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Section 1  
Project Background 

1.1 INTRODUCTION 
The City of Escalon (City), retained ECO:LOGIC Engineering in January 2006 to update the 
City’s Storm Drain Master Plan (Master Plan).  The need for the Master Plan update was 
precipitated by the City’s adoption of their 2005 General Plan update, which provides the 
guidelines for community growth through the year 2035. 

This report presents the methodology and the analyses conducted, the results of the analyses 
and the recommended improvements to the City’s storm drain collection and discharge 
system to meet the needs of the City’s future growth. Project cost information is included 
for use in the Public Facilities Implementation Plan and the proposed Capital Improvement 
Plan (CIP). 

The City’s storm drain systems rely on a long-standing relationship with the South San Joaquin 
Irrigation District (SSJID) and the use of SSJID’s system of drains and laterals as a terminus or 
discharge point.  The Master Plan was prepared in consultation with SSJID and is consistent with 
SSJID’s system operating criteria.  This Master Plan is predicated on the City’s continued use of 
SSJID facilities for terminal drainage. 

1.1.1.  PLANNING APPROACH AND DESIGN CRITERIA 
This Master Plan builds on the City’s previous master planning efforts and updates.  The 
objective of this Master Plan is to provide storm drainage facilities to collect and convey runoff 
from a 10-year rainfall event.  All proposed facilities are to be designed to meet the design 
criteria and the standards of the City and SSJID. 

1.2 DATA COLLECTION 
This section summarizes the data and information sources that were referenced in formulating 
this Master Plan. The base mapping to be used in developing and presenting the master plan is 
also discussed. 

1.2.1.  PREVIOUS MASTER PLAN 
This Master Plan builds on the previous master planning efforts of 1978, which provided 
valuable information and analyses. 

1.2.2.  CITY OF ESCALON 
GIS mapping, available through the City, was used to propose work maps, and was the starting 
point for preparation of base maps. 
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1.2.3.  SOUTH SAN JOAQUIN IRRIGATION DISTRICT 
SSJID owns the drains and laterals that convey the City’s storm drainage to the local surface 
waterways.  The Master Plan must meet SSJID requirements for limiting stormwater inflows to 
drains and laterals. The Master Plan must also maintain the integrity of SSJID facilities and 
include provisions to meet the National Pollutant Discharge Elimination System (NPDES) water 
quality restrictions. 
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1.2.4.  SAN JOAQUIN COUNTY 
The San Joaquin County Hydrology Manual was used as a reference to update the City’s 
precipitation data and rainfall intensity curves.  Soils information and recent aerial photography 
were also obtained from the County. 

1.2.5.  NATURAL RESOURCES CONSERVATION SERVICE 
The Natural Resources Conservation Service (NRCS) soils maps for San Joaquin County were 
used to identify hydrologic soil groups within the study area. 

1.2.6.  SURVEY/TOPOGRAPHIC DATA 
Field surveys were conducted to verify elevation and horizontal location of existing drainage 
facilities.  This information was used in the modeling of the existing storm drain systems. 

1.2.7.  CITY OF ESCALON GENERAL PLAN UPDATE 2005 
Existing and proposed land uses specified in the City’s 2005 General Plan update were used in 
modeling both the existing and proposed storm drain systems. 

1.3 ORGANIZATION OF THE STORM DRAIN MASTER PLAN 
REPORT 

1.3.1.  SECTION ORGANIZATION 
Section 2 examines the City’s existing storm drainage systems.  Figure 2-1 shows the existing 
storm drain systems referred to throughout the Master Plan. 

Section 3 summarizes design criteria.  The design criteria will guide development of storm drain 
systems throughout the City. 

Section 4 analyzes both existing and future storm drain systems, making improvement 
recommendations where appropriate.  This section also evaluates SSJID requirements. 

Section 5 is the Capital Improvement Program, providing a guide for implementation of the 
recommended improvements.  The cost data and capital improvement data will be used in the 
preparation of an updated Public Facilities Implementation Plan. 
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Section 2  
Existing Storm Drain System 

The City of Escalon’s storm drainage system depends on SSJID’s existing system of irrigation 
laterals to transport storm drain runoff from the City.  These laterals run south and west, to the 
Stanislaus River and the Lone Tree Creek respectively. The City is divided into ten drainage 
sheds, shown in Figure 2-1, each of which contains a storm drain system that collects runoff 
from within the drainage shed and transports the flows to a City maintained storm drain basin.  
There is an existing drainage shed within the City that utilizes interim retention basin Storm 
Drain System 11.  The basins within the existing systems are designed to reduce the peak flow 
rates released to the SSJID laterals. Runoff is temporarily stored in the basins then is pumped 
into the SSJID laterals at the reduced flow rate. 

Storm Drain System 4 is the only system that does not discharge to a SSJID lateral.  Runoff 
collected by Storm Drain System 4 is pumped directly to the industrial ponds at the City’s waste 
water treatment plant. 

2.1 EXISTING STORM DRAINAGE FACILITIES 
The City’s existing drainage facilities, shown on Figure 2-2, consist of: 

• Storm Drain Collection System 
• Basins 
• Pump Stations 
• SSJID Laterals 

2.1.1.  STORM DRAIN COLLECTION SYSTEM 
The storm drain collection system includes inlets, manholes and piping.  The system collects 
storm drainage from the surrounding streets through inlets, and transports the drainage via a 
piping network to basins and/or pump stations. 

2.1.2.  BASINS 
Detention basins are used to temporarily store runoff from the drainage sheds in order to reduce 
the flow rates that are pumped into the SSJID laterals.  SSJID requires the flows entering the 
lateral be regulated to ensure that the capacities of the laterals are not exceeded.  Basins allow the 
use of smaller pumps that reduce capital expense and energy costs. Detention basins are typically 
joint use facilities providing recreation and other uses when not occasionally being used for 
stormwater storage.  There are currently ten existing basins within the City and thirteen new 
basins proposed in the Master Plan. 
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2.1.3.  PUMP STATIONS 
With the exception of runoff from Storm Drain System 4, storm drainage from the City is 
pumped into the SSJID laterals. Pumps are sized according to the City’s design criteria, and their 
operation is controlled by water levels in the pump station sump and in the downstream SSJID 
laterals. There are ten existing drainage pump stations in the City with an additional thirteen 
pump stations planned for each of the thirteen future detention basins. 
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2.2 SOUTH SAN JOAQUIN IRRIGATION DISTRICT 
The City currently discharges to three SSJID laterals. The SSJID laterals deliver irrigation water 
and are also used to convey drainage. SSJID requires the capacity of the laterals be maintained 
year-round for the delivery of irrigation water.  For this reason, the flow of drainage into laterals 
must be monitored to insure adequate capacity is maintained.  This Master Plan proposes to use 
four additional SSJID laterals, Laterals K, Ka, Bc and Bf.  The SSJID laterals currently used to 
transport City storm drainage include: 

• Lateral B - Lateral receives drainage from Drain Systems 1, 2, 5 and 11 

• Lateral Bd (Bk)- Lateral receives drainage from Drain Systems 3 and 7 

• Drain Systems 4 and 6 discharge to the industrial basins at the City of Escalon’s 
wastewater treatment plant. 
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Section 3  
Design Criteria 

Design Criteria act as guidelines and minimum standards for the design of storm drainage 
systems, retention facilities and drainage pump stations within the City.  Project specific 
engineering issues requiring unique solutions not specifically covered by these criteria are 
expected. 

These design criteria will be used in conjunction with the City of Escalon Standard Plans and 
Specifications.  This information is intended to be used as a design guideline, and the appropriate 
review of this information and its application to specific design is the sole responsibility of the 
design engineer. 

3.1 GENERAL 

3.1.1.  MASTER PLAN 
Storm drain design shall conform to the City’s Storm Drain Master Plan, and the City’s 
Improvement Standards. 

3.1.2.  DRAINAGE ANALYSIS 
A drainage study that includes the entire tributary area of the subject area shall be submitted and 
approved by the Public Works Department prior to the approval/recording of a final subdivision 
or parcel map. The proposed drainage plan may be evaluated by the City using the Storm Drain 
Master Plan to assure that the proposed facilities conform to said plan. The project drainage 
study shall include the following: 

1. A topographic map of the drainage shed and adjacent area showing existing and proposed 
ground elevations and sub-drainage shed areas. 

2. 10-year and 100-year design flows at key locations. 
3. Preliminary pipe sizes and typical drainage channel geometry with hydraulic grade lines, 

inverts, and proposed ground elevations. 
4. A map showing analysis points, proposed street grades, and storm drain facilities. 
5. Configuration and elevations of proposed retention basins, including a preliminary 

grading plan. 
6. Information on proposed pumps, stage/storage, and discharge information, including the 

SSJID lateral discharged to if applicable, for retention basins. 
7. A preliminary site plan for each basin and a site and equipment layout plan for each 

pump station. 
8. Requirements for stormwater quality treatment BMPs. 
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3.1.3.  GEOTECHNICAL AND GROUNDWATER INFORMATION 
Geotechnical and groundwater information shall be included as part of the drainage study. At a 
minimum, the following information should be provided. 

1. Preliminary geotechnical analysis 
2. Groundwater information (depths) 
3. Basin depth limitation 

3.1.4.  PROJECT PHASING 
If project phasing is proposed, a drainage system phasing plan shall be submitted prior to 
approval of improvement plans or map recordation.  Drainage facilities shall be designed to 
provide acceptable drainage protection for each phase. Triggering mechanisms must be clearly 
identified for constructing subsequent phases of drainage facilities. 

3.2 DESIGN RUNOFF 
Criteria for computing design runoff shall be consistent with established City design criteria and 
with the San Joaquin County Hydrology Manual.  Rational Method-based solutions are accepted 
by the City.  Other methods may be acceptable subject to prior approval by the City Public 
Works Department. 

