X From Hansaker & Associates Preliminary Drainage Analysis minus Q1

Q3 Third St. north of Cambern Ave. X From Plate 60

Q4 Cambern Ave. between Concrete Culvert & Third St. X Q2+Q1 = 750cfs, 750cfs-Q8 = 321cfs, Assume flow splits evenly, 321cfs ÷ 2 = 160.5, Rounded down to 160cfs.

Q5 West side of property (Area "A") X Rational Method as prescribed in Riverside County Hydrology Manual

Q6 West side of property (Area "B") X Rational Method as prescribed in Riverside County Hydrology Manual

Q7 East side of property (Area "C") X Rational Method as prescribed in Riverside County Hydrology Manual

Q8 East side of property (Area "D") from Existing Cambern V-Ditch X From Existing Cambern Ave. V-Ditch calculation (Appendix C)

Q9 Northeast corner of property X Q2+Q1 = 750cfs, 750cfs-Q8 = 321cfs, Assume flow splits evenly, 321cfs ÷ 2 = 160.5, Rounded to 161cfs and assumed 5cfs for runoff from northeast corner of project site.

Q10 Flow onto property abutting southeast corner of project site X Q8+Q7-Q14 = 423.90cfs

Q11 Lot 5 abutting southwest corner of project site X X Total flow for the area from Plate 60 is 35cfs. 35cfs-Q5 = 28.5cfs 

Q12 Lot 6 abutting southern property line of project site X X Rational Method as prescribed in Riverside County Hydrology Manual

Q13 Lot 7 (LA Fitness) abutting southern property line of project site X X Rational Method as prescribed in Riverside County Hydrology Manual

Q14 V-ditch along LA Fitness eastern property line X X Proposed runoff from LA Fitness flowing south through V-Ditch. Proposed (Q14) has not been calculated, but will be less than the existing flow through the V-Ditch

Q15 Southwest corner of Dexter Ave. & Third St. X X From Plate 60

Q38 Open Channel (rainfall on open channel area) X Rational Method as prescribed in Riverside County Hydrology Manual

Q37 Truck Entrance (Rear of Building) X Rational Method as prescribed in Riverside County Hydrology Manual

Q36 NEC of Walmart Property X Rational Method as prescribed in Riverside County Hydrology Manual

Q35 Walmart building (north side) X Rational Method as prescribed in Riverside County Hydrology Manual

Q34 Walmart Roof (NEC) X Rational Method as prescribed in Riverside County Hydrology Manual

Q33 Walmart Roof (NWC) X Rational Method as prescribed in Riverside County Hydrology Manual

Q32 Walmart Roof (SWC) X Rational Method as prescribed in Riverside County Hydrology Manual

Q31 Walmart Roof (SEC) X Rational Method as prescribed in Riverside County Hydrology Manual

Q30 Third St. Centerline Overflow from southern property to Dexter Ave X Q27-Q28+Q25-Q29 = 416.6cfs. See Appendix C "Third St. 8" Curb Between Southern Propery Line of Project Site and Dexter Ave."  for Max Q calculation

Q29 Third St. 8" Curb from southern property to Dexter Ave. X From Appendix C "Third St. 8" Curb Between Southern Propery Line of Project Site and Dexter Ave."  for Max Q calculation

Q28 Third St. Cross-gutter West to East Crossing X Q27-Q10. See Appendix C "Proposed Third St. Cross-gutter West to East Crossing"  for Max Q.

Q27 Gutter flow from Open Channel Third St. Spillway Outflow + Q38+ Q26 X Q2+Q26+Q38 = 755.7cfs

Q26 (Postdeveloped) Cambern Ave. between Central & Third X Q1+3cfs assumed for unknown runoff from property at northwest corner of Cambern & Third St. = 56cfs

Q25 (Postdeveloped) property abutting southeast corner of project site X Rational Method as prescribed in Riverside County Hydrology Manual

Q24 Onsite flow into New Storm Drain on Crane St. X Q24 includes on-site underground storage max discharge into proposed 30" storm drain. Avg discharge is 11.10cfs See Appendix C "UNDERGROUND STORAGE OUTFLOW ORIFICE RESTRICTOR PLATE"

Q23 Walmart building (south side) X Rational Method as prescribed in Riverside County Hydrology Manual

Q22 Truck Turn-around area X Rational Method as prescribed in Riverside County Hydrology Manual

Q21 Truck Dock X Rational Method as prescribed in Riverside County Hydrology Manual

Q20 Parking Lot (south) X Rational Method as prescribed in Riverside County Hydrology Manual

Q19 Parking Lot (north) X Rational Method as prescribed in Riverside County Hydrology Manual

Q18 Outlot 3 X Rational Method as prescribed in Riverside County Hydrology Manual

Q17 Outlot 2 X Rational Method as prescribed in Riverside County Hydrology Manual

Q16 Outlot 1 X Rational Method as prescribed in Riverside County Hydrology Manual

Method of Calculation

Explaination of Area Calculations





























Rectangular Ditch Posposed Concrete Culvert under Cambern Ave

Open Channel using Manning' Equation Q=(1.49/n)*(Rh^0.667)*(s^0.5)*A

Q=Flow (cfs)

n= Coefficient pg A37 of CERM (Use 0.013 for unknown pipe material)

Rh=Hydraulic Radius, Use D/4 for circular pipe flowing full or half full.

S=Slope of pipe in decimal form

A=cross sectional area of channel (square feet) Calculation Cell

D=pipe diameter in inches

Solve for: Flow Q (cfs), Velocity V (ft/sec) Hydraulic Radius Rh (ft) Coefficient n (use 0.013) Slope (in decimal) Area

Flow 751.6703466 2.25 0.013 0.005 54

Velocity 13.91982123 2.25 0.013 0.005 54

Hydraulic Radius for Proposed Concrete Culvert using Chow's Table

y=depth of ditch (bottom of ditch to high water level)

Rh=Hydraulic Radius (b+y)/(b+2*y) (see Chow's Table for additional shapes)

b=base of ditch

Calculation Cell

Solve for: Hydraulic Radius Rh (ft) Depth of ditch y (ft) Base b (ft)

Rh 2.25 3.00 18

V-Ditch Calculation Existing Cambern Ave. V-Ditch Crossing

Open Channel using Manning' Equation Q=(1.49/n)*(Rh^0.667)*(s^0.5)*A

Q=Flow (cfs)

n= Coefficient pg A37 of CERM (Use 0.013 for unknown pipe material)

Rh=Hydraulic Radius, Use D/4 for circular pipe flowing full or half full.

S=Slope of pipe in decimal form

A=cross sectional area of channel (square feet) Calculation Cell

D=pipe diameter in inches

Solve for: Flow Q (cfs), Velocity V (ft/sec) Hydraulic Radius Rh (ft) Coefficient n (use 0.013) Slope (in decimal) Area

Flow 429.4391466 0.499506903 0.013 0.0175 45

Velocity 9.543092147 0.499506903 0.013 0.0175 45

Hydraulic Radius for Existing Cambern Ave. V-Ditch Crossing using Chow's Table

y=depth of v-ditch

z=the inverse of the slope of the sides  z=(x/y)

Rh=Hydraulic Radius (z*y)/(2*(1+z^2)^.5) (see Chow's Table for additional shapes)

Calculation Cell

Solve for: Hydraulic Radius Rh (ft) Depth of v-ditch y (ft) Width of Ditch z

Rh 0.499506903 1.00 45 22.5

The depression crossing Cambern Ave. is approximately 1' deep and will flow 45' wide until the water spills over and continues east on 

Cambern. It then flows south onto the site and then south on Third St.

Proposed Concrete Culvert under Cambern Ave.

