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CONCEPTUAL STORM DRAIN SYSTEM DESIGN SUMMARY 

The proposed development of the Florin Light Rail Station will require the design and 
installation of storm drain systems adequate to contain and convey the 10-year flows to the 
existing storm drain systems on Florin with no increase in peak discharges. The development 
includes converting the existing parking lots and open space that currently occupy the areas to 
medium-high density residential and commercial areas. 

The proposed conceptual storm drain design has been analyzed using Sacramento Storm Water 
Management Models (SacSWMM). The models were developed from the current condition 
models of the Basin 33 (which includes the Meadowview area) and Basin 54 (which includes the 
Florin). 

Based on the SacSWMM models of the proposed layouts, detention storage is required. The 
approximate volume of detention storage required for the Florin Station development area is 
1.5 acre-ft. Detention design may incorporate underground and/or above ground storage 
subject to City approval. The detention design should be installed at a location close to the most 
downstream point of the development. This will provide the maximum benefit while simplifying 
the design. For the analyses presented in this report, detention storage was modeled as vertical 
storage wells connected close to the most downstream end of the developments. 

Grading of the development sites should provide adequate above ground (street) storage to 
mitigate any increase in the 100-year storm. The objective of the grading will be to reduce 
offsite discharge of 100-year storm flows to pre-development conditions. In addition, the 100-
year design event water surface elevations should be considered in setting the building pad and 
threshold elevations. 

1 Introduction 

1.1 Background 

The development area that this report discusses is defined by a roughly 1 mile radius semicircle 
centered on the existing Florin Light Rail Transit (LRT) station in the City of Sacramento, 
California and bound to the east by the LRT alignment. 

This area has been targeted for redevelopment including plans to significantly increase the 
residential density. Parsons Brinckerhoff Quade & Douglass, Inc (PB) of Sacramento was 
contracted to assist in the planning stage of the project and PB has contracted with WRECO to 
develop a conceptual sanitary sewer system plan and study for the conceptual development plan. 

1.2 Objective 

The objective of this report is to outline the conceptual storm drain design, summarize the 
hydraulic analysis, and provide guidance and considerations for further development of the 
design. The conceptual storm drain design presented is based on the preferred layout 
configuration Florin 1B as presented by PB. 

1.3 Location 

The existing LRT station is located in the southern part of the City of Sacramento along the axis 
of the LRT tracks whose alignment is roughly north-north west to south-southwest.  Florin 
station is several miles from the Sacramento River. 

1.4 Planned Development 

The planned development consists of a mixture of development types. These include areas of 
single-family homes, town-homes, multifamily residential, mixed-used (i.e., residential with 
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commercial in the ground story), commercial, and public open space. These areas are all in 
addition to the LRT station, which includes structured parking and transit supportive uses. 

PB and its architect sub-consultant developed several development scenarios. Among these, 
WRECO was asked to evaluate Florin 1b scenario.  Subsequently, Florin 1b was modified but 
the planning level estimates provided by this report remain adequate for guidance. 

1.5 Existing Systems 

The City of Sacramento already has a completely built sanitary storm drain system surrounding 
the development area. 

Florin Development Area 

The Florin development area is part of the City ‘Sump 54’ storm drain basin. The Sump 54 basin 
encompasses approximately 243 acres, including the ±60 acres encompassed by the proposed 
Florin development area. Flows are collected along the street and routed via storm drains to 
trunk lines located along Florin Road and Gardendale. The trunk lines flow west to 24th where 
they come together at Sump 54 located along Anderson Slough. 

2 Layout Design 

2.1 General 

The conceptual drainage design layout for the Florin development areas is shown on page 8. 

For the conceptual storm drain design, the receiving facilities were identified and the most 
practical route for the proposed storm drains was established. This route considered the 
requirement of sufficient number of facilities to provide efficient drainage of the areas served. 
Manholes (nodes in the hydraulic model) were placed along the storm drains. These nodes 
generally have a particular catchment area associated with them and will be designed with inlets 
sufficient in capacity to drain the 10-year design storm with no flooding. 

Grade and invert elevations for the conceptual design is primarily based on approximate existing 
grade elevation with consideration to the elevation at which the proposed systems will tie into 
existing systems. The minimum pipe slope used is 0.5% to insure adequate flow velocities, and 
the minimum pipe diameter used is 12-inches. 

2.2 Florin Development Area 

In general, the conceptual storm drain design for the Florin development area follows the lay of 
the land, and drains from higher grade elevation to lower. Generally the lay of the land is from 
north to south-south-west. The development areas south of Florin Road are mostly very flat and 
might drain with a slight counter-slope. The flows are collected by an existing trunk line flowing 
west along Florin. 

2.3 Design Guidelines 

A list of proposed guidelines for design and hydraulics of the storm drain systems is as follows: 

• Recommended pipe materials to be used include RCP (Class 3) to meet the design velocity, 
flow capacity, and bearing capacity required at the site. Variations may be acceptable as long as 
it meets City of Sacramento design guidelines. 

• Manning’s ‘n’ value will be 0.015 for RCP. 
• Minimum pipe full velocity of 2 ft/s. 
• All pipes should have a minimum of 18 inches of cover from the sub-grade. 
• Placement of the pipes will be per City guidelines except where this conflicts with existing 

utilities, in which case design is subject to the approval of the City. 
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3 Hydrologic and Hydraulic Analyses 

3.1 General 

Hydrologic and hydraulic analysis of the proposed drainage system was done using the 
SacSWMM software. The conceptual design models were developed from existing SacSWMM 
models for Sump 54 (Florin Development Area) and Sump 33 (Meadowview Development Area) 
provided by the City of Sacramento. 

