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1 . 0  S i t e  D e s c r i p t i o n  
 
The existing project site is 0.32 acres and is located at 3774 5th Avenue located in San 
Diego, CA.  The current site is occupied by a one-story commercial building, and three 
two story mixed-use and residential buildings. The remainder of the site consists of 
asphalt parking areas and vehicular drive aisles.  The project is located at south of the 
intersection of Robinson Ave and fronts 5th avenue to the east and an alleyway to the 
west. 
 
2 . 0  P r o j e c t  D e s c r i p t i o n  
 
The project will consist of construction of new 7 story mixed-use building over one 
level of underground parking.  The proposed project will implement miscellaneous 
landscape features on podium levels of the development and will provide vehicular 
access from the Alleyway.  The proposed project will provide (42) market rate units, (2) 
affordable units, and (21) visitor accommodation units totaling approximately 64,008 SF 
as well as 3,947 sf of commercial use area.   
 
3 . 0  E x i s t i n g  S e w e r  C a p a c i t y  A n a l y s i s  
 
Per the available City of San Diego records of the existing sewer infrastructure (22336-
5-D, 22336-6-D, 22336-7-D), the project site is near the most upstream manhole on an 
existing 10” PVC sewer located to the west in the alleyway. The sewer flow from the 
existing project connects to this 10” sewer gravity sewer main.  The existing sewer main 
characteristics have been evaluated for the existing and proposed capacity to show that 
there are no impacts to the existing infrastructure based on the proposed project.  The 
capacity of the pipe was analyzed using Bentley FlowMaster V8i.  The results of the 
capacity analysis are shown below in Table 1 and can be found in Appendix C.  
 
Table 1 – Existing Sewer Main Capacity 

Existing Sewer Main Capacity 

  
Size 

(in) 

Slope 

(ft/ft) 
Material 

Max 

Flow 

Depth 

(in) 

Max 

Flow 

(gpd)   

Max 

Flow 

(mgd)   

Existing 10 0.56 PVC 5 688,765 0.69 

*All values shown here have been shown assuming a maximum flow 

depth of 5 inches or 50% full flow.    
 

*Existing sewer main characteristics were acquired from City of San 

Diego records.   
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4 . 0  P r o p o s e d  F l o w  G e n e r a t i o n  
 
The proposed project flow generation was calculated based on the City of San Diego 
Sewer Design Guide 2015. The estimated sewage flows can be seen below in Table 2.  
The proposed project will increase the sewage generation from the existing condition 
by approximately 11,344 GPD.   
 
T a b l e  2  –  S e w a g e  G e n e r a t i o n   

 
 
To verify the existing 10” capacity and flows.  The proposed wet weather peak flow has 
been analyzed.  There are a total of 10 lots that are assumed to connect to the existing 
10” PVC sewer main between MH 15 and 14.  The lots have been estimated for sewage 
generation by using Table 1-1 of the City of San Diego Sewer Design guide.  
Commercial lots were estimated by floor count and residential lots were estimated by 
net area.  The results from this study can be found in Appendix B.  The sewer between 
MH numbers 17 and 12 (See As-built plans in Appendix A) has been analyzed for the 
peak flows assumed to be tributary to this main.  See Calculations in Appendix B.  The 
results show that with the proposed project the existing 10” sewer has ample capacity 
(49.8% full dn/D) within the above-mentioned reach.  The studies shown in Appendix B, 
were analyzed 2 reaches upstream and downstream of the proposed project location.  
The project peak flow (0.08 cfs) was less than 10% (actual being 7.3%) of the total flow 
downstream (1.09 cfs).  The analysis did not need to continue further past reach 5 (MH 
13-12).  Results for max velocity, flow, and dn/D results per reach are provided in 
Appendix B.  Slopes and pipe materials were found from as-built records Appendix A. 
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5 . 0  C o n c l u s i o n  

 

The proposed project at 3774 5th Avenue located in the City of San Diego has been 

analyzed in this report to identify any potential impacts to the existing infrastructure 

based on the proposed development.  Through the previously mentioned findings and 

calculations, it is reasonable to conclude that the proposed project will have no 

potential impact on the existing sewer infrastructure.  The 10” main located in the alley 

between 4th Avenue and 5th Avenue between Robinson Ave and Pennsylvania Avenue is 

adequately sized for the proposed development and no upgrades would be needed to 

meet the standards and requirements noted in the City of San Diego Sewer Design 
Guidelines.   
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APPENDIX A 

Reference Maps  
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.82000 %

Diameter 8.00 in

Discharge 0.2750 cfs

Results

Normal Depth 0.2280 ft

Flow Area 0.11 ft²

Wetted Perimeter 0.83 ft

Hydraulic Radius 0.1267 ft

Top Width 0.63 ft

Critical Depth 0.24 ft

Percent Full 34.2 %

Critical Slope 0.00649 ft/ft

Velocity 2.61 ft/s

Velocity Head 0.11 ft

Specific Energy 0.33 ft

Froude Number 1.13

Maximum Discharge 1.18 ft³/s

Discharge Full 1.09 ft³/s

Slope Full 0.00052 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.0000 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0000 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 34.20 %

Downstream Velocity Infinity ft/s

Existing Reach 1 8" PVC Pipe
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GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 0.2280 ft

Critical Depth 0.24 ft

Channel Slope 0.82000 %

Critical Slope 0.00649 ft/ft

Existing Reach 1 8" PVC Pipe

10/5/2022 4:22:24 PM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.50000 %

Diameter 10.00 in

Discharge 0.3750 cfs

Results

Normal Depth 0.2790 ft

Flow Area 0.16 ft²

Wetted Perimeter 1.03 ft

Hydraulic Radius 0.1557 ft

Top Width 0.79 ft

Critical Depth 0.27 ft

Percent Full 33.5 %

Critical Slope 0.00597 ft/ft

Velocity 2.34 ft/s

Velocity Head 0.09 ft

Specific Energy 0.36 ft

Froude Number 0.92

Maximum Discharge 1.67 ft³/s

Discharge Full 1.55 ft³/s

Slope Full 0.00029 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.0000 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0000 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 33.48 %