Existing Cambern Ave. V-Ditch Crossing



OPEN CHANNEL DEWATERING/OUTFLOW PIPES

VARIABLES ORIFICE DISCHARGE (Q) & VELOCITY VS HYDRAULIC HEAD (Depth)

C = Orifice Coefficient (0.66) 0.66

Number of orifices (qty) 4

A= Area of orifice (SF) 0.05

A total = Total Area of all orifices (SF) 0.20

Orifice Diameter (inches) 3.0000

Stage height (ft) 0.33

g = gravity ft²/s 32.20

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10 Depth is measured from the orifice invert elevation

Qt = Flow with water level at top of orifice 0.37 Head is measured from the orifice center line elevation

Bottom of Basin (ft) 1295.00

Top of orifice (ft) 1295.35

STAGE HEAD (ft) DISCHARGE Q (ft³/s) Velocity (ft/s) Depth (ft)

1 0.33

0.10 0.18 0.94

2 0.67

0.44 0.69 3.50

3 1.00

0.77 0.91 4.65

4 1.33

1.10 1.09 5.56

5 1.67

1.44 1.25 6.35

6 2.00

1.77 1.38 7.05

7 2.33

2.10 1.51 7.68

8 2.66

2.44 1.62 8.27

9 3.00

2.77 1.73 8.81

10 3.33

3.10 1.83 9.33

11 3.66

3.43 1.93 9.82

12 4.00

3.77 2.02 10.28

13 4.33

Note: If H (Water Surface Elevation) is below the CL of the orifice, then the orifice is not under 

pressure and is said to have no head. A straight line interpolation is preformed by the following 

equation. Qu (Q unsubmerged) is calculated by the equation Qu = Qt x (Hu/Ht). Where,     Qt = Full 

discharge at Ht, Hu = Unsubmerged head, & Ht = Height of orifice opening. 



4.10 2.10 10.73

14 4.66

4.43 2.19 11.15

15 5.00

4.77 2.27 11.56

STAGE 1 = ORIFICE CL+0.1'

Q = Orifice Discharge (ft³/s) 0.18 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1295.33

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35

STAGE 2 = ORIFICE CL+0.44'

Q = Orifice Discharge (ft³/s) 0.69 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1295.67

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35

STAGE 3 = ORIFICE CL+0.77'

Q = Orifice Discharge (ft³/s) 0.91 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1296.00

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35

STAGE 4 = ORIFICE CL+1.1'



Q = Orifice Discharge (ft³/s) 1.09 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1296.33

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35

STAGE 5 = ORIFICE CL+1.44'

Q = Orifice Discharge (ft³/s) 1.25 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1296.67

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35

STAGE 6 = ORIFICE CL+1.77'

Q = Orifice Discharge (ft³/s) 1.38 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1297.00

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35

STAGE 7 = ORIFICE CL+2.1'

Q = Orifice Discharge (ft³/s) 1.51 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1297.33

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35



STAGE 8 = ORIFICE CL+2.44'

Q = Orifice Discharge (ft³/s) 1.62 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1297.66

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35

STAGE 9 = ORIFICE CL+2.77'

Q = Orifice Discharge (ft³/s) 1.73 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1298.00

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35

STAGE 10 = ORIFICE CL+3.1'

Q = Orifice Discharge (ft³/s) 1.83 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1298.33

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35

STAGE 11 = ORIFICE CL+3.43'

Q = Orifice Discharge (ft³/s) 1.93 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1298.66



Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35

STAGE 12 = ORIFICE CL+3.77'

Q = Orifice Discharge (ft³/s) 2.02 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1299.00

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35



STAGE 13 = ORIFICE CL+4.1'

Q = Orifice Discharge (ft³/s) 2.10 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1299.33

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35

STAGE 14 = ORIFICE CL+4.43'

Q = Orifice Discharge (ft³/s) 2.19 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1299.66

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35

STAGE 15 = ORIFICE CL+4.77'

Q = Orifice Discharge (ft³/s) 2.27 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 0.20

Orifice Diameter (inches) 3.00

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1300.00

Ho = Orifice Elev at centerline (ft) 1295.23

Min Orifice Invert (ft) 1295.10

Top of orifice (ft) 1295.35



Trapazoidal Ditch Open Channel (Eastern property line of project site)

Open Channel using Manning' Equation Q=(1.49/n)*(Rh^0.667)*(s^0.5)*A

Q=Flow (cfs)

n= Coefficient pg A37 of CERM (Use 0.013 for unknown pipe material)

Rh=Hydraulic Radius, Use D/4 for circular pipe flowing full or half full.

S=Slope of pipe in decimal form

A=cross sectional area of channel (square feet) Calculation Cell

D=pipe diameter in inches

Solve for: Flow Q (cfs), Velocity V (ft/sec) Hydraulic Radius Rh (ft) Coefficient n (use 0.013) Slope (in decimal) Area

Flow 711.7431534 2.431855476 0.025 0.0075 76.23

Velocity 9.33678543 2.431855476 0.025 0.0075 76.23

Hydraulic Radius for Trapazoidal Ditch using Chow's Table

y=depth of ditch (bottom of ditch to high water level)

z=the inverse of the slope of the sides  z=(x/y)

Rh=Hydraulic Radius (b+zy)/(b+(2y*(1+z^2)^0.5) (see Chow's Table for additional shapes)

b=base of ditch

Calculation Cell

Solve for: Hydraulic Radius Rh (ft) Depth of ditch y (ft) Base b (ft) z

Rh 2.431855476 3.33 20 3.003003003

Contracted Weir Third St. Spillways (Spillways on eastern side of Open Channel) 100-Year Storm Condition

Contracted Rectangular Weir using Equation 19.47 from CERM 10th ed Q=(0.667*b)*(2*g)^2*((H+(v^2/(2*g))^1.5)-(v^2/(2*g))^1.5)

Q=Flow (cfs)

v= velocity of flow into weir (ft/s)

b=width of weir at base (ft) Total Spillways 5

H=Total hydraulic head (depth of flow in weir at weir entrance) (ft)

g=acceleration due to gravity (use 32.2 ft/s^2) Calculation Cell

Total Spillway Flow 697.8909453

Solve for: Flow Q (cfs), Velocity V (ft/sec) Velocity (v) Hydraulic Head (H) Base (b) Gravity (g)

Flow 139.5781891 9.33678543 0.67 20 32.2

Contracted Weir Third St. Spillways (Spillways on east side of Open Channel) Minimum depth to handle 2yr, 3hr storm

Contracted Rectangular Weir using Equation 19.47 from CERM 10th ed Q=(0.667*b)*(2*g)^2*((H+(v^2/(2*g))^1.5)-(v^2/(2*g))^1.5)

Q=Flow (cfs)

v= velocity of flow into weir (ft/s)

b=width of weir at base (ft) Total Spillways 5

H=Total hydraulic head (depth of flow in weir at weir entrance) (ft)

g=acceleration due to gravity (use 32.2 ft/s^2) Calculation Cell

Total Spillway Flow 264.406518

Solve for: Flow Q (cfs), Velocity V (ft/sec) Velocity (v) Hydraulic Head (H) Base (b) Gravity (g)

Flow 52.8813036 9.33678543 0.27 20 32.2

Open Channel Calculations



V-Ditch Calculation Proposed Third St. V-Ditch West to East Crossing

Open Channel using Manning' Equation Q=(1.49/n)*(Rh^0.667)*(s^0.5)*A

Q=Flow (cfs)

n= Coefficient pg A37 of CERM (Use 0.013 for unknown pipe material)

Rh=Hydraulic Radius, Use D/4 for circular pipe flowing full or half full.

S=Slope of pipe in decimal form

A=cross sectional area of channel (square feet) Calculation Cell

D=pipe diameter in inches

Solve for: Flow Q (cfs), Velocity V (ft/sec) Hydraulic Radius Rh (ft) Coefficient n (use 0.013) Slope (in decimal) Area

Flow 332.320743 0.299983669 0.013 0.0088 69

Velocity 4.816242651 0.299983669 0.013 0.0088 69

Hydraulic Radius for Proposed Third St. Cross-gutter West to East Crossing using Chow's Table

y=depth of v-ditch

z=the inverse of the slope of the sides  z=(x/y)

Rh=Hydraulic Radius (z*y)/(2*(1+z^2)^.5) (see Chow's Table for additional shapes)

Calculation Cell

Solve for: Hydraulic Radius Rh (ft) Depth of v-ditch y (ft) Width of Ditch z

Rh 0.299983669 0.60 115 95.83333333

Proposed Third St. Cross-gutter West to East Crossing

The Proposed Third St. Cross-gutter West to East Crossing will be sized to accommodate the 100-year, 3hr peak discharge from the Third St. Spillways 

(697cfs)and the post-developed runoff from Cambern Ave. Q26 (56cfs) minus the pre-developed flow across the property abutting the southeast 

corner of the project property Q10 (423.9cfs). The proposed Third St. Cross-gutter West to East Crossing will be 0.6' deep, 115' wide and will convey 

a minimum of 331.83cfs of storm water discharge from the Open Channel's Third St. Spillways and runoff from Cambern Ave. to flow west to east 

across Third St., maintain the existing drainage pattern. The cross-gutter will convey 331.83 cfs and then overtop allowing the remaining 423.9cfs to 

discharge to Third St south of the cross-gutter.