3.2.1.  RATIONAL METHOD 
The Rational Method was developed to estimate peak runoff from small urban and developed 
areas. The rational method formula relates rainfall intensity, a runoff coefficient, and drainage 
area to the peak runoff from the drainage area. This relationship is expressed by the equation: 

Q = CIA 

Where 

Q = the runoff rate from a drainage area in cubic feet per second (cfs) 
C = a runoff coefficient that represents the ratio of runoff to rainfall 
I = the time averaged rainfall intensity corresponding to the time of concentration, 

expressed in inches per hour 
A = tributary drainage area in acres 

The values of the runoff coefficient and the rainfall intensity are determined using drainage area 
characteristics. The drainage area is determined by computing the area tributary to the point 
where flow is to be determined (point of concentration) based on a topographic map. 

Runoff coefficient (C) - The runoff coefficient is the ratio of the rate of runoff to the rate of 
rainfall at an average rainfall intensity (I). The value of the runoff coefficient depends on rainfall 
intensity, drainage area slope, vegetative cover, infiltration and other factors. Runoff coefficients 
for the City of Escalon are shown in Table 3-1. The coefficients listed in the table are typical for 
the corresponding developments. When storm water qualities are utilized to reduce the runoff 
coefficient, the design engineer should adjust “C” values.  A more vigorous method to compute 
coefficients is contained in the San Joaquin County Hydrology Manual. Runoff coefficients for 
typical surface types are shown in Table 3-2. 
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Table 3-1 
Runoff Coefficients 

Land Use Runoff Coefficient, 
C 

Minimum Overland 
Flow Time, minutes 

Single Family Residential 0.35 25 
Multi-Family Residential 0.50 20 

Apartments 0.65 15 
Commercial 0.90 10 

Industrial 0.85 10 
Parks 0.15 30 

Schools 0.30 25 

 
 

Table 3-2 
Runoff Coefficients for Surface Types 

Surface Runoff Coefficient 
Pavement 0.95 

Roof 0.80 
Compacted Earth 0.75 

Lawns and Open Area 0.15 
 

Rainfall Intensity – Rainfall intensity is determined by using the intensity-duration-frequency 
curves in the City’s Improvement Standards and derived from the San Joaquin County 
Hydrology Manual. The critical duration of the storm rainfall used to enter the intensity curves is 
based on the time of concentration of the drainage area under study. The time of concentration, 
Tc, is the time required for the flow at a given point to reach a peak from uniform rainfall 
intensity.  The time of concentration is commonly defined as the time from the beginning of 
rainfall for runoff from the most remote part of the drainage area to reach the point where flow is 
to be determined or point of concentration.  Figure 3-1 contains the intensity-duration curves for 
both the 10 and 100 year rainfall frequencies. 

The time of concentration is computed as the initial overland flow time plus the travel time in 
conveyance facilities (gutter, channel and/or pipe). Minimum values for this initial time are 
shown in Table 3-1 (minimum overland flow time). 

Tributary Drainage Area – The tributary drainage area of the drainage shed to the point of 
concentration is measured using the capability of CAD with the shed map. The drainage area is 
expressed in acres. 
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Figure 3-1 
Intensity Duration Frequency Curves 
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3.3 DESIGN OF STORM DRAIN FACILITIES 
Storm drain facilities shall be designed and constructed in accordance with the current City 
Improvement Standards.  This section presents design criteria for the following storm drain 
facilities: 

• Pipelines (gravity) 

• Pump Stations 

• Drainage Basins 

3.3.1.  STORM DRAIN PIPELINES 
Design Capacity - Storm drain pipelines shall be typically designed with the hydraulic grade line 
(HGL) at or below the crown of the pipe. When necessary, storm drains may be designed with 
the HGL above the crown of the pipe, but shall not exceed an elevation six (6) inches below the 
lowest drain inlet. 

The hydraulic grade line in storm drain pipelines upstream of the detention basin shall not be 
higher than six inches below any drain inlet in the drainage area. The starting elevation in the 
basin shall be the elevation of the basin design volume as described in Section 3.3.2 of this 
manual. 

Flow Velocity - The minimum velocity at design flow in pipes shall be 2.5 feet per second (fps). 
The maximum design velocity shall be 10.0 fps. 

Roughness Coefficient - Storm drain pipelines are primarily either reinforced concrete pipe 
(RCP) with rubber gaskets, Polyvinyl Chloride (PVC) plastic pipe or corrugated polyethylene 
(HDPE) pipe, smooth interior only.  The following design values for the Manning’s “n” 
coefficient shall be used: 

Table 3-3 
Roughness Coefficient (n) 

Pipe Material Roughness 
Coefficient (n) 

Reinforced concrete pipe (RCP) 0.013 
Polyvinyl Chloride (PVC) 0.011 

Corrugated Polyethylene HDPE (smooth interior only) 0.011 
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Minimum Size and Slope - The minimum pipe diameter for both storm drain mains and laterals 
that connect catch basins to manholes shall be 12 inches.  Allowable pipe slopes for the City of 
Escalon are as follows: 

Table 3-4 
Pipe Criteria 

Pipe Diameter 
(inches) 

Min. Slope ft/ft 
(n=0.013) 

Min. Slope ft/ft 
(n=0.011) 

12 0.0030 0.0022 

15 0.0023 0.0016 

18 0.0018 0.0013 

24 0.0012 0.0009 

30 0.0009 0.0006 

36 0.0007 0.0005 

42 0.0006 0.0004 

48 0.0005 0.0003 

 

3.3.2.  DRAINAGE BASINS 
Stormwater storage is required to reduce runoff to meet restrictions imposed by SSJID on the use 
of SSJID’s Drains and Laterals. Storage can also provide treatment of stormwater runoff.  Two 
primary types of drainage basins are used in the City: 

• Detention Basins 
• Retention Basins 

A detention basin is designed to detain all or a portion of the volume of a storm, thereby 
reducing the peak outflow. After a period of time, the stored runoff is discharged to downstream 
drains. 

A retention basin is designed to hold the entire volume of a storm with no provision for 
discharge. Retention basins are used only as an interim measure until capability to discharge to a 
drainage system is available and/or for a maximum of 10 years.  The use of a retention basin 
requires the approval of the Public Works Department. 

Basins are also used as a best management practice in the treatment of stormwater quality. 

The design of stormwater storage basins shall include considerations for the following attributes: 

• Sustainable dual and multi-uses including parks, ponds, open space, recreation and/or 
nature areas 

• Water quality enhancement 
• Low maintenance 
• Accessibility 



 

 
KSN, Inc  City of Escalon 
December 2007 3-7 Storm Drain Master Plan 

Capacity, - The sizing of a basin shall be based on the following: 

Detention Basin 
V = C A R 

      12 

Retention Basin 
V = 2 C A R 

      12 

Where: 

V = The basin volume in acre feet 
C = Runoff coefficient for the basin tributary shed. 
A = Tributary shed area in acres 
R = Total rainfall in inches for a design storm (2.38 inches for a 24-hour discharge 

period or 3.12 inches for a 48-hour discharge period) 

The volume for a detention basin shall be computed with no allowance for percolation or outlet 
facilities. The maximum water surface elevation in the basin shall be 12 inches below the lowest 
drain inlet elevation in the tributary drainage shed and 2 feet below the top (hinge point) of the 
basin. 

Volume of a retention basin shall be based on storing runoff from two (2) consecutive 10-year, 
48-hour storms.  The ground surface of the basin, defined as the area within the boundaries of the 
maximum water surface, must be able to percolate the design volume within 72 hours. 

Discharge - Detention basins shall discharge, either by gravity or by pumps, within a 24-hour 
period. Positive control by pumps or valves is required via telemetry.  The discharge shall have 
positive shutoff controls as required by SSJID. 

Basin Side Slopes - Detention basins shall have recommended side slopes of not steeper than 5 
horizontal to 1 vertical. 

Bottom Elevation - The bottom elevation of a basin shall be a minimum of four feet above the 
groundwater elevation. Any exception must be approved by Public Works Department. 

Bottom Slopes - The bottom of the basin shall have minimum slopes of ½ percent or as approved 
by Public Works Department. 

Maximum Depth - The maximum recommended depth of water in the basin shall be seven feet. 

Hydraulic Grade Line - The hydraulic grade line in storm drains upstream of the detention basin 
shall be not more than six inches below any drain inlet in the upstream drainage system. 

3.3.3.  PUMP STATIONS 
Pump station design shall be closely coordinated with Public Works Department. 

Site Design - The pump station site shall provide adequate space to accommodate the pump 
structure, support structures, maintenance activities and parking.  The finished pad area at the 
pump station site shall be at least two feet above the 100-year flood elevation. 
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Pump Discharge - Detention basin pump stations shall be designed to discharge the design 
volume from the basin during a period of not less than 24 hours. Pumps shall be alternated to 
balance operating hours. 

Number of Pumps - Pump stations shall be designed with a minimum of two pumps with a total 
pumping capacity of 1.5 times the designed discharge rate. 

Telemetry - Pumps shall be monitored and controlled by the City approved telemetry system. 

Trash Racks - Pump stations shall be designed with trash racks. 

Emergency energy source – Each pump station electrical controls shall include the capability of 
connecting a generator (receptacle) during time of power outage. 

3.3.4.  PUMP STATION DISCHARGE 
Pipe Material - Discharge pipe shall be welded steel pipe or High Density Polyethylene Pipe 
(HDPE).  Joints in the HDPE pipe shall be thermal butt fused joints.  The minimum pipe wall 
thickness for steel pipe shall be 3/8-inch.  Steel pipe shall conform to AWWA C-200. The pipe 
shall be epoxy coated and lined.  HDPE pipe shall be DR 26, and shall comply with AWWA 
C906. Special inspection is required for installation and bedding. 

