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Figure 1 - Project Vicinity Map
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Figure 2 - Project Site Plan
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Short-term impacts

Long-term impacts



CO Hot Spots





Short-term impacts

Long-term impacts





,

,





















GHG Analysis prepared by LSA Associates in February 2015, Riverside Restorative 
Growthprint Climate Action Plan [RRG-CAP] Figure B.2-1 – Communitywide Baseline Emissions and 
Figure B.2-2 – Communitywide GHG Emissions by Sector, RRG-CAP Section 3.1 – Reduction Measures

CEQA and Climate Change 

Project Activities Which Generate GHG Emissions

Water Energy Use in California, 

Source: LSA Associates, February 2015
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Slow-Moving Trucks on Driveways.

Loading/Unloading Activities at Docks.



Transit Noise and Vibration Impact Assessment





Highway Traffic Noise Prediction Model 
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Trip Generation
Fontana Truck Trip Generation Study
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2011 Riverside County Congestion Management Program







Section 5.16 Utilities and Service Systems
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Environmental Initial Study P13-0529 and P13-0530
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EXECUTIVE SUMMARY 

LSA Associates, Inc. (LSA) was retained by the City of Riverside to prepare an air quality study for a 
proposed industrial use project (project) located in the City of Riverside (City), in Riverside County 
(County), California. 

The air quality study provides a discussion of the proposed project, the physical setting of the project 
area, and the regulatory framework for air quality. The report provides data on existing air quality and 
evaluates potential air quality impacts associated with the proposed project. Modeled air quality 
levels are based on default trip generation for the proposed uses included in the project.

Regional emissions during project construction/demolition, calculated with the CalEEMod (Version 
2013.2.2) model, would not exceed criteria pollutant thresholds established by the South Coast Air 
Quality Management District (SCAQMD). Compliance with SCAQMD Rules and Regulations during 
construction will reduce construction-related air quality impacts from fugitive dust emissions and 
construction equipment emissions. Standard dust suppression measures have been identified for short-
term construction to meet the SCAQMD emissions thresholds. The proposed project would not 
exceed the localized significance thresholds (LSTs) for construction. 

Historical air quality data show that existing carbon monoxide (CO) levels for the project area and the 
general vicinity do not exceed either State or federal ambient air quality standards (AAQS). The CO 
concentrations in the project area are much lower than the federal and State CO standards. The 
proposed project would not result in any significant increase in CO concentrations at intersections in 
the project vicinity. Therefore, project-related traffic would not significantly affect local CO levels 
and the CO concentrations would be below the State and federal standards. No significant impact on 
local CO levels would occur.

The proposed project is located in Riverside County, which is not among the counties that are found 
to have serpentine and ultramafic rock in their soils. In addition, no serpentine or ultramafic rock has 
been found in the project vicinity in the past 10 years. Therefore, the potential risk for naturally 
occurring asbestos (NOA) during project construction is small and less than significant. 

The potential of the project to affect global climate change (GCC) is also addressed. Short-term 
construction and long-term operational emissions of the principal greenhouse gases (GHGs), 
including carbon dioxide (CO2) and methane (CH4), are quantified, and their significance relative to 
the California Air Resources Board (ARB) Scoping Plan is discussed. The proposed project will not 
exceed any proposed GHG emissions thresholds or conflict with any applicable plan, policy, or 
regulation adopted for the purpose of reducing GHG emissions. 

The proposed uses are consistent with General Plan of the City, which is consistent with the Southern 
California Association of Governments (SCAG) Regional Comprehensive Plan (RCP) Guidelines and 
the SCAQMD Air Quality Management Plan (AQMP). Therefore, the proposed project is consistent 
with the General Plans and the regional AQMP. 
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The evaluation was prepared in conformance with appropriate standards, utilizing procedures and 
methodologies in the SCAQMD California Environmental Quality Act (CEQA) Air Quality Handbook
(SCAQMD 1993) and associated updates. Air quality data posted on the California Air Resources 
Board (ARB) and United States Environmental Protection Agency (EPA) websites are included to 
document the local air quality environment. 
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PROJECT DESCRIPTION 

INTRODUCTION
This air quality impact analysis has been prepared to evaluate the potential air quality impacts and 
mitigation measures associated with the proposed industrial project (project) in the City of Riverside 
(City), Riverside County (County), California. This report provides a project-specific air quality 
impact analysis by examining the impacts of the proposed action on adjacent sensitive uses, and 
evaluating the mitigation measures required as part of the project. Guidelines identified by the South 
Coast Air Quality Management District (SCAQMD) in its California Environmental Quality Act 
(CEQA) Air Quality Handbook (SCAQMD, April 1993) and associated updates will be followed in 
this air quality impact analysis. 

PROJECT DESCRIPTION 
The proposed project consists of seven light industrial buildings, averaging about 40,000 sq. ft. each, 
located at the southwest corner of the intersection of Pierce Street and Magnolia Avenue in the City 
of Riverside in the County of Riverside, California. Figure 1 shows the project location. 

The project involves the construction of six smaller buildings totaling 148,700 sq. ft. and one 
multitenant larger building of 127,300 sq. ft. Figure 2 illustrates the site plan.  

The project site is located on the southwest corner of the intersection of Pierce Street and Magnolia 
Avenue. Access to the project site is provided by five proposed driveways. Three of the proposed 
driveways would be from Magnolia Avenue and two driveways would be from Pierce Street. 

Surrounding Land Uses in the Project Vicinity 
Land uses surrounding the project site consist primarily industrial uses with the nearest residential 
uses approximately 200 ft to the south from project boundary. The areas adjacent to the project site 
include the following uses:

Riverside Flood Control and Water Conservation District vacant land, Burlington Northern & 
Santa Fe Railroad Tracks, and residential uses beyond (south); 

Pierce Street and commercial uses beyond (east); 

Magnolia Avenue and industrial uses beyond (south); and 

Vacant land and commercial uses beyond (west). 



FIGURE 1
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SETTING

REGIONAL AIR QUALITY 
The project site is located in the nondesert portion of Riverside County, California, which is part of 
the South Coast Air Basin (Basin) and is under the jurisdiction of the SCAQMD. The air quality 
assessment for the proposed project includes estimating emissions associated with short-term 
construction and long-term operation of the proposed project. 

A number of air quality modeling tools are available to assess the air quality impacts of projects. In 
addition, certain air districts, such as the SCAQMD, have created guidelines and requirements to 
conduct air quality analyses. The SCAQMD’s current guidelines, included in its CEQA Air Quality 
Handbook (April 1993) and associated updates, were adhered to in the assessment of air quality 
impacts for the proposed project.  

Both the State of California (State) and the federal government have established health-based 
AAQS for seven air pollutants. As detailed in Table A, these pollutants include ozone (O3), CO, 
nitrogen dioxide (NO2), sulfur dioxide (SO2), particulate matter less than 10 microns in size (PM10),
particulate matter less than 2.5 microns in size (PM2.5), and lead. In addition, the State has set 
standards for sulfates, hydrogen sulfide (H2S), vinyl chloride, and visibility-reducing particles. These 
standards are designed to protect the health and welfare of the populace with a reasonable margin of 
safety. 

In addition to setting out primary and secondary AAQS, the State has established a set of episode 
criteria for O3, CO, NO2, SO2, and PM10. These criteria refer to episode levels representing periods of 
short-term exposure to air pollutants that actually threaten public health. Health effects are 
progressively more severe as pollutant levels increase from Stage One to Stage Three. An alert level 
is that concentration of pollutants at which initial stage control actions are to begin. An alert will be 
declared when any one of the pollutant alert levels is reached at any monitoring site and 
meteorological conditions is such that the pollutant concentrations can be expected to remain at these 
levels for 12 or more hours or to increase; or, in the case of oxidants, if the situation is likely to recur 
within the next 24 hours unless control actions are taken. 

Pollutant alert levels: 

O3: 392 micrograms per cubic meter ( g/m3) (0.20 parts per million [ppm]), 1-hour average 

CO: 17 milligrams per cubic meter (mg/m3) (15 ppm), 8-hour average 

NO2: 1,130 g/m3 (0.6 ppm), 1-hour average; 282 g/m3 (0.15 ppm), 24-hour average 

SO2: 800 g/m3 (0.3 ppm), 24-hour average 

Particulates measured as PM10: 350 g/m3, 24-hour average 
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Table A: Ambient Air Quality Standards

Pollutant
Averaging

Time 
California Standards1 Federal Standards2

Concentration3 Method4 Primary3,5 Secondary3,6 Method7

Ozone (O3)
1-Hour 0.09 ppm 

(180 g/m3) Ultraviolet
Photometry 

-- Same as Primary 
Standard

Ultraviolet
Photometry 8-Hour 0.070 ppm 

(137 g/m3)
0.075 ppm 

(147 g/m3)
Respirable
Particulate

Matter
(PM10) 8

24-Hour 50 g/m3

Gravimetric or Beta 
Attenuation

150 g/m3

Same as Primary 
Standard

Inertial Separation 
and Gravimetric 

Analysis

Annual
Arithmetic 

Mean
20 g/m3 -- 

Fine
Particulate

Matter
(PM2.5) 8

24-Hour No Separate State Standard 35 g/m3 Same as Primary 
Standard Inertial Separation 

and Gravimetric 
Analysis

Annual
Arithmetic 

Mean
12 g/m3 Gravimetric or Beta 

Attenuation 12.0 g/m3 15 g/m3

Carbon
Monoxide

(CO)

8-Hour 9.0 ppm (10 mg/m3)
Non-Dispersive

Infrared Photometry 
(NDIR)

9 ppm (10 mg/m3)
None

Non-Dispersive
Infrared Photometry 

(NDIR)1-Hour 20 ppm (23 mg/m3) 35 ppm(40 mg/m3)

8-Hour 
(Lake Tahoe) 6 ppm (7 mg/m3) — — —

Nitrogen
Dioxide
(NO2)9

Annual
Arithmetic 

Mean

0.030 ppm 
(57 g/m3) Gas Phase 

Chemiluminescence 

0.053 ppm 
(100 g/m3)

Same as Primary 
Standard Gas Phase 

Chemiluminescence 
1-Hour 0.18 ppm 

(339 g/m3)
100 ppb 

(188 g/m3) —

Sulfur
Dioxide
(SO2)10

Annual
Arithmetic 

Mean
—

Ultraviolet
Fluorescence

0.030 ppm 
(for certain areas) 9 —

Ultraviolet
Fluorescence;

Spectrophotometry 
(Pararosaniline

Method) 

24-Hour 0.04 ppm 
(105 g/m3)

0.14 ppm  
(for certain areas) 9 —

3-Hour — — 0.5 ppm 
(1300 g/m3)

1-Hour 0.25 ppm 
(655 g/m3)

75 ppb 
(196 g/m3) —

Lead11,12

30-Day Average 1.5 g/m3

Atomic Absorption 

— — 

High-Volume 
Sampler and Atomic 

Absorption

Calendar
Quarter — 1.5 g/m3

Same as Primary 
StandardRolling 3-

Month 
Average11

— 0.15 g/m3

Visibility-
Reducing
Particles13

8-Hour See footnote 13 
Beta Attenuation 

and Transmittance 
through Filter Tape No

Federal

Standards

Sulfates 24-Hour 25 g/m3 Ion Chromatography
Hydrogen

Sulfide 1-Hour 0.03 ppm (42 g/m3) Ultraviolet
Fluorescence

Vinyl
Chloride11 24-Hour 0.01 ppm (26 g/m3) Gas

Chromatography 
Source: ARB (June 4, 2013). 
Footnotes:
1 California standards for O3; CO (except Lake Tahoe); SO2 (1- and 24-hour); NO2; suspended particulate matter - PM10,

PM2.5 and visibility reducing particles, are values that are not to be exceeded. All others are not to be equaled or 
exceeded. California ambient air quality standards are listed in the Table of Standards in Section 70200 of Title 17 of 
the California Code of Regulations. 

2 National standards (other than O3, particulate matter, and those based on annual averages or annual arithmetic mean) 
are not to be exceeded more than once per year. The O3 standard is attained when the fourth-highest 8-hour 
concentration in a year, averaged over 3 years, is equal to or less than the standard. For PM10, the 24-hour standard is 
attained when the expected number of days per calendar year with a 24-hour average concentration above 150 g/m3 is 
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equal to or less than 1. For PM2.5, the 24-hour standard is attained when 98 percent of the daily concentrations, 
averaged over 3 years, are equal to or less than the standard. Contact the EPA for further clarification and current 
Federal policies. 

3 Concentration expressed first in units in which it was promulgated. Equivalent units given in parentheses are based 
upon a reference temperature of 25°C and a reference pressure of 760 torr. Most measurements of air quality are to be 
corrected to a reference temperature of 25°C and a reference pressure of 760 torr; ppm in this Table refers to ppm by 
volume, or micromoles of pollutant per mole of gas. 

4 Any equivalent procedure which can be shown to the satisfaction of the ARB to give equivalent results at or near the 
level of the air quality standard may be used. 

5 National Primary Standards: The levels of air quality necessary, with an adequate margin of safety to protect the public 
health.

6 National Secondary Standards: The levels of air quality necessary to protect the public welfare from any known or 
anticipated adverse effects of a pollutant. 

7 Reference method as described by the EPA. An “equivalent method” of measurement may be used but must have a 
“consistent relationship to the reference method” and must be approved by the EPA. 

8 On December 14, 2012, the national annual PM2.5 primary standard was lowered from 15 g/m3 to 12.0 g/m3. The 
existing national 24-hour PM2.5 standards (primary and secondary) were retained at 35 g/m3, as was the annual 
secondary standard of 15 g/m3. The existing 24-hour PM10 standards (primary and secondary) of 150 g/m3 also were 
retained. The form of the annual primary and secondary standards is the annual mean, averaged over 3 years.

9 To attain the 1-hour standard, the 3-year average of the annual 98th percentile of the 1-hour daily maximum 1-hour 
average at each monitor within an area must not exceed 100 ppb. Note that the national 1-hour standard is in units of 
parts per billion (ppb). California standards are in units of parts per million (ppm). To directly compare the national 
1-hour standard to the California standards, the units can be converted from ppb to ppm. In this case, the national 
standard of 100 ppb is identical to 0.100 ppm. 

10 On June 2, 2010, the new 1-hour SO2 standard was established and the existing 24-hour and annual primary standards 
were revoked. To attain the 1-hour national standard, the 3-year average of the annual 99th percentile of the 1-hour 
daily maximum concentrations at each site must not exceed 75 ppb. The 1971 SO2 national standards (24-hour and 
annual) remain in effect until 1 year after an area is designated for the 2010 standard, except that in areas designated 
nonattainment for the 1971 standards, the 1971 standards remain in effect until implementation plans to attain or 
maintain the 2010 standards are approved.

 Note that the 1-hour national standard is in units of parts per billion (ppb). California standards are in units of parts per 
million (ppm). To directly compare the 1-hour national standard to the California standard the units can be converted 
to ppm. In this case, the national standard of 75 ppb is identical to 0.075 ppm. 

11 The ARB has identified lead and vinyl chloride as “toxic air contaminants” with no threshold level of exposure for 
adverse health effects determined. These actions allow for the implementation of control measures at levels below the 
ambient concentrations specified for these pollutants. 

12 The national standard for lead was revised on October 15, 2008, to a rolling 3-month average. The 1978 lead standard 
(1.5 g/m3 as a quarterly average) remains in effect until 1 year after an area is designated for the 2008 standard, 
except that in areas designated nonattainment for the 1978 standard, the 1978 standard remains in effect until 
implementation plans to attain or maintain the 2008 standards are approved. 

13 In 1989, the ARB converted both the general statewide 10-mile visibility standard and the Lake Tahoe 30-mile 
visibility standard to instrumental equivalents, which are “extinction of 0.23 per kilometer” and “extinction of 0.07 per 
kilometer” for the statewide and Lake Tahoe Air Basins, respectively.  

C = degrees Celsius 
ARB = California Air Resources Board 
EPA = United States Environmental Protection Agency 

g/m3 = micrograms per cubic meter 
mg/m3 = milligrams per cubic meter 
ppm = parts per million 
ppb = parts per billion 
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Table B summarizes the primary health effects and sources of common air pollutants. Because the 
concentration standards were set at a level that protects public health with an adequate margin of 
safety (EPA), these health effects will not occur unless the standards are exceeded by a large margin 
or for a prolonged period of time. State AAQS are more stringent than federal AAQS. Among the 
pollutants, O3 and particulate matter (PM2.5 and PM10) are considered regional pollutants, while the 
others have more localized effects. 

Table B: Summary of Health Effects of the Major Criteria Air Pollutants 

Pollutant Health Effects Examples of Sources 
Particulate matter 
(PM10: less than or 
equal to 10 microns) 

• Increased respiratory disease 
• Lung damage 
• Premature death 

• Cars and trucks, especially diesels 
• Fireplaces, wood stoves 
• Windblown dust from roadways, agriculture, and 

construction
Ozone (O3) • Breathing difficulties 

• Lung damage 
• Formed by chemical reactions of air pollutants in 

the presence of sunlight; common sources are 
motor vehicles, industries, and consumer 
products

Carbon monoxide (CO) • Chest pain in heart patients 
• Headaches, nausea 
• Reduced mental alertness 
• Death at very high levels 

• Any source that burns fuel, such as cars, trucks, 
construction and farming equipment, and 
residential heaters and stoves

Nitrogen dioxide (NO2) • Lung damage • See carbon monoxide sources 
Toxic air contaminants • Cancer

• Chronic eye, lung, or skin irritation 
• Neurological and reproductive 

disorders

• Cars and trucks, especially diesels 
• Industrial sources such as chrome-platers 
• Neighborhood businesses such as dry cleaners 

and service stations 
• Building materials and products 

Source: ARB (2010). 

The California Clean Air Act (CCAA) provides SCAQMD and other air districts with the authority to 
manage transportation activities at indirect sources. Indirect sources of pollution are generated when 
minor sources collectively emit a substantial amount of pollution. Examples of this would be the 
motor vehicles at an intersection, a mall, and on highways. The SCAQMD also regulates stationary 
sources of pollution throughout its jurisdictional area. Direct emissions from motor vehicles are 
regulated by the ARB. 

Climate/Meteorology
Air quality in the planning area is not only affected by various emission sources (mobile, industry, 
etc.), but also by atmospheric conditions such as wind speed, wind direction, temperature, rainfall, 
etc. The combination of topography, low mixing height, abundant sunshine, and emissions from the 
second largest urban area in the United States gives the Basin the worst air pollution problem in the 
nation.

The annual average temperature varies little throughout the Basin, ranging from the low to middle 
60s, measured in degrees Fahrenheit ( F). With a more pronounced oceanic influence, coastal areas 
show less variability in annual minimum and maximum temperatures than inland areas. The 
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climatological station closest to the site is the Riverside Citrus Experiment Station.1 The monthly 
average maximum temperature recorded at this station from July 1948 to September 2009 ranged 
from 66.6 F in January to 94.4 F in August, with an annual average maximum of 79.0 F. The 
monthly average minimum temperature recorded at this station ranged from 41.3 F in December to 
61.3 F in August, with an annual average minimum of 50.5 F. January and December are typically 
the coldest months, and August is typically the warmest month in this area of the Basin.  

The majority of annual rainfall in the Basin occurs between November and April. Summer rainfall is 
minimal and is generally limited to scattered thundershowers in coastal regions and slightly heavier 
showers in the eastern portion of the Basin and along the coastal side of the mountains. The Riverside 
Citrus Experiment Station also monitored precipitation. Average monthly rainfall during the period 
from July 1948 to September 2009 varied from 2.16 inches in February to 0.32 inch or less from May 
to October, with an annual total of 9.86 inches. Patterns in monthly and yearly rainfall totals are 
unpredictable due to fluctuations in the weather. 

The Basin experiences a persistent temperature inversion (increasing temperature with increasing 
altitude) as a result of the Pacific high. This inversion limits the vertical dispersion of air 
contaminants, holding them relatively near the ground. As the sun warms the ground and the lower air 
layer, the temperature of the lower air layer approaches the temperature of the base of the inversion 
(upper) layer until the inversion layer finally breaks, allowing vertical mixing with the lower layer. 
This phenomenon is observed in mid-afternoon to late afternoon on hot summer days, when the smog 
appears to clear up suddenly. Winter inversions frequently break by midmorning. 

Winds in the vicinity of the project area blow predominantly from the south-southwest, with 
relatively low velocities. Wind speeds in the project area average about 5 miles per hour (mph). 
Summer wind speeds average slightly higher than winter wind speeds. Low average wind speeds, 
together with a persistent temperature inversion limit the vertical dispersion of air pollutants 
throughout the Basin. Strong, dry, north or northeasterly winds, known as Santa Ana winds, occur 
during the fall and winter months, dispersing air contaminants. The Santa Ana conditions tend to last 
for several days at a time.  

The combination of stagnant wind conditions and low inversions produces the greatest pollutant 
concentrations. On days of no inversion or high wind speeds, ambient air pollutant concentrations are 
the lowest. During periods of low inversions and low wind speeds, air pollutants generated in 
urbanized areas are transported predominantly on shore into Riverside and San Bernardino Counties. 
In the winter, the greatest pollution problems are CO and nitrogen oxides (NOX) because of extremely 
low inversions and air stagnation during the night and early morning hours. In the summer, the longer 
daylight hours and the brighter sunshine combine to cause a reaction between hydrocarbons and NOX
to form photochemical smog. 

Description of Global Climate Change and Its Sources 
GCC is the observed increase in the average temperature of the Earth’s atmosphere and oceans along 
with other significant changes in climate (such as precipitation or wind) that last for an extended 

                                                      
1 Western Regional Climate Center, www.wrcc.dri.edu. 
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period of time. The term “global climate change” is often used interchangeably with the term “global 
warming,” but “global climate change” is preferred to “global warming” because it helps convey that 
there are other changes in addition to rising temperatures.  

Climate change refers to any change in measures of weather (such as temperature, precipitation, or 
wind) lasting for an extended period (decades or longer). Climate change may result from natural 
factors, such as changes in the sun’s intensity; natural processes within the climate system (e.g., 
changes in ocean circulation) or human activities, such as the burning of fossil fuels, land clearing, or 
agriculture. The primary observed effect of GCC has been a rise in the average global tropospheric1

temperature of 0.36°F per decade, determined from meteorological measurements worldwide between 
1990 and 2005. Climate change modeling shows that further warming may occur, which may induce 
additional changes in the global climate system during the current century. Changes to the global 
climate system, ecosystems, and the environment of California could include higher sea levels, drier 
or wetter weather, changes in ocean salinity, changes in wind patterns, or more energetic aspects of 
extreme weather, including droughts, heavy precipitation, heat waves, extreme cold, and increased 
intensity of tropical cyclones. Specific effects in California might include a decline in the Sierra 
Nevada snowpack, erosion of California’s coastline, and seawater intrusion in the San Joaquin Delta. 

Global surface temperatures have risen by 1.33°F ± 0.32°F over the last 100 years (1906 to 2005). 
The rate of warming over the last 50 years is almost double that over the last 100 years.2 The latest 
projections, based on state-of-the art climate models, indicate that temperatures in California are 
expected to rise 3–10.5°F by the end of the century.3 The prevailing scientific opinion on climate 
change is that “most of the warming observed over the last 60 years is attributable to human 
activities.”4 Increased amounts of CO2 and other GHGs are the primary causes of the human-induced 
component of warming. The observed warming effect associated with the presence of GHGs in the 
atmosphere (from either natural or human sources) is often referred to as the greenhouse effect.5

GHGs are present in the atmosphere naturally, are released by natural sources, or are formed from 
secondary reactions taking place in the atmosphere. The gases that are widely seen as the principal 
contributors to human-induced GCC are:6

CO2

CH4

                                                      
1  The troposphere is the zone of the atmosphere characterized by water vapor, weather, winds, and 

decreasing temperature with increasing altitude.  
2  Intergovernmental Panel on Climate Change (IPCC), 2013. Climate Change 2013: The Physical Science 

Basis.
3  California Climate Change Portal website, www.climatechange.ca.gov, accessed December 2014.
4  IPCC, Climate Change 2013: The Physical Science Basis, http://www.ipcc.ch. 
5  The temperature on Earth is regulated by a system commonly known as the “greenhouse effect.” Just as the 

glass in a greenhouse lets heat from sunlight in and reduces the amount of heat that escapes, GHGs like 
CO2, CH4, and nitrous oxide (N2O) in the atmosphere keep the Earth at a relatively even temperature. 
Without the greenhouse effect, the Earth would be a frozen globe; thus, the naturally occurring greenhouse 
effect is necessary to keep our planet at a comfortable temperature.  

6  The GHGs listed are consistent with the definition in AB 32 (Government Code 38505), as discussed later 
in this section. 
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Nitrous Oxide (N2O)

Hydrofluorocarbons (HFCs) 

Perfluorocarbons (PFCs) 

Sulfur hexafluoride (SF6)

Over the last 200 years, human activities have caused substantial quantities of GHGs to be released 
into the atmosphere. These extra emissions are increasing GHG concentrations in the atmosphere and 
enhancing the natural greenhouse effect, which some scientist believe can cause global warming. 
While GHGs produced by human activities include naturally occurring GHGs such as CO2, CH4, and 
N2O, some gases, like HFCs, PFCs, and SF6, are completely new to the atmosphere. Certain other 
gases, such as water vapor, are short-lived in the atmosphere as compared to these GHGs that remain 
in the atmosphere for significant periods of time, contributing to climate change in the long term. 
Water vapor is generally excluded from the list of GHGs because it is short-lived in the atmosphere 
and its atmospheric concentrations are largely determined by natural processes, such as oceanic 
evaporation. For the purposes of this air quality study, the term “GHGs” will refer collectively to the 
six gases identified in the bulleted list provided above. 

These gases vary considerably in terms of Global Warming Potential (GWP), which is a concept 
developed to compare the ability of each GHG to trap heat in the atmosphere relative to another gas. 
GWP is based on several factors, including the relative effectiveness of a gas in absorbing infrared 
radiation and the length of time that the gas remains in the atmosphere (“atmospheric lifetime”). GWP 
of each gas is measured relative to CO2, the most abundant GHG. The definition of GWP for a 
particular GHG is the ratio of heat trapped by one unit mass of the GHG to the ratio of heat trapped 
by one unit mass of CO2 over a specified time period. GHG emissions are typically measured in terms 
of metric tons (MT)1 of “CO2 equivalents” (CO2e). For example, SF6 is 22,800 times more potent at 
contributing to global warming than CO2. Table C identifies the GWP for each type of GHG analyzed 
in this report. 

The following discussion summarizes the characteristics of the six primary GHGs. 

Carbon Dioxide. In the atmosphere, carbon generally exists in its oxidized form, as CO2. Natural 
sources of CO2 include the respiration (breathing) of humans, animals, and plants; volcanic 
outgassing; decomposition of organic matter; and evaporation from the oceans. Human-caused 
sources of CO2 include the combustion of fossil fuels and wood, waste incineration, mineral 
production, and deforestation. The Earth maintains a natural carbon balance, and when concentrations 
of CO2 are upset, the system gradually returns to its natural state through natural processes. Natural 
changes to the carbon cycle work slowly, especially compared to the rapid rate at which humans are 
adding CO2 to the atmosphere. Natural removal processes, such as photosynthesis by land- and 
ocean-dwelling plant species, cannot keep pace with this extra input of human-made CO2, and 
consequently the gas is building up in the atmosphere.  

                                                      
1  A metric ton is equivalent to approximately 1.1 tons. 
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Table C: Global Warming Potential of Greenhouse Gases 

Gas
Atmospheric Lifetime 

(Years)
Global Warming Potential 
(100-year Time Horizon) 

Carbon Dioxide (CO2) 50–200 1 
Methane (CH4) 12 25 
Nitrous Oxide (NOX) 114 298 
HFC-23 270 14,800
HFC-134a 14 1,430
HFC-152a 1.4 124
PFC: Tetrafluoromethane (CF4) 50,000 7,390 
PFC: Hexafluoromethane (C2F6) 10,000 12,200 
Sulfur Hexafluoride (SF6) 3,200 22,800 
Source: IPCC (2007). Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth 
Assessment Report of the IPCC. 
HFC = hydrofluorocarbons 
IPCC = Intergovernmental Panel on Climate Change
PFC = perfluorocarbons 

The concentration of CO2 in the atmosphere has risen approximately 30 percent since the late 1800s.1

The transportation sector remains the largest source of GHG emissions in 2012 with 36 percent of 
California’s GHG emission inventory. The largest emissions category within the transportation sector 
is on-road, which consists of passenger vehicles (cars, motorcycles, and light-duty trucks) and heavy 
duty trucks and buses. Emissions from on-road constitute over 92 percent of the transportation sector 
total. Industry and electricity generation were California’s second- and third-largest categories of 
GHG emissions, respectively. 

Methane. CH4 is produced when organic matter decomposes in environments lacking sufficient 
oxygen. Natural sources of CH4 include fires, geologic processes, and bacteria that produce CH4 in a 
variety of settings (most notably, wetlands).2 Anthropogenic sources include rice cultivation, 
livestock, landfills and waste treatment, biomass burning, and fossil fuel combustion (burning of coal, 
oil, and natural gas, etc.). As with CO2, the major removal process of atmospheric CH4—a chemical 
breakdown in the atmosphere—cannot keep pace with source emissions, and CH4 concentrations in 
the atmosphere are increasing. 

Nitrous Oxide. N2O is produced naturally by a wide variety of biological sources, particularly 
microbial action in soils and water. Tropical soils and oceans account for the majority of natural 
source emissions. N2O is also a product of the reaction that occurs between nitrogen and oxygen 
during fuel combustion. Both mobile and stationary combustion sources emit N2O. The quantity of 
N2O emitted varies according to the type of fuel, technology, and pollution control device used, as 

                                                      
1  California Environmental Protection Agency (CalEPA). 2006. Climate Action Team Report to Governor 

Schwarzenegger and the Legislature. March.
2 Methane and Nitrous Oxide Emissions From Natural Sources, EPA, April 2010. 
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well as maintenance and operating practices. Agricultural soil management and fossil fuel combustion 
are the primary sources of human-generated N2O emissions in California. N2O emissions accounted 
for nearly 7 percent of human-made GHG emissions (CO2e) in California in 2002.

Hydrofluorocarbons, Perfluorocarbons, and Sulfur Hexafluoride. HFCs are primarily used as 
substitutes for O3-depleting substances regulated under the Montreal Protocol.1 PFCs and SF6 are 
emitted from various industrial processes, including aluminum smelting, semiconductor 
manufacturing, electric power transmission and distribution, and magnesium casting. There is no 
aluminum or magnesium production in California; however, the rapid growth in the semiconductor 
industry, which is active in California, has led to greater use of PFCs. There are no known project-
related emissions of these three GHGs; therefore, these substances are not discussed further in this 
analysis. 

Emissions Sources and Inventories 
An emissions inventory that identifies and quantifies the primary human-generated sources and sinks 
of GHGs is a well-recognized and useful tool for addressing climate change. This section summarizes 
the latest information on global, national, California, and local GHG emission inventories. However, 
because GHGs persist for a long time in the atmosphere (see previously referenced Table C), 
accumulate over time, and are generally well mixed, their impact on the atmosphere and climate 
cannot be tied to a specific point of emission. 

Global Emissions. Worldwide emissions of GHGs in 2004 totaled 27 billion MT of CO2e per year 
(CO2e/yr).2 Global estimates are based on country inventories developed as part of the programs of 
the United Nations Framework Convention on Climate Change (UNFCCC). 

United States Emissions. In 2008, the United States emitted approximately 7.0 billion MT of CO2e,
or approximately 25 tons per year (tpy) per person. Of the six major sectors nationwide—electric 
power industry, transportation, industry, agriculture, commercial, and residential—the electric power 
industry and transportation sectors combined account for approximately 62 percent of the GHG 
emissions; the majority of the electric power industry and all of the transportation emissions are 
generated from direct fossil fuel combustion. Between 1990 and 2006, total United States GHG 
emissions rose approximately 14.7 percent.3

                                                      
1  The Montreal Protocol is an international treaty that was approved on January 1, 1989, and was designated 

to protect the ozone layer by phasing out the production of several groups of halogenated hydrocarbons 
believed to be responsible for O3 depletion. 

2  Combined total of Annex I and Non-Annex I Country CO2e emissions. UNFCCC, 2007. Greenhouse Gas 
Inventory Data. Information available at http://unfccc.int/ghg_data/ghg_data_unfccc/time_series_annex_i/
items/3814.php and http://maindb.unfccc.int/library/view_pdf.pl?url=http://unfccc.int/resource/docs/
2005/sbi/eng/18a02.pdf.

3  EPA. 2010. The 2010 U.S. Greenhouse Gas Inventory Report. http://www.epa.gov/climatechange/
emissions/usinventoryreport.html (accessed September 2010). 
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State of California Emissions. According to ARB emission inventory estimates, California emitted 
approximately 474 million metric tons of CO2e (MMTCO2e) emissions in 2008.1 This large number is 
due primarily to the sheer size of California compared to other states. By contrast, California has the 
fourth-lowest per-capita CO2 emission rate from fossil fuel combustion in the country due to the 
success of its energy efficiency and renewable energy programs and commitments that have lowered 
the State’s GHG emissions rate of growth by more than half of what it would have been otherwise.2

The California Environmental Protection Agency (CalEPA) Climate Action Team (CAT)3 stated in its 
March 2006 report that the composition of gross climate change pollutant emissions in California in 
2002 (expressed in terms of CO2e) was as follows:

CO2 accounted for 83.3 percent

CH4 accounted for 6.4 percent

N2O accounted for 6.8 percent

HFCs, PFC, and SF6 accounted for 3.5 percent4

The ARB estimates that transportation was the source of approximately 38 percent of the State’s 
GHG emissions in 2011, followed by electricity generation (both in-State and out-of-State) at 
19 percent and industrial sources at 21 percent. The remaining sources of GHG emissions were 
residential and commercial activities at 10 percent, agriculture at 7 percent, high-GWP gases at 
3 percent, and recycling and waste at 2 percent.5

The ARB is responsible for developing the California Greenhouse Gas Emission Inventory. This 
inventory estimates the amount of GHGs emitted to and removed from the atmosphere by human 
activities within the State of California and supports the AB 32 Climate Change Program. The ARB’s 
current GHG emission inventory covers the years 1990–2004 and is based on fuel use, equipment 
activity, industrial processes, and other relevant data (e.g., housing, landfill activity, agricultural 
lands). The emission inventory estimates are based on the actual amount of all fuels combusted in the 
State, which accounts for over 85 percent of the GHG emissions within California.  

The ARB staff has projected statewide unregulated GHG emissions for 2020, which represent the 
emissions that would be expected to occur in the absence of any GHG reduction actions, at 
596 MMTCO2e. GHG emissions from the transportation and electricity sectors as a whole are 
expected to increase but remain at approximately 36 percent and 22 percent of total CO2e emissions, 
respectively. The industrial sector consists of large stationary sources of GHG emissions, and the 
percentage of the total 2020 emissions is projected to be 18 percent of total CO2e emissions. The 

                                                      
1  ARB, Greenhouse Gas Inventory Data – 1990 to 2004. http://www.arb.ca.gov/cc/inventory/data/data.htm 

(accessed September 2010). 
2  California Energy Commission (CEC), 2007. Inventory of California Greenhouse Gas Emissions and Sinks: 

1990 to 2004 – Final Staff Report, publication # CEC-600-2006-013-sf, Sacramento, CA, December 22, 
2006; and January 23, 2007, update to that report. 

3 CAT is a consortium of representatives from State agencies who have been charged with coordinating and 
implementing GHG emission reduction programs that fall outside of ARB’s jurisdiction. 

4  CalEPA. 2006. Climate Action Team Report to Governor Schwarzenegger and the Legislature. March. 
5  ARB, 2013. http://www.arb.ca.gov/cc/inventory/data/data.htm (October 2013). 
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remaining sources of GHG emissions in 2020 are high-GWP gases at 7 percent, residential and 
commercial activities at 9 percent, agriculture at 6 percent, and recycling and waste at 2 percent.1

Air Pollution Constituents and Attainment Status 
The ARB coordinates and oversees both State and federal air pollution control programs in 
California. The ARB oversees activities of local air quality management agencies and maintains air 
quality monitoring stations throughout the State in conjunction with the EPA and local air districts. 
The ARB has divided the State into 15 air basins based on meteorological and topographical factors 
of air pollution. Data collected at these stations are used by the ARB and EPA to classify air basins as 
attainment, nonattainment, nonattainment-transitional, or unclassified, based on air quality data for 
the most recent 3 calendar years compared with the AAQS. Attainment areas may be the following: 

Attainment/Unclassified ( “Unclassifiable” in some lists), which have never violated the air 
quality standard of interest or don’t have enough monitoring data to establish attainment or 
nonattainment status; or 

Attainment-Maintenance (NAAQS only), which violated a NAAQS that is currently in use (was 
Nonattainment) in or after 1990, but now attains the standard and is officially redesignated to 
Attainment by U.S. EPA with a Maintenance SIP; or 

Attainment (usually only for CAAQS, but sometimes for NAAQS), which have adequate 
monitoring data to show attainment, have never been nonattainment, or, for NAAQS, have 
completed the official Maintenance period. 

Nonattainment areas are imposed with additional restrictions as required by the EPA. The air quality 
data are also used to monitor progress in attaining air quality standards. Table D lists the attainment 
status for the criteria pollutants in the Basin. 

Table D: Attainment Status of Criteria Pollutants in the South Coast Air Basin 

Pollutant State Federal
O3 1-hour Nonattainment N/A
O3 8-hour Nonattainment Extreme Nonattainment 
PM10 Nonattainment Attainment/Maintenance 
PM2.5 Nonattainment Nonattainment 
CO Attainment Attainment/Maintenance 
NO2 Nonattainment Attainment/Maintenance 
SO2 Attainment Attainment 
Lead Attainment1 Attainment1

All others Attainment/Unclassified Attainment/Unclassified 
Source: California Air Resources Board (2013) (http://www.arb.ca.gov/desig/desig.htm).
1 Except in Los Angeles County. 
CO = carbon monoxide 
N/A = not applicable 
NO2 = nitrogen dioxide 
O3 = ozone 

PM2.5 = particulate matter less than 2.5 microns in diameter 
PM10 = particulate matter less than 10 microns in diameter 
SO2 = sulfur dioxide 

                                                      
1  ARB, 2013. http://www.arb.ca.gov/cc/inventory/data/data.htm (October 2013). 
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Ozone. O3 (smog) is formed by photochemical reactions between oxides of nitrogen and reactive 
organic gases (ROGs) rather than being directly emitted. O3 is a pungent, colorless gas typical of 
Southern California smog. Elevated O3 concentrations result in reduced lung function, particularly 
during vigorous physical activity. This health problem is particularly acute in sensitive receptors such 
as the sick, the elderly, and young children. O3 levels peak during summer and early fall. The entire 
Basin is designated as a nonattainment area for the State 1-hour and 8-hour O3 standards. The EPA 
has officially designated the status for most of the Basin regarding the 8-hour O3 standard as 
“Extreme Nonattainment,” which means the Basin has until 2024 to attain the federal 8-hour O3
standard.

Carbon Monoxide. CO is formed by the incomplete combustion of fossil fuels, almost entirely from 
automobiles. It is a colorless, odorless gas that can cause dizziness, fatigue, and impairments to 
central nervous system functions. The entire Basin is in attainment for the State standards for CO. 
The Basin is designated as an “Attainment/Maintenance” area under the federal CO standards. 

Nitrogen Oxides. NO2, a reddish brown gas, and nitric oxide (NO), a colorless, odorless gas, are 
formed from fuel combustion under high temperature or pressure. These compounds are referred to as 
nitrogen oxides, or NOX. NOX is a primary component of the photochemical smog reaction. It also 
contributes to other pollution problems, including a high concentration of fine particulate matter, poor 
visibility, and acid deposition (i.e., acid rain). NO2 decreases lung function and may reduce resistance 
to infection. The entire Basin is designated as nonattainment for the State NO2 standard and as an 
“Attainment/Maintenance” area under the federal NO2 standard. 

Sulfur Dioxide. SO2 is a colorless irritating gas formed primarily from incomplete combustion of 
fuels containing sulfur. Industrial facilities also contribute to gaseous SO2 levels. SO2 irritates the 
respiratory tract, can injure lung tissue when combined with fine particulate matter, and reduces 
visibility and the level of sunlight. The entire Basin is in attainment with both federal and State SO2
standards.

Lead. Lead is found in old paints and coatings, plumbing, and a variety of other materials. Once in 
the blood stream, lead can cause damage to the brain, nervous system, and other body systems. 
Children are highly susceptible to the effects of lead. The Los Angeles County portion of the Basin 
was re-designated as nonattainment for the State and federal standards for lead in 2010.

Particulate Matter. Particulate matter (PM) is the term used for a mixture of solid particles and 
liquid droplets found in the air. Coarse particles (PM10) derive from a variety of sources, including 
windblown dust and grinding operations. Fuel combustion and resultant exhaust from power plants 
and diesel buses and trucks are primarily responsible for fine particle (PM2.5) levels. Fine particles can 
also be formed in the atmosphere through chemical reactions. PM10 can accumulate in the respiratory 
system and aggravate health problems such as asthma. The EPA’s scientific review concluded that 
PM2.5, which penetrate deeply into the lungs, are more likely than coarse particles to contribute to 
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the health effects listed in a number of recently published community epidemiological studies at 
concentrations that extend well below those allowed by the current PM10 standards. These health 
effects include premature death and increased hospital admissions and emergency room visits 
(primarily the elderly and individuals with cardiopulmonary disease); increased respiratory symptoms 
and disease (children and individuals with cardiopulmonary disease such as asthma); decreased lung 
functions (particularly in children and individuals with asthma); and alterations in lung tissue and 
structure and in respiratory tract defense mechanisms. The Basin is designated nonattainment for the 
federal and State PM2.5 standards and State PM10 standard, and attainment/maintenance for the federal 
PM10 standard. 

Reactive Organic Compounds. Reactive organic compounds (ROCs; also known as ROGs and 
volatile organic compounds [VOCs]) are formed from the combustion of fuels and the evaporation of 
organic solvents. ROCs are not defined as criteria pollutants, but are a prime component of the 
photochemical smog reaction. Consequently, ROC accumulates in the atmosphere more quickly 
during the winter when sunlight is limited and photochemical reactions are slower. There are no 
attainment designations for ROC. 

Sulfates. Sulfates occur in combination with metal and/or hydrogen ions. In California, emissions of 
sulfur compounds occur primarily from the combustion of petroleum-derived fuels (e.g., gasoline and 
diesel fuel) that contain sulfur. This sulfur is oxidized to SO2 during the combustion process and 
subsequently is converted to sulfate compounds in the atmosphere. The conversion of SO2 to sulfates 
takes place comparatively rapidly and completely in urban areas of California due to regional 
meteorological features. The entire Basin is in attainment for the State standard for sulfates. 

Hydrogen Sulfide. H2S is a colorless gas with the odor of rotten eggs. It is formed during bacterial 
decomposition of sulfur-containing organic substances. Also, it can be present in sewer gas and some 
natural gas and can be emitted as the result of geothermal energy exploitation. In 1984, an ARB 
committee concluded that the ambient standard for H2S is adequate to protect public health and to 
significantly reduce odor annoyance. The entire Basin is unclassified for the State standard for H2S.

Visibility-Reducing Particles. Visibility-reducing particles consist of suspended particulate matter, 
which is a complex mixture of tiny particles that consists of dry solid fragments, solid cores with 
liquid coatings, and small droplets of liquid. These particles vary greatly in shape, size, and chemical 
composition, and can be made up of many different materials such as metals, soot, soil, dust, and salt. 
The statewide standard is intended to limit the frequency and severity of visibility impairment due to 
regional haze. The entire Basin is unclassified for the State standard for visibility-reducing particles. 

LOCAL AIR QUALITY 
The SCAQMD, together with the ARB, maintains ambient air quality monitoring stations in the 
Basin. The air quality monitoring station closest to the site is the Riverside-Magnolia Station, which 
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monitors CO, PM10, PM2.5, and NO2.1 The air quality monitoring station closest to the site monitoring 
the other criteria pollutants is the Riverside-Rubidoux Station, which monitors all criteria air pollutant 
data. The air quality trends from these stations are used to represent the ambient air quality in the 
project area. The ambient air quality data in Table E show that NO2, SO2, and CO levels are below the 
applicable State and federal standards.

The State 1-hour O3 standard was exceeded 13 to 52 times per year in the past 3 years. The federal 
8-hour O3 standard was exceeded 26 to 47 days per year in the past 3 years, and the State 8-hour O3
standard was exceeded 38 to 92 times per year in the past 3 years. The State 24-hour PM10 standard
was exceeded 10 to 97 days per year in the past 3 years, and the federal 24-hour standard was not 
exceeded. The federal 24-hour PM2.5 standard was exceeded 5 to 7 days per year in the past 3 years. 
The State annual average PM2.5 standards were exceeded in each of the last 3 years and the federal 
annual average PM2.5 standards have not been exceeded in the past 3 years. 

REGULATORY SETTINGS 
Federal Regulations/Standards 
Pursuant to the Federal Clean Air Act (CAA) of 1970, the EPA established national ambient air 
quality standards (NAAQS). The NAAQS were established for six major pollutants, termed “criteria” 
pollutants. Criteria pollutants are defined as those pollutants for which the federal and State 
governments have established AAQS, or criteria, for outdoor concentrations in order to protect public 
health.

Data collected at permanent monitoring stations are used by the EPA to classify regions as 
“attainment” or “nonattainment,” depending on whether the regions met the requirements stated in the 
primary NAAQS. Nonattainment areas are imposed with additional restrictions as required by the 
EPA. The EPA has designated the SCAG as the Metropolitan Planning Organization (MPO) 
responsible for ensuring compliance with the requirements of the CAA for the Basin. 

The EPA established new national air quality standards for ground-level O3 and PM2.5 in 1997. On 
May 14, 1999, the Court of Appeals for the District of Columbia Circuit issued a decision ruling that 
the CAA, as applied in setting the new public health standards for O3 and particulate matter, was 
unconstitutional as an improper delegation of legislative authority to the EPA. On February 27, 2001, 
the United States Supreme Court upheld the way the government sets air quality standards under the 
CAA. The court unanimously rejected industry arguments that the EPA must consider financial cost, 
as well as health benefits, in writing standards. The justices also rejected arguments that the EPA took 
too much lawmaking power from Congress when it set tougher standards for O3 and soot in 1997. 

Nevertheless, the court threw out the EPA’s policy for implementing new O3 rules, saying that the 
agency ignored a section of the law that restricts its authority to enforce such rules. 

                                                      
1 Air quality data, 2011–2013; Environmental Protection Agency (www.epa.gov/air/data/index.html) and 

California Air Resources Board (www.arb.ca.gov/adam/welcome.html) websites.  
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Table E: Ambient Air Quality Monitored in the Project Vicinity at the Riverside-Magnolia 
and Riverside-Rubidoux Stations 

Pollutant Standard 2011 2012 2013
Carbon Monoxide (CO) 

Maximum 1-hr concentration (ppm) 3.1 2.7 2.3 

Number of days exceeded: 
 State:  > 20 ppm 0 0 0 
 Federal:  > 35 ppm 0 0 0 

Maximum 8-hr concentration (ppm) 1.49 1.46 1.6 

Number of days exceeded: 
 State:   9.0 ppm 0 0 0 
 Federal:   9 ppm 0 0 0 

Ozone (O3)
Maximum 1-hr concentration (ppm) 0.128 0.126 0.123 

Number of days exceeded:  State:  > 0.09 ppm 52 27 13 
Maximum 8-hr concentration (ppm) 0.115 0.102 0.103 

Number of days exceeded: 
 State:  > 0.07 ppm 92 70 38 
 Federal:  > 0.075 ppm 671 47 26 

Coarse Particulates (PM10)
Maximum 24-hr concentration ( g/m3) 89.4 72.0 152.0

Number of days exceeded: 
 State:  > 50 g/m3 ND2 ND ND 
 Federal:  > 150 g/m3 0 0 0 

Annual arithmetic average concentration ( g/m3) 33.2 32.1 33.2
Exceeded for the year:  State:  > 20 g/m3 Yes Yes Yes 
Fine Particulates (PM2.5)

Maximum 24-hr concentration ( g/m3) 51.6 30.2 53.7
Number of days exceeded:  Federal:  > 35 g/m3 2 0 1 

Annual arithmetic average concentration ( g/m3) 11.7 ND 11.2

Exceeded for the year: 
 State:  > 12 g/m3 No ND No 
 Federal:  > 15 g/m3 No No No 

Nitrogen Dioxide (NO2)
Maximum 1-hr concentration (ppm) 0.057 0.060 0.057 

Number of days exceeded:  State:  > 0.18 ppm 0 0 0 
Annual arithmetic average concentration (ppm) ND ND ND 

Exceeded for the year: 
 State: > 0.030 ppm ND ND ND 
 Federal:  > 0.053 ppm ND ND ND 

Sulfur Dioxide (SO2)
Maximum 24-hr concentration (ppm) 0.001 0.001 0.001 

Number of days exceeded: 
 State:  > 0.04 ppm 0 0 ND 
 Federal:  > 0.14 ppm 0 0 ND 

Annual arithmetic average concentration (ppm) 0.001 ND ND 
Exceeded for the year:  Federal:  > 0.030 ppm No ND ND 

Sources: Environmental Protection Agency (www.epa.gov/air/data/index.html) and California Air Resources Board 
(www.arb.ca.gov/adam/welcome.html) websites. (Note that full 2012 data are not yet available.) 
1 The exceedances of the federal 8-hr O3 standard are based on the old 0.08 ppm standard.
In April 2008, the EPA revised the standard to 0.075 ppm.
2  No data available. 
EPA = United States Environmental Protection Agency 
hr = hour 

g/m3 = micrograms per cubic meter

PM10 = particulate matter less than 10 microns in diameter 
PM2.5 = particulate matter less than 2.5 microns in diameter 
ppm = parts per million 
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In April 2003, the EPA was cleared by the White House Office of Management and Budget (OMB) to 
implement the 8-hour ground-level O3 standard. The EPA issued the proposed rule implementing the 
8-hour O3 standard in April 2003. The EPA completed final 8-hour nonattainment status on April 15, 
2004. The EPA revoked the 1-hour O3 standard on June 15, 2005, and lowered the 8-hour O3 standard 
from 0.08 ppm to 0.075 ppm on April 1, 2008. 

The EPA issued the final PM2.5 implementation rule in fall 2004. The EPA lowered the 24-hour PM2.5
standard from 65 to 35 g/m3 and revoked the annual PM10 standard on December 17, 2006. The EPA 
issued final designations for the 2006 24-hour PM2.5 standard on December 12, 2008. 

The United States has historically had a voluntary approach to reducing GHG emissions. However, 
on April 2, 2007, the United States Supreme Court ruled that the EPA has the authority to regulate 
CO2 emissions under the CAA. While there currently are no adopted federal regulations for the 
control or reduction of GHG emissions, the EPA commenced several actions in 2009 that are required 
to implement a regulatory approach to GCC.  

On September 30, 2009, the EPA announced a proposal that focuses on large facilities emitting over 
25,000 tons of GHG emissions per year. These facilities would be required to obtain permits that 
would demonstrate they are using the best practices and technologies to minimize GHG emissions. 

On December 7, 2009, the EPA Administrator signed a final action under the CAA, finding that six 
GHGs (CO2, CH4, N2O, HFCs, PFCs, and SF6) constitute a threat to public health and welfare, and 
that the combined emissions from motor vehicles cause and contribute to GCC. This EPA action does 
not impose any requirements on industry or other entities. However, the findings are a prerequisite to 
finalizing the GHG emission standards for light-duty vehicles mentioned below. 

On April 1, 2010, the EPA and the Department of Transportation’s National Highway Traffic Safety 
Administration (NHTSA) announced a final joint rule to establish a national program consisting of 
new standards for model year 2012 through 2016 light-duty vehicles that will reduce GHG emissions 
and improve fuel economy. The EPA is finalizing the first-ever national GHG emissions standards 
under the CAA, and NHTSA is finalizing Corporate Average Fuel Economy (CAFE) standards under 
the Energy Policy and Conservation Act. The EPA GHG standards require these vehicles to meet an 
estimated combined average emissions level of 250 grams of CO2 per mile in model year 2016, 
equivalent to 35.5 miles per gallon (mpg).  

State Regulations/Standards 
In 1967, the California Legislature passed the Mulford-Carrell Act, which combined two Department 
of Health bureaus, the Bureau of Air Sanitation and the Motor Vehicle Pollution Control Board, to 
establish the ARB. Since its formation, the ARB has worked with the public, the business sector, and 
local governments to find solutions to California’s air pollution problems.  

The ARB identified particulate emissions from diesel-fueled engines (diesel particulate matter 
[DPM]) as toxic air contaminants (TACs) in August 1998. Following the identification process, the 
ARB was required by law to determine whether there is a need for further control. In September 
2000, the ARB adopted the Diesel Risk Reduction Plan (Diesel RRP), which recommends many 
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control measures to reduce the risks associated with DPM and to achieve goals of 75 percent DPM 
reduction by 2010 and 85 percent by 2020. 

In a response to the transportation sector’s significant contribution to California’s CO2 emissions, 
AB 1493 (Pavley) was enacted on July 22, 2002. AB 1493 requires the ARB to set GHG emission 
standards for passenger vehicles and light-duty trucks (and other vehicles whose primary use is 
noncommercial personal transportation in the State) manufactured in 2009 and all subsequent model 
years. In setting these standards, the ARB considered cost effectiveness, technological feasibility, and 
economic impacts. The ARB adopted the standards in September 2004. When fully phased in, the 
near-term (2009 to 2012) standards would result in a reduction in GHG emissions of approximately 
22 percent compared to the emissions from the 2002 fleet, while the midterm (2013 to 2016) 
standards would result in a reduction of approximately 30 percent. To set its own GHG emissions 
limits on motor vehicles, California must receive a waiver from the EPA. However, in December 
2007, the EPA denied the request from California for the waiver. In January 2008, the California 
Attorney General filed a petition for review of the EPA’s decision in the Ninth Circuit Court of 
Appeals; however, no decision on that petition has been published as of January 2009. On January 26, 
2009, President Barack Obama issued an Executive Memorandum directing the EPA to reassess its 
decision to deny the waiver and to initiate any appropriate action.1 On May 18, 2009, the President 
announced the enactment of a 35.5 mpg fuel economy standard for automobiles and light-duty trucks, 
which began to take effect in 2012. This standard is approximately the same standard that was 
proposed by California; therefore, the California waiver request was shelved. 

In June 2005, Governor Schwarzenegger established California’s GHG emissions reduction targets in 
Executive Order (EO) S-3-05. This EO established the following goals for the State of California: 
GHG emissions should be reduced to 2000 levels by 2010, to 1990 levels by 2020, and to 80 percent 
below 1990 levels by 2050. 

California’s major initiative for reducing GHG emissions is outlined in AB 32, the “Global Warming 
Solutions Act,” passed by the California State legislature on August 31, 2006. AB 32 requires the 
ARB to do the following:

Establish a statewide GHG emissions cap for 2020, based on 1990 emissions, by January 1, 2008;  

Adopt mandatory reporting rules for significant sources of GHG emissions by January 1, 2008;  

Adopt an emissions reduction plan by January 1, 2009, indicating how emissions reductions will 
be achieved via regulations, market mechanisms, and other actions; and 

Adopt regulations to achieve the maximum technologically feasible and cost-effective reductions 
of GHGs by January 1, 2011. 

The ARB has established the level of GHG emissions in 1990 at 427 MMTCO2e. The emissions 
target of 427 MMT requires the reduction of 169 MMT from the State’s projected business-as-usual 
(BAU) 2020 emissions of 596 MMT. AB 32 requires the ARB to prepare a Scoping Plan that outlines 
the main State strategies for meeting the 2020 deadline and to reduce GHGs that contribute to GCC. 
The Scoping Plan was approved by the ARB on December 11, 2008, and includes measures to 
                                                      
1  President Barack Obama. 2009. Memorandum to the Administrator of the EPA. State of California Request 

for Waiver Under 42 United States Code (USC) 7543(b), the Clean Air Act (January 26). 
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address GHG emission reduction strategies related to energy efficiency, water use, and recycling and 
solid waste, among other measures.1 Emission reductions that are projected to result from the 
recommended measures in the Scoping Plan are expected to total 174 MMTCO2e, which would allow 
California to attain the emissions goal of 427 MMTCO2e by 2020. The Scoping Plan includes a range 
of GHG reduction actions that may include direct regulations, alternative compliance mechanisms, 
monetary and nonmonetary incentives, voluntary actions, and market-based mechanisms such as a 
cap-and-trade system. The Scoping Plan, even after Board approval, remains a recommendation. The 
measures in the Scoping Plan will not be binding until after they are adopted through the normal 
rulemaking process. The ARB rule-making process includes preparation and release of each of the 
draft measures, public input through workshops, and a public comment period, followed by an ARB 
Board hearing and rule adoption. 

In addition to reducing GHG emissions to 1990 levels by 2020, AB 32 directed the ARB and the 
newly created CAT to identify a list of “discrete early action GHG reduction measures” that could be 
adopted and made enforceable by January 1, 2010. On January 18, 2007, Governor Schwarzenegger 
signed EO S-1-07, further solidifying California’s dedication to reducing GHGs by setting a new Low 
Carbon Fuel Standard. This EO set a target to reduce the carbon intensity of California transportation 
fuels by at least 10 percent by 2020 and directed the ARB to consider the Low Carbon Fuel Standard 
as a discrete early action measure.  

In June 2007, the ARB approved a list of 37 early action measures, including three discrete early 
action measures (Low Carbon Fuel Standard, Restrictions on High Global Warming Potential 
Refrigerants, and Landfill Methane Capture). Discrete early action measures are measures that were 
required to be adopted as regulations and made effective no later than January 1, 2010, the date 
established by Health and Safety Code (HSC) Section 38560.5. The ARB adopted additional early 
action measures in October 20072 that tripled the number of discrete early action measures. These 
measures relate to truck efficiency, port electrification, reduction of PFCs from the semiconductor 
industry, reduction of propellants in consumer products, proper tire inflation, and SF6 reductions from 
the non-electricity sector. The combination of early action measures is estimated to reduce statewide 
GHG emissions by nearly 16 MMT.3

To assist public agencies in the mitigation of GHG emissions or analyzing the effects of GHGs under 
CEQA, including the effects associated with transportation and energy consumption, Senate Bill 
(SB) 97 (Chapter 185, 2007) requires the Governor’s Office of Planning and Research (OPR) to 
develop CEQA guidelines on how to minimize and mitigate a project’s GHG emissions. The OPR 
prepared, developed, and transmitted these guidelines in May 2009, the Resources Agency certified 
and adopted them on December 30, 2009, and they became effective on March 18, 2010. The 
amendments encourage lead agencies to consider many factors in performing a CEQA analysis but 
preserve the discretion granted by CEQA to lead agencies in making their own determinations.  

                                                      
1  ARB. 2008. Climate Change Proposed Scoping Plan: a Framework for Change (October).
2  ARB. 2007. Expanded List of Early Action Measures to Reduce Greenhouse Gas Emissions in California 

Recommended for Board Consideration (October).
3  ARB. 2007. “ARB approves tripling of early action measures required under AB 32.” News Release 07-46. 

http://www.arb.ca.gov/newsrel/nr102507.htm (October 25). 
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SB 375, signed into law on October 1, 2008, is intended to enhance the ARB’s ability to reach AB 32 
goals by directing the ARB to develop regional GHG emissions reduction targets to be achieved 
within the automobile and light truck sectors for 2020 and 2035. The ARB will work with 
California’s 18 MPOs to align their regional transportation, housing, and land use plans and prepare a 
“Sustainable Communities Strategy” to reduce the number of vehicle miles traveled (VMT) in their 
respective regions and demonstrate each region’s ability to attain its GHG reduction targets.  

Additionally, SB 375 provides incentives for creating attractive, walkable, and sustainable 
communities and revitalizing existing communities. The bill exempts homebuilders from certain 
CEQA requirements if they build projects consistent with the new sustainable community strategies. 
It also encourages the development of more alternative transportation options to promote healthy 
lifestyles and reduce traffic congestion. 

Regional Air Quality Planning Framework 
The 1976 Lewis Air Quality Management Act established the SCAQMD and other air districts 
throughout the State. The CAA Amendments of 1977 required that each state adopt an 
implementation plan outlining pollution control measures to attain the federal standards in 
nonattainment areas of the State.  

The ARB is responsible for incorporating air quality management plans for local air basins into a 
State Implementation Plan (SIP) for EPA approval. Significant authority for air quality control within 
them has been given to local air districts that regulate stationary-source emissions and develop local 
nonattainment plans. 

Regional Air Quality Management Plan 
The SCAQMD and the SCAG are responsible for formulating and implementing the Air Quality 
Management Plan (AQMP) for the Basin. Every 3 years the SCAQMD prepares a new AQMP, 
updating the previous plan and setting a 20-year horizon.  

The main purpose of an AQMP is to bring the area into compliance with federal and State air quality 
standards. Every 3 years, the SCAQMD prepares a new AQMP, updating the previous plan and 
having a 20-year horizon. The SCAQMD adopted the 2012 AQMP in December 2012, ARB 
approved it on January 23, 2013 and forwarded it to the EPA.

The 2012 AQMP incorporates the latest scientific and technological information and planning 
assumptions, including the 2012 Regional Transportation Plan/Sustainable Communities Strategy and 
updated emission inventory methodologies for various source categories. The 2012 AQMP included 
the new and changing federal requirements, implementation of new technology measures, and the 
continued development of economically sound, flexible compliance approaches. 
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THRESHOLDS OF SIGNIFICANCE 

A number of modeling tools are available to assess air quality impacts of projects. In addition, certain 
air districts, such as the SCAQMD, have created guidelines and requirements to conduct air quality 
analysis. SCAQMD’s current guidelines, CEQA Air Quality Handbook (April 1993) with associated 
updates, and the City of Riverside were adhered to in the assessment of air quality impacts for the 
proposed project. The current air quality, CalEEMod Version 2013.2.2, was used to estimate project-
related mobile- and stationary-source emissions in this Air Quality Analysis. 

The Air Quality Analysis includes estimated emissions associated with short-term construction and 
long-term operation of the proposed project. Criteria pollutants with regional impacts would be 
emitted by project-related vehicular trips, as well as by emissions associated with stationary sources 
used on site. Localized air quality impacts, i.e., higher CO concentrations (CO hot spots) near 
intersections or roadway segments in the project vicinity, would be small and less than significant due 
to the generally low ambient CO concentrations (maximum 3.1 ppm for the 1-hour period and 1.6 
ppm for the 8-hour period) in the project area.  

The net increase in pollutant emissions determines the significance and impact on regional air quality 
as a result of the proposed project. The results also allow the local government to determine whether 
the proposed project will deter the region from achieving the goal of reducing pollutants in 
accordance with the AQMP in order to comply with federal and State AAQS.  

On December 5, 2008, the SCAQMD adopted an interim GHG significance threshold for projects 
where the lead agency is using a tiered approach for determining significance. The objective of the 
SCAQMD’s interim GHG significance threshold proposal was to achieve a GHG emission capture 
rate of 90 percent for all new or modified stationary-source projects. 

Based on Guidelines for the Implementation of California Environmental Quality Act, Appendix G, 
Public Resource Code (PRC) Sections 15000–15387, a project would normally be considered to have 
a significant effect on air quality if the project would violate any AAQS, contribute substantially to an 
existing air quality violation, expose sensitive receptors to substantial pollutants concentrations, or 
conflict with adopted environmental plans and goals of the community in which it is located.  

In addition to the federal and State AAQS, the SCAQMD has established daily emissions thresholds 
for construction and operation of a proposed project in the Basin. It should be noted that the 
emissions thresholds were established based on the attainment status of the air basin in regard to air 
quality standards for specific criteria pollutants. Because the concentration standards were set at a 
level that protects public health with an adequate margin of safety (EPA), these emissions thresholds 
are regarded as conservative and would overstate an individual project’s contribution to health risks. 
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REGIONAL THRESHOLDS FOR CONSTRUCTION EMISSIONS
The following CEQA significance thresholds for construction emissions have been established for the 
Basin:

75 pounds per day (lbs/day) of ROC 

100 lbs/day of NOX

550 lbs/day of CO 

150 lbs/day of PM10

55 lbs/day of PM2.5

150 lbs/day of SO2

Projects in the Basin with construction-related emissions that exceed any of these emission thresholds 
are considered to be significant under the SCAQMD guidelines. 