3.2 Model Description 

The SacSWMM model is made up of two modules: the Runoff Module and the Extran Module. 
The Runoff module is made up of the rainfall data and the catchment data. The rainfall data is 
input as rainfall intensity for each time-step of the model. The information input for each of the 
modeled nodes (catchments) includes: 

1) Node Number 
2) Catchment Width 
3) Catchment Area 
4) Percentage of the area that is impervious 
5) Catchment overland slope 
6) Manning’s ‘n’ for the impervious area 
7) Manning’s ‘n’ for the pervious area 
8) Storage (abstraction) on the impervious area 
9) Storage (abstraction) on the pervious area 
10) Initial infiltration rate 
11) Final (minimum) infiltration rate 
12) Decay rate of infiltration rate 

The Extran module is made up of conveyance element data, junction data, and storage data. 
More data types (including pump data, orifice data, and weir data are included but were not 
modified, nor created in our models. 

The information input for each conduit in the conduit data includes: 

1) conduit number 
2) Upstream and downstream nodes (junctions) 
3) Size and shape of the conduit 
4) Length of the conduit 
5) Flowline elevation of the conduit relative to both the upstream and downstream junction 

inverts. 
6) Manning’s ‘n’ values 
7) Shape and configuration of the overflow (street) section (if applicable) 

The information input for each junction in the junction data includes: 

1) Junction (node) number 
2) Grade elevation 
3) Invert elevation 
4) Constant flow at junction 
5) Cumulative length of curb inlets immediately tributary to the node 
6) Curb inlet weir coefficient 

The storage data includes the following information: 
1) Junction (node) number 
2) Crown elevation of the storage node 
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3) Storage geometry (either in cubic feet per foot elevation or in stage-area pairs) 

3.3 Output Description 

The output of the Runoff module is inflow hydrographs at each of the various nodes. This 
output is used during the execution of the the Extran Module by applying the hydrographs at 
each node to the junction data from the Extran Module input. The Extran Module output 
includes detailed temporal data for each of the elements defined in the model. 

4 Detention Storage 

4.1 General 

The conceptual drainage design for the Florin development area utilizes detention storage to 
reduce the post-development peak hydraulic grade line at the most downstream end of the 
development areas. The effective result of using storage means there is equal or less stress on 
the receiving facilities than in the pre-development condition. 

4.2 Conceptual Design 

Based on an iterative process of sizing the detention and comparing the model results to the 
predevelopment results, the approximate required detention volume for the Florin development 
is 1.5 acre-ft. The City of Sacramento’s SacSWMM specialist Martin Farber aided WRECO in 
developing a stable hydraulic model of the detention storage. 

The location of the detention facilities is not definitive, but the final design of the detention 
facilities should be analyzed to determine adequacy in reducing the hydraulic grade line at the 
downstream end of the project area to predevelopment conditions. Schematics of the analyzed 
detention facilities are shown on page 9. 
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4.3 Results 

The following figure shows a comparison of the hydraulic grade at the most downstream point 
in the Florin development area. 

 
4.4 Alternatives 

Some possible alternatives to the design and location of the detention facilities include: 

1) above ground detention basin – can act as a water quality facility as well 
2) below ground detention vault 
3) below ground detention pipe arrays 

Possibilities for supplemental reduction in hydraulic grade line for the Florin development 
include: 

1) conversion of the open space (designated park land) at the 24th street cross-over to 25ths 
street into a detention facility 

2) discharge to the Anderson Slough at the crossing under Florin Road (just west of the 
development area) 
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5 Cost Estimate 

A cost estimate of the storm drain facilities presented in the conceptual plan has been 
developed. A summary of the cost estimate is shown below: 

Table 3: Conceptual storm drain design cost estimate for Florin development area  
Item 
No. 

Item 
Code 

Item Description Unit of  
Measure 

Estimated 
Quantity 

Unit Price 
 

Item 
 

1 620904 12 IN. APC LF 8104 $45.72 $370,515 
2 620908 15 IN. APC LF 663 $57.91 $38,396 
3 620909 18 IN. APC LF 2053 $59.44 $122,022 
4 920913 24 IN. APC LF 2405 $68.58 $164,935 
5 920913 * 27 IN. APC LF 1079 $70.00 $75,530 
6 707050 Drainage Inlet EA 99 $2,000.00 $198,000 
7  5FTx5FT RCB culvert LF 105 $250.00 $26,250 
8 707051 Drainage Manhole EA 99 $3,500.00 $346,500 
9  Detention Basin* EA 1 $215,000.00 $215,000 

*based on $100/ft for 1700 feet 72" corrugated pipe (~1.1acre-ft) 

Construction Total $1,557,148 

6 Summary and Recommendations 

The conceptual design of storm drain system for the Florin development area is a good starting 
point for the development of the final design documents 

Major considerations in the development of the design of the Florin development include: 

1) The inclusion of detention facilities sufficient to reduce the 10-year peak flow from the 
development to pre-development levels. 

2) Grading the development area in such away to provide sufficient surface storage for the 
100-yr event without increasing peak surface discharge from the site. 

3) Designing the top of slab and finished floor elevations of the buildings to be above the 100- 
year flood elevations. 

4) Incorporation of acceptable and permanent Best Management Practices. 

The objective in refining the detention facilities design will be to fit the facilities into the design, 
size the facilities appropriately, and provide the city with a representative SacSWMM model 
which shows that there is no negative impact to the stress (hydraulic grade line) on the receiving 
systems. This design effort should be pursued with coordination with the City of Sacramento for 
development of an acceptable plan. 

Grading the development area to decrease the peak overland discharge from the site to 
predevelopment levels is complicated by the changes in the overland flow destinations. 
Conditional to acceptance by the city, an appropriate location for a target (existing condition) 
overland flow value might be the peak value at the most downstream junction for the respective 
development areas. This corresponds to the SacSWMM models’ Junction 1017 for Florin. The 
grading can be modeled as ‘wine-glass’ storage nodes, or by appropriate surface geometry 
definitions in the conduit cards. Contingent on successful grading of the development areas, 
consideration of the model results should be used to insure that 100-year water surface 
elevations are below the proposed buildings’ threshold elevations. 