Trapazoidal Ditch Existing Ditch on East side of Third St.

Open Channel using Manning' Equation Q=(1.49/n)*(Rh^0.667)*(s^0.5)*A

Q=Flow (cfs)

n= Coefficient pg A37 of CERM (Use 0.013 for unknown pipe material)

Rh=Hydraulic Radius, Use D/4 for circular pipe flowing full or half full.

S=Slope of pipe in decimal form

A=cross sectional area of channel (square feet) Calculation Cell

D=pipe diameter in inches

Solve for: Flow Q (cfs), Velocity V (ft/sec) Hydraulic Radius Rh (ft) Coefficient n (use 0.013) Slope (in decimal) Area

Flow 619.915654 1.394213295 0.03 0.01 100

Velocity 6.19915654 1.394213295 0.03 0.01 100

Hydraulic Radius for Trapazoidal Ditch using Chow's Table

y=depth of ditch (bottom of ditch to high water level)

z=the inverse of the slope of the sides  z=(x/y)

Rh=Hydraulic Radius (b+zy)/(b+(2y*(1+z^2)^0.5) (see Chow's Table for additional shapes)

b=base of ditch

Calculation Cell

Solve for: Hydraulic Radius Rh (ft) Depth of ditch y (ft) Base b (ft) z

Rh 1.394213295 2.00 7 1.75

Exisiting Ditch On East side of Third St.



Gutter Flow Third St. 8" Curb from southern property to Dexter Ave. for 100yr, 3hr storm

Manning Equation for gutter flow Q=(0.56/n)*(Sx^1.667)*(S^0.5)*(T^2.667)

Q=Flow (cfs)

n= Coefficient (Use 0.016 for rough asphalt)

Sx= Cross sectional slope of street (in decimal form)

S= Longitudinal slope (in decimal form)

T=width of flow (ft) Calculation Cell

Solve for: Flow Q (cfs), Velocity V (ft/sec) Coefficient n (0.016) Cross Sectional Slope Sx Slope S Width T

Flow 20.0186154 0.016 0.0158 0.0144 24

Contracted Weir Third St. Centerline Overflow (Overflow across CL between southern property to Dexter Ave.) for 100yr, 3hr storm

Contracted Rectangular Weir using Equation 19.47 from CERM 10th ed Q=(0.667*b)*(2*g)^2*((H+(v^2/(2*g))^1.5)-(v^2/(2*g))^1.5)

Q=Flow (cfs)

v= velocity of flow into weir (ft/s)

b=width of weir at base (ft)

H=Total hydraulic head (depth of flow in weir at weir entrance) (ft)

g=acceleration due to gravity (use 32.2 ft/s^2) Calculation Cell

Solve for: Flow Q (cfs), Velocity V (ft/sec) Velocity (v) Hydraulic Head (H) Base (b) Gravity (g)

Flow 422.4415509 0 0.29 505.36 32.2

During a 100-yr, 3hr storm event, 423.9cfs will overtop the south side of the Third St. Cross-gutter and continue south along the west side of Third St. 

where it will converge with (Q25) 12.7cfs of storm water runoff from the three lots on the west side of Third St. between the project site and Dexter 

Ave. The proposed Third St. 8" gutter will fill to a depth of 8" at the flow line from the project site's southern property line to Dexter Ave. The 8" curb 

and gutter will convey 20.018cfs south on Third St. where it will enter Dexter Ave., flow east and join the current drainage pattern approximately 

330' east of Third St. The remaining 416.58cfs will spill over 505.36' of the Third St. centerline and maintain the current drainage pattern. The 

416.58cfs will be distributed evenly along the 505.36' of Third St. centerline.

Third St. 8" Curb Between Southern Propery Line of Project Site and Dexter Ave.



Circular Pipe Proposed 30" Crane St. Storm Drain

Storm Drain Pipe using Manning Equation Q=((s^.5/n)*(D/16)^2.667)

Q=Flow (cfs)

n= Coefficient pg A37 of CERM (Use 0.013 for unknown pipe material) Capacity after project 7.061223553

D=pipe diameter in inches Available Capacity 18.16557666

S=Slope of pipe in decimal form Existing Flow in to SD 40

Existing Q to 36" pipe = 40 (cfs) from Hydrology Map Plate 60 Calculation Cell

Solve for: Flow Q (cfs) Diameter D (inches) Coefficient n (use 0.013) Slope (in decimal)

Flow 58.16557666 30 0.013 0.02

Pipe Diameter 0 0.02

Slope #DIV/0!

Circular Pipe Underground Storage Outflow Pipe

Storm Drain Pipe using Manning Equation Q=((s^.5/n)*(D/16)^2.667)

Q=Flow (cfs)

n= Coefficient pg A37 of CERM (Use 0.013 for unknown pipe material)

D=pipe diameter in inches

S=Slope of pipe in decimal form

Calculation Cell

Solve for: Flow Q (cfs) Diameter D (inches) Coefficient n (use 0.013) Slope (in decimal)

Flow 11.10435311 24.828 0.013 0.002

Pipe Diameter #DIV/0!

Slope #DIV/0!

References:
CERM = Civil Engineering Reference Manual For the PE Exam , Tenth Edition, by Michael R. Lindeburg, PE, Copyright 2006

Chow's Table = from Open Channel Hydraulics , by Ven Te Chow, copyright 1959

The available capacity after the project was calculated by taking the assumed maximum capacity of the existing 30" pipe (58.166cfs), 

subtracting the existing flow to the storm drain (40cfs from "Plate 60" see Appendix D), the Underground Storage Outflow Pipe 

(10.144cfs), the Detention Basin Outflow Pipe (1.786cfs), and the Open Channel Outflow Pipe (6.230cfs)

Under Gound Storage Outflow Pipe

Proposed 30" Crane St. Storm Drain

A 24” outflow pipe with a 0.2% slope will connect to the proposed 30” storm drain at Crane St. The Max flow will be restricted to 

±18.06cfs by a 17.4” diameter orifice restrictor plate. Currently the proposed 24” underground storage outflow pipe is connected at the 

flowline of a 60” diameter storage pipe. The average flow through the 24” outflow pipe/restrictor plate is ±11.10cfs. Flow through the 

orifice restrictor plate ranged from 3.72cfs (no head) to 18.06cfs (±4.25ft of head). Due to the preliminary nature of this report, the 

average flow through the orifice was used for simplicity. 



UNDERGROUND STORAGE OUTFLOW ORIFICE RESTRICTOR PLATE

VARIABLES ORIFICE DISCHARGE (Q) & VELOCITY VS HYDRAULIC HEAD (Depth)

C = Orifice Coefficient (0.66) 0.66

Number of Orifices (qty) 1

A= Area of Orifice (SF) 1.65

A total = Total Area of all orifices (SF) 1.65

Orifice Diameter (inches) 17.4000

Stage height (ft) 0.33

g = gravity ft²/s 32.20

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00 Depth is measured from the orifice invert elevation

Qt = Flow with water level at top of orifice 7.44 Head is measured from the orifice center line elevation

Bottom of Basin (ft) 1295.00

Top of orifice (ft) 1296.45

STAGE HEAD (ft) DISCHARGE Q (ft³/s) Velocity (ft/s) Depth (ft)

1 0.33

0 3.72 2.25

2 0.67

0 3.72 2.25

3 1.00

0.27 3.72 2.25

4 1.33

0.61 3.72 2.25

5 1.67

0.94 8.48 5.14

6 2.00

1.27 9.86 5.98

7 2.33

1.61 11.08 6.71

8 2.66

1.94 12.17 7.38

9 3.00

2.27 13.18 7.98

10 3.33

2.61 14.11 8.55

11 3.66

2.94 14.98 9.08

12 4.00

3.27 15.81 9.58

13 4.33

Note: If H (Water Surface Elevation) is below the CL of the orifice, then the orifice is not under 

pressure and is said to have no head. A straight line interpolation is preformed by the following 

equation. Qu (Q unsubmerged) is calculated by the equation Qu = Qt x (Hu/Ht). Where,     Qt = Full 

discharge at Ht, Hu = Unsubmerged head, & Ht = Height of orifice opening. 



