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1.0 Introduction 

This report is a Storm Drainage Master Plan (SDMP) that describes and presents 
a recommended master plan for storm drainage facilities that will serve new 
development areas that are currently located within the City of Livingston’s 
sphere of influence or are likely to be incorporated into the sphere of influence at 
some point in the foreseeable future.  This SDMP also provides 
recommendations for mitigating nuisance flooding in several problem areas of 
the existing City urbanized area and for eliminating some of the City’s current 
detention/retention ponds that are considered undesirable due to issues related 
to aesthetics, environment, and/or maintenance.  This SDMP document 
addresses and provides information with respect to the following: 

• Watershed hydrology and peak runoff 

• Infrastructure plan for new and retrofitted storm drainage facilities 

• Joint-use opportunities and design guidelines for detention basins 

• Funding alternatives 

• Impact fees pertinent to new development areas 

• Priority projects 

A previous master plan for storm drainage facilities was prepared by the 
consulting firm of Lew-Garcia-Davis in December 1992 and was entitled City of 
Livingston Storm Drain Collection System Study and Master Plan.  The new 
SDMP is a stand alone document that will supercede the prior master plan.  This 
is a revised version of the Final SDMP dated September, 2006 that was 
previously approved by the City, and incorporates additional land areas to the 
east of the previously adopted study area limits. 

This SDMP is intended to be utilized as a guideline document for the 
identification of storm drainage facilities needed to serve future land development 
projects and for the identification of future storm drainage capital improvement 
projects.  In general, new development projects will be required to provide site-
specific or project-specific storm drainage solutions that are consistent with the 
overall infrastructure approach presented in this Storm Drainage Master Plan.  
The City may allow for a reasonable degree of flexibility to be incorporated into 
specific design approaches as a part of achieving effective solutions.  Any 
significant modifications to the elements of this Storm Drainage Master Plan must 
be approved by the City and will require that a formal “Supplement” be adopted 
by the City Council. 
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2.0 Study Area Setting and Description 

The City of Livingston extends along both sides of Highway 99 in the San 
Joaquin Valley in the northeast quadrant of Merced County, California.  
According to the 2000 Census by the U.S. Census Bureau, the City of Livingston 
has a population of 10,743 people.  Based on several factors, the U.S. Census 
Bureau indicates that this may be an underestimated value.  The average annual 
precipitation for the Livingston area is about 12.1 inches, with the substantial 
majority of this precipitation generally occurring during the rainy season that 
extends from November through March.  Average annual high temperature 
ranges from 54 degrees to 94 degrees, and average annual low temperature 
ranges from 37 degrees to 61 degrees, depending upon the time of year. 

This SDMP covers the City’s Sphere of Influence area, plus additional future 
development areas to the west, south and east.  The SDMP boundaries are 
generally defined by the Merced River and Olive Avenue on the north; 
Washington Boulevard on the west; Westside Boulevard on the south; and 
Cressey Way on the east.  The study area for this SDMP is the same as the 
study area for the City’s current General Plan update.  The study area is slightly 
more than 12 square miles in area and includes a combination of residential, 
commercial, industrial, institutional, and recreational development, as well as 
currently undeveloped agricultural land and open space.  The SDMP has been 
prepared under the assumption that the areas within the SDMP boundaries are 
built out (developed) to the land uses shown on the City’s current General Plan 
update.   

The SDMP study area is topographically very flat for the most part, with the 
majority of elevations ranging from about 105 feet to 140 feet above sea level.  
Localized higher elevations exist near the northeast boundary of the study area 
and lower elevations exist in the flood terrace areas adjacent to the Merced 
River.  Much of the topography and drainage descends gradually in a 
southwesterly direction towards one of many topographic depressions. 

The Merced River, which borders the north boundary of the western half of the 
SDMP study area, retains a floodplain area that was delineated by the Federal 
Emergency Management Agency (FEMA) per Flood Insurance Rate Map (FIRM) 
Panels 175 and 200 for Merced County, California and Incorporated Areas 
(Effective Date:  1995).  The floodplain area is represented as Zone A on these 
maps, indicating that the designation is “approximate” (See Appendix), and is 
shown as being confined to the river channel and adjacent low lying terrace 
areas.  City representatives have indicated that some areas within the northwest 
quadrant of the SDMP study area may have previously experienced flooding 
induced by high stages in the Merced River.  Prior to development occurring in 
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2.0 Study Area Setting and Description (continued) 

lower lying portions of the northwest quadrant of the SDMP study area, it is 
recommended that a detailed hydraulic study be performed to more accurately 
determine the 100-year floodplain limits for the Merced River.  This SDMP 
addresses local storm drainage needs and issues, and analyses pertinent to the 
Merced River are outside of the scope of the SDMP. 

The SDMP study area is also traversed or bordered by several canals and 
laterals owned and operated by the Merced Irrigation District (MID).  The largest 
of these MID facilities are the Arena Canal (which traverses through the entire 
south portion of the SDMP study area) and the Livingston Canal (which extends 
across areas to the north of the SDMP study area).  The Arena Canal eventually 
drains to Bear Creek, located several miles to the south, and the Livingston 
Canal drains to the Merced River to the north.  Though the primary intended 
function of the MID canals and laterals has historically been to provide supply 
water for agricultural users, the MID canals also offer a terminal point of 
discharge for storm drainage originating from portions of the City’s existing 
development area. 
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3.0 Existing Drainage Facilities 

Storm drainage generated within the City’s existing development areas is 
collected and discharged by a combination of the following facilities and 
methods: 

• Underground storm drains 

• Detention and percolation basins 

• Limited discharge into City sanitary sewer system facilities 

• Discharge into MID canals and laterals, via pump stations 

Existing underground storm drains, to the extent known, are represented on 
Exhibit A.  However, information and records identifying the location of existing 
storm drains serving the City are limited, and the relevant information regarding 
these facilities depicted on Exhibit A is undoubtedly incomplete.   

A commonly applied practice that the City has historically utilized for 
accommodating storm runoff generated by new development areas has included 
the construction of local detention basins that intercept and store runoff and 
discharge it at a reduced rate via pumping into MID canals and laterals.  Some of 
these local detention basins do not discharge into MID facilities, and instead, 
function as percolation basins (or retention basins).  The above practice has 
resulted in the installation of a large number of local detention basins, many of 
which the City now considers to be undesirable for a variety of aesthetic, 
environmental and maintenance reasons.  These existing detention basins are 
depicted on Exhibit A.  As a goal in developing this SDMP, the City has 
expressed a desire to provide for the phasing out of several of these detention 
basins and to provide for the consolidation of storm drainage from new 
development areas into a limited number of larger detention basins that will also 
have an opportunity to be utilized, at least in part, for recreation. 

Many properties within the City are governed by Subdivision Drainage 
Agreements that have been executed with MID.  These agreements authorize 
the discharge of storm runoff into specified MID facilities as long as several 
special provisions are met.  The agreements establish a “per lot” one time 
connection fee and an annual maintenance fee that is levied via the Merced 
County property tax bill.  Current one time connection fees are $205 per 
subdivision lot and $2,113 per impermeable acre of commercial/commercial 
office/industrial development.  Current annual maintenance fees are $12.30 per 
subdivision lot and $126.76 per impermeable acre of commercial/commercial  
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3.0 Existing Drainage Facilities (continued) 

office/industrial development.  These fees are subject to change in the future.  
Properties currently governed by such agreements with MID are highlighted on 
Exhibit A and a current prototype Subdivision Drainage Agreement is included in 
the Appendix. 

The City does not currently collect a fee for the maintenance and operation of 
City-owned storm drainage facilities. 
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4.0 Hydrology and Drainage Zones 

Drainage Zones 

In order to develop an effective and manageable master plan for storm drainage 
facilities within the SDMP study area, it was first necessary to sub-divide the 
overall SDMP study area into local watersheds, or Drainage Zones.  The 
establishment of these Drainage Zones facilitated the calculation of peak runoff 
rates and detention storage requirements, determination of storm drainage 
infrastructure needs and costs, and identification of responsible constituents for 
the funding of much of the storm drainage infrastructure.  In this SDMP, the 
subdivision of the SDMP study area resulted in the establishment of thirteen (13) 
Drainage Zones (Drainage Zones A through L and Drainage Zone CC).  These 
Drainage Zones were initially delineated and subsequently refined based on the 
following factors and considerations: 

• Topography 

• Land Use Boundaries 

• Current land development proposals 

• Street alignments and other physical boundaries (such as Highway 99 and 
the Union Pacific Transportation Company railroad) 

• City stated goals of limiting the number of future detention basins and 
consolidating terminal drainage needs into larger detention facilities that 
may have a future potential to include recreational elements 

• City stated goal of eliminating existing local detention basins and 
percolations basins (that do not include any joint-use elements), where 
possible 

• Proximity to suitable outfalls for storm drainage, such as MID canals and 
laterals and the Merced River. 
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4.0 Hydrology and Drainage Zones (continued) 

Exhibit A depicts the Drainage Zones that have been established per this SDMP 
and their sub-basin boundaries, where applicable.  The following is a brief 
description of each Drainage Zone: 

Drainage Zone A 

Drainage Zone A is the largest proposed Drainage Zone and has its boundaries 
defined by Robin Avenue on the west, Peach Avenue on the north, Cressey Way 
(south of Highway 99) on the east, and Westside Boulevard on the south.  
Drainage Zone A also includes twelve (12) sub-basins.  The entire Drainage 
Zone area is approximately 3.7 square miles and currently consists 
predominantly of agricultural land.  The proposed Ranchwood, Yagi (Del Valle 
Homes), Somerset 1 and 2, and Peach/Arena developments, plus an unnamed 
Medium Density Residential development, are located within this Drainage Zone.  
There is no existing positive storm drainage system serving this Drainage Zone.  
The Arena Canal runs east-west along the northern boundary of Drainage Zone 
A, and then extends southerly through the western portion of Drainage Zone A.   

Drainage Zone B 

Drainage Zone B is approximately 1.47 square miles in area and has its 
boundaries defined by Washington Boulevard on the west, Flint Avenue (F 
Street) on the north, Robin Avenue on the east and Westside Boulevard on the 
south.  Similar to Drainage Zone A, the current land use within Drainage Zone B 
is predominantly agricultural.  There is a proposed elementary school site located 
within this Drainage Zone at the intersection of Peach Avenue and Robin 
Avenue.  There is no positive storm drainage system serving this Drainage Zone.  
However, the Garibaldi and McCoy Laterals of MID traverse through Drainage 
Zone B. 

Drainage Zone C 

Drainage Zone C is approximately 0.39 square miles in area and has its 
boundaries defined by Robin Avenue on the west, Vinewood Avenue (B Street) 
on the north, MID’s Hammett Lateral and Arena Canal on the east, and Peach 
Avenue on the south.  The Drainage Zone contains several new residential 
developments, including the following existing subdivisions and subdivisions 
currently under construction:  Monte Cristo subdivisions, Bridgeport Village, 
Country Glen subdivision, Parkside subdivision, La Tierra, Marabella subdivision 
and Hhad property development.  The existing middle school at the northeast 
corner of Flint Avenue and Robin Avenue as well as the B Street commercial and 
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4.0 Hydrology and Drainage Zones (continued) 

residential project are also a part of this Drainage Zone.  There is a centrally 
located existing joint-use detention basin serving local development within this 
Drainage Zone. 

Drainage Zone D 

Drainage Zone D is approximately 0.694 square miles in area and has its 
boundaries defined by Washington Boulevard on the west, the Merced River and 
the City’s Wastewater Treatment Plant on the north, the alignment of Robin 
Avenue on the east, and Flint Avenue (F Street) on the south. Under current 
conditions the land use is predominantly agricultural.  Much of this Drainage 
Zone is overlain by the proposed River Ranch project.  There is no positive storm 
drainage system serving this Drainage Zone.   

Drainage Zone E 

Drainage Zone E is approximately 0.74 square miles in area and is located 
northeast of Highway 99; south of the Merced River; and west of 
Livingston/Cressey Road and Stefani Avenue.  This Drainage Zone is primarily 
occupied by Foster Farms industrial facilities and properties.  Existing Foster 
Farms developments are served by detention/percolation basins.  MID’s 
Hammett Lateral extends through this Drainage Zone.   

Drainage Zone F 

Drainage Zone F is approximately 0.65 square miles in area and has its 
boundaries defined by Livingston/Cressey Road and Stefani Avenue on the west, 
Olive Avenue on the north, the alignment of Hunter Road on the east, and 
Walnut Avenue on the south.  This Drainage Zone currently consists of a mix of 
residential and agricultural land uses, and also includes a degree of institutional 
and commercial uses.  The Drainage Zone includes existing detention or 
percolation basins within the Harvest Manor and Country Roads subdivisions.  
The proposed Country Lane 1 and Country Lane 2 developments and a 
proposed senior housing development are located within this Drainage Zone.  
There are also local storm drains serving the southwest portion of this Drainage 
Zone within a local, older section of the City that discharge into the City’s sanitary 
sewer system.  MID’s Wakefield Lateral extends through this Drainage Zone.  
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4.0 Hydrology and Drainage Zones (continued) 

Drainage Zone G 

Drainage Zone G is approximately 0.32 square miles in area and is located 
northeast of Highway 99, west of the alignment of Hunter Road, south of Walnut 
Avenue and east of Hammett Avenue.  The city has a proposal for Blueberry 
Crossing, a truck stop, retail pads, restaurant pads, a hotel pad, and a banquet 
facility to be developed within this Drainage Zone.  There is no positive storm 
drain system serving this Drainage Zone, and existing land use is predominantly 
agricultural. 

