
 

ORANGE GROVE PROJECT  
APPLICATION FOR CERTIFICATION  

 

APPENDIX 6.5-A – HYDROLOGY AND HYDRAULICS CALCULATIONS 

 



 

 

 

 

HYDROLOGY & HYDRAULIC  
CALCULATIONS  

 
FOR  

ORANGE GROVE ENERGY, L.P. 

ORANGE GROVE POWER PLANT 

MUP   07 - 009 

JUNE 2, 2008 

 

 

 

 

 

 

 

 

 

PREPARED BY: 

 

 

 

16041 Foster P.O. BOX 1000 
Stilwell, Kansas 66085-1000 

(913) 681-2881 
 

Sega Project No. 07-0098 



 Orange Grove Energy, L.P. 
Hydrology & Hydraulic Calculations for the                 

Orange Grove Power Plant 
June 2, 2008 

 

 

2 

Table of Contents 
 

Topic  Page(s) 

Introduction ………………………………….………………....…………………….. 3 

Existing Development ……………..……..…..………………………………………. 3 

Proposed Development ………………………..……………………………………... 4 

Stormwater Detention Basin Requirements…………………………………………... 5 

Proposed Stormwater Detention Basin……………………………………………….. 7 

Existing West Drainage Channel…….……………………………………………….. 8 

Proposed North Drainage Channel..………………………………………………….. 9 

Secondary Access Road Drainage Channels…...…………………………………….. 9 

Maintenance Plan, Erosion, and Siltation BMP’s….…….………………………..….. 10 

Conclusion….......…………………………………………………………………….. 10 

References:    
• Site Location & Project Vicinity Map 
• USDA/NRCS National Cooperative Soil Survey 
• FEMA FIRM Map  
• USGS Topographic Quadrangle – Pre and Post-Development 
• Grading and Drainage Plan Drawing - C300 
• Drainage Area Map Drawing - C400 
• Flood Control Facilities Map (Scale - 1:24,000) 
• San Diego Region RWQCB Map and  
• San Luis Rey River Region Watershed Map 
• Site Layout Plan Drawing - C100 and Impervious Areas Calculations  
• FlowMaster 2005 Drainage Worksheets  

o North Drainage Channel  
o Secondary Access Road Drainage Ditches 
o Proposed Concrete Bridge (100-year W.S.) 
o Site Storm Drains Circular Pipes  
o Detention Basin Outlet Circular Orifice  

• WinTR-55 Storm Data Spreadsheet (50-year & 100-year Storm) 
o Site Pre- and Post-Development Discharge  
o TR-20 Pre- and Post-Development Runoff Volumes 

• Backwater Analysis Excel Spreadsheet and FlowMaster 
o Hydraulic & Energy Grade Lines (Graph) 

• County of San Diego Hydrology Manual – Rainfall Isopluvial Maps 

11 

 

n:\2007\07201\engr\ce\stormwater design\og - drainage calculations.doc 



 Orange Grove Energy, L.P. 
Hydrology & Hydraulic Calculations for the                 

Orange Grove Power Plant 
June 2, 2008 

 

 

3 

 
Introduction and Pre-Development Condition 
 
Orange Grove Energy, L.P.’s proposed Orange Grove Power Plant (OGPP) is located in 
Unincorporated San Diego County (SDC) west of Pala, California 92059 about 0.1 miles north of 
the intersection of State Road 76 (Pala Road or SR-76) and a private road called Pala Del Norte 
Road.  The 8.5 acre proposed project site is located on approximately 202 acres of property owned 
by San Diego Gas & Electric (SDG&E) in San Diego County, California in Section 29, Township 9 
South, Range 2 West (Please refer to the Site Location and Project Vicinity Map in the Reference 
section for details).  The site will utilize two leased areas during the construction of the project.  The 
8.5 acre northern leased area (APN 110-072-26) will be the location of the proposed site.  The 
southern leased area (APN 110-370-01) is 8.0 acres, and will be the staging, pre-assembly, 
construction parking, and storage area during construction and after construction will be returned to 
its existing condition. An existing storage yard is included on the southern leased area and will be 
utilized for construction trailers.  
 
The online USDA, NRCS, National Cooperative Soil Survey for this area of San Diego County, CA 
reports that this site has Las Posas stony fine sandy loam, 9 to 30 percent slopes (See Reference Soil 
Survey Map symbol LrE).  The seasonal high groundwater table was not encountered during the 
geotechnical investigation.  The maximum explored depth for the fourteen site borings was 
approximately 40.0 feet below grade (see the signed and sealed PSI Geotechnical Exploration 
Report for details).  The parcel is designated as zone “X”, which are areas determined to be outside 
the 500-year floodplain (and outside the 100-year floodplain), as shown on the Federal Emergency 
Management Agency (FEMA) Flood Insurance Rate Map (FIRM) dated June 19, 1997, for 
community panel number 501 of 2375 and map number 06073C0501 F (See the FEMA FIRM 
Map).  There are no geological hazards such as landslides or rockslides identified according to the 
geotechnical exploration report (See signed and sealed PSI Geotechnical Exploration Report).   
The San Luis Rey River is located on the opposite side of SR-76, directly south of the proposed site.  
The river is the receiving watershed of the stormwater runoff from both the pre-development and 
post-development site.   
 
Existing Development  
 
This area of existing SDG&E property was previously developed into a citrus orchard that is no 
longer in use.  A majority of the proposed site and staging areas are still covered with abandoned 
orchard trees.  The rest of the site is covered with a mixture of grass and vegetation.  The 8.5 acre 
leased area has few existing impervious areas located on-site.   
 
The pre-development area drains from the north to the south at approximately a ten percent (10%) 
slope (See the USGS Topographic Quadrangle).  The existing site drains to a portion of SR-76 that 
does not have a ditch or culvert to channlize or route the stormwater under the road.  Two existing 
drainage channels located on the east and west sides of the site route neighboring stormwater runoff 
under SR-76.  Except for negligible temporary disturbance for trenching and backfilling associated 
with the transmission and gas pipeline installation, both drainage channels will remain undisturbed 
throughout construction.  
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The first of the two channels; the West Channel is located between the proposed development and 
Pala Del Norte Road.  The West Channel is fed by existing culvert pipes of various sizes (14”- 24”) 
which route drainage from the northern mountains across Pala Del Norte Road.  Once the drainage 
reaches SR-76 the runoff is routed underneath by an 18” corrugated metal culvert pipe. No existing 
stormwater calculations were available for review. 
 
The second channel; the East Channel, is located on the east side of the proposed development 
approximately 250 linear feet east of the proposed east property line.  The East Channel also routes 
stormwater runoff under SR-76 through a 24” corrugated plastic culvert pipe. The pipes outlet into 
an existing former sand and gravel quarry located on the Pala Band of Mission Indians property on 
the south side of SR-76.   
 
The quarry is located within Flood Zones A and X which are “special flood hazard areas inundated 
by the 100-year flood” and “Areas of 500-year flood; areas of 100-year flood with average depths 
of less than 1 foot or with drainage areas less than 1 square mile; and areas protected by levees from 
100-year flood” (See References for FEMA FIRM Map).  Ultimately, the quarry outlets into the San 
Luis Rey River (See References for the Drainage Area Map).  Two existing earth ridges, one 
located on the south side of the existing SDG&E maintenance/storage yard and the other located 
300 feet west of the existing East Drainage Channel route the proposed existing site drainage 
between the earth ridges.  These earth ridges collect pre-development stormwater runoff between 
them and route over SR-76.  The stormwater then travels through the former quarry to the San Luis 
Rey River.     
 
 
Proposed Development  
 
The proposed Orange Grove Power Plant will be located on an 8.5 acre leased area.  The plant area 
(the area located inside the fence) will include a switchyard area and the power plant turbine area 
including service building and various structures.  Inside the proposed turbine plant area six (6) 
inches of crushed rock surface will be utilized instead of topsoil.  The plant area loose rock is 
installed for reasons concerning electrical safety but it also improves the drainage characteristics of 
the property by slowing the runoff flow velocity.  The surrounding site will be landscaped and 
constructed at 3:1 maximum slope.  The proposed Stormwater Detention Basin is located on the 
south and down stream side of the proposed development.  The basin will be utilized as an extended 
dry detention basin. The basin will be grass lined and discharge at less than the pre-development 
discharge rate.  These hydrology and hydraulic calculations are to show that the proposed 
Stormwater Management System will be adequate for the proposed site.   
 
The site has two proposed access drives, one from Pala Del Norte Road and the other from State 
Road 76 (Pala Road or SR-76).  The Pala Del Norte Road access drive will be the main entrance 
and includes a bridge spanning the existing West Drainage Channel.  Existing stormwater culvert 
pipes located under Pala Del Norte Road will remain undisturbed. These pipes route runoff from the 
northern mountains into the West Channel.  The bridge will allow for the 100-year storm event to 
flow under the deck with a minimum of one foot of freeboard (see the FlowMaster 2005 
Worksheets for the Proposed Concrete Bridge).  A concrete approach apron will be constructed  
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between the bridge and the existing asphalted Pala Del Norte Road.  Similarly, the SR-76 access 
drive will be located approximately 930 feet east of the existing intersection of Pala Del Norte Road 
and SR-76.  This access drive entrance will be constructed of concrete pavement approximately 50 
feet in length.  All additional roads will be constructed of 18 inches of crushed rock surface 
including inside and out of the plant area.  The two access drives will connect inside the plant area.  
All road widths, radii, and other requirements will be in accordance with California Fire Code, the 
San Diego - North County Fire Protection District, and the Orange Grove Power Plant Fire 
Protection Plan.   
 
