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The City is currently processing development plans for Southport, and construction has

commenced. Within Southport, several drainage studies were prepared for development

In February 1995, Borcalli and Associates, Inc. (B&A) prepared the "Southport Drainage

Master Plan" (1995SouthportDMP). The comprehensive report provided theplanning-level

analyses that defined the drainage facilities required to accommodate development of the

Southport area. In July 1996,B&Aprepared the report entitled, "SouthportDrainage Impact

Fees" (Impact Fees Report). The costs for the drainage facilities presented in the 1995

Southport DMP were allocated to lands benefiting from the various facilities. The purpose

of the Impact Fees Report was to develop drainage impact fees for new development and to

identify cost allocations for existing development to fund the implementation of the master

planned drainage facilities for Southport.

In May 1990, the City adopted its General Plan. In 1991, the City created a comprehensive

planning area for Southport referred to as the "SouthportFramework Plan." Since that time,

the "Southport Framework Land Use Plan" has been revised several times with the most

current revision in 2000. Several documents were prepared as part of the "Southport

Framework Plan" process, including an Implementation Plan, Design Guidelines, and

Environmental Impact Report.

The Southport area of the City of West Sacramento (City) consists of approximately

6,750 acres in the southern portion of the City, as shown on Figure 1, Location Map. The

Southport area is bounded on the north and west by the Sacramento River Deep Water Ship

Channel (DeepWater Ship Channel), on the east by the Sacramento River, and on the south

by the City limits.

A. BACKGROUND

I. INTRODUCTION
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The purpose of the "Southport Drainage Master Plan Update" (DMP Update) is to update

the Southport master planned drainage facilities consistent with drainage principles set forth

in the 1995 Southport DMP and the more recent drainage principles of the City. The DMP

Update identifies changed principles affecting the Southport master planned drainage

facilities and includes Opinions of Probable Costs for the proposedphased drainage facilities,

allocations of these costs to lands that receive benefit, and revised drainage impact fees for

new development.

The 1995 Southport DMP included planning-level analyses limited to the information

available and did not include a detailed phasing plan. As applications and improvement

plans for various development projects within Southport were submitted and development

commenced, additional information has become available to identify phasing scenarios. In

addition, modifications to the 1995Southport DMPwere proposed and/or implemented. The

additional information and proposed modifications include more detailed topographic

mapping within the development project area; revisions to proposed land uses; revisions to

drainage subbasin boundaries and subbasin discharge locations; development phasing

scenarios; and a revised approach to address drainage facilities serving rural lands. These

changes, along with inflation and current overall economic conditions, result in changes to

the Southport master planned facilities and associated costs and drainage fees.

B. PURPOSE

B&A assisted the City in developing drainage design flow standards to incorporate into an

update of the "City of West Sacramento Department of Public Works Standard

Specifications" (Standard Specifications), dated August 1991. The City's update of the

Standard Specifications is scheduled for release in Spring 2001.

projects that are proposed or under construction. The locations of the development projects

are shown on Figure 1.
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At key points during the development of the DMP Update, B&A met with the City and

representatives of the development projects and landowners to coordinate and discuss

available detailed topographic mapping, development plans, and phasing scenarios.

Throughout the development of the DMP Update, B&Amet regularly with representatives

of the City and RD 900 to discuss the goals, drainage principles, schedule, findings, and

other pertinent information for the study. Discussion at these meetings included, but was

not limited to, identifying proposed development plans, formulating phasing scenarios,

formulating and evaluating drainage principles, formulating environmental and recreational

elements associated with the drainage master planned facilities, analyzing drainage master

plan alternatives, selecting a Preferred Drainage Plan, and developing alternative cost

allocation methodologies.

Coordination with responsible agencies and landowners is essential to develop and implement

a feasible comprehensive drainage master plan. To this end, B&A coordinated its work with

the City, Reclamation District No. 900 (RD 900), landowners, and consultants of the

landowners. The City is the principal agency responsible for processing development plans.

for lands within the City, including Southport. RD 900 is the principal agency responsible

for operating and maintaining the main facilities for conveying and pumping storm drainage

within Southport. These facilities include the subbasin detention ponds and pump stations,

main channels, and the Main Pump Station. Within Southport, the City is responsible for

maintaining storm drainage pipe systems. The primary coordination efforts are described

below.

C. COORDINATION
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Cost allocations are not made to existing developments. Existing developments

are defined as those developments that existed in 2000, excluding the Southport

Business Park Project (SBP), Bridgeway Island Project (BIP), Gateway Estates,

and Newport Estates.

2. Drainage facilities shall, under no circumstances, cause an increase in the risk of

flooding to existing development. However, incidental benefits will be derived

from the proposed drainage facilities in existing development areas, agricultural

areas, and rural areas.

This drainage principle represents a significant change from the 1995 Southport

DMP. However, there is no additional risk of flood damage as a result of this

revised approach.

1. Subbasin-specific drainage facilities improvements will not be included for rural

land uses except where rural land uses are part of a subbasin where a significant

amount of urban development is proposed. For rural land uses, the 100-year

floodplain may remain at existing elevations or less. All proposed pad elevations

will be a minimum of one foot above the 100-year floodplain elevation.

Additionally, in rural areas, proposed finished floor elevations will be a minimum

of one foot above the highest adjacent street centerline elevation.

As part of the coordination efforts described previously, revised and specific drainage principles

were established for the DMP Update. These principles are described below:

Guidelines in the form of "Drainage Principles" were established to assist in formulating the 1995

Southport DMP. These Drainage Principles are included in Appendix A.

II. DESCRIPTION OF DRAINAGE PRINCIPLES

[

I
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This drainage principle represents a change from the 1995 Southport DMP in the

extent of environmental facilities included as drainage master planned facilities.

Only drain improvements required for drainage and flood control are included in

the DMP Update. At locations of drain improvements, the improvements include

wetland benches to mitigate potential environmental impacts along the channel.

The improvements do not preclude future construction of planned recreational

4. Drainage facilities will be identified that are environmentally acceptable to the

responsible agencies within Southport, and are compatible with and do not

preclude implementing open space, wildlife habitat, wetland, and recreational

plans.