Relief Valves - Adequate air and vacuum relief valves shall be provided.  Air and vacuum relief 
valves shall be enclosed in an approved vault located outside any travel way. 

Outfall - The discharge pipe to an open channel shall exit through a reinforced concrete outfall 
structure. Adequate rip-rap or concrete apron shall be provided as needed to protect ground slope 
from erosion. 

Backwater - The discharge pipe shall be protected from backwater conditions by a device 
approved by the Public Works Department. The backwater protection device, such as a pinch 
valve, shall be mounted to the concrete outfall structure. 

Gravity Discharge - Gravity discharge from basins shall be provided with a positive shut-off 
valve as required by SSJID. 

Erosion Protection – Approved erosion protection such as rip-rap shall be placed on the adjacent 
and opposite canal bank. The erosion protection shall be extended at least ten feet upstream and 
downstream of the outfall structure. 

Modified Design Criteria – To ensure the cumulative discharge in any SSJID Lateral complies 
with the current SSJID agreement, modified design criteria may be necessarily utilized.  Any 
modified design criteria shall be approved by the City of Escalon Public Works Department prior 
to use in design. 

SSJID Approval - Drawings of any proposed pipe passing under, pipe discharging to, or pipe 
crossing of SSJID Drains or Laterals must be submitted to and approved by SSJID prior to 
construction. 
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3.3.5.  STORMWATER QUALITY 
Stormwater source control and treatment control measures shall be designed consistent with 
principles set forth in the California Stormwater Quality Association Stormwater Best 
Management Practice Handbook (CASQA Handbook), January 2003 or later edition. 

The Extended Detention Basin, (CASQA Handbook TC-22), or a variant thereof, is the BMP 
that has the most potential in the City of Escalon. 

Basins used as a BMP in the treatment of stormwater quality shall be designed using the 
methodology and procedures of the CASQA Handbook. Volume-Based BMP design treats 85 
percent of annual runoff as presented in the CASQA Handbook. 

Functionally, basins will have a water quality function and a stormwater detention function to 
reduce peak flows. Basins will also function as parks with recreation and trails and will provide 
habitat, vegetation and open space.  Each basin contains a low flow area that is frequently wet 
even during non-storm days, a broad turfed area with flatter side slopes that provides storage 
during large storm events, and recreation facilities including trails and pathways.  Depending on 
the design, some of the lower areas of the basin may have to be fenced or protected from 
intrusion with a vegetation barrier. 

There are other BMPs described in the CASQA Handbook that may provide treatment of 
stormwater runoff. These BMPs should be developed by the design engineer when appropriate in 
a close working relationship with City staff. 
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Section 4  
Storm Drain System Analysis 

The City’s existing storm drain system was reviewed and analyzed with objectives to assess the 
systems’ capability to collect and convey, to identify problem areas, and to recommend 
improvements to drainage facilities that will prevent potential flooding and meet the City’s 
design standards. The review and analysis was carried out through: 

• Discussions with City staff 
• Review of previous studies and reports 
• Review of plans and design drawings 
• Model of the system based on the rational method 
• Model analysis to identify potential problems 

Drains are discussed with a description of each drain, identification of flood problems, results of 
the analysis, discussion of potential solutions, and recommendations for improvement projects. 
The Storm Drain Master Plan focuses primarily on SSJID requirements, the existing drainage 
basins, and the storm drain collection systems upstream of the basins. 

A key part of the Master Plan analysis was the modeling of the existing systems and analysis of 
the 2035 planning area described in the City’s 2005 General Plan Update.  The Master Plan 
model also includes the operation plan for detention basins/pumps and facilities to serve new 
areas. 

The Existing Conditions model was used to identify problems and evaluate solutions. 

The analysis discussed in this chapter, including modeling, is based on assumptions that the 
recommended Master Plan improvements are completed and functional. The initial analysis 
studied operation of detention basins and pumps with the objective of defining operation criteria 
that would optimize the use of detention storage in the basins to minimize downstream flooding.  

4.1 SOUTH SAN JOAQUIN IRRIGATION DISTRICT REQUIREMENTS 
The agreement between the City and SSJID that governed the City’s use of District facilities for 
urban drainage expired in 1997.  SSJID has delayed entering into a new agreement until the 
City’s Storm Drain Master Plan has been updated. Two major restrictions of the District 
impacting the update of the Storm Drain Master Plan are: 

• The City will not pump drainage into a SSJID drain that will exceed the capacity of the 
SSJID facilities. 

• Stormwater entering any SSJID facility must have been treated with best management 
practices (BMP) in accordance with requirements placed by SSJID. All discharges shall 
meet the requirements of the latest applicable discharge agreement with SSJID. 
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SSJID facilities not previously used by the City are a part of the Master Plan for use in the future. 
To meet SSJID limitations, control of pumping rates will be expanded and will be included with 
future pump installations. 

4.2 DETENTION BASIN / PUMP OPERATION CRITERIA 
The analysis showed a number of potential flooding areas within existing drainage areas. By 
adjusting detention basin and pump operating criteria, the potential flooding was alleviated and 
eliminated the violation of City standards. The Storm Drain Master Plan will be used to optimize 
the design and operating conditions of future development storm drain facilities to minimize 
possible violations of SSJID restrictions. 

A general approach to improving basin and pump operation was adopted for Master Plan 
analyses. The approach was to postpone pumping from the basins, allowing a greater volume of 
runoff to be stored. In a design storm, the objective is to fill a large percentage of the storage 
volume and maximize the basin’s impact on downstream flows. At least one foot of freeboard 
was maintained in basins. Pumps were programmed to turn on when the depth in a basin reached 
from two to four feet below the maximum water surface elevation.  A storage safety factor was 
also included, necessary in case downstream monitoring and control shuts down basin pumps for 
a period of time. 

4.3 EXISTING STORM DRAIN SYSTEMS 
As described in Section 2 and shown in Figure 2-1, the City’s drainage improvements consist of 
ten drain systems.  The approximate size of each drain system, along with other system data is 
tabulated in Table 4-1. 

Table 4-1 
Existing Drain Area Data 

Drain 
System 

Drain Area 
(Ac) 

Runoff 
Coefficient, C 

Basin Volume
Ac-ft 

Pumping Rate 
(cfs) 

Discharge 
Lateral 

1 53 0.35 N/A 6 B 
2 172 0.35 N/A 4.5 B 
3 26 0.35 N/A 3.8 B 
4 196 0.35 13 7.5 N/A (c) 
5 20 0.35 1.2 3 B 
6 126 0.33 4 4.5 N/A (a) 

6A 52 0.33 6.6 N/A N/A (b) 
7 215 0.33 21 3.8 Bd 
8 166 0.35 15.2 2 N/A (b) 
11 96 0.33 6.9 N/A N/A 

(a): Discharges into Drain System 4 
(b): Discharges into Drain System 2 
(c): Discharges into Industrial Basins at City’s Wastewater Treatment Plant 

A drainage analysis, limited to pipe sizes 18-inch diameter and larger, was performed on each 
Drain System listed in Table 4-1.  A copy of each analysis is presented in the appendix of this 
report.  Following is a discussion of each drain system including a description, results of the 
analysis, identification of any potential drainage problems and recommended improvements to 
minimize and/or eliminate the problem. 
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4.3.1.  DRAIN SYSTEM 1 
Drain System 1 is located in mid-town north of the railroad and State Route 120 as shown on 
Figure 4-1.  Drainage runoff is transported by a drainage collection system to the existing pump 
station located on the east side of Escalon-Bellota Avenue, just north of La Mesa Street and 
adjacent to the Escalon High School soccer field.  The pump station discharges drainage into 
SSJID Lateral B.  The collection system that transports runoff to the pump station consists of the 
piping network ranging in size from 36-inch down to 12-inch diameter pipe.  A basin located at 
the west end of the Hogan Field sports complex, east of Arthur Road and west of Escalon-
Bellota Avenue, is connected to the collection system by a 24-inch pipeline in Escalon-Bellota 
Avenue.  The basin is a gravity inflow/outflow basin.  The basin fills when the hydraulic grade in 
the collection system rises to an elevation above the basin inflow pipe, and discharges from the 
basin when the hydraulic grade recedes.  The 24-inch pipeline in Escalon-Bellota Avenue also 
connects Drain System 11 to the existing pump station described above.  Drain System 1 is also 
connected to Drain System 4, providing relief to the system if necessary. 

The system analysis of Drain System 1 and 11 combined indicates that the collection system 
conforms to current City Standards, due to the system relief provided by the gravity-fed basin 
connected to the system. 

4.3.2.  DRAIN SYSTEM 2 
Drain System 2 is located north of the railroad and is adjacent to the east boundary of Drain 
System 1, as shown on Figure 4-2.  This system does not utilize a detention basin.  Drain System 
2 includes a collection network ranging from 12-inch up to 30-inch diameter pipe that conveys 
drainage runoff to a pump station located at the north end of Mitchell Avenue (west side of 
Mitchell Ave. north of Mission St.).  The pump station discharges drainage into SSJID Lateral B 
at an approximate rate of 4.5 cfs.  The analysis of this system shows that the collection network 
is not adequately sized to transport drainage runoff to the pump station.  Also a detention basin is 
needed to reduce the peak flow rate to the pump station.  The excessive flow rates at the pump 
station are compounded by the drainage from both Drain System 6A and 8 basins discharging 
into Drain System 2 (see Drain System 6A and 8).  Drain System 2 is interconnected to Drain 
System 4 at Main Street.  This interconnect provides some relief to Drain System 2. 