To adequately control water quality on-site, a combination of Site Design, Source Control, and 
Treatment Control Best Management Practices (BMPs) will be utilized for the Orange Grove Power 
Plant project based on the Caltran’s BMP Handbook and SDG&E’s BMP Handbook.  The Orange 
Grove Power Plant project will implement stormwater treatment BMPs that will remove anticipated 
pollutants of concern from off-site discharge by routing the 50-year stormwater through the 
proposed storm drains and into the Stormwater Detention Basin located in the southeast side on the 
northern leased area (Please refer to the Grading and Drainage Plan Drawing). 
 
The proposed drainage area for the detention basin is 5.2 acres, which includes the switchyard area, 
the power plant turbine block and supporting equipment, service building, and the detention basin 
area.  When the planned construction is complete, the plant area will have approximately 43,500 SF 
of impervious foundation additions for various structures.  In addition, there will be 7,500 SF of 
impervious area for access drive entrances which will not be located inside of the detention basin 
drainage area. Thus, the proposed drainage area of 5.2 acres will have a total impervious area of 
43,500 SF (1.0 acres, 11.76 % of the parcel) (See the References for the Impervious Area Map and 
Calculations).   
 
 
Stormwater Detention Basin Requirements 
 
The proposed Stormwater Detention Basin will detain the stormwater runoff for a 5.2 acre drainage 
area.  This area includes all areas inside the plant area fence yard, the detention basin area, and the 
north berm area (See the Drainage Area Map in the References).  Stormwater runoff will be 
captured in the plant area by six stormwater grate area inlets. Both the grate inlets and storm drains 
are designed for 100-year storm event. The stormwater runoff will be routed into the detention basin 
for treatment.  The inlets will be double San Diego Regional Standard No. D-15 grate inlets.  The 
detention basin will detain the 100-year stormwater runoff and outlet at less than the pre-
development discharge rate.  The pre-development discharge rate will be controlled with a 12” 
diameter outlet pipe.  
  
The San Diego Regional Water Quality Control Board (RWQCB) has jurisdiction within San Diego 
County.  The Regional Boards issue the municipal Stormwater permits in California. These boards 
have water and stormwater jurisdiction on construction and development sites in California.  The 
Orange Grove Power Plant is located in region 9, the San Diego RWQCB (See References for San 
Diego RWQCB Map).  The site stormwater indirectly discharges into the San Luis Rey River 
located south of the proposed site (See the San Luis Rey River Watershed Map).  The County of  
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San Diego – Stormwater Standards Manual requires that Priority Projects meet stormwater 
management system design criteria.  The stormwater management system will meet both the quality 
and quantity requirements defined in the County of San Diego Stormwater Standards Manual, the 
2003 San Diego County Hydrology Manual, and the 2005 San Diego County Drainage Design 
Manual.  Accordingly, the proposed Detention Basin will detain both the quality and quantity 
volumes for the 100-year design storm event.  
 
 Required Quality Volume 

 
The Design Treatment Control BMP standards for stormwater runoff is the primary control 
variable for designing Treatment Control BMPs.  This design volume is for small, more 
frequent storm events.  The runoff volume quality requirement (Vquality) is produced from the 
24-hour 85th percentile storm event, as determined from the local historical rainfall (See 
County of San Diego Stormwater Standards Manual - Appendix A to the Watershed 
Protection, Stormwater Management and Discharge Control Ordinance, Amended August 
2003).  The Runoff Coefficient “C” was determined from the various proposed land 
modifications including impervious area, vegetation, and rock surface additions (See Table 3-
1 Runoff Coefficients for Urban Areas from the County of San Diego Hydrology Manual 
Dated June 2003 page 3-6).  The depth of rainfall “I” was determined to be 0.83 inches (San 
Diego County Hydrology Manual Department of Public Works Flood Control Section - 
Appendix E 85th Percentile Precipitation Isopluvial Map, Revised June, 2003).  The 
Treatment Control BMP design volume is: 

 
• Vquality = C*I*A 
• Runoff Coefficient   Impervious Areas = 0.85 acres, C = .95 
                               Crushed Rock Surface Areas = 2.55 acres, C = 0.35 
                             Grassy Areas = 1.8 acres, C = 0.51 

 
C = (0.80 acres)(0.95) + (1.8 acres)(0.51) + (2.60 acres)(0.35)  = 0.50 

5.2 acres 
• Vquality = (0.50)*(0.83 inches)*(5.2 acres)*(1 ft/12 in)*(43,560 ft2/ 1 acre) 
 

o Vquality = 7,833 cubic feet  
 

The required stormwater quality volume will be retained in the proposed detention basin.  
Below the inlet and outlet stormwater pipes will be a one foot sediment storage depth for 
anticipated erosion and sediment control.  The depth will be maintained by riprap lining the 
bottom on the detention basin according to the San Diego County Drainage Design Manual 
and the Water Quality Management Plan (WQMP) Requirements. 
 

   Required Quantity Volume 
 
The required quantity for the Orange Grove Power Plant Stormwater Detention Basin will be 
the stormwater runoff from the 24-hour, 100-year storm event with an outlet control structure  
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which will release stormwater at the pre-development discharge rate.  The discharge values 
were calculated using the computer program Technical Release 55 (TR-55) and the Rational 
Method.  TR-55 utilizes the U.S. Soil Conservation Service (SCS) runoff equation method to 
calculate the peak rate of discharge.  The input requirements for calculating the peak 
discharge is the time of concentration, the drainage area, the rainfall distribution, the runoff 
curve number, and the 24-hour rainfall.  The storm rainfall data was determined from the San 
Diego County Hydrology Manual. Runoff curve numbers characterize the properties for a 
particular soil and ground cover.  A calculated runoff curve number of 76 was utilized for the 
pre-development areas and a curve number of 83 for post-development areas.  All impervious 
area additions to the post-development site were given a 98 runoff curve number.  The time of 
concentration was determined using TR-55 by defining the length and type of flow, the slope, 
and Manning’s number for the pre- and post-development areas.  The 24-hour, 100-year storm 
pre-development discharge is 12.68 cubic feet per second (cfs) and the post-development 
discharge to the detention basin is 14.66 cfs.  
 
The volume required for detention was calculated by utilizing TR-55.  In addition to the 
discharge output the program also calculates the stormwater runoff volume.  The pre and post-
development peak inflow for the 24-hour, 50 and 100-year design storm occurs at the 10th 
hour. The post-development runoff quantity volumes for the 50-year and 100-year storms are 
68,445 and 77,165 cubic feet, respectively (See WinTR-20 Pre-and Post Development 
Stormwater Runoff Amounts).  The total required 100-year storage volume for the 
Stormwater Detention Basin is: 

 
• Vquality + Vquantity = 7,833 cubic feet  + 77,165 cubic feet  = 85,000 cubic feet 

 
o Thus, Vreq’d = 85,000 cubic feet  
 

 
Proposed Stormwater Detention Basin 
 
The detention basin volume will be detained in the proposed Stormwater Detention Basin before 
discharging at the pre-development discharge.  The Stormwater Detention Basin will be a 0.5 acre 
11.0 foot deep basin.  The bottom elevation of the detention basin is 402.0’.  The side slopes of the 
basin will be 3:1 and the basin will be surrounded with a security fence and a 10’ maintenance road.  
Access to the bottom of the detention basin for maintenance will be on the northwest corner of the 
basin (See the detailed Grading and Drainage Drawings).  The 10’ maintenance road will allow for 
access to the storm drain outlet structure or detention basin inlet structure, detention basin outlet 
structure, and the stormwater emergency outlet overflow structure.  Because the proposed detention 
basin will be utilized for both water quality and flood control, it would be classified as a 
“conjunctive use basin” according to the Drainage Design Manual.  The total storage volume 
available for the Stormwater Detention Basin is (not including one foot of freeboard): 
 

• VAvailable = 85,650 cubic feet > Vreq’d so OK! 
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The basin inlet structure or storm drain outlet pipe will be a 24” RCP with a flared end section.   
The pipe will discharge stormwater runoff from six grate area inlets located throughout the plant 
area.  The proposed storm drains will have the capacity to drain the 50-year and 100-year storm 
event.  The detention basin outlet control structure will release discharge at less than the pre-
development rate of 11.28 cfs.  Prior to inletting into the grate structures, stormwater will be treated 
over 6” of loose crushed rock (Class II Aggregate).  The rock will act as the initial treatment BMP 
before being discharged into the detention basin. During the 100-year storm event, stormwater 
runoff will pond inside the development fenced area.  
 