REGIONAL THRESHOLDS FOR OPERATIONAL EMISSIONS 
The following CEQA significance thresholds for operational emissions have been established for the 
Basin:

55 lbs/day of ROC 

55 lbs/day of NOX

550 lbs/day of CO 

150 lbs/day of PM10

55 lbs/day of PM2.5

150 lbs/day of SO2

Projects in the Basin with operational emissions that exceed any of these emission thresholds are 
considered to be significant under the SCAQMD guidelines. 

Local Microscale Concentration Standards 
The significance of localized project impacts under CEQA depends on whether ambient CO levels in 
the vicinity of the project are above or below State and federal CO standards. If ambient levels are 
below the standards, a project is considered to have a significant impact if project emissions result in 
an exceedance of one or more of these standards. If ambient levels already exceed a State or federal 
standard, project emissions are considered significant if they increase 1-hour CO concentrations by 
1 ppm or more or 8-hour CO concentrations by 0.45 ppm or more. The following are applicable local 
emission concentration standards for CO: 
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California State 1-hour CO standard of 20.0 ppm 

California State 8-hour CO standard of 9.0 ppm 

THRESHOLDS FOR LOCALIZED SIGNIFICANCE 
The SCAQMD published its Final Localized Significance Threshold Methodology in June 2003, 
recommending that all air quality analyses include an assessment of both construction and operational 
impacts on the air quality of nearby sensitive receptors. Localized Significance Thresholds (LSTs) 
represent the maximum emissions from a project site that are not expected to result in an exceedance 
of the national or State AAQS, as previously shown in Table A. LSTs are based on the ambient 
concentrations of that pollutant within the project Source Receptor Area (SRA) and the distance to 
the nearest sensitive receptor. For this project, the appropriate SRA for the Localized impacts 
analysis is the Metropolitan Riverside County area (SRA 23). 

In the case of CO and NO2, if ambient levels are below the standards, a project is considered to have a 
significant impact if project emissions result in an exceedance of one or more of these standards. If 
ambient levels already exceed a State or federal standard, then project emissions are considered 
significant if they increase ambient concentrations by a measurable amount. This would apply to 
PM10 and PM2.5, both of which are nonattainment pollutants. For these two, the significance criteria 
are the pollutant concentration thresholds presented in SCAQMD Rules 403 and 1301. The Rule 403 
threshold of 10.4 g/m3 applies to construction emissions (and may apply to operational emissions at 
aggregate handling facilities). The Rule 1301 threshold of 2.5 g/m3 applies to nonaggregate handling 
operational activities. 

To avoid the need for every air quality analysis to perform air dispersion modeling, the SCAQMD 
performed air dispersion modeling for a range of construction sites less than or equal to 5 ac in size 
and created look-up tables that correlate pollutant emissions rates with project size to screen out 
projects that are unlikely to generate enough emissions to result in a locally significant concentration 
of any criteria pollutant. These look-up tables can also be used as screening criteria for larger projects 
to determine whether or not dispersion modeling may be required. 

For construction and operational emissions, the localized significance for a project smaller than 5 ac 
can be determined by performing the screening-level analysis before using the dispersion modeling 
because the screening-level analysis is more conservative, and if no exceedance of the screening-level 
thresholds is identified, then the chance of operational LST exceeding concentration standards is 
small. Since the total gross area for the project site is larger than 5 ac, the LST screening thresholds 
for 5 ac are used in this analysis for construction emissions for a screening-level analysis first. Since 
the project is not an aggregate handling facility, operational LSTs are assessed with the SCAQMD 
screening thresholds as well.

Sensitive receptors include residences, schools, hospitals, and similar uses that are sensitive to 
adverse air quality. Existing single-family residences nearest to the project site are approximately 200 
feet (ft) (60 meters [m]) from the project site. Using the operations LST thresholds for receptors at 60 
m from a 5 ac site for this project would result in a conservative analysis. Therefore, the following 
emissions thresholds apply during project construction: 
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Construction

LST Thresholds, 5 ac, 200 ft distance 

317 lbs/day of NOX

2,430 lbs/day of CO 

44 lbs/day of PM10

11 lbs/day of PM2.5

Operation

LST Thresholds, 5 ac, 200 ft distance 

317 lbs/day of NOX

2,430 lbs/day of CO 

11 lbs/day of PM10

3.2 lbs/day of PM2.5

GLOBAL CLIMATE CHANGE 
CEQA Guidelines Section 15064(b) provides that the “determination of whether a project may have a 
significant effect on the environment calls for careful judgment on the part of the public agency 
involved, based to the extent possible on scientific and factual data,” and further states that an 
“ironclad definition of significant effect is not always possible because the significance of an activity 
may vary with the setting.”  

Appendix G of the CEQA Guidelines includes the following questions related to greenhouse gas 
emissions that are intended to encourage thoughtful assessment of impacts, and do not necessarily 
represent thresholds of significance: 

Would the project generate GHG emissions, either directly or indirectly, that may have a 
significant impact on the environment? 

Would the project conflict with an applicable plan, policy, or regulation adopted for the purpose 
of reducing the emissions of GHGs? 

However, despite this, currently neither the CEQA statutes nor any applicable guidelines, prescribe 
thresholds of significance or a particular methodology for performing an impact analysis. As with 
most environmental topics, significance criteria are left to the judgment and discretion of the lead 
agency. 

The SCAQMD adopted a significance threshold for industrial sources of 10,000 metric tons (MT) of 
CO2e per year on December 5, 2008. While the threshold is only for project for which the SCAQMD 
is the lead agency, in lieu of any other threshold, this will be used to determine GHG emissions 
significance for this analysis. There is no threshold of significance that has been adopted for 
construction GHG emissions, so consistent with methods used by the SCAQMD in its draft 
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guidelines,1 the one-time construction and vegetation change annual GHG emissions are amortized 
over a 30-year average project lifespan, combined with the operational emissions and the total 
compared to the SCAQMD's industrial threshold of 10,000 MT of CO2e per year. 

                                                      
1  This approach to one-time construction and vegetation change GHG emissions is based on the GHG 

Threshold Working Group Meeting No. 13 Minutes from August 26, 2009. Website: http://www.aqmd.gov/
ceqa/handbook/GHG/2009/aug26mtg/wkgp13minutes.pdf. 
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IMPACTS AND MITIGATION 

Air pollutant emissions associated with the project would occur over the short term from construction 
activities, such as fugitive dust from site preparation, and grading, and emissions from equipment 
exhaust.

CONSTRUCTION IMPACTS
Equipment Exhausts and Related Construction Activities
Construction activities produce combustion emissions from various sources, such as demolition, 
grading, site preparation, utility engines, and motor vehicles transporting the construction crew. 
Exhaust emissions from construction activities envisioned on site would vary daily as construction 
activity levels change. The use of construction equipment on site would result in localized exhaust 
emissions. The site is expected to be balanced on-site, with little or no off-site transport of soils/dirts. 
Based on the SCAQMD guidelines, the project is not expected to disturb more than 5 ac on a daily 
basis. This analysis provides the peak-day construction emissions. Table F lists the tentative project 
construction schedule. Table G lists the potential construction equipment to be used during project 
construction.

Table F: Construction Schedule 

Phase
Number Phase Name Phase Start Date Phase End Date 

Number of 
Days/Week 

Number of 
Days

1 Site Preparation 4/1/2015 4/7/2015 5 5 
2 Grading 4/8/2015 4/21/2015 5 10 
3 Building Construction 4/22/2015 11/17/2015 5 150 
4 Architectural Coating 6/1/2015 11/17/2015 5 122 
5 Paving 11/18/2015 12/15/2015 5 20 

Source: Project Plans 
Note: Site needs minimal prep & grading, assume simple building construction & architectural coatings applied throughout 
building construction. 
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Table G: Diesel Construction Equipment Utilized by Construction Phase 

Construction
Phase

Off-Road
Equipment Type 

Off-Road Equipment 
Unit Amount 

Hours Used 
per Day  Horsepower 

Load
Factor

Site Preparation 

Rubber Tired 
Dozers 3 8 255 0.4 

Tractors/Loaders/
Backhoes 4 8 97 0.37 

Grading

Excavators 2 8 162 0.38 
Graders 1 8 174 0.41
Rubber Tired 
Dozers 1 8 255 0.4 

Scrapers 2 8 361 0.48
Tractors/Loaders/
Backhoes 2 8 97 0.37 

Building
Construction

Cranes 1 7 226 0.29 
Forklifts 3 8 89 0.2
Generator Sets 1 8 84 0.74 
Tractors/Loaders/
Backhoes 3 7 97 0.37 

Welders 1 8 46 0.45

Paving
Pavers 2 8 125 0.42 
Paving Equipment 2 8 130 0.36 
Rollers 2 8 80 0.38

Architectural
Coating Air Compressors 1 6 78 0.48 

Source: CalEEMod Defaults. 

The most recent version of the CalEEMod model (Version 2013.2.2) was used to calculate the 
construction emissions, as shown in Table H. The “Rough Grading” phase includes vegetation 
removal and site preparation. The emissions rates shown are from the CalEEMod output Tables listed 
as “Mitigated Construction,” even though the only measures that have been applied to the analysis are 
the required construction emissions control measures, or standard conditions. They are also the 
combination of the on- and off-site emissions.  

Since no exceedances of any criteria pollutants are expected, no significant impacts would occur for 
project construction. Standard measures are discussed later in this report. Details of the emission 
factors and other assumptions are included in Appendix A. 
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Table H: Short-Term Regional Construction Criteria Pollutant Emissions 

Construction
Phase

Total Regional Pollutant Emissions, lbs/day 

VOC NOX CO SO2

Fugitive
PM10

Exhaust
PM10

Fugitive
PM2.5

Exhaust
PM2.5 CO2e

Site
Preparation 5.3 57 44 0.042 7.2 3.1 3.9 2.8 4,400 
Grading 6.9 79 52 0.065 3.6 3.8 1.5 3.5 6,800 
Building
Construction 6.0 42 49 0.086 3.6 2.3 0.96 2.2 8,200 
Architectural
Coating 67 2.9 5.6 0.01 0.58 0.23 0.15 0.23 920 
Paving 3.2 25 16 0.024 0.17 1.4 0.045 1.3 2,500 
Peak Daily 73 79 55 0.096 10 6.7 9,100 
SCAQMD
Thresholds 75 100 550 150 150 55 

No
ThresholdSignificant

Emissions? No No No No No No 

Source: LSA Associates, Inc., February 2015. 
Note: Peak daily emissions are based on assumption that the Building Construction and Architectural Coating phases would 
overlap.
CO = carbon monoxide 
CO2e = carbon dioxide equivalent 
lbs/day = pounds per day 
NOX = nitrogen oxides 
PM2.5 = particulate matter less than 2.5 microns in size  

PM10 = particulate matter less than 10 microns in size 
SCAQMD = South Coast Air Quality Management District 
SOX = sulfur oxides
VOC = volatile organic compounds 

Fugitive Dust 
Fugitive dust emissions are generally associated with land clearing and exposure of soils to the air 
and wind, as well as cut-and-fill grading operations. Dust generated during construction varies 
substantially on a project-by-project basis, depending on the level of activity, the specific operations, 
and weather conditions at the time of construction. 

Construction emissions can vary greatly depending on the level of activity, the specific operations 
taking place, the equipment being operated, local soils, weather conditions, and other factors. The 
proposed project will be required to comply with SCAQMD Rules 402 and 403 to control fugitive 
dust.

Table H lists total construction emissions (i.e., fugitive dust emissions and construction equipment 
exhausts) that have incorporated a number of feasible control measures that can be reasonably 
implemented to significantly reduce PM10 emissions from construction.  
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Localized Impact Analysis 
The SCAQMD has issued guidance on applying CalEEMod modeling results to LST analyses.1
Sensitive receptors include residences, schools, hospitals, and similar uses that are sensitive to noise 
and air pollutants. There are existing residential uses approximately 200 ft (60 m) from the project 
site. Using the distance of 50 m would be considered a conservative analysis. Since the project is not 
expected to disturb more than 5 ac on a daily basis, using the LST levels for 5 ac is reasonable and 
adequate for this analysis. Table I shows that the emissions of the pollutants on the peak day of 
demolition will result in concentrations of pollutants at these nearest campus apartments residences 
that are all below the SCAQMD thresholds of significance.

Table I: Construction LST Impacts

Emissions Sources NOX CO PM10 PM2.5

On-site Emissions 79 51 10 6.7 
LST Thresholds 317 2,430 44 11
Significant Emissions? No No No No
Source: LSA Associates, Inc., February 2015. 
SRA: Metropolitan Riverside County, 5 acres, 200 foot distance 
CO = carbon monoxide 
lbs/day = pounds per day 
LST = local significance threshold 

NOX = nitrogen oxides
PM2.5 = particulate matter less than 2.5 microns in size 
PM10 = particulate matter less than 10 microns in size

Architectural Coatings 
Architectural coatings contain VOCs that are similar to ROCs and are part of the O3 precursors. 
Based on the proposed project, it is estimated that application of the architectural coatings for the 
proposed peak construction day will result in a combined peak of 73 lbs/day of VOC. Therefore, this 
VOC emission will not exceed the SCAQMD VOC threshold of 75 lbs/day. 

Odors
Heavy-duty equipment in the project area during construction would emit odors. However, the 
construction activity would cease to occur after individual construction is completed. No other 
sources of objectionable odors have been identified for the proposed project, and no mitigation 
measures are required. 

SCAQMD Rule 402 regarding nuisances states:

A person shall not discharge from any source whatsoever such quantities of air contaminants 
or other material which cause injury, detriment, nuisance, or annoyance to any considerable 
number of persons or to the public, or which endanger the comfort, repose, health or safety of 

                                                      
1  From the SCAQMD website, www.aqmd.gov/home/regulations/ceqa/air-quality-analysis-

handbook/localized-significance-thresholds.
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any such persons or the public, or which cause, or have a natural tendency to cause, injury or 
damage to business or property. 

The proposed uses are not anticipated to emit any objectionable odors. Therefore, objectionable odors 
posing a health risk to potential on-site and existing off-site uses would not occur as a result of the 
proposed project. 

Naturally Occurring Asbestos 
The proposed project is located in Riverside County, which is not among the counties that are found 
to have serpentine and ultramafic rock in their soils. In addition, no serpentine or ultramafic rock has 
been found in the project vicinity in the past 10 years. Therefore, the potential risk for NOA during 
project construction is small and less than significant. 

Construction Emissions Conclusions 
Table H shows that daily regional construction emissions would not exceed the daily thresholds of 
any criteria pollutant emission thresholds established by the SCAQMD. Table I shows that during 
construction, there will be no LST impacts. The project's air emissions during construction do not 
exceed any of the thresholds of significance established by the Air District or other thresholds set 
forth in CEQA Appendix G. Because these thresholds were established to protect human health, 
project-specific emissions would not have any significant impact on human health.  

LONG-TERM REGIONAL AIR QUALITY IMPACTS 
Long-Term Project Operational Emissions 
Long-term air pollutant emission impacts are those associated with stationary sources and mobile 
sources involving any project-related changes. The proposed project would result in area-, energy- 
and mobile-source emissions. Area sources include architectural coatings, consumer products, 
hearths, and landscaping. Energy sources include natural gas consumption for heating. Based on trip 
generation factors included in the Institute of Transportation Engineers (ITE) Trip Generation 
Manual (Ninth Edition), which are also provided in the trip generation study prepared for the 
proposed project (LSA, February 2015), the project’s daily trips were entered in the CalEEMod 
model. As the project consists of smaller light-industrial buildings in an industrial area, it is expected 
that truck traffic will be primarily local, thus the CalEEMod trip length of 16.6 miles for work 
vehicles was used. Long-term operational emissions associated with the proposed project are shown 
in Tables J and K (localized significance impacts). Table J shows that the peak daily emissions of all 
criteria pollutants as a result of the proposed project would not exceed the corresponding SCAQMD 
daily emission thresholds. Therefore, project-related long-term air quality impacts would be less than 
significant. No mitigation is required. 
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Table J: Opening Year Regional Operational Emissions 

Source
Pollutant Emissions, lbs/day 

VOC NOX CO SOX PM10 PM2.5

Area Sources 15 0.00029 0.03 0 0.00011 0.00011 
Energy Sources 0.27 2.5 2.1 0.015 0.19 0.19 
Mobile Sources 11 45 130 0.27 19 5.6 

Total Project Emissions 26 48 130 0.29 19 5.8 
SCAQMD Thresholds 55 55 550 150 150 55 
Significant? No No No No No No
Source: LSA Associates, Inc., February 2015. 
CO = carbon monoxide 
CO2 = carbon dioxide
lbs/day = pounds per day 
NOX = nitrogen oxides 
PM2.5 = particulate matter less than 2.5 microns in size 

PM10 = particulate matter less than 10 microns in size 
SCAQMD = South Coast Air Quality Management District 
SOX = sulfur oxides 
VOC = volatile organic compounds 

Table K: Long-Term Operational LST 

Emissions Sources NOX CO PM10 PM2.5

On-site emissions 7.0 15 2.4 0.7
LST Thresholds 317 2,430 11 3.2
Significant Emissions? No No No No
Source: LSA Associates, Inc., February 2015.
SRA: Metropolitan Riverside County, 5 acres, 200 foot distance, on-site traffic 5 percent of total 
CO = carbon monoxide 
lbs/day = pounds per day 
NOX = nitrogen oxides 

PM2.5 = particulate matter less than 2.5 microns in size 
PM10 = particulate matter less than 10 microns in size

Localized Impacts Analysis 
Table K shows the calculated emissions for the proposed operational activities compared with the 
appropriate SCAQMD localized impacts thresholds. The localized impacts analysis by design only 
includes on-site sources; however, the CalEEMod model outputs for operations do not separate on-
site and off-site emissions. As shown in Table J the CalEEMod only lists emissions by the categories 
of Area, Energy, and Mobile. For this LST analysis, it is assumed that all of the Area emissions occur 
on site, all of the Energy emissions occur off site (at regional power plants), and some portion of the 
Mobile source emissions occur on site. While some of the mobile source emissions will occur from 
vehicles driving on site, most of the mobile source emissions calculated by the CalEEMod model 
would occur while the vehicles are driving off site. 

Most on-site vehicle maneuvering would be of short distance. It is unlikely that the average on-site 
distance driven by vehicles, including trucks, will be 1,000 feet, which is approximately 2 percent of 
the average trip length. For a conservative analysis, the emissions shown in Table K include five 
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percent of the mobile emissions added to the area source emissions. Table K shows that the 
operational on-site emissions rates would not exceed the localized impacts thresholds. Therefore, the 
proposed operational activity would not result in a locally significant air quality impact.

Greenhouse Gas Emissions
This section evaluates potential significant impacts to GCC that could result from implementation of 
the proposed project. Because it is not possible to tie specific GHG emissions to actual changes in 
climate, this evaluation focuses on the project’s emission of GHGs. Mitigation measures are 
identified as appropriate. 

GHG Emissions Background. Emissions estimates for the proposed project are discussed below. 
Bearing in mind that CEQA does not require “perfection” but instead “adequacy, completeness, and a 
good faith effort at full disclosure,” the analysis below is based on methodologies and information 
available to the City and the applicant at the time this analysis was prepared. Estimation of GHG 
emissions in the future does not account for all changes in technology that may reduce such 
emissions; therefore, the estimates are based on past performance and represent a scenario that is 
worse than that which is likely to be encountered (after energy-efficient technologies have been 
implemented). While information is presented below to assist the public and decision-makers in 
understanding the project’s potential contribution to GCC impacts, the information available to the 
cities is not sufficiently detailed to allow a direct comparison between particular project 
characteristics and particular climate change impacts, nor between any particular proposed mitigation 
measure and any reduction in climate change impacts.

Overall, the following activities associated with the proposed project could directly or indirectly 
contribute to the generation of GHG emissions:  

Construction Activities: During construction of the project, GHGs would be emitted through the 
operation of construction equipment and from worker and vendor vehicles, each of which 
typically uses fossil-based fuels to operate. The combustion of fossil-based fuels creates GHGs 
such as CO2, CH4, and N2O. Furthermore, CH4 is emitted during the fueling of heavy equipment.  

Gas, Electricity, and Water Use: Natural gas use results in the emission of two GHGs: CH4 (the 
major component of natural gas) and CO2 (from the combustion of natural gas). Electricity use 
can result in GHG production if the electricity is generated by combusting fossil fuel. California’s 
water conveyance system is energy-intensive. Preliminary estimates indicate that the total energy 
used to pump and treat this water exceeds 6.5 percent of the total electricity used in the State per 
year.1

Solid Waste Disposal: Solid waste generated by the project could contribute to GHG emissions 
in a variety of ways. Landfilling and other methods of disposal use energy for transporting and 
managing the waste, and they produce additional GHGs to varying degrees. Landfilling, the most 
common waste management practice, results in the release of CH4 from the anaerobic 
decomposition of organic materials. However, landfill CH4 can also be a source of energy. In 

                                                      
1  CEC, 2004. Water Energy Use in California (online information sheet) Sacramento, CA, August 24. Website: 

energy.ca.gov/pier/iaw/industry/water.html (accessed July 24, 2007). 
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addition, many materials in landfills do not decompose fully, and the carbon that remains is 
sequestered in the landfill and not released into the atmosphere. 

Motor Vehicle Use: Transportation associated with the proposed project would result in GHG 
emissions from the combustion of fossil fuels in daily automobile and truck trips.  

Table L lists the annual GHG emissions by construction phase, with the total GHG emissions for the 
whole construction process expected to be 660 MT. 

Table L: Regional Construction GHG Emissions 

Construction Phase 
Total Regional Pollutant Emissions, mt/yr 

CO2 CH4 N2O CO2e
Site Preparation 9.8 0.0028 0 9.9
Grading 30 0.0088 0 31
Building Construction 540 0.059 0 550
Architectural Coating 49 0.0039 0 49
Paving 23 0.0064 0 23
Source: LSA Associates, Inc., February 2015. 
CH4 = methane 
CO2 = carbon dioxide 
CO2e = carbon dioxide equivalent 

mt/yr = metric tons per year 
N2O = nitrous oxide 

Table M: Long-Term Operational Greenhouse Gas Emissions 

Source
Pollutant Emissions, MT/year 

Bio- CO2 NBio- CO2 Total CO2 CH4 N2O CO2e
Construction emissions 
amortized over 30 years 0 22 22 0.0027 0 22 

Operational Emissions           
Area Sources 0 0.0071 0.0071 0.00002 0 0.0075 
Energy Sources 0 2,500 2,500 0.053 0.018 2,500 
Mobile Sources 0 3,000 3,000 0.12 0 3,000 
Waste Sources 69 0 69 4.1 0 160 
Water Usage 20 500 520 2.1 0.051 580 

Total Project Emissions 89 6,000 6,100 6.4 0.069 6,300 
Source: LSA Associates, Inc., February 2015. 
Note: Numbers in table may not appear to add up correctly due to rounding of all numbers to two significant digits. 
Bio-CO2 = biologically generated CO2 MT = metric tons 
CH4 = methane N2O = nitrous oxide 
CO2 = carbon dioxide NBio-CO2 = Non-biologically generated CO2

CO2e = carbon dioxide equivalent 

The GHG emission estimates presented in Table M show the emissions associated with the level of 
development envisioned by the proposed project. Appendix A includes the CalEEMod output for the 
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GHG emissions. As shown in Table M, the project will produce 6,300 MT of CO2e/yr, which is 
0.0063 million metric tons of CO2e per year (MMTCO2e/yr). For comparison, the existing emissions 
from the entire SCAG region are estimated to be approximately 176.79 MMTCO2e/yr, and the 
existing emissions for the entire State are estimated at approximately 496.95 MMTCO2e/yr. The 
GHG emissions shown in Table M are less than the SCAQMD threshold for industrial sources of 
10,000 MT of CO2e/yr; thus, the project would not produce significant emissions of GHGs. 

At present, there is a federal ban on chlorofluorocarbons (CFCs); therefore, it is assumed the project 
would not generate emissions of CFCs. The project may emit a small amount of HFCs from leakage 
and service of refrigeration and air-conditioning equipment and from disposal at the end of the life of 
the equipment. However, the details regarding refrigerants to be used at the project site are unknown 
at this time. PFCs and SF6 are typically used in industrial applications, none of which would be used 
on the project site. Therefore, it is not anticipated that the project would contribute significant 
emissions of these additional GHGs. 

LONG-TERM MICROSCALE (CO HOT SPOT) ANALYSIS 
Vehicular trips associated with the proposed project would contribute to congestion at intersections 
and along roadway segments in the project vicinity. Localized air quality impacts would occur when 
emissions from vehicular traffic increase as a result of the proposed project. The primary mobile-
source pollutant of local concern is CO, which is a direct function of vehicle idling time and, thus, of 
traffic flow conditions. CO transport is extremely limited; under normal meteorological conditions, it 
disperses rapidly with distance from the source. However, under certain extreme meteorological 
conditions, CO concentrations near a congested roadway or intersection may reach unhealthful levels, 
affecting local sensitive receptors (residents, schoolchildren, the elderly, and hospital patients, etc.). 

Typically, high CO concentrations are associated with roadways or intersections operating at 
unacceptable levels of service or with extremely high traffic volumes. In areas with high ambient 
background CO concentrations, modeling is recommended, to determine a project’s effect on local 
CO levels. 

An assessment of project-related impacts on localized ambient air quality requires that future ambient 
air quality levels be projected. Existing CO concentrations in the immediate project vicinity are not 
available. Ambient CO levels monitored in the Lake Elsinore station showed a highest recorded 1-
hour concentration of 3.1 ppm (State standard is 20 ppm) and a highest 8-hour concentration of 1.6 
ppm (State standard is 9 ppm) during the past 3 years (see previously referenced Table E). The 
highest CO concentrations would normally occur during peak traffic hours; hence, CO impacts 
calculated under peak traffic conditions represent a worst-case analysis.  

Given the relatively low level of CO concentrations in the project area, project-related vehicles are 
not expected to result in the CO concentrations exceeding the State or federal CO standards. Because 
no CO hot spot would occur, there would be no project-related impacts on CO concentrations; 
therefore, no mitigation is required. 
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AIR QUALITY MANAGEMENT PLAN CONSISTENCY 
A consistency determination plays an essential role in local agency project review by linking local 
planning and unique individual projects to the air quality plans. It fulfills the CEQA goal of fully 
informing local agency decision-makers of the environmental costs of the project under consideration 
at a stage early enough to ensure that air quality concerns are addressed. Only new or amended 
General Plan elements, Specific Plans, and significantly unique projects need to undergo a 
consistency review due to the air quality plan strategy being based on projections from local General 
Plans.

The AQMP is based on regional growth projections developed by the SCAG. The proposed project is 
an industrial development and is not defined as a regionally significant project under CEQA; 
therefore, it does not meet SCAG’s Intergovernmental Review (IGR) criteria.  

Pursuant to the methodology provided in Chapter 12 of the 1993 SCAQMD CEQA Air Quality 
Handbook, consistency with the Basin 2012 AQMP is affirmed when a project (1) does not increase 
the frequency or severity of an air quality standards violation or cause a new violation; and (2) is 
consistent with the growth assumptions in the AQMP. Consistency review is presented below: 

1. The project would result in short-term construction and long-term pollutant emissions that are 
less than the CEQA significance emissions thresholds established by the SCAQMD, as 
demonstrated above; therefore, the project could not result in an increase in the frequency or 
severity of any air quality standards violation and will not cause a new air quality standard 
violation.

2. The CEQA Air Quality Handbook indicates that consistency with AQMP growth assumptions 
must be analyzed for new or amended General Plan elements, Specific Plans, and significant 
projects. Significant projects include airports, electrical generating facilities, petroleum and gas 
refineries, designation of oil drilling districts, water ports, solid waste disposal sites, and offshore 
drilling facilities; therefore, the proposed project is not defined as significant.

The City’s General Plan designation for the site is Industrial. To accommodate the proposed uses, the 
proposed project will not require a General Plan Amendment (GPA). Therefore, the proposed uses are 
consistent with the General Plan and the regional AQMP. Based on the consistency analysis 
presented above, the proposed project is consistent with the General Plan and the regional AQMP. 

STANDARD CONDITIONS 
Construction Operations 
The project is required to comply with regional rules that assist in reducing short-term air pollutant 
emissions. SCAQMD Rule 403 requires that fugitive dust be controlled with best-available control 
measures so that the presence of such dust does not remain visible in the atmosphere beyond the 
property line of the emission source. In addition, SCAQMD Rule 403 requires implementation of dust 
suppression techniques to prevent fugitive dust from creating a nuisance off site. Applicable dust 
suppression techniques from Rule 403 are summarized below. Implementation of these dust 
suppression techniques can reduce the fugitive dust generation (and thus the PM10 component). 
Compliance with these rules would reduce impacts on nearby sensitive receptors. See 
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http://www.aqmd.gov/rules/reg/reg04/r403.pdf for rule details. As shown in Table H, implementation 
of Rule 403 measures results in dust emissions below SCAQMD thresholds. 

Operations
The proposed project is required to comply with Title 24 of the California Code of Regulations 
(CCR) established by the CEC regarding energy conservation and green building standards. These 
measures will result in reduced emissions during the construction and operation phases of the 
proposed project.
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APPENDIX A

CALEEMOD MODEL PRINTOUTS
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December 13, 2016 
20895 

Brian Bargemann 
Investment Building Group 
5100 Campus Drive, Suite 300 
Newport Beach, California 

SUBJECT:  ADDENDUM TO THE PHASE II BURROWING OWL REPORT FOR THE IBG MAGNOLIA PROJECT 
(PARCELS 135-220-021, -023, -025, -027), CITY OF RIVERSIDE, RIVERSIDE COUNTY, CALIFORNIA 

Dear Mr. Bargemann, 

The purpose of this addendum is to document the results of the site visit conducted at the IBG Magnolia 
property (Project) located in the city of Riverside, Riverside County, California. The site visit was conducted 
to identify if habitat conditions have changed since the 2006 Phase II burrowing owl survey and whether or 
not burrowing owl habitat still exists on the Project.  

The site visit was conducted by Chambers Group biologist Saraiah Skidmore on December 12, 2016. The 
property was fenced in; therefore, the boundary of the Project was walked and binoculars were used to scan 
the Project and immediate buffer. The areas adjacent to the Project include a commercial development on 
the southwest, Magnolia Avenue on the west, an open space parcel on the north/northeast, and a concrete 
lined channel and train tracks on the south/southeast. The following characteristics, observed on the Project 
and within the Project buffer, include suitable habitat conditions for burrowing owl: 

Open, low-lying ruderal vegetation is present on the Project and on the parcel north of the Project.  
Small mammal burrow activity was observed on the Project.  
A couple of large pieces of old concrete were present on the Project.  
Dirt piles were observed on the parcel north of the Project. 
Slopes along the concrete channel and train tracks are suitable for burrowing owl burrows. 

Based on the site visit, conditions on the Project have not changed and the recommendation in the 2006 
report is still valid. According to the Riverside County Multiple Species Habitat Conservation Plan, all project 
sites containing burrows or suitable habitat, regardless of the presence or absence of the owls, will require a 
pre-construction survey within 30 days prior to ground disturbance, to avoid direct take of burrowing owls 
(TLMA 2006). 

Please contact me at (909) 335-7068 ext. 7330 if you have any questions or concerns regarding this 
addendum. 

Sincerely, 

Saraiah Skidmore 
Senior Biologist / Project Manager  
sskidmore@chambersgroupinc.com



November 5, 2015 
(20895) 

Brian Bargemann 
Investment Building Group 
5100 Campus Drive, Suite 300 
Newport Beach, California 

SUBJECT: RESULTS OF THE PHASE II BURROWING OWL SURVEY FOR THE IBG MAGNOLIA PROJECT 
(PARCELS 135-220-021, -023, -025, -027), CITY OF RIVERSIDE, RIVERSIDE COUNTY, 
CALIFORNIA 

Dear Mr. Bargemann, 

The purpose of this letter report is to provide an update for the IBG Magnolia property (Project, Assessor’s 
Parcel Numbers 135-220-021, -023, -025, -027), previously the LA-Magnolia Spectrum property, now owned 
by Investment Building Group.

2015 REPORT UPDATE 

Chambers Group, Inc. (Chambers Group) reviewed current aerial imagery of the Project site on November 3, 
2015 (Google 2015). Based on the review of the imagery, conditions on the Project site have not changed 
since the 2006 survey effort; therefore, no conditions are known to Chambers Group that would change the 
results and conclusions described below. Although the site was not revisited in person, Chambers Group 
concurs with the recommendations listed below; and Investment Building Group is prepared to move 
forward with the recommended surveys prior to conducting construction activities. 

2006 SURVEY REPORT 

In 2006 Chambers Group was retained by LA-Magnolia Spectrum, LLC to conduct a Phase II burrowing owl 
(Athene cunicularia) survey. The following sections provide background and Project location information and 
summarize the methods and results of the phase II burrowing owl survey conducted at the Project site in 
2006. The survey was conducted to assess the presence of burrowing owls within the Project site and within 
a 150-meter buffer zone around the Project boundary. 

Background

Burrowing owls are considered a California Special Concern species (CSC), protected by the California 
Department of Fish and Wildlife (CDFW); and burrow sites are protected under the Federal Migratory Bird 
Treaty Act (MBTA) (16 United States Code 703-712). This species is a ground-dweller that makes its nests in 
burrows dug by burrowing mammals, primarily ground squirrels, as well as in cement culverts, debris piles, 
and in openings beneath cement or asphalt pavement. Burrowing owls inhabit arid habitats such as 
grasslands, prairie, desert scrub habitats, and urban and agricultural areas where low-lying vegetation and 
friable soils are present. Open fields with adequate foraging habitat are required. 
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Burrowing owls have high burrow site fidelity, regularly reusing the same burrow from year to year. For this 
reason, it is difficult to force this species to relocate to a different burrow. These owls tend to remain in the 
same location throughout the winter as year-round residents after the nesting season. Predators of this 
species include larger raptor species, foxes, raccoons, snakes, coyotes, and any other animals that can 
access their burrows. Burrowing owls prey upon insects, rodents, amphibians, and small birds for food. The 
primary threat to this species is habitat loss. 

Site Location And Description

The LA-Magnolia Spectrum property is located southwest of the intersection of Magnolia Avenue and 
Sterling Avenue in the City of Riverside, Riverside County, California. The property is located in the U.S. 
Geological Survey (USGS) Riverside West 7.5-minute topographic quadrangle, an unsectioned portion of a land 
grant, Township 3 South, Range 6 West. The 2006 survey described the approximately 16-acre Project site as 
surrounded on the north, east, and west sides by existing commercial buildings and roads. A railroad existed 
south of the property with an approximately 3-meter dirt divider between the property and the tracks. 

Phase II Burrowing Owl Survey

A Phase II burrowing owl survey was conducted by Chambers Group biologists Shari Norton and Saraiah 
Skidmore between the hours of 0900 and 1100 on June 2, 2006. Survey methodology followed the 
Burrowing Owl Survey Protocol and Mitigation Guidelines prepared by The California Burrowing Owl 
Consortium (1993). The survey was conducted by walking over the entire Project site with 15-meter belt 
transects to achieve 100 percent cover. Additionally, a 150-meter buffer zone was surveyed where potential 
burrowing owl habitat was present south of the Project. Plant and wildlife species encountered during the 
field survey were recorded. Vegetative community structure on the Project site was identified. Sign of 
burrowing owl activity (e.g., whitewash, prey remains, pellets, burrows, scratch marks, or feathers) was 
noted.   

Plant and wildlife species identified during the survey were noted on the field data sheets. Identification of 
wildlife species was made by direct observation, vocalizations, and evidence of the presence of the species 
(including scat). Field data sheets and complete lists of plant and wildlife species observed during the survey 
are included as Attachments 1, 2, and 3, respectively. 

Results

The survey site comprised approximately 16 acres of level ground. The nearest freshwater to the Project site 
is located within 1.0 mile and consists of several canals and channels, including the Arlington and Sierra 
channels and the Riverside Canal. An old building foundation and debris piles were located in the western 
portion of the Project site. Temperatures during the time of the survey ranged from 78 to 98 degrees 
Fahrenheit, with a moderate breeze (0 to 2 miles per hour) and no cloud cover. 

Burrowing Owls 

No burrowing owls or sign of burrowing owls were observed within the site during the survey; therefore, no 
further surveys for this species are recommended at this time. Also, the presence of the active red-tailed 
hawk (Buteo jamaicensis) nest site may deter burrowing owls from finding residence in the immediate area. 
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The County of Riverside (County) may require a preconstruction survey within 30 days prior to construction 
on the Project site (RCIP 2005). The County should be contacted to determine the need for preconstruction 
surveys. 

Vegetation

The Project site had a cover of ruderal vegetation, with dominant species including non-native herbaceous 
species such as black mustard (Brassica nigra), London rocket (Sisymbrium irio), and lamb’s quarters 
(Chenopodium album), as well as several non-native grasses including wild oats (Avena sp.), foxtail chess 
(Bromus madritensis ssp. rubens), and Bermuda grass (Cynodon dactylon). Ruderal areas are often a result of 
disturbance caused by humans. Ruderal areas are typically characterized by heavily compacted or frequently 
disturbed soils. Plant species occurring in ruderal areas are adapted to survive in these conditions and 
readily colonize disturbed ground (Sawyer and Keeler-Wolf 1995). Scattered ornamental trees, including 
Peruvian pepper tree (Schinus molle), chinaberry tree (Melia azedarach), olive (Olea europea), Mexican fan 
palm (Washingtonia robusta), blue gum (Eucalyptus globulus), and Mediterranean tamarisk (Tamarix 
ramosissima) were found on the Project site, probably relicts of former residences on the Project site. The 
full list of plant species detected during the survey is included as Attachment 2. 

Other Wildlife 

Wildlife species observed and detected on the Project site are typical of the vegetation communities that 
occur within and around the Project site. One butterfly species, the cabbage white (Pieris [Astrogeia] rapae),
was observed within the Project site. Other common butterfly species are also expected to occur on site. 
Amphibian species were not detected during the survey due to the lack of available water sources on the 
site; however, one reptile species, western fence lizard (Sceloporus occidentalis), was observed during the 
survey.   

Birds were the most abundant wildlife species detected. Bird activity ranged from low to moderate; and a 
total of nine fairly common species were detected via observation, vocalization, and/or sign during the 
course of the survey. Bird species observed include Anna’s hummingbird (Calypte anna), killdeer (Charadrius 
vociferous), and black phoebe (Sayornis nigricans). The site also included scat and large owl pellets, which 
were thought to be from a barn owl (Tyto alba), found below the canopy of blue gums. Two red-tailed 
hawks, one adult and one juvenile, were observed foraging over the Project site and occupied a nest in a 
blue gum located in the northwestern area of the Project site along Magnolia Avenue.   

Two mammal species, desert cottontail (Sylvilagus audubonii) and the California ground squirrel 
(Spermophilus beecheyi), were detected during the survey. Additionally, rodent species, such as Botta’s 
pocket gopher (Thomomys bottae), would be expected on the Project site. The full list of wildlife species 
detected during the survey is included as Attachment 3. 

RECOMMENDATIONS 

Although no burrowing owls were observed within the site and no further surveys for burrowing owls are 
recommended, the County may require a preconstruction survey within 30 days prior to construction on the 
Project site (RCIP 2005). The County should be contacted to determine the need for preconstruction 
surveys. 
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The presence of the active red-tailed hawk nest observed during the survey may pose seasonal constraints 
on proposed construction activities within and near the Project site. Construction activities within 500 feet 
of any raptor nest should be scheduled outside the nesting season, which typically occurs from March 1 
through the end of July. 

Similarly, to comply with the general provisions of the MBTA, vegetation clearing and tree removal activities 
should be conducted outside the bird-nesting season, which typically occurs from February 15 through 
August 31. In the event that vegetation clearing is necessary during the nesting season, a qualified biologist 
should conduct a preconstruction survey to identify the locations of nests within the areas affected by 
clearing activities. An exclusionary zone should be established around any active nest. The dimensions of the 
zone should be determined by a qualified biologist and is dependent upon the species of bird detected. This 
zone should be clearly marked in the field, and construction or clearing should not be conducted within this 
zone until the biologist determines that the nest is no longer active.  

Please contact me at (909) 335-7068 ext. 7330 if you have any questions or concerns regarding this letter. 

Sincerely, 

Saraiah Skidmore 
Senior Biologist / Project Manager  
sskidmore@chambersgroupinc.com

ATTACHMENTS: 

Attachment  1: Field Data Sheets 
Attachment 2: Plant Species Observed 
Attachment 3: Wildlife Species Observed 
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PLANT SPECIES LIST 
LA-MAGNOLIA SPECTRUM PROJECT SITE 

Scientific Name Common Name 
ANGIOSPERMS (DICOTYLEDONS) 
ANACARDIACEAE SUMAC OR CASHEW FAMILY 

Peruvian pepper tree 
ASTERACEAE SUNFLOWER FAMILY 

California everlasting 
BRASSICACEAE MUSTARD FAMILY 

black mustard 
London rocket 

CHENOPODIACEAE GOOSEFOOT FAMILY 
lamb's quarters 
Russian thistle 

CONVOLVULACEAE MORNING-GLORY FAMILY 
bindweed 

MALVACEAE MALLOW FAMILY 
cheeseweed 

MELIACEAE MAHOGANY FAMILY 
chinaberry tree 

MYRTACEAE MYRTLE FAMILY 
blue gum 

OLEACEAE OLIVE FAMILY 
olive

SOLANACEAE NIGHTSHADE FAMILY 
jimson weed 

TAMARICACEAE TAMARISK FAMILY 
Mediterranean tamarisk 

ANGIOSPERMS (MONOCOTYLEDONS) 
ARECACEAE PALM FAMILY 

Mexican fan palm 
POACEAE GRASS FAMILY 

sp.* wild oat 
ssp. foxtail chess 

Bermuda grass 
glaucous foxtail barley 
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WILDLIFE SPECIES LIST 
LA-MAGNOLIA SPECTRUM PROJECT SITE 

Scientific Name Common Name Sign
CLASS INSECTA INSECTS
PIERIDAE WHITES & SULPHURS 
Artogeia rapae Cabbage white O
CLASS REPTILIA REPTILES

PHRYNOSOMATIDAE 

ZEBRA-TAILED, EARLESS, FRINGE-TOED, 
SPINY, TREE, SIDE-BLOTCHED, AND 
HORNY LIZARDS 

Sceloporus occidentalis western fence lizard O
CLASS AVES BIRDS
ACCIPITRIDAE HAWKS, KITES, EAGLES 
Buteo jamaicensis red-tailed hawk O,V 
CHARADRIIDAE PLOVERS
Charadrius vociferus killdeer O
COLUMBIDAE PIGEONS & DOVES
Columba livia rock dove O
Zenaida macroura mourning dove O
TYTONIDAE BARN OWLS 
Tyto alba barn owl S
TROCHILIDAE HUMMINGBIRDS 
Calypte anna Anna's hummingbird O
TYRANNIDAE TYRANT FLYCATCHERS 
Sayornis nigricans black phoebe O
HIRUNDINIDAE SWALLOWS 
PASSERIDAE OLD WORLD SPARROWS
Passer domesticus house sparrow O
LEPORIDAE HARES & RABBITS 
Sylvilagus audubonii desert cottontail O
SCIURIDAE SQUIRRELS 
Spermophilus beecheyi California ground squirrel O, S 
HETEROMYIDAE POCKET MICE & KANGAROO RATS S
MURIDAE MICE, RATS, AND VOLES S
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INTRODUCTION
This noise impact analysis has been prepared to evaluate the potential noise impacts and mitigation 
measures associated with the proposed 58 Magnolia Industrial Project (project) in the City of 
Riverside (City), California. This report is intended to satisfy the City’s requirement for a project-
specific noise impact analysis by examining the impacts of the proposed uses on adjacent noise-
sensitive uses, as well as the noise impacts on the proposed uses on the project site, and evaluating the 
mitigation measures required as part of the project design. 

Project Description  
The proposed project consists of seven light industrial buildings, averaging about 40,000 square feet 
(sq. ft.) each, located on the southwest corner of the intersection of Pierce Street and Magnolia 
Avenue in the City of Riverside in the County of Riverside, California. Figure 1 shows the project 
location.

The project involves the construction of six smaller buildings totaling 148,700 sq. ft. and one 
multitenant larger building of 127,300 sq. ft. Figure 2 illustrates the site plan. 

The project site is located on the southwest corner of the intersection of Pierce Street and Magnolia 
Avenue with access provided by five proposed driveways. Three of the proposed driveways would be 
from Magnolia Avenue and two driveways would be from Pierce Street. 

The proposed project is consistent with the current City General Plan designation and will not require 
a City General Plan Amendment. 

Methodology Related to Noise Impact Assessment 
Evaluation of noise impacts associated with the proposed project includes the following: 

Determine the short-term construction noise and vibration impacts on off-site noise-sensitive uses 

Determine the long-term traffic noise impacts on off-site noise-sensitive uses 

Determine the long-term traffic vibration impacts on off-site sensitive uses 

Determine the long-term stationary source noise impacts on off-site, noise-sensitive uses 

Determine the required mitigation measures to reduce long-term off-site noise and vibration 
impacts 
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Characteristics of Sound 
Noise is usually defined as unwanted sound. Noise consists of any sound that may produce 
physiological or psychological damage and/or interfere with communication, work, rest, recreation, 
and sleep. 

To the human ear, sound has two significant characteristics: pitch and loudness. Pitch is generally an 
annoyance, while loudness can affect the ability to hear. Pitch is the number of complete vibrations, 
or cycles per second, of a wave resulting in the tone’s range from high to low. Loudness is the 
strength of a sound that describes a noisy or quiet environment and is measured by the amplitude of 
the sound wave. Loudness is determined by the intensity of the sound waves, combined with the 
reception characteristics of the human ear. Sound intensity refers to how hard the sound wave strikes 
an object, which in turn produces the sound’s effect. This characteristic of sound can be precisely 
measured with instruments. The analysis of a project defines the noise environment of the project area 
in terms of sound intensity and its effect on adjacent sensitive land uses. 

Measurement of Sound 
Sound intensity is measured through the A-weighted scale to correct for the relative frequency 
response of the human ear. That is, an A-weighted noise level de-emphasizes low and very high 
frequencies of sound similar to the human ear’s de-emphasis of these frequencies. Unlike linear units 
(e.g., inches or pounds), decibels (dB) are measured on a logarithmic scale representing points on a 
sharply rising curve. 

For example, 10 dB are 10 times more intense than 1 dB, 20 dB are 100 times more intense than 
1 dB, and 30 dB are 1,000 times more intense than 1 dB. Thirty decibels (30 dB) represent 1,000 
times as much acoustic energy as 1 dB. The decibel scale increases as the square of the change, 
representing the sound pressure energy. A sound as soft as human breathing is about 10 times greater 
than 0 dB. The decibel system of measuring sound gives a rough connection between the physical 
intensity of sound and its perceived loudness to the human ear. A 10 dB increase in sound level is 
perceived by the human ear as only a doubling of the loudness of the sound. Ambient sounds 
generally range from 30 A-weighted decibels (dBA) (very quiet) to 100 dBA (very loud).  

Sound levels are generated from a source, and their decibel level decreases as the distance from that 
source increases. Sound dissipates exponentially with distance from the noise source. For a single 
point source, sound levels decrease approximately 6 dBA for each doubling of distance from the 
source. This drop-off rate is appropriate for noise generated by stationary equipment. If noise is 
produced by a line source (e.g., highway traffic or railroad operations), the sound decreases 3 dBA for 
each doubling of distance in a hard site environment. Line source noise (noise in a relatively flat 
environment with absorptive vegetation) decreases 4.5 dBA for each doubling of distance. 

There are many ways to rate noise for various time periods, but an appropriate rating of ambient noise 
affecting humans also accounts for the annoying effects of sound. Equivalent continuous sound level 
(Leq) is the total sound energy of time varying noise over a sample period. However, the predominant 
rating scales for human communities in the State of California are the Leq and Community Noise 
Equivalent Level (CNEL) or the day-night average level (Ldn) based on dBA. CNEL is the time 
varying noise over a 24-hour period, with a 5 dBA weighting factor applied to the hourly Leq for 
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noises occurring from 7:00 p.m. to 10:00 p.m. (defined as relaxation hours) and a 10 dBA weighting 
factor applied to noise occurring from 10:00 p.m. to 7:00 a.m. (defined as sleeping hours). Ldn is 
similar to the CNEL scale, but without the adjustment for events occurring during the evening hours. 
CNEL and Ldn are within 1 dBA of each other and are normally exchangeable. The City uses the 
CNEL noise scale for long-term noise impact assessment. 

Other noise rating scales of importance when assessing the annoyance factor include the maximum 
noise level (Lmax), which is the highest exponential time averaged sound level that occurs during a 
stated time period. The noise environments discussed in this analysis for short-term noise impacts are 
specified in terms of maximum levels denoted by Lmax, which reflects peak operating conditions and 
addresses the annoying aspects of intermittent noise. It is often used together with another noise scale, 
or noise standards in terms of percentile noise levels, in noise ordinances for enforcement purposes. 
For example, the L10 noise level represents the noise level exceeded 10 percent of the time during a 
stated period. The L50 noise level represents the median noise level. Half the time the noise level 
exceeds this level, and half the time it is less than this level. The L90 noise level represents the noise 
level exceeded 90 percent of the time and is considered the background noise level during a 
monitoring period. For a relatively constant noise source, the Leq and L50 are approximately the same. 

Noise impacts can be described in three categories. The first category includes audible impacts that 
refer to increases in noise levels noticeable to humans. Audible increases in noise levels generally 
refer to a change of 3.0 dB or greater since this level has been found to be barely perceptible in 
exterior environments. The second category, potentially audible, refers to a change in the noise level 
between 1.0 and 3.0 dB. This range of noise levels has been found to be noticeable only in laboratory 
environments. The last category includes changes in noise level of less than 1.0 dB, which are 
inaudible to the human ear. Only audible changes in existing ambient or background noise levels are 
considered potentially significant.  

Physiological Effects of Noise 
Physical damage to human hearing begins at prolonged exposure (typically more than 8 hours, as 
defined by the Occupational Safety and Health Administration [OSHA]) to noise levels higher than 
85 dBA. Exposure to high noise levels affects the entire body system, with prolonged noise exposure 
in excess of 75 dBA increasing body tensions, thereby affecting blood pressure and functions of the 
heart and the nervous system. In comparison, extended periods of noise exposure above 90 dBA 
would result in permanent cell damage. When the noise level reaches 120 dB, a tickling sensation 
occurs in the human ear even with short-term exposure. This level of noise is called the threshold of 
feeling. As the sound reaches 140 dB, the tickling sensation is replaced by the feeling of pain in the 
ear. This is called the threshold of pain. A sound level of 160 to 165 dB will result in dizziness or loss 
of equilibrium. The ambient or background noise problem is widespread and generally more 
concentrated in urban areas than in outlying less developed areas.  

Table A lists “Definitions of Acoustical Terms,” and Table B shows “Common Sound Levels and 
Their Noise Sources.” Table C shows “Land Use Compatibility for Exterior Community Noise” from 
the City General Plan and Supporting Documents Environmental Impact Report (EIR) (City of 
Riverside, certified November 2007). 
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Table A: Definitions of Acoustical Terms 

Term Definitions 

Decibel, dB A unit of level that denotes the ratio between two quantities proportional to power; 
the number of decibels is 10 times the logarithm (to the base 10) of this ratio.  

Frequency, Hz Of a function periodic in time, the number of times that the quantity repeats itself 
in one second (i.e., number of cycles per second). 

A-Weighted Sound 
Level, dBA 

The sound level obtained by use of A-weighting. The A-weighting filter de-
emphasizes the very low and very high frequency components of the sound in a 
manner similar to the frequency response of the human ear and correlates well with 
subjective reactions to noise. All sound levels in this report are A-weighted, unless 
reported otherwise. 

L01, L10, L50, L90
The fast A-weighted noise levels equaled or exceeded by a fluctuating sound level 
for 1%, 10%, 50%, and 90% of a stated time period. 

Equivalent
Continuous Noise 
Level, Leq

The level of a steady sound that, in a stated time period and at a stated location, has 
the same A-weighted sound energy as the time varying sound. 

Community Noise 
Equivalent Level, 
CNEL

The 24-hour A-weighted average sound level from midnight to midnight, obtained 
after the addition of 5 dB to sound levels occurring in the evening from 7:00 PM to 
10:00 PM. and after the addition of 10 dB to sound levels occurring in the night 
between 10:00 PM and 7:00 AM. 

Day/Night Noise 
Level, Ldn

The 24-hour A-weighted average sound level from midnight to midnight, obtained 
after the addition of 10 dB to sound levels occurring in the night between 
10:00 PM and 7:00 AM. 

Lmax, Lmin
The maximum and minimum A-weighted sound levels measured on a sound level 
meter, during a designated time interval, using fast time averaging. 

Ambient Noise Level 
The all-encompassing noise associated with a given environment at a specified 
time, usually a composite of sound from many sources at many directions, near and 
far; no particular sound is dominant. 

Intrusive 

The noise that intrudes over and above the existing ambient noise at a given 
location. The relative intrusiveness of a sound depends upon its amplitude, 
duration, frequency, and time of occurrence and tonal or informational content, as 
well as the prevailing ambient noise level. 

Source: Handbook of Acoustical Measurements and Noise Control (1991). 
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Table B: Common Sound Levels and Their Noise Sources 

Noise Source 
A-Weighted Sound 
Level in Decibels 

Noise 
Environment

Subjective 
Evaluation 

Near Jet Engine 140 Deafening 128 times as loud 
Civil Defense Siren 130 Threshold of Pain 64 times as loud 
Hard Rock Band 120 Threshold of Feeling 32 times as loud 
Accelerating Motorcycle a few feet 
away 110 Very Loud 16 times as loud 

Pile Driver; Noisy Urban 
Street/Heavy City Traffic 100 Very Loud 8 times as loud 

Ambulance Siren; Food Blender 95 Very Loud 
Garbage Disposal 90 Very Loud 4 times as loud 
Freight Cars; Living Room  
Music 85 Loud  

Pneumatic Drill; Vacuum Cleaner 80 Loud 2 times as loud 
Busy Restaurant 75 Moderately Loud 
Near Freeway Auto Traffic 70 Moderately Loud Reference Level 
Average Office 60 Quiet ½ as loud 
Suburban Street 55 Quiet 
Light Traffic; Soft Radio  
Music in Apartment 50 Quiet 1/4 as loud 

Large Transformer 45 Quiet 
Average Residence Without Stereo 
Playing 40 Faint  as loud 

Soft Whisper 30 Faint 
Rustling Leaves 20 Very Faint 
Human Breathing 10 Very Faint Threshold of Hearing 
 0 Very Faint 
Source: Compiled by LSA Associates, Inc. (2004). 
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Table C: Land Use Compatibility for Exterior Community Noise 

Source: City of Riverside. General Plan and Supporting Documents Environmental Impact Report (certified 
November 2007). 
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Vibration
Vibration energy propagates from a source through intervening soil and rock layers to the foundations 
of nearby buildings. The vibration then propagates from the foundation throughout the remainder of 
the structure. Building vibration may be perceived by occupants as the motion of building surfaces, 
the rattling of items on shelves or wall hangings, or a low-frequency rumbling noise. The rumble 
noise is caused by the vibrating walls, floors, and ceilings radiating sound waves. Groundborne 
vibration is usually measured in terms of vibration velocity, either the root-mean-square (rms) 
velocity or peak particle velocity (PPV). Of these two, rms is best for characterizing human response 
to building vibration, and PPV is used to characterize potential for damage. Ground vibrations from 
construction activities do not often reach the levels that can damage structures, but they can achieve 
the audible and tangible ranges in buildings very close to the site. Problems with groundborne 
vibration from construction sources are usually localized to areas within about 100 feet (ft) from the 
vibration source. 

EXISTING CONDITIONS 
Land Uses in the Project Vicinity 
Land uses surrounding the project site consist primarily of industrial uses with the nearest residential 
uses approximately 200 ft to the south of the project boundary. The areas adjacent to the project site 
include the following uses:  

Riverside Flood Control and Water Conservation District vacant land, Burlington Northern & 
Santa Fe (BNSF) Railroad Tracks, and residential uses beyond (south) 

Pierce Street and commercial uses beyond (east) 

Magnolia Avenue and industrial uses beyond (south) 

Vacant land and commercial uses beyond (west) 

Overview of the Existing Noise Environment 
The primary existing noise sources in the project area are transportation facilities. Traffic on 
Magnolia Avenue, Pierce Street, State Route 91 (SR-91), and other local streets is the dominant 
source of ambient noise. 

Existing Vehicular Traffic Noise. The Federal Highway Administration (FHWA) Highway Traffic 
Noise Prediction Model (FHWA RD-77-108) was used to evaluate highway traffic-related noise 
conditions along the roadway segments in the project vicinity. Traffic volumes taken from the traffic 
study prepared for this project were used to assess the existing traffic noise impacts. Table D provides 
the traffic noise levels along the roadways adjacent to the project site. These noise levels represent the 
worst-case scenario, which assumes no shielding is provided between the traffic and the location 
where the noise contours are drawn. The specific assumptions used in developing these noise levels 
and model printouts are provided in Appendix A. 
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Table D: Existing Traffic Noise Levels 

Roadway Segment ADT
Centerline to
70 CNEL (ft)

Centerline to
65 CNEL (ft)

Centerline to 
60 CNEL (ft)

CNEL (dBA) 
50 Ft from 

Centerline of 
Outermost Lane

Magnolia Ave west of Project Drwy #1 21,000 61 124 263 68.6 
Magnolia Ave between Project Drwy #1 
and Pierce St 21,000 61 124 263 68.6 

Magnolia Ave east of Pierce St 24,100 66 135 288 69.2 
Pierce St north of SR-91 WB Ramps 30,200 62 129 275 69.3 
Pierce St between SR-91 EB Ramps and 
Magnolia Ave 17,800 59 113 236 67.5 

Pierce St between Magnolia Ave and 
Sterling Ave 8,600 < 50 58 120 63.9 

Pierce St south of Sterling Ave 7,900 < 50 55 114 63.5 
Source: LSA Associates, Inc., February 2015. 
Note: Traffic noise within 50 feet of the roadway centerline should be evaluated with site-specific information. 
ADT = Average Daily Traffic  
CNEL = Community Noise Equivalent Level 
dBA = A-weighted decibels 
EB = eastbound 
ft = foot/feet 
SR-91 = State Route 91 
WB = westbound 

Table D shows that traffic noise levels along roadway segments in the project vicinity range from 
moderate (Pierce Street south of Magnolia Avenue) to high (Magnolia Avenue and Pierce Street north 
of Magnolia Avenue), with the 70 dBA CNEL confined within the roadway right-of-way (ROW) for 
Pierce Street south of Magnolia Avenue, and extending to 66 ft and 62 ft from the centerline of 
Magnolia Avenue and Pierce Street north of Magnolia Avenue, respectively. Since the project 
boundary is approximately 80 ft from the centerline of Magnolia Avenue, it is currently exposed to 
69 dBA CNEL as a worst-case scenario. The project site is approximately 50 ft from the centerline of 
Pierce Street south of Magnolia Avenue; therefore, the impact of traffic noise from Pierce Street at 
the project boundary would reach 66 dBA CNEL.  

Thresholds of Significance 
A project will normally have a significant effect on the environment related to noise if it will 
substantially increase the ambient noise levels for adjoining areas or conflict with adopted 
environmental plans and goals of the community in which it is located. The applicable noise 
standards governing the project site are the noise criteria listed in the City’s Municipal Code and 
Noise Element of the General Plan. 

Based on the standards and thresholds identified earlier, the effects of the proposed project have been 
categorized as either “less than significant impact” or a “potentially significant impact.” Mitigation 
measures are recommended for potentially significant impacts. If a potentially significant impact 
cannot be reduced to a less than significant level through the application of mitigation, it is 
categorized as a significant unavoidable impact. 
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City of Riverside Noise Element. The City in its General Plan Noise Element has established Noise/
Land Use Noise Compatibility Criteria. Single-family and multifamily residences are normally 
acceptable in exterior noise environments up to 60 dBA CNEL and conditionally acceptable in 
exterior noise environments of up to 65 dBA CNEL. Infill residential uses are normally acceptable in 
exterior noise environments up to 65 dBA CNEL and conditionally acceptable in exterior noise 
environments of up to 75 dBA CNEL. Interior noise levels within residential structures are acceptable 
up to 45 dBA CNEL. Commercial uses are normally acceptable in exterior noise environments of up 
to 65 dBA CNEL. Industrial uses are normally acceptable up to 70 dBA CNEL. For the purposes of 
this noise impact analysis, multifamily (student housing) uses with outdoor active use areas (such as 
patios or balconies) exposed to noise levels exceeding 65 dBA CNEL would need to be mitigated. 

City of Riverside Municipal Code Noise Ordinance. The City has incorporated the following 
measures in its Municipal Code to control loud, unnecessary, and unusual nuisance noises: 

Exterior Sound Level Limits. Unless a variance has been granted it shall be unlawful for any 
person to cause or allow the creation of any noise which exceeds the following: 

The exterior noise standard of the applicable land use category (Table E), up to 5 dB, for a 
cumulative period of more than 30 minutes in an hour; or 

The exterior noise standard of the applicable land use category, plus 5 dB, for a cumulative 
period of more than 15 minutes in any hour; or 

The exterior noise standard of the applicable land use category, plus 10 dB, for a cumulative 
period of more than 5 minutes in any hour; or 

The exterior noise standard of the applicable land use category, plus 15 dB, for a cumulative 
period of more than 1 minute in any hour; or 

The exterior noise standard of the applicable land use category, plus 20 dB or the maximum 
measured ambient noise level, for any period of time.  

Interior Sound Level Limits. No person shall operate or cause to be operated, any source of 
sound indoors that causes the noise level, when measured inside another dwelling unit, school or 
hospital, to exceed: 

The interior noise standard for the applicable noise category (Table E), up to 5 dB, for a 
cumulative period of more than 5 minutes in any hour; or 

The interior noise standard for the applicable land use category, plus 5 dB, for a cumulative 
period of more than 1 minute in any hour; or  

The interior noise standard for the applicable land use category, plus 10 dB or the maximum 
measured ambient noise level, for any period of time.  
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Table E: City of Riverside Sound Level Limits (dBA) 

Land Use Category Time Period 
Exterior Noise 

Standard 
Interior Noise 

Standard 

Residential Night (10:00 PM to 7:00 AM) 
Day (7:00 AM to 10:00 PM) 

45 
55 

35 
45 

School 7:00 AM to 10:00 PM 
(while school is in session) N/A1 45 

Hospital Anytime N/A 45 
Office/Commercial Anytime 65 N/A 
Industrial Anytime 70 N/A 
Community Support Anytime 60 N/A
Public Recreation 
Facility Anytime 65 N/A 

Nonurban Anytime 70 N/A 
Source: City of Riverside Municipal Code (2005). 
1 N/A = Not Applicable. The City of Riverside has not established a sound level limit for this land use. 
dBA = A-weighted decibels 

Based on Table E and Sections 7.25.010 and 7.30.05 of the City Municipal Code, maximum exterior 
noise level for residential uses is 75 dBA Lmax (55 dB plus 20 dB) during daytime hours and 65 dBA 
Lmax (45 dB plus 20 dB) during nighttime hours, or the maximum measured ambient noise level for 
any period of time. Similarly, maximum interior nuisance noise level for residential uses is 55 dBA 
Lmax (45 dB plus 10 dB) during daytime hours and 45 dBA Lmax (35 dB plus 10 dB) during nighttime 
hours, or the maximum measured ambient noise level for any period of time. 

Construction activities are restricted within the City to the hours of 7:00 a.m. to 7:00 p.m. Monday 
through Friday, 8:00 a.m. to 5:00 p.m. on Saturdays, and are prohibited on Sundays and federal 
holidays.  

Vibration. Based on the Federal Transit Administration (FTA) Transit Noise and Vibration Impact 
Assessment (2006) and depending on the building category of the nearest buildings adjacent to the 
project site, the potential construction vibration damage criteria vary.  