This drainage principle allows for new detailed phasing scenarios that more

closely depict anticipated phasing of development in Southport from those

included in the 1995 Southport DMP.

3. A phasing plan shall be formulated that identifies facilities to protect new

development from the risk of flooding, avoids adverse impacts to other properties,

and ultimately results in completing the Southport master planned drainage

facilities. To the extent practical, construction of temporary facilities shall be

minimized and shall be subject to the approval of the City and RD 900.

Temporary facilities shall not be funded by drainage fees. The phasing plan shall

identify flood protection facilities that should be in place prior to each phase of

new development. Additionally, phasing of the storm drainage facilities is to

occur without adversely affecting irrigation operations and runoff from

undeveloped land within a subbasin where development is occurring.

In the 1995 Southport DMP, costs were allocated to existing developments with

no collection mechanism identified.
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7. Drainage fees shall be based upon existing development agreements in place with

the City. The development agreements did not exist during preparation of the

1995 Southport DMP.

This drainage principle requires a change in the cost allocation methodology for

the drainage master planned facilities presented in the Impact Fees Report. In the

Impact Fees Report, the cost of the drainage facilities was allocated based upon

the proposed subbasin peak discharge rates and the relative contributions to

runoff. To equitably allocate all facility costs, the allocation methodology is now

based upon the relative contribution to runoff only.

6. The cost for the design, construction, operation, and maintenance of storm

drainage facilities shall be allocated to those developments deriving benefit from

the respective facilities. Accordingly, cost allocation methodology to determine

drainage fees for dwelling units shall reflect contributions to storm water runoff.

This drainage principle allows for new detailed phasing scenarios to coordinate

with developing financing plans as construction and planning progresses in

Southport.

5. A phasing plan will be coordinated with developing financing plans.

corridors that include open space, wildlife habitat, wetland mitigation, and

recreational elements.
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RD 900 is the principal agency responsible for operating and maintaining the main facilities

for conveying and pumping storm drainage within Southport. These facilities include the

subbasin detention ponds and pump stations, main channels, and the Main Pump Station.

Within Southport, the City is responsible for maintaining the storm drainage pipe systems.

Generally, the existing drainage facilities convey storm water runoff to theMain Drain system

C. INTERNAL DRAINAGE

"This area protected from the onepercent annual chance (10Oyr)flood by levee,

dike, or other structures subject to possible failure or overtopping during larger

floods. "

Flood control levees along the Yolo Bypass, the Deep Water Ship Channel, and the

Sacramento River provide flood protection for the City. The Federal Emergency

Management Agency (FEMA) Flood Insurance Rate Map (FIRM), dated January 19, 1995,

shows the Southport area within Zone X, Other Flood Areas. Within Southport, FEMA

defines Zone X, Other Flood Areas, as follows:

[

[

B. EXTERNAL FLOOD PROTECTION

Historically, the predominant land use in Southport was agriculture. Currently, there are

several areas with urban residential uses, land transitioning from rural to urban, and rural

land uses scattered throughout Southport. Presented on Figure 1 are names of existing

development projects within Southport. Commercial uses exist mainly along Jefferson

Boulevard. Further detail of historical and present land use is included in later sections of

this report.

A. LAND USE

III. DESCRIPTION OF STUDY AREA
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The general soils map for Yolo County, California (USDA, 1972), indicates that two soil

associations are present in Southport. In the eastern two-thirds of the area, the Sycamore­

Tyndall Association is present. This unit occurs mostly in areas where the ground surface

is above El. 10, and consists of Sycamore silt loam, Lang sandy and silt loams, and Valdez

The Southport area slopes from east to west. The ground surface in the western two-thirds

of the area is almost level, ranging from approximately El. 6.0 to El. 10.0 (NGVD 29). The

ground elevation increases to approximately 20 to 25 feet along the toe of the Sacramento

River levee. Topographic information was obtained fromU.S. Geological Survey quadmaps,

topographic mapping provided by landowners, and supplemental field surveys performed

during formulation of the 1995 Southport DMP.

D. TOPOGRAPHY, SOILS, AND SUBSURFACE CONDITIONS

Currently, portions of the Southport area are subject to flooding. This is common for areas

served by agricultural drainage systems. FEMA has not mapped the 100-year floodplain for

the internal drainage system serving Southport.

The existing drainage system is used to convey irrigation water, drainage, and storm water

runoff. During the development of the 1995 Southport DMP, operational aspects of the

Southport master planned drainage facilities were identified as a result of discussions with

RD 900. Constraints were not identified that would limit mixing urban runoff and

agricultural runoff within the drainage system.

in open channels, pipe systems, roadside ditches, ponds, lakes, and/or pump stations. The

Main Drain system is a system of open channels that conveys storm water runoff to the Main

Drain Pump Station, which is located in the southwest portion of Southport adjacent to the

Deep Water Ship Channel. The Main Drain Pump Station pumps drainage to the Deep Water

Ship Channel. Constraints were not identified that would limit the discharge rates into the

Deep Water Ship Channel.
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In general, groundwater is encountered at depths ranging from four to 10 feet. Information

regarding the seasonal variations in groundwater levels or direction of flow is not available.

Southport is underlain by interbedded sands, silts, and clays of varying consistency. In

general, the soils consist of relatively impervious material extending from below the top soil

zone to a depth of 30 to 40 feet below the ground surface. A transition of medium to coarse

sand begins at a depth of approximately 12 feet along the Deep Water Ship Channel near

Marshall Road and terminates at the levee.

Information regarding subsurface soils and groundwater conditions was obtained from

available driller logs and geotechnical reports. Available information indicates variable

subsurface conditions exist.

Hydrologic soil group information was obtained from maps prepared by the SCS. The

Sycamore-Tyndall Association has hydrologic soil characteristics of Group C. The

Sacramento Association has hydrologic soil characteristics of Group D. Presented on

Figure 2, are locations of Group C and Group D hydrologic soil types within Southport.