 
Proposed  Outlet Control 
 
The detention basin outlet pipe (12”) is sized for less than the pre-development discharge rate at 
11.28 cfs (See Outlet Circular Orifice Worksheet).  The Stormwater Detention Basin 100-year 
storm water surface elevation is 412.4’.  If water rises above the 412.4’ elevation, the stormwater is 
directed outside of the detention basin through the emergency overflow structure.  The structure will 
discharge at the post-development 100-year discharge rate (27.86 cfs) for the 5.2 acre drainage area.  
The emergency outlet control structure maximum discharge is 32.63 cfs.  The outlet control pipe 
will channel the stormwater runoff through the emergency overflow structure.  Downstream of the 
emergency overflow structure, the pipe size will increase to 36” to handle storm events larger than 
the 100-year storm event if needed.  All runoff exiting the detention basin will be routed to the 
proposed west secondary entrance road drainage ditch. The outlet pipe will discharge at 11.28 cfs 
for a 100-year storm and 39.51 cfs for storm events greater the 100-year storm. The velocities for 
the outlet pipe are 7.09 ft/s and 9.83 ft/s, respectively.  All inlet and outlet pipes on-site are 
equipped with riprap as energy dissipaters.  Table 7-1 of the 2005 San Diego County Drainage 
Design Manual was utilized for the riprap design parameters.   
 
The stormwater outlet pipe is located outside the top of bank of the Secondary Access Road 
drainage ditches.  The outlet pipe will discharge into a proposed riprap energy dissipater on the west 
side of the access road.   
 
 
Proposed On-site North Drainage Channel 
 
The proposed Orange Grove Power Plant North Drainage Channel will be constructed to direct 
stormwater drainage, from the north side and upstream areas, around the developed area of the site 
and into the West Drainage Channel.  The North Drainage Channel will add no additional 
stormwater runoff area to the West Drainage Channel.  The West Drainage Channel drainage area 
will be modified in shape but will have no change to the channel.  Post-development will have 
approximately 1.5 acres from the North Drainage Channel routed into the West Drainage Channel; 
having no net area increase to the existing ditch.  The North Channel drainage from the existing 
10% slope and the proposed 3:1 slope will be channeled into a two foot deep, five foot wide 
drainage channel.  The channel will be grass lined with 3:1 side slopes and be located outside of the 
fence line of the development area.  The channel will route stormwater runoff into the existing West 
Drainage Channel, underneath the proposed bridge, and ultimately beneath SR-76.  Pre- 
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development stormwater runoff is routed into the West Drainage Channel or directly across SR-76.  
The North Drainage Channel is designed to handle the 100-year storm event, a stormwater 
discharge of 12.75 cfs allowing one foot of freeboard. 
 
 
Existing West Drainage Channel  
 
The existing West Drainage Channel collects stormwater runoff from areas upstream (north and 
northwest) of the proposed site location.  Multiple existing stormwater culvert pipes are routed into 
the existing channel underneath Pala Del Norte Road and range from 14 to 24 inches in diameter.  
There are no proposed modifications to the existing culvert pipes.  A proposed concrete bridge 
approximately 40 feet wide and 60 feet long will span the West Drainage Channel and will be 
utilized as the main entrance to the proposed site.  The bridge will be constructed outside of the top 
of bank and intersect with Pala Del Norte Road between two sets of existing culvert pipes.  The 
100-storm event will pass below the bridge (see the FlowMaster 2005 Worksheets for the Proposed 
Concrete Bridge).   
 
The proposed development will route the area north of the site into that drainage ditch; having no 
net area increase to the existing West Drainage Channel (See the USGS Topographic Quadrangle – 
Pre and Post-Development Maps).  An outlet culvert pipe for the West Drainage Channel, located at 
the intersection of Pala Del Norte Road and SR-76, drains stormwater from north to south 
underneath SR-76.  The outlet culvert pipe is an 18” Corrugated Metal Pipe.  It drains into the 
existing former quarry and ultimately into the San Luis Rey River.   
 
 
Secondary Access Road Drainage Ditches 
 
The Orange Grove Power Plant access drive located off SR-76 will have drainage ditches located on 
either side.  This secondary/emergency road will be utilized during construction as an alternate 
entrance until the bridge construction is complete for the Pala Del Norte Road access drive.  This 
road will be 30 feet wide and will be constructed of 18 inches of crushed loose rock (Class II 
Aggregate).  The entrance of the secondary road will be constructed of concrete.  The secondary 
road will have ditch channels on both sides.  The ditches are designed for the 100-year storm event 
with a 3 foot bottom and 3:1 side slopes.  The west and east ditches discharge at 6.72 cfs and 12.56 
cfs, respectively.  During the 100-year storm event the water elevation in the channels are 0.31 feet 
and 0.45 feet in depth (See the FlowMaster Worksheets for the Secondary Access West/East 
Trapezoidal Channels).  The west channel will be two foot deep and at a channel slope of ten 
percent.  Likewise, the east ditch will have similar parameters as the west ditch but will only be one 
foot in depth.  A larger depth was required for the west ditch to provide one foot of freeboard to 
channel the detention basin stormwater runoff.  The detention basin outlet pipe will be 36 inches in 
diameter and outlet above the top of bank.  Riprap will be lined from the outlet location to the 
secondary road and utilized as the energy dissipation.  The two ditches will be connected by an 18” 
reinforced concrete culvert pipe under the road entrance near State Road 76.  All other ditch 
segments will be grassed lined and maintained with silt fencing and cross barriers located every 50 
feet during construction.   
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The Secondary Access Road Drainage Ditches will route no additional stormwater runoff south 
toward SR-76.  The detention basin will control the stormwater runoff added from the proposed 
equipment and other impervious area additions.  The detention basin will outlet into the west 
secondary access road ditch at approximately the pre-development discharge rate (11.28 cfs).  The 
velocity for the 100-year storm event will be 14.36 ft/s and will be controlled with 3.0 foot, one ton 
stone riprap (See Table 7-1 of the County of San Diego Drainage Design Manual).  
 
 
Maintenance Plan, Erosion, and Siltation BMPs 
 
The Orange Grove Power Plant will meet the minimum requirements for construction and 
permanent BMPs.  Construction BMPs will be utilized throughout the scheduled timeframe of the 
construction project to the maximum extent practicable.  Erosion and sediment control will be 
implemented during construction by silt fences and fiber rolls accompanied with cross barriers 
(check dams) made from sand bags which will border all sides of the project site.  Silt fences will 
also be implemented around any stockpiling of soil during grading and excavation.  Permanent 
erosion and sediment controls will also be implemented by utilizing drainage channels, soil berms, 
landscaping, crushed rock surfaces, and ditches.  Riprap will be utilized at all inlet and outlet 
structures for erosion control.  These BMP measures were taken to route stormwater runoff around 
the proposed development and to minimize surrounding site impacts.  The Stormwater Detention 
Basin’s outlet control structure and overflow structure will act as the structural BMP’s for 
stormwater drainage and release runoff to the proposed drainage channel on the east side of the site.  
 
The Orange Grove Power Plant will have routine equipment maintenance required to maintain a 
sufficient operating facility.  The Orange Grove Energy, L.P. Design Department will be notified if 
any problems arise, such as standing water in the power plant area.  A Design Department 
representative will make a field check and then determine the best course of action to correct the 
problem.  The site non-structural and structural BMPs will be routinely inspected, cleaned, and 
maintained on an annual basis according to San Diego County, the Stormwater Management Plan 
(SWMP), and the San Diego RWQCB. 
 
 
Conclusion 
 
The area inlets, pipes, and Stormwater Detention Basin will be adequate as the Orange Grove Power 
Plant surface water management system.  Storm drains will route the 50-year and 100-year storm 
event to the detention basin.  The stormwater will be discharged off-site at the 100-year pre-
development discharge rate and will detain the 100-year storm event.  Permanent BMPs will be 
utilized during the life of the project.  Thus, the surface water management system meets all 
requirements for the San Diego RWQCB and the County of San Diego.  
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the version date(s) listed below.