The City of Sacramento has indicated several storm water management techniques for water 
quality. These accepted BMPs include: 
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1) WQ/Detention basin 
2) Vegetated swales 
3) Sand filters 
4) Pervious pavements 
5) Jensen Precast Concrete storm vault 

The successful development of the final design plan for the storm drainage in Florin LRT 
development area is dependant on the compliance and coordination with the City of 
Sacramento. The conceptual design presented has been evaluated by the City and is principally 
acceptable. 

7 References 

City of Sacramento 1990, “Design and Procedures Manual and Improvement Standards”, City of 
Sacramento Department of Public Works, September 1 1990. 

City of Sacramento 1996, “Sacramento Storm Water Management Model”, Montgomery 
Watyson, January 1996. 
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CONCEPTUAL SANITARY SEWER SYSTEM DESIGN 
SUMMARY 

Transit-Oriented Development is planned for the area in the vicinity of the Florin Light Rail 
Transit (LRT) station in the City of Sacramento, California (City). Parsons Brinckerhoff 
developed conceptual development plans and contracted with WRECO to develop a conceptual 
sanitary sewer system for this plan. 

Flow monitoring data indicate that the existing sanitary sewer systems surrounding the area 
have insufficient available capacity to accommodate all of the new flow generated by the planned 
development. The main at Meadowview Road west of 24th Street, is downstream of the areas’ 
system and has sufficient capacity. An additional constraint is that the existing system is at the 
extreme upstream end of the larger area sanitary sewer system and, consequently, invert depths 
are relatively shallow. 

The conceptual sanitary sewer system design was developed following the City’s design criteria, 
guidance from City staff and standards of hydraulic engineering practice. The layout allots as 
much flow as possible to the existing system by connecting buildings near the development zone 
boundaries to the nearest existing mains. For the remainder of the flow, the design includes 
gravity systems that drain to sewage lift stations located in the middle of the development zone. 
The design further includes several thousand feet of new force main from the lift stations to the 
main at Meadowview Road west of 24th Street. 

The report recommends building new force mains as a solution to the limited existing system 
capacity rather than storage tanks because the tanks would need have several million gallons of 
capacity to safely store flow from peak flow period for later release during low flow periods. 
The report also includes conservative estimates of new pipe lengths, trench lengths broken 
down by trench depth, and lift station pump sizes. 

1 Introduction 

1.1 Background 

The Development Zone that this report discusses is defined by a roughly one mile radius 
semicircle centered on the existing Florin Light Rail Transit (LRT) station in the City of 
Sacramento, California and bound to the east by the LRT alignment. This region has been 
targeted for redevelopment including plans to significantly increase the residential density. 
Parsons Brinckerhoff Quade & Douglass, Inc (PB) of Sacramento are assisting in the planning 
stage of the project and PB has contracted with WRECO to develop a conceptual sanitary 
sewer system plan and study for the conceptual development plan. 

1.2 Objective 

WRECO prepared the conceptual plan and study primarily to determine what measures will be 
necessary to guarantee sufficient capacity for the conceptual development plan. In addition, the 
plan was developed to suggest general guidelines for laying out a more finalized sanitary sewer 
system in the future. 

1.3 Location 

The existing LRT station is located in the southern part of the City of Sacramento along the LRT 
tracks, which is oriented approximately from north-north west to south-southeast.  The Florin 
area is about three miles from the nearest Sacramento County Sanitation District Number One 
(District) intertie. 
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1.4 Planned Development 

The planned development zone consists of a mixture of development types. These include areas 
of single-family homes, townhomes, duplexes, multifamily residential buildings, mixed-used (i.e., 
residential with commercial in the ground story) buildings, commercial buildings and public 
space. 

These areas are all in addition to the LRT station, which include structured parking and transit 
supportive uses. The table below summarizes the characteristics of the planned development 
zone that were analyzed for the conceptual sanitary sewer system. Subsequently, these 
assumptions were modified but the planning level estimates provided by this report remain 
adequate for guidance. 

Table 1. Florin Area Planned Development Summary 
Footprint Extent Description Units 

(ft2) (acres) 
Townhouses 191   
Flats 191   
Medium Density 372   
Live-Work 122   
Duplexes 56   
Mixed Use-Commercial  111,754 2.57 
Transportation Corridor  12,800 0.29 

TOTALS 932 124,554 2.86 

1.5 Existing System 

The City of Sacramento already has an existing sanitary sewer system surrounding the 
development area (see Figure 1). A main under Florin Road collects most of the flow from the 
area surrounding the Florin development area. This main then drains to the main under 24th 
Street, which drains to a sewage lift station along 24th Street near Casa Linda Drive. The lift 
station then pumps flow to a main under Meadowview Road at the point where the main widens 
to an 18 in pipe on the west side of the Meadowview Road/24th Avenue intersection. A 
separate District main in Florin Road also collects flow in the Florin area and drains to the east. 

Most of the Florin area flow drains to the Meadowview main. The Meadowview main, in turn, 
drains to a 96 in Sacramento County Sanitation District main running under Freeport Boulevard, 
about 1.5 miles west of 24th Street. In the past, the area likely drained to the now-
decommissioned Meadowview Sewage Treatment facility. 
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Figure 1 

 

1.6 Constraints & Opportunities 

Sacramento is a city built on flat land. Consequently, gravity-based sanitary sewer systems can 
travel only a limited distance before requiring a lift station to continue moving flow through the 
system, particularly when the system experiences peak flows. 

Also, the Florin development zone is at the extreme upstream end of its City sanitary sewer 
system and that system was apparently designed with no more than single family home-level 
density in mind. Consequently, the mains in the immediate vicinity of the development zone for 
which data were available for this study are relatively shallow and have little remaining capacity. 
In fact, many of those mains are already operating at or near capacity. No capacity data were 
available for the District sewer system. 

2 Analysis 

2.1 Design Flow Estimate 

WRECO estimated design flows for the Florin development zone based on the City’s Design 
Criteria and PB’s descriptions of the zones broken down by development type. The City’s 
Design Criteria provide method for estimating flows per developed unit for domestic 
development and for all other types by determining equivalent developed units based on building 
footprint area. 