Downstream Velocity Infinity ft/s

Existing Reach 2 10" PVC Pipe
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GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 0.2790 ft

Critical Depth 0.27 ft

Channel Slope 0.50000 %

Critical Slope 0.00597 ft/ft

Existing Reach 2 10" PVC Pipe
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.56000 %

Diameter 10.00 in

Discharge 0.5680 cfs

Results

Normal Depth 0.3386 ft

Flow Area 0.21 ft²

Wetted Perimeter 1.15 ft

Hydraulic Radius 0.1806 ft

Top Width 0.82 ft

Critical Depth 0.33 ft

Percent Full 40.6 %

Critical Slope 0.00610 ft/ft

Velocity 2.73 ft/s

Velocity Head 0.12 ft

Specific Energy 0.45 ft

Froude Number 0.95

Maximum Discharge 1.76 ft³/s

Discharge Full 1.64 ft³/s

Slope Full 0.00067 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.0000 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0000 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 40.64 %

Downstream Velocity Infinity ft/s

Existing Reach 3 10" PVC Pipe
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GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 0.3386 ft

Critical Depth 0.33 ft

Channel Slope 0.56000 %

Critical Slope 0.00610 ft/ft

Existing Reach 3 10" PVC Pipe
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.62000 %

Diameter 10.00 in

Discharge 0.6970 cfs

Results

Normal Depth 0.2841 ft

Flow Area 0.16 ft²

Wetted Perimeter 1.04 ft

Hydraulic Radius 0.1579 ft

Top Width 0.79 ft

Critical Depth 0.37 ft

Percent Full 34.1 %

Critical Slope 0.00624 ft/ft

Velocity 4.25 ft/s

Velocity Head 0.28 ft

Specific Energy 0.56 ft

Froude Number 1.64

Maximum Discharge 3.00 ft³/s

Discharge Full 2.79 ft³/s

Slope Full 0.00101 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.0000 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0000 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 34.09 %

Downstream Velocity Infinity ft/s

Existing Reach 4 10" PVC Pipe
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GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 0.2841 ft

Critical Depth 0.37 ft

Channel Slope 1.62000 %

Critical Slope 0.00624 ft/ft

Existing Reach 4 10" PVC Pipe
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.01000 %

Diameter 10.00 in

Discharge 1.0560 cfs

Results

Normal Depth 0.4065 ft

Flow Area 0.26 ft²

Wetted Perimeter 1.29 ft

Hydraulic Radius 0.2050 ft

Top Width 0.83 ft

Critical Depth 0.46 ft

Percent Full 48.8 %

Critical Slope 0.00683 ft/ft

Velocity 4.00 ft/s

Velocity Head 0.25 ft

Specific Energy 0.65 ft

Froude Number 1.25

Maximum Discharge 2.37 ft³/s

Discharge Full 2.20 ft³/s

Slope Full 0.00232 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.0000 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0000 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 48.78 %

Downstream Velocity Infinity ft/s

Existing Reach 5 10" PVC Pipe

10/5/2022 4:52:07 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

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



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 0.4065 ft

Critical Depth 0.46 ft

Channel Slope 1.01000 %

Critical Slope 0.00683 ft/ft

Existing Reach 5 10" PVC Pipe
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.82000 %

Diameter 8.00 in

Discharge 0.2750 cfs

Results

Normal Depth 0.2280 ft

Flow Area 0.11 ft²

Wetted Perimeter 0.83 ft

Hydraulic Radius 0.1267 ft

Top Width 0.63 ft

Critical Depth 0.24 ft

Percent Full 34.2 %

Critical Slope 0.00649 ft/ft

Velocity 2.61 ft/s

Velocity Head 0.11 ft

Specific Energy 0.33 ft

Froude Number 1.13

Maximum Discharge 1.18 ft³/s

Discharge Full 1.09 ft³/s

Slope Full 0.00052 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.0000 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0000 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 34.20 %

Downstream Velocity Infinity ft/s

Proposed Reach 1 8" PVC Pipe

10/5/2022 4:21:44 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

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



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 0.2280 ft

Critical Depth 0.24 ft

Channel Slope 0.82000 %

Critical Slope 0.00649 ft/ft

Proposed Reach 1 8" PVC Pipe

10/5/2022 4:21:44 PM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.50000 %

Diameter 10.00 in

Discharge 0.3750 cfs

Results

Normal Depth 0.2790 ft

Flow Area 0.16 ft²

Wetted Perimeter 1.03 ft

Hydraulic Radius 0.1557 ft

Top Width 0.79 ft

Critical Depth 0.27 ft

Percent Full 33.5 %

Critical Slope 0.00597 ft/ft

Velocity 2.34 ft/s

Velocity Head 0.09 ft

Specific Energy 0.36 ft

Froude Number 0.92

Maximum Discharge 1.67 ft³/s

Discharge Full 1.55 ft³/s

Slope Full 0.00029 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.0000 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0000 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 33.48 %

Downstream Velocity Infinity ft/s

Proposed Reach 2 10" PVC Pipe
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GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 0.2790 ft

Critical Depth 0.27 ft

Channel Slope 0.50000 %

Critical Slope 0.00597 ft/ft

Proposed Reach 2 10" PVC Pipe

10/5/2022 4:24:52 PM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.56000 %

Diameter 10.00 in

Discharge 0.6080 cfs

Results

Normal Depth 0.3513 ft

Flow Area 0.22 ft²

Wetted Perimeter 1.18 ft

Hydraulic Radius 0.1855 ft

Top Width 0.82 ft

Critical Depth 0.34 ft

Percent Full 42.2 %

Critical Slope 0.00614 ft/ft

Velocity 2.78 ft/s

Velocity Head 0.12 ft

Specific Energy 0.47 ft

Froude Number 0.95

Maximum Discharge 1.76 ft³/s

Discharge Full 1.64 ft³/s

Slope Full 0.00077 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.0000 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0000 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 42.15 %