Soil Survey Area:  San Diego County Area, California
Survey Area Data:  Version 5, Jan 4, 2007

Date(s) aerial images were photographed:  10/2/1995

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Map Unit Legend

San Diego County Area, California (CA638)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

LrE Las Posas stony fine sandy
loam, 9 to 30 percent slopes

22.1 76.1%

LrG Las Posas stony fine sandy
loam, 30 to 65 percent slope
s

0.2 0.8%

StG Steep gullied land 5.7 19.7%

TuB Tujunga sand, 0 to 5 percent
slopes

1.0 3.5%

Totals for Area of Interest (AOI) 29.0 100.0%

Soil Map–San Diego County Area, California Orange Grove Power Plant

Natural Resources
Conservation Service

Web Soil Survey 2.0
National Cooperative Soil Survey

11/28/2007
Page 3 of 3
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Sega Inc.
Customer: Orange Grove Energy, L.P.
Orange Grove Power Plant
Impervious Area Calculations

1
Job No. 07-0098

MUP 07-009

PROPOSED FOUNDATIONS 2007

Foundation 
ID Number Foundation Descriptions Quantity 

Length 
(feet) Width (feet)

Total 
Surface 

Area (SF)
1 Turbine Generator (TG) 2 100 46 9200

A Man TG Skid Enclosure 2 20.5 65 2665
B 15KV Switchgear 2 14 13 364
C Auxiliary Skid 2 42 14.5 1218
D Tempering Air Skid 4 0
E Emissions Control System - SCR 6 0
F Stack 2 0
G Ammonia Evaporation Skid 2 0
H Control Emissions Monitoring System (CEMS) 2 0
I Fin Fan Cooler Slab 2 18 14 504
J Ammonia Storage Tank 1 26 14.5 377
K Ammonia Forwarding Pump Skid 1 0
L Ammonia Unloading Pad, Spill Containment 2 50 15 1500

M Turbine Removal Supports 2 17 7 238
N Air Inlet Filter 2 0
O Sprint Skid 2 0
P Inlet Air Chiller and Cooling Towers 1 13.25 5.25 70
Q Water Injection Skid 2 28 20 1120
R Oily Drain Tank 5 12 8.5 510

2 Service Building, Electrical Equipment, and Parking 1 100.25 64.25 6441
3 Site Security Fence and Gates 230 723
4 Fuel Gas Compressor 2 17 11 374
5 Coalescing Filter Skid 2 11 5.5 121
6 Concrete Pad for Trailor 1 35 24 840
7 Demin. Water Pump Skid 3 9 9 243
8 Demin. Water Storage Tank 1 908
9 Demin. Water Firewater Storage Tank 1 2734

10 Auxiliary Transformer & 480V Switchgear 4 24 15 1440
11a 15KV Switchgear 1 32 12.33 395
11b 480KV Switchgear 1 32 12.33 395
12 Blackstart Generator 1 33.67 14 471
13 SDG&E Gas Metering Station 1 63 12 756
14 Fuel Gas Compressor Inter-Stage-Fan Cooler 1 11 8 88
15 13.8KV-69KV Step-up Transformer 2 23.63 22.67 1071
16 69KV Disconnect Switch and Supports 3 4 4 48
17 69KV Circuit Breaker 1 7 7 49
18 69KV Circuit Switcher 2 4 4 32
19 69KV Pothead 1 13 6 78
20 Underground Sanitary System (Septic) 1 11 6 66
21 Fire Valve Enclosure 2 20 20 800
22 Wastewater Storage Tank 1 346
23 Not Used 1 0 0 0
24 Cooling Tower Makeup Tank and Pump Skid 1 855

25 480KV MCC 4 9 3 108

908

855

346

On same foundation as 1
On same foundation as 1
On same foundation as 1
On same foundation as 1

3

2734

On same foundation as 1

On same foundation as J

On same foundation as C
On same foundation as C

3/5/2008



Sega Inc.
Customer: Orange Grove Energy, L.P.
Orange Grove Power Plant
Impervious Area Calculations

2
Job No. 07-0098

MUP 07-009

PROPOSED FOUNDATIONS 2007 - Continued

Foundation 
ID Number Foundation Descriptions Quantity 

Length 
(feet) Width (feet)

Total 
Surface 

Area (SF)
26 Diesel Fire Pump (Included in Service Building) 0 0
27 Yard Fire Hydrant 6 6 6 216
28 Bridge 1 60 40 2400
29 Stormwater Detention Basin and Structures 11 7 7 539
30 RO Water Treatment Area 1 25 25 625
31 Diesel Tank 1 8 6 48
32 Piperack 3 7 4 84
33 Piperack 4 10 4 160
34 Fire Wall 1 1000 1 1000

SUM = 42220
Approx. = 43,500

Note: For Foundation Locations see Project No. 07-201 Plan Drawing C100 - Site Layout Plan.

Total Impervious Area for the Detention Basin Drainage Area = 43,500 square feet (1.0 Acres)

On same foundation as 2

3/5/2008



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.01000 ft/ft

Normal Depth 0.7 ft

Left Side Slope 3.00 ft/ft (H:V)

Right Side Slope 3.00 ft/ft (H:V)

Bottom Width 5.00 ft

Discharge 12.75 ft³/s

Cross Section Image

Cross Section for North Trapezoidal Channel

2/28/2008 11:08:24 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.071.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.01000 ft/ft

Left Side Slope 3.00 ft/ft (H:V)

Right Side Slope 3.00 ft/ft (H:V)

Bottom Width 5.00 ft

Discharge 12.75 ft³/s

Results

Normal Depth 0.7 ft

Flow Area 4.71 ft²

Wetted Perimeter 9.25 ft

Top Width 9.03 ft

Critical Depth 0.53 ft

Critical Slope 0.02443 ft/ft

Velocity 2.71 ft/s

Velocity Head 0.11 ft

Specific Energy 0.79 ft

Froude Number 0.66

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.0 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.7 ft

Critical Depth 0.53 ft

Channel Slope 0.01000 ft/ft

Critical Slope 0.02443 ft/ft

Worksheet for North Trapezoidal Channel

2/28/2008 11:07:39 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.071.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.10000 ft/ft

Normal Depth 0.31 ft

Left Side Slope 3.00 ft/ft (H:V)

Right Side Slope 3.00 ft/ft (H:V)

Bottom Width 3.00 ft

Discharge 6.36 ft³/s

Cross Section Image

Cross Section for Secondary Access East Trapezoidal Channel

12/21/2007 9:33:06 AM
Bentley Systems, Inc.  Haestad Methods Solution Center FlowMaster  [08.01.058.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.10000 ft/ft

Left Side Slope 3.00 ft/ft (H:V)

Right Side Slope 3.00 ft/ft (H:V)

Bottom Width 3.00 ft

Discharge 6.36 ft³/s

Results

Normal Depth 0.31 ft

Flow Area 1.21 ft²

Wetted Perimeter 4.95 ft

Top Width 4.85 ft

Critical Depth 0.44 ft

Critical Slope 0.02646 ft/ft

Velocity 5.25 ft/s

Velocity Head 0.43 ft

Specific Energy 0.74 ft

Froude Number 1.85

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.31 ft

Critical Depth 0.44 ft

Channel Slope 0.10000 ft/ft

Critical Slope 0.02646 ft/ft

Worksheet for Secondary Access East Trapezoidal Channel

12/21/2007 9:32:39 AM
Bentley Systems, Inc.  Haestad Methods Solution Center FlowMaster  [08.01.058.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.10000 ft/ft

Normal Depth 0.45 ft

Left Side Slope 3.00 ft/ft (H:V)

Right Side Slope 3.00 ft/ft (H:V)

Bottom Width 3.00 ft

Discharge 12.56 ft³/s

Cross Section Image

Cross Section for Secondary Access West Trapezoidal Channel

3/7/2008 3:40:40 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.071.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.10000 ft/ft

Left Side Slope 3.00 ft/ft (H:V)

Right Side Slope 3.00 ft/ft (H:V)

Bottom Width 3.00 ft

Discharge 12.56 ft³/s

Results

Normal Depth 0.45 ft

Flow Area 1.94 ft²

Wetted Perimeter 5.83 ft

Top Width 5.69 ft

Critical Depth 0.65 ft

Critical Slope 0.02394 ft/ft

Velocity 6.46 ft/s

Velocity Head 0.65 ft

Specific Energy 1.10 ft

Froude Number 1.95

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.45 ft

Critical Depth 0.65 ft

Channel Slope 0.10000 ft/ft

Critical Slope 0.02394 ft/ft

Worksheet for Secondary Access West Trapezoidal Channel

3/7/2008 3:37:20 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.071.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Full Flow Capacity

Input Data

Roughness Coefficient 0.024

Channel Slope 0.08217 ft/ft

Normal Depth 2.00 ft

Diameter 2.00 ft

Discharge 35.12 ft³/s

Results

Discharge 35.12 ft³/s

Normal Depth 2.00 ft

Flow Area 3.14 ft²

Wetted Perimeter 6.28 ft

Top Width 0.00 ft

Critical Depth 1.92 ft

Percent Full 100.0 %

Critical Slope 0.07162 ft/ft

Velocity 11.18 ft/s

Velocity Head 1.94 ft

Specific Energy 3.94 ft

Froude Number 0.00

Maximum Discharge 37.78 ft³/s

Discharge Full 35.12 ft³/s

Slope Full 0.08217 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 100.00 %

Worksheet for 24" CMP under Pala Del Norte then under Bridge

12/21/2007 9:37:50 AM
Bentley Systems, Inc.  Haestad Methods Solution Center FlowMaster  [08.01.058.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 2.00 ft

Critical Depth 1.92 ft

Channel Slope 0.08217 ft/ft

Critical Slope 0.07162 ft/ft

Worksheet for 24" CMP under Pala Del Norte then under Bridge

12/21/2007 9:37:50 AM
Bentley Systems, Inc.  Haestad Methods Solution Center FlowMaster  [08.01.058.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Full Flow Capacity