Based on the method in the Criteria, flows for residential units were estimated based on the 
numbers of units and the density for each type of development. The Criteria specifically 
indicates higher per flows per developed unit for single family homes than for units in multi-
family buildings, which is a typical assumption for estimating wastewater flow. Flows for other 
types of units 
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Table 3. Florin Development Zone Sanitary Sewer Conceptual Design Flow 
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Domestic 
 Medium Density 372   0 372 0.112    
 Live-Work 122   0 122 0.037    
 Duplexes 56   0 56 0.017    
 Townhouses 191   0 191 0.057    
 Flats 191   0 191 0.057    
Commercial/Municipal/Industrial 
 Mixed-Use Commercial 0 111,754 0.2 22 22 0.007    
 Transportation Corridor 0 12,800 0.2 3 3 0.001    

Total 932 124,554  25 957 0.287 2.7 0.778 1.204 

2.2 Existing Sewer System Capacity 

The City and Morton Pitalo1 arranged for monitoring equipment to record flows at certain 
locations. These locations were chosen on sewer mains known to collect flow from the 
development area. 

The following table lists the mains examined and where in the new development zones flow 
seen in the mains would originate, assuming the new development zones were to connect to the 
City’s existing sanitary sewer system. 

Table 5. Sewer Mains and Flow Allocation 
Main 
No. Location Pipe 

Size (in) Would Receive Flow From 

1 Florin Road at 29th Street 10 Entire Florin Zone 

2 Loma Verde Way at Meadowdale 
Ave 8 Northern part of Meadowview Zone – 

Single family homes 
3 Meadowview Road at 29th St 12 Southern part of Meadowview Zone 

4 Meadowview Road, east of 24th St 12 Southern part of Meadowview Zone - 
downstream of Main 3. 

5 24th Street at Meadowview Road 15 Downstream of confluence of Mains 1 
and 2 and existing lift station. 

6 Meadowview Road, west of 24th St 18 Confluence of all flows from both zones 
                                            
 
1 Buzz Oates, the development company that owns the northern, single family home, portion of 
the Meadowview LRT Station Development Zone hired Morton Pitalo as a civil engineering 
subconsultant. 
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Full Pipe Capacity 

Full pipe capacities for the existing sewer system surrounding the development areas were 
estimated either using Manning’s equation taking slope, diameter and material as arguments or 
reproduced from Morton Pitalo (2004), which also used Manning’s equation. 

Table 6. Full Pipe Capacities 
Location Full Pipe Capacity 

(cfs) 
Florin Road at 29th Street 0.85 
Meadowview Road at 29th Street 1.34 
Meadowview Road, east of 24th Street 1.15 
24th Street at Meadowview Road 1.94 
Loma Verde Way at Meadowdale Avenue 0.58 
Meadowview Road, west of 24th Street 4.53 

Flow Monitoring 

Monitoring equipment recorded flow in the mains every five minutes for at least 60 days at each 
location in order to determine maximum and minimum flows. The following table presents the 
results and remaining capacities based on the results. Remaining capacity is the capacity of a 
given pipe to carry additional flow above and beyond the maximum flow currently seen in the 
pipe and is equal to Full Pipe Capacity minus Maximum Observed Flow. Minimum Observed 
Flow is used for storage tank sizing. 

Table 7. Monitoring Results Summary and Remaining Capacities 

Location 
Minimum 
Observed 
Flow (cfs) 

Maximum 
Observed 
Flow (cfs) 

Full Pipe 
Capacity 

(cfs) 

Remaining 
Capacity 

(cfs) 
Florin Road at 29th Street 0.22 0.47* 0.85** 0.38 
Meadowview Road at 29th Street 0.10 0.55 1.34 0.79 
Meadowview Road, east of 24th Street 0.15 0.86 1.15 0.29 
24th Street at Meadowview Road 0.21 1.36* 1.94 0.58 
Loma Verde Way at Meadowdale Avenue 0.03 0.29* 0.58 0.29 
Meadowview Road, west of 24th Street 0.36 2.22 4.53 2.31 
*Certain data points were not included in the analysis of the data. These were unusually high stage readings most likely due to 
temporary plugging of the weir in the monitoring device. Final consideration of the validity of this data sampling should be verified 
by the City of Sacramento Department of Utilities. 
**Capacity based on slope indicated in original system design drawings. Neither as-builts nor survey for the Florin Road main were 
available. 

2.3 Model 

Hydraulic models of the conceptual sanitary sewer system were developed using Hydraflow 
StormSewers 2005. The model took surface elevation and flow data and was used to determine 
main size requirements in the system. 

3 Results 

3.1 Flow Monitoring 
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The flow monitoring study results indicate the following: 

• The existing main that would collect all flow from the Florin Zone has 0.38 cfs of remaining 
capacity 

• The main that collects flow from both the Florin zone and the Meadowview zone areas, 
Meadowview Road west of 24th Street, has remaining capacity (2.31 cfs) sufficient to 
accommodate the estimated combined flow from the new developments (2.20 cfs). 

4 Conclusions & Recommendations 

4.1 Gravity Flow Accommodation 

Shallow Mains 

The mains nearest to the new development zones generally have inverts no lower than 7 feet 
below the existing land elevation. The new development zones will require extensive new mains, 
some of them over one thousand feet long. The mains collecting flow from the homes and 
buildings will flow by gravity and will reach depths far below the available existing main inverts, 
were they connected to those mains. Consequently, the existing mains immediately surrounding 
the zones can collect flow only from the development closest to those mains. For the remainder 
of the development, lift stations will be required to convey flow out of the zones. 

Lift Stations 

In a sanitary sewer system with a lift station, flows travel by gravity to a collection tank at the lift 
station. A pump then lifts the sewage out of the tank and impels it into a new main that flows 
under pressure (i.e., a “force” or “pressure main” rather than a “gravity main”). In order to 
minimize tank invert depth, the optimal location for a lift station is a location resulting in the 
minimum possible gravity main length, which is usually the center of the area that drains to the 
station. 