The Sacramento soil association is found in the area located to the west of the Sycamore­

Tyndall Association. This mapping unit primarily consists of the Willows clay and silty clay

loams, Sacramento silty clay loam, and the Omni silty clay loam. The SCS reports these soils

as moderately to slowly permeable from the ground surface to 20 inches in depth and slowly

permeable below 20 inches. The finer textured nature of the surface layers of these soils

reflects the more distant location from the channel of the Sacramento River.

silt loam. The U.S. Department of Agriculture Soil Conservation Service (SCS) reports the

permeability of these soils to be moderate to rapid near the surface, but slowly permeable at

some depth within 20 to 40 inches of ground surface. The sandy and silty textures found in

the upper portion of these soil profiles appear to represent overbank deposits near the channel

of the Sacramento River.
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RD 900 maintains a normal water level elevation of three feet at the Main Drain Pump Station

during the wet season. During the dry season, RD 900 maintains a normal water level

elevation of 5.5 feet downstream of Marshall Road, and slightly higher upstream of Marshall

Road. Groundwater inflows have not posed operational problems with a water surface

elevation of three feet maintained at the pump station, even during periods of high stages in

the Sacramento River and Deep Water Ship Channel.

During the formulation of the 1995 Southport DMP, a qualitative relationship between

groundwater and surface water in the Southport area could not be established due to the lack

of data. Historical data from seepage investigations (DWR, 1967) conducted during 1963and

1965, indicated seepagewas present during the winter and spring from the Sacramento River

and the DeepWater Ship Channel. Seepage areas from the Sacramento River were observed

to generally occur within areas located east of the Yolo Shortline Railroad tracks, and

primarily located within 2,000 to 3,000 feet from the Sacramento River levee. Seepage areas

from the DeepWater Ship Channel were observed to generally occur within 500 to 2,000 feet

from the DeepWater Ship Channel levee and to extend from approximately 3,000 feet south

of Marshall Road north to the vicinity of Thorp Road.

The granular materials/zones can be expected to freely transmit groundwater. It is possible

that some of these zones are hydraulically connected to the Sacramento River and/or the Deep

Water Ship Channel.
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Developing drainage master plans on a basin-wide basis will ensure existing and proposed drainage

facilities meet the immediate and long-term goals of the community and are consistent with the

ultimate drainage master plan facilities. Subbasin-specific drainage master plans should identify

drainage facilities that accommodate existing and planned future land uses within the drainage

subbasin.

• Type 2 Drainage Facilities -- Roadside ditches, storm drainage pipe systems, and

overland conveyance systems

• Type1Drainage Facilities -- Channels, culverts associated with channels, bridges,

detention ponds, and pump stations

Since different types of drainage facilities serve different purposes that may require different levels

of flood protection, water quality treatment, and/or maintenance and operation, it is appropriate

to define various types of drainage facilities. The definitions established for the DMP Update

include the following two categories of drainage facilities:

The City's Standard Specifications identify standards, criteria, and specifications for development

and construction within the City. Currently, the City is updating its Standard Specifications. As

part of this effort, the City requested B&A to analyze and recommend drainage design flow

standards. B&A prepared the "Draft Drainage Design Flow Standards Analysis," dated May 17,

2000, and a subsequent letter to Mr. Mark Collier regarding Computational Procedures, dated

June 8, 2000, which includes recommendations on drainage design flow standards for the City.

The recommendations are incorporated into this DMP Update.

IV. FORMULATION OF DESIGN
CRITERIA AND STANDARDS
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Design charts have also been created to expedite design flow calculations for basins less than

640 acres. The charts for the Sacramento Method are based upon discrete recurrence

intervals. Peak flow is given in relation to the drainage area for the lO-year and lOO-year

recurrence intervals. Peak flow is also given in relation to lag time for the 2-year, 5-year,

The Sacramento Method uses the U.S. Bureau of Reclamation's urban unit hydrograph as a

basis to estimate runoff hydrographs. The method uses the Flood Hydrograph Program

(HEC-l) of the U.S. Army Corps of Engineers to calculate, route, and combine runoff

hydrographs. The HEC-l preprocessor, SACPRE, processes localhydrologicparameters and

precipitation to create HEC-l input.

Within theWest SacramentoRegion, the SacramentoMethod has been widely used to design

regional drainage facilities. The Sacramento Method is a hydrograph method recently

developed by the City and County of Sacramento. The SacramentoMethod is described in

the City's "Draft Drainage Design Flow Standards Analysis," which references the

"SacramentoCity/County Hydrology Manual, Volume 2: Hydrology Standards. 11 The City's

historical precipitation is similar to Zone 2 of the SacramentoMethod.

Design Flow

Type 1 drainage facilities include conveyance, flood protection, water quality, recreational,

environmental, and aesthetic elements, which may consist of channels, culverts associated

with channels, bridges, detention ponds, and pump stations. Type 1drainage facilities should

be planned to meet the objectives consistent with the City's General Plan and Standards. In

most cases, an analysis of the 10-year and lOO-yearstorm events will provide the information

necessary to design and evaluate the existing and proposed drainage system. The duration

of the storms used in the analysis should represent the worst-case flooding scenarios with

respect to peak flow and peak volume.

A. TYPE 1 DRAINAGE FACILITIES
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Detention ponds shall have a minimum of one foot of freeboard in the 100-year storm event.

For dual-purpose detention ponds that provide flood control and include a water quality

element, the pond should be assumed to be at the water quality pool at the beginning of the

storm event. Ponds shall include a minimum 20-foot-wide perimeter buffer with an all­

weather access road. The access road shall have a minimum width of 12 feet. The access

road shall allow an adequate turning radius for maintenance vehicles. Ramps to the bottom

Detention Ponds

Detention ponds can include water quality elements to treat urban runoff, as presented in the

1995 Southport DMP. J.F. Sato and Associates developed a method to determine the

optimum volume of storage for water quality detention ponds. The SatoMethod is described

in the City's "Draft Drainage Design Flow Standards Analysis," which references

"Optimization of Stormwater Quality Enhancement by Detention Basin for Sacramento

Metropolitan Area." A design chart, specific to the Sacramento Metropolitan area, was

developed using the Sato Method. For regional water quality detention ponds within

Southport, the Sato Method will be used to determine the required treatment volume to size

wet detention ponds.

For Type 1 drainage facilities within Southport, the Sacramento Method will be used for

design. Where unsteady state conditions exist, and UNET is used to evaluate flooding, runoff

hydrographs within UNET will be developed using SACPRE and HEC-1.

