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INTRODUCTION 
The Amoruso Ranch Specific Plan (ARSP) Area Drainage Master Plan (Plan) has been 
prepared at the request of Brookfield Residential Properties, Inc. (Brookfield) to meet the City 
of Roseville’s (City) drainage requirements and in support of the Amoruso Ranch Specific 
Plan process. 
 

DRAINAGE MASTER PLAN PURPOSE 
The purpose of this Plan is to document the various existing constraints, known issues and 
criteria associated with stormwater within the proposed ARSP project and to provide a 
preliminary assessment of the impacts and mitigations related to the overall drainage of the 
site.  The Plan addresses multiple drainage issues including flood levels, significant drainage 
features, and stormwater quality and hydromodification management.  The key objectives of 
this Plan are to demonstrate the off-site flooding effects as a result of the proposed project, to 
protect the proposed project from flooding, and to show that stormwater quality requirements 
emphasizing the use of Low Impact Development (LID) techniques in site design are met.  
Prior to subsequent approvals for small lot tentative maps and construction of facilities, a 
project specific drainage plan will be developed to address actual conditions. 
 

ARSP AREA LOCATION AND DESCRIPTION 

Project Vicinity 
The ARSP Area consists of approximately 694.4-acres located in the northwest edge of the 
City of Roseville; this total includes the 20 acre Wagner Parcel. Prior to the Specific Plan’s 
adoption, most of the Plan Area was within the City’s Sphere of Influence and was recognized 
as a logical growth extension for the City. The Specific Plan Area is bounded on the west by 
the Al Johnson Wildlife Area, to the south by the Creekview Specific Plan Area, to the east by 
the future proposed Placer Ranch Specific Plan Area and to the north by the existing Toad 
Hill Ranches #1 area. The ARSP project vicinity is shown on Figure 1. 
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Figure 1 - ARSP Area Project Vicinity 

Pre-Development Conditions 
In the pre-development conditions the ARSP Area was used as a cattle ranch. The primary 
use was open grazing land, but included a small ranch house and out buildings.  The land is 
gently rolling terrain generally trending to the west and south. Minor drainages flow in a radial 
pattern from a slight rise in the northeast quadrant of the property. The elevation changes 
gently from the northeast down to the southwest. 
 
The site vegetation is generally limited to short, seasonal grasses. There are several oak trees 
located along University Creek and a number of non-native trees located around the former 
ranch house. Wetland conditions and their associated flora and fauna are located in small 
areas typically along the drainage corridors and in flats along the southern boundary. Figure 
2 highlights the ARSP Area pre-development conditions. 
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Figure 2 - ARSP Area Pre-Development Conditions 

ARSP Area Land Use Plan 
The ARSP Area provides for a mix of land uses to achieve the desired community form and 
objectives. These land use designations include low-, medium- and high density residential 
uses; commercial and office uses; which in some cases are sited with one another and/or with 
residential uses; public and quasi-public uses for the schools and civic activities such as a fire 
station; parks and open space uses; and an urban reserve. 
 
At buildout, the ARSP Area will provide for 2,827 dwelling units, adds approximately 51 acres 
of commercial retail and office land uses, and provide approximately 22-acres of parks and 
146-acres of open space.  The ARSP Area Land Use Plan is shown in Figure 3. 
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Figure 3 - ARSP Area Land Use Plan 
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Existing Drainage Setting 
The Amoruso Ranch Development project site covers approximately 1.05 square miles of 
mostly undeveloped land located in Placer County just west of the City of Roseville (City) in 
the lower portion of the Pleasant Grove Creek watershed.  The project site, in reference to the 
Pleasant Grove Creek watershed is illustrated in Exhibit 1.  The project site is mostly located 
in an area identified as being within the PL10Q and PL10N sub-watersheds on historic 
drainage area maps.  The northern corners of the project site are within the PL11B, PL11C 
and PL11D sub-watersheds.  The existing development on the project site includes a single-
family residential home and two barn structures that store farm related equipment/supplies.  
The site has historically been used as a grazing area for livestock. 
 
University Creek, an intermittent stream tributary to Pleasant Grove Creek meanders westerly 
near the southern boundary of the property, crossing both the southeast and southwest 
corners of the site.  University Creek joins the main branch of Pleasant Grove Creek west of 
the ARSP area.  The Pleasant Grove Creek watershed is located in the larger Natomas Cross 
Canal watershed of northwestern Placer County and southeastern Sutter County.  The 
Pleasant Grove Creek watershed drains to the Pleasant Grove Canal, to the Natomas Cross 
Canal, and then to the Sacramento River. 
 
An area around and including this tributary is covered by an Approximate Zone A on the 
currently effective Flood Insurance Rate Map (FIRM) panel 06061C0400F dated June 8, 1998 
as shown in Exhibit 2a. FEMA is in the process of updating the FIRM with a Digital FIRM 
(DFIRM) for Placer County.  At the time of this report, the DFIRM development was not 
complete.  The base model for the hydrology presented in this report is the model developed 
by FEMA as part of the FEMA DFIRM update as revised by the City of Roseville and provided 
by the City for this analysis in May 2015.  The revised model includes upstream development, 
revised overland flow lengths, and revised land uses not originally included in the FEMA 
Cooperating Technical Partner (CTP).  The base model used here is referred to as the “FEMA 
CTP Revised Model”.  A Letter of Map Revision (LOMR) dated September 26, 2006 revised 
a portion of the Approximate Zone A area on University Creek (Exhibit 2b).  The southern 
portion of the project site drains to University Creek.  The peak discharges in University Creek 
are largely controlled by runoff from about four square-miles of upstream areas that are for 
the most part, currently undeveloped.  Much of this upstream area is expected to be developed 
as part of the Sunset Industrial area, Placer Ranch, and West Roseville Specific Plan areas.  
Immediately downstream from the project area, University Creek has been previously 
redirected to the south around agricultural (rice) fields, and then turns due west to its 
confluence with Pleasant Grove Creek.  University Creek, near the southwest corner of the 
project area, is shown in Photograph 1.  
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Photograph 1: University Creek near the southwest corner of the Amoruso Ranch project area. 

 
The area of rice fields west of the project site is the City of Roseville Al Johnson Wildlife Area 
site, described in the Reason Farms Retention Basin Final Environmental Impact Report (EIR) 
dated January 10, 2003. This EIR refers to University Creek as “Northern Tributary Two”.   
 
Approximately 45 percent of the project site drains from the northeast to southwest toward the 
center of the western boundary of the project site. This area, identified as PL10Q1 on the 
project area watershed map included as Exhibit 4, was part of the historic sub-watershed area 
identified as PL10Q because it drained to the same stream as the rest of the PL10Q sub-
watershed area according to streamlines on USGS topographic mapping.  The detailed 
project area topographic mapping indicates that a berm on City-owned property and a 
drainage ditch on a privately held property have redirected the low flows to the north around 
rice fields just west of the site boundary to drain to the tributary to Pleasant Grove Creek that 
receives runoff from the sub-watershed area identified as PL11D.  Analysis based on detailed 
topographic data shows that the capacity of the ditch is limited, and high flows would spill over 
the berm to the south into the rice fields.  Photographs 2, 3, and 4 show the western edge of 
the project site.  More detailed discussion of the drainage patterns is included in the Existing 
Site Drainage Patterns section. 
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Photograph 2: Western edge of project site, looking north showing bermed rice field to the left (west) 
of the fence. 
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Photograph 3: Western edge of project site looking west.  The berm running through the picture is 
on City-owned property and directs drainage from the project site into the ditch.  Currently during 
large storm events, flows spill over the berm to the south, onto City-owned property. 
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Photograph 4: Western edge of project site looking west.  Bermed rice field from Photograph 3 is 
on the left side of the picture.  A small ditch runs to the right (north) of the fence.  The existing 
overland release path is along this ditch and over the berm to the left of the picture (south). 

 

Drainage Opportunities and Constraints 
The proposed ARSP Area land use plan is influenced by several factors, including the physical 
setting, land use and circulation conditions, and public policies, including the City of Roseville 
General Plan Policies and Development Standards.  The existing topography, natural 
resources, soils, adjacent properties and proposed future improvements all provide the ARSP 
area with a variety of unique project opportunities and constraints.  Some of these 
opportunities and more critical constraints are discussed further in this section of the report. 
 

OPPORTUNITIES 

Al Johnson Wildlife Area (Formerly Reason Farms Regional Retention Basin) 
The City of Roseville has plans to construct a regional retention facility within the Al Johnson 
Wildlife Area, formerly known as the Reason Farms Retention Basin.  This area is owned by 
the City and located west of the ARSP area.  The property was purchased by the City for the 
purposes of constructing a flood control/retention basin project to mitigate the City’s 
cumulative flood impacts on downstream communities within the Pleasant Grove Watershed.  



 

Page 10 Brookfield Residential – Amoruso Ranch Specific Plan Area Drainage Master Plan 

 

The goal is to provide retention storage in two basins, a south basin with 1850 acre-feet of 
storage and a north basin with 680 acre-feet of storage.   
 
The Reason Farms Retention Basin presents a significant opportunity for the Amoruso Ranch 
development as the basin provides a regional solution to downstream volumetric impacts 
resulting from development within the Pleasant Grove Creek watershed.  For the analysis 
presented here, it is assumed that the Amoruso Ranch development will be annexed into a 
new drainage fee district and pay the City an in-lieu fee in order to mitigate for the downstream 
volumetric impacts.   

Open Space and Resources Preservation 
The ARSP Area will support open space and resource preservation by providing permanent 
open space. In combination with the 1,700-acre open space afforded by the City of Roseville 
Al Johnson Wildlife Area, this open space provides connectivity with open space within the 
Creekview Specific Plan Area, south of the ARSP Area, and lands to the east of the ARSP 
Area (Figure 3). 
 
The Amoruso Ranch Specific Plan will provide an open space corridor that includes a 
pedestrian and bike path linkage between this major open space area and the City’s regional 
trail system.  In addition, the corridor will provide a permanent wetland resources preservation 
area. 
 

CONSTRAINTS 

Topography of Adjacent Parcels 
The drainage of the Amoruso Ranch property is controlled by the topography of the adjacent 
parcels.  Future grading will require matching existing edge conditions as well as providing 
positive drainage paths.  Exhibit 1 shows the Amoruso Ranch project within the Pleasant 
Grove Creek watershed.  Exhibit 4 shows the existing conditions drainage patterns.   

 
 East: Runoff from the eastern parcel is limited to the corridor defined by University 

Creek.  No grading is proposed within the University Creek corridor at the project 
boundary.  Existing grading on the parcel to the east causes runoff to flow north 
and south and does not currently allow run-on to the Amoruso Ranch property.   

 South:  Runoff from the southern portion of the site drains directly into University 
Creek.  Sub-watersheds PL10K2 and PL10K1 flow onto the parcel to the south 
before discharging into University Creek.  University Creek passes through the 
project site through sub-watersheds PL10K and PL10M1A, off the project site into 
the parcel that is part of the future Creekview development, and then back on the 
project site through PL10N.   
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 North: PL11B1 discharges offsite to the North through an existing 8-inch culvert.  
The project site also receives runoff through two 8-inch culverts that drain from a 
4.5 acre area that includes a portion of Sunset Boulevard and a residential area.   

 Northwest:  Sub-watersheds PL11C1 and PL11D1 discharge to the north and 
west, respectively and into the unnamed tributary to Pleasant Grove Creek.  
PL11C1 discharges through an 8-inch culvert that drains to a ditch in the existing 
residential development.  PL11D1 sheet flows to the west. 

 West: Approximately 45 percent of the project site drains from the northeast to 
southwest toward the center of the western boundary of the project site (Exhibit 5).  
The detailed project area topographic mapping indicates that a berm on City-
owned property and a drainage ditch on the privately held Gleason property 
redirect low flows to the north around rice fields just west of the Amoruso Project 
boundary (see flow arrows on Exhibits 4 and 5).  During more frequent storm 
events, the flow floods the ditch and spills over the berm to the south into the rice 
fields for most significant storm events.  The existing local topography causes an 
area of ponding, shown approximately on Exhibit 5.  

Environmental Issues 
Environmental resources such as vernal pools and seasonal wetlands have been identified 
on site and are concentrated in areas that have been designated as open space adjacent to 
University Creek and adjacent to the proposed Placer Parkway corridor.  Many of the 
environmental resources are within the existing drainage course.   
 
ECORP has indicated that to maintain the beneficial uses, these environmental resources 
cannot receive seasonal irrigation flows (car wash runoff, irrigation runoff from hardscape, 
etc.) or low flows (incremental increase in stormwater volume that will be discharged slowly 
from LID features).  This will require an alternative discharge configuration as these types of 
flows cannot be discharged into the existing drainage course.  This impacts the outfall at the 
southeast corner of the project.  Low flows and seasonal irrigation flows will need to be 
conveyed under (i.e. piped) or around (i.e. diversion channel) to avoid the environmental 
resources.  A diversion channel could be configured to accommodate the seasonal irrigation 
flows and low flows while allowing spillage to occur into the natural drainage course during 
larger storm events. 