4.2 Capacity 

In addition to being shallow, the mains immediately surrounding the new development zone lack 
sufficient capacity to accommodate all the additional flow from the zone. The 18-inch main in 
Meadowview Road west of the intersection with 24th Street that collects flow from both  the 
Florin and Meadowview zones, does have sufficient capacity for all the development, though. 
Consequently, the conceptual plan allots flow from the zones to make the best use of the 
available capacity by assigning some of the new mains to connect to the existing mains in the 
surrounding area. 

After allotment of these areas that are nearest to the available mains surrounding the zones, 
conveying the new zones’ remaining flow requires an approach to accommodate the lack of 
capacity in the nearby mains during peak flow periods. There are two principle ways to 
accomplish this: storage tanks and new/expanded mains. 

Storage Tanks 

The lift stations will already include sump tanks as a part of their design. These tanks, however, 
will be only large enough to maintain consistent flow levels in the force main. One method for 
accommodating limited capacity in the nearby mains is to only pump flow into those mains 
during off-peak times. Accomplishing this would require increasing the lift station sump tanks’ 
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storage capacity dramatically so that would be large enough to store several hours’ worth of 
flow. The resulting tanks at either lift station would have several million gallons of capacity. 

New/Expanded Mains 

The second approach is to bypass or replace the mains with insufficient capacity. This approach 
would include either  

• Construction of several thousand feet of new force main from both lift stations to the 18-
inch main at Meadowview Road west of 24th Street 

• Upgrading of the existing mains to sizes sufficiently large to accommodate flow from the 
zones and construction of new force main from the lift stations to the upgraded mains. 

4.3 Suggested Alternative 

WRECO’s conceptual design includes construction of lift stations in the center of the  Florin 
Development zone and installation of new force mains out to the main at Meadowview and 
24th. The new force main alternative is considered preferable to the sump tank alternative 
primarily because of the exorbitant costs and odor issues of large sewage holding tanks. The 
following figure depicts the suggested alternative. 

 
Figure 2 

Conceptual Design 

WRECO’s conceptual sanitary sewer system design for the Florin Development Zone includes 
one lift station, with a main that flows under gravity from the edges of the zone toward a lift 
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station in the middle. The conceptual layout on page 19 assumes connections to the existing 
system will collect flow from part of the zone and gravity mains draining to a lift station will 
collect the rest. 

Trenching Depths 

The following table lists pipe and trenching length estimates broken down by trench depth 
intervals for the conceptual sanitary sewer system. In order to provide a conservative estimate 
for planning purposes, the estimates given assume gravity mains sufficient to collect all flows in 
the zone. 

Specifically, the estimates give length and trench depths for gravity mains extending to the 
extreme north and south ends of the zone to a lift station at the middle, as opposed to the 
shorter gravity main lengths in the conceptual layout, which assumes connections to the 
surrounding system. 

Table 8. Preliminary Pipe and Trenching Quantities – Florin 

Item Description Estimated 
Length (feet) 

8 in Force Main 8,300 
Trench, Force Main, Shallow (5 ft - 8 ft) 8,300 
8 in Gravity Main 13,680 
10 in Gravity Main 600 
Trench, Gravity Main, Shallow (5 ft - 8 ft) 11,700 
Trench, Gravity Main, Mid-Depth (8 ft - 12 ft) 2,290 
Trench, Gravity Main, Deep (12 ft - 15 ft) 280 

Lift Station Sizing 

The lift station will need to have sufficient pumping capacity to accommodate peak flow from 
the area and will require at least two pumps per station with that capacity to guarantee 
operability in the case of failure. Though the conceptual design assumes the lift station would 
collect only some of the flow from the surrounding area, the figures given in the table below are 
for planning and conservatively assume that the lift station will collect all flow in the zone. 

Table 10. Preliminary Lift Station Sizing 
Development 

Zone 
Lift Height (ft) Force Main 

Length (ft) 
Required 

Capacity (gpm) 
Recommended Single 
Pump Power (HP)1 

Florin 18 8,300 540 15 
1 Pump power from FLYPS 2.1 pump selection software, assuming 8-inch steel pipe. 

Sacramento County Sanitation District Number One System 

A request was made to the District for capacity data for the District mains in the Florin area but 
the District staff stated that no such data were available. Consequently, the conceptual design 
assumed no connection to these mains. The District staff further stated that determining 
capacity in the area would require a request that the District perform a study. WRECO 
recommends that the City or another stakeholder make this request to the District as soon as 
possible on the possibility that the Florin area District mains may have capacity for additional 
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flow. Any reduction in flow to the Florin lift station, or better yet, the elimination of the need 
for the lift station, will significantly reduce the total development project cost. 
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CONCEPTUAL WATER SYSTEM DESIGN SUMMARY 

Transit-Oriented Development is planned for the area in the vicinity of the Florin Light Transit 
(LRT) station in the City of Sacramento, California (City). Parsons Brinckerhoff developed 
conceptual development plans for the Florin zone and contracted with WRECO to develop 
conceptual water systems for this plan. 

A water system layout was developed following the City’s design criteria, guidance from City 
staff and standards of hydraulic engineering practice. Due to relatively low available pressure in 
the area, almost all pipe in the conceptual system design are 12-inch or larger in diameter. 

WRECO also developed model scenarios depicting conditions in the Florin area under existing 
and proposed conditions using EPANET 2.0. The City’s design criteria specify a residual pressure 
of 20 psi under 3,000 gpm fire flow conditions. Florin area existing condition pressure data 
indicate insufficient pressure to maintain 3,000 gpm at a 20 psi. The model-predicted data 
predicted that the conceptual Florin water system will be able to sustain 20 psi of residual 
pressure under 2,000 gpm fire flow conditions but not under 3,000 gpm conditions. 

Pressure in the Florin zone under both existing and proposed conditions is insufficient to 
pressurize fire sprinkler systems. 

1 Introduction 

1.1 Background 

The Development Zone that this report discusses is defined by a roughly 1 mile radius 
semicircle centered on the existing Florin Light Rail Transit (LRT) station in the City of 
Sacramento, California and bound to the east by the LRT alignment. 