Input Data

Roughness Coefficient 0.013

Channel Slope 0.06033 ft/ft

Normal Depth 1.17 ft

Diameter 1.17 ft

Discharge 13.20 ft³/s

Results

Discharge 13.20 ft³/s

Normal Depth 1.17 ft

Flow Area 1.07 ft²

Wetted Perimeter 3.67 ft

Top Width 0.00 ft

Critical Depth 1.16 ft

Percent Full 100.0 %

Critical Slope 0.05570 ft/ft

Velocity 12.35 ft/s

Velocity Head 2.37 ft

Specific Energy 3.54 ft

Froude Number 0.00

Maximum Discharge 14.20 ft³/s

Discharge Full 13.20 ft³/s

Slope Full 0.06033 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 100.00 %

Worksheet for 14" (2) Steel under PDN Road then under Bridge

12/21/2007 9:39:18 AM
Bentley Systems, Inc.  Haestad Methods Solution Center FlowMaster  [08.01.058.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.17 ft

Critical Depth 1.16 ft

Channel Slope 0.06033 ft/ft

Critical Slope 0.05570 ft/ft

Worksheet for 14" (2) Steel under PDN Road then under Bridge

12/21/2007 9:39:18 AM
Bentley Systems, Inc.  Haestad Methods Solution Center FlowMaster  [08.01.058.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.11000 ft/ft

Normal Depth 1.67 ft

Discharge 85.00 ft³/s

Cross Section Image

Cross Section for Proposed North side of Bridge Irregular Section

12/21/2007 9:41:37 AM
Bentley Systems, Inc.  Haestad Methods Solution Center FlowMaster  [08.01.058.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.11000 ft/ft

Discharge 85.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00 414.40

0+05 414.30

0+10 414.30

0+15 414.10

0+20 413.60

0+25 412.20

0+30 411.00

0+35 412.70

0+40 414.00

0+45 414.30

0+50 414.60

0+55 414.90

0+60 415.30

0+65 415.70

0+70 416.00

0+75 416.30

0+80 416.30

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 414.40) (0+80, 416.30) 0.050

Results

Normal Depth 1.67 ft

Worksheet for Proposed North side of Bridge Irregular Section

2/28/2008 11:26:14 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.071.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Elevation Range 411.00 to 416.30 ft

Flow Area 9.87 ft²

Wetted Perimeter 12.09 ft

Top Width 11.60 ft

Normal Depth 1.67 ft

Critical Depth 2.05 ft

Critical Slope 0.03807 ft/ft

Velocity 8.61 ft/s

Velocity Head 1.15 ft

Specific Energy 2.82 ft

Froude Number 1.65

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.67 ft

Critical Depth 2.05 ft

Channel Slope 0.11000 ft/ft

Critical Slope 0.03807 ft/ft

Messages

Notes The discharge of 85 cfs is the 
post-development discharge.  
Assumptions:  Top Bridge El. = 
420.00', Bottom Bridge El. = 416.5, 1 
foot of freeboard is required.  Thus, 
the max water elevation of 415.5'.  If 
the bridge top elevation is 420 than 
there is 6.44' available for the bridge 
deck and beams.  The channel 
roughness coefficient of 0.5 was for 
a Natural stream, stony notes or 
Very rough channel, with grass.

Worksheet for Proposed North side of Bridge Irregular Section

2/28/2008 11:26:14 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.071.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.11000 ft/ft

Normal Depth 1.32 ft

Discharge 85.00 ft³/s

Cross Section Image

Cross Section for Proposed Centerline of Bridge Irregular Section

12/21/2007 9:43:05 AM
Bentley Systems, Inc.  Haestad Methods Solution Center FlowMaster  [08.01.058.00]
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.11000 ft/ft

Discharge 85.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00 411.70

0+05 411.60

0+10 411.60

0+15 411.50

0+20 411.50

0+25 411.10

0+30 409.50

0+35 409.20

0+40 411.00

0+45 412.30

0+50 413.00

0+55 413.30

0+60 413.60

0+65 413.90

0+70 414.20

0+75 414.80

0+80 415.10

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 411.70) (0+80, 415.10) 0.050

Results

Normal Depth 1.32 ft

Worksheet for Proposed Centerline of Bridge Irregular Section

12/21/2007 9:42:41 AM
Bentley Systems, Inc.  Haestad Methods Solution Center FlowMaster  [08.01.058.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Elevation Range 409.20 to 415.10 ft

Flow Area 9.93 ft²

Wetted Perimeter 12.27 ft

Top Width 11.87 ft

Normal Depth 1.32 ft

Critical Depth 1.69 ft

Critical Slope 0.03768 ft/ft

Velocity 8.56 ft/s

Velocity Head 1.14 ft

Specific Energy 2.46 ft

Froude Number 1.65

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.32 ft

Critical Depth 1.69 ft

Channel Slope 0.11000 ft/ft

Critical Slope 0.03768 ft/ft

Worksheet for Proposed Centerline of Bridge Irregular Section
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.11000 ft/ft

Normal Depth 1.22 ft

Discharge 85.00 ft³/s

Cross Section Image

Cross Section for Proposed Southside of Bridge Irregular Section
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.11000 ft/ft

Discharge 85.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00 409.80

0+05 409.70

0+10 409.70

0+15 409.60

0+20 409.70

0+25 409.00

0+30 407.70

0+35 407.40

0+40 408.40

0+45 409.60

0+50 410.60

0+55 411.80

0+60 412.60

0+65 412.50

0+70 412.70

0+75 412.70

0+80 412.90

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 409.80) (0+80, 412.90) 0.050

Results

Normal Depth 1.22 ft

Worksheet for Proposed Southside of Bridge Irregular Section
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Results

Elevation Range 407.40 to 412.90 ft

Flow Area 10.68 ft²

Wetted Perimeter 14.71 ft

Top Width 14.45 ft

Normal Depth 1.22 ft

Critical Depth 1.53 ft

Critical Slope 0.03842 ft/ft

Velocity 7.96 ft/s

Velocity Head 0.99 ft

Specific Energy 2.20 ft

Froude Number 1.63

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.22 ft

Critical Depth 1.53 ft

Channel Slope 0.11000 ft/ft

Critical Slope 0.03842 ft/ft

Worksheet for Proposed Southside of Bridge Irregular Section
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Diameter 15.00 in

Discharge 3.86 ft³/s

Results

Normal Depth 10.577 in

Flow Area 0.92 ft²

Wetted Perimeter 2.49 ft

Top Width 1.14 ft

Critical Depth 0.79 ft

Percent Full 70.5 %

Critical Slope 0.00666 ft/ft

Velocity 4.17 ft/s

Velocity Head 0.27 ft

Specific Energy 1.15 ft

Froude Number 0.82

Maximum Discharge 4.91 ft³/s

Discharge Full 4.57 ft³/s

Slope Full 0.00357 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.000 in

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.000 in

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 70.51 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Circular 15" Pipe - 1
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GVF Output Data

Normal Depth 10.577 in

Critical Depth 0.79 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00666 ft/ft

Worksheet for Circular 15" Pipe - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Normal Depth 10.577 in

Diameter 15.00 in

Discharge 3.86 ft³/s

Cross Section Image

Cross Section for Circular 15" Pipe - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Diameter 18.00 in

Discharge 6.34 ft³/s

Results

Normal Depth 12.789 in

Flow Area 1.34 ft²

Wetted Perimeter 3.01 ft

Top Width 1.36 ft

Critical Depth 0.97 ft

Percent Full 71.1 %

Critical Slope 0.00639 ft/ft

Velocity 4.72 ft/s

Velocity Head 0.35 ft

Specific Energy 1.41 ft

Froude Number 0.84

Maximum Discharge 7.99 ft³/s

Discharge Full 7.43 ft³/s

Slope Full 0.00364 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.000 in

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.000 in

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 71.05 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Circular 18" Pipe - 2
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GVF Output Data

Normal Depth 12.789 in

Critical Depth 0.97 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00639 ft/ft

Worksheet for Circular 18" Pipe - 2
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Normal Depth 12.789 in

Diameter 18.00 in

Discharge 6.34 ft³/s

Cross Section Image

Cross Section for Circular 18" Pipe - 2
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01500 ft/ft

Diameter 18.00 in

Discharge 8.58 ft³/s

Results

Normal Depth 10.750 in

Flow Area 1.10 ft²

Wetted Perimeter 2.65 ft

Top Width 1.47 ft

Critical Depth 1.13 ft

Percent Full 59.7 %

Critical Slope 0.00787 ft/ft

Velocity 7.79 ft/s

Velocity Head 0.94 ft

Specific Energy 1.84 ft

Froude Number 1.59

Maximum Discharge 13.84 ft³/s

Discharge Full 12.86 ft³/s

Slope Full 0.00667 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.000 in

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.000 in

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 59.72 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Circular 18" Pipe - 3
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GVF Output Data

Normal Depth 10.750 in

Critical Depth 1.13 ft

Channel Slope 0.01500 ft/ft

Critical Slope 0.00787 ft/ft

Worksheet for Circular 18" Pipe - 3
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01500 ft/ft