Ponding Area 
As evidenced by USGS topographic mapping prepared in 1967, the historic drainage patterns 
on the project area have been manipulated by farming practices, including the installation of 
several berms and ditches to divert and channelize flows in and around the boundaries of the 
project site.  Exhibit 3 shows the historic drainage patterns from the 1967 USGS map.  The 
historic low flow drainage path from Drainage Area PL10Q1 has been redirected to the north 
of a bermed rice field since 1967.  A ditch is located just west of Discharge Point E, but slopes 
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to the east.  The highest point along the invert of the ditch is about 81.3 feet.  Therefore, runoff 
is retained onsite until it reaches an elevation of 81.3 feet.  
The lowest elevation of the berm adjacent to the ditch is 82.0 feet.  The capacity of the ditch 
at that location is less than 10 cfs, which is less than the 2-year flow rate from the tributary 
area.  Low flows from PL10Q1 flow through the ditch, but runoff from larger storm events in 
excess of 10 cfs spills over the berm to the south and then continues south and west across 
the City-owned property towards University Creek and Pleasant Grove Creek.  The ponded 
area onsite can reach a water surface elevation of about 82.5 feet and is controlled by the 
elevation of the berm and the ditch.  The maximum extent of the ponding at elevation 82.5 
feet covers an area of about 2.7 acres.  Exhibit 5 shows an aerial photo of the ponded area 
and the ditch that conveys the overland flow. 

Placer Parkway 
The natural drainage course for the Amoruso Ranch Project site is partially contained within 
the Placer Parkway corridor area.  The preferred drainage alternative for the ARSP will require 
diversions away from Placer Parkway to avoid environmental impacts until Placer Parkway is 
constructed.  
 
Without Placer Parkway design details, including stormwater conveyance associated with the 
Placer Parkway, it is not possible at this time to include stormwater conveyance facilities within 
the ARSP Area that will accommodate the unknown future conditions with a built-out Placer 
Parkway.  However, the design of the stormwater facilities within the ARSP Area have been 
proposed so that they can readily be modified, integrated and/or work collaboratively with the 
ultimate Placer Parkway drainage system when the design is fully developed and advanced 
beyond its current preliminary status of alignment reservation.  The drainage analysis 
presented in this report includes Placer Parkway under developed conditions.        

Geotechnical 
A Preliminary Geotechnical Exploration was completed by ENGEO on April 26, 2012.  The 
findings of the exploration indicate that groundwater should not impact site design.  Soil 
conditions are dominated by silts and clays with low permeability and high runoff potential and 
the entire site is classified with hydrologic soil group D.  Limited stormwater infiltration will 
occur in areas underlain by these soils.  Preliminary exploration bores identified zones that 
have more permeable sandy material more suitable to infiltration.  Future testing could identify 
the potential infiltration rate based on double ring infiltrometer testing, if required. 

University Creek Floodplain 
University Creek, a 3,477-acre watershed that drains in a southwestern direction, is a tributary 
to Pleasant Grove Creek.  Approximately 95% of the University Creek watershed is 
undeveloped today.  University Creek crosses the southeastern and southwestern corners of 
the ARSP Area.  Approximately 49% of the ARSP Area is tributary to University Creek, under 
existing conditions.  Although 49% of the ARSP Area is located within the University Creek 
Watershed, the majority of the Watershed lies outside of the ARSP Area (Exhibit 1). 
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An area around and including University Creek is located in mapped FEMA Zone A,  [Flood 
Insurance Rate Map (FIRM) panel 06061C0400F dated June 8, 1998 as modified by the July 
2007 LOMR] (Exhibit 2b).  Zone A identifies an approximate special flood hazard area which 
no Base Flood Elevations (BFE’s) have been provided.  This area represents a flood zone 
determined using approximate methodologies and is a general outline of where flooding has 
the potential to occur during the 100-year storm event.  The extent of the Pre-Project 
University Creek floodplain, determined as part of the analysis presented in this report, and 
ponding area along the project’s western boundary are shown in Exhibits 4 and 5. 
 
In compliance with the National Flood Insurance Program, the City of Roseville will require 
the project to apply for a Conditional Letter of Map Revision (CLOMR) and a Letter of Map 
Revision (LOMR).  These applications provide the City and FEMA with detailed hydraulic 
analyses, BFE data, and revised floodplain maps. 

Proposed Westbrook Crossing at University Creek 
Final design of proposed ARSP crossings will require detailed hydraulic analysis to 
demonstrate that the hydraulic elevations and peak flow attenuation levels proposed in this 
document would be maintained under the post-project conditions.  The proposed Westbrook 
Crossing is located near the southern boundary with the Creekview Specific Plan (Exhibit 6).  
This crossing is included as part of the analyses presented in this report to estimate impacts 
on the 100-year floodplain as well as downstream impacts, if any. 
 

DRAINAGE PATTERNS AND AREAS 

HISTORICAL SITE DRAINAGE PATTERNS 
As evidenced by USGS topography conducted in 1967, the historic drainage patterns in the 
project area have been manipulated by farming practices, including the installation of several 
berms and ditches to divert and channelize flows in and around the boundaries of the project 
site.  Exhibit 3 shows the historic drainage patterns from the 1967 USGS map.   

EXISTING SITE DRAINAGE PATTERNS 
Existing stormwater flows drain offsite at several discharge locations as shown on Exhibit 4.  
The majority of the site generally slopes to the south and west with two small sheds (PL11C1 
and PL11B1, exhibit 4) flowing to the north.  The Amoruso Ranch project site accepts run-on 
from an approximately 4.5 acre residential area to the north of Sunset Boulevard through two 
8-inch culverts.  Flow also enters the site through University Creek on the southeast corner of 
the site.  University Creek flows onto the Creekview property to the south of the project area 
and back onto the project site near the southwest corner where it continues flowing towards 
the northwest.  After crossing the project’s western boundary, the channel turns sharply to the 
south at Discharge Point E (Exhibit 4). 
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As previously discussed, the historic low flow drainage path from Drainage Area PL10Q1 has 
been redirected to the north of a bermed rice field (Exhibits 4 and 5).  A ditch is located just 
west of Discharge Point G, but slopes to the east.  The highest point on the invert of the ditch 
is about 81.3 feet.  Runoff is retained onsite until it reaches an elevation of 81.3 feet. 
 
The lowest elevation of the berm adjacent to the ditch is 82.0 feet.  The capacity of the ditch 
at that location is less than 10 cfs, which is less than the 2-year flow rate from the tributary 
area.  Low flows from PL10Q1 flow through the ditch, but runoff from larger storm events in 
excess of 10 cfs spills over the berm to the south and then continues south and west towards 
University Creek and Pleasant Grove Creek.  The ponded area onsite can reach a water 
surface elevation of about 82.5 feet and is controlled by the elevation of the berm and the 
ditch.  The maximum extent of the ponding at elevation 82.5 feet covers an area of about 2.7 
acres.  Exhibit 5 shows an aerial photo of the approximate ponding area and the ditch that 
conveys the overland flow. 
 
Drainage Area PL10M1A is bounded on the east by a bermed field and accepts flow through 
the drainage channels as well as University Creek, which flows south from PL10K into 
PL10M1A. The adjacent areas to the east of the project site are separated by large berms 
and do not contribute runoff onto the Amoruso project site (Exhibit 4). 
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Drainage Areas and Discharge Locations 
The drainage study area is approximately 675-acres of the 694.4-acre ARSP Area.  The 
existing conditions drainage areas and discharge locations are listed in Table 1 and shown in 
Exhibit 4. 

Table 1 – Existing Drainage Areas 

Drainage Area 
Area 

(acres) 
Percent 

Impervious

Impervious 
Area 

(acres) 

Discharge 
Location 

Description 

PL10K 73.4 2.0 1.5 B Overland flow  

PL10K1 27.1 2.0 0.5 C Overland flow south to University Creek 

PL10K2 9.2 2.0 0.2 D Overland flow south to University Creek 

PL10M1A 41.9 2.0 0.8 -- 
University Creek discharge south to 
University Creek  

PL10N 167.9 2.0 3.4 E 
University Creek discharge offsite through 
channel 

PL10Q1 255.6 2.0 5.1 G 

Runoff ponds at low point until reaching an 
elevation of 81.3 feet, then spills west through 
existing ditch.  When the runoff exceeds the 
capacity of the ditch, flows spill from the ditch 
to the south over a berm which is at an 
elevation of 82.0 feet. 

PL10Q2 44.5 2.0 0.9 F 
24-inch concrete culvert (first few feet of 
culvert are broken and lined with CMP) 

PL11B1 31.6 2.0 0.6 J Overland flow 

PL11C1 13.1 2.0 0.3 I Overland flow 

PL11D1 10.7 2.0 0.2 H Overland flow 

ARSP Total 675  13.5   

Wagner Parcel 20 
 

   

PL10Q1A 4.5 2.0 0.1 G 
Offsite drainage through PL10Q1. Not part of 
ARSP area. 

 
 

  



 

Page 16 Brookfield Residential – Amoruso Ranch Specific Plan Area Drainage Master Plan 

 

PROPOSED DRAINAGE PATTERNS 

Future Placer Parkway Improvements 
The proposed Placer Parkway project, which is currently in the preliminary planning stages 
and has a completed Tier 1 EIS/Program EIR, runs from the northeast corner of the project 
site to the west part of the project site (Exhibit 6).   
 
As discussed above, this project is very early in the development phase and the design 
concepts are outside the complete control of the City and the development team.  Due to the 
uncertainty of the construction schedule of Placer Parkway, the drainage design for Amoruso 
Ranch considers drainage conditions if Placer Parkway were in place, i.e. increased 
impervious area, without exact design details.  

On-Site Drainage Areas 
The proposed onsite drainage system, including drainage areas and drainage collector 
channels is shown in Exhibit 6, Exhibit 7, and Table 2.  The majority of the flow generated by 
the ARSP project, including the rerouting of nearly 50% of the project area that presently 
drains to the west and north, will be routed into University Creek and onto the City owned Al 
Johnson Wildlife Area at the southwestern corner of the project site.  The existing “berm” is a 
minor, elevated area on the west side of University Creek just downstream of the sharp bend 
in the creek (Photograph 5).  The elevated area is only a few feet above the opposite bank.   
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Photograph 5: Western edge of project site looking east at bend in University Creek where it turns 
into a small ditch.  The existing overland release path is along this ditch and over the minor berm 
at the bottom of this picture. 

 
The ARSP project proposes to drain the majority of the plan area into channels on the western 
and southern borders of the ARSP Area.  This concept for drainage, also referred to as the 
“storm drain system”, avoids the necessity of multiple direct outlets to University Creek south 
of the site.  Piping drainage to University Creek causes extreme amounts of grading and land 
disturbance.  To avoid this, the channel concept was developed, which combines multiple 
drainage sheds and results in minimizing the discharge points from the site to two locations.  
The maintenance plan for these channels is provided later in this report.  Due to the use of 
these channels, the existing berm located on the Reason Farms property and adjacent to 
University Creek near PL10N1, Exhibit 6, will remain in place and not be removed as part of 
the ARSP project. 
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Table 2 – Proposed Drainage Areas 

Drainage 
Area 

Area 
(acres) 

Percent 
Impervious

Impervious 
Area 

(acres) 

Discharge 
Location 

Comments 

PL10K  69.2  46.0 31.8 B Drains from PL10K 

PL10M1A  52.2  7.8 4.1 -- Undeveloped area south of PL10K  

PL10N1  17.3  30.8 5.3 -- 
Developed portion of the area outfalls to 
onsite channel 

PL10N2  106.9  52.1 55.6 -- 
Developed portion of the area outfalls to 
onsite channel 

PL10N3  53.7  2.0 1.1 -- 
Undeveloped area at southern portion of 
development 

PL10Q1  211.3  47.6 100.5 -- Outfalls to onsite channel (West Channel) 

PL10Q2  23.5  37.9 8.9 -- Outfalls to onsite channel (West Channel) 

PL10Q3*  85.7  38.4 33.0 -- 
Outfalls to onsite channel (West and 
Northwest Channels) 

PL10QPP  33.6  25.1 8.3 -- 
Western Portion of Proposed Placer 
Parkway assumed drains to onsite 
channel (West Channel) 

PL10QPP1  21.6  44.3 9.6  Central Portion Proposed Placer Parkway  

ARSP Total 675 -- 258.1   

Combination  506.5  44.7 226.4 O 

Developed areas PL10N1, PL10N2, 
PL10Q1, PL10Q2, PL10Q3, PL10QSB, 
PL10QPP1, and PL10QPP before 
discharging to University Creek 

Combination  681.6  38.6 263.4 E 
ARSP Outfall to University Creek (ARSP 
Total plus PL10QSB) 

Wagner Parcel  20  -- -- --  

PL10QSB  6.6  80 5.3 -- 

Proposed Sunset Boulevard (not part of 
ARSP) improvements, assumed drains to 
onsite channel (West and Northwest 
Channels)  

*Contains a portion of Placer Parkway 

 
   
Discharging seasonal irrigation flows during the spring, summer and fall months into 
environmental resource areas, including into the existing ditch on the adjacent parcel to the 
west is a concern.  The proposed new collection system layout, incorporating collector 
channels, provides flexibility to manage seasonal irrigation flow. The system promotes 
infiltration and evapotranspiration and confines the releases to a single discharge location in 
the creek to avoid overloading other environmental resources.     
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In order to minimize disturbance to the natural portion of University Creek, the proposed on-
site drainage system will collect and release flows from the ARSP project at the Southwest 
corner of the development (Appendix F).  This proposed channel alignment allows the “minor” 
berm to remain in place.  Necessary erosion and sediment control measures associated with 
the connection will be incorporated into future project design plans and submitted to the City 
for review and approval prior to receiving building/grading permits. 
 