This region has been targeted for redevelopment including plans to significantly increase the 
residential density. Parsons Brinckerhoff Quade & Douglass, Inc (PB) of Sacramento are assisting 
in the planning stage of the project and PB has contracted with WRECO to develop a 
conceptual water supply system plan and study for the proposed development. 

1.2 Objective 

WRECO prepared the conceptual plan and study primarily to determine what measures will be 
necessary to guarantee sufficient capacity for the proposed development. In addition, the plan 
was developed to suggest general guidelines for laying out a more finalized water supply system 
in the future. 

1.3 Location 

The Florin LRT station is located in the southern part of the City of Sacramento adjacent to the 
LRT tracks whose alignment is roughly north-northwest to south-southeast. Florin station 
location is relatively flat and surrounded by flat terrain for several miles. 

1.4 Planned Development 

The planned development consists of a mixture of development types. These include areas of 
single-family homes, townhomes, multi-family residential, mixed-used (i.e., residential with 
commercial in the ground story), commercial and public space. These areas are all in addition to 
the LRT station, which includes structured parking transit supportive uses.  

1.5 Existing System 

The City of Sacramento already has a completely built water supply system surrounding the 
Florin development zone. The area includes larger pipes such as the 12-inch transite main along 
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Indian Lane but most of the existing system surrounding the area consists of 6-inch transite 
laterals and mains with the occasional 8-inch transite main. 

1.6 Constraints & Opportunities 

Sacramento is a city built on flat land flat city next to the state of California’s largest river. 
Consequently, its water supply system can supply a great volume of water but system pressures 
are lower than for other comparable cities’ water systems. 

2 Available Data 

The City of Sacramento provided system pressure and elevation data for the Florin area. The 
table below summarizes the pressure data used in the study. 

Table 1. Florin Area System Pressure Data 
Location Static Pressure (psi) Design Flow @20 psi 

(gpm) 
Hing Avenue/Canyon Tree Court 37 2,243 
Indian Lane/Lock Avenue 38 2,396 
Florin Road/Indian Lane 38 2,934 
65th Avenue/29th Street 39 2,967 
Source: Ewart, B (2005) 

System and elevations were estimated in the Florin area based on Lidar data from the City. 
HLA’s drawings served as the source for types and numbers of proposed new developed units 
for the purpose of estimating ordinary non-fire flow demands. Cadastral data adapted from the 
City’s water system maps served as the source for the existing system pipe network. 

3 Conceptual Design 

WRECO developed a conceptual system layout for the Florin area. The system layout includes 
pipe alignments, sizes, and materials and specifies where the new water lines connect to the 
existing water systems. The system design follows City criteria that all new water systems 
consist of 8- inch pipe for laterals and 12-inch pipe for mains.  The complete system layout is 
displayed on page 19. 

4 Analysis 

Model 

The hydraulic analysis was performed using EPANET 2.0, available from the US Environmental 
Protection Agency. The program uses a simultaneous matrix solution algorithm to determine 
pressure throughout a water supply system based on user-defined data. All pressures were 
determined based on the Hazen-Williams formulation. 
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System Layout 

Pipe alignments, sizes and materials were reproduced from WRECO’s conceptual water system 
design for the Florin area and the existing water system. A Hazen-Williams friction factor of 80 
was assumed for the transite pipe making up the existing system and a friction factor of 120 was 
assumed for new pipe. The value for new pipe is standard for new steel pipe and conservative 
for new plastic pipe. 

The system layout followed general guidelines for laying out water systems, with pipes joined to 
complete several loops in the area, allowing a large number of flow pathways to any point in the 
system.  In addition, following City staff instructions, all new pipe was either 8-inch or 12-inch 
and the new system in the Florin zone was connected to the existing system in as many separate 
locations as possible. 

Model Assumptions 

• Pressure drop from main to fire hydrant represented by a 30 foot length of 6-in pipe with a 
Hazen-Williams coefficient of 120 for all fire flow scenarios. 

• Minor losses were not modeled 

Regular Demand- Existing Use 

Demand for the existing units surrounding the areas was estimated by calibration of the existing 
model networks based on static and fire flow pressure data. Specifically, demands were 
determined by beginning with assumed values and proceeding towards values that resulted in 
pressures matching known conditions by trial-and-error. The demands determined for the 
surrounding area by this method were as follows. 
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System Pressure 

An examination of the available static and residual pressure distribution indicates that the Florin 
area receives water primarily from a single reservoir to the west. The model scenarios were set 
up to reflect this situation and the effective reservoir water surface elevations were estimated 
based on the known system static pressure nearest to the water supplies. 

Regular Demand- New Development 

The analysis used the City’s Design Standard to determine peak regular (non-fire flow) and fire-
flow demands for the proposed new development based on the numbers of units and extents of 
the different development types. The following table summarizes these demands: 

Table 3. Florin Area Non-Fire Flow Peak Demand by Sub-Zone  

Density 
Code Description Density 

Extent 
(acres) Units 

Combined 
Demand 
(gpm) 

R-1A  Single Family Alternative  Medium 3.65 56 24.5 
R-2A,B  Multi-Family  Medium 17.57 406 63.4 
R-3  Multi-Family  High 5.87 106 16.6 
RM X  Residential Mixed Use  Medium/High 13.58 273 42.7 
C-1  Limited Commercial   13.26  64.2 
TC  Transportation Corridor   2.07  10.0 

TOTAL  221.4  

The City’s Design Standard specifies that the supply system must be able to sustain 3,000 gpm 
with at least 20 psi of residual pressure in areas with high residential density or commercial 
development and 2,000 gpm for areas of low density residential development. The demand 
corresponding to the appropriate density was placed within each of the sub-zones making up the 
proposed development, in addition to existing and proposed non-fire demands. Within each 
zone, several different locations were tested and results were recorded for the lowest predicted 
residual pressure in each zone. 

The zones were as follows. 