The Sacramento Method, using SACPRE and HEC-1, is an effective method to evaluate

flooding where steady state conditions exist. Where unsteady state conditions exist, an

unsteady state model such as UNET is an effective tool to evaluate flooding.

lO-year, 25-year, 50-year, IOO-year, 200-year, and 500-yearrecurrence intervals. The charts

were developed assuming typical hydrologic and hydraulic characteristics for basins of

varying sizes.
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The design of the pump stations shall be in accordance with the City of Sacramento, "North

Natomas Drainage Design and Procedures Manual," dated July 1998. Each pump station

shall be designed to discharge the design capacity using two mixed-flow vertical pump and

motor units. A third pump and motor unit of equal size shall be included as a backup to

In the 1995 Southport DMP, the target outflows from the proposed detention ponds were

based upon an economic analysis of the cost of pump stations at the detention ponds, the cost

of the Main Drain Pump Station at the Deep Water Ship Channel, and the cost of the

detention ponds. Since the publication of the 1995 Southport DMP, changes to the drainage

master plan have occurred as a result of the Southport Business Park Project (SBP) and the

Bridgeway Island Project (BIP) drainage plan within SubbasinMC60. Rather than draining

to the Main Drain, these projects will drain directly to the DeepWater Ship Channel. With

the reduction in overall tributary area to the Main Drain, a reevaluation of the target outflow

criteria was performed. Based upon this evaluation, it was determined the target outflow

criteria presented in the 1995 Southport DMP is still applicable. In addition, the sensitivity

of the pond stages to varyingwatershed loss rates was also evaluated to select target outflows.

The target outflow for Subbasin MC10 is one-half the 2-year, 24-hour storm event for the

Ultimate Condition. The target outflow of the remaining subbasins with proposed ponds is

one-quarter the 2-year, 24-hour storm event for the Ultimate Condition. As previously stated,

constraints were not identified that would limit the discharge rates into the Deep Water Ship

Channel.

Pump Stations

of the pond with 10 percent maximum slope shall be provided. The side slopes of the ponds

shall be 3:1, or flatter, eliminating the need for safety fencing. To the extent practical, the

depths of the ponds shall be designed to minimize groundwater seepage into ponds. For wet

ponds, a minimum pool depth of three feet is required to inhibit the growth of cattails, which

is desirable from a maintenance standpoint.
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Typically, each pump shall discharge into a separate pipe that includes a combined siphon

breaker and air relief valve and vault at the high point on the discharge pipe, and a flap gate

with headwall at the terminal structure in the drain. Where discharge lines tend to be long

(more than 200 feet), or where the discharge line must cross under existing drains, roads, or

railroads, the discharge line shall be manifolded to discharge through a single pipeline.

Electrical control equipment shall be enclosed in a prefabricated metal or concrete block

building on a concrete foundation with minimum outside dimensions 8 feet wide by 20 feet

long. The electrical equipment shall include pump controls, water level detection system,

float switch for sump high-water level alarm and low-level automatic shutoff, solenoid­

controlled automatic pump motor oiler, and telemetry system. To the extent possible, the

type of pump controls and telemetry system shall be uniform throughout Southport. In

addition, the building shall be equipped with two doors, wall louvers, rotary turbine roof

vent, interior and exterior lighting, and space heater.

The sumpshall be sized according to the Hydraulic Institute Standards for Centrifugal, Rotary

and Reciprocating Pumps. Storm water shall be conveyed from the detention pond into the

sump through an open inlet section. Before entering the pump vault, the storm water shall

pass through a power-driven catenary trash rack system. The invert of each sump shall be

lower than the invert of the pond, so the detention ponds can be completely dewatered to

facilitate maintenance.

A minimum 10 horsepower pump and motor shall be incorporated into the pump station to

discharge runoff occurring during the summer months. The summer flow pump shall be

omitted where the horsepower of the pumps required for the design capacity is less than

20 horsepower.

provide an installed pumping capacity of one and one-half times the design capacity of the

drainage system.

[ .

I

[

[
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Access roads for maintenance shall be provided adjacent to open channels and will have a

minimum width of 12 feet. A minimum of one foot of freeboard for the 100-year storm event

Open channels shall have 3:1 side slopes, or flatter. For open channel design, a Manning's

"n" roughness factor will be chosen ranging from 0.035 to 0.060, to account for vegetation

to minimize maintenance requirements.

Open Channels. Culverts Associated with Open Channels. and Bridges

If practical, subbasin pump stations that discharge directly to the Deep Water Ship Channel

shall be designed to allow manually-operated hydraulic connections to the Main Drain system

for added flexibility and redundancy.

During the dry season, pump station controls may be modified to allow higher pool elevations

to minimize the rate of seepage and groundwater pumping.

Backup power for each pump station shall be provided by on-site diesel generators. Each

generator shall be sized to supply power to the drainage pumps running at design capacity,

as well as to the electrical control equipment, lighting, and electrical building space heater.

The generators shall be radiator-cooled and skid-mounted, and shall include a heater,

batteries, battery charger, control panel with auto-start, critical silencer, and generator circuit

breaker. The diesel generator and fuel storage tank shall be placed on a concrete pad. The

fuel tank shall also be provided with a secondary containment structure. The pump station

site shall be enclosed by a 6-foot-high chain link fence topped with three strands of barbed

wire. The fencing shall include a 20-foot-wide, double-driven gate and a 3-foot-wide

pedestrian gate. The pump station lot shall be sized and the sump, electrical control building,

diesel generator, and PG&E transformer arranged to allow adequate operating space for

vehicles, pump and motor removal equipment, and maintenance of the trash rack system. The

paved access yard shall be at a minimum elevation of two feet above the 100-year water

surface elevation, and will be sloped to provide adequate on-site drainage.
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The Nolte charts were developed by assuming hydrologic features of drainage basins up to

160 acres and calculating runoff using the widely accepted Rational Method. The Nolte

Method design charts vary the precipitation recurrence interval with the size of the drainage

basin. For basins less than 30 acres, the recurrence interval is two years. For basins between

30 and 100 acres, the recurrence interval is two to five years. For basins greater than

100 acres, the recurrence interval is five to 10 years. Nolte charts were developed for areas

The Nolte Method, developed by George S. Nolte, Consulting Civil Engineers, Inc., has

provided design flows for drainage basins of all sizes and land uses since the early 1960s.