Drainage Zone H 

Drainage Zone H is approximately 0.70 square miles in area and has its 
boundaries defined by the Hunter Road alignment on the west, Olive Avenue on 
the north, Sultana Drive on the east, and Highway 99 on the south.  The 
Drainage Zone currently consists of predominantly agricultural land uses.  MID’s 
Arena Canal extends along a portion of the south boundary of this Drainage 
Zone.  There is no positive storm drain system serving this Drainage Zone. 

Drainage Zone I 

Drainage Zone I is approximately 0.31 square miles in area and is located north 
of the Arena Canal, south of Highway 99, and east of the Hammett Avenue.  This 
Drainage Zone currently consists of a mix of residential and agricultural land 
uses, and includes the Vintage West Nos. 4 and 5 subdivisions and their 
detention/percolation basin.   

Drainage Zone J 

Drainage Zone J is approximately 0.15 square miles in area, is located south of 
Walnut Avenue, and is generally bisected by Dwight Way.  Drainage Zone J 
includes the existing Country Villas subdivisions, the Country Villas 4 subdivision 
under construction to the south of the existing Country Villas subdivisions, and 
the City’s park site at the southwest corner of Walnut Avenue and Dwight Way.  
There is an existing detention basin located within the City’s park site that 
currently serves as a drainage outfall for the Country Villas subdivisions.  The 
City intends to retrofit this detention basin to more favorably accommodate the 
desired recreational elements associated with the City’s park site.  MID’s 
Wakefield Lateral extends through this Drainage Zone. 
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4.0 Hydrology and Drainage Zones (continued) 

Drainage Zone K 

Drainage Zone K is approximately 1.50 square miles in area and is located in the 
northeast quadrant of the SDMP study area.  It is bounded by Olive Avenue on 
the north, Sultana Drive on the west, Peach Avenue/Liberty Avenue on the south, 
and Cressey Way on the east.  Existing land use within this Drainage Zone is 
almost exclusively agricultural.  MID’s Arena Canal extends along the south 
boundary of this Drainage Zone.  There is presently no positive storm drain 
system serving this Drainage Zone. 

Drainage Zone L 

Drainage Zone L is composed of approximately 0.25 square miles located in the 
easternmost portion of the SDMP study area.  It is triangular in shape and is 
bounded by Peach Avenue/Liberty Avenue on the north, Cressey Way on the 
east, and Highway 99 on the southwest.  Existing land use within this Drainage 
Zone is almost exclusively agricultural.  MID’s Arena Canal extends along the 
north boundary of this Drainage Zone.  There is presently no positive storm drain 
system serving this Drainage Zone.      

Drainage Zone CC 

Drainage Zone CC is the “City Core” Drainage Zone that is bounded by all of the 
other Drainage Zones and is approximately 1.69 square miles in area.  It includes 
the majority of existing developed areas of the City and contains a wide variety of 
land uses.  There are several existing detention/percolation basins within this 
Drainage Zone including Arakelian Park (a joint-use detention basin), a detention 
basin serving an existing subdivision on the north side of Flint Avenue (F Street) 
north of Arakelian Park, a detention/percolation basin serving areas contiguous 
to the north of Highway 99 east of Livingston/Cressey Road and a 
detention/percolation basin serving earlier phases of the Vintage West 
subdivision in the southeast portion of the Drainage Zone.  There are several 
local storm drains that serve this Drainage Zone; however, information regarding 
their size and alignments is very limited based on a review of available records.  
MID’s Arena Canal extends along the south and southwest boundaries of this 
Drainage Zone.   

Hydrology 

The U.S. Army Corps of Engineers’ (COE) HEC-1 computer program was used 
to develop a rainfall/runoff computer simulation for the Drainage Zones and sub- 
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4.0 Hydrology and Drainage Zones (continued) 

basins in the study area.  The HEC-1 computer model develops a runoff 
hydrograph for individual sub-basins through the input of numerical 
representations of their physical and hydrological characteristics.  The computed 
hydrographs are then routed and/or combined with hydrographs from other sub-
basins to yield a dynamic numerical analysis of peak discharges that may be 
expected to occur at a number of key concentration points along a given flow 
path.  The HEC-1 model was used to estimate flow discharges that would be 
expected at major detention basins that are proposed to serve Drainage Zones A 
through L and at key locations within the study area during the 10-year and 100-
year storm events. 

Rainfall Loss 

Rainfall loss is that portion of the precipitation depth that is lost due to 
evaporation, interception by vegetation, infiltration into soil, and surface 
depression storage.  Rainfall excess is that portion of the precipitation depth that 
appears as surface or collected storm runoff during and after a storm event.  
Rainfall losses in the hydrologic analysis were determined using the NRCS 
Curve Number (CN) Method that uses a soil cover complex for estimating such 
losses.  The CN is related to the underlying hydrologic soil group (A, B, C, or D), 
land use, cover density, and antecedent soil moisture conditions.  The four 
hydrologic soil groups are described in greater detail in the listing below: 

Group A: Low runoff potential soils having high infiltration rates even 
when thoroughly wetted and consisting chiefly of deep, well-
drained sands or gravels.  These soils have a high rate of 
water transmission. 

Group B: Soils having moderate infiltration rates when thoroughly 
wetted and consisting chiefly of moderately deep to deep, 
moderately well to well-drained sandy-loam with moderately 
fine to moderately coarse textures.  These soils have a 
moderate rate of water transmission. 

Group C: Soils having a low infiltration rate when thoroughly wetted 
and consisting chiefly of silt-loam soils with a layer that 
impedes downward movement of water, or soils with 
moderately fine to fine texture.  These soils have a slow rate 
of water transmission. 
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4.0 Hydrology and Drainage Zones (continued) 

Group D: High runoff potential soils having very slow infiltration rates 
when thoroughly wetted and consisting chiefly of clay soils 
with a high swelling potential, soils with a permanent high 
water table, soils with a clay pan or clay layer at or near the 
surface, and shallow soils over nearly impervious material. 
These soils have slow rate of water transmission. 

The soil groups that are present within each Drainage Zone are listed in Table 2. 

Assumed Land Uses 

Future land uses were incorporated into the hydrologic modeling effort by 
assigning impervious cover percentages to all of the future land uses defined by 
the City for the entire SDMP study area.  The land uses are defined the City’s 
ongoing General Plan update.  For the purposes of hydrologic modeling, 
discharge determination, and the master planning of storm drainage facilities in 
this SDMP, future buildout of the SDMP study area was assumed.  Assumed 
land uses are depicted for Drainage Zones and sub-basins on Table 2.   

The percent impervious area assigned to the relevant land uses represents an 
important input parameter in the HEC-1 computer model.  The computer model 
relates the amount of impervious area to the total area of a given sub-basin to 
estimate the amount of runoff losses attributed to pervious areas.  The following 
impervious cover percentages were utilized to reflect different land uses and are 
also provided on Table 1: 

Land Use Designation Percent Impervious Cover 
Low-Density Residential 40% 

Medium-Density Residential 55% 
High-Density Residential 65% 

All Commercial Designations 85% 
Mixed Use 65% 

Limited or Light Industrial 85% 
General Industrial 90% 

Schools 30% 
Parks/Open 

Space/Conservation Reserve 15% 

Urban Reserve 55% 
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4.0 Hydrology and Drainage Zones (continued) 

Curve Numbers 

The CN values for pervious areas and impervious areas were established for 
Drainage Zones and Sub-basins using the NRCS publication entitled Urban 
Hydrology for Small Watersheds and were subsequently weighted for each 
Drainage Zone and Sub-basin as shown on Table 2. 

Rainfall  

A 24-hour rainfall depth of 2.06 inches for the 10-year storm and 2.88 inches for 
the 100-year storm events were utilized in the hydrologic analysis.  These values 
were taken from the City of Merced’s Storm Drain Master Plan, which has 
comparable rainfall characteristics. 

Unit Hydrograph 

For runoff computations from each sub-basin, the NRCS Dimensionless Unit 
Hydrograph option was utilized in the HEC-1 computer model. 

Lag Time 

Input data for NRCS Dimensionless Unit Hydrograph includes the parameter, 
TLAG, which is equal to the lag time (in hours) between the center of mass of 
rainfall excess and the peak of the unit hydrograph.  Lag time was estimated 
utilizing the NRCS method of computing the Drainage Zone lag value from the 
time of concentration.  The equation is as follows: 

 TLAG  =  0.6tc 

tc  =  time of concentration 

The time required for storm water to flow in the form of runoff from the most 
hydraulically remote point in the drainage sub-basin or Drainage Zone to a 
collection point is called the time of concentration.  Time of concentration is the 
sum of the minimum overland travel time (initial time of concentration) and the 
gutter flow time.  The gutter flow time was calculated by dividing the maximum 
length of travel by the velocity of the gutter flow.  For gutter flow, an average 
velocity of two (2) feet per second was assumed based on the relatively flat 
street gradients that exist or will exist throughout most of the City.  Values for 
TLAG are computed and summarized on the worksheets provided in Table 3. 
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4.0 Hydrology and Drainage Zones (continued) 

HEC-1 Results 

The HEC-1 computer model input and output are provided in the Appendix.  
Table 4 provides a listing of 100-year composite discharges generated by 
Drainage Zones A through L that would constitute a peak inflow rate into 
proposed major detention basins. 

Rational Method 

The Rational Method was also utilized to estimate runoff rates that would be 
generated by a generic 100-acre local watershed under different land use 
assumptions.  This assessment was utilized as a tool for deriving estimates of 
10-year peak discharges generated from local areas within Drainage Zones and 
Sub-basins that could be used to size local storm drains as a part of the 
development of SDMP storm drainage infrastructure.  The Rational Method 
assessment is summarized on Table 5. 
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5.0 Storm Drainage Infrastructure Plan 

General 

This SDMP presents a storm drainage infrastructure plan that will serve the 
buildout of the SDMP study area and mitigate flooding and nuisance associated 
with selected existing development areas and facilities. 

Design Standards 

The following design capacities are recommended as the standards to apply to 
the sizing of new and replacement storm drainage infrastructure: 

• Underground Storm Drains – 10-year, 24-hour storm   

• Detention Basins – 100-year, 24-hour storm peak volume considering 
pump outflow rate.  All permanent detention basins shall have outlets 
(gravity or pump).  Detention basin pumping shall conform to the 
requirements set forth by MID and/or per applicable drainage agreements 
with MID, when MID facilities are utilized as outfall facilities. 

Additional recommended standards to apply to detention basins and temporary 
percolation basins include the following: 

• Maximum allowable drain time for a 10-year, 24-hour storm is 72 hours 

• Geotechnical investigations and soil borings are required prior to design to 
determine sub-surface strata, percolation rates and allowable or 
recommended depths 

• Maximum allowable side slopes are 3:1 in non-joint-use basins and 4:1 for 
facilities that incorporate park elements, except for structural or aesthetic 
components 

• Integrate recreation elements to facilitate joint-use in conjunction with 
design and construction of major permanent detention basins, where 
desired and feasible. 
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5.0 Storm Drainage Infrastructure Plan (continued) 

Outfalls 

It is recommended that MID facilities be utilized as an outfall for metered 
discharges from the major detention basins serving most Drainage Zones.  MID 
has indicated a willingness to continue to accept City storm runoff in their 
facilities, subject to meeting several physical, legal and financial requirements.  
To more effectively facilitate a long term program, MID staff have expressed a 
desire to formulate and execute a Memorandum of Understanding (MOU) 
between the City and MID.  This MOU would set guidelines and standards for 
future discharge agreements and set forth a strategy for how fee collections will 
be made and how funds will be dispensed to MID.  All new development projects 
that will utilize MID facilities as the point of drainage outfall will be required to 
execute a drainage agreement.  These items were discussed in meetings held 
with MID staff on May 26, 2004 and on August 4, 2005, and the minutes of these 
meetings are included in the Appendix. 

Given the flatness of topography, the abundance of MID canals and laterals 
traversing through the SDMP study area, and the limited practical availability of 
other outfalls, it is logical for the City to lay the groundwork for continuing to 
utilize MID facilities as a part of their storm drainage solution.  Discharges into 
MID facilities contemplated by this SDMP are all recommended to be at low rates 
ranging from 0.5 to 2 cfs.  These are lower rates than are currently being applied 
per existing drainage agreements when measured on a per acre area to be 
served basis of comparison.  

Drainage Zone D is located contiguous to the Merced River.  The utilization of a 
terminal detention basin to be located within the terrace area of the floodplain 
adjacent to the Merced River or in an upland area for discharge to the Merced 
River should be considered as a preferred alternative to utilizing MID facilities for 
terminal discharge within this Drainage Zone, subject to meeting applicable 
environmental and regulatory requirements.  The location of the terminal 
detention basin will be determined as a part of planning and design associated 
with the proposed River Ranch project. 

Terminal Detention Basins 

In all instances, it is proposed that storm runoff from new development and/or 
retrofitted facilities will enter terminal detention basins prior to discharge to MID 
facilities or the Merced River.  The terminal detention basins are the larger, 
consolidated detention facilities that are proposed to serve each Drainage Zone.   
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5.0 Storm Drainage Infrastructure Plan (continued) 

These terminal detention basins are a critical component of the storm drainage 
infrastructure plan and offer the following key benefits: 

• Storage and attenuation capabilities that will serve to limit the magnitude 
of downstream discharge rates.  This is important from a capacity 
standpoint for downstream MID facilities and from a regulatory permitting 
standpoint for both MID facilities and the Merced River. 

• Storage capabilities that will serve to provide discharge control in an 
emergency.  This is important should there be a spill of hazardous 
material within the City, as such a spill may be collected and remediated 
within the basin to avoid release into downstream waters.  Discharge 
control will also be of benefit if downstream capacity is temporarily 
unavailable due to high flows in outfall facilities.  Further, should pumping 
facilities fail due to a power outage or mechanical problems, the storage 
capabilities of the terminal detention basins will reduce the potential for 
surrounding areas to be flooded while repairs are completed. 