Normal Depth 10.750 in

Diameter 18.00 in

Discharge 8.58 ft³/s

Cross Section Image

Cross Section for Circular 18" Pipe - 3
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Diameter 15.00 in

Discharge 3.96 ft³/s

Results

Normal Depth 10.790 in

Flow Area 0.94 ft²

Wetted Perimeter 2.53 ft

Top Width 1.12 ft

Critical Depth 0.81 ft

Percent Full 71.9 %

Critical Slope 0.00674 ft/ft

Velocity 4.19 ft/s

Velocity Head 0.27 ft

Specific Energy 1.17 ft

Froude Number 0.81

Maximum Discharge 4.91 ft³/s

Discharge Full 4.57 ft³/s

Slope Full 0.00376 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.000 in

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.000 in

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 71.93 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Circular 15" Pipe - 4
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GVF Output Data

Normal Depth 10.790 in

Critical Depth 0.81 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00674 ft/ft

Worksheet for Circular 15" Pipe - 4
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Normal Depth 10.790 in

Diameter 15.00 in

Discharge 3.96 ft³/s

Cross Section Image

Cross Section for Circular 15" Pipe - 4
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Diameter 15.00 in

Discharge 2.62 ft³/s

Results

Normal Depth 8.144 in

Flow Area 0.68 ft²

Wetted Perimeter 2.07 ft

Top Width 1.25 ft

Critical Depth 0.65 ft

Percent Full 54.3 %

Critical Slope 0.00580 ft/ft

Velocity 3.85 ft/s

Velocity Head 0.23 ft

Specific Energy 0.91 ft

Froude Number 0.92

Maximum Discharge 4.91 ft³/s

Discharge Full 4.57 ft³/s

Slope Full 0.00165 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.000 in

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.000 in

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 54.29 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Circular 15" Pipe - 5
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GVF Output Data

Normal Depth 8.144 in

Critical Depth 0.65 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00580 ft/ft

Worksheet for Circular 15" Pipe - 5
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Normal Depth 8.144 in

Diameter 15.00 in

Discharge 2.62 ft³/s

Cross Section Image

Cross Section for Circular 15" Pipe - 5
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.02000 ft/ft

Diameter 24.00 in

Discharge 19.24 ft³/s

Results

Normal Depth 13.418 in

Flow Area 1.81 ft²

Wetted Perimeter 3.38 ft

Top Width 1.99 ft

Critical Depth 1.58 ft

Percent Full 55.9 %

Critical Slope 0.00779 ft/ft

Velocity 10.65 ft/s

Velocity Head 1.76 ft

Specific Energy 2.88 ft

Froude Number 1.97

Maximum Discharge 34.41 ft³/s

Discharge Full 31.99 ft³/s

Slope Full 0.00723 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.000 in

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.000 in

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 55.91 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Circular 24" Pipe - 6
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GVF Output Data

Normal Depth 13.418 in

Critical Depth 1.58 ft

Channel Slope 0.02000 ft/ft

Critical Slope 0.00779 ft/ft

Worksheet for Circular 24" Pipe - 6

12/21/2007 10:37:18 AM
Bentley Systems, Inc.  Haestad Methods Solution Center FlowMaster  [08.01.058.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.02000 ft/ft

Normal Depth 13.418 in

Diameter 24.00 in

Discharge 19.24 ft³/s

Cross Section Image

Cross Section for Circular 24" Pipe - 6
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.02500 ft/ft

Diameter 30.00 in

Discharge 19.24 ft³/s

Results

Normal Depth 11.197 in

Flow Area 1.67 ft²

Wetted Perimeter 3.29 ft

Top Width 2.42 ft

Critical Depth 1.49 ft

Percent Full 37.3 %

Critical Slope 0.00500 ft/ft

Velocity 11.52 ft/s

Velocity Head 2.06 ft

Specific Energy 2.99 ft

Froude Number 2.44

Maximum Discharge 69.76 ft³/s

Discharge Full 64.85 ft³/s

Slope Full 0.00220 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.000 in

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.000 in

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 37.32 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Circular 30" Pipe - 7
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GVF Output Data

Normal Depth 11.197 in

Critical Depth 1.49 ft

Channel Slope 0.02500 ft/ft

Critical Slope 0.00500 ft/ft

Worksheet for Circular 30" Pipe - 7
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.02500 ft/ft

Normal Depth 11.197 in

Diameter 30.00 in

Discharge 19.24 ft³/s

Cross Section Image

Cross Section for Circular 30" Pipe - 7
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Project Description

Solve For Discharge

Input Data

Headwater Elevation 412.40 ft

Centroid Elevation 403.50 ft

Tailwater Elevation 398.35 ft

Discharge Coefficient 0.60

Diameter 12.00 in

Results

Discharge 11.28 ft³/s

Headwater Height Above Centroid 8.90 ft

Tailwater Height Above Centroid -5.15 ft

Flow Area 0.79 ft²

Velocity 14.36 ft/s

Worksheet for 12" Outlet Circular Orifice
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Project Description

Solve For Headwater Elevation

Input Data

Discharge 27.86 ft³/s

Crest Elevation 412.40 ft

Tailwater Elevation 398.35 ft

Weir Coefficient 3.33 US

Crest Length 18.00 ft

Number Of Contractions 2

Results

Headwater Elevation 413.00 ft

Headwater Height Above Crest 0.60 ft

Tailwater Height Above Crest -14.05 ft

Flow Area 10.85 ft²

Velocity 2.57 ft/s

Wetted Perimeter 19.21 ft

Top Width 18.00 ft

Messages

Notes The discharge 27.86 is the 100 year 
storm for the 5.2 acre site entering 
the Detention Basin

Worksheet for Outlet Control Struc. Rectangular Weir
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01000 ft/ft

Diameter 36.00 in

Discharge 39.51 ft³/s

Results

Normal Depth 19.939 in

Flow Area 4.02 ft²

Wetted Perimeter 5.04 ft

Top Width 2.98 ft

Critical Depth 2.05 ft

Percent Full 55.4 %

Critical Slope 0.00536 ft/ft

Velocity 9.83 ft/s

Velocity Head 1.50 ft

Specific Energy 3.16 ft

Froude Number 1.49

Maximum Discharge 71.74 ft³/s

Discharge Full 66.69 ft³/s

Slope Full 0.00351 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.000 in

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.000 in

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 55.39 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for 100-year 36" Pipe - 10
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GVF Output Data

Normal Depth 19.939 in

Critical Depth 2.05 ft

Channel Slope 0.01000 ft/ft

Critical Slope 0.00536 ft/ft

Worksheet for 100-year 36" Pipe - 10
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01000 ft/ft

Normal Depth 19.939 in

Diameter 36.00 in

Discharge 39.51 ft³/s

Cross Section Image

Cross Section for 100-year 36" Pipe - 10
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                        WinTR-55 Current Data Description

                         --- Identification Data ---

User:     Langel                                 Date:        12/21/2007
Project:  07-0201                                Units:       English
SubTitle: Orange Grove Power Plant - Detention Basin
                                                 Areal Units: Acres
State:    California
County:   San Diego
Filename: N:\2007\07201\engr\ce\Stormwater Design\OG - Pre-Dev. Detention Basin Design.w55

                             --- Sub-Area Data ---

Name           Description              Reach        Area(ac)     RCN     Tc  
------------------------------------------------------------------------------
Pre-Dev       Pre-Development          Outlet          5.2         76    0.140     

Total area: 5.20 (ac)

                             --- Storm Data  --

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
    2.5         3.5         4.0         5.0         5.5         6.0         .0      

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Type I
Dimensionless Unit Hydrograph:  <standard>

WinTR-55, Version 1.00.08 Page  1 12/21/2007 11:42:31 AM 



Langel                             07-0201
                  Orange Grove Power Plant - Detention Basin
                         San Diego County, California

                                  Storm Data

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
    2.5         3.5         4.0         5.0         5.5         6.0         .0      

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Type I
Dimensionless Unit Hydrograph:  <standard>

WinTR-55, Version 1.00.08 Page  1 12/21/2007 11:42:32 AM 



Langel                             07-0201
                  Orange Grove Power Plant - Detention Basin
                         San Diego County, California

                             Watershed Peak Table

 Sub-Area           Peak Flow by Rainfall Return Period
 or Reach      50-Yr    100-Yr
Identifier     (cfs)     (cfs)
----------------------------------------------------------------------------------
SUBAREAS
Pre-Dev        10.97     12.68

REACHES

OUTLET         10.97     12.68

WinTR-55, Version 1.00.08 Page  1 12/21/2007 11:42:32 AM 



Langel                             07-0201
                  Orange Grove Power Plant - Detention Basin
                         San Diego County, California

                       Hydrograph Peak/Peak Time Table

 Sub-Area       Peak Flow and Peak Time (hr) by Rainfall Return Period
 or Reach      50-Yr    100-Yr
Identifier     (cfs)     (cfs)
            (hr)      (hr)      
----------------------------------------------------------------------------------
SUBAREAS
Pre-Dev        10.97     12.68
            9.96      9.96