The Nolte Method is described in the City'S "Draft Drainage Design Flow Standards

Analysis," which references the "Sacramento City/County Drainage Manual, Volume 2:

Hydrology Standards." The Nolte Method, Zone 3, has hydrologic characteristics similar to

that of the City.

Design Flow

Type 2 drainage facilities include conveyance, flood protection, water quality treatment,

recreational, environmental, and aesthetic elements, which may consist of roadside ditches,

storm drainage pipe systems, and overland conveyance systems. It is important to note that

emphasis should be placed upon the appropriate design of the overland conveyance system.

If the overland conveyance system is appropriately designed, the capacity of the storm

drainage pipe systems, roadside ditches, and culverts will have little effect on the risk of

property damage or threat to public safety from flooding.

B. TYPE 2 DRAINAGEFACILITIES

shall be provided for open channels, culverts, and bridges. In areas where fill is required to

provide freeboard for open channels, three feet of freeboard for the 100-year storm event

shall be provided.
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The pipe inverts shall be designed to provide minimum cover at the upstream areas of the

drainage sheds. In accordance with the City's Standard Specifications, the minimum cover

shall be two feet from the inside top of the pipe to the top of finished grade. Alignment of

the pipe shall be in accordance with the City's Standard Specifications.

Inlets shall be designed in accordance with the City's Standard Specifications. The minimum

inlet elevation shall be one foot above the 100-year water surface elevation in the detention

pond.

The storm drainage pipe systems shall be designed using the lO-year starting water surface

elevation in the detention pond. Hydraulic grade lines shall be computed using Manning's

formula with an "n" value to account for friction and minor losses. For concrete pipe, the

"n" value shall be 0.015. The minimum pipe slope shall be equal to or greater than the

hydraulic slope. To the extent practical, the hydraulic grade line shall be within the pipe.

The hydraulic grade line shall be at least one foot below the flow line of the gutter.

The invert of the storm drainage pipe outfalls at ponds shall be at or above the wet weather

water quality pool elevation to prevent standing water within the pipe systems, which can

cause sedimentation that could affect the conveyance capacity and longevity of the pipes.

Stonn Drainage Pipe Systems

The Nolte Method will be used to design storm drainage pipe systems and roadside ditches.

The Sacramento Method, previously described in this report, will be used for the design of

overland conveyance systems.

between 160 acres and two square miles by transition to values based upon the Nolte regional

equations for areas greater than two square miles.
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Drainage facilities shall comply with FEMA criteria and standards. These criteria and

standards include, but are not limited to, the following:

c. FEMA CRITERIA AND STANDARDS

Roadside ditches shall be designed to minimize safety hazards and emphasize water quality

treatment by implementingBestManagement Practices. At aminimum, roadside ditches shall

be designed to carry the Nolte design flow.

Roadside Ditches

All new development shall include the design of street systems or other suitable release paths

to convey flow in excess of pipe capacity to the pond. The overland conveyance facilities

shall provide water surface elevations below the pad elevations in the lOO-yearstorm event.

The street system shall be designed to minimize flooding depths within the street. To the

extent practical, the overland flooding depths should be designed with a maximum of one

foot. The street design shall incorporate designated overland flow paths from the streets to

the pond.

Overland Conveyance Systems

The location of the pipe discharges at the pond shall be designed to enhance water quality

treatment within the pond and to prevent "short- circuiting" flow through the pond.

Sixty-inch manholes shall be used for pipe diameters less than or equal to 42 inches. Seventy­

two-inch manholes shall be used for pipe diameters from 48 inches to 54 inches. Saddle

manholes shall be used for pipes greater than 60 inches in diameter where intersecting pipes

are not present. Manholes shall be in accordance with the City's Standard Specifications.
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For new development projects that include drainage facilities that tie into existing drainage

facilities, the design should be based upon the new design standards. However, if

implementing the new design flow standards for infill projects results in flows exceeding the

Development Projects 1)ing into Existing Drainage Facilities

For projects that include maintenance and rehabilitation of existing drainage facilities, a high

degree of consideration should be given to the historic performance of the drainage facilities.

If existing drainage facilities, requiring repair or maintenance, have performed effectively,

the drainage facilities should be replaced with similar facilities. If existing drainage facilities

have a record of maintenance, capacity, or other problems, the design of the facilities should

address these problems.

Rehabilitation Projects

Where the criteria and standards included in the City's Standard Specifications differ from

those in this report, consistency between the old and new standards should be addressed as

follows:

D. CONSISTENCY OF CRITERIA AND STANDARDS

• Finished floor elevations above the base flood elevation (IOO-year storm event).

• Backup power and pumping capacity for pump stations.

• Three feet of freeboard in the 100-year storm event for levees. The structural

integrity of levees must be certified.

• One foot of freeboard to existing ground in the IOO-year storm event for open

channels and ponds.
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RD 900.

Flexibility of criteria and standards, on an interim basis, is at the discretion of the City and

• Impacting drainage and irrigation operations for surrounding lands. This will

require close coordination with the City, RD 900, and landowners.

• Creating significant impacts to surface or groundwater quality.

• Increasing floodplain elevations to surrounding lands.

• Jeopordizing public safety.

• Risking property damage from flooding.

As development continues to progress in Southport on an incremental basis, interim drainage

conditions must be evaluated. Some limited flexibility for criteria and standards may be

considered for interim conditions, but in no case shall the following be allowed:

E. INTERIM CONDITIONS

For new developmentprojects, the design of the drainage facilities should be based upon the

design standards in this report.

New Development Projects

design capacity of the existing drainage system, the City may elect to approve different

methodologies on a project-specific basis.
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For design of the detention ponds, the lOO-yearand lO-year storm events were analyzed. For

the 100-year storm event, 24-hour and lO-day durations were analyzed. For the lO-year

• Ultimate Condition - Alternative C (Preferred Drainage Plan)

• Phase 1of the Preferred Drainage Plan

• Phase 2 of the Preferred Drainage Plan

• Ultimate Condition - Alternative A

• Ultimate Condition - Alternative B

• Base Condition (1995)

• 2000 Condition

For the UNET model of the entire Southport area, the lOO-year,24-hour storm event was

analyzed. Models representing the following conditions were developed for the entire

Southport area:

The Southport area was divided into subbasins for the existing and future conditions analyses.