• Creation of low lying areas for upstream storm drain facilities to discharge 
to.  The flatness of topography in the City creates a need for down-
gradient areas to be created to allow storm drainage facilities to gravity 
drain to desired locations. 

With the possible exception of the terminal detention basin that will serve 
Drainage Zone D, the lowest lying portions of the detention basins will be several 
feet below the discharge elevation for their outfalls; and thus, the terminal 
detention basins will need to be drained by pumping facilities. 

Many Cities utilize terminal detention basins as an integral part of their storm 
drainage facility and storm water management programs.  Nearby Cities utilizing 
similar approaches include:  Merced, Modesto, Tracy, Manteca, Lodi, Turlock, 
and Fresno. 

Storm Water Management Program 

The City of Livingston has participated in the development of a Storm Water 
Management Program (SWMP) for the purpose of limiting to the Maximum 
Extent Practicable (MEP) the discharge of pollutants from the Merced Storm 
Water Group (MSWG) storm sewer system.  The MSWG is a coalition of 
municipalities acting as co-permittees consisting of the Cities of Atwater, 
Livingston, and Merced, Merced County and MID.  The development and 
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5.0 Storm Drainage Infrastructure Plan (continued) 

implementation of the SWMP is intended to fulfill requirements for improving the 
quality of storm water discharges from Small Municipal Separate Storm Sewer 
System (MS4) operators in accordance with Section 402(p) of the Federal Clean 
Water Act (CWA).  The SWMP was developed as a requirement of and to 
achieve compliance with General Permit Number CAS000004, Water Quality 
Order No. 2003-0005-DWQ.  The latest version of the SWMP is dated March 1, 
2004.  The City of Livingston is listed as a municipality that is governed by Water 
Quality Order No. 2003-0005-DWQ, and the SWMP has been approved by the 
California State Regional Water Quality Control Board (SRWQCB) Central Valley 
Region (5F). 

The SWMP includes Best Management Practices (BMPs) intended to reduce to 
the MEP, the quantity of storm water and the discharge of pollutants to the storm 
water system.  The SWMP will be reviewed periodically, as appropriate, and any 
changes or modifications will need to be described and submitted to and 
approved by the RWQCB.  The review will include the following: 

• A review of the status of program implementation and compliance 

• A review of any revision or change of BMPs during the year and an 
assessment of the effectiveness of such revision 

• An overall assessment of the goals and direction of the SWMP and 
effectiveness of BMPs 

• A review of monitoring data, any changes in monitoring methods and 
parameters, and an assessment of the overall monitoring program. 

The SWMP was developed to meet the terms of the General Permit and consists 
of the six minimum control measures established by RWQCB for Phase II storm 
water discharges.  The six minimum control measures are: 

• Public education and outreach 

• Public involvement/participation 

• Illicit discharge detection and elimination 

• Construction site storm water runoff control 
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5.0 Storm Drainage Infrastructure Plan (continued) 

• Post-construction storm water management for new development and 
redevelopment 

• Pollution prevention/good housekeeping for municipal operations 

This SDMP acknowledges the requirements of the SWMP and is not intended to 
supercede, contradict, or override any of said requirements. 

Storm Drain Sizing and Alignments 

Storm drains proposed to serve new development areas and improve storm 
water conveyance in existing development areas of the SDMP study area were 
sized based on uniform flow capacities for different concrete pipe sizes at an 
assumed slope of 0.002 feet/feet.  A table depicting uniform flow capacities for a 
variety of pipe sizes and slope conditions is provided herein as Table 6.  Storm 
drains were extended in a manner such that each property or project to be 
developed in new development areas would have access to a storm drain outfall.  
Discharges for the 10-year storm were estimated using the Table 5 discharge per 
acre rates for applicable land uses as applied to the areas served and the HEC-1 
model. 

To the extent possible, new storm drains were aligned along existing streets.  In 
some areas, storm drains were aligned along missing segments of existing 
streets.  Some storm drain lines have been aligned adjacent to MID canals and 
laterals. 

In instances where an existing or future street alignment and right-of-way or other 
contiguous right-of-way were not readily available, storm drain alignments were 
extended along property lines, and it was assumed that a 20’ wide drainage 
easement would need to be acquired to facilitate construction. 

Proposed Storm Drainage Infrastructure Plan 

The following paragraphs present a general description of the storm drainage 
infrastructure that is proposed to serve each Drainage Zone.  The elements of 
the Storm Drainage Infrastructure Plan are represented graphically on Exhibit A.  
Quantities and costs for the construction of the storm drainage infrastructure 
elements that will serve each Drainage Zone are tabulated on Tables 7 and 8.  
The cost estimates have assumed a total right-of-way and easement acquisition 
cost (where needed) of $50,000/acre for any land located within the Merced 
River floodplain and $250,000/acre for all other lands.  These acquisition costs 
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5.0 Storm Drainage Infrastructure Plan (continued) 

are intended to include the composite of actual land values, staff costs, and legal 
and administrative costs and fees required to complete the acquisition process.  
The actual acquisition values to be applied to this SDMP may be subject to 
change.  Land acquisition requirements provided herein for detention basins 
pertain to storm drainage requirements, only, and do not include additional land 
that may be needed to incorporate park elements as a joint-use.   

Drainage Zone A 

Drainage Zone A infrastructure is proposed to consist of storm drains, two (2) 
large intermediate detention basins (Detention Basins A2A and A2B), and a large 
terminal detention basin (Detention Basin A1) that will discharge into MID’s 
Arena Canal.  The discharges from Detention Basins A2A and A2B and from 
local downstream sub-basins will be accommodated by a roughly 2 ½ mile long 
trunk storm drain that will extend primarily along Magnolia Avenue from 
Detention Basin A2A to Detention Basin A2B to Detention Basin A1.  This 
Drainage Zone is the largest Drainage Zone established in this SDMP and has 
been subdivided into several sub-basins to allow design discharges to be 
determined via the HEC-1 model at several key locations, particularly through 
Detention Basins A2A and A2B and along the route of the Magnolia Avenue 
trunk storm drain.  West of Lincoln Blvd., the Magnolia Avenue trunk storm drain 
will then extend southwesterly into the proposed Ranchwood development and 
connect to the proposed terminal detention basin (Detention Basin A1) as shown 
on Exhibit A.  Detention Basin A1 is located adjacent to MID’s Arena Canal, and 
a portion of Detention Basin A1 is proposed to extend to the west side of the 
Arena Canal and will provide a link for drainage originating from Sub-basin A1-1.  
Detention Basin A1 is envisioned to include a deep zone, in order for adequate 
grade to be made available to the upstream contributing system and is 
envisioned to discharge into the Arena Canal via a pump station and force main. 

Drainage Zone B 

Drainage Zone B will be drained by new storm drains that will deliver flow to a 
proposed terminal detention basin to be located in the south central portion of the 
Drainage Zone.  The terminal detention basin location was established based on 
topographic considerations (it is located in a low lying topographic depression 
within Drainage Zone B).  It is envisioned to include a deep zone, in order for 
adequate grade to be made available to the upstream contributing system.  The 
terminal detention basin is envisioned to discharge into MID’s Arena Canal to the 
east via a pump station and force main. 
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5.0 Storm Drainage Infrastructure Plan (continued) 

Drainage Zone C 

Drainage Zone C will be drained by new storm drains that will deliver flow to an 
existing joint-use terminal detention basin located on the west side of MID’s 
Arena Canal and on the west side of the Bridgeport Village development.  The 
existing percolation basins serving the Monte Cristo developments have recently 
been eliminated (filled), and storm drain outfalls extended to connect to the 
terminal detention basin.  The terminal detention basin is proposed to drain to 
MID’s Arena Canal via pumping.  A secondary outfall draining to Detention Basin 
A1 to the south may also be implemented in the future, if desired by the City. 

Drainage Zone D 

The majority of this Drainage Zone is covered by the proposed River Ranch 
project area.  Storm drains are proposed to serve properties south of and 
adjacent to Vinewood Avenue.  The River Ranch project development will need 
to accommodate flows from these storm drains in a manner to be determined via 
the development design process.  Combined flows from the Drainage Zone 
constituents shall be directed northward to a proposed terminal detention basin 
to be located in the floodplain terrace adjacent to the Merced River or within the 
development area.  Discharge will be to the Merced River via a gravity outlet 
having a very low discharge rate.  Appropriate regulatory permits and 
environmental clearances will need to be obtained during the design process for 
this terminal detention basin. 

Drainage Zone E 

The majority of this Drainage Zone is Foster Farms property, which is a 
combination of developed and undeveloped land.  As a part of continued 
development within the Drainage Zone, it is assumed that each property will 
provide onsite (and perhaps offsite) storm drain facilities and detention or 
retention basins.  A formal storm drainage infrastructure plan is not included in 
this master plan for Drainage Zone E.  It is assumed that Foster Farms and 
contiguous properties will continue to prepare their own drainage facility plans for 
submittal to the City for review and approval as a part of the development review 
process. 
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5.0 Storm Drainage Infrastructure Plan (continued) 

Drainage Zone F 

Drainage Zone F includes a mixture of developed and undeveloped properties 
that will be served by storm drains that will deliver flows to a proposed terminal 
detention facility to be centrally located east of the southeast corner of the 
Country Lane 2 development.  The terminal detention basin is proposed to 
discharge to MID’s Wakefield Lateral to the west via a pump station and force 
main.  Storm drain infrastructure extended to the southwest portion of the 
Drainage Zone (along Livingston/Cressey Road north of Highway 99) is intended 
to replace existing storm drain connections to the City’s sanitary sewer system in 
this area.  Also, the existing detention/percolation basins currently owned by the 
City and serving the Harvest Manor and Country Roads subdivisions are 
proposed to be filled and decommissioned as a part of implementing the 
infrastructure plan for this Drainage Zone. 

Drainage Zone G 

Drainage Zone G will be drained by new storm drains that will deliver flow to a 
proposed terminal detention basin to be located in the southeast corner of the 
Drainage Zone.  The terminal detention basin is envisioned to discharge into the 
proposed terminal detention basin that will serve Drainage Zone H to the east for 
eventual delivery to MID’s Arena Canal to the east via a pump station/force main. 

Drainage Zone H 

Drainage Zone H will be drained by new storm drains that will deliver flow to a 
proposed terminal detention basin to be located in the southwest corner of this 
Drainage Zone.  The terminal detention basin is envisioned to work in 
conjunction with the terminal detention basin that will serve Drainage Zone G.  It 
is proposed that the terminal detention basin discharge to MID’s Arena Canal to 
the east via a pump station and force main. 

Drainage Zone I 

Drainage Zone I will be drained by new storm drains that will deliver flow to a 
proposed terminal detention facility to be located near the northeast corner of 
Dwight Way and Peach Avenue near the center of the Drainage Zone.  The 
existing detention basin serving Vintage West Nos. 3 and 4 is proposed to be 
filled and decommissioned as a part of the infrastructure plan for this Drainage 
Zone.  The proposed terminal detention basin is proposed to discharge to MID’s 
Arena Canal to the south via a pump station and force main. 
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5.0 Storm Drainage Infrastructure Plan (continued) 

Drainage Zone J 

Existing development within Drainage Zone J is served via a terminal detention 
basin located in the City’s park site at the southwest corner of Walnut Avenue 
and Dwight Way.  Flows collected in the terminal detention basin are discharged 
into MID’s Wakefield Lateral via a pump station and force main.  To 
accommodate new development and to improve the function of the City’s park 
site, it is proposed that the existing terminal detention basin and portions of the 
park site be retrofitted and regraded to accommodate a joint-use facility.  
Additional land may be needed to accommodate this retrofit. 

Drainage Zone K 

Drainage Zone K will be drained by new storm drains that will deliver flow to a 
proposed terminal detention basin to be located adjacent to the east side of 
Sultana Drive roughly ½ mile north of Peach Avenue/Liberty Avenue.  The 
terminal detention basin is proposed to discharge to MID’s Arena Canal, located 
roughly ½ mile to the south and at the south boundary of the Drainage Zone, via 
a pump station and force main. 

Drainage Zone L 

Drainage Zone L will be drained by new storm drains that will deliver flow to a 
proposed terminal detention basin to be located at the northwest corner of the 
Drainage Zone where Highway 99 and Peach Avenue/Liberty Avenue intersect.  
The terminal detention basin is proposed to discharge to MID’s contiguous Arena 
Canal via a pump station and force main. 

Drainage Zone CC 

Within this Drainage Zone that includes the existing city core, there are several 
storm drains proposed to relieve existing nuisance flooding locations.  A deep 
basin has also recently been constructed adjacent to the north of existing 
Arakelian Park.  This deep basin will have the effect of accommodating flows 
from the existing detention basin and school site to the north (on the north side of 
F Street), providing for the decommissioning of the detention basin to the north, 
and relieving Arakelian Park of nuisance low flow flooding.  An existing pump 
station at Peach Avenue and 7th Street is also proposed to be replaced, with 
drainage being allowed to discharge into a proposed 5-acre joint-use detention 
basin/park to be located on the south side of Peach Avenue and then being 
pumped to the Arena Canal via a new pumping facility. 
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5.0 Storm Drainage Infrastructure Plan (continued) 

Considerations and Requirements Applicable to New Development 

In general, new development projects will be required to provide site-specific or 
project-specific storm drainage solutions that are consistent with the overall 
infrastructure approach presented in this Storm Drainage Master Plan.  The City 
may allow for a reasonable degree of flexibility to be incorporated into specific 
design approaches as a part of achieving effective solutions.  Any significant 
modifications to the elements of this Storm Drainage Master Plan must be 
approved by the City and will require that a formal “Supplement” be adopted by 
the City Council. 
 