3.60 16.60 10.05

14 4.66

3.94 17.35 10.51

15 5.00

4.27 18.06 10.94

STAGE 1 = ORIFICE CL-0.39'

Q = Orifice Discharge (ft³/s) 3.72 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of Orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1295.33

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of Orifice (ft) 1296.45

STAGE 2 = ORIFICE CL-0.06'

Q = Orifice Discharge (ft³/s) 3.72 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1295.67

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45

STAGE 3 = ORIFICE CL+0.27'

Q = Orifice Discharge (ft³/s) 3.72 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1296.00

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45

STAGE 4 = ORIFICE CL+0.61'



Q = Orifice Discharge (ft³/s) 3.72 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1296.33

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45

STAGE 5 = ORIFICE CL+0.94'

Q = Orifice Discharge (ft³/s) 8.48 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1296.67

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45

STAGE 6 = ORIFICE CL+1.27'

Q = Orifice Discharge (ft³/s) 9.86 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1297.00

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45

STAGE 7 = ORIFICE CL+1.61'

Q = Orifice Discharge (ft³/s) 11.08 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1297.33

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45



STAGE 8 = ORIFICE CL+1.94'

Q = Orifice Discharge (ft³/s) 12.17 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1297.66

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45

STAGE 9 = ORIFICE CL+2.27'

Q = Orifice Discharge (ft³/s) 13.18 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1298.00

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45

STAGE 10 = ORIFICE CL+2.61'

Q = Orifice Discharge (ft³/s) 14.11 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1298.33

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45

STAGE 11 = ORIFICE CL+2.94'

Q = Orifice Discharge (ft³/s) 14.98 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1298.66



Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45

STAGE 12 = ORIFICE CL+3.27'

Q = Orifice Discharge (ft³/s) 15.81 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1299.00

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45



STAGE 13 = ORIFICE CL+3.6'

Q = Orifice Discharge (ft³/s) 16.60 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1299.33

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45

STAGE 14 = ORIFICE CL+3.94'

Q = Orifice Discharge (ft³/s) 17.35 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1299.66

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45

STAGE 15 = ORIFICE CL+4.27'

Q = Orifice Discharge (ft³/s) 18.06 Formula from RCFCD LID Design Manual (pdf pg 71) from Extended Detention Basin Fact Sheet pg 10

C = Orifice Coefficient (0.66) 0.66

A= Area of orifice (SF) 1.65

Orifice Diameter (inches) 17.40

g = gravity ft²/s 32.20

H = Water Surface Elev (ft) 1300.00

Ho = Orifice Elev at centerline (ft) 1295.73

Min Orifice Invert (ft) 1295.00

Top of orifice (ft) 1296.45



Duration 2 yr event (inches)  2 yr Source

3 hour 1.00 Plate E-5.1

Areas Acreage

Contributing Area (acres) 16.135

Outflow (cfs) 11.104

Period 3 hour percentage (%) Time (minutes) Cumulative Vol (cf) Outflow (cfs) Inflow (cfs) Q net (cfs) Volume Change

1 1.3 5 0 11.104 2.538 -8.566

2 1.3 10 0 11.104 2.538 -8.566 0.000

3 1.1 15 0 11.104 2.148 -8.957 0.000

4 1.5 20 0 11.104 2.929 -8.176 0.000

5 1.5 25 0 11.104 2.929 -8.176 0.000

6 1.8 30 0 11.104 3.514 -7.590 0.000

7 1.5 35 0 11.104 2.929 -8.176 0.000

8 1.8 40 0 11.104 3.514 -7.590 0.000

9 1.8 45 0 11.104 3.514 -7.590 0.000

10 1.5 50 0 11.104 2.929 -8.176 0.000

11 1.6 55 0 11.104 3.124 -7.981 0.000

12 1.8 60 0 11.104 3.514 -7.590 0.000

13 2.2 65 0 11.104 4.295 -6.809 0.000

14 2.2 70 0 11.104 4.295 -6.809 0.000

15 2.2 75 0 11.104 4.295 -6.809 0.000

16 2 80 0 11.104 3.905 -7.200 0.000

17 2.6 85 0 11.104 5.076 -6.028 0.000

18 2.7 90 0 11.104 5.271 -5.833 0.000

19 2.4 95 0 11.104 4.686 -6.419 0.000

20 2.7 100 0 11.104 5.271 -5.833 0.000

21 3.3 105 0 11.104 6.443 -4.662 0.000

22 3.1 110 0 11.104 6.052 -5.052 0.000

23 2.9 115 0 11.104 5.662 -5.443 0.000

24 3 120 0 11.104 5.857 -5.247 0.000

25 3.1 125 0 11.104 6.052 -5.052 0.000

26 4.2 130 0 11.104 8.200 -2.905 0.000

27 5 135 0 11.104 9.762 -1.343 0.000

28 3.5 140 0 11.104 6.833 -4.271 0.000

29 6.8 145 651.457 11.104 13.276 2.172 651.457

30 7.3 150 1595.765 11.104 14.252 3.148 944.308

31 8.2 155 3067.203 11.104 16.009 4.905 1471.438

32 5.9 160 3191.530 11.104 11.519 0.414 124.327

33 2 165 1031.625 11.104 3.905 -7.200 -2159.905

34 1.8 170 0 11.104 3.514 -7.590 -1031.625

35 1.8 175 0 11.104 3.514 -7.590 0.000

36 0.6 180 0 11.104 1.171 -9.933 0.000

A peak flow of 4.905cfs occurs at time 155 minutes.  Maximum required storage, 3,191.53cf, occurs at time 160 minutes.

Equations

Underground Storage 2 year, 3hr Event

A 24” outflow pipe with a 0.2% slope will connect to the proposed 30” storm drain at Crane St. The Max flow will be restricted to ±18.06cfs by a 17.4” 

diameter orifice restrictor plate. Currently the proposed 24” underground storage outflow pipe is connected at the flowline of a 60” diameter storage 

pipe. The average flow through the 24” outflow pipe/restrictor plate is ±11.10cfs. Flow through the orifice restrictor plate ranged from 3.72cfs (no head) 

to 18.06cfs (±4.25ft of head). Due to the preliminary nature of this report, the average flow through the orifice was used for simplicity.  See Appendix C 

"UNDERGROUND STORAGE OUTFLOW ORIFICE RESTRICTOR PLATE"  for calculations.
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;<=<>?@ABC	DE><=C = ;<=<>?@ABC	DE>	FGE=	HGCBAE<I	HCGAEJ + LMC@ x	((Time	current	period	−	TIme	previous	period)	

LMC@ = PMF>EQ − R<@F>EQ



Duration 2 yr event (inches)  2 yr Source

6 hour 1.40 Plate E-5.3

Areas Acreage

Contributing Area (acres) 16.135

Outflow (cfs) 11.104

Period 6 hour percentage (%) Time (minutes) Cumulative Vol (cf) Outflow (cfs) Inflow (cfs) Q net (cfs) Volume Change