Downstream Velocity Infinity ft/s

Proposed  Reach 3 10" PVC Pipe

10/5/2022 4:34:22 PM
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GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 0.3513 ft

Critical Depth 0.34 ft

Channel Slope 0.56000 %

Critical Slope 0.00614 ft/ft

Proposed  Reach 3 10" PVC Pipe

10/5/2022 4:34:22 PM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.62000 %

Diameter 10.00 in

Discharge 0.7360 cfs

Results

Normal Depth 0.2923 ft

Flow Area 0.17 ft²

Wetted Perimeter 1.06 ft

Hydraulic Radius 0.1615 ft

Top Width 0.80 ft

Critical Depth 0.38 ft

Percent Full 35.1 %

Critical Slope 0.00629 ft/ft

Velocity 4.31 ft/s

Velocity Head 0.29 ft

Specific Energy 0.58 ft

Froude Number 1.64

Maximum Discharge 3.00 ft³/s

Discharge Full 2.79 ft³/s

Slope Full 0.00113 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.0000 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0000 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 35.08 %

Downstream Velocity Infinity ft/s

Proposed Reach 4 10" PVC Pipe
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GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 0.2923 ft

Critical Depth 0.38 ft

Channel Slope 1.62000 %

Critical Slope 0.00629 ft/ft

Proposed Reach 4 10" PVC Pipe

10/5/2022 4:45:16 PM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.01000 %

Diameter 10.00 in

Discharge 1.0940 cfs

Results

Normal Depth 0.4150 ft

Flow Area 0.27 ft²

Wetted Perimeter 1.31 ft

Hydraulic Radius 0.2078 ft

Top Width 0.83 ft

Critical Depth 0.47 ft

Percent Full 49.8 %

Critical Slope 0.00691 ft/ft

Velocity 4.03 ft/s

Velocity Head 0.25 ft

Specific Energy 0.67 ft

Froude Number 1.25

Maximum Discharge 2.37 ft³/s

Discharge Full 2.20 ft³/s

Slope Full 0.00249 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.0000 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0000 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 49.80 %

Downstream Velocity Infinity ft/s

Proposed Reach 5 10" PVC Pipe

10/5/2022 4:54:54 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

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



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 0.4150 ft

Critical Depth 0.47 ft

Channel Slope 1.01000 %

Critical Slope 0.00691 ft/ft

Proposed Reach 5 10" PVC Pipe

10/5/2022 4:54:54 PM
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The final approved sewer study shall also be submitted electronically in PDF 

format.   

 

For new development, the planning study must be approved prior to approval 

of the tentative map.  The study shall include all items listed in the minimum 

intake standards for sewer studies and subsequent reviews shall include an 

explanation for each review comment. 

 

1.3.1.1 Capacity 

 

For new development and/or redevelopment, the planning study shall address 

the capacity of all sewer collection and trunk sewer systems that will be 

impacted downstream of the new development and/or redevelopment and 

shall demonstrate that sewer capacity is available in those systems to 

accommodate the new development and/or redevelopment (refer to Section 

1.7).  Authorization and approval to impact any downstream sewer system 

must be obtained from the reviewing Senior Civil Engineer.  If such 

downstream sewer system has already been identified as critical or sub-critical 

in a monitoring report, the Senior Civil Engineer may require additional field 

monitoring to determine if adequate capacity is available. 

 

For an existing development and/or redevelopment, the planning study shall 

address the existing capacity within the existing sewer collection system, and 

identify all existing facilities whose capacity will be exceeded by projected 

sewage flows.   

 

Where available capacity will be exceeded, the planning study shall propose 

upsizing of sewer facilities in accordance with Subsection 1.3.3. 

 

Where applicable, the DESIGN ENGINEER shall incorporate into the 

community’s existing master sewer plan, including zoning changes and other 

specific plans, the proposed sewer system amendments resulting from the 

drainage basin evaluation. 

 

1.3.1.2 Drainage Basin 

 

The planning study shall address the sewage generating potential of the entire 

drainage basin where the development is located.  It shall also include current 

topographic maps of the entire drainage basin and any and all adjacent new 

developments for which a planning study has not yet been submitted and/or 

approved. The maps shall demonstrate that no adjacent development, 

including potential and existing pumped lands outside of the drainage basin 

and any lands outside of the incorporated boundaries of the City of San Diego 

with potential to be served but where no current master sewerage plan exists, 

will be precluded from obtaining sewer service.   The planning study shall 

also show all proposed sewer system alignments (superimposed on planned 
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street alignments) and all potential points of entry of sewage from surrounding 

lands. 

 

1.3.1.3 Depth of Mains 

 

The planning study shall clearly identify all existing and/or proposed facilities 

which will exceed standard depths for sewer mains as defined in Subsection 

2.2.1.5.  In cases where proposed sewers will exceed 15 feet in depth, a 

request for design deviation (ATTACHMENT 2) must be submitted to the 

Water and Sewer Development Review Senior Civil Engineer with the Sewer 

Planning Study.  A design deviation will only be approved in exceptional 

cases and when adequate justification is provided.  Mains more than 20 feet 

deep shall also require approval from the Wastewater Collection Division 

Senior Civil Engineer. 