New development projects will be required to construct elements of the master 
plan infrastructure that have alignments that pass through them or extend along 
their project boundaries.  The cost of construction of these master plan elements 
will be offset against other drainage funding requirements applicable to each 
project (such as drainage impact fees) in an appropriate manner.  In some 
instances, the City may require or may accept the construction of offsite facilities 
or interim versions of master planned facilities as appropriate. 

When new development projects are not located near existing or proposed 
terminal detention basins or outfalls leading to such terminal detention basins, 
the City may consider allowing the use of temporary storm drainage basins as an 
interim drainage solution, subject to appropriate engineering substantiation 
regarding feasibility.  At the discretion of the City, the project developer may be 
required to maintain temporary storm drainage basins until the storm drainage 
system for the development project is connected to the City’s permanent storm 
drainage system and the temporary storm drainage basin is filled and 
decommissioned.  In the event that temporary storm drainage basins are 
approved by the City for individual or groups of development projects, said 
approvals will only be provided with the understanding or anticipation that a 
permanent solution that will allow for the decommissioning of applicable 
temporary storm drainage basins within a reasonable time frame is imminent.  
The City may require that the developer deposit enough funds in advance with 
the City to pay for the future decommissioning of a temporary storm drainage 
basin. 



CITY OF LIVINGSTON 
STORM DRAINAGE MASTER PLAN (REVISED FINAL VERSION – JULY, 2007) 

25 

6.0 Joint-Use Opportunities and Design Guidelines 

The City has expressed a desire to avoid, where possible, the construction of 
new detention basins that serve no other function but to store and discharge 
storm runoff via pumping facilities or percolation.  These single function facilities 
are eyesores and do not integrate well with adjacent development.  Some retain 
water for long periods of time or indefinitely. 

The consolidation of major storm water storage into a limited number of large 
detention basins provides the City with favorable opportunities for creating 
innovative grading and designs that incorporate recreation elements into the 
detention facilities.  By adding lands allocated to storm water detention with lands 
allocated to parks, the City may effectively increase its available park land by 
utilizing functional joint-use design practices within consolidated facilities. 

Many communities in the San Joaquin Valley have been able to effectively 
convert storm water lands to joint-use facilities that augment the community 
quality of life and aesthetic appeal as opposed to detracting from it. 

An optimized joint-use detention basin will serve to: 

• Maximize efficient use of land 

• Satisfy detention needs for reducing peak flood flows 

• Provide water quality treatment 

• Expand community recreational opportunities, with minimal “down time” 
for recreation elements 

• Incur reasonable maintenance requirements and costs 

• Serve as a functional open space amenity. 

There are several fundamental guidelines that should be followed when 
incorporating recreation elements into storm water detention facilities.  They are: 

• Low flow must be accommodated in a manner that confines the frequent 
inundations to areas that will create minimal nuisance or disruption of 
recreational uses and will characteristically require only limited 
maintenance. 
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6.0 Joint-Use Opportunities and Design Guidelines (continued) 

• Contouring within detention facilities is recommended to create internal 
elevation variations (or tiers) that have differing frequencies and depths of 
inundation and differing flood risk. 

• Internal drainage within detention facilities should provide for positive flow 
across elevated tiers and to the lowest lying areas of the facilities. 

• Internal slopes should be flat enough to allow for mowing of turf areas and 
to allow other routine recreational-related maintenance activities to occur. 

• Hydraulic design components should be included as needed (inflow 
structures, outflow structures, pump stations, sediment basins, spillways, 
surcharge structures, etc.). 

• Other requirements as dictated by jurisdictional regulations and policies, 
local site conditions or additional functional uses should be followed. 

In general, passive recreational elements should be incorporated in portions of 
detention facilities having the greatest potential flood risk and frequency.  Active 
recreation elements are more suitable in areas within detention facilities having 
lesser degrees of flood risk and frequency. 

Based on preliminary evaluations performed in conjunction with the preparer of 
the City’s current Parks and Recreation Master Plan, the following is a general 
assessment of the joint-use potential for the major detention facilities serving 
each Drainage Zone: 

Drainage Zone A – Good joint-use opportunity.  Integrate with a community park. 

Drainage Zone B – Good joint-use opportunity.  Integrate with a neighborhood 
park. 

Drainage Zone C – Integrate open fields (soccer fields) as joint-use elements. 

Drainage Zones D and E – Could be integrated into a river corridor (along the 
Merced River), passive parkway or greenway with a trail system. 

Drainage Zone F – integrate open fields, similar to Drainage Zone C. 

Drainage Zone G and H – Reasonable joint-use opportunity to integrate with park 
lands. 
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6.0 Joint-Use Opportunities and Design Guidelines (continued) 

Drainage Zone I – There are limited recreational needs to be satisfied at this 
location, perhaps some neighborhood park uses may be added. 

Drainage Zone J – Additional land area is needed to effectively integrate 
detention with community park facilities. 

Drainage Zone K – This will be a large detention basin to be constructed in the 
future and is located in an area currently designated as an Urban Reserve land 
use.  At such time as further detail is applied to land use planning for this area, 
the large size of the facility and location along Sultana Drive will provide for joint-
use opportunities. 

Drainage Zone L – The proposed terminal detention basin is located in a pie-
shaped corner formed by the intersection of Highway 99 and Peach 
Avenue/Liberty Avenue within an area currently designated for a Highway 
Commercial future land use.  The terminal detention basin could be landscaped, 
including signage, to provide an entry statement for future land development 
projects in the area. 

Also, existing Arakelian Park is a joint-use facility that, until recently, did not 
function as effectively as desired as low flow frequently entered the active 
recreation areas and interfered with recreational uses.  This condition has been 
ameliorated by creating and diverting low flow to a new, deep area constructed 
within an expansion of the park area within the contiguous property to the north.    
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7.0 Funding Alternatives 

General 
 
This SDMP identifies needs, priorities and costs for new and upgraded storm 
drainage facilities that are required to accommodate new development areas and 
relieve nuisance conditions in selected existing development areas.  New and 
upgraded storm drainage facilities may consist of: 
 
1. Facilities that serve existing development and are needed to correct existing 

deficiencies. 
2. Facilities that are needed to serve new development. 
3. Facilities that serve a combination of existing development and new 

development, with varying percentages of costs being attributable to 
accommodating new development and correcting existing deficiencies. 

 
Given the above general scenarios, several approaches are available to the City 
for consideration regarding funding the desired capital improvements.  Funding 
approaches may potentially consist of one or a combination of the following 
elements: 
 

• Development Impact Fees (subject to Mitigation Fee Act known as AB 
1600) 

• Assessment District (1913/15 Act) 
• Special Tax Districts (Mello Roos Community Facilities District Act of 

1982) 
• Storm Drain Utility Fee (subject to Proposition 218) 

 
Existing developed areas in the City could fund storm drainage facility 
improvements through adoption of a storm drain utility fee. This would be subject 
to the provisions of Proposition 218, the “Right to Vote on Taxes Act” of 1996. 
New development can fund storm drainage improvements through a combination 
of development impact fees, assessment districts and special taxes. New 
development funds new and upgraded facilities, but they are not allowed to fund 
projects that fix existing deficiencies. 
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7.0 Funding Alternatives (continued) 
 
Development Impact Fees 
 
To the extent that new development creates a need for new and upgraded storm 
drainage facilities to accommodate the resultant increase in storm runoff caused 
by urbanization, the new development that utilizes these facilities will need to pay 
a fair share towards funding the required upgrades.  See Section 8.0, “Impact 
Fees” for details. 
 
Assessment Districts (1913/15 Act) 
 
The potential exists for the establishment of one or more assessment districts to 
fund required storm drainage facilities and upgrades, where a common interest is 
shared by a large, but clearly defined group of constituents.  The establishment 
of an assessment district requires a finding of direct and special benefit to the 
parcels being assessed, which shall be set forth in an Engineer’s Report.  Two 
public hearings and a mailed ballot are also required to establish an assessment 
district.  If an assessment district is selected as a preferred financing mechanism, 
the SDMP may be utilized as a resource to assist in making the benefit findings 
required pursuant to Proposition 218 and preparing an Engineer’s Report as part 
of formation of the district. 
 
Special Tax – Mello Roos Community Facilities District (Act of 1982) 
 
If the City determines that more flexibility is needed in the allocation of costs and 
funding burdens, a Mello-Roos Community Facilities District (CFD) may be used 
instead of an assessment district.  The Mello-Roos law does not require a finding 
of benefit for allocating costs among properties within the CFD, and the special 
tax can be spread in any “reasonable manner” according to the law.  If a CFD is 
determined to be a more feasible funding tool, it will be necessary to prepare a 
Rate and Method of Apportionment of Special Tax for the CFD as a part of CFD 
formation and bond issuance. It does require a 2/3 approval of registered voters. 
However, if less than 12 registered voters reside in the area, which is typical of 
undeveloped land, the special tax can be implemented with a property owner 
vote.  
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7.0 Funding Alternatives (continued) 
 
Storm Drainage Utility Fee Program 
 
The City may initiate the steps that are required to implement a City-wide “storm 
drainage utility fee” program for the purpose of funding street sweeping, leaf 
collection, system maintenance, storm drain repairs, vegetation removal, and 
capital improvements to improve the existing storm drainage deficiencies. Many 
of these services are needed to meet the requirements of the Federal Clean 
Water Act.  The proposed fees may include an operating component and a 
capital component.  The process of establishing a storm drainage utility fee 
program will be subject to Proposition 218 which includes public hearings and a 
public election.  
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8.0 Impact Fees 
 
General 
 
To the extent that new development creates a need for new and upgraded storm 
drainage facilities to accommodate the resultant increase in storm runoff caused 
by urbanization, the new development that utilizes these facilities will need to pay 
a fair share towards funding the required upgrades.  This can be accomplished 
by requiring new development to pay development impact fees in conformance 
with AB 1600 (Mitigation Fee Act).   
 
Impact Fee Calculation Procedure 
 
Storm drainage impact fees have been calculated for new development within 
the SDMP study area using data and calculations represented on Tables 9A and 
9B.  The storm drainage impact fees proposed to be applied to various land use 
designations are listed on Table 9B. 

The approach to determining appropriate impact fees as presented herein 
utilized representative land use and infrastructure cost data pertinent to Drainage 
Zones A, B, C, D, F, G, H, I, K, and L.  These Drainage Zones were considered 
to have prevailing conditions with regard to levels of existing development and 
extent of properties served by proposed storm drainage infrastructure to be 
representative of impact fee requirements for the overall SDMP study area.  
Given that the majority of the proposed River Ranch project development in 
Drainage Zone D will develop its own storm drainage infrastructure plan, only the 
areas south of Vinewood Avenue and their proportional storm drainage 
infrastructure needs were incorporated into the contributing data for this Drainage 
Zone.  It is the intent that the City will adopt a single storm drainage impact fee 
structure that may be applied to the overall SDMP study area, based on the 
calculations performed for these representative drainage zones. 

Drainage Zones E, J and CC were not included in the representative drainage 
zones utilized to calculate storm drainage impact fees for the following reasons: 

• Drainage Zone E is substantially Foster Farms property, and it is assumed 
that Foster Farms and contiguous properties will continue to prepare their 
own drainage facility plans for submittal to the City for review and approval 
as a part of the development review process. 

• Drainage Zones J and CC are already substantially developed.  
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8.0 Impact Fees (continued) 
 
Storm drainage impact fees have been calculated by allocating the fair share of 
the total storm drainage infrastructure costs applicable to the evaluated drainage 
zones to their various proposed (and existing) land uses and areas of coverage, 
based on the proportional runoff production characteristics for the different land 
use categories.  This has been accomplished using a “percent impervious” 
approach that applies the percent impervious weighting value shown on Table 1 
to each land use.  The percent impervious approach will assign a lesser funding 
requirement on a per acre basis to a lower runoff producing land use (such as 
Low-Density Residential) than the requirement that will be applied to a greater 
runoff producing land use (such as Neighborhood Commercial).  The funding 
responsibility for the total areas of each proposed land use was determined by 
weighting its proportional overall area by its applicable percent impervious value.  
This total funding responsibility for the land use category was then divided by the 
total acreage for the land use category to yield a funding responsibility value (or 
impact fee value) for the land use category on a per acre basis.  
  
The per acre fair-share funding responsibility for the residential development land 
uses was subsequently divided by the following average development densities, 
provided by the City, to determine an appropriate impact fee on a “per dwelling 
unit” basis: 
 

Residential Land Use Type Average Density 
Low-Density Residential 4.5 dwelling units/acre 
Medium-Density Residential 9 dwelling units/acre 
High-Density Residential 20 dwelling units/acre 

 
Calculated storm drainage impact fees are depicted on Table 9B.  The storm 
drainage impact fees that are collected by the City from new development 
projects may be utilized to fund the storm drainage upgrades represented on the 
storm drainage infrastructure plan contained in this SDMP.  In some Drainage 
Zones, elements of proposed storm drainage infrastructure plan are intended to 
solve existing deficiencies that are not attributable to new development, and 
funding for these facility upgrades will need to come from sources other than 
impact fees.  Also, though existing development was included in the impact fee 
calculations (to the extent present in some of the representative drainage zones), 
it will be necessary to fund some of the facility upgrades represented in this 
SDMP by sources other than impact fees, as existing development will not be 
required to pay impact fees.  The actual timing and responsibility for construction 
of storm drainage facilities will be determined by the City from time to time and in 
conjunction with approvals of individual development projects. 
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9.0 Priority Projects 
 
The following is an initial listing of storm drainage infrastructure improvement 
projects that the City has considered to be priorities as of the date of completion 
of this SDMP.  The order in which these projects are listed does not represent 
any order of importance or urgency.  This list may not include all of the projects 
of imminent importance and will be subject to change in the future.   
 