It should be noted that in the existing condition, or pre-project condition, various drainage 
sheds within the Amoruso Ranch Specific Plan area drain to the north, west and south as 
shown on Exhibit 4.  Both the County of Placer and the City of Roseville, as well as neighbors 
to the north and west have identified that there are existing drainage concerns and potential 
flooding concerns based on the current pre-development conditions.  As a result, this project 
was requested to look at the feasibility of redirecting flows from the areas of concern 
(specifically Toad Hill Ranches to the north and the Gleason property to the west). 
 
The proposed project redirects existing flows, that drain towards Toad Hill Ranches and the 
Gleason Property, as part of the proposed drainage system and overall grading plan 
(Appendix F).Approximately 360 acres (representing just over 50% of the site), of site 
stormwater will be redirected and conveyed to the south through the ARSP development 
ultimately into University Creek at the southwest corner of the project. 
 
Flows from approximately 300-acres of Amoruso Ranch (sheds PL10Q1 and PL10Q2 in 
Exhibit 4) that currently flow westerly onto the Gleason property would be intercepted by the 
“west channel” (a proposed open drainage channel along the western property boundary of 
the Amoruso Ranch) and directed to the south for discharge into University Creek.  This would 
eliminate Discharge Points F and G (Exhibit 4) that currently discharge to the west on or near 
the Gleason property, resulting in a decrease in stormwater runoff onto the Gleason property. 
 
As a result of these proposed improvements, the existing pre-project flows, that were identified 
as a concern to the neighbors, will be conveyed as part of the overall drainage plan to 
University Creek and ultimately into Pleasant Grove Creek.  As a result, the pre-and post-
project drainage sheds are being altered, to the benefit of the neighboring properties (see 
Tables 1 and 2). 

Overland Release Paths 
City design standards require that consideration be made for the safe conveyance of overland 
flow release of the 100-year storm event assuming a total blockage of the storm drain system. 
The proposed conceptual overland release paths are coincident with the proposed drainage 
system shown on Exhibits 6, 7, 8a and 8b and outlet in the same location as the storm drain 
system.  The final overland release paths will be further refined as the project progresses into 
final design.  Prior to acceptance and issuance of construction documents, the final design for 
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the storm drainage infrastructure and overland conveyance system will be reviewed by the 
City’s Engineering Department to ensure it complies with the City Improvement Standards 
and the ARSP Drainage Master Plan.   

HYDROLOGY ANALYSES 
Site-specific hydrologic modeling was performed for the 2-year, 10-year and 100-year 24-hour 
storm events using HEC-HMS (Version 4.0) following Placer County methodology as outlined 
in the Placer County Stormwater Management Manual (SWMM).  

PRECIPITATION 

2-year, 10-year, and 100-year Storm Events 
Precipitation data for the regional and site models were developed using methodology 
outlined in the SWMM, which requires multiple storm centering scenario analysis.  HEC-1 
models were prepared using PGCDesktop Tools created by Civil Engineering Solutions, Inc. 
(CESI) for the FEMA CTP Revised Model.  The PGCDesktop tools create HEC-1 input files 
using the SWMM methodology, including allowing efficient processing of multiple storm 
scenarios involving multiple recurrence intervals, storm centerings, and storm approach 
angles.  The storm centering that produces the highest runoff rate at a given location is 
selected as the controlling centering for that location.    
 
Hydrology for the City of Roseville uses a storm centering approach that requires analyzing 
multiple storm centerings over various watersheds and four angles of rotation and determining 
which storm centering generates the peak flow at the location of interest. For multiple locations 
of interest, multiple storm centerings may need to be reviewed.  Specific to the ARSP, the 
storm centering that causes peak flows to occur on University Creek is a storm centered on 
watershed PL10H at an angle of rotation of 30°.  This storm centering was provided by the 
City and was used for all hydrologic analyses presented in this report.   

SOILS AND GROUND COVER 
Tabular and spatial soils data showing the SCS hydrologic soil groups were obtained from the 
Natural Resource Conservation Service (NRCS).  Table 3 describes the hydrologic soil 
groups. 
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Table 3 – NRCS SCS Hydrologic Soil Groups 

Hydrologic Soil Group Description 

A 
Soils having a low runoff potential due to high infiltration rates.  These soils consist primarily 
of deep, well-drained sands and gravel.   

B 
Soils having a moderately low runoff potential due to moderate infiltration rates.  These 
soils consist primarily of moderately deep to deep, moderately well-drained to well-drained 
soils with moderately fine to moderately coarse textures. 

C 
Soils having a moderately high runoff potential due to slow infiltration rates.  These soils 
consist primarily of soils in which a layer exists near the surface that impedes the downward 
movement of water, or soils with moderately fine to fine texture.   

D 
Soils having a high runoff potential due to very slow infiltration rates.  These soils consist 
primarily of clays with high water tables, soils with a claypan or clay layer at or near the 
surface, and shallow soils over nearly impervious parent material. 

 
The project site consists entirely of hydrologic soil group D.  Preliminary geotechnical 
exploration verifies that the soils have high runoff potential and low infiltration rates.  Existing 
ground cover is predominantly grasses.  The hydrologic soil groups are summarized in Figure 
4. 
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Figure 4 - Regional Hydrologic Soil Groups (NRCS) 
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INFILTRATION LOSSES 
The initial and constant loss method was used for each of the models for the rainfall to runoff 
transformation.  This method uses an initial value and a uniform (constant) value to define 
infiltration losses.  Input parameters include the initial loss in inches, the constant rate in 
inches per hour and the percent impervious. For undeveloped areas, initial loss was assumed 
to be 0.1 inches and the constant loss was assumed to be 0.07 inches per hour.  These 
assumed losses correspond to “grass, fair” for hydrologic soil group D of Table 5-3 of the 
SWMM.  For the pervious portion of developed areas such as proposed residential and 
commercial areas, the constant loss was assumed to be 0.12 inches per hour, which 
corresponds to “residential or commercial landscaping” for hydrologic soil group D of the 
previously referenced table.  Percent impervious values were determined based on land use 
(Appendix B).   
 

LAND USE 

Existing 
For existing conditions, the land use was defined as “Open Space” which corresponds to 2% 
impervious area for roads and other compacted areas.  Also, a 4.5 acre residential area north 
of Sunset Boulevard drains south onto the project site. 

Proposed 
Impervious area was defined based on the proposed land use (Appendix B).  The proposed 
land use is summarized in Figure 3 and as part of Exhibits 7 and 8a.  Based on the site plan, 
it is estimated that the ARSP project will add approximately 220-acres of impervious area 
(Table 2) to the existing 14-acres of impervious area (Table 1) over the approximate 675-acre 
drainage study area, not including the area reserved for Placer Parkway or Sunset Boulevard.  
Placer Parkway and Sunset Boulevard are expected to contribute an additional 44 impervious 
acres.  The addition of LID features, as discussed elsewhere in this document, could decrease 
the directly connected impervious area with features such as pervious pavement, vegetated 
swales, bio-retention areas and disconnected roof drains.   
 

WATERSHED DELINEATION 
The ARSP area is located within the Pleasant Grove Creek watershed (Exhibit 1).  Natural 
watershed boundaries have been modified by development within the watershed, including 
roadways and agricultural operations. The pre-project watershed boundaries were delineated 
based on existing drainage areas in the watershed.  The pre-project watersheds are 
summarized in Exhibit 4.   
 
The post-project watershed boundaries were adjusted to conform to the proposed on-site 
drainage patterns associated with the developed areas (Exhibits 6 and 7).   
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PRE-PROJECT CONDITIONS HYDROLOGIC MODELING 
A Pre-Project HEC-HMS (Version 4.0) model was prepared using the existing drainage areas 
presented in Table 1 and shown in Exhibit 4.  The model used the existing conditions 
boundaries as shown in Exhibit 4 to allow comparison of discharges at the existing and 
proposed discharge locations.  The basis for the Pre-Project model was the FEMA CTP 
Revised Model provided by the City of Roseville, May 2015 and includes the Creekview 
Development (Civil Engineering Solutions, 2010).  The parameters for all models are 
summarized in Appendix B.  The ARSP Pre-Project model includes the Placer Parkway 
corridor alignment in its current state, undeveloped.   
 
Peak flow results for each discharge point (Exhibit 4) from the Pre-Project modeling are shown 
in Table 4.  Table 4 presents peak runoff rates with Placer Parkway undeveloped (in the state 
it exists at the time of this report).   
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Table 4 – Pre-Project Peak Flow and Runoff Volume Results 

Discharge 
Point  

HMS Model 
Location Description 

Peak Flow (cfs) 
[24-hr Runoff Volume, ac-ft] 

2-year 
24-hour 

10-year 
 24-hour 

100-year 
24-hour 

A YPL10J 
Flow in University Creek upstream 

of ARSP 
110 
[72] 

391 
[228] 

847 
[448] 

B YPL10K 
Flow in University Creek 

Downstream of PL10K, PL10K1, 
and PL10K2 

112 
[73] 

399 
[235] 

866 
[466] 

C PL10K1 Flow out of PL10K1 
1.2 

[0.8] 
5.8 

[2.6] 
14 

[5.3] 

D PL10K2 Flow out of PL10K2 
0.4 

[0.3] 
2.8 

[0.9] 
4.9 

[1.8] 

E YPL10N 
Flow in University Creek exiting 

ARSP 
127 
[73] 

446 
[281] 

970 
[589] 

F PL10Q2 Flow out of PL10Q2 
2.2 

[1.4] 
7.8 

[3.7] 
22 

[8.1] 

G PL10Q1 Flow out of PL10Q1 
12 

[7.7] 
43 

[21] 
120 
[46] 

H PL11D1 Flow out of PL11D1 
0.5 

[0.3] 
1.7 

[0.8] 
4.8 

[1.9] 

I PL11C1 Flow out of PL11C1 
0.7 

[0.4] 
2.3 

[1.1] 
6.5 

[2.4] 

J PL11B1 Flow out of PL11B1 
1.6 

[1.0] 
6.7 

[2.9] 
17 

[6.1] 

K YPL10O 
Flow in University Creek upstream 
of confluence with Pleasant Grove 

Creek 

127 
[63] 

447 
[262] 

972 
[574] 

L YPLTE1 
Flow in Pleasant Grove Creek 
upstream of confluence with 

University Creek 

1017 
[794] 

2020 
[1542] 

4336 
[3050] 

M YPL10E 
Flow in Pleasant Grove Creek 
downstream of confluence with 

University Creek 

1115 
[857] 

2440 
[1805] 

5279 
[3624] 

N YPL12 
Flow in Pleasant Grove Creek at Al 

Johnson Wildlife Area 
1192 
[722] 

2663 
[1731] 

5747 
[3802] 
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PROPOSED CONDITIONS HYDROLOGIC MODELING 

Proposed Conditions (Post-Project without Onsite Storage) 
The 100-year, 24-hour Proposed Conditions hydrologic model (also referred to as the Post-
Project without Onsite Storage model) includes Placer Parkway if it were developed, Sunset 
Boulevard if it were developed, and the Creekview Planned Development (Civil Engineering 
Solutions, 2010).  The basis for all the Post-Project models is the FEMA CTP Revised Model 
provided by the City of Roseville.  The 100-year, 24-hour Post-Project without Onsite 
Storage model was prepared using the drainage areas shown in Table 2 and Exhibit 6.  
Impervious area was defined based on the land use; these parameters are summarized in 
Appendix B.  The 100-year, 24-hour Post-Project without Onsite Storage flows for discharge 
points common to the Pre-Project model (Exhibit 6) are summarized in Table 5.  Also included 
in Table 5 are the net changes in peak flows between the Post-Project without Onsite Storage 
and Pre-Project models. 
 
The peak flows exiting the site under Post-Project without Onsite Storage conditions exceed 
the Pre-Project peak flows for the 2-year and 10-year events.  Peak flows in Pleasant Grove 
Creek downstream of the confluence do not increase under Post-Project without Onsite 
Storage 100-year, 24-hour conditions.  However, flow volumes exiting the watershed increase 
under Post-Project without Onsite Storage conditions.  (see Section below titled Volumetric 
Impacts).   
 