Table 5.  Florin Model Test Locations 
Development Type Location 

LRT Station Southeast 
Townhomes North 
Multi-Family Housing North Central 
Townhomes/Duplexes Southwest Central 
Mixed Use Commercial South Central & Southeast Central 
Townhomes South 

5 Results 

5.1 Water System Layout 

The proposed water system layout for the new development zone included 37 new pipe links 
for the Florin zone. The following table summarizes the total pipe lengths by diameter for cost 
estimation. 
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Table 7. Estimated Water System Pipe Length Requirements 
Development Zone 12-inch Pipe 8-inch Pipe 
Florin  12,410 1,610 

5.2 Model 

The City specifies 3,000 gpm with a minimum 20 psi residual pressure for domestic 
development denser than single family housing and for commercial development. All of the 
planned Florin zone development falls into one or the other of these development categories 
and the Florin area existing condition system pressure data indicated that neither the existing 
nor any proposed system could sustain the City-specified criterion. Consequently, scenarios 
were chosen to predict the maximum available fire flow with a 20 psi residual pressure in the 
system rather than predict residual pressures at the specified fire flow. The table below 
summarizes the results from these scenarios. 

Table 8.  Florin Model Results 
Location  Static Pressure  

(psi) 
Fire  Flow at 20 

psi (gpm) 
Southeast  37.9 2,410 
North  36.2 2,100 
North Central  35.7 2,180 
Southwest Central  38.8 2,540 
South Central & 
Southeast Central  

39.7 2,600 

South  39.7 2,500 

As the table above shows, the model results predict that the proposed water systems in the 
new development zone will have flows and pressures similar to those under existing conditions. 
That is, the Florin zone will sustain 2,000 gpm fire flows at 20 psi but not 3,000 gpm flows. 
There the Florin area will not maintain pressure in the range required to pressurize building fire 
sprinkler systems. 

6 Conclusions & Recommendations 

Pressure Criteria 

The data from the City for the Florin area indicate that the existing system pressure would be 
insufficient to provide 3,000 gpm at 20 psi, regardless of future development. 

The EPANET 2.0 model results indicate residual pressures above 20 psi at all locations in the 
new system in the Florin zone under 2,000 gpm fire flow conditions. In the Florin area, the new 
system will not be able to sustain 20 psi at 3,000 gpm flows. This is consistent with the City data 
for the existing system, which, as mentioned, is already insufficient to meet the 20 psi at 3,000 
gpm criterion. Consequently, the Florin area will require one or more booster pumps in the 
commercial and dense residential zones to have sufficient pressure to meet the City’s 20 psi at 
3,000 gpm requirement for those development types 
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Fire Sprinklers 

Pressures in the system will not be sufficiently high to pressurize most fire sprinkler systems. 
This is inevitable, however, since the existing system, even without further development, cannot 
provide such the sufficient pressure (40 psi) except under static conditions. City staff indicated 
that boosting to fire sprinkler system pressure will be left to developers. 
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CONCEPTUAL TRAFFIC ANALYSIS SUMMARY 

1. Existing Transportation System 

Roadway System 

Florin Road has two lanes in each direction separated by a center left-turn lane in the vicinity of 
the Florin LRT Station. It has a posted speed limit of 40 miles per hour. The segment directly 
east of the station is estimated to carry approximately 31,000 vehicles per day. 

Traffic signals are situated on Florin Road at 29th Street/Indian Lane (access to LRT Station), 
Luther Drive, and Franklin Boulevard. The Florin Road/29th Street/Indian Lane and Florin 
Road/Luther Drive intersections currently operate at Level of Service (LOS) C or better during 
the weekday AM and PM peak hours. The Florin Road/Franklin Boulevard intersection operates 
at LOS D and E, respectively, during these peak hours. 

Bicycle/Pedestrian System 

Sidewalks exist on both sides of Florin Road from west of Indian Lane to beyond the Southline 
LRT grade-separation of Florin Road. Sidewalks exist on the east side of Indian Lane adjacent to 
the Florin LRT Station. Bike lanes are not currently provided on Florin Road or Indian Lane. 

The sidewalks in the vicinity of the LRT grade-separation of Florin Road are not “pedestrian 
friendly”. The sidewalks “wrap around” the crossing arms for the at-grade heavy rail tracks, 
resulting in less than two feet of usable area for pedestrians. The sidewalks directly under the 
LRT grade-separation are three feet wide and do not have a raised curb for separation between 
the adjacent travel lanes. Field observations indicate that high school students walking to/from 
the Florin LRT Station cross Florin Road just west of the LRT grade-separation (often waiting in 
the landscaped median for gaps in traffic). Very few students were observed to use the 
pedestrian traffic signal located east of the LRT grade-separation at the Luther Burbank High 
School entrance. 

Transit System 

The Florin LRT Station is one stop from the current southerly terminus (at the Meadowview 
Station) of the Southline light rail service. In 2005, an estimated 2,600 boardings and alightings 
occured at this station each weekday. Bus routes 54, 65, and 81 stop at the station. 

Transit Parking 

The station currently has 1,076 parking spaces. Regional Transit provided parking demand 
information for January through May 2004. During an average weekday, 97 spaces, or 9 percent 
of the available supply, were occupied. The maximum observed parking demand was 130 spaces. 
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2. Florin TOD Travel Characteristics 

Trip Generation/Mode Split 

 AM Peak Hour PM Peak Hour  

Gross Trips 660 1,230  

Internal Trips (25%) - 170 - 310  

Pass-By Retail Trips2 - 10 - 90  

Transit Trips3 - 70 - 140 11% 

External Vehicle Trips 410 690 58% 

Trip Distribution 

We estimated the expected distribution of trips onto the surrounding roadway system based on 
existing travel patterns and complementary land uses. The following distribution percentages 
were assumed for the purposes of this study: 

Direction Percentage 

To/From the east on Florin Road 65% 

To/From the west on Florin Road 20% 

To/From the south on 29th Street 15% 

3. Traffic Forecasts/Operations Analysis 

Traffic levels on Florin Road directly east of the Florin Station TOD are expected to increase 
from approximately 31,000 vehicles per day under existing conditions to 40,000 vehicles per day 
under cumulative conditions with the TOD developed. 