Computer models (SACPRE, HEC-l, and UNET) and the SacramentoMethod were used to

evaluate the drainage system. The proposed storm drainage pipe systems were evaluated

based upon the Nolte Method design flow and Manning's formula. The feasibility of the

overland conveyance system was evaluated based upon the Sacramento Method. The

Sacramento Method and the Nolte Method, as well as the criteria and standards used for the

evaluation, are described in other sections of this report.

A. APPROACH

v. FORMULATION OF HYDROLOGIC
AND HYDRAULIC ANALYSIS
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The UNET and HEC-l models are not calibrated. Precipitation and storm water runoff data

are not available in the study area. Detailed topographic mapping was not available for the

entire Southport area. Accordingly, the model results are approximate.

B. LIMITATIONS

• Ultimate Condition - Alternative C (Preferred Drainage Plan)

• Phase 1 of the Preferred Drainage Plan

• Phase 2 of the Preferred Drainage Plan

storm event, 24-hour and 12-hour durations were analyzed. Models representing the

following conditions were developed for the proposed detention ponds:
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The drainage facilities consist of open channels, ditches, storm drainage pipe systems, lakes,

and pump stations. The drainage facilities and subbasins for theBaseCondition are presented

on Figure 4. Only Type 1 drainage facilities are shown on Figure 4.

Revisions to subbasin boundaries included in the 1995Southport DMP weremade based upon

topographic mapping information since 1995. Specifically, the boundary between

Subbasin EX10and EX70 was modified. Additionally, subbasin boundaries and names were

modified to facilitate analysis based upon the revised approach for dealing with storm

drainage facilities in rural areas, isolating the floodplain for rural land uses from urban land

uses. At several locations, revisions to drainage crossings included in the 1995 Southport

DMP were made based upon available information.

B. DRAINAGE FACILITIES

The land use within Southport in 1995 consisted primarily of agricultural use with the

exception of several urban residential development projects, commercial land use along

Jefferson Boulevard, and rural residential development scattered throughout the area.

Figure 3 presents the land use within Southport in 1995, based upon the City'S "General Plan

Land Use Diagram," dated December 30, 1993, and the City's Aerial Photograph, dated

July 23, 1993.

A. LAND USE

The 1995Base Condition (Base Condition) reflects the land use and drainage facilities in Southport

in 1995. The Base Condition is considered the condition prior to any significant level of

development within Southport. Therefore, impacts associated with development can be evaluated

by comparing all other conditions to the Base Condition.

VI. EVALUATION OF BASE CONDITION
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In the Southport area, the estimated 100-year floodplain for the Base Condition ranges from

approximately El. 7.3 to El. 10.5. The pumping capacity of the Main Drain Pump Station

is exceeded in the 100-year storm event, and flows pond within the drains and low-lying

D. FLOODPLAIN

The pump station consists of two pumps that were installed in approximately 1911. Each

pump has a reported capacity of 135 cfs. However, one of the pumps is extremely unreliable

and has not been reflected for purposes of evaluating the existing drainage system. Three

additional pumps, having a reported combined capacity of 145 cfs, were installed in

approximately 1979. Thus, a total pumping capacity of 280 cfs has been reflected for

purposes of this evaluation.

Pump capacity curves are not available for the Main Drain Pump Station. Information

regarding the pump station capacity was obtained through discussions with RD 900.

C. DESCRIPTION OF MAIN DRAIN PUMP STATION

The existing drainage system is used to convey irrigation water and storm water.

The Main Drain system flows to the southwest and terminates at the Main Drain Pump

Station. The Main Drain Pump Station discharges into the Deep Water Ship Channel.

The existing drainage facilities generally convey storm water runoff, by gravity, to the Main

Drain system in open channels, ditches, and storm drainage pipe systems. The Larchmont­

Summerfield and Touchstone Lake developments are exceptions. In these areas, drainage is

conveyed to a detention pond or aesthetic lake and pumped to the Main Drain. Pump capacity

curves are not available. However, based upon discussions with RD 900 during the

development of the 1995 Southport DMP, the pumping rates for these developments are

67 cfs for Larchmont-Summerfield and 17 cfs for Touchstone Lake.
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The lOO-year floodplain is not mapped due to lack of topographic mapping. However, the

lOO-year floodplain elevation for an area can be estimated using the lOO-year water surface

elevations for the Main Drain system (Figure 5) at points nearest to the area of interest.

areas. The lOO-year water surface elevation profiles along the drains for the Base Condition

are presented on Figure 5.
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• 2000 Condition With Marshall Drain

• 2000 Condition Without Marshall Drain

• 2000 Condition Without Marshall Drain With Mitigation Measures

Lands within Subbasin MC60 were mass-graded and now drain to a new pond and pump

station that discharges to the DeepWater Ship Channel rather than to the Main Drain system.

Development of the BIP will eliminate the Marshall Drain. For the 2000 Condition, the

following three scenarios were analyzed:

B. FLOODING AND DRAINAGE IMPACTS OF DEVELOPMENT AND MITIGATION

MEASURES

In 2000, mass grading occurred within Subbasin MC60, and initial phases were under

construction. Development projects within Subbasin MC60 include SBP and BIP

(Gainsborough and the Classics). Although initial phases of construction had commenced

within Subbasin MClD, development within Subbasin MClO is not included in the 2000

Condition. Presented on Figure 6 are the land uses for the 2000 Condition.

Development has occurred within the Southport area following preparation of the 1995

Southport DMP. An aerial photograph, developed as part of the DMP Update, dated July 17,

1999, was used to update the land use plan to reflect development in 2000.

A. LAND USE

Construction projects for new development are underway within Subbasin MC10 and Subbasin

MC60. Development projects within the Southport area have moved forward concurrently with

the development of the DMP Update. Therefore, early in the process, some assumptions were

required to establish modeling scenarios to represent conditions in 2000 (2000 Condition).