A Post-Project with Onsite Storage model was developed for the 100-year, 24-hour event to 
evaluate impacts of onsite storage.  Three one-acre detention basins were added to the Post-
Project without Onsite Storage model to create the Post-Project with Onsite Storage model.  
The detention basins were added downstream of shed PL10K and junctions YPL10Q3 and 
YPL10N1.  The results are summarized in Table 5 and Table 6.  Although onsite storage 
reduces flow volume (numbers not presented here), onsite storage causes higher peak flows 
than those under the Post-Project without Onsite Storage condition.  This is due to peak flow 
timing.  As seen in Table 7, the flows due to the proposed development, including those 
associated with the Creekview Development, peak before the flows on University Creek and 
Pleasant Grove Creek.  Detaining the peak flows with onsite storage brings them closer in 
timing to those associated with University Creek and Pleasant Grove Creek.   
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Table 5 – Comparison of peak Post-Project without Onsite Storage flows, to pre-
project peak flows  

Discharge 
Point 

HMS 
Model 

Location Description 

Peak Flow (cfs) 
[Net Flow Difference] 

2-year, 24-
hour  

10-year, 24-
hour  

100-year, 
24-hour 
without 
Onsite 

Storage 

100-year, 
24-hour 

with Onsite 
Storage 

A  YPL10J 
Flow in University 
Creek upstream of 

ARSP 

110  

[0] 

391 

[0] 

847 

[0] 

847 

[0] 

B  YPL10K 
Flow in University 

Creek Downstream of 
PL10K 

111  

[‐1]   

393 

[‐6]   

851 

[‐15] 

860 

[‐6] 

E  YPL10N 
Flow in University 

Creek exiting ARSP 

133 

[+6]   

452  

[+6]   

970 

[0] 

990 

[+20] 

K  YPL10O 

Flow in University 
Creek upstream of 

confluence with 
Pleasant Grove Creek 

134  

[+7]   

453 

[+7]   

972 

[0] 

992 

[+20] 

L  YPLTE1 

Flow in Pleasant 
Grove Creek upstream 

of confluence with 
University Creek 

1017  

[0] 

2020  

[0] 

4336 

[0] 

4336 

[0] 

M  YPL10E 

Flow in Pleasant 
Grove Creek 

downstream of 
confluence with 
University Creek 

1123 

[+8]   

2442  

[+2]   

5276 

[‐3] 

5294 

[+15] 

N  YPL12 
Flow in Pleasant 

Grove Creek at Al 
Johnson Wildlife Area 

1194  

[+2]   

2647  

[‐16]   

5704 

[‐43] 

5715 

[‐32] 

O VPL10N1 
Flow from ARSP on-
site Channels (Pre-

Project PL10N) 

58 

[+50] 

151 

[+119] 

394 

[+310] 

359 

[+275] 
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Table 6 –Post-Project without Onsite Storage 24-hour Runoff Volume  

Discharge 
Point 

HMS 
Model 

Location Description 

Runoff Volume (ac-ft) 

2-year, 24-
hour  

10-year, 24-
hour  

100-year, 
24-hour 
without 
Onsite 

Storage 

100-year, 
24-hour 

with Onsite 
Storage 

A  YPL10J 
Flow in University 
Creek upstream of 

ARSP 
72  228  448  448 

B  YPL10K 
Flow in University 

Creek Downstream of 
PL10K 

75  235  462  460 

E  YPL10N 
Flow in University 

Creek exiting ARSP 
108  332  671  656 

K  YPL10O 

Flow in University 
Creek upstream of 

confluence with 
Pleasant Grove Creek 

95  313  655  640 

L  YPLTE1 

Flow in Pleasant 
Grove Creek upstream 

of confluence with 
University Creek 

794  1542  3050  3050 

M  YPL10E 

Flow in Pleasant 
Grove Creek 

downstream of 
confluence with 
University Creek 

889  1855  3705  3689 

N  YPL12 
Flow in Pleasant 

Grove Creek at Al 
Johnson Wildlife Area 

743  1752  3819  3800 

O VPL10N1 
Flow from ARSP on-

site Channels 
34  60  105  92 
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Table 7 – Pre-Project versus Post-Project without Onsite Storage 100-year, 24-hour 

Peak Flow Timing of Hydrologic Analysis 

HMS Model 
Location 

Description 

Peak Flow Timing 
(hh:mm) 

Pre-Project 

Post-Project 
without 
Onsite 

Storage 

YPL10J  Flow in University Creek upstream of ARSP 16:50  16:50 

PL10K Flow into University Creek from PL10K 14:05  12:35 

PL10L Flow into University Creek from PL10L 13:50  13:50 

YPLM1H 
Flow into University Creek from PL10M Sheds 

(Includes Creekview Development) 
12:40  12:40 

VPL10M Flow in University Creek just upstream of ARSP 18:25  18:25 

Pre: PL10N 
Post: VPL10N1 

Flow in University Creek from ARSP Area 
(Post-Project Includes ARSP Development Sheds) 

14:20  12:50 

YPL10N 
Flow in University Creek exiting ARSP 

(Includes Creekview  Development and ARSP) 
18:20  18:25 

YPL10O 
Flow in University Creek upstream of confluence with 

Pleasant Grove Creek 
19:05  19:05 

YPLTE1 
Flow in Pleasant Grove Creek upstream of confluence 

with University Creek 
18:20 18:20 

YPL10E 
Flow in Pleasant Grove Creek downstream of 

confluence with University Creek 
18:30  18:35 

YPL12 
Flow in Pleasant Grove Creek at Al Johnson Wildlife 

Area 
19:45  19:45 

 

Post-Project without Onsite Storage, Sheds PL11B1 and PL11C1 Flowing North 
Under Pre-Project conditions, drainage areas PL11B1 and PL11C1 (Exhibit 4), flow to the 
north.  The Post-Project without Onsite Storage model was revised to maintain these flow 
directions.  A new exhibit was not generated to reflect this.  In this scenario, PL11B1, 13.1 
acres, is in the northeast corner of the project site and PL11C1, 5.1 acres, is in the northwest 
corner of the project site.  The flows for the common discharge points for the 100-year, 24-
hour event are summarized in Table 8 along with the net change from Pre-Project conditions.  
The peak flows are slightly less than those from the Post-Project without Onsite Storage 
model. 
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Table 8 – Post-Project without Onsite Storage, with PL11C1 and PL11B1 Flowing 
North, Peak Flow Results 

Discharge 
Point 

HMS Model 
Location Description 

Peak Flow (cfs) 
[Net Change from Pre-Project] 

100-year 
24-hour 

A  YPL10J 
Flow in University Creek upstream 

of ARSP 

847 

[0] 

B  YPL10K 
Flow in University Creek 

Downstream of PL10K, PL10K1, 
and PL10K2 

851 

[‐15] 

E  YPL10N 
Flow in University Creek exiting 

ARSP 

968 

[‐2] 

I  PL11C1 Flow out of PL11C1 
6.5 

[0] 

J  PL11B1  Flow out of PL11B1 
17 

[0] 

K  YPL10O 
Flow in University Creek upstream 
of confluence with Pleasant Grove 

Creek 

970 

[‐2] 

L  YPLTE1 
Flow in Pleasant Grove Creek 
upstream of confluence with 

University Creek 

4336 

[0] 

M  YPL10E 
Flow in Pleasant Grove Creek 
downstream of confluence with 

University Creek 

5273 

[‐6] 

N  YPL12 
Flow in Pleasant Grove Creek at Al 

Johnson Wildlife Area 

5703 

[‐44] 

 

Future-Fully Developed without Onsite Storage and with ARSP Model 
A Future-Fully Developed without Onsite Storage and with ARSP model was developed by 
taking the Future-Fully Developed model provided by the City of Roseville in May 2015 and 
adding the ARSP development.  The Future-Fully Developed model provided by the City, 
which is used here as a basis for the Future-Fully Developed without Onsite Storage and with 
ARSP model, includes the Creekview, Placer Ranch, and West Roseville Plans as 
incorporated by the City.  The flows for the common discharge points are summarized in Table 
9.   
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Table 9 – Future-Fully Developed without Onsite Storage and with ARSP 100-year, 24-
hour Peak Flow Results 

Discharge 
Point 

HMS 
Model 

Location Description Peak Flow (cfs) 

A  YPL10J  Flow in University Creek upstream of ARSP 844 

B  YPL10K Flow in University Creek Downstream of PL10K 848 

E  YPL10N Flow in University Creek exiting ARSP 929 

K  YPL10O 
Flow in University Creek upstream of confluence with 

Pleasant Grove Creek 
931 

L  YPLTE1 
Flow in Pleasant Grove Creek upstream of confluence 

with University Creek 
4513 

M  YPL10E 
Flow in Pleasant Grove Creek downstream of 

confluence with University Creek 
5332 

 

 

PEAK FLOW RESPONSE 
 
In Figure 5 through Figure 9 the peak flow responses (flood frequency curves) have been 
plotted for the Pre-Project, Post-Project without Onsite Storage, and the Post-Project with 
Onsite Storage Conditions for the following points:  University Creek upstream of Westbrook 
Crossing, University Creek exiting ARSP, University Creek upstream of Pleasant Grove 
Creek, Pleasant Grove Creek downstream of University Creek, and Pleasant Grove Creek at 
Al Johnson Wildlife Area.  The response for the following events is provided in the graphs:  2-
year, 10-year, 25-year, 50-year, 100-year, and 200-year.  The graphs demonstrate that peak 
flow increases under Post-Project without Onsite Storage conditions will not occur for the full 
range of events.  Adding onsite storage increases peak flows in University Creek over the 
range of events. 
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Figure 5 – Peak flowrate comparisons in University Creek upstream of Westbrook 
Crossing (Discharge Point B) 
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Figure 6 – Peak flowrate comparisons in University Creek exiting ARSP (Discharge 
Point E) 
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Figure 7 – Peak flowrate comparisons in University Creek upstream of Pleasant Grove 
Creek (Discharge Point K) 
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Figure 8 – Peak flowrate comparisons in Pleasant Grove Creek downstream of 
University Creek (Discharge Point M) 
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Figure 9 – Peak flowrate comparisons in Pleasant Grove Creek at Al Johnson Wildlife 
Area (Discharge Point N) 
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The peak flows from the Pre-Project, Post-Project without Onsite Storage, Post-Project with 
Onsite Storage, Post-Project without Onsite Storage with PL11B1 and PL11C1 Flowing North, 
and the Future-Fully Developed without Onsite Storage and with ARSP models are 
summarized in Table 4 through Table 9.  All models are provided on disc.  A discussion of 
the flow impacts on University Creek and Pleasant Grove Creek are provided below and in 
the Hydraulic Analysis Section.   

100-year Flow Interactions with Pleasant Grove Creek and University Creek, without 
Onsite Storage Flow Analysis 
The southern portion of the project site drains to University Creek, in the existing condition 
(Exhibit 4).  The peak discharges in University Creek are largely controlled by runoff from 
about four square-miles of upstream area that are for the most part, currently undeveloped.  
Much of this upstream area is expected to be developed as part of the Sunset Industrial area, 
Placer Ranch and West Roseville Specific Plan areas.  Immediately downstream from the 
project area University Creek has been modified as a result of past farming activities and 
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Pleasant Grove Creek.  Under existing conditions, this ditch, which is downstream of ARSP, 
often overtops. 
 
Under the ARSP proposed conditions, the majority of on-site drainage will be collected in on-
site channels that merge and outlet to University Creek at Discharge Point O as shown on  
Exhibit 6.    The outlet is located within the ARSP project area and discharges into the existing 
University Creek which drains through the Al Johnson Wildlife Area.  The on-site channel 
outlet will be designed to minimize erosion and provide stormwater management.  The final 
design will be evaluated prior to construction plan approval.  These channels are further 
discussed in the Hydraulic Analyses section.  
 
To better understand the interactions of 100-year peak flows from the proposed ARSP project 
in Pleasant Grove Creek, hydrology models for Pre-Project and Post-Project conditions were 
generated.   
 
The 100-year peak flows generated from the Post-Project without Onsite Storage condition 
are less than the Pre-Project flows that naturally occur within University Creek.  Hydrographs 
in Pleasant Grove Creek downstream of University Creek are plotted in Figure 10.  As 
illustrated in Figure 10, there is little difference between the Pre-Project and Post-Project 
without Onsite Storage conditions in Pleasant Grove Creek downstream of University Creek.   
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When reviewing peak flow timing, the results indicate that the 100-year storm runoff from the 
ARSP project (Table 7) occurs hours before both University Creek and Pleasant Grove Creek 
peak.  The peak from ARSP occurs at 12:50 while the peak in University Creek just upstream 
of ARSP occurs at 18:25 and the peak in Pleasant Grove Creek just upstream of the 
confluence with University Creek occurs at 18:20 (5.5 hours later).  There is an approximate 
5.5-hour delay between the 100-year peak of the Amoruso Ranch flows and both the 
University Creek and Pleasant Grove Creek flows for these conditions.   
 
Delaying ARSP flows using onsite detention causes an INCREASE in the 100-year peak flows 
in University Creek where it exits ARSP, in Pleasant Grove Creek downstream of the 
confluence with University Creek, and downstream of the Al Johnson Wildlife Area (Table 5).   
 
Since the 100-year peak flow in both University Creek and Pleasant Grove Creek lags the 
100-year peak from the ARSP site on the order of hours, there is no increase in the 100-year 
peak flow existing ARSP under the proposed conditions (Proposed Project without Onsite 
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Figure 10 – Pleasant Grove Creek (PGC) HEC-HMS Hydrographs for the 100-year Event 
(UC = University Creek). 
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Storage), therefore onsite storage is not required to mitigate 100-year peak flow increases.  
Based on this analysis, onsite storage is not necessary to mitigate 100-year peak flow 
increases and is not proposed as a part of the ARSP project.  The Post-Project without 
Onsite Storage condition is recommended as the Proposed Project. 