Both the FTA in its Transit Noise and Vibration Impact Assessment (2006) and the Federal Railroad 
Administration (FRA) in its High-Speed Ground Transportation Noise and Vibration Impact 
Assessment (2005) included groundborne vibration and noise impact criteria guidance, as shown in 
Table F.
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Table F: Groundborne Vibration and Noise Impact Criteria 

Land Use Category 

Groundborne Vibration 
Impact Levels 

(VdB re 1 micro inch/sec) 

Groundborne Noise 
Impact Levels 

(dB re 20 micropascals) 
Frequent1

Events
Infrequent2

Events
Frequent1

Events
Infrequent2

Events
Category 1:  
Buildings where low ambient vibration is 
essential for interior operations. 

65 VdB3 65 VdB3 B4 B4

Category 2:  
Residences and buildings where people normally 
sleep.

72 VdB 80 VdB 35 dBA 43 dBA 

Category 3:  
Institutional land uses with primarily daytime 
use.

75 VdB 83 VdB 40 dBA 48 dBA 

Source: Federal Transit Administration (2006). 
1 “Frequent Events” is defined as more than 70 events per day. 
2 “Infrequent Events” is defined as fewer than 70 events per day. 
3 This criterion limit is based on levels that are acceptable for most moderately sensitive equipment, such as optical 

microscopes. Vibration-sensitive manufacturing or research requires detailed evaluation to define the acceptable vibration 
levels. Ensuring lower vibration levels in a building often requires special design of the HVAC systems and stiffened 
floors.

4 Vibration-sensitive equipment is used in buildings where sufficient noise attenuation is provided; additionally, such 
equipment is not sensitive to either airborne or groundborne noise. 

dB = decibels 
dBA = A-weighted decibels 
HVAC = heating, ventilation, and air-conditioning 
inch/sec = inches per second 
VdB = vibration velocity decibels 

The criteria presented in Table F account for variation in project types, as well as the frequency of 
events, which differ widely among transit projects. Although the criteria are provided for community 
response to groundborne vibration from rail rapid transit systems, they also provide useful guidelines 
for human response to exposure to vibration in general. Table G lists the vibration damage criteria for 
various structural categories. These are identified by the FTA as criteria that should be used during 
the environmental impact assessment phase to identify problem locations that must be addressed 
during final design (FTA 2006).  

Tables F (criteria in terms of vibration velocity decibels [VdB]) and G (criteria in terms of inches per 
second [inch/sec] and VdB) are used to evaluate the effects of vibration on human response and 
structural damage. For example, for a building that is constructed with reinforced concrete with no 
plaster, the FTA guidelines show that a vibration level of up to 102 VdB (0.5 inch/sec) (FTA 2006) is 
considered safe and would not result in any construction vibration damage. For a nonengineered 
timber and masonry building, the construction vibration damage criterion is 94 VdB (0.2 inch/sec). 
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Table G: Construction Vibration Damage Criteria 

Building Category PPV (inch/sec) Approximate Lv1

Reinforced concrete, steel, or timber (no plaster) 0.5 102 
Engineered concrete and masonry (no plaster) 0.3 98 
Nonengineered timber and masonry buildings 0.2 94 
Buildings extremely susceptible to vibration damage 0.12 90 
Source: Federal Transit Administration, May 2006. 
1 RMS VdB re 1 micro-inch/second.  
inch/sec = inches per second 
Lv = 20 log10 (V/Vref) is the vibration velocity in decibels 
PPV = peak particle velocity 
RMS = root mean square 
VdB = vibration velocity decibels 

IMPACTS AND MITIGATION MEASURES 
Short-Term Construction-Related Impacts 
Short-term noise impacts would be associated with grading and erecting of buildings on site during 
construction of the proposed project. Construction-related short-term noise levels would be higher 
than existing ambient noise levels in the project area today, but would no longer occur once 
construction of the project is completed. Two types of short-term noise impacts could occur during 
the construction of the proposed project. First, construction crew commutes and the transport of 
construction equipment and materials to the site for the proposed project would incrementally 
increase noise levels on access roads leading to the site. Although there would be a relatively high 
single-event noise exposure potential causing intermittent noise nuisance (passing trucks at 50 ft 
would generate up to a maximum of 87 dBA Lmax), the effect on longer term (hourly or daily) ambient 
noise levels would be small. Therefore, short-term construction-related impacts associated with 
worker commute and equipment transport to the project site would be less than significant. 

The second type of short-term noise impact is related to noise generated during grading and building 
erection on the project site. Construction is completed in discrete steps, each of which has its own mix 
of equipment, and consequently, its own noise characteristics. These various sequential phases would 
change the character of the noise generated on the site, and therefore, the noise levels surrounding the 
site as construction progresses. Despite the variety in the type and size of construction equipment, 
similarities in the dominant noise sources and patterns of operation allow construction-related noise 
ranges to be categorized by work phase. Table H lists typical construction noise levels (Lmax) included 
in the FHWA Highway Construction Noise Handbook (2006) that are based on a distance of 50 ft 
between the equipment and a noise receptor. Typical noise levels range up to 86 dBA Lmax at 50 ft 
during the noisiest construction phases. The site preparation phase, which includes excavation and 
grading of the site, tends to generate the highest noise levels, because the noisiest construction 
equipment is earthmoving equipment. Earthmoving equipment includes excavating machinery, such 
as backfillers, bulldozers, draglines, and front loaders. Earthmoving and compacting equipment 
includes compactors, scrapers, and graders. Typical operating cycles for these types of construction 
equipment may involve 1 or 2 minutes of full power operation followed by 3 or 4 minutes at lower 
power settings.
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Table H: RCNM Default Noise Emission Reference Levels and Usage Factors 

Equipment Description 
Impact
Device? 

Acoustical
Usage Factor 

Spec. 
721.560 Lmax at 

50 Ft (dBA, slow)

Actual Measured 
Lmax at 50 Ft  
(dBA, slow) 

No. of Actual 
Data Samples 

(Count) 
All other Equipment > 5 HP No 50 85 N/A 0
Auger Drill Rig No 20 85 84 36
Backhoe No 40 80 78 372
Bar Bender No 20 80 N/A 0
Blasting Yes N/A 94 N/A 0
Boring Jack Power Unit No 50 80 83 1
Chain Saw No 20 85 84 46
Clam Shovel (dropping) Yes 20 93 87 4
Compactor (ground) No 20 80 83 57
Compressor (air) No 40 80 78 18
Concrete Batch Plant No 15 83 N/A 0
Concrete Mixer Truck No 40 85 79 40
Concrete Pump Truck No 20 82 81 30
Concrete Saw No 20 90 90 55
Crane No 16 85 81 405
Dozer No 40 85 82 55
Drill Rig Truck No 20 84 79 22
Drum Mixer No 50 80 80 1
Dump Truck No 40 84 76 31
Excavator No 40 85 81 170
Flat Bed Truck No 40 84 74 4
Front End Loader No 40 80 79 96
Generator No 50 82 81 19
Generator (< 25 kVA, VMS Signs) No 50 70 73 74
Gradall No 40 85 83 70
Grader No 40 85 N/A 0
Grapple (on backhoe) No 40 85 87 1
Horizontal Boring Hydraulic Jack No 25 80 82 6
Hydra Break Ram Yes 10 90 N/A 0
Impact Derive Yes 20 95 101 11
Jackhammer Yes 20 85 89 133
Man Lift No 20 85 75 23
Mounted Impact Hammer (hoe ram) Yes 20 90 90 212
Pavement Scarifier No 20 85 90 2
Paver No 50 85 77 9
Pickup Truck No 40 55 75 1
Pneumatic Tools No 50 85 85 90
Pumps No 50 77 81 17
Refrigerator Unit No 100 82 73 3
Rivet Buster/Chipping Gun Yes 20 85 79 19
Rock Drill No 20 85 81 3
Roller No 20 85 80 16
Sand Blasting (single nozzle) No 20 85 96 9
Scraper No 40 85 84 12
Sheers (on backhoe) No 40 85 96 5
Slurry Plant No 100 78 78 1
Slurry Trench Machine No 50 82 80 75
Soil Mix Drill Rig No 50 80 N/A 0
Tractor No 40 84 N/A 0
Vacuum Excavator (Vac-Truck) No 40 85 85 149
Vacuum Street Sweeper No 10 80 82 19
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Table H: RCNM Default Noise Emission Reference Levels and Usage Factors 

Equipment Description 
Impact
Device? 

Acoustical
Usage Factor 

Spec. 
721.560 Lmax at 

50 Ft (dBA, slow)

Actual Measured 
Lmax at 50 Ft  
(dBA, slow) 

No. of Actual 
Data Samples 

(Count) 
Ventilation Fan No 100 85 79 13
Vibrating Hopper No 50 85 87 1
Vibratory Concrete Mixer No 20 80 80 1
Vibratory Pile Driver No 20 95 101 44
Warning Horn No 5 85 83 12
Welder/Torch No 40 73 74 5 
Source: Federal Highway Administration, Highway Construction Noise Handbook (2006). 
dBA = A-weighted decibels 
ft = foot/feet 
HP = horsepower 
kVA = kilovolt-ampere 

Lmax = maximum instantaneous noise level 
N/A = Not Applicable 
RCNM = Roadway Construction Noise Model 
VMS = variable-message sign 

Construction Noise. Construction of the proposed project is expected to require the use of 
earthmoving equipment such as bulldozers, haul trucks, front-end loaders, and water and pickup 
trucks at the project site. Based on the information in Table H, the maximum noise level generated by 
each scraper on the proposed project site is assumed to be 84 dBA Lmax at 50 ft from the scraper. Each 
bulldozer would generate 82 dBA Lmax at 50 ft from the bulldozer. Each doubling of the sound 
sources with equal strength increases the noise level by 3 dBA. Assuming that each piece of 
construction equipment operates at some distance from the other equipment, the worst-case combined 
noise level during this phase of construction would be 86 dBA Lmax at a distance of 50 ft from the 
active construction area. Land uses adjacent to the project site include residential and streets. The 
nearest noise-sensitive residential uses are approximately 200 ft to the north, which would result in 
12 dBA of noise reduction from distance divergence alone. Construction on the project site would not 
expose noise-sensitive uses in the project vicinity to noise levels exceeding 74 dBA Lmax, and the 
impact associated with earthmoving equipment is considered less than significant. In addition, train 
noise associated with the BNSF Railroad tracks between the project site and the adjacent residences 
would contribute intermittent maximum noise levels that are higher than 74 dBA Lmax. The proposed 
project would also be required to comply with the construction hours specified in the City’s Noise 
Ordinance to ensure that noise impacts from earthmoving equipment would be reduced. 

Construction Vibration. Vibration refers to groundborne noise and perceptible motion. 
Groundborne vibration is almost exclusively a concern inside buildings and is rarely perceived as a 
problem outdoors, where the motion may be discernable, but without the effects associated with the 
shaking of a building there is less adverse reaction. Construction on the project site would result in 
the exposure of persons to excessive groundborne vibration or groundborne noise levels. 
Groundborne vibration during construction activity is temporary and would cease to occur after 
project construction is completed. 

The proposed project would require the use of excavators, scrapers, and graders, as well as a 
bulldozer and other construction equipment. As shown in Table I, a large bulldozer would generate 
approximately 0.089 PPV (inch/sec) when measured at 25 ft, while a loaded truck would generate  
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Table I: Vibration Source Amplitudes for Construction Equipment 

Equipment
Reference PPV/LV at 25 Ft Reference Lv at 

50 Ft (VdB) PPV (inch/sec) LV (VdB) 
Pile Driver (Impact), Typical 0.644 104 98 
Pile Driver (Sonic), Typical 0.170 93 87 
Vibratory Roller 0.210 94 88 
Hoe Ram 0.089 87 81 
Large Bulldozer 0.089 87 81 
Caisson Drilling 0.089 87 81 
Loaded Trucks 0.076 86 80 
Jackhammer 0.035 79 73
Small Bulldozer 0.003 58 52 
Sources: Federal Transit Administration (2006), except Hanson (2001) for vibratory rollers. 
Note: Equipment and associated source vibration levels that are expected to be used on the project site are shown in bold.
ft = foot/feet  inch/sec = inches per second 
LV = velocity in decibels PPV = peak particle velocity 
VdB = velocity decibels 

0.076 PPV (inch/sec) at 25 ft. Table I also shows that caisson drilling and a jackhammer would 
generate approximately 0.035 to 0.089 PPV (inch/sec) when measured at 25 ft.  

Vibration propagation is more efficient in stiff clay soils than in loose sandy soils. Shallow rock 
concentrates the vibration energy close to the surface and can result in groundborne vibration 
problems at some distance from the source. Factors, e.g., layering of the soil and depth to the water 
table, can have significant effects on the propagation of groundborne vibration. Soft, loose, sandy 
soils tend to attenuate more vibration energy than hard, rocky materials. Vibration propagation 
through groundwater is more efficient than through sandy soils. 

Regarding the potential for building damage, Table I shows that vibration levels from construction 
equipment and activities, including bulldozers, drilling, trucks, and jackhammers, would be less than 
0.1 inch/sec at 25 ft from the project site and lower than the PPV of 0.2 inch/sec vibration damage 
criteria at the nearest sensitive uses for nonengineered timber and masonry buildings (FTA 2006). For 
new residential buildings, the vibration damage potential threshold recommended by the California 
Department of Transportation (Caltrans) is 1 inch/sec from transient sources, such as pile driving and 
blasting. Caltrans also states that it takes at least 0.9 inch/sec of PPV for the human response to be 
strongly perceptible, or 0.25 inch/sec to be distinctly perceptible (Caltrans 1992). The nearest 
residences are approximately 200 ft to the south, and no commercial or industrial buildings are within 
100 ft of the project construction area. None of the predicted vibration levels (all below 0.1 inch/sec) 
for sensitive uses in the vicinity of the project site would reach either of these two threshold levels. 
Thus, no significant vibration impacts are anticipated, and no mitigation is required. 

Similarly, regarding human perception of vibration, bulldozers, and other heavy-tracked construction 
equipment generate approximately 92 VdB of groundborne vibration when measured at 50 ft, based 
on the FTA Transit Noise and Vibration Impact Assessment (2006). Based on the Caltrans 1992 
Transportation-Related Earthborne Vibrations, Technical Advisory, the vibration level at 100 ft is 
approximately 6 VdB lower than the vibration level at 50 ft. Vibration at 200 ft from the source is 
more than 6 VdB lower than the vibration level at 100 ft, or more than 12 VdB lower than the 
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vibration level at 50 ft. Therefore, receptors at 200 ft from the construction activity may be exposed to 
groundborne vibration up to 80 VdB. Therefore, the nearest residential uses are approximately 200 ft 
to the south of the project site, and would not be exposed to vibration levels exceeding 80 VdB. This 
range of groundborne vibration levels would not exceed the 80 VdB threshold for residences due to 
infrequent events but would not result in any potential vibration damage impacts at the nearest 
residences in the project site vicinity. No mitigation measures are required.  

Long-Term Vehicular Traffic Noise Impacts 
The FHWA Highway Traffic Noise Prediction Model (FHWA RD-77-108) was used to evaluate 
highway traffic-related noise conditions along the roadway segments in the project vicinity. Traffic 
volumes obtained from the project’s traffic study were used to assess the potential traffic noise 
impacts along the street segments in the project vicinity.  

Tables J, K, and L provide the traffic noise levels for the Existing Plus Project, Future Cumulative 
Without Project, and Future Cumulative With Project traffic noise scenarios, respectively. These 
noise levels represent the worst-case scenario, which assumes that no shielding is provided between 
the traffic and the location where the noise contours are drawn. The specific assumptions used in 
developing these noise levels and model printouts are provided in Appendix A.  

Table J: Existing Traffic Noise Levels With Project

Roadway Segment ADT 

Center-
line to 

70 CNEL 
(ft)

Center-
line to 

65 CNEL 
(ft)

Center-
line to 

60 CNEL 
(ft)

CNEL (dBA) 
50 Ft from 

Centerline of 
Outermost

Lane

Increase
CNEL (dBA) 

50 Ft from 
Centerline of 
Outermost

Lane
Magnolia Ave west of Project Drwy #1 21,600 62 126 268 68.7 0.1 
Magnolia Ave between Project Drwy #1 and 
Pierce St 23,000 65 131 279 69.0 0.4 

Magnolia Ave east of Pierce St 25,700 69 141 301 69.5 0.3 
Pierce St north of SR-91 WB Ramps 30,300 62 129 276 69.4 0.1 
Pierce St between SR-91 EB Ramps and 
Magnolia Ave 19,000 61 118 247 67.8 0.3 

Pierce St between Magnolia Ave and Sterling 
Ave 10,000 < 50 64 133 64.5 0.6 

Pierce St south of Sterling Ave 8,000 < 50 56 115 63.6 0.1 
Source: LSA Associates, Inc., February 2015. 
Note: Traffic noise within 50 feet of the roadway centerline should be evaluated with site-specific information. 
ADT = average daily traffic 
CNEL = Community Noise Equivalent 
dBA = A-weighted decibels 
EB = eastbound 
ft = foot/feet 
S-91 = State Route 91 
WB = westbound 
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Table K: Future Cumulative Traffic Noise Levels Without Project 

Roadway Segment ADT
Centerline to
70 CNEL (ft)

Centerline to
65 CNEL (ft)

Centerline to 
60 CNEL (ft)

CNEL (dBA) 
50 Ft from 

Centerline of 
Outermost Lane

Magnolia Ave west of Project Drwy #1 21,600 62 126 268 68.7 
Magnolia Ave between Project Drwy #1 
and Pierce St 21,600 62 126 268 68.7 

Magnolia Ave east of Pierce St 24,600 67 137 292 69.3 
Pierce St north of SR-91 WB Ramps 30,600 62 130 278 69.4 
Pierce St between SR-91 EB Ramps and 
Magnolia Ave 18,200 59 115 240 67.6 

Pierce St between Magnolia Ave and 
Sterling Ave 9,000 < 50 60 124 64.1 

Pierce St south of Sterling Ave 8,300 < 50 57 118 63.7 
Source: LSA Associates, Inc., February 2015. 
Note: Traffic noise within 50 feet of the roadway centerline should be evaluated with site-specific information. 
ADT = average daily traffic 
CNEL = Community Noise Equivalent 
dBA = A-weighted decibels 
EB = eastbound 
ft = foot/feet 
S-91 = State Route 91 
WB = westbound

Table L: Future Cumulative Traffic Noise Levels With Project 

Roadway Segment ADT 

Center-
line to 

70 CNEL 
(ft)

Center-
line to 

65 CNEL 
(ft)

Center-
line to 

60 CNEL 
(ft)

CNEL (dBA) 
50 Ft from 

Centerline of 
Outermost

Lane

Increase
CNEL (dBA) 

50 Ft from 
Centerline of 
Outermost

Lane
Magnolia Ave west of Project Drwy #1 22,100 63 128 272 68.8 0.1 
Magnolia Ave between Project Drwy #1 and 
Pierce St 23,500 65 133 283 69.1 0.4 

Magnolia Ave east of Pierce St 26,100 70 143 304 69.5 0.2 
Pierce St north of SR-91 WB Ramps 30,700 63 130 278 69.4 0.0 
Pierce St between SR-91 EB Ramps and 
Magnolia Ave 19,400 61 119 250 67.9 0.3 

Pierce St between Magnolia Ave and Sterling 
Ave 10,400 < 50 65 136 64.7 0.6 

Pierce St south of Sterling Ave 8,400 < 50 57 119 63.8 0.1 
Source: LSA Associates, Inc., February 2015. 
Note: Traffic noise within 50 feet of the roadway centerline should be evaluated with site-specific information. 
ADT = average daily traffic 
CNEL = Community Noise Equivalent 
dBA = A-weighted decibels 
EB = eastbound 
ft = foot/feet 
S-91 = State Route 91 
WB = westbound
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Tables J and L show, in the Existing Plus Project and Future Cumulative With Project scenarios, 
traffic noise levels would increase up to 0.6 dBA over their corresponding without project levels. This 
range of traffic noise level increases is small and not discernible to the human ear in an outdoor 
environment. No project-related traffic noise impacts on off-site land uses would occur and no 
mitigation measures would be required. 

For on-site proposed land uses, the 70 dBA and 65 dBA CNEL along Magnolia Avenue would extend 
to 65 ft and 133 ft from the roadway centerline, respectively. The 70 dBA CNEL from Pierce Street 
would continue to be confined to within the roadway ROW. The proposed on-site industrial uses are 
not considered noise-sensitive, and would be exposed to traffic noise levels below the City’s 
acceptable noise level of 70 dBA CNEL for industrial uses, from both Magnolia Avenue and Pierce 
Street. Mitigation measures would not be required. 

Long-Term On-Site Operational Noise Impacts 
Potential long-term noise impacts would be associated with stationary sources. These activities are 
potential point sources of noise that could affect on-site residences. Since there are no commercial or 
industrial uses that would produce high noise levels, no significant stationary source noise impacts 
would occur and no mitigation measures are required. 

On-Site Operational Noise Impacts 
Potential long-term noise impacts would be associated with on-site stationary sources. These 
activities are potential point sources of noise that could affect off-site, noise-sensitive receptors (e.g., 
residences to the south). On-site, noise-producing activities include slow-moving trucks on the 
driveways, loading/unloading activities at the docks, and slow-moving vehicles, doors slamming, 
vehicle engines starting, and people conversing in the parking lots. 

As noise spreads from a source, it loses energy; thus, the farther the noise receiver is from the noise 
source, the lower the perceived noise level by the receiver. Geometric spreading causes the sound 
level to attenuate, or be reduced, resulting in a 6 dBA reduction in the noise level for each doubling of 
distance from a single-point source of noise, such as a car door slam, to the noise-sensitive receptor of 
concern.

Slow-Moving Trucks on Driveways. Large trucks entering and leaving the project site at low speeds 
on the driveways would result in a maximum noise level of 75 dBA Lmax at 50 ft. This noise level is 
used for this analysis. The closest residences to the south of the project site are approximately 215 ft 
from the driveway along the south side of Building 5 and would be potentially exposed to truck 
passby noise intermittently reaching 62 dBA Lmax. These existing residences are within 100 ft of the 
BNSF Railroad tracks and would be exposed to maximum train passby noise ranging from 70 to 90 
dBA Lmax, which is higher than from the truck passby noise along the project’s southern driveway. 
Depending on the number of trucks driving by on the southern project driveway and the times they 
would occur (during daytime, evening, or nighttime hours), the effects to the 24-hour weighted 
average CNEL would vary. However, it is not expected that, by the slow-moving trucks on the 
southern driveway alone, the CNEL level would reach or exceed those levels resulting from train on 
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BNSF railroad tracks. No significant operational noise impacts would occur and no mitigation 
measure is required for residences to the south. 

Although these residences would not be exposed to truck passby noise on the southern driveway, it is 
recommended that a sound wall with a minimum height of 8 ft be constructed along the south side of 
the project boundary between Buildings 4 and 7. 

Loading/Unloading Activities at Docks. Trucks at the on-site dock loading/unloading areas would 
result in a maximum noise level similar to noise readings from loading and unloading activities for 
other industrial projects, which generates a noise level of 75 dBA Lmax at 50 ft. Based on the site plan, 
there are dock doors located on the south side of Buildings 1, 2, 5, and 6, on the west and east sides of 
Buildings 3, 4, and 7, with these dock doors facing outward away from the building. The closest 
residences to the south of the project site are approximately 400 ft from the nearest loading areas 
facing south on Building 5, and would be potentially exposed to truck loading/unloading noise 
intermittently reaching 57 dBA Lmax. Loading dock at Buildings 1, 2, and 6 would be partially 
blocked by Buildings 3, 4, and 7 to the south. Loading dock at Buildings 3, 4, and 7 are facing north 
and activity inside the loading dock would be blocked by the building itself. 

Although a typical truck unloading process takes an average of 10 to 15 minutes, this maximum noise 
level occurs in a much shorter period of time (i.e., in only a few minutes). It is not expected that truck 
loading/unloading activities would result in this maximum noise level lasting more than 5 minutes in 
any hour when it occurs. Depending on the number of trucks on the loading docks with loading/
unloading operations and the times they would occur (during daytime, evening, or nighttime hours), 
the effects to the 24-hour weighted average CNEL would vary. However, it is not expected that, by 
the loading/unloading operations on the loading docks alone, the CNEL level would reach or exceed 
those levels resulting from train on the BNSF railroad tracks. It is recommended that a sound wall 
with a minimum height of 8 ft be constructed along the south side of the project boundary between 
Buildings 4 and 7, from trash enclosure to trash enclosure within Building 5 property line. 

Parking Lot Activity Noise.The representative parking lot activities, such as door slamming, engine 
starting, and slow-moving vehicles would generate approximately 60 to 70 dBA Lmax at 50 ft. The 
closest off-site residences to the south that are approximately 215 ft away from the parking lot and 
driveway would be exposed to noises from the project’s parking areas ranging from 47 to 57 dBA 
Lmax from the nearest parking lot activities. With the implementation of the 8 ft high sound barrier 
along the project’s southern boundary between Buildings 4 and 7, no significant parking lot activity 
noise would occur for these residences. 

Long-Term Vehicular Traffic Vibration Impacts 
Operations of the proposed project would not involve any vibration sources that would cause 
exposure of persons to or generation of excessive groundborne vibration or groundborne noise levels. 
Vehicles with rubber tires on roadway segments surrounding the project site would not generate any 
significant groundborne vibration that would exceed the 65 VdB perception threshold for such uses. 
No significant groundborne vibration impacts would occur. No mitigation is required. 
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Mitigation Measures 
Construction Impacts. The following measures would reduce short-term construction-related noise 
impacts resulting from the proposed project: 

Construction activities are restricted within the City of Riverside to the hours of 7:00 a.m. to 7:00 
p.m. Monday through Friday, 8:00 a.m. to 5:00 p.m. on Saturdays, and are prohibited on Sundays 
and federal holidays.  

During all project site excavation and grading on site, the project contractors shall equip all 
construction equipment, fixed or mobile, with properly operating and maintained mufflers 
consistent with manufacturers’ standards. 

The project contractor shall place all stationary construction equipment so that emitted noise is 
directed away from sensitive receptors nearest the project site. 

The construction contractor shall locate equipment staging in areas that will create the greatest 
distance between construction-related noise sources and noise-sensitive receptors nearest the 
project site during all project construction. 

Traffic Noise Impacts. No mitigation measures are required. 

On-Site Operational Noise Impacts. The following mitigation measure is required: 

Construct a noise barrier along the southern project boundary, between Buildings 4 and 7, or from 
trash enclosure to trash enclosure within Building 5 property line, with a minimum height of 8 
feet. 

On-Site Operational Vibration Impacts. No mitigation measures are required.  

Level of Significance after Mitigation 
Implementation of these mitigation measures for construction impacts and operational noise impacts 
would result in a less than significant impact for all potential noise impacts associated with the 
proposed project. 
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APPENDIX A

FHWA TRAFFIC NOISE MODEL PRINTOUTS 



                             TABLE Existing-01 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Rialto Avenue between Muscott Street and Mount Vernon 
Avenue
NOTES: Mary's Mercy Center - Existing 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 7100    SPEED (MPH): 45     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 24      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  63.89 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0         63.7        129.4        275.0

______________________________________________________________________



                             TABLE Existing-02 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street between Rialto Avenue and Belleview 
Street
NOTES: Mary's Mercy Center - Existing 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1100    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  51.14 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing-03 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street between Belleview Avenue and W Congress 
Street
NOTES: Mary's Mercy Center - Existing 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 720    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  49.30 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing-04 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: W Congress Street east of Muscott Street 
NOTES: Mary's Mercy Center - Existing 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 170    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  43.03 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing-05 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street/Walnut Street between W Congress Street 
and Artesian Street 
NOTES: Mary's Mercy Center - Existing 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 700    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  49.18 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing-06 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Artesian Street and Pico Avenue 
NOTES: Mary's Mercy Center - Existing 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 900    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  50.27 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing-07 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Pico Avenue and Grape Street 
NOTES: Mary's Mercy Center - Existing 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1000    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  50.73 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing-08 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Grape Street and Mount Vernon 
Avenue
NOTES: Mary's Mercy Center - Existing 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1200    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  51.52 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing-09 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Mount Vernon Avenue between Rialto Avenue and Walnut 
Street
NOTES: Mary's Mercy Center - Existing 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 10700    SPEED (MPH): 35     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 24      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  62.98 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0         56.7        113.2        239.5

______________________________________________________________________



                             TABLE Existing with Project-01 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Rialto Avenue between Muscott Street and Mount Vernon 
Avenue
NOTES: Mary's Mercy Center - Existing with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 7300    SPEED (MPH): 45     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 24      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  64.01 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0         64.8        131.8        280.1

______________________________________________________________________



                             TABLE Existing with Project-02 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street between Rialto Avenue and Belleview 
Street
NOTES: Mary's Mercy Center - Existing with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1400    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  52.19 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing with Project-03 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street between Belleview Avenue and W Congress 
Street
NOTES: Mary's Mercy Center - Existing with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1100    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  51.14 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing with Project-04 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: W Congress Street east of Muscott Street 
NOTES: Mary's Mercy Center - Existing with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 530    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  47.97 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing with Project-05 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street/Walnut Street between W Congress Street 
and Artesian Street 
NOTES: Mary's Mercy Center - Existing with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 700    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  49.18 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing with Project-06 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Artesian Street and Pico Avenue 
NOTES: Mary's Mercy Center - Existing with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1200    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  51.52 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing with Project-07 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Pico Avenue and Grape Street 
NOTES: Mary's Mercy Center - Existing with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1500    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  52.49 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing with Project-08 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Grape Street and Mount Vernon 
Avenue
NOTES: Mary's Mercy Center - Existing with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1600    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  52.77 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE Existing with Project-09 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Mount Vernon Avenue between Rialto Avenue and Walnut 
Street
NOTES: Mary's Mercy Center - Existing with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 10800    SPEED (MPH): 35     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 24      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  63.02 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0         57.0        113.9        240.9

______________________________________________________________________



                             TABLE 2017 Cumulative w/o Project-01 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Rialto Avenue between Muscott Street and Mount Vernon 
Avenue
NOTES: Mary's Mercy Center - 2017 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 9000    SPEED (MPH): 45     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 24      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  64.92 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0         73.2        150.9        321.8

______________________________________________________________________



                             TABLE 2017 Cumulative w/o Project-02 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street between Rialto Avenue and Belleview 
Street
NOTES: Mary's Mercy Center - 2017 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1300    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  51.86 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative w/o Project-03 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street between Belleview Avenue and W Congress 
Street
NOTES: Mary's Mercy Center - 2017 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 830    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  49.92 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative w/o Project-04 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: W Congress Street east of Muscott Street 
NOTES: Mary's Mercy Center - 2017 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 180    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  43.28 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative w/o Project-05 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street/Walnut Street between W Congress Street 
and Artesian Street 
NOTES: Mary's Mercy Center - 2017 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 740    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  49.42 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative w/o Project-06 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Artesian Street and Pico Avenue 
NOTES: Mary's Mercy Center - 2017 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 950    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  50.50 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative w/o Project-07 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Pico Avenue and Grape Street 
NOTES: Mary's Mercy Center - 2017 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1100    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  51.14 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative w/o Project-08 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Grape Street and Mount Vernon 
Avenue
NOTES: Mary's Mercy Center - 2017 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1400    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  52.19 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative w/o Project-09 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Mount Vernon Avenue between Rialto Avenue and Walnut 
Street
NOTES: Mary's Mercy Center - 2017 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 13100    SPEED (MPH): 35     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 24      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  63.86 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0         63.5        128.8        273.7

______________________________________________________________________



                             TABLE 2017 Cumulative with Project-01 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Rialto Avenue between Muscott Street and Mount Vernon 
Avenue
NOTES: Mary's Mercy Center - 2017 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 9100    SPEED (MPH): 45     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 24      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  64.97 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0         73.7        152.0        324.1

______________________________________________________________________



                             TABLE 2017 Cumulative with Project-02 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street between Rialto Avenue and Belleview 
Street
NOTES: Mary's Mercy Center - 2017 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1600    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  52.77 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative with Project-03 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street between Belleview Avenue and W Congress 
Street
NOTES: Mary's Mercy Center - 2017 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1200    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  51.52 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative with Project-04 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: W Congress Street east of Muscott Street 
NOTES: Mary's Mercy Center - 2017 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 540    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  48.05 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative with Project-05 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street/Walnut Street between W Congress Street 
and Artesian Street 
NOTES: Mary's Mercy Center - 2017 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 740    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  49.42 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative with Project-06 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Artesian Street and Pico Avenue 
NOTES: Mary's Mercy Center - 2017 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1300    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  51.86 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative with Project-07 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Pico Avenue and Grape Street 
NOTES: Mary's Mercy Center - 2017 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1600    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  52.77 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative with Project-08 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Grape Street and Mount Vernon 
Avenue
NOTES: Mary's Mercy Center - 2017 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1800    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  53.28 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2017 Cumulative with Project-09 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Mount Vernon Avenue between Rialto Avenue and Walnut 
Street
NOTES: Mary's Mercy Center - 2017 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 13300    SPEED (MPH): 35     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 24      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  63.93 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0         64.0        130.1        276.5

______________________________________________________________________



                             TABLE 2035 Cumulative w/o Project-01 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Rialto Avenue between Muscott Street and Mount Vernon 
Avenue
NOTES: Mary's Mercy Center - 2035 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 10000    SPEED (MPH): 45     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 24      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  65.38 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0         78.0        161.6        345.1

______________________________________________________________________



                             TABLE 2035 Cumulative w/o Project-02 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street between Rialto Avenue and Belleview 
Street
NOTES: Mary's Mercy Center - 2035 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1600    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  52.77 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative w/o Project-03 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street between Belleview Avenue and W Congress 
Street
NOTES: Mary's Mercy Center - 2035 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1200    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  51.52 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative w/o Project-04 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: W Congress Street east of Muscott Street 
NOTES: Mary's Mercy Center - 2035 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 250    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  44.71 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative w/o Project-05 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street/Walnut Street between W Congress Street 
and Artesian Street 
NOTES: Mary's Mercy Center - 2035 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1200    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  51.52 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative w/o Project-06 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Artesian Street and Pico Avenue 
NOTES: Mary's Mercy Center - 2035 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1500    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  52.49 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative w/o Project-07 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Pico Avenue and Grape Street 
NOTES: Mary's Mercy Center - 2035 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1600    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  52.77 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative w/o Project-08 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Grape Street and Mount Vernon 
Avenue
NOTES: Mary's Mercy Center - 2035 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1800    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  53.28 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative w/o Project-09 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Mount Vernon Avenue between Rialto Avenue and Walnut 
Street
NOTES: Mary's Mercy Center - 2035 Cumulative w/o Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 14600    SPEED (MPH): 35     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 24      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  64.33 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0         67.6        138.2        294.1

______________________________________________________________________



                             TABLE 2035 Cumulative with Project-01 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Rialto Avenue between Muscott Street and Mount Vernon 
Avenue
NOTES: Mary's Mercy Center - 2035 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 10100    SPEED (MPH): 45     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 24      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  65.42 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0         78.4        162.7        347.4

______________________________________________________________________



                             TABLE 2035 Cumulative with Project-02 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street between Rialto Avenue and Belleview 
Street
NOTES: Mary's Mercy Center - 2035 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 2000    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  53.74 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative with Project-03 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street between Belleview Avenue and W Congress 
Street
NOTES: Mary's Mercy Center - 2035 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1600    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  52.77 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative with Project-04 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: W Congress Street east of Muscott Street 
NOTES: Mary's Mercy Center - 2035 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 610    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  48.58 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative with Project-05 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Muscott Street/Walnut Street between W Congress Street 
and Artesian Street 
NOTES: Mary's Mercy Center - 2035 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1200    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  51.52 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative with Project-06 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Artesian Street and Pico Avenue 
NOTES: Mary's Mercy Center - 2035 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 1800    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  53.28 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative with Project-07 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Pico Avenue and Grape Street 
NOTES: Mary's Mercy Center - 2035 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 2000    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  53.74 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative with Project-08 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Walnut Street between Grape Street and Mount Vernon 
Avenue
NOTES: Mary's Mercy Center - 2035 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 2200    SPEED (MPH): 25     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 6      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  54.15 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0          0.0          0.0          0.0

______________________________________________________________________



                             TABLE 2035 Cumulative with Project-09 
                 FHWA ROADWAY NOISE LEVEL ANALYSIS 

RUN DATE: 10/08/2015 
ROADWAY SEGMENT: Mount Vernon Avenue between Rialto Avenue and Walnut 
Street
NOTES: Mary's Mercy Center - 2035 Cumulative with Project 
______________________________________________________________________

                       * * ASSUMPTIONS * * 

AVERAGE DAILY TRAFFIC: 14700    SPEED (MPH): 35     GRADE: .5

       TRAFFIC DISTRIBUTION PERCENTAGES 
       DAY        EVENING      NIGHT 
       ---        -------      ----- 
AUTOS
       75.51       12.57        9.34 
M-TRUCKS
        1.56        0.09        0.19 
H-TRUCKS
        0.64        0.02        0.08 

ACTIVE HALF-WIDTH (FT): 24      SITE CHARACTERISTICS: SOFT 

______________________________________________________________________

                  * * CALCULATED NOISE LEVELS * * 

CNEL AT 50 FT FROM NEAR TRAVEL LANE CENTERLINE (dB) =  64.36 

    DISTANCE (FEET) FROM ROADWAY CENTERLINE TO CNEL 
   70 CNEL      65 CNEL      60 CNEL      55 CNEL 
   -------      -------      -------      ------- 
      0.0         67.8        138.8        295.4

______________________________________________________________________
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FIGURE 1

58 Magnolia Industrial
Traffic Study

Regional and Project Location
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LEVEL OF SERVICE DEFINITIONS AND PROCEDURES 

Highway Capacity Manual

Table A: Level of Service Definitions 
LOS Description 

Table B: Level of Service Criteria for Unsignalized and Signalized Intersections 
Level of 
Service

Unsignalized Intersection Average Delay 
per Vehicle (sec.)

Signalized Intersection Average Delay per 
Vehicle (sec.)
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Table B: Level of Service Criteria for Unsignalized and Signalized Intersections 
Level of 
Service

Unsignalized Intersection Average Delay 
per Vehicle (sec.)

Signalized Intersection Average Delay per 
Vehicle (sec.)

Highway Capacity Manual

ANALYSIS METHODOLOGY 
Study Area Determination 
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TRAFFIC VOLUMES WITHOUT PROJECT SCENARIOS 
Existing Traffic Volumes 

Project Completion (2015) without Project Traffic Volumes 

Cumulative (2015) without Project Traffic Volumes 

Trip Generation
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FIGURE 6

58 Magnolia Industrial
Traffic Study

Cumulative Project Locations
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SOURCE: ESRI, Bing Imagery, 2010.
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                         L S A  A S S O C I A T E S ,  I N C .

Project Project
Number Land Use Location Rate In Out Total In Out Total

1
31 92 123 103 60 163 1,552

2

37 35 72 50 48 98 2,203

3
19 76 95 75 41 116 1,244

4
32 32 64 91 68 159 1,482

5

70 67 137 50 46 96 2,700

Total 189 302 491 369 263 632 9,181

ITE Trip Generation (9th Ed.)
ITE Trip Generation (9th Ed.)

ITE Trip Generation (9th Ed.)

ITE Trip Generation (9th Ed.)

ITE Trip Generation (9th Ed.)

ITE Trip Generation Handbook

ITE Trip Generation Handbook

Units

Table C -  Cumulative Projects Trip Generation

Daily
A.M. Peak Hour P.M. Peak Hour
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PROJECT TRAFFIC 
Project Trip Generation, Distribution, and Assignment 

Trip Generation

Fontana Truck Trip Generation Study

TRAFFIC VOLUMES PLUS PROJECT SCENARIOS 

EXISTING LEVELS OF SERVICE 

EXISTING PLUS PROJECT LEVELS OF SERVICE 
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                         L S A  A S S O C I A T E S ,  I N C .

Land Uses In Out Total In Out Total Daily

General Light Industrial1 276.0 TSF
Trips/Unit (Cars) 0.636 0.087 0.723 0.095 0.667 0.762 5.478
Trips/Unit (2-Axle Trucks) 0.065 0.009 0.074 0.009 0.069 0.078 0.558
Trips/Unit (3-Axle Trucks) 0.032 0.004 0.036 0.005 0.033 0.038 0.272
Trips/Unit (4+ Axle Trucks) 0.077 0.010 0.087 0.011 0.081 0.092 0.662
Trips/Unit (Total) 0.810 0.110 0.920 0.120 0.850 0.970 6.970

Trip Generation (Cars) 176 24 200 26 184 210 1,512
Trip Generation (2-Axle Trucks) 18 2 20 2 20 22 154
Trip Generation (3-Axle Trucks) 9 1 10 1 9 10 75
Trip Generation (4+ Axle Trucks) 21 3 24 3 22 25 183
Trip Generation (Total) 224 30 254 32 235 267 1,924

Trip Generation (Cars) 176 24 200 26 184 210 1,512
PCE Trip Generation (2-Axle Trucks) 27 3 30 3 30 33 231
PCE Trip Generation (3-Axle Trucks) 18 2 20 2 18 20 150
PCE Trip Generation (4+ Axle Trucks) 63 9 72 9 66 75 549
PCE Trip Generation (Total) 284 38 322 40 298 338 2,442

TSF = thousand square-feet
1 Total a.m. peak hour, p.m. peak hour and daily rates from Institute of Transportation Engineers (ITE) 

Trip Generation (9th Edition) rates for Land Use 110 - "General Light Industrial." Trip generation rates converted to 
car and truck trips using vehicle mix and enter/exit splits for Light Industrial from Fontana Truck Trip Generation 
Study dated March 13, 2003. Truck trips were  converted to PCEs based on the SANBAG truck PCE factors. PCE 
volumes for  were computed using a PCE factor of 1.5 for 2-axle trucks, 2.0 for 3-axle trucks, and 3.0 for trucks 
with 4 or more axles. 

Table D - Project Trip Generation

A.M. Peak Hour P.M. Peak Hour
Units

R:\IBG1401\model\Trip Gen (3/9/2015)
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OPENING YEAR LEVELS OF SERVICE 
Project Completion (2015) Without Project Levels of Service 

Project Completion (2015) Plus Project Levels of Service 

Cumulative (2015) Without Project Levels of Service 

Cumulative (2015) Plus Project Levels of Service 
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SUMMARY
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APPENDIX A: 

SIGNED SCOPE OF WORK 
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APPENDIX B: 

TRAFFIC COUNTS 
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APPENDIX C: 

VOLUME DEVELOPMENT WORKSHEETS 



                         L S A  A S S O C I A T E S ,  I N C .

Total Total
Passenger PCE Passenger PCE
Vehicles 2 Axle 3 Axle 4 Axle PCE Volume Vehicles 2 Axle 3 Axle 4 Axle PCE Volume

Trucks

Table C-1 - Existing Peak Hour Volumes (Vehicle Classification Counts)

Trucks

A.M. Peak Hour P.M. Peak Hour

4 Pierce Street/SR-91 WB Ramps



                         L S A  A S S O C I A T E S ,  I N C .

Total Total
Passenger PCE Passenger PCE
Vehicles 2 Axle 3 Axle 4 Axle PCE Volume Vehicles 2 Axle 3 Axle 4 Axle PCE Volume

Trucks

Table C-1 - Existing Peak Hour Volumes (Vehicle Classification Counts)

Trucks

A.M. Peak Hour P.M. Peak Hour

5 Pierce Street/SR-91 EB Ramps



                         L S A  A S S O C I A T E S ,  I N C .

Existing Volume Adjusted With Project Existing Volume Adjusted With Project
PCE Adj. Due to PCE Project PCE PCE Adj. Due to PCE Project PCE

Volume Constuction Volume Trips Volume Volume Constuction Volume Trips Volume

1 Project Driveway 1/Magnolia Avenue

Table C-2 - Existing  Peak Hour PCE Volume Summary

PM Peak HourAM Peak Hour

58 Magnolia Industrial



                         L S A  A S S O C I A T E S ,  I N C .

Existing Volume Adjusted With Project Existing Volume Adjusted With Project
PCE Adj. Due to PCE Project PCE PCE Adj. Due to PCE Project PCE

Volume Constuction Volume Trips Volume Volume Constuction Volume Trips Volume

Table C-2 - Existing  Peak Hour PCE Volume Summary

PM Peak HourAM Peak Hour

2 Project Driveway 2/Magnolia Avenue



                         L S A  A S S O C I A T E S ,  I N C .

Existing Volume Adjusted With Project Existing Volume Adjusted With Project
PCE Adj. Due to PCE Project PCE PCE Adj. Due to PCE Project PCE

Volume Constuction Volume Trips Volume Volume Constuction Volume Trips Volume

Table C-2 - Existing  Peak Hour PCE Volume Summary

PM Peak HourAM Peak Hour

3 Project Driveway 3/Magnolia Avenue



                         L S A  A S S O C I A T E S ,  I N C .

Existing Volume Adjusted With Project Existing Volume Adjusted With Project
PCE Adj. Due to PCE Project PCE PCE Adj. Due to PCE Project PCE

Volume Constuction Volume Trips Volume Volume Constuction Volume Trips Volume

Table C-2 - Existing  Peak Hour PCE Volume Summary

PM Peak HourAM Peak Hour

4 Pierce Street/SR-91 WB Ramps



                         L S A  A S S O C I A T E S ,  I N C .

Existing Volume Adjusted With Project Existing Volume Adjusted With Project
PCE Adj. Due to PCE Project PCE PCE Adj. Due to PCE Project PCE

Volume Constuction Volume Trips Volume Volume Constuction Volume Trips Volume

Table C-2 - Existing  Peak Hour PCE Volume Summary

PM Peak HourAM Peak Hour

5 Pierce Street/SR-91 EB Ramps



                         L S A  A S S O C I A T E S ,  I N C .

Existing Volume Adjusted With Project Existing Volume Adjusted With Project
PCE Adj. Due to PCE Project PCE PCE Adj. Due to PCE Project PCE

Volume Constuction Volume Trips Volume Volume Constuction Volume Trips Volume

Table C-2 - Existing  Peak Hour PCE Volume Summary

PM Peak HourAM Peak Hour

6 Pierce Street/Magnolia Avenue



                         L S A  A S S O C I A T E S ,  I N C .

Existing Volume Adjusted With Project Existing Volume Adjusted With Project
PCE Adj. Due to PCE Project PCE PCE Adj. Due to PCE Project PCE

Volume Constuction Volume Trips Volume Volume Constuction Volume Trips Volume

Table C-2 - Existing  Peak Hour PCE Volume Summary

PM Peak HourAM Peak Hour

7 Pierce Street/Project Driveway 4 



                         L S A  A S S O C I A T E S ,  I N C .

Existing Volume Adjusted With Project Existing Volume Adjusted With Project
PCE Adj. Due to PCE Project PCE PCE Adj. Due to PCE Project PCE

Volume Constuction Volume Trips Volume Volume Constuction Volume Trips Volume

Table C-2 - Existing  Peak Hour PCE Volume Summary

PM Peak HourAM Peak Hour

8 Pierce St./Project Dwy 5 - Sterling Ave.



                         L S A  A S S O C I A T E S ,  I N C .

Adjusted Project Project Project Adjusted Project Project Project 
PCE Ambient Completion PCE Completion PCE Ambient Completion PCE Completion

Volume Growth W/O Project Trips W/ Project Volume Growth W/O Project Trips W/ Project

1 Project Driveway 1/Magnolia Avenue

Table C-3- Project Completion Peak Hour  PCE Volume Summary
58 Magnolia Industrial



                         L S A  A S S O C I A T E S ,  I N C .

Adjusted Project Project Project Adjusted Project Project Project 
PCE Ambient Completion PCE Completion PCE Ambient Completion PCE Completion

Volume Growth W/O Project Trips W/ Project Volume Growth W/O Project Trips W/ Project

Table C-3- Project Completion Peak Hour  PCE Volume Summary

2 Project Driveway 2/Magnolia Avenue



                         L S A  A S S O C I A T E S ,  I N C .

Adjusted Project Project Project Adjusted Project Project Project 
PCE Ambient Completion PCE Completion PCE Ambient Completion PCE Completion

Volume Growth W/O Project Trips W/ Project Volume Growth W/O Project Trips W/ Project

Table C-3- Project Completion Peak Hour  PCE Volume Summary

3 Project Driveway 3/Magnolia Avenue



                         L S A  A S S O C I A T E S ,  I N C .

Adjusted Project Project Project Adjusted Project Project Project 
PCE Ambient Completion PCE Completion PCE Ambient Completion PCE Completion

Volume Growth W/O Project Trips W/ Project Volume Growth W/O Project Trips W/ Project

Table C-3- Project Completion Peak Hour  PCE Volume Summary

4 Pierce Street/SR-91 WB Ramps



                         L S A  A S S O C I A T E S ,  I N C .

Adjusted Project Project Project Adjusted Project Project Project 
PCE Ambient Completion PCE Completion PCE Ambient Completion PCE Completion

Volume Growth W/O Project Trips W/ Project Volume Growth W/O Project Trips W/ Project

Table C-3- Project Completion Peak Hour  PCE Volume Summary

5 Pierce Street/SR-91 EB Ramps



                         L S A  A S S O C I A T E S ,  I N C .

Adjusted Project Project Project Adjusted Project Project Project 
PCE Ambient Completion PCE Completion PCE Ambient Completion PCE Completion

Volume Growth W/O Project Trips W/ Project Volume Growth W/O Project Trips W/ Project

Table C-3- Project Completion Peak Hour  PCE Volume Summary

6 Pierce Street/Magnolia Avenue



                         L S A  A S S O C I A T E S ,  I N C .

Adjusted Project Project Project Adjusted Project Project Project 
PCE Ambient Completion PCE Completion PCE Ambient Completion PCE Completion

Volume Growth W/O Project Trips W/ Project Volume Growth W/O Project Trips W/ Project

Table C-3- Project Completion Peak Hour  PCE Volume Summary

7 Pierce Street/Project Driveway 4 



                         L S A  A S S O C I A T E S ,  I N C .

Adjusted Project Project Project Adjusted Project Project Project 
PCE Ambient Completion PCE Completion PCE Ambient Completion PCE Completion

Volume Growth W/O Project Trips W/ Project Volume Growth W/O Project Trips W/ Project

Table C-3- Project Completion Peak Hour  PCE Volume Summary

8 Pierce St./Project Dwy 5 - Sterling Ave.



                         L S A  A S S O C I A T E S ,  I N C .

Project Cumulative Cumulative Existing (+) Cumulative Cumulative 
Completion Cumulative W/O Project W/ Ambient Cumulative W/O Project W/
W/O Project Projects Project Trips Project W/O Project Projects Project Trips Project

1 Project Driveway 1/Magnolia Avenue

Table C-4- Cumulative Conditions Peak Hour  PCE Volume Summary
58 Magnolia Industrial



                         L S A  A S S O C I A T E S ,  I N C .

Project Cumulative Cumulative Existing (+) Cumulative Cumulative 
Completion Cumulative W/O Project W/ Ambient Cumulative W/O Project W/
W/O Project Projects Project Trips Project W/O Project Projects Project Trips Project

Table C-4- Cumulative Conditions Peak Hour  PCE Volume Summary

2 Project Driveway 2/Magnolia Avenue



                         L S A  A S S O C I A T E S ,  I N C .

Project Cumulative Cumulative Existing (+) Cumulative Cumulative 
Completion Cumulative W/O Project W/ Ambient Cumulative W/O Project W/
W/O Project Projects Project Trips Project W/O Project Projects Project Trips Project

Table C-4- Cumulative Conditions Peak Hour  PCE Volume Summary

3 Project Driveway 3/Magnolia Avenue



                         L S A  A S S O C I A T E S ,  I N C .

Project Cumulative Cumulative Existing (+) Cumulative Cumulative 
Completion Cumulative W/O Project W/ Ambient Cumulative W/O Project W/
W/O Project Projects Project Trips Project W/O Project Projects Project Trips Project

Table C-4- Cumulative Conditions Peak Hour  PCE Volume Summary

4 Pierce Street/SR-91 WB Ramps



                         L S A  A S S O C I A T E S ,  I N C .

Project Cumulative Cumulative Existing (+) Cumulative Cumulative 
Completion Cumulative W/O Project W/ Ambient Cumulative W/O Project W/
W/O Project Projects Project Trips Project W/O Project Projects Project Trips Project

Table C-4- Cumulative Conditions Peak Hour  PCE Volume Summary

5 Pierce Street/SR-91 EB Ramps



                         L S A  A S S O C I A T E S ,  I N C .

Project Cumulative Cumulative Existing (+) Cumulative Cumulative 
Completion Cumulative W/O Project W/ Ambient Cumulative W/O Project W/
W/O Project Projects Project Trips Project W/O Project Projects Project Trips Project

Table C-4- Cumulative Conditions Peak Hour  PCE Volume Summary

6 Pierce Street/Magnolia Avenue



                         L S A  A S S O C I A T E S ,  I N C .

Project Cumulative Cumulative Existing (+) Cumulative Cumulative 
Completion Cumulative W/O Project W/ Ambient Cumulative W/O Project W/
W/O Project Projects Project Trips Project W/O Project Projects Project Trips Project

Table C-4- Cumulative Conditions Peak Hour  PCE Volume Summary

7 Pierce Street/Project Driveway 4 



                         L S A  A S S O C I A T E S ,  I N C .

Project Cumulative Cumulative Existing (+) Cumulative Cumulative 
Completion Cumulative W/O Project W/ Ambient Cumulative W/O Project W/
W/O Project Projects Project Trips Project W/O Project Projects Project Trips Project

Table C-4- Cumulative Conditions Peak Hour  PCE Volume Summary

8 Pierce St./Project Dwy 5 - Sterling Ave.
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APPENDIX D: 

LEVEL OF SERVICE WORKSHEETS 



HCM 2010 Signalized Intersection Summary Existing Conditions
4: Pierce Street & SR-91 Wesbound/Residential Drivveway AM Peak Hour

LSA Associates Synchro 9 Report
1/8/2015 Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 55 50 72 139 1666 48 88 685 691
Number 3 8 18 5 2 12 1 6 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 61 56 80 154 1851 53 98 761 0
Adj No. of Lanes 0 1 1 1 2 0 1 2 1
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0
Cap, veh/h 89 81 148 191 2440 70 140 2356 1054
Arrive On Green 0.09 0.09 0.09 0.14 0.91 0.91 0.08 0.65 0.00
Sat Flow, veh/h 965 886 1615 1810 3585 102 1810 3610 1615
Grp Volume(v), veh/h 117 0 80 154 928 976 98 761 0
Grp Sat Flow(s),veh/h/ln 1852 0 1615 1810 1805 1882 1810 1805 1615
Q Serve(g_s), s 4.9 0.0 3.8 6.6 12.3 12.7 4.2 7.4 0.0
Cycle Q Clear(g_c), s 4.9 0.0 3.8 6.6 12.3 12.7 4.2 7.4 0.0
Prop In Lane 0.52 1.00 1.00 0.05 1.00 1.00
Lane Grp Cap(c), veh/h 170 0 148 191 1229 1281 140 2356 1054
V/C Ratio(X) 0.69 0.00 0.54 0.81 0.76 0.76 0.70 0.32 0.00
Avail Cap(c_a), veh/h 370 0 323 294 1229 1281 158 2356 1054
HCM Platoon Ratio 1.00 1.00 1.00 1.33 1.33 1.33 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 0.61 0.61 0.61 1.00 1.00 0.00
Uniform Delay (d), s/veh 35.2 0.0 34.7 33.6 1.8 1.8 36.0 6.1 0.0
Incr Delay (d2), s/veh 4.9 0.0 3.0 5.7 2.7 2.7 11.0 0.4 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.7 0.0 1.8 3.6 6.1 6.8 2.5 3.7 0.0
LnGrp Delay(d),s/veh 40.1 0.0 37.7 39.2 4.5 4.5 47.0 6.5 0.0
LnGrp LOS D D D A A D A
Approach Vol, veh/h 197 2058 859
Approach Delay, s/veh 39.1 7.1 11.1
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 5 6 8
Phs Duration (G+Y+Rc), s 10.2 58.4 12.5 56.2 11.3
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 7.0 45.0 13.0 39.0 16.0
Max Q Clear Time (g_c+I1), s 6.2 14.7 8.6 9.4 6.9
Green Ext Time (p_c), s 0.0 23.9 0.1 23.4 0.5

Intersection Summary
HCM 2010 Ctrl Delay 10.2
HCM 2010 LOS B



HCM 2010 Signalized Intersection Summary Existing Conditions
5: Pierce Street & SR-91 Eastbound AM Peak Hour

LSA Associates Synchro 9 Report
1/8/2015 Page 3

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 661 164 0 1191 747 0
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 0 1900 1900 0
Adj Flow Rate, veh/h 474 495 0 1369 859 0
Adj No. of Lanes 1 1 0 2 2 0
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87
Percent Heavy Veh, % 0 0 0 0 0 0
Cap, veh/h 607 542 0 2037 2037 0
Arrive On Green 0.34 0.34 0.00 0.75 0.56 0.00
Sat Flow, veh/h 1810 1615 0 3800 3800 0
Grp Volume(v), veh/h 474 495 0 1369 859 0
Grp Sat Flow(s),veh/h/ln1810 1615 0 1805 1805 0
Q Serve(g_s), s 18.9 23.5 0.0 15.3 10.9 0.0
Cycle Q Clear(g_c), s 18.9 23.5 0.0 15.3 10.9 0.0
Prop In Lane 1.00 1.00 0.00 0.00
Lane Grp Cap(c), veh/h 607 542 0 2037 2037 0
V/C Ratio(X) 0.78 0.91 0.00 0.67 0.42 0.00
Avail Cap(c_a), veh/h 656 585 0 2037 2037 0
HCM Platoon Ratio 1.00 1.00 1.00 1.33 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 0.61 0.94 0.00
Uniform Delay (d), s/veh 23.9 25.5 0.0 6.3 10.0 0.0
Incr Delay (d2), s/veh 5.6 18.1 0.0 1.1 0.6 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln10.3 13.2 0.0 7.7 5.5 0.0
LnGrp Delay(d),s/veh 29.5 43.5 0.0 7.4 10.6 0.0
LnGrp LOS C D A B
Approach Vol, veh/h 969 1369 859
Approach Delay, s/veh 36.7 7.4 10.6
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 49.1 30.9 49.1
Change Period (Y+Rc), s 4.0 4.0 4.0
Max Green Setting (Gmax), s 43.0 29.0 43.0
Max Q Clear Time (g_c+I1), s 17.3 25.5 12.9
Green Ext Time (p_c), s 18.8 1.4 21.1

Intersection Summary
HCM 2010 Ctrl Delay 17.1
HCM 2010 LOS B

Notes
User approved volume balancing among the lanes for turning movement.