Table 4-2 describes the recommended improvements necessary to bring Drain System 2 
collection system up to current City standards and to minimize potential flooding from Drain 
System 2 runoff.  A detailed study is required to develop possible alternatives and/or evaluate the 
recommended improvements and/or possible alternatives. 

Table 4-2 
Recommended Improvements to 

Drain System 2 

Item Description Unit Estimated 
Quantity 

1 Replace 30-inch Storm Drain Pipe with 36-inch Storm Drain Pipe FT 780 
2 Replace 24-inch Storm Drain Pipe with 30-inch Storm Drain Pipe FT 590 
3 Replace 21-inch Storm Drain Pipe with 30-inch Storm Drain Pipe FT 820 
4 Construct Storm Drain Detention Basin (15 Ac-Ft) Ac 3.15 
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4.3.3.  DRAIN SYSTEM 3 
Drain System 3 is located to the south of State Route 120/Yosemite Avenue, and is adjacent to 
the north boundary of Drain System 7, as shown in Figure 4-3.  All drainage is routed through a 
drainage collection system to the pump station on Walnut Avenue, where it is discharged to 
Lateral B at an approximate rate of 3.8 cfs.  The drainage collection system that transports the 
drainage runoff to the pump station consists of a pipe network ranging in size from 24 inch down 
to 12 inch diameter pipe.  The drainage lines on Oklahoma Avenue are not included in Drain 
System 3, instead flowing by gravity directly into Lateral Bd. 

The system analysis shows that Drain System 3 conforms to current City Standards.  Since Drain 
Systems 3 and 7 are both discharged through the pump at Walnut Avenue, the existing pump 
station should be upgraded to submersible pumps, and the pump station as a whole must conform 
to SSJID standards. 

4.3.4.  DRAIN SYSTEM 4 
Drain System 4 is located south of Drain System 1 and the railroad as shown in Figure 4-4.  
Drainage runoff is transported by a drainage collection system to an existing pump station 
located on the west side of McHenry Avenue approximately 500 feet south of Catherine Way.  
The pump station discharges drainage through a force main into the industrial basins at the City’s 
wastewater treatment plant.  The drainage collection system that transports the drainage runoff to 
the pump station consists of a piping network ranging in size from 54-inch down to 12-inch 
diameter pipe.  Included in the collection system is a basin located 650 feet east of McHenry 
Avenue and between Roosevelt Avenue and Countrywood Lane.  The basin is a gravity 
inflow/outflow basin.  The basin fills when the hydraulic grade in the collection system rises to 
an elevation above the basin inflow pipe and flow discharges from the basin when the hydraulic 
grade recedes.  In addition to this drainage shed runoff, the collection system receives terminal 
drainage from Drain System 6.  Drainage from Drain System 6 enters into Drain System 4 at the 
north end of Swanson Drive. 

The drainage basin serving Drain System 4 was constructed based on recommendations within 
the McHenry Avenue/State Route 120 Hydrology/Hydraulics Report prepared by Korve 
Engineering in May 1998 (See Appendix 3).  It was later expanded per the recommendations of 
the McHenry Avenue Storm Drain Basin calculations prepared by O’Dell Engineering, Inc. in 
February 2000 to its current interim volume of 36.8 acre-feet (See Appendix 4).  Further 
development to Drain Systems 4 and 6 will require a final expansion of the basin, bringing the 
basin to its ultimate volume of 41.8 acre-feet, per the O’Dell Engineering, Inc. study.   

The system analysis performed on Drain System 4 shows that the pipe sizing meets current 
design standard.  The pump station flow rate is 7.5 cfs.  The system detention basin is sufficient 
for the current development, including runoff from both Drain System 6 and Drain System 4, but 
will require further expansion prior to further development. 
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4.3.5.  DRAIN SYSTEM 5 
Drain System 5 is located northwest of the intersection of Escalon-Bellota Avenue and Yosemite 
Avenue (see Figure 4-5).  Drainage runoff is conveyed via a drainage collection system to a 
detention basin located on the west end of the drain system.  An existing pump station at the east 
end of the basin evacuates runoff into SSJID Lateral B at an approximate rate of 3 cfs. 

The system analysis shows that Drain System 5 conforms to current City Standards. 

4.3.6.  DRAIN SYSTEM 6 
Drain System 6 is generally bounded by McHenry Avenue, Countrywood Lane, the railroad, and 
Catherine Way, as shown on Figure 4-6.  The drainage collection system that transports the 
drainage runoff consists of a piping network ranging in size from 36-inch down to 12-inch 
diameter pipe.  The outfall of Drain System 6 feeds directly into Drain System 4 at the north end 
of Swanson Drive.  There is a backup pump station at Swanson Drive that pumps directly into 
Lateral K that may be utilized if Drain Systems 4 and 6 require relief.  See Section 4.4.1 for 
future expansion of Drain System 6. 

The system analysis shows that Drain System 6 conforms to current City Standards. 

4.3.7.  DRAIN SYSTEM 6A 
As shown in Figure 4-7, Drain System 6A straddles Vine Street east of the railroad.  Drainage 
runoff is transported by a drainage collection system to a detention basin located on the east end 
of the drain system.  A pump station pumps drainage water from the basin into Drain System 2 at 
an approximate rate of 6.6 cfs. 

The system analysis shows that while Drain System 6A conforms to current City Standards, 
Drain System 2 does not have the capacity to accommodate the added flow from Drain System 
6A.  Drain System 6A discharge must be redirected, possibly to SSJID Lateral K.  Discussion 
with SSJID regarding Lateral K is recommended prior to making any improvements. 

4.3.8.  DRAIN SYSTEM 7 
Drain System 7 is located on the west side of the City, as shown in Figure 4-8.  A drainage 
collection system transports drainage runoff from the south portion of the drainage shed to a 
detention basin located on the south end of the drain system, where the runoff is detained in a 
basin then pumped to the pump station at Walnut Avenue.  The drainage runoff from the north 
portion of the drainage shed is collected by a drainage collection system, and is transported to a 
detention basin north of the intersection of California Street and Croce Drive then pumped to the 
same pump station.  The pump station at Walnut Avenue then pumps the runoff into SSJID 
Lateral Bd.  The two sections of Drain System 7 are interconnected at Riesling Way. 

Each section of Drain System 7 conforms to current City Standards.  If either sections overflows 
into the other; the section receiving the additional runoff, however, does not have sufficient 
capacity.  A detailed study of Drain System 7 is recommended to analyze the interaction, and the 
actions required to provide sufficient storage capacity.  As noted in Section 4.3.3, Drain Systems 
3 and 7 are both discharged through the pump at Walnut Avenue.  The existing pump station 
should therefore be upgraded to submersible pumps, and the pump station as a whole must 
conform to SSJID standards.  See Section 4.4.2 for future expansion of Drain System 7. 
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4.3.9.  DRAIN SYSTEM 8 
Drain System 8 is located in the northeastern quadrant of the City at the east end of Mission 
Street, as shown in Figure 4-9.  The drainage collection system conveys drainage runoff to a 
detention basin located in the northwest corner of the drain system where the runoff is detained 
and then pumped into Drain System 2.  The drainage is then pumped into SSJID Lateral B. 

The system analysis shows that Drain System 8 conforms to current City Standards.  The City’s 
discharging into Drain System 2 is contributing to its drainage overload.  Drain System 8 
discharge should be rerouted to discharge directly into SSJID Lateral B or the Campbell Drain.  
See Section 4.4.3 for future expansion of Drain System 8.  See Section 4.4.3 for future expansion 
of Drain System 8. 

4.3.10.   DRAIN SYSTEM 11 
Drain System 11 is located on the north side of the City (see Figure 4-10).  Through a drainage 
collection system the drainage runoff is directed to a detention basin located on the east side of 
the Drain System.  Currently the system is interconnected to Drain System 1 and the basin is a 
gravity inflow/outflow basin. 

The system analysis shows that Drain System 11 generally conforms to current City Standards.  
Prior to any further development to Drain System 11 the existing basin must be converted into a 
detention basin.  See Section 4.4.4 for future expansion of Drain System 11. 
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4.4 FUTURE DEVELOPMENT 
The City’s 2005 General Plan Update establishes the 2035 planning area that encompasses 
thirteen future drainage sheds.  Figure 4-11 shows the location of the future storm drainage sheds 
along with their designation.  Table 4-3 lists the area, required basin volume, basin discharge rate 
and the discharge receiving SSJID lateral for each future storm drainage shed. 

Table 4-3 
Future Storm Drain Shed 

Infrastructure Improvements 
Drain 

System 
Drain 
Area 
(Ac) 

Runoff 
Coefficient,  

C ** 

Required 
Basin Volume 

(Ac-ft) ** 

Required 
Pumping Rate 

(cfs) 
Discharge Lateral 

A 261.2 0.73 37.73 19.02 Be 
B 48.2 0.40 3.82 1.93 B via Drain System 5 
C 70.1 0.35 N/A N/A A-dd 
D 20.8 0.35 N/A N/A N/A 
E 229.2 0.35 15.91 8.02 A-dd 
F 11.6 0.90 2.07 1.04 B (Campbell Drain) 
G 63.2 0.56 7.06 3.56 B (Campbell Drain) 
H* 64.5 0.35 4.45 2.24 K 
I* 171.2 0.35 11.74 5.92 K 
I1* 11.4 0.35 0.79 0.40 Exist. Basin (west) 
J* 96.9 0.74 14.29 7.20 Ka 
K* 128.8 0.85 21.71 10.94 Ka 
L* 117.7 0.67 15.71 7.92 Ka 
M* 219.3 0.35 15.01 7.57 K 

* : For Modified Design Criteria; See Appendix 5 
** : See Appendix 6 for Basin Volume Calculations 

As described in Section 2 and shown in Figure 2-1, the City’s drainage improvements consist of 
ten drain systems.  The approximate size of each drain system, along with other system data is 
tabulated in Table 4-1. 