Peak Flow Response 
As discussed above, Figure 5 through Figure 9 illustrate that the Post-Project without Onsite 
Storage peak flows for the range of events studied, are at, or below those that would be 
expected under Pre-Project conditions.  The peak flows for the Post-Project with Onsite 
Storage are above those that would be expected under Pre-Project conditions.  The Post-
Project without Onsite Storage condition is recommended as the Proposed Project. 

VOLUMETRIC IMPACTS 
The Amoruso Ranch Specific Plan area drains via University Creek.  Runoff from the property 
ultimately passes through Pleasant Grove Creek and through the Natomas Cross Canal 
before entering the Sacramento River.  The Cross Canal Watershed Study prepared by 
CH2MHILL (1992-1994) identified that development within these watersheds could 
exacerbate existing flooding issues in Sutter County by increasing runoff volumes.   
 
Increased urban/suburban development results in additional impervious surfaces created by 
the construction of roads, parking lots, structures, and hardscape elements.  With 
conventional development, stormwater runoff from impervious surfaces is collected through a 
storm drain system and conveyed to a drainage channel or creek outfall.  The ultimate 
stormwater discharge rates from a watershed are based on several factors including the 
length of the drainage elements, slope of the topography, the intensity of the rainfall event, 
and the runoff coefficient associated with the roughness of the watershed surfaces.  These 
factors affect the time of concentration and the characteristics associated with the discharge 
from the site. 
 
To mitigate downstream volumetric impact of local development within the City of Roseville, 
the City has planned a regional solution to address the volumetric stormwater impacts.  To 
fund these improvements, the City has implemented a drainage fee to collect funds that will 
be utilized to develop a regional stormwater retention facility currently planned at the City 
owned Reason Farms site, also known as the Al Johnson Wildlife Area. 
 
The Pleasant Grove Watershed Mitigation Fee has established the parameters shown in 
Table 10 for development in Type D Soils. The total computed impact for the ARSP proposed 
project is 75.3 acre-feet of storage volume for the 8-day, 100-year event.  This impact will be 
mitigated at the City of Roseville’s proposed retention facility once it is constructed.  
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Table 10 – Volumetric Impact Rates in Type D Soils 

Land Use 
Land Use 

Abbreviation
% 

Impervious

Soil 
Impact 
Rate 

Land Use 
Area 

Volumetric 
Storage 

Requirement

Low Density Residential LDR 40 0.072 248.77 17.91 

Medium Density Residential MDR 50 0.126 50.27 6.33 

High Density Residential HDR 60 0.206 38.13 7.85 

Commercial CC 70 0.233 51.12 11.91 

Parks and Recreation P / R 5 -0.115 22.14 -2.55 

Public / Quasi Public P / QP 50 0.126 17.28 2.18 

Roadways ROW 85 0.313 101.20 31.68 

Urban Reserve UR 2 0 20.00 0 

Open Space OS 2 0 145.53 0 

Total 75.31 

 

HYDRAULIC ANALYSES 
Hydraulic modeling of University Creek through the ARSP area was completed using both a 
steady-state and unsteady-state HEC-RAS model, Version 4.1.0, for both the University 
Creek and Pleasant Grove Creek Watersheds.  The steady-state model was used to develop 
the 100-year Pre-Project, Post-Project without Onsite Storage, and Future-Fully developed 
without Onsite Storage and with ARSP, on-site and off-site floodplains.  The unsteady-state 
model was used to evaluate peak flow timing and potential erosion impacts downstream of 
ARSP. 
 
Manning’s ‘n’ values in University Creek were 0.06 for the overbanks and 0.08 for the main 
channel.   
 
The steady-state and unsteady state HEC-RAS models which extend downstream to the Al 
Johnson Wildlife Area,  were used to evaluate project impacts in University Creek and 
Pleasant Grove Creek downstream of the ARSP area.  The proposed Westbrook Crossing is 
included in the models to account for Post-Project conditions.  Peak flows and hydrographs 
from the Pre-Project and Post-Project without Onsite Storage hydrology models were used as 
input.   
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100-YEAR PRE-PROJECT, POST-PROJECT WITHOUT ONSITE 
STORAGE, AND FUTURE-FULLY DEVELOPED WITHOUT ONSITE 
STORAGE AND WITH ARSP ON-SITE AND OFF-SITE FLOODPLAINS 
Kimley-Horn created a Pre-Project, on-site, 100-year floodplain delineation using detailed site 
topography and the University Creek Model.  This model was completed using more exact 
methods than those used by FEMA and represents a more precise representation of flood 
risk.   
 
The Pre-Project, Post-Project without Onsite Storage, and Future Fully Developed without 
Onsite Storage and with ARSP peak flows determined as part of the hydrologic analyses for 
the 100-year, 24-hour event were input into the steady-state University Creek HEC-RAS 
Model to create the on-site Pre-Project, Post-Project without Onsite Storage, and Future Fully 
Developed without Onsite Storage and with ARSP floodplains (Exhibits 9 through 12).   
 
Pre-Project and Post-Project without Onsite Storage off-site floodplains, Exhibits 13 through 
15, were developed using the steady-state HEC-RAS and peak flows from the hydrologic 
analyses for the 100-year, 24-hour event. 
 
These floodplain maps were developed using HEC-geoRAS.  To determine the floodplain 
areas, a triangulated irregular network (TIN) was created from the on-site topography 
(developed from LiDAR flown in 2011) and geoRAS was used to create a TIN based on the 
water surface elevations at each HEC-RAS cross-section.  The two TINs were then converted 
to 2-foot grids and the difference between the TINs was used to estimate the area of 
inundation. 
 
There is no rise in the 100-year water surface elevation, based on peak flow rates from the 
Post-Project without Onsite Storage condition downstream of Westbrook Crossing in 
University Creek to the confluence of Pleasant Grove Creek and in Pleasant Grove Creek 
downstream to the Al Johnson Wildlife Area (Exhibits 11 and 15, Appendix C).  Thus, 
flooding from the 100-year, 24-hour storm into the Al Johnson Wildlife Area would not 
occur as a result of the ARSP project and water surface elevations in the Al Johnson 
Wildlife Area would not be increased as a result of the ARSP project. Therefore, no 
onsite mitigation is needed. 
 
There is a rise in the 100-year water surface elevation upstream of this crossing, but it is 
contained within the open space area that is a part of the ARSP area.  This increase in the 
water surface elevation would have no impact downstream of the proposed Westbrook 
Crossing.   
 
The proposed ARSP project area lies outside the Future-Fully Developed without Onsite 
Storage floodplain, Exhibit 12.  
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PROPOSED WESTBROOK CROSSING AT UNIVERSITY CREEK 
The steady-state HEC-RAS model was used as a tool for the preliminary evaluation of the 
proposed crossing over University Creek near the southern boundary with the Creekview 
Specific Plan. 
 
A 9’ high by 70’ wide arch culvert passes the 100-year flow at water surface elevation of about 
86.0 feet (NAVD 88) and 150% of the 100-year flow at an elevation of 86.1 feet (NAVD 88).  
City design standards require the minimum freeboard to the lowest travel lane should be 1-
foot above the water surface elevation generated by the 150% of the 100-year flow.  Thus, 
the lowest travel lane could be at an elevation of 87.1 feet (NAVD 88); final elevations will be 
determined as part of final design.  Compared to pre-project conditions, the crossing increases 
the water surface elevation upstream to the east project boundary.  Upstream from the east 
project boundary, there is no impact on the upstream water surface elevation.  Other 
configurations of road elevations and culverts, including multiple smaller culverts, are possible 
and will be evaluated as part of final design. 

EVALUATION OF DOWNSTREAM IMPACTS IN PLEASANT GROVE 
CREEK AND AL JOHNSON WILDLIFE AREA 
The unsteady HEC-RAS model was run utilizing the Pre-Project and Post-Project without 
Onsite Storage 100-year hydrographs determined as part of the hydrologic analyses 
discussed previously.  The purpose of this analysis is to evaluate impacts of the project on 
Pleasant Grove Creek. 
 
The unsteady HEC-RAS model predicts little difference between the Pre-Project and Post-
Project without Onsite Storage peak flows in Pleasant Grove Creek (Figure 11).   
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Figure 11 – 100-year Flows in Pleasant Grove Creek (PGC) downstream of University 
Creek (UC) and at the Al Johnson Wildlife Area (results are based on the Unsteady HEC-
RAS model). 

ON-SITE STORM DRAIN SYSTEM 
The preliminary design and sizing of the onsite drainage system (Exhibit 7), including the 
collector channels, was analyzed using CS Drainage Studio software developed by Civil 
Engineering Solutions.  The built in option of the software was used to estimate the runoff 
using the City of Roseville jurisdictional files.  These files are set up to generate the 10-, 25-, 
and 100-year runoff from the proposed land use in accordance with City of Roseville 
standards.  The results of the model runs are located in Appendix D.  The models are included 
on disc. 
 
This preliminary storm drainage system has been developed to meet the needs of the ARSP 
and the requirements of the City of Roseville.   
 
The stormwater design requirements as set forth by the City of Roseville include: 
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 Residential lots adjacent to the City’s Regulatory Floodplain shall have pad 
elevations a minimum of two feet above the 100-year unmitigated build-out 
floodplain. 

 All drainage must enter and leave the improved area at its original horizontal and 
vertical alignment unless an agreement, approved by the City Attorney, has been 
executed with the affected property owners. 

 Calculate 10, 25, and 100-year peak discharge and submit calculations with the 
plans for proposed drainage systems. 

 Hydraulic grade line for the 10-year discharge shall be a minimum of one foot 
below all grates, manhole covers and all other drainage structures in the system. 

 Cross culverts shall be designed for a 25-year storm event with no head on the 
inlets.  They shall also be sized such that no serious damage will be incurred due 
to ponding as a result of a 100-year event.  A flood easement shall be provided for 
all areas impacted due to upstream ponding in the 100-year event.  Culverts across 
arterials shall be sized for the 100-year storm with a minimum of one foot of 
freeboard below the lowest travel lane. Minimum diameter of cross culverts shall 
be 18 inches.  To account for debris collection, a clogging factor of 150% shall be 
applied to all storm frequencies in the design of bridges or culverts that cross a 
channel or stream with a drainage area that exceeds 300 acres. 

 Onsite peak flow mitigation to reduce post-project 100-year peak flows to pre-
project levels. 

 
This storm drainage system, as shown in Exhibit 7, has been analyzed to account for the 10-
year, 25-year and 100-year storms by the CS-DRAINAGE STUDIO software program. 
 
Per City of Roseville standards, the pipes have been sized for one foot of freeboard below 
manhole and drain inlet rim elevations in the 10-year event.  Storm drain pipes have also been 
sized to convey the 100-year flow downstream of arterial road crossings.  The final overland 
release paths will be identified as the project progresses into final design. 
 
A preliminary mass grading plan was developed and analyzed with the development of the 
storm drain system as it was used to establish manhole rim elevations, open channel flows 
and satisfy minimum pipe cover requirements.  The storm drain system generally follows the 
northeast to southwest grading scheme and discharges at several locations along the 
southern and western portions of the project (see Exhibits 7, 8a and 8b).  In the southeast 
corner, the proposed system discharges from a traditional outfall and headwall through a 
traditional swale and into University Creek.  All of the other proposed system discharge 
locations outlet into the proposed natural open channel system that ultimately discharges into 
University Creek.  The plan also provides for continuous overland release for events larger 
than the capacity of the underground pipe system. 
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It should be noted that an update to this drainage plan, a final Master Drainage Plan, will 
be required as the project progresses into final design.  This plan will need to be included 
as part of the final design documents that will be submitted to and reviewed by the City.  A 
detailed analysis of the proposed permanent and construction activities Best Management 
Practices shall be included in this updated plan or as a separate water quality BMP plan. 

Onsite Channel Freeboard Analysis 
The preliminary design and sizing of the onsite drainage system, including the collector 
channels, were analyzed using the CS Drainage Studio software developed by Civil 
Engineering Solutions.   
 