 

1.3.1.4 Existing Studies 

 

The City of San Diego maintains an extensive library of sewer planning 

studies which were prepared for lands throughout the City. These studies are 

available for review at the Water and Sewer Development Section, Public 

Utilities Department.  All studies are catalogued by subdivision or trunk sewer 

name.  Logs of sewer flow study analyses for recently monitored trunk sewers 

and a map of sewers which meet the Regional Water Quality Control Board 

(RWQCB) criteria for being critical or sub-critical may also be viewed.  In 

addition, information regarding proposed CIP projects within the vicinity of a 

given project may be requested.  In many cases, an addendum or reference to 

one of the existing planning studies may be acceptable in lieu of an 

independent study. Concurrent with the preparation of planning studies for 

sewers proposed to connect to existing canyon sewer mains, a study of flow 

redirection per Council Policy 400-13 and a cost-benefit analysis per Council 

Policy 400-14 shall be prepared (Refer to ATTACHMENT 1).  An existing 

analysis of redirection of flows and a cost-benefit analysis, as required by 

Council Policies 400-13 and 400-14 respectively, may be available for 

reference for various existing canyon sewers. 

 

1.3.2 Flow Estimation  

 

1.3.2.1 Land Use 

 

Present or future allowable land use, whichever results in higher equivalent 

population, shall be used to generate potential sewage flows.    

 

1.3.2.2 Flow Determination 

 

Flow definitions and calculation procedures are listed below.  All calculations 

shall be tabulated for each sewer main section (manhole to manhole) in the 
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format shown on Figure 1-2. 

 

Equivalent Population:  The equivalent population shall be calculated from 

zoning information (Ref. Section 1.6).  For major new facilities such as high 

rise apartment buildings, flow rates (assuming one lateral) shall be checked 

based on the most current, adopted edition of the Uniform Plumbing Code. 

The most conservative flow rate shall govern. 

 

Daily Per Capita Sewer Flow:  The sewer flow for the equivalent population 

shall be 80 gallons per capita per day (gpcd). 

 

Average Dry Weather Flow (ADWF): Equivalent populations shall be used to 

calculate the average dry weather flow.  The average dry weather flow for 

each sewer main reach (manhole to manhole) shall be determined by 

multiplying the total accumulated equivalent population contributing to that 

reach by 80 gallons per capita per day:  

 

 Average Dry Weather Flow = (80 gpcpd) x (Equivalent Population) 

 

Peaking Factor for Dry Weather Flow (PFDWF):  The peaking factor is the 

ratio of peak dry weather flow to average dry weather flow.  It is dependent 

upon the equivalent population within a tributary area. The tributary area is 

the area upstream of, and including, the current reach for the total flow in each 

reach of pipe.  Figure 1-1, consisting of the table prepared by Holmes and 

Narver in 1960, shall be used to determine peaking factors for each tributary 

area.  In no instance shall the dry weather flow peaking factor be less than 1.5. 

 

Peak Dry Weather Flow (PDWF): The peak dry weather flow for each sewer 

main reach shall be determined by multiplying the average dry weather flow 

by the appropriate peaking factor (Note that peak dry weather flows are not 

algebraically cumulative as routed through the sewer system, i.e. the peak dry 

weather flow at any point shall be based on the equivalent population in the 

basin to that point (Ref. Figure 1-2). 

 

 Peak Dry Weather Flow   =   (Average Dry Weather Flow) x  

      (Dry Weather Flow Peaking Factor) 

 

Peaking Factor for Wet Weather Flow (PFWWF):  The peaking factor for wet 

weather flow is the ratio of peak wet weather flow to peak dry weather flow.  

It is basin-specific and shall be based on essential information available at the 

time of the planning study.  Information such as historical rainfall/sewage 

flow data, land use, soil data, pipe/manhole age, materials and conditions, 

groundwater elevations (post development), inflow and infiltration (I/I) 

studies, size, slope and densities of the drainage basin, etc., should be utilized 

in the wet weather analysis to estimate the peaking factor for wet weather.  

Upward adjustments shall be made in areas with expected high inflow and 
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infiltration (i.e. high ground water or in areas with lush landscaping schemes).  

Flow meters are installed throughout the City’s sewer system.  Flow data 

collected from these meters are available upon request.  The objective of this 

analysis is to quantify the magnitude of peak wet weather flow with a 10-year 

return period on a statistical basis. 

 

The Senior Civil Engineer overseeing the preparation of the planning study 

shall coordinate with the City Sewer Modeling Group for approval of the 

peaking factors to be used for design. 

 

Peak Wet Weather Flow (PWWF): The peak wet weather flow (or design 

flow)  for a  gravity  sewer main reach shall be determined by multiplying the 

peak dry weather flow (ref. Figure 1-2) by the appropriate wet weather 

peaking factor. The peak wet weather flow is the design flow for a gravity 

sewer main.  It is determined at any point in the system based on the 

associated upstream average dry weather flow in the basis to that point times 

the peaking factor for wet weather. 

 

 Peak Wet Weather Flow   =    (Peak Dry Weather Flow) x  

        (Wet Weather Peaking Factor) 

 

1.3.3 Pipe Sizing Criteria 

 

1.3.3.1 Hydraulic Requirements 

 

Manning’s formula for open-channel flows shall be used to calculate flows in 

gravity sewer mains.  Manning's coefficient of roughness "n" shall be assumed 

to be 0.013 for all types of sewer pipe.  Sewer grades shall be designed for 

velocities of 3 to 5 feet per second (fps) where possible.  This is extremely 

important in areas where peak flow will not be achieved for many years.  The 

minimum allowable velocity is 2 fps at calculated peak dry weather flow, 

excluding infiltration.  Sewer mains that do not sustain 2 fps at peak flows 

shall be designed to have a minimum slope of 1 percent. Additional slope may 

be required by the Senior Civil Engineer where fill of varied depth is placed 

below the pipe in order to provide adequate slope after expected settlement 

occurs. The maximum allowable velocity shall be 10 fps and shall be avoided 

by adjusting slopes, by increasing the pipe diameter, or by utilizing a vertical 

curve transition to lower velocities per subsections 2.2.4 and 2.2.9.4.  If the 

Senior Civil Engineer approves a velocity greater than 10 fps,  the pipe shall 

be upgraded to SDR 18 PVC (standard dimension ratio polyvinyl chloride), 

concrete-encased VC (vitrified clay), or PVC sheet-lined reinforced concrete 

pipe. 
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1.3.3.2 Slope 

 

Slope shall be calculated as the difference in elevation at each end of the pipe 

divided by the horizontal length of the pipe, and shall be a constant value 

between manholes. 