1 0.5 5 0 11.104 1.367 -9.738

2 0.6 10 0 11.104 1.640 -9.464 0.000

3 0.6 15 0 11.104 1.640 -9.464 0.000

4 0.6 20 0 11.104 1.640 -9.464 0.000

5 0.6 25 0 11.104 1.640 -9.464 0.000

6 0.7 30 0 11.104 1.913 -9.191 0.000

7 0.7 35 0 11.104 1.913 -9.191 0.000

8 0.7 40 0 11.104 1.913 -9.191 0.000

9 0.7 45 0 11.104 1.913 -9.191 0.000

10 0.7 50 0 11.104 1.913 -9.191 0.000

11 0.7 55 0 11.104 1.913 -9.191 0.000

12 0.8 60 0 11.104 2.187 -8.918 0.000

13 0.8 65 0 11.104 2.187 -8.918 0.000

14 0.8 70 0 11.104 2.187 -8.918 0.000

15 0.8 75 0 11.104 2.187 -8.918 0.000

16 0.8 80 0 11.104 2.187 -8.918 0.000

17 0.8 85 0 11.104 2.187 -8.918 0.000

18 0.8 90 0 11.104 2.187 -8.918 0.000

19 0.8 95 0 11.104 2.187 -8.918 0.000

20 0.8 100 0 11.104 2.187 -8.918 0.000

21 0.8 105 0 11.104 2.187 -8.918 0.000

22 0.8 110 0 11.104 2.187 -8.918 0.000

23 0.8 115 0 11.104 2.187 -8.918 0.000

24 0.9 120 0 11.104 2.460 -8.644 0.000

25 0.8 125 0 11.104 2.187 -8.918 0.000

26 0.9 130 0 11.104 2.460 -8.644 0.000

27 0.9 135 0 11.104 2.460 -8.644 0.000

28 0.9 140 0 11.104 2.460 -8.644 0.000

29 0.9 145 0 11.104 2.460 -8.644 0.000

30 0.9 150 0 11.104 2.460 -8.644 0.000

31 0.9 155 0 11.104 2.460 -8.644 0.000

32 0.9 160 0 11.104 2.460 -8.644 0.000

33 1 165 0 11.104 2.733 -8.371 0.000

34 1 170 0 11.104 2.733 -8.371 0.000

35 1 175 0 11.104 2.733 -8.371 0.000

36 1 180 0 11.104 2.733 -8.371 0.000

37 1 185 0 11.104 2.733 -8.371 0.000

38 1.1 190 0 11.104 3.007 -8.098 0.000

39 1.1 195 0 11.104 3.007 -8.098 0.000

40 1.1 200 0 11.104 3.007 -8.098 0.000

41 1.2 205 0 11.104 3.280 -7.824 0.000

42 1.3 210 0 11.104 3.553 -7.551 0.000

43 1.4 215 0 11.104 3.827 -7.278 0.000

44 1.4 220 0 11.104 3.827 -7.278 0.000

45 1.5 225 0 11.104 4.100 -7.004 0.000

46 1.5 230 0 11.104 4.100 -7.004 0.000

47 1.6 235 0 11.104 4.373 -6.731 0.000

48 1.6 240 0 11.104 4.373 -6.731 0.000

49 1.7 245 0 11.104 4.647 -6.458 0.000

50 1.8 250 0 11.104 4.920 -6.184 0.000

51 1.9 255 0 11.104 5.193 -5.911 0.000

52 2 260 0 11.104 5.467 -5.638 0.000

53 2.1 265 0 11.104 5.740 -5.364 0.000

54 2.1 270 0 11.104 5.740 -5.364 0.000

55 2.2 275 0 11.104 6.013 -5.091 0.000

56 2.3 280 0 11.104 6.287 -4.818 0.000

57 2.4 285 0 11.104 6.560 -4.545 0.000

58 2.4 290 0 11.104 6.560 -4.545 0.000

59 2.5 295 0 11.104 6.833 -4.271 0.000

60 2.6 300 0 11.104 7.106 -3.998 0.000

61 3.1 305 0 11.104 8.473 -2.631 0.000

Underground Storage 2 year, 6hr Event



62 3.6 310 0 11.104 9.840 -1.265 0.000

63 3.9 315 0 11.104 10.660 -0.445 0.000

64 4.2 320 112.613 11.104 11.480 0.375 112.613

65 4.7 325 635.216 11.104 12.846 1.742 522.603

66 5.6 330 1895.802 11.104 15.306 4.202 1260.586

67 1.9 335 122.460 11.104 5.193 -5.911 -1773.343

68 0.9 340 0 11.104 2.460 -8.644 -122.460

69 0.6 345 0 11.104 1.640 -9.464 0.000

70 0.5 350 0 11.104 1.367 -9.738 0.000

71 0.3 355 0 11.104 0.820 -10.284 0.000

72 0.2 360 0 11.104 0.547 -10.558 0.000

A peak flow of 4.202cfs occurs at time 330 minutes.  Maximum required storage, 1,895.802cf, occurs at time 330 minutes.

Equations

A 24” outflow pipe with a 0.2% slope will connect to the proposed 30” storm drain at Crane St. The Max flow will be restricted to ±18.06cfs by a 17.4” 

diameter orifice restrictor plate. Currently the proposed 24” underground storage outflow pipe is connected at the flowline of a 60” diameter storage 

pipe. The average flow through the 24” outflow pipe/restrictor plate is ±11.10cfs. Flow through the orifice restrictor plate ranged from 3.72cfs (no 

head) to 18.06cfs (±4.25ft of head). Due to the preliminary nature of this report, the average flow through the orifice was used for simplicity.  See 

Appendix C "UNDERGROUND STORAGE OUTFLOW ORIFICE RESTRICTOR PLATE"  for calculations.

Inflow = [
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;<=<>?@ABC	DE><=C = ;<=<>?@ABC	DE>	FGE=	HGCBAE<I	HCGAEJ + LMC@ x	((Time	current	period	−	TIme	previous	period)	

LMC@ = PMF>EQ − R<@F>EQ



Duration 2 yr event (inches)  2 yr Source

24 hour 2.50 Plate E-5.5

Areas Acreage

Contributing Area (acres) 16.135

Outflow (cfs) 11.104

Period 24 hour percentage (%) Time (minutes) Cumulative Vol (cf) Outflow (cfs) Inflow (cfs) Q net (cfs) Volume Change