4.4.1.  FUTURE EXPANSION AND IMPROVEMENTS TO DRAINAGE SHED 6 
Future development will expand Drain System 6.  The eastern border of the future development 
will extend past Reile Avenue along Santa Fe Avenue, and the southern border will be parallel to 
the existing border, as shown on Figure 4-6.  This expansion will add approximately 23.5 acres, 
for a total shed area of 104.9 acres.  In order to transport the additional runoff, the future 
development south of Sophie Lane will require the pipeline additions and basin expansion shown 
in Table 4-4.  Drain Systems 4 and 6 will continue to conform to City Standards after this 
expansion. 

Table 4-4 
Recommended Improvements to Drain System 6 

Item Description Unit 
Estimated 
Quantity 

1 24" Storm Drain Pipe FT 620 
2 30" Storm Drain Pipe FT 220 
3 36" Storm Drain Pipe FT 120 

4 
Expansion of Existing Storm Drain Basin (Volume 
Approximately 0.67 Additional Ac-Ft) Ac 0.16 
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4.4.2.  FUTURE EXPANSION AND IMPROVEMENTS TO DRAINAGE SHED 7 
Future development in Drain System 7 will incorporate area 7A, which refers to the undeveloped 
parcel at the intersection of State Route 120 and Irwin Avenue, as well as area 7B, referring to 
the parcels adjacent to the northwest of the existing system, bordered by State Route 120, and 
spanning Brennan Road, as shown on Figure 4-8.  The additional areas of these undeveloped 
sections of Drain System 7 will add 4.0 acres and 38.2 acres (17.8 acres west of Brennan Road 
and 20.4 acres east on Brennan Road), respectively, for a total shed area of 205.5 acres.  These 
new areas of development will require the pipeline additions, basin expansion, and pump station 
improvements shown in Tables 4-5 and 4-6.  Drain System 7 will continue to conform to City 
Standards after completion of this expansion. 

Table 4-5 
Recommended Improvements to Drain System 7 (7A) 

Item Description Unit 
Estimated 
Quantity 

1 24" Storm Drain Pipe FT 100 
2 30" Storm Drain Pipe FT 40 
3 36" Storm Drain Pipe FT 20 

4 
Expansion of Existing Storm Drain Basin (Volume Serving 
Expansion 7A is Approximately 0.3 Additional Ac-Ft) Ac 0.1 

5 Pump Station Improvements at Storm Drain Basin LS 1 
6 Pump Station Improvements at Walnut Avenue LS 1 

 

Table 4-6 
Recommended Improvements to Drain System 7 (7B) 

Item Description Unit 
Estimated 
Quantity 

1 24" Storm Drain Pipe FT 1000 
2 30" Storm Drain Pipe FT 350 
3 36" Storm Drain Pipe FT 195 

4 
Expansion of Existing Storm Drain Basin (Volume Serving 
Expansion 7B is Approximately 2 Additional Ac-Ft) Ac 1 

5 Pump Station Improvements at Storm Drain Basin LS 1 
6 Pump Station Improvements at Walnut Avenue LS 1 

4.4.3.  FUTURE EXPANSION AND IMPROVEMENTS TO DRAINAGE SHED 8 
Future development will expand Drain System 8, extending the drainage area to Campbell 
Avenue on the east and Jackson Avenue on the south, as shown on Figure 4-9.  This expansion 
will add approximately 27.6 acres, for a total shed area of 93.6 acres, and will require improving 
the existing pump station.  After this development is incorporated into Drain System 8, the 
system analysis shows that Drain System 8 will continue to conform to current City Standards.  

Table 4-7 
Recommended Improvements to Drain System 8 

Item Description Unit 
Estimated 
Quantity 

1 24" Storm Drain Pipe FT 745 
2 30" Storm Drain Pipe FT 250 
3 36" Storm Drain Pipe FT 140 
4 Pump Station Improvements LS 1 
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4.4.4.  FUTURE EXPANSION AND IMPROVEMENTS TO DRAINAGE SHED 11 
Future development will incorporate two previously undeveloped areas, one to the east of 
Jennifer Drive, and the other to the east of Fallbrook Court, as shown in Figure 4-10.  The 
additional areas of these undeveloped sections of Drain System 11 will add 10.1 acres and 5.7 
acres, respectively, for a total shed area of 95.5 acres.  Prior to developing this parcel, the 
existing basin must be expanded and converted into a detention basin by constructing a pump 
station at the basin that discharges to SSJID Lateral A-dd.  The improvements will also require 
the additional pipeline quantified in Table 4-8.  The system will conform to City Standards with 
these improvements. 

Table 4-8 
Recommended Improvements to Drain System 11 

Item Description Unit 
Estimated 
Quantity 

1 24" Storm Drain Pipe FT 250 
2 30" Storm Drain Pipe FT 90 
3 36" Storm Drain Pipe FT 50 

4 
Expansion of Existing Storm Drain Basin (Volume 
Approximately 1.56 Additional Ac-Ft) Ac 0.32 

5 Storm Drain Pump Station LS 1 
6 Force Main LF 220 

4.4.5.  FUTURE DRAINAGE SHED A 
Future Drainage Shed A, also known as the Liberty Business Park, is bounded by the railroad on 
the northeast, Yosemite Avenue on the south and extends past Brennan Road on the west.  The 
approximate location of the two future drainage shed detention basins is shown in Figure 4-12.  
One future pump station will discharge detained runoff into SSJID Lateral Be, and another will 
discharge detained runoff into SSJID Lateral B. 

4.4.6.  FUTURE DRAINAGE SHED B 
Future Drainage Shed B is located between Arthur Road and the railroad.  Detention storage will 
be provided by the expansion of the Existing Drain System 5 basin and pump station as shown 
on Figure 4-13.  The existing pump serving Drain System 5 should be upgraded to provide 
sufficient service to the expanded basin.  This pump station will discharge the detained runoff 
from the basin into SSJID Lateral Be. 

4.4.7.  FUTURE DRAINAGE SHED C 
Future Drainage Shed C is located north and west of Arthur Road and Escalon-Bellota Avenue 
respectively as illustrated on Figure 4-11.  This area is designated as open space and will be 
developed with on-site drainage. 

4.4.8.  FUTURE DRAINAGE SHED D 
As shown in Figure 4-14 Future Drainage Shed D straddles Deck Road.  Because over 90% of 
this drainage shed is developed, each undeveloped parcel will have to contain all runoff on-site 
by utilizing site retention basins. 
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4.4.9.  FUTURE DRAINAGE SHED E 
Future Drainage Shed E is located between Mahon Road and Mission Street and is bounded on 
the east by Campbell Avenue.  The future detention basin will be located near the west end of 
Miller Road as shown on Figure 4-15.  A future pump station will discharge the detained runoff 
from the basin into SSJID Lateral A-dd 

4.4.10.  FUTURE DRAINAGE SHED F 
As shown in Figure 4-16 Future Drainage Shed F is bordered on the south by Jackson Avenue.  
A future detention basin is to be located to the north of Jackson Avenue.  A future pump station 
will pump the detained runoff to SSJID’s Campbell Avenue Drain. 

4.4.11.  FUTURE DRAINAGE SHED G 
As shown in Figure 4-17 Future Drainage Shed G is bordered on the north by Jackson Avenue.  
A future detention basin is to be located south of the intersection of Jackson and Campbell 
Avenues.  A future pump station will pump the detained runoff to SSJID’s Campbell Avenue 
Drain. 

4.4.12.  FUTURE DRAINAGE SHED H 
Future Drainage Shed H is located on the northeast side of Main Street/Santa Fe Avenue and 
extends north and east along the eastern boundary of the City beyond Vine Avenue as shown on 
Figure 4-18.  A future detention basin is to be located northeast of Main Street and southeast of 
Reile Avenue in the location that is designated as open space in the General Plan update.   A 
future pump station will pump the detained runoff from the basin into SSJID Lateral K. 

4.4.13.  FUTURE DRAINAGE SHED I 
Future Drainage Shed I is located east of McHenry Avenue, north of Clough Avenue and on the 
southwest side of Main Street/Santa Fe Road as illustrated on Figure 4-19.  A future detention 
basin shall be located east of St. John Road and north of Catherine Way within the location 
designated as open space in the General Plan update and will serve 171.2 acres of Drainage Shed 
I.  A second basin will be constructed in the portion of Drainage Shed I designated as Drainage 
Shed I-1, as shown in Figure 4-19, which will detain the runoff from 11.5 acres of Drainage Shed 
I prior to pumping the runoff to the existing basin east of McHenry Avenue.  Basin detained 
runoff will be discharged by a future pump station into SSJID Lateral K. 

4.4.14.  FUTURE DRAINAGE SHED I-1 
Future Drainage Shed I-1 is located on the west side of Future Drainage Shed I as shown in 
Figure 4-19.  A future detention basin shall be constructed north of Narcissus Road.  A future 
pump station will discharge the basin detained runoff to an existing basin located to the west 
adjacent to McHenry Avenue. 













 

 
KSN, Inc  City of Escalon 
December 2007 4-30 Storm Drain Master Plan 

4.4.15.  FUTURE DRAINAGE SHED J 
As shown in Figure 4-20 Future Drainage Shed J is located on the east side of McHenry Avenue 
between Catherine Way and Jones Avenue.  The future drainage shed basin is proposed to be 
located along the east side the drainage shed between Narcissus Road and Clough Avenue.  A 
future pump station will pump detained runoff into SSJID Lateral Ka. 