 

1.3.3.3 Ratio of Depth of Flow to Pipe Diameter (dn/D) 

 

New sewer mains 15 inches and smaller in diameter shall be sized to carry the 

projected peak wet weather flow at a depth not greater than half of the inside 

diameter of the pipe (dn/D not to exceed 0.5).  New sewer mains 18 inches and 

larger shall be sized to carry the projected peak wet weather flow at a depth of 

flow not greater than 3/4 of the inside diameter of the pipe (dn/D not to exceed 

0.75).   

 

1.3.3.4 Minimum Pipe Sizes 

 

The size of a sewer pipe is defined as the inside diameter of the pipe.  Sewer 

mains shall be a minimum of 8 inches in diameter in residential areas, and a 

minimum of 10 inches in commercial, industrial, and high-rise building areas. 

 

1.3.4 Sewer Study Exhibit Criteria 

 

The DESIGN ENGINEER’s sewer study exhibits shall be used to evaluate 

hydraulics and to establish minimum street and easement widths.  Therefore, 

these documents need to reflect depths and separation of mains from other 

utilities and improvements.  Refer to the Minimum Intake Standards for Sewer 

Studies in Subsection 1.8. 

 

1.3.5 Private On-Site Wastewater Treatment and Reuse  

  

 Refer to Attachment 6 for permitting guidelines of private on-site wastewater 

treatment and reuse in the City of San Diego.  

 

 

1.4 SEPARATION OF MAINS 

 

1.4.1 Horizontal Separation 

 

1.4.1.1 Wet Utilities 

 

The separation of water, sewer, reclaimed water mains, and storm drains shall 

comply with the State of California Department of Health Services Criteria 

for the Separation of Water Mains and Sanitary Sewers.  At least 10 feet of 

horizontal separation shall be maintained between the nearest outer surfaces of 

sewer lines and potable water mains.  More stringent separation requirements 
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may be necessary if unusual conditions, such as high groundwater levels or 

large diameter mains, exist (Ref. State of California “Blue Book”).  If a 

horizontal separation of 10 feet or other requirement is not possible, a 

deviation from standards may be permitted by the City provided the structural 

integrity of both the pipe and the pipe joints is upgraded in accordance with 

the State of California Department of Health Services Criteria for the 

Separation of Water Mains and Sanitary Sewers - Special Provisions, and 

provided it has been reviewed and written approval has been obtained from 

the California Department of Health Services, Drinking Water Field 

Operations Branch.  This deviation is not applicable for subdivisions, or 

where sewers are placed in new streets.   Lateral connections to sewer mains 

typically do not meet the upgraded joint requirements for reduced separation.  

All installations of sewer mains which fail to comply with the basic separation 

standards must be reviewed and approved by the State of California 

Department of Health Services.  For separation from curbs, see Subsection 

2.2.5.2.  For separation from structures, see Subsections 2.2.5.8 and 2.2.5.9. 

 

1.4.1.2 Separation for Dry Utility Pipes and Cable Conduits 

 

Other utility pipes, conduits, and cable lines shall be governed by their 

respective franchise agreement with the City of San Diego.  A minimum 10-

foot horizontal separation is desirable between sewer mains and any other 

utility infrastructure.  Separations of less than 10 feet must be approved by the 

Senior Civil Engineer of Water and Sewer Development Section, Public 

Utilities Department.  Additional separation may be required for sewer mains 

which exceed 10 feet in depth.  The DESIGN ENGINEER shall consider the 

relative depth of adjacent utilities and the stability of the soils where the sewer 

shall be constructed when designing the separation from other utilities.  Refer 

to San Diego Regional Standard Drawing (SDRSD) M-22 and City of San 

Diego Drawing SDM-111 for standard locations of utilities in streets. 

 

1.4.2 Vertical Separation 

 

1.4.2.1 Shallow Mains, General 

 

Shallow mains require a special design.  Review and written approval is 

required from the California Department of Health Services, Drinking Water 

Field Operations Branch for deviations from vertical separation requirements 

for water and sewer utilities.  For mains less than 4 feet deep, special design 

shall be required for live and dead loads and vertical cyclical deflections 

which shall include an evaluation to demonstrate zero deflection in the 

pavement. 

 

1.4.2.2 Parallel Mains 

 

Potable water, reclaimed water, and sewer mains shall be located at various 
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depths below the ground surface, in order of descending water quality.  

Potable water pipelines shall be located above both reclaimed water pipes and 

sewer mains, and reclaimed water mains shall be located above sewer mains.  

A minimum vertical separation of one foot shall be provided between the top 

and bottom surfaces of the pipes in the same street or easement. 

1.4.2.3 Crossing Mains 

 

A minimum vertical separation of 12 inches shall be provided between the top 

and bottom surfaces of crossing utility conduits and shall comply with the 

State of California Department of Health Services Criteria for the Separation 

of Water Mains and Sanitary Sewers.  Separation measurements shall be taken 

from the outer most surface of any pipeline protection (i.e. concrete 

encasement or steel sleeve) which may be installed. Where the vertical 

separation is less than 12 inches, a request for design deviation 

(ATTACHMENT 2), with justification, shall be submitted for review.  If 

approved, for pipes 12 inches or less in diameter, a 12-inch sand cushion, or 

alternatively a minimum 6-inch sand cushion with 1 inch neoprene pad shall 

be used. Separations of less than 7 inches will not be allowed by the City.  For 

skewed main crossings, see Subsection 2.2.6.  Mains crossing large facilities 

shall evaluate deflection across the span, changes in hydraulics due to change 

of slope, shear forces, and special joint designs to account for pipe movement. 