HCM 2010 Signalized Intersection Summary Existing Conditions
6: Pierce Street & Magnolia Ave AM Peak Hour

LSA Associates Synchro 9 Report
1/8/2015 Page 5

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 364 510 26 218 747 426 75 387 184 298 285 268
Number 5 2 12 1 6 16 3 8 18 7 4 14
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 383 537 27 229 786 448 79 407 194 314 300 282
Adj No. of Lanes 1 2 0 1 2 1 1 2 1 2 1 1
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0 0 0 0
Cap, veh/h 422 1309 66 273 1054 472 131 548 245 432 384 327
Arrive On Green 0.23 0.37 0.37 0.15 0.29 0.29 0.07 0.15 0.15 0.04 0.07 0.07
Sat Flow, veh/h 1810 3498 176 1810 3610 1615 1810 3610 1615 3510 1900 1615
Grp Volume(v), veh/h 383 277 287 229 786 448 79 407 194 314 300 282
Grp Sat Flow(s),veh/h/ln1810 1805 1869 1810 1805 1615 1810 1805 1615 1755 1900 1615
Q Serve(g_s), s 16.5 9.1 9.1 9.8 15.8 14.9 3.4 8.6 6.5 7.1 12.4 13.8
Cycle Q Clear(g_c), s 16.5 9.1 9.1 9.8 15.8 14.9 3.4 8.6 6.5 7.1 12.4 13.8
Prop In Lane 1.00 0.09 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 422 676 700 273 1054 472 131 548 245 432 384 327
V/C Ratio(X) 0.91 0.41 0.41 0.84 0.75 0.95 0.60 0.74 0.79 0.73 0.78 0.86
Avail Cap(c_a), veh/h 452 676 700 407 1054 472 158 722 323 432 404 343
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.33 0.33
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Uniform Delay (d), s/veh 29.8 18.5 18.5 33.0 25.6 13.0 36.0 32.4 16.2 37.1 35.6 36.2
Incr Delay (d2), s/veh 21.0 1.8 1.8 9.4 4.8 30.7 4.4 2.9 9.5 5.6 8.4 17.8
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln10.7 4.8 5.1 5.6 8.6 10.6 1.8 4.5 3.5 3.8 7.5 7.8
LnGrp Delay(d),s/veh 50.8 20.3 20.3 42.5 30.4 43.7 40.4 35.4 25.7 42.6 44.0 54.0
LnGrp LOS D C C D C D D D C D D D
Approach Vol, veh/h 947 1463 680 896
Approach Delay, s/veh 32.6 36.4 33.2 46.7
Approach LOS C D C D

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s16.1 33.9 9.8 20.2 22.7 27.4 13.8 16.1
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s18.0 22.0 7.0 17.0 20.0 20.0 8.0 16.0
Max Q Clear Time (g_c+I1), s11.8 11.1 5.4 15.8 18.5 17.8 9.1 10.6
Green Ext Time (p_c), s 0.3 7.0 0.0 0.3 0.2 1.8 0.0 1.5

Intersection Summary
HCM 2010 Ctrl Delay 37.3
HCM 2010 LOS D



HCM 2010 TWSC Existing Conditions
7: Pierce Street & Commercial Driveway AM Peak Hour

LSA Associates Synchro 9 Report
1/8/2015 Page 7

Intersection
Int Delay, s/veh 0

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 1 2 676 3 2 469
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 81 81 81 81 81 81
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1 2 835 4 2 579

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1420 419 0 0 838 0
          Stage 1 836 - - - - -
          Stage 2 584 - - - - -
Critical Hdwy 6.6 6.9 - - 4.1 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.3 - - 2.2 -
Pot Cap-1 Maneuver 140 589 - - 805 -
          Stage 1 391 - - - - -
          Stage 2 561 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 139 589 - - 805 -
Mov Cap-2 Maneuver 271 - - - - -
          Stage 1 391 - - - - -
          Stage 2 559 - - - - -

Approach WB NB SB
HCM Control Delay, s 13.6 0 0
HCM LOS B

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 423 805 -
HCM Lane V/C Ratio - - 0.009 0.003 -
HCM Control Delay (s) - - 13.6 9.5 0
HCM Lane LOS - - B A A
HCM 95th %tile Q(veh) - - 0 0 -



HCM 2010 TWSC Existing Conditions
8: Pierce Street & Sterling Ave AM Peak Hour

LSA Associates Synchro 9 Report
1/8/2015 Page 8

Intersection
Int Delay, s/veh 0.7

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 4 19 668 27 53 411
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - 145 -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 81 81 81 81 81 81
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 5 23 825 33 65 507

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1479 429 0 0 858 0
          Stage 1 841 - - - - -
          Stage 2 638 - - - - -
Critical Hdwy 6.6 6.9 - - 4.1 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.3 - - 2.2 -
Pot Cap-1 Maneuver 129 580 - - 791 -
          Stage 1 388 - - - - -
          Stage 2 530 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 118 580 - - 791 -
Mov Cap-2 Maneuver 250 - - - - -
          Stage 1 388 - - - - -
          Stage 2 486 - - - - -

Approach WB NB SB
HCM Control Delay, s 13.1 0 1.1
HCM LOS B

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 472 791 -
HCM Lane V/C Ratio - - 0.06 0.083 -
HCM Control Delay (s) - - 13.1 10 -
HCM Lane LOS - - B A -
HCM 95th %tile Q(veh) - - 0.2 0.3 -
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 24 22 37 140 1424 87 80 770 701
Number 3 8 18 5 2 12 1 6 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 27 24 41 156 1582 97 89 856 0
Adj No. of Lanes 0 1 1 1 2 0 1 2 1
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0
Cap, veh/h 75 66 123 473 1945 119 382 1850 828
Arrive On Green 0.08 0.08 0.08 0.52 1.00 1.00 0.21 0.51 0.00
Sat Flow, veh/h 980 871 1615 1810 3457 211 1810 3610 1615
Grp Volume(v), veh/h 51 0 41 156 822 857 89 856 0
Grp Sat Flow(s),veh/h/ln 1851 0 1615 1810 1805 1863 1810 1805 1615
Q Serve(g_s), s 2.1 0.0 1.9 4.0 0.0 0.0 3.3 12.1 0.0
Cycle Q Clear(g_c), s 2.1 0.0 1.9 4.0 0.0 0.0 3.3 12.1 0.0
Prop In Lane 0.53 1.00 1.00 0.11 1.00 1.00
Lane Grp Cap(c), veh/h 141 0 123 473 1015 1048 382 1850 828
V/C Ratio(X) 0.36 0.00 0.33 0.33 0.81 0.82 0.23 0.46 0.00
Avail Cap(c_a), veh/h 370 0 323 473 1015 1048 382 1850 828
HCM Platoon Ratio 1.00 1.00 1.00 2.00 2.00 2.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 0.69 0.69 0.69 1.00 1.00 0.00
Uniform Delay (d), s/veh 35.1 0.0 35.0 15.1 0.0 0.0 26.2 12.5 0.0
Incr Delay (d2), s/veh 1.6 0.0 1.6 0.3 4.9 5.0 0.3 0.8 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 1.1 0.0 0.9 1.9 1.4 1.5 1.7 6.2 0.0
LnGrp Delay(d),s/veh 36.7 0.0 36.6 15.3 4.9 5.0 26.5 13.3 0.0
LnGrp LOS D D B A A C B
Approach Vol, veh/h 92 1835 945
Approach Delay, s/veh 36.6 5.9 14.5
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 5 6 8
Phs Duration (G+Y+Rc), s 20.9 49.0 24.9 45.0 10.1
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 7.0 45.0 11.0 41.0 16.0
Max Q Clear Time (g_c+I1), s 5.3 2.0 6.0 14.1 4.1
Green Ext Time (p_c), s 0.1 17.6 0.3 6.2 0.2

Intersection Summary
HCM 2010 Ctrl Delay 9.7
HCM 2010 LOS A
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 772 150 0 874 797 0
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 0 1900 1900 0
Adj Flow Rate, veh/h 1048 0 0 1005 916 0
Adj No. of Lanes 2 1 0 2 2 0
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87
Percent Heavy Veh, % 0 0 0 0 0 0
Cap, veh/h 1229 548 0 2023 2023 0
Arrive On Green 0.34 0.00 0.00 1.00 0.56 0.00
Sat Flow, veh/h 3619 1615 0 3800 3800 0
Grp Volume(v), veh/h 1048 0 0 1005 916 0
Grp Sat Flow(s),veh/h/ln1810 1615 0 1805 1805 0
Q Serve(g_s), s 21.5 0.0 0.0 0.0 12.0 0.0
Cycle Q Clear(g_c), s 21.5 0.0 0.0 0.0 12.0 0.0
Prop In Lane 1.00 1.00 0.00 0.00
Lane Grp Cap(c), veh/h 1229 548 0 2023 2023 0
V/C Ratio(X) 0.85 0.00 0.00 0.50 0.45 0.00
Avail Cap(c_a), veh/h 1629 727 0 2023 2023 0
HCM Platoon Ratio 1.00 1.00 1.00 2.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.72 0.94 0.00
Uniform Delay (d), s/veh 24.6 0.0 0.0 0.0 10.4 0.0
Incr Delay (d2), s/veh 3.6 0.0 0.0 0.6 0.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln11.4 0.0 0.0 0.2 6.0 0.0
LnGrp Delay(d),s/veh 28.1 0.0 0.0 0.6 11.0 0.0
LnGrp LOS C A B
Approach Vol, veh/h 1048 1005 916
Approach Delay, s/veh 28.1 0.6 11.0
Approach LOS C A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 48.8 31.2 48.8
Change Period (Y+Rc), s 4.0 4.0 4.0
Max Green Setting (Gmax), s 36.0 36.0 36.0
Max Q Clear Time (g_c+I1), s 2.0 23.5 14.0
Green Ext Time (p_c), s 19.1 3.6 14.5

Intersection Summary
HCM 2010 Ctrl Delay 13.5
HCM 2010 LOS B

Notes
User approved volume balancing among the lanes for turning movement.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 331 800 49 151 673 236 53 263 95 451 266 192
Number 5 2 12 1 6 16 3 8 18 7 4 14
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 348 842 52 159 708 248 56 277 100 475 280 202
Adj No. of Lanes 1 2 0 1 2 1 1 2 1 2 1 1
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0 0 0 0
Cap, veh/h 541 1479 91 196 857 384 113 410 184 527 383 325
Arrive On Green 0.30 0.43 0.43 0.11 0.24 0.24 0.06 0.11 0.11 0.25 0.34 0.34
Sat Flow, veh/h 1810 3454 213 1810 3610 1615 1810 3610 1615 3510 1900 1615
Grp Volume(v), veh/h 348 440 454 159 708 248 56 277 100 475 280 202
Grp Sat Flow(s),veh/h/ln1810 1805 1862 1810 1805 1615 1810 1805 1615 1755 1900 1615
Q Serve(g_s), s 13.4 14.7 14.7 6.9 14.9 11.1 2.4 5.9 3.6 10.5 10.4 4.2
Cycle Q Clear(g_c), s 13.4 14.7 14.7 6.9 14.9 11.1 2.4 5.9 3.6 10.5 10.4 4.2
Prop In Lane 1.00 0.11 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 541 773 797 196 857 384 113 410 184 527 383 325
V/C Ratio(X) 0.64 0.57 0.57 0.81 0.83 0.65 0.50 0.67 0.54 0.90 0.73 0.62
Avail Cap(c_a), veh/h 541 773 797 226 857 384 158 722 323 527 499 424
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.67 1.67 1.67
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.87 0.87 0.87
Uniform Delay (d), s/veh 24.3 17.3 17.3 34.9 28.9 27.5 36.3 34.0 19.6 29.4 24.6 6.0
Incr Delay (d2), s/veh 2.6 3.0 2.9 17.6 8.9 8.2 3.4 1.9 2.5 16.7 3.4 1.7
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln7.1 8.0 8.2 4.4 8.4 5.8 1.3 3.0 1.7 6.3 5.7 1.9
LnGrp Delay(d),s/veh 27.0 20.3 20.2 52.5 37.9 35.6 39.7 36.0 22.1 46.1 28.0 7.7
LnGrp LOS C C C D D D D D C D C A
Approach Vol, veh/h 1242 1115 433 957
Approach Delay, s/veh 22.2 39.4 33.2 32.7
Approach LOS C D C C

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s12.7 38.2 9.0 20.1 27.9 23.0 16.0 13.1
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s10.0 26.0 7.0 21.0 17.0 19.0 12.0 16.0
Max Q Clear Time (g_c+I1), s8.9 16.7 4.4 12.4 15.4 16.9 12.5 7.9
Green Ext Time (p_c), s 0.0 4.3 0.0 2.8 0.5 1.1 0.0 1.2

Intersection Summary
HCM 2010 Ctrl Delay 31.3
HCM 2010 LOS C
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Intersection
Int Delay, s/veh 0.3

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 1 16 410 2 4 436
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 81 81 81 81 81 81
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1 20 506 2 5 538

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1055 254 0 0 509 0
          Stage 1 507 - - - - -
          Stage 2 548 - - - - -
Critical Hdwy 6.6 6.9 - - 4.1 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.3 - - 2.2 -
Pot Cap-1 Maneuver 238 752 - - 1066 -
          Stage 1 576 - - - - -
          Stage 2 583 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 236 752 - - 1066 -
Mov Cap-2 Maneuver 371 - - - - -
          Stage 1 576 - - - - -
          Stage 2 579 - - - - -

Approach WB NB SB
HCM Control Delay, s 10.2 0 0.1
HCM LOS B

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 709 1066 -
HCM Lane V/C Ratio - - 0.03 0.005 -
HCM Control Delay (s) - - 10.2 8.4 0
HCM Lane LOS - - B A A
HCM 95th %tile Q(veh) - - 0.1 0 -
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Intersection
Int Delay, s/veh 1.3

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 22 53 351 15 27 401
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - 145 -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 81 81 81 81 81 81
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 27 65 433 19 33 495

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1005 226 0 0 452 0
          Stage 1 443 - - - - -
          Stage 2 562 - - - - -
Critical Hdwy 6.6 6.9 - - 4.1 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.3 - - 2.2 -
Pot Cap-1 Maneuver 255 783 - - 1119 -
          Stage 1 620 - - - - -
          Stage 2 575 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 247 783 - - 1119 -
Mov Cap-2 Maneuver 380 - - - - -
          Stage 1 620 - - - - -
          Stage 2 558 - - - - -

Approach WB NB SB
HCM Control Delay, s 12.1 0 0.5
HCM LOS B

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 597 1119 -
HCM Lane V/C Ratio - - 0.155 0.03 -
HCM Control Delay (s) - - 12.1 8.3 -
HCM Lane LOS - - B A -
HCM 95th %tile Q(veh) - - 0.5 0.1 -
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Intersection
Int Delay, s/veh 1.6

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 927 9 104 1106 0 51
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 927 9 104 1106 0 51

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 936 0 1693 468
          Stage 1 - - - - 932 -
          Stage 2 - - - - 761 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 740 - 86 547
          Stage 1 - - - - 348 -
          Stage 2 - - - - 427 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 740 - 55 547
Mov Cap-2 Maneuver - - - - 55 -
          Stage 1 - - - - 348 -
          Stage 2 - - - - 271 -

Approach EB WB NB
HCM Control Delay, s 0 2.4 12.3
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 547 - - 740 -
HCM Lane V/C Ratio 0.093 - - 0.141 -
HCM Control Delay (s) 12.3 - - 10.7 1.6
HCM Lane LOS B - - B A
HCM 95th %tile Q(veh) 0.3 - - 0.5 -
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Intersection
Int Delay, s/veh 0.1

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 970 9 0 1210 0 16
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 970 9 0 1210 0 16

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 979 0 1580 490
          Stage 1 - - - - 975 -
          Stage 2 - - - - 605 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 713 - 102 529
          Stage 1 - - - - 331 -
          Stage 2 - - - - 513 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 713 - 102 529
Mov Cap-2 Maneuver - - - - 102 -
          Stage 1 - - - - 331 -
          Stage 2 - - - - 513 -

Approach EB WB NB
HCM Control Delay, s 0 0 12
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 529 - - 713 -
HCM Lane V/C Ratio 0.03 - - - -
HCM Control Delay (s) 12 - - 0 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0.1 - - 0 -
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Intersection
Int Delay, s/veh 0

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 977 9 0 1210 0 4
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 977 9 0 1210 0 4

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 986 0 1587 493
          Stage 1 - - - - 982 -
          Stage 2 - - - - 605 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 709 - 101 527
          Stage 1 - - - - 328 -
          Stage 2 - - - - 513 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 709 - 101 527
Mov Cap-2 Maneuver - - - - 101 -
          Stage 1 - - - - 328 -
          Stage 2 - - - - 513 -

Approach EB WB NB
HCM Control Delay, s 0 0 11.9
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 527 - - 709 -
HCM Lane V/C Ratio 0.008 - - - -
HCM Control Delay (s) 11.9 - - 0 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0 - - 0 -
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 55 50 72 191 1667 48 88 694 691
Number 3 8 18 5 2 12 1 6 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 61 56 80 212 1852 53 98 771 0
Adj No. of Lanes 0 1 1 1 2 0 1 2 1
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0
Cap, veh/h 89 81 148 490 2016 57 354 1760 787
Arrive On Green 0.09 0.09 0.09 0.54 1.00 1.00 0.20 0.49 0.00
Sat Flow, veh/h 965 886 1615 1810 3585 102 1810 3610 1615
Grp Volume(v), veh/h 117 0 80 212 928 977 98 771 0
Grp Sat Flow(s),veh/h/ln 1852 0 1615 1810 1805 1882 1810 1805 1615
Q Serve(g_s), s 4.9 0.0 3.8 5.6 0.0 0.0 3.7 11.1 0.0
Cycle Q Clear(g_c), s 4.9 0.0 3.8 5.6 0.0 0.0 3.7 11.1 0.0
Prop In Lane 0.52 1.00 1.00 0.05 1.00 1.00
Lane Grp Cap(c), veh/h 170 0 148 490 1015 1059 354 1760 787
V/C Ratio(X) 0.69 0.00 0.54 0.43 0.91 0.92 0.28 0.44 0.00
Avail Cap(c_a), veh/h 370 0 323 490 1015 1059 354 1760 787
HCM Platoon Ratio 1.00 1.00 1.00 2.00 2.00 2.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 0.56 0.56 0.56 1.00 1.00 0.00
Uniform Delay (d), s/veh 35.2 0.0 34.7 14.7 0.0 0.0 27.4 13.4 0.0
Incr Delay (d2), s/veh 4.9 0.0 3.0 0.3 8.7 9.1 0.4 0.8 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.7 0.0 1.8 2.8 2.5 2.7 1.9 5.7 0.0
LnGrp Delay(d),s/veh 40.1 0.0 37.7 15.0 8.7 9.1 27.8 14.2 0.0
LnGrp LOS D D B A A C B
Approach Vol, veh/h 197 2117 869
Approach Delay, s/veh 39.1 9.5 15.7
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 5 6 8
Phs Duration (G+Y+Rc), s 19.7 49.0 25.7 43.0 11.3
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 7.0 45.0 13.0 39.0 16.0
Max Q Clear Time (g_c+I1), s 5.7 2.0 7.6 13.1 6.9
Green Ext Time (p_c), s 0.1 22.2 0.4 5.4 0.5

Intersection Summary
HCM 2010 Ctrl Delay 13.0
HCM 2010 LOS B
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 661 214 0 1244 756 0
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 0 1900 1900 0
Adj Flow Rate, veh/h 503 521 0 1430 869 0
Adj No. of Lanes 1 1 0 2 2 0
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87
Percent Heavy Veh, % 0 0 0 0 0 0
Cap, veh/h 635 567 0 1981 1981 0
Arrive On Green 0.35 0.35 0.00 0.73 0.55 0.00
Sat Flow, veh/h 1810 1615 0 3800 3800 0
Grp Volume(v), veh/h 503 521 0 1430 869 0
Grp Sat Flow(s),veh/h/ln1810 1615 0 1805 1805 0
Q Serve(g_s), s 20.0 24.7 0.0 18.1 11.4 0.0
Cycle Q Clear(g_c), s 20.0 24.7 0.0 18.1 11.4 0.0
Prop In Lane 1.00 1.00 0.00 0.00
Lane Grp Cap(c), veh/h 635 567 0 1981 1981 0
V/C Ratio(X) 0.79 0.92 0.00 0.72 0.44 0.00
Avail Cap(c_a), veh/h 679 606 0 1981 1981 0
HCM Platoon Ratio 1.00 1.00 1.00 1.33 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 0.55 0.94 0.00
Uniform Delay (d), s/veh 23.3 24.9 0.0 7.3 10.7 0.0
Incr Delay (d2), s/veh 6.0 18.6 0.0 1.3 0.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln11.0 13.9 0.0 9.1 5.9 0.0
LnGrp Delay(d),s/veh 29.3 43.4 0.0 8.6 11.4 0.0
LnGrp LOS C D A B
Approach Vol, veh/h 1024 1430 869
Approach Delay, s/veh 36.5 8.6 11.4
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 47.9 32.1 47.9
Change Period (Y+Rc), s 4.0 4.0 4.0
Max Green Setting (Gmax), s 42.0 30.0 42.0
Max Q Clear Time (g_c+I1), s 20.1 26.7 13.4
Green Ext Time (p_c), s 17.0 1.4 20.9

Intersection Summary
HCM 2010 Ctrl Delay 17.9
HCM 2010 LOS B

Notes
User approved volume balancing among the lanes for turning movement.



HCM 2010 Signalized Intersection Summary Existing Plus Project Conditions
6: Pierce Street & Magnolia Ave AM Peak Hour
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 391 554 36 230 821 426 91 414 208 298 315 297
Number 5 2 12 1 6 16 3 8 18 7 4 14
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 412 583 38 242 864 448 96 436 219 314 332 313
Adj No. of Lanes 1 2 0 1 2 1 1 2 1 2 1 1
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0 0 0 0
Cap, veh/h 476 1264 82 286 948 424 140 575 257 405 375 319
Arrive On Green 0.26 0.37 0.37 0.16 0.26 0.26 0.08 0.16 0.16 0.19 0.33 0.33
Sat Flow, veh/h 1810 3441 224 1810 3610 1615 1810 3610 1615 3510 1900 1615
Grp Volume(v), veh/h 412 305 316 242 864 448 96 436 219 314 332 313
Grp Sat Flow(s),veh/h/ln1810 1805 1860 1810 1805 1615 1810 1805 1615 1755 1900 1615
Q Serve(g_s), s 17.4 10.3 10.3 10.4 18.6 21.0 4.1 9.2 7.3 6.8 13.2 8.4
Cycle Q Clear(g_c), s 17.4 10.3 10.3 10.4 18.6 21.0 4.1 9.2 7.3 6.8 13.2 8.4
Prop In Lane 1.00 0.12 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 476 663 683 286 948 424 140 575 257 405 375 319
V/C Ratio(X) 0.87 0.46 0.46 0.85 0.91 1.06 0.69 0.76 0.85 0.78 0.89 0.98
Avail Cap(c_a), veh/h 476 663 683 407 948 424 158 722 323 405 404 343
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.67 1.67 1.67
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.90 0.90
Uniform Delay (d), s/veh 28.1 19.3 19.3 32.7 28.6 29.5 36.0 32.2 15.7 31.3 26.0 8.0
Incr Delay (d2), s/veh 15.4 2.3 2.2 10.8 14.4 59.5 10.1 3.6 16.0 8.4 17.9 40.2
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln10.7 5.5 5.7 6.0 11.1 16.3 2.4 4.9 4.4 3.7 8.8 7.1
LnGrp Delay(d),s/veh 43.5 21.6 21.5 43.5 43.0 89.0 46.1 35.8 31.7 39.7 43.9 48.2
LnGrp LOS D C C D D F D D C D D D
Approach Vol, veh/h 1033 1554 751 959
Approach Delay, s/veh 30.3 56.3 35.9 43.9
Approach LOS C E D D

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s16.7 33.4 10.2 19.8 25.0 25.0 13.2 16.7
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s18.0 22.0 7.0 17.0 19.0 21.0 8.0 16.0
Max Q Clear Time (g_c+I1), s12.4 12.3 6.1 15.2 19.4 23.0 8.8 11.2
Green Ext Time (p_c), s 0.3 3.5 0.0 0.6 0.0 0.0 0.0 1.5

Intersection Summary
HCM 2010 Ctrl Delay 43.7
HCM 2010 LOS D



HCM 2010 TWSC Existing Plus Project Conditions
7: Pierce Street & Project Driveway 4/Commercial Driveway AM Peak Hour

LSA Associates Synchro 9 Report
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Intersection
Int Delay, s/veh 0

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Vol, veh/h 0 0 0 1 0 2 1 743 3 2 503 18
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Free Free Free
RT Channelized - - None - - None - - None - - None
Storage Length - - 0 - - - 100 - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 100 100 100 100 100 100 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0 0 0 0
Mvmt Flow 0 0 0 1 0 2 1 743 3 2 503 18

Major/Minor Minor2 Minor1 Major1 Major2
Conflicting Flow All 890 1264 512 1263 1272 373 521 0 0 746 0 0
          Stage 1 516 516 - 747 747 - - - - - - -
          Stage 2 374 748 - 516 525 - - - - - - -
Critical Hdwy 7.3 6.5 6.2 7.3 6.5 6.9 4.1 - - 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.5 5.5 - - - - - - -
Critical Hdwy Stg 2 6.5 5.5 - 6.1 5.5 - - - - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - - 2.2 - -
Pot Cap-1 Maneuver 253 171 566 138 169 630 1056 - - 871 - -
          Stage 1 546 538 - 376 423 - - - - - - -
          Stage 2 624 423 - 546 533 - - - - - - -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 251 170 566 138 168 630 1056 - - 871 - -
Mov Cap-2 Maneuver 251 170 - 138 168 - - - - - - -
          Stage 1 545 536 - 376 423 - - - - - - -
          Stage 2 621 423 - 544 531 - - - - - - -

Approach EB WB NB SB
HCM Control Delay, s 0 17.6 0 0
HCM LOS A C

Minor Lane/Major Mvmt NBL NBT NBR EBLn1WBLn1 SBL SBT SBR
Capacity (veh/h) 1056 - - - 288 871 - -
HCM Lane V/C Ratio 0.001 - - - 0.01 0.002 - -
HCM Control Delay (s) 8.4 - - 0 17.6 9.1 0 -
HCM Lane LOS A - - A C A A -
HCM 95th %tile Q(veh) 0 - - - 0 0 - -



HCM 2010 TWSC Existing Plus Project Conditions
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Intersection
Int Delay, s/veh 2.1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Vol, veh/h 67 0 1 4 0 19 9 668 27 53 411 33
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Free Free Free
RT Channelized - - None - - None - - None - - None
Storage Length - - - - - - 75 - - 75 - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 100 100 100 100 100 100 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0 0 0 0
Mvmt Flow 67 0 1 4 0 19 9 668 27 53 411 33

Major/Minor Minor2 Minor1 Major1 Major2
Conflicting Flow All 886 1247 428 1234 1250 348 444 0 0 695 0 0
          Stage 1 534 534 - 700 700 - - - - - - -
          Stage 2 352 713 - 534 550 - - - - - - -
Critical Hdwy 7.3 6.5 6.2 7.3 6.5 6.9 4.1 - - 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.5 5.5 - - - - - - -
Critical Hdwy Stg 2 6.5 5.5 - 6.1 5.5 - - - - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - - 2.2 - -
Pot Cap-1 Maneuver 254 175 631 145 174 654 1127 - - 910 - -
          Stage 1 534 528 - 401 444 - - - - - - -
          Stage 2 643 438 - 534 519 - - - - - - -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 234 163 631 137 163 654 1127 - - 910 - -
Mov Cap-2 Maneuver 234 163 - 137 163 - - - - - - -
          Stage 1 530 497 - 398 440 - - - - - - -
          Stage 2 619 435 - 502 489 - - - - - - -

Approach EB WB NB SB
HCM Control Delay, s 26.3 14.7 0.1 1
HCM LOS D B

Minor Lane/Major Mvmt NBL NBT NBR EBLn1WBLn1 SBL SBT SBR
Capacity (veh/h) 1127 - - 236 395 910 - -
HCM Lane V/C Ratio 0.008 - - 0.288 0.058 0.058 - -
HCM Control Delay (s) 8.2 - - 26.3 14.7 9.2 - -
HCM Lane LOS A - - D B A - -
HCM 95th %tile Q(veh) 0 - - 1.2 0.2 0.2 - -



HCM 2010 TWSC Existing Plus Project Conditions
1: Project Driveway 1 & Magnolia Ave PM Peak Hour
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Intersection
Int Delay, s/veh 0.8

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1185 1 21 966 0 83
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1185 1 21 966 0 83

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1186 0 1711 593
          Stage 1 - - - - 1186 -
          Stage 2 - - - - 525 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 596 - 83 454
          Stage 1 - - - - 256 -
          Stage 2 - - - - 564 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 596 - 77 454
Mov Cap-2 Maneuver - - - - 77 -
          Stage 1 - - - - 256 -
          Stage 2 - - - - 521 -

Approach EB WB NB
HCM Control Delay, s 0 0.6 14.7
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 454 - - 596 -
HCM Lane V/C Ratio 0.183 - - 0.035 -
HCM Control Delay (s) 14.7 - - 11.3 0.4
HCM Lane LOS B - - B A
HCM 95th %tile Q(veh) 0.7 - - 0.1 -



HCM 2010 TWSC Existing Plus Project Conditions
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Intersection
Int Delay, s/veh 0.3

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1267 1 0 987 0 48
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1267 1 0 987 0 48

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1268 0 1762 634
          Stage 1 - - - - 1268 -
          Stage 2 - - - - 494 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 555 - 77 427
          Stage 1 - - - - 232 -
          Stage 2 - - - - 584 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 555 - 77 427
Mov Cap-2 Maneuver - - - - 77 -
          Stage 1 - - - - 232 -
          Stage 2 - - - - 584 -

Approach EB WB NB
HCM Control Delay, s 0 0 14.5
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 427 - - 555 -
HCM Lane V/C Ratio 0.112 - - - -
HCM Control Delay (s) 14.5 - - 0 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0.4 - - 0 -



HCM 2010 TWSC Existing Plus Project Conditions
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Intersection
Int Delay, s/veh 0.2

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1313 1 0 987 0 28
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1313 1 0 987 0 28

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1314 0 1808 657
          Stage 1 - - - - 1314 -
          Stage 2 - - - - 494 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 533 - 72 412
          Stage 1 - - - - 219 -
          Stage 2 - - - - 584 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 533 - 72 412
Mov Cap-2 Maneuver - - - - 72 -
          Stage 1 - - - - 219 -
          Stage 2 - - - - 584 -

Approach EB WB NB
HCM Control Delay, s 0 0 14.4
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 412 - - 533 -
HCM Lane V/C Ratio 0.068 - - - -
HCM Control Delay (s) 14.4 - - 0 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0.2 - - 0 -
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 24 22 37 232 1433 87 80 771 701
Number 3 8 18 5 2 12 1 6 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 27 24 41 258 1592 97 89 857 0
Adj No. of Lanes 0 1 1 1 2 0 1 2 1
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0
Cap, veh/h 75 66 123 586 1945 118 382 1624 727
Arrive On Green 0.08 0.08 0.08 0.65 1.00 1.00 0.21 0.45 0.00
Sat Flow, veh/h 980 871 1615 1810 3458 210 1810 3610 1615
Grp Volume(v), veh/h 51 0 41 258 827 862 89 857 0
Grp Sat Flow(s),veh/h/ln 1851 0 1615 1810 1805 1863 1810 1805 1615
Q Serve(g_s), s 2.1 0.0 1.9 5.6 0.0 0.0 3.3 13.7 0.0
Cycle Q Clear(g_c), s 2.1 0.0 1.9 5.6 0.0 0.0 3.3 13.7 0.0
Prop In Lane 0.53 1.00 1.00 0.11 1.00 1.00
Lane Grp Cap(c), veh/h 141 0 123 586 1015 1048 382 1625 727
V/C Ratio(X) 0.36 0.00 0.33 0.44 0.81 0.82 0.23 0.53 0.00
Avail Cap(c_a), veh/h 370 0 323 586 1015 1048 382 1625 727
HCM Platoon Ratio 1.00 1.00 1.00 2.00 2.00 2.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 0.65 0.65 0.65 1.00 1.00 0.00
Uniform Delay (d), s/veh 35.1 0.0 35.0 10.5 0.0 0.0 26.2 15.9 0.0
Incr Delay (d2), s/veh 1.6 0.0 1.6 0.3 4.8 4.9 0.3 1.2 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 1.1 0.0 0.9 2.8 1.4 1.4 1.7 7.1 0.0
LnGrp Delay(d),s/veh 36.7 0.0 36.6 10.9 4.8 4.9 26.5 17.1 0.0
LnGrp LOS D D B A A C B
Approach Vol, veh/h 92 1947 946
Approach Delay, s/veh 36.6 5.6 18.0
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 5 6 8
Phs Duration (G+Y+Rc), s 20.9 49.0 29.9 40.0 10.1
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 7.0 45.0 16.0 36.0 16.0
Max Q Clear Time (g_c+I1), s 5.3 2.0 7.6 15.7 4.1
Green Ext Time (p_c), s 0.2 17.8 0.7 5.6 0.2

Intersection Summary
HCM 2010 Ctrl Delay 10.5
HCM 2010 LOS B



HCM 2010 Signalized Intersection Summary Existing Plus Project Conditions
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 772 163 0 975 798 0
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 0 1900 1900 0
Adj Flow Rate, veh/h 1062 0 0 1121 917 0
Adj No. of Lanes 2 1 0 2 2 0
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87
Percent Heavy Veh, % 0 0 0 0 0 0
Cap, veh/h 1238 552 0 2014 2014 0
Arrive On Green 0.34 0.00 0.00 0.74 0.56 0.00
Sat Flow, veh/h 3619 1615 0 3800 3800 0
Grp Volume(v), veh/h 1062 0 0 1121 917 0
Grp Sat Flow(s),veh/h/ln1810 1615 0 1805 1805 0
Q Serve(g_s), s 21.9 0.0 0.0 10.9 12.0 0.0
Cycle Q Clear(g_c), s 21.9 0.0 0.0 10.9 12.0 0.0
Prop In Lane 1.00 1.00 0.00 0.00
Lane Grp Cap(c), veh/h 1238 552 0 2014 2014 0
V/C Ratio(X) 0.86 0.00 0.00 0.56 0.46 0.00
Avail Cap(c_a), veh/h 1583 707 0 2014 2014 0
HCM Platoon Ratio 1.00 1.00 1.00 1.33 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.66 0.92 0.00
Uniform Delay (d), s/veh 24.5 0.0 0.0 6.0 10.5 0.0
Incr Delay (d2), s/veh 4.0 0.0 0.0 0.7 0.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln11.6 0.0 0.0 5.4 6.2 0.0
LnGrp Delay(d),s/veh 28.5 0.0 0.0 6.7 11.2 0.0
LnGrp LOS C A B
Approach Vol, veh/h 1062 1121 917
Approach Delay, s/veh 28.5 6.7 11.2
Approach LOS C A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 48.6 31.4 48.6
Change Period (Y+Rc), s 4.0 4.0 4.0
Max Green Setting (Gmax), s 37.0 35.0 37.0
Max Q Clear Time (g_c+I1), s 12.9 23.9 14.0
Green Ext Time (p_c), s 16.4 3.5 15.8

Intersection Summary
HCM 2010 Ctrl Delay 15.5
HCM 2010 LOS B

Notes
User approved volume balancing among the lanes for turning movement.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 382 908 51 155 687 236 101 314 127 451 273 199
Number 5 2 12 1 6 16 3 8 18 7 4 14
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 402 956 54 163 723 248 106 331 134 475 287 209
Adj No. of Lanes 1 2 0 1 2 1 1 2 1 2 1 1
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0 0 0 0
Cap, veh/h 552 1457 82 200 812 363 143 469 210 492 363 308
Arrive On Green 0.30 0.42 0.42 0.11 0.22 0.22 0.08 0.13 0.13 0.23 0.32 0.32
Sat Flow, veh/h 1810 3474 196 1810 3610 1615 1810 3610 1615 3510 1900 1615
Grp Volume(v), veh/h 402 497 513 163 723 248 106 331 134 475 287 209
Grp Sat Flow(s),veh/h/ln1810 1805 1865 1810 1805 1615 1810 1805 1615 1755 1900 1615
Q Serve(g_s), s 15.9 17.6 17.6 7.0 15.5 11.2 4.6 7.0 4.8 10.7 11.0 4.5
Cycle Q Clear(g_c), s 15.9 17.6 17.6 7.0 15.5 11.2 4.6 7.0 4.8 10.7 11.0 4.5
Prop In Lane 1.00 0.11 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 552 757 782 200 812 363 143 469 210 492 363 308
V/C Ratio(X) 0.73 0.66 0.66 0.82 0.89 0.68 0.74 0.71 0.64 0.97 0.79 0.68
Avail Cap(c_a), veh/h 552 757 782 226 812 363 158 722 323 492 475 404
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.67 1.67 1.67
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.87 0.87 0.87
Uniform Delay (d), s/veh 24.8 18.6 18.6 34.8 30.0 28.4 36.0 33.3 19.0 30.5 25.8 6.3
Incr Delay (d2), s/veh 4.8 4.4 4.3 18.3 14.0 10.0 15.2 2.0 3.2 29.3 5.8 2.6
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln8.7 9.6 9.9 4.5 9.3 6.0 2.9 3.6 2.3 7.2 6.3 2.2
LnGrp Delay(d),s/veh 29.7 23.0 22.9 53.1 44.0 38.3 51.2 35.3 22.2 59.7 31.6 8.8
LnGrp LOS C C C D D D D D C E C A
Approach Vol, veh/h 1412 1134 571 971
Approach Delay, s/veh 24.9 44.1 35.2 40.5
Approach LOS C D D D

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s12.8 37.5 10.3 19.3 28.4 22.0 15.2 14.4
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s10.0 27.0 7.0 20.0 19.0 18.0 11.0 16.0
Max Q Clear Time (g_c+I1), s9.0 19.6 6.6 13.0 17.9 17.5 12.7 9.0
Green Ext Time (p_c), s 0.0 4.2 0.0 2.3 0.2 0.3 0.0 1.4

Intersection Summary
HCM 2010 Ctrl Delay 35.3
HCM 2010 LOS D
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Intersection
Int Delay, s/veh 0.2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Vol, veh/h 0 0 0 1 0 16 0 541 2 4 447 3
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Free Free Free
RT Channelized - - None - - None - - None - - None
Storage Length - - 0 - - - 100 - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 100 100 100 100 100 100 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0 0 0 0
Mvmt Flow 0 0 0 1 0 16 0 541 2 4 447 3

Major/Minor Minor2 Minor1 Major1 Major2
Conflicting Flow All 728 1000 449 999 1000 272 450 0 0 543 0 0
          Stage 1 457 457 - 542 542 - - - - - - -
          Stage 2 271 543 - 457 458 - - - - - - -
Critical Hdwy 7.3 6.5 6.2 7.3 6.5 6.9 4.1 - - 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.5 5.5 - - - - - - -
Critical Hdwy Stg 2 6.5 5.5 - 6.1 5.5 - - - - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - - 2.2 - -
Pot Cap-1 Maneuver 328 245 614 212 245 732 1121 - - 1036 - -
          Stage 1 587 571 - 497 523 - - - - - - -
          Stage 2 717 523 - 587 570 - - - - - - -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 320 244 614 211 244 732 1121 - - 1036 - -
Mov Cap-2 Maneuver 320 244 - 211 244 - - - - - - -
          Stage 1 587 568 - 497 523 - - - - - - -
          Stage 2 701 523 - 584 567 - - - - - - -

Approach EB WB NB SB
HCM Control Delay, s 0 10.8 0 0.1
HCM LOS A B

Minor Lane/Major Mvmt NBL NBT NBR EBLn1WBLn1 SBL SBT SBR
Capacity (veh/h) 1121 - - - 639 1036 - -
HCM Lane V/C Ratio - - - - 0.027 0.004 - -
HCM Control Delay (s) 0 - - 0 10.8 8.5 0 -
HCM Lane LOS A - - A B A A -
HCM 95th %tile Q(veh) 0 - - - 0.1 0 - -



HCM 2010 TWSC Existing Plus Project Conditions
8: Pierce Street & Project Driveway 5/Sterling Ave PM Peak Hour

LSA Associates Synchro 9 Report
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Intersection
Int Delay, s/veh 4.1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Vol, veh/h 131 0 9 22 0 53 1 351 15 27 401 11
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Free Free Free
RT Channelized - - None - - None - - None - - None
Storage Length - - - - - - 75 - - 75 - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 100 100 100 100 100 100 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0 0 0 0
Mvmt Flow 131 0 9 22 0 53 1 351 15 27 401 11

Major/Minor Minor2 Minor1 Major1 Major2
Conflicting Flow All 639 829 407 826 827 183 412 0 0 366 0 0
          Stage 1 461 461 - 361 361 - - - - - - -
          Stage 2 178 368 - 465 466 - - - - - - -
Critical Hdwy 7.3 6.5 6.2 7.3 6.5 6.9 4.1 - - 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.5 5.5 - - - - - - -
Critical Hdwy Stg 2 6.5 5.5 - 6.1 5.5 - - - - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - - 2.2 - -
Pot Cap-1 Maneuver 378 308 648 280 309 834 1158 - - 1204 - -
          Stage 1 584 569 - 636 629 - - - - - - -
          Stage 2 812 625 - 581 566 - - - - - - -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 348 301 648 271 302 834 1158 - - 1204 - -
Mov Cap-2 Maneuver 348 301 - 271 302 - - - - - - -
          Stage 1 583 556 - 635 628 - - - - - - -
          Stage 2 760 624 - 560 553 - - - - - - -

Approach EB WB NB SB
HCM Control Delay, s 21.3 13.1 0 0.5
HCM LOS C B

Minor Lane/Major Mvmt NBL NBT NBR EBLn1WBLn1 SBL SBT SBR
Capacity (veh/h) 1158 - - 359 518 1204 - -
HCM Lane V/C Ratio 0.001 - - 0.39 0.145 0.022 - -
HCM Control Delay (s) 8.1 - - 21.3 13.1 8.1 - -
HCM Lane LOS A - - C B A - -
HCM 95th %tile Q(veh) 0 - - 1.8 0.5 0.1 - -



HCM 2010 Signalized Intersection Summary Project Completion Without Project Conditions
4: Pierce Street & SR-91 Wesbound/Residential Drivveway AM Peak Hour

LSA Associates Synchro 9 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 56 51 73 141 1691 49 89 695 701
Number 3 8 18 5 2 12 1 6 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 62 57 81 157 1879 54 99 772 0
Adj No. of Lanes 0 1 1 1 2 0 1 2 1
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0
Cap, veh/h 90 82 150 420 2016 58 352 1895 848
Arrive On Green 0.09 0.09 0.09 0.46 1.00 1.00 0.19 0.52 0.00
Sat Flow, veh/h 965 887 1615 1810 3584 103 1810 3610 1615
Grp Volume(v), veh/h 119 0 81 157 942 991 99 772 0
Grp Sat Flow(s),veh/h/ln 1852 0 1615 1810 1805 1882 1810 1805 1615
Q Serve(g_s), s 5.0 0.0 3.8 4.5 0.0 0.0 3.7 10.3 0.0
Cycle Q Clear(g_c), s 5.0 0.0 3.8 4.5 0.0 0.0 3.7 10.3 0.0
Prop In Lane 0.52 1.00 1.00 0.05 1.00 1.00
Lane Grp Cap(c), veh/h 172 0 150 420 1015 1059 352 1895 848
V/C Ratio(X) 0.69 0.00 0.54 0.37 0.93 0.94 0.28 0.41 0.00
Avail Cap(c_a), veh/h 370 0 323 420 1015 1059 352 1895 848
HCM Platoon Ratio 1.00 1.00 1.00 2.00 2.00 2.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 0.60 0.60 0.60 1.00 1.00 0.00
Uniform Delay (d), s/veh 35.2 0.0 34.6 17.7 0.0 0.0 27.5 11.5 0.0
Incr Delay (d2), s/veh 4.9 0.0 3.0 0.3 10.3 10.8 0.4 0.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.8 0.0 1.8 2.2 2.9 3.2 1.9 5.3 0.0
LnGrp Delay(d),s/veh 40.0 0.0 37.6 18.0 10.3 10.8 27.9 12.1 0.0
LnGrp LOS D D B B B C B
Approach Vol, veh/h 200 2090 871
Approach Delay, s/veh 39.1 11.1 13.9
Approach LOS D B B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 5 6 8
Phs Duration (G+Y+Rc), s 19.6 49.0 22.6 46.0 11.4
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 7.0 45.0 10.0 42.0 16.0
Max Q Clear Time (g_c+I1), s 5.7 2.0 6.5 12.3 7.0
Green Ext Time (p_c), s 0.1 22.8 0.2 5.5 0.5

Intersection Summary
HCM 2010 Ctrl Delay 13.7
HCM 2010 LOS B



HCM 2010 Signalized Intersection Summary Project Completion Without Project Conditions
5: Pierce Street & SR-91 Eastbound AM Peak Hour
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 671 166 0 1209 758 0
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 0 1900 1900 0
Adj Flow Rate, veh/h 481 502 0 1390 871 0
Adj No. of Lanes 1 1 0 2 2 0
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87
Percent Heavy Veh, % 0 0 0 0 0 0
Cap, veh/h 613 547 0 2025 2025 0
Arrive On Green 0.34 0.34 0.00 0.75 0.56 0.00
Sat Flow, veh/h 1810 1615 0 3800 3800 0
Grp Volume(v), veh/h 481 502 0 1390 871 0
Grp Sat Flow(s),veh/h/ln1810 1615 0 1805 1805 0
Q Serve(g_s), s 19.1 23.9 0.0 16.0 11.2 0.0
Cycle Q Clear(g_c), s 19.1 23.9 0.0 16.0 11.2 0.0
Prop In Lane 1.00 1.00 0.00 0.00
Lane Grp Cap(c), veh/h 613 547 0 2025 2025 0
V/C Ratio(X) 0.78 0.92 0.00 0.69 0.43 0.00
Avail Cap(c_a), veh/h 656 585 0 2025 2025 0
HCM Platoon Ratio 1.00 1.00 1.00 1.33 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 0.59 0.95 0.00
Uniform Delay (d), s/veh 23.8 25.4 0.0 6.5 10.2 0.0
Incr Delay (d2), s/veh 5.8 18.8 0.0 1.1 0.6 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln10.5 13.5 0.0 8.0 5.7 0.0
LnGrp Delay(d),s/veh 29.7 44.1 0.0 7.6 10.8 0.0
LnGrp LOS C D A B
Approach Vol, veh/h 983 1390 871
Approach Delay, s/veh 37.0 7.6 10.8
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 48.9 31.1 48.9
Change Period (Y+Rc), s 4.0 4.0 4.0
Max Green Setting (Gmax), s 43.0 29.0 43.0
Max Q Clear Time (g_c+I1), s 18.0 25.9 13.2
Green Ext Time (p_c), s 18.6 1.3 21.3

Intersection Summary
HCM 2010 Ctrl Delay 17.4
HCM 2010 LOS B

Notes
User approved volume balancing among the lanes for turning movement.



HCM 2010 Signalized Intersection Summary Project Completion Without Project Conditions
6: Pierce Street & Magnolia Ave AM Peak Hour

LSA Associates Synchro 9 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 369 518 26 221 758 432 76 393 187 302 289 272
Number 5 2 12 1 6 16 3 8 18 7 4 14
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 388 545 27 233 798 455 80 414 197 318 304 286
Adj No. of Lanes 1 2 0 1 2 1 1 2 1 2 1 1
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0 0 0 0
Cap, veh/h 502 1354 67 277 948 424 132 554 248 374 356 302
Arrive On Green 0.28 0.39 0.39 0.15 0.26 0.26 0.07 0.15 0.15 0.18 0.31 0.31
Sat Flow, veh/h 1810 3501 173 1810 3610 1615 1810 3610 1615 3510 1900 1615
Grp Volume(v), veh/h 388 281 291 233 798 455 80 414 197 318 304 286
Grp Sat Flow(s),veh/h/ln1810 1805 1869 1810 1805 1615 1810 1805 1615 1755 1900 1615
Q Serve(g_s), s 15.8 9.0 9.1 10.0 16.7 21.0 3.4 8.8 6.6 7.0 12.0 7.4
Cycle Q Clear(g_c), s 15.8 9.0 9.1 10.0 16.7 21.0 3.4 8.8 6.6 7.0 12.0 7.4
Prop In Lane 1.00 0.09 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 502 698 723 277 948 424 132 554 248 374 356 302
V/C Ratio(X) 0.77 0.40 0.40 0.84 0.84 1.07 0.61 0.75 0.79 0.85 0.85 0.95
Avail Cap(c_a), veh/h 502 698 723 407 948 424 158 722 323 374 404 343
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.67 1.67 1.67
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Uniform Delay (d), s/veh 26.6 17.8 17.8 32.9 27.9 29.5 36.0 32.4 16.0 32.3 26.5 7.8
Incr Delay (d2), s/veh 7.3 1.7 1.7 9.9 9.0 64.7 4.6 3.1 9.9 15.6 13.7 30.9
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln8.9 4.8 4.9 5.7 9.5 16.9 1.9 4.6 3.6 4.2 7.5 5.7
LnGrp Delay(d),s/veh 33.9 19.5 19.5 42.8 36.9 94.2 40.6 35.5 25.9 47.9 40.2 38.7
LnGrp LOS C B B D D F D D C D D D
Approach Vol, veh/h 960 1486 691 908
Approach Delay, s/veh 25.3 55.4 33.3 42.4
Approach LOS C E C D

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s16.3 34.9 9.8 19.0 26.2 25.0 12.5 16.3
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s18.0 22.0 7.0 17.0 19.0 21.0 8.0 16.0
Max Q Clear Time (g_c+I1), s12.0 11.1 5.4 14.0 17.8 23.0 9.0 10.8
Green Ext Time (p_c), s 0.3 3.4 0.0 1.0 0.3 0.0 0.0 1.5

Intersection Summary
HCM 2010 Ctrl Delay 41.6
HCM 2010 LOS D



HCM 2010 TWSC Project Completion Without Project Conditions
7: Pierce Street & Commercial Driveway AM Peak Hour

LSA Associates Synchro 9 Report
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Intersection
Int Delay, s/veh 0

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 1 2 686 3 2 476
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 81 81 81 81 81 81
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1 2 847 4 2 588

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1442 425 0 0 851 0
          Stage 1 849 - - - - -
          Stage 2 593 - - - - -
Critical Hdwy 6.6 6.9 - - 4.1 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.3 - - 2.2 -
Pot Cap-1 Maneuver 136 583 - - 796 -
          Stage 1 385 - - - - -
          Stage 2 556 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 135 583 - - 796 -
Mov Cap-2 Maneuver 266 - - - - -
          Stage 1 385 - - - - -
          Stage 2 554 - - - - -

Approach WB NB SB
HCM Control Delay, s 13.7 0 0
HCM LOS B

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 417 796 -
HCM Lane V/C Ratio - - 0.009 0.003 -
HCM Control Delay (s) - - 13.7 9.5 0
HCM Lane LOS - - B A A
HCM 95th %tile Q(veh) - - 0 0 -



HCM 2010 TWSC Project Completion Without Project Conditions
8: Pierce Street & Sterling Ave AM Peak Hour

LSA Associates Synchro 9 Report
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Intersection
Int Delay, s/veh 0.7

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 4 19 678 27 54 417
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - 145 -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 81 81 81 81 81 81
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 5 23 837 33 67 515

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1502 435 0 0 870 0
          Stage 1 854 - - - - -
          Stage 2 648 - - - - -
Critical Hdwy 6.6 6.9 - - 4.1 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.3 - - 2.2 -
Pot Cap-1 Maneuver 125 575 - - 783 -
          Stage 1 382 - - - - -
          Stage 2 524 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 114 575 - - 783 -
Mov Cap-2 Maneuver 245 - - - - -
          Stage 1 382 - - - - -
          Stage 2 479 - - - - -

Approach WB NB SB
HCM Control Delay, s 13.2 0 1.1
HCM LOS B

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 466 783 -
HCM Lane V/C Ratio - - 0.061 0.085 -
HCM Control Delay (s) - - 13.2 10 -
HCM Lane LOS - - B B -
HCM 95th %tile Q(veh) - - 0.2 0.3 -



HCM 2010 Signalized Intersection Summary Project Completion Without Project Conditions
4: Pierce Street & SR-91 Wesbound/Residential Drivveway PM Peak Hour
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 24 22 38 142 1445 88 81 782 712
Number 3 8 18 5 2 12 1 6 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 27 24 42 158 1606 98 90 869 0
Adj No. of Lanes 0 1 1 1 2 0 1 2 1
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0
Cap, veh/h 75 67 123 450 1945 118 382 1895 848
Arrive On Green 0.08 0.08 0.08 0.50 1.00 1.00 0.21 0.52 0.00
Sat Flow, veh/h 980 871 1615 1810 3458 210 1810 3610 1615
Grp Volume(v), veh/h 51 0 42 158 834 870 90 869 0
Grp Sat Flow(s),veh/h/ln 1851 0 1615 1810 1805 1863 1810 1805 1615
Q Serve(g_s), s 2.1 0.0 2.0 4.3 0.0 0.0 3.3 12.0 0.0
Cycle Q Clear(g_c), s 2.1 0.0 2.0 4.3 0.0 0.0 3.3 12.0 0.0
Prop In Lane 0.53 1.00 1.00 0.11 1.00 1.00
Lane Grp Cap(c), veh/h 141 0 123 450 1015 1048 382 1895 848
V/C Ratio(X) 0.36 0.00 0.34 0.35 0.82 0.83 0.24 0.46 0.00
Avail Cap(c_a), veh/h 370 0 323 450 1015 1048 382 1895 848
HCM Platoon Ratio 1.00 1.00 1.00 2.00 2.00 2.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 0.68 0.68 0.68 1.00 1.00 0.00
Uniform Delay (d), s/veh 35.1 0.0 35.0 16.2 0.0 0.0 26.2 11.9 0.0
Incr Delay (d2), s/veh 1.5 0.0 1.6 0.3 5.2 5.4 0.3 0.8 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 1.1 0.0 0.9 2.1 1.5 1.6 1.7 6.1 0.0
LnGrp Delay(d),s/veh 36.6 0.0 36.6 16.5 5.2 5.4 26.5 12.7 0.0
LnGrp LOS D D B A A C B
Approach Vol, veh/h 93 1862 959
Approach Delay, s/veh 36.6 6.2 14.0
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 5 6 8
Phs Duration (G+Y+Rc), s 20.9 49.0 23.9 46.0 10.1
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 7.0 45.0 10.0 42.0 16.0
Max Q Clear Time (g_c+I1), s 5.3 2.0 6.3 14.0 4.1
Green Ext Time (p_c), s 0.1 18.1 0.2 6.3 0.2

Intersection Summary
HCM 2010 Ctrl Delay 9.8
HCM 2010 LOS A
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 784 152 0 887 809 0
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 0 1900 1900 0
Adj Flow Rate, veh/h 1064 0 0 1020 930 0
Adj No. of Lanes 2 1 0 2 2 0
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87
Percent Heavy Veh, % 0 0 0 0 0 0
Cap, veh/h 1245 555 0 2008 2008 0
Arrive On Green 0.34 0.00 0.00 1.00 0.56 0.00
Sat Flow, veh/h 3619 1615 0 3800 3800 0
Grp Volume(v), veh/h 1064 0 0 1020 930 0
Grp Sat Flow(s),veh/h/ln1810 1615 0 1805 1805 0
Q Serve(g_s), s 21.9 0.0 0.0 0.0 12.3 0.0
Cycle Q Clear(g_c), s 21.9 0.0 0.0 0.0 12.3 0.0
Prop In Lane 1.00 1.00 0.00 0.00
Lane Grp Cap(c), veh/h 1245 555 0 2008 2008 0
V/C Ratio(X) 0.85 0.00 0.00 0.51 0.46 0.00
Avail Cap(c_a), veh/h 1629 727 0 2008 2008 0
HCM Platoon Ratio 1.00 1.00 1.00 2.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.70 0.94 0.00
Uniform Delay (d), s/veh 24.4 0.0 0.0 0.0 10.6 0.0
Incr Delay (d2), s/veh 3.7 0.0 0.0 0.6 0.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln11.4 0.0 0.0 0.2 6.3 0.0
LnGrp Delay(d),s/veh 28.1 0.0 0.0 0.6 11.3 0.0
LnGrp LOS C A B
Approach Vol, veh/h 1064 1020 930
Approach Delay, s/veh 28.1 0.6 11.3
Approach LOS C A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 48.5 31.5 48.5
Change Period (Y+Rc), s 4.0 4.0 4.0
Max Green Setting (Gmax), s 36.0 36.0 36.0
Max Q Clear Time (g_c+I1), s 2.0 23.9 14.3
Green Ext Time (p_c), s 19.5 3.7 14.6

Intersection Summary
HCM 2010 Ctrl Delay 13.6
HCM 2010 LOS B

Notes
User approved volume balancing among the lanes for turning movement.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 336 812 50 153 683 240 54 267 96 458 270 195
Number 5 2 12 1 6 16 3 8 18 7 4 14
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 354 855 53 161 719 253 57 281 101 482 284 205
Adj No. of Lanes 1 2 0 1 2 1 1 2 1 2 1 1
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0 0 0 0
Cap, veh/h 539 1122 70 380 857 384 114 415 186 527 384 326
Arrive On Green 0.30 0.32 0.32 0.21 0.24 0.24 0.06 0.11 0.11 0.25 0.34 0.34
Sat Flow, veh/h 1810 3453 214 1810 3610 1615 1810 3610 1615 3510 1900 1615
Grp Volume(v), veh/h 354 447 461 161 719 253 57 281 101 482 284 205
Grp Sat Flow(s),veh/h/ln1810 1805 1862 1810 1805 1615 1810 1805 1615 1755 1900 1615
Q Serve(g_s), s 13.7 17.8 17.8 6.2 15.2 11.3 2.4 6.0 4.7 10.7 10.6 4.3
Cycle Q Clear(g_c), s 13.7 17.8 17.8 6.2 15.2 11.3 2.4 6.0 4.7 10.7 10.6 4.3
Prop In Lane 1.00 0.11 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 539 587 605 380 857 384 114 415 186 527 384 326
V/C Ratio(X) 0.66 0.76 0.76 0.42 0.84 0.66 0.50 0.68 0.54 0.92 0.74 0.63
Avail Cap(c_a), veh/h 539 587 605 380 857 384 158 722 323 527 499 424
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.67 1.67 1.67
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.86 0.86 0.86
Uniform Delay (d), s/veh 24.5 24.2 24.2 27.4 29.0 27.6 36.3 34.0 33.4 29.5 24.6 6.0
Incr Delay (d2), s/veh 2.9 9.0 8.8 0.7 9.6 8.6 3.4 1.9 2.5 18.5 3.6 1.7
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln7.2 10.3 10.6 3.2 8.6 6.0 1.3 3.1 2.2 6.5 5.9 2.0
LnGrp Delay(d),s/veh 27.4 33.3 33.0 28.1 38.7 36.2 39.7 35.9 35.9 48.0 28.3 7.7
LnGrp LOS C C C C D D D D D D C A
Approach Vol, veh/h 1262 1133 439 971
Approach Delay, s/veh 31.5 36.6 36.4 33.7
Approach LOS C D D C

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s20.8 30.0 9.0 20.2 27.8 23.0 16.0 13.2
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s10.0 26.0 7.0 21.0 17.0 19.0 12.0 16.0
Max Q Clear Time (g_c+I1), s8.2 19.8 4.4 12.6 15.7 17.2 12.7 8.0
Green Ext Time (p_c), s 0.4 2.8 0.0 2.8 0.3 1.0 0.0 1.2

Intersection Summary
HCM 2010 Ctrl Delay 34.2
HCM 2010 LOS C



HCM 2010 TWSC Project Completion Without Project Conditions
7: Pierce Street & Commercial Driveway PM Peak Hour

LSA Associates Synchro 9 Report
1/7/2015 Page 7

Intersection
Int Delay, s/veh 0.2

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 1 16 416 2 4 443
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 81 81 81 81 81 81
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1 20 514 2 5 547

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1072 258 0 0 516 0
          Stage 1 515 - - - - -
          Stage 2 557 - - - - -
Critical Hdwy 6.6 6.9 - - 4.1 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.3 - - 2.2 -
Pot Cap-1 Maneuver 232 747 - - 1060 -
          Stage 1 570 - - - - -
          Stage 2 578 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 230 747 - - 1060 -
Mov Cap-2 Maneuver 366 - - - - -
          Stage 1 570 - - - - -
          Stage 2 574 - - - - -

Approach WB NB SB
HCM Control Delay, s 10.3 0 0.1
HCM LOS B

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 704 1060 -
HCM Lane V/C Ratio - - 0.03 0.005 -
HCM Control Delay (s) - - 10.3 8.4 0
HCM Lane LOS - - B A A
HCM 95th %tile Q(veh) - - 0.1 0 -



HCM 2010 TWSC Project Completion Without Project Conditions
8: Pierce Street & Sterling Ave PM Peak Hour

LSA Associates Synchro 9 Report
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Intersection
Int Delay, s/veh 1.3

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 22 54 356 15 27 407
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - 145 -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 81 81 81 81 81 81
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 27 67 440 19 33 502

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1018 229 0 0 458 0
          Stage 1 449 - - - - -
          Stage 2 569 - - - - -
Critical Hdwy 6.6 6.9 - - 4.1 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.3 - - 2.2 -
Pot Cap-1 Maneuver 251 780 - - 1114 -
          Stage 1 616 - - - - -
          Stage 2 570 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 244 780 - - 1114 -
Mov Cap-2 Maneuver 377 - - - - -
          Stage 1 616 - - - - -
          Stage 2 553 - - - - -

Approach WB NB SB
HCM Control Delay, s 12.2 0 0.5
HCM LOS B

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 596 1114 -
HCM Lane V/C Ratio - - 0.157 0.03 -
HCM Control Delay (s) - - 12.2 8.3 -
HCM Lane LOS - - B A -
HCM 95th %tile Q(veh) - - 0.6 0.1 -



HCM 2010 TWSC Project Completion Plus Project Conditions
1: Project Driveway 1 & Magnolia Ave AM Peak Hour

LSA Associates Synchro 9 Report
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Intersection
Int Delay, s/veh 1.7

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 941 9 104 1122 0 51
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 941 9 104 1122 0 51

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 950 0 1715 475
          Stage 1 - - - - 946 -
          Stage 2 - - - - 769 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 731 - 83 541
          Stage 1 - - - - 343 -
          Stage 2 - - - - 423 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 731 - 52 541
Mov Cap-2 Maneuver - - - - 52 -
          Stage 1 - - - - 343 -
          Stage 2 - - - - 263 -

Approach EB WB NB
HCM Control Delay, s 0 2.5 12.3
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 541 - - 731 -
HCM Lane V/C Ratio 0.094 - - 0.142 -
HCM Control Delay (s) 12.3 - - 10.7 1.7
HCM Lane LOS B - - B A
HCM 95th %tile Q(veh) 0.3 - - 0.5 -



HCM 2010 TWSC Project Completion Plus Project Conditions
2: Project Driveway 2 & Magnolia Ave AM Peak Hour

LSA Associates Synchro 9 Report
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Intersection
Int Delay, s/veh 0.1

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 984 9 0 1226 0 16
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 984 9 0 1226 0 16

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 993 0 1602 497
          Stage 1 - - - - 989 -
          Stage 2 - - - - 613 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 704 - 98 524
          Stage 1 - - - - 325 -
          Stage 2 - - - - 509 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 704 - 98 524
Mov Cap-2 Maneuver - - - - 98 -
          Stage 1 - - - - 325 -
          Stage 2 - - - - 509 -

Approach EB WB NB
HCM Control Delay, s 0 0 12.1
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 524 - - 704 -
HCM Lane V/C Ratio 0.031 - - - -
HCM Control Delay (s) 12.1 - - 0 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0.1 - - 0 -



HCM 2010 TWSC Project Completion Plus Project Conditions
3: Magnolia Ave AM Peak Hour

LSA Associates Synchro 9 Report
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Intersection
Int Delay, s/veh 0

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 991 9 0 1226 0 4
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 991 9 0 1226 0 4

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1000 0 1609 500
          Stage 1 - - - - 996 -
          Stage 2 - - - - 613 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 700 - 97 522
          Stage 1 - - - - 323 -
          Stage 2 - - - - 509 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 700 - 97 522
Mov Cap-2 Maneuver - - - - 97 -
          Stage 1 - - - - 323 -
          Stage 2 - - - - 509 -

Approach EB WB NB
HCM Control Delay, s 0 0 12
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 522 - - 700 -
HCM Lane V/C Ratio 0.008 - - - -
HCM Control Delay (s) 12 - - 0 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0 - - 0 -



HCM 2010 Signalized Intersection Summary Project Completion Plus Project Conditions
4: Pierce Street & SR-91 Wesbound/Residential Drivveway AM Peak Hour

LSA Associates Synchro 9 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 56 51 73 193 1692 49 89 704 701
Number 3 8 18 5 2 12 1 6 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 62 57 81 214 1880 54 99 782 0
Adj No. of Lanes 0 1 1 1 2 0 1 2 1
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0
Cap, veh/h 90 82 150 488 2016 58 352 1760 787
Arrive On Green 0.09 0.09 0.09 0.54 1.00 1.00 0.19 0.49 0.00
Sat Flow, veh/h 965 887 1615 1810 3584 102 1810 3610 1615
Grp Volume(v), veh/h 119 0 81 214 942 992 99 782 0
Grp Sat Flow(s),veh/h/ln 1852 0 1615 1810 1805 1882 1810 1805 1615
Q Serve(g_s), s 5.0 0.0 3.8 5.7 0.0 0.0 3.7 11.3 0.0
Cycle Q Clear(g_c), s 5.0 0.0 3.8 5.7 0.0 0.0 3.7 11.3 0.0
Prop In Lane 0.52 1.00 1.00 0.05 1.00 1.00
Lane Grp Cap(c), veh/h 172 0 150 488 1015 1059 352 1760 787
V/C Ratio(X) 0.69 0.00 0.54 0.44 0.93 0.94 0.28 0.44 0.00
Avail Cap(c_a), veh/h 370 0 323 488 1015 1059 352 1760 787
HCM Platoon Ratio 1.00 1.00 1.00 2.00 2.00 2.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 0.55 0.55 0.55 1.00 1.00 0.00
Uniform Delay (d), s/veh 35.2 0.0 34.6 14.8 0.0 0.0 27.5 13.4 0.0
Incr Delay (d2), s/veh 4.9 0.0 3.0 0.3 9.7 10.2 0.4 0.8 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.8 0.0 1.8 2.8 2.7 3.0 1.9 5.8 0.0
LnGrp Delay(d),s/veh 40.0 0.0 37.6 15.1 9.7 10.2 27.9 14.2 0.0
LnGrp LOS D D B A B C B
Approach Vol, veh/h 200 2148 881
Approach Delay, s/veh 39.1 10.5 15.8
Approach LOS D B B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 5 6 8
Phs Duration (G+Y+Rc), s 19.6 49.0 25.6 43.0 11.4
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 7.0 45.0 13.0 39.0 16.0
Max Q Clear Time (g_c+I1), s 5.7 2.0 7.7 13.3 7.0
Green Ext Time (p_c), s 0.1 22.9 0.4 5.4 0.5

Intersection Summary
HCM 2010 Ctrl Delay 13.7
HCM 2010 LOS B



HCM 2010 Signalized Intersection Summary Project Completion Plus Project Conditions
5: Pierce Street & SR-91 Eastbound AM Peak Hour
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 671 216 0 1262 767 0
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 0 1900 1900 0
Adj Flow Rate, veh/h 510 528 0 1451 882 0
Adj No. of Lanes 1 1 0 2 2 0
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87
Percent Heavy Veh, % 0 0 0 0 0 0
Cap, veh/h 641 572 0 1970 1970 0
Arrive On Green 0.35 0.35 0.00 0.73 0.55 0.00
Sat Flow, veh/h 1810 1615 0 3800 3800 0
Grp Volume(v), veh/h 510 528 0 1451 882 0
Grp Sat Flow(s),veh/h/ln1810 1615 0 1805 1805 0
Q Serve(g_s), s 20.3 25.1 0.0 19.0 11.8 0.0
Cycle Q Clear(g_c), s 20.3 25.1 0.0 19.0 11.8 0.0
Prop In Lane 1.00 1.00 0.00 0.00
Lane Grp Cap(c), veh/h 641 572 0 1970 1970 0
V/C Ratio(X) 0.80 0.92 0.00 0.74 0.45 0.00
Avail Cap(c_a), veh/h 679 606 0 1970 1970 0
HCM Platoon Ratio 1.00 1.00 1.00 1.33 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 0.54 0.94 0.00
Uniform Delay (d), s/veh 23.2 24.8 0.0 7.6 10.9 0.0
Incr Delay (d2), s/veh 6.2 19.3 0.0 1.4 0.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln11.2 14.2 0.0 9.5 5.9 0.0
LnGrp Delay(d),s/veh 29.5 44.1 0.0 8.9 11.6 0.0
LnGrp LOS C D A B
Approach Vol, veh/h 1038 1451 882
Approach Delay, s/veh 36.9 8.9 11.6
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 47.7 32.3 47.7
Change Period (Y+Rc), s 4.0 4.0 4.0
Max Green Setting (Gmax), s 42.0 30.0 42.0
Max Q Clear Time (g_c+I1), s 21.0 27.1 13.8
Green Ext Time (p_c), s 16.7 1.3 21.0

Intersection Summary
HCM 2010 Ctrl Delay 18.2
HCM 2010 LOS B

Notes
User approved volume balancing among the lanes for turning movement.