1. Arekelian Park/Detention Basin expansion (recently completed) 

2. Bridgeport Joint-Use Detention Basin/Detention Basin C and elimination of 
Monte Cristo Detention Ponds (under constriction) 

3. Initial Phase of Detention Basin A1 and construction of 72” SD trunk line 
south of Magnolia Avenue (within the proposed Ranchwood 
Development);  Required storage for Initial Phase of Detention Basin A1 to 
be determined based on near term projection of development for which 
storage provision will be needed 

4. Storm drainage infrastructure needed to serve initial phases of River 
Ranch project development. Infrastructure requirements will be 
established by the City based on near term projection of development for 
which infrastructure, including detention storage, will be needed 

5. 5-Acre Joint-Use Park/Detention Basin and pump station upgrade at 
Peach Avenue and 7th Street 

6. Detention Basin F, elimination of existing detention pond in Harvest Manor 
development, and 42” SD trunk line connection to Detention Basin F 

7. New storm drains in southwest quadrant of Drainage Zone F to facilitate 
elimination of storm drain cross-connections to the City’s sanitary sewer 
facilities 

8. Pump station and force main to Garibaldi Lateral from existing detention 
pond at Vinewood Avenue and Robin Avenue 

9. Expansion of Detention Basin J and improvement of joint-use function 

10. Conversion of drainage pond serving Vintage West Nos. 4 and 5 to a joint-
use recreational facility 
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Land Use                    
Type

Low-Density Residential 40%
Medium-Density Residential 55%
High-Density Residential 65%
All Commercial Designations* 85%
Mixed Use 65%
Limited Industrial/Light Industrial 85%
General Industrial 90%
Schools 30%
Parks/Open Space 15%
Conservation Reserve 15%
Urban Reserve 55%

*Includes Neighborhood Commercial, Office, 
 Service Commercial, Highway Commercial, and
 Community Commercial

Percent 
Impervious 

Cover

Table 1
Impervious Cover Values for Different Land Uses

Last Revised: 06-15-07



Drainage 
Zone

Drainage  
Zone     
Area     
(ac)

Drainage  
Zone     
Area      

(sq mi)

Land Use                    
Description

Percentage 
of Land 

Use Type 
for 

Drainage 
Zone       

Soil     
Type

%            
Pervious

Associated    
Curve No.

%            
Impervious

Associated    
Curve No.

Weighted 
Curve No.     

for Land Use 
Type

Weighted 
Curve No.     

for Drainage 
Zone

A1-1 113.4 0.177 Low-Density Residential 95.59% A 60.0% 49 40.0% 98 68.6 69.6
Neighborhood Commercial 4.41% A 15.0% 49 85.0% 98 90.7

A1-2 203.1 0.317 Low-Density Residential 76.82% A 60.0% 49 40.0% 98 68.6 69.7
Community Commercial 9.29% A 15.0% 49 85.0% 98 90.7

Parks/Open Space 5.66% A 85.0% 49 15.0% 98 56.4
Public Facilities (school site) 7.58% A 70.0% 49 30.0% 98 63.7
Low-Density Residential 0.65% C 60.0% 79 40.0% 98 86.6

A2-1A 470.0 0.734 Urban Reserve 21.30% A 45.0% 49 55.0% 98 76.0 84.8
Service Commercial 4.25% B 15.0% 69 85.0% 98 93.7
Highway Commercial 29.79% B 15.0% 69 85.0% 98 93.7
Conservation Reserve 10.64% B 85.0% 69 15.0% 98 73.4

Urban Reserve 34.02% B 45.0% 69 55.0% 98 85.0

A2-1 287.8 0.450 Low-Density Residential 13.08% A 60.0% 49 40.0% 98 68.6 82.3
Medium-Density Residential 11.21% A 45.0% 49 55.0% 98 76.0

Service Commercial 3.47% A 15.0% 49 85.0% 98 90.7
Limited Industrial 13.08% A 15.0% 49 85.0% 98 90.7

Highway Commercial 13.37% A 15.0% 49 85.0% 98 90.7
Urban Reserve 22.57% A 45.0% 49 55.0% 98 76.0

Medium-Density Residential 1.87% B 45.0% 69 55.0% 98 85.0
Service Commercial 3.47% B 15.0% 69 85.0% 98 93.7
Highway Commercial 5.73% B 15.0% 69 85.0% 98 93.7

Urban Reserve 12.15% B 45.0% 69 55.0% 98 85.0

A2-2 128.5 0.201 Low-Density Residential 80.10% A 60.0% 49 40.0% 98 68.6 71.2
Medium-Density Residential 11.67% A 45.0% 49 55.0% 98 76.0
Neighborhood Commercial 3.12% A 15.0% 49 85.0% 98 90.7

Low-Density Residential 2.00% B 60.0% 69 40.0% 98 80.6
Neighborhood Commercial 3.11% B 15.0% 69 85.0% 98 93.7

Table of Curve Numbers by Drainage Zone
Table 2
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Drainage 
Zone

Drainage  
Zone     
Area     
(ac)

Drainage  
Zone     
Area      

(sq mi)

Land Use                    
Description

Percentage 
of Land 

Use Type 
for 

Drainage 
Zone       

Soil     
Type

%            
Pervious

Associated    
Curve No.

%            
Impervious

Associated    
Curve No.

Weighted 
Curve No.     

for Land Use 
Type

Weighted 
Curve No.     

for Drainage 
Zone

Table of Curve Numbers by Drainage Zone
Table 2

A2-3 64.8 0.101 Urban Reserve 99.41% A 45.0% 49 55.0% 98 76.0 76.1
Urban Reserve 0.59% B 45.0% 69 55.0% 98 85.0

A2-4 206.0 0.322 Low-Density Residential 27.23% A 60.0% 49 40.0% 98 68.6 76.5
Medium-Density Residential 19.81% A 45.0% 49 55.0% 98 76.0
Neighborhood Commercial 4.95% A 15.0% 49 85.0% 98 90.7

Low-Density Residential 4.81% C 60.0% 79 40.0% 98 86.6
Medium-Density Residential 3.49% C 45.0% 79 55.0% 98 89.5
Neighborhood Commercial 0.87% C 15.0% 79 85.0% 98 95.2

Urban Reserve 33.01% A 45.0% 49 55.0% 98 76.0
Urban Reserve 2.43% B 45.0% 69 55.0% 98 85.0
Urban Reserve 3.40% C 45.0% 79 55.0% 98 89.5

A2-5 316.6 0.495 Low-Density Residential 75.77% A 60.0% 49 40.0% 98 68.6 71.2
Medium-Density Residential 2.17% A 45.0% 49 55.0% 98 76.0

High-Density Residential 6.11% A 35.0% 49 65.0% 98 80.9
Neighborhood Commercial 3.22% A 15.0% 49 85.0% 98 90.7

Parks/Open Space 2.27% A 85.0% 49 15.0% 98 56.4
Public Facilities (school site) 2.17% A 70.0% 49 30.0% 98 63.7
Low-Density Residential 3.61% B 60.0% 69 40.0% 98 80.6
Low-Density Residential 2.34% C 60.0% 79 40.0% 98 86.6
High-Density Residential 2.34% C 35.0% 79 65.0% 98 91.4

A2-6 299.5 0.468 Low-Density Residential 77.99% A 60.0% 49 40.0% 98 68.6 72.0
Medium-Density Residential 8.71% A 45.0% 49 55.0% 98 76.0

High-Density Residential 3.39% A 35.0% 49 65.0% 98 80.9
Neighborhood Commercial 3.57% A 15.0% 49 85.0% 98 90.7
Medium-Density Residential 2.34% C 45.0% 79 55.0% 98 89.5
Neighborhood Commercial 4.00% C 15.0% 79 85.0% 98 95.2

A3-1 97.5 0.152 Urban Reserve 68.62% A 45.0% 49 55.0% 98 76.0 78.8
Urban Reserve 31.38% B 45.0% 69 55.0% 98 85.0

A3-2 64.3 0.100 Urban Reserve 100.00% A 45.0% 49 55.0% 98 76.0 76.0
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Table of Curve Numbers by Drainage Zone
Table 2

A3-3 116.1 0.181 Low-Density Residential 25.84% A 60.0% 49 40.0% 98 68.6 75.7
Urban Reserve 62.45% A 45.0% 49 55.0% 98 76.0
Urban Reserve 11.71% C 45.0% 79 55.0% 98 89.5

B 938.8 1.467 Low-Density Residential 59.54% A 60.0% 49 40.0% 98 68.6 71.8
Medium-Density Residential 4.73% A 45.0% 49 55.0% 98 76.0

Community Commercial 0.99% A 15.0% 49 85.0% 98 90.7
Public Facilities (school site) 2.03% A 70.0% 49 30.0% 98 63.7

Urban Reserve 30.15% A 45.0% 49 55.0% 98 76.0
Low-Density Residential 1.15% C 60.0% 79 40.0% 98 86.6

Medium-Density Residential 0.43% C 45.0% 79 55.0% 98 89.5
Urban Reserve 0.98% C 45.0% 79 55.0% 98 89.5

C 250.1 0.391 Parks/Open Space 1.76% A 85.0% 49 15.0% 98 56.4 70.4
Public Facility 13.76% A 70.0% 49 30.0% 98 63.7

Low-Density Residential 67.61% A 60.0% 49 40.0% 98 68.6
Medium-Density Residential 6.16% A 45.0% 49 55.0% 98 76.0

Highway Commercial 7.70% A 15.0% 49 85.0% 98 90.7
Low-Density Residential 3.01% C 60.0% 79 40.0% 98 86.6

D 443.9 0.694 Low-Density Residential 14.24% A 60.0% 49 40.0% 98 68.6 79.7
Medium-Density Residential 10.59% A 45.0% 49 55.0% 98 76.0

High-Density Residential 1.58% A 35.0% 49 65.0% 98 80.9
Community Commercial 4.39% A 15.0% 49 85.0% 98 90.7

Service Commercial 6.31% A 15.0% 49 85.0% 98 90.7
Public Facility 1.35% A 70.0% 49 30.0% 98 63.7

Parks/Open Space 6.10% A 85.0% 49 15.0% 98 56.4
Low-Density Residential 10.28% B 60.0% 69 40.0% 98 80.6

Parks/Open Space 6.10% B 85.0% 69 15.0% 98 73.4
Low-Density Residential 37.48% C 60.0% 79 40.0% 98 86.6

Medium-Density Residential 0.68% C 45.0% 79 55.0% 98 89.5
Public Facility 0.90% C 70.0% 79 30.0% 98 84.7
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Table of Curve Numbers by Drainage Zone
Table 2

E 473.8 0.740 Industrial 98.48% A 10.0% 49 90.0% 98 93.1 92.8
Medium-Density Residential 1.52% A 45.0% 49 55.0% 98 76.0

F 414.2 0.647 Low-Density Residential 65.11% A 60.0% 49 40.0% 98 68.6 72.5
Medium-Density Residential 2.36% A 45.0% 49 55.0% 98 76.0

High-Density Residential 5.10% A 35.0% 49 65.0% 98 80.9
Highway Commercial 7.43% A 15.0% 49 85.0% 98 90.7

Community Commercial 1.44% A 15.0% 49 85.0% 98 90.7
Urban Reserve 14.44% A 45.0% 49 55.0% 98 76.0

Parks/Open Space 2.10% A 85.0% 49 15.0% 98 56.4
Urban Reserve 2.02% B 45.0% 69 55.0% 98 85.0

G 205.8 0.322 Low-Density Residential 19.44% A 60.0% 49 40.0% 98 68.6 81.0
High-Density Residential 7.78% A 35.0% 49 65.0% 98 80.9

Service Commercial 53.34% A 15.0% 49 85.0% 98 90.7
Public Facilities 14.89% A 70.0% 49 30.0% 98 63.7
Public Facilities 4.55% B 70.0% 69 30.0% 98 77.7

H 447.6 0.699 Low-Density Residential 1.34% A 60.0% 49 40.0% 98 68.6 81.1
Highway Commercial 5.75% A 15.0% 49 85.0% 98 90.7

Urban Reserve 60.21% A 45.0% 49 55.0% 98 76.0
Low-Density Residential 3.13% B 60.0% 69 40.0% 98 80.6

Highway Commercial 17.26% B 15.0% 69 85.0% 98 93.7
Urban Reserve 12.31% B 45.0% 69 55.0% 98 85.0

I 200.8 0.314 Low-Density Residential 27.71% A 60.0% 49 40.0% 98 68.6 84.5
Service Commercial 34.26% A 15.0% 49 85.0% 98 90.7

Limited Industrial 31.87% A 15.0% 49 85.0% 98 90.7
Low-Density Residential 1.91% B 60.0% 69 40.0% 98 80.6

Service Commercial 2.00% B 15.0% 69 85.0% 98 93.7
Service Commercial 2.25% C 15.0% 79 85.0% 98 95.2
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J 98.2 0.153 Low-Density Residential 62.37% A 60.0% 49 40.0% 98 68.6 69.0
Parks/Open Space 23.00% A 85.0% 49 15.0% 98 56.4
Limited Industrial 14.63% A 15.0% 49 85.0% 98 90.7

K 960.0 1.500 Medium-Density Residential 1.35% A 45.0% 49 55.0% 98 76.0 83.5
Highway Commercial 6.25% A 15.0% 49 85.0% 98 90.7

Urban Reserve 20.31% A 45.0% 49 55.0% 98 76.0
Medium-Density Residential 0.73% B 45.0% 69 55.0% 98 85.0