VII. EVALUATION OF 2000 CONDITION
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The 2000 Condition assumes the SubbasinMC60 pond and pump station are constructed, the

Marshall Drain is eliminated, and the mitigation measures described above are constructed.

Although construction of initial phases of drainage infrastructure within SubbasinMelO has

commenced, drainage facilities within Subbasin MClO are not included in the

2000 Condition. Presented on Figure 7 are the drainage facilities and subbasins for the

2000 Condition. Only Type 1 drainage facilities are shown.

C. DRAINAGE FACILITIES

Within Subbasin MC60, the mass grading and construction of the new detention pond and

pump station discharging directly into the Deep Water Ship Channel reduces the drainage area

contributing to the Main Drain system. It also removes the available floodplain storage

within Subbasin MC60. The impacts of removing the Subbasin MC60 drainage area and

associated storage area are positive in that the 100-year water surface elevations within the

Main Drain system are lowered. However, eliminating the Marshall Drain, as proposed,

results in increased water surface elevations in the Main Drain system upstream of Marshall

Road. The increased water surface elevations put upstream properties at greater flooding

risk. Specifically, existing development along the Morton East Drain would experience

greater flooding risk. To mitigate this drainage impact, improvements are proposed to the

W. Tapley Drain andMain Drain. The improvements include a 5-foot by 8-foot box culvert

at each end of the W. Tapley Drain and a 6-foot by 8-foot box culvert at the Main Drain at

Marshall Road. If additional constrictions within the W. Tapley Drain are discovered during

the design process, the constrictions will need to be enlarged to provide the equivalent

conveyance of a 5-foot by 8-foot box culvert. It may be more practical and cost-effective to

construct the ultimate crossing improvements at the Main Drain at the time Marshall Road

is improved. If so, three of the four box culverts proposed for the crossing should remain

inoperative until downstream improvements are constructed. Additional information

regarding drainage impacts and fees for SubbasinMC60 is included in the report prepared by

B&A entitled, "Draft Southport Industrial Project and Bridgeway Island Project -- Drainage

Impact and Fee Analysis, tI dated August 3, 2000.
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Development agreements with the City are in place for projects within Subbasin MC60.

Based upon information included in these agreements, the cost for the W. Tapley Drain

crossing improvements will be funded by projects within Subbasin MC60, and will not be

creditable or reimbursable against drainage fees. The cost of the crossing improvements at

the Main Drain at Marshall Road will be creditable andlor reimbursable from drainage fees.

The measures required to mitigate the flooding impact for the 2000 Condition include a

5-foot by 8-foot box culvert at each end of the W. Tapley Drain and a 6-foot by 8-foot box

culvert at the Main Drain at Marshall Road. The estimated cost of the mitigation measures

is $262,000. An Opinion of Probable Cost for these mitigation measures is included in

Appendix B (Table B-1).

E. OPINION OF PROBABLE COST FOR 2000 CONDITION MITIGATION MEASURES

If mitigation measures are implemented, development, as definedby the 2000 Condition, will

not create adverse flooding impacts. The proposed minimum finished floor elevations within

Subbasin MC60 are above the lOO-yearfloodplain elevations. The IOO-yearwater surface

elevation profiles along the drains for the 2000 Condition are presented on Figure 5. The

IOO-year floodplain is not mapped due to lack of topographic mapping. However, the

100-year floodplain elevations for an area can be estimated using the 100-year water surface

elevations for the Main Drain system (Figure 5) nearest to the area of interest.

D. FLOODING
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Detailed hydraulic andbiologic analyseswill be required in conjunction with operational guidelines

to determine "bench" elevations and grade to establish wetland areas along the drains.

As part of the City's, "Design Guidelines, Southport," revised August 5, 1998, the City developed

a typical recreation corridor section along drains within Southport. Presented on Figure 9 is the

City's typical recreation corridor section. Proposed development should not preclude future

construction of the elements identified in the typical recreation corridor section.

The Southport Framework Plan includes a land use plan for Southport. Presented on Figure 8 is

the ultimate land use in accordance with the Southport Framework Plan, revised in 2000.

Presented in Appendix C (Table C-l) is the ultimate land use.

VIII. EVALUATION OF SOUTHPORT
PLANNED DEVELOP:MENT
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For each alternative, the proposed capacity of the Main Drain Pump Station is based upon the

target water surface elevations in the Main Drain system and the available existing storage

at those elevations. The target water surface elevations differ among alternatives.

Accordingly, the quantity of levees also differ among alternatives. To the extent the Main

Drain Pump Station is upgraded to handle a storm event with a 24-hour duration, it will

handle the storm event with a 10-day duration.

Each alternative includes common drainage facility improvements and subbasin-specific

drainage facility improvements. Generally, drainage is discharged from the subbasins into

the Main Drain system and conveyed in open channels to the Main Drain Pump Station. The

Main Drain Pump Station discharges into the Deep Water Ship Channel. Three subbasins

with proposed urban development that are adjacent to the Deep Water Ship Channel are

planned to discharge directly into the Deep Water Ship Channel.

In view of the revised drainage principles, three alternatives with new drainage infrastructure

were evaluated (Alternative A, Alternative B, and Alternative C).

B. ALTERNATIVES

Certain drainage facilities serve a single subbasin while others serve more than one. For

clarification, drainage facilities that serve more than one subbasin are called "common"

drainage facilities. Drainage facilities serving a single subbasin are called "subbasin­

specific" drainage facilities.

A. COMMON AND SUBBASIN-SPECIFIC DRAINAGE FACILITIES

IX. FORMULATION AND EVALUATION
OF ALTERNATIVES
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Presented on Figure 13 are the drainage facilities and subbasins proposed for Alternative A.

Only Type 1 drainage facilities are shown. Also delineated on Figure 13 are the reaches

Within the subbasins with urban development, storm drainage pipe systems and overland

conveyance systems will convey storm water runoff to detention ponds or lakes. Pump

stations will pump flows from the detention ponds or lakes to the existing Main Drain system

or to the Deep Water Ship Channel.

To protect existing andproposed urban lands from flooding, approximately 25,800 lineal feet

of certified levees are proposed along the existing drains of the Main Drain system.