HCM 2010 Signalized Intersection Summary Project Completion Plus Project Conditions
6: Pierce Street & Magnolia Ave AM Peak Hour

LSA Associates Synchro 9 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 396 562 36 233 832 432 92 420 211 302 319 301
Number 5 2 12 1 6 16 3 8 18 7 4 14
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 417 592 38 245 876 455 97 442 222 318 336 317
Adj No. of Lanes 1 2 0 1 2 1 1 2 1 2 1 1
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0 0 0 0
Cap, veh/h 472 947 61 449 948 424 140 620 277 369 379 322
Arrive On Green 0.26 0.28 0.28 0.25 0.26 0.26 0.08 0.17 0.17 0.18 0.33 0.33
Sat Flow, veh/h 1810 3445 221 1810 3610 1615 1810 3610 1615 3510 1900 1615
Grp Volume(v), veh/h 417 310 320 245 876 455 97 442 222 318 336 317
Grp Sat Flow(s),veh/h/ln1810 1805 1861 1810 1805 1615 1810 1805 1615 1755 1900 1615
Q Serve(g_s), s 17.7 12.0 12.1 9.4 18.9 21.0 4.2 9.2 10.6 7.0 13.4 8.6
Cycle Q Clear(g_c), s 17.7 12.0 12.1 9.4 18.9 21.0 4.2 9.2 10.6 7.0 13.4 8.6
Prop In Lane 1.00 0.12 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 472 496 512 449 948 424 140 620 277 369 379 322
V/C Ratio(X) 0.88 0.62 0.63 0.55 0.92 1.07 0.69 0.71 0.80 0.86 0.89 0.98
Avail Cap(c_a), veh/h 472 496 512 449 948 424 158 722 323 369 404 343
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.67 1.67 1.67
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.90 0.90
Uniform Delay (d), s/veh 28.4 25.4 25.4 26.2 28.7 29.5 36.0 31.3 31.8 32.4 25.8 8.0
Incr Delay (d2), s/veh 17.8 5.8 5.7 1.4 15.8 64.7 10.6 2.8 11.7 16.8 18.1 40.7
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln11.1 6.7 6.9 4.9 11.5 16.9 2.5 4.8 5.6 4.2 8.9 7.4
LnGrp Delay(d),s/veh 46.2 31.2 31.1 27.5 44.6 94.2 46.6 34.0 43.5 49.2 43.9 48.7
LnGrp LOS D C C C D F D C D D D D
Approach Vol, veh/h 1047 1576 761 971
Approach Delay, s/veh 37.1 56.2 38.4 47.2
Approach LOS D E D D

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s23.8 26.0 10.2 20.0 24.8 25.0 12.4 17.7
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s18.0 22.0 7.0 17.0 19.0 21.0 8.0 16.0
Max Q Clear Time (g_c+I1), s11.4 14.1 6.2 15.4 19.7 23.0 9.0 12.6
Green Ext Time (p_c), s 1.3 2.2 0.0 0.6 0.0 0.0 0.0 1.2

Intersection Summary
HCM 2010 Ctrl Delay 46.5
HCM 2010 LOS D



HCM 2010 TWSC Project Completion Plus Project Conditions
7: Pierce Street & Project Driveway 4/Commercial Driveway AM Peak Hour
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Intersection
Int Delay, s/veh 0

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Vol, veh/h 0 0 0 1 0 2 1 753 3 2 510 18
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Free Free Free
RT Channelized - - None - - None - - None - - None
Storage Length - - 0 - - - 100 - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 100 100 100 100 100 100 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0 0 0 0
Mvmt Flow 0 0 0 1 0 2 1 753 3 2 510 18

Major/Minor Minor2 Minor1 Major1 Major2
Conflicting Flow All 902 1281 519 1280 1289 378 528 0 0 756 0 0
          Stage 1 523 523 - 757 757 - - - - - - -
          Stage 2 379 758 - 523 532 - - - - - - -
Critical Hdwy 7.3 6.5 6.2 7.3 6.5 6.9 4.1 - - 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.5 5.5 - - - - - - -
Critical Hdwy Stg 2 6.5 5.5 - 6.1 5.5 - - - - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - - 2.2 - -
Pot Cap-1 Maneuver 248 167 561 134 165 625 1049 - - 864 - -
          Stage 1 541 534 - 370 419 - - - - - - -
          Stage 2 620 418 - 541 529 - - - - - - -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 246 166 561 134 164 625 1049 - - 864 - -
Mov Cap-2 Maneuver 246 166 - 134 164 - - - - - - -
          Stage 1 540 532 - 370 419 - - - - - - -
          Stage 2 617 418 - 539 527 - - - - - - -

Approach EB WB NB SB
HCM Control Delay, s 0 18 0 0
HCM LOS A C

Minor Lane/Major Mvmt NBL NBT NBR EBLn1WBLn1 SBL SBT SBR
Capacity (veh/h) 1049 - - - 281 864 - -
HCM Lane V/C Ratio 0.001 - - - 0.011 0.002 - -
HCM Control Delay (s) 8.4 - - 0 18 9.2 0 -
HCM Lane LOS A - - A C A A -
HCM 95th %tile Q(veh) 0 - - - 0 0 - -
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Intersection
Int Delay, s/veh 2.1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Vol, veh/h 67 0 1 4 0 19 9 678 27 54 417 33
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Free Free Free
RT Channelized - - None - - None - - None - - None
Storage Length - - - - - - 75 - - 75 - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 100 100 100 100 100 100 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0 0 0 0
Mvmt Flow 67 0 1 4 0 19 9 678 27 54 417 33

Major/Minor Minor2 Minor1 Major1 Major2
Conflicting Flow All 899 1265 434 1252 1268 353 450 0 0 705 0 0
          Stage 1 542 542 - 710 710 - - - - - - -
          Stage 2 357 723 - 542 558 - - - - - - -
Critical Hdwy 7.3 6.5 6.2 7.3 6.5 6.9 4.1 - - 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.5 5.5 - - - - - - -
Critical Hdwy Stg 2 6.5 5.5 - 6.1 5.5 - - - - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - - 2.2 - -
Pot Cap-1 Maneuver 249 171 626 140 170 649 1121 - - 902 - -
          Stage 1 528 523 - 395 440 - - - - - - -
          Stage 2 639 434 - 528 515 - - - - - - -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 229 159 626 133 159 649 1121 - - 902 - -
Mov Cap-2 Maneuver 229 159 - 133 159 - - - - - - -
          Stage 1 524 492 - 392 436 - - - - - - -
          Stage 2 615 431 - 496 484 - - - - - - -

Approach EB WB NB SB
HCM Control Delay, s 27 14.9 0.1 1
HCM LOS D B

Minor Lane/Major Mvmt NBL NBT NBR EBLn1WBLn1 SBL SBT SBR
Capacity (veh/h) 1121 - - 231 388 902 - -
HCM Lane V/C Ratio 0.008 - - 0.294 0.059 0.06 - -
HCM Control Delay (s) 8.2 - - 27 14.9 9.2 - -
HCM Lane LOS A - - D B A - -
HCM 95th %tile Q(veh) 0 - - 1.2 0.2 0.2 - -



HCM 2010 TWSC Project Completion Plus Project Conditions
1: Project Driveway 1 & Magnolia Ave PM Peak Hour

LSA Associates Synchro 9 Report
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Intersection
Int Delay, s/veh 0.8

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1203 1 21 980 0 83
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1203 1 21 980 0 83

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1204 0 1736 602
          Stage 1 - - - - 1204 -
          Stage 2 - - - - 532 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 587 - 80 448
          Stage 1 - - - - 251 -
          Stage 2 - - - - 559 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 587 - 74 448
Mov Cap-2 Maneuver - - - - 74 -
          Stage 1 - - - - 251 -
          Stage 2 - - - - 515 -

Approach EB WB NB
HCM Control Delay, s 0 0.6 14.9
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 448 - - 587 -
HCM Lane V/C Ratio 0.185 - - 0.036 -
HCM Control Delay (s) 14.9 - - 11.4 0.4
HCM Lane LOS B - - B A
HCM 95th %tile Q(veh) 0.7 - - 0.1 -



HCM 2010 TWSC Project Completion Plus Project Conditions
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Intersection
Int Delay, s/veh 0.3

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1285 1 0 1001 0 48
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1285 1 0 1001 0 48

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1286 0 1787 643
          Stage 1 - - - - 1286 -
          Stage 2 - - - - 501 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 546 - 74 421
          Stage 1 - - - - 227 -
          Stage 2 - - - - 580 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 546 - 74 421
Mov Cap-2 Maneuver - - - - 74 -
          Stage 1 - - - - 227 -
          Stage 2 - - - - 580 -

Approach EB WB NB
HCM Control Delay, s 0 0 14.6
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 421 - - 546 -
HCM Lane V/C Ratio 0.114 - - - -
HCM Control Delay (s) 14.6 - - 0 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0.4 - - 0 -



HCM 2010 TWSC Project Completion Plus Project Conditions
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Intersection
Int Delay, s/veh 0.2

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1331 1 0 1001 0 28
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1331 1 0 1001 0 28

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1332 0 1833 666
          Stage 1 - - - - 1332 -
          Stage 2 - - - - 501 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 525 - 69 407
          Stage 1 - - - - 215 -
          Stage 2 - - - - 580 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 525 - 69 407
Mov Cap-2 Maneuver - - - - 69 -
          Stage 1 - - - - 215 -
          Stage 2 - - - - 580 -

Approach EB WB NB
HCM Control Delay, s 0 0 14.5
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 407 - - 525 -
HCM Lane V/C Ratio 0.069 - - - -
HCM Control Delay (s) 14.5 - - 0 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0.2 - - 0 -
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 24 22 38 234 1454 88 81 783 712
Number 3 8 18 5 2 12 1 6 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 27 24 42 260 1616 98 90 870 0
Adj No. of Lanes 0 1 1 1 2 0 1 2 1
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0
Cap, veh/h 75 67 123 563 1946 117 382 1670 747
Arrive On Green 0.08 0.08 0.08 0.62 1.00 1.00 0.21 0.46 0.00
Sat Flow, veh/h 980 871 1615 1810 3460 209 1810 3610 1615
Grp Volume(v), veh/h 51 0 42 260 839 875 90 870 0
Grp Sat Flow(s),veh/h/ln 1851 0 1615 1810 1805 1863 1810 1805 1615
Q Serve(g_s), s 2.1 0.0 2.0 6.1 0.0 0.0 3.3 13.7 0.0
Cycle Q Clear(g_c), s 2.1 0.0 2.0 6.1 0.0 0.0 3.3 13.7 0.0
Prop In Lane 0.53 1.00 1.00 0.11 1.00 1.00
Lane Grp Cap(c), veh/h 141 0 123 563 1015 1048 382 1670 747
V/C Ratio(X) 0.36 0.00 0.34 0.46 0.83 0.84 0.24 0.52 0.00
Avail Cap(c_a), veh/h 370 0 323 563 1015 1048 382 1670 747
HCM Platoon Ratio 1.00 1.00 1.00 2.00 2.00 2.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 0.64 0.64 0.64 1.00 1.00 0.00
Uniform Delay (d), s/veh 35.1 0.0 35.0 11.6 0.0 0.0 26.2 15.2 0.0
Incr Delay (d2), s/veh 1.5 0.0 1.6 0.4 5.1 5.2 0.3 1.2 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 1.1 0.0 0.9 2.9 1.4 1.5 1.7 7.0 0.0
LnGrp Delay(d),s/veh 36.6 0.0 36.6 11.9 5.1 5.2 26.5 16.4 0.0
LnGrp LOS D D B A A C B
Approach Vol, veh/h 93 1974 960
Approach Delay, s/veh 36.6 6.0 17.3
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 5 6 8
Phs Duration (G+Y+Rc), s 20.9 49.0 28.9 41.0 10.1
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 7.0 45.0 15.0 37.0 16.0
Max Q Clear Time (g_c+I1), s 5.3 2.0 8.1 15.7 4.1
Green Ext Time (p_c), s 0.2 18.3 0.6 5.8 0.2

Intersection Summary
HCM 2010 Ctrl Delay 10.6
HCM 2010 LOS B



HCM 2010 Signalized Intersection Summary Project Completion Plus Project Conditions
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 784 165 0 988 810 0
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 0 1900 1900 0
Adj Flow Rate, veh/h 1078 0 0 1136 931 0
Adj No. of Lanes 2 1 0 2 2 0
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87
Percent Heavy Veh, % 0 0 0 0 0 0
Cap, veh/h 1253 559 0 1999 1999 0
Arrive On Green 0.35 0.00 0.00 0.74 0.55 0.00
Sat Flow, veh/h 3619 1615 0 3800 3800 0
Grp Volume(v), veh/h 1078 0 0 1136 931 0
Grp Sat Flow(s),veh/h/ln1810 1615 0 1805 1805 0
Q Serve(g_s), s 22.2 0.0 0.0 11.4 12.4 0.0
Cycle Q Clear(g_c), s 22.2 0.0 0.0 11.4 12.4 0.0
Prop In Lane 1.00 1.00 0.00 0.00
Lane Grp Cap(c), veh/h 1253 559 0 1999 1999 0
V/C Ratio(X) 0.86 0.00 0.00 0.57 0.47 0.00
Avail Cap(c_a), veh/h 1583 707 0 1999 1999 0
HCM Platoon Ratio 1.00 1.00 1.00 1.33 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.65 0.92 0.00
Uniform Delay (d), s/veh 24.4 0.0 0.0 6.2 10.7 0.0
Incr Delay (d2), s/veh 4.2 0.0 0.0 0.8 0.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln11.8 0.0 0.0 5.7 6.3 0.0
LnGrp Delay(d),s/veh 28.5 0.0 0.0 7.0 11.5 0.0
LnGrp LOS C A B
Approach Vol, veh/h 1078 1136 931
Approach Delay, s/veh 28.5 7.0 11.5
Approach LOS C A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 48.3 31.7 48.3
Change Period (Y+Rc), s 4.0 4.0 4.0
Max Green Setting (Gmax), s 37.0 35.0 37.0
Max Q Clear Time (g_c+I1), s 13.4 24.2 14.4
Green Ext Time (p_c), s 16.4 3.5 15.9

Intersection Summary
HCM 2010 Ctrl Delay 15.7
HCM 2010 LOS B

Notes
User approved volume balancing among the lanes for turning movement.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 387 920 52 157 697 240 102 318 128 458 277 202
Number 5 2 12 1 6 16 3 8 18 7 4 14
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 407 968 55 165 734 253 107 335 135 482 292 213
Adj No. of Lanes 1 2 0 1 2 1 1 2 1 2 1 1
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0 0 0 0
Cap, veh/h 554 1414 80 202 767 343 144 474 212 527 383 326
Arrive On Green 0.31 0.41 0.41 0.11 0.21 0.21 0.08 0.13 0.13 0.25 0.34 0.34
Sat Flow, veh/h 1810 3473 197 1810 3610 1615 1810 3610 1615 3510 1900 1615
Grp Volume(v), veh/h 407 503 520 165 734 253 107 335 135 482 292 213
Grp Sat Flow(s),veh/h/ln1810 1805 1865 1810 1805 1615 1810 1805 1615 1755 1900 1615
Q Serve(g_s), s 16.1 18.3 18.3 7.1 16.1 11.7 4.6 7.1 4.8 10.7 11.0 4.4
Cycle Q Clear(g_c), s 16.1 18.3 18.3 7.1 16.1 11.7 4.6 7.1 4.8 10.7 11.0 4.4
Prop In Lane 1.00 0.11 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 554 735 759 202 767 343 144 474 212 527 383 326
V/C Ratio(X) 0.73 0.68 0.68 0.82 0.96 0.74 0.74 0.71 0.64 0.92 0.76 0.65
Avail Cap(c_a), veh/h 554 735 759 226 767 343 158 722 323 527 499 424
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.67 1.67 1.67
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.86 0.86 0.86
Uniform Delay (d), s/veh 24.8 19.5 19.5 34.7 31.1 29.4 36.0 33.3 18.9 29.5 24.8 5.8
Incr Delay (d2), s/veh 5.0 5.1 5.0 18.6 23.5 13.2 15.8 2.0 3.2 18.5 4.3 1.9
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln8.8 10.1 10.4 4.6 10.5 6.5 2.9 3.7 2.3 6.5 6.1 2.1
LnGrp Delay(d),s/veh 29.9 24.6 24.5 53.4 54.7 42.6 51.8 35.2 22.0 48.0 29.1 7.8
LnGrp LOS C C C D D D D D C D C A
Approach Vol, veh/h 1430 1152 577 987
Approach Delay, s/veh 26.1 51.8 35.2 33.7
Approach LOS C D D C

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s12.9 36.6 10.4 20.1 28.5 21.0 16.0 14.5
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s10.0 26.0 7.0 21.0 19.0 17.0 12.0 16.0
Max Q Clear Time (g_c+I1), s9.1 20.3 6.6 13.0 18.1 18.1 12.7 9.1
Green Ext Time (p_c), s 0.0 3.5 0.0 2.7 0.2 0.0 0.0 1.4

Intersection Summary
HCM 2010 Ctrl Delay 36.3
HCM 2010 LOS D
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Intersection
Int Delay, s/veh 0.2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Vol, veh/h 0 0 0 1 0 16 0 547 2 4 454 3
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Free Free Free
RT Channelized - - None - - None - - None - - None
Storage Length - - 0 - - - 100 - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 100 100 100 100 100 100 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0 0 0 0
Mvmt Flow 0 0 0 1 0 16 0 547 2 4 454 3

Major/Minor Minor2 Minor1 Major1 Major2
Conflicting Flow All 738 1013 456 1012 1013 275 457 0 0 549 0 0
          Stage 1 464 464 - 548 548 - - - - - - -
          Stage 2 274 549 - 464 465 - - - - - - -
Critical Hdwy 7.3 6.5 6.2 7.3 6.5 6.9 4.1 - - 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.5 5.5 - - - - - - -
Critical Hdwy Stg 2 6.5 5.5 - 6.1 5.5 - - - - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - - 2.2 - -
Pot Cap-1 Maneuver 323 241 609 208 241 729 1114 - - 1031 - -
          Stage 1 582 567 - 493 520 - - - - - - -
          Stage 2 714 520 - 582 566 - - - - - - -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 315 240 609 207 240 729 1114 - - 1031 - -
Mov Cap-2 Maneuver 315 240 - 207 240 - - - - - - -
          Stage 1 582 564 - 493 520 - - - - - - -
          Stage 2 698 520 - 579 563 - - - - - - -

Approach EB WB NB SB
HCM Control Delay, s 0 10.8 0 0.1
HCM LOS A B

Minor Lane/Major Mvmt NBL NBT NBR EBLn1WBLn1 SBL SBT SBR
Capacity (veh/h) 1114 - - - 635 1031 - -
HCM Lane V/C Ratio - - - - 0.027 0.004 - -
HCM Control Delay (s) 0 - - 0 10.8 8.5 0 -
HCM Lane LOS A - - A B A A -
HCM 95th %tile Q(veh) 0 - - - 0.1 0 - -
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Intersection
Int Delay, s/veh 4.1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Vol, veh/h 131 0 9 22 0 54 1 356 15 27 407 11
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Free Free Free
RT Channelized - - None - - None - - None - - None
Storage Length - - - - - - 75 - - 75 - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 100 100 100 100 100 100 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0 0 0 0
Mvmt Flow 131 0 9 22 0 54 1 356 15 27 407 11

Major/Minor Minor2 Minor1 Major1 Major2
Conflicting Flow All 647 840 413 837 838 186 418 0 0 371 0 0
          Stage 1 467 467 - 366 366 - - - - - - -
          Stage 2 180 373 - 471 472 - - - - - - -
Critical Hdwy 7.3 6.5 6.2 7.3 6.5 6.9 4.1 - - 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.5 5.5 - - - - - - -
Critical Hdwy Stg 2 6.5 5.5 - 6.1 5.5 - - - - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - - 2.2 - -
Pot Cap-1 Maneuver 373 304 643 275 305 831 1152 - - 1199 - -
          Stage 1 580 565 - 631 626 - - - - - - -
          Stage 2 810 622 - 577 562 - - - - - - -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 343 297 643 266 298 831 1152 - - 1199 - -
Mov Cap-2 Maneuver 343 297 - 266 298 - - - - - - -
          Stage 1 579 552 - 630 625 - - - - - - -
          Stage 2 757 621 - 556 549 - - - - - - -

Approach EB WB NB SB
HCM Control Delay, s 21.7 13.2 0 0.5
HCM LOS C B

Minor Lane/Major Mvmt NBL NBT NBR EBLn1WBLn1 SBL SBT SBR
Capacity (veh/h) 1152 - - 354 515 1199 - -
HCM Lane V/C Ratio 0.001 - - 0.395 0.148 0.023 - -
HCM Control Delay (s) 8.1 - - 21.7 13.2 8.1 - -
HCM Lane LOS A - - C B A - -
HCM 95th %tile Q(veh) 0 - - 1.8 0.5 0.1 - -
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 56 51 73 147 1691 49 89 695 701
Number 3 8 18 5 2 12 1 6 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 62 57 81 163 1879 54 99 772 0
Adj No. of Lanes 0 1 1 1 2 0 1 2 1
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0
Cap, veh/h 90 82 150 200 2400 69 158 2334 1044
Arrive On Green 0.09 0.09 0.09 0.11 0.67 0.67 0.09 0.65 0.00
Sat Flow, veh/h 965 887 1615 1810 3584 103 1810 3610 1615
Grp Volume(v), veh/h 119 0 81 163 942 991 99 772 0
Grp Sat Flow(s),veh/h/ln 1852 0 1615 1810 1805 1882 1810 1805 1615
Q Serve(g_s), s 5.0 0.0 3.8 7.0 28.8 29.4 4.2 7.7 0.0
Cycle Q Clear(g_c), s 5.0 0.0 3.8 7.0 28.8 29.4 4.2 7.7 0.0
Prop In Lane 0.52 1.00 1.00 0.05 1.00 1.00
Lane Grp Cap(c), veh/h 172 0 150 200 1208 1260 158 2334 1044
V/C Ratio(X) 0.69 0.00 0.54 0.82 0.78 0.79 0.63 0.33 0.00
Avail Cap(c_a), veh/h 370 0 323 226 1208 1260 158 2334 1044
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 0.59 0.59 0.59 1.00 1.00 0.00
Uniform Delay (d), s/veh 35.2 0.0 34.6 34.8 9.1 9.2 35.2 6.4 0.0
Incr Delay (d2), s/veh 4.9 0.0 3.0 11.6 3.0 3.0 7.5 0.4 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.8 0.0 1.8 4.2 15.1 15.9 2.4 3.9 0.0
LnGrp Delay(d),s/veh 40.0 0.0 37.6 46.4 12.2 12.3 42.7 6.7 0.0
LnGrp LOS D D D B B D A
Approach Vol, veh/h 200 2096 871
Approach Delay, s/veh 39.1 14.9 10.8
Approach LOS D B B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 5 6 8
Phs Duration (G+Y+Rc), s 11.0 57.6 12.8 55.7 11.4
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 7.0 45.0 10.0 42.0 16.0
Max Q Clear Time (g_c+I1), s 6.2 31.4 9.0 9.7 7.0
Green Ext Time (p_c), s 0.0 12.1 0.0 25.5 0.5

Intersection Summary
HCM 2010 Ctrl Delay 15.3
HCM 2010 LOS B



HCM 2010 Signalized Intersection Summary Cumulative Without Project Conditions
5: Pierce Street & SR-91 Eastbound AM Peak Hour

LSA Associates Synchro 9 Report
1/8/2015 Page 3

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 671 169 0 1215 758 0
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 0 1900 1900 0
Adj Flow Rate, veh/h 482 503 0 1397 871 0
Adj No. of Lanes 1 1 0 2 2 0
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87
Percent Heavy Veh, % 0 0 0 0 0 0
Cap, veh/h 614 548 0 2023 2023 0
Arrive On Green 0.34 0.34 0.00 0.75 0.56 0.00
Sat Flow, veh/h 1810 1615 0 3800 3800 0
Grp Volume(v), veh/h 482 503 0 1397 871 0
Grp Sat Flow(s),veh/h/ln1810 1615 0 1805 1805 0
Q Serve(g_s), s 19.2 23.9 0.0 16.2 11.2 0.0
Cycle Q Clear(g_c), s 19.2 23.9 0.0 16.2 11.2 0.0
Prop In Lane 1.00 1.00 0.00 0.00
Lane Grp Cap(c), veh/h 614 548 0 2023 2023 0
V/C Ratio(X) 0.78 0.92 0.00 0.69 0.43 0.00
Avail Cap(c_a), veh/h 656 585 0 2023 2023 0
HCM Platoon Ratio 1.00 1.00 1.00 1.33 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 0.58 0.94 0.00
Uniform Delay (d), s/veh 23.8 25.3 0.0 6.5 10.2 0.0
Incr Delay (d2), s/veh 5.9 18.9 0.0 1.1 0.6 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln10.5 13.5 0.0 8.1 5.7 0.0
LnGrp Delay(d),s/veh 29.7 44.2 0.0 7.7 10.8 0.0
LnGrp LOS C D A B
Approach Vol, veh/h 985 1397 871
Approach Delay, s/veh 37.1 7.7 10.8
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 48.8 31.2 48.8
Change Period (Y+Rc), s 4.0 4.0 4.0
Max Green Setting (Gmax), s 43.0 29.0 43.0
Max Q Clear Time (g_c+I1), s 18.2 25.9 13.2
Green Ext Time (p_c), s 18.5 1.3 21.3

Intersection Summary
HCM 2010 Ctrl Delay 17.4
HCM 2010 LOS B

Notes
User approved volume balancing among the lanes for turning movement.



HCM 2010 Signalized Intersection Summary Cumulative Without Project Conditions
6: Pierce Street & Magnolia Ave AM Peak Hour

LSA Associates Synchro 9 Report
1/8/2015 Page 5

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 369 523 29 221 762 432 82 399 187 302 292 272
Number 5 2 12 1 6 16 3 8 18 7 4 14
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 388 551 31 233 802 455 86 420 197 318 307 286
Adj No. of Lanes 1 2 0 1 2 1 1 2 1 2 1 1
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0 0 0 0
Cap, veh/h 495 956 54 473 948 424 135 575 257 367 359 305
Arrive On Green 0.27 0.28 0.28 0.26 0.26 0.26 0.07 0.16 0.16 0.17 0.32 0.32
Sat Flow, veh/h 1810 3475 195 1810 3610 1615 1810 3610 1615 3510 1900 1615
Grp Volume(v), veh/h 388 286 296 233 802 455 86 420 197 318 307 286
Grp Sat Flow(s),veh/h/ln1810 1805 1866 1810 1805 1615 1810 1805 1615 1755 1900 1615
Q Serve(g_s), s 15.9 10.9 10.9 8.7 16.9 21.0 3.7 8.9 9.3 7.0 12.1 7.4
Cycle Q Clear(g_c), s 15.9 10.9 10.9 8.7 16.9 21.0 3.7 8.9 9.3 7.0 12.1 7.4
Prop In Lane 1.00 0.10 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 495 496 513 473 948 424 135 575 257 367 359 305
V/C Ratio(X) 0.78 0.58 0.58 0.49 0.85 1.07 0.64 0.73 0.77 0.87 0.85 0.94
Avail Cap(c_a), veh/h 495 496 513 473 948 424 158 722 323 367 404 343
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.67 1.67 1.67
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Uniform Delay (d), s/veh 26.9 25.0 25.0 25.1 28.0 29.5 36.0 32.0 32.2 32.5 26.3 7.8
Incr Delay (d2), s/veh 8.0 4.8 4.7 0.8 9.2 64.7 6.4 2.9 8.2 17.8 13.8 29.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln9.0 6.1 6.3 4.4 9.6 16.9 2.1 4.7 4.8 4.3 7.6 5.6
LnGrp Delay(d),s/veh 34.9 29.8 29.7 25.8 37.2 94.2 42.4 34.9 40.5 50.3 40.1 36.8
LnGrp LOS C C C C D F D C D D D D
Approach Vol, veh/h 970 1490 703 911
Approach Delay, s/veh 31.8 52.8 37.3 42.6
Approach LOS C D D D

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s24.9 26.0 10.0 19.1 25.9 25.0 12.4 16.7
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s18.0 22.0 7.0 17.0 19.0 21.0 8.0 16.0
Max Q Clear Time (g_c+I1), s10.7 12.9 5.7 14.1 17.9 23.0 9.0 11.3
Green Ext Time (p_c), s 1.2 2.2 0.0 1.0 0.3 0.0 0.0 1.4

Intersection Summary
HCM 2010 Ctrl Delay 42.9
HCM 2010 LOS D



HCM 2010 TWSC Cumulative Without Project Conditions
7: Pierce Street & Commercial Driveway AM Peak Hour

LSA Associates Synchro 9 Report
1/8/2015 Page 7

Intersection
Int Delay, s/veh 0

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 1 2 699 3 2 481
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 81 81 81 81 81 81
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1 2 863 4 2 594

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1464 433 0 0 867 0
          Stage 1 865 - - - - -
          Stage 2 599 - - - - -
Critical Hdwy 6.6 6.9 - - 4.1 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.3 - - 2.2 -
Pot Cap-1 Maneuver 132 576 - - 785 -
          Stage 1 377 - - - - -
          Stage 2 553 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 131 576 - - 785 -
Mov Cap-2 Maneuver 261 - - - - -
          Stage 1 377 - - - - -
          Stage 2 551 - - - - -

Approach WB NB SB
HCM Control Delay, s 13.8 0 0
HCM LOS B

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 411 785 -
HCM Lane V/C Ratio - - 0.009 0.003 -
HCM Control Delay (s) - - 13.8 9.6 0
HCM Lane LOS - - B A A
HCM 95th %tile Q(veh) - - 0 0 -



HCM 2010 TWSC Cumulative Without Project Conditions
8: Pierce Street & Sterling Ave AM Peak Hour

LSA Associates Synchro 9 Report
1/8/2015 Page 8

Intersection
Int Delay, s/veh 0.7

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 4 19 691 27 54 422
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - 145 -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 81 81 81 81 81 81
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 5 23 853 33 67 521

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1524 443 0 0 886 0
          Stage 1 870 - - - - -
          Stage 2 654 - - - - -
Critical Hdwy 6.6 6.9 - - 4.1 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.3 - - 2.2 -
Pot Cap-1 Maneuver 121 568 - - 773 -
          Stage 1 375 - - - - -
          Stage 2 521 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 111 568 - - 773 -
Mov Cap-2 Maneuver 241 - - - - -
          Stage 1 375 - - - - -
          Stage 2 476 - - - - -

Approach WB NB SB
HCM Control Delay, s 13.3 0 1.1
HCM LOS B

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 460 773 -
HCM Lane V/C Ratio - - 0.062 0.086 -
HCM Control Delay (s) - - 13.3 10.1 -
HCM Lane LOS - - B B -
HCM 95th %tile Q(veh) - - 0.2 0.3 -



HCM 2010 Signalized Intersection Summary Cumulative Without Project Conditions
4: Pierce Street & SR-91 Wesbound/Residential Drivveway PM Peak Hour

LSA Associates Synchro 9 Report
1/7/2015 Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 24 22 38 146 1445 88 81 782 712
Number 3 8 18 5 2 12 1 6 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 27 24 42 162 1606 98 90 869 0
Adj No. of Lanes 0 1 1 1 2 0 1 2 1
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0
Cap, veh/h 75 67 123 450 1945 118 382 1895 848
Arrive On Green 0.08 0.08 0.08 0.50 1.00 1.00 0.21 0.52 0.00
Sat Flow, veh/h 980 871 1615 1810 3458 210 1810 3610 1615
Grp Volume(v), veh/h 51 0 42 162 834 870 90 869 0
Grp Sat Flow(s),veh/h/ln 1851 0 1615 1810 1805 1863 1810 1805 1615
Q Serve(g_s), s 2.1 0.0 2.0 4.4 0.0 0.0 3.3 12.0 0.0
Cycle Q Clear(g_c), s 2.1 0.0 2.0 4.4 0.0 0.0 3.3 12.0 0.0
Prop In Lane 0.53 1.00 1.00 0.11 1.00 1.00
Lane Grp Cap(c), veh/h 141 0 123 450 1015 1048 382 1895 848
V/C Ratio(X) 0.36 0.00 0.34 0.36 0.82 0.83 0.24 0.46 0.00
Avail Cap(c_a), veh/h 370 0 323 450 1015 1048 382 1895 848
HCM Platoon Ratio 1.00 1.00 1.00 2.00 2.00 2.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 0.68 0.68 0.68 1.00 1.00 0.00
Uniform Delay (d), s/veh 35.1 0.0 35.0 16.2 0.0 0.0 26.2 11.9 0.0
Incr Delay (d2), s/veh 1.5 0.0 1.6 0.3 5.2 5.3 0.3 0.8 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 1.1 0.0 0.9 2.2 1.5 1.6 1.7 6.1 0.0
LnGrp Delay(d),s/veh 36.6 0.0 36.6 16.5 5.2 5.3 26.5 12.7 0.0
LnGrp LOS D D B A A C B
Approach Vol, veh/h 93 1866 959
Approach Delay, s/veh 36.6 6.2 14.0
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 5 6 8
Phs Duration (G+Y+Rc), s 20.9 49.0 23.9 46.0 10.1
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 7.0 45.0 10.0 42.0 16.0
Max Q Clear Time (g_c+I1), s 5.3 2.0 6.4 14.0 4.1
Green Ext Time (p_c), s 0.1 18.1 0.2 6.3 0.2

Intersection Summary
HCM 2010 Ctrl Delay 9.8
HCM 2010 LOS A



HCM 2010 Signalized Intersection Summary Cumulative Without Project Conditions
5: Pierce Street & SR-91 Eastbound PM Peak Hour

LSA Associates Synchro 9 Report
1/7/2015 Page 3

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 784 159 0 891 809 0
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 0 1900 1900 0
Adj Flow Rate, veh/h 1072 0 0 1024 930 0
Adj No. of Lanes 2 1 0 2 2 0
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87
Percent Heavy Veh, % 0 0 0 0 0 0
Cap, veh/h 1257 561 0 1995 1995 0
Arrive On Green 0.35 0.00 0.00 0.74 0.55 0.00
Sat Flow, veh/h 3619 1615 0 3800 3800 0
Grp Volume(v), veh/h 1072 0 0 1024 930 0
Grp Sat Flow(s),veh/h/ln1810 1615 0 1805 1805 0
Q Serve(g_s), s 22.0 0.0 0.0 9.7 12.4 0.0
Cycle Q Clear(g_c), s 22.0 0.0 0.0 9.7 12.4 0.0
Prop In Lane 1.00 1.00 0.00 0.00
Lane Grp Cap(c), veh/h 1257 561 0 1995 1995 0
V/C Ratio(X) 0.85 0.00 0.00 0.51 0.47 0.00
Avail Cap(c_a), veh/h 1674 747 0 1995 1995 0
HCM Platoon Ratio 1.00 1.00 1.00 1.33 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.70 0.94 0.00
Uniform Delay (d), s/veh 24.2 0.0 0.0 6.0 10.8 0.0
Incr Delay (d2), s/veh 3.4 0.0 0.0 0.7 0.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln11.5 0.0 0.0 4.8 6.3 0.0
LnGrp Delay(d),s/veh 27.7 0.0 0.0 6.7 11.5 0.0
LnGrp LOS C A B
Approach Vol, veh/h 1072 1024 930
Approach Delay, s/veh 27.7 6.7 11.5
Approach LOS C A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 48.2 31.8 48.2
Change Period (Y+Rc), s 4.0 4.0 4.0
Max Green Setting (Gmax), s 35.0 37.0 35.0
Max Q Clear Time (g_c+I1), s 11.7 24.0 14.4
Green Ext Time (p_c), s 15.4 3.8 14.1

Intersection Summary
HCM 2010 Ctrl Delay 15.6
HCM 2010 LOS B

Notes
User approved volume balancing among the lanes for turning movement.



HCM 2010 Signalized Intersection Summary Cumulative Without Project Conditions
6: Pierce Street & Magnolia Ave PM Peak Hour

LSA Associates Synchro 9 Report
1/7/2015 Page 5

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 336 818 57 153 687 240 58 271 96 458 277 195
Number 5 2 12 1 6 16 3 8 18 7 4 14
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 354 861 60 161 723 253 61 285 101 482 292 205
Adj No. of Lanes 1 2 0 1 2 1 1 2 1 2 1 1
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0 0 0 0
Cap, veh/h 536 1113 78 378 857 384 118 419 187 527 382 325
Arrive On Green 0.30 0.32 0.32 0.21 0.24 0.24 0.06 0.12 0.12 0.25 0.34 0.34
Sat Flow, veh/h 1810 3424 239 1810 3610 1615 1810 3610 1615 3510 1900 1615
Grp Volume(v), veh/h 354 454 467 161 723 253 61 285 101 482 292 205
Grp Sat Flow(s),veh/h/ln1810 1805 1858 1810 1805 1615 1810 1805 1615 1755 1900 1615
Q Serve(g_s), s 13.7 18.1 18.1 6.2 15.3 11.3 2.6 6.1 4.7 10.7 11.0 4.3
Cycle Q Clear(g_c), s 13.7 18.1 18.1 6.2 15.3 11.3 2.6 6.1 4.7 10.7 11.0 4.3
Prop In Lane 1.00 0.13 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 536 587 604 378 857 384 118 419 187 527 382 325
V/C Ratio(X) 0.66 0.77 0.77 0.43 0.84 0.66 0.52 0.68 0.54 0.92 0.76 0.63
Avail Cap(c_a), veh/h 536 587 604 378 857 384 158 722 323 527 499 424
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.67 1.67 1.67
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.85 0.85 0.85
Uniform Delay (d), s/veh 24.6 24.3 24.3 27.5 29.1 27.6 36.2 33.9 33.3 29.5 24.9 6.1
Incr Delay (d2), s/veh 3.0 9.6 9.3 0.8 9.9 8.6 3.5 1.9 2.4 18.5 4.4 1.7
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln7.2 10.5 10.8 3.2 8.8 6.0 1.4 3.1 2.2 6.5 6.1 2.1
LnGrp Delay(d),s/veh 27.6 33.9 33.7 28.2 39.0 36.2 39.7 35.9 35.7 47.9 29.3 7.8
LnGrp LOS C C C C D D D D D D C A
Approach Vol, veh/h 1275 1137 447 979
Approach Delay, s/veh 32.1 36.8 36.4 34.0
Approach LOS C D D C

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s20.7 30.0 9.2 20.1 27.7 23.0 16.0 13.3
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s10.0 26.0 7.0 21.0 17.0 19.0 12.0 16.0
Max Q Clear Time (g_c+I1), s8.2 20.1 4.6 13.0 15.7 17.3 12.7 8.1
Green Ext Time (p_c), s 0.4 2.7 0.0 2.7 0.3 1.0 0.0 1.2

Intersection Summary
HCM 2010 Ctrl Delay 34.5
HCM 2010 LOS C



HCM 2010 TWSC Cumulative Without Project Conditions
7: Pierce Street & Commercial Driveway PM Peak Hour

LSA Associates Synchro 9 Report
1/7/2015 Page 7

Intersection
Int Delay, s/veh 0.2

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 1 16 425 2 4 457
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 81 81 81 81 81 81
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1 20 525 2 5 564

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1100 264 0 0 527 0
          Stage 1 526 - - - - -
          Stage 2 574 - - - - -
Critical Hdwy 6.6 6.9 - - 4.1 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.3 - - 2.2 -
Pot Cap-1 Maneuver 223 741 - - 1050 -
          Stage 1 563 - - - - -
          Stage 2 567 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 221 741 - - 1050 -
Mov Cap-2 Maneuver 563 - - - - -
          Stage 1 563 - - - - -
          Stage 2 563 - - - - -

Approach WB NB SB
HCM Control Delay, s 10.1 0 0.1
HCM LOS B

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 727 1050 -
HCM Lane V/C Ratio - - 0.029 0.005 -
HCM Control Delay (s) - - 10.1 8.4 0
HCM Lane LOS - - B A A
HCM 95th %tile Q(veh) - - 0.1 0 -



HCM 2010 TWSC Cumulative Without Project Conditions
8: Pierce Street & Sterling Ave PM Peak Hour

LSA Associates Synchro 9 Report
1/12/2015 Page 1

Intersection
Int Delay, s/veh 1.3

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 22 54 365 15 27 421
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - 145 -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 81 81 81 81 81 81
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 27 67 451 19 33 520

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1046 235 0 0 469 0
          Stage 1 460 - - - - -
          Stage 2 586 - - - - -
Critical Hdwy 6.6 6.9 - - 4.1 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.3 - - 2.2 -
Pot Cap-1 Maneuver 241 773 - - 1103 -
          Stage 1 608 - - - - -
          Stage 2 560 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 234 773 - - 1103 -
Mov Cap-2 Maneuver 368 - - - - -
          Stage 1 608 - - - - -
          Stage 2 543 - - - - -

Approach WB NB SB
HCM Control Delay, s 12.3 0 0.5
HCM LOS B

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 586 1103 -
HCM Lane V/C Ratio - - 0.16 0.03 -
HCM Control Delay (s) - - 12.3 8.4 -
HCM Lane LOS - - B A -
HCM 95th %tile Q(veh) - - 0.6 0.1 -



HCM 2010 TWSC Cumulative Plus Project Conditions
1: Project Driveway 1 & Magnolia Ave AM Peak Hour

LSA Associates Synchro 9 Report
1/8/2015 Page 1

Intersection
Int Delay, s/veh 1.7

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 949 9 104 1132 0 51
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 949 9 104 1132 0 51

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 958 0 1728 479
          Stage 1 - - - - 954 -
          Stage 2 - - - - 774 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 726 - 81 538
          Stage 1 - - - - 339 -
          Stage 2 - - - - 421 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 726 - 50 538
Mov Cap-2 Maneuver - - - - 50 -
          Stage 1 - - - - 339 -
          Stage 2 - - - - 258 -

Approach EB WB NB
HCM Control Delay, s 0 2.6 12.4
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 538 - - 726 -
HCM Lane V/C Ratio 0.095 - - 0.143 -
HCM Control Delay (s) 12.4 - - 10.8 1.8
HCM Lane LOS B - - B A
HCM 95th %tile Q(veh) 0.3 - - 0.5 -



HCM 2010 TWSC Cumulative Plus Project Conditions
2: Project Driveway 2 & Magnolia Ave AM Peak Hour

LSA Associates Synchro 9 Report
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Intersection
Int Delay, s/veh 0.1

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 992 9 0 1236 0 16
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 992 9 0 1236 0 16

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1001 0 1615 501
          Stage 1 - - - - 997 -
          Stage 2 - - - - 618 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 700 - 97 521
          Stage 1 - - - - 322 -
          Stage 2 - - - - 506 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 700 - 97 521
Mov Cap-2 Maneuver - - - - 97 -
          Stage 1 - - - - 322 -
          Stage 2 - - - - 506 -

Approach EB WB NB
HCM Control Delay, s 0 0 12.1
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 521 - - 700 -
HCM Lane V/C Ratio 0.031 - - - -
HCM Control Delay (s) 12.1 - - 0 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0.1 - - 0 -



HCM 2010 TWSC Cumulative Plus Project Conditions
3: Magnolia Ave AM Peak Hour
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Intersection
Int Delay, s/veh 0

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 999 9 0 1236 0 4
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 999 9 0 1236 0 4

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1008 0 1622 504
          Stage 1 - - - - 1004 -
          Stage 2 - - - - 618 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 695 - 95 518
          Stage 1 - - - - 320 -
          Stage 2 - - - - 506 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 695 - 95 518
Mov Cap-2 Maneuver - - - - 95 -
          Stage 1 - - - - 320 -
          Stage 2 - - - - 506 -

Approach EB WB NB
HCM Control Delay, s 0 0 12
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 518 - - 695 -
HCM Lane V/C Ratio 0.008 - - - -
HCM Control Delay (s) 12 - - 0 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0 - - 0 -



HCM 2010 Signalized Intersection Summary Cumulative Plus Project Conditions
4: Pierce Street & SR-91 Wesbound/Residential Drivveway AM Peak Hour
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 56 51 73 199 1692 49 89 704 701
Number 3 8 18 5 2 12 1 6 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 62 57 81 221 1880 54 99 782 0
Adj No. of Lanes 0 1 1 1 2 0 1 2 1
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0
Cap, veh/h 90 82 150 488 2400 69 158 1760 787
Arrive On Green 0.09 0.09 0.09 0.27 0.67 0.67 0.09 0.49 0.00
Sat Flow, veh/h 965 887 1615 1810 3584 102 1810 3610 1615
Grp Volume(v), veh/h 119 0 81 221 942 992 99 782 0
Grp Sat Flow(s),veh/h/ln 1852 0 1615 1810 1805 1882 1810 1805 1615
Q Serve(g_s), s 5.0 0.0 3.8 8.1 28.9 29.5 4.2 11.3 0.0
Cycle Q Clear(g_c), s 5.0 0.0 3.8 8.1 28.9 29.5 4.2 11.3 0.0
Prop In Lane 0.52 1.00 1.00 0.05 1.00 1.00
Lane Grp Cap(c), veh/h 172 0 150 488 1208 1260 158 1760 787
V/C Ratio(X) 0.69 0.00 0.54 0.45 0.78 0.79 0.63 0.44 0.00
Avail Cap(c_a), veh/h 370 0 323 488 1208 1260 158 1760 787
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 0.54 0.54 0.54 1.00 1.00 0.00
Uniform Delay (d), s/veh 35.2 0.0 34.6 24.3 9.1 9.2 35.2 13.4 0.0
Incr Delay (d2), s/veh 4.9 0.0 3.0 0.4 2.8 2.8 7.5 0.8 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.8 0.0 1.8 4.1 15.1 15.9 2.4 5.8 0.0
LnGrp Delay(d),s/veh 40.0 0.0 37.6 24.7 11.9 12.0 42.7 14.2 0.0
LnGrp LOS D D C B B D B
Approach Vol, veh/h 200 2155 881
Approach Delay, s/veh 39.1 13.3 17.4
Approach LOS D B B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 5 6 8
Phs Duration (G+Y+Rc), s 11.0 57.6 25.6 43.0 11.4
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 7.0 45.0 13.0 39.0 16.0
Max Q Clear Time (g_c+I1), s 6.2 31.5 10.1 13.3 7.0
Green Ext Time (p_c), s 0.0 10.7 2.6 5.4 0.5

Intersection Summary
HCM 2010 Ctrl Delay 16.0
HCM 2010 LOS B



HCM 2010 Signalized Intersection Summary Cumulative Plus Project Conditions
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 671 219 0 1268 767 0
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 0 1900 1900 0
Adj Flow Rate, veh/h 512 530 0 1457 882 0
Adj No. of Lanes 1 1 0 2 2 0
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87
Percent Heavy Veh, % 0 0 0 0 0 0
Cap, veh/h 643 574 0 1966 1966 0
Arrive On Green 0.36 0.36 0.00 0.72 0.54 0.00
Sat Flow, veh/h 1810 1615 0 3800 3800 0
Grp Volume(v), veh/h 512 530 0 1457 882 0
Grp Sat Flow(s),veh/h/ln1810 1615 0 1805 1805 0
Q Serve(g_s), s 20.4 25.2 0.0 19.2 11.8 0.0
Cycle Q Clear(g_c), s 20.4 25.2 0.0 19.2 11.8 0.0
Prop In Lane 1.00 1.00 0.00 0.00
Lane Grp Cap(c), veh/h 643 574 0 1966 1966 0
V/C Ratio(X) 0.80 0.92 0.00 0.74 0.45 0.00
Avail Cap(c_a), veh/h 679 606 0 1966 1966 0
HCM Platoon Ratio 1.00 1.00 1.00 1.33 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 0.53 0.94 0.00
Uniform Delay (d), s/veh 23.2 24.7 0.0 7.7 11.0 0.0
Incr Delay (d2), s/veh 6.3 19.5 0.0 1.4 0.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln11.2 14.3 0.0 9.6 5.9 0.0
LnGrp Delay(d),s/veh 29.5 44.2 0.0 9.0 11.7 0.0
LnGrp LOS C D A B
Approach Vol, veh/h 1042 1457 882
Approach Delay, s/veh 37.0 9.0 11.7
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 47.6 32.4 47.6
Change Period (Y+Rc), s 4.0 4.0 4.0
Max Green Setting (Gmax), s 42.0 30.0 42.0
Max Q Clear Time (g_c+I1), s 21.2 27.2 13.8
Green Ext Time (p_c), s 16.5 1.2 21.1

Intersection Summary
HCM 2010 Ctrl Delay 18.3
HCM 2010 LOS B

Notes
User approved volume balancing among the lanes for turning movement.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 396 567 39 233 836 432 98 426 211 302 322 301
Number 5 2 12 1 6 16 3 8 18 7 4 14
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 417 597 41 245 880 455 103 448 222 318 339 317
Adj No. of Lanes 1 2 0 1 2 1 1 2 1 2 1 1
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0 0 0 0
Cap, veh/h 468 943 65 445 948 424 142 620 278 375 380 323
Arrive On Green 0.26 0.28 0.28 0.25 0.26 0.26 0.08 0.17 0.17 0.18 0.33 0.33
Sat Flow, veh/h 1810 3428 235 1810 3610 1615 1810 3610 1615 3510 1900 1615
Grp Volume(v), veh/h 417 314 324 245 880 455 103 448 222 318 339 317
Grp Sat Flow(s),veh/h/ln1810 1805 1859 1810 1805 1615 1810 1805 1615 1755 1900 1615
Q Serve(g_s), s 17.8 12.2 12.2 9.4 19.0 21.0 4.4 9.4 10.6 7.0 13.5 8.6
Cycle Q Clear(g_c), s 17.8 12.2 12.2 9.4 19.0 21.0 4.4 9.4 10.6 7.0 13.5 8.6
Prop In Lane 1.00 0.13 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 468 496 511 445 948 424 142 620 278 375 380 323
V/C Ratio(X) 0.89 0.63 0.63 0.55 0.93 1.07 0.72 0.72 0.80 0.85 0.89 0.98
Avail Cap(c_a), veh/h 468 496 511 445 948 424 158 722 323 375 404 343
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.67 1.67 1.67
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.90 0.90
Uniform Delay (d), s/veh 28.6 25.5 25.5 26.3 28.8 29.5 36.0 31.3 31.8 32.2 25.8 8.1
Incr Delay (d2), s/veh 18.8 6.0 5.9 1.4 16.4 64.7 13.5 3.0 11.7 14.9 18.8 39.9
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln11.3 6.9 7.1 4.9 11.6 16.9 2.8 4.9 5.6 4.2 9.1 7.3
LnGrp Delay(d),s/veh 47.4 31.5 31.4 27.7 45.1 94.2 49.5 34.3 43.5 47.1 44.6 48.0
LnGrp LOS D C C C D F D C D D D D
Approach Vol, veh/h 1055 1580 773 974
Approach Delay, s/veh 37.7 56.6 39.0 46.5
Approach LOS D E D D

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s23.7 26.0 10.3 20.0 24.7 25.0 12.6 17.8
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s18.0 22.0 7.0 17.0 19.0 21.0 8.0 16.0
Max Q Clear Time (g_c+I1), s11.4 14.2 6.4 15.5 19.8 23.0 9.0 12.6
Green Ext Time (p_c), s 1.3 2.2 0.0 0.5 0.0 0.0 0.0 1.2

Intersection Summary
HCM 2010 Ctrl Delay 46.7
HCM 2010 LOS D

Notes
User approved pedestrian interval to be less than phase max green.
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Intersection
Int Delay, s/veh 0

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Vol, veh/h 0 0 0 1 0 2 1 766 3 2 515 18
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Free Free Free
RT Channelized - - None - - None - - None - - None
Storage Length - - 0 - - - 100 - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 100 100 100 100 100 100 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0 0 0 0
Mvmt Flow 0 0 0 1 0 2 1 766 3 2 515 18

Major/Minor Minor2 Minor1 Major1 Major2
Conflicting Flow All 913 1299 524 1298 1307 385 533 0 0 769 0 0
          Stage 1 528 528 - 770 770 - - - - - - -
          Stage 2 385 771 - 528 537 - - - - - - -
Critical Hdwy 7.3 6.5 6.2 7.3 6.5 6.9 4.1 - - 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.5 5.5 - - - - - - -
Critical Hdwy Stg 2 6.5 5.5 - 6.1 5.5 - - - - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - - 2.2 - -
Pot Cap-1 Maneuver 244 163 557 130 161 619 1045 - - 854 - -
          Stage 1 538 531 - 364 413 - - - - - - -
          Stage 2 615 413 - 538 526 - - - - - - -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 242 162 557 130 160 619 1045 - - 854 - -
Mov Cap-2 Maneuver 242 162 - 130 160 - - - - - - -
          Stage 1 537 529 - 364 413 - - - - - - -
          Stage 2 612 413 - 536 524 - - - - - - -

Approach EB WB NB SB
HCM Control Delay, s 0 18.2 0 0
HCM LOS A C

Minor Lane/Major Mvmt NBL NBT NBR EBLn1WBLn1 SBL SBT SBR
Capacity (veh/h) 1045 - - - 275 854 - -
HCM Lane V/C Ratio 0.001 - - - 0.011 0.002 - -
HCM Control Delay (s) 8.4 - - 0 18.2 9.2 0 -
HCM Lane LOS A - - A C A A -
HCM 95th %tile Q(veh) 0 - - - 0 0 - -
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Intersection
Int Delay, s/veh 2.1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Vol, veh/h 67 0 1 4 0 19 9 691 27 54 422 33
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Free Free Free
RT Channelized - - None - - None - - None - - None
Storage Length - - - - - - 75 - - 75 - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 100 100 100 100 100 100 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0 0 0 0
Mvmt Flow 67 0 1 4 0 19 9 691 27 54 422 33

Major/Minor Minor2 Minor1 Major1 Major2
Conflicting Flow All 911 1283 439 1270 1286 359 455 0 0 718 0 0
          Stage 1 547 547 - 723 723 - - - - - - -
          Stage 2 364 736 - 547 563 - - - - - - -
Critical Hdwy 7.3 6.5 6.2 7.3 6.5 6.9 4.1 - - 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.5 5.5 - - - - - - -
Critical Hdwy Stg 2 6.5 5.5 - 6.1 5.5 - - - - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - - 2.2 - -
Pot Cap-1 Maneuver 244 167 622 136 166 643 1116 - - 892 - -
          Stage 1 525 521 - 388 434 - - - - - - -
          Stage 2 633 428 - 525 512 - - - - - - -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 224 156 622 129 155 643 1116 - - 892 - -
Mov Cap-2 Maneuver 224 156 - 129 155 - - - - - - -
          Stage 1 521 489 - 385 431 - - - - - - -
          Stage 2 609 425 - 492 481 - - - - - - -

Approach EB WB NB SB
HCM Control Delay, s 27.6 15.1 0.1 1
HCM LOS D C

Minor Lane/Major Mvmt NBL NBT NBR EBLn1WBLn1 SBL SBT SBR
Capacity (veh/h) 1116 - - 226 380 892 - -
HCM Lane V/C Ratio 0.008 - - 0.301 0.061 0.061 - -
HCM Control Delay (s) 8.3 - - 27.6 15.1 9.3 - -
HCM Lane LOS A - - D C A - -
HCM 95th %tile Q(veh) 0 - - 1.2 0.2 0.2 - -



HCM 2010 TWSC Cumulative Plus Project Conditions
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Intersection
Int Delay, s/veh 0.8

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1216 1 21 988 0 83
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1216 1 21 988 0 83

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1217 0 1753 609
          Stage 1 - - - - 1217 -
          Stage 2 - - - - 536 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 580 - 78 443
          Stage 1 - - - - 247 -
          Stage 2 - - - - 556 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 580 - 72 443
Mov Cap-2 Maneuver - - - - 72 -
          Stage 1 - - - - 247 -
          Stage 2 - - - - 512 -

Approach EB WB NB
HCM Control Delay, s 0 0.6 15
HCM LOS C

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 443 - - 580 -
HCM Lane V/C Ratio 0.187 - - 0.036 -
HCM Control Delay (s) 15 - - 11.4 0.4
HCM Lane LOS C - - B A
HCM 95th %tile Q(veh) 0.7 - - 0.1 -
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Intersection
Int Delay, s/veh 0.3

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1298 1 0 1009 0 48
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1298 1 0 1009 0 48

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1299 0 1804 650
          Stage 1 - - - - 1299 -
          Stage 2 - - - - 505 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 540 - 72 417
          Stage 1 - - - - 223 -
          Stage 2 - - - - 577 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 540 - 72 417
Mov Cap-2 Maneuver - - - - 72 -
          Stage 1 - - - - 223 -
          Stage 2 - - - - 577 -

Approach EB WB NB
HCM Control Delay, s 0 0 14.8
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 417 - - 540 -
HCM Lane V/C Ratio 0.115 - - - -
HCM Control Delay (s) 14.8 - - 0 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0.4 - - 0 -
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Intersection
Int Delay, s/veh 0.2

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1344 1 0 1009 0 28
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - 0
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0
Mvmt Flow 1344 1 0 1009 0 28

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1345 0 1850 673
          Stage 1 - - - - 1345 -
          Stage 2 - - - - 505 -
Critical Hdwy - - 4.1 - 6.8 6.9
Critical Hdwy Stg 1 - - - - 5.8 -
Critical Hdwy Stg 2 - - - - 5.8 -
Follow-up Hdwy - - 2.2 - 3.5 3.3
Pot Cap-1 Maneuver - - 519 - 67 402
          Stage 1 - - - - 211 -
          Stage 2 - - - - 577 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 519 - 67 402
Mov Cap-2 Maneuver - - - - 67 -
          Stage 1 - - - - 211 -
          Stage 2 - - - - 577 -

Approach EB WB NB
HCM Control Delay, s 0 0 14.6
HCM LOS B

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 402 - - 519 -
HCM Lane V/C Ratio 0.07 - - - -
HCM Control Delay (s) 14.6 - - 0 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0.2 - - 0 -
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 24 22 38 238 1454 88 81 783 712
Number 3 8 18 5 2 12 1 6 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 27 24 42 264 1616 98 90 870 0
Adj No. of Lanes 0 1 1 1 2 0 1 2 1
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0
Cap, veh/h 75 67 123 298 1946 117 382 2198 983
Arrive On Green 0.08 0.08 0.08 0.33 1.00 1.00 0.21 0.61 0.00
Sat Flow, veh/h 980 871 1615 1810 3460 209 1810 3610 1615
Grp Volume(v), veh/h 51 0 42 264 839 875 90 870 0
Grp Sat Flow(s),veh/h/ln 1851 0 1615 1810 1805 1863 1810 1805 1615
Q Serve(g_s), s 2.1 0.0 2.0 11.1 0.0 0.0 3.3 9.9 0.0
Cycle Q Clear(g_c), s 2.1 0.0 2.0 11.1 0.0 0.0 3.3 9.9 0.0
Prop In Lane 0.53 1.00 1.00 0.11 1.00 1.00
Lane Grp Cap(c), veh/h 141 0 123 298 1015 1048 382 2198 983
V/C Ratio(X) 0.36 0.00 0.34 0.89 0.83 0.84 0.24 0.40 0.00
Avail Cap(c_a), veh/h 370 0 323 339 1015 1048 382 2198 983
HCM Platoon Ratio 1.00 1.00 1.00 2.00 2.00 2.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 0.64 0.64 0.64 1.00 1.00 0.00
Uniform Delay (d), s/veh 35.1 0.0 35.0 26.1 0.0 0.0 26.2 8.1 0.0
Incr Delay (d2), s/veh 1.5 0.0 1.6 15.1 5.0 5.2 0.3 0.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 1.1 0.0 0.9 6.7 1.4 1.5 1.7 5.0 0.0
LnGrp Delay(d),s/veh 36.6 0.0 36.6 41.2 5.0 5.2 26.5 8.6 0.0
LnGrp LOS D D D A A C A
Approach Vol, veh/h 93 1978 960
Approach Delay, s/veh 36.6 9.9 10.3
Approach LOS D A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 5 6 8
Phs Duration (G+Y+Rc), s 20.9 49.0 17.2 52.7 10.1
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 7.0 45.0 15.0 37.0 16.0
Max Q Clear Time (g_c+I1), s 5.3 2.0 13.1 11.9 4.1
Green Ext Time (p_c), s 0.1 18.3 0.2 6.4 0.2

Intersection Summary
HCM 2010 Ctrl Delay 10.8
HCM 2010 LOS B
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 784 172 0 992 810 0
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 0 1900 1900 0
Adj Flow Rate, veh/h 1086 0 0 1140 931 0
Adj No. of Lanes 2 1 0 2 2 0
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87
Percent Heavy Veh, % 0 0 0 0 0 0
Cap, veh/h 1260 562 0 1992 1992 0
Arrive On Green 0.35 0.00 0.00 0.73 0.55 0.00
Sat Flow, veh/h 3619 1615 0 3800 3800 0
Grp Volume(v), veh/h 1086 0 0 1140 931 0
Grp Sat Flow(s),veh/h/ln1810 1615 0 1805 1805 0
Q Serve(g_s), s 22.4 0.0 0.0 11.6 12.5 0.0
Cycle Q Clear(g_c), s 22.4 0.0 0.0 11.6 12.5 0.0
Prop In Lane 1.00 1.00 0.00 0.00
Lane Grp Cap(c), veh/h 1260 562 0 1992 1992 0
V/C Ratio(X) 0.86 0.00 0.00 0.57 0.47 0.00
Avail Cap(c_a), veh/h 1583 707 0 1992 1992 0
HCM Platoon Ratio 1.00 1.00 1.00 1.33 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.65 0.91 0.00
Uniform Delay (d), s/veh 24.3 0.0 0.0 6.3 10.8 0.0
Incr Delay (d2), s/veh 4.2 0.0 0.0 0.8 0.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln11.9 0.0 0.0 5.7 6.4 0.0
LnGrp Delay(d),s/veh 28.5 0.0 0.0 7.1 11.5 0.0
LnGrp LOS C A B
Approach Vol, veh/h 1086 1140 931
Approach Delay, s/veh 28.5 7.1 11.5
Approach LOS C A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 48.1 31.9 48.1
Change Period (Y+Rc), s 4.0 4.0 4.0
Max Green Setting (Gmax), s 37.0 35.0 37.0
Max Q Clear Time (g_c+I1), s 13.6 24.4 14.5
Green Ext Time (p_c), s 16.3 3.5 15.9

Intersection Summary
HCM 2010 Ctrl Delay 15.8
HCM 2010 LOS B

Notes
User approved volume balancing among the lanes for turning movement.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 387 926 59 157 701 240 106 322 128 458 284 202
Number 5 2 12 1 6 16 3 8 18 7 4 14
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Adj Flow Rate, veh/h 407 975 62 165 738 253 112 339 135 482 299 213
Adj No. of Lanes 1 2 0 1 2 1 1 2 1 2 1 1
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 0 0 0 0 0 0 0 0 0 0 0 0
Cap, veh/h 552 1400 89 202 767 343 145 478 214 527 384 326
Arrive On Green 0.31 0.41 0.41 0.11 0.21 0.21 0.08 0.13 0.13 0.25 0.34 0.34
Sat Flow, veh/h 1810 3447 219 1810 3610 1615 1810 3610 1615 3510 1900 1615
Grp Volume(v), veh/h 407 511 526 165 738 253 112 339 135 482 299 213
Grp Sat Flow(s),veh/h/ln1810 1805 1861 1810 1805 1615 1810 1805 1615 1755 1900 1615
Q Serve(g_s), s 16.1 18.7 18.7 7.1 16.2 11.7 4.9 7.2 4.8 10.7 11.3 4.4
Cycle Q Clear(g_c), s 16.1 18.7 18.7 7.1 16.2 11.7 4.9 7.2 4.8 10.7 11.3 4.4
Prop In Lane 1.00 0.12 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 552 733 756 202 767 343 145 478 214 527 384 326
V/C Ratio(X) 0.74 0.70 0.70 0.82 0.96 0.74 0.77 0.71 0.63 0.92 0.78 0.65
Avail Cap(c_a), veh/h 552 733 756 226 767 343 158 722 323 527 499 424
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.67 1.67 1.67
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.86 0.86 0.86
Uniform Delay (d), s/veh 24.9 19.7 19.7 34.7 31.2 29.4 36.1 33.2 18.8 29.5 24.9 5.8
Incr Delay (d2), s/veh 5.1 5.4 5.3 18.6 24.5 13.2 19.1 2.0 3.1 18.5 5.0 1.9
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln8.8 10.3 10.6 4.6 10.6 6.5 3.2 3.7 2.3 6.5 6.3 2.1
LnGrp Delay(d),s/veh 30.1 25.1 24.9 53.4 55.6 42.6 55.2 35.2 21.9 48.0 29.9 7.8
LnGrp LOS C C C D E D E D C D C A
Approach Vol, veh/h 1444 1156 586 994
Approach Delay, s/veh 26.4 52.5 35.9 33.9
Approach LOS C D D C

Timer 1 2 3 4 5 6 7 8
Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s12.9 36.5 10.4 20.2 28.4 21.0 16.0 14.6
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s10.0 26.0 7.0 21.0 19.0 17.0 12.0 16.0
Max Q Clear Time (g_c+I1), s9.1 20.7 6.9 13.3 18.1 18.2 12.7 9.2
Green Ext Time (p_c), s 0.0 3.3 0.0 2.7 0.2 0.0 0.0 1.4

Intersection Summary
HCM 2010 Ctrl Delay 36.8
HCM 2010 LOS D



HCM 2010 TWSC Cumulative Plus Project Conditions
7: Pierce Street & Project Driveway 4/Commercial Driveway PM Peak Hour

LSA Associates Synchro 9 Report
1/8/2015 Page 10

Intersection
Int Delay, s/veh 0.2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Vol, veh/h 0 0 0 1 0 16 0 556 2 4 468 3
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Free Free Free
RT Channelized - - None - - None - - None - - None
Storage Length - - 0 - - - 100 - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 100 100 100 100 100 100 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0 0 0 0
Mvmt Flow 0 0 0 1 0 16 0 556 2 4 468 3

Major/Minor Minor2 Minor1 Major1 Major2
Conflicting Flow All 756 1036 470 1035 1036 279 471 0 0 558 0 0
          Stage 1 478 478 - 557 557 - - - - - - -
          Stage 2 278 558 - 478 479 - - - - - - -
Critical Hdwy 7.3 6.5 6.2 7.3 6.5 6.9 4.1 - - 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.5 5.5 - - - - - - -
Critical Hdwy Stg 2 6.5 5.5 - 6.1 5.5 - - - - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - - 2.2 - -
Pot Cap-1 Maneuver 314 233 598 200 233 724 1101 - - 1023 - -
          Stage 1 572 559 - 487 515 - - - - - - -
          Stage 2 711 515 - 572 558 - - - - - - -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 306 232 598 199 232 724 1101 - - 1023 - -
Mov Cap-2 Maneuver 306 232 - 199 232 - - - - - - -
          Stage 1 572 556 - 487 515 - - - - - - -
          Stage 2 695 515 - 569 555 - - - - - - -

Approach EB WB NB SB
HCM Control Delay, s 0 10.9 0 0.1
HCM LOS A B

Minor Lane/Major Mvmt NBL NBT NBR EBLn1WBLn1 SBL SBT SBR
Capacity (veh/h) 1101 - - - 627 1023 - -
HCM Lane V/C Ratio - - - - 0.027 0.004 - -
HCM Control Delay (s) 0 - - 0 10.9 8.5 0 -
HCM Lane LOS A - - A B A A -
HCM 95th %tile Q(veh) 0 - - - 0.1 0 - -



HCM 2010 TWSC Cumulative Plus Project Conditions
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Intersection
Int Delay, s/veh 4.2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Vol, veh/h 131 0 9 22 0 54 1 365 15 27 421 11
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Free Free Free
RT Channelized - - None - - None - - None - - None
Storage Length - - - - - - 75 - - 75 - -
Veh in Median Storage, # - 0 - - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 100 100 100 100 100 100 100 100 100 100 100 100
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0 0 0 0
Mvmt Flow 131 0 9 22 0 54 1 365 15 27 421 11

Major/Minor Minor2 Minor1 Major1 Major2
Conflicting Flow All 666 863 427 860 861 190 432 0 0 380 0 0
          Stage 1 481 481 - 375 375 - - - - - - -
          Stage 2 185 382 - 485 486 - - - - - - -
Critical Hdwy 7.3 6.5 6.2 7.3 6.5 6.9 4.1 - - 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.5 5.5 - - - - - - -
Critical Hdwy Stg 2 6.5 5.5 - 6.1 5.5 - - - - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - - 2.2 - -
Pot Cap-1 Maneuver 362 295 632 265 295 826 1138 - - 1190 - -
          Stage 1 570 557 - 624 621 - - - - - - -
          Stage 2 805 616 - 567 554 - - - - - - -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 332 288 632 257 288 826 1138 - - 1190 - -
Mov Cap-2 Maneuver 332 288 - 257 288 - - - - - - -
          Stage 1 569 544 - 623 620 - - - - - - -
          Stage 2 752 615 - 546 541 - - - - - - -

Approach EB WB NB SB
HCM Control Delay, s 22.6 13.4 0 0.5
HCM LOS C B

Minor Lane/Major Mvmt NBL NBT NBR EBLn1WBLn1 SBL SBT SBR
Capacity (veh/h) 1138 - - 342 503 1190 - -
HCM Lane V/C Ratio 0.001 - - 0.409 0.151 0.023 - -
HCM Control Delay (s) 8.2 - - 22.6 13.4 8.1 - -
HCM Lane LOS A - - C B A - -
HCM 95th %tile Q(veh) 0 - - 1.9 0.5 0.1 - -
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OWNER’S CERTIFICATION

This Project Specific Water Quality Management Plan (WQMP) has been prepared for Investment Building Group
by Thienes Engineering, Inc. for the IBG Magnolia Center project.