Highway Commercial 6.25% B 15.0% 69 85.0% 98 93.7
Conservation Resource 4.17% B 85.0% 69 15.0% 98 73.4

Urban Reserve 60.94% B 45.0% 69 55.0% 98 85.0

L 160.0 0.250 Highway Commercial 2.81% A 15.0% 49 85.0% 98 90.7 81.8
Conservation Resource 17.50% A 85.0% 49 15.0% 98 56.4
Highway Commercial 53.44% B 15.0% 69 85.0% 98 93.7

Conservation Resource 26.25% B 85.0% 69 15.0% 98 73.4
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Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)……………………… - Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)…… - 0.011
3. Flow Length, L (total L < 300 feet)………………………………ft 300
4. 10-yr, 24-hr Rainfall, P10……………………………………in 2.06
5. Land Slope, s………………………………………………ft/ft 0.005 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] …………………hr 0.11 0.11

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)……………………… - Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)…… - 0.011
9. Flow Length, L (total L < 300 feet)………………………………ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.005 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.09 0.09

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to C C to D
18. Average Velocity, V ………………………………………ft/s 2.00 2.00
19. Flow Length, L …………………………………………… ft 1,200 900 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.17 0.13 0.29

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.11 0.00 0.29 0.40
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)…… hr 0.09 0.00 0.29 0.38
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)……………………………………………… hr 0.24

Segment ID

Segment ID

Segment ID

Segment ID

Table 3

Zone A1-1, Southwest Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)……………………… - Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)………………………………ft 300
4. 10-yr, 24-hr Rainfall, P10……………………………………in 2.06
5. Land Slope, s………………………………………………ft/ft 0.005 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ……………… hr 0.11 0.11

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)……………………… - Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)………………………………ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.005 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.09 0.09

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to C C to "Basin A-1"
18. Average Velocity, V ……………………………………… ft/s 2.00 2.00
19. Flow Length, L …………………………………………… ft 1,200 750 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.17 0.10 0.27

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.11 0.00 0.27 0.38
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.09 0.00 0.27 0.36
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)……………………………………………… hr 0.23

Table 3

Zone A1-2, Southwest Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet

Segment ID

Segment ID

Segment ID

Segment ID



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.008 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.09 0.09

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.008 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.08 0.08

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to D D to F F to G
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 1,600 2,000 700 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.22 0.28 0.10 0.60

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.09 0.00 0.60 0.69
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.08 0.00 0.60 0.68
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.41

Table 3

Zone A2-1, Southeast Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet

Segment ID

Segment ID

Segment ID

Segment ID



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)……………………… - Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)…… - 0.011
3. Flow Length, L (total L < 300 feet)………………………………ft 300
4. 10-yr, 24-hr Rainfall, P10……………………………………in 2.06
5. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] …………………hr 0.13 0.13

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)……………………… - Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)…… - 0.011
9. Flow Length, L (total L < 300 feet)………………………………ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.11 0.11

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to C C to D
18. Average Velocity, V ………………………………………ft/s 2.00 2.00
19. Flow Length, L …………………………………………… ft 2,600 5,000 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.36 0.69 1.06

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.13 0.00 1.06 1.19
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)…… hr 0.11 0.00 1.06 1.17
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)……………………………………………… hr 0.71

Table 3

Zone A2-1A, Southeast Corner of Study Area Exhibit A
Date:

June 5, 2007

Time of Concentration & Tlag Calculation Worksheet

Segment ID

Segment ID

Segment ID

Segment ID



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.12 0.12

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.11 0.11

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to C C to D D to E
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 1,000 1,800 1,300 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.14 0.25 0.18 0.57

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.12 0.00 0.57 0.69
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.11 0.00 0.57 0.68
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.41

Segment ID

Segment ID

Segment ID

Segment ID

Table 3

Zone A2-2, Southeast Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.13 0.13

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.11 0.11

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to C C to D D to E
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 1,100 1,000 700 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.15 0.14 0.10 0.39

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.13 0.00 0.39 0.52
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.11 0.00 0.39 0.50
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.31

Table 3

Zone A2-3, Southeast Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet

Segment ID

Segment ID

Segment ID

Segment ID



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.010 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.08 0.08

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.010 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.07 0.07

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to C C to D D to E
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 1,200 1,000 3,900 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.17 0.14 0.54 0.85

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.08 0.00 0.85 0.93
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.07 0.00 0.85 0.92
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.56

Segment ID

Segment ID

Segment ID

Segment ID

Table 3

Zone A2-4, South Central Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.010 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.08 0.08

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.010 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.07 0.07

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to C C to D D to E
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 1,000 2,100 3,900 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.14 0.29 0.54 0.97

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.08 0.00 0.97 1.05
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.07 0.00 0.97 1.04
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.63

Table 3

Zone A2-5, South Central Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet

Segment ID

Segment ID

Segment ID

Segment ID



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.005 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.11 0.11

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.005 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.09 0.09

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to D D to E E to F
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 1,550 2,700 1,700 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.22 0.38 0.24 0.83

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.11 0.00 0.83 0.94
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.09 0.00 0.83 0.92
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.56

Segment ID

Segment ID

Segment ID

Segment ID

Table 3

Zone A2-6, Southwest Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.13 0.13

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.11 0.11

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to D D to E E to F
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 1,300 500 2,100 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.18 0.07 0.29 0.54

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.13 0.00 0.54 0.67
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.11 0.00 0.54 0.65
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.40

Segment ID

Segment ID

Segment ID

Segment ID

Table 3

Zone A3-1, Southeast Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.13 0.13

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.11 0.11

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to C C to D D to E
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 300 1,000 1,500 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.04 0.14 0.21 0.39

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.13 0.00 0.39 0.52
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.11 0.00 0.39 0.50
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.31

Table 3

Zone A3-2, Southeast Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet

Segment ID

Segment ID

Segment ID

Segment ID



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.13 0.13

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.11 0.11

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to D D to E E to F
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 1,200 500 3,600 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.17 0.07 0.50 0.74

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.13 0.00 0.74 0.87
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.11 0.00 0.74 0.85
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.52

Segment ID

Segment ID

Segment ID

Segment ID

Table 3

Zone A3-3, South Central Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.013 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.07 0.07

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.013 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.06 0.06

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to D D to E E to "Basin B"
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 3,965 2,482 1,647 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.55 0.34 0.23 1.12

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.07 0.00 1.12 1.19
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.06 0.00 1.12 1.18
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.72

Segment ID

Segment ID

Segment ID

Segment ID

Table 3

Zone B, Southwest Corner of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.005 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.11 0.11

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.005 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.09 0.09

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to D D to E E to "Basin C"
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 1,350 1,300 800 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.19 0.18 0.11 0.48

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.11 0.00 0.48 0.59
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.09 0.00 0.48 0.57
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.35

Table 3

Zone C, Western Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet

Segment ID

Segment ID

Segment ID

Segment ID



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.008 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.09 0.09

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.008 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.07 0.07

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to C C to D D to "Basin D"
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 3,965 2,482 1,647 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.55 0.34 0.23 1.12

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.09 0.00 1.12 1.21
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.07 0.00 1.12 1.19
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.73

Segment ID

Segment ID

Segment ID

Segment ID

Table 3

Zone D, Northwest Corner of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Conrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 100
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.02 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.03 0.03

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Conrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 100
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.02 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.02 0.02

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to D D to E E to "Basin E"
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 3,166 3,024 1,275 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.44 0.42 0.18 1.04

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.03 0.00 1.04 1.07
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.02 0.00 1.04 1.06
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.64

Table 3

Zone E, Northwest Corner of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet

Segment ID

Segment ID

Segment ID

Segment ID



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Conrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 100
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.02 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.03 0.03

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Conrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 100
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.06
11. Land Slope, s………………………………………………ft/ft 0.02 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.03 0.03

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to D D to E E to "Basin F"
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 2,000 1,500 2,250 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.28 0.21 0.31 0.80

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.03 0.00 0.80 0.83
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.03 0.00 0.80 0.83
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.50

Segment ID

Segment ID

Segment ID

Segment ID

Table 3

Zone F, North Central Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Conrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.004 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.12 0.12

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Conrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.004 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.10 0.10

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to D D to E E to "Basin G"
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 1,900 2,000 1,650 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.26 0.28 0.23 0.77

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.12 0.00 0.77 0.89
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.10 0.00 0.77 0.87
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.53

Table 3

Zone G, Central Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet

Segment ID

Segment ID

Segment ID

Segment ID



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.008 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.09 0.09

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.008 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.08 0.08

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to E E to H H to "Basin H"
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 3,350 2,700 4,550 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.47 0.38 0.63 1.47

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.09 0.00 1.47 1.56
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.08 0.00 1.47 1.55
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.94

Segment ID

Segment ID

Segment ID

Segment ID

Table 3

Zone H, Northeast Portion of Study Area Exhibit A
Date:

February 13, 2006

Time of Concentration & Tlag Calculation Worksheet



Drainage Zone & General Location: Corresponding Exhibits/Description

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
3. Flow Length, L (total L < 300 feet)…………………………… ft 300
4. 10-yr, 24-hr Rainfall, P10………………………………… in 2.06
5. Land Slope, s………………………………………………ft/ft 0.008 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] ………………hr 0.09 0.09

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)………………………- Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)……- 0.011
9. Flow Length, L (total L < 300 feet)…………………………… ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.008 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.08 0.08

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to C C to "Basin I" E to "Basin I"
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 3,500 600 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.49 0.08 0.00 0.57

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.09 0.00 0.57 0.66
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)……hr 0.08 0.00 0.57 0.65
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)………………………………………………hr 0.40

Table 3

Zone I, Central Portion of Study Area Exhibit A
Date:

October 7, 2004

Time of Concentration & Tlag Calculation Worksheet

Segment ID

Segment ID

Segment ID

Segment ID



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)……………………… - Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)…… - 0.011
3. Flow Length, L (total L < 300 feet)………………………………ft 300
4. 10-yr, 24-hr Rainfall, P10……………………………………in 2.06
5. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] …………………hr 0.13 0.13

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)……………………… - Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)…… - 0.011
9. Flow Length, L (total L < 300 feet)………………………………ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.11 0.11

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to C C to D D to "Basin K"
18. Average Velocity, V ………………………………………ft/s 2.00 2.00 2.00
19. Flow Length, L …………………………………………… ft 2,600 4,900 1,800 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.36 0.68 0.25 1.29

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.13 0.00 1.29 1.42
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)…… hr 0.11 0.00 1.29 1.40
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)……………………………………………… hr 0.85

Segment ID

Segment ID

Segment ID

Segment ID

Table 3

Zone K, Northeast Quadrant of Study Area Exhibit A
Date:

June 5, 2007

Time of Concentration & Tlag Calculation Worksheet



Drainage Zone & General Location: Corresponding Exhibits/Descriptions:

Sheet Flow for 10-yr 24-hr Storm Event (Applicable to T c  only)

A to B
1. Surface Description (TR-55, Table 3-1)……………………… - Concrete/Asphalt
2. Manning's Roughness Coefficient, n (TR-55, Table 3-1)…… - 0.011
3. Flow Length, L (total L < 300 feet)………………………………ft 300
4. 10-yr, 24-hr Rainfall, P10……………………………………in 2.06
5. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

6. Compute Tt = [0.007*(nL)0.8] / [P10
0.5s0.4] …………………hr 0.13 0.13

Sheet Flow for 100-yr 24-hr Storm Event (Applicable to T c  only)

A to B
7. Surface Description (TR-55, Table 3-1)……………………… - Concrete/Asphalt
8. Manning's Roughness Coefficient, n (TR-55, Table 3-1)…… - 0.011
9. Flow Length, L (total L < 300 feet)………………………………ft 300
10. 100-yr, 24-hr Rainfall, P100…………………………………in 2.86
11. Land Slope, s………………………………………………ft/ft 0.003 Subtotal of Tt

12. Compute Tt = [0.007*(nL)0.8] / [P100
0.5s0.4] ………………hr 0.11 0.11

Shallow Concentrated Flow for 10-yr & 100-yr Storm Events

13. Surface Description (paved or unpaved)………………………-
14. Flow Length, L………………………………………………ft 0
15. Watercourse Slope, s………………………………………ft/ft 0.00
16. Average Velocity, V (TR-55, Figure 3-1)………………………ft/s 1.0 Subtotal of Tt

17. Compute Tt = L / (3600V) …………………………………hr 0.00 0.00

Pipe Flow for 10-yr & 100-yr Storm Events

B to "Basin L"
18. Average Velocity, V ………………………………………ft/s 2.00
19. Flow Length, L …………………………………………… ft 3,000 Subtotal of Tt

20. Compute Tt = L / (3600V) …………………………………hr 0.42 0.42

Compute T c  for 10-yr & 100-yr Storm Events

21. Watershed or Subarea Tc 10 (add Tt in steps 6, 17, & 25)………hr 0.13 0.00 0.42 0.55
Step 6 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 10

22. Watershed or Subarea Tc 100 (add Tt in steps 12, 17, & 25)…… hr 0.11 0.00 0.42 0.53
Step 12 Tt Subtotal Step 17 Tt Subtotal Step 20 Tt Subtotal Total Tc 100

23. TLAG (=0.6*Tc)……………………………………………… hr 0.33

Table 3

Zone L, East/Central Portion of Study Area Exhibit A
Date:

June 5, 2007

Time of Concentration & Tlag Calculation Worksheet

Segment ID

Segment ID

Segment ID

Segment ID



Detention 
Basin

Peak       
Inflow100-yr   

(cfs)

Peak       
Outflow    

(cfs)

A1 228 2.0

A2B 158 0.5

A2A 178 0.5

B 123 0.5

C 38 1.0

D 117 0.5

E

F 69 0.5

G 70 0.5

H 115 0.5

I 98 0.5

J --- 1.75

K 304 0.5

L 70 0.5

CC

Note 1:

Note 2: Detention storage to be provided in future 5-
acre park on south side of Peach Avenue, 
east of high school.