REACHES

OUTLET         10.97     12.68

WinTR-55, Version 1.00.08 Page  1 12/21/2007 11:42:32 AM 



Langel                             07-0201
                  Orange Grove Power Plant - Detention Basin
                         San Diego County, California

                            Sub-Area Summary Table

 Sub-Area   Drainage     Time of     Curve   Receiving     Sub-Area
Identifier    Area    Concentration  Number    Reach      Description
              (ac)        (hr)
--------------------------------------------------------------------------------
Pre-Dev          5.20     0.140        76     Outlet    Pre-Development          

Total Area:   5.20 (ac)

WinTR-55, Version 1.00.08 Page  1 12/21/2007 11:42:32 AM 



Langel                             07-0201
                  Orange Grove Power Plant - Detention Basin
                         San Diego County, California

                    Sub-Area Time of Concentration Details

 Sub-Area      Flow            Mannings's    End     Wetted               Travel
Identifier/   Length    Slope      n        Area    Perimeter   Velocity   Time 
               (ft)    (ft/ft)             (sq ft)    (ft)      (ft/sec)   (hr)
--------------------------------------------------------------------------------
Pre-Dev   
  SHEET          100   0.1000     0.170                                    0.107
  SHALLOW        600   0.1000     0.050                                    0.033

                                                 Time of Concentration     0.140
                                                                        ========

WinTR-55, Version 1.00.08 Page  1 12/21/2007 11:42:32 AM 



Langel                             07-0201
                  Orange Grove Power Plant - Detention Basin
                         San Diego County, California

                  Sub-Area Land Use and Curve Number Details

 Sub-Area                                           Hydrologic   Sub-Area   Curve
Identifier           Land Use                          Soil        Area     Number
                                                      Group        (ac)
--------------------------------------------------------------------------------
Pre-Dev   Woods - grass combination           (poor)    C           3.5       82 
          Sagebrush (w/ grass understory)     (fair)    C           1.7       63 

          Total Area / Weighted Curve Number                        5.2       76 
                                                                    ===       ==

WinTR-55, Version 1.00.08 Page  1 12/21/2007 11:42:32 AM 



                        WinTR-55 Current Data Description

                         --- Identification Data ---

User:     Langel                                 Date:        12/21/2007
Project:  07-0201                                Units:       English
SubTitle: Orange Grove Power Plant - Detention Basin
                                                 Areal Units: Acres
State:    California
County:   San Diego
Filename: N:\2007\07201\engr\ce\Stormwater Design\OG - Post-Dev. Detention Basin Design.w55

                             --- Sub-Area Data ---

Name           Description              Reach        Area(ac)     RCN     Tc  
------------------------------------------------------------------------------
Post-Dev      Post-Development         Outlet          5.2         83    0.189     

Total area: 5.20 (ac)

                             --- Storm Data  --

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
    2.5         3.5         4.0         5.0         5.5         6.0         .0      

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Type I
Dimensionless Unit Hydrograph:  <standard>

WinTR-55, Version 1.00.08 Page  1 12/21/2007 1:25:04 PM 



Langel                             07-0201
                  Orange Grove Power Plant - Detention Basin
                         San Diego County, California

                                  Storm Data

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
    2.5         3.5         4.0         5.0         5.5         6.0         .0      

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Type I
Dimensionless Unit Hydrograph:  <standard>

WinTR-55, Version 1.00.08 Page  1 12/21/2007 1:25:05 PM 



Langel                             07-0201
                  Orange Grove Power Plant - Detention Basin
                         San Diego County, California

                             Watershed Peak Table

 Sub-Area           Peak Flow by Rainfall Return Period
 or Reach      50-Yr    100-Yr
Identifier     (cfs)     (cfs)
----------------------------------------------------------------------------------
SUBAREAS
Post-Dev       12.98     14.66

REACHES

OUTLET         12.98     14.66

WinTR-55, Version 1.00.08 Page  1 12/21/2007 1:25:05 PM 



Langel                             07-0201
                  Orange Grove Power Plant - Detention Basin
                         San Diego County, California

                       Hydrograph Peak/Peak Time Table

 Sub-Area       Peak Flow and Peak Time (hr) by Rainfall Return Period
 or Reach      50-Yr    100-Yr
Identifier     (cfs)     (cfs)
            (hr)      (hr)      
----------------------------------------------------------------------------------
SUBAREAS
Post-Dev       12.98     14.66
           10.00      9.99

REACHES

OUTLET         12.98     14.66

WinTR-55, Version 1.00.08 Page  1 12/21/2007 1:25:05 PM 



Langel                             07-0201
                  Orange Grove Power Plant - Detention Basin
                         San Diego County, California

                            Sub-Area Summary Table

 Sub-Area   Drainage     Time of     Curve   Receiving     Sub-Area
Identifier    Area    Concentration  Number    Reach      Description
              (ac)        (hr)
--------------------------------------------------------------------------------
Post-Dev         5.20     0.189        83     Outlet    Post-Development         

Total Area:   5.20 (ac)

WinTR-55, Version 1.00.08 Page  1 12/21/2007 1:25:05 PM 



Langel                             07-0201
                  Orange Grove Power Plant - Detention Basin
                         San Diego County, California

                    Sub-Area Time of Concentration Details

 Sub-Area      Flow            Mannings's    End     Wetted               Travel
Identifier/   Length    Slope      n        Area    Perimeter   Velocity   Time 
               (ft)    (ft/ft)             (sq ft)    (ft)      (ft/sec)   (hr)
--------------------------------------------------------------------------------
Post-Dev  
  SHEET          100   0.0050     0.050                                    0.134
  SHALLOW        100   0.0050     0.050                                    0.024
  CHANNEL        500   0.0100     0.013      1.77      4.71     6.039      0.023
  CHANNEL        200   0.0100     0.013      3.14      6.28     6.944      0.008

                                                 Time of Concentration     0.189
                                                                        ========

WinTR-55, Version 1.00.08 Page  1 12/21/2007 1:25:05 PM 



Langel                             07-0201
                  Orange Grove Power Plant - Detention Basin
                         San Diego County, California

                  Sub-Area Land Use and Curve Number Details

 Sub-Area                                           Hydrologic   Sub-Area   Curve
Identifier           Land Use                          Soil        Area     Number
                                                      Group        (ac)
--------------------------------------------------------------------------------
Post-Dev  Paved parking lots, roofs, driveways          C            .8       98 
          Gravel (w/ right-of-way)                      C           2.7       89 
          Brush - brush, weed, grass mix      (good)    C           1.7       65 

          Total Area / Weighted Curve Number                        5.2       83 
                                                                    ===       ==

WinTR-55, Version 1.00.08 Page  1 12/21/2007 1:25:05 PM 



Orange Grove Power Plant 
Sega Project No. 07-0098 

MUP 07-009 
Orange Grove Energy, L.P. 

Pre- and Post-Development Drainage Calculations 
 

Name of printed page file: 
TR20.out 

 
STORM 50-Year 

 
Area or       Drainage    Rain Gage     Runoff       ------------ Peak Flow ------------ 
Reach         Area            ID or             Amount   Elevation   Time      Rate      Rate 
Identifier    (sq mi)        Location       (in)           (ft)              (hr)        (cfs)     (csm) 
 
Pre-Dev       0.008                               2.949                           9.96      10.97     1349.93 

 
 
 
 

Area or       Drainage    Rain Gage     Runoff       ------------ Peak Flow ------------ 
Reach         Area            ID or             Amount   Elevation   Time      Rate      Rate 
Identifier    (sq mi)        Location       (in)           (ft)              (hr)        (cfs)     (csm) 
 
Post-Dev      0.008                               3.626                         10.00      12.98     1596.74 

 
 

STORM 100-Year 
 

Area or       Drainage    Rain Gage     Runoff       ------------ Peak Flow ------------ 
Reach         Area            ID or             Amount   Elevation   Time      Rate      Rate 
Identifier    (sq mi)        Location       (in)           (ft)              (hr)        (cfs)     (csm) 
 
Pre-Dev       0.008                               3.376                           9.96      12.68     1559.32 

 
 
 
 

Area or       Drainage    Rain Gage     Runoff       ------------ Peak Flow ------------ 
Reach         Area            ID or             Amount   Elevation   Time      Rate      Rate 
Identifier    (sq mi)        Location       (in)           (ft)              (hr)        (cfs)     (csm) 
 
Post-Dev      0.008                               4.088                         9.99      14.66     1803.03 



Sega, Inc. 
Customer: Orange Grove Energy, L.P.
Orange Grove Power Plant

1
Sega Project No. 07 - 0098

MUP 07 - 009

Quantity Volume Calculations for the Dry-Detention Basin utilizing TR-20

Drainage Area 5.2 acres

Output
Pre-Development Post-Development 

Discharge (cfs) 10.97 12.98 2.01
Runoff Volume (inches) 2.95 3.63 0.677
Runoff Volume (acre - feet) 1.28 1.57 0.29
Runoff Volume (ft3) 55665 68444 12779