This WQMP is intended to comply with the requirements of the City of Riverside for Design Review of Seven New
Industrial Buildings, Planning Case No. P13 0530, which includes the requirement for the preparation and
implementation of a Project Specific WQMP.

The undersigned, while owning the property/project described in the preceding paragraph, shall be responsible for
the implementation and funding of this WQMP and will ensure that this WQMP is amended as appropriate to
reflect up to date conditions on the site. In addition, the property owner accepts responsibility for interim
operation and maintenance of Stormwater BMPs until such time as this responsibility is formally transferred to a
subsequent owner. This WQMP will be reviewed with the facility operator, facility supervisors, employees, tenants,
maintenance and service contractors, or any other party (or parties) having responsibility for implementing
portions of this WQMP. At least one copy of this WQMP will be maintained at the project site or project office in
perpetuity. The undersigned is authorized to certify and to approve implementation of this WQMP. The
undersigned is aware that implementation of this WQMP is enforceable under City of Riverside Water Quality
Ordinance (Municipal Code Section 14.12.315).

"I, the undersigned, certify under penalty of law that the provisions of this WQMP have been reviewed and
accepted and that the WQMP will be transferred to future successors in interest."

Owner’s Signature Date

Owner’s Printed Name Owner’s Title/Position

PREPARER’S CERTIFICATION

“The selection, sizing and design of stormwater treatment and other stormwater quality and quantity control
measures in this plan meet the requirements of Regional Water Quality Control Board Order No. R8 2010 0033
and any subsequent amendments thereto.”

Preparer’s Signature Date

Haidook I. Aghaian Senior Civil Engineer
Preparer’s Printed Name Preparer’s Title/Position

Preparer’s Licensure:
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Section A: Project and Site Information
The proposed project site encompasses approximately 14.35 acres. Improvements to the site include
the construction of seven office type buildings. There will be landscaping adjacent to Magnolia Avenue
and Pierce Street. The remainder of the site will be paved for vehicle parking.

PROJECT INFORMATION

Type of Project: Light Industrial
Planning Area: n/a
Community Name: n/a
Development Name: IBG Magnolia Center
PROJECT LOCATION

Latitude & Longitude (DMS): 33.893111, 117.4932
Project Watershed and Sub Watershed: Santa Ana River & Temescal Creek

APN(s): 135 220 021, 023, 025, 027, and 030

Map Book and Page No.: Assessor’s Map BK. 135 PG. 22

PROJECT CHARACTERISTICS

Proposed or Potential Land Use(s) Light Industrial
Proposed or Potential SIC Code(s) 1541
Area of Impervious Project Footprint (SF) 527,661 (12.11 ac)
Total Area of proposed Impervious Surfaces within the Project Limits (SF)/or Replacement 527,661 (12.11 ac)
Does the project consist of offsite road improvements? Y N
Does the project propose to construct unpaved roads? Y N
Is the project part of a larger common plan of development (phased project)? Y N
EXISTING SITE CHARACTERISTICS

Total area of existing Impervious Surfaces within the project limits (SF) 0
Is the project located within any MSHCP Criteria Cell? Y N
If so, identify the Cell number: N/A
Are there any natural hydrologic features on the project site? Y N
Is a Geotechnical Report attached? Y N
If no Geotech. Report, list the NRCS soils type(s) present on the site (A, B, C and/or D) Geotech Report

Available
What is the Water Quality Design Storm Depth for the project? 0.62
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A.1 Maps and Site Plans
Appendix 1 includes a map of the local vicinity and existing site. In addition, WQMP Site Plan, located in
Appendix 1, includes the following:

Drainage Management Areas
Proposed Structural BMPs
Drainage Path
Drainage Infrastructure, Inlets, Overflows

Source Control BMPs
Buildings, Roof Lines, Downspouts
Impervious Surfaces
Standard Labeling

A.2 Receiving Waters
In order of upstream to downstream, the receiving waters that the project site is tributary to are as
follows. A map of the receiving waters is included in Appendix 1.

Table A.1 Identification of Receiving Waters

Receiving Waters EPA Approved 303(d) List
Impairments

Designated
Beneficial Uses

Proximity to RARE
Beneficial Use

Temescal Creek,
Reach 1 pH N/A Not classified as a RARE

waterbody.

Santa Ana River,
Reach 3 Metals and Pathogens AGR, GWR, REC1, REC2,

WARM, WILD, RARE 8.1 Miles

A.3 Additional Permits/Approvals required for the Project:
Table A.2 Other Applicable Permits

Agency Permit Required

State Department of Fish and Game, 1602 Streambed Alteration Agreement Y N

State Water Resources Control Board, Clean Water Act (CWA) Section 401 Water Quality Cert. Y N

US Army Corps of Engineers, CWA Section 404 Permit Y N

US Fish and Wildlife, Endangered Species Act Section 7 Biological Opinion Y N

Statewide Construction General Permit Coverage Y N

Statewide Industrial General Permit Coverage Y N

Western Riverside MSHCP Consistency Approval (e.g., JPR, DBESP) Y N

Other (please list in the space below as required)
City of Riverside Conditional Use Permit
City of Riverside Design Review
City of Riverside Building Permit
City of Riverside Grading Permit
City of Riverside Construction Permit

Y
Y
Y
Y
Y

N
N
N
N
N
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Section B: Optimize Site Utilization (LID Principles)
Site Optimization

Does the project identify and preserve existing drainage patterns? If so, how? If not, why?

Excessive grading has been minimized.
There are no creeks, wetlands, or riparian habitats nearby.
Existing drainage patterns flow from east to west. Proposed condition drainage patterns mimic
pre development conditions.

Does the project identify and protect existing vegetation? If so, how? If not, why?

Not applicable, the entire site was previously disturbed (mass graded).
Not applicable, there are no sensitive areas.
No applicable, there are no existing trees or vegetation to preserve.

Does the project identify and preserve natural infiltration capacity? If so, how? If not, why?

Stormwater BMPs are located in areas of permeable soil to promote infiltration where
applicable.

Does the project identify and minimize impervious area? If so, how? If not, why?

Impervious area on the site has been minimized to County/City standards.
Due to the nature of the project site, substitution of pavement for landscaping is not feasible.
Landscaping has been provided wherever applicable and to the maximum extent practicable.
There is no proposed overflow parking.
The entire DCV will be handled by infiltration and biofiltration facilities. Permeable pavement is
not needed to meet the DCV.

Does the project identify and disperse runoff to adjacent pervious areas? If so, how? If not, why?

Roof runoff is directed to the infiltration and biofiltration facilities for treatment.
Stormwater BMPs are located throughout the site to detain and retain runoff at various
locations.
The site is not on a hillside.
All stormwater runoff will either sheet flow, be piped, or utilize curb cuts into infiltration and
biofiltration facilities.
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Section C: Delineate Drainage Management Areas
(DMAs)
Table C.1 DMA Classifications

DMA Name or ID Surface Type(s)1 Area (Sq. Ft.) Area (Acres) DMA Type

1 A Roofs 9,150 0.21 Type D
1 B Ornamental Landscaping 10,735 0.25 Type D
1 C Concrete or Asphalt 21,497 0.49 Type D
2 A Roofs 17,365 0.40 Type D
2 B Ornamental Landscaping 8,570 0.20 Type D
2 C Concrete or Asphalt 21,981 0.50 Type D
3 A Roofs 33,850 0.78 Type D
3 B Ornamental Landscaping 7,455 0.17 Type D
3 C Concrete or Asphalt 26,213 0.60 Type D
4 A Roofs 0 0.00 Type D
4 B Ornamental Landscaping 5,035 0.12 Type D
4 C Concrete or Asphalt 3,677 0.08 Type D
5 A Roofs 78,300 1.80 Type D
5 B Ornamental Landscaping 21,210 0.49 Type D
5 C Concrete or Asphalt 22,458 0.52 Type D
6 A Roofs 60,340 1.39 Type D
6 B Ornamental Landscaping 13,630 0.31 Type D
6 C Concrete or Asphalt 80,668 1.85 Type D
7 A Roofs 14,130 0.32 Type D
7 B Ornamental Landscaping 6,675 0.15 Type D
7 C Concrete or Asphalt 9,687 0.22 Type D
8 A Roofs 48,525 1.11 Type D
8 B Ornamental Landscaping 13,545 0.31 Type D
8 C Concrete or Asphalt 38,118 0.88 Type D
9 A Roofs 13,105 0.30 Type D
9 B Ornamental Landscaping 10,750 0.25 Type D
9 C Concrete or Asphalt 28,597 0.65 Type D

1Reference Table 2 1 in the WQMP Guidance Document to populate this column

Table C.2 Type ‘A’, Self Treating Areas
DMA Name or ID Area (Sq. Ft.) Stabilization Type Irrigation Type (if any)

n/a n/a n/a n/a
n/a n/a n/a n/a
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Table C.3 Type ‘B’, Self Retaining Areas

Self Retaining Area
Type ‘C’ DMAs that are draining to the Self Retaining
Area

DMA

Name/ ID
Post project
surface type

Area
(square
feet)

Storm

Depth
(inches) DMA Name /

ID

[C] from Table C.4
=

Required Retention Depth
(inches)

[A] [B] [C] [D]

n/a n/a n/a n/a n/a n/a n/a

n/a n/a n/a n/a n/a n/a n/a

Table C.4 Type ‘C’, Areas that Drain to Self Retaining Areas

DMA Receiving Self Retaining DMA

DM
A

N
am

e/
ID

Ar
ea

(s
qu

ar
e

fe
et

)

Po
st

pr
oj

ec
t

su
rf

ac
e

ty
pe

Ru
no

ff
fa

ct
or

Product

DMA name /ID

Area (square
feet) Ratio

[A] [B] [C] = [A] x [B] [D] [C]/[D]

n/a n/a n/a n/a n/a n/a n/a n/a

n/a n/a n/a n/a n/a n/a n/a n/a

n/a n/a n/a n/a n/a n/a n/a n/a

n/a n/a n/a n/a n/a n/a n/a n/a
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Table C.5 Type ‘D’, Areas Draining to BMPs
DMA Name or ID BMP Name or ID

1 A BIO#01 (Biofiltration with Underdrain)

1 B BIO#01 (Biofiltration with Underdrain)

1 C BIO#01 (Biofiltration with Underdrain)

2 A BIO#02 (Biofiltration with Underdrain)

2 B BIO#02 (Biofiltration with Underdrain)

2 C BIO#02 (Biofiltration with Underdrain)

3 A BIO#03 (Bioretention w/o underdrain)

3 B BIO#03 (Bioretention w/o underdrain)

3 C BIO#03 (Bioretention w/o underdrain)

4 A BIO#04 (Bioretention w/o underdrain)

4 B BIO#04 (Bioretention w/o underdrain)

4 C BIO#04 (Bioretention w/o underdrain)

5 A BIO#05 (Biofiltration with Underdrain)

5 B BIO#05 (Biofiltration with Underdrain)

5 C BIO#05 (Biofiltration with Underdrain)

6 A BIO#06 (Bioretention w/o underdrain)

6 B BIO#06 (Bioretention w/o underdrain)

6 C BIO#06 (Bioretention w/o underdrain)

7 A BIO#07 (Biofiltration with Underdrain)

7 B BIO#07 (Biofiltration with Underdrain)

7 C BIO#07 (Biofiltration with Underdrain)

8 A BIO#08 (equalized with BIO#09) (Biofiltration with Underdrain)

8 B BIO#08 (equalized with BIO#09) (Biofiltration with Underdrain)

8 C BIO#08 (equalized with BIO#09) (Biofiltration with Underdrain)

9 A BIO#09 (equalized with BIO#08) (Biofiltration with Underdrain)

9 B BIO#09 (equalized with BIO#08) (Biofiltration with Underdrain)

9 C BIO#09 (equalized with BIO#08) (Biofiltration with Underdrain)
Note: More than one drainage management area can drain to a single LID BMP, however, one
drainage management area may not drain to more than one BMP.
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Section D: Implement LID BMPs

D.1 Infiltration Applicability
Is there an approved downstream ‘Highest and Best Use’ for stormwater runoff (see discussion in
Chapter 2.4.4 of the WQMP Guidance Document for further details)? Y N

Geotechnical Report

A Geotechnical Report is required by the City of Riverside to confirm present and past site
characteristics that may affect the use of Infiltration BMPs, in Appendix 3.

Is this project classified as a small project consistent with the requirements of Chapter 2 of the WQMP
Guidance Document? Y N

Infiltration Feasibility

Table D.1 Infiltration Feasibility
Does the project site… YES NO
…have any DMAs with a seasonal high groundwater mark shallower than 10 feet? X

If Yes, list affected DMAs:
…have any DMAs located within 100 feet of a water supply well? X

If Yes, list affected DMAs:
…have any areas identified by the geotechnical report as posing a public safety risk where infiltration of
stormwater could have a negative impact? X

If Yes, list affected DMAs:
…have measured in situ infiltration rates of less than 1.6 inches / hour? X

If Yes, list affected DMAs: 1, 2, 5, 7, 8, and 9
…have significant cut and/or fill conditions that would preclude in situ testing of infiltration rates at the final
infiltration surface? X

If Yes, list affected DMAs:
…geotechnical report identify other site specific factors that would preclude effective and safe infiltration? X

Describe here:
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D.2 Harvest and Use Assessment
The following conditions apply:

Reclaimed water will be used for the non potable water demands for the project.

Downstream water rights may be impacted by Harvest and Use as approved by the Regional
Board (verify with the City or Riverside).

The Design Capture Volume will be addressed using Infiltration Only BMPs. (Harvest and Use
BMPs are still encouraged, but are not be required as the Design Capture Volume will be infiltrated
or evapotranspired.)

The Design Capture Volume is partially address using Infiltration BMPs. Harvest and Use
assessment must be completed to determine feasibility.

Irrigation Use Feasibility

Step 1: Total Area of Irrigated Landscape: 2.25 acres

Type of Landscaping (Conservation Design or Active Turf): Conservation Design

Step 2: Total Area of Impervious Surfaces: 12.11 acres

Step 3: The project EIATIA factor: 0.89 (interpolated value)

Step 4: Minimum required irrigated area: 10.78 acres

Step 5: Minimum required irrigated area (Step 4) Available Irrigated Landscape (Step 1)

10.78 acres 2.25 acres

Toilet Use Feasibility

Step 1: Projected Number of Daily Toilet Users: 385 (estimated using # of parking stalls available)

Project Type: Industrial

Step 2: Total Area of Impervious Surfaces: 12.11 acres

Step 3: The project TUTIA factor: 177 (interpolated value)

Step 4: Minimum number of toilet users: 2,143

Step 5: Minimum required Toilet Users (Step 4) Projected number of toilet users (Step 1)

2,143 385

Other Non Potable Use Feasibility

Step 1: Average Daily Demand: N/A

Step 2: Total Area of Impervious Surfaces: N/A

Step 3: The project factor: N/A

Step 4: Minimum required use: N/A

Step 5: Minimum required non potable use (Step 4) Projected average daily use (Step 1)

N/A N/A
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D.3 Bioretention and Biotreatment Assessment
Other LID Bioretention and Biotreatment BMPs as described in Chapter 2.4.7 of the WQMP Guidance
Document are feasible on nearly all development sites with sufficient advance planning.

For the project, the following applies:

LID Bioretention/Biotreatment BMPs will be used for some or all DMAs of the project as noted
below in Section D.4

A site specific analysis demonstrating the technical infeasibility of all LID BMPs has been
performed and is included in Appendix 5.

D.4 Feasibility Assessment Summaries
Table D.2 LID Prioritization Summary Matrix

DMA
Name/ID

LID BMP Hierarchy No LID
(Alternative
Compliance)1. Infiltration 2. Harvest and use 3. Bioretention 4. Biotreatment

1 A
1 B
1 C
2 A
2 B
2 C
3 A
3 B
3 C
4 A
4 B
4 C
5 A
5 B
5 C
6 A
6 B
6 C
7 A
7 B
7 C
8 A
8 B
8 C
9 A
9 B
9 C



14

D.5 LID BMP Sizing
Table D.3 DCV Calculations for LID BMPs

DMA
Type/ID

DMA
Area

(square
feet)

Post Project Surface
Type

Effective
Impervious
Fraction, If

DMA
Runoff 
Factor 

DMA
Areas x
Runoff
Factor

Design
Storm
Depth

(in)

Design
Capture
Volume,

VBMP

(cubic
feet)

Proposed
Volume
on Plans
(cubic
feet)[A] [B] [C] [A] x [C]

1 A 9,150 Roofs 1.00 0.89 8,161.8 0.62 421.7

8,0171 B 10,735 Ornamental
Landscaping 0.10 0.11 1,185.8 0.62 61.3

1 C 21,497 Concrete or Asphalt 1.00 0.89 19,175.3 0.62 990.7
2 A 17,365 Roofs 1.00 0.89 15,489.6 0.62 800.3

4,5822 B 8,570 Ornamental
Landscaping 0.10 0.11 946.6 0.62 48.9

2 C 21,981 Concrete or Asphalt 1.00 0.89 19,607.1 0.62 1013.0
3 A 33,850 Roofs 1.00 0.89 30,194.2 0.62 1560.0

2,8263 B 7,455 Ornamental
Landscaping 0.10 0.11 823.5 0.62 42.5

3 C 26,213 Concrete or Asphalt 1.00 0.89 23,382.0 0.62 1208.1
4 A 0 Roofs 1.00 0.89 0.0 0.62 0

2,2484 B 5,035 Ornamental
Landscaping 0.10 0.11 556.2 0.62 28.7

4 C 3,677 Concrete or Asphalt 1.00 0.89 3,279.9 0.62 169.5
5 A 78,300 Roofs 1.00 0.89 69,843.6 0.62 3608.6

14,7005 B 21,210 Ornamental
Landscaping 0.10 0.11 2,342.8 0.62 121.0

5 C 22,458 Concrete or Asphalt 1.00 0.89 20,032.5 0.62 1035.0
6 A 60,340 Roofs 1.00 0.89 53,823.3 0.62 2780.9

6,7166 B 13,630 Ornamental
Landscaping 0.10 0.11 1,505.5 0.62 77.8

6 C 80,668 Concrete or Asphalt 1.00 0.89 71,955.9 0.62 3717.7
7 A 14,130 Roofs 1.00 0.89 12,604.0 0.62 651.2

3,4547 B 6,675 Ornamental
Landscaping 0.10 0.11 737.3 0.62 38.1

7 C 9,687 Concrete or Asphalt 1.00 0.89 8,640.8 0.62 446.4
8 A 48,525 Roofs 1.00 0.89 43,284.3 0.62 2236.4

7,239

8 B 13,545 Ornamental
Landscaping 0.10 0.11 1,496.2 0.62 77.3

8 C 38,118 Concrete or Asphalt 1.00 0.89 34,001.3 0.62 1756.7

9 A 13,105 Roofs 1.00 0.89 11,689.7 0.62 604.0

9 B 10,750 Ornamental
Landscaping 0.10 0.11 1,187.4 0.62 61.3

9 C 28,597 Concrete or Asphalt 1.00 0.89 25,508.5 0.62 1317.9

625,266 481,455 0.62 24,875.0 49,782
[B], [C] is obtained as described in Section 2.3.1 of the WQMP Guidance Document
[E] is obtained from Exhibit A in the WQMP Guidance Document
[G] is obtained from a design procedure sheet, such as in LID BMP Design Handbook and placed in Appendix 6
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Section E: Alternative Compliance (LID Waiver Program)
LID BMPs are expected to be feasible on virtually all projects. Where LID BMPs have been demonstrated
to be infeasible as documented in Section D, other Treatment Control BMPs must be used (subject to
LID waiver approval by the City of Riverside). For the project, the following applies:

LID Principles and LID BMPs have been incorporated into the site design to fully address all
Drainage Management Areas. No alternative compliance measures are required for this project and
thus this Section is not required to be completed.

- Or

The following Drainage Management Areas are unable to be addressed using LID BMPs. A site
specific analysis demonstrating technical infeasibility of LID BMPs has been approved by the City of
Riverside and included in Appendix 5. Additionally, no downstream regional and/or sub regional LID
BMPs exist or are available for use by the project. The following alternative compliance measures on
the following pages are being implemented to ensure that any pollutant loads expected to be
discharged by not incorporating LID BMPs, are fully mitigated.
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Section F: Hydromodification
F.1 Hydrologic Conditions of Concern (HCOC) Analysis

The project does not create a Hydrologic Condition of Concern, meeting the criteria for HCOC Exemption
as shown below:

HCOC EXEMPTION 1: The Priority Development Project disturbs less than one acre. The City of
Riverside has the discretion to require a Project Specific WQMP to address HCOCs on projects less
than one acre on a case by case basis. The disturbed area calculation should include all disturbances
associated with larger common plans of development.

Does the project qualify for this HCOC Exemption? Y N

HCOC EXEMPTION 2: The volume and time of concentration1 of storm water runoff for the post
development condition is not significantly different from the pre development condition for a 2 year
return frequency storm (a difference of 5% or less is considered insignificant) using one of the
following methods to calculate:

Riverside County Hydrology Manual

Technical Release 55 (TR 55): Urban Hydrology for Small Watersheds (NRCS 1986), or
derivatives thereof, such as the Santa Barbara Urban Hydrograph Method

Other methods acceptable to the City of Riverside

Does the project qualify for this HCOC Exemption? Y N

Results in Table F.1 below and hydrologic analysis in Appendix 7.

Table F.1 Hydrologic Conditions of Concern Summary
2 year – 24 hour

Pre condition Post condition % Difference

Time of
Concentration

n/a n/a n/a

Volume (Cubic Feet) n/a n/a n/a

1 Time of concentration is defined as the time after the beginning of the rainfall when all portions of the drainage
basin are contributing to flow at the outlet.

HCOC EXEMPTION 3: All downstream conveyance channels to an adequate sump (Prado Dam
and Santa Ana River) that will receive runoff from the project are engineered and regularly
maintained to ensure design flow capacity; no sensitive stream habitat areas will be adversely
affected; or are not identified on the Hydromodification Sensitivity Maps.

Does the project qualify for this HCOC Exemption? Y N

The adequate sump that applies to the project site is Prado Dam and the Santa Ana River (see
map in Appendix 7 of this WQMP report).
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F.2 HCOC Mitigation
As an alternative to the HCOC Exemption Criteria above, HCOC criteria is considered mitigated if the
project meets one of the following conditions, as indicated:

a. Additional LID BMPS are implemented onsite or offsite to mitigate potential erosion or
habitat impacts as a result of HCOCs. This can be conducted by an evaluation of site specific
conditions utilizing accepted professional methodologies published by entities such as the
California Stormwater Quality Association (CASQA), the Southern California Coastal Water
Research Project (SCCRWP), or other City of Riverside approved methodologies for site
specific HCOC analysis.

b. The project is developed consistent with an approved Watershed Action Plan that addresses
HCOC in Receiving Waters.

c. Mimicking the pre development hydrograph with the post development hydrograph, for a
2 year return frequency storm. Generally, the hydrologic conditions of concern are not
significant, if the post development hydrograph is no more than 10% greater than pre
development hydrograph. In cases where excess volume cannot be infiltrated or captured
and reused, discharge from the site must be limited to a flow rate no greater than 110% of
the pre development 2 year peak flow.

d. None of the above.
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Section G: Source Control BMPs
Table G.1 Permanent and Operational Source Control Measures

Potential Sources of Runoff
pollutants

Permanent Structural Source
Control BMPs

Operational Source Control BMPs

A. On site storm drain inlets Mark all inlets with the words “Only
Rain Down the Strom Drain” or similar.
Catch basin markers may be available
from the Riverside County Flood
Control and Water Conservation
District, call (951) 955 1200 to verify

Maintain and periodically repaint or
replace inlet markings.

Provide stormwater pollution
prevention information to new site
owners, lessees, or operators.

See CASQA fact sheet SC 44 fro
“Drainage System Maintenance”

Include the following lease agreements:
“Tenant shall not allow anyone to
discharge anything to storm drain or to
store or deposit materials so as to
create a potential discharge to storm
drains.”

B. Interior floor drains and elevator shaft
sump pumps

Interior floor drains and elevator shaft
sump pups will be plumbed to sanitary
sewer.

Inspect and maintain drains to prevent
blockages and overflow.

D2. Landscape / Outdoor Pesticide Use Landscape plans will minimize irrigation
and runoff, to promote surface
infiltration where appropriate, and to
minimize the use of fertilizers and
pesticides that can contribute to
stormwater pollution.

Pest resistant plans will be used
adjacent to hardscape.

The landscape plans will consider plants
appropriate to the site soils, slopes,
climate, sun, wind, rain, land use, air
movement, ecological consistency, and
plant interactions.

Maintain landscaping using minimum or
no pesticides.

See “Landscape and Gardening”
brochure by RCFlood.

Provide IPM information to new
owners, lessees and operators.

G. Refuse Areas Site refuse will be handled by
contractor on a weekly basis.

Signs will be posted on or near
dumpsters with the words “Do not
dump hazardous materials here” or
similar.

An adequate number of receptacles will
be provided. Receptacles are to be
inspected daily and repairs or
replacements to leaky receptacles will
be completed immediately. Receptacles
are to remain covered with not in use.
Dumping of liquid or hazardous wastes
is prohibited. A “no hazardous
materials” sign will be posted. Spills will
be cleaned immediately upon discovery.
Spill control materials will be available
onsite. See CASQA fact sheet SC 34 for
“Waste Handling and Disposal.”

H. Industrial processes All process activities to be performed
indoors. No processes to drain to
exterior or to storm drain system.

See CASQA fact sheet SC 10 for “Non
Stormwater Discharges”

M. Loading Docks Spills will be cleaned up immediately
and disposed of properly.

Move loaded and unloaded items
indoors as soon as possible.

See CASQA fact sheet SC 30 for
“Outdoor Loading and Unloading”
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Potential Sources of Runoff
pollutants

Permanent Structural Source
Control BMPs

Operational Source Control BMPs

P. Plazas, sidewalks, and parking lots Sweep plazas, sidewalks, and parking
lots regularly to prevent accumulation
of litter and debris. Collect debris from
pressure washing to prevent entry into
the storm drain system. Collect
washwater containing any cleaning
agent or degreaser and discharge to the
sanitary sewer not to a storm drain.
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Section H: Construction Plan Checklist
Table H.1 Construction Plan Cross reference

BMP No. or ID BMP Identifier and Description Corresponding Plan Sheet(s) Latitude Longitude

BIO#01 Biofiltration with Underdrain TBD 33.894689 117.491150
BIO#02 Biofiltration with Underdrain TBD 33.894034 117.490458
BIO#03 Bioretention without Underdrain TBD 33.893366 117.491343
BIO#04 Bioretention without Underdrain TBD 33.893112 117.491209
BIO#05 Biofiltration with Underdrain TBD 33.894114 117.492171
BIO#06 Bioretention without Underdrain TBD 33.892715 117.492338
BIO#07 Biofiltration with Underdrain TBD 33.893388 117.493496
BIO#08 Biofiltration with Underdrain TBD 33.893023 117.494103
BIO#09 Biofiltration with Underdrain TBD 33.892626 117.494655
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Section I: Operation, Maintenance and Funding
As required by the City of Riverside, the following Operation, Maintenance and Funding details are
provided as summarized:

1. A means to finance and implement facility maintenance in perpetuity, including replacement
cost.

2. Acceptance of responsibility for maintenance from the time the BMPs are constructed until
responsibility for operation and maintenance is legally transferred.

3. An outline of general maintenance requirements for the Stormwater BMPs selected.

4. Figures delineating and designating pervious and impervious areas, location, and type of
Stormwater BMP, and tables of pervious and impervious areas served by each facility.

5. A separate list and location of self retaining areas or areas addressed by LID Principles that do
not require specialized O&M or inspections but will require typical landscape maintenance as
noted in Chapter 5, pages 85 86, in the WQMP Guidance.

See Appendix 9 for a detailed Stormwater BMP Operation and Maintenance Plan that sets forth a
maintenance schedule for each of the Stormwater BMPs built on site, and an agreement assigning
responsibility for maintenance and providing for inspections and certification.

Maintenance Mechanism: Covenant and Agreement
Establishing Notification Process And Responsibility For
Water Quality Management Plan Implementation And Maintenance

Will the proposed BMPs be maintained by a Home Owners’ Association (HOA) or Property Owners
Association (POA)?

Y N

Operation and Maintenance Plan and Maintenance Mechanism are included in Appendix 9. Educational
materials for those personnel that will be maintaining the proposed BMPs within this Project Specific
WQMP are included in Appendix 10.
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Appendix 1:  Maps and Site Plans 
Location Map, WQMP Site Plan and Receiving Waters Map
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Appendix 2: Construction Plans
Grading and Drainage Plans (TO BE INCLUDED WITH FINAL WQMP)
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Appendix 3: Soils Information
Geotechnical Study and Other Infiltration Testing Data
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Appendix 4: Historical Site Conditions
Phase I Environmental Site Assessment or Other Information on Past Site Use (NOT APPLICABLE)
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Appendix 5: LID Infeasibility
LID Technical Infeasibility Analysis (NOT APPLICABLE)
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Appendix 6: BMP Design Details
BMP Sizing, Design Details and other Supporting Documentation



Date

D85= 0.62 inches

DMA
Type/ID

DMA Area
(square feet)

Post Project Surface
Type

Effective
Imperivous
Fraction, If

DMA
Runoff
Factor

DMA Areas x
Runoff Factor

Design
Storm

Depth (in)

Design Capture
Volume, VBMP

(cubic feet)

Proposed
Volume on
Plans (cubic

feet)

1 A 9,150 Roofs 1 0.89 8161.8

1 B 10,735
Ornamental
Landscaping

0.1 0.11 1185.8

1 C 21,497 Concrete or Asphalt 1 0.89 19175.3
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

41382 28522.9 0.62 1473.7 8,017

Notes:

Total

85th Percentile, 24-hour Rainfall Depth, 
from the Isohyetal Map in Handbook Appendix E

Insert additional rows if needed to accommodate all DMAs draining to the BMP

Santa Ana Watershed - BMP Design Volume, VBMP
(Rev. 10-2011)

   Legend:
Required Entries

Calculated Cells
(Note this worksheet shall only  be used in conjunction with BMP designs from the LID BMP Design Handbook )

Company Name Thienes Engineering, Inc. 1/8/2016
Designed by Vicky Li Case No
Company Project Number/Name IBG Magnolia Center (2609E)

BMP Identification

Drainage Management Area Tabulation

Design Rainfall Depth

BMP NAME / ID BIO#01
Must match Name/ID used on BMP Design Calculation Sheet



BMP ID
BIO#01

Company Name: Date: 8-Jan
Designed by: County/City Case No.:

Enter the area tributary to this feature AT= 0.95 acres

Enter VBMP determined from Section 2.1 of this Handbook VBMP= 1,474 ft3

Depth of Soil Filter Media Layer dS = 2.0 ft

Top Width of Bioretention Facility, excluding curb wT = 14.5 ft

Total Effective Depth, dE
dE = 1.45 ft

dE =  [(0.3) x dS + (0.4) x 1] + 0.5 dE = 1.50 ft

AM = 983 ft2

A= 5,345 ft2

Minimum Required Length of Bioretention Facility, L L = 67.8 ft

z = 0 :1

Diameter of Underdrain 6 inches

Longitudinal Slope of Site (3% maximum) 2 %

6" Check Dam Spacing 25 feet

Describe Vegetation: 
Notes: Effective Depth = 1.5 ft / 1.5' x Proposed Surface Area = 8,017 cf > Vbmp

Legend:Bioretention Facility  - Design Procedure

Thienes Engineering, Inc.
Vicky Li

Design Volume

Calculated Cells

Shrubs

Bioretention Facility Surface Area

Side Slopes in Bioretention Facility

Required Entries

Minimum Surface Area, Am

dE = (0.3) x dS + (0.4) x 1 - (0.7/wT) + 0.5

Type of Bioretention Facility Design

VBMP (ft3)
AM (ft2) = 

Proposed Surface Area
dE (ft)

Bioretention Facility Properties

Side slopes required (parallel to parking spaces or adjacent to walkways)

No side slopes required (perpendicular to parking space or Planter Boxes)

Riverside County Best Management Practice Design Handbook
JUNE 2010



Date

D85= 0.62 inches

DMA
Type/ID

DMA Area
(square feet)

Post Project Surface
Type

Effective
Imperivous
Fraction, If

DMA
Runoff
Factor

DMA Areas x
Runoff Factor

Design
Storm

Depth (in)

Design Capture
Volume, VBMP

(cubic feet)

Proposed
Volume on
Plans (cubic

feet)

2 A 17,365 Roofs 1 0.89 15489.6

2 B 8,570
Ornamental
Landscaping

0.1 0.11 946.6

2 C 21,981 Concrete or Asphalt 1 0.89 19607.1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

47916 36043.3 0.62 1862.2 4,582

Notes:

Total

85th Percentile, 24-hour Rainfall Depth, 
from the Isohyetal Map in Handbook Appendix E

Insert additional rows if needed to accommodate all DMAs draining to the BMP

Santa Ana Watershed - BMP Design Volume, VBMP
(Rev. 10-2011)

   Legend:
Required Entries

Calculated Cells
(Note this worksheet shall only  be used in conjunction with BMP designs from the LID BMP Design Handbook )

Company Name Thienes Engineering, Inc. 1/8/2016
Designed by Vicky Li Case No
Company Project Number/Name IBG Magnolia Center (2609E)

BMP Identification

Drainage Management Area Tabulation

Design Rainfall Depth

BMP NAME / ID BIO#02
Must match Name/ID used on BMP Design Calculation Sheet



BMP ID
BIO#02

Company Name: Date: 8-Jan
Designed by: County/City Case No.:

Enter the area tributary to this feature AT= 1.1 acres

Enter VBMP determined from Section 2.1 of this Handbook VBMP= 1,863 ft3

Depth of Soil Filter Media Layer dS = 2.0 ft

Top Width of Bioretention Facility, excluding curb wT = 14.8 ft

Total Effective Depth, dE
dE = 1.45 ft

dE =  [(0.3) x dS + (0.4) x 1] + 0.5 dE = 1.50 ft

AM = 1,242 ft2

A= 3,055 ft2

Minimum Required Length of Bioretention Facility, L L = 84.2 ft

z = 0 :1

Diameter of Underdrain 6 inches

Longitudinal Slope of Site (3% maximum) 2 %

6" Check Dam Spacing 25 feet

Describe Vegetation: 
Notes: Effective Depth = 1.5 ft / 1.5' x Proposed Surface Area = 4,582 cf > Vbmp

Legend:Bioretention Facility  - Design Procedure

Thienes Engineering, Inc.
Vicky Li

Design Volume

Calculated Cells

Shrubs

Bioretention Facility Surface Area

Side Slopes in Bioretention Facility

Required Entries

Minimum Surface Area, Am

dE = (0.3) x dS + (0.4) x 1 - (0.7/wT) + 0.5

Type of Bioretention Facility Design

VBMP (ft3)
AM (ft2) = 

Proposed Surface Area
dE (ft)

Bioretention Facility Properties

Side slopes required (parallel to parking spaces or adjacent to walkways)

No side slopes required (perpendicular to parking space or Planter Boxes)

Riverside County Best Management Practice Design Handbook
JUNE 2010



Date

D85= 0.62 inches

DMA
Type/ID

DMA Area
(square feet)

Post Project Surface
Type

Effective
Imperivous
Fraction, If

DMA
Runoff
Factor

DMA Areas x
Runoff Factor

Design
Storm

Depth (in)

Design Capture
Volume, VBMP

(cubic feet)

Proposed
Volume on
Plans (cubic

feet)

3 A 33,850 Roofs 1 0.89 30194.2

3 B 7,455
Ornamental
Landscaping

0.1 0.11 823.5

3 C 26,213 Concrete or Asphalt 1 0.89 23382
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

67518 54399.7 0.62 2810.7 2,826

Notes:

Total

85th Percentile, 24-hour Rainfall Depth, 
from the Isohyetal Map in Handbook Appendix E

Insert additional rows if needed to accommodate all DMAs draining to the BMP

Santa Ana Watershed - BMP Design Volume, VBMP
(Rev. 10-2011)

   Legend:
Required Entries

Calculated Cells
(Note this worksheet shall only  be used in conjunction with BMP designs from the LID BMP Design Handbook )

Company Name Thienes Engineering, Inc. 1/8/2016
Designed by Vicky Li Case No
Company Project Number/Name IBG Magnolia Center (2609E)

BMP Identification

Drainage Management Area Tabulation

Design Rainfall Depth

BMP NAME / ID BIO#03
Must match Name/ID used on BMP Design Calculation Sheet



BMP ID
BIO#03

Company Name: Date: 8-Jan
Designed by: County/City Case No.:

Enter the area tributary to this feature AT= 1.55 acres

Enter VBMP determined from Section 2.1 of this Handbook VBMP= 2,811 ft3

Depth of Soil Filter Media Layer dS = 3.0 ft

Top Width of Bioretention Facility, excluding curb wT = 27.0 ft

Total Effective Depth, dE
dE = 1.77 ft

dE =  [(0.3) x dS + (0.4) x 1] + 0.5 dE = 1.80 ft

AM = 1,562 ft2

A= 1,570 ft2

Minimum Required Length of Bioretention Facility, L L = 57.9 ft

z = 0 :1

Diameter of Underdrain n/a inches

Longitudinal Slope of Site (3% maximum) 2 %

6" Check Dam Spacing 25 feet

Describe Vegetation: 
Notes: Effective Depth = 1.8 ft / 1.8' x Proposed Surface Area = 2,826 cf > Vbmp

Legend:Bioretention Facility  - Design Procedure

Thienes Engineering, Inc.
Vicky Li

Design Volume

Calculated Cells

Shrubs

Bioretention Facility Surface Area

Side Slopes in Bioretention Facility

Required Entries

Minimum Surface Area, Am

dE = (0.3) x dS + (0.4) x 1 - (0.7/wT) + 0.5

Type of Bioretention Facility Design

VBMP (ft3)
AM (ft2) = 

Proposed Surface Area
dE (ft)

Bioretention Facility Properties

Side slopes required (parallel to parking spaces or adjacent to walkways)

No side slopes required (perpendicular to parking space or Planter Boxes)

Riverside County Best Management Practice Design Handbook
JUNE 2010



Date

D85= 0.62 inches

DMA
Type/ID

DMA Area
(square feet)

Post Project Surface
Type

Effective
Imperivous
Fraction, If

DMA
Runoff
Factor

DMA Areas x
Runoff Factor

Design
Storm

Depth (in)

Design Capture
Volume, VBMP

(cubic feet)

Proposed
Volume on
Plans (cubic

feet)

4 A 0 Roofs 1 0.89 0

4 B 5,035
Ornamental
Landscaping

0.1 0.11 556.2

4 C 3,677 Concrete or Asphalt 1 0.89 3279.9
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

8712 3836.1 0.62 198.2 2,248

Notes:

BMP Identification

Drainage Management Area Tabulation

Design Rainfall Depth

BMP NAME / ID BIO#04
Must match Name/ID used on BMP Design Calculation Sheet

Designed by Vicky Li Case No
Company Project Number/Name IBG Magnolia Center (2609E)

Santa Ana Watershed - BMP Design Volume, VBMP
(Rev. 10-2011)

   Legend:
Required Entries

Calculated Cells
(Note this worksheet shall only  be used in conjunction with BMP designs from the LID BMP Design Handbook )

Company Name Thienes Engineering, Inc. 1/8/2016

Total

85th Percentile, 24-hour Rainfall Depth, 
from the Isohyetal Map in Handbook Appendix E

Insert additional rows if needed to accommodate all DMAs draining to the BMP



BMP ID
BIO#04

Company Name: Date: 8-Jan
Designed by: County/City Case No.:

Enter the area tributary to this feature AT= 0.2 acres

Enter VBMP determined from Section 2.1 of this Handbook VBMP= 199 ft3

Depth of Soil Filter Media Layer dS = 2.0 ft

Top Width of Bioretention Facility, excluding curb wT = 29.0 ft

Total Effective Depth, dE
dE = 1.48 ft

dE =  [(0.3) x dS + (0.4) x 1] + 0.5 dE = 1.50 ft

AM = 133 ft2

A= 1,499 ft2

Minimum Required Length of Bioretention Facility, L L = 4.6 ft

z = 0 :1

Diameter of Underdrain n/a inches

Longitudinal Slope of Site (3% maximum) 2 %

6" Check Dam Spacing 25 feet

Describe Vegetation: 
Notes:

Required Entries

Minimum Surface Area, Am

dE = (0.3) x dS + (0.4) x 1 - (0.7/wT) + 0.5

Type of Bioretention Facility Design

VBMP (ft3)
AM (ft2) = 

Proposed Surface Area
dE (ft)

Bioretention Facility Properties

Effective Depth = 1.5 ft / 1.5' x Proposed Surface Area = 2,248 cf

Legend:Bioretention Facility  - Design Procedure

Thienes Engineering, Inc.
Vicky Li

Design Volume

Calculated Cells

Shrubs

Bioretention Facility Surface Area

Side Slopes in Bioretention Facility

Side slopes required (parallel to parking spaces or adjacent to walkways)

No side slopes required (perpendicular to parking space or Planter Boxes)

Riverside County Best Management Practice Design Handbook
JUNE 2010



Date

D85= 0.62 inches

DMA
Type/ID

DMA Area
(square feet)

Post Project Surface
Type

Effective
Imperivous
Fraction, If

DMA
Runoff
Factor

DMA Areas x
Runoff Factor

Design
Storm

Depth (in)

Design Capture
Volume, VBMP

(cubic feet)

Proposed
Volume on
Plans (cubic

feet)

5 A 78,300 Roofs 1 0.89 69843.6

5 B 21,210
Ornamental
Landscaping

0.1 0.11 2342.8

5 C 22,458 Concrete or Asphalt 1 0.89 20032.5
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

121968 92218.9 0.62 4764.6 14,700

Notes:

Total

85th Percentile, 24-hour Rainfall Depth, 
from the Isohyetal Map in Handbook Appendix E

Insert additional rows if needed to accommodate all DMAs draining to the BMP

Santa Ana Watershed - BMP Design Volume, VBMP
(Rev. 10-2011)

   Legend:
Required Entries

Calculated Cells
(Note this worksheet shall only  be used in conjunction with BMP designs from the LID BMP Design Handbook )

Company Name Thienes Engineering, Inc. 1/8/2016
Designed by Vicky Li Case No
Company Project Number/Name IBG Magnolia Center (2609E)

BMP Identification

Drainage Management Area Tabulation

Design Rainfall Depth

BMP NAME / ID BIO#05
Must match Name/ID used on BMP Design Calculation Sheet



BMP ID
BIO#05

Company Name: Date: 8-Jan
Designed by: County/City Case No.:

Enter the area tributary to this feature AT= 2.8 acres

Enter VBMP determined from Section 2.1 of this Handbook VBMP= 4,765 ft3

Depth of Soil Filter Media Layer dS = 2.0 ft

Top Width of Bioretention Facility, excluding curb wT = 26.8 ft

Total Effective Depth, dE
dE = 1.47 ft

dE =  [(0.3) x dS + (0.4) x 1] + 0.5 dE = 1.50 ft

AM = 3,177 ft2

A= 9,800 ft2

Minimum Required Length of Bioretention Facility, L L = 118.8 ft

z = 0 :1

Diameter of Underdrain 6 inches

Longitudinal Slope of Site (3% maximum) 2 %

6" Check Dam Spacing 25 feet

Describe Vegetation: 
Notes:

Required Entries

Minimum Surface Area, Am

dE = (0.3) x dS + (0.4) x 1 - (0.7/wT) + 0.5

Type of Bioretention Facility Design

VBMP (ft3)
AM (ft2) = 

Proposed Surface Area
dE (ft)

Bioretention Facility Properties

Effective Depth = 1.5 ft / 1.5' x Proposed Surface Area = 14,700 cf > Vbmp

Legend:Bioretention Facility  - Design Procedure

Thienes Engineering, Inc.
Vicky Li

Design Volume

Calculated Cells

Shrubs

Bioretention Facility Surface Area

Side Slopes in Bioretention Facility

Side slopes required (parallel to parking spaces or adjacent to walkways)

No side slopes required (perpendicular to parking space or Planter Boxes)

Riverside County Best Management Practice Design Handbook
JUNE 2010



Date

D85= 0.62 inches

DMA
Type/ID

DMA Area
(square feet)

Post Project Surface
Type

Effective
Imperivous
Fraction, If

DMA
Runoff
Factor

DMA Areas x
Runoff Factor

Design
Storm

Depth (in)

Design Capture
Volume, VBMP

(cubic feet)

Proposed
Volume on
Plans (cubic

feet)

6 A 60,340 Roofs 1 0.89 53823.3

6 B 13,630
Ornamental
Landscaping

0.1 0.11 1505.5

6 C 80,668 Concrete or Asphalt 1 0.89 71955.9
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

154638 127284.7 0.62 6576.4 6,716

Notes:

BMP Identification

Drainage Management Area Tabulation

Design Rainfall Depth

BMP NAME / ID BIO#06
Must match Name/ID used on BMP Design Calculation Sheet

Designed by Vicky Li Case No
Company Project Number/Name IBG Magnolia Center (2609E)

Santa Ana Watershed - BMP Design Volume, VBMP
(Rev. 10-2011)

   Legend:
Required Entries

Calculated Cells
(Note this worksheet shall only  be used in conjunction with BMP designs from the LID BMP Design Handbook )

Company Name Thienes Engineering, Inc. 1/8/2016

Total

85th Percentile, 24-hour Rainfall Depth, 
from the Isohyetal Map in Handbook Appendix E

Insert additional rows if needed to accommodate all DMAs draining to the BMP



BMP ID
BIO#06

Company Name: Date: 8-Jan
Designed by: County/City Case No.:

Enter the area tributary to this feature AT= 3.55 acres

Enter VBMP determined from Section 2.1 of this Handbook VBMP= 6,577 ft3

Depth of Soil Filter Media Layer dS = 3.0 ft

Top Width of Bioretention Facility, excluding curb wT = 36.0 ft
Ponding Depth, p p = 0.60 ft
Total Effective Depth, dE

dE = 1.78 ft
dE =  [(0.3) x dS + (0.4) x 1] + p dE = 1.90 ft

AM = 3,462 ft2

A= 3,535 ft2

Minimum Required Length of Bioretention Facility, L L = 96.2 ft

z = 0 :1

Diameter of Underdrain n/a inches

Longitudinal Slope of Site (3% maximum) 2 %

6" Check Dam Spacing 25 feet

Describe Vegetation: 
Notes:

Required Entries

Minimum Surface Area, Am

dE = (0.3) x dS + (0.4) x 1 - (0.7/wT) + 0.5

Type of Bioretention Facility Design

VBMP (ft3)
AM (ft2) = 

Proposed Surface Area
dE (ft)

Bioretention Facility Properties

Effective Depth = 1.9 ft / 1.9' x Proposed Surface Area = 6,716 cf > Vbmp

Legend:Bioretention Facility  - Design Procedure

Thienes Engineering, Inc.
Vicky Li

Design Volume

Calculated Cells

Shrubs

Bioretention Facility Surface Area

Side Slopes in Bioretention Facility

Side slopes required (parallel to parking spaces or adjacent to walkways)

No side slopes required (perpendicular to parking space or Planter Boxes)

Riverside County Best Management Practice Design Handbook
JUNE 2010



Date

D85= 0.62 inches

DMA
Type/ID

DMA Area
(square feet)

Post Project Surface
Type

Effective
Imperivous
Fraction, If

DMA
Runoff
Factor

DMA Areas x
Runoff Factor

Design
Storm

Depth (in)

Design Capture
Volume, VBMP

(cubic feet)

Proposed
Volume on
Plans (cubic

feet)

7 A 14,130 Roofs 1 0.89 12604

7 B 6,675
Ornamental
Landscaping

0.1 0.11 737.3

7 C 9,687 Concrete or Asphalt 1 0.89 8640.8
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

30492 21982.1 0.62 1135.7 3,454

Notes:

BMP Identification

Drainage Management Area Tabulation

Design Rainfall Depth

BMP NAME / ID BIO#07
Must match Name/ID used on BMP Design Calculation Sheet

Designed by Vicky Li Case No
Company Project Number/Name IBG Magnolia Center (2609E)

Santa Ana Watershed - BMP Design Volume, VBMP
(Rev. 10-2011)

   Legend:
Required Entries

Calculated Cells
(Note this worksheet shall only  be used in conjunction with BMP designs from the LID BMP Design Handbook )

Company Name Thienes Engineering, Inc. 1/8/2016

Total

85th Percentile, 24-hour Rainfall Depth, 
from the Isohyetal Map in Handbook Appendix E

Insert additional rows if needed to accommodate all DMAs draining to the BMP



BMP ID
BIO#07

Company Name: Date: 8-Jan
Designed by: County/City Case No.:

Enter the area tributary to this feature AT= 0.7 acres

Enter VBMP determined from Section 2.1 of this Handbook VBMP= 1,136 ft3

Depth of Soil Filter Media Layer dS = 2.0 ft

Top Width of Bioretention Facility, excluding curb wT = 12.0 ft

Total Effective Depth, dE
dE = 1.44 ft

dE =  [(0.3) x dS + (0.4) x 1] + 0.5 dE = 1.50 ft

AM = 758 ft2

A= 2,303 ft2

Minimum Required Length of Bioretention Facility, L L = 63.2 ft

z = 0 :1

Diameter of Underdrain 6 inches

Longitudinal Slope of Site (3% maximum) 2 %

6" Check Dam Spacing 25 feet

Describe Vegetation: 
Notes:

Required Entries

Minimum Surface Area, Am

dE = (0.3) x dS + (0.4) x 1 - (0.7/wT) + 0.5

Type of Bioretention Facility Design

VBMP (ft3)
AM (ft2) = 

Proposed Surface Area
dE (ft)

Bioretention Facility Properties

Effective Depth = 1.5 ft / 1.5' x Proposed Surface Area = 3,454 cf > Vbmp

Legend:Bioretention Facility  - Design Procedure

Thienes Engineering, Inc.
Vicky Li

Design Volume

Calculated Cells

Shrubs

Bioretention Facility Surface Area

Side Slopes in Bioretention Facility

Side slopes required (parallel to parking spaces or adjacent to walkways)

No side slopes required (perpendicular to parking space or Planter Boxes)

Riverside County Best Management Practice Design Handbook
JUNE 2010



Date

D85= 0.62 inches

DMA
Type/ID

DMA Area
(square feet)

Post Project Surface
Type

Effective
Imperivous
Fraction, If

DMA
Runoff
Factor

DMA Areas x
Runoff Factor

Design
Storm

Depth (in)

Design Capture
Volume, VBMP

(cubic feet)

Proposed
Volume on
Plans (cubic

feet)

8 A 48,525 Roofs 1 0.89 43284.3

8 B 13,545
Ornamental
Landscaping

0.1 0.11 1496.2

8 C 38,118 Concrete or Asphalt 1 0.89 34001.3
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

100188 78781.8 0.62 4070.4 7,239

Notes:

BMP Identification

Drainage Management Area Tabulation

Design Rainfall Depth

BMP NAME / ID BIO#08
Must match Name/ID used on BMP Design Calculation Sheet

Designed by Vicky Li Case No
Company Project Number/Name IBG Magnolia Center (2609E)

Santa Ana Watershed - BMP Design Volume, VBMP
(Rev. 10-2011)

   Legend:
Required Entries

Calculated Cells
(Note this worksheet shall only  be used in conjunction with BMP designs from the LID BMP Design Handbook )

Company Name Thienes Engineering, Inc. 1/8/2016

Total

85th Percentile, 24-hour Rainfall Depth, 
from the Isohyetal Map in Handbook Appendix E

Insert additional rows if needed to accommodate all DMAs draining to the BMP



BMP ID
BIO#08

Company Name: Date: 8-Jan
Designed by: County/City Case No.:

Enter the area tributary to this feature AT= 2.3 acres

Enter VBMP determined from Section 2.1 of this Handbook VBMP= 4,070 ft3

Depth of Soil Filter Media Layer dS = 3.0 ft

Top Width of Bioretention Facility, excluding curb wT = 12.0 ft

Total Effective Depth, dE
dE = 1.74 ft

dE =  [(0.3) x dS + (0.4) x 1] + 0.5 dE = 1.80 ft

AM = 2,262 ft2

A= 1,751 ft2

Minimum Required Length of Bioretention Facility, L L = 188.5 ft

z = 0 :1

Diameter of Underdrain 6 inches

Longitudinal Slope of Site (3% maximum) 2 %

6" Check Dam Spacing 25 feet

Describe Vegetation: 
Notes: Effective Depth = 1.5 ft / 1.5' x Proposed Surface Area = 3,151 cf
BIO#08 will utilize equalizer pipe to BIO#09 to achieve remaining 511 SF needed (2,262 - 1,751)

Legend:Bioretention Facility  - Design Procedure

Thienes Engineering, Inc.
Vicky Li

Design Volume

Calculated Cells

Shrubs

ERROR, the proposed surface area must be equal to or greater than the minimum surface area

Bioretention Facility Surface Area

Side Slopes in Bioretention Facility

Required Entries

Minimum Surface Area, Am

dE = (0.3) x dS + (0.4) x 1 - (0.7/wT) + 0.5

Type of Bioretention Facility Design

VBMP (ft3)
AM (ft2) = 

Proposed Surface Area
dE (ft)

Bioretention Facility Properties

Side slopes required (parallel to parking spaces or adjacent to walkways)

No side slopes required (perpendicular to parking space or Planter Boxes)

Riverside County Best Management Practice Design Handbook
JUNE 2010



Date

D85= 0.62 inches

DMA
Type/ID

DMA Area
(square feet)

Post Project Surface
Type

Effective
Imperivous
Fraction, If

DMA
Runoff
Factor

DMA Areas x
Runoff Factor

Design
Storm

Depth (in)

Design Capture
Volume, VBMP

(cubic feet)

Proposed
Volume on
Plans (cubic

feet)

9 A 13,105 Roofs 1 0.89 11689.7

9 B 10,750
Ornamental
Landscaping

0.1 0.11 1187.4

9 C 28,597 Concrete or Asphalt 1 0.89 25508.5
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

52452 38385.6 0.62 1983.3 7,239

Notes:

Total

85th Percentile, 24-hour Rainfall Depth, 
from the Isohyetal Map in Handbook Appendix E

Insert additional rows if needed to accommodate all DMAs draining to the BMP

Santa Ana Watershed - BMP Design Volume, VBMP
(Rev. 10-2011)

   Legend:
Required Entries

Calculated Cells
(Note this worksheet shall only  be used in conjunction with BMP designs from the LID BMP Design Handbook )

Company Name Thienes Engineering, Inc. 1/8/2016
Designed by Vicky Li Case No
Company Project Number/Name IBG Magnolia Center (2609E)

BMP Identification

Drainage Management Area Tabulation

Design Rainfall Depth

BMP NAME / ID BIO#09
Must match Name/ID used on BMP Design Calculation Sheet



BMP ID
BIO#09

Company Name: Date: 8-Jan
Designed by: County/City Case No.:

Enter the area tributary to this feature AT= 1.2 acres

Enter VBMP determined from Section 2.1 of this Handbook VBMP= 1,984 ft3

Depth of Soil Filter Media Layer dS = 3.0 ft

Top Width of Bioretention Facility, excluding curb wT = 40.5 ft

Total Effective Depth, dE
dE = 1.78 ft

dE =  [(0.3) x dS + (0.4) x 1] + 0.5 dE = 1.80 ft

AM = 1,103 ft2

A= 2,271 ft2

Minimum Required Length of Bioretention Facility, L L = 27.2 ft

z = 0 :1

Diameter of Underdrain 6 inches

Longitudinal Slope of Site (3% maximum) 2 %

6" Check Dam Spacing 25 feet

Describe Vegetation: 
Notes:

Required Entries

Minimum Surface Area, Am

dE = (0.3) x dS + (0.4) x 1 - (0.7/wT) + 0.5

Type of Bioretention Facility Design

VBMP (ft3)
AM (ft2) = 

Proposed Surface Area
dE (ft)

Bioretention Facility Properties

Effective Depth = 1.5 ft / 1.5' x Proposed Surface Area = 4,088 cf > Vbmp
An additional 511 SF is needed in BIO#09 to mitigate DMA 8.
1,103 + 511 = 1,614 SF < 2,271 SF proposed

Legend:Bioretention Facility  - Design Procedure

Thienes Engineering, Inc.
Vicky Li

Design Volume

Calculated Cells

Shrubs

Bioretention Facility Surface Area

Side Slopes in Bioretention Facility

Side slopes required (parallel to parking spaces or adjacent to walkways)

No side slopes required (perpendicular to parking space or Planter Boxes)

Riverside County Best Management Practice Design Handbook
JUNE 2010
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Appendix 7: Hydromodification
Supporting Detail Relating to Hydrologic Conditions of Concern
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Appendix 8: Source Control
Pollutant Sources/Source Control Checklist
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p
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n
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u
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C
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an
in
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Sh
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 d
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w
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gs
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s 

ap
p
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p
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at
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(1
) 

C
om

m
er

ci
al

/
in

d
u

st
ri

al
 f
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ili

ti
es

 
h

av
in

g 
ve

h
ic

le
/

eq
u

ip
m

en
t 

cl
ea

n
in

g 
n

ee
d

s 
sh

al
l e

it
h

er
 p
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vi

d
e 
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co
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re

d
, b

er
m

ed
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re
a 

fo
r 

w
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h
in

g 
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r 

d
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u

ra
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ve

h
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/

eq
u

ip
m

en
t 

w
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h
in
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b
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in
g 
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e 
b
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d 
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al
lin

g 
si

gn
s 

p
ro

h
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s.

  

(2
) 

M
u

lt
i-

d
w

el
lin

g 
co

m
p

le
xe

s 
sh

al
l 

h
av

e 
a 

pa
ve

d
, b

er
m

ed
, a

n
d

 c
ov

er
ed

 
ca

r 
w
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h

 a
re

a 
(u

n
le
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 c

ar
 w

as
h

in
g 
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 p

ro
h
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ed
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n
-s
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e 
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d 
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p
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d
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h
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n
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u

to
m
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ic
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h

u
t-
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f 
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 d
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u
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u
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 u
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(3
) 

W
as

h
in

g 
ar

ea
s 
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r 
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, v
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ic
le

s,
 

an
d

 e
q

u
ip

m
en
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l b

e 
p

av
ed
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d

es
ig

n
ed
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o 

p
re

ve
n

t 
ru

n
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n
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o 
or
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n
of

f 
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h
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n

d
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m

b
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 d
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n
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w
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 c
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al
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e 
d

es
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u
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 t
h
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 d
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h
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l d
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w
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n
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m
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h
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e 
in
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al

le
d
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 c
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 c
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Appendix 9: O&M
Operation and Maintenance Plan and Documentation of Finance, Maintenance and Recording Mechanisms
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I. Inspection and Maintenance Log

Date Observations/Actions Inspector

Additional inspection and maintenance logs to be included in Appendix 1 of this O&M Plan.
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II. Updates, Revisions, and Errata
Revision
Number Date Brief Description of Update/Revision/Errata, include section

and page number
Prepared and
Approved By

Additional updates, revisions, and errata to be include in Appendix 2 of this O&M Plan.