12

41

25

See Note 1 Below

20

44

Detention Basin Summary Listing
Table 4

Peak 
Storage     

(ac-ft)

89

43

55

56

12

23

Drainage as approved by City for Foster 
Farms and contiguous property development 
plans.

See Note 2 Below

108

16

Last Revised: 06-15-07



Initial Tc     
(min)

Duration   
(min)   

Runoff 
Coefficient 

Intensity   
(in/hr)        

Intensity   
(in/hr)        

Area      
(acres)

Discharge  
(cfs)

Discharge  
(cfs)

Tc I Tc total C I10 I100 A Q10 Q100

Low-Density Residential 20 87 0.40 0.54 0.79 100 21.6 31.6
Medium-Density Residential 20 84 0.45 0.55 0.80 100 24.8 36.0
High-Density Residential 20 83 0.50 0.56 0.81 100 28.0 40.5
Commercial 10 71 0.80 0.61 0.89 100 48.8 71.2
Mixed Used 10 77 0.50 0.57 0.85 100 28.5 42.5
Limited Industrial 10 77 0.80 0.57 0.85 100 45.6 68.0
General Industrial 10 77 0.85 0.57 0.85 100 48.5 72.3
Schools 20 87 0.30 0.54 0.79 100 16.2 23.7
Parks/Open Space 20 83 0.15 0.56 0.81 100 8.4 12.2

Land Use

Table 5
Rational Method Discharges Generated by 100 Acres

Last Modified:  09-06-06



Pipe 
Diameter

d/D       
Ratio

Pipe      
Slope Discharge

(in) (cfs)

18 full flow 0.003 6.2
18 full flow 0.002 5.0
18 full flow 0.001 3.6

24 full flow 0.003 14.0
24 full flow 0.002 11.0
24 full flow 0.001 8.0

30 full flow 0.003 23.0
30 full flow 0.002 18.7
30 full flow 0.001 13.4

36 full flow 0.003 37.5
36 full flow 0.002 30.5
36 full flow 0.001 21.5

42 full flow 0.003 60.0
42 full flow 0.002 49.0
42 full flow 0.001 34.0

48 full flow 0.003 84
48 full flow 0.002 67
48 full flow 0.001 49

54 full flow 0.003 117
54 full flow 0.002 95
54 full flow 0.001 67

60 full flow 0.003 155
60 full flow 0.002 125
60 full flow 0.001 89

66 full flow 0.003 195
66 full flow 0.002 160
66 full flow 0.001 115

72 full flow 0.003 245
72 full flow 0.002 200
72 full flow 0.001 145

78 full flow 0.003 310
78 full flow 0.002 250
78 full flow 0.001 180

84 full flow 0.003 370
84 full flow 0.002 305
84 full flow 0.001 215

Table 6
Uniform Flow Capacities for Various Storm Drain Pipe Sizes

Last Modified:  09-06-06



DRAINAGE           
ZONE

31,001,254$         

9,763,689$           

2,868,415$           

2,744,619$           

(see note below)

5,301,357$           

3,567,078$           

6,928,790$           

2,806,828$           

1,058,000$           

14,899,180$         

3,190,520$           

3,108,335$           

87,238,065$         

13,085,710$         

100,323,775$       

*

** Costs pertain to properties south of Vinewood Ave/B St, only..

TOTAL

                    E*

F

G

H

K

L

Drainage Infrastructure Cost Estimate Summary
Table 7

                    D**

ESTIMATED            
COST

A

B

C

An infrastructure cost estimate is not provided for Drainage Zone 
E, which substantially consists of property owned by Foster 
Farms.  It is assumed that infrastructure will simply be 
constructed as approved by the City as incremental future 
development occurs within this drainage zone.

I

SUBTOTAL

Misc. @ 15% 

J

CC

Last Revised:  06-15-07



DESCRIPTION UNIT

D r a i n a g e   Z o n e   A
Construction of Major Facilities

Detention Basin A1  (20' Depth, Outflow = 2 cfs) 89 AF 10,000$          890,000$        

Detention Basin A2B  (10' Depth, Outflow = 0.5 cfs) 43 AF 10,000$          430,000$        

Detention Basin A2A (10' Depth, Outflow = 0.5 cfs) 56 AF 10,000$          560,000$        

Add'l Excavation Allowance Above Detention Basin WSEs 185 AF 10,000$          1,850,000$     

Pump Station (Detention Basin A1) 1 LS 250,000$        250,000$        

Force Main  (@ Detention Basin A1) 150 LF 60$                 9,000$            

Construction of Storm Drains
18" SD 8,723 LF 80$                 697,840$        

24" SD 14,500 LF 100$               1,450,000$     

30" SD 8,488 LF 125$               1,061,000$     

36" SD 7,006 LF 150$               1,050,900$     

42" SD 6,407 LF 180$               1,153,260$     

48" SD 9,491 LF 210$               1,993,110$     

54" SD 2,640 LF 250$               660,000$        

60" SD 1,960 LF 300$               588,000$        

66" SD 3,160 LF 350$               1,106,000$     

72" SD 2,500 LF 400$               1,000,000$     

Subtotal of Construction 14,749,110$    

Design & Planning @ 10% of Construction Subtotal 1,474,911$     

Construction Management @ 10% of Construction Subtotal 1,474,911$     

Contingency @ 15% of Construction Subtotal 2,212,367$     

Program Implementation @ 5% of Construction Subtotal 737,456$        

Land Acquisition
Right-of-Way (Detention Basin A1) 12.00 AC 250,000$        3,000,000$     

Right-of-Way (Detention Basin A2B) 10.00 AC 250,000$        2,500,000$     

Right-of-Way (Detention Basin A2A) 11.00 AC 250,000$        2,750,000$     

18" SD Easement 1.69 AC 250,000$        422,500$        

24" SD Easement 4.12 AC 250,000$        1,030,000$     

30" SD Easement 2.02 AC 250,000$        505,000$        

36" SD Easement 0.30 AC 250,000$        75,000$          

42" SD Easement 0.28 AC 250,000$        70,000$          

Subtotal of Land Acquisition 10,352,500$    

TOTAL ESTIMATED COST 31,001,254$    

QTY UNIT             
COST

TOTAL           
COST

Table 8
Drainage Infrastructure Cost Estimate by Drainage Zone

Last Revised:  06-15-07



DESCRIPTION UNITQTY UNIT             
COST

TOTAL           
COST

Table 8
Drainage Infrastructure Cost Estimate by Drainage Zone

D r a i n a g e   Z o n e   B
Construction of Major Facilities

Detention Basin B  (20' Depth, Outflow = 0.5 cfs) 55 AF 10,000$          550,000$        

Add'l Excavation Allowance Above Detention Basin WSE 40 AF 10,000$          400,000$        

Pump Station 1 LS 250,000$        250,000$        

Force Main  (@ Detention Basin B) 4,200 LF 60$                 252,000$        

Construction of Storm Drains
18" SD 1,082 LF 80$                 86,560$          

24" SD 2,603 LF 100$               260,300$        

30" SD 5,261 LF 125$               657,625$        

36" SD 1,023 LF 150$               153,450$        

42" SD 4,685 LF 180$               843,300$        

48" SD 2,615 LF 210$               549,150$        

54" SD 2,651 LF 250$               662,750$        

Subtotal of Construction 4,665,135$     

Design & Planning @ 10% of Construction Subtotal 466,514$        

Construction Management @ 10% of Construction Subtotal 466,514$        

Contingency @ 15% of Construction Subtotal 699,770$        

Program Implementation @ 5% of Construction Subtotal 233,257$        

Land Acquisition
Right-of-Way (Detention Basin) 7.50 AC 250,000$        1,875,000$     

Force main 1.43 AC 250,000$        357,500$        

18" SD Easement 0.11 AC 250,000$        27,500$          

24" SD Easement 0.59 AC 250,000$        147,500$        

30" SD Easement 1.21 AC 250,000$        302,500$        

36" SD Easement 0.28 AC 250,000$        70,000$          

48" SD Easement 1.20 AC 250,000$        300,000$        

54" SD Easement 0.61 AC 250,000$        152,500$        

Subtotal of Land Acquisition 3,232,500$     

TOTAL ESTIMATED COST 9,763,689$     

Last Revised:  06-15-07



DESCRIPTION UNITQTY UNIT             
COST

TOTAL           
COST

Table 8
Drainage Infrastructure Cost Estimate by Drainage Zone

D r a i n a g e   Z o n e   C
Construction of Major Facilities

Detention Basin C  (20' Depth, Outflow = 1 cfs) 12 AF 10,000$          120,000$        

Add'l Excavation Allowance Above Detention Basin WSE 20 AF 10,000$          200,000$        

Pump Station 1 LS 250,000$        250,000$        

Construction of Storm Drains
18" SD 2,320 LF 80$                 185,600$        

24" SD 2,081 LF 100$               208,100$        

30" SD 809 LF 125$               101,125$        

36" SD 748 LF 150$               112,200$        

48" SD 1,320 LF 210$               277,200$        

Subtotal of Construction 1,454,225$     

Design & Planning @ 10% of Construction Subtotal 145,423$        

Construction Management @ 10% of Construction Subtotal 145,423$        

Contingency @ 15% of Construction Subtotal 218,134$        

Program Implementation @ 5% of Construction Subtotal 72,711$          

Land Acquisition
Right-of-Way (Detention Basin) 3.00 AC 250,000$        750,000$        

24" SD Easement 0.33 AC 250,000$        82,500$          

Subtotal of Land Acquisition 832,500$        

TOTAL ESTIMATED COST 2,868,415$     

Last Revised:  06-15-07



DESCRIPTION UNITQTY UNIT             
COST

TOTAL           
COST

Table 8
Drainage Infrastructure Cost Estimate by Drainage Zone

D r a i n a g e   Z o n e   D  (Note:  Infrastructure Needed to Serve Properties South of Vinewood Avenue/B Street Only;
                                                Remaining Storm Drainage Infrastructure Costs to be Borne by Gallo Development)
Construction of Major Facilities

Detention Basin D  (41 AF Total, 20' Depth, Outflow = 0.5 cfs) 16 AF 10,000$          160,000$        

Construction of Storm Drains
18" SD 1,251 LF 80$                 100,080$        

24" SD 661 LF 100$               66,100$          

30" SD 1,883 LF 125$               235,375$        

36" SD 717 LF 150$               107,550$        

42" SD 4,436 LF 180$               798,480$        

Subtotal of Construction 1,467,585$     

Design & Planning @ 10% of Construction Subtotal 146,759$        

Construction Management @ 10% of Construction Subtotal 146,759$        

Contingency @ 15% of Construction Subtotal 220,138$        

Program Implementation @ 5% of Construction Subtotal 73,379$          

Land Acquisition
Right-of-Way (Applicable Portion of Detention Basin) 3.60 AC 50,000$          180,000$        

42" SD Easement 2.04 AC 250,000$        510,000$        

Subtotal of Land Acquisition 690,000$        

TOTAL ESTIMATED COST 2,744,619$     

Last Revised:  06-15-07



DESCRIPTION UNITQTY UNIT             
COST

TOTAL           
COST

Table 8
Drainage Infrastructure Cost Estimate by Drainage Zone

D r a i n a g e   Z o n e   F
Construction of Major Facilities

Detention Basin F  (20' Depth, Outflow = 0.5 cfs) 25 AF 10,000$          250,000$        

Add'l Excavation Allowance Above Detention Basin WSE 25 AF 10,000$          250,000$        

Pump Station 1 LS 250,000$        250,000$        

Force Main  (@ Detention Basin F) 1,559 LF 60$                 93,540$          

Construction of Storm Drains
18" SD 2,836 LF 80$                 226,880$        

24" SD 5,339 LF 100$               533,900$        

30" SD 2,975 LF 125$               371,875$        

42" SD 3,342 LF 180$               601,560$        

Subtotal of Construction 2,577,755$     

Design & Planning @ 10% of Construction Subtotal 257,776$        

Construction Management @ 10% of Construction Subtotal 257,776$        

Contingency @ 15% of Construction Subtotal 386,663$        

Program Implementation @ 5% of Construction Subtotal 128,888$        

Land Acquisition
Right-of-Way (Detention Basin) 5.00 AC 250,000$        1,250,000$     

24" SD Easement 0.44 AC 250,000$        110,000$        

30" SD Easement 0.15 AC 250,000$        37,500$          

42" SD Easement 1.18 AC 250,000$        295,000$        

Subtotal of Land Acquisition 1,692,500$     

TOTAL ESTIMATED COST 5,301,357$     

Last Revised:  06-15-07



DESCRIPTION UNITQTY UNIT             
COST

TOTAL           
COST

Table 8
Drainage Infrastructure Cost Estimate by Drainage Zone

D r a i n a g e   Z o n e   G
Construction of Major Facilities

Detention Basin G  (20' Depth, Outflow = 0.5 cfs) 20 AF 10,000$          200,000$        

Add'l Excavation Allowance Above Detention Basin WSE 20 AF 10,000$          200,000$        