4.4.16.  FUTURE DRAINAGE SHED K 
Future Drainage Shed K is roughly bounded by McHenry Avenue on the east, Jones Avenue on 
the south, Ellis Road on the west and Clough Avenue on the north as shown on Figure 4-21.  The 
future detention basin is proposed to be centrally located within the drainage shed.  Basin 
detained runoff will be discharged by a future pump station into SSJID Lateral Ka. 

4.4.17.  FUTURE DRAINAGE SHED L 
Future Drainage Shed L is located on the west side of McHenry Avenue and between Clough 
and Ullrey Avenues.  The future detention basin shall be located near McHenry Avenue as 
shown in Figure 4-22. A future pump station will pump detained runoff into SSJID Lateral Ka. 

4.4.18.  FUTURE DRAINAGE SHED M 
As shown in Figure 4-23 Future Drainage Shed M is located on both the north and south sides of 
Ullrey Avenue and straddles Dahlin Road.  The proposed future detention basin location is on 
the south side of Ullrey Avenue near the west side of the drainage shed.  Detained runoff from 
the proposed basin will be pumped by a future pump station into SSJID Lateral K. 
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4.4.19.  FUTURE IMPROVEMENTS 
Utilizing the design criteria described in this Master Plan and the land use designation described 
in the City’s 2005 General Plan Update, the proposed storm drain infrastructure requirements 
were developed for each future storm drain shed.  The proposed storm drain infrastructure is 
itemized by future storm drain shed in Table 4-9. 

Table 4-9 
Future Storm Drain Shed 

Infrastructure Improvements 
Future Storm 
Drain Shed Description Unit 

Estimated 
Quantity 

A 24" & Smaller Storm Drain Pipe FT 6800 
A 30" Storm Drain Pipe FT 2400 
A 36" & Larger Storm Drain Pipe FT 1300 
A Storm Drain Pump Station LS 2 
A Force Main LF 830 

A 
Storm Drain Basin Surface Area          
(Volume Approximately 38 Acre-Feet) Ac 7.2 

B 24" Storm Drain Pipe FT 1250 
B 30" Storm Drain Pipe FT 440 
B 36" Storm Drain Pipe FT 240 
B Storm Drain Pump Station LS 1 
B Force Main LF 115 

B 
Storm Drain Basin Surface Area          
(Volume Approximately 4 Acre-Feet) Ac 0.77 

E 24" Storm Drain Pipe FT 5960 
E 30" Storm Drain Pipe FT 2060 
E 36" Storm Drain Pipe FT 1150 
E Storm Drain Pump Station LS 1 
E Force Main LF 20 

E 
Storm Drain Basin Surface Area          
(Volume Approximately 16 Acre-Feet) Ac 3.24 

F 24" Storm Drain Pipe FT 310 
F 30" Storm Drain Pipe FT 110 
F 36" Storm Drain Pipe FT 60 
F Storm Drain Pump Station LS 1 
F Force Main LF 450 

F 
Storm Drain Basin Surface Area          
(Volume Approximately 2 Acre-Feet) Ac 0.40 

G 24" Storm Drain Pipe FT 1650 
G 30" Storm Drain Pipe FT 570 
G 36" Storm Drain Pipe FT 330 
G Storm Drain Pump Station LS 1 
G Force Main LF 170 

G 
Storm Drain Basin Surface Area          
(Volume Approximately 7 Acre-Feet) Ac 1.37 

H 24" Storm Drain Pipe FT 1500 
H 30" Storm Drain Pipe FT 520 
H 36" Storm Drain Pipe FT 290 
H Storm Drain Pump Station LS 1 
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Future Storm 
Drain Shed Description Unit 

Estimated 
Quantity 

H Force Main LF 230 

H 
Storm Drain Basin Surface Area          
(Volume Approximately 4 Acre-Feet) Ac 0.80 

I 24" Storm Drain Pipe FT 4450 
I 30" Storm Drain Pipe FT 1540 
I 36" Storm Drain Pipe FT 860 
I Storm Drain Pump Station LS 1 
I Force Main LF 330 

I 
Storm Drain Basin Surface Area          
(Volume Approximately 12 Acre-Feet) Ac 2.48 

I-1 24" Storm Drain Pipe FT 300 
I-1 30" Storm Drain Pipe FT 100 
I-1 36" Storm Drain Pipe FT 60 
I-1 Storm Drain Pump Station LS 1 
I-1 Force Main LF 740 

I-1 
Storm Drain Basin Surface Area          
(Volume Approximately 1Acre-Feet) Ac 0.19 

J 24" Storm Drain Pipe FT 2520 
J 30" Storm Drain Pipe FT 870 
J 36" Storm Drain Pipe FT 490 
J Storm Drain Pump Station LS 1 
J Force Main LF 300 

J 
Storm Drain Basin Surface Area          
(Volume Approximately 14 Acre-Feet) Ac 2.72 

K 24" Storm Drain Pipe FT 3350 
K 30" Storm Drain Pipe FT 1160 
K 36" Storm Drain Pipe FT 650 
K Storm Drain Pump Station LS 1 
K Force Main LF 2,670 

K 
Storm Drain Basin Surface Area          
(Volume Approximately 21 Acre-Feet) Ac 4.10 

L 24" Storm Drain Pipe FT 3060 
L 30" Storm Drain Pipe FT 1060 
L 36" Storm Drain Pipe FT 590 
L Storm Drain Pump Station LS 1 
L Force Main LF 2,665 

L 
Storm Drain Basin Surface Area          
(Volume Approximately 16 Acre-Feet) Ac 2.92 

M 24" Storm Drain Pipe FT 5700 
M 30" Storm Drain Pipe FT 1970 
M 36" Storm Drain Pipe FT 1100 
M Storm Drain Pump Station LS 1 
M Force Main LF 2,000 

M 
Storm Drain Basin Surface Area          
(Volume Approximately 15 Acre-Feet) Ac 3.11 
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Section 5  
Capital Improvement Program 

The Master Plan developed procedures and the City-wide storm drain system analysis was used 
to evaluate drainage problems and solutions. The Master Plan identifies specific drainage 
improvements needed to address deficiencies in the existing storm drain systems and proposed 
future improvement needs within the General Plan planning area.  The existing storm drain 
systems as well as the proposed future improvements were presented in Section 4.  This Capital 
Improvement Program (CIP) estimates costs for the recommended improvement to the existing 
storm drain systems and presents approximate costs for the future storm drain capital 
improvements. 

Phasing of improvements to the existing storm drain systems is based on available funding. 
Phasing of future improvements is development driven and will be adjusted as necessary to meet 
the needs of community development. 

Construction of each pump station will require the purchase of a suitable site; site excavation and 
grading; construction of a pump station sump, structure, electrical service controls, telemetry and 
panel, and support structures; installation of fencing; purchase and installation of the pumps; and 
design costs.  See Section 3.3.3 for pump station design requirements. 

Construction of each detention basin will require the purchase of a suitable site; site excavation 
and grading; landscaping if required; fencing if required; connection with the new or existing 
storm drain collection system; connection to a pump station; installation of a force main; 
connection to an SSJID lateral; and design costs.  The approximate basin volumes and surface 
areas provided in this report include the requirements of the basin only, measured at the hinge 
points of the side slopes.  No dual or multi use facilities or water quality improvement measures 
beyond those required as Best Management Practices at the time this report was published are 
included in any basin calculations, including basin cost.  See Section 3.3.2 for drainage basin 
design requirements. 

Tables 5-1 through 5-6 list the estimated construction costs for the proposed improvements to the 
existing storm drain systems.  Tables 5-7 through 5-18 list the estimated construction costs for 
the future improvements by drainage shed and an estimated per acre rate is calculated for each 
drainage shed.  Storm drain basin cost includes land cost, excavating and grading.  A twenty 
percent cost contingency factor has been included in the total cost, which accounts for variation 
in construction methods, quantities and costs.   

At the time of development, the City may implement connection fees to offset the cost of storm 
drainage improvements.  The fees are based on the per-acre cost of the future drainage shed 
improvements, weighted by the intended land use.  See Appendix 7 for suggested costs per acre 
by land use within each future drainage shed. 
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Table 5-1 
Preliminary Probable Construction Costs 

Proposed Improvements to Existing Drain System 2 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 
Replace 30-inch Storm Drain Pipe with 36-inch 
Storm Drain Pipe FT 780 $250 $195,000

2 
Replace 24-inch Storm Drain Pipe with 30-inch 
Storm Drain Pipe FT 590 $200 $118,000

3 
Replace 21-inch Storm Drain Pipe with 30-inch 
Storm Drain Pipe FT 820 $200 $164,000

4 Construct Storm Drain Detention Basin (15 Ac-Ft) Ac 3.15 $850,000 $2,677,500
Subtotal $3,154,500

Contingency 20% $630,900
Total $3,785,400

 
Table 5-2 

Preliminary Probable Construction Costs 
Proposed Improvements to Existing Drain System 6 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 620 $115 $71,300
2 30" Storm Drain Pipe FT 220 $140 $30,800
3 36" Storm Drain Pipe FT 120 $170 $20,400

4 
Expansion of Existing Storm Drain Basin (Volume 
Approximately 0.67 Additional Ac-Ft) Ac 0.16 $800,000 $127,360

Subtotal  $249,860
Contingency 20% $49,965

Total $299,825
Cost per Undeveloped Acre (23.5 Acres) $12,758.51

 
Table 5-3 

Preliminary Probable Construction Costs 
Proposed Improvements to Existing Drain System 7 (7A) 

Item Description Unit 
Estimated 
Quantity Item Price Total 

1 24" Storm Drain Pipe FT 100 $115 $11,500
2 30" Storm Drain Pipe FT 40 $140 $5,600
3 36" Storm Drain Pipe FT 20 $170 $3,400