Operation and Maintenance Plan

January 8, 2016 Page| 4

III. Introduction
The proposed project site encompasses approximately 14.4 acres. The site is currently a graded dirt lot.
Improvements to the site include the construction of seven office type buildings. There will be
landscaping adjacent to Magnolia Avenue and Pierce Street. The remainder of the site will be paved for
vehicle parking. Infiltration and biofiltration facilities are utilized as BMPs to treat the design capture
volume (DCV).

Master Plan Storm Drain
Runoff from the project site was tabled to a Master Plan storm drain in Magnolia Avenue in a report
prepared by Thienes Engineering, Inc., date January 16, 2008. Also included in the storm drain study was
offsite runoff southwesterly of the project site as well as runoff from Magnolia Avenue. Storm drain
plans using peak flow rates from this study were approved, however the storm drain was not
constructed.

Proposed Conditions
The project site occupies the same area and land use (commercial) as the previous study. However, the
number of buildings and layout is considerably different. Runoff from the proposed improvements
generally drains from east to west through the site. Catch basins are located throughout the site. An
onsite storm drain system conveys runoff to the proposed storm drain in Magnolia Avenue at two
locations.

The westerly portion of the project site drains to a catch basin at the southwest corner of the project
site. A storm drain lateral conveys this runoff to the proposed storm drain system in Magnolia Avenue.

Flow from the landscaped areas adjacent to the streets will surface drain to the respective streets. This
is the same as under the previous study.
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IV. Responsibility for Maintenance

IV.A General
Funding will be provided by the owner:

Investment Building Group
5100 Campus Drive, Suite #300
Newport Beach, CA 92660
(949) 263 1111
Contact: Brian Bargemann

A copy of the “Covenant Agreement Establishing Notification Process And Responsibility For Water
Quality Management Plan Implementation And Maintenance” is attached in Appendix 3 of this O&M
Plan.

IV.B Staff Training Program
Staff training records and descriptions will be inserted in Appendix 4 of this O&M Plan.

IV.C Records
Maintenance records are to be inserted chronologically in Appendix 1 of this O&M Plan.

IV.D Safety
All maintenance procedures shall comply with the latest OSHA standards.
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V. Summary of Drainage Management Areas and
Stormwater BMPs

V.A Drainage Areas
See Appendix 5 of this O&M Plan for WQMP site map.

DMA Name or ID BMP Name or ID

1 A BIO#01 (Biofiltration with Underdrain)

1 B BIO#01 (Biofiltration with Underdrain)

1 C BIO#01 (Biofiltration with Underdrain)

2 A BIO#02 (Biofiltration with Underdrain)

2 B BIO#02 (Biofiltration with Underdrain)

2 C BIO#02 (Biofiltration with Underdrain)

3 A BIO#03 (Bioretention w/o underdrain)

3 B BIO#03 (Bioretention w/o underdrain)

3 C BIO#03 (Bioretention w/o underdrain)

4 A BIO#04 (Bioretention w/o underdrain)

4 B BIO#04 (Bioretention w/o underdrain)

4 C BIO#04 (Bioretention w/o underdrain)

5 A BIO#05 (Biofiltration with Underdrain)

5 B BIO#05 (Biofiltration with Underdrain)

5 C BIO#05 (Biofiltration with Underdrain)

6 A BIO#06 (Bioretention w/o underdrain)

6 B BIO#06 (Bioretention w/o underdrain)

6 C BIO#06 (Bioretention w/o underdrain)

7 A BIO#07 (Biofiltration with Underdrain)

7 B BIO#07 (Biofiltration with Underdrain)

7 C BIO#07 (Biofiltration with Underdrain)

8 A BIO#08 (equalized with BIO#09) (Biofiltration with Underdrain)

8 B BIO#08 (equalized with BIO#09) (Biofiltration with Underdrain)

8 C BIO#08 (equalized with BIO#09) (Biofiltration with Underdrain)

9 A BIO#09 (equalized with BIO#08) (Biofiltration with Underdrain)

9 B BIO#09 (equalized with BIO#08) (Biofiltration with Underdrain)

9 C BIO#09 (equalized with BIO#08) (Biofiltration with Underdrain)
Note: More than one drainage management area can drain to a single LID BMP, however, one
drainage management area may not drain to more than one BMP.



Operation and Maintenance Plan

January 8, 2016 Page| 7

Geo location of the BMPs using latitude and longitude coordinates

BMP No. or ID BMP Identifier and Description Corresponding
Plan Sheet(s) Latitude Longitude

BIO#01 Biofiltration with Underdrain TBD 33.894689 117.491150
BIO#02 Biofiltration with Underdrain TBD 33.894034 117.490458
BIO#03 Bioretention without Underdrain TBD 33.893366 117.491343
BIO#04 Bioretention without Underdrain TBD 33.893112 117.491209
BIO#05 Biofiltration with Underdrain TBD 33.894114 117.492171
BIO#06 Bioretention without Underdrain TBD 33.892715 117.492338
BIO#07 Biofiltration with Underdrain TBD 33.893388 117.493496
BIO#08 Biofiltration with Underdrain TBD 33.893023 117.494103
BIO#09 Biofiltration with Underdrain TBD 33.892626 117.494655

V.B Structural Post Construction BMPs
See Appendix 5 of this O&M Plan for WQMP site map.

There are a total of nine bioretention/biofiltration facilities throughout the property to achieve the DCV.
Additional BMP details are available in Appendix 10 of the WQMP.

V.C Self Retaining Areas or Other
Not applicable.
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VI. Stormwater BMP Design Documentation

VI.A “As Built” Drawings of each Stormwater BMP
See Appendix 6 of this O&M Plan for “as built” drawings.

VI.B Manufacturer’s Data, Manuals, and Maintenance Requirements
Not applicable, there are no manufactured stormwater BMPs.

VI.C Specific Operation and Maintenance Concerns and
Troubleshooting

Not applicable.
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VII. Maintenance Schedule or Matrix

VII.A Maintenance Schedule
Schedule

(Bioretention)
Inspection and Maintenance Activity

(Bioretention)
Ongoing Keep adjacent landscape areas maintained. Remove

clippings from landscape maintenance activities.
Remove trash and debris
Replace damaged grass and/or plants
Replace surface mulch layer as needed to maintain a 2 3
inch soil cover.

After storm events Inspect areas for ponding
Annually Inspect/clean inlets and outlets

VII.B Service Agreement Information
See Appendix 8 of this O&M Plan for service agreement information with any contractors regarding the
O&M of BMPs at the site, if any.



Appendix 1:  Inspection and Maintenance Logs 
Insert Additional Inspection or Maintenance Logs Here



Date Observations/Actions Inspector



Appendix 2:  Updates, Revisions, and Errata 
Insert Additional Updates, Revisions, and Errata Logs Here



Revision
Number Date Brief Description of Update/Revision/Errata, include section

and page number
Prepared and
Approved By



Appendix 3:  Maintenance Mechanism 
Copy of Covenant Agreement

Establishing Notification Process And Responsibility
For Water Quality Management Plan Implementation And Maintenance



WHEN RECORDED MAIL TO: 

City Clerk 
City of Riverside 
City Hall, 3900 Main Street 
Riverside, CA 92522 

Planning Case:  P__-____ 

      For Recorder’s Office Use Only 

COVENANT AND AGREEMENT 
ESTABLISHING NOTIFICATION PROCESS AND RESPONSIBILITY FOR 

WATER QUALITY MANAGEMENT PLAN IMPLEMENTATION AND MAINTENANCE 

  THIS COVENANT AND AGREEMENT FOR WATER QUALITY 
MANAGEMENT PLAN IMPLEMENTATION AND MAINTENANCE is made and entered 
into this ______ day of __________________, 20__, by _____{Insert Name of Owner}______
_____________________________(“Declarant”), with reference to the following facts: 

  A. Declarant is the fee owner of the real property (the "Property") situated in 
the City of Riverside, County of Riverside, State of California, and legally described in Exhibit 
“A”, which is attached hereto and incorporated within by reference.  

B. Declarant has applied to the City of Riverside (“City”) for ____________ 
_________{Insert Project Description for Above Referenced Planning Case}________________
________________________________________________________________________.

  C. As a condition of approval and prior to the map recordation and/or 
issuance of any permits, the City is requiring Declarant to execute and record an agreement 
stating that the future property owners shall be informed of the requirements to implement and 
maintain the Best Management Practices (“BMPs”) as described in the approved project specific 
Water Quality Management Plan.  

  D.   Declarant intends by this document to comply with the conditions imposed 
by the City and to impose upon the Property mutually beneficial restrictions, conditions, 
covenants and agreements for the benefit of Property. 

    NOW, THEREFORE, for the purposes of complying with the conditions imposed 
by the City of Riverside for the approval of Planning Case P__-____, Declarant hereby declares 
that the Property is and hereafter shall be held, conveyed, transferred, mortgaged, encumbered, 
leased, rented, used, occupied, sold and improved subject to the following declarations, 
limitations, covenants, conditions, restrictions and easements, all of which are imposed as 

13 0530
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Seven new industrial buildings (Planning Case No. P13-0530)
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equitable servitudes pursuant to a general plan for the development of the Property for the 
purpose of enhancing and protecting the value and attractiveness of the Property, and each Parcel 
thereof, in accordance with the plan for the improvement of the Property, and to comply with 
certain conditions imposed by the City for the approval of P__-____, and shall be binding and 
inure to the benefit of each successor and assignee in interest of each such party.  Any 
conveyance, transfer, sale, assignment, lease or sublease made by Declarant of a Parcel of the 
Property shall be and hereby is deemed to incorporate by reference all the provisions of the 
Covenant and Agreement including, but not limited to, all the covenants, conditions, restrictions, 
limitations, grants of easement, rights, rights-of-way, and equitable servitude contained herein. 

  1. This Covenant and Agreement hereby establishes a notification process 
for future individual property owners to ensure they are subject to and adhere to the Water 
Quality Management Plan implementation measures and that it shall be the responsibility of the 
Declarant, its heirs, successors and assigns to implement and maintain all Best Management 
Practices (BMPs) in good working order. 

  2. Declarant shall use its best efforts to diligently implement and maintain all 
BMPs in a manner assuring peak performance at all times.  All reasonable precautions shall be 
exercised by Declarant, its heirs, successors and assigns, in the removal and extraction of any 
material(s) from the BMPs and the ultimate disposal of the material(s) in a manner consistent 
with all relevant laws and regulations in effect at the time.  As may be requested from time to 
time by the City, Declarant, its heirs, successors and assigns shall provide the City with 
documentation identifying the material(s) removed, the quantity, and disposal destination. 

  3. In the event Declarant, or its heirs, successors or assigns, fails to undertake 
the maintenance  contemplated by this Covenant and Agreement within twenty-one (21) days of 
being given written notice by the City, or fails to complete any maintenance contemplated by this 
Covenant and Agreement with reasonable diligence, the City is hereby authorized to cause any 
maintenance necessary to be completed and charge the entire cost and expense to the Declarant 
or Declarant’s successors or assigns, including administrative costs, reasonable attorneys fees 
and interest thereon at the maximum rate authorized by the Civil Code from the date of the 
notice of expense until paid in full. As an additional remedy, the Public Works Director may 
withdraw any previous urban runoff-related approval with respect to the Property on which 
BMPs have been installed and/or implemented until such time as Declarant, its heirs, successors 
or assigns, repays to City its reasonable costs incurred in accordance with this paragraph. 

  4. Any person who now or hereafter owns or acquires any right, title or 
interest in or to any parcel of the Property shall be deemed to have consented and agreed to every 
covenant, condition, restriction and easement contained herein. 

  5. In addition, each of the provisions hereof shall operate as covenants 
running with the land for the benefit of the Property and each Parcel thereof and shall inure to the 
benefit of all owners of the Parcels thereof, their successors and assigns in interest, and shall 
apply to and bind each successive owner of each Parcel, their successors and assigns in interest. 
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  6. The terms of this Covenant and Agreement may be enforced by the City, 
its successors or assigns, and by any owner, lessee or tenant of the Parcels of the Property.  
Should the City or any owner, lessee or tenant bring an action to enforce any of the terms of this 
Covenant and Agreement, the prevailing party shall be entitled to costs of suit including 
reasonable attorneys’ fees. 

  7. Subject to the prior written approval of the City by its Public Works 
Director, any provision contained herein may be terminated, modified or amended as to all of the 
Property or any portion thereof.  No such termination, modification or amendment shall be 
effective until there shall have been executed, acknowledged and recorded in the Office of the 
Recorder of Riverside County, California, an appropriate instrument evidencing the same 
including the consent thereto by the City. 

  IN WITNESS WHEREOF, Declarant has caused this Covenant and Agreement to 
be executed as of the day and year first written above.

___________{Insert_Name_of_Owner}__________

________________________________
Name: 
Title:

___________________________________________
Name: 
Title:

APPROVED AS TO FORM:    APPROVED AS TO CONTENT 

________________________________  _______________________________ 
Name:       Name: 
Deputy City Attorney     Public Works Department: 

Brian Bargemann



STATE OF )
)

COUNTY OF    ) 

On _____________________________, before me, ____________________________, Notary 
Public, personally appeared _______________________________________________, who 
proved to me on the basis of satisfactory evidence, to be the person(s) whose name(s) is/are 
subscribed to the within instrument and acknowledged to me that he/she/they executed the same 
in his/her/their authorized capacity(ies), and that by his/her/their signature(s) on the instrument 
the person(s), or the entity upon behalf of which the person(s) acted, executed the instrument. 

I certify under PENALTY OF PERJURY under the laws of the State of ______________ that 
the foregoing paragraph is true and correct. 

WITNESS my hand and official seal. 

 (SEAL) 
Notary Public Signature 

STATE OF )
)

COUNTY OF    ) 

On _____________________________, before me, ____________________________, Notary 
Public, personally appeared _______________________________________________, who 
proved to me on the basis of satisfactory evidence, to be the person(s) whose name(s) is/are 
subscribed to the within instrument and acknowledged to me that he/she/they executed the same 
in his/her/their authorized capacity(ies), and that by his/her/their signature(s) on the instrument 
the person(s), or the entity upon behalf of which the person(s) acted, executed the instrument. 

I certify under PENALTY OF PERJURY under the laws of the State of ______________ that 
the foregoing paragraph is true and correct. 

WITNESS my hand and official seal. 

 (SEAL) 
Notary Public Signature 
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Appendix 4:  Training Records 
Insert Training Records with Brief Discussion Here



Appendix 5:  Site Plan and Details 
WQMP Site Map and BMP Details



Appendix 6:  “As-Built” Drawings 
Insert “As Builts” Here When Available



Appendix 7:  Manufacturer Information 
Brochures, Manuals, and Maintenance Requirements



Appendix 8:  Service Agreement Information 
Insert Contractor Information (if any)
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Appendix 10: Educational Materials
BMP Fact Sheets, Maintenance Guidelines and Other End User BMP Information
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General Description 
The bioretention best management practice 
(BMP) functions as a soil and plant-based 
filtration device that removes pollutants 
through a variety of physical, biological, and 
chemical treatment processes.  These facilities 
normally consist of a grass buffer strip, sand 
bed, ponding area, organic layer or mulch layer, 
planting soil, and plants.  The runoff’s velocity 
is reduced by passing over or through a sand 
bed and is subsequently distributed evenly 
along a ponding area.  Exfiltration of the stored 
water in the bioretention area planting soil into 
the underlying soils occurs over a period of 
days.

Inspection/Maintenance
Considerations
Bioretention requires monthly landscaping 
maintenance, including measures to ensure 
that the area is functioning properly and 
irrigation during dry periods.  In many cases, 
bioretention areas initially require intense 
maintenance, but less maintenance is needed 
over time.  Maintenance tasks may be 
conducted by a landscaping contractor, who 
may already be hired at the site.   

Sediment may enter the bioretention cell and 
form a crust on the soil surface, limiting the 
porosity of the soil. Raking of the mulch and 
soil surface may be needed to maintain high 
infiltration rates. In cold climates the soil may 
freeze, preventing runoff from infiltrating into 
the planting soil.

Bioretention systems can become a nuisance 
due to mosquito and midge breeding.  
Maintaining soil porosity and basic 
housekeeping practices such as removal of 
debris accumulations and vegetation 
management are necessary to ensure that the 
system dewaters completely (recommended 72 
hour residence time or less) to prevent creating 
mosquito and other vector habitats.

Advanced BMPs Covered 

Maintenance Concerns 

Clogged Soil or Outlet Structures 

Sediment Accumulation 

Invasive Species Management 

Vegetation/Landscape
Maintenance 

Erosion

Channelization of Flow 

Vector Control 

Aesthetics

Targeted Constituents
Sediment 

Nutrients 

Trash 

Metals

Bacteria

Oil and Grease 

Organics

Legend (Removal Effectiveness) 

  Low   High         Medium 
  Requires Pretreatment 

Note:  The removal effectiveness ratings shown in 
the table are for properly designed, sited, and 
maintained BMPs; some configurations will have 
variations in pollutant effectiveness.
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Additional Information 
Landscaping is critical to the function and aesthetic value of bioretention areas.  It is 
preferable to plant the area with native vegetation, or plants that provide habitat value, 
where possible.  Another important design feature is to select species that can withstand 
the hydrologic regime they will experience.  At the bottom of the bioretention facility, 
plants that tolerate both wet and dry conditions are preferable.  At the edges, which will 
remain primarily dry, upland species will be the most resilient.  It is best to select a 
combination of trees, shrubs, and herbaceous materials. 

Inspection Activities Suggested
Frequency 

Inspect soil and repair eroded areas. Monthly 

Inspect for erosion or damage to vegetation, preferably at the end of the wet 
season to schedule summer maintenance and before major fall runoff to be sure 
the strips are ready for winter.  However, additional inspection after periods of 
heavy runoff is desirable. 

Semi-annual
inspection Inspect to ensure vegetation is well established.  If not, either prepare soil and 

reseed or replace with alternative species.  Install erosion control blanket. 

Check for debris and litter, and areas of sediment accumulation. 

Inspect health of trees and shrubs. 

Maintenance Activities Suggested
Frequency 

Water plants daily for 2 weeks. At project 
completion

Remove litter and debris. Monthly 

Remove sediment. 

Remulch void areas. 

Irrigate during dry periods. 

Treat diseased trees and shrubs. 

Mow turf areas. 

Repair erosion at inflow points. 

Repair outflow structures. 

Unclog underdrain. 

Regulate soil pH. 

Make structural changes or repairs as needed to eliminate pools of water that 
stand longer than 96 hrs to prevent mosquito production, particularly during the 
warmer months of the year.  Identify and eliminate sources of non-stormwater 
runoff that feed standing water pools.   Coordinate with the local mosquito and 
vector control agency to control mosquitoes, if necessary. 

As needed 

Remove and replace dead and diseased vegetation. Semi-annual 

Add mulch. 

Replace tree stakes and wires. 

Annual 

Mulch should be replaced every 2 to 3 years or when bare spots appear or 
infiltration rates are reduced.  Remulch prior to the wet season. 

Every 2-3 years, or 
as needed 
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For areas with low permeability native soils or steep slopes, bioretention areas can be 
designed with an underdrain system that routes the treated runoff to the storm drain 
system rather than depending entirely on infiltration. 

Special considerations are required for bioretention to be effective in cold climates – see 
the Stormwater Managers Resource Center for more information. 

References 
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Available online at: 
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ndbook.pdf,

San Francisco Public Utilities Commission, et al.  San Francisco Stormwater Design 
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http://www.sfwater.org/modules/showdocument.aspx?documentid=2778. 
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Watershed Management Institute, Inc. Operation, Maintenance, and Management of 
Stormwater Management Systems 1997. Available online at: 
http://www.stormwater.ucf.edu/research/stormwaterOMM/stormwateromm.pdf. 
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3.5 Bioretention Facility

Description
Bioretention Facilities are shallow, vegetated basins underlain by an engineered soil media.
Healthy plant and biological activity in the root zone maintain and renew the macro pore space
in the soil and maximize plant uptake of pollutants and runoff. This keeps the Best
Management Practice (BMP) from becoming clogged and allows more of the soil column to
function as both a sponge (retaining water) and a highly effective and self maintaining biofilter.
In most cases, the bottom of a Bioretention Facility is unlined, which also provides an
opportunity for infiltration to the extent the underlying onsite soil can accommodate. When the
infiltration rate of the underlying soil is exceeded, fully biotreated flows are discharged via
underdrains. Bioretention Facilities therefore will inherently achieve the maximum feasible
level of infiltration and evapotranspiration and achieve the minimum feasible (but highly
biotreated) discharge to the storm drain system.

Siting Considerations
These facilities work best when they are designed in a relatively level area. Unlike other BMPs,
Bioretention Facilities can be used in smaller landscaped spaces on the site, such as:

Parking islands
Medians
Site entrances

Landscaped areas on the site (such as may otherwise be required through minimum
landscaping ordinances), can often be designed as Bioretention Facilities. This can be
accomplished by:

Depressing landscaped areas below adjacent impervious surfaces, rather than elevating
those areas
Grading the site to direct runoff from those impervious surfaces into the Bioretention
Facility, rather than away from the landscaping
Sizing and designing the depressed landscaped area as a Bioretention Facility as
described in this Fact Sheet

Type of BMP LID – Bioretention

Treatment Mechanisms Infiltration, Evapotranspiration, Evaporation, Biofiltration

Maximum Drainage Area This BMP is intended to be integrated into a project’s landscaped area in a
distributed manner. Typically, contributing drainage areas to Bioretention
Facilities range from less than 1 acre to a maximum of around 10 acres.

Other Names Rain Garden, Bioretention Cell, Bioretention Basin, Biofiltration Basin,
Landscaped Filter Basin, Porous Landscape Detention
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Bioretention Facilities should however not be used downstream of areas where large amounts
of sediment can clog the system. Placing a Bioretention Facility at the toe of a steep slope
should also be avoided due to the potential for clogging the engineered soil media with erosion
from the slope, as well as the potential for damaging the vegetation.

Design and Sizing Criteria
The recommended cross section necessary for a Bioretention Facility includes:

Vegetated area
18' minimum depth of engineered soil media
12' minimum gravel layer depth with 6' perforated pipes (added flow control features
such as orifice plates may be required to mitigate for HCOC conditions)

While the 18 inch minimum engineered soil media depth can be used in some cases, it is
recommended to use 24 inches or a preferred 36 inches to provide an adequate root zone for
the chosen plant palate. Such a design also provides for improved removal effectiveness for
nutrients. The recommended ponding depth inside of a Bioretention Facility is 6 inches;
measured from the flat bottom surface to the top of the water surface as shown in Figure 1.

Because this BMP is filled with an engineered soil media, pore space in the soil and gravel layer
is assumed to provide storage volume. However, several considerations must be noted:

Surcharge storage above the soil surface (6 inches) is important to assure that design
flows do not bypass the BMP when runoff exceeds the soil’s absorption rate.
In cases where the Bioretention Facility contains engineered soil media deeper than 36
inches, the pore space within the engineered soil media can only be counted to the 36
inch depth.
A maximum of 30 percent pore space can be used for the soil media whereas a
maximum of 40 percent pore space can be use for the gravel layer.

Figure 1: Standard Layout for a Bioretention Facility 
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Engineered Soil Media Requirements
The engineered soil media shall be comprised of 85 percent mineral component and 15 percent
organic component, by volume, drum mixed prior to placement. The mineral component shall
be a Class A sandy loam topsoil that meets the range specified in Table 1 below. The organic
component shall be nitrogen stabilized compost1, such that nitrogen does not leach from the
media.

Table 1: Mineral Component Range Requirements
Percent Range Component

70 80 Sand
15 20 Silt
5 10 Clay

The trip ticket, or certificate of compliance, shall be made available to the inspector to prove
the engineered mix meets this specification.

Vegetation Requirements
Vegetative cover is important to minimize erosion and ensure that treatment occurs in the
Bioretention Facility. The area should be designed for at least 70 percent mature coverage
throughout the Bioretention Facility. To prevent the BMP from being used as walkways,
Bioretention Facilities shall be planted with a combination of small trees, densely planted
shrubs, and natural grasses. Grasses shall be native or ornamental; preferably ones that do not
need to be mowed. The application of fertilizers and pesticides should be minimal. To maintain
oxygen levels for the vegetation and promote biodegradation, it is important that vegetation
not be completely submerged for any extended period of time. Therefore, a maximum of 6
inches of ponded water shall be used in the design to ensure that plants within the Bioretention
Facility remain healthy.

A 2 to 3 inch layer of standard shredded aged hardwood mulch shall be placed as the top layer
inside the Bioretention Facility. The 6 inch ponding depth shown in Figure 1 above shall be
measured from the top surface of the 2 to 3 inch mulch layer.

Curb Cuts
To allow water to flow into the Bioretention Facility, 1 foot wide (minimum) curb cuts should
be placed approximately every 10 feet around the perimeter of the Bioretention Facility. Figure
2 shows a curb cut in a Bioretention Facility. Curb cut flow lines must be at or above the VBMP

water surface level.

1 For more information on compost, visit the US Composting Council website at: http://compostingcouncil.org/
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Figure 2: Curb Cut located in a Bioretention Facility

To reduce erosion, a gravel pad shall be placed
at each inlet point to the Bioretention Facility.
The gravel should be 1 to 1.5 inch diameter in
size. The gravel should overlap the curb cut
opening a minimum of 6 inches. The gravel pad
inside the Bioretention Facility should be flush
with the finished surface at the curb cut and
extend to the bottom of the slope.

In addition, place an apron of stone or concrete,
a foot square or larger, inside each inlet to
prevent vegetation from growing up and
blocking the inlet. See Figure 3.

Terracing the Landscaped Filter Basin
It is recommended that Bioretention Facilities be level. In the event the facility site slopes and
lacks proper design, water would fill the lowest point of the BMP and then discharge from the
basin without being treated. To ensure that the water will be held within the Bioretention
Facility on sloped sites, the BMP must be terraced with nonporous check dams to provide the
required storage and treatment capacity.
The terraced version of this BMP shall be used on non flat sites with no more than a 3 percent
slope. The surcharge depth cannot exceed 0.5 feet, and side slopes shall not exceed 4:1. Table 2
below shows the spacing of the check dams, and slopes shall be rounded up (i.e., 2.5 percent
slope shall use 10' spacing for check dams).

Table 2: Check Dam Spacing
6” Check Dam Spacing

Slope Spacing
1% 25'
2% 15'
3% 10'

Figure 3: Apron located in a Bioretention Facility
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Roof Runoff
Roof downspouts may be directed towards Bioretention Facilities. However, the downspouts
must discharge onto a concrete splash block to protect the Bioretention Facility from erosion.
Retaining Walls
It is recommended that Retaining Wall Type 1A, per Caltrans Standard B3 3 or equivalent, be
constructed around the entire perimeter of the Bioretention Facility. This practice will protect
the sides of the Bioretention Facility from collapsing during construction and maintenance or
from high service loads adjacent to the BMP. Where such service loads would not exist adjacent
to the BMP, an engineered alternative may be used if signed by a licensed civil engineer.

Side Slope Requirements

Bioretention Facilities Requiring Side Slopes
The design should assure that the Bioretention Facility does not present a tripping hazard.
Bioretention Facilities proposed near pedestrian areas, such as areas parallel to parking spaces
or along a walkway, must have a gentle slope to the bottom of the facility. Side slopes inside of
a Bioretention Facility shall be 4:1. A typical cross section for the Bioretention Facility is shown
in Figure 1.

Bioretention Facilities Not Requiring Side Slopes
Where cars park perpendicular to the Bioretention Facility, side slopes are not required. A 6
inch maximum drop may be used, and the Bioretention Facility must be planted with trees and
shrubs to prevent pedestrian access. In this case, a curb is not placed around the Bioretention
Facility,
but wheel stops shall be used to prevent vehicles from entering the Bioretention Facility, as
shown in Figure 4.

Figure 4: Bioretention Facility Layout without Side Slopes 
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Planter Boxes
Bioretention Facilities can also be placed above ground as planter boxes. Planter boxes must
have a minimum width of 2 feet, a maximum surcharge depth of 6 inches, and no side slopes
are necessary. Planter boxes must be constructed so as to ensure that the top surface of the
engineered soil media will remain level. This option may be constructed of concrete, brick,
stone or other stable materials that will not warp or bend. Chemically treated wood or
galvanized steel, which has the ability to contaminate stormwater, should not be used. Planter
boxes must be lined with an impermeable liner on all sides, including the bottom. Due to the
impermeable liner, the inside bottom of the planter box shall be designed and constructed with
a cross fall, directing treated flows within the subdrain layer toward the point where subdrain
exits the planter box, and subdrains shall be oriented with drain holes oriented down. These
provisions will help avoid excessive stagnant water within the gravel underdrain layer. Similar
to the in ground Bioretention Facility versions, this BMP benefits from healthy plants and
biological activity in the root zone. Planter boxes should be planted with appropriately selected
vegetation.

Figure 5: Planter Box
Source: LA Team Effort

Overflow
An overflow route is needed in the Bioretention Facility design to bypass stored runoff from
storm events larger than VBMP or in the event of facility or subdrain clogging. Overflow systems
must connect to an acceptable discharge point, such as a downstream conveyance system as
shown in Figure 1 and Figure 4. The inlet to the overflow structure shall be elevated inside the
Bioretention Facility to be flush with the ponding surface for the design capture volume (VBMP)
as shown in Figure 4. This will allow the design capture volume to be fully treated by the
Bioretention Facility, and for larger events to safely be conveyed to downstream systems. The
overflow inlet shall not be located in the entrance of a Bioretention Facility, as shown in Figure
6.



BIORETENTION FACILITY BMP FACT SHEET

Riverside County - Low Impact Development BMP Design Handbook  rev. 2/2012 
Page 7

Underdrain Gravel and Pipes
An underdrain gravel layer and pipes shall be provided in accordance with Appendix B –
Underdrains.

Figure 6: Incorrect Placement of an Overflow Inlet.

Inspection and Maintenance Schedule
The Bioretention Facility area shall be inspected for erosion, dead vegetation, soggy soils, or
standing water. The use of fertilizers and pesticides on the plants inside the Bioretention
Facility should be minimized.

Schedule Activity

Ongoing

Keep adjacent landscape areas maintained. Remove clippings from
landscape maintenance activities.
Remove trash and debris
Replace damaged grass and/or plants
Replace surface mulch layer as needed to maintain a 2 3 inch soil
cover.

After storm events Inspect areas for ponding
Annually Inspect/clean inlets and outlets
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Bioretention Facility Design Procedure

1) Enter the area tributary, AT, to the Bioretention Facility.

2) Enter the Design Volume, VBMP, determined from Section 2.1 of this Handbook.

3) Select the type of design used. There are two types of Bioretention Facility designs: the
standard design used for most project sites that include side slopes, and the modified
design used when the BMP is located perpendicular to the parking spaces or with
planter boxes that do not use side slopes.

4) Enter the depth of the engineered soil media, dS. The minimum depth for the
engineered soil media can be 18' in limited cases, but it is recommended to use 24' or a
preferred 36' to provide an adequate root zone for the chosen plant palette. Engineered
soil media deeper than 36' will only get credit for the pore space in the first 36'.

5) Enter the top width of the Bioretention Facility.

6) Calculate the total effective depth, dE, within the Bioretention Facility. The maximum
allowable pore space of the soil media is 30% while the maximum allowable pore space
for the gravel layer is 40%. Gravel layer deeper than 12' will only get credit for the pore
space in the first 12'.

a. For the design with side slopes the following equation shall be used to determine
the total effective depth. Where, dP is the depth of ponding within the basin.

This above equation can be simplified if the maximum ponding depth of 0.5’ is
used. The equation below is used on the worksheet to find the minimum area
required for the Bioretention Facility:



Riverside County - Low Impact Development BMP Design Handbook  rev. 2/2012 
Page 9

b. For the design without side slopes the following equation shall be used to
determine the total effective depth:

The equation below, using the maximum ponding depth of 0.5', is used on the
worksheet to find the minimum area required for the Bioretention Facility:

7) Calculate the minimum surface area, AM, required for the Bioretention Facility. This does
not include the curb surrounding the Bioretention Facility or side slopes.

8) Enter the proposed surface area. This area shall not be less than the minimum required
surface area.

9) Verify that side slopes are no steeper than 4:1 in the standard design, and are not
required in the modified design.

10) Provide the diameter, minimum 6 inches, of the perforated underdrain used in the
Bioretention Facility. See Appendix B for specific information regarding perforated
pipes.

11) Provide the slope of the site around the Bioretention Facility, if used. The maximum
slope is 3 percent for a standard design.

12) Provide the check dam spacing, if the site around the Bioretention Facility is sloped.

13) Describe the vegetation used within the Bioretention Facility.
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Non-Stormwater Discharges SC-10 

Description
Art Credit:  Margie Winter

Objectives 

Cover

Contain

Educate

Reduce/Minimize

Product Substitution 

Targeted Constituents 

Sediment
Nutrients
Trash
Metals
Bacteria
Oil and Grease 
Organics

Non-stormwater discharges are those flows that do not consist 
entirely of stormwater.  Some non-stormwater discharges do not 
include pollutants and may be discharged to the storm drain.  
These include uncontaminated groundwater and natural springs.  
There are also some non-stormwater discharges that typically do 
not contain pollutants and may be discharged to the storm drain 
with conditions.  These include car washing, air conditioner 
condensate, etc.  However there are certain non-stormwater 
discharges that pose environmental concern.  These discharges 
may originate from illegal dumping or from internal floor drains, 
appliances, industrial processes, sinks, and toilets that are 
connected to the nearby storm drainage system. These 
discharges (which may include: process waste waters, cooling 
waters, wash waters, and sanitary wastewater) can carry 
substances such as paint, oil, fuel and other automotive fluids, 
chemicals and other pollutants into storm drains.  They can 
generally be detected through a combination of detection and 
elimination.  The ultimate goal is to effectively eliminate non-
stormwater discharges to the stormwater drainage system 
through implementation of measures to detect, correct, and 
enforce against illicit connections and illegal discharges of 
pollutants on streets and into the storm drain system and creeks. 

Approach
Initially the industry must make an assessment of non-
stormwater discharges to determine which types must be 
eliminated or addressed through BMPs.  The focus of the 
following approach is in the elimination of non-stormwater 
discharges.
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SC-10 Non-Stormwater Discharges 

Pollution Prevention 
Ensure that used oil, used antifreeze, and hazardous chemical recycling programs are being 
implemented.  Encourage litter control. 

Suggested Protocols 
Recommended Complaint Investigation Equipment 

Field Screening Analysis 

- pH paper or meter 

- Commercial stormwater pollutant screening kit that can detect for reactive phosphorus, 
nitrate nitrogen, ammonium nitrogen, specific conductance, and turbidity 

- Sample jars 

- Sample collection pole 

- A tool to remove access hole covers 

Laboratory Analysis 

- Sample cooler 

- Ice

- Sample jars and labels 

- Chain of custody forms 

Documentation

- Camera

- Notebook

- Pens

- Notice of Violation forms 

- Educational materials 

General
Develop clear protocols and lines of communication for effectively prohibiting non-
stormwater discharges, especially those that are not classified as hazardous.  These are often 
not responded to as effectively as they need to be. 

Stencil or demarcate storm drains, where applicable, to prevent illegal disposal of pollutants. 
Storm drain inlets should have messages such as “Dump No Waste Drains to Stream” 
stenciled or demarcated next to them to warn against ignorant or intentional dumping of 
pollutants into the storm drainage system. 
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Non-Stormwater Discharges SC-10 

See SC44 Stormwater Drainage System Maintenance for additional information. 

Illicit Connections 
Locate discharges from the industrial storm drainage system to the municipal storm drain 
system through review of “as-built” piping schematics. 

Isolate problem areas and plug illicit discharge points. 

Locate and evaluate all discharges to the industrial storm drain system. 

Visual Inspection and Inventory 
Inventory and inspect each discharge point during dry weather. 

Keep in mind that drainage from a storm event can continue for a day or two following the 
end of a storm and groundwater may infiltrate the underground stormwater collection 
system.  Also, non-stormwater discharges are often intermittent and may require periodic 
inspections.

Review Infield Piping  
A review of the “as-built” piping schematic is a way to determine if there are any connections 
to the stormwater collection system. 

Inspect the path of floor drains in older buildings. 

Smoke Testing 
Smoke testing of wastewater and stormwater collection systems is used to detect 
connections between the two systems. 

During dry weather the stormwater collection system is filled with smoke and then traced to 
sources. The appearance of smoke at the base of a toilet indicates that there may be a 
connection between the sanitary and the stormwater system. 

Dye Testing 
A dye test can be performed by simply releasing a dye into either your sanitary or process 
wastewater system and examining the discharge points from the stormwater collection 
system for discoloration. 

TV Inspection of Drainage System 
TV Cameras can be employed to visually identify illicit connections to the industrial storm 
drainage system. 

Illegal Dumping 
Regularly inspect and clean up hot spots and other storm drainage areas where illegal 
dumping and disposal occurs. 

On paved surfaces, clean up spills with as little water as possible.  Use a rag for small spills, a 
damp mop for general cleanup, and absorbent material for larger spills.  If the spilled 
material is hazardous, then the used cleanup materials are also hazardous and must be sent 
to a certified laundry (rags) or disposed of as hazardous waste. 
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Never hose down or bury dry material spills.  Sweep up the material and dispose of properly. 

Use adsorbent materials on small spills rather than hosing down the spill.  Remove the 
adsorbent materials promptly and dispose of properly. 

For larger spills, a private spill cleanup company or Hazmat team may be necessary. 

Once a site has been cleaned: 

Post “No Dumping” signs with a phone number for reporting dumping and disposal.   

Landscaping and beautification efforts of hot spots may also discourage future dumping, as 
well as provide open space and increase property values. 

Lighting or barriers may also be needed to discourage future dumping. 

See fact sheet SC11 Spill Prevention, Control, and Cleanup. 

Inspection
Regularly inspect and clean up hot spots and other storm drainage areas where illegal 
dumping and disposal occurs. 

Conduct field investigations of the industrial storm drain system for potential sources of 
non-stormwater discharges.   

Pro-actively conduct investigations of high priority areas. Based on historical data, prioritize 
specific geographic areas and/or incident type for pro-active investigations.  

Reporting 
A database is useful for defining and tracking the magnitude and location of the problem. 

Report prohibited non-stormwater discharges observed during the course of normal daily 
activities so they can be investigated, contained, and cleaned up or eliminated. 

Document that non-stormwater discharges have been eliminated by recording tests 
performed, methods used, dates of testing, and any on-site drainage points observed. 

Document and report annually the results of the program. 

Maintain documentation of illicit connection and illegal dumping incidents, including 
significant conditionally exempt discharges that are not properly managed. 

Training
Training of technical staff in identifying and documenting illegal dumping incidents is 
required.

Consider posting the quick reference table near storm drains to reinforce training. 

Train employees to identify non-stormwater discharges and report discharges to the 
appropriate departments. 
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Educate employees about spill prevention and cleanup. 

Well-trained employees can reduce human errors that lead to accidental releases or spills.  
The employee should have the tools and knowledge to immediately begin cleaning up a spill 
should one occur.  Employees should be familiar with the Spill Prevention Control and 
Countermeasure Plan. 

Determine and implement appropriate outreach efforts to reduce non-permissible non-
stormwater discharges.  

Conduct spill response drills annually (if no events occurred to evaluate your plan) in 
cooperation with other industries. 

When a responsible party is identified, educate the party on the impacts of his or her actions. 

Spill Response and Prevention 
See SC11 Spill Prevention Control and Cleanup. 

Other Considerations 
Many facilities do not have accurate, up-to-date schematic drawings. 

Requirements 
Costs (including capital and operation & maintenance) 

The primary cost is for staff time and depends on how aggressively a program is 
implemented. 

Cost for containment and disposal is borne by the discharger. 

Illicit connections can be difficult to locate especially if there is groundwater infiltration. 

Indoor floor drains may require re-plumbing if cross-connections to storm drains are 
detected. 

Maintenance (including administrative and staffing) 
Illegal dumping and illicit connection violations requires technical staff to detect and 
investigate them. 

Supplemental Information 
Further Detail of the BMP 
Illegal Dumping 

Substances illegally dumped on streets and into the storm drain systems and creeks include 
paints, used oil and other automotive fluids, construction debris, chemicals, fresh concrete, 
leaves, grass clippings, and pet wastes. All of these wastes cause stormwater and receiving 
water quality problems as well as clog the storm drain system itself. 

Establish a system for tracking incidents.  The system should be designed to identify the 
following:

- Illegal dumping hot spots 
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- Types and quantities (in some cases) of wastes 

- Patterns in time of occurrence (time of day/night, month, or year) 

- Mode of dumping (abandoned containers, “midnight dumping” from moving vehicles, 
direct dumping of materials, accidents/spills) 

- Responsible parties

One of the keys to success of reducing or eliminating illegal dumping is increasing the number of 
people at the facility who are aware of the problem and who have the tools to at least identify the 
incident, if not correct it.  Therefore, train field staff to recognize and report the incidents. 

What constitutes a “non-stormwater” discharge? 

Non-stormwater discharges to the stormwater collection system may include any water used 
directly in the manufacturing process (process wastewater), air conditioning condensate and 
coolant, non-contact cooling water, cooling equipment condensate, outdoor secondary 
containment water, vehicle and equipment wash water, sink and drinking fountain 
wastewater, sanitary wastes, or other wastewaters. 

Permit Requirements 
Facilities subject to stormwater permit requirements must include a certification that the 
stormwater collection system has been tested or evaluated for the presence of non-
stormwater discharges.  The State’s General Industrial Stormwater Permit requires that non-
stormwater discharges be eliminated prior to implementation of the facility’s SWPPP. 

Performance Evaluation 
Review annually internal investigation results; assess whether goals were met and what 
changes or improvements are necessary. 

Obtain feedback from personnel assigned to respond to, or inspect for, illicit connections 
and illegal dumping incidents. 

References and Resources 
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

Clark County Storm Water Pollution Control Manual 
http://www.co.clark.wa.us/pubworks/bmpman.pdf

King County Storm Water Pollution Control Manual http://dnr.metrokc.gov/wlr/dss/spcm.htm

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org

The Storm Water Managers Resource Center http://www.stormwatercenter.net/



Spill Prevention, Control & Cleanup SC-11

Photo Credit:  Geoff Brosseau

Objectives 

Cover

Contain

Educate

Reduce/Minimize

Product Substitution 

Targeted Constituents 

Sediment
Nutrients
Trash
Metals
Bacteria
Oil and Grease 
Organics

Description
Many activities that occur at an industrial or commercial site 
have the potential to cause accidental or illegal spills.  
Preparation for accidental or illegal spills, with proper training 
and reporting systems implemented, can minimize the discharge 
of pollutants to the environment. 

Spills and leaks are one of the largest contributors of stormwater 
pollutants.  Spill prevention and control plans are applicable to 
any site at which hazardous materials are stored or used.  An 
effective plan should have spill prevention and response 
procedures that identify potential spill areas, specify material 
handling procedures, describe spill response procedures, and 
provide spill clean-up equipment.  The plan should take steps to 
identify and characterize potential spills, eliminate and reduce 
spill potential, respond to spills when they occur in an effort to 
prevent pollutants from entering the stormwater drainage 
system, and train personnel to prevent and control future spills. 

Approach
Pollution Prevention 

Develop procedures to prevent/mitigate spills to storm drain 
systems.  Develop and standardize reporting procedures, 
containment, storage, and disposal activities, documentation, 
and follow-up procedures. 

Develop a Spill Prevention Control and Countermeasure 
(SPCC) Plan.  The plan should include: 
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- Description of the facility, owner and address, activities and chemicals present 

- Facility map 

- Notification and evacuation procedures 

- Cleanup instructions 

- Identification of responsible departments 

- Identify key spill response personnel 

Recycle, reclaim, or reuse materials whenever possible.  This will reduce the amount of 
process materials that are brought into the facility. 

Suggested Protocols (including equipment needs) 
Spill Prevention 

Develop procedures to prevent/mitigate spills to storm drain systems.  Develop and 
standardize reporting procedures, containment, storage, and disposal activities, 
documentation, and follow-up procedures. 

If consistent illegal dumping is observed at the facility: 

- Post “No Dumping” signs with a phone number for reporting illegal dumping and 
disposal.  Signs should also indicate fines and penalties applicable for illegal dumping. 

- Landscaping and beautification efforts may also discourage illegal dumping. 

- Bright lighting and/or entrance barriers may also be needed to discourage illegal 
dumping.

Store and contain liquid materials in such a manner that if the tank is ruptured, the contents 
will not discharge, flow, or be washed into the storm drainage system, surface waters, or 
groundwater. 

If the liquid is oil, gas, or other material that separates from and floats on water, install a 
spill control device (such as a tee section) in the catch basins that collects runoff from the 
storage tank area. 

Routine maintenance: 

- Place drip pans or absorbent materials beneath all mounted taps, and at all potential 
drip and spill locations during filling and unloading of tanks. Any collected liquids or 
soiled absorbent materials must be reused/recycled or properly disposed. 

- Store and maintain appropriate spill cleanup materials in a location known to all near 
the tank storage area; and ensure that employees are familiar with the site’s spill control 
plan and/or proper spill cleanup procedures. 

- Sweep and clean the storage area monthly if it is paved, do not hose down the area to a 
storm drain. 
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- Check tanks (and any containment sumps) daily for leaks and spills.  Replace tanks that 
are leaking, corroded, or otherwise deteriorating with tanks in good condition.  Collect 
all spilled liquids and properly dispose of them. 

Label all containers according to their contents (e.g., solvent, gasoline). 

Label hazardous substances regarding the potential hazard (corrosive, radioactive, 
flammable, explosive, poisonous). 

Prominently display required labels on transported hazardous and toxic materials (per US 
DOT regulations). 

Identify key spill response personnel. 

Spill Control and Cleanup Activities 
Follow the Spill Prevention Control and Countermeasure Plan.   

Clean up leaks and spills immediately. 

Place a stockpile of spill cleanup materials where it will be readily accessible (e.g., near 
storage and maintenance areas). 

On paved surfaces, clean up spills with as little water as possible.  Use a rag for small spills, a 
damp mop for general cleanup, and absorbent material for larger spills.  If the spilled 
material is hazardous, then the used cleanup materials are also hazardous and must be sent 
to a certified laundry (rags) or disposed of as hazardous waste.  Physical methods for the 
cleanup of dry chemicals include the use of brooms, shovels, sweepers, or plows. 

Never hose down or bury dry material spills.  Sweep up the material and dispose of properly. 

Chemical cleanups of material can be achieved with the use of adsorbents, gels, and foams.  
Use adsorbent materials on small spills rather than hosing down the spill.  Remove the 
adsorbent materials promptly and dispose of properly. 

For larger spills, a private spill cleanup company or Hazmat team may be necessary. 

Reporting 
Report spills that pose an immediate threat to human health or the environment to the 
Regional Water Quality Control Board. 

Federal regulations require that any oil spill into a water body or onto an adjoining shoreline 
be reported to the National Response Center (NRC) at 800-424-8802 (24 hour). 

Report spills to local agencies, such as the fire department; they can assist in cleanup. 

Establish a system for tracking incidents.  The system should be designed to identify the 
following:

- Types and quantities (in some cases) of wastes 

- Patterns in time of occurrence (time of day/night, month, or year) 
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- Mode of dumping (abandoned containers, “midnight dumping” from moving vehicles, 
direct dumping of materials, accidents/spills) 

- Responsible parties 

Training
Educate employees about spill prevention and cleanup. 

Well-trained employees can reduce human errors that lead to accidental releases or spills: 

- The employee should have the tools and knowledge to immediately begin cleaning up a 
spill should one occur. 

- Employees should be familiar with the Spill Prevention Control and Countermeasure 
Plan.

Employees should be educated about aboveground storage tank requirements.  Employees 
responsible for aboveground storage tanks and liquid transfers should be thoroughly 
familiar with the Spill Prevention Control and Countermeasure Plan and the plan should be 
readily available. 

Train employees to recognize and report illegal dumping incidents. 

Other Considerations (Limitations and Regulations) 
State regulations exist for facilities with a storage capacity of 10,000 gallons or more of 
petroleum to prepare a Spill Prevention Control and Countermeasure (SPCC) Plan (Health & 
Safety Code Chapter 6.67). 

State regulations also exist for storage of hazardous materials (Health & Safety Code Chapter 
6.95), including the preparation of area and business plans for emergency response to the 
releases or threatened releases. 

Consider requiring smaller secondary containment areas (less than 200 sq. ft.) to be 
connected to the sanitary sewer, prohibiting any hard connections to the storm drain. 

Requirements 
Costs (including capital and operation & maintenance) 

Will vary depending on the size of the facility and the necessary controls. 

Prevention of leaks and spills is inexpensive.  Treatment and/or disposal of contaminated 
soil or water can be quite expensive. 

Maintenance (including administrative and staffing) 
This BMP has no major administrative or staffing requirements.  However, extra time is 
needed to properly handle and dispose of spills, which results in increased labor costs. 
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Supplemental Information 
Further Detail of the BMP 
Reporting 
Record keeping and internal reporting represent good operating practices because they can 
increase the efficiency of the facility and the effectiveness of BMPs.  A good record keeping 
system helps the facility minimize incident recurrence, correctly respond with appropriate 
cleanup activities, and comply with legal requirements.  A record keeping and reporting system 
should be set up for documenting spills, leaks, and other discharges, including discharges of 
hazardous substances in reportable quantities.  Incident records describe the quality and 
quantity of non-stormwater discharges to the storm sewer.  These records should contain the 
following information: 

Date and time of the incident 

Weather conditions 

Duration of the spill/leak/discharge 

Cause of the spill/leak/discharge 

Response procedures implemented 

Persons notified 

Environmental problems associated with the spill/leak/discharge 

Separate record keeping systems should be established to document housekeeping and 
preventive maintenance inspections, and training activities.  All housekeeping and preventive 
maintenance inspections should be documented.  Inspection documentation should contain the 
following information: 

The date and time the inspection was performed 

Name of the inspector 

Items inspected 

Problems noted 

Corrective action required 

Date corrective action was taken 

Other means to document and record inspection results are field notes, timed and dated 
photographs, videotapes, and drawings and maps. 

Aboveground Tank Leak and Spill Control 
Accidental releases of materials from aboveground liquid storage tanks present the potential for 
contaminating stormwater with many different pollutants. Materials spilled, leaked, or lost from 
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tanks may accumulate in soils or on impervious surfaces and be carried away by stormwater 
runoff.

The most common causes of unintentional releases are: 

Installation problems 

Failure of piping systems (pipes, pumps, flanges, couplings, hoses, and valves) 

External corrosion and structural failure 

Spills and overfills due to operator error 

Leaks during pumping of liquids or gases from truck or rail car to a storage tank or vice versa 

Storage of reactive, ignitable, or flammable liquids should comply with the Uniform Fire Code 
and the National Electric Code. Practices listed below should be employed to enhance the code 
requirements:

Tanks should be placed in a designated area. 

Tanks located in areas where firearms are discharged should be encapsulated in concrete or 
the equivalent. 

Designated areas should be impervious and paved with Portland cement concrete, free of 
cracks and gaps, in order to contain leaks and spills. 

Liquid materials should be stored in UL approved double walled tanks or surrounded by a 
curb or dike to provide the volume to contain 10 percent of the volume of all of the 
containers or 110 percent of the volume of the largest container, whichever is greater.  The 
area inside the curb should slope to a drain. 

For used oil or dangerous waste, a dead-end sump should be installed in the drain. 

All other liquids should be drained to the sanitary sewer if available. The drain must have a 
positive control such as a lock, valve, or plug to prevent release of contaminated liquids. 

Accumulated stormwater in petroleum storage areas should be passed through an oil/water 
separator.

Maintenance is critical to preventing leaks and spills.  Conduct routine inspections and: 

Check for external corrosion and structural failure. 

Check for spills and overfills due to operator error. 

Check for failure of piping system (pipes, pumps, flanger, coupling, hoses, and valves). 

Check for leaks or spills during pumping of liquids or gases from truck or rail car to a storage 
facility or vice versa. 
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Visually inspect new tank or container installation for loose fittings, poor welding, and 
improper or poorly fitted gaskets. 

Inspect tank foundations, connections, coatings, and tank walls and piping system.  Look for 
corrosion, leaks, cracks, scratches, and other physical damage that may weaken the tank or 
container system. 

Frequently relocate accumulated stormwater during the wet season. 

Periodically conduct integrity testing by a qualified professional. 

Vehicle Leak and Spill Control 
Major spills on roadways and other public areas are generally handled by highly trained Hazmat 
teams from local fire departments or environmental health departments.  The measures listed 
below pertain to leaks and smaller spills at vehicle maintenance shops. 

In addition to implementing the spill prevention, control, and clean up practices above, use the 
following measures related to specific activities: 

Vehicle and Equipment Maintenance 
Perform all vehicle fluid removal or changing inside or under cover to prevent the run-on of 
stormwater and the runoff of spills. 

Regularly inspect vehicles and equipment for leaks, and repair immediately. 

Check incoming vehicles and equipment (including delivery trucks, and employee and 
subcontractor vehicles) for leaking oil and fluids. Do not allow leaking vehicles or equipment 
onsite.

Always use secondary containment, such as a drain pan or drop cloth, to catch spills or leaks 
when removing or changing fluids. 

Immediately drain all fluids from wrecked vehicles. 

Store wrecked vehicles or damaged equipment under cover. 

Place drip pans or absorbent materials under heavy equipment when not in use. 

Use adsorbent materials on small spills rather than hosing down the spill. 

Remove the adsorbent materials promptly and dispose of properly. 

Promptly transfer used fluids to the proper waste or recycling drums. Don’t leave full drip 
pans or other open containers lying around. 

Oil filters disposed of in trashcans or dumpsters can leak oil and contaminate stormwater.  
Place the oil filter in a funnel over a waste oil recycling drum to drain excess oil before 
disposal.  Oil filters can also be recycled.  Ask your oil supplier or recycler about recycling oil 
filters.
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Store cracked batteries in a non-leaking secondary container.  Do this with all cracked 
batteries, even if you think all the acid has drained out. If you drop a battery, treat it as if it is 
cracked.  Put it into the containment area until you are sure it is not leaking. 

Vehicle and Equipment Fueling 
Design the fueling area to prevent the run-on of stormwater and the runoff of spills: 

- Cover fueling area if possible. 

- Use a perimeter drain or slope pavement inward with drainage to a sump. 

- Pave fueling area with concrete rather than asphalt. 

If dead-end sump is not used to collect spills, install an oil/water separator. 

Install vapor recovery nozzles to help control drips as well as air pollution. 

Discourage “topping-off’ of fuel tanks. 

Use secondary containment when transferring fuel from the tank truck to the fuel tank. 

Use adsorbent materials on small spills and general cleaning rather than hosing down the 
area. Remove the adsorbent materials promptly. 

Carry out all Federal and State requirements regarding underground storage tanks, or install 
above ground tanks. 

Do not use mobile fueling of mobile industrial equipment around the facility; rather, 
transport the equipment to designated fueling areas. 

Keep your Spill Prevention Control and Countermeasure (SPCC) Plan up-to-date. 

Train employees in proper fueling and cleanup procedures. 

Industrial Spill Prevention Response 
For the purposes of developing a spill prevention and response program to meet the stormwater 
regulations, facility managers should use information provided in this fact sheet and the spill 
prevention/response portions of the fact sheets in this handbook, for specific activities.  The 
program should: 

Integrate with existing emergency response/hazardous materials programs (e.g., Fire 
Department)

Develop procedures to prevent/mitigate spills to storm drain systems 

Identify responsible departments 

Develop and standardize reporting procedures, containment, storage, and disposal activities, 
documentation, and follow-up procedures 

Address spills at municipal facilities, as well as public areas 
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Provide training concerning spill prevention, response and cleanup to all appropriate 
personnel

References and Resources 
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

Clark County Storm Water Pollution Control Manual 
http://www.co.clark.wa.us/pubworks/bmpman.pdf

King County Storm Water Pollution Control Manual http://dnr.metrokc.gov/wlr/dss/spcm.htm

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org

The Stormwater Managers Resource Center http://www.stormwatercenter.net/



Outdoor Loading/Unloading SC-30 

Description
Photo Credit:  Geoff Brosseau

Objectives 

Cover

Contain

Educate

Reduce/Minimize

Product Substitution 

Targeted Constituents 

Sediment
Nutrients
Trash
Metals
Bacteria
Oil and Grease 
Organics

The loading/unloading of materials usually takes place outside 
on docks or terminals; therefore, materials spilled, leaked, or lost 
during loading/unloading may collect in the soil or on other 
surfaces and have the potential to be carried away by stormwater 
runoff or when the area is cleaned.  Additionally, rainfall may 
wash pollutants from machinery used to unload or move 
materials.  Implementation of the following protocols will 
prevent or reduce the discharge of pollutants to stormwater from 
outdoor loading/unloading of materials. 

Approach
Reduce potential for pollutant discharge through source control 
pollution prevention and BMP implementation.  Successful 
implementation depends on effective training of employees on 
applicable BMPs and general pollution prevention strategies and 
objectives.

Pollution Prevention 
Keep accurate maintenance logs to evaluate materials 
removed and improvements made. 

Park tank trucks or delivery vehicles in designated areas so 
that spills or leaks can be contained. 

Limit exposure of material to rainfall whenever possible. 

Prevent stormwater run-on. 

Check equipment regularly for leaks. 
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Suggested Protocols 
Loading and Unloading – General Guidelines 

Develop an operations plan that describes procedures for loading and/or unloading. 

Conduct loading and unloading in dry weather if possible. 

Cover designated loading/unloading areas to reduce exposure of materials to rain. 

Consider placing a seal or door skirt between delivery vehicles and building to prevent 
exposure to rain. 

Design loading/unloading area to prevent stormwater run-on, which would include grading 
or berming the area, and position roof downspouts so they direct stormwater away from the 
loading/unloading areas. 

Have employees load and unload all materials and equipment in covered areas such as 
building overhangs at loading docks if feasible. 

Load/unload only at designated loading areas. 

Use drip pans underneath hose and pipe connections and other leak-prone spots during 
liquid transfer operations, and when making and breaking connections.  Several drip pans 
should be stored in a covered location near the liquid transfer area so that they are always 
available, yet protected from precipitation when not in use.  Drip pans can be made 
specifically for railroad tracks.  Drip pans must be cleaned periodically, and drip collected 
materials must be disposed of properly. 

Pave loading areas with concrete instead of asphalt. 

Avoid placing storm drains in the area. 

Grade and/or berm the loading/unloading area to a drain that is connected to a deadend. 

Inspection
Check loading and unloading equipment regularly for leaks, including valves, pumps, flanges 
and connections. 

Look for dust or fumes during loading or unloading operations. 

Training
Train employees (e.g., fork lift operators) and contractors on proper spill containment and 
cleanup. 

Have employees trained in spill containment and cleanup present during loading/unloading. 

Train employees in proper handling techniques during liquid transfers to avoid spills. 

Make sure forklift operators are properly trained on loading and unloading procedures. 
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Spill Response and Prevention 
Keep your Spill Prevention Control and Countermeasure (SPCC) Plan up-to-date. 

Contain leaks during transfer. 

Store and maintain appropriate spill cleanup materials in a location that is readily accessible 
and known to all and ensure that employees are familiar with the site’s spill control plan and 
proper spill cleanup procedures. 

Have an emergency spill cleanup plan readily available. 

Use drip pans or comparable devices when transferring oils, solvents, and paints. 

Other Considerations (Limitations and Regulations) 
Space and time limitations may preclude all transfers from being performed indoors or 
under cover. 

It may not be possible to conduct transfers only during dry weather. 

Requirements 
Costs
Costs should be low except when covering a large loading/unloading area. 

Maintenance 
Conduct regular inspections and make repairs as necessary.  The frequency of repairs will 
depend on the age of the facility. 

Check loading and unloading equipment regularly for leaks. 

Conduct regular broom dry-sweeping of area. 

Supplemental Information 
Further Detail of the BMP 
Special Circumstances for Indoor Loading/Unloading of Materials 
Loading or unloading of liquids should occur in the manufacturing building so that any spills 
that are not completely retained can be discharged to the sanitary sewer, treatment plant, or 
treated in a manner consistent with local sewer authorities and permit requirements. 

For loading and unloading tank trucks to above and below ground storage tanks, the 
following procedures should be used: 

- The area where the transfer takes place should be paved.  If the liquid is reactive with the 
asphalt, Portland cement should be used to pave the area. 

- The transfer area should be designed to prevent run-on of stormwater from adjacent 
areas.  Sloping the pad and using a curb, like a speed bump, around the uphill side of the 
transfer area should reduce run-on. 
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- The transfer area should be designed to prevent runoff of spilled liquids from the area.  
Sloping the area to a drain should prevent runoff.  The drain should be connected to a 
dead-end sump or to the sanitary sewer.  A positive control valve should be installed on 
the drain. 

For transfer from rail cars to storage tanks that must occur outside, use the following 
procedures: 

- Drip pans should be placed at locations where spillage may occur, such as hose 
connections, hose reels, and filler nozzles.  Use drip pans when making and breaking 
connections.

- Drip pan systems should be installed between the rails to collect spillage from tank cars. 

References and Resources 
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

Clark County Storm Water Pollution Control Manual 
http://www.co.clark.wa.us/pubworks/bmpman.pdf

King County Storm Water Pollution Control Manual http://dnr.metrokc.gov/wlr/dss/spcm.htm

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org

The Storm Water Managers Resource Center http://www.stormwatercenter.net/



Outdoor Equipment Operations SC-32 
Objectives 

Cover

Contain

Educate

Reduce/Minimize

Targeted Constituents 

Sediment
Nutrients
Trash
Metals
Bacteria
Oil and Grease 
Organics

Description
Outside process equipment operations and maintenance can 
contaminate stormwater runoff.  Activities, such as grinding, 
painting, coating, sanding, degreasing or parts cleaning, landfills 
and waste piles, solid waste treatment and disposal, are examples 
of process operations that can lead to contamination of 
stormwater runoff.  Source controls for outdoor process equip-
ment operations and maintenance include reducing the amount 
of waste created, enclosing or covering all or some of the 
equipment, installing secondary containment, and training 
employees. 

Approach
Pollution Prevention 

Perform the activity during dry periods. 

Use non-toxic chemicals for maintenance and minimize or 
eliminate the use of solvents. 

Suggested Protocols 
Consider enclosing the activity in a building and connecting 
the floor drains to the sanitary sewer. 

Cover the work area with a permanent roof if possible. 

Minimize contact of stormwater with outside process 
equipment operations through berming and drainage routing 
(run-on prevention).  If possible, connect process equipment 
area to public sewer or facility wastewater treatment system.  
Some municipalities require that secondary containment 
areas be connected to the sanitary sewer, prohibiting any 
hard connections to the storm drain. 

Dry clean the work area regularly. 

Training
Train employees to perform the activity during dry periods 
only or substituting benign materials for more toxic ones. 

Train employee and contractors in proper techniques for spill 
containment and cleanup.  Employees should have the tools 
and knowledge to immediately begin cleaning up a spill 
should one occur. 

Spill Response and Prevention 
Keep your Spill Prevention Control and Countermeasure 
(SPCC) Plan up-to-date. 
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SC-32 Outdoor Equipment Operations 

Have employees trained in emergency spill cleanup procedures present when dangerous 
waste, liquid chemicals, or other wastes are delivered. 

Place a stockpile of spill cleanup materials where it will be readily accessible. 

Prevent operator errors by using engineering safe guards and thus reducing accidental 
releases of pollutant. 

Inspect storage areas regularly for leaks or spills.  Also check for structural failure, spills and 
overfills due to operator error, and/or failure of piping system. 

Other Considerations 
Providing cover may be expensive. 

Space limitations may preclude enclosing some equipment. 

Storage sheds often must meet building and fire code requirements. 

Requirements 
Costs
Costs vary depending on the complexity of the operation and the amount of control necessary 
for stormwater pollution control. 

Maintenance 
Conduct routine preventive maintenance, including checking process equipment for leaks. 

Clean the storm drain system regularly. 

Supplemental Information 
Further Detail of the BMP 
Hydraulic/Treatment Modifications 
If stormwater becomes polluted, it should be captured and treated.  If you do not have your own 
process wastewater treatment system, consider discharging to the public sewer system.  Use of 
the public sewer might be allowed under the following conditions: 

If the activity area is very small (less than a few hundred square feet), the local sewer 
authority may be willing to allow the area to remain uncovered with the drain connected to 
the public sewer. 