Approximately 75,000 lineal feet of operating road along the Main Drain system is included

to allow access for maintenance and inspection. No levee improvements are proposed to

protect rural and agricultural lands; therefore, these areas will not be afforded the 100-year

level of protection from flooding.

Alternative A includes improving the reliability of the existing Main Drain Pump Station,

which has a capacity of 280 cfs. Some existing floodplain storage would be removed as a

result of proposed development. Therefore, the floodplain would remain at existing

elevations or, in some areas, slightly increase for the Ultimate Condition under Alternative A.

Alternative A

Presented on Figure 10, Figure 11, and Figure 12 are typical Drainage Corridor Sections for

Alternative A, Alternative B, and Alternative C, respectively. At this time, only drain

improvements required for drainage and flood control are included. At locations of drain

improvements, the improvements include wetland benches to mitigate potential environmental

impacts along that reach of the channel. However, the proposed drainage corridors do not

preclude the future environmental and recreational improvements of the planned recreational

corridor discussed earlier in this report. Presented on Figure 5 are drain profiles for

Alternative A, Alternative B, and Alternative C.
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Within the subbasins with urban development, storm drainage pipe systems and overland

conveyance systems will convey storm water runoff to detention ponds or lakes. Pump

stations will pump flows from the detention ponds or lakes to the Main Drain system or to

the Deep Water Ship Channel.

To protect existing and proposed urban lands from flooding, approximately 3,300 lineal feet

of certified levees are proposed along the Main Drain. No levee improvements are proposed

to protect rural and agricultural lands; therefore, some of these areas will not be afforded the

100-year level of protection from flooding. Drain crossing improvements are proposed at

eight locations along the Main Drain, E. Tapley Drain, and Morton East Drain.

Alternative B includes improving the reliability and increasing the capacity of the Main Drain

Pump Station. A range of capacities was evaluated for the Main Drain Pump Station. A

capacity of 700 cfs provided the target water surface elevations. No significant benefits were

derived from increasing the Main Drain Pump Station capacity to 900 cfs, as shown on

Figure 5. Some existing floodplain storage would be removed as a result of proposed

development. Approximately 6,000 lineal feet of drain improvements are proposed for the

Main Drain from the Main Drain Pump Station to upstream of the confluence with the South

Drain. The drain improvements includewidening and, in some locations, slightly deepening.

The slope of the invert of the drain will be regraded, and the proposed bottom width of the

improved drain will be 60 feet. The drain improvements include a lO-foot-wide wetland

bench for each side of the drain. The elevation of the wetland bench is near the summer

operating level of the drains. For the Ultimate Condition under Alternative B, the floodplain

will be lowered from the existing elevations. Approximately 75,000 lineal feet of operating

road along the Main Drain system is included to allow access for maintenance and inspection.

Alternative B

where the 100-year water surface elevations within the drains exceed the existing adjacent

ground at rural lands.
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Within the subbasins with urban development, storm drainage pipe systems and overland

conveyance systems will convey storm water runoff to detention ponds or lakes. Pump

There are no levees proposed under Alternative C. By virtue of the design and operation of

the facilities, a significant amount of rural and agricultural land will receive improved levels

of flood protection. Drain crossing improvements are proposed at eight locations along the

Main Drain, E. Tapley Drain, and Morton East Drain.

Alternative C includes improving the reliability and increasing the capacity of the Main Drain

Pump Station. As discussed under Alternative B, a range of capacities was evaluated for the

Main Drain Pump Station. A capacity of 700 cfs provided the target water surface elevation.

No significant benefits were derived from increasing the Main Drain Pump Station capacity

to 900 cfs, as shown on Figure 5. Some existing floodplain storage would be removed as a

result of proposed development. Approximately 15,000 lineal feet of drain improvements are

proposed for the Main Drain from the Main Drain Pump Station to downstream of the

confluence with the Morton East Drain. The drain improvements include widening and, in

some locations, slightly deepening. The slope of the invert of the drain will be regraded, and

the proposed bottom width of the improved drain ranges from 30 feet to 60 feet. The drain

improvements include a lO-foot-widewetland bench on each side of the drain. The elevation

of the wetland bench is near the summer operating level of the drains. For the Ultimate

Condition under Alternative C, the floodplain will be lowered from the existing elevations.

Approximately 75,000 lineal feet of operating road along the Main Drain system is included

to allow access for maintenance and inspection.

Alternative C

Presented on Figure 14 are the drainage facilities and subbasins proposed for Alternative B.

Only Type 1 drainage facilities are shown. Also delineated on Figure 14 are the reaches

where the 100-year water surface elevations within the drains exceed the existing adjacent

ground at rural lands.
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The estimated cost for the common drainage facilities for Alternative B is $18,136,000, and

for Alternative C is $18,557,000. A summary of the Opinions of Probable Cost for common

drainage facilities for Alternative B and Alternative C is presented on Table 1. Detailed costs

for Alternative B are included in Appendix B (Table B-2 and Table B-3). Detailed costs for

Alternative C are included in Appendix B (Table B-4 and Table B-5).

Due to the extensive amount of levees required for Alternative A, the effort involved in

maintaining the proposed levee system is significant. Based upon discussions with the City

and RD 900, it was agreed that Alternative A was not desirable due to the high level of

dependency on levees for flood protection. In addition to protecting existing and proposed

urban development without extensive levees, Alternative B and Alternative C provide

significant floodplain reduction for rural and agricultural lands. Accordingly, preliminary

costs for the common drainage facilities for Alternative B and Alternative C were developed

to assist in selecting a Preferred Drainage Plan.

The three alternatives vary in the extent and magnitude of the floodplain and in the cost for

the common drainage facilities. The subbasin-specific costs are the same for all three

alternatives.

C. PREFERRED DRAINAGE PLAN SELECTION

Presented on Figure 15 are the drainage facilities and subbasins proposed for Alternative C.

Only Type 1 drainage facilities are shown. Also delineated on Figure 15 is a short reach

along a portion of the E. Tapley Drain where the 100-year water surface elevation exceeds

the existing adjacent ground at rural lands.

stations will pump flows from the detention ponds or lakes to the Main Drain system or to

the Deep Water Ship Channel.
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