1 0.2 15 0 11.104 0.325 -10.779

2 0.3 30 0 11.104 0.488 -10.616 0.000

3 0.3 45 0 11.104 0.488 -10.616 0.000

4 0.4 60 0 11.104 0.651 -10.454 0.000

5 0.3 75 0 11.104 0.488 -10.616 0.000

6 0.3 90 0 11.104 0.488 -10.616 0.000

7 0.3 105 0 11.104 0.488 -10.616 0.000

8 0.4 120 0 11.104 0.651 -10.454 0.000

9 0.4 135 0 11.104 0.651 -10.454 0.000

10 0.4 150 0 11.104 0.651 -10.454 0.000

11 0.5 165 0 11.104 0.813 -10.291 0.000

12 0.5 180 0 11.104 0.813 -10.291 0.000

13 0.5 195 0 11.104 0.813 -10.291 0.000

14 0.5 210 0 11.104 0.813 -10.291 0.000

15 0.5 225 0 11.104 0.813 -10.291 0.000

16 0.6 240 0 11.104 0.976 -10.128 0.000

17 0.6 255 0 11.104 0.976 -10.128 0.000

18 0.7 270 0 11.104 1.139 -9.965 0.000

19 0.7 285 0 11.104 1.139 -9.965 0.000

20 0.8 300 0 11.104 1.302 -9.803 0.000

21 0.6 315 0 11.104 0.976 -10.128 0.000

22 0.7 330 0 11.104 1.139 -9.965 0.000

23 0.8 345 0 11.104 1.302 -9.803 0.000

24 0.8 360 0 11.104 1.302 -9.803 0.000

25 0.9 375 0 11.104 1.464 -9.640 0.000

26 0.9 390 0 11.104 1.464 -9.640 0.000

27 1 405 0 11.104 1.627 -9.477 0.000

28 1 420 0 11.104 1.627 -9.477 0.000

29 1 435 0 11.104 1.627 -9.477 0.000

30 1.1 450 0 11.104 1.790 -9.315 0.000

31 1.2 465 0 11.104 1.952 -9.152 0.000

32 1.3 480 0 11.104 2.115 -8.989 0.000

33 1.5 495 0 11.104 2.440 -8.664 0.000

34 1.5 510 0 11.104 2.440 -8.664 0.000

35 1.6 525 0 11.104 2.603 -8.501 0.000

36 1.7 540 0 11.104 2.766 -8.339 0.000

37 1.9 555 0 11.104 3.091 -8.013 0.000

38 2 570 0 11.104 3.254 -7.850 0.000

39 2.1 585 0 11.104 3.417 -7.688 0.000

40 2.2 600 0 11.104 3.579 -7.525 0.000

41 1.5 615 0 11.104 2.440 -8.664 0.000

42 1.5 630 0 11.104 2.440 -8.664 0.000

43 2 645 0 11.104 3.254 -7.850 0.000

44 2 660 0 11.104 3.254 -7.850 0.000

45 1.9 675 0 11.104 3.091 -8.013 0.000

46 1.9 690 0 11.104 3.091 -8.013 0.000

47 1.7 705 0 11.104 2.766 -8.339 0.000

48 1.8 720 0 11.104 2.929 -8.176 0.000

49 2.5 735 0 11.104 4.067 -7.037 0.000

50 2.6 750 0 11.104 4.230 -6.874 0.000

51 2.8 765 0 11.104 4.555 -6.549 0.000

52 2.9 780 0 11.104 4.718 -6.386 0.000

53 3.4 795 0 11.104 5.532 -5.573 0.000

54 3.4 810 0 11.104 5.532 -5.573 0.000

55 2.3 825 0 11.104 3.742 -7.362 0.000

56 2.3 840 0 11.104 3.742 -7.362 0.000

57 2.7 855 0 11.104 4.393 -6.712 0.000

58 2.6 870 0 11.104 4.230 -6.874 0.000

59 2.6 885 0 11.104 4.230 -6.874 0.000

60 2.5 900 0 11.104 4.067 -7.037 0.000

61 2.4 915 0 11.104 3.905 -7.200 0.000

62 2.3 930 0 11.104 3.742 -7.362 0.000

Underground Storage 2 year, 24hr Event



63 1.9 945 0 11.104 3.091 -8.013 0.000

64 1.9 960 0 11.104 3.091 -8.013 0.000

65 0.4 975 0 11.104 0.651 -10.454 0.000

66 0.4 990 0 11.104 0.651 -10.454 0.000

67 0.3 1005 0 11.104 0.488 -10.616 0.000

68 0.3 1020 0 11.104 0.488 -10.616 0.000

69 0.5 1035 0 11.104 0.813 -10.291 0.000

70 0.5 1050 0 11.104 0.813 -10.291 0.000

71 0.5 1065 0 11.104 0.813 -10.291 0.000

72 0.4 1080 0 11.104 0.651 -10.454 0.000

73 0.4 1095 0 11.104 0.651 -10.454 0.000

74 0.4 1110 0 11.104 0.651 -10.454 0.000

75 0.3 1125 0 11.104 0.488 -10.616 0.000

76 0.2 1140 0 11.104 0.325 -10.779 0.000

77 0.3 1155 0 11.104 0.488 -10.616 0.000

78 0.4 1170 0 11.104 0.651 -10.454 0.000

79 0.3 1185 0 11.104 0.488 -10.616 0.000

80 0.2 1200 0 11.104 0.325 -10.779 0.000

81 0.3 1215 0 11.104 0.488 -10.616 0.000

82 0.3 1230 0 11.104 0.488 -10.616 0.000

83 0.3 1245 0 11.104 0.488 -10.616 0.000

84 0.2 1260 0 11.104 0.325 -10.779 0.000

85 0.3 1275 0 11.104 0.488 -10.616 0.000

86 0.2 1290 0 11.104 0.325 -10.779 0.000

87 0.3 1305 0 11.104 0.488 -10.616 0.000

88 0.2 1320 0 11.104 0.325 -10.779 0.000

89 0.3 1335 0 11.104 0.488 -10.616 0.000

90 0.2 1350 0 11.104 0.325 -10.779 0.000

91 0.2 1365 0 11.104 0.325 -10.779 0.000

92 0.2 1380 0 11.104 0.325 -10.779 0.000

93 0.2 1395 0 11.104 0.325 -10.779 0.000

94 0.2 1410 0 11.104 0.325 -10.779 0.000

95 0.2 1425 0 11.104 0.325 -10.779 0.000

96 0.2 1440 0 11.104 0.325 -10.779 0.000

Outflow always exceeds Inflow. The Underground Storage will be empty during the entire storm event.

Equations

A 24” outflow pipe with a 0.2% slope will connect to the proposed 30” storm drain at Crane St. The Max flow will be restricted to ±18.06cfs by a 

17.4” diameter orifice restrictor plate. Currently the proposed 24” underground storage outflow pipe is connected at the flowline of a 60” diameter 

storage pipe. The average flow through the 24” outflow pipe/restrictor plate is ±11.10cfs. Flow through the orifice restrictor plate ranged from 

3.72cfs (no head) to 18.06cfs (±4.25ft of head). Due to the preliminary nature of this report, the average flow through the orifice was used for 

simplicity.  See Appendix C "UNDERGROUND STORAGE OUTFLOW ORIFICE RESTRICTOR PLATE"  for calculations.

Inflow = [
	.��	��

�	
��

��

�
��.��	��

�����
��

��

�
%	 �!"#�$%"�&�

���
]÷ ((Time	current	period	- TIme	previous	period)	*60sec)
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LMC@ = PMF>EQ − R<@F>EQ



Duration 100 yr event (inch) 100 yr Source

3 hour 2.50 Plate E-5.2

Areas Acreage

Contributing Area (acres) 16.135

Outflow (cfs) 11.104

Period 3 hour percentage (%) Time (minutes) Cumulative Vol (cf) Outflow (cfs) Inflow (cfs) Q net (cfs) Volume Change

1 1.3 5 0 11.104 6.345 -4.759

2 1.3 10 0 11.104 6.345 -4.759 0.000

3 1.1 15 0 11.104 5.369 -5.735 0.000

4 1.5 20 0 11.104 7.321 -3.783 0.000

5 1.5 25 0 11.104 7.321 -3.783 0.000

6 1.8 30 0 11.104 8.786 -2.319 0.000

7 1.5 35 0 11.104 7.321 -3.783 0.000

8 1.8 40 0 11.104 8.786 -2.319 0.000

9 1.8 45 0 11.104 8.786 -2.319 0.000

10 1.5 50 0 11.104 7.321 -3.783 0.000

11 1.6 55 0 11.104 7.809 -3.295 0.000

12 1.8 60 0 11.104 8.786 -2.319 0.000

13 2.2 65 0 11.104 10.738 -0.367 0.000

14 2.2 70 0 11.104 10.738 -0.367 0.000

15 2.2 75 0 11.104 10.738 -0.367 0.000

16 2 80 0 11.104 9.762 -1.343 0.000

17 2.6 85 475.747 11.104 12.690 1.586 475.747

18 2.7 90 1097.920 11.104 13.178 2.074 622.172

19 2.4 95 1280.817 11.104 11.714 0.610 182.897

20 2.7 100 1902.989 11.104 13.178 2.074 622.172

21 3.3 105 3403.712 11.104 16.107 5.002 1500.723

22 3.1 110 4611.585 11.104 15.131 4.026 1207.873

23 2.9 115 5526.608 11.104 14.154 3.050 915.023

24 3 120 6588.056 11.104 14.643 3.538 1061.448

25 3.1 125 7795.929 11.104 15.131 4.026 1207.873

26 4.2 130 10614.478 11.104 20.500 9.395 2818.549

27 5 135 14604.428 11.104 24.404 13.300 3989.950

28 3.5 140 16398.002 11.104 17.083 5.979 1793.573

29 6.8 145 23023.604 11.104 33.190 22.085 6625.603

30 7.3 150 30381.333 11.104 35.630 24.526 7357.728

31 8.2 155 39056.887 11.104 40.023 28.919 8675.554

32 5.9 160 44364.663 11.104 28.797 17.693 5307.776

33 2 165 43961.860 11.104 9.762 -1.343 -402.803

34 1.8 170 43266.206 11.104 8.786 -2.319 -695.654

35 1.8 175 42570.553 11.104 8.786 -2.319 -695.654

36 0.6 180 40117.797 11.104 2.929 -8.176 -2452.755

A peak flow of 28.919cfs occurs at time 155 minutes.  Maximum required storage, 44,364.663cf, occurs at time 160 minutes.