To evaluate the available freeboard within the on-site channels (Exhibits 7, 8a, and 8b), which 
were sized using the CS Drainage Studio software, the on-site channels were modeled using 
HEC-RAS with the Post-Project without Onsite Storage hydrology 100-year, 24-hour peak 
flow as input.  The results are summarized in Table 11 and Appendix C.  The onsite channels 
have greater than 1-foot of freeboard under 100-year, 24-hour Post-Project without Onsite 
Storage peak flow conditions.      
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Table 11 – Freeboard Summary for Onsite Channels 

Onsite 
Channel 

HEC-RAS 
Reach 

Station 
(ft) 

Maximum 
Channel 
Elevation 

(ft) 

Water 
Surface 

Elevation 
(ft) 

Freeboard 
(ft) 

Flow 
(cfs) 

Appendi
x F 

Cross-
Section 

Northwest Northwest_1_2_3 4038.73 85.34 82.9 2.44 109.8 
Appendix 
F Section 

B 

Northwest Northwest_1_2_3 3519.31 84.82 82.58 2.24 109.8 
Appendix 
F Section 

C 

Northwest Northwest_1_2_3 2726.68 84.02 82.25 1.77 109.8 
Appendix 
F Section 

D 

Northwest Northwest_1_2_3 1834.34 83.14 82.06 1.08 109.8 
Appendix 
F Section 

D 

Northwest Northwest_4 942 82.74 81.40 1.34 341.4 
Appendix 
F Section 

E 

Northwest Northwest_4 675 82.5 81.12 1.38 341.4 
Appendix 
F Section 

E 

Northwest Northwest_5 421.21 82.22 80.9 1.32 394.7 
Appendix 
F Section 

F 
Northwest 
Outfall to 

University Creek 
Northwest_5 100 81.73 80.58 1.15 394.7 

Appendix 
F Section 

F 

West West 1223.7 83.87 82.69 1.18 328.9 
Appendix 
F Section 

G 

West Outfall West 550 83.19 82.08 1.11 303 
Appendix 
F Section 

G 

East East_2_3 2224.27 84.34 82.04 2.3 169.5 
Appendix 
F Section 

H 

East East_2_3 1600 83.72 81.58 2.14 169.5 
Appendix 
F Section 

H 

East East_2_3 1042 83.16 81.24 1.92 169.5 
Appendix 
F Section 

H 
East Outfall to 

Northwest 
Channel 

East_2_3 
513484.

85 
82.6 81.09 1.51 115.7 

Appendix 
F Section 

H 
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Drainage Channel Maintenance and Access 
The proposed drainage channel system is composed of a series of three channels that will 
have a point of confluence at the southwesterly corner of the development area (see Exhibit 
7 and Appendix F).  The channels are proposed to be primarily natural channels with 
provisions for allowing access and maintenance of the channels.  An option could be to 
incorporate armor flex pans or other design features for the bottom of the channels that will 
facilitate ease of maintenance.  The exact features will be determined as part of final design. 
The channels will be trapezoidal in shape and will be constructed in a “cut” grading 
configuration, that is, construction of the channels will be at or below the existing grades and 
they will not require construction of above grade levees.  The top width of the channels will 
vary depending on the site topography and the required bottom width of the channel.  The top 
width for the channels is estimated to range between 42- and 72-feet.  The westerly channel, 
which will also provide a buffer between the Gleason’s property and the Amoruso Ranch 
development, provides a top channel width of approximately 42-64 feet (See Appendix F). 
 
Where the channels converge at the southwesterly corner of development they will connect 
into the existing University Creek, as shown on Exhibit 7 and Appendix F.  At this point, 
University Creek is a man-made ditch and does not follow the historical alignment of the 
University Creek.  University Creek was altered, within what is today the AJWA, due to the 
farming operations that have occurred on the property.  The creek is a naturally flowing creek 
up to this point as it flows from the south and into the Amoruso Ranch Development area.  As 
University Creek flows through the Amoruso Ranch Area and then to the west, it makes a 
transition into the excavated ditch on its way towards connection with Pleasant Grove Creek.  
Just after this transition occurs is where the proposed Amoruso Ranch channels have been 
designed to discharge into University Creek, as shown on Exhibit 7 and Appendix F.  The 
grading for the transition between the Amoruso channel system and University Creek is 
depicted in Appendix F. 
 
The drainage channel design will be developed to minimize future maintenance and ensure 
proper flow of stormwater within the constructed storm drain channels.  This includes access 
along the channels and ramp access into the channels for maintenance.  
 
Routine maintenance and removal of accumulated sediment and over-grown vegetation that 
could impede stormwater flow will be accomplished with the use of both mechanical and hand 
operations and will optimize stormwater conveyance, in accordance with the deign 
parameters.  As noted in the discussions of the channel system, the design is utilizing a 
conservative Manning’s “n” Value of 0.085 for the side slopes, which accounts for a natural 
and vegetated condition.  It is not the intent of the design to have perfectly “manicured” 
channels; thereby reducing the maintenance requirements for proper operation. 
 
The frequency of maintenance would be based upon several factors including, but not limited 
to, routine inspections, risk management, and/or maintenance history. Inspections of the 
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channel system are recommended on a quarterly-basis with one of the inspections occurring 
just prior to the initiation of the rainy season. Maintenance frequencies are expected to 
typically occur at two- to three-year intervals.  

Maintenance Methodologies and Techniques 
The maintenance methodologies and techniques will be limited to the amount of vegetation 
and sediment removal required to allow the system to effectively convey stormwater in 
accordance with the design parameters.  Keep in mind that the design has been developed 
based on well vegetated conditions, reducing the maintenance requirements. The 
maintenance methodology will ultimately be guided by the results of individual assessments 
of the channel performance over time. 
 
In most cases, maintenance techniques are expected to utilize mechanized equipment, as 
described below, to reduce cost and the duration of activities conducted within a channel. 
However, in some cases, vegetation removal requirements may allow crews to carry and use 
hand tools to conduct maintenance activities.  An integrated approach to maintenance will 
balance the methodology recommended to effectively convey stormwater runoff (e.g. 
vegetation removal only) with the prescribed technique (e.g. use of hand tools) to minimize 
impacts and budget. 

Equipment and Maintenance Types  

Heavy Equipment – Mechanical Maintenance 
The types of heavy mechanical, earth-moving equipment commonly anticipated to be used in 
the course of maintenance will include, but is not limited to, skid-steers or Bobcats and dump 
trucks. The drainage channel system has been designed based on a minimum six-foot bottom 
width to facilitate access by small maintenance equipment.   
 
For the channel system within the ARSP Area smaller equipment such as skid-steers is ideal 
due to the narrow width and relatively shorter length of the channels.  We do not anticipate 
larger equipment being required. Maintenance equipment will utilize the proposed access 
from the residential areas.  A minimum of two access points for each of the channels is 
anticipated to be included as part of the final design plans.  
 
In most cases, maintenance is expected to occur along the bottom of the facilities and typically 
not more than about two feet up the adjacent banks. Removal of vegetation on the slopes 
may be necessary to ensure the ability to transport stormwater in the event that vegetated 
growth begins impeding stormwater conveyance beyond the design parameters.  
 
The amount of vegetation and sediment removed from the bottom of the stormwater facilities 
will be determined through historic performance of the system; and could be supplemented 
by hydrology and hydraulic studies before any maintenance occurs within a stormwater 
facility. Whenever possible, vegetation will be cleared in a manner that allows a portion of the 
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vegetation to remain in the facility, consistent with the original design and to provide aesthetic 
value.  

Hand-Tools - Non-mechanical Maintenance 
Channel maintenance can also be performed manually by crews using hand tools such as 
chain saws, weed whips, clippers and hand-carried buckets/bales when equipment operation 
within the channel is not ideal or the methodology recommends vegetation trimming or 
removal. This type of maintenance is limited to small-scale vegetation removal or trash/debris 
removal conducted by a workforce of one or more crew members.  
 
Over grown vegetation will be trimmed, cut at its base or to the high-water mark, leaving the 
plant roots in place. If it is determined that the trimmed vegetation does not interfere with 
channel conveyance capacity (grasses, etc.), it will be left in place, unless it is determined that 
the vegetation is invasive. In this event, the invasive vegetation will be collected, hauled out 
by hand, and disposed of off-site. Above-ground removal will not be used when leaving the 
roots of invasive plants in place could promote their regrowth and downstream colonization. 
Determination as to the invasiveness of a plant species can be based on the most current 
California Invasive Plant Council’s Invasive Plant Inventory. 

Access 
The final design of the channel system will designate specific access points to the channel 
system with an anticipation of a minimum of two access points to each of the channels. Access 
locations will be determined in collaboration with City staff and by selecting locations to limit 
disturbance to adjacent properties as well as provide safe access for maintenance crews. It 
is anticipated that access will occur directly from adjacent streets, cul-de-sacs or paved areas 
as the channels are located within the urban location of the ARSP Area (Appendix F). 
Maintenance will be able to be conducted from the designated access points and BMPs will 
be part of the standard maintenance activities.   
 
Access across the southern channel into the open space/preserve area will also be provided.  
Error! Reference source not found. Figure 12 provides a typical plan view of an access 
point to the preserve system from a cul-de-sac.   It is important to note several key aspects of 
the access diagram: 
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 Fencing is proposed to separate the channels from the development.  The type, style 
and height of the fencing will be coordinated with the City and is intended to meet the 
functionality requirements while also blending with the overall community character. 

 An access control feature (gate, chain or …) will be provided at points of access.  
Again, the means and methods of the access points will be coordinated with the City 
requirements. 

 Where access is required across the drainage channel, to the preserve area for 
example, an access road will be provided.  It is anticipated that the channel will 
transition through a reinforced box or pipe at these locations to support the 
maintenance road and vehicular access. 

 At the points of access, space will be accommodated for the maintenance crew parking 
and off-loading of equipment such as a skid-steer. 
 

Vector Control 
Vector Control actions are anticipated to be consistent with the practices described in the 
California Mosquito‐borne Virus Surveillance and Response Plan and Best Management 
Practices for Mosquito Control in California. Open channel systems have a potential for 
increased vector control requirements.  To minimize vectors, the following measures will be 
part of the design: 
 

 Eliminate artificial sources of standing water to the extent practicable; 
 Design the channel system in a manner that following storm events the surface water 

in the channel system drains within 72 hours to prevent adult mosquitoes from 
developing (it should be noted that a much shorter duration time for draining the 
channel is desired; however, 72 hours is the maximum for vector control);  

 Design the channel system so seasonal irrigation flows from the development area 
entering the channel system should drain and/or infiltrate with 72 hours (the ability for 
infiltration along the channel is anticipated as part of the ultimate channel design); and 

 Use appropriate biological control methods that are available. Additional alternatives 
to using pesticides for managing mosquitoes are listed in the Best Management 
Practices for Mosquito Control in California. 

The open channel system within the ARSP will utilize the following in order to adhere to the 
measures above: 

 Design the channel system with longitudinal slopes that create velocities that minimize 
the likelihood of standing water (slopes will be between approximately 0.001 and 0.005 
ft/ft); and 

 Provide underdrains within channels where longitudinal slopes are relatively flat and/or 
provide the ability for natural infiltration of “nuisance” flows to minimize standing water.  
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WATER QUALITY 
This Drainage Master Plan evaluates how the ARSP project would meet the intent of the State 
Order to comply with the National Pollutant Discharge Elimination System (NPDES) for 
construction activities and for post construction stormwater management.  The ARSP would 
conform to the State NPDES General Permit for Stormwater Discharges Associated with 
Construction and Land Disturbance Activities, which require the preparation of a Stormwater 
Pollution and Prevention Plan (SWPPP) specific to the ARSP development.  The ARSP would 
also comply with the Waste Discharge Requirements for Stormwater Discharges from MS4s 
and/or the State permits for stormwater management that are applicable at the time of 
development.  The General Permit(s) issued by the State set forth practices for stormwater 
management during construction activities, post construction BMP requirements, and 
specifies criteria for the design and analysis of LID measures and hydromodification 
requirements. 
 

STORMWATER MANAGEMENT DURING CONSTRUCTION ACTIVITIES 
The release of stormwater runoff from a site during construction activities is regulated by the 
State General Construction Permit issued by the Regional Water Quality Control Board for all 
commercial and residential construction sites greater than one acre.  The Construction 
General Permit requires the development and implementation of a SWPPP to prevent the 
transport of pollution and sediments from the site by runoff.  The SWPPP document addresses 
the necessary filing of information with the jurisdictional Water Board, permit registration 
documents, retention of records, construction site monitoring program, and suitable Best 
Management Practices (BMPs) during construction. 
 
The SWPPP is an evolving document that reacts to the changes experienced in the field 
during the course of construction and identifies permit registration documents such as the 
Erosion Control Plan (ECP) which shows the construction site perimeter, existing and 
proposed buildings, lots, roadways, stormwater collection and discharge points, general 
topography both before and after construction, along with drainage patterns across the project 
site.  The ECP also identifies the BMPs that will be used to protect stormwater runoff and the 
placement of the BMPs that will be implemented before, during, and after construction.  
Erosion and sediment control BMPs typically include measures such as the use of fiber rolls 
and silt fences, drain inlet protection, stabilized construction accesses, and the application of 
hydroseed and or straw mulch to areas that have been disturbed by construction activities.  
The SWPPP also requires identification of construction site pollutant sources and the methods 
of control and protection so that stormwater runoff is not exposed to or mobilizes those 
materials. 
 
The SWPPP for the ARSP project will be developed to correspond to the development of the 
project and the associated construction activities.  The developed SWPPP will select and 
describe specific BMPs that will be used to prevent erosion and clean site discharge prior to 
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entering local or regional drainage systems, and ultimately state waters specific to the 
Amoruso development and proposed construction activities.  All construction related BMP 
improvements will comply with the NPDES General Permit for Stormwater Discharges 
Associated with Construction Activities, NPDES No. CAS000002, Order No. 99-08DWQ, and 
its applicable supplemental amendments. 
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POST CONSTRUCTION STORMWATER MANAGEMENT 
All new development within the City of Roseville is subject to the State Water Resources 
Control Boards General Order (Order No. 2013-0001-DWQ) for Stormwater Discharges from 
Small Municipal Separate Storm Sewer Systems (MS4s) adopted on February 5, 2013 (the 
MS4 Permit).   The MS4 permit requires development projects within the City to develop a 
Stormwater Management Plan (SWMP) that meets the intent of the permit.  SWMP’s will be 
developed for each Drainage Management Area (DMA) with future entitlement requests, with 
final SWMP’s being approved prior to the approval of final construction plans to demonstrate 
conformance with the objectives of the State MS4 permit.   
 