 

 
1.5 PUMP STATION PLANNING CRITERIA 

 
If at all possible, the construction of a sewer pump station is to be avoided.  
However, in cases where constraints such as topography and environmentally 
sensitive habitat dictate, a pump station may be necessary (Ref. Council 
Policies 400-13 and 400-14 – ATTACHMENT 1).  The DESIGN ENGINEER 
shall analyze the planning area for the sewer system to minimize the number 
of units to be pumped and to design the shortest possible force main.  In cases 
where only a small tributary area is to be served by a pump station, the City 
will accept the facility as public only if it can be shown that the capitalized 
cost of facility replacement and maintenance will not exceed 50 percent of the 
standard sewer fees for the area to be served.  Otherwise, the pump station 
must be privately owned, maintained and operated.  In cases where a pump 
station will be a public facility, specific criteria for the design, construction, 
and operational testing of sewer pump stations are given in Chapter 7. 
 

1.5.1 Pump Station Design Capacity 
 
The Pump Station Design Capacity shall be calculated as follows:  
 
Pump Station Design Capacity (PSDC): Pump stations shall be designed to 
pump the calculated peak wet weather flow from the upstream tributary area. 
 
Pump Station Reserve Capacity Factor (PSRCF):  This is a safety factor that 
takes into account that service pumps will generally not be operating at their 
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full intended design capacity due to mechanical wear and the subsequent loss 
of efficiency, and increases in force main friction loss due to the deposition of 
solids and grit.  The reserve capacity factor shall be 1.0 if two (2) hours 
emergency storage (Ref. Subsection 7.2.6.7) or six hours emergency storage 
(Ref. Subsection 7.2.7) are provided.  Where this storage is not provided in 
design, then a reserve capacity factor greater than 1.0 shall be used and an 
appropriate factor shall be evaluated for approval, on a case-by-case basis, by 
the Wastewater Collections Division Senior Civil Engineer. 
 

     Pump Station Design Capacity   =    (Peak Wet Weather Flow) x  
      (Pump Station Reserve Capacity Factor) 
 

1.5.2 Private Pump Stations 
 

 Private pump stations (privately-owned and operated) serving more than one 

lot shall not be located in the public right-of-way.  The capacity for private 

pump stations shall be determined in the same manner as for public pump 

stations.  Station wet well detention times shall not exceed 4 hours.  A 

planning study for the pump station outlining capacity of the pumps, 

equivalent dwelling units (EDU) served, capacity of the wet well, detention 

times, length and size of the force main, and provision of any odor control 

equipment shall be submitted for review to Water and Sewer Development 

Review, Public Utilities Department.  Private pump stations shall require 

separate structural, mechanical, and electrical permits from the City of San 

Diego, Development Services Department, Building Review Division.  

However, private pump station plans are not reviewed for compliance with 

City of San Diego Sewer Design Guide Chapter 7 criteria.  As such, it shall be 

the responsibility of the DESIGN ENGINEER to ensure that all private pump 

stations are adequately sized, have sufficient redundant measures (dual force 

mains, back-up power supply, auto dialer alarm system to a licensed plumber 

with 24-hour response, etc.), and comply with all applicable local, state, and 

federal regulations.  In the design of such facilities, the DESIGN ENGINEER 

shall utilize sound engineering judgment to provide for an adequate design for 

any potential failure during the service life of the pump station.  If a developer 

elects to construct a private sewer system including a sewer pump station, 

then a letter of agreement must be executed over all lots served in the 

subdivision if the pump station will serve two or more lots.  A copy of this 

agreement is available at the City Plan Check Counter and the City Website 

http://www.sandiego.gov/mwwd/business/sewer.  Also required is a recorded 

copy of the CC&R’s for the home or business owners association, outlining 

the responsibility and maintenance requirements for the shared private 

improvements. 

 

 

1.6 ZONE - DENSITY CONVERSIONS 

 

Table 1-1 shall be used in planning studies to determine the equivalent 
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population for a given land use.  These tabulated figures represent a general 

case analysis.  When more accurate or detailed information, such as fixture 

unit counts, is available, Table 1-1 shall not be used.  For more information on 

the requirements of the zones shown in Table 1-1, refer to Chapter 13 of the 

City of San Diego Municipal Code. 

 

 

1.7 REQUIRED CAPACITY IN EXISTING SEWER SYSTEMS 

DOWNSTREAM OF NEW FACILITIES 

 

1.7.1 Required Capacity Downstream of New Gravity Sewers 

 

For a new development, the projected peak wet weather flow from the 

proposed system  (ref. Subsection 1.3.2.2) will be added to the field measured 

maximum flow in the downstream sewer to determine if the projected dn/D is 

in compliance with the depth criterion described in Subsection 1.3.3.3.  If this 

criterion is not met, a comprehensive sewer study of the area shall be 

prepared. 

 

The downstream system shall be studied to the point in the system where the 

projected peak wet weather flow from the proposed new development is less 

than 10% of the total flow.  All sewers to this point are required to carry the 

total flow per the depth criterion described in the above paragraph.  The 

existing system to be studied shall not be less than two pipe reaches (i.e. 

manhole to manhole) from the point of discharge of the new development into 

the existing system. 

 

1.7.2 Required Capacity Downstream of New Pump Stations  

 

In developed lands, the discharge of the pump station design capacity from the 

proposed new development will be added to the field measured maximum 

flow in the existing downstream sewer to determine if the projected  dn/D will 

comply with the depth criteria described in Subsection 1.3.3.3.  If these 

criteria are not met, a comprehensive sewer study of the area shall be 

prepared. 