Table 1 summarizes the existing and cumulative average delay and LOS at each intersection. 

                                            
 
2 10% of AM peak hour and 25% of PM peak hour trips by retail uses assumed to be “pass-by”. 
3 Transit mode share is 20% for retail/public uses, 15% for office, and 10-12% for residential. 
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Table 1 
Intersection Operations 

AM (PM) Peak Hour 
Existing Conditions Cumulative 

Conditions without 
Florin Station TOD 

Cumulative 
Conditions with 

Florin Station TOD 

Intersection Traffic 
Control 

Average 
Delay 

LOS Average 
Delay 

LOS Average 
Delay 

LOS 

Florin 
Road/Indian Lane/ 
29th Street 

Traffic 
Signal 

20 (22) 
sec/veh 

C (C) 24 (29) 
sec/veh 

C (C) 29 (44) 
sec/veh 

C (D) 

Florin 
Road/Luther 
Drive 

Traffic 
Signal 

15 (13) 
sec/veh 

B (B) 16 (16) 
sec/veh 

B (B) 16 (18) 
sec/veh 

B (B) 

Florin 
Road/Franklin 
Boulevard 

Traffic 
Signal 

51 (70) 
sec/veh 

D (E) 78 (74) 
sec/veh 

E (E) 83 (85) 
sec/veh 

F (F) 

Table 1 shows that traffic from the Florin Station TOD would cause cumulative traffic impacts 
(according to criteria from the City of Sacramento Revised Guidelines for the Preparation of Traffic 
Impact Analysis Study, January 2002) at the following intersections: 

• Florin Road/Indian Lane/29th Street (LOS C to D during PM peak hour); and 
• Florin Road/Franklin Boulevard (cumulatively unacceptable operations exacerbated by virtue 

of delay increasing by more than five seconds during the AM and PM peak hours). 

Potential mitigation measures for these impacts have not been analyzed. However, the lack of 
available right-of-way in the vicinity of both intersections may limit the range of possible 
mitigations. Based on the number of new vehicle trips, it is estimated that the non-residential 
land uses contribute about 70 percent of the new traffic and the residential uses contribute 
about 30 percent. 

Revised level of service thresholds are being consider as part of the General Plan 2030, which 
may revise the potential impact in the cumulative condition with project scenario at Florin 
Road/Indian Lane/29th Street during the PM peak hour to less than significant.  

Some project trips are likely to use adjacent neighborhood streets such as Sam Avenue, Lock 
Avenue, Yreka Avenue, and 57th Avenue for travel to/from the north (toward 47th Avenue). 
However, this would not represent a significant proportion of project trips given that the area 
to/from the north is primarily residential and has few employment or shopping-related 
attractions. 

4. Project Access Considerations 

The following describes some of the key issues relating to access to the Florin Station TOD. 

Florin Road provides multiple accesses to the commercial uses. 

The commercial parcels situated along Florin Road will have several accesses. The attached 
figure displays a recommended access plan. As shown, the driveways on either side of Florin 
Road closest to Indian Lane would be restricted to right-turns, while the driveways farther west 
would take advantage of the center left-turn lane to permit all movements. Opportunities for 
access are also provided from 27th Street, Indian Lane, and 29th Street. Although no land use 
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changes are contemplated along the south side of Florin Road east of 29th Street, consolidation 
of driveways is proposed in order to reduce the number of conflict points between vehicles, 
bicyclists, and pedestrians. 

Improvements should be considered at the Florin Road/29th Street/Indian Lane 
intersection. 

Improvements should be considered at this intersection to improve pedestrian safety and 
eliminate the “offset” for northbound through traffic (i.e., motorists must transition about 12 
feet to the right within the intersection to access the receiving lane). Opportunities for 
improving operations include:  

• modify the pedestrian phase on the west leg so that it occurs only with the southbound 
left/through/right movement, 

• redesignate the northbound and southbound lanes to eliminate the offset and provide for 
protected left-turn phasing, and 

• operate the northbound right-turn movement with an overlap arrow.  

Since some of these options have drawbacks, further analysis and collaboration with City of 
Sacramento DOT staff would be necessary to identify the preferred improvements. 

Improvements should be considered on Florin Road in the vicinity of the LRT grade-
separation to improve pedestrian safety. 

The following improvements should be considered to discourage pedestrian crossings of Florin 
Road between Indian Lane and the pedestrian traffic signal at the high school entrance: 

• Widen the sidewalks under the LRT overcrossing. 
• Install within the Florin Road median a wrought iron fence (with pointed posts) and/or 

thorny/dense landscaping to physically discourage pedestrian crossings 
• Add signage to Florin Road to direct students to the pedestrian traffic signal. 

Widen the sidewalk on the north side of Florin Road adjacent to the Florin Station.  

The existing sidewalk (approx. 4 to 5 feet wide) along the Florin LRT Station frontage should be 
widened to at least 12 feet. This width will accommodate the increased pedestrian activity in the 
area associated with the TOD. It will also provide an opportunity for bicycle travel (i.e., a bike 
lane is not provided on Florin Road), thereby making this path a joint use bicycle/pedestrian 
facility. 

5. Internal Circulation Considerations 

The Florin Station TOD site plan is conceptual. Therefore, our evaluation of internal circulation 
focuses primarily on the core internal roadways, pedestrian linkages, and bus routes. More 
detailed aspects of the TOD such as the locations of sidewalks, open space/landscaped 
areas/shading, internal bicycle connections, ADA elements and compliance, parking garage 
access(es), and other design features should be evaluated as development applications are 
received and considered. 

In 2005, parking demand for the light rail station ranged from an average of about 100 occupied 
spaces to a maximum of 130 occupied spaces. A detailed evaluation of the proposed parking 
supply should be conducted when specific land uses (including parking supply) are proposed for 
the site. 
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