The intent of a SWMP is to identify measures that will control stormwater runoff and address 
hydromodification through source control, runoff reduction, and treatment control measures 
to meet the City’s stormwater requirements as outlined in the City’s Stormwater Quality 
Manual.  
 
The SWMP follows the general steps of: 
 

 Site Assessment – understanding the natural environment and determine 
requirements 

 Select Stormwater Control Measures – treat and control post-development runoff 
 Establish Long Term Maintenance 

The SWMP also requires permanent BMPs to treat the onsite stormwater runoff in order to 
reduce or eliminate pollutants from the site development.  Permanent BMPs within the ARSP 
will help reduce the pollutants from any urban stormwater runoff and prevent the 
contamination of receiving waters.  Examples of permanent treatment control BMPs include 
detention basins, infiltration areas, Austin-type sand filters, flow-through stormwater planters, 
vegetated swales or filter strips, and proprietary stormwater devices.   
 
Site Assessment 
During the early planning stages of the project, a site assessment was completed prior to 
the layout of site improvements. Developing a site layout for stormwater management can 
provide reductions in cost while also improving the effectiveness of the project’s stormwater 
control measures. For example, stormwater runoff from impervious areas should be routed 
to landscaped or natural areas, rather than conveyed directly to a discharge location.  

The purpose of the site assessment is to develop the site layout for the capture and 
treatment of stormwater runoff. The incorporation of stormwater features is more effective, 
and often less costly, when site conditions such as soils, vegetation and drainage 
characteristics are considered when determining the placement of buildings, paved areas, 
drainage facilities and other improvements. Site assessments consist of the collection and 
evaluation of data from a variety of sources including surveys, topographic maps, 
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geotechnical investigations, ground water, and site specific measurements and field 
observations. The site assessment evaluated the following key site characteristics: 

 Soils, Geology, and Groundwater; 
 Topography, Hydrology, and Drainage Characteristics; 
 Existing Vegetation and Natural Areas; 
 Contaminated Soil or Groundwater; and 
 Existing Improvements and Easements 

Stormwater Control Measures 
Stormwater control or Low Impact Development (LID) measures include source control, 
runoff reduction, and treatment control.  Source control measures seek to minimize the 
potential of generating or mixing stormwater pollutants with stormwater runoff from the 
source.  Source control measures can include both structural and operational measures. 
Structural controls include a physical or structural component for controlling the pollutant 
source such as installing an efficient irrigation system that prevents overspray and off-site 
runoff, or by covering trash enclosures or fuel dispensing operations. Operational controls 
involve practices such as stormwater management training, trash management and litter 
control practices, and general good housekeeping practices. When implemented correctly, 
source controls are effective in preventing pollution from entering stormwater.  Other 
examples of source control measures include storm drain marking and signs, limiting or 
having dedicated vehicle or equipment wash areas, covered waste management areas, 
minimizing landscape chemicals such as pesticides and fertilizers, etc.  

The purpose of runoff reduction measures is to reduce runoff wherever possible to reduce 
the potential for downstream erosion and habitat impairment.  The main ways to reduce 
runoff are to promote infiltration, minimize impervious surfaces, and disconnect impervious 
surfaces.  Examples include porous pavement, disconnected roof drains, and green roofs. 

Treatment control measures are required for projects above a certain size threshold.  
Providing runoff reduction measures can reduce or possibly eliminate the required 
treatment.  Treatment is accomplished by either detaining runoff long enough for pollutants 
to settle out or by filtering runoff through sand or soil.  Example treatment control measures 
include detention basins, infiltration trenches, and vegetated swales. 

LOW IMPACT DEVELOPMENT (LID) STRATEGIES 
LID is an approach to stormwater management that seeks to control stormwater at the source, 
using small-scale integrated site design and management practices to mimic the site’s natural 
hydrology.  LID implementation can help development meet stormwater management 
requirements and support a variety of watershed and community goals by mitigating a 
development’s impacts to land, water, and air. 
 
With conventional construction methods, increased impervious areas lead to a proportional 
increase in peak discharge from the site, exacerbated by a storm drain system that efficiently 
conveys flows to an outfall location.  These increased peak discharges generate more 
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frequent and intense scour conditions in the receiving natural channels, leading to bank 
erosion and disruption of riparian equilibrium.  LID strategies can be implemented throughout 
a development to mitigate the effects associated with increased impervious surfaces.  LID 
implementation designed to promote localized infiltration, reduce stormwater runoff velocities, 
increase the time of concentration, and reduce the runoff coefficient can help reduce 
volumetric impacts on an outfall by outfall basis. 
 
The intent of LID measures is to slow, clean, infiltrate and evapotranspire runoff, to ultimately 
reduce the quantity of urban runoff entering storm drain systems. The added opportunities for 
infiltration offered by the use of LID can add water or maintain natural flows to local aquifers, 
or increasing water reuse. LID focuses on sustainable practices that benefit water quality 
protection, stream stability and natural water supply levels. Unlike traditional stormwater 
management, which collects and conveys stormwater runoff through storm drains, pipes, or 
other conveyances to a centralized stormwater facility, LID within ARSP will use site design 
elements to minimize changes to the site’s pre-development runoff rates and volumes. ARSP 
LID elements will assist with the goal of optimizing the site’s predevelopment hydrology by 
using design techniques that infiltrate, filter, store, evaporate, and detain runoff close to where 
it originates. 
 
Key principals of low impact development for ARSP include the following: 

 Decentralize stormwater runoff collection systems 
 Integrate stormwater management techniques throughout the Amoruso site 
 Preserve the existing ecosystem’s natural hydrology functions and cycles 
 Account for a site’s topographic features in stormwater runoff management 
 Slow runoff wherever possible to provide additional infiltration opportunities 
 Reduce impervious ground covers and maximize infiltration onsite 

Hydromodification 
For the purposes of testing the potential hydromodification benefits of the proposed LID 
measures, for the 2-year, 24-hour Proposed Conditions without Onsite Storage and with 
Hydromodification Management hydrologic model was prepared.  The purpose of this 
model is to evaluate the impacts of LID components which will contribute to retention and 
infiltration of stormwater, and their effect on the pre/post comparison of the 2-year hydrograph 
to address hydromodification.  This model includes the impervious area modifications for LID 
improvements by land use.  Impervious area reductions are based on the Required Volume 
Reductions and are identical to the reductions utilized in the Creekview Specific Plan (Civil 
Engineering Solutions, 2010).  The impervious reductions in Table 12 are discounted only for 
LID elements that will produce improved infiltration and evapotranspiration throughout runoff 
events.  To create the model, the 2-year, 24-hour Post-Project without Onsite Storage model 
was used as a base.  Timing and runoff passing through LID measures was not adjusted.  
However, the percent impervious for each ARSP shed in the urban plane was adjusted to 
reflect LID modifications.  The reductions are summarized in Table 13 and details provided in 
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Appendix B.  To address the hydromodification impacts solely on the ARSP project, the Post-
Project without Onsite Storage and with Hydromodification model includes the Placer Parkway 
and Sunset Boulevard areas under undeveloped conditions.   

 

Table 12 – Impervious Area Reduction for LID Measures 

Land Use 

Non-
modified 
Average 

Impervious 
(%) 

Modified 
for LID 

Average 
Impervious 

(%) 

LDR 40  9 

MDR 50  12 

HDR 60  19 

CC 70  20 

P/QP 40  9 

P/R 5  2 

Roads 85  26 

 

Table 13 – LID Corrected Percent Impervious 

Drainage 
Area 

Total 
(acres)

Impervious 
Percent 

PL10K 8.3 12.0 

PL10M1A 1.9 3.7 

PL10N1 1.3 7.3 

PL10N2 15.1 14.1 

PL10Q1 22.6 10.7 

PL10Q2 2.2 9.5 

PL10Q3 7.9 9.2 
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Table 14 – Peak Flows for Post-Project without Onsite Storage and with 
Hydromodification (LID) 

Discharge 
Point 

HMS 
Model 

Location Description 

Peak Flow (cfs) [Net 
Change from Pre-

Project] 

2-year, 24-hour with 
LID 

A  YPL10J 
Flow in University Creek 

upstream of ARSP 
110 [0] 

B  YPL10K 
Flow in University Creek 
Downstream of PL10K 

110 [‐2] 

E  YPL10N 
Flow in University Creek 

exiting ARSP 
126 [‐1] 

K  YPL10O 
Flow in University Creek 
upstream of confluence 

with Pleasant Grove Creek 
126 [‐1] 

L  YPLTE1 

Flow in Pleasant Grove 
Creek upstream of 

confluence with University 
Creek 

1017 [0] 

 

M  YPL10E 

Flow in Pleasant Grove 
Creek downstream of 

confluence with University 
Creek 

1113 [‐2] 

N  YPL12 
Flow in Pleasant Grove 

Creek at Al Johnson 
Wildlife Area 

1183 [‐9] 

 

Hydromodification Evaluation  
Hydromodification is the modification of hydrologic pathways and change to streams (surface 
runoff, infiltration, erosion, sediment transport, habitat degradation) that can result in negative 
impacts to watershed health and functions due to the impacts of development on runoff from 
relatively frequent storms.  The Small MS4 Hydromodification Standard required by the Phase 
II Small MS4 General Permit (2013-0001-DWQ) as of July 1, 2015 is, “that post-project runoff 
shall not exceed estimated pre-project flow rate for the 2-year, 24-hour storm.” 
 
Low Impact Development (LID) strategies and the use of acceptable Best Management 
Practices (BMP) methods (discussed in the Water Quality section of this report) will be 
employed as part of the ARSP project to minimize the changes in runoff from the prescribed 
design storm.   
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To test the Hydromodification Standard, the 2-year, 24-hour Proposed Conditions without 
Onsite Storage and with Hydromodification Management hydrologic model was 
developed.  The purpose of this model is to evaluate the impacts of LID components which 
will contribute to retention and infiltration of stormwater, reducing runoff.  The model includes 
the impervious area modifications for LID improvements.  The reductions are summarized in 
Table 13.  To address the hydromodification impacts solely on the ARSP project, the Post-
Project without Onsite Storage and with Hydromodification model includes the Placer Parkway 
and Sunset Boulevard areas under undeveloped conditions.   
 
As seen in Table 14, the post-project peak runoff does not exceed estimated pre-project flow 
rate for the 2-year, 24-hour storm with hydromodification management (LID) in place.  The 2-
year Pre-Project and Post-Project with LID hydrographs in University Creek exiting ARSP are 
illustrated in Figure 13.   With LID in place, the Post-Project flows exceed the Pre-Project flows 
for a portion of the rising limb.  However, the flow from approximately 360 acres (representing 
just over 50% of the site), and representing a large portion of Pre-Project flows will be re-
directed under Post-Project conditions.  The 2-year, 24-hour hydrograph for the condition 
where the flows are not re-directed is also provided and follows the Pre-Project hydrograph 
closely.  To illustrate the downstream impacts of LID, the 2-year hydrographs in Pleasant 
Grove Creek downstream of University Creek and Pleasant Grove Creek at the Al Johnson 
Wildlife Area are also provided (Figure 14 and Figure 15).  In both cases, the Post-Project 
runoff hydrograph matches the estimated Pre-Project hydrograph for the 2-year, 24-hour 
storm. 
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Figure 13 – 2-year, 24-hour Hydrographs in University Creek existing ARSP for the Pre-
Project, Post-Project no LID, Post-Project with LID, and Post-Project with LID and no 
Re-directed flows.   
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Figure 14 - 2-year, 24-hour Hydrographs in Pleasant Grove Creek downstream of 
University Creek for the Pre-Project, Post-Project no LID, Post-Project with LID, and 
Post-Project with LID and no Re-directed flows.  This point is upstream of Shed Q 
(Exhibit 6). 

 

0

200

400

600

800

1000

1200

0 500 1000 1500 2000 2500 3000 3500

Fl
o
w

 (
cf

s)

TIme (minutes)

2‐year Hydrographs in Pleasant Grove Creek downstream of University 
Creek

(Discharge Point M)

Pre‐Project

Post‐Project no LID

Post‐Project w/ LID

Post‐Project w/ LID and no Re‐Directed Flows



 

Page 62 Brookfield Residential – Amoruso Ranch Specific Plan Area Drainage Master Plan 

 

 

Figure 15 - 2-year, 24-hour Hydrographs in Pleasant Grove Creek downstream of 
University Creek for the Pre-Project, Post-Project no LID, Post-Project with LID, and 
Post-Project with LID and no Re-directed flows.  This point is just downstream of Shed 
Q (Exhibit 6). 