Pump Station 1 LS 250,000$        250,000$        

Force Main  (@ Detention Basin G) 320 LF 60$                 19,200$          

Construction of Storm Drains
18" SD 442 LF 80$                 35,360$          

24" SD 1,239 LF 100$               123,900$        

30" SD 2,128 LF 125$               266,000$        

36" SD 653 LF 150$               97,950$          

42" SD 1,188 LF 180$               213,840$        

48" SD 462 LF 210$               97,020$          

Subtotal of Construction 1,503,270$     

Design & Planning @ 10% of Construction Subtotal 150,327$        

Construction Management @ 10% of Construction Subtotal 150,327$        

Contingency @ 15% of Construction Subtotal 225,491$        

Program Implementation @ 5% of Construction Subtotal 75,164$          

Land Acquisition
Right-of-Way 3.50 AC 250,000$        875,000$        

24" SD Easement 0.31 AC 250,000$        77,500$          

30" SD Easement 0.98 AC 250,000$        245,000$        

36" SD Easement 0.30 AC 250,000$        75,000$          

42" SD Easement 0.55 AC 250,000$        137,500$        

48" SD Easement 0.21 AC 250,000$        52,500$          

Subtotal of Land Acquisition 1,462,500$     

TOTAL ESTIMATED COST 3,567,078$     

Last Revised:  06-15-07



DESCRIPTION UNITQTY UNIT             
COST

TOTAL           
COST

Table 8
Drainage Infrastructure Cost Estimate by Drainage Zone

D r a i n a g e   Z o n e   H
Construction of Major Facilities

Detention Basin H  (20' Depth, Outflow = 0.5 cfs) 44 AF 10,000$          440,000$        

Add'l Excavation Allowance Above Detention Basin WSE 35 AF 10,000$          350,000$        

Pump Station 1 LS 250,000$        250,000$        

Force Main  (@ Detention Basin H) 1,512 LF 60$                 90,720$          

Construction of Storm Drains
18" SD 1,771 LF 80$                 141,680$        

30" SD 2,970 LF 125$               371,250$        

36" SD 1,320 LF 150$               198,000$        

42" SD 450 LF 180$               81,000$          

48" SD 1,970 LF 210$               413,700$        

54" SD 1,450 LF 250$               362,500$        

60" SD 1,120 LF 300$               336,000$        

Subtotal of Construction 3,034,850$     

Design & Planning @ 10% of Construction Subtotal 303,485$        

Construction Management @ 10% of Construction Subtotal 303,485$        

Contingency @ 15% of Construction Subtotal 455,228$        

Program Implementation @ 5% of Construction Subtotal 151,743$        

Land Acquisition
Right-of-Way (Detention Basin) 7.00 AC 250,000$        1,750,000$     

18" SD Easement 0.21 AC 250,000$        52,500$          

30" SD Easement 0.61 AC 250,000$        152,500$        

36" SD Easement 0.61 AC 250,000$        152,500$        

42" SD Easement 0.21 AC 250,000$        52,500$          

48" SD Easement 0.90 AC 250,000$        225,000$        

54" SD Easement 0.67 AC 250,000$        167,500$        

60" SD Easement 0.51 AC 250,000$        127,500$        

Subtotal of Land Acquisition 2,680,000$     

TOTAL ESTIMATED COST 6,928,790$     

Last Revised:  06-15-07



DESCRIPTION UNITQTY UNIT             
COST

TOTAL           
COST

Table 8
Drainage Infrastructure Cost Estimate by Drainage Zone

D r a i n a g e   Z o n e   I
Construction of Major Facilities

Detention Basin I  (20' Depth, Outflow = 0.5 cfs) 23 AF 10,000$          230,000$        

Add'l Excavation Allowance Above Detention Basin WSE 17 AF 10,000$          170,000$        

Pump Station 1 LS 250,000$        250,000$        

Force Main  (@ Detention Basin I) 480 LF 60$                 28,800$          

Construction of Storm Drains
18" SD 1,317 LF 80$                 105,360$        

24" SD 954 LF 100$               95,400$          

30" SD 2,196 LF 125$               274,500$        

36" SD 400 LF 150$               60,000$          

42" SD 197 LF 180$               35,460$          

Subtotal of Construction 1,249,520$     

Design & Planning @ 10% of Construction Subtotal 124,952$        

Construction Management @ 10% of Construction Subtotal 124,952$        

Contingency @ 15% of Construction Subtotal 187,428$        

Program Implementation @ 5% of Construction Subtotal 62,476$          

Land Acquisition
Right-of-Way (Detention Basin) 4.00 AC 250,000$        1,000,000$     

24" SD Easement 0.23 AC 250,000$        57,500$          

Subtotal of Land Acquisition 1,057,500$     

TOTAL ESTIMATED COST 2,806,828$     

Last Revised:  06-15-07



DESCRIPTION UNITQTY UNIT             
COST

TOTAL           
COST

Table 8
Drainage Infrastructure Cost Estimate by Drainage Zone

D r a i n a g e   Z o n e   J
Construction of Major Facilities

Detention Basin J  (10' Depth, Outflow = 1.75 cfs) 12 AF 10,000$          120,000$        

Add'l Excavation Allowance Above Detention Basin WSE 10 AF 10,000$          100,000$        

Subtotal of Construction 220,000$        

Design & Planning @ 10% of Construction Subtotal 22,000$          

Construction Management @ 10% of Construction Subtotal 22,000$          

Contingency @ 15% of Construction Subtotal 33,000$          

Program Implementation @ 5% of Construction Subtotal 11,000$          

Land Acquisition
Right-of-Way (Storm Drainage Component of Detention Basin) 3.00 AC 250,000$        750,000$        

Subtotal of Land Acquisition 750,000$        

TOTAL ESTIMATED COST 1,058,000$     

Last Revised:  06-15-07



DESCRIPTION UNITQTY UNIT             
COST

TOTAL           
COST

Table 8
Drainage Infrastructure Cost Estimate by Drainage Zone

D r a i n a g e   Z o n e   K
Construction of Major Facilities

Detention Basin K  (15' Depth, Outflow = 0.5 cfs) 108 AF 10,000$          1,080,000$     

Add'l Excavation Allowance Above Detention Basin WSE 75 AF 10,000$          750,000$        

Pump Station 1 LS 250,000$        250,000$        

Force Main  (@ Detention Basin K) 2,700 LF 60$                 162,000$        

Construction of Storm Drains
18" SD 5,640 LF 80$                 451,200$        

24" SD 7,150 LF 100$               715,000$        

30" SD 5,940 LF 125$               742,500$        

36" SD 2,880 LF 150$               432,000$        

42" SD 4,710 LF 180$               847,800$        

48" SD 1,720 LF 210$               361,200$        

54" SD 1,320 LF 250$               330,000$        

66" SD 1,320 LF 350$               462,000$        

72" SD 700 LF 400$               280,000$        

Subtotal of Construction 6,863,700$     

Design & Planning @ 10% of Construction Subtotal 686,370$        

Construction Management @ 10% of Construction Subtotal 686,370$        

Contingency @ 15% of Construction Subtotal 1,029,555$     

Program Implementation @ 5% of Construction Subtotal 343,185$        

Land Acquisition
Right-of-Way (Detention Basin K) 15.00 AC 250,000$        3,750,000$     

18" SD Easement 1.64 AC 250,000$        410,000$        

24" SD Easement 1.77 AC 250,000$        442,500$        
30" SD Easement 1.82 AC 250,000$        455,000$        

66" SD Easement 0.61 AC 250,000$        152,500$        

72" SD Easement 0.32 AC 250,000$        80,000$          

Subtotal of Land Acquisition 5,290,000$     

TOTAL ESTIMATED COST 14,899,180$    

Last Revised:  06-15-07



DESCRIPTION UNITQTY UNIT             
COST

TOTAL           
COST

Table 8
Drainage Infrastructure Cost Estimate by Drainage Zone

D r a i n a g e   Z o n e   L
Construction of Major Facilities

Detention Basin L  (15' Depth, Outflow = 0.5 cfs) 16 AF 10,000$          160,000$        

Add'l Excavation Allowance Above Detention Basin WSE 16 AF 10,000$          160,000$        

Pump Station 1 LS 250,000$        250,000$        

Force Main  (@ Detention Basin L) 150 LF 60$                 9,000$            

Construction of Storm Drains
18" SD 1,160 LF 80$                 92,800$          

24" SD 1,850 LF 100$               185,000$        

30" SD 1,200 LF 125$               150,000$        

36" SD 1,850 LF 150$               277,500$        

Subtotal of Construction 1,284,300$     

Design & Planning @ 10% of Construction Subtotal 128,430$        

Construction Management @ 10% of Construction Subtotal 128,430$        

Contingency @ 15% of Construction Subtotal 192,645$        

Program Implementation @ 5% of Construction Subtotal 64,215$          

Land Acquisition
Right-of-Way (Detention Basin L) 3.50 AC 250,000$        875,000$        

18" SD Easement 0.53 AC 250,000$        132,500$        

24" SD Easement 0.69 AC 250,000$        172,500$        

36" SD Easement 0.85 AC 250,000$        212,500$        

Subtotal of Land Acquisition 1,392,500$     

TOTAL ESTIMATED COST 3,190,520$     

Last Revised:  06-15-07



DESCRIPTION UNITQTY UNIT             
COST

TOTAL           
COST

Table 8
Drainage Infrastructure Cost Estimate by Drainage Zone

D r a i n a g e   Z o n e   CC
Construction of Major Facilities

Expand Arekelian Park Detention Basin 10 AF 10,000$          100,000$        

Add'l Excavation Allowance Above Detention Basin WSE 10 AF 10,000$          100,000$        

Excavation in New Park (South Side of Peach Ave. @ 7th St.) 5 AF 10,000$          50,000$          

Pump Station (New - Arekelian Park) 1 LS 250,000$        250,000$        

Pump Station (Det. Basin, NE Corner B Street/Robin Avenue) 1 LS 250,000$        250,000$        

Force Main (Det. Basin, NE Corner B Street/Robin Avenue) 800 LF 60$                 48,000$          

Pump Station/Force Main (South Side of Peach Avenue @ 7th St.) 1 LS 300,000$        300,000$        

Construction of Storm Drains
18" SD 3,130 LF 80$                 250,400$        

24" SD 2,580 LF 100$               258,000$        

30" SD 625 LF 125$               78,125$          

Subtotal of Construction 1,684,525$     

Design & Planning @ 10% of Construction Subtotal 168,453$        

Construction Management @ 10% of Construction Subtotal 168,453$        

Contingency @ 15% of Construction Subtotal 252,679$        

Program Implementation @ 5% of Construction Subtotal 84,226$          

Land Acquisition
Right-of-Way (Arekelian Park) 3.00 AC 250,000$        750,000$        

Subtotal of Land Acquisition 750,000$        

TOTAL ESTIMATED COST 3,108,335$     

Last Revised:  06-15-07



DRAINAGE           
ZONE*

31,001,254$         

9,763,689$           

2,868,415$           

2,744,619$           

5,301,357$           

3,567,078$           

6,928,790$           

2,806,828$           

14,899,180$         

3,190,520$           

83,071,730$         

12,460,760$         

95,532,490$         

*

** Costs pertain to properties south of Vinewood Ave/B St, only.

K

Table 9A

                    D**

ESTIMATED            
COST

A

B

C

F

G

H

I

Storm Drainage Impact Fees
City of Livingston

Summary Of Drainage Intrastructure Costs Utilized For Fee Calculations

The composite of Drainage Zones A, B, C, D, F, G, H, I, K, and L 
were considered to be representative for a single zone drainage 
impact fee calculation pertaining to the entire Storm Drainage 
Master Plan study area.  Drainage Zones E, J, and CC were 
considered less representative and were not utilized in the 
calculation.

L

SUBTOTAL

Misc. @ 15% 

TOTAL
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Representative 
Area Less Public 

Facilities, 
Parks/Open Space 
and Conservation 
Reserve (Acres)*

Total 
Infrastructure 

Cost (Including 
Misc. @ 15%)

Land Use                
Category

Acreage by 
Land Use 
Category

Percent     
Impervious

Proportional 
Funding Factor 

(Land Use % 
times % 

Impervious)

Proportional 
Funding 

Responsibility 
(Funding Factor 

% of Total)

Total Fee 
Responsibility

Impact Fee 
(Per Acre)

Average 
Dwelling Units 

Per Acre 
(Residential)

Impact Fee 
(Per 

Dwelling 
Unit)

 $     95,532,490 Low-Density Residential 2274.8 39.25% 40%                0.1570 28.9%  $    27,609,566  $       12,137 4.5  $        2,697 
 $     95,532,490 Medium-Density Residential 244.2 4.21% 55%                0.0232 4.3%  $      4,075,348  $       16,689 9  $        1,854 
 $     95,532,490 High-Density Residential 81.1 1.40% 65%                0.0091 1.7%  $      1,599,523  $       19,723 20  $           986 
 $     95,532,490 All Commercial Designations 877.0 15.13% 85%                0.1286 23.7%  $    22,619,077  $       25,791 N/A
 $     95,532,490 Limited Industrial 101.6 1.75% 85%                0.0149 2.7%  $      2,620,409  $       25,791 N/A
 $     95,532,490 Urban Reserve 2217.6 38.26% 55%                0.2104 38.7%  $    37,008,567  $       16,689 N/A

5796.3 100.00%                0.5432 100.0%  $    95,532,490 

*  Representative area for impact fee calculations pertaining to the entire Storm Drainage Master Plan study area includes Drainage Zones A,B,C,D,F,G,H,I, K AND L.

City of Livingston

5,796.3

Table 9B

Storm Drainage Impact Fees

Proportional 
Land Use 

Area         

Last Modified:  06-18-07
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FEMA 
FIRM Panels 175 and 200 

 
 
 
 
 
 
 
 

 







 
 
 
 
 

 
 
 
 

Sample 
MID Drainage Agreement 

 
 
 
 
 
 
 
 

 







































 
 
 
 
 

 
 
 
 

Minutes of Meetings 
with MID (5-19-04 & 8-2-05) 

 
 
 
 
 
 
 
 

 













 
 
 
 
 

 
 
 
 

HEC-1 
Input/Output 

 
 
 
 
 
 
 
 

 






























































