4 

Expansion of Existing Storm Drain Basin (Volume 
Serving Expansion 7A is Approximately 0.3 
Additional Ac-Ft) Ac 0.1 $800,000 $80,000

5 Pump Station Improvements at Storm Drain Basin LS 1 $34,000 $34,000
6 Pump Station Improvements at Walnut Avenue LS 1 $34,000 $34,000

Subtotal  $168,500
Contingency 20% $33,724

Total $202,224
Cost per Undeveloped Acre (4.0 Acres) $50,556.00
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Table 5-4 
Preliminary Probable Construction Costs 

Proposed Improvements to Existing Drain System 7 (7B) 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 1000 $115 $115,000
2 30" Storm Drain Pipe FT 350 $140 $49,000
3 36" Storm Drain Pipe FT 195 $170 $33,150

4 
Expansion of Existing Storm Drain Basin (Volume Serving 
Expansion 7B is Approximately 2 Additional Ac-Ft) Ac 1 $830,000 $830,000

5 Pump Station Improvements at Storm Drain Basin LS 1 $250,000 $250,000
6 Pump Station Improvements at Walnut Avenue LS 1 $300,000 $300,000

Subtotal  $1,577,150
Contingency 20% $314,989

Total $1,892,139
Cost per Undeveloped Acre (38.2 Acres) $49,532.43

 
Table 5-5 

Preliminary Probable Construction Costs 
Proposed Improvements to Existing Drain System 8 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 745 $115 $85,675
2 30" Storm Drain Pipe FT 250 $140 $35,000
3 36" Storm Drain Pipe FT 140 $170 $23,800

Subtotal  $178,475
Contingency 20% $35,750

Total $214,225
Cost per Undeveloped Acre (27.6 Acres) $7,761.78

 
Table 5-6 

Preliminary Probable Construction Costs 
Proposed Improvements to Existing Drain System 11 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 250 $115 $28,750
2 30" Storm Drain Pipe FT 90 $140 $12,600
3 36" Storm Drain Pipe FT 50 $170 $8,500

4 
Expansion of Existing Storm Drain Basin (Volume 
Approximately 1.56 Additional Ac-Ft) Ac 0.32 $800,000 $256,000

5 Storm Drain Pump Station LS 1 $200,000 $200,000
6 Force Main LF 220 $24 $5,280

Subtotal  $511,130
Contingency 20% $102,120

Total $613,250
Cost per Undeveloped Acre (15.8 Acres) $38,813.29
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Table 5-7 
Preliminary Probable Construction Costs 

Future Drainage Shed A 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" & Smaller Storm Drain Pipe FT 6800 $115 $782,000
2 30" Storm Drain Pipe FT 2400 $140 $336,000
3 36" & Larger Storm Drain Pipe FT 1300 $170 $221,000
4 Storm Drain Pump Station LS 2 $300,000 $600,000
5 Force Main LF 830 $24 $19,920

6 
Storm Drain Basin Surface Area          
(Volume Approximately 38 Acre-Feet) Ac 7.2 $800,000 $5,732,480

Subtotal  $7,691,400
Contingency 20% $1,538,238

Total $9,229,638
Cost per Acre (261.2 Acres) $35,331

 
 

Table 5-8 
Preliminary Probable Construction Costs 

Future Drainage Shed B 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 1250 $115 $143,750
2 30" Storm Drain Pipe FT 440 $140 $61,600
3 36" Storm Drain Pipe FT 240 $170 $40,800
4 Storm Drain Pump Station LS 1 $150,000 $150,000
5 Force Main LF 115 $24 $2,760

6 
Storm Drain Basin Surface Area          
(Volume Approximately 4 Acre-Feet) Ac 0.77 $800,000 $613,200

Subtotal  $1,012,110
Contingency 20% $202,425

Total $1,214,535
Cost per Acre (48.2 Acres) $25,203
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Table 5-9 
Preliminary Probable Construction Costs 

Future Drainage Shed E 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 5960 $115 $685,400
2 30" Storm Drain Pipe FT 2060 $140 $288,400
3 36" Storm Drain Pipe FT 1150 $170 $195,500
4 Storm Drain Pump Station LS 1 $240,000 $240,000
5 Force Main LF 20 $24 $480

6 
Storm Drain Basin Surface Area          
(Volume Approximately 16 Acre-Feet) Ac 3.24 $800,000 $2,593,600

Subtotal  $4,003,380
Contingency 20% $800,708

Total $4,804,088
Cost per Acre (229.2 Acres) $20,964

 
 

Table 5-10 
Preliminary Probable Construction Costs 

Future Drainage Shed F 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 310 $115 $35,650
2 30" Storm Drain Pipe FT 110 $140 $15,400
3 36" Storm Drain Pipe FT 60 $170 $10,200
4 Storm Drain Pump Station LS 1 $250,000 $250,000
5 Force Main LF 450 $24 $10,800

6 
Storm Drain Basin Surface Area          
(Volume Approximately 2 Acre-Feet) Ac 0.40 $800,000 $319,600

Subtotal  $641,650
Contingency 20% $128,338

Total $769,988
Cost per Acre (11.6 Acres) $66,321
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Table 5-11 
Preliminary Probable Construction Costs 

Future Drainage Shed G 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 1650 $115 $189,750
2 30" Storm Drain Pipe FT 570 $140 $79,800
3 36" Storm Drain Pipe FT 330 $170 $56,100
4 Storm Drain Pump Station LS 1 $250,000 $250,000
5 Force Main LF 170 $24 $4,080

6 
Storm Drain Basin Surface Area          
(Volume Approximately 7 Acre-Feet) Ac 1.37 $800,000 $1,096,000

Subtotal  $1,675,730
Contingency 20% $335,145

Total $2,010,875
Cost per Acre (63.2 Acres) $31,808

 
 

Table 5-12 
Preliminary Probable Construction Costs 

Future Drainage Shed H 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 1500 $115 $172,500
2 30" Storm Drain Pipe FT 520 $140 $72,800
3 36" Storm Drain Pipe FT 290 $170 $49,300
4 Storm Drain Pump Station LS 1 $250,000 $250,000
5 Force Main LF 230 $24 $5,520

6 
Storm Drain Basin Surface Area          
(Volume Approximately 4 Acre-Feet) Ac 0.80 $800,000 $643,360

Subtotal  $1,193,480
Contingency 20% $238,633

Total $1,432,113
Cost per Acre (65.3 Acres) $25,204
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Table 5-13 
Preliminary Probable Construction Costs 

Future Drainage Shed I 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 4450 $115 $511,750
2 30" Storm Drain Pipe FT 1540 $140 $215,600
3 36" Storm Drain Pipe FT 860 $170 $146,200
4 Storm Drain Pump Station LS 1 $250,000 $250,000
5 Force Main LF 330 $24 $7,920

6 
Storm Drain Basin Surface Area          
(Volume Approximately 12 Acre-Feet) Ac 2.48 $800,000 $1,983,040

Subtotal  $3,114,510
Contingency 20% $622,878

Total $3,737,388
Cost per Acre (171.2 Acres) $21,825

 
 

Table 5-14 
Preliminary Probable Construction Costs 

Future Drainage Shed I-1 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 300 $115 $34,500
2 30" Storm Drain Pipe FT 100 $140 $14,000
3 36" Storm Drain Pipe FT 60 $170 $10,200
4 Storm Drain Pump Station LS 1 $300,000 $300,000
5 Force Main LF 740 $24 $17,760

6 
Storm Drain Basin Surface Area          
(Volume Approximately 1Acre-Feet) Ac 0.19 $800,000 $148,280

Subtotal  $524,740
Contingency 20% $104,948

Total $629,688
Cost per Acre (11.5 Acres) $54,899
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Table 5-15 
Preliminary Probable Construction Costs 

Future Drainage Shed J 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 2520 $115 $289,800
2 30" Storm Drain Pipe FT 870 $140 $121,800
3 36" Storm Drain Pipe FT 490 $170 $83,300
4 Storm Drain Pump Station LS 1 $250,000 $250,000
5 Force Main LF 300 $24 $7,200

6 
Storm Drain Basin Surface Area          
(Volume Approximately 14 Acre-Feet) Ac 2.72 $800,000 $2,173,280

Subtotal  $2,925,380
Contingency 20% $585,108

Total $3,510,488
Cost per Acre (96.9 Acres) $36,217

 
 

Table 5-16 
Preliminary Probable Construction Costs 

Future Drainage Shed K 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 3350 $115 $385,250
2 30" Storm Drain Pipe FT 1160 $140 $162,400
3 36" Storm Drain Pipe FT 650 $170 $110,500
4 Storm Drain Pump Station LS 1 $250,000 $250,000
5 Force Main LF 2,670 $24 $64,080

6 
Storm Drain Basin Surface Area          
(Volume Approximately 21 Acre-Feet) Ac 4.10 $800,000 $3,278,240

Subtotal  $4,250,470
Contingency 20% $850,080

Total $5,100,550
Cost per Acre (128.8 Acres) $39,616
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Table 5-17 
Preliminary Probable Construction Costs 

Future Drainage Shed L 

Item Description Unit 
Estimated 
Quantity 

Item 
Price Total 

1 24" Storm Drain Pipe FT 3060 $115 $351,900
2 30" Storm Drain Pipe FT 1060 $140 $148,400
3 36" Storm Drain Pipe FT 590 $170 $100,300
4 Storm Drain Pump Station LS 1 $250,000 $250,000
5 Force Main LF 2,665 $24 $63,960