 

The sewer system downstream of the pump station shall be designed for 

cyclical pumping operation (i.e. on-off pumping).  Use the design discharge 

capacity of the pump station for the tributary area.  As a rule of thumb, the 

cyclical effect in single family residential may be considered negligible when 

the pump station’s discharge is less than 10% of the total flow.  For other 

density types consult with the Senior Engineer.  All sewers to this point are 

required to carry the total flow per the depth criterion described in the above 

paragraph.  The proposed new system shall discharge at a point not less than 

two pipe reaches (i.e. manhole to manhole) away the existing system. 
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1.7.3 Odor Control 

 

The DESIGN ENGINEER shall design the wastewater system so that 

objectionable odors are not discharged into the atmosphere or through 

plumbing vents.  Odors are caused by organic biologic activity and the 

location of the problematic area in the system is not always predictable.   

 

The DESIGN ENGINEER shall account for the possibility of odors 

developing as the subdivisions build out including setting right of way aside 

that has good access for the locations of odor control equipment.  The 

developer will modify the system up to one year after final occupancy of the 

drainage basin. 

 

Some of the properties that impact odor may include the following: 

 

 sewage detention times 

 force main discharge points 

 submerged flow at siphons 

 locations with turbulent flow 

 flat slopes 

 type of discharge content including industrial waste discharge 

 temperature and weather conditions 

 

Odor control may include chemical injection such as calcium nitrate or other 

approved chemicals, or installation of an activated carbon system, or both. 

 

 

1.8 MINIMUM INTAKE STANDARDS FOR SEWER STUDIES 

 

At a minimum, include the following items on the exhibit and within the body 

of all wastewater planning studies for new sewer development projects: 
 

a. Internal order numbers, tentative map numbers, and any discretionary 

permit numbers [i.e. Conditional Use Permit (CUP), Planned Residential 

Development (PRD), or Planned Industrial Development (PID)]. 
 

b. Project name. 
 

c. Vicinity map. 
 

d. Scale of sufficient size to accommodate the details required by this list.  

Minimum Scale will be 1 inch = 100 feet. 
 

e. Reference drawing numbers for existing sewer mains. 
 

f. Limits of the project area. 
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g. Streets with names or distinguishing labels and dimensions. 
 

h. All existing and proposed utilities with adequate separation, whether in 

streets, side yards, or canyon slopes.  Cross sections shall show dry and 

wet utilities. 
 

i. Existing and proposed sewer mains labeled as public or private. 
 

j. Deviation requests for all sewer mains which exceed standard depths. 
 

k. All existing and proposed “sewer access” easements.  Indicate whether 

these will be permanent, to be abandoned after construction, or will be 

dedicated.  
 

l. Paved width of all easements and connections to streets and manholes. 
 

m. Typical bench section for limits of easement width and paving. 
 

n. Topography of the entire drainage basin and the proposed development. 
 

o. Elevations for existing and proposed grades throughout the project area.  

A reference copy of the proposed grading plans may be provided instead, 

if applicable. 

 

p. Manhole numbers and reach or pipe segment numbers for ease of 

comparison with the flow data in the Sewer Study Summary (Figure 1-2).  

Label all points of connection where project flows discharge to existing 

facilities and, where applicable, to the terminus of the study area.  For off-

site sewer mains, show information for a minimum of two reaches 

upstream and downstream in accordance with Subsection 1.7.1.    Also 

identify all existing sewer mains in the Remarks column of Figure 1-2 -

Sewer Study Summary. 
 

q. Pipes labeled with size, type, flow direction, and slope. 
 

r. Manholes, within the limits of the project area, shown with rim elevation 

and invert elevation.  Note that sewer depth information is more critical 

where the mains are not at standard depths (refer to section 2.2.1.5), where 

they are located in easements, where off-site flows join the project area, or 

where grading is proposed over existing facilities. 

 

s.    Number of Dwelling Units per Pipe Reach.  Equivalent dwelling units per 

each reach shall be identified from the most upstream manhole to the 

downstream end of the project boundary. 
 

 

 

 



Sewer Design Guide 

 

 
Sewer Design Guide  

Chapter 1 1-16 2013 

t. Land use areas labeled as single family residential, multi-family 

residential, commercial, industrial, schools, parks, open space, multiple 

habitat preservation area (MHPA), multiple species conservation program 

area (MSCP), stream beds or 100-year flood area. 
 

u. Location of all proposed pump stations.  Label all pump stations as public 

or private.  For public pump stations, show access roads and lots as 

dedicated in fee title to the City of San Diego.  All pipe systems upstream 

of private pump stations shall be clearly labeled “private”. 
 

 

v. Location of any sewer facilities proposed in canyons and environmentally 

sensitive lands.  Show any required sewer access roads in order to 

implement the Sewer Maintenance Plan to be developed as part of the 

planning study (refer to Council Policy 400-13 - ATTACHMENT 1). 
 

w. List any documents or studies that are incorporated by reference into the 

report.  Do not include copies of the reports in the sewer study if they are 

part of the Public Utilities Department’s Library. 
 

x. Master plan of the project area, when requested. 
 

y. As-built plans of existing facilities where any point of connection is 

planned. 
 

z. Flow metering data, when requested. 
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TABLE 1-1 

CITY OF SAN DIEGO SEWER DESIGN GUIDE 

DENSITY CONVERSIONS 
 

Zone 
 

Maximum 

Density 

(DU/Net Ac) 

 
Population  

per DU 

 
Equivalent 

Population 

(Pop/Net Ac) 

 
 