 
In addition to the 2-year, 24-hour hydrograph analysis presented above, a “flow duration 
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erosion and sediment transport.  In this case, design events were measured against 
hydromodification performance standards to determine the relative impact of the project. The 
intent of the performance standards is to limit the potential for new development and 
redevelopment projects to cause accelerated erosion of stream banks and streambed material 
in the local watershed by matching the post-project hydrograph to the pre-project hydrograph 
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hydromodification are most onerous for flows in this range.  The results of the flow duration 
analysis are summarized in Figure 16 through Figure 18.  Figure 16 shows that the flow 
duration for a portion of the flows is somewhat larger than Pre-Project conditions in University 
Creek downstream of ARSP.  Thus, there is the potential for the project to cause accelerated 
erosion in University Creek downstream of ARSP.   Prior to the onset of any construction 
and/or earth moving within the Specific Plan, a monitoring plan would be developed to 
evaluate changes in University Creek, downstream of ARSP.  The purpose of the monitoring 
plan is to identify whether ARSP causes increased erosion during for the range of flows 
between 25% of the 2-year peak flow and the 10-year peak flow.  If increased erosion due to 
ARSP is identified, typical stream bed or bank stabilization methods could be implemented.  
Examples include increased plantings to stabilize the existing stream banks, rock stabilization, 
placement of gabions, silt fences, and straw waddles to minimize erosion.    
 
There is almost no difference in duration in Pleasant Grove Creek downstream of University 
Creek.     
 
In addition to the flow duration analysis, the unsteady HEC-RAS model was used to compare 
the velocities resulting from the Pre-Project and Post-Project without Onsite Storage 
conditions in University Creek downstream of ARSP for the 2-year, 10-year, and 100-year 
events.  The results are summarized in Exhibits 16a through 17c.  The purpose of the velocity 
analysis is to evaluate the erosive potential of the project downstream of ARSP.  As illustrated 
in these figures, there is no significant increase in velocity in University Creek downstream of 
ARSP and all the differences in peak velocities are below the City drainage standards.  For 
erosion control, the maximum velocity must be lower than the permissible velocity in earth-
lined channels.  Drainage standards for the City state that the permissible velocity for fine 
sand lined channels is 2.5 ft/sec and 6.0 ft/sec for hard pan lined channels.  The difference in 
peak velocities in University Creek for all three design storms is well below these standards. 
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Figure 16 – Flow duration comparison in University Creek exiting ARSP. 
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Figure 17 – Flow duration comparison in Pleasant Grove Creek downstream of 
University Creek. 
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Figure 18 – Flow duration comparison in Pleasant Grove Creek at Al Johnson Wildlife 
Area. 

 

LID Measures 
One of the key parts of LID measures is to slow, clean, infiltrate and capture urban runoff in 
order to reduce water pollution to receiving waters.  LID measures within ARSP will use 
various site design techniques and implement measures that minimize changes to the site’s 
pre-development runoff flows and volumes.   
 
Examples of LID measures to be considered throughout the ARSP project include:   
 

 Disconnected down spouts 
 Disconnected pavement and sidewalks 
 Vegetated swales 
 Bioretention systems 
 Infiltration planters 
 Reduced roadway surfaces 
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 Pervious/porous paving systems 
 Rain gardens 
 Soil amendments 
 Tree planting 
 The use of mulch in planting areas 
 Stormwater retention areas 
 Restricted storm drain outfalls 
 In-pipe detention of storm system flows 
 Site grading to minimize surface runoff 

 
The SQDM as adopted by the City of Roseville specifies criteria for the design and analysis 
of LID measures for use in the City of Roseville.  The ARSP will incorporate these criteria as 
part of the LID strategy for the site.  

Volume Reductions from LID Measures 
LID measures provide opportunities for stormwater treatment at or near the source of runoff 
that in turn can substantially reduce the amount of post construction treatment BMPs required 
to mitigate the site improvements.  ARSP will incorporate principles of LID site development 
and implement measures that will likely include a combination of disconnected roof drains, 
interceptor tree planting, soil amendments in landscaped areas and planters, alternative 
driveways, porous pavement strategies, and vegetated swales.   
 
Table 15 below provides assumed quantities of individual LID measures needed to obtain 
land use Required Volume Reductions (RVR) standard for the ARSP.  Individual projects 
within the ARSP development may adjust the types and quantities of the measures shown in 
Table 15, but will likely use a combination of these design strategies to achieve the total 
necessary RVR for the ARSP area.  The RVR values in Table 15 are minimum requirements 
and the use of higher RVR values using LID measures is encouraged where practicable. 
 
Disconnected roof drains can be used throughout all types of residential, commercial, public, 
and park land uses.  Water running off of the impervious roofs is treated by biological filtration 
between the roof leader outfall and where it enters a storm drain system.  Disconnected 
sections may also provide the stormwater runoff with an opportunity to partially infiltrate into 
the native soils. 
 
Separated sidewalks, disconnected pavement, and the elimination of impervious paving areas 
allow for stormwater runoff to be treated and infiltrated into adjoining landscape areas before 
entering a conventional storm drain system.  The use of pervious materials for walks and 
pavement can also provide a way for stormwater runoff to be detained by providing storage 
in a porous sub-base. 
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Interceptor trees create canopy that reduces the rate and amount of total stormwater runoff 
impacting the surrounding surfaces.  Interceptor trees are also selected for their rooting habits 
that promote infiltration of surface runoff by breaking the surface tension of the soil and 
providing a route deeper into the soil matrix.  The addition of soil amendments in the 
interceptor tree and landscaped areas can also add voids that can absorb stormwater runoff 
and prevent it from entering a conventional storm drain system.  In residential areas soil 
amendments may be added to a landscape strip adjacent to the street or pavement areas 
where runoff can be intercepted from adjoining areas.  In commercial areas soil amendments 
can be part of stormwater planter BMPs, whereas along roadways it can be used where flows 
are diverted into landscaped areas.  Finally, vegetated swales allow for additional infiltration 
and biological uptake opportunities before discharge into an adjacent storm drain system. 
 
Additional project design elements within the open space areas may also provide hydrograph 
modification benefits by allowing additional floodplain storage capacity for the site, added 
infiltration opportunities, and areas of evapotranspiration, nutrient uptake, biological filtering, 
and buffers between urban development and natural features. 
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Table 15 – LID Measure Land Use Summary 

Land Use 
Disconnected 
Roof Drains 1 

Separated 
Sidewalks, 

Disconnected 
Pavement and 
Elimination of 

Impervious 
Paving Areas 

Interceptor Trees 2 

Soil 
Amendments 

in 
Landscaped 

Area 

Vegetated 
Swales 3 

Required 
Volume 

Reduction 
(RVR) 

Low Density 
Residential 

95% 8% 3 per lot 1.5% - 80.5% 

Medium Density 
Residential 

80% 8% 1 per lot 1.5% - 78.6% 

High Density 
Residential 

50% 15% 1 per unit 1.5% - 70.8% 

Commercial 50% 15% 20 per acre 2.0% - 74.2% 

Parks and 
Recreation 

50% 20& 5 per acre 0.5% - 100% 

Public / Quasi 
Public 

10% 20% 10 per acre 1.5% - 81.6% 

Roadways - 50% 10 per acre 1.0% - 71.4% 

Urban Reserve 95% 8% 3 per lot 1.5% - 80.5% 

1 Disconnected roof drains will likely be implemented 100% for developments that use this measure. 
2 Interceptor trees are assumed to be 50% evergreen and 50% deciduous in this example. 
3 Vegetated swales, or a natural open channel system that will provide stormwater treatment, will be 

used at each outfall and the minimum design will generate a RVR of 100% for each outfall (End of 
Pipe Treatment). 

 

TREATMENT CONTROL 
Treatment control measures mitigate pollutants after pollutants have encountered and been 
incorporated into the site stormwater runoff.  These measures seek to filter out stormwater 
pollutants prior to the stormwater runoff leaving the site.  Treatment control measures may 
include vegetated swales, bioretention facilities, flow-through stormwater planters, vegetated 
filter strips, and/or structural BMPs. The ARSP will implement treatment control BMPs before 
stormwater is discharged from the site and enters the surrounding preserve or the natural 
creek system. 
 
Treatment control facilities are designed to infiltrate, evapotranspire, and/or provide 
bioretention so that the stormwater is treated and run off is managed similar to the LID 
principles.  Depending on the site’s characteristics, infiltrating, or flow-through, bioretention 
facilities or end of pipe treatment are typically used to meet this requirement. These types of 
BMPs provide pollutant removal through several mechanisms including sedimentation, 
filtration, and biological processes. In addition, they also reduce runoff volumes and peak 
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flow rates to mitigate the potential hydromodification effects of development.  In the event 
that the required runoff reduction has not been achieved, detention facilities may be utilized 
as an alternative option in order to meet hydromodification requirements. 

The on-site storm drain system map is shown in Exhibit 7 which identifies the storm drain 
outfall locations and grassy swales.  Treatment facilities (BMPs) would be required upstream 
of discharge to University Creek or any other Regulated Water of the State such as wetlands.  
Based on the plan shown in Exhibit 7, treatment consisting of a section of Vegetated Swale 
would be the most common form of outfall BMP.  The minimum design length of each 
Vegetated Swale is computed as the minimum length needed to achieve a Runoff Volume 
Reduction (RVR) of 100%.  When space constraints prevent the construction of a 100% RVR 
Vegetated Swale, a supplemental treatment, which could include but is not limited to 
measures such as bio-retention facilities, ponding, and infiltration wells would be used in 
combination with the swale to achieve 100% treatment per the City’s requirements, assuming 
LID is ineffective.   
 
The optimum design length of the Vegetated Swales and the associated calculations are 
provided in Table 17 and shown on Exhibit 7.  The design lengths represented in table 17 
assume complete treatment via the Vegetated Swale, as if LID and source control measures 
were ineffective.  These would be further refined to comply with the then current State Storm 
Water Management permit and the most recent design criteria prior to the issuance of a 
grading permit or plan approval of the project. 
 
All BMPs will be required to be designed to comply with the requirements of the local 
Mosquito/Vector Abatement District. 
 
Information regarding the storm drain watershed areas tributary to each outfall location is 
included in Exhibit 7. 
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Table 16 – BMP Sizing at Outfalls – Non-Reduced for LID 

Outfall 
Location 

Total 
Area 

(acres) 

Total 
% 

Imperv 
C 

Value 
Volume 

(ft3) 

Reserve 
Volume 

(ft3) 

Total 
Volume 

(ft3) 

Design 
Flow 
Rate 
(cfs) 

Min. 
Swale 
Length 

(ft) 

Min. 
Swale 
Width 

(ft) 
Velocity 

(fps) 
Slope 
(ft/ft) 

Outfall 1 107.2 52.0 0.35 98719 4936 103655 7.55 239 30.6 0.57 0.005 

Outfall 2 16.3 32.5 0.24 10169 508 10677 0.78 172 6.0 0.41 0.005 

Outfall 3 24.2 36.6 0.26 16483 824 17308 1.26 203 6.0 0.48 0.005 

Outfall 4 241.2 44.7 0.31 193393 9670 203063 14.80 242 60.3 0.58 0.005 

NW Outfall 3 63.8 40.0 0.28 46637 2332 48969 3.57 232 14.2 0.55 0.005 

NW Outfall 2 31.8 38.0 0.27 22343 1117 23460 3.42 232 13.6 0.55 0.005 

NW Outfall 1 11.6 34.2 0.25 7538 377 7915 1.15 197 6.0 0.47 0.005 

SE Outfall 1 69.2 46.0 0.31 56855 2843 59698 8.70 240 35.3 0.57 0.005 
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Table 17 – Minimum Vegetated Swale Sizing at Outfalls for RVR=100% in LID 

Outfall 
Location 

Total 
Area 

(acres) 

Imperv 
Area 

(acres) 
C 

Value 
Volume 

(ft3) 

Reserve 
Volume 

(ft3) 

Total 
Volume 

(ft3) 

Design 
Flow 
Rate 
(cfs) 

Min. 
Swale 
Length 

(ft) 

Min. 
Swale 
Width 

(ft) 
Velocity 

(fps) 
Slope 
(ft/ft) 

Outfall 1 107.2 55.8 0.13 35662 1783 37445 2.73 229 10.8 0.54 0.005 

Outfall 2 16.3 5.3 0.09 3768 188 3956 0.29 126 5.3 0.30 0.005 

Outfall 3 24.2 8.8 0.10 6162 308 6470 0.47 144 6.0 0.34 0.005 

Outfall 4 241.2 107.8 0.12 73264 3663 76927 5.61 237 22.6 0.56 0.005 

NW Outfall 3 63.8 25.5 0.10 17492 875 18366 1.34 207 6.0 0.49 0.005 

NW Outfall 2 31.8 12.1 0.10 8388 419 8808 1.28 205 6.0 0.49 0.005 

NW Outfall 1 11.6 4.0 0.09 2740 137 2877 0.42 139 6.0 0.33 0.005 

SE Outfall 1 69.2 31.8 0.11 20785 1039 21825 3.18 231 12.6 0.55 0.005 

*Vegetated Swales built to this minimum length complete the RVR to 100% for LID, but do not complete 
the total treatment requirements of the project, and additional BMP’s will be required to obtain the 
treatment objectives.  
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Appendix G 

HEC-HMS Hydrographs for Each Discharge Point 
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