Estimated TOTALS (ft3) 55,700 68,500 12,800

Output
Pre-Development Post-Development 

Discharge (cfs) 12.68 14.66 1.98
Runoff Volume (inches) 3.38 4.09 0.712
Runoff Volume (acre - feet) 1.46 1.77 0.31
Runoff Volume (ft3) 63725 77165 13440

Estimated TOTALS (ft3) 63,700 77,200 13,500

Max Discharge 77,200
Change Pre vs. Post 13,500

24-Hour, 100-Year Storm Pre vs. Post 
Differential

24-Hour, 50-Year Storm Pre vs. Post 
Differential



Sega, Inc.
Customer: Orange Grove Energy, L.P.
Orange Grove Power Plant

1
Sega Project No. 07-0098

MUP  07-009 

Energy Dissipator Calculations - 100-year Storm Event

Table from the San Diego County Drainage Design Manual - July 2005
Page 7-1 and 7-2

1 Proposed Detention Basin Inlet (Storm Drain Pipes Outlet)

Description Units Value
Pipe Diameter 
(D) Inches (") 30

Velocity (V) Feet per Second (ft/s) 11.91

Discharge (Q)
Cubic Feet per 
Second (ft3/s) 21.8

Rock Classification Size of Stone d50 (ft) Length (ft)
Riprap Size: 1/2 Ton * 2.3 10 Min.

2 Proposed Detention Basin Outlet 

Description Units Value
Pipe Diameter. 
(D) Inches (") 36

Velocity (V) Feet per Second (ft/s) 14.36

Discharge (Q)
Cubic Feet per 
Second (ft3/s) 11.28

Rock Classification Size of Stone d50 (ft) Length (ft)
Riprap Size: 1 Ton 2.9 12 Min.

* A conservative rock classification and size was chosen based on the Table 7-1

3/10/2008



Storm Drain Analysis - HGL & EGL Chart
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Sega Inc.
Customer: Orange Grove Energy, L.P.
Orange Grove Power Plant Project
Backwater Analysis

1
Project No.: 07-0201

Computed By: Jim Langel 
Date 2-29-08

BACKWATER ANALYSIS STRUCTURE 1 TO DETENTION BASIN: 50-Year Storm
STA. Ground 

Surface EL. INV. D W.S. SECTION A (SF) K =(2g)n2    

2.21
V (FPS) Q (CFS) V2/2g (FT) R4/3 Sf AVG. Sf L Hf Hb Hj Hm Ht H.G. E.G. "n" TOTAL 

LOSS K

0+00 405 403.00 30 412.40 RCP 4.91 0.00492 3.92 19.24 0.24 0.53436748 0.002198 412.40 412.64 0.013
LINE 7 0.00471291 43 0.20266 0.20265525
0+43 412.5 404.00 24 412.60 RCP 3.14 0.00492 6.12 19.24 0.58 0.39685026 0.007227 412.60 413.19 0.013
MH 7 0.00722733 5 0.03614 0.2912 0.32733879 0.5
0+48 418.25 404.50 24 412.93 RCP 3.14 0.00492 6.12 19.24 0.58 0.39685026 0.007227 412.93 413.51 0.013

LINE 6 0.00722733 87 0.62878 0.62877809
1+35 418.25 406.35 24 413.56 RCP 3.14 0.00492 6.12 19.24 0.58 0.39685026 0.007227 413.56 414.14 0.013

BOX 6 0.0069468 5 0.03473 0.2912 0.32593611 0.5
1+40 419.25 406.85 18 413.88 RCP 1.77 0.00492 4.86 8.58 0.37 0.27042179 0.006666 413.88 414.25 0.013

LINE 3 0.00666626 175 1.1666 1.16659622
3+15 419.25 409.50 18 415.05 RCP 1.77 0.00492 4.86 8.58 0.37 0.27042179 0.006666 415.05 415.42 0.013

BOX 3 0.00515307 5 0.02577 0.18303 0.20879182 0.5
3+20 419 410.00 18 415.26 RCP 1.77 0.00492 3.59 6.34 0.20 0.27042179 0.003640 415.26 415.46 0.013

LINE 2 0.00363987 154 0.56054 0.56054073
4+74 419 410.80 18 415.82 RCP 1.77 0.00492 3.59 6.34 0.20 0.27042179 0.003640 415.82 416.02 0.013

BOX 2 0.00360376 5 0.01802 0.09994 0.11795387 0.5
4+79 418.4 411.30 15 415.94 RCP 1.23 0.00492 3.15 3.86 0.15 0.21206388 0.003568 415.94 416.09 0.013

LINE 1 0.00356765 220 0.78488 0.01536 0.80024627 0.1
6+99 418.4 412.40 15 416.74 RCP 1.23 0.00492 3.15 3.86 0.15 0.21206388 0.003568 416.74 416.89 0.013

BOX 1

2/28/2008 OG - Storm Drain Backwater Analysis.XLS OGPP - BW



Project Description

Friction Method Manning Formula

Solve For Pressure at 1

Input Data

Pressure 2 9.40 feet H2O

Elevation 1 404.00 ft

Elevation 2 403.00 ft

Length 43.00 ft

Roughness Coefficient 0.013

Diameter 30.00 in

Discharge 19.24 ft³/s

Results

Pressure 1 8.49 feet H2O

Headloss 0.09 ft

Energy Grade 1 412.73 ft

Energy Grade 2 412.64 ft

Hydraulic Grade 1 412.49 ft

Hydraulic Grade 2 412.40 ft

Flow Area 4.91 ft²

Wetted Perimeter 7.85 ft

Velocity 3.92 ft/s

Velocity Head 0.24 ft

Friction Slope 0.00220 ft/ft

Worksheet for Backwater 100YR MH-Detention Basin Inlet

2/28/2008 9:09:59 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.071.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Pressure at 1

Input Data

Pressure 2 7.99 feet H2O

Elevation 1 406.35 ft

Elevation 2 404.50 ft

Length 84.00 ft

Roughness Coefficient 0.013

Diameter 24.00 in

Discharge 19.24 ft³/s

Results

Pressure 1 6.75 feet H2O

Headloss 0.61 ft

Energy Grade 1 413.68 ft

Energy Grade 2 413.07 ft

Hydraulic Grade 1 413.10 ft

Hydraulic Grade 2 412.49 ft

Flow Area 3.14 ft²

Wetted Perimeter 6.28 ft

Velocity 6.12 ft/s

Velocity Head 0.58 ft

Friction Slope 0.00723 ft/ft

Worksheet for Baskwater 100YR S.6.-MH

2/28/2008 9:13:36 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.071.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Pressure at 1

Input Data

Pressure 2 6.25 feet H2O

Elevation 1 409.50 ft

Elevation 2 406.85 ft

Length 175.00 ft

Roughness Coefficient 0.013

Diameter 18.00 in

Discharge 8.58 ft³/s

Results

Pressure 1 4.77 feet H2O

Headloss 1.17 ft

Energy Grade 1 414.63 ft

Energy Grade 2 413.47 ft

Hydraulic Grade 1 414.27 ft

Hydraulic Grade 2 413.10 ft

Flow Area 1.77 ft²

Wetted Perimeter 4.71 ft

Velocity 4.86 ft/s

Velocity Head 0.37 ft

Friction Slope 0.00667 ft/ft

Worksheet for Backwater 100YR S.3.-S.6.

2/28/2008 9:14:17 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.071.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Pressure at 1

Input Data

Pressure 2 4.27 feet H2O

Elevation 1 410.80 ft

Elevation 2 410.00 ft

Length 154.00 ft

Roughness Coefficient 0.013

Diameter 18.00 in

Discharge 6.34 ft³/s

Results

Pressure 1 4.03 feet H2O

Headloss 0.56 ft

Energy Grade 1 415.03 ft

Energy Grade 2 414.47 ft

Hydraulic Grade 1 414.83 ft

Hydraulic Grade 2 414.27 ft

Flow Area 1.77 ft²

Wetted Perimeter 4.71 ft

Velocity 3.59 ft/s

Velocity Head 0.20 ft

Friction Slope 0.00364 ft/ft

Worksheet for Backwater 100YR S.2.-S.3.

2/28/2008 9:15:29 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.071.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Pressure at 1

Input Data

Pressure 2 3.53 feet H2O

Elevation 1 412.40 ft

Elevation 2 411.30 ft

Length 220.00 ft

Roughness Coefficient 0.013

Diameter 15.00 in

Discharge 3.86 ft³/s

Results

Pressure 1 3.22 feet H2O

Headloss 0.79 ft

Energy Grade 1 415.77 ft

Energy Grade 2 414.98 ft

Hydraulic Grade 1 415.62 ft

Hydraulic Grade 2 414.83 ft

Flow Area 1.23 ft²

Wetted Perimeter 3.93 ft

Velocity 3.15 ft/s

Velocity Head 0.15 ft

Friction Slope 0.00357 ft/ft

Worksheet for Backwater 100YR S.1.-S.2.

2/28/2008 9:16:30 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.071.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page
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