AR-1-1, RE-1-1 

 
0.1 

 
3.5 

 
  0.4 

 
RE-1-2 

 
0.2 

 
3.5 

 
  0.7 

 
AR-1-2, RE-1-3 

 
1 

 
3.5 

 
  3.5 

 
RS-1-1, RS-1-8 

 
1 

 
3.5 

 
  3.5 

 
RS-1-2, RS-1-9 

 
2 

 
3.5 

 
  7.0 

 
RS-1-3, RS-1-10 

 
3 

 
3.5 

 
10.5 

 
RS-1-4, RS-1-11 

 
4 

 
3.5 

 
14.0 

 
RS-1-5, RS-1-12 

 
5 

 
3.5 

 
17.5 

 
RS-1-6, RS-1-13 

 
7 

 
3.5 

 
24.5 

 
RS-1-7, RS-1-14 

 
9 

 
3.5 

 
31.5 

 
RX-1-1 

 
11 

 
3.4 

 
37.4 

 
RT-1-1 

 
12 

 
3.3 

 
39.6 

 
RX-1-2, RT-1-2, RU-1-1 

 
14 

 
3.2 

 
44.8 

 
RT-1-3, RM-1-2 

 
17 

 
3.1 

 
52.7 

 
RT-1-4 

 
20 

 
3.0 

 
60.0 

 
RM-1-3 

 
22 

 
3.0 

 
66.0 

 
RM-2-4 

 
25 

 
3.0 

 
75.0 

 
RM-2-5 

 
29 

 
3.0 

 
87.0 

 
RM-2-6 

 
35 

 
2.8 

 
 98.0 

 
RM-3-7, RM-5-12 

 
43 

 
2.6 

 
111.8 

 
RM-3-8 

 
54 

 
2.4 

 
129.6 

 
RM-3-9 

 
73 

 
2.2 

 
160.6 

 
RM-4-10 

 
109 

 
1.8 

 
196.2 

 
RM-4-11 

 
218 

 
1.5 

 
327.0 
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TABLE 1-1 

CITY OF SAN DIEGO SEWER DESIGN GUIDE 

DENSITY CONVERSIONS (Continued) 
 

Zone 
 

Maximum 

Density 

(DU / Net Ac) 

 
Population  

Per DU 

 
Equivalent 

Population 

(Pop/Net Ac) 

 
 
Schools/Public 

 
8.9 

 
3.5 

 
 31.2 

 
Offices 

 
10.9 

 
3.5 

 
  38.2* 

 
Commercial/Hotels 

 
12.5 

 
3.5 

 
  43.7* 

 
Industrial 

 
17.9 

 
3.5 

 
  62.5* 

 
Hospital 

 
42.9 

 
3.5 

 
150.0* 

Figures with asterisk (*) represent equivalent population per floor of the building. 

 

Definitions: 

DU = Dwelling Units 

Ac = Acreage  

Pop = Population 

 

Net Acreage is the developable lot area excluding areas that are dedicated as public 

streets in acres.  Gross Area is the entire area in acres of the drainage basin, including 

lots, streets, etc. 

 

For undeveloped areas, assume Net Acreage = 0.8 x Gross Area in Acres 

 

For developed areas, calculate actual Net Acreage. 

 

Tabulated figures are for general case.  The tabulated figures shall not be used if more 

accurate figures are available. 

 

Population is based on actual equivalent dwelling units (EDU) or the maximum estimate 

obtained from zoning. 

 

Conversion of Fixture Units to Equivalent Dwelling Units (EDU):  The Water Meter 

Data Card, maintained by the Development Services Department, contains a table of 

plumbing fixtures that should be used for determining the equivalent dwelling units 

(EDU’s) for the purpose of estimating the rate of wastewater generation in residential, 

commercial, or industrial areas.  Currently, the basis for conversion is:  20 fixtures = 1 

EDU and 1 EDU = 280 gallons of wastewater per day. 

 

In high rise building areas, flow rates shall be based on the most current, adopted edition 

of the applicable Plumbing Code, assuming one lateral per area.  The most conservative 

flow rate shall govern. 



  

 

PUBLIC UTILITIES DEPARTMENT 

 

PEAKING FACTOR FOR SEWER FLOWS 

(Dry Weather) 

 

Ratio of Peak to Average Flow* 

Versus Tributary Population 
 

                 Ratio of Peak to      Ratio of Peak to 

  Population  Average Flow   Population  Average Flow 
 

 200  4.00    4,800 2.01 

 500  3.00    5,000 2.00 

 800  2.75    5,200 1.99 

 900  2.60    5,500 1.97 

 1,000  2.50    6,000 1.95 

 1,100  2.47    6,200 1.94 

 1,200  2.45    6,400 1.93 

 1,300  2.43    6,900 1.91 

 1,400  2.40    7,300 1.90 

 1,500  2.38    7,500 1.89 

 1,600  2.36    8,100 1.87 

 1,700  2.34    8,400 1.86 

 1,750  2.33    9,100 1.84 

 1,800  2.32    9,600 1.83 

 1,850  2.31    10,000 1.82 

 1,900  2.30    11,500 1.80 

 2,000  2.29    13,000 1.78 

 2,150  2.27    14,500 1.76 

 2,225  2.25    15,000 1.75 

 2,300  2.24    16,000 1.74 

 2,375  2.23    16,700 1.73 

 2,425  2.22    17,400 1.72 

 2,500  2.21    18,000 1.71 

 2,600  2.20    18,900 1.70 

 2,625  2.19    19,800 1.69 

 2,675  2.18    21,500 1.68 

 2,775  2.17    22,600 1.67 

 2,850  2.16    25,000 1.65 

 3,000  2.14    26,500 1.64 

 3,100  2.13    28,000 1.63 

 3,200  2.12    32,000  1.61 

 3,500  2.10    36,000 1.59 

 3,600  2.09    38,000 1.58 

 3,700  2.08    42,000 1.57 

 3,800  2.07    49,000 1.55 

 3,900  2.06    54,000 1.54 

 4,000  2.05    60,000 1.53 

 4,200  2.04    70,000 1.52 

 4,400  2.03    90,000 1.51 

 4,600  2.02     100,000+ 1.50 
                                                                                                                                                                                                                           

 

*Based on formula: Peak Factor = 6.2945 x (pop)-0.1342 

  (Holmes & Narver, 1960) 

FIGURE 1-1 
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