Equations

Underground Storage 100 year, 3hr Event

A 24” outflow pipe with a 0.2% slope will connect to the proposed 30” storm drain at Crane St. The Max flow will be restricted to ±18.06cfs by a 17.4” 

diameter orifice restrictor plate. Currently the proposed 24” underground storage outflow pipe is connected at the flowline of a 60” diameter storage 

pipe. The average flow through the 24” outflow pipe/restrictor plate is ±11.10cfs. Flow through the orifice restrictor plate ranged from 3.72cfs (no head) 

to 18.06cfs (±4.25ft of head). Due to the preliminary nature of this report, the average flow through the orifice was used for simplicity.  See Appendix C 

"UNDERGROUND STORAGE OUTFLOW ORIFICE RESTRICTOR PLATE"  for calculations.

Inflow= [
	.��	��

�	
��

��

�
��.��	��

�����
��

��

�
%	 �!"#�$%"�&�

���
]÷ ((Time	current	period	- TIme	previous	period)	*60sec)

;<=<>?@ABC	DE><=C = ;<=<>?@ABC	DE>	FGE=	HGCBAE<I	HCGAEJ + LMC@ x	((Time	current	period	−	TIme	previous	period)	

LMC@ = PMF>EQ − R<@F>EQ



Duration 100 yr event (inch) 100 yr Source

6 hour 3.50 Plate E-5.4

Areas Acreage

Contributing Area (acres) 16.135

Outflow (cfs) 11.104

Period 6 hour percentage (%) Time (minutes) Cumulative Vol (cf) Outflow (cfs) Inflow (cfs) Q net (cfs) Volume Change

1 0.5 5 0 11.104 3.417 -7.688

2 0.6 10 0 11.104 4.100 -7.004 0.000

3 0.6 15 0 11.104 4.100 -7.004 0.000

4 0.6 20 0 11.104 4.100 -7.004 0.000

5 0.6 25 0 11.104 4.100 -7.004 0.000

6 0.7 30 0 11.104 4.783 -6.321 0.000

7 0.7 35 0 11.104 4.783 -6.321 0.000

8 0.7 40 0 11.104 4.783 -6.321 0.000

9 0.7 45 0 11.104 4.783 -6.321 0.000

10 0.7 50 0 11.104 4.783 -6.321 0.000

11 0.7 55 0 11.104 4.783 -6.321 0.000

12 0.8 60 0 11.104 5.467 -5.638 0.000

13 0.8 65 0 11.104 5.467 -5.638 0.000

14 0.8 70 0 11.104 5.467 -5.638 0.000

15 0.8 75 0 11.104 5.467 -5.638 0.000

16 0.8 80 0 11.104 5.467 -5.638 0.000

17 0.8 85 0 11.104 5.467 -5.638 0.000

18 0.8 90 0 11.104 5.467 -5.638 0.000

19 0.8 95 0 11.104 5.467 -5.638 0.000

20 0.8 100 0 11.104 5.467 -5.638 0.000

21 0.8 105 0 11.104 5.467 -5.638 0.000

22 0.8 110 0 11.104 5.467 -5.638 0.000

23 0.8 115 0 11.104 5.467 -5.638 0.000

24 0.9 120 0 11.104 6.150 -4.954 0.000

25 0.8 125 0 11.104 5.467 -5.638 0.000

26 0.9 130 0 11.104 6.150 -4.954 0.000

27 0.9 135 0 11.104 6.150 -4.954 0.000

28 0.9 140 0 11.104 6.150 -4.954 0.000

29 0.9 145 0 11.104 6.150 -4.954 0.000

30 0.9 150 0 11.104 6.150 -4.954 0.000

31 0.9 155 0 11.104 6.150 -4.954 0.000

32 0.9 160 0 11.104 6.150 -4.954 0.000

33 1 165 0 11.104 6.833 -4.271 0.000

34 1 170 0 11.104 6.833 -4.271 0.000

35 1 175 0 11.104 6.833 -4.271 0.000

36 1 180 0 11.104 6.833 -4.271 0.000

37 1 185 0 11.104 6.833 -4.271 0.000

38 1.1 190 0 11.104 7.516 -3.588 0.000

39 1.1 195 0 11.104 7.516 -3.588 0.000

40 1.1 200 0 11.104 7.516 -3.588 0.000

41 1.2 205 0 11.104 8.200 -2.905 0.000

42 1.3 210 0 11.104 8.883 -2.221 0.000

43 1.4 215 0 11.104 9.566 -1.538 0.000

44 1.4 220 0 11.104 9.566 -1.538 0.000

45 1.5 225 0 11.104 10.250 -0.855 0.000

46 1.5 230 0 11.104 10.250 -0.855 0.000

47 1.6 235 0 11.104 10.933 -0.171 0.000

48 1.6 240 0 11.104 10.933 -0.171 0.000

49 1.7 245 153.612 11.104 11.616 0.512 153.612

50 1.8 250 512.219 11.104 12.300 1.195 358.607

51 1.9 255 1075.822 11.104 12.983 1.879 563.602

52 2 260 1844.419 11.104 13.666 2.562 768.598

53 2.1 265 2818.012 11.104 14.350 3.245 973.593

54 2.1 270 3791.605 11.104 14.350 3.245 973.593

55 2.2 275 4970.193 11.104 15.033 3.929 1178.588

56 2.3 280 6353.776 11.104 15.716 4.612 1383.583

57 2.4 285 7942.354 11.104 16.400 5.295 1588.578

58 2.4 290 9530.932 11.104 16.400 5.295 1588.578

59 2.5 295 11324.506 11.104 17.083 5.979 1793.573

60 2.6 300 13323.074 11.104 17.766 6.662 1998.569

61 3.1 305 16346.619 11.104 21.183 10.078 3023.544

62 3.6 310 20395.139 11.104 24.599 13.495 4048.520

Underground Storage 100 year, 6hr Event



63 3.9 315 25058.645 11.104 26.649 15.545 4663.506

64 4.2 320 30337.136 11.104 28.699 17.595 5278.491

65 4.7 325 36640.604 11.104 32.116 21.012 6303.467

66 5.6 330 44789.028 11.104 38.266 27.161 8148.424

67 1.9 335 45352.630 11.104 12.983 1.879 563.602

68 0.9 340 43866.281 11.104 6.150 -4.954 -1486.349

69 0.6 345 41764.946 11.104 4.100 -7.004 -2101.335

70 0.5 350 39458.616 11.104 3.417 -7.688 -2306.330

71 0.3 355 36742.295 11.104 2.050 -9.054 -2716.320

72 0.2 360 33820.980 11.104 1.367 -9.738 -2921.316

A peak flow of 27.161cfs occurs at time 330 minutes.  Maximum required storage, 45,352.630cf, occurs at time 335 minutes.

Equations

A 24” outflow pipe with a 0.2% slope will connect to the proposed 30” storm drain at Crane St. The Max flow will be restricted to ±18.06cfs by a 

17.4” diameter orifice restrictor plate. Currently the proposed 24” underground storage outflow pipe is connected at the flowline of a 60” diameter 

storage pipe. The average flow through the 24” outflow pipe/restrictor plate is ±11.10cfs. Flow through the orifice restrictor plate ranged from 

3.72cfs (no head) to 18.06cfs (±4.25ft of head). Due to the preliminary nature of this report, the average flow through the orifice was used for 

simplicity.  See Appendix C "UNDERGROUND STORAGE OUTFLOW ORIFICE RESTRICTOR PLATE"  for calculations.
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;<=<>?@ABC	DE><=C = ;<=<>?@ABC	DE>	FGE=	HGCBAE<I	HCGAEJ + LMC@ x	((Time	current	period	−	TIme	previous	period)	
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Duration 100 yr event (inch) 100 yr Source

24 hour 6.00 Plate E-5.6

Areas Acreage

Contributing Area (acres) 16.135

Outflow (cfs) 11.104

Period 24 hour percentage (%) Time (minutes) Cumulative Vol (cf) Outflow (cfs) Inflow (cfs) Q net (cfs) Volume Change