It may be possible under unusual circumstances to connect a much larger area to the public 
sewer, as long as the rate of stormwater discharges does not exceed the capacity of the 
wastewater treatment plant.  The stormwater could be stored during the storm and then 
transferred to the public sewer when the normal flow is low, such as at night. 

Industries that generate large volumes of process wastewater typically have their own treatment 
system and corresponding permit.  These industries have the discretion to use their wastewater 
treatment system to treat stormwater within the constraints of their permit requirements for 
process treatment.  It may also be possible for the industry to discharge the stormwater directly 
to an effluent outfall without treatment as long as the total loading of the discharged process 

2 of 3 California Stormwater BMP Handbook January 2003 
 Industrial and Commercial
 www.cabmphandbooks.com 



Outdoor Equipment Operations SC-32 

January 2003 California Stormwater BMP Handbook 3 of 3 
 Industrial and Commercial
 www.cabmphandbooks.com 

water and stormwater does not exceed the loading had a stormwater treatment device been 
used.  This could be achieved by reducing the loading from the process wastewater treatment 
system.  Check with your Regional Water Quality Control Board or local sewering agency, as this 
option would be subject to permit constraints and potentially regular monitoring. 

References and Resources 
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

Clark County Storm Water Pollution Control Manual 
http://www.co.clark.wa.us/pubworks/bmpman.pdf

King County Storm Water Pollution Control Manual http://dnr.metrokc.gov/wlr/dss/spcm.htm

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org

The Stormwater Managers Resource Center http://www.stormwatercenter.net



Waste Handling & Disposal SC-34 

Description
Photo Credit:  Geoff Brosseau

Objectives 

Cover

Contain

Educate

Reduce/Minimize

Product Substitution 

Targeted Constituents 

Sediment
Nutrients
Trash
Metals
Bacteria
Oil and Grease 
Organics

Improper storage and handling of solid wastes can allow toxic 
compounds, oils and greases, heavy metals, nutrients, suspended 
solids, and other pollutants to enter stormwater runoff.  The 
discharge of pollutants to stormwater from waste handling and 
disposal can be prevented and reduced by tracking waste 
generation, storage, and disposal; reducing waste generation and 
disposal through source reduction, reuse, and recycling; and 
preventing run-on and runoff. 

Approach
Pollution Prevention 

Accomplish reduction in the amount of waste generated 
using the following source controls: 

- Production planning and sequencing 

- Process or equipment modification 

- Raw material substitution or elimination 

- Loss prevention and housekeeping 

- Waste segregation and separation 

- Close loop recycling 

Establish a material tracking system to increase awareness 
about material usage.  This may reduce spills and minimize 
contamination, thus reducing the amount of waste produced.

Recycle materials whenever possible. 
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SC-34 Waste Handling & Disposal 

Suggested Protocols 
General

Cover storage containers with leak proof lids or some other means. If waste is not in 
containers, cover all waste piles (plastic tarps are acceptable coverage) and prevent 
stormwater run-on and runoff with a berm.  The waste containers or piles must be covered 
except when in use. 

Use drip pans or absorbent materials whenever grease containers are emptied by vacuum 
trucks or other means.  Grease cannot be left on the ground. Collected grease must be 
properly disposed of as garbage. 

Check storage containers weekly for leaks and to ensure that lids are on tightly. Replace any 
that are leaking, corroded, or otherwise deteriorating. 

Sweep and clean the storage area regularly.  If it is paved, do not hose down the area to a 
storm drain. 

Dispose of rinse and wash water from cleaning waste containers into a sanitary sewer if 
allowed by the local sewer authority.  Do not discharge wash water to the street or storm 
drain.

Transfer waste from damaged containers into safe containers. 

Take special care when loading or unloading wastes to minimize losses.  Loading systems 
can be used to minimize spills and fugitive emission losses such as dust or mist.  Vacuum 
transfer systems can minimize waste loss. 

Controlling Litter 
Post “No Littering” signs and enforce anti-litter laws. 

Provide a sufficient number of litter receptacles for the facility.

Clean out and cover litter receptacles frequently to prevent spillage. 

Waste Collection 
Keep waste collection areas clean. 

Inspect solid waste containers for structural damage regularly.  Repair or replace damaged 
containers as necessary. 

Secure solid waste containers; containers must be closed tightly when not in use. 

Do not fill waste containers with washout water or any other liquid. 

Ensure that only appropriate solid wastes are added to the solid waste container.  Certain 
wastes such as hazardous wastes, appliances, fluorescent lamps, pesticides, etc., may not be 
disposed of in solid waste containers (see chemical/ hazardous waste collection section 
below).
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Waste Handling & Disposal SC-34 

Do not mix wastes; this can cause chemical reactions, make recycling impossible, and 
complicate disposal. 

Good Housekeeping 
Use all of the product before disposing of the container. 

Keep the waste management area clean at all times by sweeping and cleaning up spills 
immediately.

Use dry methods when possible (e.g., sweeping, use of absorbents) when cleaning around 
restaurant/food handling dumpster areas.  If water must be used after sweeping/using 
absorbents, collect water and discharge through grease interceptor to the sewer. 

Chemical/Hazardous Wastes 
Select designated hazardous waste collection areas on-site. 

Store hazardous materials and wastes in covered containers and protect them from 
vandalism.

Place hazardous waste containers in secondary containment. 

Make sure that hazardous waste is collected, removed, and disposed of only at authorized 
disposal areas. 

Stencil or demarcate storm drains on the facility’s property with prohibitive message 
regarding waste disposal. 

Run-on/Runoff Prevention 
Prevent stormwater run-on from entering the waste management area by enclosing the area 
or building a berm around the area. 

Prevent waste materials from directly contacting rain. 

Cover waste piles with temporary covering material such as reinforced tarpaulin, 
polyethylene, polyurethane, polypropyleneor hypalon. 

Cover the area with a permanent roof if feasible. 

Cover dumpsters to prevent rain from washing waste out of holes or cracks in the bottom of 
the dumpster. 

Move the activity indoor after ensuring all safety concerns such as fire hazard and 
ventilation are addressed. 

Inspection
Inspect and replace faulty pumps or hoses regularly to minimize the potential of releases and 
spills.

Check waste management areas for leaking containers or spills. 
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SC-34 Waste Handling & Disposal 

Repair leaking equipment including valves, lines, seals, or pumps promptly. 

Training
Train staff in pollution prevention measures and proper disposal methods.  

Train employees and contractors in proper spill containment and cleanup.  The employee 
should have the tools and knowledge to immediately begin cleaning up a spill should one 
occur.

Train employees and subcontractors in proper hazardous waste management. 

Spill Response and Prevention 
Keep your Spill Prevention Control and Countermeasure (SPCC) Plan up-to-date. 

Have an emergency plan, equipment and trained personnel ready at all times to deal 
immediately with major spills 

Collect all spilled liquids and properly dispose of them. 

Store and maintain appropriate spill cleanup materials in a location known to all near the 
designated wash area. 

Ensure that vehicles transporting waste have spill prevention equipment that can prevent 
spills during transport.  Spill prevention equipment includes: 

- Vehicles equipped with baffles for liquid waste 

- Trucks with sealed gates and spill guards for solid waste 

Other Considerations (Limitations and Regulations) 
Hazardous waste cannot be reused or recycled; it must be disposed of by a licensed hazardous 
waste hauler. 

Requirements 
Costs
Capital and O&M costs for these programs will vary substantially depending on the size of the 
facility and the types of waste handled. Costs should be low if there is an inventory program in 
place.

Maintenance 
None except for maintaining equipment for material tracking program. 

Supplemental Information 
Further Detail of the BMP 
Land Treatment System 
Minimize runoff of polluted stormwater from land application by: 

Choosing a site where slopes are under 6%, the soil is permeable, there is a low water table, 
it is located away from wetlands or marshes, and there is a closed drainage system 
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Avoiding application of waste to the site when it is raining or when the ground is saturated 
with water 

Growing vegetation on land disposal areas to stabilize soils and reduce the volume of surface 
water runoff from the site 

Maintaining adequate barriers between the land application site and the receiving waters 
(planted strips are particularly good) 

Using erosion control techniques such as mulching and matting, filter fences, straw bales, 
diversion terracing, and sediment basins 

Performing routine maintenance to ensure the erosion control or site stabilization measures 
are working 

Examples 
The port of Long Beach has a state-of-the-art database for identifying potential pollutant 
sources, documenting facility management practices, and tracking pollutants. 

References and Resources 
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

Clark County Storm Water Pollution Control Manual 
http://www.co.clark.wa.us/pubworks/bmpman.pdf

Solid Waste Container Best Management Practices – Fact Sheet On-Line Resources – 
Environmental Health and Safety.  Harvard University.  2002. 

King County Storm Water Pollution Control Manual http://dnr.metrokc.gov/wlr/dss/spcm.htm

Pollution from Surface Cleaning Folder.  1996.  Bay Area Stormwater Management Agencies 
Association (BASMAA).  http://www.basmaa.org

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org

The Storm Water Managers Resource Center http://www.stormwatercenter.net/



Safer Alternative Products SC-35 

Description
Promote the use of less harmful products and products that 
contain little or no TMDL pollutants.  Alternatives exist for most 
product classes including chemical fertilizers, pesticides, 
cleaning solutions, janitorial chemicals, automotive and paint 
products, and consumables (batteries, fluorescent lamps). 

Approach 
Pattern a new program after the many established programs 
around the state and country.  Integrate this best management 
practice as much as possible with existing programs at your 
facility.

Develop a comprehensive program based on: 

The “Precautionary Principle,” which is an alternative to the 
"Risk Assessment" model that says it's acceptable to use a 
potentially harmful product until physical evidence of its 
harmful effects are established and deemed too costly from 
an environmental or public health perspective.  For instance, 
a risk assessment approach might say it's acceptable to use a 
pesticide until there is direct proof of an environmental 
impact.  The Precautionary Principle approach is used to 
evaluate whether a given product is safe, whether it is really 
necessary, and whether alternative products would perform 
just as well. 

Environmentally Preferable Purchasing Program to minimize 
the purchase of products containing hazardous ingredients 
used in the facility's custodial services, fleet maintenance, 
and facility maintenance in favor of using alternate products 
that pose less risk to employees and to the environment. 

Integrated Pest Management (IPM) or Less-Toxic Pesticide 
Program, which uses a pest management approach that 
minimizes the use of toxic chemicals and gets rid of pests by 
methods that pose a lower risk to employees, the public, and 
the environment. 

Energy Efficiency Program including no-cost and low-cost 
energy conservation and efficiency actions that can reduce 
both energy consumption and electricity bills, along with 
long-term energy efficiency investments. 

Consider the following mechanisms for developing and 
implementing a comprehensive program: 

Policies

January 2003 California Stormwater BMP Handbook 1 of 5 
 Industrial and Commercial
 www.cabmphandbooks.com 

Objectives 

Educate

Reduce/Minimize

Product Substitution 

Targeted Constituents 

Sediment
Nutrients
Trash
Metals
Bacteria
Oil and Grease 
Organics



SC-35 Safer Alternative Products 

Procedures 

- Standard operating procedures (SOPs) 

- Purchasing guidelines and procedures 

- Bid packages (services and supplies) 

Materials

- Preferred or approved product and supplier lists 

- Product and supplier evaluation criteria 

- Training sessions and manuals 

- Fact sheets for employees 

Implement this BMP in conjunction with the Vehicle and Equipment Management fact sheets 
(SC20 – SC22) and SC41, Building and Grounds Maintenance. 

Training
Employees who handle potentially harmful materials in the use of safer alternatives. 

Purchasing departments should be encouraged to procure less hazardous materials and 
products that contain little or no harmful substances or TMDL pollutants. 

Regulations 
This BMP has no regulatory requirements.  Existing regulations already encourage facilities to 
reduce the use of hazardous materials through incentives such as reduced: 

Specialized equipment storage and handling requirements, 

Storm water runoff sampling requirements, 

Training and licensing requirements, and 

Record keeping and reporting requirements. 

Equipment 
There are no major equipment requirements to this BMP. 

Limitations 
Alternative products may not be available, suitable, or effective in every case. 

Requirements
Cost Considerations 

The primary cost is for staff time to: 1) develop new policies and procedures and 2) educate 
purchasing departments and employees who handle potentially harmful materials about the 
availability, procurement, and use of safer alternatives. 
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Safer Alternative Products SC-35 

Some alternative products may be slightly more expensive than conventional products. 

Supplemental Information 
Employees and contractors / service providers can both be educated about safer alternatives by 
using information developed by a number of organizations including the references and 
resources listed below. 

The following discussion provides some general information on safer alternatives.  More specific 
information on particular hazardous materials and the available alternatives may be found in 
the references and resources listed below. 

Automotive products – Less toxic alternatives are not available for many automotive 
products, especially engine fluids.  But there are alternatives to grease lubricants, car 
polishes, degreasers, and windshield washer solution.  Rerefined motor oil is also available. 

Vehicle/Trailer lubrication – Fifth wheel bearings on trucks require routine lubrication.  
Adhesive lubricants are available to replace typical chassis grease. 

Cleaners – Vegetables-based or citrus-based soaps are available to replace petroleum-based 
soaps/detergents. 

Paint products – Water-based paints, wood preservatives, stains, and finishes are available. 

Pesticides – Specific alternative products or methods exist to control most insects, fungi, and 
weeds.

Chemical Fertilizers – Compost and soil amendments are natural alternatives. 

Consumables – Manufacturers have either reduced or are in the process of reducing the 
amount of heavy metals in consumables such as batteries and fluorescent lamps.  All 
fluorescent lamps contain mercury, however low-mercury containing lamps are now 
available from most hardware and lighting stores.  Fluorescent lamps are also more energy 
efficient than the average incandescent lamp. 

Janitorial chemicals – Even biodegradable soap can harm fish and wildlife before it 
biodegrades.  Biodegradable does not mean non-toxic.  Safer products and procedures are 
available for floor stripping and cleaning, as well as carpet, glass, metal, and restroom 
cleaning and disinfecting.  

Examples 
There are a number of business and trade associations, and communities with effective 
programs.  Some of the more prominent are listed below in the references and resources section. 

References and Resources 
Note:  Many of these references provide alternative products for materials that typically are used 
inside and disposed to the sanitary sewer as well as alternatives to products that usually end up 
in the storm drain. 
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General Sustainable Practices and Pollution Prevention Including Pollutant-
Specific Information
California Department of Toxic Substances Control (www.dtsc.ca.gov) 

California Integrated Waste Management Board (www.ciwmb.ca.gov) 

City of Santa Monica (www.santa-monica.org/environment)

City of Palo Alto (www.city.palo-alto.ca.us/cleanbay)

City and County of San Francisco, Department of the Environment 
(www.ci.sf.ca.us/sfenvironment)

Earth 911 (www.earth911.org/master.asp) 

Environmental Finance Center Region IX (www.greenstart.org/efc9) 

Flex Your Power (www.flexyourpower.ca.gov) 

GreenBiz.com (www.greenbiz.com) 

Green Business Program (www.abag.org/bayarea/enviro/gbus/gb.html)

Pacific Industrial and Business Association (www.piba.org) 

Sacramento Clean Water Business Partners (www.sacstormwater.org) 

USEPA BMP fact sheet – Alternative products 
(http://cfpub.epa.gov/npdes/stormwater/menuofbmps/poll_2.cfm)

USEPA Region IX Pollution Prevention Program (www.epa.gov/region09/p2) 

Western Regional Pollution Prevention Network (www.westp2net.org) 

Metals (mercury, copper) 
National Electrical Manufacturers Association - Environment, Health and Safety 
(www.nema.org)

Sustainable Conservation (www.suscon.org) 

Auto Recycling Project 

Brake Pad Partnership 

Pesticides and Chemical Fertilizers 
Bio-Integral Resource Center (www.birc.org)

California Department of Pesticide Regulation (www.cdpr.ca.gov) 

University of California Statewide IPM Program (www.ipm.ucdavis.edu/default.html) 
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Dioxins
Bay Area Dioxins Project (http://dioxin.abag.ca.gov/) 



Building & Grounds Maintenance SC-41 
Objectives 

Cover

Contain

Educate

Reduce/Minimize

Product Substitution 

Targeted Constituents 

Sediment
Nutrients
Trash
Metals
Bacteria
Oil and Grease 
Organics

Description
Stormwater runoff from building and grounds maintenance 
activities can be contaminated with toxic hydrocarbons in 
solvents, fertilizers and pesticides, suspended solids, heavy 
metals, abnormal pH, and oils and greases.  Utilizing the 
protocols in this fact sheet will prevent or reduce the discharge of 
pollutants to stormwater from building and grounds 
maintenance activities by washing and cleaning up with as little 
water as possible, following good landscape management 
practices, preventing and cleaning up spills immediately, keeping 
debris from entering the storm drains, and maintaining the 
stormwater collection system. 

Approach
Reduce potential for pollutant discharge through source control 
pollution prevention and BMP implementation.  Successful 
implementation depends on effective training of employees on 
applicable BMPs and general pollution prevention strategies and 
objectives.

Pollution Prevention 
Switch to non-toxic chemicals for maintenance when 
possible.

Choose cleaning agents that can be recycled. 

Encourage proper lawn management and landscaping, 
including use of native vegetation. 
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Encourage use of Integrated Pest Management techniques for pest control. 

Encourage proper onsite recycling of yard trimmings. 

Recycle residual paints, solvents, lumber, and other material as much as possible. 

Suggested Protocols 
Pressure Washing of Buildings, Rooftops, and Other Large Objects 

In situations where soaps or detergents are used and the surrounding area is paved, pressure 
washers must use a water collection device that enables collection of wash water and 
associated solids. A sump pump, wet vacuum or similarly effective device must be used to 
collect the runoff and loose materials. The collected runoff and solids must be disposed of 
properly.

If soaps or detergents are not used, and the surrounding area is paved, wash runoff does not 
have to be collected but must be screened. Pressure washers must use filter fabric or some 
other type of screen on the ground and/or in the catch basin to trap the particles in wash 
water runoff. 

If you are pressure washing on a grassed area (with or without soap), runoff must be 
dispersed as sheet flow as much as possible, rather than as a concentrated stream. The wash 
runoff must remain on the grass and not drain to pavement. 

Landscaping Activities 
Dispose of grass clippings, leaves, sticks, or other collected vegetation as garbage, or by 
composting. Do not dispose of collected vegetation into waterways or storm drainage 
systems. 

Use mulch or other erosion control measures on exposed soils. 

Building Repair, Remodeling, and Construction 
Do not dump any toxic substance or liquid waste on the pavement, the ground, or toward a 
storm drain. 

Use ground or drop cloths underneath outdoor painting, scraping, and sandblasting work, 
and properly dispose of collected material daily. 

Use a ground cloth or oversized tub for activities such as paint mixing and tool cleaning. 

Clean paintbrushes and tools covered with water-based paints in sinks connected to sanitary 
sewers or in portable containers that can be dumped into a sanitary sewer drain.  Brushes 
and tools covered with non-water-based paints, finishes, or other materials must be cleaned 
in a manner that enables collection of used solvents (e.g., paint thinner, turpentine, etc.) for 
recycling or proper disposal. 

Use a storm drain cover, filter fabric, or similarly effective runoff control mechanism if dust, 
grit, wash water, or other pollutants may escape the work area and enter a catch basin.  This 
is particularly necessary on rainy days. The containment device(s) must be in place at the 
beginning of the work day, and accumulated dirty runoff and solids must be collected and 
disposed of before removing the containment device(s) at the end of the work day. 
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If you need to de-water an excavation site, you may need to filter the water before 
discharging to a catch basin or off-site. If directed off-site, you should direct the water 
through hay bales and filter fabric or use other sediment filters or traps. 

Store toxic material under cover during precipitation events and when not in use. A cover 
would include tarps or other temporary cover material. 

Mowing, Trimming, and Planting 
Dispose of leaves, sticks, or other collected vegetation as garbage, by composting or at a 
permitted landfill.  Do not dispose of collected vegetation into waterways or storm drainage 
systems. 

Use mulch or other erosion control measures when soils are exposed. 

Place temporarily stockpiled material away from watercourses and drain inlets, and berm or 
cover stockpiles to prevent material releases to the storm drain system. 

Consider an alternative approach when bailing out muddy water: do not put it in the storm 
drain; pour over landscaped areas. 

Use hand weeding where practical. 

Fertilizer and Pesticide Management 
Follow all federal, state, and local laws and regulations governing the use, storage, and 
disposal of fertilizers and pesticides and training of applicators and pest control advisors. 

Use less toxic pesticides that will do the job when applicable.  Avoid use of copper-based 
pesticides if possible. 

Do not use pesticides if rain is expected. 

Do not mix or prepare pesticides for application near storm drains. 

Use the minimum amount needed for the job. 

Calibrate fertilizer distributors to avoid excessive application. 

Employ techniques to minimize off-target application (e.g., spray drift) of pesticides, 
including consideration of alternative application techniques. 

Apply pesticides only when wind speeds are low. 

Fertilizers should be worked into the soil rather than dumped or broadcast onto the surface. 

Irrigate slowly to prevent runoff and then only as much as is needed. 

Clean pavement and sidewalk if fertilizer is spilled on these surfaces before applying 
irrigation water. 

Dispose of empty pesticide containers according to the instructions on the container label. 
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Use up the pesticides.  Rinse containers, and use rinse water as product.  Dispose of unused 
pesticide as hazardous waste. 

Implement storage requirements for pesticide products with guidance from the local fire 
department and County Agricultural Commissioner.  Provide secondary containment for 
pesticides.

Inspection
Inspect irrigation system periodically to ensure that the right amount of water is being 
applied and that excessive runoff is not occurring.  Minimize excess watering and repair 
leaks in the irrigation system as soon as they are observed. 

Training
Educate and train employees on pesticide use and in pesticide application techniques to 
prevent pollution. 

Train employees and contractors in proper techniques for spill containment and cleanup. 

Be sure the frequency of training takes into account the complexity of the operations and the 
nature of the staff. 

Spill Response and Prevention 
Keep your Spill Prevention Control and Countermeasure (SPCC) Plan up-to-date. 

Place a stockpile of spill cleanup materials, such as brooms, dustpans, and vacuum sweepers 
(if desired) near the storage area where it will be readily accessible. 

Have employees trained in spill containment and cleanup present during the 
loading/unloading of dangerous wastes, liquid chemicals, or other materials. 

Familiarize employees with the Spill Prevention Control and Countermeasure Plan. 

Clean up spills immediately. 

Other Considerations 
Alternative pest/weed controls may not be available, suitable, or effective in many cases. 

Requirements 
Costs

Cost will vary depending on the type and size of facility. 

Overall costs should be low in comparison to other BMPs. 

Maintenance 
Sweep paved areas regularly to collect loose particles.  Wipe up spills with rags and other 
absorbent material immediately, do not hose down the area to a storm drain. 
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Supplemental Information 
Further Detail of the BMP 
Fire Sprinkler Line Flushing 
Building fire sprinkler line flushing may be a source of non-stormwater runoff pollution.  The 
water entering the system is usually potable water, though in some areas it may be non-potable 
reclaimed wastewater.  There are subsequent factors that may drastically reduce the quality of 
the water in such systems.  Black iron pipe is usually used since it is cheaper than potable 
piping, but it is subject to rusting and results in lower quality water.  Initially, the black iron pipe 
has an oil coating to protect it from rusting between manufacture and installation; this will 
contaminate the water from the first flush but not from subsequent flushes.  Nitrates, poly-
phosphates and other corrosion inhibitors, as well as fire suppressants and antifreeze may be 
added to the sprinkler water system.  Water generally remains in the sprinkler system a long 
time (typically a year) and between flushes may accumulate iron, manganese, lead, copper, 
nickel, and zinc.  The water generally becomes anoxic and contains living and dead bacteria and 
breakdown products from chlorination.  This may result in a significant BOD problem and the 
water often smells.  Consequently dispose fire sprinkler line flush water into the sanitary sewer.  
Do not allow discharge to storm drain or infiltration due to potential high levels of pollutants in 
fire sprinkler line water. 

References and Resources 
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

Clark County Storm Water Pollution Control Manual 
http://www.co.clark.wa.us/pubworks/bmpman.pdf

King County Storm Water Pollution Control Manual http://dnr.metrokc.gov/wlr/dss/spcm.htm

Mobile Cleaners Pilot Program:  Final Report.  1997.  Bay Area Stormwater Management 
Agencies Association (BASMAA).  http://www.basmaa.org/

Pollution from Surface Cleaning Folder.  1996.  Bay Area Stormwater Management Agencies 
Association (BASMAA).  http://www.basmaa.org/

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org

The Storm Water Managers Resource Center http://www.stormwatercenter.net/



Building Repair and Construction SC-42 
Objectives 

Cover

Contain

Educate

Reduce/Minimize

Recycle

Targeted Constituents 

Sediment
Nutrients
Trash
Metals
Bacteria
Oil and Grease 
Organics

Description
Modifications are common particularly at large industrial sites.  
The activity may vary from minor and normal building repair to 
major remodeling, or the construction of new facilities.  These 
activities can generate pollutants including solvents, paints, paint 
and varnish removers, finishing residues, spent thinners, soap 
cleaners, kerosene, asphalt and concrete materials, adhesive 
residues, and old asbestos installation.  Protocols in this fact 
sheet are intended to prevent or reduce the discharge of 
pollutants to stormwater from building repair, remodeling, and 
construction by using soil erosion controls, enclosing or covering 
building material storage areas, using good housekeeping 
practices, using safer alternative products, and training 
employees. 

Approach
Pollution Prevention 

Recycle residual paints, solvents, lumber, and other materials 
to the maximum extent practical. 

Buy recycled products to the maximum extent practical.

Inform on-site contractors of company policy on these 
matters and include appropriate provisions in their contract 
to ensure certain proper housekeeping and disposal practices 
are implemented. 

January 2003 California Stormwater BMP Handbook 1 of 4 
 Industrial and Commercial
 www.cabmphandbooks.com 



SC-42 Building Repair and Construction 

Make sure that nearby storm drains are well marked to minimize the chance of inadvertent 
disposal of residual paints and other liquids. 

Suggested Protocols 
Repair & Remodeling 

Follow BMPs identified in Construction BMP Handbook. 

Maintain good housekeeping practices while work is underway. 

Keep the work site clean and orderly.  Remove debris in a timely fashion.  Sweep the area. 

Cover materials of particular concern that must be left outside, particularly during the rainy 
season. 

Do not dump waste liquids down the storm drain. 

Dispose of wash water, sweepings, and sediments properly. 

Store materials properly that are normally used in repair and remodeling such as paints and 
solvents. 

Sweep out the gutter or wash the gutter and trap the particles at the outlet of the downspout 
if when repairing roofs, small particles have accumulated in the gutter.  A sock or geofabric 
placed over the outlet may effectively trap the materials.  If the downspout is tight lined, 
place a temporary plug at the first convenient point in the storm drain and pump out the 
water with a vactor truck, and clean the catch basin sump where you placed the plug. 

Properly store and dispose waste materials generated from construction activities.  See 
Construction BMP Handbook. 

Clean the storm drain system in the immediate vicinity of the construction activity after it is 
completed.

Painting
Enclose painting operations consistent with local air quality regulations and OSHA. 

Local air pollution regulations may, in many areas of the state, specify painting procedures 
which if properly carried out are usually sufficient to protect water quality. 

Develop paint handling procedures for proper use, storage, and disposal of paints. 

Transport paint and materials to and from job sites in containers with secure lids and tied 
down to the transport vehicle. 

Test and inspect spray equipment prior to starting to paint.  Tighten all hoses and 
connections and do not overfill paint containers. 

Mix paint indoors before using so that any spill will not be exposed to rain.  Do so even 
during dry weather because cleanup of a spill will never be 100% effective. 

Transfer and load paint and hot thermoplastic away from storm drain inlets. 
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Building Repair and Construction SC-42 

Do not transfer or load paint near storm drain inlets. 

Plug nearby storm drain inlets prior to starting painting and remove plugs when job is 
complete when there is significant risk of a spill reaching storm drains. 

Cover nearby storm drain inlets prior to starting work if sand blasting is used to remove 
paint.

Use a ground cloth to collect the chips if painting requires scraping or sand blasting of the 
existing surface.  Dispose the residue properly.

Cover or enclose painting operations properly to avoid drift.

Clean the application equipment in a sink that is connected to the sanitary sewer if using 
water based paints. 

Capture all cleanup-water and dispose of properly. 

Dispose of paints containing lead or tributyl tin and considered a hazardous waste properly. 

Store leftover paints if they are to be kept for the next job properly, or dispose properly. 

Recycle paint when possible.  Dispose of paint at an appropriate household hazardous waste 
facility.

Training
Proper education of off-site contractors is often overlooked.  The conscientious efforts of well 
trained employees can be lost by unknowing off-site contractors, so make sure they are well 
informed about what they are expected to do. 

Spill Response and Prevention 
Keep your Spill Prevention Control and Countermeasure (SPCC) Plan up-to-date. 

Place a stockpile of spill cleanup materials where it will be readily accessible. 

Clean up spills immediately. 

Excavate and remove the contaminated (stained) soil if a spill occurs on dirt. 

Limitations 
This BMP is for minor construction only.  The State’s General Construction Activity 
Stormwater Permit has more requirements for larger projects.  The companion 
“Construction Best Management Practice Handbook” contains specific guidance and best 
management practices for larger-scale projects. 

Hazardous waste that cannot be reused or recycled must be disposed of by a licensed 
hazardous waste hauler. 

Be certain that actions to help stormwater quality are consistent with Cal- and Fed-OSHA 
and air quality regulations. 
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Requirements 
Costs
These BMPs are generally low to modest in cost. 

Maintenance 
N/A

Supplemental Information 
Further Detail of the BMP 
Soil/Erosion Control 
If the work involves exposing large areas of soil, employ the appropriate soil erosion and control 
techniques.  See the Construction Best Management Practice Handbook.  If old buildings are 
being torn down and not replaced in the near future, stabilize the site using measures described 
in SC-40 Contaminated or Erodible Areas. 

If a building is to be placed over an open area with a storm drainage system, make sure the 
storm inlets within the building are covered or removed, or the storm line is connected to the 
sanitary sewer.  If because of the remodeling a new drainage system is to be installed or the 
existing system is to be modified, consider installing catch basins as they serve as effective “in-
line” treatment devices.  See Treatment Control Fact Sheet TC-20 Wet Pond/Basin in Section 5 
of the New Development and Redevelopment Handbook regarding design criteria.  Include in 
the catch basin a “turn-down” elbow or similar device to trap floatables. 

References and Resources 
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

Clark County Storm Water Pollution Control Manual 
http://www.co.clark.wa.us/pubworks/bmpman.pdf

King County Storm Water Pollution Control Manual http://dnr.metrokc.gov/wlr/dss/spcm.htm

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org

The Storm Water Managers Resource Center http://www.stormwatercenter.net/



Parking/Storage Area Maintenance SC-43 
Objectives 

Cover

Contain

Educate

Reduce/Minimize

Product Substitution 

Targeted Constituents 

Sediment
Nutrients
Trash
Metals
Bacteria
Oil and Grease 
Organics

Description
Parking lots and storage areas can contribute a number of 
substances, such as trash, suspended solids, hydrocarbons, oil 
and grease, and heavy metals that can enter receiving waters 
through stormwater runoff or non-stormwater discharges.  The 
protocols in this fact sheet are intended to prevent or reduce the 
discharge of pollutants from parking/storage areas and include 
using good housekeeping practices, following appropriate 
cleaning BMPs, and training employees. 

Approach
The goal of this program is to ensure stormwater pollution 
prevention practices are considered when conducting activities 
on or around parking areas and storage areas to reduce potential 
for pollutant discharge to receiving waters.  Successful 
implementation depends on effective training of employees on 
applicable BMPs and general pollution prevention strategies and 
objectives.

Pollution Prevention 
Encourage alternative designs and maintenance strategies for 
impervious parking lots.  (See New Development and 
Redevelopment BMP Handbook) 

Keep accurate maintenance logs to evaluate BMP 
implementation. 
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SC-43 Parking/Storage Area Maintenance 

Suggested Protocols 
General

Keep the parking and storage areas clean and orderly.  Remove debris in a timely fashion. 

Allow sheet runoff to flow into biofilters (vegetated strip and swale) and/or infiltration 
devices.

Utilize sand filters or oleophilic collectors for oily waste in low quantities. 

Arrange rooftop drains to prevent drainage directly onto paved surfaces. 

Design lot to include semi-permeable hardscape. 

Discharge soapy water remaining in mop or wash buckets to the sanitary sewer through a 
sink, toilet, clean-out, or wash area with drain. 

Controlling Litter 
Post “No Littering” signs and enforce anti-litter laws. 

Provide an adequate number of litter receptacles.

Clean out and cover litter receptacles frequently to prevent spillage.

Provide trash receptacles in parking lots to discourage litter. 

Routinely sweep, shovel, and dispose of litter in the trash. 

Surface Cleaning 
Use dry cleaning methods (e.g., sweeping, vacuuming) to prevent the discharge of pollutants 
into the stormwater conveyance system if possible.   

Establish frequency of public parking lot sweeping based on usage and field observations of 
waste accumulation.

Sweep all parking lots at least once before the onset of the wet season.

Follow the procedures below if water is used to clean surfaces: 

- Block the storm drain or contain runoff. 

- Collect and pump wash water to the sanitary sewer or discharge to a pervious surface.  
Do not allow wash water to enter storm drains. 

- Dispose of parking lot sweeping debris and dirt at a landfill. 

Follow the procedures below when cleaning heavy oily deposits: 

- Clean oily spots with absorbent materials.

- Use a screen or filter fabric over inlet, then wash surfaces. 
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Parking/Storage Area Maintenance SC-43 

- Do not allow discharges to the storm drain. 

- Vacuum/pump discharges to a tank or discharge to sanitary sewer. 

- Appropriately dispose of spilled materials and absorbents. 

Surface Repair 
Preheat, transfer or load hot bituminous material away from storm drain inlets. 

Apply concrete, asphalt, and seal coat during dry weather to prevent contamination from 
contacting stormwater runoff. 

Cover and seal nearby storm drain inlets where applicable (with waterproof material or 
mesh) and manholes before applying seal coat, slurry seal, etc.  Leave covers in place until 
job is complete and all water from emulsified oil sealants has drained or evaporated.  Clean 
any debris from these covered manholes and drains for proper disposal. 

Use only as much water as necessary for dust control, to avoid runoff.

Catch drips from paving equipment that is not in use with pans or absorbent material placed 
under the machines.  Dispose of collected material and absorbents properly. 

Inspection
Have designated personnel conduct inspections of parking facilities and stormwater 
conveyance systems associated with parking facilities on a regular basis. 

Inspect cleaning equipment/sweepers for leaks on a regular basis. 

Training
Provide regular training to field employees and/or contractors regarding cleaning of paved 
areas and proper operation of equipment. 

Train employees and contractors in proper techniques for spill containment and cleanup. 

Spill Response and Prevention 
Keep your Spill Prevention Control and Countermeasure (SPCC) Plan up-to-date. 

Place a stockpile of spill cleanup materials where it will be readily accessible or at a central 
location.

Clean up fluid spills immediately with absorbent rags or material.

Dispose of spilled material and absorbents properly.

Other Considerations 
Limitations related to sweeping activities at large parking facilities may include high equipment 
costs, the need for sweeper operator training, and the inability of current sweeper technology to 
remove oil and grease. 
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Requirements 
Costs
Cleaning/sweeping costs can be quite large.  Construction and maintenance of stormwater 
structural controls can be quite expensive as well. 

Maintenance 
Sweep parking lot regularly to minimize cleaning with water. 

Clean out oil/water/sand separators regularly, especially after heavy storms. 

Clean parking facilities regularly to prevent accumulated wastes and pollutants from being 
discharged into conveyance systems during rainy conditions. 

Supplemental Information 
Further Detail of the BMP 
Surface Repair 
Apply concrete, asphalt, and seal coat during dry weather to prevent contamination from 
contacting stormwater runoff.  Where applicable, cover and seal nearby storm drain inlets (with 
waterproof material or mesh) and manholes before applying seal coat, slurry seal, etc.  Leave 
covers in place until job is complete and all water from emulsified oil sealants has drained or 
evaporated.  Clean any debris from these covered manholes and drains for proper disposal.  
Only use only as much water as is necessary for dust control to avoid runoff. 

References and Resources 
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

Clark County Storm Water Pollution Control Manual 
http://www.co.clark.wa.us/pubworks/bmpman.pdf

King County Storm Water Pollution Control Manual http://dnr.metrokc.gov/wlr/dss/spcm.htm

Pollution from Surface Cleaning Folder.  1996.  Bay Area Stormwater Management Agencies 
Association (BASMAA).  http://www.basmaa.org/

Oregon Association of Clean Water Agencies.  Oregon Municipal Stormwater Toolbox for 
Maintenance Practices.  June 1998. 

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org

The Storm Water Managers Resource Center http://www.stormwatercenter.net/



Drainage System Maintenance SC-44 
Objectives 

Cover

Contain

Educate

Reduce/Minimize

Targeted Constituents 

Sediment
Nutrients
Trash
Metals
Bacteria
Oil and Grease 
Organics

Description
As a consequence of its function, the stormwater conveyance 
system collects and transports urban runoff and stormwater that 
may contain certain pollutants.  The protocols in this fact sheet 
are intended to reduce pollutants reaching receiving waters 
through proper conveyance system operation and maintenance. 

Approach
Pollution Prevention 
Maintain catch basins, stormwater inlets, and other stormwater 
conveyance structures on a regular basis to remove pollutants, 
reduce high pollutant concentrations during the first flush of 
storms, prevent clogging of the downstream conveyance system, 
restore catch basins’ sediment trapping capacity, and ensure the 
system functions properly hydraulically to avoid flooding. 

Suggested Protocols 
Catch Basins/Inlet Structures 

Staff should regularly inspect facilities to ensure compliance 
with the following: 

- Immediate repair of any deterioration threatening 
structural integrity. 

- Cleaning before the sump is 40% full.  Catch basins 
should be cleaned as frequently as needed to meet this 
standard. 

- Stenciling of catch basins and inlets (see SC34 Waste 
Handling and Disposal). 
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SC-44 Drainage System Maintenance 

Clean catch basins, storm drain inlets, and other conveyance structures before the wet 
season to remove sediments and debris accumulated during the summer. 

Conduct inspections more frequently during the wet season for problem areas where 
sediment or trash accumulates more often.  Clean and repair as needed. 

Keep accurate logs of the number of catch basins cleaned. 

Store wastes collected from cleaning activities of the drainage system in appropriate 
containers or temporary storage sites in a manner that prevents discharge to the storm 
drain.

Dewater the wastes if necessary with outflow into the sanitary sewer if permitted.  Water 
should be treated with an appropriate filtering device prior to discharge to the sanitary 
sewer.  If discharge to the sanitary sewer is not allowed, water should be pumped or 
vacuumed to a tank and properly disposed.  Do not dewater near a storm drain or stream. 

Storm Drain Conveyance System 
Locate reaches of storm drain with deposit problems and develop a flushing schedule that 
keeps the pipe clear of excessive buildup. 

Collect and pump flushed effluent to the sanitary sewer for treatment whenever possible. 

Pump Stations 
Clean all storm drain pump stations prior to the wet season to remove silt and trash. 

Do not allow discharge to reach the storm drain system when cleaning a storm drain pump 
station or other facility. 

Conduct routine maintenance at each pump station. 

Inspect, clean, and repair as necessary all outlet structures prior to the wet season. 

Open Channel 
Modify storm channel characteristics to improve channel hydraulics, increase pollutant 
removals, and enhance channel/creek aesthetic and habitat value. 

Conduct channel modification/improvement in accordance with existing laws.  Any person, 
government agency, or public utility proposing an activity that will change the natural 
(emphasis added) state of any river, stream, or lake in California, must enter into a Steam or 
Lake Alteration Agreement with the Department of Fish and Game.  The developer-applicant 
should also contact local governments (city, county, special districts), other state agencies 
(SWRCB, RWQCB, Department of Forestry, Department of Water Resources), and Federal 
Corps of Engineers and USFWS. 

Illicit Connections and Discharges 
Look for evidence of illegal discharges or illicit connections during routine maintenance of 
conveyance system and drainage structures: 

- Is there evidence of spills such as paints, discoloring, etc? 
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- Are there any odors associated with the drainage system? 

- Record locations of apparent illegal discharges/illicit connections? 

- Track flows back to potential dischargers and conduct aboveground inspections.  This 
can be done through visual inspection of upgradient manholes or alternate techniques 
including zinc chloride smoke testing, fluorometric dye testing, physical inspection 
testing, or television camera inspection. 

- Eliminate the discharge once the origin of flow is established. 

Stencil or demarcate storm drains, where applicable, to prevent illegal disposal of pollutants.  
Storm drain inlets should have messages such as “Dump No Waste Drains to Stream” 
stenciled next to them to warn against ignorant or intentional dumping of pollutants into the 
storm drainage system.

Refer to fact sheet SC-10 Non-Stormwater Discharges. 

Illegal Dumping 
Inspect and clean up hot spots and other storm drainage areas regularly where illegal 
dumping and disposal occurs. 

Establish a system for tracking incidents.  The system should be designed to identify the 
following:

- Illegal dumping hot spots 

- Types and quantities (in some cases) of wastes 

- Patterns in time of occurrence (time of day/night, month, or year) 

- Mode of dumping (abandoned containers, “midnight dumping” from moving vehicles, 
direct dumping of materials, accidents/spills) 

- Responsible parties 

Post “No Dumping” signs in problem areas with a phone number for reporting dumping and 
disposal.  Signs should also indicate fines and penalties for illegal dumping. 

Refer to fact sheet SC-10 Non-Stormwater Discharges. 

Training
Train crews in proper maintenance activities, including record keeping and disposal. 

Allow only properly trained individuals to handle hazardous materials/wastes. 

Have staff involved in detection and removal of illicit connections trained in the following: 

- OSHA-required Health and Safety Training (29 CFR 1910.120) plus annual refresher 
training (as needed). 
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- OSHA Confined Space Entry training (Cal-OSHA Confined Space, Title 8 and Federal 
OSHA 29 CFR 1910.146). 

- Procedural training (field screening, sampling, smoke/dye testing, TV inspection). 

Spill Response and Prevention 
Investigate all reports of spills, leaks, and/or illegal dumping promptly. 

Clean up all spills and leaks using “dry” methods (with absorbent materials and/or rags) or 
dig up, remove, and properly dispose of contaminated soil. 

Refer to fact sheet SC-11 Spill Prevention, Control, and Cleanup. 

Other Considerations (Limitations and Regulations) 
Clean-up activities may create a slight disturbance for local aquatic species.  Access to items 
and material on private property may be limited.  Trade-offs may exist between channel 
hydraulics and water quality/riparian habitat.  If storm channels or basins are recognized as 
wetlands, many activities, including maintenance, may be subject to regulation and 
permitting. 

Storm drain flushing is most effective in small diameter pipes (36-inch diameter pipe or less, 
depending on water supply and sediment collection capacity).  Other considerations 
associated with storm drain flushing may include the availability of a water source, finding a 
downstream area to collect sediments, liquid/sediment disposal, and prohibition against 
disposal of flushed effluent to sanitary sewer in some areas. 

Regulations may include adoption of substantial penalties for illegal dumping and disposal. 

Local municipal codes may include sections prohibiting discharge of soil, debris, refuse, 
hazardous wastes, and other pollutants into the storm drain system. 

Requirements 
Costs

An aggressive catch basin cleaning program could require a significant capital and O&M 
budget.   

The elimination of illegal dumping is dependent on the availability, convenience, and cost of 
alternative means of disposal.  The primary cost is for staff time.  Cost depends on how 
aggressively a program is implemented.  Other cost considerations for an illegal dumping 
program include: 

- Purchase and installation of signs. 

- Rental of vehicle(s) to haul illegally-disposed items and material to landfills. 

- Rental of heavy equipment to remove larger items (e.g., car bodies) from channels. 

- Purchase of landfill space to dispose of illegally-dumped items and material. 
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Methods used for illicit connection detection (smoke testing, dye testing, visual inspection, 
and flow monitoring) can be costly and time-consuming.  Site-specific factors, such as the 
level of impervious area, the density and ages of buildings, and type of land use will 
determine the level of investigation necessary.   

Maintenance 
Two-person teams may be required to clean catch basins with vactor trucks. 

Teams of at least two people plus administrative personnel are required to identify illicit 
discharges, depending on the complexity of the storm sewer system. 

Arrangements must be made for proper disposal of collected wastes. 

Technical staff are required to detect and investigate illegal dumping violations. 

Supplemental Information 
Further Detail of the BMP 
Storm Drain Flushing 
Flushing is a common maintenance activity used to improve pipe hydraulics and to remove 
pollutants in storm drainage systems.  Flushing may be designed to hydraulically convey 
accumulated material to strategic locations, such as an open channel, another point where 
flushing will be initiated, or the sanitary sewer and the treatment facilities, thus preventing 
resuspension and overflow of a portion of the solids during storm events.  Flushing prevents 
“plug flow” discharges of concentrated pollutant loadings and sediments.  Deposits can hinder 
the designed conveyance capacity of the storm drain system and potentially cause backwater 
conditions in severe cases of clogging. 

Storm drain flushing usually takes place along segments of pipe with grades that are too flat to 
maintain adequate velocity to keep particles in suspension.  An upstream manhole is selected to 
place an inflatable device that temporarily plugs the pipe.  Further upstream, water is pumped 
into the line to create a flushing wave.  When the upstream reach of pipe is sufficiently full to 
cause a flushing wave, the inflated device is rapidly deflated with the assistance of a vacuum 
pump, thereby releasing the backed up water and resulting in the cleaning of the storm drain 
segment.

To further reduce impacts of stormwater pollution, a second inflatable device placed well 
downstream may be used to recollect the water after the force of the flushing wave has 
dissipated.  A pump may then be used to transfer the water and accumulated material to the 
sanitary sewer for treatment.  In some cases, an interceptor structure may be more practical or 
required to recollect the flushed waters. 

It has been found that cleansing efficiency of periodic flush waves is dependent upon flush 
volume, flush discharge rate, sewer slope, sewer length, sewer flow rate, sewer diameter, and 
population density.  As a rule of thumb, the length of line to be flushed should not exceed 700 
feet.  At this maximum recommended length, the percent removal efficiency ranges between 65-
75% for organics and 55-65% for dry weather grit/inorganic material.  The percent removal 
efficiency drops rapidly beyond that.  Water is commonly supplied by a water truck, but fire 
hydrants can also supply water.  To make the best use of water, it is recommended that 
reclaimed water be used or that fire hydrant line flushing coincide with storm sewer flushing. 
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References and Resources 
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

Clark County Storm Water Pollution Control Manual 
http://www.co.clark.wa.us/pubworks/bmpman.pdf

Ferguson, B.K.  1991.  Urban Stream Reclamation, p.  324-322, Journal of Soil and Water 
Conservation.

King County Storm Water Pollution Control Manual http://dnr.metrokc.gov/wlr/dss/spcm.htm

Oregon Association of Clean Water Agencies.  Oregon Municipal Stormwater Toolbox for 
Maintenance Practices.  June 1998. 

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org

The Storm Water Managers Resource Center http://www.stormwatercenter.net

United States Environmental Protection Agency (USEPA).  2002.  Pollution Prevention/Good 
Housekeeping for Municipal Operations Storm Drain System Cleaning.  On line: 
http://www.epa.gov/npdes/menuofbmps/poll_16.htm
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Description
Drain inserts are manufactured filters or fabric placed in a drop 
inlet to remove sediment and debris.  There are a multitude of 
inserts of various shapes and configurations, typically falling into 
one of three different groups: socks, boxes, and trays.  The sock 
consists of a fabric, usually constructed of polypropylene.  The 
fabric may be attached to a frame or the grate of the inlet holds 
the sock.  Socks are meant for vertical (drop) inlets.  Boxes are 
constructed of plastic or wire mesh.  Typically a polypropylene 
“bag” is placed in the wire mesh box.  The bag takes the form of 
the box.  Most box products are one box; that is, the setting area 
and filtration through media occur in the same box.  Some 
products consist of one or more trays or mesh grates.  The trays 
may hold different types of media.  Filtration media vary by 
manufacturer.  Types include polypropylene, porous polymer, 
treated cellulose, and activated carbon. 

California Experience 
The number of installations is unknown but likely exceeds a 
thousand.  Some users have reported that these systems require 
considerable maintenance to prevent plugging and bypass. 

Advantages 
Does not require additional space as inserts as the drain 
inlets are already a component of the standard drainage 
systems.

Easy access for inspection and maintenance. 

As there is no standing water, there is little concern for 
mosquito breeding. 

A relatively inexpensive retrofit option. 

Limitations
Performance is likely significantly less than treatment systems 
that are located at the end of the drainage system such as ponds 
and vaults.  Usually not suitable for large areas or areas with 
trash or leaves than can plug the insert. 

Design and Sizing Guidelines 
Refer to manufacturer’s guidelines.  Drain inserts come any 
many configurations but can be placed into three general groups: 
socks, boxes, and trays.  The sock consists of a fabric, usually 
constructed of polypropylene.  The fabric may be attached to a 
frame or the grate of the inlet holds the sock.  Socks are meant 
for vertical (drop) inlets.  Boxes are constructed of plastic or wire 
mesh.  Typically a polypropylene “bag” is placed in the wire mesh 
box.  The bag takes the form of the box.  Most box products are 

Design Considerations 

Use with other BMPs 

Fit and Seal Capacity within Inlet 

Targeted Constituents 

Sediment
Nutrients
Trash
Metals

 Bacteria  
Oil and Grease 
Organics

Removal Effectiveness
See New Development and 
Redevelopment Handbook-Section 5. 
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one box; that is, the setting area and filtration through media occurs in the same box.  One 
manufacturer has a double-box.  Stormwater enters the first box where setting occurs.  The 
stormwater flows into the second box where the filter media is located.  Some products consist 
of one or more trays or mesh grates.  The trays can hold different types of media.  Filtration 
media vary with the manufacturer: types include polypropylene, porous polymer, treated 
cellulose, and activated carbon. 

Construction/Inspection Considerations 
Be certain that installation is done in a manner that makes certain that the stormwater enters 
the unit and does not leak around the perimeter.  Leakage between the frame of the insert and 
the frame of the drain inlet can easily occur with vertical (drop) inlets. 

Performance
Few products have performance data collected under field conditions. 

Siting Criteria 
It is recommended that inserts be used only for retrofit situations or as pretreatment where 
other treatment BMPs presented in this section area used. 

Additional Design Guidelines 
Follow guidelines provided by individual manufacturers. 

Maintenance
Likely require frequent maintenance, on the order of several times per year. 

Cost
The initial cost of individual inserts ranges from less than $100 to about $2,000.  The cost of 
using multiple units in curb inlet drains varies with the size of the inlet. 

The low cost of inserts may tend to favor the use of these systems over other, more effective 
treatment BMPs.  However, the low cost of each unit may be offset by the number of units 
that are required, more frequent maintenance, and the shorter structural life (and therefore 
replacement).

References and Sources of Additional Information 
Hrachovec, R., and G. Minton, 2001, Field testing of a sock-type catch basin insert, Planet CPR, 
Seattle, Washington 

Interagency Catch Basin Insert Committee, Evaluation of Commercially-Available Catch Basin 
Inserts for the Treatment of Stormwater Runoff from Developed Sites, 1995 

Larry Walker Associates, June 1998, NDMP Inlet/In-Line Control Measure Study Report 

Manufacturers literature 

Santa Monica (City), Santa Monica Bay Municipal Stormwater/Urban Runoff Project - 
Evaluation of Potential Catch basin Retrofits, Woodward Clyde, September 24, 1998 
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Woodward Clyde, June 11, 1996, Parking Lot Monitoring Report, Santa Clara Valley Nonpoint 
Source Pollution Control Program. 
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Description
Irrigation water provided to landscaped areas may result in excess irrigation water being 
conveyed into stormwater drainage systems. 

Approach 
Project plan designs for development and redevelopment should include application methods of 
irrigation water that minimize runoff of excess irrigation water into the stormwater conveyance 
system.

Suitable Applications 
Appropriate applications include residential, commercial and industrial areas planned for 
development or redevelopment.   (Detached residential single-family homes are typically 
excluded from this requirement.) 

Design Considerations 
Designing New Installations 
The following methods to reduce excessive irrigation runoff should be considered, and 
incorporated and implemented where determined applicable and feasible by the Permittee: 

Employ rain-triggered shutoff devices to prevent irrigation after precipitation. 

Design irrigation systems to each landscape area’s specific water requirements. 

Include design featuring flow reducers or shutoff valves 
triggered by a pressure drop to control water loss in the event 
of broken sprinkler heads or lines. 

Implement landscape plans consistent with County or City 
water conservation resolutions, which may include provision 
of water sensors, programmable irrigation times (for short 
cycles), etc. 

Design Objectives 

Maximize Infiltration 
Provide Retention 

Slow Runoff 
Minimize Impervious Land 
Coverage
Prohibit Dumping of Improper 
Materials

 Contain Pollutants 

 Collect and Convey 
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Design timing and application methods of irrigation water to minimize the runoff of excess 
irrigation water into the storm water drainage system. 

Group plants with similar water requirements in order to reduce excess irrigation runoff and 
promote surface filtration.  Choose plants with low irrigation requirements (for example, 
native or drought tolerant species).  Consider design features such as: 

- Using mulches (such as wood chips or bar) in planter areas without ground cover to 
minimize sediment in runoff 

- Installing appropriate plant materials for the location, in accordance with amount of 
sunlight and climate, and use native plant materials where possible and/or as 
recommended by the landscape architect 

- Leaving a vegetative barrier along the property boundary and interior watercourses, to 
act as a pollutant filter, where appropriate and feasible 

- Choosing plants that minimize or eliminate the use of fertilizer or pesticides to sustain 
growth

Employ other comparable, equally effective methods to reduce irrigation water runoff. 

Redeveloping Existing Installations 
Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.) 
define “redevelopment” in terms of amounts of additional impervious area, increases in gross 
floor area and/or exterior construction, and land disturbing activities with structural or 
impervious surfaces.   The definition of “ redevelopment” must be consulted to determine 
whether or not the requirements for new development apply to areas intended for 
redevelopment.  If the definition applies, the steps outlined under “designing new installations” 
above should be followed. 

Other Resources 
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County 
Department of Public Works, May 2002. 

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of 
San Diego, and Cities in San Diego County, February 14, 2002. 

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood 
Control District, and the Incorporated Cities of Orange County, Draft February 2003. 

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures, 
July 2002. 
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Description
Waste materials dumped into storm drain inlets can have severe impacts on receiving and 
ground waters.  Posting notices regarding discharge prohibitions at storm drain inlets can 
prevent waste dumping.  Storm drain signs and stencils are highly visible source controls that 
are typically placed directly adjacent to storm drain inlets. 

Approach 
The stencil or affixed sign contains a brief statement that prohibits dumping of improper 
materials into the urban runoff conveyance system.  Storm drain messages have become a 
popular method of alerting the public about the effects of and the prohibitions against waste 
disposal.

Suitable Applications 
Stencils and signs alert the public to the destination of pollutants discharged to the storm drain.  
Signs are appropriate in residential, commercial, and industrial areas, as well as any other area 
where contributions or dumping to storm drains is likely. 

Design Considerations 
Storm drain message markers or placards are recommended at all storm drain inlets within the 
boundary of a development project.  The marker should be placed in clear sight facing toward 
anyone approaching the inlet from either side.  All storm drain inlet locations should be 
identified on the development site map. 

Designing New Installations 
The following methods should be considered for inclusion in the 
project design and show on project plans: 

Provide stenciling or labeling of all storm drain inlets and 
catch basins, constructed or modified, within the project area 
with prohibitive language. Examples include “NO DUMPING 

Design Objectives 

Maximize Infiltration 
Provide Retention 

Slow Runoff 
Minimize Impervious Land 
Coverage
Prohibit Dumping of Improper 
Materials
Contain Pollutants 

Collect and Convey 
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– DRAINS TO OCEAN” and/or other graphical icons to discourage illegal dumping.   

Post signs with prohibitive language and/or graphical icons, which prohibit illegal dumping 
at public access points along channels and creeks within the project area.   

Note - Some local agencies have approved specific signage and/or storm drain message placards 
for use.  Consult local agency stormwater staff to determine specific requirements for placard 
types and methods of application. 

Redeveloping Existing Installations 
Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.) 
define “redevelopment” in terms of amounts of additional impervious area, increases in gross 
floor area and/or exterior construction, and land disturbing activities with structural or 
impervious surfaces.   If the project meets the definition of “redevelopment”, then the 
requirements stated under “ designing new installations” above should be included in all project 
design plans.  

Additional Information 
Maintenance Considerations 

Legibility of markers and signs should be maintained.  If required by the agency with 
jurisdiction over the project, the owner/operator or homeowner’s association should enter 
into a maintenance agreement with the agency or record a deed restriction upon the 
property title to maintain the legibility of placards or signs. 

Placement
Signage on top of curbs tends to weather and fade. 

Signage on face of curbs tends to be worn by contact with vehicle tires and sweeper brooms. 

Supplemental Information
Examples 

Most MS4 programs have storm drain signage programs.  Some MS4 programs will provide 
stencils, or arrange for volunteers to stencil storm drains as part of their outreach program. 

Other Resources
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County 
Department of Public Works, May 2002. 

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of 
San Diego, and Cities in San Diego County, February 14, 2002. 

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood 
Control District, and the Incorporated Cities of Orange County, Draft February 2003. 

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures, 
July 2002. 
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Description
Several measures can be taken to prevent operations at 
maintenance bays and loading docks from contributing a variety of toxic compounds, oil and 
grease, heavy metals, nutrients, suspended solids, and other pollutants to the stormwater 
conveyance system.  

Approach 
In designs for maintenance bays and loading docks, containment is encouraged.  Preventative 
measures include overflow containment structures and dead-end sumps.  However, in the case 
of loading docks from grocery stores and warehouse/distribution centers, engineered infiltration 
systems may be considered.

Suitable Applications 
Appropriate applications include commercial and industrial areas planned for development or 
redevelopment.

Design Considerations 
Design requirements for vehicle maintenance and repair are governed by Building and Fire 
Codes, and by current local agency ordinances, and zoning requirements.  The design criteria 
described in this fact sheet are meant to enhance and be consistent with these code 
requirements.

Designing New Installations 
Designs of maintenance bays should consider the following: 

Repair/maintenance bays and vehicle parts with fluids should 
be indoors; or designed to preclude urban run-on and runoff. 

Repair/maintenance floor areas should be paved with 
Portland cement concrete (or equivalent smooth impervious 
surface).

Design Objectives 

Maximize Infiltration 
Provide Retention 

Slow Runoff 
Minimize Impervious Land 
Coverage
Prohibit Dumping of Improper 
Materials
Contain Pollutants 

Collect and Convey 
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Repair/maintenance bays should be designed to capture all wash water leaks and spills.  
Provide impermeable berms, drop inlets, trench catch basins, or overflow containment 
structures around repair bays to prevent spilled materials and wash-down waters form 
entering the storm drain system.  Connect drains to a sump for collection and disposal.  
Direct connection of the repair/maintenance bays to the storm drain system is prohibited.  If 
required by local jurisdiction, obtain an Industrial Waste Discharge Permit. 

Other features may be comparable and equally effective. 

The following designs of loading/unloading dock areas should be considered: 

Loading dock areas should be covered, or drainage should be designed to preclude urban 
run-on and runoff. 

Direct connections into storm drains from depressed loading docks (truck wells) are 
prohibited.

Below-grade loading docks from grocery stores and warehouse/distribution centers of fresh 
food items should drain through water quality inlets, or to an engineered infiltration system, 
or an equally effective alternative.  Pre-treatment may also be required. 

Other features may be comparable and equally effective. 

Redeveloping Existing Installations 
Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.) 
define “redevelopment” in terms of amounts of additional impervious area, increases in gross 
floor area and/or exterior construction, and land disturbing activities with structural or 
impervious surfaces.   The definition of “ redevelopment” must be consulted to determine 
whether or not the requirements for new development apply to areas intended for 
redevelopment.  If the definition applies, the steps outlined under “designing new installations” 
above should be followed. 

Additional Information 
Stormwater and non-stormwater will accumulate in containment areas and sumps with 
impervious surfaces.  Contaminated accumulated water must be disposed of in accordance with 
applicable laws and cannot be discharged directly to the storm drain or sanitary sewer system 
without the appropriate permit. 

Other Resources
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County 
Department of Public Works, May 2002. 

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of 
San Diego, and Cities in San Diego County, February 14, 2002. 

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood 
Control District, and the Incorporated Cities of Orange County, Draft February 2003. 

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures, 
July 2002.  
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Description
Trash storage areas are areas where a trash receptacle (s) are 
located for use as a repository for solid wastes.  Stormwater 
runoff from areas where trash is stored or disposed of can be 
polluted.  In addition, loose trash and debris can be easily 
transported by water or wind into nearby storm drain inlets, 
channels, and/or creeks.  Waste handling operations that may be 
sources of stormwater pollution include dumpsters, litter control, 
and waste piles. 

Approach 
This fact sheet contains details on the specific measures required 
to prevent or reduce pollutants in stormwater runoff associated 
with trash storage and handling.  Preventative measures 
including enclosures, containment structures, and impervious 
pavements to mitigate spills, should be used to reduce the 
likelihood of contamination. 

Suitable Applications 
Appropriate applications include residential, commercial and industrial areas planned for 
development or redevelopment.   (Detached residential single-family homes are typically 
excluded from this requirement.) 

Design Considerations 
Design requirements for waste handling areas are governed by Building and Fire Codes, and by 
current local agency ordinances and zoning requirements.  The design criteria described in this 
fact sheet are meant to enhance and be consistent with these code and ordinance requirements.  
Hazardous waste should be handled in accordance with legal requirements established in Title 
22, California Code of Regulation. 

Wastes from commercial and industrial sites are typically hauled by either public or commercial 
carriers that may have design or access requirements for waste storage areas.   The design 
criteria in this fact sheet are recommendations and are not intended to be in conflict with 
requirements established by the waste hauler.  The waste hauler should be contacted prior to the 
design of your site trash collection areas.  Conflicts or issues should be discussed with the local 
agency. 

Designing New Installations 
Trash storage areas should be designed to consider the following structural or treatment control 
BMPs:

Design trash container areas so that drainage from adjoining 
roofs and pavement is diverted around the area(s) to avoid 
run-on.  This might include berming or grading the waste 
handling area to prevent run-on of stormwater. 

Make sure trash container areas are screened or walled to 
prevent off-site transport of trash. 

Design Objectives 

Maximize Infiltration 
Provide Retention 

Slow Runoff 
Minimize Impervious Land 
Coverage
Prohibit Dumping of Improper 
Materials
Contain Pollutants 

Collect and Convey 
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Use lined bins or dumpsters to reduce leaking of liquid waste. 

Provide roofs, awnings, or attached lids on all trash containers to minimize direct 
precipitation and prevent rainfall from entering containers. 

Pave trash storage areas with an impervious surface to mitigate spills. 

Do not locate storm drains in immediate vicinity of the trash storage area. 

Post signs on all dumpsters informing users that hazardous materials are not to be disposed 
of therein. 

Redeveloping Existing Installations 
Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.) 
define “redevelopment” in terms of amounts of additional impervious area, increases in gross 
floor area and/or exterior construction, and land disturbing activities with structural or 
impervious surfaces.   The definition of “ redevelopment” must be consulted to determine 
whether or not the requirements for new development apply to areas intended for 
redevelopment.  If the definition applies, the steps outlined under “designing new installations” 
above should be followed. 

Additional Information 
Maintenance Considerations 
The integrity of structural elements that are subject to damage (i.e., screens, covers, and signs) 
must be maintained by the owner/operator.  Maintenance agreements between the local agency 
and the owner/operator may be required.  Some agencies will require maintenance deed 
restrictions to be recorded of the property title.  If required by the local agency, maintenance 
agreements or deed restrictions must be executed by the owner/operator before improvement 
plans are approved. 

Other Resources
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County 
Department of Public Works, May 2002. 

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of 
San Diego, and Cities in San Diego County, February 14, 2002. 

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood 
Control District, and the Incorporated Cities of Orange County, Draft February 2003. 

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures, 
July 2002.  