6 
Storm Drain Basin Surface Area          
(Volume Approximately 16 Acre-Feet) Ac 2.92 $800,000 $2,333,200

Subtotal  $3,247,760
Contingency 20% $649,578

Total $3,897,338
Cost per Acre (117.7 Acres) $33,110

 
 

Table 5-18 
Preliminary Probable Construction Costs 

Future Drainage Shed M 

Item Description Unit
Estimated 
Quantity Item Price Total 

1 24" Storm Drain Pipe FT 5700 $115 $655,500
2 30" Storm Drain Pipe FT 1970 $140 $275,800
3 36" Storm Drain Pipe FT 1100 $170 $187,000
4 Storm Drain Pump Station LS 1 $300,000 $300,000
5 Force Main LF 2,000 $24 $48,000

6 
Storm Drain Basin Surface Area          
(Volume Approximately 15 Acre-Feet) Ac 3.11 $800,000 $2,489,152

Subtotal  $3,955,452
Contingency 20% $791,123

Total $4,746,575
Cost per Acre (219.2 Acres) $21,649
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Appendices 
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Appendix 1: Analysis of Existing Storm Drain System 
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Drain System 1 
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Drain System 2 
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Drain System 3 
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Drain System 4 
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Drain System 5 
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Drain System 6 
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Drain System 6A 
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Drain System 7 
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Drain System 8 









Section 6  Appendices 

 
KSN, Inc  City of Escalon 
December 2007  Storm Drain Master Plan 

Drain System 11 
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Appendix 2: Analysis of Existing Storm Drain Systems, Including 
Future Development 
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Drain System 6, Including Future Development 
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Drain System 7, Including Future Development 
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Drain System 8, Including Future Development 









Section 6  Appendices 

 
KSN, Inc  City of Escalon 
December 2007  Storm Drain Master Plan 

Drain System 11, Including Future Development 
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Appendix 3: May 1998 Hydrology/Hydraulic Report for McHenry 
Avenue/SR 120 Improvement Project, Korve Engineering 
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Appendix 4: February 2000 Westwood Estates: McHenry Avenue 
Storm Drain Basin Calculations, O’Dell Engineering, Inc. 
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Appendix 5: Infrastructure Improvements Using Modified Design 
Criteria 
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Appendix 5 – Infrastructure Improvements using Modified Design Criteria 
 
These proposed design alternatives are provided as an initial recommendation, and should be evaluated with the same care as any other 
alternatives considered by the design engineer. 
 
Alternately Proposed Pumping Rates and Inlet Laterals 

Drainage 
System 

Pumping 
Rate (cfs) 

SSJID 
Lateral 

Inlet 

Total Pumping 
Rate to SSJID 
Lateral (cfs) 

Downstream 
Lateral 

Total Pumping Rate 
to Downstream 

Lateral (cfs) 
SSJID Drain 

Total Pumping 
Rate to SSJID 

Drain (cfs) 
6A - 
H 1.10 
I 3.54 

M 4.24 

K 8.88 

J 3.75 
K 6.41 
L 5.86 

Ka 16.02 

Ka 24.89 13 24.89 

3 3.8 
7 3.8 

Bd 7.60 Bk 7.60 14 7.60 

11 - 
C 0.51 
E 7.99 

A-dd 8.50 Bc 8.50 

1 6 
2 4.5 

B   

5 3 
F 

(Campbell Drain) 1.46 
Bc   

G 
(Campbell Drain) 2.99 

B 17.95 

Bd   

A 17.43 Be 17.43 Bf 17.43 

Lone Tree Creek 43.88 

 
 



 

Appendix 5 - 2 

Alternately Proposed Basin Sizes 
 

Use:  incheshrT
T

C
C

hourinchestCoefficienRunoff _29.360*
sec)60(

37.8*37.8
614.0614.0)/_,_( ===  

Drainage 
System 

Total Required 
Volume,  

60 Hour Storm 
(Acre Feet) 

Pump Rate (cfs), 
Basin Empty in 

60 hours 

Required Surface 
Area (Acres) for 60 

Hour Storm, 
Assume 6.25' Depth 

Surface Area 
(Acres), Currently 

Incorporated  
into SDMP 

Increase in 
Required 

Surface Area 
(Acres) 

Potentially 
Available Surface 

Area (Acres), 
from GIS parcels 

H 5.45 1.10 0.87 3.38 - 4.80 
I 16.43 2.63 2.77 - 3.15 

I-1 1.10 
3.54 

0.18 0.52 - 2.36 
J 18.60 3.75 2.98 3.38 - 4.40 
K 31.77 6.41 5.08 3.38 1.70 5.29 
L 29.04 5.86 4.65 3.38 1.26 6.40 
M 21.04 4.24 3.37 3.38 - 6.58 
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Appendix 6: Proposed Storm Drain Basin Volume Calculations 



Appendix 6 - Proposed Storm Drain Basin Volume Calculations

Equation-Based Calculations (Minimum Necessary Basin Volume)

Drainage 
Area

Total Volume 
(Acre-Feet)

Surface Area (Acres), 
Assuming 6.25' Depth 

(Avg. of Existing Basins) C (Runoff Coefficient)
A (Tributary Shed Area, 

in Acres)

Area  
Residential  

C=0.35

Area  
Commercial  

C=0.90

Area  
Industrial  

C=0.85

Area        
Open Space  

C=0.15

Area  
Agriculture  

C=0.15

R (Total Design 
Storm Rainfall, in 

inches)
A 37.73 6.04 0.73 261.23 68.51 142.40 50.32 2.38

0.35
Use C=0.40 to account for higher 

density residential areas
E 15.91 2.55 0.35 229.16 229.16 2.38
F 2.07 0.33 0.90 11.61 11.61 2.38
G 7.06 1.13 0.56 63.22 38.70 24.52 2.38
H 3.94 0.63 0.35 56.82 52.88 3.94 2.38
I 11.89 1.90 0.35 171.24 167.52 3.72 2.38

I-1 0.80 0.13 0.35 11.47 11.47 2.38
J 14.29 2.29 0.74 96.93 21.44 7.20 68.29 2.38
K 21.71 3.47 0.85 128.75 128.75 2.38
L 15.71 2.51 0.67 117.71 37.10 77.36 3.26 2.38
M 15.22 2.44 0.35 219.25 175.24 11.05 32.96 2.38

2.3848.19B 3.82 0.61 48.19

Appendix 6 - 1
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Appendix 7: Future Storm Drain Connection Fees per Gross Acre 



Drainage 
Area

Total 
Improvement 

Cost

Area, Existing 
(Tributary Shed 
Area, in Acres)

Area, Future 
Addition (Ac)

Area (Ac), Single 
Family 

Residential

Cost per Acre, 
Single Family 
Residential

Area (Ac), Multi 
Family 

Residential

Cost per Acre, 
Multi Family 
Residential

Area (Ac),  
Commercial

Cost per Acre, 
Commercial

Area (Ac),  
Industrial

Cost per Acre, 
Industrial

1 53.1 47.52 5.56
2 172.0 107.02 2.1 47.3
3 26.3 26.34
4 190.8 83.69 16.9 55.6 27.2
5 19.5 8.13 $6,830.93 10.7 $9,764.34 $17,455.80 $13,657.76
6 81.4 64.48 $6,492.46 3.5 $9,285.35 11.7 $15,777.81 $13,126.47

6-Future $299,825 23.5 23.51 $12,760.00 N/A N/A N/A
6A 45.2 43.16 2.1
7 163.2 156.01 $5,096.53 $10,194.09 $12,386.96 $10,194.09

7A-Future $202,224 4.0 N/A 4.0 $50,720.00 N/A N/A
7B-Future $1,892,139 38.2 21.60 $29,420.00 N/A 16.6 $75,660.00 N/A

8 66.0 62.03 $7,841.21 $11,219.76 $19,056.87 $15,699.86
8-Future $214,225 27.6 10.56 $3,940.00 N/A 17.0 $10,140.00 N/A

11 85.6 77.17 2.6 4.2
11-Future $613,250 15.8 5.70 $25,080.00 10.1 $46,570.00 N/A N/A

A $9,229,638 261.2 N/A N/A 68.5 $45,470.00 142.4 $42,950.00
B $1,214,535 48.2 34.25 $22,430.00 13.9 $32,040.00 N/A N/A
E $4,804,088 229.2 229.16 $20,970.00 N/A N/A N/A
F $769,988 11.6 N/A N/A 11.6 $66,330.00 N/A
G $2,010,875 63.2 38.7 $19,770.00 N/A 24.5 $50,820.00 N/A
H $1,432,113 56.8 52.88 $27,090.00 N/A N/A N/A
I $3,737,388 171.2 163.11 $21,820.00 4.4 $40,520.00 N/A N/A

I-1 $629,688 11.5 11.47 $54,900.00 N/A N/A N/A
J $3,510,488 96.9 21.44 $17,060.00 N/A 7.2 $43,870.00 68.3 $41,430.00
K $5,100,550 128.8 N/A N/A N/A 128.8 $39,620.00
L $3,897,338 117.7 27.86 $16,740.00 9.2 $31,090.00 N/A 77.4 $40,650.00
M $4,746,575 219.3 175.24 $23,490.00 N/A N/A 11.0 $57,050.00

Notes: 
 - Costs per acre are rounded up to the nearest $10
 - Original Drainage Area 9 has been incorporated into new Drainage Area E
 - Original Drainage Area 10 has been incorporated into new Drainage Areas K, L and M
 - Connection fees for Drainage Areas 1, 2, 3, 4, 6A, and 11 will be determined on case-by-case basis
 - Connection fees for land uses not shown above will be determined on a case-by-case basis
 - ENR Construction Cost Index for January 2008: 8090.06

Appendix 7 - Storm Drainage Connection Fees per Gross Acre

Exhibit A Page 1 of 1