1 0.2 15 0 11.104 0.781 -10.323

2 0.3 30 0 11.104 1.171 -9.933 0.000

3 0.3 45 0 11.104 1.171 -9.933 0.000

4 0.4 60 0 11.104 1.562 -9.542 0.000

5 0.3 75 0 11.104 1.171 -9.933 0.000

6 0.3 90 0 11.104 1.171 -9.933 0.000

7 0.3 105 0 11.104 1.171 -9.933 0.000

8 0.4 120 0 11.104 1.562 -9.542 0.000

9 0.4 135 0 11.104 1.562 -9.542 0.000

10 0.4 150 0 11.104 1.562 -9.542 0.000

11 0.5 165 0 11.104 1.952 -9.152 0.000

12 0.5 180 0 11.104 1.952 -9.152 0.000

13 0.5 195 0 11.104 1.952 -9.152 0.000

14 0.5 210 0 11.104 1.952 -9.152 0.000

15 0.5 225 0 11.104 1.952 -9.152 0.000

16 0.6 240 0 11.104 2.343 -8.762 0.000

17 0.6 255 0 11.104 2.343 -8.762 0.000

18 0.7 270 0 11.104 2.733 -8.371 0.000

19 0.7 285 0 11.104 2.733 -8.371 0.000

20 0.8 300 0 11.104 3.124 -7.981 0.000

21 0.6 315 0 11.104 2.343 -8.762 0.000

22 0.7 330 0 11.104 2.733 -8.371 0.000

23 0.8 345 0 11.104 3.124 -7.981 0.000

24 0.8 360 0 11.104 3.124 -7.981 0.000

25 0.9 375 0 11.104 3.514 -7.590 0.000

26 0.9 390 0 11.104 3.514 -7.590 0.000

27 1 405 0 11.104 3.905 -7.200 0.000

28 1 420 0 11.104 3.905 -7.200 0.000

29 1 435 0 11.104 3.905 -7.200 0.000

30 1.1 450 0 11.104 4.295 -6.809 0.000

31 1.2 465 0 11.104 4.686 -6.419 0.000

32 1.3 480 0 11.104 5.076 -6.028 0.000

33 1.5 495 0 11.104 5.857 -5.247 0.000

34 1.5 510 0 11.104 5.857 -5.247 0.000

35 1.6 525 0 11.104 6.247 -4.857 0.000

36 1.7 540 0 11.104 6.638 -4.466 0.000

37 1.9 555 0 11.104 7.419 -3.685 0.000

38 2 570 0 11.104 7.809 -3.295 0.000

39 2.1 585 0 11.104 8.200 -2.905 0.000

40 2.2 600 0 11.104 8.590 -2.514 0.000

41 1.5 615 0 11.104 5.857 -5.247 0.000

42 1.5 630 0 11.104 5.857 -5.247 0.000

43 2 645 0 11.104 7.809 -3.295 0.000

44 2 660 0 11.104 7.809 -3.295 0.000

45 1.9 675 0 11.104 7.419 -3.685 0.000

46 1.9 690 0 11.104 7.419 -3.685 0.000

47 1.7 705 0 11.104 6.638 -4.466 0.000

48 1.8 720 0 11.104 7.028 -4.076 0.000

49 2.5 735 0 11.104 9.762 -1.343 0.000

50 2.6 750 0 11.104 10.152 -0.952 0.000

51 2.8 765 0 11.104 10.933 -0.171 0.000

52 2.9 780 197.271 11.104 11.324 0.219 197.271

53 3.4 795 2151.643 11.104 13.276 2.172 1954.372

54 3.4 810 4106.016 11.104 13.276 2.172 1954.372

55 2.3 825 2194.765 11.104 8.981 -2.124 -1911.251

56 2.3 840 283.514 11.104 8.981 -2.124 -1911.251

57 2.7 855 0 11.104 10.543 -0.562 -283.514

58 2.6 870 0 11.104 10.152 -0.952 0.000

59 2.6 885 0 11.104 10.152 -0.952 0.000

60 2.5 900 0 11.104 9.762 -1.343 0.000

61 2.4 915 0 11.104 9.371 -1.733 0.000

62 2.3 930 0 11.104 8.981 -2.124 0.000

63 1.9 945 0 11.104 7.419 -3.685 0.000

64 1.9 960 0 11.104 7.419 -3.685 0.000

65 0.4 975 0 11.104 1.562 -9.542 0.000

Underground Storage 100 year, 24hr Event



66 0.4 990 0 11.104 1.562 -9.542 0.000

67 0.3 1005 0 11.104 1.171 -9.933 0.000

68 0.3 1020 0 11.104 1.171 -9.933 0.000

69 0.5 1035 0 11.104 1.952 -9.152 0.000

70 0.5 1050 0 11.104 1.952 -9.152 0.000

71 0.5 1065 0 11.104 1.952 -9.152 0.000

72 0.4 1080 0 11.104 1.562 -9.542 0.000

73 0.4 1095 0 11.104 1.562 -9.542 0.000

74 0.4 1110 0 11.104 1.562 -9.542 0.000

75 0.3 1125 0 11.104 1.171 -9.933 0.000

76 0.2 1140 0 11.104 0.781 -10.323 0.000

77 0.3 1155 0 11.104 1.171 -9.933 0.000

78 0.4 1170 0 11.104 1.562 -9.542 0.000

79 0.3 1185 0 11.104 1.171 -9.933 0.000

80 0.2 1200 0 11.104 0.781 -10.323 0.000

81 0.3 1215 0 11.104 1.171 -9.933 0.000

82 0.3 1230 0 11.104 1.171 -9.933 0.000

83 0.3 1245 0 11.104 1.171 -9.933 0.000

84 0.2 1260 0 11.104 0.781 -10.323 0.000

85 0.3 1275 0 11.104 1.171 -9.933 0.000

86 0.2 1290 0 11.104 0.781 -10.323 0.000

87 0.3 1305 0 11.104 1.171 -9.933 0.000

88 0.2 1320 0 11.104 0.781 -10.323 0.000

89 0.3 1335 0 11.104 1.171 -9.933 0.000

90 0.2 1350 0 11.104 0.781 -10.323 0.000

91 0.2 1365 0 11.104 0.781 -10.323 0.000

92 0.2 1380 0 11.104 0.781 -10.323 0.000

93 0.2 1395 0 11.104 0.781 -10.323 0.000

94 0.2 1410 0 11.104 0.781 -10.323 0.000

95 0.2 1425 0 11.104 0.781 -10.323 0.000

96 0.2 1440 0 11.104 0.781 -10.323 0.000

A peak flow of 13.276cfs occurs at time 795 minutes.  Maximum required storage, 4,106.016cf, occurs at time 810 minutes.

Equations

A 24” outflow pipe with a 0.2% slope will connect to the proposed 30” storm drain at Crane St. The Max flow will be restricted to ±18.06cfs by a 17.4” 

diameter orifice restrictor plate. Currently the proposed 24” underground storage outflow pipe is connected at the flowline of a 60” diameter storage 

pipe. The average flow through the 24” outflow pipe/restrictor plate is ±11.10cfs. Flow through the orifice restrictor plate ranged from 3.72cfs (no head) 

to 18.06cfs (±4.25ft of head). Due to the preliminary nature of this report, the average flow through the orifice was used for simplicity.  See Appendix C 

"UNDERGROUND STORAGE OUTFLOW ORIFICE RESTRICTOR PLATE"  for calculations.
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;<=<>?@ABC	DE><=C = ;<=<>?@ABC	DE>	FGE=	HGCBAE<I	HCGAEJ + LMC@ x	((Time	current	period	−	TIme	previous	period)	

LMC@ = PMF>EQ − R<@F>EQ
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APPENDIX D  

Hydrology Map - Pre-developed Conditions     
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APPENDIX D  

Hydrology Map - Post-developed Conditions     

 



Note: This plan respresents an alternate layout (worst case scenario) for 
the purposes of  conveying off-site storm water along the back of the 
building via a box culvert then discharging to surface flow onto Third 
Street.  This plan and hydrology report is provided as support for this 
design alternative.  This design alternative would be not be utilized 
unless the City master planning drainage facilities within Third Street and 
Cambern are not expected to be complete by store grand opening.








